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ABSTRACT

The present study is an investigation of the surface antigens
of rat mast (RMC) and rat basophilic leukemia (RBL) cells. Anti-RMC
and anti-RBL cell sera, three of each type, were induced in different
rabbits by injecting them with the appropriate cells in Freund's com-
plete adjuvant. All sera were - decomplemented and were absorbed
five times with rat liver cells. The anti-RMC sera were further
absorbed with IgE-Sepharose. One antiserum of each group was selected
for further studies based on its cytotoxicity to its target cells and
its reactivity with the appropriate detergent-solubilized cell surface

antigens. The two selected antisera, anti--RMCa and anti--RBLa

bs bs’

were not cytotoxic to rat lymph node cells but still killed RMC and

RBL cells in the presence of complement. Binding between antibodies

of the two sera and the surfaces of the two cell types was demonstrated
by indirect immunofluorescence. Both antisera could induce skin re-
actions in normal rats and inhibit IgE binding to either RMC or RBL
cells. In general, each antiserum was more reactive with its 'homo-
logous' cells than with its 'heterologous' counterparts. WNext, radio-
iodinated, detergent-solubilized surface antigens of either RMC or RBL
cells were allowed to react with either antiserum. The immune complex—
es were insolubilized by Protein A-Sepharose and analyzed by SDS-poly-
acrylamide gel electrophoresis. The results showed that while anti-
RMCabs precipitated at least eight RMC surface antigens and mainly

two RBL cell surface compomnents, anti—RBLabS reacted with at least



seven RBL cell surface antigens and about four RMC surface compo-
nents. Furthermore, both antisera were shown to react with the
45,000 and 55,000 dalton receptors for IgE of RBL cells which had
been adsorbed to and eluted from IgE-Sepharose. The above results
indicated that both antisera contained antibodies to common surface
antigens, including the receptors for IgE, shared by both RMC and

RBL cells. Since both antisera were dble to precipitate free recep-
tors as well as IgE-receptor complexes, antibodies against more than
one antigenic determinants of the receptor molecules may have been
present. Additional studies, using both antisera which were absorbed
with the cross-reacting cell type, revealed that both antisera con-~
tained antibodies to four other common antigens. Their molecular
weights were in the range of 30,000 to 175,000 daltons. The above
studies also revealed that anti-RMCabs contained antibodies to one
RMC-specific antigen (m.w. 85,000 daltons) whereas anti—RBLa had

bs

antibodies against one RBL cell-specific surface antigen (m.w. 78,000

daltons). The different amount of common surface antigens (as measured

by cpm) bound by either antiserum indicated that not all antigens were
equally immunogenic or equally expressed on the surfaces of RMC and

RBL cells.

xi
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CHAPTER 1

RAT MAST CELLS AND RAT BASOPHILIC LEUKEMIA CELLS

I. INTRODUCTION

Anaphylactic shock is a well established phenomenon in animals
receiving an intravenous injection of a foreign protein. Histamine is
one of the main chemical mediators for the reaction. Riley and West
(1952) had first reported a consistent correlation between histamine
content and mast cell number in a variety of tissues. Furthermore, the
observation of mast cell degranulation followed by histamine release is
well documented.

Asthma, allergic rhinitis (hay fever), eczema and urticaria are
clinical examples of oﬁe type of immediate hypersensitivity. These
allergies are quite common, affecting about 107 of the population.
Immunologically, these atopic diseases are analogous to experimental
animal anaphylaxis. Incubation of antigens with the blood or basophils
of allergic individuals has been shown to result in liberation of his-
tamine (Lichtenstein and Osler, 1964). The antibodies involved in these
reactions are classically termed reagins or reaginic antibodies. Studies
in recent years have identified these antibodies as a unique class of
immunoglobulins designated as IgE (Ishizaka et al., 1966). The disco-
veries of human and rat IgE myeloma proteins have contributed greatly
to the understanding of the structure and function of IgE immunoglobu-
lin (Johannson and Bennich, 1967; Bazin et al., 1974, respectively).

In addition, they provide opportunities for carrying out in vitro studies



on mechanisms of histamine release from mast cells or basophils. Ishi-
zaka et al. (1970a) first showed the binding of radicactively labelled

IgE myeloma proteins to the human basophil surface via the Fc portion of

- the molecule. Bach and Brashler (1973b) showed the specific binding of
rat IgE to a cell free particulate preparation from rat peritoneal mast
cells. Hence, the existence of a membrane-bound receptor for the Fc por-
tion of IgE immunoglobulin in the target cells has been suggested. The
demonstrations of histamine release from IgE-sensitized target cells in
the presence of antigens (Lichtenstein and Osler, 1964) and anti-IgE
antibodies (Ishizaka et al., 1969) have led to a postulation for the
mechanism that triggers mediator release. It is believed that cross-
linking between two cell-bound IgE molecules is essential for starting

the secretion process. The membrane-bound receptor serves as an impor-
tant intermediary for conveying signals between the exterior and the in-
terior of the cell. Thus, membranes of mast cells and basophils and their
receptors for IgE have become the subject of many studies not only because
of their significance in allergy research but also as models for ligand-
receptor interactions in secretory cells.

Since mast cells are readily obtained and can be enriched in popu-
lations from the peritomeal cavity of the rat, they are used for most of
the studies on the mechanisms of histamine release. On the other hand,
investigation of the secretion mechanism in basophils has suffered from
one critical drawback. It has been technically difficult to isolate a
pure preparation of normal blood basophils in relatively high concentra-—
tions. Studies of IgE binding to basophils have received a recent up-
lift as a consequence of the detection of IgE-binding receptors on a

rat basophilic leukemia (RBL) cell line (Kulczycki et al., 1974). This

.



neoplastic basophil resembles the normal basophil in many ways (Chapter
I, Section III:B). The most important advantage of this cell line is
that receptors for IgE can be isolated from its plasma membrane (Conrad
and Froese, 1976). It is no wonder that RBL cells have promptly become
the main source of receptors for IgE since this cell line can be propa-—
gated by tissue cultures (Kulczycki et al., 1974).

IT. ROLES OF RAT MAST CELLS AND RAT BASOPHILIC
LEUKEMIA CELLS IN ALLERGY RESEARCH

The roles of rat mast cells (RMC) and rat basophilic leukemia
(RBL) cells in studying the mechanisms for mediator release in immediate
hypersensitivity are unique. The abundance of the receptors for IgE on
the RBL cell surface (Chapter I, Section IV:B) has indirectly encouraged
the development of techniques for isolating the receptor molecules from

the membrane matrix. Free receptors (Conrad and Froese, 1978a; Isersky

et al., 1978) as well as receptor-IgE complexes (Conrad and Froese, 1978b;

Kanellopoulos et al., 1979) can now be purified and isolated by various
methods. The availability  of the purified receptor preparation has pro-
vided a great support for studying the structure and activity of the re-
ceptor for IgE. Details of these studies will be reviewed later. Since
RBL cells are neoplastic cells, they cannot represent the true biological
state of IgE-binding secretory cells found in their native environment.

Therefore, the rat mast cell has inevitably become the 'referee' for most

of the receptor-studies on RBL cells. Results obtained from these studies

have to be validated by showing that they are also applicable to the

studies of RMC. Only by doing so can the actual structure of the recep—
tor fpr IgE and its related reactions bevclearly understood. One of the
aims of the present study is to find out the degree of antigenic cross-—

2
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reactivity between RMC and RBL cells. Details of the studies will be des-
cribed in the next chapters. Meanwhile, attention is drawn to the mor-
phological aspects of these two cells. Recent research in this area will

be reviewed in the following section.

ITI. COMPARATIVE MORPHOLOGY OF RMC AND RBL CELLS

Although both mast cells and basophils have the same affinity for
IgE immunoglobulin and both secrete histamine upon appropriate chal~
lenges, they are morphologically distinct from each other. Basophils
are derived from bone marrow while precursor mast cells may originate in
the thymus (Ishizaka et al., 1976). Humans have both blood borne baso-
phils and tissue mast cells. In the rat, peritoneal fluid is rich in RMC
while the blood does not have many basophils under normal physioclogical
condition (Dvorak, 1978). The morphological distimnction holds true also
between RMC and RBL cells. 1In order to present a clear picture of how
these two cells look, their morphology will be described separately and
then compared.

A. Morphology of RMC

Rat peritomneal mast cells are generally spherical and have a mean
diameter of 12.6 microns. The nucleus which is either round or kidney-
shaped has a double-layered membrane and its presence is usually obscured
by the abundance of the secretory granules. Only a few mitochondria are
observed indicating that the mast cell has a low metabolic turnover. The
endoplasmic reticulum is poorly developed, pointing to a low protein syn-
thesis. Dense granulés are seen near or within the Golgi Apparatus. The
membrane is thin and is characterized by the presence of small villous
processes. It is generally agreed that mast cells are at the end of a

differentiation process since mitosis is rarely observed in these cells.

rﬁ-
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The mast cell is characterized by the presence of tightly packed granules.
Each cell, on the average, contains some 500 granules (Uvnids, 1964). The
number and size of granules varies among different species. They stain
metachromatically when a basic dye like toluidine blue is used, indica-
ting the presence of sulfate compounds among their contents. The granules
are relatively coarse in rat and mouse mast cells. They are either oval,
round or irregular in shape as seen under the electron microscope. The
secretory granules of rat mast cells contain several chemical mediators
including histamine, heparin and serotonin. In addition, the presence

of several enzymes like a—~chymotrypsin, N-acetyl-f-D-glucosaminidase,
peptidase, glycosidase has been described (Padawer, 1978). Rat mast

cell granules contain zinc (Angyal and Archer, 1968) and iron (Pihl
and Gustafson, 1967).

It has been established recently that rat peritoneal mast cells
have the ability to phagocytize (Padawer, 1971). They can take up a wide
variety of particulate substances including colleoidal gold (Padawer, 1968),
viruses (Padawer, 1971) and zymosan particles (Padawer and Fruhman, 1968).
The binding between RMC and IgE immunoglobulin has been well documented.
It is the events following the binding that generate much interest. Mast
cells isolated from immunized rats will degranulate and release their
chemical mediators when challenged with the specific antigen in vitro.

It is also possible to sensitize rat mast cells from a normal animal by
incubating the cells with reaginic antibodies or IgE myeloma protein.

The sensitized cells can then be challenged with either the specific anti-
gens or anti~IgE antibodies to release histamine. Uvn&s (1973) demonstra-
ted that there was a correlation between the time that histamine is re-

leased and the time when rat mast cells degranulate. Studies with a low



molecular weight polymer, compound 48/80, showed that this compound
triggers histamine release in rat mast cells. One of the first steps

in rat mast cell degranulation induced by compound 48/80 involves fu-
sion of the granular membranes with each other and with the surface
membrane (Horsfield, 1965). There is indication that the fusion re-
quires energy (Uvnas, 1967). The fusion of membranes seems to lead to
the formation of 'pores' within the cell membrane. As a result of a
widening of these pores, the granules, now lacking their membranes, move
freely to the exterior of the cell. Usually, a few seconds after the
exposure of mast cells to the histamine liberator, granules are exterio-
rized by the cell. Most of the extruded granules adhere to their
'mother’ cell thereby concealing the cell membrane. Uvnds (1973) had
tried to correlate morphological and biochemical events of antigen-
tnduced histamine release from sensitized RMC. Mast cell granules con-
sist mainly of a matrix of heparin-protein complex with the properties
of a weak cation exchange resin, with C00 groups as the cation binding
sites. These amine-binding sites are exposed once the granules lose
their perigranular membrane and come in contact with the extra-cellular
fluid when the granules are extruded. Cation exchange takes place and
consequently histamine and the other mediators are released in exchange
for primarily sodium ioms in the extra-cellular fluid. Histamine release
from sensitized rat mast cells can be broadly divided into cytotoxic
(immune complex-mediated) or non-cytotoxic (IgE-mediated) types. The
IgE-mediated histamine release does not cause cell damage. It requires
metabolic energy since metabolic inhibitors could block the release.
Histamine release is also dependent on the present of Caz+ and Mg2+

ions in the reacting system.



B. Morphology of RBL cells

Rat basophilic leukemia cells were first described by Eccleston et
al. (1973). The initial tumors were developed in female Wistar rats
which had been fed orally with B-chlorethylamine. Basophilic tumor cells
were isolated from the tumors and were injected into new born Wistar rats
for subsequent transplants (Kulczycki et al., 1974). These cells were
later adapted to cell cultures (Kulczycki et al., 1974) and were shown to
be morphologically similar to the tumor cells. The cultured cells vary
in appearance from primitive cells resembling promyelocytes to well-dif-
ferentiated basophils, depending on the growth conditions (Buell et al.,
1976). Electron micrographs of RBL cells show that they have many of the
features seen in normal human basophils, with no unusual features. Nor-
mal human basophils are generally spherical in shape with a diameter of
10 - 14 microns. They are the smallest of the granulocytes in blood.

The nucleus of the human basopﬁil is usually multilobed with a thin nu-
clear membrane. An electron microscopic view of a human basophil shows
a small Golgi body with scattered cytoplasmic organelles like mitochon-
dria, ribosomes and endoplasmic reticulum. The RBL cell surface consists
of hundreds of villi as seen by the scanning electron microscope (Buell
et al., 1976). The most striking appearance of a human basophil or a
RBL cell is its cytoplasmic granules which can be stained metachroma-
tically with basic dyes, e.g., toluidine blue and methylene blue. These
granules are electron-dense, round, oval, and angular-shaped as well as
being membrane-bound. Mature RBL cells contain secretory granules which
can differ in sizes depending on the phase of growth of the cells in the
culture. Buell et al. (1976) observed that during exponential growth of

the cell, the granules were small. While the cells were at the stationary



phase of growth, basophilic granules increased in number and became more
prominent. In the late stationary phase, these cells uniformly had the
appearance of well-differentiated basophils with large granules. The
granules generally decreased in size and number as the cells passed

through successive divisions. Although granules of human basophils have
been shown to contain chemical mediators, enzymes and metals similar to
those present in mast cells (Padawer, 1978), no detailed studies have yet
been carried out in RBL cell granules. Buell et al. (1976) reported that
the histamine content per RBL cell remained rather constant despite rapid
divisions that took place in the culture. It ranged between 0.6 - 0.9
ug/lO6 cells. The value is equivalent to that present in normal human
basophils. The event of histamine release in basophils is also correlated
to cellular degranulation. Dvorak et al. (1976) described the morpholo-
gical changes of human leukemic basophils during degranulation. It began
with fusion of granules, which was followed by fusion of their membranes
with the plasma membrane, thereby creating open channels of communication
between the granules and the extra-cellular space. This in turn permitted
the sudden explosive release of granules. The sequential events described
above closely resemble those associated with anaphylactic degranulation

of rat mast cells. Exposure of the basophils of atopic patients to speci-
fic allergens in vivo or in vitro results in a prompt and explosive dis-
charge of granules along with their contained mediators such as histamine
and the entire event is generally completed within 5 - 15 minutes.

C. The Comparison

Morphological distinctions between mast cells and basophils have
been described in full detail by Padawer (1978) and Dvorak (1978) separa-

tely. The difference mainly lies on the fact that the nucleus of the
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basophil is segmented while that of the mast cell is not. Although
granules of the basophil are metachromatic, their metachromasia is more
labile than that of mast cells (Padawer, 1959). In humans, basophil
granules are very water-soluble while mast cell granules are not. They
also display differentappearances, seen in the electron micrographs. The
basophil granules are usually homogeneous or coarsely stippled in con-
trast to the complex and abundant whorls of the mast cell granules.
Human mast cells are relativelylong-lived, stretching from months to
years, while human basophils have a life span of 8 - 12 days (Padawer,
1978). Rats and mice have very few basophils. Nevertheless, Dvorak
(1978) claimed that rat basophils can be distinguished from tissue mast
cells in terms of their nuclear and cytoplasmic structure. Rat basophils
are smaller and rounder than mast cells. The cell surface of rat baso-
phils has blunt cytoplasmic processes and short surface villi rather than
the many, thin elongate villi typical of rat mast cells. In additionm,
the nucleus is generally bilobed or multilobed, in contrast to the mono-
nuclear mast cells. The cytoplasmic granules are larger and less numerous
than those of mast cells. Rat basophils, like human basophils, contain
cytoplasmic glycogen, whereas rat mast cells have very little.

A detailed comparison between the morphology of RMC and that of
RBL cells has not been reported. This could be due to the fact that the
latter resemble normal basophils morphologically as well as cytochemically
and they have been well compared with RMC in many ways. Furthermore,
studies on RBL cells have been focussed mainly on investigating the na-
ture of their receptors for IgE. Morphological and functional distinc-
tions do exist between RMC and RBL cells despite their many similarities.

Eccleston et al. (1973) found that RBL cells could ingest red cells in-
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dicating a phagocytic function similar to that of RMC. They reported
that neither alkaline phosphatase nor peroxidase could be found in either
of these cells. Hence, the distinction between them lies on the degree
of their metachromasia. According to their findings, although both

types of cells stained metachromatically with toluidine blue, RMC stained
more strongly. They claimed that the only staining method that could
distinguish the two was Harada's method with chrysoidin. The mast cell
granules consistently stained a bright yellow color while the basophil
granules were negative. As far as the cytochemistry of the RBL cell
granules is concerned, they have been shown to contain heparin, his-
tamine and 5-hydroxytryptamine (Eccleston et al., 1973) similar to the
mediators found in RMC. Recently, Jakschik et al. (1977) had described
the release of a slow reacting substance from RBL cells. It could pro-
duce a prolonged contraction of guinea pig ileum and it was pharmaco-
logically and chromatographically similar to that found in RMC. Despite
all the similarities in their cytochemical contents, RBL cells and RMC
have been shown to contain different secretion mechanisms. The first
evidence came from Kulczycki's report (1974) that histamine release

could not be induced in RBL cells with compound 48/80 or with antigen

or anti-light chain antibodies using cells that had been pre-incubated
with IgE. Rat mast cells can be induced to release histamine if treated
the same way. Siraganian et al. (1975) found that anti-IgE antibodies
failed to induce the release from IgE-bound RBL cells. While ionophore
A-23187 could induce histamine release from RMC, a relatively higher

but cytotoxic concentration was required in order to be effective for

the induction in RBL cells. Although the induction was Ca++ dependent in

both cell types, it could not be blocked by metabolic inhibitors when
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RBL cells were used. On the contrary, histamine release from RMC in the
presence of A-23187 is an energy dependent process. The accumulated
findings seem to suggest that the RBL cells' unresponsiveness to IgE-
mediated and histamine~liberator-mediated stimulation could be caused

by a defect in one of the steps along the biochemical pathway leading to
histamine release. More recently, it was discovered that a murine masto-
cytoma cell line was capable of releasing the mediators under non-cyto-
toxic conditions (Mendéza and Metzger, 1976a; Taurog et al., 1977). Ori-
ginally this cell line was thought to be a mouse mastocytoma but it was
later shown to be a subline of the RBL cells (Siraganian and Metzger,

1978). It will henceforth be designated as the RBL(+) cell.

IV. THE RECEPTOR FOR IgE

It was Ishizaka et al. (1970a) who first demonstrated the direct
binding of IgE antibodies to the cell surface of human basophils using
the technique of autoradiography. Later, they also showed the presence
of IgE molecules on human skin mast cells (Ishizaka et al., 1971). Evi-
dence that IgE binds to the membrane of the target cell was first pre-
sented by Bach and Brashler (1973b) who showed the specific binding be-
tween rat IgE and a cell-free particulate preparation from rat peritoneal
mast cells. The membrane component that has an affinity for the IgE mole-
cule has been referred to as the receptor for IgE. For the past five
years, data obtained from the studies on this receptor have accumulated
and they contribute greatly to the understanding of the structure and
function of the receptor for IgE. Receptors can be visualized as the
gateway for inducing the cellular secretion. The key role played by the
receptor for IgE in immediate hypersensitivity is too significant to be

neglected. The following is a summary of the findings.
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A, Nature of the Receptor for IgE

Evidence that the receptor for IgE is membrane-bound came from the
finding that its presence coincides with that of 5'-nucleotidase, a mar-
ker of the plasma membrane (Kbnig and Ishizaka, 1974). Since the recep-
tor can be solubilized by non~-ionic detergents (Conrad and Froese, 1976),
it is reasonable to assume that this molecule has a hydrophobic region
which is, most likely, buried deep into the membrane core. Furthermore,
the presence of IgE on the surface of target cells can prevent the radio-
iodination of the receptor molecules (Conrad and Froese, 1976). This
would indicate that only a small portion of the receptor molecule is ex-
posed on the cell surface.

It is generally believed that IgE binds to the receptor via its Fc
portion. The concept originated from indirect evidence given by Stanworth
et al. (1968). Of all the papain and pepsin digested fragments of E mye-
loma protein which they tested, only the Fc fragment showed a significant
blocking of the Prausnitz-Kustner reaction induced by human reaginic serum
on human skin. Ishizaka et al. (1970b) provided the direct evidence by
showing the binding of radiolabelled E myeloma protein to the human baso-
phil surface via the Fc portion of the molecule. All the data indicate
that the receptor has the affinity for the Fc fragment of IgE immunoglo-
bulin.

The chemical nature of the receptor for IgE is still not clear.
However, various studies indicate that the receptors are glycoproteins.
Bach and Brashler (1973a) first showed that the binding between IgE and
RMC was sensitive to the treatment of sialidase and phospholipase C.

They suggested that sialic acid and B-linked galactose residues might

play a role in the binding of IgE to RMC. The receptors were found to
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be inactivated at temperatures above 37°C and at low (pH 2) or high pH
(above pH 7) (Metzger et al., 1976). The receptor's sensitivity to
temperature and pH changes indicates that part of its structural moiety
is of protein in nature. The protein structure of the solubilized recep-
tor is further suggested by the finding that it can be fragmented by tryp-
sin (Conrad and Froese, 1976) and is sensitive to the presence of pronase
and pepsin (Kulczycki et al., 1976). However, Metzger et al. (1976) re-
ported that trypsin, chymotrypsin, pepsin and papain had no deleterious
effect on the binding ability of their receptor when present in the mem—
brane. They found that only phospholipase C and elastase could affect
the binding activity. The facts that the receptors can be radioiodinated
in the presence of lactoperoxidase (Conrad and Froese, 1976) and intrin-
sically labelled with 3H—leucine (Kulczycki et al., 1976) provide addi-
tional evidence for the presence of tyrosine residues in the protein
moiety of the molecules. Kulczycki et al. (1976) showed the biosynthetic
incorporation of 14C—glucosamine by RBL cells. Their result indicates
that the receptors might contain sialic acid and glucosamines. In addi-
tion, the receptor was shown to bind to lentil-lectin-Sepharose and could
be eluted from the affinity gel with o-methylmannoside (Helm et al., 1979).
It was concluded that the receptor for IgE probably consisted of a car-
bohydrate moiety rich in mannose and/or N-acetylgluccsamine, since the
lectin is known to have specific affinity for these two sugars.

B. Specificity of the Receptor for IgE

It has been shown that radioiodinated monomeric IgG immunoglobulin
does not bind to the surface of RMC (Ishizaka et al., 1975a) nor does it
inhibit the binding between IgE and RBL cells {(Kulczycki et al., 1974;

Halper and Metzger, 1976). Although there is evidence that rat IgGZa



can block the binding between IgE and RMC (Bach et al., 1971b), attempts
to show direct binding between monomeric Inga and RBL cells have not
been successful. However, the binding of Inga in the form of immune
complexes to these cells has been demonstrated (Halper and Merzger,
1976). These results suggested that the affinity of Inga for the receptor
for IgE is not very high and that multipoint attachment is probably re-
quired for the binding to occur. Binding of monomeric IgE to other cell
types has been reported (Gonzalez-Molina and spiegelberg, 1977; Meinke
et al., 1978; Fritsche and Spiegelberg, 1978). However, the receptors
on the surfaces of mast cells and basophils, including RBL cells, still
remain the ones with high affinity for IgE.

The affinity constant of the binding between IgE and its receptor
has been calculated. The equilibrium constant for the interaction between
human basophils and IgE is at the oxrder of 108 - 109 M_l and the process
is reversible (Ishizaka et al., 1973). Kulczycki and Metzger (1974)
demonstrated that the binding between IgE and its receptor on the sur-

face of RBL cells is also reversible and can be described by the follow-

ing equation: kl
Receptor + IgE _— IgE-receptor complex
< T
-1
The association rate constant ( kl ) between free IgE molecules and

the receptors of RBL cells was 1.3 x lO5 M_l sec—l. The initial binding

rate was dependent on the IgE concentration. The dissociation rate con-

stant ( k—l ) of the IgE-receptor complex was extremely low (1 x 10-5 -

1.35 x 10-5 sec_l). The affinity constant for the binding was thus es-

timated to be around lOlO M_l.

More recent findings showed that the cell-
bound IgE dissociated from RBL cells with two different rate constants

and that both the receptor and the IgE maintained their binding activity
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after dissociation (Isersky et al., 1979). These results suggested that
there may be two different receptors for IgE on RBL cells. The equili-
brium constant for the binding between IgE and RMC was estimated to be
1.5 x 109 M-l and the dissociation rate constant was believed to be low
since no dissociation was observed over the first two hours (Conrad et
al., 1975).

The very high affinity between IgE and mast cells/basophils con-
firms the specificity of the receptor. Furthermore, it has been estima-
ted that both cell types contain a very high number of these specific
receptors on their surface. There are approximately 40,000 to 600,000
receptors present on the surface of each human basophil (Ishizaka et
al., 1973; Malveaux et al., 1978). The number of receptors for IgE on
RBL cells was calculated to be around 600,000 to 1,000,000 per cell and
the value is believed to be slightly lower in RMC, at 300,000 to 800,000
receptors per cell (Tsersky et al., 1975; Conrad et al., 1975). In an
extensive study on the changes in the number of receptors for IgE during
growth and differentiation of RBL cells, Isersky et al. (1975) found
that there was an inverse relationship between the growth rate and the
expression of receptor activity for IgE. There were 400,000 to 600,000
receptors per RBL cell during rapid growth and the number increased to
900,000 to 1,000,000 when the cell stopped growth. Cell division resulted
in a drop in the number of receptors per cell but the number of cell-
bound receptors in the culture remained unchanged. This indicates that
the receptors were simply divided up into daughter cells during mitosis.
Furthermore, the continuous presence of IgE (3 ug/ml) in culture medium
has been shown to have no effect on the expression of receptors by RBL-1

cells (Isersky et al., 1979). The relationship between expression of
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the surface receptors and differentiation of the rat mast cell is not
clear, although it was reported that the number of receptors for IgE does
increase with mast cell maturation (Ishizaka et al., 1977a).

