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"There's no use trying," Alice said, "one can't
believe impossible things.”

"I daresay you haven't had much practice," said
the Queen. "When I was your age I always did it for
half an hour a day. Why sometimes, I've believed as
many as six impossible things before breakfast.”

Lewis Carroll
Through the Looking Glass
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Abstract

The objectives of this thesis work involved the identifica-
tion and characterization of rat lymphocyte surface components
involved in mitogenic stimulation by the oxidative agents
periodate and neuraminidase plus galactose oxidase (NGO). Lymph
node cell blastogenesis induced by these oxidative agents was
inhibited by reduction with borohydride or reaction with cysteine
methyl ester (CME) without affecting the ability of lymph node
cells (LNC) to respond to concanavalin A (Con A). 35S-CME was
synthesized, and oxidized LNC were reacted with either the
radioactive CME or 3H—borohydride. The radioactively-tagged LNC
were then solubilized in sodium dodecyl sulfate (SDS) and elec-
trophoresced on SDS-polyacrylamide gradient slab gels. Fluorog-

35S—CME-— and 3

raphy of these gels demonstrated that H-
borohydride-labeled LNC had identical radioactive banding pat-
terns. Differential centrifugation and density gradient iso-
pycnic centrifugation indicated that the radioactive components
distributed with the plasma membrane markers: 5'-nucleotidase,
Y-glutamyl transpeptidase, and alkaline phosphodiesterase. The
labeling was shown to be specific and uniform for all oxidized
components; radioactive Schiff base adducts could not be detected

3H—borohydride reduction. Similar sets of molecules

following
were labeled after periodate or NGO reaction. However, some
molecules showed a differential sensitivity to periodate or NGO
oxidation, or migrated somewhat differently in SDS-polyacrylamide

gradient slab gels depending on the oxidizing agent. A heavily-

labeled low molecular weight component was shown to be



vii
glycolipid.

A comparison of the labeling of thoracic duct lymphocytes,
thymocytes, cortisone-resistant thymocytes, and LNC indicated
that lymphoid populations capable of responding to periodate or
NGO stimulation (LNC, thoracic duct lymphocytes, and cortisone-
resistant thymocytes) had similar radioactive banding patterns.
Non-responsive populations (thymocytes) had somewhat different
surface labeling. Rat erythrocytes had labeled glycoproteins and
overall banding patterns distinct from those seen with any of the

lymphoid preparations examined.

Periodate and NGO have been shown by other workers to be T-
cell mitogens, and the induction of the stimulation by these
agents has been shown to require the interaction of two distinct
cell types: the oxidized, responding lymphocyte, and an accessory
cell that need not be mitogen-treated. Analysis of nylon wool-
purified T-cells and Ficoll gradient-separated responder lympho-
cytes (both from LNC) showed that these cells had the same label-

ing patterns as intact LNC populations.

Papain was found to inhibit the stimulation by periodate or
NGO in a dose-dependent fashion without affecting the kinetics or
magnitude of a Con A response. Treatment with the protease
either before or after oxidation had the same result. Heat inac-
tivation of the papain abrogated its inhibitory effect. Trypsin,
chymotrypsin, and thermolysin were also found to inhibit oxida-
tive mitogenesis (stimulation by periodate or NGO) in a dose-

dependent fashion without reducing the magnitude of the Con A
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Stimulation. However, the Con A response was delayed by 12-24
hours. None of the proteases affected the immediate or long-term
viability of LNC in culture, and none was directly mitogenic for
LNC. Protease treatment of Ficoll gradient-separated responder
lymphocytes caused an inhibition of oxidative mitogenesis compar-

able to protease treatment of the entire LNC population.

Radioactive labeling of protease-treated, oxidized LNC gave
rise to banding patterns which were unique for each enzyme and
distinct from non-digested LNC. Papain-treated responder lympho-
cytes had the same banding pattern as papain-treated whole LNC
populations. Membrane-bound, radio-labeled fragments and
protease-resistant molecules differed for each of the four
enzymes; glycolipid labeling was not affected. Despite the vari-
able effects of the enzymes on the labeling patterns, levels of
the proteases which were inhibitory for stimulation by periodate
or NGO consistently caused the loss of four labeled components
representing sialoglycoproteins of molecular weights 175,000,

170,000, 160,000, and 155,000 daltons (designated tl—t4).

