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CHAPTER 1
INTRODUCTION

The primary goal of this dissertation research has been to
determine the potential role of interleukin 1 (IL~1) in the develop-
ment of protective immune responses to an experimental lymphama. This
biological response modifier (BRM) is considered for study because of
its many known immunoregulatory roles (64,78), including the ability
to augment the immne response in defined antigenic systems (285,
312). i-Iowever, no previous reports have demonstrated a direct role
for IL~1 in the development of immmnity to experimental neoplasia.

The experimental tumor model employed in this study is the EI~4
lymphoma which is syngeneic in C57B1/6 mice and results in high
mortality (39,100). In this system, mice can be protected from a
normally fatal dose of the weakly immunogenic EI~4 lymphoma (101) by
local administration of Corynebacterium parvum (183). However, these
animals show no demonstrable tumor immunity since they will succumb
to a second challenge of the tumor. It has been the purpose of this
study to determine whether administration of IL~1 can enhance animal
survival or augment the development of immunity to the EL~4 lymphoma.
The remaining objective of this research was to assess the compart-
ments of the immune system which may be modulated by IL-1 leading to
the establishment of tumor immmnity. To accamplish this goal, in
vitro analysis of splenic and lymphatic tissues of treated animals
has been performed to assess a possible mechanism(s) by which IL~1
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may modulate the immme response to the El~4 lymphoma. Several
immme correlates likely to be associated with the development of
tumor immunity and, therefore, under scrutiny in this project, were
El~4 tumor specific cytotoxic T cells, natural killer cells (NK), and
humoral antibody response to the EL~4 lymphama. Also, possible
modulation by IL~1 of lymphoid populations and their proliferative
responsiveness to the El~4 lymphama were investigated. All of these
imminological parameters have been reported by other investigators to
be augmented by IL~1 and may underlie the mechanism by which IIL~1
leads to the augmentation of- tumor immunity in the EI~4:C57Bl/6
experimental model.



CHAPTER II
LITERATURE REVIEW

A. Adjuvant Effects of Corynebacterium parvum

over the last twenty-five years, a wide variety of immunostim-
ulants have been shown to effect the growth of syngeneic transplant-
able tumors in mice. Starting in the early 1960s with zymosan (yeast
cell walls) (233) and Bacillus Calmette-Guérin (BOG) (231), this list
of immmostimulants has been expanded to include viable bacteria,
bacterial by-products, nonviable bacteria and chemically defined
campounds (17) .

The first indication that C. parvum would became an important
research tool as an inmunological stimulant was demonstrated by
Halpern et al. in 1964, when they found C. parvum to be a potent
stimilator of the reticulo-endothelial system (109). Many investiga-
tors have since verified these dbservations (123,243,286,294) with
C. parvum treated mice showing increases in liver and spleen weights
(5,109,188,197,228) as well as an increased ability to clear intra-
venously injected carbon. C. parvum has been shown to exert adjuvant
effects on antibody production, induction of delayed type hypersensi-
tivity (5,25,223), and may be satisfactorily substituted for the
myccbacterial component of Freund's complete adjuvant (223). ~gL
parvum treatment enhances protection against protozoal (226), viral
(143) and bacterial infection (3), as well graft-versus-host disease
(122). There is abundant evidence to indicate these effects are
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attributable to augmentation of macrophage function (304). Aside
from enhanced macrophage function, subcutaneocus (307) and systemic
(62) administration of C. parvum stimulates macrophage colony pro-
duction by bone marrow cells, enhances proliferation of gramlo-
poietic cells, and increases the percentage of nondifferentiated
cellular forms in the bone marrow (18,262).

Treatment with C. parvum has also been shown to retard the
growth of subcutaneous and peritoneal tumors in mice (30,107,198,270,
313). There is much support for the view that macrophage stimulation
is the mechanism responsible for the bacterial suspensions' effec-
tiveness in enhancing the host's defence against necplastic disease
(162) . Evidence has indicated that augmentation of NK activity is a
potential mechanism of C., parvum antitumor activity (200), although a
more recent report has demonstrated suppression of NK activity by the
bacterium (86). The role of the macrophage in the expression of
immnity to tumors was initially described by studies in which peri-
taoneal macrophage cell suspensions, taken fram immmnized donors, were
able to exert suppressive effects on syngeneic tumors in mice (232).
These macrophages were also found to inhibit the growth of tumor
cells in vitro (15). Macrophage mediated tumor cell killing has been
shown to be a property of highly activated macrophages (139). Perito-
neal macrophages, induced by irritants such as thioglycolate, appear-
ed to be partially activated showing increased adherence and pino-
cytosis (188). However, these macrophages did not became cytotoxic
for tumor cells until fully activated with various bacteria or endo~
toxin (37). Similarly, macrophages cbtained from C. parvum treated



animals, when implanted either subcutaneously or intraperitoneally
(i.p.) with mirine fibrosarcoma tumor cells, caused a significant
reduction in tumor growth (246). These macrophages, when incubated
in vitro with syngeneic tamor cells, also demonstrated cytostatic
(108) as well as cytotoxic activity for tumor cells (16). Since both
mde (248,315) and germ-free mice (275) demonstrate equal antitumor
effectiveness, it appeared that this augmented immmne function was a
direct result of macrocphage~C. parvum interaction. Additional evi-
dence implicated the monocyte/macrophage precursor as the target cell
for the antitumor effect of C. parvum. Whole body irradiation of
mice shortly before C. parvum injection prevents the development of
resistance to tumor challenge, whereas irradiation after treatment
canpletely suppressed the humoral response to C. parvum (30), but
failed to abrogate the C. parvum antitumor effect (30,200). This
suggests that the relevant cell arose from a radiosensitive, rapidly
dividing precursor whose mature counterpart was radicresistant. This
is consistent with the characteristics of the monocyte/macrophage
cell (18). Compilation of this data has lead to the conclusion that
the activated macrophage is the cammon mediator of biological effects
of C. parvum (29).

Although C. parvum has been used as an immunctherapeutic anti-
cancer agent, the camponent(s) of this organism responsible for these
activities has not yet been identified. The effects of various chem-
ical treatments on the potency of C. parvum extracts have suggested
that the active camponent is carbohydrate in nature (4,40,250,258),
but may require complete cell integrity for full activity (40) since
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purified cell walls retain antigenicity, but do not retain antitumor
activity (257).

Although macrophage activation may play an important role in
tumor rejection, these chemical studies have shown that cytotoxic
macrophages do not appear to be sufficient for the overall antitumor
activity of C. parvum (40). Peritoneal exudate cells from mice
treated with the whole organism or the "light residue" (primarily
cell walls ard cell walls containing protoplasm) were highly activ-
ated, as demonstrated by their ability to nonspecifically kill tumor
cells in vitro. However, when the "light residue" was treated with
metaperiodate, which reduces carbohydrate content of the residue, the
high macrophage activating properties were maintained, but the anti-
tumor activity diminished significantly. These results suggest that
macrophage activation is not the only property of C. parvum required
to induce full in vivo antitumor activity (40).

It was noted that following systemic injection (intravenous) of
C. parvum in mice, there was widespread proliferation, redistribution
and mobilization of lymphoid cells (42) with associated splencmegaly,
hepatamegaly and increased lung (5) and lymph node (42,188,197)
weights. On the other hand, there is little change in spleen and
liver weights following subcutanecus injection of C. parwvum, although
there is an enlargement of lymph nodes draining the subcutaneous
injection site (270,294), with an associated increase in lymphocyte
cell mumber in the draining nodes (51).

Investigation of this C. parvum mediated lymphoid mobilization
lead to the demonstration of C. parvum mediated adjuvant activity in
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mice as demonstrated by an amplification in the antibody response to
both thymus dependent IgM-IgG responses (24,130,305) and the thymus
independent IgM response (60,123,130,302). Iocal adjuvant effects of
C. parvum have been shown when the injection of sheep red blood cells
admixed with C. parvum increased the mmber of direct plaque forming
cells in draining lymph nodes (201). Enhanced antigen presentation
of antigen to lymphocytes seen by C. parvum stimilated macrophages
(230,307) may explain these lymphocytic stimulatory effects of C.
parvum.

T cell responsiveness may be stimulated or inhibited, depending
on the route or C. parvum administration. Systemic C. parvum treat-
ment is usually associated with depression of cell-mediated immmne
responses (7,272), possibly due to an effective depletion of sensit-
ized cells trapped in the C. parvum stimulated spleen (272). On the
other hand, enhancement of delayed type hypersensitivity (DIH) re~
sults after subcutaneocus injection with a wide range of C, parvum
doses (176.271,275,294). The activation of macrophages in regional
lymph nodes appears to modulate the differentiation and clonalization
of nearby T cells, with the daminant effect being the inhibition of
the generation of specific T suppressor cells (176). Therefore, the
increase in monocyte mmbers (18) and functional activity (93), both
in accessory cell function and lymphocyte subset modulation, may
augment antigen presentation and lymphocytic responses at the site of
macrophage activation. Such mechanisms may mediate the tumor immun-
ity associated with C. parvum therapy.
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In murine systems, the efficacy of C. parvum antitumor therapy
has varied greatly depending on several parameters (201), many simi-
lar to the parameters mentioned earlier in this review regarding more
general modulation of immunological responses. Several important
therapeutic parameters to consider when utilizing this bacterial
agent are the route of injection (201), the size and location of the
tumor (52,201), the amount of bacteria injected (28,223), and the
immumnogenicity of the tumor in the host-tumor model (17,245). Depen—
ding on the tumor model employed, systemic adminstration of C. parvum
has been shown to be an effective therapeutic agent when single doses
were given fram one week prior (30,270) to two weeks (165) after
tumor challenge. C. parvum therapy was also effective when tumory/
bacteria admixtures were injected simultanecusly (248,295).

Against established tumors, systemic C. parvum treatment is
most effective against small tumor masses when injected soon after
tumor inoculation; multiple C. parvum doses have generally not
increased effectiveness (199,286). Although tumor regressions have
been achieved with intravencus therapy, this type of effect is not
usually attainable with poorly immunogenic tumors (199).

Iocalized tumor therapy, with direct injection of C. parvum
into growing solid tumor, have resulted in camplete and permanent
regressions in many different tumor models (33,106,163,255,294). In
same cases, metastasized tumor have been shown to regress as well
(163, 165). Subcutaneous injections of C, parvum at sites distant
from the tumor usually have minimal effect on tumor growth, whereas
marked inhibition is seen after injection near the region of tumor
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growth (271,314). Unlike systemic treatment, which appears to favor
the generation of nonspecific effector mechanisms (i.e. activated
macrophages (234,270), natural killer cells (229)), intralesional C.
parvun therapy appears to generate T cell mediated antitumor immunity
since this antitumor action requires the presence of a functional T
cell system (28,80,296,315). Animals treated in this fashion are not
only able to regress the treated tumor lesion, but also regress un- -
treated tumors at distant sites which are in early stages of develop-
ment (202). Rejection of distant site tumors has been associated
with the augmented production of cytolytic T cells in the lymph nodes
draining the site of therapeutic injection (202). Animals, which
have regressed their tumors after intralesional C. parvum therapy,
are subsequently able to specifically reject a similar tumor implant
(273,295) and possess T cells capable of passively transferring tumor
resistance to unimmmnized individuals (295,296).

Mice, which have rejected tumors that have developed from tumor
cells admixed with C. parvum, are similarly and specifically immme
(164) . However, the ability to induce T cell specific tumor immmnity
again appears to be limited to the more highly immnogenic tumors
(80,249) . Nonspecific mechanisms appear to protect animals from
weakly immunogenic tumors following intralesional C. parvum therapy,
consequently animals surviving a weakly immmnogenic tumor challenge
are unable to successfully survive a second, identical tumor chal-
lenge.

The EL~4 lymphoma, the tumor model employed in this study, is
an exanmple of a weakly immmnogenic tumor (39,100). This tumor is
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refractory to immncadjuvant therapeutic agents such as viable
Mycobacterium bovis, BOG, and standard regimens of nonviable C.
parvum (94,289). More rigorous adjuvant therapy protocols with C.
parvum (183) and Blastomyces dexmatitidis (190) have enabled animals
to respond to the El~4 lymphaoma yielding high survival rates follow-
ing tumor challenge. However, animals surviving this initial tumor
challenge are unable to demonstrate tumor specific immunity upon EL~4
rechallenge (183). These results are markedly different when highly
immmnogenic tumor models are treated with adjuvant type immunother-
apy, where the development of tumor specific immunity is seen in pro-
tected animals (174,202). The lack of an effective tumor immune
response, seen in animals protected by immunocadjuvant therapy from
weakly imminogenic tumors like the EI~4 lymphama, suggests that this
therapy model may serve as an effective system to assess other means
of immmnomodulation which may lead to concomitant tumor immunity.

B. The Biology of Interleukin 1

II~1 is a hormone-like protein which appears to play many roles
in the inflammatory and immune responses (64,78). Table 1 briefly
lists many of the wide range of attributes attributed to IL~1, some
of which will be discussed in more detail later in this review. Orig-
inal immmologic studies described II~1 as a soluble product released
from activated macrophages (90) capable of co-mitogenic stimulation
of thymocytes (89). However, IL~1 has been rediscovered several
times due to its multiple biological actions. The original discovery
of such a host derived substance occurred in the late 1940s when
fever was initiated by a soluble factor produced and released by
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activated peritoneal exudate cells, comprised predaminantly of neu-
trophils (20). This substance was called gramulocyte pyrogen, and
later endogencus pyrogen (EP), when it was found that this substance
accounted for the febrile associated with bacteria, endotoxin and
most other exogenous pyrogenic materials (9,69). Other terms used to
(MP) (298); B cell activation, differentiation and enhancement of
antibody production in vitro by B cell activation factor (BAF) (308),
B cell differentiation factor (BDF) (118) or T cell replacing factor

Table 1. Actions attributed to monocyte derived IL~1.

General process and target cells Activity
Antitumor activity
tumor cells directly cytostatic and cytolytic
natural killer augmentation of cytotoxicity
macrophages enhanced lysis of tumor targets
Growth and differentiation
T cells lymphokine production and release
B cells proliferation and differentiation
fibroblasts proliferation
Inflammation
neutrophils chemotaxis, degramulation,
bone-marrow release
macrophages PG release, chemcotaxis
fibroblasts PG and collagenase release, growth
synovium PG ard collagenase release
endothelium FG release
hepatocytes secretion of acute-phase reactants,

control of plasma divalent cations
Tissue catabolism '

skeletal muscle proteolysis

osteoclasts bone resorption

chondrocytes cartilage breakdown
Central nervous system

hypothalamus fever induction

unknown sleep induction




(TRFp) (119), and helper peak-1 (HP-1) (145) respectively. After
muich collaborative study of these monockines, it became apparent that
these activities amd associated acronyms were actually different
biologic facets of a single biochemical family of molecules. There-
fore, IL~1 was introduced into the nomenclature to eliminate con-
fusion and distinguish this monockine from other immunoregulatory
molecules (1).
1. The Biochemistry of JI~1

The polypeptide nature of IL~1 was shown by enzymatic digestion
with a variety of proteases (269) and loss of activity following
arginine residue modification (206). The possibility that II~1 is a
glycoprotein remains unresolved, although there is no direct evidence
that carbohydrate residues are present or essential for IL~1 biocac-
tivity (147,204). Early estimates concerning the molecular weight of
II~1 were often confusing and contradictory. Part of this problem
arose from the molecular weight heterogeneity seen fram the intracel-
Jular and extracellular forms of IL-1 (98). All reports cannot be
explained by this variation since molecular weight species ranging
from 60 to 250 kilodaltons (kd) have been reported for both intracel-
lular and extracellular forms of II~1 (211,278,292). It is likely
that these IL~1 species represent either aggregates with contamin-
ating proteins or aggregates of the Il~1 monomer resulting from mixed
disulfide bridges between free cysteine residues (64). The possibil-
ity of a high molecular weight protein carrier for IL~1 may also
explain these sporadic results; however, no evidence for such a car-
rier has been presented. Several investigations have shown that IL-1
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activity may reside in polypeptide cleavage products as small as 2 kd
to 4 kd in size. A 4.2 kd peptide, which co-purified with PIF from
plasma of febrile human patients, esthibited biochemical character-
istics and bicactivity of II~1 (67). Also, IL~l-like peptides rang-
ing from 2 to 4 kd have been found in human urine which retain a
portion of their biocactivity (142). These reports may explain the
apparent resistance of IL-1 bicactivity to certain proteases (204,
269). Only after further purification and biochemical characteriza-
tion can the relationship of these low molecular weight molecules be
campare to natural or recombinant forms of IL~l.

The purification and biochemical characterization of IL~l1 has
proven to be a difficult task. Unlike many other circulating hor-
mones, IL~1 is not stored in any gland or tissue; and when produced
using in vitro superinduction protocols, only low picamolar quanti-
ties are obtained (238). The production of large quantities of
murine II~1 by a phorbol myristate acetate (PMA) stimilated, cloned
macrophage cell line, P388D1, (156) allowed for its purification to
homogeneity (208). The purified murine product demonstrated a mole-
cular weight of 14,000 and, as reported previously (84,210), exhib~-
ited microcharge heterogeneity with isoelectric points (pI) of 4.9,
5.0 and 5.1. More recent methods of IL~1 purification, utilizing
immnoaffinity procedures with a heterologous antiserum prepared in
goats against murine II~1 (207), have given a much higher yield of
purified IL~1, thereby allowing more detailed studies of the protein.
Seven discrete species were isolated upon electrophoresis of this
material with each species having a different molecular weight rang-
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ing fram 13 to 17 kd as analyzed in a second dimension by sodium do-
decyl sulfate polyacrylamide electrophoresis (SDS-PAGE).