C. Isolation of the Receptor for IgE

Isolation and characterization of the receptors became possible
when it was established that they could be solubilized by non-ionic de-
tergents such as Nonidet P-40Q without loss of their IgE-binding capacity
(Conrad et al., 1976). The receptors for IgE were characterized by dif-
ferent laboratories using almost similar methods of isolation. The IgE-
receptor complexes were initially isolated from the bulk of the membrane
extract by simple immuno-precipitation using specific anti-~IgE sera
(Conrad and Froese, 1976; Kulczycki et al., 1976; Ishizaka et al., 1977b;
Isersky et al., 1978). Radiocactive isotopes like 1251 and 1311 were used
invariably to label either the IgE or the membranes of the target cells.
In one case, 14C—glucosaminezaswell.as3H—émino acids were also used for
the study (Kulczycki et al., 1976). The possibility of obtaining the
receptors in a relatively large quantity was first reported by Conrad
and Froese (1978a) who described the isolation using IgE-affinity columms
and KSCN as the eluting agent. Using repetitive affinity chromatography,
Kulczycki and Parker (1979) were able to obtain relatively pure prepa-—
rations of the receptors from RBL cell extracts. Hempstead et al.

(1979) reported the isolation and characterization of the receptor for
IgE from the surface of human basophils. Again, IgE-coupled Sepharose
was used for the study.

Isolation of the free receptors by means of IgE-Sepharose columns
has suffered from one critical drawback. Conrad and Froese (1978a) re-

ported that only 197 of the eluted surface molecules had retained the



capacity to bind IgE. Rossi et al.(1977) could only recover 187 of the
initial binding activity of their acid-eluted surface material. However,
Kulczycki et al. (1979) wused 0.5 N acetic acid to elute their receptors
which still retained 50 - 607 of their original specificity. A third
method with a potential for obtaining relatively pure receptors in the
form of IgE-receptor complexes, using mild elution procedures, was develo-
ped by Conrad and Froese (1978b). These authors saturated RBL cells with
DNP-IgE conjugates. The DNP-IgE-receptor complexes were then extracted
with detergents and adsorbed onto an anti~DNP-affinity column and the
IgE-receptor complexes were eluted with a buffer containing dinitro-
phenolate. The IgE~binding activity of this preparation had retained

50 - 607 of its origimal capacity. Based on the same principle, Kanel-
lopoulos et al. (1979) used phenylarsonate-coupled IgE to saturate the
receptofs on the surface of RBL cells and subsequently characterize the
isolated receptors.

D. Molecular Weight of the Receptor for IgE

The receptors for IgE have been isolated from different target cells
and their molecular weights (m.w.) were subsequently determined by various
methods. Imitially, cell-free particulates containing IgE-binding acti-
vity were obtained from sonicated (at 20,000 x g) rat peritoneal mast
cells (Konig and Ishizaka, 1974). Chromatographic analysis revealed that
these fragments had an apparent m.w. of > 2 x lO6 daltons. In a separate
study, cell-free particles containing the receptors for IgE were found
present in the culture medium of RBL cells at 4°C and their m.w. were
reported to be at the same order of magnitude as the one above (Carson
et al., 1975). The molecular weight of these particles suggested that

they did not represent individual receptor molecules but were most likely
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entire membrane fragments. Conrad et al., (1976) were the first to es-
timate the m.w. of Nonidet P-40 (NP-40) solubilized IgE-receptor complexes
of RMC and RBL cells. When subjected to gel filtration on Bio-Gel Al.5m,
the IgE-receptor complex was eétimated to have an apparent m.w. of
350,000 to 550,000 daltomns. After subtracting the m.w. of IgE (200,000
daltons), the m.w. of the receptor was in the range of 150,000 - 350,000
daltons. Using the same detergent but a different gel, Sepharose 6B,
Rossi et al. (1977) determined the m.w. of the receptor and the IgE-
receptor complex to be 250,000 and 410,000, respectively. The physical
properties of the free receptor, the IgE-receptor complex and free IgE
were determined and compared. Based on the values of their diffusion
coefficients (DZO,w)’ partial specific volumes (v) and sedimentation con-—

stants (S ) in sucrose density gradient, the m.w. of the receptor,

20,w
IgE-receptor complex and free IgE in NP-40 were calculated to be 130,000
310,000 and 200,000 daltons, respectively (Newman et al., 1977). Conrad
and Froese (1978a) reported a m.w. of 200,000 daltons, or slightly less,
for the receptor in NP-40 isolated by the IgE-affinity column and deter-
mined by gel filtration. Assuming that the receptor has a U of an average
glycoprotein (0.72), Newman et al. (1977) calculated the m.w. of a deter-
gent-free receptor to be 77,000 daltons. Also, based on the data that
they obtained from this study, they postulated that the receptor mole-
cule could be composed of two subunits of identical molecular weight.
In addition, they concluded that the receptor is monovalent with respect
to IgE binding.

When sodium dodecyl sulfate (SDS) was used to dissolve the recep—

tor-IgE complex, subsequent determinations of the m.w. by SDS—pelyacry-

lamide gel electrophoresis (SDS-PAGE) gave relatively lower values for
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the receptors. The molecular weight of the free receptor was. 62,000
daltons as analyzed by 57 SDS-PAGE (Conrad and Froese, 1976) and 70,000
daltons by 5.9%Z SDS-PAGE (Kulczycki et al., 1976). On 10 - 127 gels,
the receptor molecule showed a faster mobility, revealing an electro-
phoretic behavior often associated with glycoproteins, and its mole-
cular weight was estimated to be 50,000 daltons by Kulczycki et al.
(1976) or 45,000 daltons by Conrad and Froese (1978a). This 45,000
dalton molecule was isolated by means of IgE, anti-IgE and Protein A-
Sepharose. When IgE-Sepharose was used for the isolation of receptors
from RBL cells, two IgE-specific surface molecules having molecular
weights of 45,000 and 55,000 daltons were observed by SDS-PAGE on 10%
gels (Conrad and Froese, 1978b). The 45,000 amd 55,000 dalton surface
components (receptors) were later designated as R and H, respectively
by Helm et al. (1979). On the other hand, although having both compo-
nents expressed on its membrane surface, RMC seemed to be associated
predominantly with the R component (Froese, 1979). Using also RBL cells,
Isersky et al. (1978) estimated that the receptor for IgE had a m.w. of
58,000 daltons as analysed by 107 SDS~PAGE. Omn 12.5%7 gels, the same
receptor was reported to have a m.w. of 53,000 daltons (Kanellopoulos

et al., 1979). Even when IgE~-Sepharose was used, only a single receptor
of about 45,000 to 55,000 daltons was isolated (Kuleczycki and Parker,
1979). 1In general, these results suggest that the RBL cell lines, main-
tained in the various laboratories, differ in spite of the fact that
they all came from the original RBL cells induced by Eccleston et al.
(1973). Recently, Hempstead et al. (1979) estimated that the m.w. of the
receptor for IgE on the surface of human basophils was 58,000 - 68,000

daltons (107 SDS-PAGE).

i9



On the whole, there seems to be a definite difference between the
molecular weight of the receptor in the presence of non-ionic detergents
and that in SDS as determined by SDS-PAGE. In fact, it has been reported
that the physical properties of the receptors differed significantly be-
tween the presence of either one of the above (Conrad and Froese, 1978a).
For instance, the receptor was shown to have a density of 1.24 g/ml in
the presence of 0.1% NP-40Q while. the wvalue increased to 1.28 g/ml in
the presence of SDS. On the whole, the molecular weight of the receptor
appears to be higher in the presence of NP-40. It has been postulated
that this may be due to the binding of large amounts of NP-40 in the
form of micelles, since the detergent concentrations are usually above
the critical micelle concentration (0.29.mM) (Conrad and Froese, 1978a).
These authors suggested limited aggregation of the receptor in NP-40 as
an dlternate explanation. Newman et al. (1977) postulated that the re-
ceptor probably consisted of two subunits while in NP-40. However, it
should be pointed out that the capacity of the receptor to bind IgE is
not impaired by the presence of NP-40. 1In fact, Rossi et al. (1977) re-
ported that the binding constant for the receptor-IgE interaction was
higher for the soluble receptor than for the membrane-—bound one.

E. Function of the Receptor for IgE

Ishizaka and Ishizaka (1969) were the first to show that anti-IgE
antibodies and their F(ab')2 fragments can induce histamine release in
human basophils of atopic individuals whereas their monovalent (Fab')
fragments fail to do so. The results suggested that crosslinking of
surface IgE molecules is essential for starting the triggering signal.
Although the exact mechanism of triggering is not yet fully understood,

it is likely that the receptors for IgE play an important role in the
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event. Their possible function is indicated by the findings that they
are fully mobile in the plane of the cell membrane. Using the technique
of fluorescence photo-bleaching recovery, the diffusion coefficient of
the receptors in the membrane was found to be (2.1 = 0.3) x lO—lO cm_2
sl (Schlessinger et al., 1976).

Surface IgE was seen diffusely distributed in the membrane of human
basophils and redistribution of these IgE molecules could be induced
when the cells were incubated with fluoresceinated anti-IgE antibodies
(Becker et al., 1973). Patching of surface IgE could be observed when
IgE-saturated RMC were incubated with fluoresceinated anti-IgE (Lawson
et al., 1975). However, no capping was ever seen. Redistribution of
the surface molecules has been found to be dose, time and temperature
dependent. Capping occurred when human basophils or RBL cells were
incubated with high doses of anti-IgE (10 - 20 ug/ml) at 37°C for 30
minutes (Carson and Metzger, 1974). It has been reported that gross
aggregation of the surface IgE, i.e., capping, is not a pre-requisite
for subsequent histamine release (Becker et al., 1973) whereas patching
or clustering of the surface molecules has been seen just before degra-
nulation in RMC (Lawson et al., 1975). In another study, dimerized rat
IgE could induce anaphylactic skin reaction in normal rats (Segal et al.,
1977). By the same token, anti-receptor antibodies could induce in vitro,
non-cytotoxic mediator release from RBL(+) cells (Isersky et al., 1978)
as well as RMC (Ishizaka et al., 1977b & 1978b). All the above data
suggest that it is the bridging of the surface receptors for IgE that
starts the triggering events. The exact number of receptor molecules
involved is not yet known, although the data of Segal et al. (1977)

suggested that two might be enough.
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It is currentlybelieved by some investigators that the receptor
for IgE may consist of two identical subunits (Newman et al., 1977) or
that it may exist in a multimeric form (Kulezycki et al., 1979). Using
the technique of autoradiography, Ishizaka et al. (1975b) showed that
occupied and unoccupied receptors for IgE could co-migrate in the mem-
brane of human basophils. They suggested that the receptors were pos—
sibly linked together to form ome functiomal group or that they were
multivalent with regards to IgE binding. However, Mendoza and Metzger,
(1976b) obtained a different result from their study. They saturated
the target cells with both fluoresceinated IgE (F-IgE) and rhodaminized
IgE (R~IgE) and allowed the cells to react with different antisera.
When anti~IgE was used, comigration of FQIgE and R-IgE was observed.
However, when the cells were treated with anti-fluorescein, they found
that receptors binding R-IgE did not comigrate with those occupied by
F-IgE. )Hence, they concluded that individual receptors for IgE could
function independently of the others and that each receptor was mono-
valent with respect to IgE binding.

It is still not clear .exactly what kind of cellular changes
might have taken place once when the receptors for IgE have been cross~
linked. However, various models have been proposed for the initial
events. One of these suggests that aggregation of the surface recep-
tors can lead to a local conformational change of the membrane. This
in turn could activate membrane-associated enzymes which would then
turn on a chain of biochemical reactions leading to the ultimate re-
lease of histamine (Fewtrell and Gomperts, 1977). Another postulate is
that aggregated receptors might themselves form ion channels allowing

the transport of Ca++ across the membrane (Lawson et al., 1978). Omn
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the other hand, aggregation may activate the receptor molecule which is
believed to have an enzymic activity once activated (Fewtrell et al., 1979).
It is obvious that there are many biochemical steps between the aggre-
gation of the receptors and the release of mediators. Identification

of the step immediately following the cross-linking of the receptors is
particularly important since it will provide information to reveal the

exact function of these molecules.

V. CELL SURFACE ANTIGENS

Individual cells can be distinguished on the basis of their surface
morphology. Vital functions like growth and expansion, recognition of
'self' and 'non-self', cell movement, cell adherence, as well as uptake
of nutrients are all manifested on the cell surface. Moreover, the func-
tional diversity of different cell types is usually reflected by the
distribution of different molecules preSent in and on the cell membrane.
For instance, thymus-derived lymphocytes (T lymphocytes) have a distinct
membrane antigenicity of their own as compared to bone marrow derived
lymphocytes (B lymphocytes). Specific antisera, e.g., anti-thymocyte
sera can lyse intact target cells in the presence of complement and are
at the same time non-cytotoxic to unrelated cells (Stobo et al., 1973).
This clearly indicates that different surface antigens are present in
individual cell types. The immunological difference between normal and
neoplastic cells generally lies in the presence of tumor-specific anti-
gens on the surface of the latter.

The most important structure at the cell surface is the plasma mem-
brane which is composed of amphipathic lipids and protein molecules
(Danielli, 1975). Singer and Nicholson (1972) defined two different

types of membrane proteins. Integral proteins are found tightly asso-
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ciated with lipid bilayer. They are usually insoluble in aqueous solu-
tion but are soluble in non-ionic detergents. Proteins that are bound
to the bilayer through ionic bonds or through other membrane components
that are integral proteins themselves are generally termed as peripheral
proteins and they are water soluble. Acetylcholine receptors and Fec re-
ceptors for IgG immunoglobulins are examples of integral proteins.
Peripheral membrane proteins includecytochrome C and certain tumor anti-
gens like the water soluble membrane antigens of P815 murine mastocytoma
cells (Clemetson et al., 1976).

Membrane proteins, either integral or peripheral, as well as membrane
carbohydrates can be immunogenic and antigenic. It is possible to speci-
fically induce antisera against certain surface antigens of any cell type.
Most of these studies indicate that surface determinants of unrelated
cells from the same or related species exhibit cross-reactivities. How-
ever, tissue, organ or cell specific surface antigens do exist among the
common antigenic determinants (Goldschneider and Moscona, 1972; Sell et
al., 1969; Yiu and Froese, 1976; Behrens and Paronetto, 1978).

The surface antigens of murine lymphoid cells have been well studied
and categorized . By comparison, rat cell membrane antigens are less
well known. Nevertheless, scattered evidence has begun to accumulate.
Besides, mice and rats are related spédies and their membrane antigenic
determinants very often cross-react. For instance, rat and mouse liver-
specific (Behrens and Paronetto, 1978) as well as T lymphocyte—specific
(Ishii et al., 1976) cell surface antigens share some similar antigenic
determinants. By combining some of the information obtained from murine
cell studies with results from rat cell studies, one can dbtain a better

understanding of the antigens present on rat cell membranes.
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A. Common Surface Antigens of Rat Lymphoid Cells

The most distinct specific antigens that are present on mammalian
cell surfaces belong to the group generally referred to as histocompa-
tibility antigens. The presence of these antigens on the cell surface
usually determines the acceptance or rejection of tissue/organ trans-
plants. For this reason they are also referred to as the transplanta-
tion antigens. They can be subdivided into three categories, the major
histocompatibility, private and public, antigens and minor histocompati-
bility antigens. Their frequency in the population of a certain species
determines whether the major histocompatibility antigens are private or
publié. These antigens are mainly responsible for tissue graft survi-
val. Minor histocompatibility antigens are coded by genes outside
the major histocompatibility complex (MHC) loci and are not as important
in being responsible for the rejection of allografts. Antigens which
are coded by ‘the genes .within the MHC have been extensively inves-
tigated. The H-2 complex of the mouse and the HL-A complex in man are well
defined major histocompatibility antigens. By contrast, the rat histo-
compatibility system has only been studied and understood to a moderate
extent. According to Palm et al. (1977), the MHC in rats consists of
at least 20 histocompatibility loci that govern the expression of the
transplantation antigens on the rat cell surface. The most common ones
are the Ag-B or H~1 and Ag-C major histocompatibility complexes (Palm
and Black, 1971). The H-1 locus can be further divided into two regioms,
H-1 A and H-1 B, as defined by possible recombinants (Butcher and Howard,
1977; Davies and Butcher, 1978). The H-1 A region has been shown to con-
trol lymphocyte and erythrocyte alloantigens, histocompatibility anti-

gens and antigen targets for cytotoxic T lymphocytes. The H-1 B region
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controls rat Ia antigens, histocompatibility antigens, antigens that
stimulate strongly in the mixed lymphocyte reaction and genes governing
the immune response to certain synthetic polypeptides (Cramer et al.,
1974). One of the Ag-B antigens , Ag-B4, has been isolated from de-
tergent-solubilized rat lymphoid cell membranes by affinity . chromato-
graphy. The purified antigen was shown to have a molecular weight of
30,000 - 35,000 daltons (Callahan and DeWitt, 1975a). Amino acid com-
position of this antigen was found to be homologous to those of H-2 and
HL-A antigens. Identification of several minor rat histocompatibility
antigens has been reported. One of these, referred to as Ag-X, had a
m.w. of 20,000 daltons (Callahan and DeWitt, 1975b). Williams and De-
Witt (1976) identified another minor histocompatibility antigen present
in rat lymph node cells and it was shown to be governed by the Ag-F
locus situated ouﬁside the MHC loci. The AgF-1 antigen had a m.w. of
"35,000 - 40,000 daltons. Its amino acid composition was roughly similar
to those reported for the MHC antigens of the rat. The Ag-B4, Ag-X and
AgF-1 antigens were shown to consist of a single chain structure since
reduction and alkylation did not change their mobilities nor profiles
on SDS-gels. By contrast, MHC antigens in mouse and man are believed
to have a two-chain structure analogous to that found for immunoglobu-
lins (Uhr et al., 1976; Strominger et al., 1974). The H-2 antigens of
the mouse have a m.w. of 44,000 daltons and are usually found to be
associated with ez—microglobulins, m.w. of 12,000 daltons. While the
structure of the MHC antigens in rats has yet to be defined, the pre-
sence of Bz—microglobulin on the surface of rat cells is established
since anti—r;t'Bz-microglobulin serum can be induced successfully (Uhr

et al., 1976). The I region within the H-2 complex of the mouse con-
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trols Ia antigens which are found to be present in most lymphoid cells
(Sachs and Dickler, 1975). The Ia antigen, m.w. of 30,000 daltons, has
been isolated from the membrane of mouse lymphoid cells (Vitetta and
Uhr, 1975), whereas rat Ia antigens have only been recently identified
(McMaster and Williams, 1979). The rat Ia antigens were shown to be
composed of two noncovalently linked polypeptide chains of apparent m.w.
of 30,000 and 24,000 daltons. Apart from their own individually speci-
fic antigens, different cell types from the same animal or from the ani-
mals of the same strain/species would probably share some of the anti-
gens mentioned above on their membrane surfaces.

In addition to the presence of the above antigens, rat lymphoid
cells may also contain other common surface antigens. Most predominant
of all is the group of leucocyte common antigens of m.w. 130,000 -
200,000 daltons (Standring et al., 1978). These differentiation anti—l
gens, of different m.w., were found to be present on the surfaces of
rat thymocytes, periperal T and B lymphocytes as well as bone marrow
cells, and they all reacted to the same anti-leucocyte common antigen
serum. The presence of immunoglobulins on the surface of some rat lym-
phoid cells is well documented (Ishii et., 1974; Misra et al., 1976).

It is likely that an antiserum directed against the surface antigens of

a particular cell type might also contain anti-surface immunoglobulin
antibodies. Recently, the occurrence of a surface antigen predominantly
found in male rat cells has been reported. This male-specific antigen

is referred to as the H-Y antigen which determines the fate of male skin
isografts on female rats (Silvers et zl., 1977). The carbohydrate struc-
tures on the cell surface are known to play a significant role in cellu-

lar interactions. The existence of 'matural' antibodies to membrane
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carbohydrate components has been demonstrated in the classic studies of
antibodies directed against blood group antigens. Specific anti-surface
carbohydrate antibodies have been reported on separate occasions (Gerisch
et al., 1974; Sela et al., 1975). These antibodies were shown to react
predominantly with galactose, N - acetyl -D - glucosamine and N-acetyl-
neuraminic écid, all of which were found to be present on the surface of
tells of different tissues including the heart, kidney, thymus and spleen.
Other undiscovered common antigens may be present on the rat lymphoid
cell surface and are awaiting to be discovered.

B. Specific Surface Antigens of Rat Lymphoid Cells

This has not been an area widely studied. 1In fact, only a few speci-
fic antigens of rat lymphoid cells have been identified. Antigens of thy-
mic specificity have been identified on the surfaces of thymocytes and
peripheral T lymphocytes of the rat by different studies. Their m.w.
was between 70,000 (Bustin et al., 1972; Misra et al., 1978) and 95,000
daltons (Standring et al., 1978). Another thymic antigen, Thy-1, has
also been characterized. It is found mainly on the surfaces of thymocytes
and brain cells of the rat and is believed to be composed of mainly pro-
tein and 327 carbohydrate (Williams and Standring, 1977). There are
approximately 600,000 molecules of Thy-1 per rat thymocyte (Williams
and Standring, 1977). The m.w. of Thy-l was estimated to be 25,000
(Williams and Standring, 1977) to 27,000 daltons (Ladoulis et al., 1974;
Misra et al., 1978). According to Williams and Standring (1977), there
are at least three distinct antigenic determinants present in the Thy-1
molecule: (1) Thy-1l.l1l which cross-reacted with mouse anti-Thy-1.1 sera;
(2) a rat-gspecific xenoantigenic determinant and (3) a rat-mouse cross-—

reacting xXenoantigenic determinant. Antigens of other specificity have
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not yet been fully characterized.

C. Specific Surface Antigens of Rat Mast Cells

Apart from common antigens like H~1 and non-H-1 antigens (Mossmann

et al., 1976 and 1979), -microglobulin (Isersky et al., 1977) as well

)
as surface immunoglobulins (Austen and Humphrey, 1961), rat mast cells
may also contain other specific surface antigens. Thus, the receptor
for IgE may be a unique antigen of the rat mast cell surface (Yiu and
Froese, 1976) as well as of the basophil surface. In addition, surface
antigens, m.w. ranging between 20,000 to 200,000 daltons, have been
shown to react with a specific anti-rat mast cell serum (Yiu and Froese,

1976). However, most of these antigens have not yet been fully identified.

D. Specific Surface Antigens of Rat Basophilic Leukemia Cells

Rat basophilic leukemia (RBL) cells were chemically induced (Eccle-
ston et al., 1973) and may, therefore, contain individually specific
tumor antigens. Malignant transformation is acéompanied by alterations
in the structure, topology and dynamics of plasma membrane glycoproteins
(Nicholson, 1974). The effect of B-chlorethylamine on the membrane
structure and antigenicity of RBL cells are still not clear. Although
anti-RBL cell sera have been produced by different laboratories (Chapter
I, Section VI:B), they were all used for the purpose of characterizing
the receptor for IgE. As a result, tumor-specific antigens present
on the RBL cell surface have not yet been identified. Whole membrane
proteins have been extracted with NP-40 from radioiodinated RBL cells
and were analyzed by 107 SDS-polyacrylamide gel electrophoresis (Helm
et al., 1979). The RBL cell surface extract under reducing conditions
was shown to contain at least ten membrane components with m.w. rang-

ing from 17,000 to 200,000 daltons including components that were believed
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to be reacting specifically with immunoglobulin E. The receptor for IgE
is one of the antigens present on the RBL cell surface in relatively
large numbers. Consequently, it is possible to induce specific anti-
receptor antibodies (Ishizaka et al., 1977b; Isersky et al., 1978; Con-
rad et al., 1979). However, little is known about the nature of the

other specific surface antigens of RBL cells.

VI. ANTISERA TO RMC AND RBL CELLS

There were three papers published before 1976 on antisera that were
raised against rat mast cells. All three antisera were tested for their
effects on the functions of mast cells, e.g., on inducing in vitro his-
tamine release (Valentine et al., 1967; Hogarth-Smith and Bingley, 1971),
on eliciting immediate skin reactions (Valentine et al., 1967) and on
causing morphological changes (Smith and Lewis, 1961). Direct binding
between the antibodies and RMC was demonstrated in only one case (Valen-
tine et al., 1967) with an indirect immunofluorescent staining technique.

Another anti-rat mast cell serum was induced in 1976 with the purpose
of studying the antigenicity of the receptor for IgE and mast cell sur-
face antigens (Yiu and Froese, 1976). This antiserum was shown to be
specifically cytotoxic to rat mast cells even after being absorbed five
times with rat liver cells. It elicited an immediate skin reaction on
rats when it was injected into skin sites. The absorbed anti-RMC serum
strongly inhibited the binding between IgE and rat mast cells. Further-
more, the antiserum was shown to react with several membrane components
of the same cell type with m.w. ranging from 20,000 to 200,000 daltons
as revealed by 5% SDS-polyacrylamide gel electrophoresis (SDS-PAGE).

Using the same techniques, Conrad and Froese (1976) had previously de-
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termined the m.w. of the receptor for IgE to be around 60,000 daltons.
Among the mast cell membrane antigens precipitated by the anti-RMC serum
and a goat anti-rabbit immunoglobulin serum, the receptor for IgE was
likely to be present since one of the components had an apparent m.w. of
60,000 daltons. The results also indicated that antibodies against the
receptor for IgE could possibly be induced.

During the course of the present study, techniques which have been
developed over the past two years have made it possible to isolate free
receptors and IgE-receptor complexes from the cell membrane preparation
{(Chapter I, Section VI:C). As a result, several anti-receptor sera
were produced by various laboratories. The properties of these antisera
will be described in the following text.

Isersky et al. (1977) first produced such an antiserum by injecting
whole RBL cells emulsified with complete Freund's adjuvent into a rabbit.
The whole antiserum, its IgG fraction and Fab fragments could inhibit the
binding of IgE to intact target cells as well as detergent-solubilized
membrane fragments of RBL and RBL(+) cells. Since the antiserum could
precipitate free receptors as well as receptor-IgE complexes, it was
suggested that the anti-RBL cell serum might contain antibodies to at
least two discrete determinants in the receptor molecules. It was fur-
ther postulated that one of the determinants was close to the combining
site for IgE and the other was distal from the site. Soon after, the
same group of authors reported the production of another anti~RBL cell
serum by injecting a rabbit with partially purified receptor prepara-
tions (Isersky et al., 1978). This antiserum was found specific for the
receptor for IgE but it also contained a fair amount of anti-IgE anti-

bodies which had to be absorbed. The F(ab')2 fragments were shown to
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inhibit the binding between IgE and RBL cells. The antiserum could also
induce the release of incorporated 3H—serotonin from RBL(+) cells. In
addition, it precipitated only one membrane component with an apparent
m.w. of 58,000 daltons from the detergent extract of RBL cells. However,
the same antiserum could precipitate at least two membrane components of
the RBL(+) cell surface, with m.w. of 52,000 and 42,000 daltons, res-
pectively. While anti~IgE precipitated only a 58,000 dalton component
from the extract of IgE-~saturated RBL cells, the identity of the smaller
component was not clarified. In addition to the anti-receptor antibo-
dies, the antiserum may have contained antibodies to other RBL cell
surface antigens since IgE in excess had failed to inhibit the binding
between the antiserum and the surface antigens completely. However,
the nature of other RBL cell surface antigens was never studied in this
work.