A monoclonal mouse immunoglobulin (IgG class) originally
raised against a protease fragment of the 155,000 dalton molecule
on thymocytes, was found to cross-react with all four of the high
molecular weight components on LNC as assessed by immunoprecipi-
tation and gel analysis. Moreover, the monoclonal antibody,
designated MRC 0X1l, was also found to be stimulatory for LNC.
Both immunoprecipitation and blast transformation required the

use of second antibody specific for mouse immunoglobulin; either
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F(ab')2 or intact immunoglobulin (Ig) second antibody were found
to work. In LNC depleted of B-cells by anti-Ig plus complement
lysis, neither MRC OXl nor anti-Ig second antibody were stimula-
tory. Combined treatment with optimal concentrations of both
antisera (generally in a 1:5 to 1:10 ratio of first:second anti-
body) gave rise to a blast response with kinetics identical to a
periodate response and with a magnitude approximately 1/5 to 1/10
as strong. Efforts to increase the magnitude of the response by
using protein A, neuraminidase treatment, heat-aggregated MRC
0X1l, additional accessory cells, or adding non-mitogenic lectins
were not successful. It is not currently clear whether the rela-
tively weak response is caused by the known low affinity of the
monoclonal antiserum, or is due to the stimulation of only a
sub-population of LNC with a high density of the relevant t

=t

1 -4

molecules.

Taken together, the results strongly implicate a role for
the high molecular weight tl--t4 tetrad of sialoglycoproteins in
oxidative mitogenesis, and indicate that direct cross-linking of these
molecules results in blast transformation. The mechanism of

stimulation via this cross-linking, however, remains at best

speculative.



Abbreviations

The abbreviations used in this thesis are: NGO, neuramini-
dase plus galactose oxidase; CME, cysteine methyl ester; LNC,
lymph node cells; Con A, concanavalin A; SDS, sodium dodecyl sul-
fate; MRC 0X1l, monoclonal antisera directed against the rat
leucocyte-common antigen; Ig, immunoglobulin; DNP, dinitrophenyl;
LC-antigen, leucocyte-common antigen; EDTA, (ethylene-
dinitrilo)-tetraacetic acid tetrasodium salt; PBS, phosphate-
buffered saline; PPO, 2,5-diphenyl oxazole; BPA, bovine plasma
albumin; HBSS, Hanks' balanced salt solution; TDL, thoracic duct
lyphocytes; HIHS, heat-inactivated horse serum; RBC, erythro-

cytes; 3H—dT, 3

H-thymidine; PMSF, phenyl methyl sulfonyl
fluoride; TCA, trichloroacetic acid; DMMA, dimethyl maleic anhy-
dride; other abbreviations and nomenclature are explained in the

Legends to Figures 15 (pg. 69) and 34 (pg. 120), and in Tables V

(pg. 107) and VI (pg. 123).
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Introduction

The central issue of immunology concerns the phenomenon of
lymphocyte activation. The mechanism by which otherwise quies-
cent lymphocytes may be stimulated by external agents (in this
case foreign antigens) to proliferate and express specific genes
is relevant not only to the immune response, but also has a
number of counterparts in hormonal, regulatory, and developmental
systems. Successive advances in immunological methodology and
understanding have revealed progressively increasing levels of
complexity in the functioning of lymphocytes. Thirty years of
investigation and discovery have contributed to our current con-
cepts of lymphocyte activation and have identified a primary role
for certain plasma membrane molecules in facilitating the com-
plete range of immune responses. The work presented in this
thesis deals primarily with a small group of surface molecules
which mediate a non-antigenic lymphocyte activation induced by
mild chemical or enzymatic oxidation. Thus, it is pertinent at
the outset to describe the framework of current immunological
knowledge, and indicate how the work presented here fits into the

overall context.

Historical perspective. The long suspected involvement of

the lymphocyte in immune phenomena (e.g., disease resistance and
graft rejection; Murphy, 1926) was confirmed by a number of in
vivo experiments in the 1950's and early 60's. Ablation and
reconstitution systems provided convincing evidence that delayed

hypersensitivity, tumor immunity, allograft rejection, and anti-



body production were effector functions associated with lympho-
cytes (reviewed by Gowans and McGregor, 1965). Although there
was some controversy concerning a direct role for the small lym-
phocyte in some inflammatory processes (McCluskey et al., 1963),
the graft-versus-host reaction (Simonsen, 1962; Elkins, 1971) and
improving techniques of lymphocyte preparation (Gowans and McGre-
gor, 1965) clearly indicated a central role for lymphocytes in
the immune response. In these in vivo model systems, the charac-
teristics of specificity (Schlossman and Levin, 1971), immunolo-
gic memory (Cochrane and Dixon, 1962), and tolerance (Hasek gt
al., 1961) were detailed and correctly ascribed to lymphocytes.
In addition, the dual systems of T and B lymphocytes with
discrete and complementary hapten/carrier activities was also
worked out in a number of elegant experiments involving in vivo
extirpation and reconstitution, and immune deficiency states

(Claman et al., 1966; Cooper et al., 1966; Mitchell and Miller,

1968; Raff, 1970; Good et al., 1971).