Early research characterizing partially purified human II~1
reported a variety of molecular weights generally in the 11,000 to
16,000 kilodalton range (27,157,292). High yield methods of produc-
tion of IL~1 secreted from human peripheral blood macrophages stimu-
lated with heat killed, formalin-fixed Staphylococcus aureus under
serum free conditions allowed for the purification to homogeneity of
human II~1 with a high yield of biological activity (149). Purified
by ion exchange chramatography and affinity chramatography on Procion
Red agarose, the human II~1, like its murine counterpart, also exhib-
ited microcharge heterogeneity with four charged species having iso-
electric points ranging from 6.0 to 4.9. These values are samewhat
lower than that abserved for human IL~1 by other investigators (153);
however, these other reports analyzed samples containing other pro-
teins which may have influenced the iso-electric point for IL~1 by
forming complexes (149). Analysis of the purified human IL~1 by two-
dimensional electrophoresis-electrofocusing gels demonstrated all
four charged species have an identical molecular weight of approxi-
mately 17,500. The presence of only one molecular weight species in
this preparation was probably due to the serumfree culture condi-
tions. IL~1 exhibits multiple apparent molecular weights in the
presence of serum, most likely due to a reversible association with
high molecular weight serum components (244,292). Complete amino
acid analysis indicated an abundance of acidic residues in agreement
with the low iscelectric point. No cysteine residues were found,
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which was not surprising considering IL~1 activity is unaltered by
reducing agents. No glucosamine or galactosamine was found. There-
fore, it is unlikely that IL~1 is a glycoprotein (149).

The tremendous potency of this protein has been demonstrated on
the basis of purification data. Purified murine II~l, as demonstra-
ted by Mizel (208), has a specific activity of 1 x 10® U/mg protein.
Thus, 1 U/ml murine IL~1 is equivalent to a molar concentration of
7 x 10711 M. Purified mman IL~1 produced by mononuclear cells
showed an even greater specific activity of 3.2 x 108 U/mg protein,
with 1 U/ml of human II~1 equivalent to a 1.8 x 1013 molar concen-
tration (149).

II~1 mediates a diverse range of biological activities, includ-
ing stimilation of thymocyte proliferation via induction of inter-
leukin 2 (IL~2) release (159,281), stimulation of B cell maturation
and proliferation (97,118,259), augmentation of NK activity (61),
fibroblast growth factor activity (268), induction of acute phase
reactants via stimilation of hepatocytes (287), and stimulation of
prostaglandin and collagenase release from synovial cells (206) as
well as fever (261). Therefore, the question arises: can all these
activities reside in a single protein, or is there a family of inter-
leukin 1's, each with separate or overlapping functions? To clarify
these issues, several molecular biology laboratories have attempted
to clone the genes responsible for IL~1 activity.

2. The Molecular Biology of Interleukin 1

Recently, several laboratories have isolated murine and human

camplementary INAs (cINAs) encoding proteins with characteristic II~1
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activity. Two basic strategies have been utilized to screen macro-
phage cINA libraries in order to obtain cloned genes for which trans-
lation products will encode for IL~1-like molecules. Macrophage cDNA
clones were hybridized to macrophage RNA, and RNA isolated from this
process was injected into in vitro translation systems with the
resultant product assayed for IL~1 activity. The second procedure
utilized an oligonuclectide probe constructed on the basis of amino
acid sequence analysis of highly purified human IL~1.

The nmucleotide sequences of the first two cINA clones coding
for murine (167) or human (13) monocyte IL~1 code for polypeptide
precursors of 269 and 270 amino acids respectively. The predicted
primary translation products from these clones (inferred from cDNA
sequence analysis) would yield proteins of 31,026 and 30,747 daltons
respectively. This data strongly supports earlier work identifying
the production of a high molecular weight intracellular form of IL~1
which was thought to be the precursor form of the 13,000-17,000
dalton molecular weight IL~1 molecule isolated extracellularly (211,
298). Although the 33,000 dalton murine II~1 was the predaminant
intracellular form, and the 17,000-19,000 dalton II~1, the predomin-
ant extracellular form; the 33,000 molecular weight peptide was seen
in the culture supernatants indicating that IL~1 may be secreted as a
33,000 molecular weight polypeptide and then rapidly converted to
lower molecular weight forms by macrophage derived proteases (98).
This proteolytic activity may produce ragged amino termini, thereby
providing a possible explanation for the varied molecular weights and
microcharge heterogeneity often associated with I1~1. The human cIA
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IL~1 clone isolated by Auron and Dinarello (13), demonstrated only a
distant relationship with the murine IL~1 of Iomedico and Mizel (76).
Although the relationship of these IL~1 molecules may be distant,
there does exist a significant degree of sequence hamology ard struc-
tural similarities. Both of these recambinant cDNAs have shown the
capability of producing biologically active molecules demonstrating
their functional relationship (167,303). Protein sequence data indi-
cate that these recambinant forms of murine and human II~1 have amino
termini beginning at amino acid 115 and 117 respectively, generating
II~1 with a molecular size of 17,300 whose forms also correlate in
terms of their net charge for each species. Amino acid sequence of
the amino terminus and CNBr cleavage fragments of the pI 6.8 species
of normal human IL~1 (36) conclusively shows that this species of
IL~1 is coded for by the human cINA isolated by Auron et al. (11).
Therefore, it does appear that the II~1 clones produced by Auron and
Lomedico correspond to forms of II~1 camonly described in the liter-
ature. The absence of strang homology between these molecules (11)
suggests a possible explanation for the lack of antibody cross reac-
tivity in spite of functional similarity and species independence
cbserved in bioassays (65,138). Although antigenically distinct,
these molecules still presumably retain a common site required for T
cell activation. The C~terminal amino acids between residues.150-186
in human and 161-197 in murine IL~-1 demonstrated the strongest region
of hamology indicating this region as a key to the functional role in
IL~1 biocactivity. Statistical evaluation of protein (59) indicates
these two genes appear to be members of a multigene family as opposed



to being species counterparts (11). Recent collaborative work by
Immmex and Syntex Corporations has shed more light on these poten-
tial relationships. They have cbtained and sequenced two different
human cINA Il~1 clones, whose gene products they have referred to as
I1~1 alpha and IL~1 beta (181). Although this II~1 nomenclature is
relatively new in the field, the alpha and beta designations have
become widely accepted terminology. Table 2 briefly summarizes the
characteristics of human II~1 alpha and beta. The human cINA II~1
clone, isolated by Auron and Dinarello (13), was found to be essen-
tially identical to the human IL~1 beta produced by Immunex. Amino
acid sequence comparison of the Lomedico recambinant murine Il~1 with
human II~1 alpha from Immnex indicates a close relationship between
these two proteins which share sixty-two percent amino acid hamology.
Statistical analysis of sequence hamology indicates Immunex's human
I1~1 alpha is the murine II~1 counterpart (12). The first 39 N-ter-
minal amino acids sequenced from an IL~1-like protein purified from
concanavalin A (Con A) stimulated human monocyte supernatants, having
a molecular weight of approximately 17,000, shows extensive homology
to amino acids 117 to 155 of the cliA-derived human IL~1 precursor
sequence (300). All this data strongly suggests that there are at
least two genes coding for II~1. These forms of IL~1 appear to be
distinct yet distantly related.

Considering the possibility of multiple genes producing IL~1, a
major issue to be investigated in II~1 research is the range of
biological activity associated with each of these gene products.
Apparent differences in activity have been detected in the primary
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translation products of IL~1 alpha and IL~1 beta; with II~1 alpha
demonstrating IL-1 activity, while under similar conditions, IL~1
beta does not (181). Production of large quantities of recombinant
forms of IL~1, along with the production of monoclonal antibodies
specific for these different forms, will allow the elucidation of the
biological activities associated with each group.

Amino acid sequence analysis of IL~1 polypeptides has allowed
comparison of IL~1 to several other lymphokines with no sequence
haologies seen with II~2, IL~3, gamma-interferon, and gramilocyte-
macrophage colony stimulating factor (11).

3. Sources and Production of TI~1

Cells of the monocyte/macrophage lineage were first thought to
be the sole source of IL~1. Most tissue sources containing mono-
nuclear phagocytes, including peripheral blood monocytes (90,91),
alveolar macrophages (10,278), hepatic Kupffer's cells (66), splenic
macrophages (10), peritoneal macrophages (136,216), bone marrow

Table 2. Characteristics of human recambinant IL~1 alpha and beta.

Characteristic II~-1 alpha II~1 beta
Major secreted species by No Yes
stimulated macrophage

Primary translation 30,606 30,749
product MW (daltons)

Final cleavage product 18,063 17,377
MW (daltons)

Iso-electric point (pI) 4.9 - 5.3 6.8 - 7.2
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adherent cells (160), and placental monormclear phagocytes (87), have
been shown to produce IL~1 using either the endogencus pyrogen or IAF
assays. The production of IL~1 has also been associated with myelo-
monocytic cell types, such as P388Dl, J774, U937 and THPL (237).
other cell types of non-macrophage lineage also produce IL~1 in
response to a wide variety of stimuli. These non-macrophage cells
include epithelial cells of the skin, epidermal ke.ratinocjtes, (171,
172,173,264), and cornea (104), glia and glioma cells (88), glomer-
ular mesangial cells (169), gingival exudate cells (45), Langerhans'
cells (64), lymphoblastoid B cell lines (6), stimulated B cells
(267), large gramular lymphocytes (ILGL) (266), fibroblasts (127),
and, most surprisingly, polymorphormuclear cells (PMNs) (218,318).
The strategic location and wide distribution of II~1 producing cells
supports the concept that this soluble mediator is directly involved
in host defense mechanisms (64).

Initial studies (158) suggested that IL-1 was produced in vitro
without stimulation. However, it was found that the macrophages
under study were stimulated by picogram per milliliter levels of
endotoxin, which is below the limit of detection by the limulus
lysate test, but often found contaminating laboratory materials (9).
Use of the cationic antibiotic polymyxin B easily rules out contam—
ination by negatively charged lipid A containing endotoxin molecules
without impairing cell function (58,72,256).

There is a wide variety of agents capable of inducing IL~1
production by mononuclear phagocytes. Most of these agents are pyro-
genic, producing fever in humans and experimental animals (69). Aside
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from gram-negative bacterial endotoxin, other microbes, micrabial
fractions or microbial by-products such as gram-positive bacteria
(cell walls, muramyl dipeptide, exotoxins), yeast cell walls (zymo-
san), spirochetes (35) and viruses may also induce IIL~1 production.

A 20 to 30 kd toxin produced by Staphylococcus aureus, isolated from
patients with toxic shock syndrame, has been shown to be equal in
potency to gram-negative endotoxin in its ability to induce produc-
tion of IL-1 in vitro and in vivo (126). Inflammatory agents such as
bile salts, etiocholanolone, urate or silica crystals (73), C5a, and
antigen antibody complexes formed in antigenic excess, also induce
Il~1 production in vitro (74). Various plant lectins, such as phyto-
hemagglutinin (PHA) and Con A (22,241), and antigens (44) including
alloantigens (63), induce IL~1 stimulation via lymphokines. Macro-
phages activated with colony stimulating factors have also been shown
to respord by increasing II~1 production (213).

It is generally thought that surface receptors are involved in
the stimulation of phagocytes to produce II~1 (78). It becomes
apparent that stimilation must occur at the macrophage membrane since
blocking of phagocytic uptake of spirochetes (35) or urate crystals
(73) by cytochalasin B or colchicine does not inhibit II~1 stimila-
tion. Serum and complement camponents are also thought to play a
role in the eventual production of II~1 by activated macrophages.
Although not required, serum enhances the stimulation of IL~1 pro-
duction in vitro by endotoxin and Staphylocoocus epidermidis (154).
The possible relationship of serum enhanced IL~1 production may be
explained by recent findings that macrophages have receptors for the
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anaphylatoxin, C5a, on their surface (46), and that purified human
¢5a will induce macrophage IL~1 production (99). The Ia (I region-
associated) or HIA-DR (human leukocyte antigen DR) glycoproteins on
the surfaces of macrophages have also been implicated in the activ-
ation process leading to IL~1 production. These surface markers,
believed to participate in antigen activation of T cells which bear
receptors for Ia (260,297), may perform a receptor-like role on the
surface of macrophages. Several reports have demonstrated that T
cells induce IL~1 release fram macrophages via an Ia-restricted
interaction (76) and that anti-Ia monoclonal antibodies inhibited
both T cell and ILPS induced IL~1 production (77,96). Incubation of
mononuclear phagocytes in nonstimilating culture conditions for 24-48
hours results in the loss of Ia surface markers on these cells.
Associated with this loes of Ia surface antigens is the ability to
function as accessory cells for antigen processing and produce IL-1
in response to IPS (54). Treatment of these cultured cells with
indamethacin prevents the loss of both Ia expression and IL~1 pro-
ducing capability (284). These cbservations strongly suggest that Ia
receives stimli culminating in the release of IL~1.

It should be noted that not all macrophage stimulators induce
IL-1 production. Levamisole, tuftsin, and NaIO,;, which perturb cell
membranes, cause superoxide anion generation and activate other known
macrophage functions, do not stimilate II~1 production by human
macrophages (154). A surprising result of amino acid analyses of
recambinant IIL~1 is the lack of a classic signal peptide (13,167,181)
which directs newly synthesized proteins to their ultimate destin-
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ation, whether in or out of the cell (26). This result leaves open
the long-standing question of how II~1 is excreted from the macro-
phage and cother cell types. The finding of a slightly hydrophobic
region of seventeen residues at the amino terminus of both murine
(167) and human (13) IL~1 may represent a functional damain involved
in transport (11), although this region bears little resemblance to
signal sequences found in other secreted proteins leading to the
previously described inefficient secretion of the protein (91).
Dinarello has postulated that the suicidal nature of macrophages
involved in their fight against infection may lead to the release of
II~1 (182). This type of mass release may be important in the
inflammatory process (64). Other investigators have identified
surface membrane associated IL~1 with potent thymocyte and T cell
stimulatory activity on dendritic cells (217), fixed macrophage mono-
layers, and on membranes isolated from unfixed macrophages (151).
Membrane IL~1 appears to be an integrated membrane protein since it
was solubilized by detergent, but not eluted by (Ethylenedinitrilo)-
tetraacetic acid (EDTA), high salt, or low pH treatment of the mem-
branes. This report indicates that previous work demonstrating II~1
independent T cell lines (21) are not independent of IL~1, but rather
that fixed macrophages have sufficient IL~1 on their surfaces to sup-
port T cell proliferation without the addition of soluble IL~1l. The
authors suggest that induction of membrane II~1 may focus the activ-
ation signal to T cells binding to the macrophage via their antigen
receptors (151). This would cbviously allow for the enhancement of
the immne response without the necessity of mass macrophage lysis.



24

4. i vity o

The ability of cells to respond to IL~1 appears to work via
specific membrane receptors similar to that described for other hor-
mones (71). Workers at Immmex have shown that human 1251-11~1 binds
specifically to cells of lymphoid or fibroblast/epithelial origin;
cells on which IL~1 is known to have a biological effect (71). IL~1
was found to bind with high affinity, and to associate with a mem-
brane protein of 80,000 molecular weight, suggesting a specific mem—-
brane bound receptor for the protein.

There are a wide variety of immmologic actions modulated by
I1~1 which may be shown to be important in tumor immnity. The abil-
ity of IL~1 to be mitogenic for thymocytes (89) was the earliest
recognized effect of IL~1 on the immme system. It remains as the
reference assay for IL~1. The importance of this lymphokine in T
cell activation is demonstrated by the ability of II~1 to restore
antigen or mitogen induced T cell activation when antigen presenting
cells are removed from the culture population by physical means (281)
or by use of anti-Ia treatment (76,159), suggesting that IL~1 is a
required camponent leading to expansion of T cell populations. IL~1
has been shown to stimulate the production of interleukin 2 (IL~2) in
both murine and human systems (178,254). Thus, it has been proposed
that II~1 stimilates antigen or lectin activated T cells allowing the
cells in the Gy resting state to enter the G; stage of the ceil
cycle, resulting in the release of IL~2 by these cells (159,281).
Antigen activated T lymphocytes bearing IL~2 receptors are in turn
induced by II~2 to enter the S phase of the cell cycle (53). In
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several reports it has been shown that adjuvant active peptidoglycans
can induce II~1 production by murine and human moncnuclear cells
(128,242,299,310). IL~1 has demonstrated similar immmoenhancing
activity for defined antigenic systems in vivo, suggesting that IL~1
may be a camon mode of action of immnological adjuvants (285,312).
The ability of II~1 to up-regulate the immmne response is more clear-
ly seen by Iyt antigen phenotypic analysis of T cells (31,38) re-
sponding to II~1. II~1 appears to promote the generation of Iyt 1t
helper cells in vitro and inhibit the generation of Iyt 2% suppressor
cells (78). The Lyt 1t T helper cells secret II~2 in response to
II~1 (140), augmenting the generation of cytotoxic T cells (84,276,
301). Antibodies directed against helper T cells which block IL~1
function, prevent the production of IL~2 by helper T cells, but also
prevent the generation of cytotoxic T cells, strongly suggesting that
II~1 stimulation of cytotoxic T cells appears to function via its
ability to induce IL~2 (193). The conversion of the macrophage de-
rived maturational signal, II~1, into a secondary T cell derived pro-
liferative signal, IL~2, results in the amplification of an antigen
specific immne response. Ancther soluble macrophage factor, ini-
tially described as BAF, was shown to increase levels of antibody to
sheep red blood cells released from splenocytes of nude mice (309,
311). This factor was later identified as IIL~1 when it co~purified
with IAF (308), and its activities were inhibited with antibodies
against II~1 (166). Continued research has shown that B cells are
reactive to IL~1 during at least two stages in their development.
Early stage B cell maturational control was initially reported by
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Hoffmann et al., (118) who described a macrophage factor inducing
maturation in pre-B cells. This factor was verified as IL~1 when
purified II~1 stimulated kappa light-chain production and subsequent
expression of membrane immmnoglobulin (Ig) in pre-B cells (97). IL~1
has also been shown to synergize with suboptimal concentrations of
anti-m: chain, inducing B cell proliferation and terminal differen-
tiation (82). The capacity of antibodies against II~1 to abrogate
this in vitro antibody synthesis (166), strongly indicates that IL~1
may be critical for B cell activation leading to antibody production.
IL~1 activation appears to be required relatively early (within
twenty-four hours) after B cell stimilation by antigen or anti-
inmunoglobulin (117) as are other early acting cytokines such as B
cell growth factor (BOGF) (124) and possibly II~2 (161) which drive B
cells through mitosis. Following early B cell activation, late
acting lymphokines such as gamma-interferon (277,320) lead to further
B cell differentiation and production of antibody. The source of
I1~1 needed for B cell activation and differentiation was assumed to
be the activated macrophage. However, recent in vitro studies indi-~
cate that B cells may play the role of accessory cells (8,47,191) in
the absence of macrophages. The absence of IL~1-like activity in B
cell culture supernatants produced an apparent paradox since there
appeared to be no source of IL~1 available to T cells in these sys-
tems. The finding of surface membrane IL~1 on macrophages (151)
leads to the resolve of this problem when the same investigators
determined that B cells could be induced to express membrane IL~1
only when stimulated with both anti-immmoglobulin and T cell lympho-~
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kines (152). In contrast to B cells, macrophage expression of IL~1
is not dependent on T cells or their products (151). The appearance
of an IL~1 inhibitor, produced by an Epstein-Barr virus-transformed
human B cell line (267), may account for lack of IL~1 activity in B
cell supernatants (6,267) and the necessity of cell to cell contact
between accessory B cells and responding T cells. The differences in
the stimili needed to induce membrane IL~1 on the surfaces of B cells

and macrophages suggests that these antigen presenting cells may
serve diverse roles in the induction and maintenance of the immune

response (152). Also, the apparent lack of a signal peptide in the
precursor forms of recambinant IL~1 isolated to date suggests that
the membrane form of IL~1 may be derived fram a different family of
genes than those associated with the soluble form of IL~l.