Ishizaka et al. (1977b) described the production of an antiserum
by injecting a rabbit with preparations containing the immune complexes
of anti~IgE and the receptor-IgE complexes. The antibodies were puri-
fied by adsorption onto 3 - 5 x 109 RBL cells and they were subsequently
eluted from the cells with 0.1 M citric acid (pH3) followed by neutra-
lization of the antibodies. The purified antibody preparation could in~
hibit Igk binding to intact rat mast cells, RBL cells, as well as de-
tergent—-solubilized receptors. It could also induce immediate skin
reactions in normal rats. The in vivo reaction was shown to be comple-
ment independent. The same antiserum could induce a non-cytotoxic his-
tamine release only in RMC derived from inbred Hooded Lister rats.
Immuno-fluorescent studies revealed that redistribution of surface anti-

gens occurred when RBL cells were incubated with the antiserum and fluo-
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resceinated anti-rabbit immunoglobulin antibodies at 37°C. If the cells
were saturated with IgE before staining, the intensity of the staining
would decrease. When the detergent-solubilized RBL or RMC cell surface
extract was allowed to react with this antiserum and the immune complexes
were subsequently analyzed with 107 SDS-PAGE, a major component with a
m.w. of 45,000 daltons was revealed (Conrad et al., 1978). Csurad and
Froese (1978a) had previously shown that the receptor isolated by IgE
and anti-IgE has a m.w. of 45,000 daltons when analyzed by 107 SDS-PAGE.
Since the antiserum prepared by Ishizaka et al. (1977b) reacted well
with free receptors and only slightly with receptor-IgE complexes, it
was concluded that the majority of its antibodies were mainly directed
against determinants close to the IgE binding site (Conrad et al.,1978).
The crude antiserum was shown to react with several other surface com-
ponents of the RBL cell surface (Conrad et al., 1978) but the identity
of the latter is not known.

More recently another anti-receptor serum was described by Conrad et
al. (1979). The rabbit was injected with receptor preparations purified
by means of IgE-affinity columns. The antiserum was shown to contain
anti-receptor as well as anti-IgE activity and the latter was removed
by absorption with IgE-coupled Sepharose. The specific antiserum could
weakly inhibit IgE binding to RBL cells. Although being cytotoxic to
these cells, it only faintly stained them by indirect immunofluorescence.
However, the purified antiserum was shown to react with at least two RBL
cell surface components of apparent m.w. of 55,000 and 45,000 daltons,
respectively. These two components were demonstrated to be identical to
the receptors isolated by means of IgE-Sepharose columns (Conrad and

Froese, 1978a). The antiserum was shown to precipitate more of the
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55,000 dalton component than the 45,000 dalton receptor. This finding
indicates that the former surface molecule of RBL cells may be more
immunogenic than the latter.

Studies on the properties of antisera to rat mast cells or rat baso-
philic leukemia cells have clearly demonstrated that these antisera
serve as useful probes into the nature and properties of surface anti-
gens like the receptor for IgE. In view of the fact that some of these
did induce a non-cytotoxic mediator release from RBL(+) cells (Isersky
et al., 1978) and rat mast cells (Ishizaka et al., 1977b), a new concept
for the mechanism of target cell triggering has emerged. Bridging of
two adjacent cell-bound IgE molecules on the membrane surface is no
longer the only way to initiate the event of non-cytotoxic release of
mediators. Cross-linking of two membrane receptors by anti-receptor
antibodies can also trigger the release.

The anti-RMC or anti-RBL cell sera may play another role in unders-
tanding the nature of surface antigensof various target cells. Indepen-
dent work by Mossmann et al. (1976) and Da&ron and Voisin (1978) demon-
strated that rat and mouse alloantibodies, respectively, could induce
mediator release from rat and mouse mast cells, respectively. While
antibodies against rat major histocompatibility antigens, H-1 antigens,
could successfully inhibit the IgE-mediated release of histamine from
rat mast eells, those directed against the non-H-1l antigens had failed
to do so (Mossmann et al., 1979). Similarly, anti-rat 82~microglobu1in
sera had inhibitory effects on the release (Isersky et al., 1977; Moss-
mann et al., 1979). The understanding of the relationship between H-1
antigens, Bz—microglobulin and the receptors for IgE still awaits fur-

ther studies. In another report, cross-linking cell-bound IgE (anti-
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DNP antibodies) with other cell surface components by DNP coupled to
Fab' fragments of anti-mast cell antibodies also led to the subsequent
release of histamine from rat mast cells (Mossmann et al., 1978). The
nature of these mast cell surface components has not been revealed. Omn
the whole, antisera directed against rat mast cells or rat basophilic
leukemia cells may prove to be useful in certain studies. These studies
may include the understanding of the structure, antigenicity and func-
tion of the surface components of these cells, especially, the receptor

for IgE and their relationship with other membrane molecules.
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CHAPTER 1T

CROSS-REACTIVITY BETWEEN ANTI-RAT MAST CELL
AND ANTI-RAT BASOPHILIC LEUKEMIA CELL SERA

I. INTRODUCTION

The unique role of mast cells in immediate hypersensitivity has
been discussed previously (Chapter I, Sections I, IT & III). One of
the most studied mast cell populations is the one present in the rat
peritoneum. It owes its popularity to its availability in relatively
large quantities. 'Although the involvement of rat mast cells (RMC) in
allergy research has been well documented, there are still many ques-
tions left unanswered. For instance, the mechanism of triggering his-
tamine release in RMC is not yet clearly understood. The emergence of
rat basophilic leukemia (RBL) cells in allergy research has been timely.
Although most RBL cell lines do not release histamine in a non-cytotoxic
manner (Chapter I, Section III:C), the abundance of the receptors for
IgE on their surface and the possibility to grow them in tissue culture
helped significantly in the evaluation of the structure and function of
the receptors for IgE. Thus, it has been shown that the receptors for
IgE on RMC and RBL cells have very similar affinities for IgE (Conrad
et al., 1975; Mendoza and Metzger, 1976a). The molecular weights of the
receptors on both cell types are very similar (Conrad and Froese, 1976;
Froese, 1979). Both cells have the 55,000 and 45,000 dalton components,
even though less of the former appears to be present on RMC (Froese,

1979). However, in spite of the fact that antisera to RMC (Yiu and
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Froese, 1976) and to RBL cells (Isersky et al., 1977) have been pro-
duced, very little is known about the antigens other than the receptor
for IgE with which the antisera reacted. It is particularly not known
to what extent plasma membrane antigens of the two cell types are
similar to or different from one another. The availability of such
information may eventually help to elucidate differences in the mediator
release mechanism of the two cell types and to gain a better understan-
ding of the relationship between cell surface molecules and certain
functions of these cells.

It has gradually become apparent how the surface components of
both RMC and RBL cells react to different ligands like IgE molecules,
lectins, calcium ionophores and especially specific antibodies. The use
of specific antisera to probe the nature of various membrane molecules,
particularly receptors to hormones and certain chemicals like phospho-
rylcholine (Strayer et al., 1975) is now quite common. The production
of anti~RMC and anti-RBL cell sera has been reported by various labora-
tories (Chapter I, Section VI). Since each antiserum is unique in terms
of its properties and specificity, only by comparing and taking into
account the accumulated data obtained from different studies can the
nature of the surface of RMC and RBL cells be clearly understood. Hence,
one of the aims of the present study is. to produce these specific anti-
sera. The similarities between RBL cells and RMC suggest that many of
their surface molecules may be identical and hence, their specific anti-
sera might possibly cross-react with the cells. Part of the present study

is to look for such possibilities.
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II. MATERTALS

Animals:

Female Lewis-Wistar rats, (retired breeders, 250 - 400 g), were
purchased from Canadian Breeding Laboratories (Ottawa, Ontario). ICI
Wistar rats were originally obtained from Imperial Chemical Industries,
Ltd., Macclesfield, England and were later bred in the central animal
house of the Faculty of Medicine of this university. Female New Zea-
land albino rabbits (3 - 4 Kg) were obtained from Canadian Breeding
Laboratories (Ottawa, Ontario).

Buffers:

Tyrode's buffer was prepared according to the formula of Kabat and
Mayer (1961) and was modified as suggested by Bach et al. (1971a) by
making it 0.005 M with respect to both HEPES, N-2-hydroxyethylpipera-
zine-N'-2-ethanesulfonic acid, and MES, 2-(N-morpholino)-ethanesulfonic
acid. HEPES and MES were purchased from Calbiochem, Los Angeles, Calif.
This buffer is referred to as THM and was adjusted to pH 6.8 for use.

Phosphate buffered saline (0.14 M NaCl, 0.01L M PO,; pH 7.4) was also

4;
used when required. Bovine serum albumin purchased from Nutritional
Biochemicals Corporation, Cleveland, Ohio, was added to either THM or

phosphate buffered saline (PBS) to yield a concentration of 0.5 mg/ml.

These buffers are referred to as THM/BSA and PBS/BSA, respectively.

Nonidet P-40 was purchased from Particle Data Corporation, Elmhurst,
I11l. and was added to PBS to form a buffer called PBS/NP-40.
Antisera:

A rabbit anti-rat sarcoma (anti~S) serum was induced in an animal
immunized with sarcoma cells from Lewis rats and was kindly provided by

Dr. J. Dalton, previously associated with this department. Rabbit or
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goat anti~rat IgE serum was prepared and described by Conrad and Froese
(1978b) by immunizing the animals with purified IgE and absorbing the
antiserum with normal rat serum coupled to Sepharose 4B. Goat anti-
rabbit immunoglobulin serum (GAR) was purchased from North American
Laboratory Supplies, Gunton, Manitoba.

IgE:

Rat monoclonal IgE was obtained from the ascitic fluid of Lou/M/Wsl
rats bearing the IgE~secreting IR-162 immunocytoma (Bazin et al., 1974).
The tumor was maintained by Dr. B. G. Carter of this department. The
IgE was routinely purified in Dr. A. Froese's laboratory by a combina-
tion of Bio-Gel P-300 chromatography and isoelectric focusing (Conrad et
al., 1975).

Rat Basophilic Leukemia Cells:

The cells were routinely maintained by tissue culture in Dr. A.
Froese's laboratory. The culture was initiated and maintained as des-
cribed by Kulczycki et al. (1974) using Eagle's minimal essential medium,
with Earle's base. The medium was supplemented with non-essential
amino acids, 100 units/ml of penicillin, 100 ug/ml of streptomycin
and 207 heat inactivated fetal calf serum (FCS). All ingredients of
the culture medium were purchased from Grand Island Biological Co.

(New York, N..Y.). All cultures were incubated at 37°C in a water satu-
rated atmosphere containing 57 COZ' An electron micrograph of these
cells is presented in the following. This was prepared by the author

as a study project in the course "Introduction to Electron Microscopy"
given by the Department of Anatomy of this university. Since the present
study does not involve the study of cell morphology, the picture is pre-

sented for the purpose of illustration only.



An Electron Micrograph of Rat Basophilic Leukemia Cells
(x 5,000)

III. METHODS

A. Purification of Rat Mast Cells:

The procedures are mainly based on the technique of Uvnids and Thon

(1959). The principle of the method involves the layering of the peri-

toneal cell suspension over a high density medium. Centrifugation is

used to force the denser mast cells through the interface and these may

be collected in the high density medium. Macrophages and erythrocytes

are retained above or at the interface.
Rats were exsanguinated under ether anesthesia and the skin along the

mid-ventral part of the body was removed. About 20 ml of THM/BSA con-

taining 10 units/ml of heparin (ICN Pharmaceuticals, Inc., Cleveland,
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Ohio) were injected into the peritoneal cavity of the the abdomen which
was gently massaged for 1 - 2 minutes. A small incision was made just
large enough to admit the passage of a plastic tube (12 x 75 mm, Falcon
Plastics, Oxnard, California) the end of which had been perforated
several times with a hot needle. The tube was inserted deep into the
abdomen and the peritoneal fluid was collected with a siliconized Pas-
teur pipette and transferred into a polycarbonate centrifuge tube (2.7
x 10.5 cm). The cells were then centrifuged at 200 x g for 5 minutes.
The pellet was resuspended in 4 ml of THM/BSA buffer and cell counts
were performed with a hemocytometer (American Optical Corporation).
Mast cells were identified by staining with neutral red which formed

a dry film on the cover slip of the hemocytometer (0.27 neutral red

in ethanol). The initial suspension contained 5 - 107 mast cells. The
cell suspension was then layered on top of an equal volume of Ficoll
(Pharmacia Fine Chemicals, Uppsala, Sweden), (35% Ficoll, w/v, in THM/
BSA), in a polycarbonate centrifuge tube and was spun at 200 x g for

2 minutes at 4°C. At the end of this time, the upper layer and cells
at the interface were removed. The tube wall around the area was wiped
clean with a piece of lint-free tissue paper. About four times as much
THM/BSA was added into the Ficoll medium which now contained mainly mast
cells. The tube was centrifuged at 200 x g for 5 minutes and the cell
pellet was resuspended with THM/BSA. Then, the cells were stained and
counted. The count was expressed in 7 of purity (= {number of mast
cells/total number of cells} x 100) and % of yield (={final number of
mast cells/initial number of mast cells} x 100). Approximately 60 - 75
percent of the mast cells were recovered in the final preparation and

the purity was between 85 - 907. An electronmicrograph of rat peri-
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toneal mast cells is presented in the following text. Like the one of
RBL cells, this photograph was prepared for the purpose mentioned in

the previous section.

An Electron Micrograph of Rat Mast Cells
(x 4,000)

B, Preparation of Antisera:

Two groups of rabbits, three animals per group, were injected with
isolated rat mast cells (RMC) or with rat basophilic leukemia (RBL)
cells. Mast cells (1 x 107) from five rats were washed extensively
with THM after the Ficoll separation procedure and were suspended in
1 ml of THM. The mixture was then emulsified with an equal volume of
complete Freund's adjuvant (CFA) (Difco Laboratories, Detroit, Michi-

gan) and was injected subcutaneously onto the shaved lateral parts of




the rabbit. Three rabbits were injected with RMC this way at separate
occasions while another three were immunized with RBL cells (3 x lO'7 per
animal) instead. The latter had been injected with RBL cells that came
from the same pool of culture and were washed thoroughly with PBS by
centrifugation before being emulsified with CFA. About thirty days after
the first injection, the rabbits were injected with a second dose. The
number of cells used was 5 x 106 for RMC or 1 x lO7 for RBL cells. The
cell suspensions were emulsified with CFA and were then injected the same
way as before. The third and fourth doses of the same strength as the
second one were given about 14 and 28 days, respectively, after the
second injection.

Blood was obtained from the marginal ear vein of the rabbit and the
serum was separated out by allowing the blood to clot, followed by cen-
trifugation at 1000 x g for 20 minutes at 4°c. All sera were heated
at 56°C for over thirty minutes and were filtered through Millipore
membranes (0.22 p) and stored in sterile vials at 4OC. The serum was
withdrawn from the vial with a sterile needle and syringe when required.
A crude immunoglobulin preparation was made as required by precipita-
tion with 407 saturated ammonium sulfate. The precipitate was washed
twice with PBS containing 407 saturated ammonium sulfate followed by
centrifugation at 10,000 rpm for 20 minutes. It was then dissolved
in a small volume of PBS and dialyzed against several changes of PBS
at 4°C. After dialysis, the sample was reconstituted to its original
volume. The protein concentration of the sample was determined by

measuring its optical density and from the result calculated by using

iz

280 nm)k The. preparation .was then

an extinction coefficient of 13.6 (E

stored at —ZOOC for further use.



C. 1Isolation of Cells:

l. Rat liver cells

Rat livers were removed from exsanguinated rats, rinsed with cold
PBS, and were minced and disrupted with a loosely fitted glass homo-
genizer. The dispersed cells were suspended into cold PBS and filtered
through Pyrex glass wool. The preparation was washed with cold PBS by
centrifugation at 200 x g for 10 minutes at least three times.

2. Rat lymph node cells

Cervical lymph nodes were removed from exsanguinated rats, rinsed
with cold PBS and were treated the same way as described above. The
cells were then suspended in THM/BSA supplemented with 107 fetal calf
serum for subsequent use.

3. Rat erythrocytes

Blood was collected with a heparinized syringe containing a small
volume of Alsever's solution, prepared according to the formula of
Campbell et al. (1970), from.anaesthetized Lewis~Wistar rats via cardiac
puncture. The blood was mixed gently and washed with an equal volume
of Alsever's solution and centrifuged at 700 x g for 20 minutes. The
washing procedure was repeated until the supernatant was clear.

4. Mast cell-depleted rat peritoneal cells

These cells were obtained by the method previously described by
Bach et al. (1971a). Ten milliliters of distilled water were injected
intraperitoneally into rats. Four days later, the peritoneal cells
were harvested the same way as described in Section III:A of this chap-
ter. The cell preparations were examined under the light microscope for
the presence of mast cells. Usually only about 1% mast cells remained

in the entire peritoneal cell population.
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D. Preparation of Sepharose Conjugates:

This was a slightly modified method as described by Cuatrecasas
and Anfinsen (1971). Ten ml of washed, packed Sepharose-CL-4B were
activated with cyanogen bromide (150 mg/ml of packed gel) at pH 11.

The activated gel was washed with a large volume of cold distilled water
followed by cold PBS on a Buchmer funnel. The gel was then transferred
into a small beaker containing 10 ml of protein to be conjugated at a
concentration of 14 - 15 mg/ml. The coupling reaction was carried out
at 4°C for 24 hours. The immunosorbent was washed with PBS until the
filtrate was free of protein and it was then transferred into a beaker.
Any unreacted Sepharose-CL-4B was inactivated by adding 50 ml of 0.05 M
ethanolamine at 4°C and the reaction was allowed to proceed for thirty
minutes. The gel was then washed with PBS again, followed by 200 ml

of 0.2 M glycine~-HCL buffer (pH 2.2) and PBS until the filtrate remained
at pH 7 and had no trace of protein as determined by its optical density
at 280 nm.

E. ‘Absorption Procedures:

1. Cell-absorption

About 0.1 ml of packed cells was used for each ml of diluted serum
(1 : 10). The mixture was incubated at 4OC for one hour with constant
rotation. At the end of each absorption, cells were removed by centri-
fugation at 200 x g for 10 minutes. The procedure was repeated several
times, if required. The serum was then clarified by centrifugation at
50,000 x g at 4°¢ for one hour.

2. Immunosorbent-absorption

Sepharose conjugated with immunoglobulins was used as the immuno-

sorbent in this study. It was packed into a small glass column (14 x

ofn
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110 mm) with its outlet filled with glass beads (3 mm in diameter). The
column was washed well with PBS. The globulin fraction of the serum to
be absorbed was layered gently on top of the packed immunosorbent. The
absorption was carried out at room temperature and the flow was adjusted
to one drop per 30 seconds. After the sample had passed through the

gel, the column was topped up with PBS. About 1 ml of the eluate was
collected into each tube (9 x 75 mm). The absorbance of each fraction
was measured at 280 nm. Fractions having an optical density higher than
1 were pooled together. The pooled eluate constituted the absorbed serum.
The absorbed serum was then filtered and stored in sterile vials at 4°C.

F. Cytotoxicity Test:

The test was performed according to the method of Wigzell (1965)
as modified by Fujimoto et al. (1973). Target cells (1 x 107) were
suspended in THﬁ to which had been added 107 heat inactivated fetal
calf serum and were labelled with 0.1 mCi of Naz(SlCr)O4 (Amersham-
Searle Co., Arlington Heights, Illinois) at 37°C for 30 minutes. After
labelling, the cell suspension was gently layered on top of 2 ml of
fetal calf serum followed by centrifugation at 1000 rpm for 1 minute.
The supernatant was carefully aspirated and the cell pellet was resus-—
pended with the same buffer. The cells were washed by centrifugation
at 200 x g for 8 minutes. The cell pellet was resuspended with 10 ml
of the medium to yield a concentration of lO6 cells per ml. Sera to
be tested were diluted with the same buffer directly on the tissue
culture plate (Microtest II, Falcon Plastics, Oxnard, Calif.). To
0.1 ml of serum in each well of the plate, 0.1 ml of the cell suspen-
sion was added, followed by 0.1 ml of complement (diluted 1 : 10).

Guinea pig complement was used when lymph node cells and RBL cells
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were the target cells. Fresh rabbit serum served as the source of com-
plement for the test with mast cells. The plate was sealed with a
piece of microtiter plate sealer (Cooke Engineering Co., Alexandria,
Virginia) and was incubated at 370C for 30 minutes. At the end of
this time, the plate was centrifuged at 200 x g for 10 minutes. The
radioactivity of 0.1 ml of supernatant from each well was measured in
a Beckman gamma counter (Model 300). Controls were performed under
the same conditions at the same time. The maximum release of 51Cr was
arbitrarily determined by freezing and thawing lO5 target cells in
distilled water three times and then counting the radioactivity of the
supernatant. The presence of SlCr in supernatants from labelled cells
in the presence of complement alone was taken as the value for the
spontaneous release. Duplicate samples were performed for each test.
The results were obtained in counts per minute (cpm) and were expressed
as a percentage of.specificSlCr—release which was calculated with the
following equation:
Percentage of specific 51Cr—release== { (experimental release - spon-
taneous release) / (maximum release - spontaneous release)} x 100

G. 125I—labelling of IgE:

Rat monoclonal IgE purified as described by Conrad et al. (1975)
was labelled according to McConahey and Dixon (1966) using chloramine
T. Purified IgE (100 ug in 0.05 ml of PBS) was labelled with 1 mCi of
carrier-free 1251 (Amersham-Searle, Arlington Heights, Illinois) in
the presence of 0.45 ml of PBS and 0.25 ml of chloramine T (25 mg/ 100
ml of PBS). The reaction was allowed to proceed at room temperature

for 5 minutes with occasional mixing. An addition of 0.3 ml of sodium

metabisulfite (25 mg /100 ml of PBS) stopped the labelling reaction.

s
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The labelled protein in solution was mixed with 250 mg of Dowex resin
(AG1-X10, Bio. Rad., Richmond, California) washed with PBS. The mix-
ture was allowed to stand at room temperature for ome minute and then
was centrifuged at 250 x g for 10 minutes. The supernatant was removed
and dialyzed versus 2 litres of PBS overnight. The optical density of
the labelled protein was measured and hence, its concentration deter-
mined by using an extinction coefficient of 13.6 (ElZ

280 nm
125

Metzger, 1974). The I-IgE solution was adjusted to a concentration

) (Carson and.

of 1 ug per ml with PBS/BSA and was stored in aliquots at -70°C. The

specific activity of the labelled IgE was in the range of 2 ~ 6 x lO6

cpm per ug. The counting was done in a Beckman gamma counter (Model

300, Beckman Instrument Co., Fullerton, California) with a counting

efficiency of 55% for 1251.

H. Precipitation of 125I--IgE by Antisera:

About 0.2 mg of rabbit immunoglobulins of the antisera were mixed
with 0.05 ug of “2°I-IgE and the mixture was incubated at 37°C for 30
minutes. A predetermined optimal amount of goat anti-rabbit immunoglo-
bulin was added and the reaction continued for another 30 minutes. The
immunoprecipitate was allowed to form at 4°C over a period of three to
four hours. The precipitates were transferred to clean tubes and were
washed five times with PBS through centrifugation. The radioactivity
of each precipitate was then determined. Normal rabbit immunoglobulins
and rabbit anti-rat IgE antibodies were used in place of the antisera
as controls. The results were recorded in cpm and were expressed as the

concentration of IgE precipitated by the corresponding serum.



I. Inhibition of lZSI—IgE Binding to RBL Cells or RMC:

The method was adopted from the one described by Kulczycki et al.
(1974) as modified by Conrad et al. (1975). Purified rat mast cells
(RMC) or rat basophilic leukemia (RBL) cells, at a concentration of
1zx 106 in 1.0 ml of THM/BSA, were incubated with 400 ug of rabbit
immunoglobulins from the antisera in silicone grease coated plastic
tubes (12 x 75 mm, Falcon Plastics) at 37°C for 30 minutes. The coating
prevented adherence of the cells to the plastic wall. At the end of
the time, 0.1 ug of lZSI—IgE was added into each tube and the incuba-
tion was continued for another thirty minutes. The cell suspension was
layered gently on top of 1.5 -~ 2 ml of FCS and was centrifuged at 250
x g for 1 minute. The cell pellet was recovered and washed once with
THM/BSA by centrifuged at 200 x g for 8 minutes before the 1251 con-—
tent of the pellet was determined. Cell pellets obtained from the cells
incubated with lZSI—IgE and THM/BSA in the absence of any antiserum were
used as controls for the maximum binding of IgE. The averaged value
obtained from these controls became the arbitrary 100% of IgE binding .
Each result was reéorded in cpm and was expressed as a percentage of
inhibition of IgE binding according to the calculation of the follow-
ing formula:

cpm of experimental result

% of dinhibition = 1007 x 1007

cpm of maximum IgE binding

J. Cell Surface-Labelling Technique:

Cells were radioiodinated according to the method described by

Kennel et al. (1973) as modified by Conrad and Froese (1976). Cells

6 7

(5 x 107 RMC or 2 x 10" RBL cells in 0.5 ml of PBS) were labelled with

131

0.5 - 0.7 mCi of carrier~free 1251 (or 1 mCi 6f carrier-free I) in



the presence of 0.0l ml of lactoperoxidase (60 mg/ml). The reaction
was started by adding 0.01 ml of 0.037 HZOZ' The addition of HZOZ was
repeated twice at one minute intervals. One minute after the third
addition, the reaction was stopped by transferring the cell suspension
. into 10 ml of cold THM/BSA followed by centrifugation at 200 x g for 5
minutes. The cells were resuspended in 1 ml of THM/BSA and were then
layered on top of 1.5 - 2 ml of FCS for the same washing procedure as
mentioned in Section III:¥ of this chapter. The washed cells were solu-
bilized with 1 ml of PBS/0.5% NP-40 at 4°C for 15 minutes. The cell
mixture was centrifuged at 10,000 rpm for 15 minutes in a Sorvall RC2-
B centrifuge (Ivan Sorvall Incorporated, Newtown, Connecticut). The
supernatant was recovered and dialyzed versus PBS/0.5%7 NP-40 overnight.

K. Precipitation of Radiolabelled-Cell Surface Antigens:

The cell surface extract obtained by the above procedure was
divided into two aliquots. When more cell extract was required, several
batches of cells were labelled and théir detergent-solubilized surface
material was then pooled together and redivided as required. Each ali-
quot of the above was incubated with a known amount of rabbit immuno-—
globulins (0.4 mg per sample) from the antisera or from normal rabbit
serum at 37°C for thirty minutes. When anti-IgE was used, 0.0l mg of
IgE was first of all incubated with the cell extract at 37°C for 30
minutes, then the anti-IgE (0.4 mg) was added, after which an additional
30 minutes of incubation followed. A predetermined amount of goat anti-
rabbit immunoglobulin serum (GAR) was added to the above sample and the
incubation was carried out at 37°C for another 30 minutes. The immuno-
precipitate was allowed to form as described in Section III:H of this

chapter and was subsequently dissolved in 0.1 - 0.2 ml of Tris buffer

T
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(1 M, containing 27 sodium dodecyl sulfate, 9 M urea, pH 8.5) at 37%
for three hours. The solubilized precipitate was then dialyzed against
0.01 M phosphate buffer containing 0.17 sodium dodecyl sulfate (SDS)

and 0.5 M urea at pH 7.2 overnight. The sample was ready for analysis
by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) on 57 gels.
Alternatively, 0.1 ml of packed Protein A-Sepharose (Pharmacia, Uppsala,
Sweden) was added into the sample instead of GAR and was mixed on a
test tube shaker (Model G-33-A, New Brunswick Scientific, New Bruns-
wick, N. Y.) at 250 rpm for 90 minutes at 4°C. The supernatant was
removed by centrifugation and the Sepharose beads were washed with
PBS/0.1% NP-40 four times, followed by washing with 0.0625 M Tris HCI,
’ pH 6.8 once. The bound material was eluted from Protein A—~Sepharose
by dissolving in 0.2 ml of the above buffer in the presence of 27 SDS
at 100°C for 90 seconds. The supernatant was removed carefully and
was ready for analysis by SDS-PAGE on 107 gels.

