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-

- RATIONALE

This section is included in an effort to outline the reasoning which
resulted in the origin and development of this project, as well as to
clarify the format of this thesis.

"Immunological_surveillance" postulates that new antigens, found on
the surface of malignant cells, stimulate an immunological response which
éventually eliminates the tumour cells. According to this theory, tumour
cells which may constantly arise are eliminated Before they become clinically
detectable.

Although immune resﬁonses have been demonstrated against syngeneic
tumours in the clinical stage of growth, the effectiveness of the ‘surveillance
mechanism has been seriously quéstioned. Thus, interference with effector
mechanisms may explain the survival of a tumour after it is established,
but it does not explain the failure of the body to control the growth at a
much earlier stage of development.

. This thesis is concerned with the examination of the initial response
to a tumour in its Qery early stages of development., This effort took
the form of a study of changes in splenic T and B cells.

Previous work in the laboratory (Paraskevas, et al, 1972h) demonstrated
that, as a generalized phenomenon, an increase in Ig bearing spleen cells
occurred six hours after stimulation by a wide variety of immqnogens,
particulate antigens alone or soluble antigens emulsified in FCA. The
increase‘was due to the uptake of cytophilic Ig by T cells. This observation

is fundamental to this project and posed the following initial questions:




(1) Are syngeneic tumour cells capable of inducing a six hour responsé?
(2) Are mice, bearing a tumour growing from a small inoculum of cells,

capable of producing a six hour response?

The latter experiments were carried out in mice in which the natural
progress of a spontaneously arising tumour was simulated by initiation of
tumour growth with a very small inoculum of live cells. Results indicating

that a T cell defect was observed in such tumour bearers posed two further

questions:

(3) What is the mechanism involved in the observed defect?

(4) 1Is any aspect of the immune response correlated with the defect?

The data is presented in this thesis in a manner which corresponds with

the logical sequence of the above questions.




ABSTRACT

An increase in Ig bearing cells in the spleen, six hours after IP
administration of a variety of exogeneous antigens, has previously been
described using a hybrid antibody rosette forming technique. This change
was found to be due to the uptake of cytophilic complexes by T cells.

Administration of a large dose of L5178Y leukemia cells (107) into
syngeneic DBA/2 mice has now been shown to produce a similar increase of
Ig bearing cells, which amounts to 20% above the normal. In contrast, a
low dose of tumour cells (100) produced no significant increase, but still

kills 957 of mice injected. Animals bearing tumours growing from am inoculum

of 100 live cells were able to produce a six hour increase of Ig bearing cells7

when challenged with 107 frozen and thawed L5178Y cells between one and

seven days after ingculation. Such animals failed also to show the six
hour increase after a challenge with an unrelated antigen (5 x 108 HRBC).
These results were reproduced by replacing the inoculation of cells
with treatment of animals with a tumour cell extract given for four con-
seéutive days. Similar treatment with a soluble deaggregated preparation
of Hgg was capable‘of producing the same results.
These findings show that continual low level stimulus such as may
occur during early growth of a tumour from a low number of cells alters
the properties of the T cell surface. The production of this T cell
defect was found to correlate with a decrease in in vitro growth inhibiting

ability of spleen cells from specifically sensitized mice.




INTRODUCTION AND LITERATURE REVIEW




For hundreds of years man has sought to understand and control
the balance that exists between disease and immunity. In the fifteenth
century inoculation with a small pox pustule or inhalation of dried
small pox crust was used to induce a prophylactic small pox infection.
Although the possibility of generalized disease was at risk, the bene-
ficial effect of immunity to.a disease by prior exposure to these agents
was recognized. At the end of the eighteenth century Edward Jenner was
able to demonstrate that immunity against small pox could be conferred
by 'vaccination' with cow-pox, a related agent, and he proposed presenting
his findings to the Royal Society in 1798 (Lechevalier and Solotorovsky,
1965).

Almost one hundred years passed before the first approach was made
toward finding a general method of immunizing against infectious disease.
Louis Pasteur (1880) succeeded in protecting chickens against chicken
cholera by inoculation with an attenuated form éf the virulent agent; in this
case old cultures of the micrb—organism were now called Pasteur aviseptica.
Subsequently he succeeded in attenuating the virulence of anthrax -
bacillus for immunization of sheep and goats and he produéed a vaccine
for the protection of humans and dogs against_fabies.

Around this time, the recognition of the universal existence of
bacteria, some of which were pathogenic, suggested that a normal individual
must possess a natural form of defence against bacteria. Among other
observations, the finding that freshly drawn blood could kill some types
of‘bacteria led to the belief that special agents in the blood were able

to defend against bacterial infection. The classical controversy between




humoural and cellular immunity arose with the concurrent development
of opposing theories which postulated antibodies and white blood cells
respectively as the blood born beneficial agent.

At the turn of the twentieth century, theories concerning
opsonins brought recognition of the complexity of the cell types and
humoural factors involved in the immune response (Wright and Douglas,
1903). Bordet's (1893) recognition of the immune lysis of foreign
red cells and Landsteiner'; (1901) discovery of the ABO blood groups
extended the field of immunity against infection to recognition and
defense against anything 'foreign'.

The Second World War provided a major stimulus for rapid technical
advance in immunology in the years 1940-1955. As a result of the
practical importance of blood transfusions and plastic surgery in dealing
with war casualties, the basic concept of the 'uniqueness of the
individual' was eﬁphasized over and over égain. The importance of
examining the distinction of 'self' from "non-self' (or 'foreign') was
evident.

Of particular significance to the study of malignant disease was
the demonstration iﬁ the 1950's by several investigators that tumours
arising in inbred strains of mice carried new antigens (Foley, 1953;

Prehn and Main, 1957). This led to a new interpretation of the relation-

ship between immunity and cancer.

I IMMUNE SURVEILLANCE: AN HYPOTHESIS

Thomas (1959) postulated that 'it was a universal requirement of

multicellular organisms to preserve uniformity of cell type and that




the phenomenon of homograft rejection would turn out to represent a

primary mechanism for natural defense against neoplasia.' This concept

of immune surveillance was elaborated by Burnet (1963, 1964, 1967) through
the 1960's. Basically, it is thought that throughout the lifetime of

long lived animals, aberrant cells with proliferative potential arise and
that a mechanism of immunological character is responsible for the
regulation of these cells in such a way that the continuation of the
species is assured.

The data presented herein falls under the auspices of immune
surveillance as this thesis is concerned with the study of the initial
immune response to a tumour, growing in mice, from a small inoculum of
cells. |

A prerequisite for this study is a knowledge of the immunological
agents potentially involved, and their interactions. This comprises
the actions of immunocytes and accessory.agents, a brief outline of

which follows.

II CELLS INVOLVED IN IMMUNOLOGICAL REACTIONS

i. IMMUNOCYTES

1. Functional Distinction of T and B Cells

The immunologically competent cell or immunocyte denotes those cells
which are susceptible to specific stimulation by contact with the approp-
riate antigenic determinant (Burnet, 1969). The main response of this
interaction either results in proliferation with limited differentiation
to sensitized cells for cell-mediated immunity or proliferation with

extensive differentiation to plasma cells which produce and secrete




antibody (Miller and Mitchell, 1969).

Thus immunologically active lymphocytes are divided into two cell
types by théif functions.

a. B cells, bone marrow cells-or bone marrow derived cells are
those small lymphocytes which give rise to éntibody producing piasma
“cells.

b. T cells, thymus cells or thymus derived cells are those small
lymphocytes whlch are responsible for cell mediated immune reactions
such as delayed hypersensit1v1ty, homograft rejection and the graft—
versus-host reaction. |

The efforts of many investigators have contriButed to further
distinguish these two cell types which both originate as stem cells in
the bone marrow. The bone marroﬁ is considefed to contain the pre- |
cursors of all lymphoid cells as. it is capable of repopulating.thé-entire
lymphoid system and thus 'rescuing' an animal after lethal X-irradiation
(Ford, et al, 1956; Ford and Micklem, 1963; Micklem, et al, 1966).

a. B éells

Separatg pathways of differentiation have been suégesteaffor the two
basic types of immunocytes. Experiments utilizing the lymphoid system of
the chicken have shown that the B cells pass fhrough the bursa |
- of Fabricius and then to the secondary or peripheral organé which con-
sist of the lymph nodes, spleen, appendix, solitary»foliicles and Peyerfs..
patches.

The bursa of Fabricius is a gut-associated orgaﬁ which develops as

an epithelial sac budding from the dorsal region of the cloaca.




Beginning at the fifteenth day after hatching lymphocytes appear and
a multilobular lymphoid organ develops (Ackerman and Knouff, 1964).

The oﬁservation that this organ atrophies at sexual maturity, pre-
sumably in responée to hormonal stimulation, led to experiments which
demonstrated that hormonal treatment of the embryo or surgical bursectomy
immediately upon hatching resulted in the loss of the birds' ability to
produce antibody against antigens, without reducing its ability to
reject tissue allografts (Glick, et al, 1956). The bursa is not an
antibody producing organ (Dent and Good, 1965) but probably contains anti-
body forming cell precursors as transfer of bursal cells to irradiated
birds gave them the ability to produce specific antibody in reponse to
antigen challenge (Gilmour, et al, 1970). Thus the bursa is thought to
be a primary lymphoid organ responsible for the differentiation of bone
marrow cells into potential antibody-producing immunocytes.

The mammalian analogue of the avian bursa of Fabricius has not yet
been found. Present opinion concerning it is divided between two main
views:

a. Thg differentiation into antibody forming precursor cells is
controlled by a factor produced by 'gut associated lymphoid tissue’
(Miller and Mitchell, 1969), or

b. The bursa and its mammalian counterpart (possibly Peyer's
patches) receive stem cells directly from the bone marroﬁ and is responsible
for their differentiation to potential antibody producing immunocytes
(Cboper, et al, 1966; Good and Finstad, 1971).

Ford (1966) has also suggested that the bone marrow constitutes the

bursal equivalent and is not only the ultimate source of stem cells, but




also the environment required for differénéiation into precursors of\
antibody forming cells.

Neonatal bursectomy of chickens revealed a deficiency of germinal
centres and plasma cells in secondary lymphoid organs (Cooper, et al, 1966).
Germinalfcentres are located in the cortex of the lymph nodes énd plasma
cells are found in the medulla of lymph nodes and in the red pulp of
spleens of normal animals.

b, I cells

The diffe;entiation pathway followed by stem cells whicﬁ seed into
the thymus producés thymus cells. Those cells which‘depend upon thymus
influence for their maturation (Osoba and Miller,.1964) or which are
dependent upon the thymus for their production and subsequent seéding into
the periphery are termed thymus dependent lymphocytes.

The thymus‘is a primary lymphoid organ which arises>fr§m the |
epithelium of thelthird'and fourth pharyngeal pouches (Venzke, 1952;
Hammond, 1954). Electron microscopic studies reveal that it conéists of
an epithelial organ densely honeycombed with packets of proliferating
lymphocytes in the cortex, while the medulla is irregulérly - infil~
trated with‘lymphocytes énd other cells mostly associated with blood
vessels. (Clark, 1963). Studies of animals with radiolabelled thymuses
and of chimeric or parabiotic animals haviﬁg one cell .population dis-
“tinguished by a marker éhromosome led to the basié finding that in the
thymus there is a rapid turnover of cells which apart from proliferation,
destruction and seeding into the periphery involves a relatively slo&
but continuous entry of new stem cells from ex£ra—thymic sources

(Weissman, 1967; Davies, 19693 Ford, 1966).




Unlike the lymphocytes of the spleen and lymph node, thymocytes
were demonstrated to be generally not immunocompetent and any activity
present wasAthnght probably to be due to adventitious cells (van Furth,
et al, 1966; Thorbecke and Cohen, 1964).

Neonatal thymectomy, a technique established by Miller and Good in the
1960's ﬁas showﬁ to result in the generalized inability to produce cell mediated
immune reactions and the inability to produce antibody to certain antigens
(Miller,l963,1964;Miller gé;gl,1962;Archer gg_gl,l964).As thymectomy had little
effect on adult animals, the demonstration was clear; the thymus was
important, in the early days of life, for development of complete immune
competence. Thus the thymus is considered a primarf lymphoid organ,
not itself engaged in the direﬁt response to antigen, but that cells
differentiated in the presence of a thymus subsequently play a part in
the immunological function of the secondary 1ymphoid organs.

The thymus dépendent areas of the 1yﬁphoid organs, as demonstrated
by the homing patterns of radiolabelled thymus cells injected after
thymectomy, were shown to be the area around the central arterioles
in the spleen and in the mid and deep cortical areas of the lymph nodes
(Parrott, et at, 1966a). Similar results were obtained by observing
that these "thymus dependent" areas were depleted of lymphocytes fol-
lowing thymectomy, lethal irradiation and reconsitution with bone marrow
(Parrott, et al, 1966b).

Thus it can be recognized that there are at least two types of
cells involved in the immune response and they can be distinguished by

their functional differences.



Further studies of these cell populations has led to the develop—
ment of methods of distinguishing them on tﬁe basis of their surface
characteristics. Although a number of surface markers have been used to
characterize T and B cells, the following description will include only
those markers pertinent to this study.

2. Stfuctural Distinction of T and B Cells

a. B ceils
Immunoglobulin:

A variety of techniques have been used to demonstrate that B cells
have immunoglobulin molecules (Ig) on their surface. The most direct
tests are those which involve labelled anti-Ig. Thus fluorescein or
radioactively labelled anti-Ig have been used to show that murine cells,
morphologically described as lymphocytes, bear Ig on their surface
(Raff, et al, 1970; Perkins, gﬁ_gi} 1972). Further, the cells which stain
positively consist mainly of bone marrow cells (Raff, 1970a); Bankhurst
and Warner, 1971; Unanue, et al, 1971; Rabellino, et al, 1972;.Perkins,
et al, 1971), although under some conditions it is possible to detect T
cells (Bankhurst, et al, 1971; Nossal, et al, 1972; Marchalonis, et al,
1972).

Similar observations have been made in other spééies includiﬁg humans
(Pernis, et al, 1970; Davie, et al, 1971; Bankhurst, et al, 1972; Frbland,
et al, 1971).

Cell surface immunoglobulin has also been detected on a proportion
of human and rabbit cells by the mixed agglutination technique. This
involves the combination of anti-Ig with lymphocytes and Ig-coated

erythrocytes to produce rosettes of red cells about the lymphocytes




(Coombs, et al, 1969; Chalmers, et al, 1959).

Another rosette forming technique, the reverse immune cytoadherance
technique (RICA) has been used to demonstrate Ig on the surface of a pro~
portion of cells of lymphoid organs and bone marrow from mice, guinea
pigs and humans (Paraskevas, et al, 1970, 197la, 1971b). This technique
employs 55 hybrid antibody to link Ig carrying lymphocytes and protein
coated erythrocytes. Thymocytes from all three species where shown to lack
surface-associated-globulin by this technique (Paraskevas, et al, 1971b).
As well, plasmacytoma cells and normal mature plasma cells lack surface
associated immunoglobulin (Paraskevas, et al, 1970, 1971a, 1971b) as demon-
strated also by others (Pernis, et al, 1970; Perkins; et al, 1972), although
in disagreement witﬁ Rabellino and colleagues (1972). Using highly
specific hybrid antibodies, the majority of immunoglobulin carrying mouse
spleen cells were shown to be pluripotential (Paraskevas, et al, 1971b;
Lee, et al, 1971) in agreement with the observations of other investigators
(Bankhurst and Warner, 1971; Bankhurst, et al, 1971; Nossal, et al, 1972).

Other surface markers including the 'Fc recgptor' for immunoglobulin
(Paraskevaé, et al, 1971b, 1972a; Basten, et al, 1972a, 1972b) and the
complement réceptor (Lay and Nussenzweig, 1968; Bianco, et al, 1970;

Bianco and Nussenzweig, 1971) have been demonsfrated 6n the B cell surface.
These receptors have been shown to exist separately from Ig on the same
cell.
b. I cells
Immunoglobulin:
Although it is generally accepted that B lyﬁphocytes express a high

density of surface Ig, the preceding description of the existence of B cell




-10-

surface immunoglobulin noted that under certain conditions it has

been possible to detect Ig on the surface of T cells (Bankhurst, et al,
1971; Nossal, et al, 1972). The‘presence of surface Ig on T cells is
controversial. Thus in mice T cell Ig is considered to be undetectable
by some authors (Vitetta, et al, 1972; Raff, 1970a, Crone, et al, 1972).
Others, in contrast, report that T lymphocytes express as much surface Ig
as B cells (Marchalonis, et al, 1972). Several groups have demonstrated
surface Ig on 'activated' T cells, T cells from stimulated animals
(Bankhurst, et al, 1971; Lee and Paraskevas, 1972; Marchanolis, et al,
1972; Pernis, et al, 1974; Hudson, et al, 1974). Current investigation
suggests that T'C¢1l Ig occurs on activated T cells and is of cytophilic
nature (Hudson, et al, 1974; Lee and Paraskevas, 1974), obtained passively

from another cell, poséibly a B cell (Hudson, et al, 1974).

Theta (0) Determinant:

Probably the mdst widely used T cell surface marker is the theta
antigen described by Reif and Allen (1963). Employing a dye;exglusion
technique,'they found that an antiserum raised against an alloantigen
on thymocyteé reacted in a complement dependent manner to kill not only
all thymocytes, but also a proportion of the éélls in fhé secondary
lymphoid organs of the same animals. They later discovered that this
antigen was under the control of a single locus with two alleles: AKR-0
in AKR, RF and a few related substrains and C3H-0 in most other inbred
strains of mice (Reif and Allen, 1966).

The anti-0 serum prepared by immunization of AKR with C3H thymocytes
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or vice versa has been shown to detect only 0 activity (Raff, 1971).
It has been used to demonstrate that thymocytes have more. O antigen on
their surface than do peripheralvlymphocytes (Aoki, et al, 1969). While
all thymocytes are killed by this serum, only a proportion of spleen and
lymph node lymphocytes are killed (Raff, 1969) and a number of authors have
demonstrated the ﬁarked decrease in 0 bearing cells in the pefiphéral
lymphoid organs of animals depleted of T cells by néonatal thymectomy
(Schlesinger and Yron, 1970; Raff and Wortis,'l970), adult thymectomy,
lethal irradiation and reconstitution with bone marrow (Raff and Wortis,
1970), ALS treatmeﬁt (Schlesinger and Yron, 1969; Raff, 1969) or in nude
mice (Raff and Wortis, 1970). That such tréatment of mice depletes the
thymus dependent areas of secondary lymphoid organs has.been described
previously.

These surface markers which distinguish T and'B cells have been used
in the study of the involvement of these cell populations in the immune
response.

ii. PHAGOCYTIC CELLS

Next to immunocytes, the macrophage is probably the cell most often
implicated iﬁ the immune response. The macrophage is distinguished from
immunocytes by its ability to enguif and digeét foreign particles
(Metchnikoff, 1892). They can be separated from immunocytes to a large extent
on a functional basis as ﬁhey adhere to glass (Nelson, 1969), while
lymphocytes, for the most part, do not attach to glass.

Cells of the monocyte-macrophage system were relegated to an ancillary

role in immunological process when the plasma cell series was recognized
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és the major producer of antibody (Fagraeus, 1948). Nevertheless, it
must be noted that cells of this series:

a) aré present in organs which produce antibody (Nelson, 1969)

b) are found to contain antigen after a suitable injection of radio-
labelled antigen (Nossal and Abbot, 1968)

c¢) have been shown in in vifro incubation with antigen to give rise
to a material with greater immunogenic power than the original antigen
(Fishman, 1961; Fishman and Adler, 1963; Gallily and Feldman, 1966: Askonas
and Rhodes, 1965).

Further discussion of the immune involvement of the macrophage will
be presented in the next section dealing with the actions of immunocytes

in the immune response.

ITT INTERACTION OF IMMUNOCYTES IN IMMUNE PHENOMENA

The division of antigen reactive lymphocytes into two cell types has
been described previously. Their separation was originally made on the
basis of the functionally different roles which they performed in immune
phenomena. As knowledge about the immune system expands,.it is becoming
evident that these cells also interact together, often in a synergistic
way and probably with ancillary cells as wéll to produce the many mani-
festations of immunity.

Probably the most common measure éf immune response has been the
production of specific immunoglobulin.

i. HUMOURAL IMMUNE RESPONSE

Exposure of the immune system to antigen results in a series of

complex interactions some of which result in the production of antibody.
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Although it is recognized that the cells which secrete antibody are -
members of the lymphoid system, the relationship of the cells which
respond to the antigen to those which produce the antibody is not defined.

1. Primary Respoinse

Althqugh it was possible through neonatal thymectomy to decrease
the cell mediated immune responses, it was found that antibody production
to antigens was also severely depressed with some notable exceptions,
including pneumococcal pol&saccharide (SSSIII) and haemocyanin (Humphrey,
et al, 1964). There is evidence that both of these antigens are thymus-
independent (Fahey, et al, 1965; Howard, et al, 1971), although the degree
of thymus dependency of KLH is controversial and éome work suggests that
it is thymus-dependent (Unanue, 1970; Kruéer and Gershon, 1971). The
implicatiqn of the interference of thymectomy in the humoural response
was that T cells were also required for the production of antibody to most
antigens. Subsequently, Mitchell and Miller(1968) and Nossal and
colleagues (1968) employing anti-H-2 isoantisera and the T6 chromosome
marker respectively to identify cell populations transferred into X~
irradiated recipients, showed that the interaction of thymus dependent
cells was necessary to allow the appearance of antibody producing cells.
The cells producing antibody were identified as non-thymic in origin.
The need for viable syngeneic thymus cells, rather than X~-irradiated or
sonicated cells was later demonstrated (Claman, et al, 1968).

In vitro interaction of T and B cells has been studied by employing
tissue culture techniques (Mishell and Dutton, 1967; Marbrook, 1967). Once
again it was demonstrated that both T and B cells were required for pro-

duction of antibody.




2., Secondary Response

The need for the interaction between T and B cells for the pro-
duction of memory, characterized.by an enhanced secondary response, has
also been described. A double transfer system was employed to demonstrate
that thymus cells, specifically activated in the primary host, were able
to interact with normal bone marrow cells to produce a significant response
(Shearer and Cudkowicz; 1969). Anti-0 serum and complement treatment or
specific elimination of T cells from immune spleens resulted in the loss
of ability of such-cells to transfer a secondary response to a thymus
dependent antigen (Mitchell, et al, 1972; Takahashi, et al, 1970).
Similarly in vitro, the depréssion of immune response of normal mouse
spleen cells due to anti-® serum plus complement treatment was returned
tc normal levels by the addition of educated thymus cells (Chan, EE,él»
1970).

B cell memory was demonstrated by using as donors of primed or
unprimed cells, congenic mice differing only at the loci coding for
immunoglobulin type. All of the IgG anti-SRBC plaque forming cells
found in the adoptively transferred secondary response were of the primed
cell allotypé (Jacobson, et al, 1970). Elimination of B cells from an
immune spleen results in significant depreésién of the secondary respomnse
(Cheers, et al, 1971). The secondary response of primed T cells in
irradiated recipients was enhanced by the addition of specifically primed
spleen cells and unchanged by normal B cells (Miller and Sprent, 1971a).

Thus both T and B cells are capable of expressing specific and probably
distinct memory and both T and B cells are required for the production of |

humoural responses to most antigens.
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3. The 'Carrier Effect’

Mitchison (1969) demonstrated the 'carrier effect' using the
adoptive transfer of separately primed cell populations into irradiated
recipients. He was able to show that different cells were responding
to the carrier rather than the haptenic determinantswof the stimulating anti-
gen. The carrier specific cells were reveaied to be T cells by their
sensitivity to anti-© serum and complement (Raff, 1970b).

4. Role of Macrophages

In recent years it became recognized that the functional role of
the macrophage in immune responses was unaffected by exposure to X-
irradiation (Roseman, 1969). Subsequently, it has béen demonstrated
that macrophages were essential for the production of anti-hapten anti-
body responses (Shortman; et al, 1970; Feldman and Palmer, 1971; Shortman
and Palmer, 1971) but not for antibody responses to thymus-independent
antigens (Feldman, 1972; Feldman and Palmer, 1971; Shortman and Palmer,
1971).

ii. CELL MEDIATED RESPONSE

The primary role of thymus derived cells in cell mediated immune
response has been demonstrated by the drastic depression of those responses
in animals deprived of thymus cells, as previously described.

The involvement of T -cells. in cell mediated immunity in vitro has
been demonstrated by the inhibition of the cytotoxicitynof‘sensitized
spleen cells following treatment with anti-0 serum and complement
(Cerrottini, et al, 1970).

Some evidence for interaction of T and B cells in a cell mediated

response has been reported by Globerson and Auerbach (1967). They
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observed that the in vitro graft-versus~host reaction occurred only in
the presence of both bone marrow cells and thymocytes (or humoural fac-
tors released from thymocytes) but the interaction between T cells has
been suggested as more typical of cell mediated immune reactions (Asofsky,
et al, 1971).

iii. IMMUNOLOGICAL TOLERANCE

The classical definition of immunological tolerance denotes the
central failure of responsiveness attributable to the selective elimination
or inactivation of clones of lymphocytes (Howard and Mitchison, 1975).

The ability to rendér both B and T cells tolerant, as measured by
specific antibody production, has been demonstrated., The dose of tolerogen
required and the kinetics of induction were found to be quite different
~for the two cell types (Chiller, et al, 1971). Basically, T cells are
tolerized rapidly and for a long period of time after exposure to rela-
tively small doses of antigen, whereas B cells require larger amounts of
antigen, a longer time to develop tolerance and recover more rapidly than
do T cells.

Neither bone marrow or thymus from unresponsive donors was capable
of demonstrating synergism when transferred with their normal counterpart
into lethally irradiated recipients for the production of antibody
(Chiller, et al, 1970). Using cell transfer experiments, Chiller and
Weigle (1973) further demonstrated that a population of B cells in the
spleen entered a state of unresponsiveness more quickly than a population
of B cells in the bone marrow, possibly reflecting the state of maturity

of B cells in the two organs.
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Elkins (1973), using a transplantation system to study the abro-
gation of tolerance by transfer of normal lymphocytes, found that thy-
mectomy of the tolerized recipient prevented the return of the ability of
the host-type lymphocytes to participate in a specific graft-versus-host
reaction.

Thus it is evident that the production of antibody requires the
interaction of immunologically sound T and B cells and that at least
functional T cells are required for the occurrence of the graft-versus-
host reaction.

iv. ANTIGENIC COMPETITION

Radovich and Talmage (1967), examining the phenomenon of
'antigenic competition', observed that'the injection of heterologous
erythrocytes, preceded 1-10 days by a similar injection of a different
heterologous erythrocyte, produced a markedly inhibited antibody response
to the second injection. This inhibition was maximum when the antigens
were given 4 days apart.

Other investigators have shown that pretreatment with large daily
doses of soluble proteins>for 8-10 days (Liacopoulos and Neveu, 1964)
or simultaneous injection of two antigens (Neveu, 1964) led to inhibition
of induction of delayed hypersensitivity to the challenging antigen.
Similarly, the repeated injection of large doses of antigen led to a
significant prolongation of homograft survival (Terino, et al, 1964;
Liacopoulos, 1965).