Ancther cell in the immme system which respords to II~1 is the
macrophage. IL~1 is a chemoattractant for these cells (170,265), it
induces the release of prostaglandin E; (PGE;) (68), and is involved
in activation for tumor-cell killing (240). Prostaglandins have been
implicated to have inhibitory effects on macrophage production of
II~1 (78). Whether this is a case of autoregqulation with the same
macrophage cell producing Il~1 responding to its release by producing
and releasing PGE, has yet to be determined.

5. Other Biologic Activities of II~1

The ability of a host derived soluble proteinaceous factor to
induce fever associated with most, if not all, pyrogenic substances
(6,69) initiated research into EP. This protein appears to regulate
body temperature by raising the hypothalmic setpoint as a function of
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EP's ability to increase levels of prostaglardins in the brain and
cerebral spinal fluid (23,50). As the methodology of protein chem~
ists improved allowing the separation and examination of partially
purified factors which augment a variety of physiologic responses

including fever and the acute-phase response, it became apparent that
these biological activities were biochemically inseparable (131).

The finding that EP and IAF activities were also biochemically
inseparable in several different animal species (216,261), catalyzed
the development a broad concept linking the host febrile response to
immunorequlation.

It has been well established that the acute response to infec-
tious diseases and pyrogenic substances produces neutrophilia in
association with fever (56). The neutrophilic response generated by
Il~1 seems due to the accelerated release of mature neutrophils from
the bone marrow reserves, as there is a severe loss of mature neutro-
phils in the marrow following injection with EP (134). IL~1 has also
been observed to dramatically increase the synthesis of acute phase
reactants, a group of proteins produced by the liver in response to
infection or inflammation (196,287). Those acute phase reactants
normally present in the plasma; such as serum amyloid A (187), fib-
rinogen (133), haptoglobin (120,133), and ceruloplasmin; generally
increase several fold when the host is stimulated with IL~1. . Those
proteins normally seen in the plasma at extremely low concentrations,
such as C-reactive protein, rise several hundred fold in response to
II~1 (195,293). Whether IL~1 is acting alone or together with other
factors in the induction of these acute phase reactants is still un-
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clear (64). The accelerated synthesis of ceruloplasmin by IL~1 (131)
accounts for the increase in the plasma level of copper ions, gener-
ally considered vital to cambat bacterial diseases (251). Two other
plasma divalent cations (zinc and iron), affected by the presence of
II~1, show a rapid drop in plasma concentration (132). II~1 induced
neutrophil degramulation leading to the release of lactoferrin (144)
leads to the rapid drop in iron levels and is a major host defence
mechanism against microbial infection. IIL~1 has also been implicated
in the regulation of tissue catabolism during infection or trauma
when the host must mobilize a variety of camponents needed for syn-
thesis or energy by inducing muscle tissue proteolysis (14,49), bone
resorption by osteoclasts (102), and cartilage breakdown associated
with collagenase and proteoglycanase production by human chondrocytes
(103).
6. Potential Antitumor Activities of Interleukin 1

The many biologic activities of IL~1 discussed above, both in

the nature of immmoregulation and physiologic regulation, demon-
strate the potential usefulness of this monockine as an in vivo thera-
peutic agent. The activated macrophage is thought to play an import-
ant role in host defense against malignant necplasia by exerting a
cytotoxic effect on tumor cells (85). IL~1 has been shown to pramote
human monocyte-mediated tumor cytotoxicity possibly by prolonging the
cytotoxic state of monocytes (235). Macrophage cytotoxic effects are
thought to be mediated by several possible effector molecules includ-

ing lysosomal enzymes (116), oxygen intermediates (221), arginase
(55), a neutral proteinase (2), and tumor necrosis factor (180,319).
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Purification of human IL~1 (185) has allowed Onozaki et al. to demon~-
strate the direct cytocidal and growth inhibitory capability of II~1
against a human melanoma cell line in vitro (236). Thus adding IL~1
to the list of potential macrophage cytotoxic mediators. Human mono-
cyte derived IL~1 has been shown to augment the activity of highly
purified human IGL or NK cells which are cytotoxic to a variety of
malignant cells (141,225) and have been implicated as important medi-
ators in the prevention of tumor development and metastasis (110,
137) . Augmentation of this activity implies a possible role for IL~1
in immme surveillance of spantanecus or metastatic tumors (186).
The previously discussed ability of II~1 to augment the immne re-
sponse to specific antigens in vivo (285,312) all?:ws speculation that
II~1 may be able to serve an immnocadjuvant for tumor associated
antigens. Several important cbservations can now be made from ele-
ments discussed in this review. First, it would appear that C.
parvum may act as an immnoadjuvant in the C57Bl/6:El~4 tumor model
by enhancing macrophage function. Secondly, the modulatory functions
of IL~1 have been shown to most likely act via lymphocytic popula-
tions. Therefore, by cambining the protective C. parvum therapy with
systemic IL~1 administration, this study set out to determine if IL~-1
could modulate a protective immune response to the nonimmunogenic
El~4 lymphoma. The effects IL~1 may have on the involved lymphocytic
populations will allow suggestions as to possible mechanisms which
might lead to the development of tumor immnity in this system.



CHAPTER III

METHODS AND MATERIAIS

A. The Mice

C57B1/6 female mice, ages seven to twelve weeks dbtained from
Jackson Laboratory, Bar Harbor, ME, were used for all IL~1l in vivo
tumor protection studies. Similarly sexed and aged C57Bl/6 mice
obtained from Charles River Breeding laboratories, Inc., Boston, MA,
and 1ab Supply, Plainfield, IN, were utilized for macrophage activa-
tion studies. lymphoid tissues from DBA/2J and C3H/HeJ mice, aged
seven to sixteen weeks (Jackson Laboratory), were used for IL~1
assessments.
B. The Bacteria

The Corynebacterium parvum strain 4182 (Propionibacterium
acnes) was been cbtained from the Pasteur Institute, Paris, France,
and periodically identified by APT 20 Anaercbic System (Analytab
Products, Plainview, NY) (212,283) and metabolic end-products deter-
mination by gas-liquid chramatography (214). The bacteria were grown
anaercbically in liquid culture using Brewer's thioglycolate medium
with indicator (Difco Laboratories, Detroit, MI). Ten milliliter
starter cultures were incubated at 37°C for five days, then trans-
ferred to one liter thioglycolate broth cultures. The cultures
remained at 37°C for seven days under anaercbic conditions with
occasional agitation. The organisms were harvested with the Beckman
TJ-6R centrifuge (Beckman Instruments, Inc., Palo Alto, CA) at 1500 x
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gravity (g) for twenty mimites, and washed five times with sterile
saline. The organisms were heat-killed at 80°C for thirty minutes
with inspissation, aliquoted at 2 x 10° cells per ml and stored at
~20°C until needed.

c. The Tumor Cell Lines

The EI~4 lymphama, a 7,12 diamethylbenz(a)-anthracene induced
tumor, was originated in 1945 by Gorer fram C57Bl/6 mice. The El~4
lymphoma has been shown to be a tumor of low immunogenicity (39,100),
and nonsusceptible to NK lysis (114). This tumor was cbtained fram
Dr. R. Herberman, lLaboratory of Immmodiagnosis, National Cancer
Institute, Bethesda, MD.

The REL~5 lymphoma, also cbtained from Dr. Herberman, is a
Rausher murine virus-induced lymphoma (189), and like EI~4, is syn-
geneic in the C57Bl/6 mouse.

The YAC-1 lymphoma is a Moloney murine virus-induced lymphoma
(280) which has been shown to be susceptible to NK lysis (114,141).

The EL~4 ascites tumor banks were maintained in vivo by, i.p.,
passage. A 0.1 ml suspension of EI~4 ascites cells in Hank's bal-
anced salt solution (HBSS) at 1 x 107 cells/ml was injected, i.p.,
into syngeneic C57B1/6 mice, typically at ten day intervals. EL~4,
RBI~5, and YAC-1 cell lines were maintained in vitro by growth in
suspension cultures in RPMI-1640 culture medium (Grand Island. Bio-
logical Company, Grand Island, NY) (GIBOO), pH 7.1 to 7.3, supple-
mented with five or ten percent fetal bovine serum (FBS) (heat in=-
activated at 56°C for one hour) (GIBOO) 100 units/ml potassium peni-

cillin G, 100 ug/ml streptamycin (sulfate), 2.5 ug/ml fungizone
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(Whittaker M. A. Bioproducts, Walkersville, MD) and 2 mM L-glutamine
(vhittaker M. A. Bioproducts). All in vitro cell cultures utilized
for experimentation or propagation in this study were maintained at
379C with five percent (0, in high humidity, unless ctherwise stated.
Media supplemented with I~glutamine and the antibiotics listed above
will be referred to as camplete medium. All routinely in vitro
passaged cell lines were incubated in either 50 ml or 500 ml tissue
culture flasks (Corning Glass Works, Corning, NY).

The P388D1 macrophage-like cell line, ATCC-TIB-63, (American
Type Culture Collection, Tumor Immnology Bank, Rockville, MD) was
derived fram a methylcholanthrene-induced lymphoid necplasm (P388) of
a DBA/2 mouse (57). It has been utilized consistently as a source of
endotoxin induced murine II~1 (155,205). This cell line has been
shown to retain many macrophage cell-like properties including the
ability to phagocytize latex particles and zymosan, firmly adhere to
glass and latex, and carry cell bound receptors for immmnoglobulin
(Fe) and camplement (C3) (146). This cell line has no detectable
surface immmnoglobulin (146), exhibits high effector activity in an
antibody~-dependent cell mediate cytotoxic system (252), and synthes-
izes lysozyme (253). This cell line was maintained in vitro as mono~-
layer cultures in camplete RPMI-1640 medium supplemented with ten
percent FBS. A secord P388D1 cell line, obtained from Dr. Y. Yama-
mira (Ponce School of Medicine, Ponce, Puerto Rico), was a cloned
cell line which constitutively produces IL~1 (317). This cell line
was derived by Dr. Yamamura from a cell line isolated by Dr. H. Koren
(Duke University Medical Center, Durham, NC). This cell line was
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maintained in vitro in complete m-alpha medium without nucleosides
(Grand Island Biological Campany, Grand Island, NY) supplemented with
seven percent FBS. To avoid confusion, the cell lines cbtained from
the American Type Culture Collection (ATCC) and Dr. Y. Yamamura will
be referred to as P388D1A and P388D1Y respectively.

D. I1~1 Production by P388D1 Macrophage Cell ILines

IL~1 required for in vivo experimentation was produced using
the constitutive Il~1 generating P388D1Y cell line as previously
described (317). P388DlY adherent cells were removed from stationary
monolayer cultures with a rubber policeman or by rigorous pipetting.
The cells were pelleted by centrifugation at 400 x g for seven to ten
mimites, washed once in HBSS, and then seeded in 50 ml tissue culture
flasks at 2 x 10° cells/ml in 10 ml of complete m~alpha medium with-
out nucleosides plus five percent erndotoxin-free FBS (HyClone Labor-
atories Inc., Logan, UT). After three to five days of incubation,
the culture supernatants were harvested by decantation, then centri-
fuged and/or filter sterilized by passage through a 0.45 um Swinnex
filter unit (Millipore Corp., Bedford, MA) to remove any remaining
cells. The IL~1 containing conditioned medium was aliquoted and
frozen at =20°C until required for experimentation or assay. IL~1
has been shown to remain stable for at least six months under these
conditions (205).

P388D1A cells utilized for production of IL~1 were prepared
for seeding in the same manner as described for the P388D1Y cells.
Production cultures were seeded at 2 x 10° cells/ml/well in 24-well
tissue culture plates (Falcon Plastics, los Angeles, CA). Cells were
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incubated either with or without 10 ug/ml lipopolysaccharide (LPS) B
from Salmonella typhosa 0901, (Difco, Detroit, MI) for three days.
The culture supernatants were harvested, aliquoted, and stored as
described above for P388DlY supernatants. Conditioned supernatants
from macrophage cultures not given LIPS were utilized in the in vivo
protection experiments as control macrophage conditioned media.
E. Recombinant II~1

Purified recombinant murine IIL~1, derived from a cloned murine
cDNA gene for Il~1 in Escherichia coli (167), was generously supplied
by Peter T. Lamedico (Hoffmann-laRoche Inc., Nutley, NJ). This pre~
paration of IL~1 had an activity of 4 x 10 units/ml and was main-
tained in 5M Guanidine hydrochloric acid (HCl) buffer. The recombi-
nant IL-1 sample was diluted to the concentration desired for assay-
ing or for in vivo experimentation in HBSS containing 250mg/ml human
serum albumin (HSA) as a carrier protein. The diluted IL~1 was then
aliquoted and stored at -20°C until needed. Similarly prepared HSA
solutions (250mg/ml) without IL~1 were aliquoted and stored at -20°C
and used as control injection mixtures for the murine recambinant
Il~1 in vivo protection experiments.
F. I1~]1 Assays

The standard co-mitogenic thymocyte assay was utilized to
assess IL~1 activity as previously described by Mizel (209). The
thymus from either a C3H/HeJ or DBA/2J mouse was aseptically removed
following cervical dislocation of the animal. A single cell suspen-

sion was prepared by passage of the tissue through a 60-mesh wire
screen into HBSS. The suspension was decanted into a 15 ml conical
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centrifuge tube (Corning Glass Works, Corning, NY) where large cell
clumps were allowed to settle for five minutes before the cell sus-
pension was again carefully decanted to ancther tube. The cells were
washed once in HBSS, resuspended to 1 x 107 cells/ml in complete
RPMI-1640 medium, and plated at 100 ul/well in 96-microwell tissue
culture plates (Microtest III, Falcon Plastics, Los Angeles, CA).

The culture medium was supplemented with FBS, phytchemagglutinin P
(FHA-P) (Difco, Detroit, MI), and 2 mercaptoethanol (2-ME) (Sigma
Chemical Co., St. Louis, MD); such that a final concentration of ten
percent FBS, 0.01 percent PHA-P and 5 x 10™2 M 2-ME was attained when
final volumes were added to each well. Varying amounts of test sam—
ples, ranging fram 0 ul to 50 ul, were added to each well with an
appropriate amount of culture medium added bringing each well to a
200 ul total volume. All samples and controls were tested in tripli-
cate. Following sixty-six hours of incubation, the microcultures
were pulsed with 1 uci 3H-thymidine (7.6 Ci/mmole), 1 mCi in 20 ml
HBSS (ICN Biamedicals, Inc., Irvine, CA). After an additional six
hours of incubation, the microcultures were harvested onto glass
fiber filters (Cambridge Technology, Inc., Cambridge, MA) using a PHD
autamated cell harvester (Cambridge Technology Inc.). The degree of
radiolabel incorporation for each sample was determined using liquid
scintillation spectrophotametry (Unilux II, Nuclear-Chicago, Des-
Plains, IL; or 155801, Bechman Instruments, Irvine, Ca).

A variation of the standard Il~1 assay described by Yamamura
(317), utilizing murine splenocytes, was also incorporated into the
study. Splenocyte cell suspensions were cbtained fraom DBA/2J mice in
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a similar manner as described above for the thymocyte assay. Eryth-
rocytes in the spleen cell suspension were destroyed by rapid hypo-
tonic lysis with distilled water. The remaining white blood cells
were washed twice with HBSS, and resuspended in camplete m-alpha
medium supplemented with 0.01 percent PHA-P. No FBS or 2-ME were
included in the incubation media. For this assay cells were resus-
pended to 2 x 106 cells/ml before plating 100 ul/well of the splen-
ocyte suspension into individual wells of a 96-microwell plate. Test
samples and medium were added to the wells as in the thymocyte assay.
These microcultures incubated for forty-eight hours followed by a
twenty-four hour pulse with 3H-thymidine. Harvesting and radiolabel
counting procedures for the splenocyte assay were the same as those
described for the thymocyte assay.

Units of II~1 were arbitrarily determined by equating one unit
with the capability of stimilating thymocytes or splenocytes to one-
half the maximal value cbtained in the assay with a high activity
P388D1Y supernatant reference lot of IL-1.