L. SDS-PAGE Analysis:

1. On 57 gel

The samples were analyzed according to the method described by
Shapiro et al. (1967). Glass tubes 10.5 cm long with an inner diameter
of 6 mm were coated with a 17 Column Coat solution (Canalco, Rockville,
Maryland). TFor a typical run of 4 gels, a mixture of 1 ml of 0.1 M
phosphate buffer with 17 SDS and 5 M urea at pH 7.4 and 2.5 ml of a
20% acrylamide in 0.5%methylene-bisacrylamide solution was deaerated.
This was followed by an addition of 0.5 ml of a freshly prepared 27
ammonium persulfate solution, 5 ul of N,N,N',N'-tetramethylethylene~-
diamine (TEMED) and 7 ml of distilled water. Each tube was filled

with 2.5 ml of the above mixture and gels (9 cm long) were left to hard-




den. A drop of tracking dye (0.057 Bromophenol blue in water) and a
drop of glycerine were mixed with each of the dissolved immunoprecipi-
tates. The mixture was then layered on top of the gel and the tube was
filled with the electrode buffer. The latter was a 0.0l M phosphate .
buffer containing 0.17 SDS and 0.5 M urea at pH 7.2. The upper and
the lower -reservoirs of the electrophoresis apparatus were filled with
the same buffer mentioned above. The gels were subjected to electro-
phoresis at 8 mA per gel. The process was discontinued when the track-
ing dye reached the bottom of the gel. The gels were then sliced on
a Gilson Model B-200 gel fractionator (Gilson Medical Electronics, Inc.,
Middleton, Wisconsin) into 2 mm fractions and their radiocactive con-
tents were measured.
2. On 107 gel

This was performed with the Tris-buffered system as described by
Laemmli (1970). Gels containing 107 acrylamide were prepared from a
stock solution of 307 by weight of acrylamide and 0.87 by weight of ~
N,N'-bis-methylene acrylamide (Bis). The final concentrations in the
separation gel were as follows: 0.375 M Tris-HCl1 (pH 8.8) and 0.17 SDS.
The gels were polymerized chemically by the addition of 0.0257 by volume
of TEMED and ammonium persulfate. The spparation gel had a length of
14 cm and the stacking gel (37 acrylamide) had a length of 1 cm. The
stacking gel also contained 0.125 M Tris-HC1 (pH 6.8) and 0.1% SDS
and was polymerized the same way as mentioned above. Usually the 107
gel was poured and allowed to set before the 37 gel was layered on top.
The sample to be analyzed, in the sample buffer, was then layered on
top of the gel. Stacking of the sample was performed at 1.3 mA per

tube while separation was carried out at 3.3 mA per tube. The elec-



trode buffer used for this system contained 0.025 M Tris, 0.192 M gly-
cine and (.17 SDS at pH. 8.3. When the tracking dye had reached the
bottom of the gels the run was stopped and the gel was sliced as men-
tioned previously. The radioactive content of each fraction was mea-
sured in a Beckman gamma counter.

When both 1251 and 1311 were present in the sample, the 1311 win-
dow of the gamma counter was adjusted so as to eliminate most of the

1251 counts (less than 0.1%7). The cpm in the 1251 channel were correc-—

ted for 131

I gpillover as described by Gaze et al. (1973). All results
were expressed graphically by plotting cpm versus fraction number start—

ing from the top of the gel. -

M. Indirect Immunofluorescence:

Antibodies against RMC and RBL cells were determined by indirect
immunofluorescence. Unless specified, the treatment of the cells with
antibodies was carried out at 4°C in THM/BSA containing 10 mM sodium
azide. Cells (1 x lO5 in 0.1 ml of buffered medium) were incubated for
30 minutes with an equal volume of antiserum or normal rabbit serum
diluted to a known concentration. Cells were washed three times and
resuspended in 0.1 ml of the medium. An equal volume of an 1 : 10
dilution of fluoresceinated goat anti-rabbit immunoglobulin serum
(FITC-GAR) (Miles laboratories, Kankakee, Illinois) was added to the
cell suspension which was then incubated for another 30 minutes. Cells
were washed three times and were resuspended in 0.1 ml of the medium
containing 207 glycerol. Fluorescent staining was examined with a
Leitz Ortholux microscope, equipped with an Osram HB 200 mercury lamp,
BG 38 and KP 490 excitation filters, dark field condenser , and K510

plus K530 suppression filters. About 100 cells in each cell prepara-
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tion were examined for surface staining. The results were recorded
as positive or negative staining and the intensity of the staining was
scaled from the strongest (4++++) to the weakest (- + ).

N. 8kin Reactions:

The reactions were based on the method described by Valentine et
al. (1967) with a slight modification. The dorsal skin of an. anesthe-
tized rat was shaved and skin sites were marked. About 0.05 ml of
antiserum of different dilutions was injected intracutaneously into
separate sites. Ten to twenty minutes later, the rat was injected
intravenously with 0.5 ml of 0.57 Evan's blue in physiological saline.
The animal was sacrificed 10 minutes later and the skin was removed
for examination. Usually, all the sera to be tested and the controls
were injected accordingly into the skin of one animal and a group of
three to four rats were used for each test. The results were recorded
and averaged. The diameter of each blue spot was measured twice to get
the mean value. The color intensity was graded from the strongest
(++++) to the weakest ( + ). Any spot having a mean diameter of less

than 5 mm was regarded as a negative result.

IV.  RESULTS AND DISCUSSION

A. Properties of Anti-Rat Mast Cell Sera:

Anti-rat mast cell (anti-RMC) sera were induced in three different
rabbits as described in Section ITII:B of this chapter. Sera were col-
lected 7 days after the last injection and were treated as described.
The antibody activities of all 3 antisera were screened according to
their ability to lyse 51Cr—labelled rat mast cells (RMC) in the pre-

sence of rabbit serum complement. The results showed that they were

1
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all cytotoxic to RMC but to different extents (Fig. 1). An antiserum

from one of the three rabbits, designated as anti-RMC, was more cyto-

3

toxic to RMC than the other two. Two of the three antisera, anti—RMCl
and anti--RMC3 were used for further studies. It has previously been
demonstrated that absorption of anti-RMC sera with rat liver cells
could remove some of the non-specific antibodies (Yiu and Froese, 1976).
Hence, both anti-RMC sera in the present study were absorbed with rat
liver cells five times. It is known that mast cells, at the time of
isolation, carry autologous IgE on the surface. As a consequence, it
was expected that the anti-RMC sera would contain anti-IgE antibodies.
Therefore, the antisera were passed through immunosorbent columns of
Sepharose-CL~4B coupled with the immunoglobulin fraction of the ascitic
fluid of rats bearing the immunocytoma IR162 (rat IgE myeloma produ-
cers). The absorbed anti-RMC sera were then éubjected to the following
experiments. Both antisera and their unabsorbed counterparts were
tested for thé presence of anti-IgE antibodies by allowing them to re~
act with 125I—IgE, followed by precipitation of the immune complexes
with a goat anti-rabbit Iimmunoglobulin serum (GAR). The amount of GAR
used had been predetermined for an optimal precipitation. Both un-
absorbed anti-RMC sera precipitated a fair amount of lZSI—IgE s es—
pecially anti-RMC, (Table I), confirming the presence of anti-IgE anti-
bodies. However, after absorption, neither of the two antisera reacted

with 125I-'l’gE indicating the effectiveness of the absorption.

. . s e, L2
When the antisera were tested for their ability to inhibit 5I--

IgE binding to RMC, the absorbed antisera showed different inhibitory

effects. Although both anti-RMC, and anti-RMC, inhibited 70 - 80% of

1 3

the binding , the absorbed anti—RMCl (anti-RMC S) was less effective

1, ab
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Fig. 1 SlCr—Release from Rat Mast Cells by

Different Anti-RMC Sera

51 6

About 0.1 ml of " “Cr-labelled rat mast cells (1 x 10
per ml of THM supplemented with 107 FCS) was mixed with -
0.1 ml of serum of different dilutions in each well of the
microtiter plate. Next, 0.1 ml of fresh rabbit serum (1 :
10) was added into each well. The mixture was incubated at
37°C for 30 mins. The plate was then centrifuged at 200 x
g for 8 mins. The supernatant of each well, 0.1 ml in
volume, was counted for its radioactive content. After the
calculation as, described under METHODS, the results were

expressed as 7 of 51Cr—release.
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TABLE I

PRECIPITATION OF 125I-IgE BY DIFFERENT ANTI-RMC SERAZ

Serum ug oleSI—IgE Precipitated
Rabbit anti~rat IgE 0.0259
Anti-—RMCl 0.0165
Anti—RMCl’ abs 0.0010
Anti—RMC3 0.0100
Anti—RMC3’abS 0.0009
NRSabs 0.0006

About 200 pg of rabbit immunoglobulins from each of
the antisera were mixed with 0.05 ug of 125I—IgE followed
by the addition of a goat anti-rabbit immunoglobulin serum
(0.1 ml). The incubation was carried out at 37°C for a
total period of 60 mins and the precipitation took place at

4°C for 3 - 4 hours.



in blocking the binding than the absorbed anti—RM03 (anti—RMC3 abs)
3

Fig. 2). After absorption, anti-RMC, abs could still inhibit 577 of
3

the binding as compared to the wvalue of 97 by anti-RMC . In other

1, abs

words, most of the inhibitory activity exhibited by anti-RMCl was most
likely due to the presence of anti-IgE antibodies.

Surface antigens of RMC associated with the antisera were sub-
jected to the following analysis. The RMC surface was first radioio-
dinated by the lactoperoxidase catalyzed procedure and subsequently
solubilized with PBS/0.5%Z NP-40 (v/v). The radiolabelled surface ex-
tract was then incubated with_the appropriate antiserum (0.4 mg of
immunoglobulins per sample). The immune complexes were precipitated
with a predetermined amouﬁt of GAR. The precipitates were dissolved
in the buffer containing 27 SDS and urea and were analyzed by SDS-PAGE
on 57 gels. The profile of the RMC surface antigens bound by anti-
RMC

and that by anti-RMC, are shown in Fig. 3. Most of the RMC sur-

1 3
face antigens that were capable of reacting with either anti—RMCl or
anti—RMC3 resided between fractionm 15 and fraction 30 with the most
predominant peak near fractions 19 and 20. The anti--RMCl serum re-—
acted with at least six surface components (Fig. 3a). The profile of
surface components associated with anti—RMC3 (Fig. 3b) was.less dis-
tinguishable. In addition, anti—RMCl seemed to precipitate more sur-
face antigens found between fractions 5 and 12 than anti—RMC3 did.
Analysis. of the surface antigens associated with the absorbed antisera
revealed two different profiles. Only four components were found to
react with anti—RMCl’ abs (Fig. 3a). The profile of the antigens

reacting with anti--RMC3 abs was almost identical to that of the anti-
>

gens reacting with the corresponding unabsorbed serum (Fig. 3b). While

b8




Fig. 2 Inhibition of 125I—IgE Binding to Rat Mast

Cells by Different Anti~RMC Sera

Rat mast cells (5 x lO5 in 1 ml of THM/BSA) were incu-
bated with 0.4 mg of rabbit immunoglobulins of each antiserum
in a silicone grease coated plastic tube at 37°¢c for 30 mins.
At the end of the time, 0.1 ug of 1251-IgE was added to each
tube and the incubation was continued for another 30 mins.
After thorough washing as described under METHODS, the cell
pellets were counted for their radiocactive contents. The

results were calculated and expressed as 7 inhibitiom.
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Fig., 3 5% SDS~PAGE Analysis of RMC Surface Antigens
- Precipitated by Different Anti-RMC Sera

Two batches of rat mast cells (5 x lO5 per batch) were
1251 and solubilized with PBS/0.57 NP-
40. After dialysis against PBS/0.57 NP-40 overnight, the

surface labelled with

pooled cell extract was divided into 4 aliquots each of which
was incubated with 0.4 mg of rabbit immunoglobulins of each
antiserum at 37°C for 30 mins. A predetermined amount of a
goat anti-rabbit immunoglobulin serum was added into each tube
and the incubation was continued for another 30 mins. The im~-
munoprecipitates were allowed to form at 4°C for 3 - 4 hours.
After thorough washing, the precipitates were dissolved in a
sample buffer containing 27 SDS and 9 M urea followed by dia-
lysis and were subsequently analyzed by SDS-PAGE on 5% gels.
When anti-IgE was used, 10 pg of IgE was previously added to
the cell extract of:L311—IabellediRMC for an incubation at 37°C
for 30 mins. After the addition of 0.4 mg of the immunoglobu-
lins of goat anti~rat IgE, the precipitates were allowed to

form and analyzed as described above.

a. 125I—labelled RMC surface antigens bound by anti-RMC

1
(®——eo), 125I-labelled RMC surface antigens bound

by anti-RMC

13}> 3bs
gel with I-labelled RMC surface antigens precipita-

ted by IgE and anti-IgE (4 ay,

(o0- - -0) were analyzed on the same

b. RMC surface antigens bound by : anti-RMC, (@ ®)

3
and anti-RMC (o~ --0)

3, abs
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absorption had hardly altered the overall pattern of surface antigens
agsociated with anti—RMCB, it appeared to have removed antibodies to

several antigens from anti-RMC Particularly, antibodies reacting

1°
with antigens migrating near fractions 7 and 23 were absorbed. 1In
addition, antibodies reacting with the major component near fraction

18 were removed. The fact that antibodies to several antigens were

absorbed from anti—RMCl suggests that the absorption may also have

been responsible for the drastic reduction in the capacity of anti-

RMC "to inhibit the binding of IgE to RMC. Some of the elimina-

1, abs
ted antibodies may have reacted with antigens in close proximity to
the receptor for IgE.

In order to establish the presence of anti~receptor antibodies
in the anti-RMC sera, the following experiment was performed. One
batch of RMC was surface~labelled with 1251 followed by solubiliza-
tion with PBS/NP-40. A portion of this surface extract was allowed
to react with anti-RMC
1, abs
to the mixture to form immunoprecipitates. Another batch of cells was
surface~labelled with 1311. A portion of the cell extract was incu-~
bated with 10 ug of IgE and the receptor-1gE complexes were precipi-

tated with goat anti-rat IgE. Both precipitates were dissolved in

the SDS-urea containing buffer, mixed and were analyzed by SDS-PAGE
131

on the same 57 gel. The result (Fig. 3a) showed that the I-labelled

receptor component appeared around fraction 23 while none of the surface

antigens precipitated by anti-RMC was found in this fractiom.

1, abs

By contrast, anti-RMC reacted with a. RMC surface component which

3, abs

exhibited a peak near fraction 23, Even though the presence of a com-

ponent in this fraction did not prove that it was the receptor, it was,
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and an appropriate amount of GAR was added



nevertheless, concluded that the likelihood of finding anti-receptor

antibodies in anti-RM03 was greater than finding them in anti-

, abs
RMCl abs” Indeed, any presence of anti-receptor antibodies in anti-
2
RMC and not anti-RMC could provide a further explamnation
3, abs 1, abs

of why the former antiserum was much more effective in blocking the
binding of IgE to RMC.

In view of the fact that anti—RMC3 abs reacted with more surface
b

antigens than anti-RMC and that it showed a greater promise of

1, abs
containing anti-receptor antibodies, this serum was used for all fur-
ther studies. Henceforth, it will simply be referred to as anti~RMC.

B. Properties of Anti-Rat Basophilic Leukemia Cell Sera:

Anti-rat basopﬁilic leukemia (anti-RBL) cell sera were induced
in three rabbits and the antisera were obtained and treated as men-
tioned before. The antibody activity of these sera was screened by the
assay of cytotoxic 51Cr—rélease. The results showed that all the anti-
gsera were cytotoxic to rat basophilic leukemia (RBL) cells in the pre-
sence of guinea pig complement (Fig. 4). Thus, anti—RBL1 was the most
potent antiserum, causing 507 51Cr-release at a dilution of 1 : 60,

whereas anti--RBL2 and anti—RBL3

were less potent and would only bring
about the same effect at dilutions of 1 : 40 and 1 : 30, respectively.
The antisera were then tested for their relative capacity to re-
act with RBL cell surface components by the following experiment. A
batch of RBL cells (3 x 107) was first surface-labelled with 0.9 mCi
of 1251 followed by detergent extraction. The cell extract was di-
vided into four aliquots, each of which was incubated with one of the

antisera or normal rabbit immunoglobulins. The amount of rabbit immuno-

globulins used for the reaction was kept constant for all four and it

&
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Fig., 4 Cr-Release from Rat Basophilic Leukemia Cells

by Various Anti-RBL Cell Sera

51

Cr-labelled rat basophilic leukemia cells (1 x 105) were

mixed with 0.1 ml of antiserum of different dilutions in each

well of the microtiter plate. After the addition
guinea pig complement per sample, the mixture was
37°C for 30 mins. The plate was then centrifuged
for 8 mins. The supernatant of each well, 0.1 ml
counted for its radioactive content. The results

and expressed as 7 of 51Cr released.
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(A

of 0.1 ml of
incubated at
at 200 x g

in volume, was

were calculated

4)

a)



100-

o o

SERUM DILUTION



was equivalent to a protein concentration of 0.4 mg per sample. The
immune complexes were then insolubilized with Protein A-Sepharose.
After thorough washing with PBS/0.17 NP-40 five times, the bound
radiocactivity of Protein A-Sepharose was determined. At the same con-
centration, anti—RBLl precipitated about 27 of the total extract added
whereas the values for anti-RBL, and anti-RBL

2 3
respectively. The amount of added RBL cell extract precipitated by

were 1.77 and 1.5%,

normal rabbit serum was even less (Table II), indicating that the anti-
sera did react with some of the RBL cell surface antigens.

Next, RBL cell surface antigens bound by the three antiserawere
subjected to SDS-PAGE analysis. The cells were once again surface-
labelled followed by solubilization with PBS/NP-40. The surface anti-
gens were then isolated by means of the three anti-RBL sera in the pre-
sence of Protein A-Sepharose. The immunoglobulins of a normal rabbit
serum served as a control (NRS). Bound material was eluted as described
and analyzed by SDS-PAGE on 107 gels. The results showed that most of
the RBL cell surface antigens reacting with any of the three antisera
migrated between fractions 7 and 50 (Fig. 5), whereas none of them
seemed to react with NRS. All three antisera yielded very similar
patterns of 8 - 10 components with different mobilities. The peak near
fraction 68 (Fig. 5a) most likely consisted of 125I~-labelled lipids v
which migrated with the tracking dye. It is interesting to note that
all three antisera yielded almost identical patterns and had a very
similar capacity to precipitate the surface-labelled antigens (Table
I1). This is in contrast to the anti-RMC sera, each of which reacted
with the RMC surface antigens quite differently and as a consequence

yielded varying SDS-PAGE patterns (Fig. 4). The reason for the rather
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TABLE I1

AMOUNT OF RBL CELL SURFACE ANTIGENS PRECIPITATED
BY DIFFERENT ANTI-RBL CELL SERA®

cpm of Cell Extract cpm of Cell Extract
Serum Added Bound % Bound
. ' 7 5
Antl—RBLl 1.5 x 10 3.0 x 10 2.00
. 7 5
Antl--RBL2 1.5 x 10 2.6 x 10 1.70
7 5
Anti—RBL3 1.5 x 10 2.3 x 10 1.50
7 4
NRS 1.5 x 10 6.3 x 10 0.42
a. A batch of rat basophilic leukemia cells (3 x 107) was first
125

surface-labelled with 0.9 mCi of I followed by solubilization
with PBS/0.17 NP-40. The cell extract was divided into 4 ali-
quots, each of which was incubated with 0.4 mg of rabbit immuno=-
globulins of each antiserum or normal rabbit serum (NRS) at 37°%¢
for 30 mins. The immune complexes were then insolubilized with
Protein A-Sepharose. After thorough washing with PBS/0.17 NP-40,

the bound radiocactivity of each sample was counted.

Lx]
9}



Fig. 5 107 SDS-PAGE Analysis of RBL Cell Surface Antigens
PRECIPITATED BY DIFFERENT ANTI-RBL CELL SERA

Two batches of RBL cells (2 x 107 per batch) were surface
labelled and solubilized as described under METHODS. After dia-
lysis against PBS/0.1%7 NP-40, the pooled cell extract was re-
divided into 4 aliquots, each of which was incubated with 0.4 mg
of immunoglobulins of the different rabbit sera at 37°C for 30
mins. The immune complexes were insolubilized by Protein A~

Sepharose and were subsequently analyzed by SDS-PAGE on 10% gels.

(a) REL cell surface antigens precipitated by :
Anti—RBLl (@——®) and NRS (O ——0)

(b) RBL cell surface antigens bound by Anti—RBL2

(e) RBL cell surface antigens bound by Anti—RBL3
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gimilar - patterns of antigens reacted with the anti-RBL sera can most
likely be attributed to the fact that all three rabbits were immunized
with RBL cells from the same culture pool and that these cells are
homogeneous, exhibiting the same surface antigens from time to time.
On the other hand, RMC used for the immunization had to be pooled

from several rats which were not inbred and all three rabbits were
injected with different RMC pools at different times.

The anti—RBEl serum was chosen for further studies because: (1)
it was the most cytotoxic antiserum of the three, (2) the antigens
which it precipitated yielded a well defined SDS-PAGE pattern and (3)
it had a slightly greater capacity to precipitate RBL cell surface

antigens than the other two antisera. It will be referred to as

anti~-RBL from now on.

C. Characterization of the Cross—Reacting Anti-RMC and

Anti-RBL Cell Sera:

Rat mast cells used in the present study came from the peritoneal
cavity of Lewis rats while RBL cells originated from tumors in Wistar
rats. Therefore, in an attempt to render the antisera specific for
either RMC or RBL cells and hence, to remove antibodies to antigens
common to other Lewis and Wistar cells, both antisera were absorbed
with liver cells from Lewis rats three times followed by two absorp-
tions with liver cells from Wistar rats. The anti-RMC serum was fur-
ther absorbed with immunosorbents containing the immunoglobulin frac-
tion of the ascitic fluid IR162 which contains :an. IgE myeloma pro-
tein. The absorbed antisera will be referred to as anti—-RMCa and

bs

anti—RBLa respectively. Some properties of anti-RMC absotrbed with

bs’

liver cells of Lewis rats were already described in Section IV:A of



this chapter.

In order to find out if the above absorptions could effectively
eliminate some of the non-specific antibodies present in the antisera,
these sera were tested for their cytotoxic activity to lymph node
(LN) cells, the surface of which contains most of the common rat sur-—
face antigens. Both anti-RMC and anti-RBL were cytotoxic to LN cells
in the presence of guinea pig complement, but absorption eliminated
most of their cytotoxic activity (Fig. 6), indicating that the absorp-
tions had been effective. Next, the antisera were screened for their
anti-IgE activities. The anti-RMC serum which had been shown to con-
tain anti-IgE antibodies before was used as one of the controls for

125

the test. Rasults from the I-IgE-precipitation test showed that

anti~-RBL contained very little anti-IgE activity. This had to be

expected since cultured RBL cells, which were used for the immunization,

do not carry IgE on their surface. By contrast, anti-RMC had anti-IgE
activity which could be absorbed with the IgE-containing immunoglobulin
preparation (Table III).

Both antisera had been shown previocusly to be cytotoxic to their
own target cells. Their cross~reactivities were investigated in the
following experiments. First, both types of antisera were tested for
their cytotoxicity to RMC and RBL cells separately. Both anti~RMC and
anti-RBL could lyse both types of cells in the presence of serum com-
plement (Fig. 7). In addition, both of the absorbed antisera were
also cytotoxic to the two target cells. The cytotoxicity was shown to
be specific since neither normal rabbit serum nor an absorbed anti-rat
sarcoma cell serum (anti—Sabs) could kill RMC or RBL cells under the

same condition. It should be noted that the cytotoxic activity of each

6 8



Fig. 6 Cytotoxicity of Various Rabbit Antisera for
Rat Lymph Node Cells

Rat lymph node cells (1 x 107) were labelled with 0.1 mCi
of Naz(SlCr)O4 at 37°C for 30 minutes followed by thorough
washing as described under METHODS. The cells were readjusted
to 1 x lO6 per ml of THM supplemented with 107 FCS. About 1
p:4 105 cells were mixed with 0.1 ml of rabbit serum of different
dilutions in each well of the microtiter plate. After am addi-
tion of 0.1 ml of guinea pig complement (1 : 10) to each sam-
ple, the plate was incubated at 37°C for 30 mins. At the end
of the time, the plate was centrifuged at 200 x g for 8 mins.
The supernatant (0.1 ml) of each well was carefully removed and
counted for its radiocactive content. The results were calculated

and expressed as 7% SlCr release.

Anti~RMC : (&————A) Anti-RMCabs : (B———4) .

Anti- : (86— @ {- : (O——m—0
ti~RBL : ( ) Anti RBLabS ( )

NRS : (O ————Q)
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TABLE ITT

* .
PRECIPITATION OF 125I—IgE BY ANTI-RMC

AND ANTI-RBL CELL SERA

Serum ug of lZSI—IgE Precipitated
Rabbit anti-rat IgE 0.0318
Anti-RMC 0.0088
Anti—RMCabS 0.0001
Anti-RBL 0.0004
NRSabs 0.0000
* The experimental condition was similar to that

described in the footnote of Table I. Both anti—RMgbs

in this table and anti-~RMC in Table I came from

3, abs
the same antibody preparatiom.
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Fig. 7 Cytotoxicity of Various Rabbit Antisera
2ig. 7
to RMC and RBL Cells

Experimental conditions : see the legends of Figs.

1 & 4 for 5]'Cr—release from (a) RMC and (b) RBL cells,

respectively.
Anti-RMC : (A—258) Anti—RMCabS : (A———4)
Anti-RBL : (&8 —— @) Ant:v'.—RBLabs : (0 —0)
Anti~S (8 ————a) NRS ¢ (g —0)

abs
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aritiSerum to the cells against which it was raised (anti-RMC or anti-

RMC versus RMC; anti-RBL or anti—RBLa

versus RBL cells) was much
abs

bs

stronger than its cross-reactivity (e.g., anti—RMCa versus RBL cells;

bs

anti—RBLabs versus RMC). However, when RMC were used as target cells,
this difference between the antisera became only noticeable after
abgorption (Fig. 7a). This suggests that anti~RBL probably contained
a larger number of antibodies directed against antigens common to
several types of rat cells than anti-RMC.