Subsequently, Gershon and Kondo (1971) demonstrated that the in-
hibition of the production of specific antibody following antigenic

challenge in animals previously exposed to an unrelated antigen is a
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thymus-dependent process.

Thus interactions among thymus derived cells, bone marrow derived
cells and possibly accessory cells are required for the production of many
immune phenomena. The next section is an outline of a number of models
which have been suggested for the mechanism which initiates immune

respomnses.

Iv PROPOSED MECHANISMS OF INDUCTION OF IMMUNE RESPONSE

i. INTERACTIONS OF IMMUNOCYTES AND ANTIGEN

1. Antigén Binding By Cells

Basically, all of the models, at some point, depend upon the
recognition of antigen by antigen sensitive cells. Exposure of the
immune system to antigen is considered to result in the activation of
immunocompetent or antigen sensitiVe cells through binding of antigen to
thgse cells. The information concerning Fhe binding of antigen to .
immunocytes\has been obtained throﬁgh surface localization and detection
of radioactively or fluorescently labelled antigens or antigens such
as enzymes or bacteria., Briefly, the results suggest that a very small

proportion of cells are involved in binding any individual antigen.

These cells, morphologically distinguished as lymphocytes, are considered
to bind antigen in a specific, unipotential manner (Sulitzeanu and Naor,
1969; Naor and Sulitzeanu, 1967; Byrt and Ada, 1969).

The failure of most preparations of thymus cells to bind antigen

compared with spleen cells suggests that only B cells bind antigen
(Byrt and Ada, 1969; Humphrey and Keller, 1970). Nevertheless, some
evidence exists that T cells have receptors for antigen. Raff (1971)

found that a proportion of antigen binding cells for thymus dependent
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antigens were sensitive to anti-O serum plus complement and Dwyer and
colleagues (1972), were able to demonstrate antigen binding cells in
foetal and mature thymocytes.

The demonstration that antigen binding cells play a functional role
has been carried out employing antigen coated columns (Wigzell and
Andersson, 1969; Wigzell and Mikeld, 1970) or the antigen suicide tech-
nique (Ada and Byrt, 1969; Basten, et al, 1971; Golan and Borel,

1972) to remove antigen binding cells. Immune depletion of cells with
the ability to bind to a specific antigen results'in the specific loss
or reduction in the immﬁne reactivity of the resultant cell population.
Thus the specific immunological capacity of antibody forming cells,
memory cells, potential antibody formihg_cells (Wigzell andlMékélé,

1970) as well as immunologically reactive cells in the bone marrow
(Singhal and Wigzell, 1969) is revealed by tﬁeir ability to bind antigen.

2. Mechanism of Binding

The clonal selection theory (Burnet, 1959), postulated that anti-
gen reactive cells are exquisitely specific in their capacity to react
with, and subsequently develop into a clone oflantibody producing cells
all secreting antibody specific for, a given antigen. Thus binding of
antigen is thought to occur through specific receptors on the cell surface.
Immunoglobulin, whch has been detected on B cells, and under certain con-
ditions on T cell surfaces, as previously described, is considered to be
eminently capable of providing the exquisite specificity required of
these membrane receptors.

Experiments designed to examine the relationship of antigen

receptors and surface Ig revealed that pretreatment of lymphocytes with




anti-Ig inhibited the binding of antigen to cells using both the
antigen suicide and antigen coated column techniques (Byrt and Ada,
1969; Walters and Wigzell, 1970). The inhibition of both in vitro
primary and secondary responses of cells treated with sera raised
against Ig or Ig fragments demonstrated that the functional capacity
of cells treated with anti Ig was severely.reduced (Mitchison, 1967;
Warner, et al, 1970).

Injection of anti—Iggagents in vivo resulted in a decrease in the
production“of Ig carrying the determinants against which the antisera
were made(Manning and Jutila, 1972a, 1972b; Herzenberg, et al, 1967).

Some investigators have been successful in dembnstrating that cell
mediated immune reéctions, graft-versus-host and delayed hypersensitivity
are also susceptible to inhibition by treatment of lymphoid cells with
anti-Ig, fragments of anti-Ig or antisera raised against different com~-
ponents of Ig (M;son and Warner, 1970; Riethmiiller, et al, 1971; Cole
and Maki, 1971). It must be noted, however, that other efforts to
inhibit cell mediated reactions with anti~Ig sera have failed (Sternberg,
1970; Ivanyi, et al, 1970).

The binding of antigen and the production of immune responses
initiated by antigen could be inhibited sterically by anti-Ig agents
bound to adjacent receptors on the cell surface. The demonstration
of inhibited binding of many different antigens and the_observation,
although only made in the rabbit system, that the interaction of anti-Ig

with the cell surface, like antigen binding, results in cell transfor—

mation and mitosis (Daguillard and Richter, 1970; Sell, et al, 1965)
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suggests that the receptor for antigen and surface Ig are identicalﬂ

Thus both B and T cells probably display surface immunoglobulin
which can be receptors for antigen, but the density of Ig on the surface
of B cells is likely much greater than on T cells (Bankhurst, et al, 1971;
Nossal, et al, 1972). Possibly only activated T cells carry Ig as
previously described. |

The followiﬁg models of immunocyte interaction suggest the wide
range of mechanisms which may be capable of explaining the induction

of observed immune phenomena.

ii. INTERACTION OF IMMUNOCYTES FOR PRODUCTION OF HUMOURAL RESPONSE

1. 'Antigen-focusing' Model

Mitchison (1969) and colleagues (1971) have proposed that T cells,
which comprise the largest proportion of circulating lymphocytes (Miller
and Sprent, 1971b) are responsible for the specific concentration and
transportation of antigen for pfesentation to B cells. Taylor and
Iverson (1971) proposed a modification of this model in which the T cell
surface receptor for antigen secreted by the T cell acts via macrophages
rather than directly with B cells to provide the appropriate trigger.
Feldman and Nossal (1972) have subsequently suggested that activated T
cells secrete monomeric IgM-antigen complexes which attach to macrophage
surfaces where the antigen is then properly oriented for presentation
to B cells.

2. "Minimal Model'

A 'minimal model' for T-B cell interaction has been suggested by
Bretscher and Cohn (1968, 1970) and reviewed by Bretscher (1972). This

mechanism assumes that the binding of antigen to a B cell receptor induces
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a tolerogenic signal unless T cell derived associative antibody is
also present as part of the antigen-receptor complex to initiate B cell
stimulation for antibody production.

3. T Cell Mediator Model

A third and possibly least restrictive approach to the interaction
of T and B cells is through the action of soluble mediators. The
reaction of B cell and antigen requires also the interaction of a T cell
mediator whether specific'pr non specific to lead to antibody production
(Dutton, et al, 1971; Miller and Mitchell, 1969; Katz and Benacerraf,
1972). In this regard lymphocytes are known to release a number of
physiologically active soluble factors, among them blastogenic factors,
lymphotoxin, and macroﬁhage ﬁigration inhibiting factor (MIF) (David,
1968) .

The allogeneic reaction, which occurs when lymphoid cells of
different allotypes are exposed to each other in vivo has been ohserved
to enhance antibody préductionn Katz and Benacerraf (1972) have sug-
gested that although this enhancement could be due to a general prolifer-
ation of host T cells, it is most likely that rapidly acting, short
lived, non-specific soluble factors are responsible for assisting
antibody forming cell precursors.

A number of investigators have found that cell free supernates
obtained from incubation of allogeneic spleen cells (Dutton, et al,
1971; Britton, 1972;Schimple and Wecker, 1972) or thymus cell cultures
(Doria, et al, 1972; Hunter and Kettman, 1973) were able to restore
or enhance the ability of T deprived lymphoid cell populations to

produce antigen specific antibody. Supernates from thymus cell cultures

$
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have also been shown capable of restoring the ability of B cells
to respond to a T cell mitogen (Andersson, et al, 1972).

iii. INTERACTION OF IMMUNOCYTES FOR PRODUCTION OF CELL MEDIATED RESPONSE

The importance of céll interactions among T and B lymphoid cells in
the development of humoural immune responses against certain antigens has
been well described (Miller and Mitchell, 1965; Claman'énd Chaperon,

1969). In contrasf cellular immunity is considered to be mediated by

T lymphocytes possibly withput an iﬁtegral involvement of B cells. In
keeping with this Parish (1972) has proposed an overall inverse
relationship of cellular and humoural responses. He suggests that the
binding of antigen by T cells produces prolifération of cells for cell
mediated immunity and helper function. Binding of antigen by B cells
produces B cell tolerance. The bridging of T and B cells leads to antibody
production and tolerance of cell mediated immunity.

There is evidence to suppor£ the concept that a functional hetero-
geneity existé among T lymphocytés (Stobo, et _al, 1973; Segal; et al, 1972)
and as previously mentioned, Asofsky and colleagues (1971) suggested thaf

1

responses. Wagner and colleagues (1973) have speculated that functionally

T —’I‘2 cell interactions occur during initiation of graft-versus-host

distinct T cell populations may be stimulated be different 'antigens' in
the allogeneic cytotoxic responses. Precursors of 'helper' cells respond
mainly against allogeneic lymphocyte defined (LD) differences, divide

and produce soluble mediators which amplify the response of 'killer'
cells. The 'killer' cell precursors respond against serologically
defined (SD) H-2 antigens, divide and differentiate into mature cytotoxic

effector cells. Thus the range of interactions is wideyencompassing




all of those possible for T-B collaboration includingllymphocyte—
activating factors, macrophage-activating factors and lymphocyte mitogens.

It is evident that the immune response, the host's reaction to any-
thing 'foreign' is.composed of many and complex processes. The charac-
terization of the immune response to tumours is being actively pursued on
a number of fronts and the following section is an outline of results

gathered from recent investigations in this area.

A _THE NATURE OF THE IMMUNE RESPONSE TO SYNGENEIC TUMOURS

The description of the immune response to tumours is presented under
the basic headings of cell mediated and humoural responses, although inter-
action of the two occurs as well.

i, CELL MEDIATED RESPONSES

1., In Vitro
a. Cytotoxic T cells

Recently evidence has begun to accumulate which demonstrates the
participation of T cells in in vitro cell mediated cytotoxic reactions
against syngeneic tumour cells. Wagner and RS61linghoff (1973) demon-
strated the formation of cytotoxic lymphocytes in in vitro cultures of
mouse thymus cells with irradiated syngeneic plasmacytoma cells.

Leclerc and co-workers (1973),studying the nature of cytotoxic cells
detected in spleen cells from mice bearing Moloney sarcoma virus-induced
tumours, found that treatment of immune spleen cells with anti-0® serum
and complement abrogated their cytotoxic activity as measured by the
Cr51 release assay. Removal of B cells or addition of anti-immunoglohulin

to the test system had no effect. A sharp decline in cytotoxic lymphocytes
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was found as tumour growth proceeded (Leclerc, et al, 1972). Lamon and
colleagues (1973a) studying the same system using the microplate assay
method, found cytotoxic T cells in spleens and lymph nodes taken just prior
to tumour development and soon after regression. A non-T-cell-mediated act-
ivity was also detected. Similar observations were made using spleen cells
from mice bearing syngeneic methylcholanthrene-induced sarcomas (Kearney,
et al, 1974). These mice exhibited concomitant immunity and their spleen
cells were specifically cytgtoxic to cultured tumour cells in a micro-
cytotoxic asééy (Hellstrom and Hellstr®dm, 1970).

The presence of T and non-T effector cells has also been suggested
by the studies of Perlman and colleagues (1972a), on'cytotoxicity of
blood lymphocytes from the bladder of carcinoma-bearing patients.

b. Antibody dependent cell mediated cytotoxicity

Conflicting results have been produced by in vitro studies of the
effect of sera from tumour-bearing mice on the in vitro activity of
1ymphoid cells. Pretreatment of target cells with a large amount of
antiserum often produced an increase in lymphocyte cytotoxicity, while
1owef concentrations of the same antiserum produced inhibition (Skurzak,
et al, 1972) 1In contrast, Pollack and colleagues (1972) demonstrated
antibody—dependentblysis by normal lymphocytes using much less antiserum
than that required for inhi?ition of immune lymphocytes.

Sera from mice which had rejected primary MSV-induced tumours were
found to be active in an assay for antibody dependent cell mediated
cytotoxicity (Harada, et al, 1973). Similarly, sera from rats which had
rejected their tumours (C58NT)D were found to contain lymphocyte dependent

antibodies (Ortiz de Landazuri, et al, 1974).
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c.” Macrophage cytotoxicity

Macrophages have been observed to exhibit both specific and non-

specific cytotoxic behaviour.
Specific:

The in vitro interaction of macrophages from immune mice and tumour
cells has been eﬁamined by Granger and Weisér (1964, 1966). They found
that tumour cells were killed in'aﬁ immunologically specific manner
requiring ggtabolic integrity of macfophages and adherence of macrophages
to the tumour cells.

Peritoneal cells but not spleen cells from mice immunized with
X;irradiated syngeneic 1ymﬁhoma cells were able to épecifically inhibit
the growth of the ;ame tumour cells in vitro (Evans and Alexander, 1970,
1972a, 1972b, 1972c¢). Normal macrophages became specifically cyto-
toxic after incubgtion with either lymphoid cells from repeatedly immunized
mice or cell-free supernates from cultures consisting of in vivo or in
vitro sensitized spleen cells and specific target cells. A factor pro-
duged by immune T cells appears to be responsible for this effect (Evans,
et al, 1972).

Non-Specific:

Peritoneal macrophages from mice immunized by two injections of allo-
geneic lymphoma cells could not only inhibit tumour growth specifically
in vitro but.after 4 hours' incubation with specific target cells
acquired the ébility to inhibit the growth of susceptible target cells
in a non-specific way (Evans and”Aléxander, 1972a).

Normal macrophages were shown to acquire nbn—specific cytotoxicity

after exposure in vitro to various agents such as endotoxin, double-




stranded RNA isolafed from fungal viruses or polyIl.polyC (Alexander

and Evans, 1971). Thus sensitized or "armed" macrophages once "activated"
by contact with specific antigen appear to be capable of killing in a
non-specific manner.

Hibbs, Lambert and Remington (1972), have demonstrated that macro-
phages from mice infected with Tokoplasma were capable of killing allogeneic
and syngeneic tumour cells in an in vitro culture system. In this case
persisting infection may be responsible for "activating' macrophages for
-non-specific killing.

2. In Vivo

A few studies have been car?ied out which were.designed to reveal
the nature of lympﬁoid cells responsible for the transfer of adoptive
tumour immunity. Allison (1972) found that transfer of syngeneic lym-
phoid cells from specifically immunized donors prevented the deveiopment
of tumours in adult-thymectomized, anti-lymphocyte serum treated mice
infected with polyoma virus. Pretreatment of the lymphoid cells with
anti-0 serum and complement abrogated their ability to transfer adoptive
immunity.‘ In a study by Rouse aﬁd colleagues (1972), treatment of spleen
cells from mice immunized against a syngeneic élasma tumour, with anti-0
serum and complement abolished their ability to inhibit tumour growth
in sublethally irradiated mice. Lymphdid cells from mice immunized with
syngeneic cells which were transformed by papovirus SV4Q, prevented tumour
growth when transferred, admixed with tumour cells, into recipients
(Zarling and Tevethia, 1973a). The inhibition of tumour growth in this
study was thought to be dependent on the presence of radiosensitive cells

(Zarling and Tevethia, 1973b).




A number of investigators (Keller and Jones, 1971; Hibbs, et al,

1971), have found that "activated" macrophages from animals infected
with a parasite were able to transfer resistance to tumour growth in
syngeneic animals and were able to destroy tumour cells in vitro. In
this regard, growth of syngeneic adenocarcinoma in mice was suppressed
in mice infected with ﬁ. Brasiliensis (Keller, et al, 1971).

In general, it has been suggested (Allison, 1972) that to obtain
macrophage activation in vivo either by immunization with tumour or
parasites, ceil mediated immunity is required. Thus transfer of lymph4
ocytes confers protection (Allison, 1971) and treatment of mice with
anti—lyﬁphocyte serum abolishes the tumour-inhibiting effect conferred

by N. Brasiliensis nematode infection (Keller and Jones, 1971).

ii. HUMOURAL RESPONSEV
1. Invitro
a. Antibody mediated lysis

Tumour specific antibody has been demonstrated in the serum;of
tumour bearing animals and animals which have rejected é primary or
syngeneic transplantable‘tumour (Skurzak, et al, 1972; Pollack, 1972;
Harada, et al, 1973; Thomson, et al, 1973; Prager, et al, 1973; Oritz de
Léndazuri, et al, 1974) . A number of these antisersa have been dembnstrated
to be active in in vitro antibody dependent cell mediated cytotoxic
reactions as previously noted. Prager'ana colleagues (1973) found that
anti-lymphoma antibody from tumour bearing mice was non-cytotoxic in
nature. Similarly, Goldstein and colleagues (1973) were able té pro;
duce a non-cytotoxic antiserum specific for synggneic tumour cellsvby
repeated immunization of syngeneic mice with mitomycin¥C~treated lymphoma

.cells.




Although antibodies specifically cytotoxic to tumour cells in
complement dependent in vitro tests have been detected in the sera of
animals made resistant to Gross-virus or Moloney-virus induced
lymphomas by immunization with isologous tumour grafts (Klein and
Klein, 1964; Slettemmark and Klein, 1962), the inability of many
investigators to demonstrate antibody which is active in a complement
dependent cytotoxic reaction in syngeneic system suggests that non-
cytotoxic antibodies are generally produced in the immune response to
syngeneic tumours.

b. Serum blocking effects

Experimental animals and human patients with tumours often have
lymphoid cells which show-cytotoxicity against their own tumour cells
in culture as detected by a colony inhibition technique (Hellstrom and
Hellstrdm , 1969a; Hellstrom and Hellstrom, 1969b). At the same time,
they can exhibit serum factors which are capable of specifically blopking
this cytotoxicity'(HelistrEm and Hellstrom, 1969b; Hellstrom, et al, 1970).

Further studies have indicatad that the serum blocking factors are
antigen—aﬁtibody complexes (Sjogren, et al, 1971).

¢. Unblocking serum factors ‘

Yet another serum factor has been described. The serum taken from
animals bled 4 days after immunization in the presence of BCG was able
to reverse the inhibition by blocking factors, of specific cell mediated
cytotoxicity in culture (Hellstrdm and Hellstrom, 1969b; Bansal and
Sjogren, 1971).

2. 1In Vivo
Alfhough Ambrose and colleagues (1971) suggested that there is a

transient appearance of cytostatic antibody in hamsters given SV40 virus,




tumours occur and persist and the animals die. 1In general, there is
little evidence at present that specific antibody against spontaneous or
experimental tumours has any inhibitory or destructive effect on tumour
cells in vivo (Klein, 1966a; Southam, 1961; Harris and Sinkovics, 1970:
Sophocles and Nader, 1971). 1In fact, serum blocking factors have been
shown to enhance tumour .growth (Hellstrdom, et al, 1969 ; Alexander, 1968a).

In contrast, unblocking sera injected into mice and rats could bring
about regressions of Moloney sarcomas and polyoma tumours under conditions
such that éhis would seldom or never occur (Hellstrbm and Hellstrom,
1969b; Bansal and Sjogren, 1971).

The fact that there is ample evidence of a diversified immune
response to syngeﬁeic tumours gives rise to the question concerning
the role of immunity in defense against malignant disease. The relation-
ship of the immune response to defense against tumours will be outlined

in the following sections.

VI. IMMUNE SURVEILLANCE

The classical work by Féley (1953) and Prehn and Main (1957),
previously mentioned, foilowed by the studies of Klein and colleagues
(1960) on methylcholanthrene (MCA)-induced sarcoma in mice, demonstrated
that each MCA tumour induced in a mouse has a specific tumour antigen,
differing from all other antigens induced by the same agent in the same
host strain. 1t was possible to immunize the host against the autoch-
thonour tumour without immunizing it against any other MCA-induced
sarcoma.

Similar to the early work with chemically induced tumours, Habel (1961)

and Sjdgren et al, (1961), demonstrated that virus-induced tumours also




had tumour specific antigens. 1In this case, it has been shown that
tumours induced by the same virus express common antigens no matter
what the histological typé of cell or organ of origin or animal
species in which the tumour is produced (0ld and Boyse, 1965).

Isograft or autograft reactions have been demonstrated against
some spontaneous tumours as well (Hellstrom and Hellstrom, 1969
Klein, 1966b).

These observations all contributed to the foundation of the
theory of immunological surveillance, a mechanism responsible for the
detection and elimination of cells carrying néw or 'foreign' antigens.
In the years since these initial demonstrations were reported, evidence
for the existence of immune surveillance of tumours has been sought
and obtained through clinical observation and through manipulation
of experimental systems.

‘1. EVIDENCE FOR IMMUNE SURVEILLANCE

1. Clinical correlates

If the concept of immune surveillance is valid, a number of clinical

correlates should be observed.
a. Correlation of the incidence of ﬁalignant disease and
development of the immune system

The incidence of malignant disease should increase at ages when
the immune system is less efficient. Thus, many malignant diseases
of childhood show an age incidence compatible with the probability that
the process was initiated about the time of birth (Collins, et al, 1956;
Knox and Pillers, 1958; Pollock, et al, 1960), a time of very low

potential for active immunological response. Similarly, the increasing




risk of malignancy with advancing age is probably at least partially
due to a diminishing ability to produce an immunological response to.a
new antigen (Sabine, et al, 1947).
b. Incidence of malignant disease related to impairment
of the immune system

Depression of the immune system should be associated with increased
occurrence of malignancy. Among evidence in this category cited in
support of immune surveillance (Burnet, 1970), treatment with immuno-
suppressive drugs was found to be associated with the development of a
carcinoma from an unsuspected primary in a kianey transplant. The tumour
regressed completely when the immunosuppressive d?ugs were withdrawn
(Woodruff, 1968). Significantly, 5 cases of reticulosarcoma were also
reported in patients on immunosuppression after kidney transplant.

The immunodeficiency of ataxia-telangiectasia was associated with
deficiencies of cell-mediated immunity (Peterson, et al, 1964) and often
with a low level or lack of specific classes of immuﬁoglobulin as well
(Thieffry, et al, 1961; Biggar, et al, 1970). A malignancy frequency of
10-15% has been reported in studies of 42 cases of this disorder
(Sedgwick and Boder, 1972). In fact, Good (1973) has concluded that
patients with many different forms of primary immunodeficiency have
developed cancer in a frequency in excess of that occurring at
comparable age in the general population,

c. Successful treatment of tumours by techniques which
probably produce incomplete eradication

Successful treatment of tumours by surgical, chemotherapeutic or

radiotherapeutic procedures when it is reasonably sure that destruction




or removal of all cancer cells was incomplete, suggests tﬁat an
initially inefficient immune system has been able to eradicate the
remaining tumour cells after the major tumour load has beén dealt
with. Thus neuroblastoma and Wilm's tumour has been suécessfully
treated by surgery (Collins, et al, 1956; Pollock, et al, 1960).

Cytotoxic drug therapy has been successful in treating chorio-
carcinoma (Hertz, et al, 1964) and Burkitt's lymphoma (Burkitt, 1966;
Morrow, et al, 1967; Buchenal, 1968). With regard to this, Klein and
colleagues (1966) have demonstrated a specific antigen related to
Burkitt's lymphoma and as choriocarcinoma is fasically a foetal tissue
homograft, minor antigenic differences should exist‘between it and host
cells. It has beeﬁ postulated that patients with Bufkitt's lymphoma
are cured by chemotherapy because the remaining malignant cells are
eradicated by the host's immune response (Burkitt, 1966; Burkitt, et al,
1965; Ngu, 1965).

d. Evidencé for the presence of tumours which never reach
the clinical stage

Everéon (1964), studying the literature on tumours which dis~
appeared, concluded that 130 of these had unde%gone spontaneous regression.
This suggesés that conditions had allowed the immune response, initially
ineffective, to build up till it was able to eradicate the tumour.
Similarly, Beckwith and Perrin (1963) reported that in unselected
autopsies of children up to three months of age, small histologically-
typical adrenal neuroblastomas'were found forty to fifty times as common
than would be predicted from the clinical incidence of adrenal neuro-

blastoma.
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27 Experimental demonstrations
A number of immunological manipulations in experimental systems
should produce cerpain predictable results if immune surveillance exists.
a. The relationship of immunosuppression and tumour incidence
Immunosuppressive agents should play a part in facilitating the
appearance or transfer of tumour cells. In this regard, a number of
investigators have claimed that carcinogenic hydrocarbons depress immune
responses: antibody titres (Malmgren,gg_gl, 1952) plaque forming cells
(PFC) (Stjernswird, 1966a) ; and rejection of skin homografts (Lindner
1962). Prehn (1963, 1964) showed that the capacity of syngeneic mice to
accept tumour grafts was increased by methylcholanthrene (MCA) treatment.
Stjernswird (1966b) found that tumours appeared in a much higher per-
centage of mice treated with MCA compared with untreated controls when
103—106 tumour cells were given.
b. The relationship of thymectomy and tumour incidence
As immune surveiliance is thought to result in a homograft-like or
thymus dependent reaction, neonatal thymectomy would be expected to
facilitate tumour growth. Law and colleagues (1966) have shown that
C57BL mice which are wholly resistant to tumour dévelopment induced by
polyoma virus were rendered susceptible by thjmectomy at 3 days of.age,
to the extent that about 50% of the mice tested produced tumours when
the virus was injected 2-4 weeks after birth. These results were
typical of those obtained by other investigators (Malmgren, et al, 1964;
Vandeputte, et al, 1963).
¢. The relationship of tolerance and tumour growth

The probable specific immunoparalytic effect of a developed tumour




was reported by Klein (19665 and Stjernsward (1967). Stjernsward (1966b)
showed that a mouse from which an MCA-induced tumour had been removed was
more susceptible in a specific manner to its autochthonous tumour cells
than were control mice.

Other examples of tolerance were found related to the appearance
of tumours in systems involving oncogenic viruses which normally are
transmitted neonatally. In mice susceptible to the Bittner Milk agent,
a lower incidence of infection was obtained upon inoculation of adult
syngeneic mice which had avoided neonatal infection than was found in
vertically infected mice. The older mice wefe better able to resist
transplantation of small numbers of the tumour cells (Attia, et _al, 1965).
Thus infection in foetal life seems to produce tolerance to Bittner
virus antigens and related transplantation antigens.

Similarly, Klein and Klein (1965) showed that tolerance to the
specific transplantation antigens associated with the Moloney leukemia
virus was directly reléted to neonatal infection.

3. Relationship of homograft immunity to specific tumour immunity

The concept of immune surveillance of syngeneic tumours, as inter-
preted by Burnet (1970) is that it is a manifestation of homograft immunity
similar to the rejection of an allogeneic tumoﬁr. Aithough other
investigators have suggested that different effector cells are active
in the cellular immune mechanisms involved in allograft rejection and in
syngeneic tumour regression (Perlman, et al, 1972b), there is some evidence
to support Burnet's view.