G. In Vivo Tumor Protection Studies

C57Bl/6 mice were challenged intradermally (i.d.) on the right
flank with a 0.1 ml suspension of ElL~4 tumor cells susperded in HBSS.
The tumor dose ranged from 1 x 103 to 5 x 103 cells per injection.
The EI~4 ascites cells had been previocusly removed from the pgritm—
ealcavityofamxrinetmnbrbank, washed once in HBSS, and promptly
injected in the mice either alone or as an admixture with 2 x 109
heat-killed C. parvum bacterial cells. The C. parvum suspension had
been lightly sonicated after removal from freezer storage to elimi-
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nate bacterial clumping before admixture with the tumor cells. As
previously described (121), animals receiving both tumor challenge
protocols were divided into two groups. One group from each protocol
was given no further treatment. The second group of animals from
each protocol was given accampanying systemic II~1 therapy. Animals
receiving IL~1 therapy (either IL~1 containing conditioned culture
supernatants cbtained from the P388D1lY constitutive I1~1 producing
cell line, murine recambinant II~1 or LIPS induced P388D1A cell line
corditioned culture supernatants) were administered equal unit dos-
ages of IL-1, i.p., everyday or on alternate days starting with the
day of tumor challenge and ending nine days later. Control animals
received accampanying systemic therapy (in the form of either P388D1A
corditioned culture supernatants or a 250 mg/ml HSA solution) using a
camparable injection protocol. A total of 100 units of II~1 was
administered to each mouse receiving this therapy. Mice were period-
ically checked for survival. All mice surviving this initial tumor
challenge and showing no visible signs of tumor growth after thirty-
five to fifty days were rechallenged with the El~4 tumor. The re-
challenge inoculum was injected i.d. on the right flank between the
site of the initial tumor challenge and draining axillary lymph
nodes. The EL-4 tumor dose was equal to that given for the initial
challenge and no further therapy was administered to these animals.
Mice were evaluated periodically for survival. In separate experi-
ments, mice were randomly selected at successive time periods fol-
lowing either initial or secondary El~4 challenge for in vitro eval-
uation of lymphoid immunological responsiveness.
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H. olabel s

Either in vitro passaged El~4, RBL~5, YAC-1, K562, or in vivo
passaged EL~4 ascites tumor target cells were washed once after har-
vesting, resuspended in HBSS and counted. A suspension of between
3 x 106 and 1 x 107 tumor cells was pelleted by centrifugation at
400 x g for seven to ten mimuites. The supernatant was discarded and
the cell pellet resuspended in the residual HBSS (150 ul). Tumor
target cells were radiolabeled by incubation with 100 uCi to 200 uCi
Na,5lcro, (3lcr) (New England Nuclear, Boston, MA, or Amersham Corp-
oration, Arlington Heights, IL) for forty to sixty mimutes with
frequent agitation. The 5lcr labeled cells were pelleted, washed
four times in HBSS, and resuspended in conplete medium for immediate
addition to effector cells at 1 x 10% target cells per well.
I. T Cel ia ci

T cell-mediated, tumor cell cytotoxic activity of lymphoid
tissues taken from tumor challenged animals at various time points
following antitumor therapy, was assessed following procedures des-
cribed by Brunner and colleagues (34). Mice were sacrificed by
cervical dislocation. The spleen ard lymph nodes draining the site
of the tumor challenge were aseptically removed from each animal,
passed through a 60-gauge wire mesh to obtain a cell suspension, and
washed once in HBSS. Erythrocytes in the splenic suspension were
destroyed by rapid hypotonic lysis with distilled water, followed by
several HBSS washes. Splenic and lymph node effector cells were then
resuspended in camplete RPMI-1640 medium with ten percent FES.
Cytotoxic activity of all cell populations were determined at four
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effector-to-target (E/T) ratios by serial dilution of effector cell
concentrations, ranging from 1 x 106 to 1.2 x 10° cells per well, in
roaund bottom chambers of 96-well tissue culture plates (Falocon Plas-
tics). Iymph node effector cells were evaluated at the highest pos-
sible cell concentration allowing for four serially diluted E/T
ratios. This variability was due to the low mmber of cells occas-
ionally cbtained from these tissues. All E/T ratios and controls
were performed in triplicate (1 x 104 5lcr labeled tumor target cells
were added to each well in 100 ul of medium). Total well volume was
brought to 200 ul with media when necessary. The cytotoxicity
cultures were gently pelleted by centrifugation at 100 x g for five
minutes. Following a four-hour incubation period, the cultures were
pelleted by centrifugation at 400 x g for five mimites. Radiolabeled
tumor target cells incubated without effector cells were used to
determine the spontanecus cellular 3lCr release. Maximum cellular
release was cbtained by lysing labeled tumor targets with Nonidet P-
40 (NP-40) (Sigma Chemical Co., St. Iouis, MO). Released radiolabel
was harvested by removing 130 ul of supernatant from each well, and
counted on a Beckman Gamma 4000 gamma radiation counter (Beckman
Instruments, Inc., Irvine, CA) with data expressed as counts per
minute (CPM). Results were expressed for each E/T ratio as percent
specific release (PSR):

PSR = 100 x (CPM in experimental well) - (CPM in control well) .
(CPM in NP-40 well) - (CPM in control well)

PSR data were represented graphically as a function of culture dilu-
tion. Linear least square curve fitting using Qurve Fitter-PC soft-
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ware (Interactive Microware, Inc., Danbury, CT) determined the best
straight line though the PSR data points. Using this analysis the
slope of the line will vary depending on the proportion of cytolytic
cells and the efficiency of cytolysis in the effector population
(290) . Results, extrapolated from the fitted curve, are expressed as
lytic units (L.U.) per cell culture , with one L.U. defined as the
inverse of the fraction of a 1 x 106 effector cell culture required
to achieve ten percent specific release (43).

J. Na iller Cel vi

The NK assay was performed in the same manner as that des-
cribed above for the cytotoxic T cell assay, except that the (5lcr)
radiolabeled target cell was the NK susceptible YAC-1 tumor cell
line. Since NK activity is seen in unimmmnized animals, the deter-
mination of any modulation of this parameter must be measured care-
fully against the control protocol mice. As discussed in the pre-
vious section, data are graphically expressed as PSR, then converted
to L.U. of activity. sStatistical evaluation of the data was deter-
mined by t-test analysis of the PSR for the 100 to 1 E/T ratio data
points.
K. Macrophage Tumoricidal Actjvation and Assessment
1. The Thioglycolate Inducer

Brewer's thioglycolate broth (Difco, Detroit, MI), used for,
i.p., injection of mice, was prepared as described by Campbell, et
al. (35). An autoclaved 100 ml aliquot of thioglycolate medium was

oxidized by exposed to room air for two months. The oxidized media
was distributed in 5 ml aliquots and frozen at -20°C for later use.
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2. The Macrophage Activators

LIPS from Salmonella typhosa 0901 (Difco, Detroit, MI), obtain-
ed in lyopholyzed form, was rehydrated in HBSS, distributed into 1 ml
aliquots at a concentration of 100 ug/ml, and stored at -20°C until
needed. Con A (Difco, Detroit, MI), obtained in crystalline form,
was also rehydrated in HBSS and stored at -20°C. Preparation of C.
parvum for use in this assay was the same as that described in sec-
tion B. of this chapter.
3. The Macrophage Cytotoxicity Assay

The methods employed for this assay (37) are modifications of
the technique originally described by Doe and Henson (70). Mice were
injected with 1 ml of aged thioglycolate broth, i.p., ard sacrificed
by cervical dislocation four to five days later. Peritoneal exudate
cells (PEC) were cbtained by peritoneal lavage with 10 ml of HBSS
containing ten units of heparin/ml (Difco, Detroit, MI). The PECs
were washed once in HBSS and resuspended at 1.3 x 106 cells/ml in
complete RPMI-1640 medium supplemented with ten percent FBS. One
hundred microliters of the suspensions were plated in 96-well micro-
titer plates. Nonadherent cells were eliminated after two hours of
incubation by removing the culture medium and replacing it with 100
ul of fresh RPMI-1640. After an additional twenty to twenty~four
hours of incubation, the culture media was again removed and replaced
with 80 ul of camplete RPMI~1640 medium. The appropriate activators
were then added in 100 ul volumes to each well in quadruplicate.
Twenty to twenty-four hours later, 1 x 10% 5lcr-labeled target cells
were added to each well in a 100 ul volume. After eighteen to twenty
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hours, the cultures were centrifuged at 400 x g for five mimutes.
Seventy microliters of culture supernatant were carefully removed
from each well and radioactivity determined using the Garma 4000
gamma radiation counter. Control cultures contained radiolabeled
tumor targets incubated with nonactivated thioglycolate-induced,
adherent PECs. Maximm possible cellular release of 5lcr was cbtain-
ed by adding NP-40 to control cultures, or by disturbing the pelleted
target cells with rigorous pipetting before supernatant harvesting.
Data are expressed as PSRt PSR = 100 x

(Mean CPM in activated well) = (Mean CPM in control well)
(Mean CPM NP-40 well) - (Mean CPM in control well)

L. Iymphoid Cell Proliferative Response
Spleen and lymph node cell suspensions, processed in the same

manner as described for the cytotoxic T cell assay, were resuspended
in complete RPMI-1640 medium supplemented with two percent FBS. One
hundred microliter aliquots of spleen and lymph node cells were
plated in 96-well microtiter plates at 2 x 10° and 1 x 10° cells per
well, respectively.

Mitamycin-c inactivated tumor cells were prepared by incu-
bating 1 x 107 tumor cells with 25 ug of mitamycin-c in one ml of
complete RPMI-1640 medium for one hour. The cells were washed three
times in HBSS, and resuspended in camplete RPMI-1640 medium wi@:h two
percent FBS. Each stimulator cell population was plated in tripli-
cate at 1 x 105 cells per well in 100 ul aliquots with spleen and
lymph node effector cell populations. Spleen and lymph node effector
cells were incubated alone to determine a basal level of prolifer-
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ative activity. Duplicate cultures were pulsed six hours with 1 uCi
3g-thymidine after two and five days of incubation. Cell cultures
were harvested with the Cambridge PHD autamated cell harvester and
radiolabel incorporation for each sample was determined using liquid
scintillation spectrophotametry. Data are expressed as stimilation
indexes (SI):

ST = Effector 1s + ator s) .
Mean CPM (Effector Cells)

M. on 4 t

In vitro passaged EI~4 lymphama cells were harvested from cell
culture, washed once in HBSS, resuspended in camplete RPMI-1640
medium with ten percent FBS, and incubated at 5 x 10% cells/well in
96 well microtiter plates. Various doses of Il~1, ranging fram 0.1
to 25 units of Il~1 activity, were added to the tumor cell micro-
cultures. All IL~1 doses were tested in triplicate. Proliferative
activity was assessed with a six hour 3H-thymidine pulse after one
ard two days of tumor cell incubation with II~1. The cultures were
harvested and counted as described previcusly for other 3H-thymidine

proliferative assays.

N. tion of Serum Ant Titers the 4
Lymphoma
1. Preparation and Fixation of the EI~4 lysate

El-4 ascites suspensions were washed three times with séline,
then resusperded in 2.5 ml of 0.5 percent NP-40 lysis buffer per
1 x 107 cells. The cells were incubated for ten mimutes at 4°C with
occasional vortexing followed by centrifugation at 700 x g for thirty
minutes. The supernatant was carefully decanted with 50 ul of this
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cell lysate added to each well of a flexible 96-well microtiter plate
(Falcon Plastics, No. 3911). The lysate was incubated in the wells
at 37°C overnight, allowing the lysate to dry in each well. The cell
lysate was fixed to the wells by the addition of 100 ul of a 0.02
percent glutaraldehyde (Sigma Chemical Co., St. Iouis, MO) in phos-
phate buffered saline (PBS) at room temperature for ten mimutes. The
wells were then washed three times with PBS before they were filled
with a 0.1 percent gelatin (Sigma Chemical Co., St. Iouis, MO) solu-
tion in PBS. After sixty minmutes of incubation at room temperature
the plates were again washed three times with PBS, inverted, drained,
and stored dry at 4°C covered with plastic wrap.

2. Ant B Assa

Blood samples were obtained from mice receiving various treat-
ment protocol animals by cardiac puncture. The blood was allowed to
clot at room temperature for several hours. Serum was separated by
centrifugation at 700 x g for twenty minutes, decanted, and stored at
=20°C until needed.

Fifty microliters of each serum sample were added to the EI~4
cell lysate coated microtiter plate wells in a moist chamber and
incubated eighteen hours at 4°C. The wells were washed six times
with 0.1 percent gelatin in PBS ard drained. One hundred microliters
of a 1:2000 dilution of horse radish peroxidase labeled affinity
purified goat antibody to mouse IgA+IgG+IgM heavy and light chains
(Kirkegaard & Perry laboratories Inc., Gaithersburg, MD) was added to
each EL~4 lysate coated well. The antibody was incubated one hour at
room temperature. The wells were then washed ten times with the 0.1
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percent gelatin in PBS solution by inversion, followed by four more
washes with 0.1 percent gelatin in PBS by aspiration with a pasteur
pipet. After thorough draining 150 ul of substrate consisting of,
0.1 mM 2.2'-Azino~-di (3-ethyl-benzthiazoline sulfonic acid) as sub~
strate and 0.1M glycine citrate buffer pH 4.0 at 25°C and 0.02 per-
cent Hy0,, was added to each well. Following one hour of incubation
color development of the substrates was measured by optical density
at 405 m with a MR-600 Microplate Reader (Dynatech laboratories
Inc., Alexandria, VA). The antibody titer will be determined using
the ABC5y method described by Minden and Farr (203).



CHAPTER IV

A. Anti-tumor activ of C.
1. vivo ion of El-4 C.

Varying mmbers of nonviable C. parvum cells were admixed with
in vivo passaged EI~4 lymphoma cells, then injected, i.d., in the
flanks of mice. In this manner, the bacterial dose required to sup~
press tumor growth was assessed. Pooled results of two experiments
vwhich yielded similar results, shown in Table 3, indicate that sup~
pression of tumor growth was dependent upon the mumber of bacteria
injected with the tumor challenge. Under these experimental condi-
tions, optimal protection against the tumor resulted when 2 x 10°
C. parvum cells were admixed with the tumor challenge. This dose of
C. parvum was utilized for all further in wvivo tumor protection
experiments. Lower concentrations of C. parvum proved to be less
effective with 1 x 109 cells protecting fifty-seven percent of the
animals and 1 x 108 resulting in only a twenty percent survival rate.
Animals which received the tumor challenge without local C. parvum
therapy demonstrated no survival.

Animals which survived the initial tumor challenge remained
free of subsequent tumor development. These animals were rechal-
lenged with 5 x 103 EI~4 tumor cells thirty to sixty days later. As
shown in Table 3, none of these animals survived. These results

47
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suggest that no long-lasting immunity was generated as a consequence
of C. parvum treatment of the EI~4 lymphoma.

2.  In vitro Macrophage Activation by C. parvum

Thioglycolate induced macrophages activated by a forty-eight
hours incubation with heat-killed C. parvum demonstrated tumoricidal
activity against 5lcr radiolabeled EI~4 and REBL~5 tumor target cells
in a dose~dependent mamner as shown in Figure 1, a represenative
example of six experiments demonstrating similar results. Previous
work by Wigzell (306) has correlated Slcr release from radiolabeled
tumor targets with loss of cell viability as determined by trypan
blue dye exclusion. As little as 1 x 108 C. parvum cells/ml were
able to activate peritoneal macrophages to a tumoricidal stage, with
increasing levels of cytotoxic activity peaking at an activator dose
of 1 x 10° bacterial cells/ml.

Following sixteen hours of incubation with the C. parvum
activator, 5lcr radiolabeled EL~4 tumor target cells demonstrated no
loss of viability as determined by trypan blue dye exclusion (see
Table 4). Tumor cell viability remained high after ixmbation with
C. parvum activator concentrations ranging from 1 x 108 to 1 x 1010
bacteria/ml. Likewise, LIPS demonstrated no toxicity to the tumor
cell targets in the concentration range utilized in the cytotoxicity
assay, although IPS was cytotoxic to these cells at a concentration
of 100 ug/ml. Therefore, release of radiolabel in these experiments
was not due to direct cellular toxicity by the activators in this
system. These data demonstrate that C. parvum activates macrophages
to became tumoricidal for experimental lymphomas, thereby suggesting



TABLE 3. Suppression of the EL-4 Lymphoma by Corynebacterium parvum.?2
Survival
Primary Challenge Secondary Challenge

Bacterial #Ssurvivors/ #survivors/

Number #Challenged (%) X2 #Challenged (%)

2 x 109 13/13 (100) p < 0.01 0/13 (0)

1 x 109 8/14 (57) p < 0.01 0/8 (0)

1 x 108 2/10 (20) N.s.P 0/2 (0)
EL-4 Alone 0/14 (0) - -

QBacteria (0.1 ml) were admixed with EL-4 cells (0.1 ml) and injected i.d. into the
right flank of each animal.

by.s., not significant; p> 0.05, experiemnts were compared with those for animals
injected with EL-4 alone.

(34
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Figure 1.

Effect of in vitro C. parvum activation of thiogly-
colate induced PEC on the induction of tumoricidal
activity. Following a 24 hour PEC stimulation with
C. Parvum, Slcr radiolabeled FI~4 (W) and RBI~5 (A)
tumor targets were added to the culture. After 16-18
hours of incubation the PSR of 3lcr was determined for
each culture. Each value represents the mean PSR of
triplicate cultures + SID.
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TABLE 4. EL~4 Lymphoma Cell Viability Following Incubation
With C. parvum and LIPS Activators.

ACTIVATOR? AMOUNT/ml VIABILITYY (%)
C. parvum 1 x 1010 89.6 + 5.4
C. parvum 1 x 10° 90.6 + 3.1
C. parvum 1 x 108 86.4 + 5.1
LPS 100 ug 46.2 + 10.2
LIPS 10 ug 87.4 + 4.0
Medium 0 92.0 + 2.4

a2 x 10° EI~4 tumor target were incubated with activators
in 96-well microtiter plates for sixteen hours.

bViability was determined by trypan blue dye exclusion.
The data are expressed as the mean viability of
duplicate cultures + the standard deviation.
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that the in vivo tumor protective capability of C. parvum cbserved in
this experimental system may be a result of local activation of

macrophages.
B. In vivo Protective Effect of II~1 Adainst the EI~4 Iymphoma
1. Effects of P388D1 Macrophade Derived ITr~1

A series of in vivo experiments were performed with IL~1 to
induce protective immmity in the EL-4 lymphoma/C. parvum treatment
system. Animals given the EL~4/C. parvum admixture were divided into
two groups. One group received no further therapy while the other
group received, i.d., P388D1 macrophage derived IL~1 therapy as des-
cribed in Section G of the Methods and Materials chapter. Table 5
sumarizes the results from six experiments. Approximately eighty
percent of the animals in both protocol groups survived the initial
challernge. Thirty-five to fifty days later, animals which survived
the primary tumor challenge, were rechallenged with a similar El~4
tumor dose with no further therapy. Animals which received i.p.
injections of II~1 at the time of the primary tumor challenge, showed
a statistically significant enhanced survival rate of 53.5 percent
upon rechallenge (p<0.02) when campared by chi-square analysis to
animals not given Il~1. Surviving animals, given the EL~4/C. parvum
admixture without II~1, exhibited a rechallenge survival rate of 20.7
percent. No statistical differences were demonstrated between re-
challenged animals initially treated with the EI~4/C., parvum admix-
ture without IL~1, EI~4 with IL-1 alone, or EL~4 without therapy.