Binding between antibodies of the absorbed antisera and the mem-—
brane surface of RMC and RBL cells was examihed by indirect immunofluo-
rescence. The cells were incubated with the appropriate antiserum
and a fluoresceinated goat anti-rabbit immunoglobulin serum (FITC-GAR),
as described in Section IIIL:M of this chapter. While neither normal
rabbit serum,.which had been pre—absorbed with rat erythrocytes
(NRSabS), in combination with FITC-GAR nor FITC~GAR alone could stain
the cells, both of the absorbed antisera caused staining of the two
cell types. However, the intensity of fluorescence varied in each

case (Table IV). The anti—RMCa s serum reacted more strongly with

b
RMC than with RBL cells. A photograph was taken to show the weak fluo-
rescence intensity of RBL cell surface stained by anti—RMEabs (Fig. 8).
A high intensity of fluorescence could be observed around the circum-

ference of RBL cell surface when anti-—RBLa (L : 20) was present.

bs
The staining was found evenly distributed arcund the circumference

of the cells. On the contrary, the staining of the RMC surface by
anti—-RBLabs was relatively weak. The specificity of staining was
further verified by using fat peritoneal cells which contained mostly

lymphocytes, macrophages and 107 RMC. About 100 cells were examined
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TABLE IV

INDIRECT IMMUNOFLUORESCENCE?

. . R Fluorescence
Cell Type Antiserum Dilution Intensity
RMC Anti-RMC 1 : 20 -
abs
1: 40 ++
Anti-RBL 1: 20 ++
abs
1: 40 +
NRSabs 1: 10 -
b-— — —-—
RBL Cells Ant:L—RMCabs 1: 20 ++
1: 40 +
Anti-RBL 1: 20 -+
abs
1 : 40 ERmE
NRS 1: 10 -
abs
b— v— —
a Cells (1 x lO5 ) in 0.1 ml of medium were incubated

with an equal volume of diluted amtiserum or NRSabs at 4°¢
for 30 mins. After washing, they were resuspended in 0.1
ml of medium and were incubated with 0.1 ml of FITC-GAR

(1 : 10) for another 30 mins. Intensity was recorded from

the strongest (++++) to the weakest ( + ) or as negative (-).

Cells were incubated with FITC-GAR alone.
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Fig. 8 Indirect Immunofluorescent Staining of Rat

Basophilic Leukemia Cells

RBL cells (1 x 105) in 0.1 ml of THM/BSA containing 10
mM of sodium azide were incubated with 0.1 ml of anti—RMgbS
(1 : 20) at 4°C for 30 mins. The cells were then washed with
the medium by centrifugation for at least three times and
were suspended in the same medium. After the addition of 0.1
ml of FITC~-GAR (1 : 10), the incubation was continued for
another 30 mins. After thorough washing, the cells were
finally suspended in 0.1 ml of the same medium containing
207 glycerol as an addition. A drop of the cell suspension
was placed on a glass slide with a cover slip sealed with
nail vanish. The cells were examined as described under
METHODS. The photograph was taken with a Leitz camera
attached to the microscope. The film used was Kodak B/W

of 400 AsSA.






each time. It was found that anti—RMCabs could stain about 257 of
all other cells besides RMC, although the staining intensity was
weaker in the former than in the latter. This finding indicated that
previous absorptions with rat liver cells only removed most of the
cytotoxic antibodies to lymph node cells. Other non-specific anti-
bodies, especially those that could be directed against common sur-
face antigens of the peritoneal cells might still be present in the
anti—RMCabs serum. Hence, mast cell-depleted peritoneal cells were
used for the absorptions in addition to those with liver cells for
some aliquots of anti-RMC. When the latter were tested for their
staining ability on peritonéal cells other than RMC, it was found
that the number of non-specifically stained cells had decreased consi-

derably but not completely. The fact that anti—RMCa weakly stained

bs
non-RMC peritoneal cells is somewhat in contrast to the observation
that the same serum was no longer cytotoxic to lymph node cells.
Several suggestions can be invoked to explain these observations:

(1) the non-RMC peritoneal cells carried antigens different from those
of lymph node or liver cells, (2) the fluorescence staining technique
is more sensitive than the cytotoxic 51Cr-—release method, or (3) the
absorption had removéd all cytotoxic antibodies but had failed to
eliminate some of the non-cytotoxic oﬁesl'“Although absorption with
mast cell—depieted peritoneal cells had decreased the staining of
non-RMC population, it also weakened the staining intensity of RMC

by anti—RMCa This finding suggests that some anti-RMC antibodies

bs

may cross-react weakly with some non-RMC cells of the rat peritoneum.
The above absorption had no effect on the staining of RBL cells by

anti—RMCa On the other hand, anti—RBLabs did not stain any cells

bs’



other than mast cells when the peritoneal cells were used. Further-

abs
IV:A of this chapter, stained both RMC and other peritoneal cells but

more, a second anti-RMC serum, anti—RMCl mentioned in Section
k]

failed to stain any RBL cells. The above findings indicate that
(1) even though antibodies against some common surface antigens of

peritoneal cells were still present in the anti-RMCa serum, they

bs

did not cross-react with RBL cells and (2) the choice of using anti-

RMC instead of anti~RMC

3, abs 1, abs

former reacted with RBL cells.

for the study was correct since the

The cytotoxic activities of anti-RMC and anti-RBL cell sera
towards lymph node cells demonstrated that both antisera contained
non-specific antibodies against antigens that were common between
liver cells, lymph node cells, RMC and RBL cells. Absorption of the
antisera with liver cells did remove such antibodies. The anti~RBL
cell serum seemed to contain mostly RBL cell specific antibodies énd
possibly some cross-—reacting antibodies to RMC after the absorptions.
On the other hand, the anti-RMC serum contained antibodies against the
cytophilic rat IgE immunoglobulin asiwellas rat common peritomeal cell
surface antigens in addition to mast cell-specific and possibly some
crogss—-reacting antibodies to RBL cells. Appropriate absorptions could
considerably eliminate amtibodies of the former two from the anti~RMC
serum. The possible cross—reactivity of both anti—RMCa and anti-

bs
R.BLabs would suggest the presence of antibodies against surface anti-
gens shared between RMC and RBL cells. These antigens were absent
from the surface of lymph node and liver cells as well as other non-

RMC peritoneal cells which are mainly lymphocytes and macrophages.

Hence, the nature of the cross-reacting antibodies in anti-RMC and
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anti-RBL cell sera, will be investigated by the following studies.
Valentine et al. (1967) first reported on the ability of an anti-

RMC serum to induce an immediate anaphylactic skin reaction in normal

rats. Thus, the effect of both anti—RMCa

bs bs

the skin reaction was investigated. The results showed that while

and anti—RBLa on. inducing

neither of the rat erythrocyte-absorbed normal rabbit serum (NRSabS)

nor PBS could induce any positive skin reaction, both antiseraelicited
blue spots of different diameters and color intensities depending on
their serum dilutions (Table V). An example of a typical skin reac—
tion of this kind is illustrated by a photograph taken from the author's

previous study (M.Sc. Thesis, 1976) (Fig. 9). While anti—RMCa was

bs

capable of inducing a positive skin reaction even at a dilution of

1 : 200, ant:L--RBLab

that it elicited were smaller and not as strong in terms of color

s had the same capability except that the spots

intensity. The results were as expected since the cross—reacting
antibodies were not necessarily as potent and as numerous as the speci~
fic antibodies. This skin reaction is caused by the release of media-
tors of immediate hypersensitivity from skin mast cells of the rat.

The binding of the antibodies to the surface of these cells probably
triggered the reaction which was in the form of a cytotoxic release.
The latter statement is based on the author's previous finding that

anti—RMCa s could only induce the degranulation of RMC in the pre-

b
sence of serum complement (M.Sc. Thesis, 1976).

The nature of the cross-reacting antibodies was further revealed
by the following studies. Antisera were used to inhibit IgE binding

to either RMC or RBL cells. Both anti-RMC and anti-RBL alone blocked

the binding between IgE and either cell type (Fig. 10). This inhibi-
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TABLE V

*
SKIN REACTIONS INDUCED BY ANTI-RMC AND ANTI-RBL CELL SERA

Dilution Diameter of Spot (mm) Color Intensity
Serum 1: 10 1 : 100 1 : 200
Anti-RMC 13.5 7.5 6 -+
abs
Anti-RBL 10.0 6.0 5 +H+
abs
NRSabS - - -
PBS -
* About 0.05 ml of antiserum of different dilutions were

injected into the rat skin intracutaneously. The rat was
challenged 10 to 20 mins later and was sacrificed 10 mins
later. Results were recorded in terms of the diameter of

the spot and its color intemsity which graded from the stron-
gest (4+44+) to the weakest ( + ) or as negative ( - ). Any
spot having a diameter of less than 5 mm was regarded as

negative. The above results were the mean values obtained

from three rats.
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Fig. 9

A Typical Example of the Skin Reaction

Experimental conditions : see the footnote to

Table V.

Spot A : It represents a positive skin reaction
with the strongest color intensity

(A4 .

Spot B : A negative reaction induced by PBS.
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Fig. 10 Inhibition of IgE Binding to RMC and
RBL Cells by Different Antisera

About 0.4 mg of rabbit immunoglobulin of each
antiserum were incubated with 1 x lO6 RBL cells or
RMC at 37°C for 30 mins. The incubation was contin-
ued for another 30 mins after the addition of 0.1
ug of lzsI—IgE to each sample. After thorough wash-
ing, the cell pellets were counted for their radio-
active contents and the results were calculated and

expressed as 7 inhibition.
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tory activity alone was not sufficient to provide evidence of speci-
ficity for the receptor for IgE since it had been shown that even a
rabbit anti-rat sarcoma cell serum could block the binding under
similar conditions (Yiu and Froese, 1976). Absorptions with liver
cells could abolish the blocking effect of this antiserum which had
been referred to as the anti—Sabs serum in that text. Normal rabbit
serum which had been pre—~absorbed with rat erythrocytes had no effect
on the binding either. On the other hand,.absorptions did not abolish
the capacity of both anti~RMC and anti-RBL to inhibit IgE binding to
either cell type. The slight decrease in the blocking activity of
both anti-RM.Ca

and anti—RBLa was probably due to the dilution

bs ba

effect resulﬁing from numerous absorption procedures. The discrimi-
nating effects which had been observed in results obtained from the
cytotoxicity test (Fig. 7) and the immunofluorescent staining (Table
IV) also existed in the data obtained from this study (Fig. 10).
The anti-RMC sera blocked the IgE-binding to RMC more effectively than
they blocked the binding to RBL cells. The anti-RBL serum also showed
a more pronounced effect om its own, original target cells.

Based on the above findings, it became clear that cross-~reacting

antibodies were present in both of the anti--RMCa and anti--RBLa sera.

bs bs

These antibodies were responsible for the abilities of the antisera to:
(1) bind to the surface of RMC and RBL cells (indirect immunofluores-
cence), (2) elicit immediate anaphylactic skin reactions and (3) in-
hibit the binding of IgE to both types of cells. The results suggest
that both RMC and RBL cellsg might share certain common surface anti-
gens that are absent on some other, or at least liver and lymph node,

cells. Since the binding between the cross-reacting antibodies and
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these surface antigens could effectively block the accessibility of
the receptors to IgE molecules, the inhibition could be due to the
following situations. These antibodies might bind to surface anti-
gens that are near the receptor, thereby blocking the IgE binding by
mere steric hindrance. Alternatively, these antibodies could inhibit
the binding by directly reacting with the antigenic determinant pre-
sent on the IgE binding site in the membrane of RMC and RBL cells.
The results reported so far have clearly demonstrated that both

anti—RlBLabs and anti—RMCa reacted quite well with RMC and RBL cells,

bs
respectively. However, the reactivity with the homologous cell type
was always more pronounced. These results suggested that the two anti-
sera contained antibodies to common antigens as well as antigens épeci—
fic to either cell type. In addition, the fact that either antiserum
inhibited the binding of IgE to either RMC or RBL cells raised the
possibility that antibodies to the receptors for IgE were present in
both antisera and that, as could be expected, this receptor represented
an antigen common to both cell types. Investigation aimed at more

clearly demonstrating these possibilities is presented in the next

chapter.
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CHAPTER III

CHARACTERIZATION OF THE RMC AND

RBL CELL SURFACE ANTIGENS

I. INTRODUGCTION

Various anti-rat mast cell (anti-RMC) and anti-rat basophilic
leukemia (anti-RBL) cell sera have been induced in the past. Most of
these were used mainly to study the functional aspects of rat mast cells
or to characterize the receptor for IgE on the RBL cell surface (Chap-
ter I, Section VI). Only one antiserum to whole cells (RMC) has so
far been used to investigate the surface antigens of RMC (Yiu and
Froese, 1976). One of the initial aims of this study was to cleérly
demonstrate the presence of antibodies to the receptor for IgE in anti-
sera to whole RMC and RBL cells. One previous study (Yiu and Froese,
1976) had shown. that an antiserum to RMC most likely contained anti-
bodies to the receptor for IgE on these cells. Yet, it did not prove
it beyond any doubt. While the present study was in progress, reports
appeared dindicating that such antibodies were present in anti-RBL cell
sera. Also, several antisera to purified receptors of RBL cells were
prodﬁced and it was shown that such antibodies cross-reacted with the
receptor for IgE present on the RMC surface (Chapter I, Sectiom III:

A & B). Therefore, it was decided to extend the scope of the present
investigation and to delineate those antigens which are common to both

cell types and those that are specific to each. The characterization
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of such antigens may eventually help to elucidate the mechanism where-
by cross-linking of receptors for IgE by antibodies (Isersky et al.,
1978; Ishizaka et al., 1977b) can induce the same effect of mediator
release as the bridging of other surface molecules: of mast cells by
other antibodies (Daéron and Voisin, 1978 & 1979; Mossmann et al.,
1976, 1978 & 1979). In addition, antisera to common and specific anti-
gens of both RMC and RBL cells may be useful for studying the origins
of these cells. It was expected that the receptor(s) for IgE would

be among these antigens.
II. MATERIALS
They are the same as in Chapter II, Section II.
III. METHODS

A, ©SDS-PAGE Analysis of Surface Antigens:

The techmiques are basically the same as the ones described in
Chapter II, Section III:J, K & L. Unless stated specifically ther-
wise, most of the materials were analyzed under non-reducing condi-
tions.

B. Binding of 125I—FCS:

Heat inactivated fetal calf serum (FCS) was radioiodinated by
the same chloramine T procedure as described in Chapter II, Section
ITI:G. Fetal calf serum was diluted to an appropriate concentration
with PBS and the optical density of the solution was measured with
a spectrometer at 280 nm. Its protein concentration was determined

Z

by using an extinction coefficient of 7.0 (El 280 nm) (William and

Chase, 1968). About 0.1 mg of FCS was labelled with 0.35 mCi of



carrier-free 1251. After dialysis against PBS at 400 overnight, the

. - 12 . .
solution containing 5I—FCS was further diluted to a concentration

of 1 pg of 125I--FCS per ml. All aliquots at such a concentration

were stored at —70°C for future use.
125

1. Binding of I-FCS by wvarious antisera
Aliquots of 125I—FCS were incubated:.with different antisera at
a concentration of 1 ug of 125I—FCS for every 0.4 mg of rabbit immuno~

globulin tested. The incubation was carried out at 37°C for 30 minutes.
The antigen-antibody complexes were insolubilized by adding 0.1 ml of
Protein A-Sepharose (Pharmacia, Uppsala, Sweden) to each sample.

After constant shaking at room temperature for 90 minutes, the mix—
ture was centrifuged at 1000 rpm for 8 minutes. The supernatant was
discarded and the absorbent was washed with PBS by centrifugation at .
least five times. The radioactive content of the samples were deter-
mined by counting each tube containing Protein A-Sepharose. Results
were expressed as ug of 125'.[—1':‘CS bound which was calculated as follows:

ug of I25I—FCS bound

cpm bound materials
cpm 1 ﬁg of 1251-rcs

2. Binding between 125I-FCS and RBL cells

The cells were adjusted to 3 x 107 per ml and were washed with
THM buffer twice. The cell pellet was resuspended in the same buffer
and the suspension was divided into three aliquots . each containing
1x lO7 cells in a volume of 1 ml of THM. Each aliquot was incubated
with 1 ug of 125I—FCS at different temperatures for 1 hour. The cells
were washed with THM by centrifugation at 200 x g for 5 minutes. The
washing procedure was repeated five times. The cell pellets were

then counted for their radioactive contents. Results were expressed



aszapercentagexxflzsl—FCS bound which was calculated from the fol-

lowing formula: cpm of cell pellet

cpm of 1 ugof 125I--FCS

% of 125I—FCS bound =

C. The Standard Curve of Apparent Molecular Weight

versus Relative Mobility:

Protein markers of known molecular weights were labelled with
carrier—free 1251, at a concentration of 0.1 mg of protein per 0.3

mCi of 125

I, by the chloramine T procedure. After dialysis, the radio-
labelled proteins were diluted to a concentration of 1 ug per ml with
PBS. About 0.1 ug of each protein marker was analyzed by SDS-PAGE on
the 107 gel system as mentioned in Chapter II, Section III:L,2. The
distance travelled by the tracking dye of each sample was carefully
measured with a ruler and was recorded in millimetres. After the cpm

of each fraction of the individual gel was determined by the gamma
counter, the fraction where the protein peak had a maximum was recorded
and was converted into distance by multiplying the fraction number by

2 mm. The relative mobility of each protein marker was calculated as

follows: distance of peak travelled

relative mobility =
distance of dye travelled

Then, the known molecular weight of each protein was plotted on the
logarithmic scale versus its individual relative mobility.

D. Radioiodination of Target Cells in the Presence of IgE:

Target cells at an appropriate concentration (5 x 106 for RMC
or 2 x 107 for RBL cells in 1 ml of THM/BSA) were incubated with 10
ug of IgE at 37°C for two hours. The cells were centrifuged at 200 x

g for 5 minutes. The supernatant was discarded and the cell pellet was
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resuspended in THM/BSA. The washing procedure was repeated twice by
centrifugation. The cells were then ready for surface labelling as
described in Chapter II, Section III:J.

E. To Remove The Receptors for IgE from the

Detergent Extract of Target Cells:

Target cells were surface labelled and solubilized with the
detergent as described before. The receptors were removed from the
cell extract by either one of the following methods.

1. By pre-precipitation

Each aliquot of the cell extract, equivalent to 2.5 x 106 RMC

or 1 x lO7 RBL cells, was incubated with 10 ug of IgE at 37°C for 30
minutes. About 0.4 mg of rabbit anti-rat IgE was added to the sample
and the incubation was carried on for another 30 minutes. Then, 0.1
ml of Protein A-Sepharose in PBS/0.17 NP-40 was used to insolubilize
the antigen-antibody complexes of each sample by incubating the mix-
ture at room temperature over one and a halfhoquWith constant mixing.
The supernatant was removed after centrifugation and was transferred
to a clean tube for further experiments.

2. By affinitive adsorption

The receptors were removed from the cell extract by adsorbing
the latter with IgE-Sepharose. The IgE-Sepharose preparation was
routinely prepared in Dr. A. Froese's laboratory. About 100 - 200
mg of a semi-purified (Bio—-Gel P-300 chromatography) preparation of
IgE were coupled with 10 ml of packed cyanogen bromide-activated
Sepharose~(CL-4B. The proceédures were gimilar to the ones described
in Chapter II, Section III:D. The IgE-Sepharose preparation was kept

at 4°C in PBS containing 0.17 sodium azide and was equilibrated with
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PBS/0.1% NP-40 before use. Each aliquot of the cell extract was in-
cubated with IgE-Sepharose at a volume ratio of 1 : 1 at 4°¢c over one
hour. The mixture was then centrifuged at 1000 rpm for 8 minutes.
The supernatant was transferred to a clean tube for further experi-
menting.

F. Isolation of Receptors for IgE by means of Affindity Chromatography::

The receptors for IgE were isolated from the target cell extract
either in their free form or as IgE-receptor complexes. The former:y
will be referred to as the KSCN eluate and the latter as the DNP-ONa
eluate.

1. Preparation of the KSCN eluate

The isolation of free receptors for IgE was performed according
to the method described by Conrad and Froese (1978a). The cell extract
was incubated with IgE-~Sepharose in PBS/0.1% NP-40 at a volume ratio:
of 1 : 1 at 4°C for one hour. After centrifugation at 1000 rpm for 8
minutes, the supernatant was removed and the Sepharose was mixed in 3
ml of PBS/0.17 NP~40 and the mixture was packed into a mini-column
made from a pasteur pipette. The column was washed with 15 ml of PBS/
0.17 NP-40 or until the effluent contained less than 2,000 cpm. Then
the bound receptors were eluted from the column with 3 - 5 ml of KSCN
in PBS/0.1% NP-40. The effluent was collected at about 20 drops per
fraction. After the entire volume of the KSCN solution had passed
through the column, it was filled with PBS/0.1%7 NP-40 again. The
fractions collected were counted for their radiocactive contents. The
fractions with the highest cpm were pooled and the KSCN eluate was then

dialyzed against PBS/0.17 NP-40 at 4°¢c overnight prior to being used.
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2. —Preparation of the DNP-ONa eluate

The IgE-receptor complexes were isolated according to the method
described by Conrad and Froese (1978a). The preparation of DNP7.7—IgE
was obtained from Dr. A. Froese's laboratory and was labelled with
carrier—free 1311 by the chloramine T procedure. The cells were first
surface labelled with carrier—free 1251. After washing with 10 ml of
cold THM/BSA buffer, the cells were resuspended in 1 ml of buffer and
were incubated with 5.7 ng of Lo I-labelled DNP, ~IgE at 37°C for an
hour. Additional cold DNP7.7—IgE was added to the mixture (300 ng per
sample) and the incubation was continued for another hour. Then, the
cell suspension was carefully layered on top of 2 ml of FCS and the
tube was centrifuged at 1,000 rpm for one minute. After all of the
supernatant had been aspirated, the cell pellet was resuspended and
washed in THM/BSA by centrifugation at least twice. The cells were
then solubilized as described in Chapter II, Section III:J. The cell
extract was incubated with 0.25 - 0.30 ml of anti-DNP coupled to
Sepharose at 4OC for one hour._ The anti-DNP-Sepharose preparation was
also obtained from Dr. A. Froese's laboratory. At the end of the in-
cubation, the mixture was centrifuged at 1,000 rpm for eight minutes
and the supernatant wés discarded. About 3 ml of PBS/0.1% NP-40 were
mixed with the gel and the mixture was.packed into a mini-column as
described before. The column was washed with 15 ml of PBS/0.1% NP-40.
Then, 3 ml of 0.1 M 2,4~dinitrophenolate in 0.1 M phosphate buffer,
containing 0.1% NP-40 (DNP-ONa) was used to elute the IgE~receptor com-
plexes from the column. The effluent was collected at 10 drops per
fraction. The fractions were counted for their radioactive contents

(both 1251 and 1311) by a Beckman Gamma Counter (Model 300, Beckman

o
O



Instrument Co., Fullerton, Calif.). Those with the highest cpm (1251

and l311) were pooled. The DNP-ONa eluate was then dialysed against
the appropriate buffer prior to being used.

G. KSCN Eluates Binding to Different Sepharose Conjugates:

After dialysis against PBS/0.1%7 NP-40, the KSCN eluates were
incubated with either IgE-Sepharose or anti-RBL coupled Sepharose at
4OC for one hour at a volume ratio of 1 : 1. The IgE-Sepharose pre-
paration was obtained as mentioned before whereas anti-RBL-Sepharose i/ .
was prepared according to the procedures described in Chapter II,
Section III:D. About 14 - 15 mg of the immunoglobulin fraction of
anti-RBL were reacted with each ml of packed, activated Sepharose-CL-
4B. The coupling efficiency was about 75 - 80%. The affinity gels
were stored at 4°C in PBS, containing 0.1% sSodiim azide, and were
equilibrated with PBS/0.1% NP-40 before use. At the end of the incu-
bation, the gels were centrifuged at 1,000 rpm for éight minutes.
After the supernatant had been removed, the gels were washed at least
five times with PBS/0.1%7 NP-40 by centrifugation. Then, bound surface
antigens were eluted from the gels by heating the latter at 100°¢ for
90 seconds in the presence of 0.2 ml of sample buffer containing 2%
SDS. The eluted samples were then analyzed by SDS-PAGE on 10% gels.

H. Absorption of Sera with RMC or RBL Cells:

About 1 ml of anti-RMC (1 : 10) was absorbed with 1 ml of packed
BBL cells (1 - 2 x 108), pre-washed with PBS. The absorption procedure
was carried out at 4°C for ome hour with constant rotation of the tube.
After centrifugation at 200 x g for ten minutes, the cell pellet was
discarded and the supernatant was absorbed with a new batch of RBL cells.

The anti~RMC serum was absorbed with RBL cells three times and was

[$»]
<



. The anti-RBL cell serum was absorbed with

designated as anti-—RMCb
as

purified RMC the same way as above except that the amount of RMC used
was 1 x lO7 per absorption. Since about 1 x lO7 RMC could be obtained
from 4 - 5 rats, it was technically difficult to obtain 1 - 2 x 108
purified RMC. Therefore, less RMC were used for the absorption which
was repeated for another four times and the resultant serum was desig-
nated as anti-RBLmaS. After the final absorption, both anti—RMCbaS
and anti—RBLmas were clarified by centrifugation at 50,000 x g for one
hour at 4°C. The immunoglobulin fractions of both sera were isolated
by precipitation with saturated (NH4)ZSO4 as described in Chapter II,

Section III:B. The optical density of each of the two immunoglobulin

preparations was measured and its protein concentration was determined

17 ).

by using an extinction coefficient of 13.6 (EZSO om

IV. RESULTS AND DISCUSSIONS

A, Surface Antigens of RMC and RBL Cells:

Initial experiments were aimed at comparing the total cell sur-
face proteins and glycoproteins present on RMC and RBL cells with
those precipitated by the appropriate antisera. TFor this purpose,
RMC or RBL cells were first surface radioiodinated and then solubilized
with 0.17 or 0.5% NP-40 in PBS. A small portion of the detergent-
extract was added to 0.2 ml of 0.0625 M Tris buffer containing 27
SDS (pH 6.8) and the mixture was heated at lOOOC for 90 seconds. A
second aliquot of the same extract was precipitated with the appropriate
antiserum. Protein A-Sepharose was used to insolubilize the immune

complexes which were subsequently eluted from the absorbent with the
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sample buffer containing 27 SDS at 100°C. The whole cell extract and
the antiserum-bound surface antigens were then analyzed with SDS-PAGE
on 107 gels. In order to find out if reduction would affect the results
of the analysis, duplicate samples of the above were prepared and were
reduced by adding 10 ul of 2-mercaptoethanol to each sample in the sam-
ple buffer at lOOOC prior to the anmalysis. The results were compared
with those obtained from the non-reduced samples. It was found that
reduction of the samples did not alter any of the profiles of the sur-
face antigens. Hence, all subsequent analyses were carried out under
non-reducing conditions. The non-reduced sample showed .that the 1251-
labelled membrane proteins of RMC covered the area between fractions

3 and 45. It is interesting to note that the majority of surface
proteins or glycoproteins migrated with mobilities corresponding to
apparent molecular weights ranging from 30,000 to 75,000 daltoms (Fig.
1ila). The anti—RMCabS serum appeared to react with many of these com-
ponents. In addition, the antiserum precipitated two surface antigens
with one peak in fraction 3 (peak 1) and the other in fractiom 12
(peak 1IV), both of which were prominent enough to show.up as two dis-
tinct peaks in the whole cell extract. All these peaks were speci-
fically associated with anti—RMCabs since the normal rabbit serum did
not precipitate any of the RMC surface antigens under the same condi-
tions. The specificity of anti—RMCabs was further demonstrated in-
directly when rabbit amnti-rat sarcoma cell (anti-S) sera were used

to precipitate the 125I—-labelled RMC detergent~extract. Both the
unabsorbed and absorbed anti-S sera reacted only to a limited extent
with the RMC surface extract (Fig. 11b), which was much less than

that involving anti—RMCa To further check the specificity of the

bs”®
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Fig. 11 107 SDS-PAGE Analysis of RMC Surface Antigens

Two batches of RMC (5 x lO6 cells per batch) were label~
led with carrier—free l-2.5']‘.'an:1d solubilized with PBS/0.1% NP-40.
The pooled cell extract was dialyzed versus PBS/0.1% NP-40

before being divided into five aliquots.