Hepatomas transplantable in the syngeneic host were obtained by

feeding diethylnitrosamine to purebred Strain 2 guinea pigs. Partial




immunity was demonstrable by the injection of living cells intramuscularly.

The immunity was shown by a typical delayed hypersensitivity response to a
fumour—cell extract injected intradermally and by the reduced growth rate
of subcutaneous transplants in sensitized animals compared with normal
controls. Intradermal challenge of sensitized animals produced only
small nodules which did not ulcerate and which regressed rapidly, compared
with similar inoculation of normal animals in which papules developed,
ulcerated and eventually regressed (Churchill, et 'al, 1968).

Thus a great number of clinical observations and experimental mani-
pulations suggest the activity of an immunologically‘based defense

against malignant disease.

ii., EVIDENCE AGAINST IMMUNE SURVEILLANCE

While conceding that there is "an almost overwhelming amount of
evidence" pointing toward the existence of an immunological surveillance
mechanism, Prehn (1971) presents an argument for a generally weak and
ineffective immune surveillance of tumours. The "sneaking through”
phenomenon demonstrable with highly antigenic tumours (Humphreys, et al,
1962; 0ld, et al, 1962; Potter, et al, 1969), the low antigenicity of
"spontaneous” tumours arising in vivo or in immune free environments
(Prehn, 1970) and the observation by some investigators of the lack of
marked increments in tumour incidence under conditions of immune sup-
pression (Allison, 1970a; Yohn et al, 1965; Miller 1963: all suggest
that immunosurveillance is ineffective against tumours. In reappraisal
of his own work, Prehn (1963) notes that while two highly immunogeneic

MCA-induced sarcomas grew better in MCA treated mice, which were thought
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to be immunosuppressed by MCA treatment, two relatively non-imunogeneic
MCA-induced sarcomas grew worse in MCA treated mice.
The observed advantage of mild maternal immunity to growth of the

foetus (Kirby, 1970; Lappe and Schalk, 1971) leads to the hypothesis that

a little immunity may be good also for a tumour, perhaps even necessary.
Prehn and Lappe (1971) have suggested that a weak immune response may be
necessary for the nascent neoplasm to overcome non-immunologic

homeostatic devices of the surrounding normal cells (Stocker, 1964;

Prehn and Slemmer, 1967).

It is possible also that other mechanisms may contribute to the
control of tumours; for instance, hormones have been shown to play a role
in the surveillanee of endocrine tissues and their tumours (Furth, 1953).
Contact inhibition of individual malignant cells (Abercrombie and Ambrose,
1962) and allogeneic inhibition of cells with different surface arrange-
ments (Bergheden and Hellstrﬁm, 1966; Hellstrdm and Hellstrdm, 1966,
Klein, 19665) may be involved in the non~immunological surveillance of
tumours. Due to phenomena such as these, aberrant cells could be
eliminated before they sensitized the immune system.

The relative involvement of immunological versus non-immunological

surveillance mechanisms is difficult to assess, but the existence of
allophenic mice, a viable mosaic of histoincompatible cells (Mintz and

Silvers, 1967) and the phenomena of persisting chimerism and tolerance,

probably all immunologically based, are evidence against the activity
of an efficient non-immunological surveillance mechanism. At the same
time, although the immune response to tumours appears to vary with the

stage of development of the tumour, there is an extremely large number




of reports implicating an immunologically based surveillance mechanism
in the defense against tumours.

Given that there is "almost overwhelming evidence" supporting the
claim that immune surveillance exists and that there is growing evidence
that the host can mount an immune reponse to a syngeneic tumour, the
fact that tumours are often able to arise and proliferate remains an
unsolved enigma.

In keeping with the tenets of immune suryeillance, theories governing
all levels of the tumour-host relationship have been postulated for the

persistence of antigenic tumours.

VII ESCAPE FROM IMMUNE SURVEILLANCE

i. TUMOUR CELL LEVEL

The mechanisms for the escape from immune surveillance at the
level of the tumour cell include immunoresistance and masking.

1. Immunoresistance

The immune vulnerability of a cell would be influenced by charac-~
teristics of the cell membrane. The sensitivity of a cell to immune attack
by humoural'or cell-bound factors would be partially determined by the
density of antigen sites on the cell surface. In many cases, antigen
density, based on quantitative adsorption of serum, was found to corres-
pond to cell sensitivity to the killing action of antibodies or cells
(Fenyd, et al, 1968; Friberg, 1972; Moller and Moller, 1962 and 1967).
Evidence for additional membrane characteristics influencing immuno-
sensitivity is provided by experiments demonstrating thaf Moloney leukemia

and sarcoma cells with very similar absorbing efficiency differed in
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immunosensitivity (Chuat, et al, 1969).

Complement dependent cytotoxic sensitivity of Chinese'hamster cells
was found to vary during the cell cycle (Shipley, 1971). Similarly,
cytotoxic susceptibility of Moloney virus—transformed lymphocytes varied
during the cell cycle while the complement activity on antibody coated
cells remained essentially constant (Lerner, et al, 1971).

In experimental systems, the selection of immunoresistant cells with
low antigenic density from an immunosusceptible population has been
demonstratgd (Fenyo, et al, 1968; Friberg, 1972).

2. Masking

The possibiiity of masking of antigen determinants by surface
localized substances has been postulated (Currie an& Bagshawe, 1967;
Simmons, et al, 1951). Evidence obtained through cell hybridization
experiments has been interpreted to suggest that the Ehrlich ascites
tumour which has been selected for progressive gréwth in allogeneic mice
during 75 years is ''dominant" for the suppression of antigen expression
and this is responsible for the loss or considerable decrease in the
detection of the isoantigens of various cells hybridized with the
Ehrlich cell. The antigenic phenotype of several sublines was reaquired
fully or in part after continued passage in vitro (Klein, et al, 1970).

Significantly,somatic hybrids involving a nonspécific tumour line,
a subline of TA3 ascites, with normal fibroblasts expressed the iso-
antigens of both partners. This TA3 subline arose without selection
and had a 50-60 fold concentration of isoantigens compared with the
original. It was suggested that the nonspecific TA3 cell which lacks

the ability to express its antigens fully can be restored by the
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partner in the hybrid cell (Klein, 1972).'

Thus there are a number of means by.éhich the tumour cell itself
could be responsible for avoiding detection or attack by the immune
system. '

ii. HOST CELL LEVEL

Mechanisms for escape of immune surveillance exist at the level of

the host. These include immunological tolerance and immunosuppression.
1. Tolerance

Vertical transmission of nonfatal oncogenic viruses such as murine
leukemia viruses or the mammary tumour virus transmitted via mother's milk or
neonatal infection with leukemogenic viruses can lead to immunological
non-reactivity. This is based on the assumption that hosts may be made
tolerant to these antigens during early embryonic life befofe development
of a competent immune system. Thus a proportioq of such animals, when
exposed to the virus or virus transformed cells, either experience a
delay in development of virus néutralizing antibodies of antibodies
directed at new viral determined cellular antigens, or never produce
them. The animals in which tumours develop were shown to usually have
no or low antibody titres (Essex, et al, 1971; Klein and Klein, 1965).

Mice, neonatally infected with Gross or Moloney murine leukemia
virus,neither produced anti-viral or virus neutralizing antibodies
(Axelrad, 1965; Klein and Klein, 1966). |

It was shown that mice neonatally infected with Graffi (Gi)-MuLV
failed to react immunologically with the next inoculum of the same
Gi-MuLV when adults. This was revealed by thé absence of both trans-
plantable resistance and cytotoxic antibody.production in immunized mice

(Chieco-Bianchi, et al, 1967). The lack of reactivity was not due to a




general immune suppression as mice neonatally infected with Gi-MuLV
produced antibodieé to unrelated antigens. Further, the mice could
recognize antigens determined by a similar but antigenically distinct
MuLV such as the passage A Gross virus (Cheico-Bianchi, et al, 1970).
The age of the host at first exposure to antigen and the dose of'antigen
given are important in induction of immunological tolerance. If

animals were inoculated with Gi-MuLV after their third week of life a
gradual appearance of reactivity occurred with increasing age (Chieco-
Bianchi, gg_gl, 1970) . A very small dose of Gi-MuLV inoculated into

newborn mice produced an immune response (Chieco-Bianchi, 1972).

2. Immunosuppression

Recent studies have indicated that the classical concept of immuno—
logical tolerance is not always applicable. The cat, when infected neo-
natally with feline leukemia virus (FeLV) has been shown to produce anti-
bodies to one of the FeLV antigens after immunization with disrupted FeLV (De
Noronha, et al, 1972). Similarly, while not detectable in the circulation,
anti-lymphocytic choriomeningitis (LCM) virus antibody could be detected in
kidney eluates of LCM virus-infected mice. The circulating anti-LCM
virus antibody forms complexes with the viral antigen and is deposited
in the glomeruli (Oldstone and Dixon, 1969). Renal immune complexes
have been found in Balb/c mice infected neonatally with ﬁoloney—murine
leukemia virus (M-MuLV) (Hirsch, et al, 1969).

The AKR strain of mice which has a high incidence of spontaneous
leukemias has been considered to be immunologically tolerant to the

Gross-murine leukemia virus (G-MulLV). Recently, the presence of antibody




-has been detected in the eluates from kidneys of AKR mice; the
complement-fixing antibodies appear to be immunologically related
to intraviral components and to G-cell surface antigen (Oldstone,
et al, 1972).

Thus the concept of complete tolerance may have to be replaced
with that of incomplete immunological tolerance (Aoki, et al, 1974) or
perhaps immunosuppression.

Vertical transmission of the virus causing radiation-induced
leukemia in C57B1l mice does not prevent C57Bl mice from being immunized
against viral antigens or the antigens of the leukemia cells. Immuno-
suppression is thought to play a role in this system (Haran-Ghera, 1970).
It has been suggested that a continuing immune response is involved
which is related to the ever-present antigen excess due to viremia
(Allison, 1970b).

Experimentally, immunosuppression can be brought about by X-
irradiation (Law and Dawe, 1960) immunosuppressive drugs and by anti-
lymphocyte serum. It also occurs in the natural decline in immune
reactivity that comes with old age (Stjernsward, 1966b).

The state of specific immune tolerance or immune suppression,
naturally occurring or experimentally-induced, would predispose the
host to allow tumour induction.

iii., HOST-TUMOUR INTERACTION LEVEL

By far the largest number of models for the escape of immune
surveillance describe mechanisms occurring at.the level of the tumour-
host interaction. These include enhancement, immunologically privileged

sites, antigenic simplification, immunosuppression by developed tumours



and the contest pé time versus stimulation.
1. Enhancement

Immunological enhancement is the name giveﬁ to the parédoxical
finding_that immune resistance to tumour was depressed by pfetreatments
which resembled immunization (Kaliss, 1958).

Kaliss and .Molomut (1952) discovéred that antitumour antiserum
ﬁas'capable of reproducing the state of immunological enhancement when
passively transferred to normal animals.

Thus serum factors may be responsible for the progressive growth of
tumours, ‘Three levels of intefaction can be suggested for this interaction.

a. At the affereﬁt level, humoural antibodies may cover specific.
antigen sites on the tumour cell; preventing immunocompetent ceiis from
becoming sensitiZed'(Skurzak, et al, 1972).

b. At the afferent level,.humoural antibédieé may cover specific
antigen sites on the tumour cell preventing sensitized lymphocytes from
attacking thé tumour target cell. Inhibition of cytotoxic lymphocytes
has been'demoﬁstrated using blocking techniques involving antiséra
- preabsorbed with various cells (Sendo, et al, 1974). Alternatively,
éntigén—antibody complexes (Sjdgren, gg_él,-l97l) or soluble antigens
(Brawm, 1971;'Currie and Basham, 1972) may block the interaction between
attacking lymphocytes and target cells by.reactions with the attacking
cells. This hypothesis is supported by the facts that serum from tumour-
bearing hosté inhibits in vitro cell mediated immunity; whereas serum
from tumour regressors which rejected their tumours does not have the
same effects (Hellstr®m and Hellstram, 196%a) and serum from.tumour
regressérs eliminates the inhibiting effect of sérum from tumour-bearing

hosts on in vitro cell mediated immunity in the MSV induced sarcoma




and polyoma'systems (Sjbgren and Bansal,’i972). When transferred into
tumour-bearing hosts the serum from regressors shows the same effect in
vivo. However, a iow éoncentration of regressor serum in the rat MSV- -
induced sarcoma system inhibits in vitro cell mediated immunity (Skurzak,
et al, 1972). Thus the blocking factor hypothesis may not be tenable as
a general rule.

c. Enhancement may be a central effect. Antibody may depress
- immunity by preventing the proliferation of immunocompetent cells
through a feedback control mechanism (Hellstrdm and Hellstrdm, 1969b).

2. Contest of time versus stimulation

The fact that in transplantation tests it is often necessary to
graft a large number of tumour cells to ensure outgrbwth is an indication
of host response. Small and large inocula have been observed to grow
while medium populations do not (Kdlsch, et al, 1973).

a. Eclipse of host immunity |

The larger cell number may reach a large and unmanageable population
size before significant immunity develops. When immunity does develop,
there may simply be an inadequate supply of effector cells to deal with
the established tumour. Youn and colleagues (1973) have reported that
hosts caﬁnot produce enough active lymphocytes to reject advanced tumours.
Similarly, the immunotherapeutic effect of the passive transfer of
peritoneal exudate cells from immunized animals to tumour bearing hosts
is considered to be abrogated by the presence of a large tumour mass
in the hosts (Wepsic, EE;EL’ 1971).

b. Sneaking through

The ability of small primary inocula to avoid rejection, to "sneak




through" a self-induced immune response may be due to a discrepancy in
timing which favours the_tumourirather than the host. The antigenicity
of the tumour may be too low to sensitize lymphocytes. Thus the host

is incapable of producing an immune response before the tumour growth

has passed a critical size. The importancé of the relationship of
antigenic stimulation and time was demonstrated by Takeda and colleagues

(1968). Their experiments with rats involved implantation of artificial

metastases from primary MCA-induced sarcomas, followed by immunization

by ligation of the primary tumour. The earlier the immunization the

more marked was the growth suppression of the metastases. The possibility.
of achieving rejection of the second graft was over in a few days.

3. Antigenic simplification

-~ . Antigenic modulation has been found in two leukemia antigen systems,
~ thymus leukemia (TL) (Bbyse and 01d, 1969) and Gross-cell surface antigen
(GCsA) (Aoki and Johnson, 1972). This phenomenon provides a special ¢

mechanism whereby progressive tumour growth can occur when these antigen-—

positive leukemias are transplanted into syngeneic mice preimmunized against

the antigens. No resistance to the leukemia cells is found and as long

as the specific antibodies exist, the phenotype of the leukemia cells is
changed from antigen-positive to antigen-negative.

4, Immunologically priviléged sites’

If the site of tumour proliferation is inaccessible, as in the

central nervous system, immunological surveillance could play little or
no role in opposing tumour development. Thus neonatal thymectomy, known
to increase. the incidence of Rous sarcomas in virus-inoculated mice,

did not influence tumourigenesis if the virus was inoculated into the




brain (Law, et al, 1966). Involvement of the central nervous system is
thought to relate to the ultimate fatal course of Burkitt's lymphoma, a
tumour against which host immune defence is thought to play an important
role (Klein, 1972).

S. Immunosuppression by developed tumours

The tumourous state of the animal also produces a form of immuno-
suppression even if sensitized cells are provided. Inhibition of tumour
growth was less efficient in tumour-bearing and passively immunized
guinea pigs challenged intradermally with tumour cells than in non-
tumourocus animals. This phenomenon was dependent on the size of the
growing tumour and was demonstrable even when the tumours were anti-
genically unrelated (Bernstein, et al, 1971). Possibly recipient
lymphocytes, which are in limited number and exhausted by the growing
tumours, are required to assist the sensitized cells provided (Klein,
1972; Youn, et al, 1973).

6. Other regulatory systems

There may be other immunological regulatory systems of the host which

inhibit cell mediated immunity. The sensitization of lymphocytes to chemically

induced C57BL~transplanted leukemia EL4 cells was shown to be stromnger in

vitro than in vivoe (Wunderlich, et al, 1972). It has been demonstrated

many times that T cells have the ability to stimulate the humoural antibody

production of B cells. In recent studies with pneumococcal polysaccharide
and Ascaris antigens, T cells were shown to be capable of inhibiting
éntibody production as well (Baker, et al, 1973; Okumura and Tada, 1971).
Similar regulatory mechanisms may be involved in escape from immune

surveillance.
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Thus an argument has been presented for the participation of
immunological surveillance in the defence against malignant disease. A
number of effector mechanisms have been described which are active in
the clinical stage of tumour growth. In some cases, serum factors were
found to oblitergte the effector mechanisms allowing the uminhibited
growth of the tumour ,or fo cause antigenic modulation thus reducing the
antigenic qualities of the tumour. In other cases, the presence of
developed tumours was associated with general immunosuppression. Although
interference with the effector mechanisms may give some explanation of
the survival of an established tumour, it does not explain the failure
of the body to control the gréwth at a much earlier stage.

Excluding cases of tumours occurring in immunologically privileged
sites or in hosts which have been previously tolerized or immunosuppressed,
interference with the ability of the immune system to cite, or initiate
the induction of, a response against the tumour may be important. Such
a mechanism would prevent the destruction of an antigenic tumour in
its critical, early stage of development when it could be most susceptible
to immune attack.

Thus the object of this study was to examine the immune system during

the very early stages of tumour growth.




* MATERIALS AND METHODS
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I. ‘ ‘MICE

Mice of- the inbred strains DBA/2 and AKR were obtained from
Jackson Laboraﬁories, Bar Harbor  Maine.

The DBA/2 mice used thfoughout this study were matched for sex and
age in each experiment.

The C3H mice were obtained from Jackson laboratories or from North

American Laboratory Supply, Winnipeg, Manitoba.

II. *  RABBITS
Outbred white rabbits, weighing about 5 1b., obtained from Canadian
Breeding Laboratories, St. Constant, Quebec, were used for the ﬁreparation-

" of rabbit anti-BSA, anti-Fe and anti-mouse Ig serums.

“I1I. ' TUMOUR CELLS

The L5178Y lymphoblastic leukemia originated as a spontaneous
leukemia in the DBA/Z mouse strain (Goldenberg and Thomas, 1967). It
was obtained from Dr. G. J. Goldenberg and was maintained in aséites
form by 1IP. transfer,eﬁery 5 days,of 0.1 ml of ascites (approximately
iO7 tumour cells) in the DBA/2 strain of mice.- Thié tumour line was
also cultured in'Fischer%Smedium (GIBCO, Grand Islénd, N.Y.) éontaining
50 mcg/ml streptomycin and 50 IU/ml peniciilin (GIBCO) and either 10%
horse serum.(HS) (GIBCO) or 107 foetal calf serum (FCS) (GIBCO). The.
doubling time of L5178Y cells in both of these culture systems was
approximately 12 hours. The biological viability of»the tumour line was
assessed by recording the time of death following IP inoculation of a

range of doses of 15178Y cells.
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Iv. FREEZING L5178Y CELLS FOR STORAGE

Following the outline suggested by Paul (1965), L5178Y ascites
cells were washed once in Minimum Essential Medium (MEM) obtained from
GIBCO and were resuspended at 5 x lO6 cells/ml in MEM solution con-
taining 10% FCS and 9% dimethylsulphoxide (DMSO) (Baker Chem. Co.,
Phillipsburg, N.J.). Aliquots of 1.0 ml were transferred to sterile
glass ampoules which were then heat sealed. The ampoules, kept at room
temperature for 10 min, then at 4°C for 10 min, were frozen slowly, at
1°/min from 4°C to -38°C, and then cooled rapidly to -65°C, prior to

storage at -80°C.

V. ANTIGENS

i. MOUSE IgG AND IgF MYELOMA PROTEINS

Ascites fluid was collected vié I.P. hypodermic tap of Balb/C mice
carrying transplantable mineral o0il induced tumours. The ascites was
centrifuged at 3,000 r.p.m. for 5 min and ﬁhe supernate, equilibrated in
0.005M phqsphate buffer, pH 7.5, was chromatographed on a DEAE-cellulose
ion-exchange column. The proteins were eluted.by stepwise increase of
the ionic strength of the phosphate elution buffer from 0.005M to 0.0IM
to 0.033M. The eluate was collected in aliquots by an automatic
fraction collector. The protein content of each tube was assessed by
determining the optical density at 280 om with a Zeiés M4QIITI spectro-
photometer (Carl Zeiss, Oberkochen, Wuerttemberg). The aliquots in a
given peak were combined, dialyzed in cellulose tubing with 0.15M borate
saline buffer, pH 8.0, and concentrated using a Diaflo UM10 ultrafilter.

The purified mouse globulins were subjected to immunoelectrophoresis




against rabbit anti-whole mouse serum. The presence of IgG myeloma
protein was indicated in the 0.005 and 0.01M fractions, while IgF

myeloma proteins were in the 0.010 and 0.033M fractions of the approp-

riate ascites fluid.

ii. FERRITIN

Horse spleen ferritin (Fe), twice crystallized, cadmium-free, was
obtained from Nutritional Biochemical Corp., Cleveland, Ohio.

iii. BOVINE SERUM AL:BUMIN

Bovine serum albumin (BSA) was obtained from Pentex, Kanakee,

Illinois.

iv. HORSE RED BLOOD CELLS

Horse red blood cells (HRBC) were obtained from National
Biological Laboratory, Dugald, Manitoba. The blood was collected in
citrate buffer and the cells were washed three times in 0.15M saline
before use.

v. HUMAN GAMMA GLOBULIN

Human gamma globulin (Hgg) fraction II was obtained from Pentex,

Kankakee, Illinois. Human gamma globulin was deaggregated according

to the method of Chiller and Weigle,(l970l A 7.20 g aliquot of Hgg was

dissolved in 24 ml 0.15M saline (30 mg/ml). The solution was ultra-
cehtrifuged in a Ti50 rotor in an L2 preparative ultracentrifuge
(Beckman Corp., Toronto, Ontario) at 45,000 r.p.m.(approximately 150,000

G) for 3 hours at 4°C. The upper third of the centrifuged solution was

removed and stored at 4°C.

vi. MITOMYCIN-C-TREATED L5178Y CELLS

L5178Y cells were washed twice in Dulbecco's phosphate buffered
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saline (DPBS) pﬁ 7 and resuspended in the same DPBS containing 25 ug
mitomycin-C (Nutritiomal Biochem. Corp., Cleveland, Ohio). The sus-
pension was warmed at 37°C fof 30 min, then washed twice and resuspended
in DPBS for injection.

vii. HUMAN FIBRINOGEN

Human fibrinogen (FIB) was obtained from Connaught Medical Research

Laboratories, Toronto, Ont.

VI ADJUVANT
Freund's complete adjuvant (FCA) was obtained from Difco Laboratories,

Detroit, Michigan.

VII RABBIT IMMUNIZATION AND BLEEDING

Rabbits were immunized by intramuscular-injection,in a rear flank,
of 1.0 mg protein in 0.5 ml 0.15M saline emulsified with 0.5 ml FCA.
The animals were immunized once a week for six weeks and bled by cardiac
puncture one week after the final injection. The antiserum was tested
for antibody activity by immunoelectrophoresis against the respective
antigen. When a high antibody titre was found, 50 ml of blood was
taken weekly for six weeks. The blood was allowed to clot at room
temperature over a few hours and the serum was separated from the clot
by two centrifugations at 1,800 r.p.m. for 20 minutes. The sera were

stored at -20°C.

VIII. MOUSE IMMUNIZATION AND BLEEDING

Mice were immunized by intraperitoneal (IP) injection of the desired

antigen with or without FCA. Serum, collected by cardiac puncture, was
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allowed to clot at room temperature for 2-4 hours and the supernatant
was separated from the clot by centrifugation at 3,000 r.p.m. for 5 minutes.
The serum was frozen and stored at -20°C or stored at 4°C and used within

1-2 days.

IX DEAE-CELLULOSE ION-EXCHANGE CHROMATOGRAPHY

The method of King (1968) was followed in packing the DEAE-cellulose
ijon-exchange column. Dry DEAE-cellulose ion-exchanger (Carl Schleicher
and Schuell Co., Keene, N.H., 0.9 meq/g dry wt.) was washed by suspending
it, with continuous stirring in 0.5 M NaOH and 0.5 M NaCl at room temperature
After allowing the ion exchanger to settle for 30 minutes, the cloudy
supernate was decanted and the cellulose was resuspended in.1M NaCl.
Resuspension and settling, followed by decanting, were repeated twice and
the cellulose then Qas filtered by suctipn using a Biichner funnel and
Whatman #1 filter paper (W. R. Balston Ltd., England). The damp cellulose
was resuspended in IM HCl, filtered immediately by suction and washed
with distilled water until the filtrate was at neutral pH. The ion-
exchanger was then equilibrated to the desired molarity and pH by resus-
pending and washing with the first buffer to be used on the column. The
thick cellulose buffer mixture was homogenized in a Waring blender and
trapped air bubbles were removed by evacuation with an oil vacuum pump.
The suspension was then poured into a glaés column which was partially
ciosed with a glass wool plug above glass beads. The ion-exchanger was
allowed to settle while the excess buffer slowly dropped from the outlet.
As the packed bed rose, more cellulose suspension was added through a

5-8 em column of buffer. The last 15 cm or so of the column was packed
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with the aid of slight external pressure applied by pressing downward on

a rubber stopper closing the top of the column. Thié was done to equalize
the conditions of packing throughout the column as the lower parts of it

had been packed with a head of buffer on it. The rubber stopper was removed
by inserting a needle to prevent a vacuum forming when the stopper is

removed.

X . SEPHADEX G-200 AND G-100 GEL FILTRATION

Sephadex G-200 and G-100 columns were packed according to the instruc-
tions providéd by Pharmacia Ltd. (Montreal, Canada). The gel was swollen
in excess 0.15M borate saline buffer, pH 8.0, for three days at room
temperature (or 5 hours at 60°C). In packing a G-200 column, the open space
below the support disc, the small bore plastic tubing attached to the outlet
and one quarter of the column all were filled with buffer. A thin slurry
of gel in buffer was stirred and poured down the wall of the column
till it reached the top.b The outlet of the G—éOO column was kept at the
same level with the top of the gel slurry. When approximately 10 cm of
the bed was settled, the outlet to the column was lowered 1 cm from the
head of the column. When about 20% of the column was packed, the excess buffer
was removed and another portion of gel slﬁrry was added before the previous
portion had settled completely in order to prevent the formation of a
boundary. The outlet tubing was lowered to maintain a pressure equal to one
tenth of the packed bed length. When the column was packed, a sample
applicator was placed on the surface of the packed bed. In order to
check the homogeneity of the column and to determine the void volume, 5 mg

of blue dextran dissolved in 3 ml of buffer was passed through the column
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at a rate of 5-10 ml per hour at 3-4 cm pressure.

Packing the G-100 column was carried out at atmospheric pressure. A
piece of filter paper was abplied to the packed bed to protect its upper
surface and the column was run at a pressure greater than atmospheric pressure

such that a flow rate of 30-40 ml per hour was achieved.