The survival curves for these animals following the primary
tumor challenge are presented in Figure 2. Animals receiving EL~4



TABLE 5. Suppression of the EL-4 Lymphoma by Corynebacterium parvum and P388DlY
Macrophage Derived IL-1.2

Survival
Primary Challenge Secondary Challenge

Treatment #Survivors/ #Survivors/

Protocol #Challenged (%) #Challanged (%) X2
EL-4 with
C. parvum 43/53 (81.1) 23/43 (53.5) p < 0.02
+ MD IL-1
EL-4 with
C. parvum 29/37 (78.4) 6/29 (20.7) N.s.b
EL-4 Plus
MD IL-1 7/30 (23.3) 1/7 (14.3)
EL-4 Alone 8/44 (18.2) 1/7 (14.3)

dBacteria (2 x 10° per 0.1 ml) were admixed with EL-4 cells (0.1 ml) and injected i.d.
into the flank of each animal. IL-1 was administered i.p. (0.1 ml) from day 0 to
day 9 post-tumor inoculation. A total of 100 units of IL-1 was administered per
animal.

bN.S., not significant; p > 0.9, experimental was compared with animals receiving EL-4

alone, IL-1 alone and surviving second challenge.
%]
-9
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and C. parvum or EI~4 and C. parvum plus IL~1 showed nearly identical
survival patterns. Animals administered EI~4 alone or EL~4 plus II~1
therapy exhibited low survival rates of 18.2 and 23.3 percent respec-
tively, with no statistical difference shown between these survival
rates as determined by chi-square analysis.

Survival curves for animals (which had survived the initial
challenge) following a secondary challenge with the tumor are de-
picted in Figure 3. Animals which had initially received the EI~4
challenge, alone or with accampanying IL~1 therapy, showed a rapid
drop in survival to 14.3 percent by thirty days post rechallenge.
Animals which initially received ElL~4 and C. parvum, or ElL~4 and C,
parvum plus IL~1, showed an enhanced survival rate until approxim-
ately day forty-two, at which time the animals that had received EI~4
and C. parvum exhibited a drop in survival to a level (20.7 percent)
not statistically higher, by t test analysis, than animals which had
initially received either EI~4 alone or EI~4 and IL~1.

This data suggests that systemically administrated P388D1
macrophage derived IT~1 augmented immmity to the EL~4 lymphoma such
that a second tumor challenge did not progressively grow to kill the
animals. In contrast, rechallenged mice which received C. parvum
treatment without II~1 demonstrated no statistically enhanced sur-
vival. Systemically administered II~1 had no tumor suppressive
effect without the addition of a local administration of C. parwvum.
2. Effects of Murine Recambinant II~1

An In vivo tumor protection experiment was performed using
recambinant murine IL~1 obtained from Hoffmann-ILaRoche, Inc. In this
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Figure 2.

Effect of P388DlY macrophage derived Il~1 therapy on
survival following the primary EI~4 tumor challenge.
El~4 challenged mice were treated with either C.
parvum (X), P388DlY macrophage derived IL~1 (0),

C. parvum and P388D1Y macrophage derived IL~1 (p), or
no treatment (m). Treatment and tumor injection
protocols were administered as described in section G
of the Methods and Materials chapter.
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Figure 3.

Effect of P388D1lY macrophage derived IL~1 therapy on
survival following the secordary El~4 tumor challenge.
Mice treated at the time of the primary El~4 challenge
with either C. parvum (X), P388DlY macrophage derived
II-1 ), C. parvum and P388DlY macrophage derived
II~1 (A), or no treatment (m), were given a secord
El~4 challenge. Treatment and tumor injection proto-
cols were as administered as described in section G of
the Methods and Materials chapter.
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experiment animals received the primary EL~4 tumor challenge with
local C. parvum therapy, i.d., plus i.p. therapy, with either 100
units of murine recambinant IL~1 or unstimulated P388D1A conditioned
culture supernatants. Animals which survived the initial tumor
challenge were given a second EL~4 challenge thirty-five days after
the primary tumor dose was administered. Results from this trial are
shown in Table 6. EL~4 challenged animals that received either C.
parvum plus mirine recambinant II~1, or C. parvum plus unstimulated
P388D1A corditioned culture supernatants demonstrated similar sur-
vival rates of 93 and 100 percent, respectively, following the
primary tumor challenge. Animals that received the EL-4 challenge
without therapy all died within thirty-two days (Figure 4). Follow-
ing the EL~4 rechallenge, animals which received systemic recanbinant
IL~1 therapy demonstrated a 26.1 percent survival rate, while animals
which received the non-IL~1 containing supernatant, all succumbed to
the tumor (Table 6). All rechallenged animals, that received C.
parvum therapy plus the unstimulated P388D1A culture supernatants
rapidly died (within twenty-seven days) and showed nearly identical
survival patterns with no prolongation of mean survival time when
campared to animals that received the EI~4 as an initial challenge as
determined by t test analysis (Figure 5). In contrast, animals that
had received II~1 upon initial challenge showed a more gradual. de-
cline in rechallenge survival, thereby generating a markedly pro-
longed survival curve with the last death recorded at day thirty-
seven as shown in Figure 5. The mean rechallenge survival duration
of 31.3 days for the IL~1 treated animals was determined to be



TABLE 6. Suppression of the EL-4 Lymphoma by Corynebacterium parvum and Murine

Recombinant IL-1.2

Primary cChallenge

Treatment #Survivors/
Protocol #Challenged (%)

EL-4 with

C. parvum 40/43 (93.0)
+ IL-1

EL-4 with
C. parvum 14/14 (100)
+ Non-IL—lb

EL-4 Alone 0/10 (0)

Secondary Challenge

#Survivors/
#Challenged (%)

6/23 (26.1)
0/4 (0)
0/5 (0)

aBacteria (2 x 10° per 0.1 ml) were admixed with 5 x 103 EL-4 cells (0.1 ml) and
injected i.d. into the flank of each animal. IL-1 was administered i.p.
(0.1 ml) on alternate days from day 0 to day 9 post primary tumor inoculation.

bNon~-I1-1, P388D1A unstimulated conditioned culture supernantant.

T9
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Figure 4.

Effect of murine recambinant II~1 therapy on survival
following the primary EI~4 tumor challenge. El~4
challenged mice were treated with either C. parvum and
murine reconbinant II~1 (A), C. parvum and P388D1A
unstimilated conditioned media @), or no treatment
(m). Treatment and tumor injection protocols were
administered as described in section G of the Methods
and Materials chapter.
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Figure 5.

Effect of murine recambinant II~1 therapy on survival
following the secondary EL~4 tumor challenge. EIL~4
challenged mice were treated with either C., parvum and
murine recambinant I1~1 (A), C. parvum and P388Dl1A
unstimilated conditioned media (@), or no treatment
(m), were given a secord El~4 challenge. Treatment
and tumor injection protocols were as administered as
described in section G of the Methods and Materials

chapter.



X SURVIVORS

100%
90% -
80% —
70% -
60X — . bg

S0% -

40% - " EL—4 ALONE

30X - \ . C. porvum + MR IL-1
C. parvum + Non IL-1 \

20% ‘— li\

10X -~

ox T T T T T T T T
Omamwi8 20 22 24 26 28 30 32 34 36 38 40 42 44 46 483 50

DAYS POST SECONDARY EL—4 CHALLENGE

o9



66
significantly enhanced (p < 0.02) when compared to the 25.2 day mean
survival duration of mice which received the unstimulated P388D1
corditioned supernatant.

These data demonstrate that a combination of local adjuvant
therapy (C. parvum), in conjunction with systemic recombinant II~1
administration, resulted in a statistically enhanced survival dur-
ation for rechallenged animals. These results are similar to those
cbtained with macrophage derived IL~1.

C. In vitro Effect of IL~1 on the EI-4 lymphoma
Various amounts of IL~1 were added to actively proliferating

in vitro EI~4 cultures as described in section M of the Methods and
Materials chapter. As shown in Figure 6, fram 0.75 to 12.5 units of
exogenocusly added IL~1 had no deleteriocus or enhancing effects on the
in vitro proliferative capacity of EI~4 cultures after twenty-four or
forty-eight hours of incubation.

D. Assessment of EI~4 Reactive Antibody Titers Against the El~4
Lymphoma

In Table 7, serum cbtained fram animals which received the
El~4 tumor challenge either alone, with C. parvum, or with C. parvum
plus macrophage derived II~1, were tested for El~4 reactive antibody
titers against the EI~4 lymphoma. It was apparent that no increase
in antibody titers was detected in the sera of mice challenged via
any of the experimental protocols when tested periodically up to
eighteen days after the initial tumor challenge. Mice cured of the
tumor via C. parvum plus IL-1 therapy also demonstrated no detect-
able levels of EL~4 reactive antibody up to 40 days after the tumor
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Figure 6.

Effect of murine recombinant II~1 on the in vitro
proliferation of EI~4 tumor cells. El~4 cells were
cultured with or without Murine recambinant II~1 for
24 () and 48 hours (l) EI~4 cell proliferation was
determined by cellular 3H-thymidine incorporation as
described in section M of the Methods and Materials.
Each value represents the mean PSR of triplicate
cultures + STD.
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TABLE 7. Serum Antibody Levels Reactive With the EL-4
Lymphoma Following the Primary EL-4 Tumor

Challenge.a

Serum Antibody Titer

DAY POST PRIMARY TUMOR CHATLLENGE

TREATMENT

PROTOCOL DAY 6 DAY 9 DAY 13 DAY 18 DAY 40

EL-4 Alone <10 <10 <10 <10 ND€

EL-4 with

C. parvum <10 <10 <10 <10 ND

EL-4 with

C. parvum

Plus MD IL-1 <10 <10 <10 <10 <10P

No Treatment® ND ND ND ND <10,25

Hyperimmuned

Against EL-4 ND ND ND ND 370,115,25
<10,<10

@serum antibody titer determined by ELIZA as described in
section N of the Methods and Materials chapter.

banimals with no visible sign of tumor developmen, forty
days after the EL-4 challenge, were considered cured
of the tumor. Three animals were tested, all with

antibody titers <1lo0.

CNormal C57Bl/6 serum.

danimals were repeatedly immunized with mitomycin-c

treated EL-4 tumor cells.

€ND, Not determined.
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challenge. A majority of mice hyperimmunized by repeated injection
with mitamycin-c treated EI~4 tumor cells did show an elevated anti-
body titer to the tumor. These data indicate that systemically
administered II~1 was unable to augment the humoral immune response
against the EI~4 lymphoma, within the detectable limits of the ELISA
system employed.

E. Effect of Systemically Administered II~1 Upon the Number of
Cells Recovered from the Iymph Nodes Draining the Site of the

ElL~4 Tumor Challenge
Animals which received ElL~4 and C. parvum or EI~4 and C.

parvum plus IL~1 were sacrificed at various time periods following
both the ElL~4 primary and secondary challenge. The total number of
lymph node cells sequentially recovered from the regional axillary
and brachial lymph nodes draining the tumor injection site following
the secondary El~4 challenge is presented in Figure 7. Mice that re-
ceived both tumor protection protocols demonstrated marked increases
in recovered lymph node cell mumbers soon after the El~4 rechallenge.
Although, both groups demonstrated increased cell mumbers, IL~1
treated animals demonstrated a significantly greater response two and
four days after the rechallenge, when compared to animals not given
II~1l. The lymph node cell numbers in both protocol groups decreased
by day five after the rechallenge, with no differences in cell number
noted between the two groups subsequently.

Initially, organ weights were determined for lymph nodes
draining the site of the primary tumor challenge for IL~1 and non-

II~1 treated mice. However, at early time points lymph nodes were
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Figure 7.

Effect of P388DlY macrophage derived IL~1 therapy on
the lymphocyte cell number in the lymph nodes draining
the site of the EI~4 tumor challenge. Mice treated at
the time of the primary EI~4 challenge with either

C. parvun (W) or C. parvum plus P388D1Y macrophage
derived IL~1 (a), were given a second EL~4 challenge
35 days after the initial El~4 challenge. The lymph
nodes cell number was determined for lymph nodes
draining the site of the tumor challenge at various
time periods for each group following the second El~4
tumor challenge. Each value represents the mean lymph
node cell number of there mice + STD.
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too small to assess weights accurately. To overcome this difficulty,
total lymph node cell numbers were obtained for each treatment
protocol animal group in a second series of experiments. Pooling of
data cobtained from both protocols was accomplished by calculating the
percent change of lymph node weight or lymph node cell nmumber between
mice given C. parvum and C. parvum plus II~1. Pooled results for
days 4, 8, 13, and 17 yielded a percent change of +10%, +6%, -19%,
and -3% respectively. This data did not reflect any marked modul-
ation of lymph node mass due to IL~1 therapy following the primary
tumor challenge. Only data from animals without tumor were utilized
in these calculations since animals with palpable tumor (generally
detectable at day 12 to 15) developed correspondingly enlarged lymph
nodes draining the tumor site regardless of previous treatment (data
not shown). These results suggest that, while IL~1 therapy did not
modulate gross lymph node mass following the primary tumor challenge,
II~1 did induce accelerated regional lymph node cell proliferation
and/or the stimulation of lymphoid cell convergence to the regional
lymph nodes draining the site of the tumor rechallenge following a
second exposure to the EI~4 tumor.

F. Effects of Systemically Administered II~1 Upon Splenic and

Ivmph Node in vitro Correlates of Immunity Directed Against the

El~4 I oma
In a series of experiments, animals were given an EL~4 tumor
challenge with C. parvum therapy plus either: macrophage derived IL~
1, murine recombinant IL~1, control HSA, or no accompanying i.p.
therapy. These mice were assessed for either splenic or lymph node
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cytotoxic T cell activity, NK activity, or lymphoproliferative
responsiveness to the EI~4 lymphoma, following both primary and
secondary tumor challenges.

1. Cytotoxic T Cell Activity

As shown in Table 8, it is apparent that spleen and lymph node
cells derived from animals undergoing an initial EI~4 tumor challenge
either with the El~4 tumor alone, El~4 and the protective C. parvum
therapy, or EL-4 and C. parvum plus macrophage derived IL~1, demon-
strated no detectable T cell cytolytic activity against 5lcr radio-
labeled EI~4 tumor targets greater than one L.U. The lack of lytic
activity by spleen cells was demonstrated by periodic testing between
day three and day seventeen following the primary tumor challenge.
Lymph node cell populations, derived from these animals, were tested
periodically for activity from day eight to day seventeen following
the primary tumor challenge and showed a similar lack of cytolytic T
cell activity against the El~4 tumor targets.

Similar results, shown in Table 9, were cbtained when lymph
node and spleen cell populations derived from EI~4 rechallenged
animals protected initially with C. parvum plus either murine recomb-
inant II~1, macrophage derived IL~1, or HSA control injection ther-
apy, were tested for cytolytic activity against EI~4 targets thirty-
five days after the primary challenge (day O post rechallenge). Fol-
lowing rechallenge with the EI~4 lymphoma, the lymph node and spleen
cell populations from these groups of animals showed no cytolytic
response greater than one L.U. to the EI~4 lynmphoma.



TABLE 8. Effect of macrophage derived IL-1 on Splenic and Lymph Node T Cell Cyto-
toxicity Against the EL-4 Lymphoma Following Primary EL-4 Tumor Challenge.

SPLEEN CELL POPULATIONS2:P LYMPH NODE CELL POPULATIONS2:s€
DAYS POST EL-4 EL-4 with EL-4 with EL-4 EL-4 with EL-4 with
PRIMARY C. parvum C. parvum C. parvun C. parvum
CHALLENGE Plus IL-1 Plus IL-1

3 <14 <1 <1 ND ND ND

6 <1 <1 <1 ND ND ND

8 <1 <1 <1 <1 <1 <1

10 <1 <1 <1 <1 <1 <1

13 <1 <1 <1 <1 <1 <1

17 <1 <1 <1 <1 <1 <1

dspleen and lymph node effector cell suspensions represent cells pooled from three
animals sacrificed from each treatment protocol group.

bradiolabeled EL-4 YAC-1 tumor targets (1 x 10%4) were incubated with effector spleen
cell populations at E/T ratios of 200:1, 100:1, 500:1, and 25:1 for four hours as
described in the Methods chapter.

CRadiolabeled EL-4 YAC-1 tumor targets (1 x 10%4) were incubated with effector lymph
node cell populations at E/T ratios of 100:1, 50:1, 25:1, and 12.5:1 for four
hours as described in the Methods chapter.

dpata are represented as L.U. of activity at ten % specific release per 1 x 10°
effector cells as described in section I of the Methods and Materials chapter.

SL



TABLE 9. Effect of Murine Recombinant (MR) and Macrophage Derived (MD) IL-1 on
Splenic and Lymph Node T Cell Cytotoxicity Against the EL-4 Lymphoma
Following the Secondary EL-4 Tumor Challenge.

SPLEEN CELL POPULATIONS2:P LYMPH NODE CELIL POPULATION2:C
DAYS POST EL-4 with EL-4 with EL-4 with EL-4 with EL~-4 with EL-4 with
SECONDARY C. parvum C. parvum C. parvum C. parvum C. parvum C. parvum
CHALLENGE + HSA + MR IL-1 + MD IL-1 + HSA + MR IL-1 + MD IL-1
0 <1d <1 <1 <1 <1 <1
3 <1 <1l <1 <1l <1l <1
6 <1 <1l <1 <1l <1l <1l

Aspleen and lymph node effector cell suspensions represent cells pooled from three
animals sacrificed from each treatment protocol group.

bradiolabeled EL-4 tumor targets (1 x 10%4) were incubated with effector spleen cell
populations at E/T ratios of 200:1, 100:1, 500:1, and 25:1 for four hours as
described in section I of the Methods and Materials chapter.