(a) A small portion of one of the aliquots was added to
.0.2 ml1 of 0.0625 M Tris buffer containing 27 SDS (pH 6.8)
( ~4——————-). A second aliquot was incubated with 0.4 mg
of anti--RMCabS (=== =) and the third with NRS ( * * * )

of an equal amount at 37°C for 30 mins.

(b) The fourth aliquot was incubated with anti-S (
and the fifth with anti—gbs ( -~ - - ) the same way as in (a).

Protein A-Sepharose was used to insolubilize the immune com-
plexes which were subsequently eluted from the absorbent with
the sample buffer containing 27 SDS at 100°c. All samples were
analyzed with SDS-PAGE.

Protein markers: p-galactosidase (130,000), lactoperoxidase
(77,500%, human albumin (66,000), ovalbumin
(43,000), pepsin (35,000) and myoglobin
(17,000)
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anti-RMC serum the following experiments were carried out. Rat
lymph node (LN) cells were radioiodinated and solubilized the same
way as RMC. The LN cell extract was divided into several aliquots, two

of which were reacted with anti-RMC and anti—RMCa separately. The

bs
dissolved immune complexes were analyzed with SDS-PAGE. In addition,
a portion of the LN cell stirface extract was also analyzed. The re-
sults showed that the LN cell surface components spread throughout
almost the entire length of the gel (Fig. 12a) and would thus repre-
sent molecules of molecular weight (m.w.) ranging between 20,000 to
200,000 daltons. The anti-RMC serum precipitated predominantly com~
ponents found between fractions 20 and 25 (Fig. 12b). No major sur-—
face antigens of RMC had a corresponding m.w., suggesting that a mole-
cule of corresponding antigenicity was present in RMC but that its
frequency of occurrence was much lower than that on LN cells. Absorp-

tion removed most of the antibodies from anti—RMCa which still pre-

bs
cipitated a few LN cell surface antigens of higher molecular weight
found between fractions 3 and 15 (Fig. 12c). Based on the data

obtained from the cytotoxicity studies (Fig. 6), one has to conclude

was no longer cytotoxic to LN cells or that the

either that anti-RMC
abs

antibodies were too few in concentration to-yield detectable level of
cytotoxicity. However, it is uncertain if the LN cell surface anti-
gens found between fractions 3 and 15 were similar or identical to
RMC surface antigens found in the same area (Fig. lla: peaks I, 11,
III & IV) even though they reacted to the same antiserum. In view Of

the fact that the anti—-Sa serum also precipitated RMC surface anti-

bs
gens that migrated to the same regions (Fig. 11b), they could repre-

sent either surface antigens which generally reacted with natural rab-
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Fig. 12 10% SDS-PAGE Analysis of Lymph Node Cell Surface

Antigens Precipitated by Anti-RMC Sera

Two batches of lymph node cells (2 x lO7 cells per batch)
were radioiodinated and solubilized the same way as described
in the legend of Fig. 11. The pooled extracts were divided

into four aliquots.

(a) A'small,péftion of the first aliquot was diésolved'iﬁ 0.2
ml of the sample buffer containing 2% SDS.
(b) The second aliquot was incubated with 0.4 mg of anti-RMC.
(c) The third aliquot was incubated with 0.4 mg of anti-RMg
(—).
The fourth aliquot was first incubated with 10 ug of IgE

bs

and subsequently with 0.4 mg of rabbit anti-rat IgE

All incubations:were carried out at 37°C for a period of 30
mins except for (c) where the mixture was incubated with anti~
IgE for another 30 mins. All immune complexes were treated

and analyzed as described in Fig. 11 by SDS-PAGE.
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bit antibodies or common determinants that were present on the sur-
face of rat lymphoid cells including RMC but were absent from liver
cells. Since normal rabbit serum did not precipitate these RMC sur-
face components (Fig. 1lla), the first possibility can probably be
eliminated. All the other RMC surface components that were associated
with anti-RMC abs Vere indeed confined to the surface of RMC omnly,
since no LN cell surface components of similar electrophorectic mobili-
ties were precipitated by the same antiserum.

When the total radio-labelled cell surface proteins or glycopro-

teins and those reacting with anti—RBLa were analyzed by SDS-PAGE,

bs

the results shown in Fig. 13 were obtained. The anti—RBLabs Serum re-
acted with most of the RBL cell surface components (Fig. 13a) spanning
a mobility range between fractions 5 and 50. At least seven distinct
surface antigens were precipitated by the antiserum. By comparison,
neither the anti-S serum nor the normal rabbit serum (NRS) precipitated

any of the RBL cell surface components (Fig. 13b). The specificities

were also assessed by analyzing the

of both anti~RBL and anti-RBL
~abs

LN cell surface antigens capable of reacting with these antisera. The
anti-RBL serum precipitated a substantial number of LN cell surface
components which appeared between fractions 5 and 40 (Fig. l4a).

When the result was compared with that in Fig. 12b, it was obvious that
there were far more cross-reacting antibodies present in anti-RBL than
there were in anti-RMC. Absorption with liver cells did remove most

of these antibodies from anti-RBL. However, the absorbed serum
still precipitated several LN cell surface antigens that migrated to
the region between fractions 3 and 30 (Fig. 14b). The corresponding

antibodies were probably not involved in cell lysis since anti—RBLabS

\No)
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Fig. 13 107 SDS—PAGE Analysis of RBL Cell Surface Antigens

Two batches of RBL cells (2 x 107 cells per batch) were
radioiodinated and solubilized. The detergent-extracts were

pooled and redivided into four aliquots.

(a) The first aliquot was dissolved the same way as described
in the legend of Fig. 11 ( —m ).
The second aliquot was incubated with 0.4 mg of
anti—RBLabS (= ===
(b) The third aliquot was incubated with 0.4 mg of
anti-§ ( — ).
The fourth aliquot was incubated with NRS of the same

amount as above ( — - - = ).
All incubations were carried out at 37°C for 30 mins. The
bound materials were eluted from Protein A~Sepharose and

analyzed by SDS-PAGE.

Protein marker : see legend, Fig. 1l.
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Fig. 14 107 SDS~PAGE Analysia of Lymph Node Cell Surface

Antigens Precipitated by the Anti~RBL Sera

Lymph node cells (2 x 107) were radioiodinated and solu-
bilized under the same conditions .described in the legend

of Fig. 12. The extract was divided into two aliquots.

(a) One aliquot was incubated with 0.4 mg of anti-RBL.

(b) The other aliquot was incubated with anti-RBLabS of

the same amount as above.

o

All incubations were carried out at 37 C for 30 mins. The
antigen-antibody complexes were insolubilized with Protein
A-Sepharose and were eluted from the adsorbent for subsequent

analysis by SDS-PAGE.
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was no longer cytotoxic to LN cells (Fig. 6). The peak appearing in
graction 22 (Fig. 14b) could represent certain LN cell surface antigens
that cross-reacted with anti—RBLabS,but‘was not present in any signi-~
ficant amount on RBL cells (Fig. 13a). Compoments found between frac-
tions 3 and 15 (Figs. 13a & 14b) are most likely surface antigens that
are shared by LN cells, RBL cells and RMC but not by liver cells. Apart
from those mentioned above, peaks appearing between fractiomns 15 and 50
of both Figs. 1lla and 13a probably represented certaih specific antigens
present on the surface of RMC and/or RBL cells.

It has been reported that fetal calf serum (FCS) could bind to
the surface of cultured cells and thereby affect the properties of
these cells (Kerbel and Blakeslee, 1976; Opitz et al., 1977). Since
RBL cells were cultured in a medium containing 157 FCS which was required
for supporting the cell growth, it was possible that FCS might still ad-
here to the cell surface even after thorough washing procedures. ‘Hence,
its presence during the time of immunization might induce anti-FCS
antibodies or its adherence to the RBL cell surface during radioiodi-
nation might alter the results of the analysis. These possibilities
were investigated by three different studies. Fetal calf serum was
first radioiodinated by the chloramine T procedure. Aliquots of 1251-
FCS were allowed to react with the immunoglobulin preparation of rab-
bit anti-bovine serum albumin (anti-BSA), NRS or anti—RBLabS. The
antigen—antibody complexes were insolubilized with Protein A-Sepharose.
After thorough washing, the radioactivity bound by Protein A-Sepharose
was counted. The results were calculated and compared. FIn order to

assure that any binding of 125I—FCS was not due to Protein A~Sepharose,

a control with only 125I—FCS and the latter was used. While Protein

g9



A—Sep%érose alone bound very little 125I—FCS, all the rabbit sera in-:

cluding NRS were reactive to the antigen to different extents (Table

VIa). The results indicated that anti—RBLa might contain some anti-

bs
bodies to FCS even though natural anti-bovine antibodies might be
generally present in rabbit sera. If this was $0, then it would mean
that FCS might bind to the surface of RBL cells during tissue culturing
and might subsequently be radioiodinated. As a consequence, some of

the peaks observed in Fig. 13 might represent components belonging

to FCS. In order to c¢larify these points, the following experiments
were performed. First of all, a fixed amount of 125I—-FCS was incubated
with RBL cells of known concentrations at 4OC, 250C and 37OC for one
hour. After washing through .2 ml of FCS followed by two subsequent
washings in PBS/BSA, the cell pellets were counted for their radio-
active content. The results clearly demonstrated that 125I—FCS did not
significantly bind to RBL cells (Table VIb). Next, 131I—-labelled RBL
cell surface antigens bound by anti—RBLabS were.analyzed on the same gel
with 125I—FCS precipitated by different rabbit sera. While 125I-—FCS
alone gave one single peak in fraction 28 (Fig. 15a), its precipitates
by anti—RBLabS (Fig. 15b) and NRS (Fig. 15¢) also migrated to the same
region on 107 gels. The results showed that the peak in fraction 28

did not coincide with any of the RBL cell surface antigens precipitated

by anti—RBLa - The third study was to investigate the effect of FCS

bs

in excess on the reaction between anti—RBLa and its antigens. This

bs

was done by deliberately adding FCS equal to a final concentration of

20% to the RBL cell extract before the addition of anti—RBLabS. The

bound surface antigens were eluted from Protein A-Sepharose and were

analyzed on the same gel with l3lI-—labelled RBL cell surface antigens,
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TABLE Vla

*
BINDING OF 125I-FCS BY VARIOUS ANTISERA

125

Antiserum ug of I-FCS Bound
Anti-BSA 0.300
Anti-RBL. 0.076
abs

NRS _ 0.020
Pratein A-Sepharose 0.002

. 125 . ,

* Aliquots of I-FCS were incubated with the

immunoglobulin preparations of rabbit anti-bovine
serum (anti-BSA), NRS and anti-RBLabs, all of the
same protein concentration (0.4 mg of IgG/l ug of
125I—FCS), separately. The immune complexes were

insolubilized with an equal amount of Protein A-

Sepharose (0.1 ml per tube). After thorough wash-
ing, the samples were counted for their radioactive

contents.

TABLE VIb

125 x*
BINDING BETWEEN I-FCS AND RBL CELLS

Temperature % of 125IvFCS Bound
4°¢ 0.25
25°¢ 0.30
37% 0.56
*% RBL cells (3 x 107) were washed twice with THM.

The cell pellet was resuspended with the same buffer

and was divided into 3 aliquots. Each aliquot was in-
cubated with 1 ug of 125I-—FCS at different temperatures
for 1 hour. After thorough washing, cells were counted

for their radioactive contents.
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Fig. 15 10% SDS-PAGE Analysig of 125I—FCS

RBL cells (3 x 107) were labelled with 1311 and were solubi-
lized in PBS/0.1% NP-40. The cell extract, in 1 ml volume,
was allowed to react with 1.2 mg of anti--RBLabs at 37°C for

30 mins. The antigen—antibody complexes were insolubilized
with 0.3 ml of Protein A-Sepharose. After the bound materials

were eluted, they were divided into 3 aliquots.

(a) One of the above aliquots was analyzed on the same gel

with 0.2 ug of 125I—FCS.

(b) Another aliquot was analyzed on the same gel with 0.01
ug of 125I—FCS, previously precipitated by anti—RBLabS(O.4

mg) .

(c) About 0.005 ug of lZSI—FCS, previously precipitated by
NRS (0.4 mg) were analyzed by SDS-PAGE.

RBL cell surface antigens : (& —————g)

125 res : (A= - - - -4)
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bound by anti--RBLa s in the absence of FCS. The two patterns obtained

b
were very similar, indicating that FCS did not interfere with the bind-
ing between the antiserum and its antigens (Fig. 16). However, peaks
I, II and III of both patterns were different from the corresponding
peaks observed in Figs. 13a and 1l5a. Peak I, which was usually seen as
the most dominant peak, had been diminished, whereas peak II, which was
usually a minor component, was drastically increased in intensity.

Peak III remained at about the same intensity, but appeared to haie
migrated slightly faster tham the corresponding peak observed in Figs.
13a and 15a. The reason for these changes is not clear. It is concei-
vable that they may be due to artifacts brought about by overloading
the gel with proteins. Such an artifact has been observed by others
(Conrad and Froese, 1978a).

It had become certain that anti—-RMCabS breci?itated,at least eight
surface components ofRMthile.anti-RB%bs reacted with at least seven
components of the RBL cell surface. Apart from those that appeared
between fractions 3 and 15, all the rest of the protein peaks shown in
Figs. lla and 13a represented specific surface antigens of RMC and RBL
cells, respectively. In order to determine the apparent m.w. of these
peaks, protein markers of known m.w. were 125l'—labelled and analyzed
on individual gels with 107 SDS-PAGE. Their electrophorectic mobili-
ties were calculated and were plotted against their corresponding log
m.w. A straight line was obtained which could be used for determining
the apparent m.w. of proteins within the range from 35,000 to 130,000
daltons (Fig. 17) under the same analytical conditions. Based on this,

the apparent m.w. of the peaks which appear in Figs. lla and 13a were

determined by reading the individual mobility against the corresponding

10%



Fig. 16  10Z SDS-PAGE Analysis of RBL Cell Surface Antigens
Reacting with Anti-RBL

in the Presence
abs y

or Absence of FCS

The extract of 131I—labelled RBL cells (1 xﬁ107) reacting

with anti—RBLabS (®—————9) (see the legend of Fig. i;; was
analyzed on the same gel with the surface components of I-
labelled RBL cells (1 x 107) reacting with anti-RBLabs (0.4 mg
of IgG) in the presence of 20% FCS (4~ - - - -A). Each radio-
label contained about 100,000 c?m. This was done by transfer-
ring an appropriate volume of each of the 1251 or 131I—labelled
samples which gave the specific count of the above to another
tube. The samples of the radiolabels were then mixed together

and analyzed on the same gel.
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Fig. 17 The Standard Curve of Apparent Molecular Weight

versus Relative Mobility

Protein markers: B-galactosidase (130,000)
lactoperoxidase (77,500)
human albumin (66,000)
ovalbumin (43,000)
pepsin (35,000)

All of the above proteins were labelled with 1251 and

were analyzed by 107 SDS-PAGE on separate gels but under the
same conditions. The fraction number where the maximum of
the peak appeared was recorded and converted into relative
mobility as described in METHODS. The molecular weight of
each proteinwas plotted versus its relative mobility on a

semi~logarithmic scale.
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m.w. on the standard curve. The results were recorded and shown in

Table VIIa for RMC surface antigens and Table VIIb for RBL cell sur-
face components. By comparing the data presented in both tables, it
was found that there were several RMC surface components (associated
with anti:RMCabs) having almost identical electrophorectic mobilities

).

as some of the RBL cell membrane antigens (bound by anti—RBLabs
Most noticeably, peaks III and VI of RMC origin had the same mobi-
lities as peaks I and V. from the RBL cell surface. In view of the fact

that both anti-RMC and anti-RBLa

had been shown to cross-react
abs s

b
with these two cell types previously, the similarities in electrophorec-
tic behavior of their antigens could possibly suggest that the anti-
sera might react with identical or similar molecules, present on the
surface of both cells. Hence, a series of studies was carried out in
order to search for these common antigens. The results are presented

in the following section.

B. Characterization of the Common Surface Antigens

of RMC and RBL Cells:

The first set of experiments was designed to establish evidence
that both RMC and RBL cells were associated with certain surface anti-
gens that have similar electrophorectic mobilities. The surface anti-
gens of BMC or RBL cells were surface-labelled with either 1251 or 1312
and the detergent-solubilized extracts were allowed to react with appro-
priate antisera. The antigen—antibody complexes were isolated either
by precipitation with a goat anti-~rabbit immunoglobulin serum or by
insolubilization with Protein A-Sepharose. After thorough washing and
dissolving the complexes in the sample buffers containing 2% SDS, the

125I—labelled complexes were .analyzed on the same gel with 131I—labelled
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TABLE VIia

RMC SURFACE ANTIGENS PRECIPITATED BY ANTI-RMC

abs

Protein Peak Fraction No. Moleézizze;:ight

I 3 175,000

11- 5 160,000

IIT" 9 130,000

v 13 105,000

v 16 85,000

VI 32 45,000

VII 39 35,000
VIII 46 <35,000

TABLE VIIb

-RBLCELL- SURFACE ANTIGENS PRECIPITATED BY ANTI—RBLa

bs

Protein Peak Fraction No. Moléiz§§§e§:ight
I 9 130,000
I1 12 110,000
I1I 18 78,000
v 26 55,000
\ 32 45,000
Vi 40 34,000
VII 47 <34,000
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complexes. In one of these studies, the complexes consisted of anti-

RBLabs reacted with 125I—labelled RBL cell extract and l3lI—labelled

RMC extract associated with anti—RMCg . Results from the 57 SDS-PAGE

bs

analysis revealed that two of .the five precipitated RMC surface compo-
nents migrated in fractions also occupied by RBL cell surface antigens
(Fig. 18). The similaries appeared in fractions 20 and 23. The recep-
tor for IgE (R) on the RMC surface had been previously characterized
and was shown to migrate to fraction 23 under the same experimental
conditions (Conrad and Froese, 1976). Thelsligabelled RBL cell sur-
face component precipitated by IgE-goat anti-rat IgE had a similar

mobility as one of the 125I—labelled RBL cell surface antigens associated

with the cross-reacting anti~RMCabS'(Fig. 19a). Both components of 1251

and 131I—label were found in fraction 23. These results indicated that
anti—RMCabs reacted with a RBL cell surface molecule having an apparent
m.w. similar to that of the receptor for IgE. When l3lI—labelled RMC
surface antigens precipitated by the cross-reacting anti-RBLabS were
analyzed on the same gel with 125I-labelled RBL cell surface components
associated with the same antiserum, again peaks of similar mobilities
were obtained (Fig. 19b). Similarities appeared in fractions 20 and
24. The above results indicate that both RMC and RBL cells might share
commen surface antigens found between fractions 18 -'26 on 57 gels.
There was a definite discrepancy in the number of peaks of RMC or RBL
cell surface antigens resolved by SDS-PAGE of different gel porosities.
On 57 gels, only five peaks were seen when RMC surface antigens were
reacted with anti—RMCabs (Fig. 3). However, when 10% gels were used

for the analysis, three additional peaks were resolved (Fig. 1la). This

was also true for the analysis of RBL cell surface antigens. There were
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Fig. 18 5% SDS-PAGE Analysis of RMC and RBL
" -Cell "Surface Antigens

The extract of RBL cells (1 x 107) labelled with 1251

wag allowed to react with 0.2 mg of anti-RBLabS at 37°C for

30 mins. A predétermined, optimal amount of goat anti-rab-
bit immunoglobulin (GAR) was added and the reaction contin-

ued for another 30 mins. The immunoprecipitates were allowed

to form at 4°C over a period of 3 - 4 hours. The 125I--label—

led RBL cell surface antigens reacting with anti—RBLabS

(#——————2) was then analyzed on the same gel with the
precipitates obtained the same way from 131I—labelled RMC
gsurface antigens (2.5 x 106) reacting with 0.2 mg of

antl—RMCabs o - - - - 0).
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Fig. 19 57%_SDS-PAGE Analysis of Cross-Reacting RMC
and RBL Cell Surface Antigens

(a) Immunoprecipitates formed between the extract of 1251~

labelled RBL cells (1 x 107), anti-RMC_, (0.2 mg) and GAR
(see the legend of Fig. 18) (&————®) were analyzed on
the same gel with the surface antigens of lBlI—labelled RBL
cells (1 x 107) precipitated by IgE (10 pg), rabbit anti-

rat IgE (0.2 mg) and GAR (&~ - - - -0).

(b) Immunoprecipitates obtained from the surface antigens
of lzsl-—labelled RBL cells (1 x 107) reacting with anti-
RBL (0.2 mg) and GAR (@——————®) were analyzed on the

abs 131
same gel with the surface antigens of I-labelled RMC
(2.5 x 106) precipitated by anti—RBLabs (0.2 mg) and
GAR (B~ - - - -10).



FRACTION No:

110



only two prominent peaks observed in the 57 SDS~PAGE analysis of RBL
cell surface components precipitated by anti-—RBLabs (Fig. 18) whereas
at least seven peaks were revealed by the 107 SDS-PAGE analysis (Fig.
13a). Not only does 10% SDS-PAGE have a better resolving power for
proteins of m.w. between 10,000 to 150,000 daltons than 57 SDS-PAGE
(Weber and Osborn, 1975), but also longer gels (140 mm versus 90 mm)
and a stacking gel with a discontinuous Tris-buffer system (Laemmli,
1970) were used for the analysis. Because of the superiority of the
107 SDS-PAGE analysis, additional comparisons were made using this
gel system.

The 125I—labelled RMC surface antigens precipitated by anti--RM.CabS
were analyzed on the same gel with 131I—labelled RMC surface antigens ‘
» The results showed that both antisera reacted

bs

with similar or identical RMC surface components which appeared in

bound by anti—RBLa

fractions 25 - 40 (m.w. of 30,000 - 60,000 dalgons) (Fig. 20a). Simi-
lar results were obtained when RBL cell extracts were used instead of
RMC surface antigens (Fig. 20b). It was clearly demonstrated that
both RMC and RBL cells contained some common surface antigens capable

of reacting with both anti—RMCa Once againy these

bs bs’

common antigens appeared between fractions 25 and 40. In additiom, it

and anti—RBLa

does appear that the surface molecule migrating near fraction 9 may

be common to both cell types. This is suggested by the fact that anti-
RBLabs reacted ' with a component of identical m.w. from either cell
type. It should be noted that four peaks, among the rest of RMC sur-

face antigens bound by anti—RMCa » would usually appear around frac-

bs
tions 3, 5, 9 and 13 (Fig. 1lla). These peaks are not distinctly recog-

nizable between fractions 3 and 13 in Fig. 20a. These differences may
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Fig., 20 107 SDS~PAGE Analysis of Cross-Reacting RMC
and RBL Cell Surface Antigens

(a) The surface antigens of 125I—labelled RMC (2.5 x lO6

cells) reacting with anti—RBLabS (0.4 mg) ( —————)

were analyzed on the same gel with the surface components

of 131I-—labelled RMC (2.5 x lO6 cells) bound by anti-
RMC_, (0.4 mg) (~-—-- - ).
- 125
¢)) The surface antigens of I-labelled RBL cells (1 x

107 cells) bound by anti—R.BLabs (0.4 mg) ( ——————— )
were analyzed on the same gel with the surface components
ofl;311—labelled RBL cell extract (1 x 107 cells) reacting
with antl—RMCabs 0.4 mg) (- ==~ - ).

The immune complexes were insolubilized by Protein A-
Sepharose (0.1 ml per sample) and were eluted with a sample

buffer containing 27 SDS prior to the analysis.

H and R represent the positions where the receptors, as defined

by Conrad and Froese (1978a), would be expected to migrate.
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have been caused by overloading of the gel in the case of dual label~
ling experiments. Nevertheless, the presence of the other RMC surface

antigens precipitated by either anti—-RMCa or anti—RBLa is still

bs bs

clearly demonstrable. It should also be noted that anti-RBL g Ppre-

ab
cipitated another component, appearing around fractiom 27, of the RMC
surface antigens (Fig. 20a). The presence of such a component among
the rest of RMC surface antigens bound by'anti—RMCabs had never been
clearly demonstrated although the possibility of its existence was in-
dicated by the 'shoulder' appearing near the same region (Fig. lla &

20a). 1In view of the fact that anti-RMC s had been able to precipi-

ab
tate a RBL cell surface component of similar mobility (Fig. 20b), it
can be concluded that both RMC and RBL cells might share yet another
common antigen that appeared around fractions 26 - 27, having an
apparent molecular weight of 55,000 daltons (Table VIIb). In addi-
tion, it may also suggest that the frequency of occurrence of the
55,000 dalton component is probably lower on the RMC surface than that
on the RBL cell surface. By the same token, anti—RBLabs reacted with
a RMC surface component appearing in fraction 3 (Fig. 20a) whereas it
seemed not to recognize any antigens of the same mobility on the RBL
cell surface (Fig. 20b). It is possible that both cell types share the
same antigen but may express it differently on their surface. Most
other surface molecules which have not yet been mentioned but were

precipitated by either anti--RMCa or anti—RBLabS (Fig. 20) were most

bs
likely unique to either cell type. Particularly obvious in the case of
RMC are the peaks near fractions 5 and 16. As for RBL cells, a peak

in fraction 18 is a good candidate. However, because of the facts

that molecules of the same mobility /molecular weight may differ anti-
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genically and molecules of different mobility / molecular weight may
be antigenically similar, further studies were undertaken to identify
common and unique antigens of the two cell types.