XI IMMUNOELECTROPHORESIS

Immunoelectrophoresis was carried out»according to the method of
Grabar and Burfin (1964). Glass slides (2.5 x 7.6 cm) were coated with 2
ml of a 0.5%7 boiling solution of melted agar (Agar—Noble, Difco) in dis-
tilled water and the slides were dried at 80°C for &4 hours. A 3 ml aliquot
of 27 melted agar in 0.025M barbital buffer, pH 8.6, was 1ayered onto the
;ycoated slides. The agar gel was allowed to solidify and the wells and
troughs were cut for immunoelecﬁrophoresis. The solutions.to be eested
were placed in the wells and the.slides were subjected to a 14 ma. current,
approximately 70-75 volts for three and one-half houfs in an electrophoresis
apparatus. The slides were removed and the troughs were filled with the
detecting antisera. The slides were then placed in a moist chamber overnight
at room temperature to allow the precipitin lines to develop.v They were
then washed in 0.15M saline for 24 hours, desalted in distilled water for
eight hours and, after a damp filter paper was laid along the surface of the
agar to promote even drying, the slides were dried overnight. The slides
were stained with amide black (1 g/1000 ml sodium acetate buffer) for 10
minutes, washed in an acetic acid:methanol:water solution (20:980:300 by

volume) for 10 minutes and air dried.
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XIiI1 OUCHTERLONY GEL DIFFUSION

Slides coated as for immunoelectrophoresis were layered with 3 ﬁl
of a 1.5% boiling solution of agar iﬁ 0.15M saline. The gel was allowed
to solidify in a moist chamber and then wells were cut with a template
for diffusion. The wells were filled with antigen (1 mg/ml) or antiserum
in an arrangement which would achieve the desired antigen-antibody
Precipitin lines and the slide was left in a moist chamber overnight to
allow precipitin lines to develop. The slide was then washed and stained

as for immunoelectrophoresis.

X1IT ANTIBODY PURIFICATION

The production of purified antibodies was achieved by the use of
immunoadsorbents containing the corresponding antigen. Two methods were

used for the preparation of the immunoadsorbents.

i. CNBr-ACTIVATED SEPHAROSE 4B METHOD

A one gram aliquot éf CNBr—éctivated Sepharose 4B was éonjugated
according to instructions provided by Pharmacia. The activated sepharose
was washed 4 times with 40 ml of 0.001M HC1l, followed by 40 ml of 0.1M
NaHCO3 buffer containing 0.5M NaCl, pH 8.0. The washed Sephafose, resuspended
in the high salt NaHCO3 buffer, was shaken continudusly for 2 hours at room
temperature with 15-30 mg of protein in a total volume of 5 ml. The
conjugated Sepharose was washed once with the same buffer and then shaken
for a further 2 hours at room temperature with a 5 mi aliquot of 0.1M
ethanolamine, adjusted with concentrated HC1 to pH 8. The conjugated
Sepharose was then washed 6 times alternatively with high and low pH, high

salt buffers. to remove unreacted protein and ethanolamine. The conjugate




was packed, over glass beads and glass wool in a 10 ml plastic syringe
and stored at 45C in 0.15M borate saline buffer, pH 8.0, containing a
drop of toluene.

Approximately 25 ﬁl of fresh 0.15M borate saline buffer was passed
through the conjugate before each use. A 5 ml aliquot of rabbit serum
was then passed through the conjugate during 60 minutes at room temperature
and the effluent collected. The conjugate was rinsed rapidly with 100
ml of 0.15M borate saline buffer, pH 8, and eluted during 15 minutes with
a 5 ml aliquot of 0.IM glycine/HC1l, pH 2.5, followed by 5 ml of 0.15M
borate saline buffer, pH 8.0. The pH of the eluant was neutralized with
IM NaOH and the Sepharose conjugate was neutralized by rinsing with more
borate saline buffer. Both the original effluent and the eluant ﬁere
tested by Ouchterlony technique for specific antibody activity. The
concentration of specifically precipitable protein in the eluant was found
to be at least 807.

ii. BIS-DIAZOTIZED BENZIDINE (BDB) METHOD

The stock solution was prepared as described by the method given in
the Handbook of Experimental Immunology (Herbert, 1967). A two hundred
and thirty’mg aliquot of benzidine (Hartman-Leddon Co., Philadelphia, Pa.)
was dissolved in 45 ml of 0.2M HC1l and cooled in an ice bath. A one
hundred and seventy-five mg aliquot of NaNO2 (J. T. Baker Chemical Co.,
Phillipsburg, N.J.)»was dissolved in 5 ml of distilled water, cooled, and
added to the benzidine solution during one minute. The reaction was
allowed to proceed in an ice bath for 30 minutes with stirring at 5
minute intervals. The resulting solution was aliquoted in 2 ml volumes

into ampoules which were sealed. The stock solutions were frozen and
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stored at -20°C.
Proteins were aggregated according to the method of Bernmier and

Cebra (1965). A 15 mg aliquot of the appropriate éntigen was dissolved

in 5 ml of 0.1M phosphate buffer, pH 6.8, and added to 5 ml of a 1:15
dilution of the stock solution described above. The mixture was allowed

to stand at room temperature for 5 hours and the resulting yellow-brown
coloured aggregate was washed three times with buffer, twice with 0.1M
glycine-HCl buffer, pH 2.5, and neutralized with 0.2M phosphate buffer,

PH 7.2, Each wash solution was separated from the aggregafe by centri-
fugation at 3,000 r.p.m. for 5 minutes.

A 10 ml aliquot of rabbit antiserum was added to 50 mg of aggregated

-antigen. The suspeﬁsion was left at room temperature for 2 hours and

then stirred at 4°C overnight. The aggregate was removed by centrifugation,
10,000 r.p.m. for 15 min, and washed three times with 0.15M phosphate
buffered saline, pH 6.4, at 4°C. After the final wash, the aggregate was
suspended in 0.1M glycine-HC1 buffer at pH 2.5 and left at 4°C for 1 hour,
followed by centrifugation at 10,000 r.p.m. fof 15 min at 4°C. The
supernatant liquid was removed and neutralized immediately with 0.2M phosphate
pH 7.2. The aggregate was also neutralized and tﬁe process of elution
repeated to recover as much antibody as possible from the serum. The anti-
body activity was examined by Ouchterlony technique. The concentration

of specifically precipitable protein was found to be ﬁetween 80 and 90%.
fhe antibodies thus produced were further purified by stepwise elution

from a DEAE-cellulose column.
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XIv ‘ bPEPSIN DIGESTION OF IMMUNOGLOBULINS

PutifiedM7S rabbit anti-mouse immunoglobulin, anti-Fe, anti-BSA were
separately digested with pepsin (Worthington Biochemical Co., Freehold,
N.J.) according.to the method of Nisomoff, et al (1960) and Utsumi and
Karush (1965). Digestion was carried out using a pepsin to protein ratio
of 2:100. After incubation for 5 hours at 37°C in 0.1M acetate buffef,
pH 4.0,vthe digestion was stopped by neutralization to pH 8 with 1M NaOH.
The F(ab')2 peaks were isolated by gel filtration on Sephadex G-200. The
-58 peak thus obtained was fouﬁd to form avprecipitin line . byvthe '

Ouchterlony test with the homologous antigen.

XV _ COATING OF SHEEP RED BLOGD CELLS

. Sheep red blood cells (National Biological Laboratory, Dugald,
' Mapi;oba) formalinized by the method of Wede (1962) were used fo prepare
protein-coated sheep red blood cellé. The cells, collected in Alsever's
Soiution, were washed three times with 0.15M saline, pH 7.5. Equal :
volumes of 87 SRBC and 3% formaldehyde, pH 7.5_(adjusted with 0.1IN NaOH)
were inéubated at 37°C for 24 hours. The cells were washed four times
in distilled water at neutral pH and stored as a 10% suspengion in
distilledeéter with O;l% sodium azide or formalin at 4°C for up to 6
months.i |

According to the taﬁning and éoating method of Herbert (1967), 2 ml

aliquots of a 2%’suspenéion of the above formalinized cells were washed
three times in 0.15M phosphate buffered saline, pH 6.4. The cells were then
suspended and incubated at 37°C for 30 minutes in a 0.0025% .solution of

tannic acid (Baker Chem. Co., Phillipsburg, N.J;) in 0.15M phosphate buffer,
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pH 6.4. The cells were washed once and left at 4°C ovefnightf The cells
were then resuspended in 2 ml of 0.15M phosphhte buffer, pH 6.4, containing
0.08 to 0.14 mg/ml of the desired protein antigen Fe or BSA, and the cells
were incubated at 37°C for ome hour. The coated cells were then washed three
times with 0.15M phosphate buffered saline, pH 6.4, suspended in 1.5 ml of
the same buffer containing a drop of a 2.5% solution human serum albumin to
stabilize the cells. The resulting suspension was approximately 2.5% cells

by volume,

XVI HYBRID ANTIBODY PREPARATION

The method of preparation of hybrid antibody was that deécribed by
Paraskevas, et al (1970, 1971a). The purified anti-Ig, anti-Fe and anti-BSA
antibodies were digesfed separately with pepsin as described previously.
Their respective F(ab')2 fragments were isolated by Sephadex G-100
filtration. Following the method of Nisonoff and Rivers (1961), the
F(ab')2 fragments of anti-Ig and either aﬁti—Fe or anti-BSA were mixed in
approxiﬁately equal amounts, according to the optical density at 280 nm
in a 0.1M acetate buffer, pH 5.0, and then reduced with 0.015M 2-mercapto-
ethylamine hydrochloride (Matheson Colman & Bell, Norwood, Ohio) under N2
for 1 hour at 37°C to yield univalent F(ab') fragﬁents. The sample was
immediately passed through an AG-50W-X4 cation exchange (Bio—Rad Laboratories,
Mississauga, Ontario) to remove the reducing agent. The eluate was re-
oxidized by passing molecular oxygen through the solution of univalent angi—
body fragments at room temperature for 2 hours. The divalent F(ab‘)2
fragments were separated from any unoxidized fragments by G~100 chromatography.

In order to isolate the hybrid molecules, the reoxidized material was

absorbed with a BDB-aggregated Fe or BSA conjugate. The eluant from this




-60-

aggrégate was then adsorbed with a BDB-aggregated mouse Ig conjugate.
Ouchterlony gel diffusion confirmed the presence of only the hybrid
molecules in the eluant from the second aggregate._
Hybrid antibodies used in this study were:
i. antimouse immunoglobulin - antiferritin (&—MIg—a—Fe)
ii. antimouse immunoglobulin - antibovine serum albumin (a~-MIg-0-BSA)
Following the terminology of Potter, et al (1965), the antimouse
Ig used for these preparations reacted with hea§y chains of both mouse IgG

(75IgG2a) and IgF(7SIgGl) globulins as well as with mouse light chains.

XVII REVERSE IMMUNE CYTOADHERENCE (RICA) TECHNIQUE

This‘technique employs a 5S hybrid antibody with one receptor site
specific for mouse Ig and the other specific for another protein, either
horse spleen ferritin or bovine serum albumin. Through the former site,-
the antibody reacts with mouse Ig on the éurface of lymphocytes and through
the latter it reacts with protein, coated on the surface of sheep red blood
cells (SRBC) thus forming a rosette of the small SRBC about the larger
lymphocyte.

The methods described by Paraskevas, gﬁ_él (i970, 1971a) were followed
in setting up and reading this test.

i. SPLEEN CELLS

Normal or treated DBA/2 mice were killed with chloroform and their
spleens quickly removed. A suspension of cells was prepared by teasing
the spleen with forceps in cold Hanks' balanced salt solution (Microbiological
Associates Inc., Bethesda, Maryland). The suspension was sieved through a

stainless steel mesh (200/inch) to remove tissue debris. The cells were




-61-

washed tWo times and separated by centrifugation at 800 r.p.m. for 7
minutes. A total cell count was made using 27 acetic acid in a
hemocytometer. A viable cell count was made using the trypan blue
exclusion technique.

When cells were incubated in serum before setting up the RICA

technique, they were always washed three times after treatment to remove
any traces of materials used for the treatment.

ii. TEST

A suspension of 7«10 x 105 washed spleen cells, 30 cmm of 2.5% Fe

or BSA coated sheep red blood cells (approximately 100 SRBC per spleen
cell) and 50 ug of the appropriate hybrid antibody was diluted to 300
cnm  and the samples were incubated overnight at 4°C. For each experiment,
a control employing normal spleen cells was prepared under similar con-
ditions and controls corresponding to all experiments were prepared wifhout
addition of hybrid antibody.

The tests were read By counting cells and rosettes using Bellco
slides (Bellco Glass Inc., Vineland, N.J.) with 20 mm square chambers.
The cells were resuspended gently by light tapping and gentle pipetting

and a sample was introduced onto the chamber using a Pasteur pipette. The

chamber was covered by a 22 mm square glass coverslip and the cells were
allowed time to settle. A count of lOdO spleen cells and the number of
rosette forming cells (RFC) found in that number of spleen cells was

made for each experiment using a phase contrast microscope (Carl Zeiss)

and a 40 x phase objective. A rosette consisted of a lymphoid cell sur-

rounded by a minimum of four SRBC.
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XVIII ' ANTI-THETA CYTOTOXICITY TEST

i. ANTI-THETA ANTISERUM (0-0)

Antiserum was prepared against C3H thymocytes in AKR mice according
to the method of Reif and Allenv(1964). Thymocytes (5-10 x 106) were
injected intraperitoneally at weekly‘intervals for six weeks. The serum
was collected by cardiac puncture é—lO days after the last injeétion. It
was absorbed at 4°C for 30 minutes with packed red blood cells from C3H,

DBA/2 and Balb/c mice. The absorbed serum was decomplemented by heat

inactivation at 56°C for 30 minutes, aliquoted into small amounts and stored

at -20°C.

Antisefum thus prepared was over 90% cytotoxic to Balb/c and DBA/2
thymocytes at a dilution of 1:64 and the antiserum was not cytotoxic to.
boné marrow cells.

it. 'TEST'SYSTﬁM

The two-step procedﬁre suggested by Bétchelor (1967) was followed. ¢
The anfi—theta serum diluted 1:6 was incﬁbated with 2 x lO6 spleen cells
from normal or treated animaié for 30 min at 37°C.  The cells were washed
once in the cold and then incubated for 45 miﬁ at 37°C with guinea pig
Eomplement (Pentexi, diluted 1:3. The viable cells wéfe detérmined by the
trypan blue e%clusion method. Spleen cells, incubated with anti-© serum,
washed and then incubated with normal mouse serum, heat inactivated at
566C for 45 min, Weré ﬁsed as a control,

The number of theta-carrying cells Wés also determined after
exposure of normal spleens to serums from treated mice. Cells treated

with serum from normal mice were used as a control.
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The percent cytotoxicity was calculated from the following formula

g {eite = 100 5 VCAS=VCASC
% cytotoxicity = 100 x VCAs
where
VCAs = viable count of antiserum treated preparations
VCAsC = viable count of antiserum plus complement treated preparations
XIX ‘"FREEZE THAWING

The L5178Y tumour cells were alternately frozen and thawed (FT) four or
seven times to obtain an L5178Y preparation,free of viable cells for injection

into DBA/2 mice.

XX ULTRAFILTRATION

Diaflo ultrafiltration membranes (Amicon Corp., Lexington, Massachusetts)
are anisotropic molecular filters manufactured from synthetic polymers.
These membranes will not denature proteins and are biologically inert. The&
retain molecules with size and dimension characteristics greater than their
" specified minimum and smaller molecules pass through the membrane. They
can thus be used to describe broadly the molecular weight of materials
which are passed through or retained by the membranes.

In this study, the UM10 and UMO5 membranes with cut off levels of

10,000 and 500 MW respectively were used.

XX1 PREPARATION OF SOLUBLE TUMOUR CELL EXTRACT (STE)

The procedure outlined by (Muramatsu, et al, 1973) was followed for the
papain digestion of L5178Y cells. A suspension of 7-10 x 108 lymphoid
cells was washed twice in Hanks' balanced salt solution and diluted to 4 ml

volume. A 1 ml aliquot of a 0.3 M Tris HCl buffer, pH 8.4, containing 1 mg
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mercury papain (Worihington Biochem. Co.,.Freehold, N.J.) and 0.00005
moles of cysteine HCl was added to the cell suspension. The mixture was
incubated at 37°C for 35 minutes with periodic shaking; ‘A 50 com  aliquot
of a 2.0M ﬁonoiddoaceticvacid solution (pH adjusted to 4.4 with conc. NaOH)

was added to the reaction mixture to stop tﬁe digestion and the bH of the
resultant mixture Was neutralized with 0.1IN NaOH. The suspension was
centrifiged in the cold at 10,000 r.p.m. for one hour and'the supernatant

was fractionated on a Sephadex G-200 column. The lowest molecular wéight
fraction to be eiuted ffom the G-200 column was further fractionaﬁed by
bultrafiltration-through UM10 and UMO5 Diaflo membranes.

| The following cells were digested with papain as described.

1) ascites cells from DBA/Z carrying L5178Y leukemia (L5178Y cells

| plus red blood cells) |

2) normal DBA/2 thymocytes

3) normal DBA/2 thymocytes plus red bload..cells.

XXII  PREPARATION OF ANTI-L5178Y SERUM IN DBA/2 MICE (0-L5178Y)

'DBA/2 mice were inoculated IP with lO5 or 2 x 106 mitomycin~-C-treated
L5178Y cells from ascites or culture containing HS. At monthly intervals,
a second, and in some cases a third-: injectiop of’105 mitomycin—-C—treated
L5178Y cells was given. Survivors were inoculated with 103 livé L5178Y
cells either one, two, or three times and serum was collecfed 8 days after

- the last injection.

XXIII TREATMENT OF 1.5178Y TUMOUR CELLS
A suspenéion of L5178Y tumour cells was prepared from cells maintained

in culture in Fischer's medium with 10% FCS. The cells were éentrifuged once
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at 1,200 r.p.m. for 10 min at 4°C and resuspended in Minimum Essential
Medium MEM (GIBCO) and 2 x 106 cells were incubated for 20 min at 37°C with
the following solutions which had been preincubated for 10 min at 37°C
acd then cooled in an ice bath.
1) 50 cmm of DBA/2 NS + 50 cmm 0.15M borate saline buffer, pH 8
2) 50 cmm of DBA/2 a-L5178Y sera + 50 cmm 0.15M borate saline buffer 8
3) 50 cmm of DBA/2 o~L5178Y sera + 50 cmm STE of L5178Y (0.017 OD 280’
4) 50 cmm of DBA/2 0-L5178Y sera + 50 cmm PKIIIa soluble extract of
DBA/2 thymocytes (0.017 OD 280)
The cellé were washed three times with MEM and the RICA test was performed
rn them. Untreated tumour cells were used as a control Witﬁ and without
#ddition of hybrid. The decrease in RFC of L5178Y incubated in 0-L5178Y

serum upon addition of STE or PKIIIa G-200 papain digestion of thymocytes
was calculated. Thus[(L5178Y + o-L5178Y S) — (15178Y + NS)] - [(L5178Y +

o-15178Y + STE) - (L5178Y + NS)] was compared with [(L5178Y + ¢~L5178Y S) -

(L5178Y + NS)] - [(L5178Y + o-L5178Y § + PKIIIa Thym. Prep.) - (L5178Y + NS)].

The anti~0 test was also performed on untreated tumour cells taken from

culture and ‘ascites.

XXIV SPLEEN CELL SUSPENSIONS

RICA and/or anti-theta tests were performed as described in Materials
and Methods, Sections XVII and XVIII upon cell suspensions prepared as
described (Materials and Methods, Section XVII) from spleens taken from

animals at the following times after the treatment specified.

i. 3,6,12 hours, 1,3,7,14 days after IP injection of 107, 4LXFT L5178Y
cells
ii. 6 hours after IP injection of 1l: 5 x 108 HRBC, 2: 250mg Hgg/FCA
7

1:1, 3: 10' DBA/2 thymocytes, 4: 5 x 106 DBA/2 peritoneal cells.




iii.

iv.

vi.

vii.

viii,

ix.

XXV
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6,30 hours, 3,7,14 days after IP injection of 1000 or 100 live
L5178Y with and without challenge by 107, 7XFT L5178Y or 5 x 108
HRBC
6 hours after injection of G-200 peaks of papain digestion of

1: L5178Y ascites (including STE), 2: DBA/2 thymocytes, 3: DBA/2
thymocytes + blood cells
6,30 hours, 3,7 days after 1 injection of STE with or without
challenge by 107, 7XFT L5178Y or 5 x lO8 HRBC
6,30 hours, 3,7,14 days after the first of daily injections of
STE given for 4 consecutive days with and without challenge by
107, 7XFT L5178Y or 5 x lO8 HRBC
6,30 hours,.7 days after 1 injection of deaggregated Hgg with
or without challenge by 107, 7XFT L5178Y or 250 mg Hgg/FCA
6 hours, 7, 14 days after the first of daily injections of
deaggregated Hgg given for 4 comsecutive days w?th?or without
challenge by 107, 7XFT L5178Y or 250 mg Hgg/FCA
6 hours, 3,7 days after 1 injection of O.45—ﬁ Millipore filtrate
of supernate of 1000 live L5178Y ascites with or without

challenge by 10’ 7%FT L5178Y cells

TREATMENT OF NORMAL SPLEEN CELL SUSPENSIONS

Spleen cell suspensions were prepared from normal DBA/2 mice,6-8

weeks old,in Hanks' balanced salt solution (Materials and Methods, Section

XVII) and 5 x lO6 cells in 200 cmm were incubated for 30 min at 30°C with

200 cmm of each of the following:

i.

id,

3,6,12 hours, 1,3,7,14 day serum from mice given 107 4%FT L5178Y IP
G-200 fractions of above 6-H serum,combinations of G-200 fractions of

6-H serum with NS or G-200 fractions thereof,with or without antigen
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iid. 6,30 hour, 3,7,14 day setum from mice given 1,000, or 100 live

L5178Y cells IP with and without challenge of 107 7XFT L5178Y

or 5 x 108 HRBC

iv. 6 hour, 1,3,7 day serum from mice pretreated with one injection
of STE with and without challenge of 10’ 7XFT L5178Y or 5 x 10°
HRBC

V. 6,30 hour, 3,7,14 day serum from mice after the first'of'daily

injections of STE given for 4 consecutive days with and without

challenge of 10 7XFT L5178Y or 5 x 10° HRBC

After incubation, the cells were washed three times at 4°C in balanced

salt solution and used in both RICA and anti-© cytotoxicity tests.

XXVI - ASSAY FOR CYTOSTASIS OF 15178Y IN CULTURE

The assay system employed by Chia and Festenstein (1973) was followed
agd subsequently modified so that it could be carried out in microcultures.
i. MACROSYSTEM !
Aliquots of L5178Y cells in log phase of culture at a eoncentration of
2.5 x lOS/ml Werevincubated with an equal volume of spieen cells from normal
and treated‘DBA/Z mice in lymﬁhoeyte to tumour cell ratios” (L/TC) of 25/1,
j50/l, 100/1 and, in some experiments, 200/1.,in Falcon flastic culture tubes
(Oxnard, California). The mixed cell cultures ﬁere incubated at 377C in a

5-10% CO, in air atmosphere for 1,2 or 3 days. A 50 cmm aliquot of fresh

2
medium containing approximately 0.1uCi of 1125 deoxyuridine (I;zSﬁDR) was
added and the culture was earried on fdr 4 or 24 hours. The cells were then

washed three times with Hanks' balanced salt solution and the radioactivity

of the pellet was counted in a Series 1185 Automatic Gamma Counter (Nuclear -




Chicago, Des Plains, Illinois).

ii. MICRbSYSTEM

According to the modification of Greenberg (1975), the method of
Chia and Festenstein (1975) was scaled down for use in a microsystem. A
65 cmm aliquot of L5178Y cells in log phase culture resuspended at 4 x 104
cells/ml in fresh medium was exposed to an equal volume §f spleen cells
from normal or treated DBA/2 mice in L/TC ratios of'25/1, 50/1 and 100/1.
The mixed cell cultures were'incubated in Linbro (IS-FB~96-TC) microplates
U and/or V, obtained from Linbro Chem. Co., New Haven, Connecticut,for 1,
2 or 3 days in a moist, 5-10% CO2 in air atmosphere at 37°C. At the end of
this time, a 90 cmm aliquot of fresh medium containing 0.5-1.0 ugi 1125 UDR/ml
was added to each culture. The microcultures were harvested 20 hours later
using a multiple cell culture harvester, obtained from Skatron A.S.,
Heggtoppen, Norway, which employs glass fibre filters (Skatron A.S.). The
filters were air dried and counted in a gamma counter as mentioned previously.

The 3 day cultures wére refed with 40 cmm of fresh medium after 48
hours of culture,

The lymphoid cells incubated with the L5178Y cells in these experiments
were taken from DBA/2 mice which had received the following treatment.

(1) no treatment

(2) 1IP injection of 107, 7XFT L5178Y cells 10-19 days previously

(3) 1IP injection of 5 x 108 HRBC 10-19 days previously

(4) 1IP injection of 107, 7XFT L5178Y cells 10-19 days previously
preceded by one daily injection of STE for four consecutive

days beginning at day -7
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7

(5) 1IP injection of 10, 7XFT L5178Y 10-19 days previously
preceded by one daily injection of - deaggregated Hgg for four

consecutive days beginning at day -7

Cultures of all of these lymphoid cells without L5178Y tumour cells
were used for controls..
The growth inhibition was calculated according to the following

formula.

T.LT - LT

T.LN - LN

% growth inhibition = 100 x |1

where
| 'I'.LT = counts per min L5178Y:treated spleen cell cultures
) T.LN = counts per min L5178Y:normal spleen.cell cultures
LT - = counts per min tfeated spleen cell cultures
LN = counts per min mnormal spleen cell culfures

The same calculations were performed substituting the counts per minute

" in the appropriate HRBC sensitized spleen cell cultures for the normal spleen

cell culture (with and without L5178Y cells) in order to eliminate tumour cell

growth inhibition which may be due to non-specific sensitization.

XXVII STATISTICAL ANALYSIS

All statistical analyses were carried out using a multiple T-Test
program on a Control Data Corp. System 1700 computer. Differences with
a probability greater than one percent that they could have occurred ran- -

domly, were not considered significant unless otherwise noted.




EXPERIMENTAL RESULTS




I. IMMUNOGLOBULIN BEARING CELLS IN NORMAL MOUSE SPLEENS

Normal mouse spleen cells which exhibit immunoglobulin on their surface
are capable of forming.roséttes in the presence of 5S hybrid antibody and
erythrocyte indicator cells (Figure 1). (All methods used are described
previously in the Materials and Methods Section.) Cells lécking immuno-
globulin on their surface remain unattached. Two hydfid antibodies, a~-MIg-o~-Fe
and o-MIg-a-BSA which reacted 'with all classes of mouse Ig,were used in this
study. The former detected approximately 30% of normal DBA/2 spleen cells
as being Ig bearing (mean + SD of 53 mice, 302.9 + 20.7 RFC/1000 spleen
cells). The latter detected about 40% of normal spléen cells (mean * SD
of 142 mice, 394.7 + 21.4). The difference in the two test systems is
probably related to a number of variables, i.e. different charge effects and
antibody affinities involved in the use of differen; proteins for coating
sheep red blood cells. Differences in the density of the two protein coat-
ings on SRBC could also 1eéd to the detection of a different proportion of
spleen cells. A normal control was tested with every experiment and the
results which follow compare the Ig bearing splegﬁ cells of groups of experi-
mental animals with those of normals for which the same hybrid antibody test
system was used.