CRadiolabeled EL-4 tumor targets (1 x 10%) were incubated with effector lymph node
cell populations at E/T ratios of 100:1, 50:1, 25:1, and 12.5:1 for four hours
as described in section I of the Methods and Materials chapter.

dpata are represented as L.U. of activity at 10% specific release per 1 x 106
effector cells as described in section I of the Methods and Materials chapter.

oL
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These data suggest that IL~1 therapy was not able to elicit
the development of a notable in vitro T cell cytolytic response in
the spleen or regional lymph nodes in animals following the primary
El~4 tumor challenge nor in cured mice which were treated with IL~1
and then exposed to a second tumor dose.
2. Natural Killer Cell Activity

Repeated periodic assessments were made of NK activity of
spleen cell populations derived fram animals undergoing an initial
EL~4 tumor challenge either with the EI~4 tumor alone, EI~4 ard C.
parvum therapy, or EL-4 and C. parvum plus macrophage derived II~l.
Results of a typical experiment, presented in Table 10, showed a
degree of fluctuation in the amount of lytic activity against YAC-1
tumor targets in tests performed from day to day. However, compared
differences in L.U. between spleen cell populations on individual
days shows no pattern of augmented NK activity as a result of sys-
temic administration of macrophage derived IL~1. Results of t test
analysis comparing the PSR of the 100 to 1 E/T ratio data points for
the three spleen cell populations tested on each day, established
that no statistical differences in NK activity were seen between
these groups on days three, eight, ten, and thirteen following the
primary tumor challenge. On day six, animals which received no ther-
apy or C. parvum therapy with the EL~-4 challenge, demonstrated a sta-
tistically enhanced cytolytic response when campared to mice that had
received EI~4 and C. parvum plus IL~-1 therapy. This result was re-
versed on day 17, when the II~1 treated mice demonstrated an enhanced

development of NK activity, when caompared to animals not given IL~1.



TABLE 10. Effect of Macrophage Derived IL-1 on Splenic and Lymph Node Natural Killer
Cell Activity Against YAC-1 Tumor Targets Following the Primary EL-4 Tumor

Challenge.
SPLEEN CELI, POPULATIONS2:b LYMPH NODE CELL POPULATIONS?&:/€
DAYS POST EL-4 EL-4 with EL-4 with EL-4 EL-4 with EL-4 with
PRIMARY C., parvum C. parvum C. parvunm C. parvum
CHALLENGE + IL-1 + I1-1
3 3.224 2.70 2.30 ND ND ND
6 2.08 1.91 1.33 ND ND ND
8 3.13 2.74 1.47 <1 <1 <1
10 <1 <1 1.14 <1 <1 <1
13 2.70 3.03 3.33 <1 <1 <1
17 <1 <1 2.00 <1 <1 <1

Aspleen and lymph node effector cell suspensions represent cells pooled from three
animals sacrificed from each treatment protocol group.

bradiolabeled YAC-1 tumor targets (1 x 10%4) were incubated with effector spleen cell
populations at E/T ratios of 200:1, 100:1, 500:1, and 25:1 for four hours as
described in section J of the Methods and Materials chapter.

CRadiolabeled YAC-1 tumor targets (1 x 104) were incubated with effector lymph node
cell populations at E/T ratios of 100:1, 50:1, 25:1, and 12.5:1 for four hours as
described in section J of the Methods and Materials chapter. E/T ratios of
25:1 and 12.5:1 only were assayed for the EL-4 alone mice on day eight.

dpata are represented as L.U. of activity at ten percent specific release per 1 x 10° P
effector cells as described in section I of the Methods and Materials chapter.
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NK activity of lymph node cell populations were also deter-
mined. Sufficient cell numbers for assessment of NK activity were
not obtained from the regional lymph nodes draining the site of the
tumor challenge until the eight days after the primary EL~4 chal-
lenge. As shown in Table 10., NK activity of lymph node cells cb-
tained from animals given the El~4 challenge alone, or EL~4 with C.
parvum or EL~4 with C. parvum plus macrophage derived II~1, demon-
strated no detectable NK activity above one L.U. from eight to seven-
teen days following the primary tumor challenge.

Both lymph node and spleen cell populations obtained from
animals surviving the initial EI~4 challenge with C. parvum plus
either murine recombinant IL~1, macrophage derived IL~1, or HSA ther-
apy, were tested for NK activity thirty-five days after the primary
challenge (day O post rechallenge), and then on days three and six
following the secondary EL~4 challenge. As shown in Table 11.,
spleen cells obtained from II~1 treated animals demonstrated no lytic
activity greater than one L.U. either immediately before being given
the second EI~4 tumor challenge or on days three and six after the
rechallenge.

Cells obtained from regional lymph nodes draining the site of
the tumor rechallenge of these mice were also assessed for NK
activity. Results of these experiments, also presented in Table 11,
show that the lymph node cell populations obtained from the II~1
treated animals were equally unable to develop NK activity greater
than one L.U. up to six day after the second EL~4 challenge was

administered. Control animals which received HSA injections along



TABLE 11. Effect of Murine Recombinant (MR) and Macrophage Derived (MD) IL-1l on
Splenic and Lymph Node Natural Killer Cell Activity Against YAC-1 Tumor
Targets Following the Secondary EL-4 Tumor Challenge.

SPLEEN CELL POPUIATIONS2:bP LYMPH NODE CELL POPUILATIONS2:€
DAYS POST EL-4 with EL-4 with EL-4 with EL~-4 with EL-4 with EL-4 with
SECONDARY C. parvum C. parvum C. parvunm C. parvum C. parvum C. parvum
CHALLENGE + HSA + MR IL-1 + MD IL-1 + HSA + MR IL-1 + MD IL-1
0 1.084 <1 <1 <1 <1 <1
3 <1l <1 <1 1.63 <1 <1l
6 <l <l <1 1.90 <1 <1

8spleen and lymph node effector cell suspensions represent cells pooled from three
animals sacrificed from each treatment protocol group.

bRadiolabeled YAC-1 tumor targets (1 x 10%) were incubated with effector spleen cell
populations at E/T ratios of 200:1, 100:1, 500:1, and 25:1 for four hours as
described in section J of the Methods and Materials chapter.

CRadiolabeled YAC-1 tumor targets (1 x 104) were incubated with effector lymph node
cell populations at E/T ratios of 100:1, 50:1, 25:1, and 12.5:1 for four hours
as described in section J of the Methods and Materials chapter.

dpata are represented as L.U. of activity at 10% specific release per 1 x 108
effector cells as described in section I of the Methods and Materials chapter.

08



81
with the protective C. parvum therapy did demonstrate NK activity
greater than one L.U. on days three and six, although in neither case
did this activity exceed two L.U. These data indicate that NK activ-
ity did not appear to be enhanced in C. parvum treated animals which
received II~1, following either the primary or secondary tumor chal-
lenge. Suggesting that enhancement of NK activity does not appear to
account for the IL~1 tumor protective effect.

3. Iymphoproliferative Responsiveness

In vitro splenic proliferative responsiveness to EL~4 and YAC-
1 stimulator tumor targets was assessed following a secondary ElL~4
tumor challenge. Splenic populations from mice that had survived the
primary EI~4 challenge with the aid of protective C. parvum therapy
plus either control HSA therapy, macrophage derived IL~1 therapy or
murine recambinant IL~1 therapy were evaluated. Proliferative re-
sponsiveness was determined sequentially for these groups of mice on
the day animals received the secondary ElL~4 challenge and on days
three and six following the rechallenge. The results are presented
for proliferative responsiveness to the EI~4 and RBL~5 lymphoma stim-
ulator cells in Figures 8 and 9, respectively. Both Figures have
identical Y axis scales to allow easier caomparisons from one Figure
to the other. Animals which received macrophage derived II~1 therapy
demonstrated a modest yet significantly enhanced response to the EI~4
lymphoma (Figure 8) on day three (SI = 3.28) and day six (SI = 4.85).
Such an enhancement was not seen in the IL~1 treated animals which
were assessed immediately before the rechallenge (day 0). However,
the spleen cells from the same II~1 treated animals did not respond
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to YAC-1 tumor cells (Figure 9) on days three or six (SI = 0.94 and
1.33 respectively) when identically derived cell populations were
respording to the El~4 stimulator cells. This response to the EI~4
lymphoma was shown to be significantly enhanced (p < 0.001) when
compared to the responsive to YAC-1 stimulator cells on both days
three and six, as determined by t test analysis.

Rechallenged mice which had received the HSA injections showed
a statistically enhanced (p <.001) yet weak proliferative response to
the El~4 lymphoma (SI = 2.3) three days after the EIL~4 rechallenge
(Figure 8). However, no statistically augmented response (SI = 1.47)
was elicited from HSA treated mice on day six following the rechal-
lenge. No response to YAC-1 stimulator cells (Figure 9) was noted
for these animals on either day three or day six (SI = 0.81 and 0.96
respectively). Although this weak spleen cell proliferative response
to the EI~4 lymphoma was observed three days after the tumor rechal-
lenge in HSA treated mice, the splenic proliferative response to the
EI~4 lymphoma, generated by the macrophage derived IL~1 treated
animals, was shown to be even statistically greater (p < 0.002) than
the response produced by the HSA treated animals.

Spleen cells from murine recombinant IL~1 treated animals were
likewise assessed for proliferative responsiveness to EL~4 and YAC-1
stimulator cells following a secondary tumor challenge. Results also
presented in Figures 8 and 9 respectively, were remarkably similar to
those produced by animals which received macrophage derived IL~1.
Recambinant IL~1 treated mice demonstrated a modest yet significantly
enhanced response to the EL~4 lymphoma on day three (SI = 3.11) and
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Figure 8.

Effect of P388D1Y macrophage derived IL~1 therapy on
in vitro splenic proliferative responsiveness to EL~4
and YAC-1 tumor cells following the secondary El~4
tumor challenge. Mice treated with either C. parvum
plus P388D1lY macrophage derived IL~1 or C. parvum plus
HSA which survived a primary EI~4 tumor challenge,
were given a second El~4 challenge. Spleen cell
populations derived from these two groups of mice were
cultured 48 hours with mitomycin-c treated EL~4 or
YAC-1 stimulator cells. Spleen cell proliferative
responsiveness to the stimulator cells was determined
by cellular 3H-thymidine incorporation as described in
section L of the Methods and Materials chapter. Each
value represents the mean SI of triplicate cultures

+ STD.
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Figure 9.

Effect of murine recambinant IL~1 therapy on in vitro
splenic proliferative responsiveness to EL~4 and YAC-1
tumor cells following the secordary El~4 tumor chal-
lenge. Mice treated with either C. parvum plus murine
recambinant IL~1 or C. parvum plus HSA which survived
a primary EL~4 tumor challenge, were given a second
ElL~4 challenge. Spleen cell populations derived from
these two graups of mice were cultured 48 hours with
mitomycin-c treated EI~4 or YAC-1l stimilator cells.
Spleen cell proliferative respcnsiveness to the stim-
ulator cells was determined by cellular 3H-thymidine
incorporation as described in section L of the Methods
and Materials chapter. Each value representsthenean
SI of triplicate cultures + STD.
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day six (SI = 3.66) following the EIL~4 rechallenge. This response
was not seen in the IL~1 treated mice which were assessed immediately
before the tumor rechallenge (day O post rechallenge). Spleen cells
from the same recombinant II~1 treated animals did not respord to
YAC-1 tumor targets on either days three or six (SI = 0.86 and 1.27,
respectively). These splenic responses to the EI~4 lymphoma were
shown to be significantly enhanced (p<0.001) when compared to the
response to YAC-1 stimulator cells both on days three and six.

Once again, the proliferative response generated by IL~1
treated animals to the EI~4 lymphama was statistically greater, both
on day three (p<0.05) and day six (p<0.00l1), when campared to the
weaker response produced by the HSA treated control animals.

Following the initial EI~-4 tumor challenge, as shown in Table
12, no responsiveness was demonstrated by IL~1 treated animals to the
EL~4 antigen in contrast to the enhanced response seen after the
secordary EI~4 challenge. This time course study, initiated three
days ard ending fourteen days after the primary challenge, detected
no proliferative response of spleen cells from IL~1 treated animals
greater than 1.63 (seen on day fourteen post rechallenge). Animals
that received the EIL~4 challenge without treatment also failed to
generate a proliferative stimulation index to the EL~4 lymphoma
greater than 1.58 as seen on day seven. Animals that received EL~4
with C. parvum alone demonstrated a weak proliferative response to
the EI~4 antigen (SI = 2.43) on day fourteen following the primary
challenge. This group of animals failed to generate any marked
proliferative response SI > 2.0) fram day three to day ten.



TABLE 12. Effect of P388DlY Macrophage Derived IL-1 on the Spleen Cell Proliferative
Response to the EL-4 Lymphoma Following the Primary EL-4 Tumor Challenge?.

STIMULATION INDEX

DAYS POST_ PRIMARY CHALLENGE

TREATMENT
PROTOCOL DAY 3 DAY 7 DAY 10 DAY 14

EL-4 Alone 0.86 + 0.34P 1.58 + 0.10 0.70 + 0.22 1.32 + 0.21

EL-4 with
C. parvum 0.79 + 0.15 1.91 + 0.16 0.97 + 0.30 2.43 + 0.11

EL-4 with
C. parvun 1.53 + 0.23 1.17 + 0.17 1.18 + 0.39 1.63 + 0.16
+ IL-1

aspleen effector cell suspensions represent cells pooled from three animals sacrificed
from each treatment protocol group. Mitomycin-c treated EL-4 lymphoma cells
(1 x 10° ) were incubated two days with various effector cell populations (2 X 105
cells) in a 0.2ml volume. J3H-thymidine incorporation was determined as described
in section L of the Methods and Materials chapter.

bPpata are expressed as the mean stimulation index of triplicate cultures + the
standard deviation.

88
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These data indicate that both macrophage derived and murine
recombinant forms of systemic IL~1 therapy were able to elicit a
sequential enhancement of the splenic proliferative response in EI~4
rechallenged animals. This response strongly suggests specificity
for the EI~4 tumor; the tumor antigen seen by these animals at the
time of IL-1 treatment. This response was shown to be markedly
stronger and more prolonged than responses generated by control HSA
treated mice.

Unlike the enhanced proliferative response seen in the spleen
cells from rechallenged IL~1 treated mice to mitomycin-c inactivated
El~4 stimilator cells, no detectable increase in responsiveness was
generated in lymphoid cells taken from regional lymph nodes draining
the tumor challenge site. Results obtained for lymph node cells, cb~
tained periodically from mice following both the primary and second-
ary EI~4 tumor challenge, are shown in Tables 13 and 14 respectively.
Seven days after the primary EI~4 challenge, a weak proliferative
response (SI = 2.10) was generated in mice that received EIL~4 with
C. parvum plus macrophage derived IL~1l. This proliferative response

was not seen when later assessed at day ten and day fourteen. Al-

- though the II~1 treated animals did demonstrate a weak proliferative
response at day seven, animals that did not receive IL~1 also demon—
strated an equally weak proliferative response to the EL~4 stimulator
cells. Thus, IL~1 treatment did not appear to be responsible for
this weak response generated early after the initial tumor challenge.
The response seen in mice treated with C. parvum alone also declined
by day ten after the primary challenge.
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TABLE 13. Effect of P388DlY IL-1 on Lymph Node Cell
Proliferative Responsiveness to the EL-4
Lymphoma Follow1ng the Primary EL-4 Tumor
Challenge?.
STIMULATION INDEX
DAYS POST PRIMARY CHALLENGE
TREATMENT
PROTOCOL DAY 7 DAY 10 DAY 14
EL-4 Alone NDP ND 1.65 + 0.21
EL-4 with
C. parvum 2.30 + 0.16€ 1.00 + 0.30 1.23 0.11
EL-4 with
C. parvunm 2.10 + 0.17 1.10 + 0.39 1.15 + 0.16
+ IL-1

Eiimph Node effector cell suspensions represent cells

pooled
treatnm

from three animals sacrificed from each
ent protocol group.

Mitomycin-c treated EL-4

lymphoma cells (1 x 105 ) were incubated two days with
various effector cell populations (1 X 105 cells) in

a 0.2nm
determ

1 volume. S3H-thymidine incorporation was

ined as described in section L of the Methods

and Materials chapter.

bND, not determined.

- Cpata are expressed as the mean stimulation index of
triplicate cultures + the standard deviation.



TABLE 14. Effect of P388D1Y Macrophage Derived IL-1 on the Lymph Node Cell
Proliferative Response to the EL-4 Lymphoma Following the Secondary EL-4
Tumor Challenge2.

STIMULATION INDEX

DAYS POST_ SECONDARY CHALLENGE

TREATMENT
PROTOCOL DAY 5 DAY 7 DAY 10 DAY 14

EL-4 Alone NDP ND ND 1.67 + 0.07

EL-4 with
C. parvum 1.04 + 0.18€ 2.16 + 0.15 0.89 + 0.30 1.20 + 0.14

EL-4 with
C. parvum 1.73 + 0.11 1.92 + 0.09 1.11 + 0.20 1.20 + 0.17
+ IL-1

arymph Node effector cell suspensions represent cells pooled from three animals
sacrificed from each treatment protocol group. Mitomycin-c treated EL-4 lymphoma
"cells (1 x 10°) were incubated two days with various effector cell populations
(1 X 10° cells) in a 0.2ml volume. 3H-thymidine incorporation was determined as
described in section L of the Methods and Materials chapter.

bND, not determined.

CData are expressed as the mean stimulation index of triplicate cultures + the
standard deviation.

16
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Iymph node proliferative responsiveness of macrophage derived
II~1 treated animals to the EI~4 lymphoma, following the secondary
tumor challenge, was assessed. No pattern of lymph node prolifer-
ative responsiveness was noted following periodic assessment fram
five to fourteen days following the EIL~4 rechallenge. The greatest
response generated by these animals in this time period was seen on
day seven (SI = 1.92). However, a statistically similar response was
also generated by C. parvum treated animals that were not given IL~1
therapy. These data indicate that IL~1 did not elicit any detectable
lymph node cell proliferative response to the ElL~4 lymphoma following
either the primary or secondary tumor challenge at the time periods
assessed.