Both anti-RMC_, = and anti-RBL_, _ had been shown to inhibit IgE
binding to RMC and RBL cells (Fig. 10). Moreover, the receptors for IgE
on RBL cells have been shown to consist of two molecules, H and R with
m.w. of 55,000 and 45,000 daltonmns, respectively (Conrad and Froese,
1978a; Helm et al., 1979). Both molecules were also observed on the
surface of RMC, with R appearing to be the more prominent one (Froese,
1979). Both molecules would be expected to migrate to the region en-
compassing fractioms 25 - 35. Therefore, it was expected that the re-
ceptor(s) for IgE might be among the common antigens of RMC and RBL
cells. To test for the presence of anti-receptor antibodies in anti-
RBLabs and anti—RMCabS, several approaches were possible. Since the-
antisera had been shown to block the binding between IgE and its tar-
get cells (Fig. 10), it was hoped that IgE might inhibit the reaction
in solution between the receptor and any anti-receptor antibodies pre-
sent in the antisera. In addition, it had also been shown that IgE u
bound to the cell surface of either RMC or RBL cells blocks the radio-
iodination of the receptor (Conrad and Froese, 1976). Therefore, a
batch of RBL cells was exposed to excess IgE, washed and subsequently
solubilized with NP-40. A control batch of cells was surface labelled
in the abgence of IgE and was solubilized as described before. Anti-

gens from both cell batches were precipitated by either anti—-RBLa or

bs
anti-IgE and were analyzed by SDS-PAGE on 10% gels. Neither the pro-
file nor the intensity of the peaks, originating from cells exposed

to excess IgE, differed significantly from that of cells labelled in



the absence of IgE (Fig. 2la). However, the control showed that pre-
cipitable receptor cpm were greatly reduced when IgE was present during
the labelling of the cells (Fig. 21b). Two possible explanations can
be offered for these negative results: (1) the antiserum did not con-
tain any or only small numbers of antibodies to the receptor or (2) only
a few of the antigens migrating into the receptor region were indeed
receptor molecules. Of course, it can be argued that if both IgE and
anti-receptor antibodies-react with determinants that are far apart,

no inhibition should occur. However, since radioiodination was carried
out when receptors were blocked by bound IgE, any receptors associated
with the antibodies should not.have been revealed in the SDS-PAGE pro-
file. Meanwhile, another test for the presence of anti-receptor anti-
bodies was performed as follows. The receptor molecules were purposely
depleted from the pool of the radio-labelled, solubilized surface anti-
gens prior to the exposure tc the antisera. The removal of the recep-
tor molecules could be accomplished by either pre-precipitating the
receptor using the IgE-anti-IgE system or passing the surface extract
through an IgE affinity column as described by Conrad and Froese (1978a).
Two batches of RMC were radioiodinated and were solubilized with NP-40.
The 12SI-—labelled RMC extracts.'were pooled and redivided into four ali-
quots. Two of the aliquots were reacted with the IgE and anti-IgE fol=
lowed by adsorption of the immune complexes by Protein A-Sepharose.

The oﬁher two batches were allowed to react with normal rabbit serum
and subsequently with Protein A-Sepharose. The four supernatants were
removed and incubated with the appropriate antisera. The surface anti-
gen—antibody complexes were isolated as usual and were analysed separa-

tely by 10%7 SDS-PAGE. The results showed that the profile of the ex-



Fig. 21 10Z SDS-PAGE Analysis of RBL Cell Surface Antigens

Radioiodinated in the Presence or Absence of IgE

A batch of RBL cells (2 x 107) was incubated with IgE
(0.1 mg) at 37°C for 2 hours. After thorough washing, the
cells were radioiodinated followed by solubilization with 1 
PBS/0.1Z NP-40. The cell extract was then divided into 2
aliquots. One aliquot was incubated with anti-RBL . (0.4
mg) and the other with rabbit anti-rat IgE (0.4 mg) at 37°%
for 30 mins. The immune complexes were insolubilized with
Protein A-Sepharose and were eluted from the latter with a
sample buffer containing 27 SDS. Another batch of RBL cells
was radioiodinated in the absence of IgE. The detergent
extract was also divided into 2 aliquots which were subse-
quently reacted with either anti—RBLabS (0.4 mg) or IgE
(10 ug) and anti-IgE (0.4 mg). The immune complexes were

isolated the same way as above for SDS-PAGE analysis.

RBL cells radioiodinated in the presence of IgE (- = = =)
RBL cells radioiodinated in the absence of IgE ( — )
(a) Cell surface antigens precipitated by anti—RBLabS.
(b) Cell surface antigens precipitated by anti-IgE
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tract which had been absorbed with NRS and subsequently reacted with
anti—RMCabs was very similar ta that which had been depleted of recep~
tors (Fig. 22a). Absorption of the extract with IgE and anti-IgE
appeared to slightly decrease the cpm in the areas between fractions
7= 11 -and between fractions 20 - 50. The loss of surface molecules
in this case was probably due to trapping, rather than a selective re-
moval of molecules. By comparisom, the pre-precipitation procedure
had more significantly reduced the counts aof the receptors from the
surface antigens bound by IgE and anti-IgE (Fig. 22b). The results
indicated that if receptors for IgE were among the antigens precipita-
ted by anti—RMCabs, they would represent only a small fraction of the
total.

In another experiment, absorption of whole RBL cell extracts
was performed with IgE-~Sepharose while control extract were absorbed
with NRS-Sepharose. Aliquots of absorbed extracts were allowed to react
with either anti-RBL

, anti-RMC or IgE and anti-IgE. Analysis of

abs

the bound surface molecules was, once more, achieved by 10% SDS-PAGE.

abs

The results are shown in Fig. 23. As can be seen, the patterns of RBL
cell surface antigens precipitated by anti'—R'BLabS from both IgE-Sepha-
rose and NRS-Sepharose absorbed extracts were very similar (Fig. 23a),
and would correspond to profiles seen previously (Figs. 13 & 20).
However, the IgE-Sepharose absorbed extract exhibited sigmificantly
reduced peaks covered between fractions 22 and 50. Peaks IV and V
(fractions 22 - 35) were particularly reduced. This latter area of
the gels would also be expected to contain receptors, H and R, if they
were present among the RBL cell surface antigens precipitated by anti-

RBL Since absorption had indeed removed a significant amount of

abs’
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Fig. 22 10% SDS—-PAGE Analysis of RMC Surface Antigens

Pre-precipitated with NRS or IgE and Anti-IoE

Two batches of RMC (5 x 106'cells) were radioiodinated
and were solubilized with NP-40. The cell extracts were
pooled and redivided into 4 aliquots. Two of the aliquots
were precipitated with IgE (10 pg) and rabbit anti-rat IgE
(0.4 mg) while the other two were reacted with NRS (0.4 mg).
All four samples were them incubated with Protein A-Sepha-
rose (0.1 ml each) at 4°C for 3 hours. The supernatants were
removed and were reacted with either anti—RMCabs (0.4 mg) or
IgE (10 ug) and anti-IgE (0.4 mg) at 37°C for a period of omne
hour. The immune complexes were insolubilized with Protein

A-Sepharose and eluted from the latter for subsequent analysis.

Cell surface antigens pre-precipitated with NRS (————)

Cell surface antigens pre-precipitated with IgE and anti-IgE

(a) RMC surface antigens reacting with anti—RMCabs

(b) RMC surface antigens reacting with IgE and anti-IgE
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Fig, 23 107 SDS—-PAGE Analysis of RBL Cell Surface Antigens

Absorbed with either NRS-Sepharose or IgE-Sepharose

Two batches of RBL cells (3 x 107 cells per batch) were
radioiodinated and solubilized as described before. The cell
extracts were pooled and redivided into two aliquots. One ali-
quot was absorbed with NRS-Sepharose in a volume ratio of 1:1
and the other one-was absorbed with IgE-Sepharose at the same
ratio. All absorptions were carried out at 4°C for one hour.
The supernatants were removed and each was redivided into 3
aliquots which were reacted with either emt:’L--RJBLabs (0.4 mg),
anti—RMCabs (0.4 mg) or IgE (10 pg) and anti-IgE (0.4 mg). The
immune complexes were insolubilized with Protein A-Sepharose and

were eluted from the latter for subsequent analysis.
RBL cell surface antigens absorbed with NRS-Sepharose ( — )
RBL cell surface antigens absorbed with IgE-Sepharose ( - - - =)

(a) Cell surface antigens reacting with anti—RBLabs

(b) Cell surface antigens reacting with anti—RMCabs

(¢) Cell surface antigens reacting with IgE and anti-IgE
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the R component (Fig. 23c), it is tempting to conclude that the reduc-—
tion of peaks IV and V (Fig. 23a) was due to the removal of H and R
.components and that, therefore, anti—RBLabS contained antibodies speci-
fic for these two receptors. It is also particularly interesting to
-see that the two major surface components of RBL cells precipitated by

anti—RMCa were drastically reduced by absorption with IgE-Sepharose

bs

(Fig. 23b). These results do suggest that anti--RMCa cross—-reacts

bs
mainly with H and R components of RBL cells. Indeed, any antibodies to

the receptors for IgE, if present in either anti—RMCa or anti—RBLa

bs bs?

would be expected to cross-react with the corresponding receptors of
the other cell type. It had been shown previcusly that receptors of
both cell types are very similar in terms of their affinity for IgE
(Conrad et al., 1975) and their molecular weight (Conrad and Froese,
1976; Frcese, 1979). Moreover, the mobilities of the peaks observed
with NRS—-Sepharose absorbed extracts (Fig. 23b) are very similar to
those observed for H and R components (Conrad and Froese, 1978a).
The fact that anti—RMCabs contained antibodies to H and R will be shown
more directly later.

At present, it is not quite clear why absorption with IgE-Sepha-
rose appeared to demonstrate the presence of anti-receptor anibodies
in the antisera, while absorption with IgE and anti-IgE failed to do
so. However, two possible explanations may be offered. (1) The absorp-
tion with IgE-Sepharose was more effective in removing receptor than
IgE and anti-IgE. The suggestion that this was the case can be seen
in Fig. 23c, which shows that abouf 53.97 of the R components had been
removed by the absorption whereas about 46.57% of the same molecules were

absorbed as in Fig. 22b. These percentages were calculated from plani-

120



metric measurements after subtraction of background cpm. (2) More
importantly, IgE-Sepharose would be expected to remove both H and R
components from the cell extract while IgE and anti-IgE would be
expected to absorb only R components. Partial removal of two neigh-
bouring components would be more noticeable on SDS-PAGE patterns than
the removal of one.

The absorption experiments with IgE-Sepharose had suggested that
both anti--RMCabs and anti—RBLabS may have contained anti-receptor anti-—
bodies. The subsequent experiments were, therefore, undertaken to de-
monstrate the presence .of these antibodies more directly. Conrad and
Freese (1978a) had .reported the isolation of free receptors for IgE
either via an IgE~affinity column or in the form éf IgE-receptor com-.
plexes through the use of DNP-ISE and anti-DNP antibodies (1978b). Both
approaches were used in the present study. Isolated receptors or IgE-
receptor complexes were subsequently allowed to interact with either
anti—RMCabs or anti—RBLabS. Receptor isolation was achieved by means
of IgE-Sepharose as described under METHODS, using the procedure of
Conrad and Froese (1978a). As can be seen in Table VIII, this method,
which isolated both H and R receptors yielded about 8% of the total
lzsI—labelled RBL cell surface components. In control experiments with
NRS-Sepharose only 37 of the surface materials were isolated. Isolation
of IgE-receptor complexes, involving primarily the R component, was
carried out with 131I—labelled DNP7.7—IgE and bovine anti-DNP antibodies
coupled to Sepharose (see METHODS). Only about 2% of the cell surface
cpm were isolated by this technique. The amount of cell bound DNP-IgE

isolated was about 407 (Table VIII). These yields were somewhat lower

than those reported by Conrad and Froese (1978b) while those obtaihned
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TABLE VIII

ISOLATION OF RECEPTORS FOR IgE BY MEANS OF
AFFINITY CHROMATOGRAPHY>

Cell Type | Protein-Sepharose | Eluting | 7 of Cell Surface
Conjugate Agent cpm Bound and Eluted
RBL IgE KSCN 8.0 - 8.8
RBL NRS KSCN 2.8 - 3.0
RBL Anti-DNP DNP-ONa 1.7 - 2 (38 - 46)b
RMC Anti-DNP DNP-ONa 1.7 (40)°

a. Cells were labelled with 1251 by the lactoperoxidase pro-
cedure.
. . e 131
b. Numbers in Brackets indicate the percentage of. I-IgE

eluted in the form of IgE-receptor complexes.



with IgE-Sepharose were about the same as those observed by these
authors (1978a).

Isolated-receptor preparations were subjected to the following
experiments. After dialysis against the sample buffer to remove KSCN,
the eluate from the IgE-Sepharose which had been incubated with the
extract from two batches of radioiodinated RBL cells was divided into
several aliquots. Enough SDS was added to one of the aliquots to make
a final concentration of 27 SDS in solution. The other aliquots were
allowed to react with different reagents. When antisera were used,
insolubilization of the antigen-antibody complexes was achieved by
means of Protein A-Sepharose. Bound materials were eluted with the
sample buffer containing 27 SDS and were analyzed by SDS-PAGE on 107
gels. The RBL cell surface antigens isolated through IgE-Sepharose
were composed of two components that ;ppeared between fractions 23
and 37 (Fig. 24a). The result was in agreement with the data obtained
by Conrad and Froese (1978a) who had demonstrated that, by means of this
technique, two receptors for IgE having apparent m.w. of 55,000 and
45,000 daltons can be isolated. These components were later designated
as H and R components, respectively (Helm et al., 1979). When the
eluate from IgE-Sepharose was precipitated with IgE and anti-IgE, only
one major component appearing with a maximum in fraction 33 was obser-
ved. This finding was in agreement with the observation of Conrad and
Froese (1978a) who found that by means of IgE-anti-IgE, mainly the R
component was isolated. On the other hand, both anti—-RMCabS and anti-
RBLabs precipitated H and R components (Figs. 24c & 24d). Both antisera
reacted with more H than R components. This is of particular interest

in the case of anti--RMCa since RMC appear to carry relatively little

bs



Fig. 24 107 SDS—PAGE Analysis of KSCN Eluates

Two batches of RBL cells (2 x lO7 cells per batch) were
radioiodinated and solubilized as described before. The cell
extracts were pooled together in a total volume of 1.0 ml and
were absorbed with 1.0 ml of IgE-Sepharose at 4°C for 1 hour.
After washing the Sepharose with 20 ml of PBS/0.1%7 NP-40Q, the
bound materials were eluted from the mini-column containing
IgE-Sepharose with 3 M KSCN in PBS/0.1% NP-40. The KSCN eluate
was then divided into 5 aliquots. The first aliquot was dia-
lysed against 0.0625 M Tris buffer (pH 6.8) at 4°¢ overnight.
The*other four aliquots were dialyzed against PBS/0.17 NP-40
and were subsequently reacted with different reagents. The
immune complexes were insolubilized with Protein A-Sepharose
and were eluted from the latter with the buffer mentioned
above. Sufficient SDS to yield a 27 SDS solution was added to
each sample and after heating at 100°¢C for 90 seconds, the

samples were analyzed.

(a) The KSCN eluate alone
The KSCN eluate precipitated by:

(b) IgE and horse anti-rat IgE

(c) antl-RBLabs

(d) antl—RMCabs

(e) NRS ( -~ - - - ) or Protein A-Sepharose ( —— )

All immunoglobulins used were of the same concentration at

0.4 mg per sample.
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of the H component (Froese, 1979). This may mean that the H component
is more immunogenic than the R component. As can be seen in Fig. 24e,
there was also some binding by NRS. Such binding was most likely part
of the property of NRS rather than Protein A-Sepharose since the latter
did not bind any of the two receptors for IgE. It is conceivable that
this binding was due to cross-reactivity of the receptors for IgE with
gome of the Fc moieties of the immunoglobulins present. However, the
binding of H and R components by immunoglobulins of NRS was much less
pronounced than that by the antisera. Rebinding of IgE-Sepharose puri-
fied receptors was also tested with anti-RBL coupled to Sepharose. This
rebinding was compared to that by IgE-Sepharose. Patterns obtained from
SDS-PAGE analysis of the labelled surface antigens bound and eluted
from the appropriate gels are shown in Fig. 25. The results again con-
firmed the capacity of anti-RBL to bind H and R receptors for IgE. As
expected, IgE-Sepharose also rebound both componenté but only to the
extent of about 307, suggesting some denaturation of the receptors upon
purification by means of IgE-Sepharose. A similar conclusion was made
by Conrad and Froese (1978a) when they first described this method of
Teceptor isolation. It should be mentioned that because of the greater
ease of preparing receptors from RBL cells rather than from RMGC, the
former cell type was primarily used for this purpose. Also because of
a limited supply of the anti-RMC serum, fewer studies were carried out
with it.

Having established that both antisera did bind the receptors (H
and R) purified by means of IgE-Sepharose, the next step was to inves-
tigate if they reacted with IgE-receptor complexes. Conrad and Froese

(1978b) reported that isolating IgE-receptor complexes via DNP-IgE

125



Fig. 25 107 SDS-PAGE Analysig of KSCN Eluates Rebinding

to. Different Sepharose Conjugates

The KSCN eluates were obtained the same way as des-

cribed in the legend of Fig. 24.
(a) The KSCN eluate alone

(b) The KSCN eluate (in 0.5 ml) was incubated with 0.5 ml
of packed IgE-Sepharose at 4°C for ome hour. After
thorough washing with PBS/0.1% NP-40, the bound materials
were eluted from the absorbent with the sample buffer
containing 27 SDS at 100°C for 90 seconds and were sub-

sequently analyzed.

(c) The KSCN eluate (in 0.5 ml) was incubated with 0.5 ml

of packed anti-RBL coupled Sepharose. The bound materials

were isolated and analyzed the same way as described above.
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and anti-DNP-Sepharose yielded only one component (R) with an apparent
m.w. of 45,000 daltons. Therefore, it was thought to be interesting
to find out if either of the two antisera did react with R in the

form of IgE-receptor complexes. Hence, IgE-receptor complexes from
RMC or RBL cells were obtained as described under METHODS. The bound
surface extracts were eluted with a buffer containing dinitrophenolate
'(DNP-ONa) and the eluate will be referred to as the DNP-ONa eluate.
The IgE-receptor complexes from RMC were allowed to react with anti-
RMC

and anti—RBLa followed by insolubilization with Protein A-

abs bs

Sepharose. The bound materials were then eluted and analyzed by SDS-
PAGE. 1In both instances, the above surface antigens migrated with a
mobility resembling that of the R component (Figs. 26b & 26c). 1In
other words, both antisera were capable of binding IgE-teceptor com-
plexes. A control using NRS did not bind the complexes (Fig. 26e)
while anti-IgE reacted with them (Fig. 26d). These results further
confirm that the R component was among the common antigens present on
the two cell types. Almost identical results were obtained when RBL
cells were used as the source of IgE~receptor complexes. Once again,
both antisera were shown to react with the complexes while NRS did not
bind any of them (Fig. 27). The fact that both antisera were capable
of reacting with intact IgE-receptor complexes is illustrated in Table
IX. Hence, both anti—RMCabs and anti--RBLabs could précipitate recep~
tor (lZSI—cpm) as well as DNP-IgE (lBlI-cpm). The finding that both
antisera bound a higher percentage of receptor cpm than IgE cpm does
suggest that some dissociation of the complexes had taken place after
elution with DNP-ONa. Had this not been the case, identical percen-

tages of cpm should have been bound. The fact that anti-IgE reacted
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TABLE IX

BINDING OF IgE-RECEPTOR COMPLEXES BY DIFFERENT SERA?

Cell Type. Serum % Receg;gr % 13?31
Bound ("7°I) | Bound (T77I)
RMC anti-IgE 33.3 55.5
anti-RMC 20.0 11.7
abs
anti-RBL 14.0 10+0
abs
NRS 2.0 0
RBL Cells anti-IgE 32.0 60.0
anti-RBL 21.4 18.0
abs
anti-RMC 17.0 16.0
abs
NRS 1.8 v 0
a. Cells were radioiodinated and solubilized and the IgE~-

receptor complexes were isolated as described under METHODS.
Immune complexes were insolubilized with Protein A-Sepharose

and after thorough washing they were counted for their radio-

131

active contents. The percentage of I-IgE / 125I—receptor

bound was calculated from the following formula:

. cpm of bound materials
Z bound = x 1007
¢pm of IgE~receptor
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with a higher percentage of IgE than surface antigens is indicative of
some dissociation of the complexes. It is also conceivable that anti-
IgE which was used in excess over IgE had a higher capacity to react

with the complexes than either anti—RMCabs or anti-—RBLa . Again, NRS

bs
did not significantly react with the complexes (Table IX).

It is now certain that both anti-RMCabs and anti.—RBLabs did con-
tain antibodies to common surface antigens shared by RMC and RBL cells.
Two of these common antigens had been identified as the receptors for
IgE. Data from analytical electrophoresis revealed that the apparent
m.w. for both components were 55,000 and 45,000 daltons, respectively,
which agree with the results of Conrad and Froese (1978a). There were
at least three more surface antigens that were found present om both
cell types, namely, peaks III, VII and VIII of the RMC surface (Table
VIIa) and peaks I, VI and VII of the RBL cell surface (Table VIIb).

For convenience, their similarity in terms of apparent m.w. will be
simplified as follows: peak III = peak I

L? peak VII = peak

RMC
= peak VII

RB RMC

VI and peak VIII

REL Additional evidence that they

RMC RBL®

could be the common antigens was given by the fact that anti-RBLabS
reacted to all of them (Figs. 20a & 20b). However, anti—RMICabs only

reacted with the 55,000 and 45,000 dalton components of RBL cells (Fig.
20b) indicating that it may contain fewer numbers of antibodies to the

three antigens.

C. Characterization of RMC and. RBL Cell-Specific Antigens:

One of the best ways to find out if both RMC and RBL cells share
common surface antigens is to absorb their specific antisera with the
other cell type. Such absorption will not only remove antibodies to

the common antigens but will also leave relatively pure antibodies



that would react with the specific antigens of each cell type. Hence,
anti-RBL was absorbed with RMC (1 x 107 cells per absorption) five

times and anti-RMC with RBL cells (1.- 2 x lO8 cells per absorption)
three times as described under METHODS. The reason for using fewer
numbers of RMC for the absorption was due to the fact that the RMC puri-
fication procedure was too tedious and .costly. Only 1 - 2 x lO6 RMC

can be obtained from a single rat. The absorbed antisera in this case

will be referred to as anti—RBLmas and anti-RMC » respectively, for

bas
easy identification. Both antisera were then subjected to the follow-
ing tests. They were first tested for their ability to induce the skin
reaction as described in the previous chapter. Next, their effect on
inhibiting IgE binding to target cells was also assessed. The results
are shown in TablesXa and Xb. Absorption had reduced the ability of

anti-RMC to induce the skin reaction, from an antibody titre of 200

bas
to 100. It also abolished the inhibitory effect of the anti-RMC serum
on IgE binding to RBL cells. Similarly, both of the activities of the
anti-RBL serum had been significantly reduced by the absorptiem. Since
anti-RBL had been absorbed with RMC at a much lower concentration, it
was thought that removal of the antibodies to the common antigens may

not have been as effective as in the case of anti-RMC Hence, it

bas’
was not unexpected to find that anti-RBLmas still induced some skin
reaction and inhibited IgE binding to RBL cells, although at a much
lower capacity.

It was of utmost interest to find out exactly which of the cell
surface antigens known already would react with the above antisera.
Hence, the surface antigens of either RMC or RBL cells were allowed to

react with either anti-RMC or anti—RBLmaS. The antigen-antibody

bas
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TABLE Xa

SKIN REACTIONS INDUCED BY ANTI-RMC, AND ANTI-RBL a
bas— mas

ilution Diameter of Spot (mm) Color Tntensity

Serum 1 : 10 1l : 100 1 : 200

Anti-~-RMC 10.0 7.0 - +
bas

Anti-RMC 13.2 8.6 7 et
abs

Anti-RBL 5.0 - - +
mas

Anti-RBL “11.0 6.2 5 et
abs

PBS -

TABLE Xb

INHIBITION OF igE BINDING TO RBL CELLS BY ANTI—RMCLaszND ANTI—RBLmaSb
1o

- -Serum Z of Inhibition
Anti-RMC 0
bas
Antl—RMCabS 56
Anti-RBL 15
mas
Anti-RBL 70
abs
THM/BSA 0
a, Experimental conditions: See the footnote to Table V.
b. About 0.4 mg of rabbit immunoglobulins were incubated with

1x 106 RBL cells at 37°C for 30 mins. The incubation was continued
for another 30 mins after the addition of 0.1 ug of lZSI—IgE to each
sample. After thorough washing, the cell pellets were counted for

their radioactive contents and the results were calculated.
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complexes were insolubilized with Protein A-Sepharose as it has been
described and were eluted from the latter for SDS-PAGE analysis on

107Z gels. The results are shown in Fig. 28. Absorption of anti-RMC

had removed most of the antibodies to certain RMC surface antigens

that would otherwise appear between fractions 20 and 50. Antibodies

to peaks II and IV of RMC surface antigens had also been absorbed by

RBL cells (Fig. 28a). The anti—RMCbas serum reacted with only three of
the eight RMC surface antigens already defined by anti—RMCabs (Fig. 1la).
These were components that appeared as peaks I, IIIL and V (Fig. 28a)
with apparent m.w. of 175,000, 130,000, and 85,000 daltons, respectively.
They were most likely the specific antigens of RMC.

Analysis of the RBL cell surface antigens reacting with anti-
RBLmas had revealed results similar to the ones just mentioned. Absorp-
tion had removed antibodies to several RBL cell surface antigens appear-
ing between fractions 20 and 50 (Fig. 28b). The complete remeoval of.
peak VRBL suggested that the absorption had been effective. On the
other hand, the partial reduction of the intensity of peaks II, IV, VI
and VII of RBL cell surface antigens indicated that some of the anti-
bodies were still present. This, in turn, would suggest that not all
surface antigens of RMC were equally expressed. The antigen with mobi-
lity similar to peak VRBL was also present on the surface of RMC.
Indeed, it appeared to be the predominant onme (Fig. 11). The fact that
there were relatively fewer antibodies to peak V than to the others in
this area of the gel could also account for the above observation. Data
presented in the previous section have clearly demonstrated that the

two peaks appearing in fractions 26 and 32 were in fact associated with

the H and R receptors 'for IgE. Both were among the common antigens



Fig. 28 10% SDS-PAGE Analysis of RMC/RBL Cell Surface
Antigens Reacting to Antl—RMCba_S/Antl—RBLLuas

(a) RMC (5 x lO6 cells) were radioiodinated and solubilized
as described previously. The cell extract was divided into
two aliquots. One aliquot was incubated with 0.4 mg of anti-
RMC . o (-=--=-) and tge other with anti-RMC, (——)
of the same amount at 37 C for 30 mins.

(b RBL cells (2 x lO7 cells) were surface labelled and
solubilized as described before. The cell extract was divid-
ed into two aliquéts. One aliquot was incubated with 0.4 mg
of anti—RBLab

RBL ( ———— ) at 37°C for 30 mins.
mas

s (- - = -) and theother with 0.4 mg of anti-

All immune complexes were insolubilized with Protein A~Sepharose.