II. Ig BEARING SPLEEN CELLS

SIX HOURS AFTER ADMINISTRATION OF ANTIGEN

Spleen cells of DBA/2 mice were examined for surface Ig six hours after IP
administration of a variety of antigens. Heterologous erythrocytes HRBC
alone and Hgg emulsified in FCA produced statistically significant increases

in Ig bearing spleen cells (p < .001).




Figure 1: Rosette forming cell in normal DBA/2 mouse spleen
examined by phase contrast microscopy.
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A large doée of syngeneic L5178Y leukemia cells, 107, living or frozen
and thawed (FT) produced statistically significant increases in Ig bearing
spleen cells (p < .001) améunting to about 20% above the normal level. As
the L5178Y cells were shown to carry the O determinant (described later)
syngeneic thymocyctes as well as peritoneal cells and the supernate of 107
ascites cells were examined and did not produce any six hour increase in Ig
bearing cells as shown in Table I.

The mean + SD of the spleen weight of normal mice was 80.6 + 17.1 mg
compared with the mean + SD of the spleen weight of mice which exhibited a
six hour increase in Ig carrying spleen cells, 72.6 + 15.1 mg. Similarly,
the total spleen cell count of normal mice was 9.7 + 3.3 x lO7 cells while
that of mice exhibiting a six hour increase of Ig bearing cells was 7.6 +
2.8 X 107. Thus the increase in Ig,béaring spleen cells six hours after
administration of antigen was not associated with aﬁy signifigant change in
spleen weight or total spléen cell count.

ITI. : CHANGES IN SPLEEN CELL POPULATION

AFTER ADMINISTRATION OF 107, 4xFT 1.5178Y CELLS

i. Ig POSITIVE CELLS

Intraperitoneal injection of 107, four times frozen and thawed (4 x FT),
L5178Y cells, which produced a significant six houf increase in Ig bearing
spleen cells produced no significant change from normal levels at the other
time intervals examined. These tests were carried out for two weeks after
the inoculation, as seen in Figure 2.

ii. © POSITIVE CELLS

Examination of the © bearing spleen cell population, using anti-0 serum




% Change in TIg+ Spleen Cells Six Hours After Administration of Antigen

TABLE I

Treatment

6

5 x 10”DBA/2 Peritoneal cells

lO7 DBA/2 Thymocytes

10715178Y, 4xFT

10715178, live

5 x 108 HRBC

Supernate of 107 15178Y Ascities

250 ugHgg/FCA 1:1

None

a, . i . . . .
The numbers in parenthesis in all tables are the numbers of animals examined

% Change Ig+

1.3
21.0

0.0

Spleen Cells + SD

B o N N R E

|+

2.3

6.¢

5.7

3.7

3.4

5.2

2.7

5.4

-

)%
(3)
5
(3)
(3)
(3)
)
(142)




CHANGES OF Ig + CELLS (%)

Figure 2:
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_ lg + SPLEEN CELLS
25- AFTER 107 4xFT L5178Y

204t

15-

612 1 ! 7 1
HRS DAYS

Changes in Igt+ spleen cells are expressed as
percentage of the normal count.
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and complement revealed that concomitant with the six hour increase in Ig
bearing cells, a significant decrease (p < .001) of approximately the same
magnitude, occurred in the 0 bearing.population. No other significant
change from normal levels was observed in the Q bearing spleen cell popula-
tion for up to two weeks after administration qf the tumour cells as seen
in Figure 3.

Iv. EFFECT ON NORMAL SPLEEN CELLS OF SERA

TAKEN AT INTERVALS AFTER ADMINISTRATION OF 107, 4xFT 1.5178Y CELLS

i. Ig POSITIVE CELLS

Normal spleen cells were incubated for 30 minutes at 37° C in an aliquot
‘of serum taken from mice at different time intervals after administration of
107, 4xFT, L5178Y cells. This treatment revealed that the resulting Ig
bearing and O bearing spleen cell populations reproduced these resulting Ig
from the spleen cell populations of the donor mice -( Tables II
and III). Thus a statistically significant increase in Ig bearing cells
p < .01) was observed upon incubation of normal spleen cells in serum taken
six hours after administration of 107 live or frozen and thawed L5178Y cells

(6-HS) (Table II).

ii. © POSITIVE. CELLS .

Conversely a significant decrease (p < .001l) was observed in the 0
bearing population of the sameé cells obtained after incubation of normal
spleen cells in 6-HS as seen in Table III. Thus the six hour increase in Ig
bearing spleen cells was thought to be due to uptake of cytophilic Ig by
T cells.

As well the three hour serum produced a pa?tial increase in Ig carrying
cells concomitant with a-partiai decrease in the O bearing population (p < .001

for the latter).
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© + SPLEEN CELLS
AFTER 10’ 4x FT L5178Y

% cyToTOXITY

15“11_T4FT Y T
3612 1 3 7 14
HRS DAYS

Figure 3: 6+ spleen cells are expressed as the percentage-
of spleen cells killed by anti-8 serum and

comp

lement.
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TABLE II

% Change in Ig+ Spleen Cells:

IP TInoculation of 10°,

Time Sera Taken?®

3H

6H

6HP
24H
3D
7D
14D

NS

8Time after injection of 107, 4xFT, L5178Y cells when sera were taken.

4xFT, L5178Y Cells

% Change Ig+ Spleen Cells + SD

9.6 + 5.4
22.0 + 1.2
18.3 + 4.9
=21.7 +29.1
-7.5 + 5.5
-9.8 +11.6
-3.4 +11.5

0.0 + 9.5

bLive L5178Y cells (107) were used in this case.

(3)
(2)
(3)
(3)
(3)
(4)
(4)
(7)
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TABLE III

7% 6+ Spleen Cells:

Effect on Normal Spleen Cells of Sera Taken After IP Inoculation of 107,

4XFT L5178Y Cells

Time Sera Taken? _ % o+ Spleen Cells + SD

3H : 18.3 + 3.4 (6)

6H | 16.6 + 1.8 (4)
12H ' 30.0 + 7.6 (3)

2641 . | - 20.9 + 8.5 (3)

3D 23.3 +10.6 (5)

7D : 23.9 + 2.8 (4)

14D 22.9 + 5.2 (8)

NS 28.6 + 5.7 (34)7

?Time after injection of 107, 4xFT L5178Y cells when sera were taken.
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v. . EFFECT OF 6-HS ON

©-DEPLETED NORMAL SPLEEN CELLS

Normal spleen cells were treated with AKR anti-@ serum and complement.

The base level of Ig bearing cells was consequently higher but

the resulting population of cells was found incapable of producing an increase
in Ig bearing spleen cells upon incubation in 6-HS. In contrast, the same
normal spleen cells incubated in normal AKR serum in the presence of comple-

ment produced a population of cells quite able to produce a significant

increase in Ig bearing cells (p < .001) upon incubation in 6-HS (Table IV).

These results corroborated the previous observations that the increase
in Ig carrying spleen cells; upon incubation of normal spleen cells in 6-HS,
was related to uptake of af least cytophilic Ig by T cells.

. Work previously done in this laboratory had shown that six hour serum
obtained following injection of a number of antigens contained a 7S fraction
which reproduced allbthe activities of the six hour serum (Orr and Paraskevas‘
1973). Thus the 6-HS obtained after administration of L5178Y cells was exam—
ined for this activity.

VI. EFFECT OF G-200 FRACTIONS OF 6-HS

ON NORMAL SPLEEN CELLS

Six hour serum obtained following injection of 107, 7xFT L5178Y cells
was separated on a Sephadex G-200 column (Figure 4). Three major protein
peaks were eluted, the 19S5, 7S and 4S. Incubation of normal spleen cells at

37° C¢ for 30 minutes in aliquots of the individual fractions showed that a

significant increase in Ig bearing cells (p < .01) was obtained only with the
use of the 7S fraction of 6-HS (Table V ). Similarly a significant decrease

in the © bearing population (p < .00l) was demonstrated in the case of the 78
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TABLE IV

Uptake of Cytophilic Ig by T Cells Demonstrated by Inhibition with Anti-@

Serum and Complement Treatment,

Tréatment Number RFC/1000 % Increase Ig+ Cells
of Spleen Cells Spleen Cells + SD Incubated in 6-HS.
AKR 0-0 + C + [DBA/2 NS] 490.3 + 14.7 (4)

ARR 0~0 + C.+ [DBA/2 6-HS]  491.3 + 30.9 (4) 0.2 + 6.3
ARR NS + C + [DBA/2 NS]  404.0 + 11.5 (&)

AKR NS + C + [DBA/2 6-HS] 478.5 + 16.1 (4) 18.4 + 3.4
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SEPHADEX G-200 FRACTIONATION OF SIX HOUR SERUM-

1.4

1.2

1.0-

&
1

OD 280 nm

100 t ' Iz'oo ' 1 300
137(19s) 193(7s) 265 (4S)
VOLUME (mls)

Figure. 4:




TABLE V

% Change in Igt Spleen Cells:

Effect of Sephadex G-200 Fractions of 6-HS on Normal Spleen Cells.

Treatment
6-H-19s
6-H- 73
6-H- 4S

NS

Z Change in Ig+ Spleen Cells + SD
-7.5 + 13.2 (7)
22.6 + 16.7 (6)
4.3+ 1.4 (6)

0.0 + 9.5 (7)
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fraction of 6~HS (Table VI). Thus the 7S fraction of 6-HS appears to contain
all of the activity of the 6-HS and the cytophilic Ig involved in this phenome-
non appears to be a 75 Ig.

As studies by other investigators in this laboratory had revealed that
the 4S fraction of six hour serum obtained after IP administration of a partic-—
ulate antigen was active in the presence of antigen and normal mouse serum
the 4S and 19S fractions of tHe L5178Y 6-HS were examined in the same manner.

VII. EFFECT OF 4S AND 19S FRACTIONS OF 6-HS

ON NORMAL SPLEEN CELLS IN THE PRESENCE OF NS AND ANTIGEN

As seen in Table VII the 4S fraction of 6-HS in the presence of normal
mouse serum (NS) and an unrelated soluble antigen (BSA) was capable of pro-
ducing a statistically significant increase in Ig bearing spleen cells (p < .01).
In contrast the 195 fraction did not display any such activity. Concomitant
with the increase in Ig bearing cells, incubation of normal spleen cells in
the 48 fraction of 6-HS inlthe presence of BSA produced a significant de-
crease (p < .001) in O bearing cells while the 19S fraction had no effect
(Table VIII),

Thus there appeared to be an active factor in the 4S fraction of this
6-HS which was capable of inducing the uptake of cytophilic Ig by T ceils in
the presence of soluble antigen.

VIII. EFFECT OF 4S FRACTION OF 6-HS ON NORMAL SPLEEN CELLS

IN THE PRESENCE OF ANTIGEN AND DIFFERENT FRACTIONS OF NS

Further, similar Sephadex G-200 fractionation of normal mouse serum (NS)
followed by incubation of normal spleen cells in the 4S fraction of L5178Y 6-HS
plus soluble antigen with one of the three fractions of NS showed no co-

operative ability in the 19S5 or 4S fractions of NS. Only the 7S fraction
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TABLE VI

Z 04+ Spleen Cells:

Effect of Sephadex G-200 Fractions of 6-HS on Normal Spleen Cells

Treatment
6-H-195S
6-H- 78S
6-H- 43

NS

% 0+ Spleen Cells + SD
26.4 + 4.1 (7)
16.6 + 4.5 (6)
27.5 + 4.6 (5)

28.6 + 5.7 (34)
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TABLE VII

% Change in Ig+ Spleen Cells:

Effect on Normal Spleen Cells of Sephadex G-200 Fractions 4S and 19S5 of

6-HS with NS and Soluble Protein Antigen

Treatment %Z Change in Igt+ Spleen Cells + SD
6-H-19S + NS ' | -2.8 + 4.8 (6)
6-H-19S + NS + BSA -7.4 +12.6 (8)
6-H-4S + NS . -0.4 +10.5 (6)
6-H-4S8 + NS + BSA 17.8 +14.0 (7)

NS ' 0.0 + 9.5 (7)
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TABLE VIII

% o+ Spleen Cells:

Effect on Normal Spleen Cells of Sephadex G-200 Fractions 4S and 19S5 of

6~HS with NS and Soluble Protein Antigen

Treatment ' % 0+ Spleen Cells + SD
6-H-19S + NS 24.9 + 2.4 (6)
6-H-19S + NS + BSA 24.8 + 5.0 (8)
6-H-4S + NS 25.7 + 2.8 (6)
6-H-4S + NS + BSA: 13.0 + 5.4 (7)

NS 28.6 + 5.7 (34)
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was able to interact with the active 4S fraction of 6-HS in the presence of
soluble antigén, to produce a statistically significant increase in Ig
beariﬁg cells (p < .01) (Table IX). Similarly only the 7S fraction of NS
was active in co-operating to produce significant decreases in O bearing
cells iﬁ the.presence of the 45 fraction of 6-HS and either BSA (p < .001)
or FIB (p < :01) (Table X). |

Thuséthe observation of an increase in Ig bearing spleen cells with a
concomitant decrease in the 0 bearing population six-ﬁéurs after admiﬁistra—
tion of a large‘dose of L5178Y cells appeared to involve the action of an
active 4S serum factor in the uptake of at least cytophilic.7s Ig by T cells.
From these resuits it is evideﬁt that the L5178Y‘cells in the syngeneic
DBA/2 mice express antigenic qualities similar to a ﬁide variety of antigens
previously tested in this laboratory (Paraskevas_gg_gi 1972).

As the six hour response involves large éell population changes and is
.one_of thé'earliest occurrences following exposure to antigen it was consié~
ered to be a pfobe which might prove fruitful in detecting changes in the
»lymphbid system of mice bééring a growing tumour. Our interests were in -
studying animals with tumours at the very early stages of dé%elopment,

Thus it was desirable to simulate the'prdgress of a naturally arising tumour
by iﬁiéiating tumour growth with a small number of cells which Wdu1d>still
produce a high percentagebofvdeaths. Forvthis purpose the biological via-
bility of our L5178Y line was assessed in DBA/2 mice.

IX. THE RELATIONSHIP OF TUMOUR CELL DOSE

WITH BIOLOGICAL VIABILITY AND SIX HOUR RESPONSE

In order to determine the lowest doses of tumour cells which_wbuld kill
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TABLE IX

% Change in Ig+ Spleen Cells:

Effect on Normal Spleen Cells of 4S Fractibn of 6-HS, Antigen And

Sephadex G-200 Fractions of NS

Treatment % Change in Igt+ ‘Spleen Cells + SD
6-H-4S + FIB, + NS-19S 0.4 + 3.1 (4)
6~H-4S + FIB. + NS-7S 22.4 + 1.6 (4)
6-H-4S + FIB., + NS-4S 6.2 + 2.2 (4)

NS | 0.0 + 9.5 (7)




-89~

TABLE X

% 0+ Spleen Cells:

Effect on Normal Spleen Cells of 4S Fraction of 6-HS, Antigen and Sephadex

G~200 Fractions of NS

Treatment % 0+ Spleen Cells + SD
6-H-4S + FIB + NS-195 37.4 + 1.6 (2)
6-H-4S + FIB + NS —78 15.1 + 2.3 (2)
6~H-4S + FIB + NS -4S A30.7 + 3.5 (2)

6-H-45 + BSA + N5-195 21.9 + 8.9 (3)
6-H~4S + BSA + NS-7S _ 13.3 + 3.9 (3)
_6—H—4SA+ BSA + NS-4S 23.6 + 6.5 (3)

NS 28.6 + 5.7 (34)
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a high proportion of mice, the time of death‘of mice was observed following

an IP inoculation of the live tumour cells given at different log concen-

trations. As seen in Figufe 5 tﬁe plot of mean survival time versus the

log of the dose of tumour cells given was a relatively straight line. The

least squares regression line had a slope of -2.3 and a Y intercept of 26.6.
A dose of 1000 cells or more killed 100% of animals tested.

The results of a study of the ability of the 1§west doses to produce both
animal death and a six hour response aré shown in Table XI. An inoculum of
10 live cells produced no six hour increase in Ig bearing spleen cells but
only killed 29% of the mice injected; It was not known whether the small
proportion of tumour take was due to the possibility that the tumour cells
injected had a low potential for initiating a progressively gro&ing tumour.
Alternatively, the host animals may have been able to produce an effective
‘response against this small number of cells, although,other investigators
have repbrted that peritoneal injecfion of from 10 to 100 cells routineiy
gives rise to fatal tumours in greater than 85% of the recipients (Goldstein
and Manson 1975).

A 100 cell inoculum of live L5178Y cells also produced no significant
six hour increase but killed 95% of mice injected. Administration of 1000
cells killed every animal thus treated and prodqced a partial (60%) but
still statistically significaéﬁ six hour response (p < .001).

Thus animals bearing tumours growing from inoculae of live L5178Y cells

in the order of 100 and 1000 cells were considered worthwhile to examine.
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~ Biological Viability of L5178Y
25 Cells in DBA[2 Mice

20

DAYS

15-

10|>|||'|
1 2 3 4 5 g 7

LOG L5178Y CELLS

Figure 5: The number of days represents the mean survival time
of mice inoculated with live L5178Y cells.
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- TABLE XI

Titration of Biological Viability and Six Hour Increase in Ig+ Spleen

Cells with Injection of Viable L5178Y Cells,

Number L5178Y % Increase Igt+ % Animals
Injected " Spleen Cells After 6H + SD Killed
1000 12.0 + 8.4 (12) 100 (20)

100 3.0 + 6.9 (9) 95 (20)

10 2.6 + 9.9 (11) | 29 (62)
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X. CHANGES IN SPLEEN CELL POPULATIONS

FOLLOWING INOCULATION WITH 100 LIVE 1L5178Y CELLS

i. Ig POSITIVE CELLS

" As shown in Figure 6 the percentage of Ig bearing cells following IP
inoculation of 100 live tumour cells remained in the normal range from six
hours to thirty hours but on day tﬁree a significant increase above the normal
was observed (p<.001). The level of Ig bearing cells was back in the normal
range on days seven and fourteen.  The ascites tumour became noticeable in
these mice at approximately two and omne-half weeks after initiatién of tumour
growth and the aniﬁals diéd by day thirty.

| Mice bearing tumours growing from an inoculum of 100 live L5178Y cells
were given an antigen chailenge at different intervals after the live cell
inoculum. Thus it was shown that these mice failed to produce a six hour
increase in Ig bearing spleen cells in response to 107, 7xFT, L5178Y cells
given on day one to at least day seven after initiation of tumouf growth ‘
(Figure 6). Similarly no response was detected six hours after a challenging
dose of HRBC (5x108) was'administered at the same time intervals. In fact,
at day tﬁree when a peak of Ig bearing cells occurs in thesé tumour bearing
ﬁice, administration of challenging doses of L5178Y cells or HRBC resulted
in a decrease of Ig bearing cells which was statistically significant in
the case of HRBC (p < .005). |

By day fourteen the tumour bearing animals appeared to be capable of

producing a partial although not significant six hour increase.

ii. O POSITIVE CELLS

Examination of the © bearing population of spleen cells in mice bearing
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-Ig + SPLEEN CELLS AFTER 100 LIVE L5178Y
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No challenge - -®; 6H 107,7XFT L5178Y challenge a—a;
6H 5x108 HRBC challenge g—-—m .
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tumours growing'from a 100 cell inoculum showed that a significant decrease
in the O bearing population (p < .001) occurred on day three concomitant
with the increase in Ig bearing cells (Table XII). By days seven and fourteen
the level of O-bearing cells returned to normal. Challenge on day three
with either lO7 L5178Y or 5x108 HRBC produced a significant increase in 0-
bearing cells six hours later (p < .01). On day seven the mice were also
found to be incapable of producing a six hour decrease in O-bearing cells in
response to challenge by either antigen.
By day fourteen administration of the same doses of L5178Y or HRBC produced
et least a partial six hour decrease of ©-bearing cells which was not signifigant.
Thus the changes.in the Ig bearing spleen cell population were mirrored
by changes in the O-bearing population and the tumbur bearing animaISiWere_
found to be incapable of responding to specific and non-specific antigen
A challénge from day one to day seven after initiatioﬁ of tumour growth.
In order to detefmine whether the observed defect was present in the
serum of the tumour bearing mice the ability of the sera from all of these
mice to alter the populations of cells in normal spleens was examined.

XI. EFFECT ON NORMAL SPLEEN CELLS OF SERA FROM MICE

BEARING TUMOURS GROWING FROM 100 LIVE L5178Y CELLS

i. Ig POSITIVE CELLS

Incubation of normal spleen cells in serum taken from mice six hours
after inoculation of 100 live tumour cells produced a partial but still sig-
nificant increase in Ig bearing cells (p < .001). Otherwise, incubation of
‘normal spleen cells at 37° for 30 minutes in sera from tumour bearing mice

with and without antigen challenge reproduced the same results obtained
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TABLE XII

% 0+ Spleen Cells

After Inoculation of 100 Live L5178Y Cells.

% 0+ Spleen Cells + SD

No Challenge L5178Y Challengea HRBC Challengeb
13.1+ 5.1 (4)  30.3 + 9.0 (4) 25.4 + 3.4 (4)
23.3 + 6.3 (6) 20.7 + 8.6 (6) 28.1 + 3.0 (&)
25.2 +10.0 (6) 19.7 + 7.6 (5) 18.1 + 2.9 (4)

26.8 + 5.3 (139)

33ix hours after challenge with 107, 7xFT 1L5178Y Cells.

8

bSix hours after challenge with 5x10~ HRBC
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from the spleen‘cells of the animals which pfbvided the sera (Table XIII).
No increase in Ig bearing spleen cells was produced from serums of chal-
lenged animals comparea with that of tumour bearer controls taken from days
one to seven after live cell inoculation. Incubation of normal spleen cells
in serum from animals challenged with either L5178Y or HRBC fourteen days
after initiation of tumour growth showed a significant increase in Ig bearing
celis over incubation of the same cells in serum from unchallenged fourteen
day tumour bearers (p < .001). Also a significant increase in Ig bearing
cells (p<.005) was observed following incubation of normal spleen cells in
serum taken three days after inoculation of 100 live L5178Y cells and serum
from animals whicﬁ were challenged on that day produced slight decreases in
the Ig bearing population of normal spleen cells.

ii. © POSITIVE CELLS

An insignifigantdecrease in the O-bearing pqpuiation was observed upon,inc-
ubation normal spleen cells in serum taken three days after 1live tumour cell inoc-
ulation (Table XIV). Serum from three day tumour bearers challenged with
HRBC or L5178Y cells produced only slight changes in the O-bearing population
of normal spleen cells. No significant decrease in O-bearing cells was
observed, upon examination of normal spleen cells incubated in serum taken
from animals challenged with L5178Y or HRBC on days three, seven or fourteen
after initiation of tumour growth.

Thus the tumour bearer animals challenged with specifi¢ and non-specific
antigen have been shown to be incapable of exhibiting a six hour response in
their spleen cells or their serum from day one to'at least day seven after

initiation of tumour growth.




TABLE XIII

%Z Change in Igt+ Spleen Cells:

Effect on Normal Spleen Cells of Sera Taken After Inoculation with 100 Live L5178Y

Time Sera N % Change in Ig+ Spleen Cells + SD
Taken’ No Challenge L5178Y Challengeb HRBC Challengec
6H 15.4 + 11.8 (6)
30H -5.2 + 4.3 (4) 8.9 + 20.8 (4) 3.4 + 19.4 (4)
3D 11.7 + 9.5 (6) 9.9 + 9.4 (6) 10.4 + 11.4 (6)
7D -6.1 + 7.5 (4) -7.9 + 7.5 (4) -5.4 + 3.1 (4)
14D : 8.2 + 7.7 (4) 26.2 + 9.9 (4) 27.2 + 5.7 (&)

NS 0.0 + 7.4 (38)

aTime after inoculation of 100 live cells when sera were taken.

bSera from tumour bearers taken six hours after challenge with 107, 7xFT L5178Y cells.

CSera from tumour bearers taken six hours after challenge with 5x108 HRBC.
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TABLE XIV

% 6t , Spleen Cells

Effect on Normal Spleen Cells of Sera Taken After Inmoculation with 100 Live

L5178Y Cells,

Time Sera % 0+ Spleen Cells + SD

Taken® . vNo Challenge 1L5178Y Challengeb | HRBC Challengec
3D ' 22.2 + 4.1 (4) 27.3 + 7.2 (4) 26.6 + 4.9 (&)
7D - 31.6 + 6.7 (4) 30.0 + 7.8 (4) - 28.0 + 5.8 (4)
p 28.9 + 6.3 (4) 28.1 + 2.8 (4) 24,8 +10.3 (45

NS | 28.6 + 5.7 (34) o

a . . . .
Time after inoculation of 100 live cells when sera were taken.

bSera from tumour bearers taken six hours after challenge with 107; 7xFT 1.5178Y cells.

®Sera from tumour bearers taken six hours after challenge with 5x108 HRBC.
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In order to assess the effect of tumour growth from a dose of live cells
which produced 100% kill and only a partial six hour response, tumour growth
was initiated with 1000 live cells as well.

XIT, CHANGES IN SPLEEN CELL POPULATIONS

FOLLOWING INOCULATION WITH 1000 LIVE L5178Y CELLS

i Ig POSITIVE CELLS

As seen in Table XV, after a significant, although partial, increase in
Ig bearing cells six hours after initiation of tumour growth (p<.001) the Ig
bearing population returned to normal at thirty hours. Similar to inoculation
v of 100 live cells a significant increase was observed at day three (p < .001)
and the Ig bearing spleen cell population returned to nqrmal levels by day
seven and remained there on day fourteen. These tumour bearing animals were
unable to produce a six hour increase in Ig bearing cells following antigen
" challenge on day one to day seven after inoculation of 1000 live tumour cells.
In fact on day three,challenge of ﬁice by either L5178Y celis or HRBC resulted
in a depression of the Ig bearing cell population (p < .005) compared with
similar but unchallenged tumour bearers. |

ii. © POSITIVE CELLS

The changes in the 0 population mirrored the changes in Ig bearing cells
(Table XVI). Following inoculation of 1000 1iv¢ 1.5178Y cells a decrease in
the percentage of splenic O—béaring cells (p <.001) was observed after three
days. This returned to normal by day seven and remained thére at day fourteen.
On day three there was an increase in the ©-bearing population six hours after

challenge with either L5178Y cells or HRBC and this increase was significant

in the case of L5178Y cells (p < .005). The mice bearing tumoéurs growing from
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TABLE XV

% Change in Igt Spleen Cells

After Inoculation with 1000 Live L5178Y Cells.