CHAPTER V
DISCUSSION

The use of cytokines in cancer immnotherapeutic models has
become increasingly attractive as the importance of these intercel-
lular messenger molecules becomes more and more apparent in both in
vivo and in vitro studies. The monockine, IL~1, was chosen for study
of immmomodulation of the tumor immune response due to the wide
variety of biological activities associated with this protein (64,
78) . Several lines of evidence strongly suggests that IL~1 may be
able to positively modulate the host response to a neoplastic chal-
lenge. IL~1 has been shown to augment in vitro immme responses by
enhancing the proliferation of T (48,177,192) and B lymphocytes
(124,166,247), either directly or through the production of other
lymphokines such as II~2 and gamma-INF (94,281). IL~1 has been shown
to enhance natural killer cell activity (115,239), contribute to the
generation of cytotoxic T lymphocytes (281), and augment antibody
production both in vitro (166) and in vivo (285). IL~1 induces
macrophage production of PGE; (68), and is involved in the activation
of macrophages to became tumoricidal (240). IL~1 has also been shown
to be a chemoattractant for macrophages (170). Finally, IL~l1 has
demonstrated direct cytostatic and cytotoxic activity against some
tumor cell lines (168,235).

Little direct evidence exists which indicates a
functional role for I1~1 in the host response to neoplastic disease
93
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or for the use of IL~1 as an immnotherapeutic agent. Therefore, IL~-
1 has been evaluated in this research to assess the efficacy of IL~1l
as an immunomodulator in an experimental necplastic model. In this
model, IL~1 in conjunction with local adjuvant therapy, has been
demonstrated to significantly enhance the tumor immme response of to
the EI~4 lymphoma.

Initial in vivo immmnoadjuvant tumor protection studies using
intradermal injections of heat-killed C. parvum admixed with an EI~4
tumor challenge verified previous work (183,190) indicating that the
use of nonviable bacterial immunocadjuvant antitumor therapy was
effective in protecting C57B1/6 mice from an initial EI~4 tumor chal-
lenge. As demonstrated previously, the tumor protective response
associated with bacterial adjuvanticity was enhanced in a dose depen-
dent manner, with 2 x 10° C. parvum cells enabling very high survival
against the El~4 tumor challenge. The ability of EI~4 cells to sur-
vive sixteen hours in in vitro suspensions of heat-killed C. parvum
bacterial cells ranging in concentration from 1 x 108 to 1 x 1010
cells without loss of viability ,as shown in Table 2, strongly indi-
cates that the admixed heat-killed C. parvum cells were not toxic to
the EI~4 tumor cells upon in vivo challenge. Therefore, toxicity of
~ the bacterial immmoadjuvant utilized was not responsible for the
observed protection.

All C. parvum treated animals, which survived the initial EI~4
challenge and were given a secord EL~4 dose without adjuvant therapy.
As shown in table 3, these rechallenged mice all succumbed to the
second tumor challenge. These results are in strong agreement with
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previous cbservations which indicate that highly nonimmunogenic
tumors, such as the EL~4 lymphoma, fail to elicit protective tumor
immmity in animals cured of a primary tumor challenge by adjuvant-
type immunotherapy (80,249).

It is apparent by viewing Figure 1 that C. parvum has the
capacity to activate macrophages to tumoricidal activity in a dose
dependent mamner. It is also apparent that this activation was non-
specific in nature since both EI~4 and RBI~5 tumor cells were both
lysed by C. parvum activated macrophages. These results are in
agreement with previous work suggesting that the antitumor effect of
C. parvum in vivo on relatively nonimmunogenic tumor is the result of
immmologically nonspecific mechanisms (294). The C. parvum and LPS
activators did not decrease the viability of the El~4 tumor cells
when incubated together without the presence of the PECs for the dur-
ation of the experiment. A decrease in target cell viability was
seen only when the LIPS concentration was increased to 100 g or ten
times the maximm amount reported in these macrophage activation
experiments. These results suggest that one possible mechanism of
antitumor activity of C. parvum in this C57Bl1/6 murine model is local

C. parvum mediated activation of macrophages leading to tumoricidal
| activity against the admixed EI~4 tumor cells, and not as a result of
direct toxicity to the injected tumor by the bacterial adjuvant.

There is also sufficient evidence to indicate that C. parvum
can prime mice for TNF production (41,112). Serum containing TNF
causes hemorrhagic necrosis of mouse and human tumors in vivo (41,
111,113,316). Alundant evidence indicates that the macrophage is the
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major source of serum TNF with the demonstration that peritoneal mac-
rophages produce TNF-like activity after stimilation with endotoxin
(150,184,263). Recent studies have shown that the tumor variants
which become resistant to lysis by activated macrophages have acquir-
ed resistance to TNF. These investigators also cbserved that TNF-
neatralizing antibody totally inhibited activated macrophage mediated
tumor cell lysis. These results along with the known TNF producing
capability of activated macrophages strongly suggests that the C.
parvum adjuvant therapy given EL~4 challenged mice may activate
macrophages leading to the production of TNF. Thus indicating a
nonspecific antitumor macrophage mediated mechanism which lead to the
destruction of the primary tumor.

In rechallenge experiments which employed systemic treatment
with macrophage derived IL~1 cambined with the local administration
of C. parvum, a marked enhancement in rechallenge survival rates
(53.5 percent) was seen in IIL~1 treated animals. A significantly
lower percentage of animals (20.5) which received C. parvum therapy
without IL~1 survived a similar rechallenge. Surviving animals that
received only Il~1 therapy following the initial tumor challenge were
also rechallenged. These animals demonstrated a rechallenge survival
rate statistically similar to animals which received C. parvum ther-
apy alone. Therefore, it appears that macrophage derived IL~1 was
able to enhance rechallenge survival only in conjunction with local
€. parvum therapy.

In similar experiments utilizing murine recambinant IL~1, a
very high proportion of animals survived which received the EI~4
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tumor challenge admixed with C. parvum, whether they received the
muirine recambinant IL~1 or the P388D1A culture supernatants. Upon
rechallenge of survivors fram each treatment group there was again an
increase in survival rates among mice that had received II~1 when
compared to mice given the control P388D1A culture supernatants.
Although the difference in survival rates between these two animal
treatment groups was not statistically significant at p < 0.05, the
prolonged survival curve produced by the recombinant IL~1 treated
mice indicated there was a an antitumor effect produced by the recom-
binant molecule. Statistical analysis verified the cbserved enhance-
ment of survival duration (p < 0.01) in the recombinant II~1 treated
mice. Survival curves, shown in figure 5, generated by rechallenged
mice that received the control P388D1A culture supernatants were
essentially identical to control animals that received an initial
tumor challenge without therapy. It therefore appears that recom—-
binant II~1 therapy was effective in generating an antitumor response
against the EL~4 rechallenge in conjunction with local C. parvum
adjuvant therapy.

In experiments utilizing macrophage derived II~1 no differe-
nces were apparent in survival rate of animals which received IL~1
alone or in conjunction with C. parvum when compared to the corres-
ponding group of animals not receiving IL~1, nor did II~1 extend the
survival time of these animals. Only following a secondary tumor
challenge was a significantly enhanced survival rate noted for II~1
treated animals, whereas an enhanced survival duration was noted for
animals treated with recambinant II~1. This abserved antitumor
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activity noted in IL~1 treated animals following the second tumor
challenge was associated with a marked increase in the mumber of
lymphocytes in the lymph nodes draining the site of the tumor chal-
lenge. The altered lymphocyte distribution seen in the lymph nodes
draining the site of the EI~4 rechallenge of IL~1 treated animals,
suggests that these lymph nodes may well have harbored lymphoid cells
responding to the EL-4 tumor.

EL~4 specific serum antibody titer was the initial immunolog-
ical parameter assessed in a series of in vitro experiments. Under
the conditions of the experiments performed in this study, there did
not appear to be any production of detectable antibody against the
El~4 lymphoma in IL~1 treated animals within the first several weeks
following the tumor challenge. II~1 treated mice considered cured of
the primary ElL~4 challernge also failed to elicit a detectable EI~4

specific antibody response 35 days after the tumor challenge.
Unlike man, the range of target cells susceptible to lysis by allo-
geneic leukocytes when sensitized with antibody is very restricted.
Murine target cells sensitized with anti-TA antibody are generally
unharmed by mouse leukocytes, as determined by the chromium release
assay, although the possibility of long-term damage has not been
ruled out (19). The lack of any significant II~1 induced antibody
titer against the EI~4 lymphoma, combined with the generally poor
sensitivity of murine cells to antibody dependent cellular cytotoxic
ity (19), makes this an unlikely mechanism accounting for the anti-
tumor activity associated with IL~1 treatment.
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EL~4 specific T cell mediated cytotoxicity, was also shown not
to be enhanced by the administration of II~1. The induction of cyto-
toxic T cells in the lymph nodes and spleens of mice treated with or
without II~1 was assessed in this system, following either the prim-
ary tumor challenge or after animals cured of the initial challenge
received a secondary tumor challenge. Cytotoxic T cells directed
against the El~4 lymphoma producing cytotoxic activity greater than
one L.U. was not cbserved in any of the treatment protocol animals
including the animals given IL~1. This data, taken together with the
observed lack of augmented humoral immunity in II~1 treated mice,
suggests that the augmentation of antitumor activity seen in these
animals may have resulted from the generation of nonspecific anti-
tumor effector mechanisms.

Although recent evidence indicates that II~1 may enhance NK
activity of large gramular lymphocytes (IGIs) (115,239), there was no
apparentincreasé in NK activity after the primary tumor challenge.
These results were seen for both spleen and lymph node cell popula-
tions in C. parvum treated animals given either macrophage derived or
recambinant II~l, when campared to animals which received EI~4 alone
or El~4 admixed with C. parvum. Splenic NK activity abserved for
each of the various treahnerrt groups of mice following the primary
tunor challenge, as expressed in lytic units, appeared to fluctuate
from day to day. However, the results for the different treatment
groups within each day's experiment showed less fluctuation with no
pattern of any significant increased or decreased levels of NK activ-
ity for IL~1 treated animals. Very low levels of NK actiyity (less
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than one L.U.) were noted for lymph node cell populations of C.
parvum plus IL~1 treated animals as well as control animals that
received El~4 alone or El~4 admixed with C. parvum. Thus, IL~l
treatment did not appear to augment the NK responsiveness of mice
after the initial challenge. This is not surprising considering the
lack of enhanced survival of IlL~1 treated mice following the initial
tumor challenge.

Assessment of spleen and lymph node cell NK activity, follow-
ing the EI~4 rechallenge of animals treated with local C. parvum
therapy plus either recambinant II~1 or macrophage derived Ii-1,
demonstrated very low levels of NK activity. Control animals which
received C. parvum therapy plus HSA injections showed similarly poor
NK responsiveness. The lack of IL~1 enhanced NK activity may have
been due to the low dosage of II~1 utilized in this system. More
recent evidence suggests that BRM-induced increases in NK activity in
other organs such as the liver is partially due to an increase in IGL
cell numbers which occurs by a combination of IGL proliferation and
an influx of IGILs via the blood (32,125,179). Further investigation
has suggested that the hyporesponsiveness of NK activity which is
induced in the blood and spleen by repeated administration of some
ERMs, may by partially due to a redistribution or diversion of NK
cells from those sites (288). Therefore, the possibility remains
that IL~1 treatment may indeed have increased NK activity in this
system, but at sites not relevant to those tested in this disser-
tation research, e.g., the localized lymph nodes draining the tumor
site and the spleen.
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Splenic populations from EI~4 rechallenged mice cured of the
initial tumor challenge with the cambination C. parvum plus either
recarbinant or macrophage derived P388DlY IL~1 therapy were incubated
in the presence of El~4 stimulator cells, and assayed for prolifer-
ative responsiveness to the tumor. No proliferative responses were
noted in splenic populations cbtained from mice prior to the El~4
tumor rechallenge. However, lympho-proliferation did occur in spleen
cell taken from mice several days after the second exposure to tumor
antigens for the second time. Proliferative responsiveness to the
tumor was abserved in spleen cell taken from mice up to six days
after the EL~4 rechallenge. The same spleen cell populations from
I1~1 treated animals which resporded to the El~4 stimilator cells did
not respond to the inappropriate YAC-1 stimulator cells. Similarly
rechallenged control animals which survived the initial EI~4 chal-
lenge with the aid of C. parvum therapy in cambination with HSA
injections were unable to respond as strongly to the EI~4 cells three
days after the rechallenge, and not at all six days after the second
tumor challenge. Spleen cells frum these animals were likewise not
able to respond to the YAC-1 stimulator cells.

This IL~1 augmented proliferative response may well be a sig-
nificant indicator pointing to the role of IL~1 in the capacity as an
antitumor agent (240). Studies in other syngeneic tumor model sys-
tems have shown strong correlations between acquisition of cutaneous
delayed-type hypersensitivity reactivity, macrophage migration inhib-
ition, and lymphocyte blastogenesis to tumor antigens (194). Along
with the good correlation between these activities, the responses
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were shown to be tumor-line specific and dose dependent (194).
Therefore, this enhanced splenic response cbserved in IL~1 treated
animals points to a possible tumor specific response capable of
augmenting a variety of antitumor mechanisms. These responses may be
initiated by migratory inhibition (170) and activation of monocytes,
leading to enhanced antigen presentation. An enhanced presentation
of El~4 antigen may in turn lead to the induction of II~2 or gamma~-
interferon. These BRMs are both capable of anti-tumor activity, and
further activating immme processes via the lymphokine cascade (83).

The generation of an enhanced tumor specific response to the
EL~4 lymphama in the spleens of IL~1 treated animals which received a
second tumor challenge indicates earlier II~1 therapy at the time of
the initial challenge may have induced systemic modulation of the
imune system. Iack of proliferative responsiveness after the
initial challenge may have been due to the very low immmogenicity of
the EI~4 tumor (183,190). There is also the possibility that a tumor
induced suppressive state, as seen in other systems (79,224) may have
developed in these mice, thereby not allowing the detection of activ-
ated cells potentially responsive to the tumor. The lack of any
detectable in vitro augmentation of tumor specific effector functions

in lymphoid populations of IL~1 treated animals, along with the
enhanced proliferative response noted in II~1 treated, El~4 rechal-
lenged animals, suggests that the El~4 responsive lymphoid cells may
be enhancing ancther antitumor mechanism. Since the tumor specific
proliferative responses noted in spleens of IL~1 treated mice failed
to generate any detectable enhanced tumor specific effector cell
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functions, the enhanced survival suggests that IL~1 may be modulating
the immme system leading to a nonspecific mechanism of tumor control
by the murine host. Recent studies have shown that lymphokine activ-
ated killer cells (LAK) are capable of destroying a wide spectrum of
murine and human tumor cell lines in vivo and in vitro (81). The in
vitro development of 1AK cells requires the incubation of lymphoid
cells in the presence of II~2 (105), therefore, this type of activity
would not have been detected by in vitro assessments in this study.
IL~1 treated mice demonstrated an enhanced lymphoid proliferative
response in the spleen, an area well separated from the site of the
tumor challenge. This activation following a secondary exposure to
the El~4 tumor straongly implies lymphoid organ production of IL~2,
distant from the site of tumor challenge. It has been demonstrated
in mice that II~2 administration results in the in vivo generation of
IAK activity (215). Thus the likely augmentation of IL~2 production
following a second exposure to the tumor at a site distant from the
tumor suggests a generalized response, possibly leading to the induc-
tion of IAK cell activity. Since induction of IAK activity is asso-
ciated with lymphocyte proliferation, this greater mumber of lympho-
cytes seen in the lymph nodes draining the site of the tumor chal-
lenge indicates possible II~2 mediated proliferation and induction of
IAK activity. Although this mechanism of tumor cell killing is not
tumor specific in nature, antigen induction of IL~2 may well have
resulted in an antigen specific manner, as indicated by the in vitro
tumor specific splenic proliferation seen in IL~1 treated mice after
the EL~4 rechallenge.
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The lack of an enhanced proliferative response by lymph node
cells obtained fram IL~1 treated mice following the secorndary tumor
challenge may have been a result of low percentage of macrophages
detected in the regional lymph node cell populations following the
i.d. injection of C. parvum. withoﬁt sufficient mmbers of macro-
phages in the in vitro incubation culture, the modest proliferative
responses noted in the splenic cultures may not occur due to the lack
of a critical mumber of antigen presenting cells in the lymph node
cultures. There is also the possibility that a high proportion of
EL-4 reactive lymphoid cells responsible for memory induction to the
tumor may have migrated from the tumor site to the spleen following
the primary tumor challenge. The possibility also exists that the
massive trapping of lymphocytes in the regional lymph nodes due to
the C. parvum injection may have diluted El~4 reactive lymphocytes to
the point that they would not be detected in the thymidine incorpor-
ation assay at the cell concentration utilized. This concept also
leads to the possibility that an elongated time frame of testing
after the secondary tumor challenge may have allowed the EIl~4 reac-~
tive cells to proliferate to the point of detection.

Speculation as to why splenic proliferative responsiveness was
seen in C. parvum plus IL~1 treated mice and not in mice given only
C. parvum may partially be explained by the events seen in other
tumor models. Many reports have shown that suppressor T cells are
generated in response to growth of a variety of immmnogenic tumors
(220). In the P-815 tumor system studied by Robert North, mice de-

velop Iy 1727 T cells capable of tumor specific lysis of P-815 target
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cells in vitro, and also capable of regressing a P-815 tumor in the
early stages of development established in gamma-irradiated mice
(224). The development of this early cytolytic response quickly
abates as a consequence of the progressive development of Iy 12~
suppressor T cells which were capable of inhibiting the expression of
passively transferred immmnity against an established. Because the
El~4 lymphama is regarded as a weakly immmogenic tumor, the time
required to generate a detectable immune response may be prolonged
such that the development of suppressor T cells following the primary
challenge may prevent the induction of a response sufficient to allow
the development of immnological memory. However, IL~1 treated
animals which survived the primary EI~4 challenge were able to gener-
ate a moderate in vitro splenic proliferative response to EL~4 stim-
ulator cells soon after a second tumor challenge, suggesting these
mice had responded to the tumor during the primary challenge and
developed memory as indicated by the splenic proliferation to EL~4
tumor targets following the second tumor challenge. Evidence indi-
cating I1~1 as an up regulator for T helper cells (Ty) in vitro while
inhibiting the generation of T suppressor cells (Tg) (75,78) suggests
this mechanism of action may account for the proliferative activity
seen in the IL~1 treated mice. Whether (Ty) is directly enhanced or
(Tg) is inhibited allowing greater expression of (Ty) has not been
elucidated. The ability of IL~1 treated animals in this study to
proliferate in response to EL~4 targets following the second tumor
challenge indicates IL~1 may have enhanced the (Ty) population
responding to the tumor at the time of the initial challe.ngerr
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inhibited the generation of (Tg) to a degree, thus allowing the
development of memory to the tumor. Upon rechallenge the IL~1 treat-
ed animals were then able to generate a proliferative response socner
and with greater intensity then animals not given IL~1 or following a
primary challenge. The results of splenic proliferation following
the primary and secondary tumor challenge distinctly show the type of
pattern one would expect if this mechanistic scenario was followed.
The IL~1 treated animals demonstrated a stronger and more prolonged
response to El~4 targets following the secondary tumor challerge,
while the mice not treated with IL~1 showed a significantly weaker
and shorter response.