With Nowell's discovery that small lymphocytes could be
induced to proliferate in culture (1960), a new set of in vitro
analogues of the in vivo experimental systems became possible.
The development of the mixed lymphocyte response (reviewed by
Wilson, 1971), and experimental protocols to examine cell-
mediated cytotoxicity (reviewed by Cerottini and Brunner, 1974)
and antigen-specific proliferation and antibody production in
vitro (Dutton, 1967) led to the discovery of progressively more
complex levels of immune interactions. Lymphocyte-determined and

serologically-determined antigens in immune responses (Bach et



al., 1976), and histocompatibility requirements for cellular
interaction (Rosenthal and Shevach, 1973; Katz et al., 1975;
Zinkernagel and Doherty, 1975) were described and characterized
largely via the in vitro systems. 1In addition, the discoveries
of functional helper and effector T-lymphocyte subsets (reviewed
by Cantor and Boyse, 1976), the requirement for adherent acces-
sory cells in lymphocyte responses (Mosier, 1967; Wagner et al.,
1972; Rosenthal et al., 1978; Steinman and Witmer, 1978), and
suppressor cells (reviewed by Gershon, 1974), have demonstrated
the considerable cellular interaction involved in the generation
of the immune response. Finally, a wide variety of soluble fac-
tors (Feldman, 1972; Armerding et al., 1974; Takemori and Tada,
1975; Taussig et al., 1974; Ryser et al., 1978) and lymphokines
(reviewed by Bloom, 1971), were also found to modulate and medi-
ate immune activity. The concepts of single (Coutinho and
M8ller, 1975) or double (Cohn and Blomberg, 1975) signals, and
the involvement of factors as opposed to direct cell contact
(Rosenthal et al., 1978) in mediating immune responsiveness, are

issues which are amenable to testing by an in vitro approach.

Mitogen stimulation. The antigen-specific in vitro models

closely parallel the more physiologic in vivo systems, and are
therefore probably relatively accurate representations of natural
processes. However, they do have a significant general disadvan-
tage in that their antigen specificity severely limits the inves-
tigation of select molecular events. Since only a small percen-
tage of any given lymphocyte population will interact with and

respond to a specific antigen (Burnet, 1959), biochemical



Phenomena relevant to lymphocyte stimulation can be easily over-

looked in such in vitro systems that contain predominantly non-
proliferating cells. Thus, the development and use of a consid-
erable number of antigen non-specific polyclonal stimulator mito-
gens (reviewed by M8ller, 1972) which induce the proliferation of
large numbers of cells (Greaves and Janossy, 1972; Janossy st
al., 1973), have provided a more powerful tool in investigating

lymphocyte activation.

In Table I is presented a partial list of currently avail-
able mitogens, as well as their lymphocyte sub-population selec-
tivity, and relevant references for each. Figure 1 shows a
glycopeptide isolated from rabbit liver (Kawasaki and Ashwell,
1976) to indicate how such a structure could be recognized by a
variety of the lectin mitogens. The denoted core and terminal
sugars in Figure 1 correspond to the sub-classifications of lec-
tin saccharide binding specificities listed in Table I. The
determination of T or B selectivity is in most cases through the
use of partially purified sub-populations of lymphocytes, or by
use of appropriate surface markers to identify the proliferating
cell (Greaves and Janossy, 1972; Greaves et al., 1974b; Roy et
al., 1976). The latter technique is complicated in mixed T and B
cultures because some recruitment of initially non-responsive
cells may also occur (Lohrmann et al., 1974). It should also be
emphasized that T and B lymphocyte populations are not homogene-
ous in their responses; distinct, mitogen-specific subsets may

exist (Shortman et al., 1973; Stobo and Paul, 1973) and it is

clear, for example, that the cortisone-resistant population of
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Figure 1. Oligosaccharide structure from rabbit
asialoglycoprotein-binding protein (Kawasaki and
Ashwell, 1976). 1Indicated core and terminal sugars
correspond to the saccharide binding specificities in
Table I. 1In general, galactose-specific lectin
mitogens bind only after the terminal sialic acid is
removed by treatment with neuraminidase (Novogrodsky et

al., 1977).