The bound materials were eluted and analyzed as usual.
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shared by RMC and RBL cells and precipitated by both anti—RMCabs and

anti--RBLa It has been demonstrated that H is not a major receptor

bs’
for IgE present on the RMC surface (Froese, 1979) and that both of the
two antisera described in this thesis contained more antibodies to H
than to R. Therefore, it is not surprising to see that the intensity

of peak 1V was only partially reduced. Similar arguments may be

RBL
invoked to explain why antibodies to the other common antigens were not
completely removed. It is, of course, also conceivable that antibodies
to surface molecules represented by peaks II, IV, VI and VII were not
completely removed because each peak contained more than a single anti-
geﬁ, some of which were not present on RMC. However, the absorption
did not affect the profile nor the intensity of only two peaks, I and
IIT of the RBL cell surface antigens (Fig. 28b). Hence, it is plausible
that they may represent the unique RBL cell surface antigens with
apparent m.w. of 130,000 and 78,000 daltons, respectively. It should
be pointed out that when discussing relative amounts of various surface
antigens, the assumption is made that all iodinated cell surface mole-
cules have the same specific activity. However, this may not always
be correct.

Data from the above absorption study revealed that there were at

least six common antigens shared by both RMC and RBL cells. While some

of them were readily recognized by both anti—RMCa

and anti-RRBL
bs a

bs’

namely peaks IV y VI VII = VI and VIII =

RMC  VRBL’ ' lRMC RBL RMC
VIIRBL, peaks IIRMC and IVRBL were precipitated by only one or the other

rMG . TIRBL

antiserum (Figs. 28a & 28b). The latter observation indicated that even
though both antigens were present on the two cell surface they might

still be different in terms of immunogenicity or frequency of occurrence.
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Anti—RBLa seemed to contain very few antibodies to the RBL cell sur-

bs

face antigen having similar mobility as peak II . However, its pre-~

RMC
sence on the RBL cell surface was demonstrated by the removal of the
corresponding antibodies from anti—RMCabs upon absorption with RBL
cells. Peaks VIRMC (or VRBL) and IVRBL had been shown to have similar
mobilities as R and H receptors for IgE, respectively (Figs. 19 & 20).
In fact, surface components precipitated by both antisera from the pre-~
parations containing free receptors or IgE~receptor complexes were
shown to migrate to the same regions of the gel where both H and R
appeared (Figs. 24,26 & 27). These results clearly demonstrated the

presence of antibodies to H in anti--RMCa even though such a molecule

bs
was not distinctly exhibited in the SDS~PAGE pattern of RMC surface
antigens bound by the same antiserum (Fig. 1la). However, this is not
surprising since Froese (1979) had demonstrated that RMC may carry only
low numbers of H receptors. The fact that most of the antibodies to
the above common antigens could be removed by absorption with intact
cells suggests that these are antigens that are exposed on the outer
layer of the plasma membrane of both RMC and RBL cells.

There were at least three surface antigens of RMC and more than

two antigens of RBL cells precipitated by anti-RM(C and anti—RBLma s

bas s

respectively. It is interesting to’note that most of these antigens
appeared in the high molecular weight region of the gels when subjected
to SDS-PAGE analysis. The 130,000 dalton component of RMC surface
antigens seemed to be antigenically distinct from the other 130,000 dal-
ton component present on the RBL cell surface. Since anti—RBLabS had

been shown previously to react with a RMC surface antigen appearing in

about the same fraction (Fig. 20a), it appears that it may have two dif-



ferent molecules of the same or very similar m.w. present in the area.
On the other hand, some common antigenic determinants of this component
may be buried in the plasma membrane. Thus, the corresponding antibo-
dies cannot be removed by the absorption with intact cells. Therefore,
it is conceivable that the 130,000 dalton components of both cell types
are in fact identical. However, it is also possible that the area may
contain common as well as discrete surface antigens of the two cell
types. Further discussion of this component will come later. The par—
tial absorption of antibodies to antigens represented by peaks II, IV,
VI and VII of RBL cell surface components by intact RMC (Fig. 28b) may
indicate the presence of common as well as specific antigens in the
same regions of the gel. Peak IRMC reacted with anti—RBLabS (Fig. 20a)
but was unaffected by absorption of anti-RMC with intact RBL cells.
Therefore, it most likely represents a common antigen which is not pre-
sent on the outer surface of the plasma membrane of RMC or RBL cells.
Based on all the available data, the most obvious specific surface anti-
gens of RMC and RBL cells are those appearing in peaks VRMC and IIIRBL’
respectively (Fig. 28). Both peaks were unaffected by the absorption
in terms of profile and intensity. Furthermore, V. did not react

RMC

with auti—RBLa and neither did _IIIRB with anti—RMCabs (Fig. 20).

bs L
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GENERAL DISCUSSION

The present study has clearly demonstrated that antibodies to
RMC cross-reacted with RBL cells and vice versa. After appropriate
absorption, anti—RMCabS and anti-RBLabs were still eytotoxic to both
cell types (Fig. 6). Bindi;g between the antibodies and the two cell
surfaces was first demonstrated by indirect immunofluorescent staining
(Table IV). The abilities of both antisera to induce an immediate
hypersensitivity type of skin reaction (Table V) and to block IgE bind-
ing to both cell types (Fig. 10) indicated that the cross~-reacting anti-
bodies might be directed against the receptors for IgE. While the pre—
sent study was in progress, antibodies to the receptors for IgE had been
induced in several other laboratories. Studies on both anti—RMCabS
and anti—RBLabs are different from those other antisera because both
sera had been shown to contain antibodies to the individually unique
antigens as well as common antigens, in addition to those specific for
the receptors for IgE. The presence of antibodies to RMC or RBL cell
specific antigens in either serum was indicated by the findings that
each of the two antisera reacted more strongly to its 'homologous' cell
type than the 'heterologous' counterpart. There was only one antiserum
which could be regarded as closely similar to the anti-RBL serum of
this study. The antiserum produced by Isersky et al. (1977) was raised
in a rabbit which was inoculated with whole RBL cells emulsified with
complete Freund's adjuvant. As mentioned before, this antiserum‘could

inhibit IgE binding to RBL cells and rat peritoneal mast cells. Since
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it Was“capable of precipitating free receptors as well as IgE-receptor
complexes, the antiserum was believed to contain antibodies to two dis-
tinct determinants of the receptor for IgE. However, no attempt was
made to ascertain whether the antiserum contained any antibodies to
either the RBL cell specific antigens or the other common antigens
possibly shared by both RMC and RBL cells. All the anti-receptor sera
described so far were induced in rabbits injected with either. IgE-recep-
tor complexes (Ishizaka et al., 1977b) or partially purified receptor
preparations (Isersky et al., 1978; Conrad et al., 1979). While Ishi-
zaka's antiserum precipitated mainly a receptor component of 45,000
daltons (Conrad et al., 1978), Isersky's antiserum was found to react
with a receptor molecule of 58,000 daltons, and Conrad's antiserum re—
acted more strongly to the 55,000 dalton component than the 45,000 dal-
ton receptor. However, studies on antibodies against surface antigens
other than the receptor for IgE of either rat mast cells or rat baso-
philic leukemia cells were not elaborated in these investigation. .Both
antisera of the present study were shown to contain antibodies to the
55,000 and 45,000 dalton receptors for IgE (Figs. 24, 26 & 27). Imn
addition, they precipitated several other surface molecules from RMC
and RBL cells. Although the 58,000 dalton component of the receptor
recognized by Isersky's antiserum was‘derived from a different RBL cell
line, recent collaboration between the two laboratories revealed that

it has the same properties as R (45,000 daltons) but a molecular weight
similar to H (55,000 daltons) (Froese, personal communication). Both
the 45,000 dalton (R) and 55,000 dalton (H) receptors were obtained from
the cell line maintained in Dr. A. Froese's laboratory. Therefore, both

antisera of the present study clearly reacted with the same receptor



molecules (H and R) as those recognized by Conrad's antiserum. In
addition, the serum prepared by Ishizaka et al. (1977b) was also shown
to react with the R receptor (Conrad et al., 1978).

During the course of the present study, the author had thechance
of analyzing both Drs. Ishizaka's and Conrad's anti-receptor sera
(designated as anti—R.BLP and RAR, respectively) together with anti-
RMCabs and anti—RBLabS, and the results were compared. One of the
results came from the indirect immunofluorescence study. It was found
that under the same experimental condition, RAR did not stain either
RMC or RBL cells, while anti—RBLP stained both with strong fluorescent
were similar

intensity. The results for anti—RMCa and anti-RBL

bs

to the ones shown in Table IV. When mixed peritoneal cells were used

abs

as targets, anti—RBLp clearly stained only RMC and not the other cell
types found in the peritoneal exudate. In another study, RAR weakly
elicited a skin reaction as described in Table V in normal rats while
anti—RBLp always turned out positive results even at very diluted con-
centrations, e.g., 1 : 200. The antibody titre of anti—RBLp capable
of inducing the skin reaction was similar to those of anti—RMCabs and
anti—RBLabs' However, the skin blueing reaction induced by the former
in the presence of Evan's blue appeared almost immediately whereas
that induced by the latter two took at least eight minutes to develop.
The above data clearly demonstrate that anti-—RBLp was a stronger anti-

serum than either anti-RMC , or anti—RBLa . The potent activity of

abs bs

the former serum was partly due to the fact that it had been purified
by adsorption onto and elution from RBL cells. A comparison between
the potency of RAR and an .anti-RBL serum has been reported in the study

B& Conrad et al. (1979). It should be noted that the anti-~RBL serum in

14




that study was in fact the same one used for the present project. It

was found that anti—RBLabs was more cytotoxic and more inhibitory on

IgE binding to RBL cells than RAR. On the other hand, both RAR and

anti—RBLabs were capable of precipitating IgE-receptor complexes in-

dicating that they both contained antibodies to determinants distant
from the IgE binding site of the receptor component. There is evidence

that RAR contained more antibodies to the R component thanm anti—RBLabs.

Under similar experimental conditions including the amounts of materials
used for the analysis, RAR precipitated roughly 657 of the complexes

whereas anti—RBLabs only bound 177. This was to be expected since RAR

was induced in a rabbit injected with partially purified receptor pre~
parations while the antigens used for producing anti--RBLabS consisted
of whole RBL cells.

Analysis of the surface antigens bound by either anti-RMCa or

bs
anti-RBLabs revealed that individual cell specific antigens were pre-
sent together with the common surface antigens shared by both RMC and
RBL cells. Hence, anti-RMC
abs
nents (Fig. 1lla) and mainly two RBL cell surface antigens (Fig. 20b).

reacted with at least eight RMC compo-

On the other hand, anti—RBLabs precipitated at least seven RBL cell
surface antigens (Fig. 13a) and about four RMC surface antigens (Fig.
20a). Two of the antigens precipitated by both antisera had been
clearly identified to be the 55,000 and 45,000 dalton components of

the receptors for IgE. The different amounts of common surface anti-
gens (as measured by cpm) bound by ei;her antiserum indicated that not
all antigenic molecules were equally expressed on the surface of either
cell. 1In addition, all the surface molecules were not equally immuno-

genic. For instance, the 45,000 dalton receptor for IgE is more domins
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ant than the 55,000 dalton receptor on the RMC surface (Froese, 1979).
However, when both components were isolated from the rest of the sur-

face molecules by means of IgE-affinity chromatography, anti-RMCa was

bs
found to react more with the 55,000 dalton component than the 45,000
dalton molecule (Fig. 24d). The finding suggested that although the
former component was present in fewer numbers, it was more immunogenic
than the latter one. 1In another instance, anti—RBLabs precipitated a
130,000 dalton component from the RMC surface antigens. (Fig. 20a) but
anti—RMCabs did not seem to bind any RBL cell surface molecule of simi-~
lar m.w. (Fig. 20b). This observation indicated that while the compo-~
nent was, no doubt, present on both cell surfaces, anti—RBLa seemed

bs

to contain more antibodies directed against it than anti-RMC_ It

bs’
would imply that the immunogenicity of the corresponding determinant

on this molecule on the RMC surface was different from that of the RBL
cell surface. Absorption studies using either RMC or RBL cells to
remove antibodies to the common antigens, revealed that there were at
least six common antigens shared by both cell types (Figs. 28a & 28%)
spanning 2 m.w. range from 30,000 to 175,000 daltons. In a separate
study, the crude anti-RBL serum produced by Ishizaka et al. (1977b) was
shown to precipitate three extra antigens from RBL cells of the same
culture line used in the present study (Conrad et al., 1978). The ex-
perimental conditions were also similar to the ones used in this study.
It was found that surface molecules precipitated by the crude anti-RBL
serum seemed to appear in fractions where certain antigens bound by
anti—RBLabS did appear, i.e., peaks I, III and VI of Fig. 13a. 1t is
not known whether the similarity in electrophorectic mobility of the

molecules precipitated by two different sera is just a coincidence or
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it actually reflects the presence of identical molecules. These anti-
gens described by Conrad et al. (1978) may have been associated with
the IgE-receptor complexes with which the animal was injected. This
could, in turn, suggest that they may be in close contact with the re-
ceptors. Hence, during the solubilization with NP-40, small amounts
(enough to be immunogenic) remained in contact with the receptors and
were isolated with them. Antibodies‘to these antigens were partially
removable from the crude anti-RBL serum by absorption with rat peri-
toneal exudate cells that had been depleted of RMC (Ishizaka et al.
1977b; Conrad et al., 1978). Hence, it would appear that some of the
antigens were shared by RBL cells, peritoneal cells and possibly RMC.
On the other hand, both peaks I and III of the RBL cell surface anti-
gens were still precipitated by anti—RBLmas (Fig. 28b). The results
seemed to indicate that the antigenic determinants of both components
may be buried in the plasma membrane or that they are RBL cell-specific
antigens. However, since peak IIIRMC had been shown to have a m.w.

(130,000 daltoms) similar to peak IRB and the former was also precipi-

L
tated by anti—RBLabs (Fig. 20a), it is most likely that both peaks re-
present the same antigen with hidden determinants. Peak IIIRBL (78,000
daltons) which did not react with anti—RMCabs (Fig. 20b) most likely
represents one of the RBL cell-specific antigens. As for anti—RMCabS,
it is rather unfortunate that there is no other anti~RMC serum of simi-
lar nature with which it can be compared. Most of the anti-RMC sera
reported were not used to study either the RMC surface antigens or the
receptors for IgE (Chapter I, Section VI). The anti—RMCbas serum of

this study had characterized the RMC-specific antigen(s) to be (a)

component(s) with an apparent m.w. of 85,000 daltons (peak VRMC in Fig.
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28a).

As has been mentioned in Chapter I, the rat cell surface con-
tained large numbers of histocompatibility antigens and differentiation
antigens. Lymphocyte differentiation antigens were shown to be abun-
dant in the membrane of rat peritoneal exudate cells whereas they were
rarely found on the surface of liver cells or erythrocytes (Williams
and Standring, 1977). Hence, absorption of the antisera with rat liver
cells would only remove antibodies to the rat histocompatibility anti-
gens. However, it is possible' that the absorption may have left behind
small traces of these particular antibodies, enough to precipitate the
abundant histocompatibility antigens that were present in the deter-
gent extract of RMC or RBL cells. Hence, it should not be surprising -
to find the presence of these antigens among the precipitated, common
surface antigens shared.by both RMC and RBL cells. The molecular weights
of most of the rat histocompatibility antigens were estimated to be
around 30,000 to 40,000 daltons (Callahan and DeWitt, 1975a & 1975b;
Williams and DeWitt, 1976). However, neither anti—RMCabs nor anti-
RBLabs Precipitated any surface antigens éf such molecular weights
from rat lymph node cells which usually contain a lot of histocompati-—
bility amtigens on their surfaces (Figs. 12b, 12c & 14b). Therefore,
antibodies to rat histocompatibility antigens are possibly not present
in either antiserum of the present study. Most rabbit anti-rat lym-
phoid cell sera seemed to contain a large amount of antibodies speci-
fic for lymphocyte differentiation antigens which included Thy-1 anti-
gens, T lymphocyte-specific antigens and leucocyte common antigens
(Williams and Standring, 1977). Hence, it is possible that the anti-

RMC and anti-RBL cell sera of this study may also contain antibodies
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against some of the common differentiation antigens shared by both
RMC and RBL cells. However, it is difficult to determine, within the
scope of the present study, which ones of the already known common
surface antigens of both cell types are differentiation amtigens. 1In
view of the fact that most of the rat lymphocyte common differentia-
tion antigens have molecular weights ranging from 130,000 to 200,000
daltonsg (Standring et al., 1978), it is possible that both peaks IIIRMC
and IRBL (m.w. of 130,000 daltons) may represent the common differentia-
tion antigens of RMC and RBL cells. The presence of specific differen—~
tiation antigens in the membrame of a particular cell type has long
been studied. For instance, Thy-1 antigens (m.w. of 25,000 - 27,000
daltons) are specific markers for thymocytes whereas the T lymphocyte-
specific antigens (m.w. between 70,000 and 100,000 daltons) have been
found solely on the surfaces of peripheral T cells and thymocytes (Bus-
tin et al., 1972; Ladoulis et al., 1974; Ishii et al., 1976; Williams
and Standring, 1977). The presence of rat liver cell specific antigens
had also been demonstrated (Behrens and Paronmetto, 1977). Hence, it is
plausible to suggest that the two non-cross-reacting surface antigens

represented by peaks IIL 'Lf(m.w. of 78,000 daltons) and V (m.w. of

RB RMC
85,000 daltons) could most likely be the specific antigens of RBL cells
and RMC, respectively.
The presence of surface immunoglobulins has been identified imn
the membrane of rat lymphoid cells (Ladoulis et al., 1974; Williams
and DeWitt, 1976). The molecular weights of rabbit IgG and rat IgG
have been estimated to be around 169,000 (Sober and Harte,1973) and

156,000 (Bazin et al., 1974) daltons, respectively. Since neither anti-~

RMCabs nor anti—RBLabS precipitated rat IgE (Table III), it is unlikely
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that any surface immunoglobulins would be present among the precipita-
ted surface antigens of both cell types. It is even unlikely that the
rabbit antibodies, most of which belonged to the IgG class,-unld be
radioiodinated just by binding to the radio-labelled cell surface anti-
gens. Nevertheless, the peaks which one would suspect to represent
with m.w. of 175,000 and

immunoglobuling would be peaks I and IIRM

RMC

160,000 daltons, respectively. However, reduction of the precipitated

C

RMC- surface antigens did not change the overall profile of the peaks.
Therefore, it can be ruled out that these two peaks represent any
immunoglobulins.

The possibility of inducing anti-rat Ia sera (Soulillou et al.,
1976; Mossmann et al., 1979) suggests the presence of Ia antigens in
the membrane of rat lymphoid cells. Such antigens of the rat have re—
cently been characterized. McMaster and Williams.(1979) reported that the
rat Ia glycoprotein complex was composed of two non-covalently linked
polypeptide chains of apparent m.w. 30,000 and 24,000 daltons as deter-
mined by SDS-PAGE analysis. However, therewere some indications that
mast cells lacked Ia antigens (Mossmann et al., 1979; Da&ron and Voison,
1979). Anti-rat Bz-microglobulin7sera had been produced (Isergky et al.,
1977; Mossmann et al., 1979) but the antigens have not yet been fully
characterized in the rat. Studies on murine Bz—microglobulins revealed
that they have a molecular weight of 12,000 daltons (Vitetta and Uhr,
1975). Analysis of the precipitated surface antigens of RMC or RBL
cells by SDS~-PAGE did not reveal any significant amount of light molecular
weight components. Hence, it is not certain if rat Ia antigens and Bz—
microglobulins are present among the precipitated surface antigens of

RMC and RBL cells.



There is no evidence that lactoperoxidase (m.w. of 77,500 dal-
tons) which was-used for catalyzing the reaction of surface labelling
could be self-labelled. Since the labelled cells had always been
washed thoroughly to eliminate any trace of free radio-labels before
detergent extraction, it is highly unlikely that lactoperoxidase could
be present among the precipitated surface antigens of this study. The
78,000 dalton component precipitated by anti-RBLmas is probably a unique
antigen of the RBL surface. However, it is not certain whether it be-
longs to a class of specific differentiation antigens or a group of
tumor-specific antigens. It is not unusual for chemically induced tumor
cells to possess distinctly tumor-specific antigens on their cell sur-
faces. Hence, it is possible that some of the antibodies of anti--RBLabS
were directed against these antigens. Since there is no anti-rat baso-
phil serum to compare with, it is difficult to demonstrate the presence
of tumor-specific antigens on the surface of RBL cells.

It should be mentioned that although both anti—RMCa and anti-

bs

RBLabs contained anti-receptor antibodies, the numbers were too small
to be able to mimic the activity of IgE. In other words, neither serum
could induce a non-cytotoxic histamine release from target cells. This
is based on the author's undocumented observation that both antisera
required the presence of complements in order to induce degranulation
of RMC. As has been mentioned in Chapter I, there was only one anti-
receptor serum which was capable of inducing a non-cytotoxic histamine
release from RMC in vitro (Ishizaka et al., 1977b). This antiserum had
been shown to contain a large amount of antibodies directed against

determinants that were close to the IgE-binding site of the receptor

molecule. However, both antisera of the present study could be useful
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for other studies. For instance, they could be used for suppressing
the mediator release from the target cells. They could block IgE bind-
ing to these cells without drastically altering the cellular contents
in vitro. The F(ab')2 fragments of the antibodies would do the same
thing in vivo by avoiding the cause of cell lysis even in the presence
of complement which mainly bind to the Fc portion of the antibody mole-
cule (Dorrington and Painter, 1974). On the other hand, both antisera
can be used for studying the origins of RMC and basophils. There was
indication that both cells originated from different anatomical compart-
ments but ‘their exact origins are still debatable. Since both antisera
have the potential to recognize specific as well as common antigens of
RMC and RBL cells, they can be employed to detect the presence of mast
cells or basophils in different anatomical compartments at the very
early beginning of the animal life. The differentiation antigens of
either cell type have not yet been clearly identified. However, the
specific antigens, characterized by the two antisera of the present
study, could be used as markers for the presence of their corresponding
cell types. The statement is based on the assumption that the 78,000
dalton component of RBL cells was a specific differentiation antigen.
On the other hand, RBL cells are neoplastic cells and hence, like most
of them, they may contain modified surface antigens. It would be in-
teresting to find out which of the surface molecules are affected by
the modification and how the changes are related to the mechanisms or
biochemical pathway of mediator release of RBL cells. Normal basophils
could serve as a control for the study. Again, the antisera would prove

to be useful for the purpose.
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SUMMARY

Anti-rat mast cell (RMC) and anti-rat basophilic leukemia (RBL)
cell sera were induced in rabbits by injecting them with the appro-
priate cells in Freund's complete adjuvant. All antisera were heated
at 56°C for 30 minutes and were absorbed five times with rat liver
cells. The anti~RMC sera were further absorbed with IgE-Sepharose:.-
Three anti-RMC sera were induced. The one that was most reactive to
RMC surface antigens in terms of cytotoxicity (Fig. 1) as well as in
its ability to inhibit IgE binding (Fig. 2) and to precipitate a sur-
face component of similar apparent molecular weight (m.w.) as that of
the receptor for IgE (Fig. 3) was selected for subsequent studies.
Based on its cytotoxic activity (Fig. 4) and reactivity to RBL cell
surface antigens (Table II and Fig. 5), one of the three anti-~RBL cell
sera produced was sélected for further studies. Both selected anti-
sera, anti—RMCabs and anti—RBLabs, were not cytotoxic to rat lymph
node cells (Fig. 6) but still killed both RMC and RBL cells (Fig. 7)
in the presence of complement. Binding between antibodies present in
these antisera and the surfaces of both cell types was demonstrated
by indirect immunofluorescence (Table IV and Fig. 8). The above
results suggest that both antisera cross-reacted with RMC and RBL
cells. The nature of the cross-reacting antibodies was revealed by
the finding that they could induce skin reactions in normal rats
(Table V and Fig. 9) as well as inhibit IgE binding to both cell types
(Fig. 10). Since neither a normal rabbit serum nor a rabbit anti-rat

sarcoma cell serum absorbed with rat liver cells had similar effects
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as those above, these activities were deemed to be specific. These
data suggested that both antisera might contain antibodies against

the receptors for IgE. In general, each of the two antisera was found
to be more reactive to its 'homologous' cell type, e.g., anti—RMCabS

versus RMC, than to its 'heterologous' counterpart, e.g., anti—RMCabS
versus RBL cells.

Surface antigens of RMC or RBL cells were radioiodinated followed
by solubilization with Nonidet P~40. They were then reacted with the
appropriate antiserum and the immune complexes were insolubilized with
protein A-Sepharose followed by analysis with SDS-polyacrylamide gel
electrophoresis (SDS-PAGE). The results showed that while anti-—RMiCabs
precipitated at least eight RMC surface antigens (Fig. 1la) and mainly
two RBL cell surface components (Fig. 20b), anti—RBLabs reacted with
at least seven RBL cell surface antigens (Fig. 13a) and about four RMC
surface compénents (Fig. 20a). Most of these antigens were found only
on the surface of RMC or RBL cells but not on rat lymph node cells
(Figs. 12 & 14). TFurthermore, fetal calf serum which was present in
the culture medium for RBL cells was shown to have no effect on the

reaction between anti-RBL ., and RBL cells (Figs. 15 & 16). Both

b
antisera were shown to react with RMC or RBL surface antigens among
which were the receptors for IgE. They both precipitated the 55,000
and 45,000 dalton receptors of RBL cells which had been isolated
through adsorption to and elution from IgE-Sepharose (Fig. 24). Since
they could precipitate free receptors (m.w. 45,000 daltons) (Fig. 24)
as well as IgE-receptor complexes (Figs. 26 & 27), it was concluded

that some of the cross~reacting antibodies were directed against at

least two different antigenic determinants on the receptor molecules,
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one close to the IgE binding site and one distant from it.

Additional studies were performed with the antisera after
absorption with the cross-reacting cell type (e.g., absorbing the
anti-RBL serum with RMC). In addition to the antibodies against the
receptors for IgE, both antisera were shown to contain antibodies to
at least four other surface antigens shared by both RMC and RBL cells.
Their molecular weights were found to‘be in the range of 30,000 to
175,000 daltons. The different amount of common antigens (as measured
by cpm) bound by either antiserum indicated that not all antigens were
equally immunogenic or equally expressed on the surfaces of RMC and
RBL cells. The absorption studies also revealed that the anti-RMC
serum used in this study reacted with ome specific surface antigen of
RMC (m.w. 85,000 daltons) (Fig. 28a). By the same means, the anti-
RBL cell serum was shown to contain antibodies against one RBL cell-
specific antigen (m.w. 78,000 daltoms) (Fig. 28b). Hence, it was
concluded that both anti—RMCabs and an-ti—RBLabs contained antibodies
to RMC and RBL cell specific antigens, respectively, as well as anti-
bodies against common surface antigens, including the receptors for

IgE, shared by the two cell types.
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