In vivo antitumor effects of human recombinant II~1 alpha,
without the aid of other corresponding adjuvant therapy have been
reported against several immunogenic murine tumor cell lines (33).

An intra-tumor (i.t.) single injection of a very large dose of IL~1
(2.5 x 10° units) was required to successfully regress a seven day
old palpable Meth A sarcama tumor. Intramscular (i.m.) and i.v.
therapy proved less successful, with protective results attained only
following seven daily injections at 2.5 x 10° units of IL~1 per
injection. Intravenous therapy at even higher doses did not lead to
protection against the Meth A tumor. Despite the large IL~1 doses
enployed by these investigators, they surprisingly reported no sign
of macroscopic inflammation at the site of the injections. Similarly
high, i.t., doses of IL-1 afforded mice protection against seven day
old Bl6 melancma tumors, while even higher i.v. and i.m. II~1 doses
showed no protective efficacy. Several conceivable mechanisms may be
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responsible for the high efficacy by the i.t. route. IL~1 may: have
direct cytotoxic effects against the tumor cells, act directly on the
tumor cells so as to facilitate cytolysis by IGls, act as a chemo~
tactic factor for monocytes, and/or augment monocyte tumoricidal
activity (240).

IL~1 has been demonstrated to have in vitro cytostatic as well
as cytotoxic (168,235) effects on several transformed cell lines,
suggesting a possible direct in vivo therapeutic effect against tumor
development. Direct in vitro cytolysis of A375 human melancma and
1929 murine fibraoblast cell lines was detected with recanbinant II~1
concentrations as low as 0.125 units of Il~1 per ml, with lytic
activity peaking at between one and eight units per ml. The minimal
cytostatic Il~1 dose for the same cell lines was 0.5 units per ml,
with the effect peaking at between two to four units/ml. The II~1
serum levels required to achieve in m inhibitory effects may well
have been reached with the in vivo Il~1 protocols used in this study,
considering that 10 units of IL~1 were administered per mouse per
injection. However, at these relative recambinant II~1 doses,
between 1 to 12.5 units per ml, no significant in vitro proliferative
inhibitory activity was cbserved against El~4 lymphoma cells by
recambinant murine II~1. Nor was any enhancement of proliferative
activity noted by the EI~4 cells. The maximal in vitro II~1 dosages
attained in these microcultures were greater than the individual
dosages injected into mice receiving II~1 therapy. Similar results

were obtain for Meth A tumor cell in vitro resistance to IL~1l. These
cells were also not susceptible to in vitro incubation with high
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doses of the human recambinant IL~1 alpha (M. Yamada, personal com-
mmnication). Hence, IL~1 did not demonstrate any direct in vitro
antitunior activity against the EL~4 lymphoma utilized in this study
or against tumor successfully treated in other work.

As shown in figures 4 and 6 respectively, neither recombinant
or P388D1Y macrophage derived IIL~1 therapy, without protective C.
parvum therapy, was effective at suppressing EI~4 tumor progression
leading to animal death. Taken together with the in vitro results,
itappearsmlﬂcelytlgtgy_iy_oadministerednrlhadanydirect
antitumor effect upon the intradermally injected EL~4 tumor cells
used in this study.

II~1 has also been reported to have the capacity to enhance
monocyte tumoricidal activity via a PGE; mediated mechanism (240).
II~1 apparently augments the tumoricidal activity of monocytes by
enhancing the production of PGE,, which in turn is responsible for
monocyte induction of cytolytic activity (236). Since i.t. injection
of IL-1 was the more successful route of administration in the Meth A
and Bl6 models, and IL~1 did not inhibit these cell lines at high in
vitro concentrations, this IL~1 mediated mechanism might better
explain the observed antitumor effect. The monocyte chemoattractant
ability of IL~1 might potentiate this mechanism against the tumors,
simply by increasing the mumber of tumoricidal cells at the tumor
site. However, as previously discussed for the direct II~1 antitumor
activity of II~1, this mechanism also appears unlikely to have been
an important factor contributing to the protection of C57Bl/6 mice
against the EL~4 tumor. This assumption can be reached for several
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reasons. Firstly, IL~1 therapy was ineffective against the primary
EL~4 tumor challenge, the time at which this mechanism would most
likely be effective against the tumor. Secordly, II~1 was injected
i.p. in protection protocols against the EI~4 tumor, therefore, there
is little reason to suspect these injections would cause an increase
in monocyte/macrophage cell mubers at the tumor site.

The ability of recambinant IL~1 alpha to protect against the
weakly immmogenic colon 26 adenocarcinoma when treated with similar
doses of recambinant IL~1 therapy (219) was not as dramatic as that
mentioned for the immmnogenic Meth A. Although a significant de-
crease in tumor mass was noted twenty-one days following the tumor
challenge, tumor growth in these animals accelerated, eventually
causing death in these animals at approximately the same time as the
untreated control animals. Therefore, IL-l‘ was unable to cure
animals of a non-immnogenic tumor. ,

Following IL~l treatment, mice cured of the initial Meth A
sarcama were able to reject a rechallenge with the same tumor. In
view of the concurrent development of immunity in mice protected
against immunogenic tumors, it is possible to suggest that IL~1
modulated tumor specific mechanism/s lead to the destruction of
immunogenic tumors. Although these authors have suggested that II~1
is working in their system by indirect antitumor mechanisms, no in
vitro assessments of immunological parameters associated with anti-
tumor activity have been conducted to verify these assumptions. Also
the II~1 dosages required to abtain effective cure ratios in~ their
system were only three to four fold under the IDgq dose for naive
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mice, suggesting the development of in vivo cellular toxic effects
resulting from these doses (19). Furthermore, specificity of this
tumor immunity was not determined, since surviving animals were not
rechallenged with a tumor cell line other than that used for the
primary challernge (M.. Yamada, personal cammunication). Therefore,
the mechanism of II~1 mediated antitumor effects at these large doses
have yet to be explained.

Although in vivo tumor protection studies showed that the
murine recambinant IL~1 statistically enhanced the survival duration
of El~4 rechallenged mice, the increased survival rates cbserved for
IL~1 treated animals when campared to non-IL~1 treated animals was
not sufficient to determine a statistical difference. There are sev-
eral possible explanations for not dbserving statistical differences
in survival rates in these in vivo recambinant I1~1 protection
studies.

The possibility that the recambinant molecule is not as bio-
logically active as the macrophage derived II~1 employed for study in
this dissertation research. The recent purification of recambinant
forms of IL~1 has stirred speculation about the similarities and dis-
similarities demonstrated by monocyte or biologically derived and
recanbinant II~1. The biological activity of the murine recombinant
II~1 isolated by Peter Lomedico (the same source utilized for the in
vivo studies presented in this dissertation) has been reported to be
pyrogenic, causes hypozincemia and leukocytosis, and demonstrates in
vitro IAF activity (219). However, the same authors found that
recambinant II~1 alpha was not capable of increasing energy expend-
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iture or protein catabolism or anabolism. The recambinant form of
Il~1 also failed to increase the acute phase proteins (291). The
pyrogenic effect of the murine recambinant IL~1 was also found to be
delayed in onset, although, theeffectwaseyentuallyaspoterrtas
the monocyte derived IL~1 (282). Therefore, it appears that the
recombinant molecule is not identical to the monocyte derived IL~1
whose biological activities have been extensively ocutlined in the
past. It is very possible that the recambinant II~1 molecule repre-
sents a pure protein expressed by one gene while the monocyte derived
II~1 may represent a family of proteins each responsible for separate
of overlapping biological activities. If this is the case, it is
possible that the antitumor effects of host or macrophage derived
II~1 may act though more than one specific mechanism, and that these
effects may lead to additive or synergistic antitumor activity.

when working with a recambinant molecule, there is also the
possibility that lower level of activity associated with that recom-
binant molecule is due to partial denaturation or incorrect renatur-
ation. This does seem unlikely, however, since the recambinant mole-
cule does retain many of the biological activities associated with
biologically derived IL-1.

Another precaution which must be assessed when using recom-
binant materials derived from E. coli is the potential of endotoxin
contamination or reactivity to the recambinant protein storage buffer
(in this case guanidine hydrochloride). In vivo analysis of reactiv-
ity to a similar concentration of a nonrecanbinant IL~1 recambinant
protein, made inL@;_iardparifiedinanidenti@almarmr.toﬂxe
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mouse recombinant II~1, caused no significant increase in any of the
biological parameters assessed in murine systems (219). Similarly
negative results were cbtained when the guanidine hydrochloride buf-
fer was also tested in this system. The recanbinant protein and
buffer concentration (0.008 M guanidine hydrochloride) tested in that
system was over forty times greater than the concentrations which
were injected with the recambinant IL~1 in experiments employed for
this research. Therefore, the recambinant I1~1; and not potential
contaminating endotoxin, bacterial proteins, or buffering reagents;
appear to be responsible for the enhanced antitumor activity observed
in this system.

Although recambinant IL~1 appeared to be less active in this
system according to statistical analysis of survival rates, there is
the possibility that other biological response modifiers in the
macrophage derived IL~1 samples may be involved in producing additive
or synergistic antitumor effects. The evidence produced in this
research does not support the idea of additive antitumor effects of
other potential ERMs in the macrophage derived II~1 containing cul-
ture supernatants, since no antitumor response was reflected in the
survival data. Control animals treated systemically with unstimu-
lated macrophage culture supernatants died following El~4 rechallenge
while a significant muber of animals that received II~1 treatment
were able to survive. Furthermore, the survival curve generated for
these control animals was no different from animals that received a
primary EL~4 tumor challenge without the aid of any therapy, suggest-
ing that other ERMs in the macrophage derived culture supernatants
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were solely responsible for the augmented antitumor effects.

These results do not eliminate the possibility of synergistic
effects by IL~1 and other BRMs produced by the P388D1 macrophage cell
line. Gramulocyte-Macrophage Colony Stimulating Factor (GM-CSF), a
macrophage product, has been found to be produced by cell lines
established from myelamonocytic leukemias (175). It was not sur-
prising when work campleted in Rita Young's laboratory demonstrated
that CSF was found to be in the P388DlY, IL~1 containing culture
supernatants (Rita Young, personal cammunication, }data not shown) .
The ability of this BRM to stimilate cell division, and ultimately
the number of functicnally mature gramulocytes and macrophages avail-
able to the host for effector or accessory cell function, may allow a
more effective response to occur in response to the EL~4 tumor chal-
lenge. This is a distinct possibility and, if true, may account for
the significantly augmented survival rates not seen solely with the
muirine recambinant material. There is also the possibility that
further experimentation with larger groups of animals may allow the
expression of statistical differences in survival rates between the
different treatment groups which were not apparent in these studies.

An alternative or synergistic mechanism of action which may
help account for the enhanced Il~1 augmentation of immmnity in this
tumor system revolves around the cbservation that II~1 administration
elicits radioprotective capabilities in the murine system (222).

Many bacterial agents, such as BCG, IPS, muramyl dipeptide and glucan
have radioprotective effects and are potent inducers of IL~1, known
to elicit radioprotective effects if delivered before irradiation
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(314) . Although the exact basis for this protective effect has not
been clearly established, it has been postulated that these effects
are a result of hemopoietic enhancement by II~1, since previous work
has indicated that cells in the late S phase of the cell cycle are
more resistant to irradiation damage (279). The capacity of IL~1 to
initiate the induction of the a cascade of lymphokines such as CSF
ard II~2 may lead to the development of various lymphoid cells by
inducing hematopoietic progenitor cell populations into the S phase
of the cell cycle, thereby increasing the mmber of potential anti-
tumor reactive lymphocytes or monocytes. As described earlier,
macrophage derived IL~1 was more effective in protecting mice from
the second tumor challenge. This effect may have resulted from
synergistic activities of II~1 with other lymphokines associated with
macrophage conditioned medium. As note earlier, CSF was shown to be
associated with the macrophage derived IL~l1. The synergistic activ-
ity between these two monockines may haire resulted in mobilization and
development of either IAK effector cell or El~4 reactive helper T
cell populations, leading to an enhanced level of protection noted in
the macrophage IL~1 experimentation. In contrast, the recambinant
I1L~1 without the associated CSF or other macrophage monokines was
only able to prolong survival duration while the macrophage product
was able to enhance survival. If indeed, IL~1 and other macrophage
products acted synergistically against the EI~4 tumor, IL~1 appeared
to be the main factor in this activation process. This is apparent,
since mice which received P388D1A macrophage conditioned culture
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medium containing CSF, but, little or no IL~1 demonstrated no anti-
tumor activity, while purified II~1 did prolong survival.

In view of the results cbtained for this dissertation it is
apparent that II~1 is capable of modulating the tumor immune response
generated against the weakly immunogenic EL~4 lymphoma, in a system
where no previous protective response had been seen against a second-
ary tumor challenge. Although IL~1 had no discernable in vivo pro-
tective effect against the primary EI~4 tumor challenge, IL~1 was
able to modulate the response to the tumor, enabling an enhanced
population of mice to respond more successfully against a second
challenge. This IL~1 induced antitumor activity was effective only
when IL~1 therapy was provided in conjunction with the protective C.
parvum adjuvant therapy. The enhanced protective effect abserved
against the primary El~4 challenge appears to be a result of C.
parvum mediated augmentation of macrophage tumoricidal activity
(162) . The enhanced number of lymphocytes cbserved in the regional
lymph nodes of IL~1 treated animals following the second EL~4 tumor
challenge, strongly suggests that the lymphoid population, originally
recruited to the lymph nodes draining the tumor site by the subcutan-
eous adjuvant injection (201), were moduiated by IL~1. IL~l's
imumoadjuvant activity (285) may have allowed the murine lymphocytes
to respond to the tumor antigens more rapidly and effectively before
antigen removal. At the same time IL~1's ability to induce hemato-
poietic progenitor cells (222) may have also increased the mmber of
potential lymphoid effector cells available for recruitment to the
tumor site. The EL~4 specific splenic proliferation seen in II~1
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treated animals again suggests lymphocytic involvement, possibly in
effector and/or helper capacity. The lack of detectable EI~4 specif-
ic humoral or cellular antitumor mechanisms such as, augmented serum
antibody titers or T cell cytotoxicity against the EI~4 lymphoma,
suggests the potentiation of non-specific antitumor mechanisms by
II~1. No detectable increase in NK activity, was noted in IL~1
treated animals. However, an alternate non-specific mechanism which
would be an effective means of destroying the EI~4 tumor is the
development of 1AK cells, which demonstrate in vitro lytic activity
against an extremely wide range of tumors (81). The splenic prolif-
erative response to the El~4 tumor strongly suggests splenic and
possibly systemic lymphocytic production of IL~2 (83,140), the BRM
necessary to generate effective IAK activity in vivo (105). The
largest and most prolonged proliferative response to EL~4 following
the secondary tumor challenge was seen in IL~1 treated animals,
suggesting the possible induction of this effector mechanism in IL~1
treated mice. Therefore, the IL~1 treated mice would convert the
enhanced tumor specific proliferative response to the non-specific,
IAK mechanism, for tumor eradication.



SUMMARY

Although interleukin 1 (II~1) has been shown to function as an
immmological adjuvant in defined antigenic systems, there is little
evidence suggesting a protective role for IL~1 in neéplastic dis-
eases. This investigation demonstrates that intraperitoneal (i.p.)
injection of macrophage derived IL~1 sighificantly enhanced immmnity
of C57Bl/6 mice to the weakly immmnogenic EI~4 lymphoma. Mice given
an intradermal injection of the EL~4 lymphoma admixed with C. parvum
showed a high survival rate. Animals identically challenged, but
given i.p. macrophage derived IL~1 (100 units/animal) showed similar
survival. However, upon subsequent rechallenge of these mice with
the EI~4 lymphoma alone, the group given II~1 demonstrated a markedly
enhanced survival rate (p < 0.01) campared to the group not given
II~l. Mice given murine recambinant Il~1 in conjunction with C.
parvum, demonstrated a statistically enhanced survival duration
following a secondary tumor challenge (p < 0.02) when compared to
animals given C. parvum without II~1. Survival rates of mice chal-
lenged with the EI-4 tumor and administered only i.p. IL~1 (macro-
phage derived and murine recambinant) showed no statistical differ-
ence to animals challerged with the tumor alone. These results
strongly suggest that IL~1 may function to augment tumor immunity
when administered systemically, in conjunction with local administ-
ration of C. parwvum. .
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In vitro assessment of EI~4 specific antibody titer, natural
killer cell activity, and EL~4 specific cytotoxic T cell activity of
IL~1 and non-II~1 treated mice demonstrated no detectable II~1 induc-
ed augmentation of these humoral or cellular effector cell functions.

A marked increase in lymph node cell mumbers cbtained from
lymph nodes draining the tumor challenge site of IL~1 treated mice
following the secondary tumor challenge, suggested é lymphoid cell
migration or a lynm:roliferative response in these lymph nodes
following the second EL~4 tumor challenge. Both macrophage derived
(p < 0.001) or murine recambinant (p < 0.05) IL-1 treated mice also
demonstrated an enhanced EL~4 specific lymphoproliferative respons-
iveness in their splenic cell populations. This IL~1 induced,
splenic proliferative response, cambined with the lack of any cbser-
ved IL~1 induced tumor specific effector cell response, strongly
suggests an IL~1 enhanced tumor specific augmentation of a non-tumor
specific mechanism of tumor killing .
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