Time after 1000 % Change in Ig+ Spleen Cells + SD
L5178Y Given No Challenge 1L.5178Y Challengea HRBC Challengeb
6H 12.0 + 8.4 (12) |
30H 0.1 + 8.3 (6) ~0.5 + 7.6 (6) ~12.0 + 11.3 (4)
2D 8.9 +10.8 (2) -1.3 + 1.6 (2) - 3.1 + 14.9 (2)
3D 1 21.4 +13.6 (8) 2.0 +9.8 (8 -4.9 + 5.3 (&)
7D ~0.8 + 7.9 (6) -4.7 + 3.5 (6) -6.5 + 9.9 (4)
14D ~4.0 + 8.3 (6) 10.4 + 9.6 (6) 13,0 % 5.7 (4)

Normal 0.0 + 5.4 (142)

33ix hours after challenge with 10, 7xFT L5178Y cells.

bSix hours after challenge with 5x108 HRBC.
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TABLE XVI

% 0+ Spleen Cells

After Inoculation of 1000 Live L5178Y Cells.

% 0+ Spleen Cells + SD°

No Challenge L5178Y Challenge?
13.6 + 4.5 (4) 29.6 + 5.7 (4)
24,2 + 5.6 (4) 25.9 + 7.5 (4)
23.7 + 2.3 (4) 17.1 + 9.0 (4)

26.8 + 5.3 (139)

23ix hours after challenge with 107, 7xFT L5178Y cells.

8

bSix hours after challenge with 5x10  HRBC.

HRBC

24.7

26.7

17.5

Challengeb
+ 11.1 (4)
+ 7.2 (4)

+ 7.4 (4)
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1000 cells Were.unable to prqduce a six hour decrease in the splenic ©O-
bearing population up to at least day seven after initiation of tumour
growth. On day fourteen a'partial six hour decrease is demonstrated al-
though it was not statistically significant.

XIII. EFFECT ON NORMAL SPLEEN CELLS OF SERA FROM MICE

BEARTNG TUMOURS GROWING FROM 1000 LIVE 1.5178Y CELLS

i. Ig POSITIVE CELLS

The essential features of the spleen cell changes observed in animals
bearing tumours growing from an IP inoculum of 1000 live cells were repro-
duced upon incubation of normal spleen cells in their sera (Table XVII).

A statistically significant although partial, increase in Ig bearing cells

was found in the case of serum taken six hours after the injection of 1000
live tumour cells (p < .01). The level of Ig bearing cells also showed a
significant increase upon incubation of normal spleén cells in three day

sera (p < .001). Otherwise sera taken from mice at thirty hours and seven
and fourteen days after.initiation of tumour growth produced no change.

Table XVII also shows that sera taken from tumour hearers challenged from
thirty hours up to at least day seven were incapable of producing a six hour
increase in Ig positive normal spleen cells. In fact a decrease in Ig bearing
cells was found upon use of sera from three day animals which were challenged
with either L5178Y cells or HRBC.The biological'signifigance of this is unknown.

The sera from animals challenged with either of these same antigens on
day fourteen after initiation of tumour growth showed an increase of Ig
bearing cells compared with the sera of unchallenged fourteen day tumour

v

bearers.
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TABLE XVII

% Change in Ig+ Spleen Cells:

Effect on Normal Spleen Cells of Sera Taken After Inoculation with 1000 Live L5178Y

Cells.
Time Sera % change in Igt+ Spleen Cells + SD
Taken? ‘No Challenge L5178Y Challengeb HRBC Challengec

6H 12.5 + 12.9 (3)-

30H -13.8 + 9.5 (4) -17.9 + 12.3 (4) ~5.1 + 13.0 (4)
2D -2.9 + 3.1 (2) -23.0 + 1.1 (4) 4.4 + 13.8 (4)
3D 16.8 + 13.7 (6) 0.7 + 13.0 (6) 0.9 + 10.4 (6)
7D =0.4 + 11.1 (4) 3.9 + 10.4 (4) 1.3 +17.8 (4)
14D 1.9+ 9.7 (&) 15.8 i_ll.é (4 - 23.1 % 16.7 (4)
NS 0.0 + 7.4 (38)

a,,. , , , '
Time after inoculation of 1000 live cells when sera were taken.

bSera from tumour bearers taken six hours after challenge with 107, 7x¥FT, L5178Y cells.

®Sera from tumour bearers taken six hours after challenge with 5x108 HRBC.




-105-

ii. © POSITIVE CELLS

The results of O cytotoxicity determination on normal spleen cells
incubated in these same tumour bearer sera mirrored the findings for the

Ig bearing population (Table XVIII). A decrease in 0O-bearing cells was

observed following incubation of normal spleen cells in three day tumour
bearer serum (p < .001). In contrast, normal levels of this population

of cells were obtained by the-.use of sera from three day tumour bearers

which had been challenged with either L5178Y cells or HRBC. Further, no

decrease in the O-bearing population was observed following the use of
sera taken from challenged tumour bearers till fourteen days after initia-
tion of tumour growth. Even then the deére%ggs were not marked.

Thus mice bearing tumours growing from a; inoculum of 1000 live cells
were also unable to producé a six hour respomnse to antigen challenge. in their
spleens or sera from day one to seven following the live cell inoculum.

It was considered poséible that ascites fluid injgcted with the live
cell inocula- might contain substances active in this system. In order to

assess the effect of the ascites cell supernate in these experiments in-

volving a live cell inoculum, the course of the Ig bearing spleen cell popu-

lation was followed in animals given a single injeétion of cell free aécites
supernate corresponding to an inoculum of 1000 live L5178Y cells.

XIV. CHANGES IN Ig BEARING SPLEEN CELL POPULATIONS

FOLLOWING INJECTION OF CELL-FREE ASCITES SUPERNATE

CORRESPONDING TO 1000 LIVING 15178Y CELLS

Table XIX shows that injection of the supernate of 1000 live L5178Y

ascites cells did not produce a six hour increase in Ig bearing cells.
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TABLE XVIIT

% 0+ Spleen Cells:

Effect on Normal Spleen Cells of Sera Taken After Inoculation with 1000 Live L5178Y

Time Serum ' % 0+ Spleen Cells + SD
Taken? No Challenge L5178Y Challengeb HRBC ChallengeC
3D 16.5 + 8.6 (4) 26.0 + 9.2 (4) 30.3 + 6.1 (4)
7D 24.0 + 4.0 (4) 23.7 + 8.0 (4) 21.0 + 5.1 (4)
14D | 25.2 + 5.5 (4) 21.7 + 7.8 (4) 22.9 + 2.7 (4)

NS 28.6 + 5.7 (34)

A1 ime after inoculation of 1000 live cells when sera were taken.

bSera from tumour bearers taken six hours after challenge with 107, 7xFT, L5178Y cells.

®Sera from tumour bearers taken six hours after challenge with 5x10

8

HRBC.
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TABLE XIX

% Change in Ig+ Spleen Cells

After Inoculation with Supernate of 1000 Live L5178Y Cells.

Time After % Change in Ig+ Spleen Cells + SD
Supernate Given No Challenge 1L5178Y Challengeé1
6H -4.6 + 4.7 (3)
3D 5.5 + 4.5 (3) 22.5 + 9.1 (3)
7D -4.5 + 4.7 (3) 13.0 + 6.7 (3)
Normal 0.0 + 5.4 (142)

83ix hours after challenge with 107, 7xFT L5178Y.
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Further, this treatment did not inhibit the animals' ability to produce a
six hour increase in Ig bearing cells in response to a challenging dose of
L5178Y cells given on days three or seven aftef the supernate injection.
Thus, the ascites fluid did not appear to play a role in the phenomena
observed following inoculation with live tumour cells.

Thus the overall observations on mice bearing tumours growing from a
low inoculum of cells (100 or 1000) reveal that at bestAonly a partial

six hour response is made fo the initial injection of living syngeneic

tumour cells. An increase of Ig bearing cells and a concomitant decrease
in ©-bearing cells is observed three days after the live cell inoculum.
Finally, and most significantly, the tumour bearing mice are unable to
produce a six hour response to a challenging dose of specific or non~specific
antigen from day one till at least day seven after initiation of tumour
growth.

In order to test the hypothesis that the observed effects could be
related to the continuing presence of soluble tumour antigen which may be
associated with tumour growth, a soluble tumour extract (STE) was prepared.

XV. PREPARATION OF SOLUBLE TUMOUR EXTRACT OF L5178Y CELLS

i. DIGESTION AND FRACTIONATION

Papain digestion of L5178Y cells was carried out according to Materials
and Methods section XXI. The supernate of this digestion was fractionated
on a Sephadex G-200 column (Figure 7). The final fraction, PKIV, relative
elution volume 3.01, was further separated by ultrafiltration with Diaflo
filters UM10 and UMO5. All of the fractions were examined for their ability

. 7 ‘
to produce a six hour response after a volume corresponding to 10’ cells
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"ELUTION OF SUPERNATE OF PAPAIN DIGEST
OF L5178Y ASCITES
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Fipure 7: Elution from a Sephadex G-200 column. The relative
elution ratio of the last peak is 3.01 .



-110-

was injected IP into DBA/2 mice. As can be seen in Table XX, Fraction IVa
which was that component of Fraction IV (Figure 7) which would not pass

through a UM10 Diaflo membrane, was able to produce a six hour increase in

Ig bearing cells (p < .001), Correspondingly the 6-~baering spleen cells of
animals treated with Fraction IVa shoved a concomitant six hour decrease which
was signifigant (p £ .001l) (Table XXI). A single test of Fraction III, a small

peak, which eluted immediately before Fraction IV also produced a marked in-

crease in Ig-bearing cells although no change in the 8-bearing population.

Consequently Fraction IVa of the supernate of the papain digestion of L5178Y
ascites was used as a soluble tumour cell extract and denoted as STE.

The Fraction III of this same preparation (Figure 7) which was red in
colour was considered to be a hemolysate of the red cells whichbcomprise
part of most L5178Y ascites samples as the Sephadex G-200 elution volume of
this peak corresponds approximately to the molecular weight of hemoglobin,
circa 65,000 daltons. |

A second preparation (B) of STE resulted in the production of a similar
fraction having the same relative elution volume and molecular weight charac-

teristics as well as the same ability to induce a statistically significant

six hour increase in Ig bearing spleen cells (p < .001) (Table XXII), and a
concomitant, decrease in the O-bearing population (p < .001) (Table XXIII).

Administration of different doses of STE revealed that double the amount

of STE (Preparation B, 250 cmm,Table XXII) produced a signi%icant six hour
increase in spleen cells displaying surface Ig (p < .001). Decreasing the i
Jjection of Preparatioh A to one-fifth or less of the dose which cofresponded to
107 cells resulted in no signifigant increase in the Ig bearing spleen cells

six hours later (Table ¥XII ).
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TABLE XX

% Change in Ig+ Spleen Cells

Six Hours After IP Administration of Sephadex G-200 Fractions of the Supernatea

of Papain Digestion of L5178Y Ascites.

Fraction % Change in Igt+ Spleen Cells + SD
I | 4.8 + 5.6 (3)
11 9.7+ 2.1 (3)
I1I ‘ 33.1 1
IVa (STE)P 23.3 + 7.2 (4)
vp°© 4.2 + 3.8 (3)
el 4.1 +28.3 (3)
None 0.0 + 3.7 (3

a . . . . .
Fractions of preparation A were given in a dose which corresponded to

107, 1.5178Y cells.

bThe component of fraction IV which was retained by a UM 10 Diaflo membrane.

“The component of fraction IV which passed through a UM 10 Diaflo membrane

but which was retained by a UMO5 Diaflo membrane.

dThe component of fraction IV which passed through a UMO5 Diaflo membrane.
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TABLE XXI

7% 6+ Spleen Cells

Six Hours After IP Administration of Sephadex G-200 Fractions of the

Supernatea of Papain Digestion of L5178Y Ascites.

Fraction % 0+ Spleen Cells +SD

I 22.6 + 2.2 (2)

1T 23.5 + 1.3 (3)

III 21.9 (1)

IVa (STE)? 12.0 + 4.1 (4)
vb© 25.0 + 6.4 (3)
wed 21.8 + 2.5 (3)

None 22.8 + 0.9 (5)

#Fractions of preparation A given in a dose which corresponded to 107L5178Y cells.

bThe component of fraction IV which was retained by a UM10 Diaflo membrane.

“The component of fraction IV which passed through a UMLQ Diaflo membrane but

which was retained by a UMO5 Diaflo membrane.

dThe component of fraction IV which passed through a UM05 Diaflo membrane.
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TABLE XXIT

% Change in Ig+ Spleen Cells

Six Hours After TP Administration of Different Doses of STE.

Volume STE Given %Z Change invIg+ Spleen Cells + SD

Preparation A

50 cmm™ ’ 23.3 + 7.2 (4)
10 cmm 6.9 + 5.4 (4)
5 com 1.5 + 4.1 (2)
1 cmm | ~3.1 + 9.2 (8)

Preparation B

250 cmm _ 19.8 + 3.4 (6)
120 crm® 20.9 + 2.9 (3)
None 0.0 + 5.4 (142)

%The volume of STE corresponding to 107L5178Y cells.

bThis volume contains the same number of 0OD280 units as 50 cmm of preparation A.

.
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TABLE XXIIT

7% o+ Spleen Cells

six Hours After IP Administration of Different Doses of STE or Papain

Digest of DBA/2 Thymocytes.

Treatment STE Volume % o+ Spleen Cells + SD
Preparation A 50 com’ 12.0 + 4.1 (4)

10 cmm 22.0 + 1.0 (2)

1 com 25.2 + 6.9 '(7)
Preparation B 120 com” 12.2 + 3.6 (7)
Thymocyte Digestion PKITIa 250 cmmP 22.3 + 5.7 (3)
None 26.8 + 5.3 (139)

%This volume of STE corresponds to 107L5178Y cells.
bThis volume contains the same number of 0D280 units as 50 cmm

preparation A of STE.
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As treatmeﬁt of L5178Y leukemia cells wiéh anti-0 serum and complement
resulted in over 90% cell death the L5178Y cells were shown to be ©-bearing
and thus probably derived érom a T cell. Therefore as a control, a similar
papain digestion of DBA/2 thymocytes was carried out and the supernate was
separated by Sephadex G-200 gel filtration (Figure 8). The last peak
eluted, which had a relative elution volume of 2.91, and thus corresponded
to the STE of L5178Y ascites tells, was further fractionated by the use of
UM10 (Fraction IIla retéined) and UM0O5 Diaflo membranes. Fractions I and
ITIa were tested using doses which corresponded to at least lO7 thymocytes
and contained the same number of 0D280 units as the corresponding fractions
of the ascites preparations tested. Neither of these fractions was capable
of producing a six hour increase in Ig bearing spleen célls (TaBle XXIV)

and Fraction IITa also produced no six hour decrease in the O-bearing spleen

- cell population (Table XXIII).

The thymocyte digestion did not contain any red cells; Also in contrast
with the ascites preparation there was no red coloured fraction eluted bet-
ween the void volume (I) and the small peak (II) preceding the final elution
fraction (III) in the Sephedex G-200 separation of the thymocyte preparation,
(Figure 8). Thus a papain digestion was performed on DBA/2 thymocytes and
blood cells. The ratio of thymocytes to red clood cells was 1:1 as this
was the approximate ratio of L5178Y cells to red blood cells found in ascites
samples examined. The supernate of this digestion was sepaiated on a Sepha-
dex G-200 column (Figure 9) and a large,red coloured fraction (II) was found
between the void volume (I) énd the small peak (IiI) which preceded the final

fraction eluted from the column (IV). The appearance of the red coloured
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ELUTION OF SUPERNATE OF PAPAIN DIGEST
OF DBA/2 THYMOCYTES
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Figure 8: Elution from a Sephadex G-200 column. The relative

elution ratio of the last peak is 2.91 .
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TABLE XXIV

% Change in Ig+ Spleen Cells Six Hours After IP

Administration of Sephadex G-200 Fractions of Papain Digestion of DBA/2

Thymocytes with and without DBA/2 Blood Cells,

Fraction Volume % Change Ig+ Spleen Cells + SD

Thymocyte Digestion

I 250 cmm -6.43 + 7.8 (3)

b a

IIIa 250 cmm 7.3 + 8.0 (3)

Thymocyte plus
Blood Cell Digestion ‘
Tva® 100 cmn®

3.3+ 2.4 (3).

None 0.0 + 5.4 (142)

aThis volpme contains the same number 0D280 units as 50 cmm of PKIVa
papain digest of L5178Y ascites (STE), preparation A.

bThis component had the same relative elution volume as STE and was

-

retained by a UM10 Diaflo membrane.
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ELUTION OF S;UPERNATE OF PAPAIN DIGEST OF
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Figure 9: Elution from a Sephadex G-200 column. The reLative
elution ratio of the last peak is 3.05 .



~-119-

peak in the thymocyte preparation following addition of red cells to the
digestion was considered to be further evidence suggesting that the peak
is related to the presence of red blood cells in the papain digestion.

The final peak (IV), eluted from the thymocyte red cell preparation,
was further separated by filtration using a UM10 Diaflo membrane. Injection
of the component of Fraction IV retained by the UMILO ﬁembrane (Iva) in a
dose which corresponded to at leat 107 thymocytes and contained the same
number of 0D280 units as the STE produced no six hour increase in Ig bearing
spleen cells (Table XXIV).

Thus a soluble fraction of a papain digestion of L5178Y agscites (IVa),
denoted as STE, was obtained which exhibited antigenic qualities, the abil-
ity to produce a six hour response, unlike similar preparations of DBA/2

thymocytes with or without blood cells.

ii. INHIBITION OF TUMDUR ROSETTE FORMATION BY STE

Experiments were carried out to determine the effect of this soluble
tumour extract (STE) on the rosette forming ability of L5178Y leukemia cells
which had been incubated in-serum raised in DBA/2 mice against L5178Y cells.
Surface Ig was not detected on untreated L5178Y cells by the RICA tech-
nique (Table XXV). Initially some difficulty was encountered in finding
suitable conditions for incubation of L5178Y cells in the anti-L5178Y
serum for demonstration of Ig bearing tumour cells but following a twenty
minute incubation at 37°C,relatively consistent results were obtained
(Figure 10). Generally the tumour rosettes appeared larger than typical
spleen cell rosettes, probably reflecting the difference in size of L5178Y

cells compared with splenic lymphoid cells.




TABLE XXV

L5178Y ROSETTES

Number RFC/1000 Cells

L5178Y L5178Y + L5178Y + L5178Y + L5178Y +.
| NS «-L5178YS o-L5178YS + STE A~L5178YS + PKIIIa Thym.2
45 55 141 96 | 191
3 30 7 SV 73
35 56 111 | 62 115 N
DBA/2 DBA/2 DBA/2 'c}’
Thymocytes Thymocytes + a—QS Thymocytes + a~L5178YS :
22 : 304 35
25 423 34

18 | 335 19

a ' ‘ '
G-200 fraction of supernate of papain digestion of DBA/2 thymocytes which had the same relative elution

volume as STE and was retained by a UML0 Diaflo membrane.

The signifigancéAof the decrease in L5178Y rosettes produced in the presence of STE was obtained by
comparing the means *SD of [(L5178Y +«-L5178YS)-(L5176Y + NS)] - [(L5178Y + &-L5178YS + STE)-(L5178Y + NS) ]

and  [(L5178Y + a-L5178Ys)-(L5178Y + Ns)] - [(L5178Y+(L5178YS + PKITIa Thym.2)-(L5178Y + ¥s)].




Figure 10: L5178Y tumour cell rosette. A double rosette containing
two tumour cells is shown using phase contrast '
microscopy.
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The conditions described above were used to produce the results pre-
sented in Table XXV. These three experiments show that STE was able to
reduce the formation of roéettes unlike a quantity of the corresponding
thymocyte preparation (IIIa) containing the same number of OD280 units.

The observed reduction in the number of rosette forming cells (RFC) per

1000 L5178Y cells in the presence of anti-L5178Y serum and STE was statis—
tically significant (p < .01). The anti-L5178Y serum used in these experi-
ments was shownvnot to react with DBA/2 thymocytes under the conditions

used above. In contrast AKR anti-~C3H 0 serum,@X—QS)gwas shown to be able to
react with DBA/2 thymocytes under the same experimental conditions (Tablé XXV).

This piece of evidence suggested that the STE was related to the tumour
cell surféce. Thus this soluble preparation was used to examine the hypo-
thesis that soluble tumour-associated materials may be involved in the
abrogation of the six hour response observed in tumour bearing animals.

XVI. CHANGES OF SPLEEN CELL POPULATIONS

FOLLOWING A SINGLE INJECTION OF 1 CMM STE

i. Ig POSITIVE CELLS

Injection of 1 cmm of STE, a dose which is one~-fiftieth of the volume
which corresponds to lO7 L5178Y cells produced no sii hour increase in-Ig
bearing spleen cells and resulted in no change in the Ig bearing spleen cells
on days one, three and seven following the injectién (Figure 11). No six
hour increase in Ig bearing spleen cells, was produced following challenge
with L5178Y cells or HRBC on days one and three after injection of 1 cmm STE.

On day seven after injection of 1 cmm STE, challenge by either L5178Y cells

or HRBC produced a statistically significant increase in the Ig bearing
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lg+ SPLEEN CELLS AFTER A
301SINGLE INJECTION OF STE (1cmm)

CHANGES OF Ig + CELLS(%)
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Figure 11: No challenge®--@; 6H 107,7XFT L5178Y challenge A—a ;
6H 5x108 HRBC challenge m—-—=u.
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spleen cell population (p < .005 and .00l respectively).

ii. 0O POSITIVE CELLS

The results of examination of the O-bearing spleen cells show that no
change was observed from six hours to seven days after IP injection of 1 cmm
STE(Table XXVI). No six hour decrease in O©-bearing cells following antigen
challenge was observed till day seven following injection of 1 cmm STE. By
this time a significant decrease was obsérved after challenge with both
L5178Y cells and HRBC (p < .001).

The activity of sera from these mice was examined as well.

XVII. EFFECT ON NORMAL SPLEEN CELLS OF SERA

TAKEN FROM ANIMALS GIVEN 1 CMM OF STE

Incubation of normal spleen cells in serum taken from mice given a
single injection of 1 cmm STE followed by challenge with L5178Y cells or
HRBC at different time intervals reproduced the obsérvations made on the
spleen cells of the mice which provided the sera. Increases in Ig bearing
cells were observed following the use of serum from animals challenged
with HRBC or L5178Y cells on day seven after injection of 1 cmm STE. The
increase was statistically significant in the latter case (p < .005)
(Table XXVII). The sera from animals challenged with either L5178Y cells
or HRBC on day three following injection of 1 cmm STE produced a partial
but not significant decrease in the ©-bearing population of spleen cells
(Table XXVIII).These results may suggest that RICA is more reproducible than

X~-8 cytotoxicity.

Thus treatment of animals with a single dose of 1 com STE resulted in
a transient inhibition of the ability of mice to produce a six hour response

following challenge with specific and non-specific antigen.
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TABLE XXVI

% 0+ Spleen Cells After Injection of 1 cmm STE.

Time After 1 cmm STE . % 6+ Spleen Cells + SD

No Challenge L5178Y Challenge®

6 H 25.2 + 6.9 (7)

30 H  25.3+ 6.3 (6)  24.9 + 4.5 (6)
3D 26.2 + 4.9 (6)  25.7 + 4.2 (6)
7D 29.3 + 4.0 (6)  18.8 + 3.1 (6)

Normal 26.8 + 5.3 (139)

8gix hours after challenge with 107, 7xFT, L5178Y.

bSix hours after challenge with 5x108HRBC.

HRBC Challengeb

26.4 + 2.6 (6)

24.1 + 5.7 (6)

118.1 + 3.1 (6)
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TABLE XXVII

% Change in Igt Spleen Cells:

Effect on Normal Spleen Cells of Sera Taken After

IP Administration of 1 cmm STE.

Time Sera Taken® % Change in Igt Spleen Cells 4+ SD

No Challenge 1.5178Y Challengeb HRBC Challengecl

6 H 2.4 + 7.1 (6)

30 B ~6.5 + 13.6 (6) -16.1 _}: 13.5 (6) 5.5 + 11.9 (6)
3D ~0.8 + 7.5 (%) 6.5+ 5.4 (6) 6.6+ 7.7 (6)
7D ~0.2 + 9.4 (6)  18.1 + 4.6 (6) 20.0 + 17.9 (6)

NS 0.0 + 7.4 (38)

AT ime after I.P. injection of 1 cmm STE when sera taken,

bSéra, from animals given 1 cmm STE, taken 6 hours after challenge with

107, 7xFT, L5178Y cells.
cSera, from animals given 1 cmm STE,taken 6 hours after challenge with

5x10°HREC. ' ’ ' 5
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TABLE XXVIII

% 0+ Spleen Cells:

Effect on Normal Spleen Cells of Sera Taken

After IP Administration of 1 cmm STE.

Time Sera Taken® % Igt Spleen Cells + SD

No Challenge L5178Y Challenge® HREC Challenge®

6H 30.8 + 7.1 (6)

30 H 29.5+ 5.3 (6)  25.7+ 6.5 (6)  30.5 + 7.6 (6)
3D 28.3 + 6.0 (6) 20.8 + 8.5 (6)  23.8 + 4.9 (6)
7D 27.1+ 3.8 (6)  22.3+ 9.3 (6)  26.6 + 10.3 (6)
N.S. 28.6 + 5.7 (34) |

#Time after L.P. injection of 1 cmm STE when sera taken.

bSera, from animals given 1 cmm STE,taken six hours after challenge with
107, 7XFT L5178Y cells.

CSera, from animals given 1 cmm STE,taken six hours after challenge with

5X108 HRBC.
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As the abrogation of the six hour response observed in tumour bearing
animals was observed up to at least day seven following initiation of tumour
gfowth, it was considered probable that a regime of repeated injections of

.STE would be required to reproduce this defect. Thus the effect of injecting
STE on consecutive days was examined.

XVITI. . CHANGES IN Ig BEARING SPLEEN CELLS ON DAY SEVEN

FOLLOWING REPEATED INJECTIONS OF STE

Mice were treated at three different dose levels with a daily injection
of STE for four consecﬁtive days. This pretréatﬁent was followgd,by:chal?
lenge with 107 7XFT, 1.5178Y cells, or 5x108 HRBC, on day seven after the
first injection of STE. Results, given on Table XXIX, show that such
repeated treatment of mice with 1 cmm or 10 cmm of STE, abrogated the abil-
ity of miée to produce a six hour increase in Ig bearing cells in response
to specific and non-specific antigeﬁ challenge given on day seven after>the
first pretreating injection.

A single trial with a lower dose of STE failed to interfere with the
six hour response to antigen challenge.

Experiments were thus carried out to study the changed in spleen cell
populations at different intervals following daily injection of 1 com STE
for four comsecutive days.

XIX. CHANGES IN SPLEEN CELL POPULATIONS

FOLLOWING REPEATED INJECTIONS OF 1 CMM STE

i. Ig POSITIVE CELLS

Mice were challenged with 107, 7x¥T, L5178Y cells, or 5x108 HRBC at

different intervals during and after daily treatment with 1 cum of STE given
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TABLE XXIX

% Change in Ig+ Spleen Cells

At Day Seven After the First of Four Injections

of STE? Given at Daily Intervals.