TABLE 1

Lymphocyte Mitogens and Sub-class Specificity

Mitogen

Lectins

Terminal Saccharide Specificity
Soybean Agglutinin (Gal)
Hepatic Binding Protein (Gal)
Peanut Agglutinin (Gal-G1cNAc)
Core Saccharide Specificity
Concanavalin A (Man)

(mono-, di-, and tetravalent)
Phytohemagglutinin (G1cNAc)
Pea Lectin (P. sativum; Man)

W. floribunda (GIcNAc)

Lima Bean Lectin (P. lunatus; GlcNAc)

Wheat Germ Agglutinin (GIcNAc)

Favin (V. faba; Man)

Insolubilized Concanavalin A
or Phytohemagglutinin

Pokeweed Mitogen

Bacterial Products
Lipopolysaccharide (Lipid A)
Staphylococcal Enterotoxin B
Streptolysin S
Aggregated Tuberculin (PPD)
Pneumoccocal Polysaccharide SIII

Antibodies
Anti-lymphocyte Sera
Anti-immunoglobulin Sera

Anti-a-macroglobulin
Anti-g,-microglobulin
Carbohgdrate—specific Antibody
(divalent and monovalent)

Anti-ganglioside GMl

Other Reagents
Phorbol Esters
A-23187

Cyclic GMP and derivatives

Glycosphingolipids

Levan

Dextran Sulfate

Metal Cations (Zn+2, Hg+2)

Proteases (trypsin, pronase,
papain, chymotrypsin)

Fetal Calf Serum
Periodate
Neuraminidase plus
Galactose Oxidase
Galactose Oxidase

+ +

+ 4+ 4+ + + + +

Responsive Lymphocyte Reference
T B

Novogrodsky et al., 1977
Novogrodsky and Ashwell, 1977
Novogrodsky et al., 1977

Wang and Edelman, 1978
Greaves and Janossy, 1972
Trowbridge, 1973
Toyoshima et al., 1971
Reichert et al., 1973
Brown et al., 1976

Sela et al., 1975a

Andersson et al., 1972a
Greaves and Bauminger, 1972
Janossy et al., 1973

Peavy et al., 1973
Greaves et al., 1974a
Hirschhorn et al., 1964
Nilsson et al., 1973
Coutinho and M81ler, 1973

Decker et al., 1977

Sell and Gell, 1965
Weiner et al., 1978
Sell, 1970

M81ler and Persson, 1974

Sela et al., 1975b and 1976
Sela et al., 1978

Wang et al., 1975

Maino et al., 1974

Wang et al., 1975

Hadden et al., 1972
Weinstein et al., 1976
Ryan and Shinitzky, 1979
Coutinho and M8lier, 1973
RUh1 et al., 1974

Berger and Skinner, 1974

Girard and Fernandes, 1976

Hart and Streilen, 1976

Johnson and Russell, 1965
Novogrodsky and Katchalski, 1972

Novogrodsky and Katchalski, 1973
Dixon et al., 1976

(o)}



thymocytes is responsive to a number of T-cell mitogens, while
the cortisone-sensitive, immature thymocytes proliferate only
during exposure to Con A (Greaves and Janossy, 1972). Neverthe-
less, various mitogens can be used to determine the functional
purity of T- or B-lymphocyte preparations, or to clinically

assess T and B immune capability (Gajl-Peczalska et al., 1973).

Aside from the phorbol esters, Ca+2—ionophore, and cyclic
nucleotides, which may act internally at the level of "second
messenger" (Wang et al., 1975a; Weinstein et al., 1976), the
mitogens bind and act at sites on lymphocyte cell surfaces
(Greaves and Janossy, 1972; Andersson et al., 1972a). With the
exception of anti-immunoglobulin, these sites are probably dis-
tinct from the receptors typically associated with antigen recog-
nition, the implication being that lymphocyte activation may
proceed via a number of different surface interactions all capa-
ble of triggering the same set of secondary events (Greaves and
Janossy, 1972; Andersson et al., 1972a). It is worth mentioning
that not all agents that can be shown to bind to and agglutinate
lymphocytes are mitogenic (Axelsson et al., 1979). Similarly,
lectins which are stimulatory for lymphocytes from one species
may not cause proliferation in another (Sharon, 1976), and lec-
tins like Con A and phytohemagglutinin, which clearly bind and
agglutinate B-lymphocytes as the free lectin, are not stimulatory

for the B-cells unless they are presented as an insolubilized

matrix (Greaves and Bauminger, 1972; Andersson et al., 1972b).

In general, there is a requirement for cross-linking in




order for the mitogens to be stimulatory (Greaves and Janossy,

1972). Thus, although there are reports of specific monovalent

antibody being stimulatory (Sell, 1967; Sela et al., 1976), more
frequently, divalent antibody is required to elicit mitogenesis,
and monovalent Fab or Fab' fragments (unless cross-linked with a
second antibody) are in fact inhibitory for the response obtained

with intact immunoglobulin (Woodruff et al., 1967; Fanger et al.,

1970; Sela et al., 1978). Likewise, although some Con A deriva-
tives which are monovalent for the saccharide-binding site have
been reported to be mitogenic (Beppu et al., 1976; Wang and Edel-
man, 1978), others have reporte