Volume STE ) Z Change Ig+ Spleen Cells + SD
No Challenge L5178Y Challengeb HRBC Challengec
10 cmm -4.0 + 1.8 (2) -3.9 + 1.6 (2) -4.6 + 3.8 (2)
1 com ~-2.6 + 12.8 (8) -10.5 + 12.0 (8) -15.8 + 13.9 (6)
0.05 ecmm -4.0 (1) | 24.7 (1)
None O;O + 5.4 (142)

'aRepeated injection of STE was carried out at three dose levels.
bSix hours after challenge with 107, 7xFT, L5178Y cells.

“six hours after challenge with SXlO8 HRBC.
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for four consecutive days. The results obtained show that such repeated
treatment abrogated the ability of animals to produce a six hour increase
in Ig bearing cells from day one to at least day seven following the initial
pretreating injection (Figure 12). On day fourteen mice were able to pro—-
duce significant increases in Ig bearing spleen cells six hours after chal-
lenge with L5178Y cells or HRBC (p < .005).

A significant increase in Ig bearing cells was observed on day three,
the day when the course of pretreating injection was completed (p < .001).
Challenge on that day with either L5178Y cells or HRBC produced a signif-
icant decrease in Ig bearing spleen cells (p < .005).

ii. © POSITIVE CELLS

Examination of the O-bearing spleen cells of mice pretreated with four
injections of 1 comm of STE showed a significant decrease in O-bearing cells
(p < .005) concomitanf with the increase of Ig bearing cells at day three
(Table XXX). Challenge by either L5178Y cells or HRBC on that day produced
an increase in the O-bearing population of spleen cells. No six hour de-
crease in O-bearing spleen cells was observed in response to antigen chal-
lenge from day one till at least day seven following the first dose of STE.
On day fourteen challenge with either L5178Y cells or HRBC produced a six
“hour decrease which was significant in the latfer case (p < .005).

The sera of these mice were also examined for their ability to produce
changes in normal spleen cell populations.

XX. EFFECT ON NORMAL SPLEEN CELLS OF SERA TAKEN FROM ANIMALS

DURING AND AFTER REPEATED INJECTIONS OF 1 CMM STE

Spleen cells, from normal DBA/2 mice, were incubated in sera taken from
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o g + SPLEEN CELLS AFTER REPEATED STE
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Figure 12: No challenge @— —-@: 6H 107,7xFT L5178Y challenge a—a;
61 5x108 HRBC challenge m—--m .
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TABLE XXX

% © Bearing Spleen Cells

After 1.P. Administration of 1 cmm STE Given on Four Consecutive Days.

Time After 1st Z 6+ Spleen Cells + SD
STE Injection No Challenge L5178Y Challengea ~ HRBC Challengeb
6 H “ 25.2 + 6.9 (7)

30 B 24.5 + 0.8 (2) 25.1 + 3.6 (2) 29.2 + 3.0 (2)
3D 18.4 + 4.3 (4) 25.1 + 3.2 (4) 127.9 + 6.0 (6)
7D 27.8 + 6.6 (6) 25.3 + 4.5 (6) 26.8 + 3.9 (8)

14 D 28.6 + 5.1 (4) 15.3 + 8.0 (4) 16.6 + 4.6 (4)

Normal 26.8 + 5.3 (139)

aSix hours after challenge with 107, 7xFT, L5178Y cells.

bSix hours after challenge with 5x108 HRBC.
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mice at different intervals after the first of daily injections of 1 cmm
STE given on four consecutive days.

i. Ig POSITIVE CELLS

Such use of sera taken on day three, after the last STE injection pro-
duced a significant increase in Ig bearing cells (p < .001) (Table XXXI).
Sera taken from animals challenged on that day produced a decrease to
normal levels. The proportiom of Ig positive cells returned to normal by
' day seven and remained there on day fourteen. No increase resulted from
sera taken following antigen challenge till day fourteen when a significant
rise was observed in the case of sera from animals challenged with either
L5178Y cells or HRBC (p < .005 and .00l respectively).

ii. © POSITIVE CELLS

Concomitant with this,the changes in the O-bearing cells reflected
those in the Ig population (Table XXXIT). A decrease was observed after
incubation in day three sera (p < .0l) while sera from animals challenged
on that day produced O-bearing populations in the normal range. All sera
taken on day seven produced normal levels of G—bearing cells. The use of
sera taken on day fourteen, resulted in a normal proportion of O-bearing
cells whereas sera from animals challenged with L5178Y cells or HRBC on that
day produced somewhat decreased levels.

Thus, neither spleen cells or sera from specifically and non-specifically
challenged mice, pretreated with repeated small doses.of STE, were able to
demonstrate the six hour response from day one to at least day seven after
the first injection of STE.

In order to determine whether abrogation of the six hour response was
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TABLE XXXI

% Change in Ig+ Spleen Cells:

Effect on Normal Spleen Cells of Sera Taken After IP Administration

of 1 cmm of STE Given on Four Consecutive Days .

Time Sera Taken® % Change Ig+ Spleen Cells + SD

No Challenge  L5174Y Challenge®  HRBC Challenge®

6 H 2.4 + 7.1 (6)
30 H buh + 5.8 @  -0.8 + 4.9 (2) 3.3.i>6.7 (2)
3D 16.0 + 11.4 (4) =4.3 + 12.1 (4) -0.7 + 18.6 (6)
7D -5.9+9.9 (6) -9.4+12.4 (6) 9.3 + 16.2 (8)
14 D 9.0 + 0.8 (4)  28.9 + 7.4 (4) 35.3 + 4.0 (4)
NS 0.0 + 7.4 (38)

®Time after initial injection of STE when sera were taken.

bSera, from animals treated with STE, taken six hours after challenge

with 107, 7xFT L5178Y cells.

cSera, from animals treated with STE, taken six hours after challenge

with 5x108 HRBC.
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TABLE XXXII

% 6+ Spleen Cells:

Effect on Normal Spleen Cells of Sera Taken After IP . Administration

of 1 cmm STE Given on Four Consecutive Days.

Time Sera Taken® % 0+ Spleen Cells + Sb

No Challenge L5178Y Challengeb HRBC Challengec

6 H 30.8 + 7.1 (6)

30 H 34,1 + 1.1 (2) 33.5 + 4.7 (2) 32.5 + 0.2 (2)
3D 20.7 + 3.2 (4) 23.2 + 3.4 (4) 25.0 + 5.1 (6)
7D 24.4 + 2.8 (6) 24.9 + 4.7 (6) 24.3 + 6.8 (8)

14 D 23.0 + 4.8 (4) 12.4 + 5.5 (4) 15.4 + 7.9 (4)

NS 28.6 + 5.7 (34)

3T ime after initial injection of STE when sera were taken.

b

with 107, 7xFT,

L5178Y cells.

Sera, from animals treated with STE, taken six hours after challenge

cSera, from animals treated with STE, taken six hours after challenge

8

with 5x10° HRBC.
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related to a peculiarity of the tumour cell extract the important points
of these experiments were repeated, substituting a heterologous soluble
protein, deaggregated Hgg, for STE. The dose given, 50 ug, was suggested

by the work of Bonavida and Zighelboim (1973) and will be discussed later.

XXI CHANGES IN SPLEEN CELL POPULATIONS

FOLLOWING INJECTION OF 50 ug DEAGGREGATED Hegg

No increase in Ig bearing spleen cells (Table XXIII), nor decrease in

O-bearing spleen cells (Table XXXIV) was observed six hours after injection

of 50 pg deaggregated Hgg. No changes occurred in either population thirty
hours after the deaggregated Hgg was given. As well, challenge with Hgg
emulsified in FCA or L5178Y cells on day one failed to produce a change in
either cell population. On day seven, animals challenged specifically or
non-specifically were able to show six hour changes in>théir Ig bearing
and O-bearing spleen cell populations typical of the six hour response
(Tables‘XXXIII and XXXIV), |

Thus, a single injection of 50 ug deaggregated Hgg transiently abro-
gated the ability of the animals to produce a six hour response following

antigen challenge, similar to a single injection of 1 cmm STE.

XXIL CHANGES IN SPLEEN CELIL POPULATIONS

FOLLOWING REPEATED INJECTIONS OF 50 ug DEAGGREGATED Hge

The dose of deaggregated Hgg used for repeated injection was suggested

by the work of Bonavida and Zighelboim (1973), in which 50 ug of a
soluble cell extract, given on five consecutive days, resulted in a
depression of both humoural and cell mediated responses.

Injection of 50 pg of deaggregated Hgg, déily, for four consecutive
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TABLE XXXTIII

Z Change in Ig+ Spleen Cells

After Injection of 50 ug Deaggregated Hgg.

Time After 50 g % Change in Ig+ Spleen Cells + SD

Deaggregated Hgg No Challenge L5178Y Challengea Hgg Challengeb

6 H 1.1 + 9.4 (&
30 H 1.6 £ 5.6 (4) -12.7 # 11.1 (4) 5.7 + 7.7 (4)
7D -10.5 + 8.0 (4) 9.8+ 8.3 (4) 10.1+ 9.3 (&)
Normal 0.0 + 5.4 (142)

q5ix hours after challenge with 107, 7xFT L5178Y cells.

bSix hours after challenge with 250 mg Hgg/FCA, 1:1.




~-138-

TABLE XXXIV

%Z 6+ Spleen Cells

After Injection of 50 ng Deaggregated'Hgg.

Time After 50 ug %Z 6+ Spleen Cells + SD

Deaggregated Hgg No Challenge L5178Y Challéngea Hgg Challengeb

6 H 30.1 + 6.4 (&)
30 H 31.2 +10.7 (4) 22.7 + 2.0 (4) 27.2 + 2.6 (4)
7D 24.8 + 6.4 (4) 20.1+ 3.3 (4) 17.7 + 8.7 (4)

Normal 26.8 + 5.3 (139)

Six hours after challenge with 10°, 7xFT L5178Y cells.

bSix hours after challenge with 250 mg Hgg/FCA, 1:1.
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days resulted in the animals' inability to produce a six hour response
to a challenging dose of antigen, given on the seventh day, after the
first pretreating injection. Neither L5178Y cells or Hgg emulsified in
FCA produced a six hour increase in Ig bearing spleen cells (Table XXXV)
or a significant decreasé in 0 bearing cells (Table XXXVI).

In contrast, by day fourteen after the first pretreating injectionA
of deaggregated Hgg, animals were able to prodgce a six hour response to
antigen challenge. Administration‘of 107, 7XFT 1L5178Y cells or 250 mg
Hgg/FCA, 1:1, produced a statistically significant increase in Ig bearing
cells (p< .00l (Table XXXV) and a statistically significant decrease iﬁ
0 bearing cells (p< .0l and .005, respectively) (Table XXXVI).

Thus treatment of mice with a small amount of soluble protein, for
fpur consecutive days, abrogates non-specifically the animals' ability

to produce a six hour response to antigen challenge on the first and

at least the seventh day after the initiation of treatment with the soluble

protein. These results correspond to the results obtained following similar

STE treatment and also to the findings in animals bearing tumours growing
from a small inoculum of live cells. These three types oﬁftreatment,
"non-specifically, abrogated the animals' ability to produce a six hour
response to a challenging dose of antigen given from day one to at least
day seven following initiation of the treatment.

It was important to determine whether the loss of the ability to
produce the six hour response was related to ény change in the animals'.
ability to produce an immune response. For this purpose, the in vitro
growth inhibiting ability of spleen cells from specifically sensitized

mice was examined, compared with normal spleen cells.
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" TABLE XXXV

% Change in Ig+ Spleen Cells

On Days Seven and Fourteen After the First Injection of 50 pg Deaggregated

Hgg Given on Four Consecutive Days,

Time After 1l1st % Change in Ig+ Spleen Cells + SD
Injection Deag- a b
gregated Hgg No Challenge L5178Y Challenge Hgg Challenge
7D 5.9 + 2.8 (4) -1.3 + 8.8 (4) 1.2+ 7.0 (4)
14D 5.7 + 3.4 (&) 26.7 + 4.0 (4) 25.4 + 3.3 (4)
Normal 0.0 + 5.4 (142)

Six hours after challenge with 10, 7xFT, L5178Y cells.

bSix hours after challenge with 250 mg Hgg/FCA, 1:1.
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TABLE XXXVI

%Z 6+ Spleen Cells

On Days Seven and Fourteen After the First Injection of 50 ug Deaggregated

Hgg Given on Four Consecutive Days.

Time After 1st % Change in 6+ Spleen Cells + SD =
Injection Deag- a b S
gregated Hgg No Challenge - L5178Y Challenge Hgg Challenge B
7D 32.5 + 2.3 (2)  25.2 + 2.0 (2) 34.5 + 8.8 (4)
14 p 30.1 + 7.0 (4) 18.2 + 3.3 (4) 12.4 + 4.6 (4)
Normal 26.8 + 5.3 (139)

®Six hours after challenge with 10’, 7xFT, L5178Y cells.

bSix hours after challenge with 250 mg Hgeg/FCA, 1:1.
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XXIII EFFECT OF PRETREATMENT WITH STE OR DEAGGREGATED Hgg

ON INDUCTION OF SPECIFIC TUMOUR IMMUNITY, ASSAYED IN VITRO

Radiolabelled deoxyuridine (1125

UDR) was employed to determine the
ability of tumour cells to take up label for incorporation into new DNA.
Using the macrosystem, uptake of label was found to be linear with increasing
number of L5178Y cells in culture, and also with the length of the pulse
period from four to twenty hours.

It was quickly evident that in order to have statistically significant
results, many duplicates of every experiment would be required. For this purpose,
subsequent tests were scaled down and performed in a microsystem.

Spleen cells from mice sensitized ten to eighteen days previously with
107, 7XFT L5178Y cells were incubated with L5178Y cells. Figure 13 shows
the results obtained from twenty—fqur hour cultures of lymphoid cells
and tumour cells combined in L/TC ratios from 12.5/1 to 200/1. The initial
culture period was followed by a twenty hour label pulse.

Compared with tumour cells alone, an increase in the uptake of label was
observed in cultures having the lowest L/TC ratios. This increase was much
greater than that produced by the spleen cells alone, and was considered
to result from a "feeder" effect induced on L5178Y cells by the presence
of spleen cells. 1In general, én'invérse relationsﬁip was observed
between uptake of label and increasing numbers of spleen cells in
the culture which could be due to crowding. Nevertheless, some growth inhibition
was detected in cultures at a L/TC ratio of 100/1. Spleen cells taken from mice
fourteen days to eighteen days following specific sensitization showed a
tendency to decrease the uptake of radioactive label more than did normal

spleen cells. This decrease was signifigant only in the case of spleen cells

taken sixteen days after sensitization.
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UPTAKE OF TUDR BY CULTURES OF L5178Y

%1 WITH SPECIFICALLY SENSITIZED SPLEEN CELLS

20,000

L5178,
ALONE

15,000-

CPM

10,000

5,000+

Figure 13: Spleen cells were taken 10-18 days after sensitization with
107,7xFT L5178Y cells. L5178Y cells in culture with: normal
spleen cells @ —@;10 day spleen cells O0—-—0;12 day spleen
cellsa—-—a;14 day spleen cellso—0;16 day spleen cellsa-—a;
18 day spleen cells =—m. Mean and SD of all cultures
containing only spleen cells %----¥. L5178Y cells alone A
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Figure 14lshows the changes in the percent growth inhibition of
L5178Y cells with increasing time in culture. Spleen cells sensitized
fifteen days previous;y were used at a L/TC ratio of 100/1. Growth
inhibition of L5178Y target cells by the sensitized spleen cells increased
from day one to three in comparison to the effect of normal spleen cells.
Similarly, the growth inhibition by the specifically sensitized spleen
cells increased with culture time in comparison to the effect of spleen
cells sensitized fifteen days earlier with 5 x 108 HRBC. Normal spleen
cells decreased label uptake in L5178Y cultures more than HRBC sensitized
spleen cells did. Thus, the percent growth inhibition by L5178Y-sensitized
spleen cells was greater when compared with HRﬁC sensitized spleen cells
than to normal spleen cells. Mice, pretreated with a dose of 1 cmm of
STE given on four ponsecutive days, were "sensitized" with 107, 7XFT L5178Y
cells on the seventh day after initiation of the pretreatment. Spleen
cells from these animals were assayed for their ability to inhiBit tumour
growth fifteen days later as part of the same experiment already described.
Thus Figure 14 also shows that a decrease in growth inhibition occurred
in the presénce of "sensitized" spleen cells from animals pretreated with
STE. This decrease appeared in cultures incubated for two and three days
before the twenty hour pulse and increased with increasing culture time.
Thus, for further experiments, the cultures éet up were incubated in
sextuplet, at three different L/TC ratios, for three days before the twenty
hour IlzsUDR pulse. |

Six experiments were carried out employing spleen cells from pre-

treated and normal mice "sensitized" with L5178Y cells thirteen, fifteen or

seventeen days earlier. Normal unsensitized mice and mice sensitized non-
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GROWTH INHIBITION OF L5178Y CELLS

IN CULTURE WITH SENSITIZED SPLEEN
6“cm.l.s 3

g

%, GROWTH INHIBITION
N .

HOURS

Figure 14: Spleen cells taken 15 days after sensitization with 107, 7xFT
L5178Y cells.Growth inhibition .of L5178Y cells by sensitized
spleen cells from mice pretreated @——@,and not pretreatedO—-o
with STE, compared with normal spleen cells. Growth inhibition
of L5178Y cells by sensitized spleen cells from mice pre-~
treated a——a ,and not pretreated a— —a with STE, compared with N
HRBC sensitized spleen cells.
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specifically to HRBC were used as controls. "All of the results of these
experiments are‘presented in Tables XXXVITI and XXXVIII.

In general, normal spleen cells at an L/TC ratio of 100/1 reduced the
uptake of label by tumour cells to such an extent that no further decrease
could be detected in the presence of specifically sensitized cells
(Table XXXVII). In fact, the percent growth inhibition of tumour cells
by specifically sensitized cells was greater overall at an L/TC of 50/1
and was statistically significant at least at the 2.5% level in the first
five experiments Jisted. At this ratio,in every experiment,a decrease in the
percent growth inhibition was 6bserved in cultures containing spleen cells
from "seﬁsitized" mice pretreated with STE at a dose level of 1 cmm or
10 cmm. At the same ratio, a decrease in growth inhibition was always
observed in every culture containing spleen cells from "sensitized" mice
pretreated with doses of 50 ug deaggregated Hgg in place of STE. 1In fact,
in most experiments, either pretreatment produced a decrease in percentage
growth inhibition.

The inhibition of tumour growth in cultures containing spleen cells
from specifically "sensitized" mice was also'compared with cultures of
tumour cells containing spleen cells from HRBC "sensitized" mice (Table
XXXVIII).The presence of HRBC sensitized cells depressed uptake of label
less than did normal spleen cells at an L/TC ratio of 100/1. Overall, in
a slightly greater percentage of experiments, HRBC sensitized cells
depressed uptake of label less than did normal spleen cells. 1In every
experiment carried out at an L/TC ratio of 50/1, a decreasé in the per-
centage growth inhibition was observed in cultures containing spleen cells

from sensitized mice pretreated with STE. Similarly, at the same ratio, a
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% Growth Inhibition of L5178Y Cells By Spleen Cells

From Specifically Sensitized Animals Compared with Normal Animals.

Daya

i3

13

15

15

17

17

aDays after sensitization with 107, 7xFT, L5178Y cells.

bSensitization with 107, 7xFT, L5178Y alone.

“Pretreatment with 4 injections of STE followed by sensitization with 107,
7xFT, L5178Y on day 7 after first injection.

dPretreatment with 4 injections of deaggregated Hgg following by sensitization

with 107, 7xFT, L5178Y on day 7 after the first injectdion.

Treatment L./TC 25/1
L51787" 25.0
STE + L5178Y° 12.3
Deagg. Hgg + L5178Yd 10.1
L5178Y 13.9
STE + L5178Y 34.6
Deagg. Hgg + L5178Y 30.0
L5178Y 21.1
STE + L5178Y 11.0
Deagg. Hgg + 15178Y 15.4
L5178Y 3.8
STE + L5178Y

Deagg. Hgg + L5178Y

L5178Y 15.4
STE + L5178Y

Deagg. Hgg + L5178Y

L5178Y 41.6
"STE + L5178Y 12.5
Deagg. Hgg + L5178Y 30.3

50/1
27.3
17.4

5.0

46.1
13.3
15.4

12.2
2.9
11.3

9.2
0.9

100/1
4.9
0
0

10.8

- 14.9

8.8
15.4

8.5
4.2
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TABLE XXXVIII
% Growth Inhibition of L5178Y Cells by Spleen Cells

From Specifically Sensitized Animals Compared with HRBC Sensitized Animals ,

a

Day Treatment L/TC 25/1 ' 50/1 100/1
13 15178Y° 4.4 9.7 24.5
STE + L5178Y° 0 0 15.9
Deagg- Hgg + L5178Y4 0 0 0
L5178Y 16.8 50.5
STE + L5178Y 36.8 20.3
Deagg. Hgg -+ 1.5178Y : 32.3 22.3 4.2
15 L5178Y 0 45.2 . 18.2
STE + L5178Y 0 11.5 12.5
Deagg.Hgg + 1.5178Y 0 0 7.4
L5178Y 16.1 11.8 15.6
STE + L5178Y 5.4 1.6 9.5
Deagg. Hgg + L5178Y 10.1 9.8 16.0
17 L5178Y 5.3 14.3 11.2
STE + L5178Y ' 0.2 6.5 7.0
Deagg. Hgg + L5178Y 0 1.8 0
L5178Y 63.8 84.3 76.2
STE + L5178Y 34.4 81.6 69.3
Deagg. Hgg + L5178Y 56.8 77.7 82.2

®Days ‘after sensitization with 10, 7xFT, L5178Y.

bSensitization with 107, 7xFT, L5178Y alone.

cPretreatment with 4 injections of STE followed by sensitization with 107,

7XFT, L5178Y on day 7 after first injection.
dPretreatment with 4 injections of "deaggregated Hgg" followed by "sensi-

tization" with 107, 7%XFT, L5178Y on day 7 after first injection.




decrease in growth inhibition was observed in every culture containing
spleen cells from mice pretreated with 50 ug deaggregated Hgg in place of
STE. Again, most experiments showed decreased inhibition of tumour growth
in cultures containing spleen cells from sensitized mice pretreated with
either STE or deaggregated Hgg. |

Table XXXIX shows the means and standard deviations of the preéent growth
inhibition for the five experiments in which the‘growth inhibiting ability
of specifically sensitized animals Was.significantly different from normal
animals. The decreases, resulting from pretreatment of sensitized animals
with either STE or deaggregated Hgg, were statistically significant using
normal or HRBC sensitized animals as controls (p < .025).

Thus, repeated exposure of mice to small quantities of soluble tumour
qell extract or heterologous protein is correlatéd with a deéreaséd ability
to produce in vitro inhibition of tumour growth following specific sensi-

tization. :
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TABLE XXXIX

%Z Growth Inhibition of L5178Y Cells.

Treatment Normal? % Decrease HRBCb % Decrease
15178Y°¢ ©26.7 + 16.1 29.9 + 25.1

STE + 15178¢¢ 6.9+ 7.9 (74.8) 5.7 + 8.6 (80.3)
Deagg. Heg + L51787° 6.3 + 6.8. (71.4) 6.8 + 9.6 (72.2)

4Growth inhibition by spleen cells from specifically sensitized animals
compared with normal animals.

bGrowth inhibition by spleen cells from specifically sensitized animals
compared with HRBC sensitized animals.

-cSensitization with 107, 7xFT, 1L5178Y cells.

dPretrea‘tment with 4 injections of STE followed b& sensitization with
107, 7xFT, L6178Y cells on day 7 after the first injectionm.

®Pretreatment with 4 injections of deaggregated Hgg followed by sensitiza-

tion with 107, 7XFT, L5178Y cells on day 7 after the first injection.
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There is aﬁple evidence in the literature supporting the existence
of immune surveillance (Burnet 1970) but its ability to play an effective
role in the defence agéins£ tumours has been seriously questioned (Prehn
1971). The proponents of this theory have implicated interference with
the efferent arm of the immune response in the ability of antigenic
tumours to survive and grow (Hellstrdm and Hellstrdm 1969a; Klein 1972).
While interference with the immune effector mechanism may explain the
inability of the host to eliminate an established tumour, it does not
explain the ability of a tumour to survive and proliferate in its earliest
stages of development when it should be most susceptible to immune attack.

Inves;igatérs héve suggested that in certain cases the host is predis-
posed to tumour growth; it is unable to initiate an immune response against
a nascent tumour due to neonatal tolerization (Klein and Klein 1965), or
immunosuppression resulting from viremia (Allison l§70b). As well, tumours
particularly in their early stages of growth, may not express sufficient
immunogenicity to invoke an immune respomse (Klein 1972).

In contrast little emphasis has been placed on the possible active
immune response actually induced by a tumour in its initial stages of
growth.

In contrast to a passive, lack of any recognizéble immune response, the
results of this study indicate that a tumour in its earliest stages of growth
actively initiates a state of immunosuppression.

The main features of this thesis will be discussed separately under

individual headings.
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I. ANTIGENIC QUALITIES OF THE 1L5178Y LYMPHOMA

IN DBA/2 MICE AS EXPRESSED BY THE SIX HOUR RESPONSE

Although the L5178Y lymphoma, demonstrated here to a 6-bearing tumour,

is highly compatible with its syngeneic host, DBA/2 (Alexander et al 1966;

Goldstein et al 1973), several investigators have previously reported it to
be immunogenic in this host strain (Wolf 1969; Alexander et al 1966;: Golden-
berg and Wilt 1969; Goldstein®and Manson 1973).

The six hour response, the increase in Ig bearing spleen cells, has

been found to be a generalized phenomenon occurring six hours after adminis-
tration of a wide variety of antigens including soluble proteins such as

BSA, FIB, and KLH given emulsified with FCA and particulate antigens, SRBC

and CRBC given without FCA (Paraskevas et al 1972b). it has been demons-
trated in Balb/c, DBA/2, NZB and AKR inbred mouse strains. This phenomenon

is one of the earliest occurrences following immune stimulation and is
considered to correlate Wifh adjuvant activity, whether intrinsic or extrinsic
(Orr i974), such as the promoting effect which FCA exerts on antibody response.
Recently the transfer of six hour spleen cells into irradiated mice followed

by specific antigen challenge has been shown to have an enhancing effect upon

antibody production (PFC), compared with similar transfer and challenge of
normal spleen cells (Lee 1975).
A large dose of 107, L5178Y leukemia cells, live or repeatedly frozen

and thawed, has now been demonstrated to produce an increase in Ig carrying spleen

cells in DBA/2 mice, six hours after IP administration. This increase is comparable
to that produced by the variety of antigens previously mentioned. Similar

administration of 5x106 living DBA/2 peritoneal cells or 107 thymocytes
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failed to produce a six hour response. The production of the six hour
response by a syngéneic tumour was not peculiar to the L5178Y lymphoma in
DBA/2 mice, as subsequently a tumour which aro;e spontaneously in an old
AKR mouse, tested after 2-5 passages in vivo, was also found capable of
producing the same increase in Ig bearing spleen cells, six hours after
administration into AKR mice (Lee 1975).

The increase in rosette-forming Ig bearing spleen cells six hours
after administration of tumour cells was not associated with any significant
change in total spleen cell count.

Concomitant with the six hour increase in Ig bearing spleen cells, the
O~bearing spleen cell'population decreased by approximately the same number,
similar to results obtained with antigens previously tested (Lee and Paras-
kevas 1972).

The incubation of normal spleen cells in serum taken from animals six

hours after inoculation of 107

» L5178Y cells, (6 hour serum), was capable of
reproducing the alterations in Ig and 0 bearing cell populations observed in
the spleens of the serum donors. Thus the increase in Ig bearing spleen
cells is considered to be due to uptake of cytophilic Ig, by a subpopulation
of spleen cells.

As pretreatment of normal spleen cells with anti-9 serum plus cémplement
produced a cell population which failed to exhibit an increase in Ig bearing
cells upon incubation with six.hour serum, the cell respons&ble for taking up
cytophilic Ig was demonstrated to be a T cell.

Similar findings have been made for heterologous antigens previously

tested in this laboratory. Lee and Paraskevas (1972) have shown that six
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hours after antigenic stimulation (POL/FCA), the observed increase in Ig

bearing spleen cells is accompanied by a concomitant decrease in the o-

bearing population. Anti-6 serum treated normal spleen cells, exposed to

six hour se%um, did not show the increase in Ig bearing cells obtained with | ik
untreated normal spleen cells incubated in six hour serum. In contrast,

anti-Ig treatment of normal spleen cells had no effect on their ability to

show an increase in Ig bearing cells, following incubation in six hour

serum. Only thymus cells but not bone marrow cells were demonstrated to be

capable of exhibiting an increase in Ig bearing cells upon incubation in
six hour serum. Furthermore,;spleen cells from irradiated mice reconstituted
with thymus cells showed a similar to normal increase after antigen chal-~
lengé in contrast to bone marrow reconstituted mice which did not produce a
- six hour increase in Ig bearing spleen cells.
The aétive component of the six hour serum obtained after injection of

L5178Y cells was found to réside in the 7S5 fraction resulting from G-200
separation of the serum. Other investigators have shown that the active

fraction of six hour serum (without added 7S Ig or antigen) appears to reside

in the 7S or 19S fractions depending upon the molecular size of the antigen

used for injection with FCA. Thus, following injection of 4S5 radiolabelled

BSA—-I125 with FCA the active component was found in the 7S peak or just

slightly ahead. This peak also contained BSA and some radiolabel. In con-

trast, injection of FIB produced a six hour serum having activity in the void

volume or 19S peak where FIB is eluted (Orr and Paraskevas 1973).

a§

Incubation of normal spleen cells in six hour BSA/FCA or FIB/FCA serum

produced an increase in Ig bearing cells. Washing the cells after incubation.
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in such six hour sera, followed by treatment with antigen-specific rabbit
antiserum resulted in a significant reduction of the increase in rosette
formation induced by the six hour serum. This suggested that antigen
participates in the complexes involved in the in vitro uptake of cytophilicl
Ig by T cells. This surface localization of antigen-Ig complexes may
involve the Fc receptor or some other mechanism. Similarly Yuan and col-
leagues (1970) detected antigen complexed to yG immunoglobulin in serum of
rabbits 5 hours after stimulation with antigen. Thus, although the hypothesis
has not been tested in this case, it is probable that antigen-1Ig complexes
are also involved in the six hour response induced by L5178Yicells in DBA/2
mice.

It has now been demonstrated that the 4S fraction of six hour serum
obtained after injection of 107, L5178Y cells, together with normal mouse
serum or the 7S fraction of normal mouse serum, when used for incubation with
normal spleen cells in the presence of a soluble protein antigen,BSA or FIB,
is also capable of producing the same pattern of Ig and 6 bearing cells as
does six hour serum. This suggests that the increase in Ig bearing spleen
cells is due to the uptake by T cells of 7S Ig and antigen in the presence of
a serum factor found six houré after administration of antigen. Other invest-
igators in this laboratory have demonstrated that an active 4S factor was
regularly found in the six hour serum of mice injected with FCA alone, or a
particulate antigen alone (Orr and Paraskevas 1973). It is possible that
this may be an observable manifestation of participation of adjuvanticity,
extrinsic or intrinsic, in the induction of the immune response. Thus the
L5178Y leukemia cells in terms of their ability to induce a six hour reéponse

behaves as a soluble protein plus FCA or a particulate antigen.
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IT. INABILITY OF ANIMALS WITH A DEVELOPING TUMOUR

TO PRODUCE A SIX HOUR RESPONSE

In contrast to a large dose of tumour cells, a very small number i.e.
100, live L5178Y cells, produced no stétistically significant increase in
Ig bearing spleen cells six hours after administration and still killed 95%
of mice inoculatéd. 'This suggests that although the tumour is antigenic a
sufficiently smail dose of cells fails to induce the six hour response and
as a consequence would alter the components of the immune respomse Which
may depend on this phenomenon.

Tumours growing from this small inoculum of cells were startéd in order
to simulate the natural progress of spontaneously -arising tumours. The demons-
tration that mice bearing these tumours were unable to produce a six hour
reéponse after a éhallenging dose of L5178Y cells (107), from day one to at
least day.seven after the inoculum of live cells iﬁdicates that the properties
of the T cell surface have been altered. |

The failure of avchallenging dose of heterologous erythrocytes to pro—
duce a six hour response for the same length of time indicates that tumour
growth in these>animals has non-specifically abrogated thiéybhenomenon.

The increase in Ig bearing spleen cells which is observed on day three
following.initiation of tumour growth is presently not understood.

Normal spleen cells incubated in serum from tumour bearers taken six
hours after a challenging dose of antigen failed to shoﬁ an increase in Ig
bearing cells. This indicates that the cytophilic Ig is absent from the sera.

One could speculate that the T cell defect observed in these animals is

related to the fact that T cells are not only deprived of taking up cytophilic
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Ig which may comprise a signal involved in the induction of some aspect of
the immune response but also that cells, whether the same or different,
are possibly made incapable of producing the active factors involved.

These results are corroboratgd by similar observations made on animals
bearing tumours growing from an initial inoculum of 1000 live cells, which .
killed 100% of mice injected. This dose of cells was.capable of producing
bnly a partial six hour response and was also found to iphibit the production
of a six hour response to a challenging dose of antigen from day one to at
least seven days after initiation of tumour growth.

I1I. : MECHANTISM OF INDUCTION OF THE T CELL DEFECT

A number of investigators have reported that tumour growth was assoc-
iated with the presence of tumour antigens in the serum (Ambrdse et al 1971;
Thomson . et al 1973), whether by spontaneous shedding of surface determinants
by viable cells (Currie and Alexander 1974; Ben-Sasson et al 1972; Currie and
Basﬁam 1972; Thomson gg_gi 1973) or as a result of cell death (Currie and-
Basham 1972). This suggested that the contiﬁual presence of at least ini-
tially small amounts of soluble tumour antigen could be responsiﬁle for the
lack of production of a six hour response.

In order to test this hypothesis a soluble low moleculai weight fraction
of a papain digest of L5178Y cells, from ascites which also contained red
blood cells, was prepared. This soluble extract was shown to be related to
surface componenté of the tumour cell by its ability to block the reaction
of tumour specific antisefum and tumour cells. This extract in suffiéient
quantity was demonstrated to be capable of inducing a six hour respoﬁse with-
out the benefit of FCA unlike the same quantities of similar preparations
from DBA/2 thymocytes with or without syngeneic red biood céllg. Thié sur— -

prising evidence suggests that this fraction may bear some unusual adjuvant.
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properties in cohtrast with most soluble protein antigens so far tested.

From the experience in this laboratory only POL alone could induce a six
hour response in the absence of FCA (Paraskevas et al 1972b). Since POL is

a highly polymerized product from flagella this is not so surprising. In
addition a small molecular weight kcirca 30,000 daltons) water soluble glyco-
protein known as MAAF, obtained from mycobacteria (Hiu 1972) also induces

a six hour response in the presence of soluble proteins ( Orr 1975).

Smaller doses of the soluble extract of L5178Y were determined which
would not produce a six hour response.

A single injection of a small amount of this extract, below the level
which produced a six hour response, was observed to- produce only transient
abrogation, of the six hour response induced by challenging antigens,
lasting for one to three days.

Although a specific, transient unresponsiveness; lasting for one tb two
days following an immunogenic dose of.antigen has been reported in studies
of adoptive transfer of primed lymphoid cells with antigen (Sprent and
Miller 1973), the defect observed in this sfudy is considered to be different
as it is expressed non-specifically and is related to a very small initial
dose of soluble antigen.

Repeated daily injection, of the same small dose of soluble tumour cell
extract, for four consecutive days was found to be capable of inhibiting the
six hour response to a challenging dose of antigen, L5178Y cells or HRBC,
from day one to at least day seven, similar to the inhibition observed by a
tumour growing from a small inoculum of cells. 1In fact the peak of Ig bearing

spleen cells and concomitant decrease in 6 bearing spleen cells occurring
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three days after the live tumour cell inoculu; was also reproduced by this
treatment.

A single injection of 50 ug of deaggregated Hgg, which itself did not
produce a six hour response, transiently inhibited the ability of the animal
to produce a six hour response to a challenging dose of antigen, Hgg/FCA or
L5178Y. Following the protocol used with the tumour cell extract, repeated
injection with deaggregated Hgg was found to inhibit the animal's ability
to produce a six hour response to antigen.challenge at least till day seven
after the first injection. This demonstrates that it is not a peculiarity
of the tumour cell extract that is related to inhibition of the six hour
response but rather a consequence of the type of stimulation resulting from
continual exposure to small amounts of soluble antigen.

Animals given an initial inoculum of 100 live tumour cells when tested

-fourteen days later were able to produce a partial six hour response following

challenge with antigen. These animals died; with a large amount of ascites,
between days 20-30 after induction of tumour growth. This suggests that the
initial inhibition of the six hour response may be abrogated by the presence
of larger amounts of soluble and probably particulate antigen occurring in
the presence of an established tumour.

In contrast, it may be possible to extend the period of inhibition of
the six hour response indefinitely in animals given repeated injections of
soluble antigen, by continued administration of soluble antigen.

The results of the experiments involving repeated injections of small
amounts of soluble antigen sﬁggest that the contiﬁual exposure of the immune
system to small amoﬁnts of soluble antigen results in a defect on the T cell

surface related to participation in the six hour response.



-160-

Sera from animals given repeated small doses of soluble antigen
similar to sera from tumour bearer animals reproduced the same lack of
the six hour response observed in the original animals. This suggests
that serum factors involved in the in vitro response are absent. As noted
previously, the requirements for reproduction of the six hour response in
vitro are 7S 1g, soluble antigen and a 4S serum factor. Only the serum
factor must come from stimulated animals. Thus it is likely that the
T cell defect lies in the inability of cells to produce the active
factor(s) and/or the inability of T cells to localize cytophilic Ig on
their surfaces.

Although the defect observed is associated with the T éell population,
the subsequent alteration of the pathways of immune processes could be
limited or far ranging, effecting the production of a wide range of products
of the immune response. The observation that the six hour response involves
large scale population changes indicates that antigen stimulation effects a
population of cells much larger than the antigen sensitive cells
(Paraskevas, et al, 1972b) and thus interference with this response might
be expected to have widespread and varying effects on a subsequent immune
response. For this reason, the relationship of the T cell defect observed
only six hours after exposure to antigen, to the ultimate production of
the immune response, was examined by means of an in vitro correlate, a
growth inhibition asséy, which is possibly one of the more broad based
assays, involving a number of products of the immune response (Lamon, et al,

1973a and b; Plata et al, 1974; Plata and Levy, 1974).
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Iv. IN VITRQ IMMUNE CORRELATE OF THE PRODUCTION OF THE T CELL bEFECT

| The growth inhibition experiments demonstrated that this assay can
detect an antitumour reaction in syngeneic mice which have been given a single
injection of frozen and thawed L5178Y cells.

Pretreatment of the animals for 4 consecutive days with daily iﬁjection
of a small dose of tumour cell extract or deaggregated Hgg, followed by
sensitization with frozen and thawed tumour cells, resulted in a significant
decrease in in vitro growth inhibition.

The results4are reproducible and relatively quantitative over the
period of activity (13-17 days). The degree of growth inhibition must be
compared under identical conditions as the incorporation of IleUDR depends
on the growth characteristics of the tumour cells in the test, the-cell
concentrations in the culture and the lymphocyte to tumour cell ratio.

Thus quantitative data can only be eompared within a single experiment.

The large number of effector cells in the system do not seem to 1nter~
fere Wlth the detection of growth inhibition. The uptake of I 5UDR by
lymphoid effector cells without tumour target cells is about 10% of the
uptake of target:and lymphoid cells combined iﬁ culture. It miéht be
anticipated that contact with target cells would stimulate cell division
in the specifically sensitized effector cells. If this'occurs, it must
be insigificant, as it would incfease the upfake of IIZSUDR in the test
.Qells and thus result in a decrease in the growth inhibition.

' The toxic effects of IleUDR (Le Mevei, et al, 1973;>01dham and Herberman,

1973) have been minimized in this study by labelling the cells at a late

stage in the test (Seeger and Owen, 1973) and by the use of a relatively
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short labelling time (0Oldham and Herberman, 1973).
The advantage of this radioisotope assay of cellular immunity is

its objectivity and sensitivity, particularly as low ratios of lymphoid

cells to target cells are used. IlZSUDR is only released into the medium

upon cell death and lysis and very little reutilization of IlzsUDR occurs

(Le Mevel, et al, 1973). IlZSUDR is a gamma emitter and therefore requires

little sample preparation before counting.
The apparent cytostatic effect of normal lymphoid cells could be due

to overcrowding or the normal mice may be sensitized to cross-reacting anti-

gens (Chia and Festenstin, 1973). Alternatively, the normal unstimulated
mice may express some 'natural immunity' against the syngeneic tumour line
as mice immunized with heterologous erythrocytes, on the average, exhibited
a slightly smaller cytostatic-effect upon L5178Y cells than did normal mice.
Possibly 'natural immunity' is decreased by non-specific stimulation.

The occasional finding of increased DNA synthesis at low L/TC ratios,
and in shorter cultures, suggests that a ''feeder effect" (Chia and Festen-
stein, 1973) may be active in this system, but that it is usually obscured
by the depréésive effect of increased numbers of lymphoid cells and increased

time of culture.

Growth inhibition of tumour target cells, detected here after 44 hours,
requires 3-4 days to achieve significance. The observation that cytostasis

was maximum after 80-90 hours incubation has been made by other investigators

(Chia and Festenstin, 1973; Senik, et al, 1974a). The former investigators
have suggested that this time may be required for development of an in
vitro secondary response to tumour antigens by lymphoid cells primed in

vivo.
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The growth’inhibition assay has been used in a syngeneic systém to
demonstrate a specific anti~tumour reaction which can be inhibited byb
specific sera (Chia and Festenstein, 19%3). Othér.groups have also obtained
positive cytosfasis in syngeneic systems (Fish, et al, 1974; Finklestein,
et al, 1972; Oppenheim, et al, 1970).

The existence of cytostasis of syngeneic, aﬁtigenically related MSV
ggmour cells by lymphoid cells of mice béaring MSV-induced tumours has been -
demonstrated using a microcytotéxicity assay (Owen and Seeger, 1973;

Plata, et al, 1974; Plata and Levy, 1974) and a cytéstasis assay (Senik,

et al, 1974a). |

Currently, there is conflicting evidence concerning the nature of the
effector cell, the spec1f1c1ty of the cytostatlc reaction, the nature of
the effector cell/target cell interactions and the mechanism éf tumour cell
inhibition involved in cytostasis assays.

Senik and colleagues (l974a)‘have»reforted that the same lymphoid cell
suépensions taken from spleen or lymph nodes of MSV~tumour-bearing mice were
shown to contain several different “immune lymphoid cells" which coul&lbe
separated in vitro according'fo the method used to study cell mediated
immunity. |

Cytotoxic T cells are thought to be the most significant and possibly
exclusive mediators of»targét cell destrgction in the chrémium release test .
(CRT) (Cerottini, et al, 1970; Golstein, et al, 1972; Wagner, et al, 1972;
Plata, et al, 1973). Although evidence for the participation of these cells
in the immune response in syngeneic systems is sparse, as noted previously,
the specific cytolysis of tumour target cells employing CRT has been demon-

strated in one system, which involves syngeneic, antigenically related




-164-

MSV tumours (Plata, et al, 1973; Leclerc, et al, 1973; Herberman, et al,

1973). Cocultivation of syngeneic "cortisone resistant'" thymocytes and

tumour cells for 6 days has been demonstfated to produce a population of

T cells having cytolytic activity measurable by the CRT (Wagner and R&llinghoff,
1973). Cénsequently, it has been suggested (Perlmann, et al, 1972b; Lamon,

et al, 1972a) that cellular immune mechanisms in allograft rejection and

in syngeneic tumour regression are not comparable as the effector cells

in the former system are essentially thymus-dependent, whereas non-T

cells have been revealed to be of major importanée in anti-tumour immunity
(Lamon, et al, 1972a).

As implied above, the use of other assay systems and, in some cases,
different target cells has produced different results. The microcytotoxicity
assay has been used to demonstrate both T and non-~T effector cell activity
against monolayers of MSV tumour cells in the same isologous system employed
by Leclerc and colleagues (Lamén, et al, 1973a and b; Plata, et al, 1974;
Plata and Levy, 1974). The non~T effector cells are thought possibly to be
bone marrow derived (B) cells as they are not eliminated by the carbonyl
iron and magnet removal method, which is effective on macfophages.

Macrophages have been shown to be active in the cytostasis assay of
cell mediated immunity against tumour cell suspensions in the isologous
MSV system of Leclerc (Senik, et al, 1974a and b). Owen and Seeger (1973)
have also demonstrated the action of non-T, possibly macrophage effector
cells in the growth inhibition of MSV tumours. In a syngeneic system,
macrophages have been demonstrated to be capable of inhibiting the growth
of lymphoma cells in a 48 hour,in vitro,culture (Evans and Alexander,

1972b). Fgrther studies implicated the activity of a T cell factor for
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"activation" of the macrophages for non-specific killing (Evans, et al,
1972).

Thus a number of investigators have demonstraﬁed the susceptibility
of tumour target cells to both T and non-T type immune reactions (Lamon,
et al, 1972a and b; Senik, et al, 1974b). Although the cytostasis immune
reaction has been shown to involve primarily non-T effector cell activity,
whether B cell or macrophage, activity of an effector T cell has not been
excluded completely (Senik, et al, 1974a; Chia and Festenstein, 1973; Lamon,
et al, 1973a and b). Thus the positive cytostatic effect of spleen cells
from mice given a single inoculation of frozen and thawed L5178Y cells,
upon L5178Y cells in culture could represent effector activity of T cells,

B cells or macrophages, or a combination thereof.

The cytostatic reaction observed here is likely specific as spleen
cells ffom animals stimulated non-specifically with heterologous erythrocytes
(HRBC) failed to produce a positive reaction against the tumour cells.

Other investigators have feported specific cytostasis at low L/TC ratios

in an oncornavirus system (Wahren and Metcalf, 1970). Senik and colleagues
(1974b) observed that the cytostatic reaction of tumour bearer spleen cells
against lymphoma cells in suspension was specific at low L/TC ratios (25/1)
with non-specific reaction occurring at higher ratios. Owen and Seegar (1973)
also demonstrated non-specific cytostasis caused by macrophages with 500/1
to 3000/1 L/TC ratios. Possibly a specific effect occurs at low L/TC

ratios and a non-specific effect appears when a high number of "activated"
macrophages are present as suggested by Evans and Alexander (1972a).

Senik and colleagues (1974b) have suggested that the interaction

between lymphoid and target cells with a cytostatic effect on the tumour
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target cell is probably mediated by a soluble factor as the effector
cells can be "armed" or inhibited by the serum of tumour-bearing mice
(Senik, et al, 1974b; Chia and Festenstein, 1973). Soluble antigens
(Plata and Levy, 1974) and antigen-antibody complexes (Sjvgren, et al,
1971; Baldwin, et al, 1973) have been implicated in the inhibition of
cytostasis in the microcytotoxicity assay. Antibodies active in this
reaction could be carried over into the cultures by semsitized spleen
cells or perhaps could be produced in a secondary response which may
occur in the in vitro culture (Chia and Festenstein, 1973).

As pretréatment of mice with repeated doses of soluble antigen
deaggregated (Hgg), similar to pretreatment with soluble tumour cell
extract, was found to depress the in vitro tumour growth inhibiting ability
of spleen cells from subsequently sensitized animals,the depression of cyto-
stasis is non-specific. This non-specific inhibition of the specific cytostasis
reaction could result from the interference with T and/or non-T effector
cells at any point during the process of their production or action. Further,
the non-specific inhibition of the cytostatic reaction against tumour cells
in vitro is correlated with the production of a T cell defect which is the
inability to'participate in the six hour response. The defect is observed
following repeated injection of animals with small doses of soluble antigen
and this treatment simulates the production of the same defect observed
originally in mice carrying tumours growing from a small inoculum of live
tumour cells.

The observation of the correlation of the same T celi'defect with a
decrease in immune reactivity has been made by apother investigator in this

laboratory. Daily injection for 5 consecutive days of a dose of soluble
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HRBC hemolysate (which by itself does not produce a six hour response),
resulted in the non-specific inhibition of the six hour response to a
challenging dose of antigen from day 7 to day l4. This treatment resulted

in specific inhibition of both 198 and 7S PFC response to an antigen challenge
given on day 7 after the first injection of soluble antigen. In contrast,

the same treatment was correlated with the non-specific decrease in the
production of the delayed hypersensitivity reaction and cell mediated
cytotoxicity, as measured by CRT, in animals stimulated on day 7 after'the
first injection of soluble antigen. Similarly, the PHA reactivity of spleen
cells of mice taken 7 days after the first injection of soluble antigen was

also non-specifically decreased, compared with normal controls (Chou, 1975).

Bonavida and Zighelboim (1974) have demonstrated that TP injection
of 50 pg of a soluble allo-cell extract, daily for 5 consecutive days,
followed by challenge on day 15 after the initial injection, resulted in
the production of poor cell mediated cytotoxic responses and a partially
suppressed humoural response to tumour cells having the same H-2 specificity
as the cell from which the soluble extract was prepared. The specificity
of this reaction was not tested. These investigators also found that a
single injection of a larger dose of soluble cell'egtract produced a
specific decrease in cell mediated cytotoxicity and complement dependent
cytotoxic antibodies and was associated with the production of specific
blocking activity in the serum. In contrast, no blocking activity was
found in the animals given multiple injections of a smaller dose of cell
extract. Thus, the mechanism resulting in decreases in the immune
response, following repeated pretreatment, may differ from the specific

impairment following a single larger dose of soluble cell extract.
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The results presented in this thesis apg those of others thus suggest
that continual exposure of an animal to small, possibly sub-immunogenic
doses of soluble antigen results in the specific interference in the
production of the humoural response and the non-specific interference in
the production of cell mediated immunity, which is correlated with the
appearance of a defect in the T cell surface observed six hours after
administration of a challenging dose of antigen. As the T cell defect
is detected very early after.exposure to antigen, it is considered that
the correlated interference with the immune response occurs during the
inductive phase. As the same T cell defect observed in animals treated
with repeated doses of soluble antigen was demonstrated in mice bearing
tumours soon after inoculation of a very small number of live tumour cells,
similar interference with the induction of the immune response would be
expected. This actively induced T cell defect would thus provide a
mechanism for the survival of tumours at a very éarly stage of development,
allowing time for proliferation to an established tumour by which time
interference with both inductive and effector mechanisms, as outlined in
the Introduction, become important for continued tumour survival.

In recent years, other investigators have suggested that depression
of immune reactivity by small inocula of tumour celis is responsible for
their survival in contrast with the less successful growth of larger
inoculae (K6lsch, et al, 1973; Bonmassar, et al, 1974).

K6lsch and colleagues (1973) also reported that mice inoculated three

times at weekly intervals with lethally irradiated syngeneic tumour cells

were made more susceptible to a subsequent exposure to a large dose of tumour

cells when the pretreatment inoculum was 102—1'03 cells, compared with
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pretreatment with 10 or 104—-107 irradiated tﬁmour cellé. The specificity
of this phenomenon was not examined. These investigators interpret this
data as evidence for low dose tolerance; antigen in concentrations too low
to immunize the host against tumour is able to facilitate thé growth of
tumour cells. It should be noted that the lowest dose, 10 cells, was not
effective in predisposing the host to tumour growthg possibly 10 cells is
too few to initiate the facilitative response. Their induction of a
faéilitative response by repeated small doses of antigen, could be inter-
preted as active interference with the induction of cell mediated immunity
and/or humoural immunity similar to the production of the T cell defect,
due to repeated exposure to small amounts of soluble antigen, observed in
this study.

Recently, a number of reports in the literature have described the
association of suppressive factors with tumour cells. Bonmassar and
colleagues (1973, 1974) have demonstrated that a Millipore filtrate
obtained from lO6 frozen and thawed, allogeneic fumour cells, given 3
days before a live tumour cell challenge, predisposed the animals to
tumour growth in a non-specific manner. Their soluble antigen, given
only once, would be expected to have a suppressive effect on antigen
challenge 3 days later, in accord with this study, but probably no later,
unless the antigen has the ability to persist in the host. These
investigators also report that pretreatment of animals with a single
injection of a small number of tumour cells made the animals susceptible
to the growth of a subsequent challenge of tumour cells up to 90 days
later, regardless of whether the H-2 antigens of ghallenging and conditioning

tumours were alike or different. These authors postulate that an initial
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inadequate antigen stimulus coupled with immunosuppressive influences

is responsible for the outgrowth of the senond tumour cell inoculum. This
data corroborates our finding of a state of immunosuppression following
inoculation of a small number of tumour cells or repeated injection of small
doses of soluble antigen.

Somewhat similar results have been obtained by Nowotny and colleagues
(1974) who have demonstrated that treatment with a particulate, membranous
preparation from the ascites’ fluid of tumour-bearers was capable of
promoting tumour growth in animals subsequently given a TD50 dose of live
tumour cells.

In an allogeneic system, Wong and colleagues (1974) have demonstrated
that an ultracentrifuged supernatant from a tumour cell culture, when
added to a Marbrook culture containing specifically sensitize& spleen cells
and antigen in the form of SRBC, resulted in a decrease in the number of
direct PFC obtained.

In conclusion, evidence is beginning to appear in the‘literature
which associates immunosuppression with small numbers of tumour cells,
tumour cell products and also with repeated doses of small amounts of
soluble antigen. This supports the basic hypothesis of this study,
which postulates that the initial immune response to a tumour growing
from a small inoculum of cells is immunosuppression. This may be mediated
by the continuing presence of small quantities of soluble antigen and
could last long enough to allow a nascent tumour to becomeqestablished,

thus escaping immune surveillance in the initial stages of growth.
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