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Bacterial Substances

MB Fluid consists of a mixture of two types of killed bacteria: Streptococcus pyogenes is
Gram-positive (meaning a triphenylmethane dye called Gram stain is not decolorized by
ethanol) and Serratia marcescens is Gram-negative (the Gram stain is decolorized).

Gram-positive and Gram-negative bacteria contain different sets of substances that
stimulate the innate immune system:

e Gram-negative bacteria contain unmethylated CpG DNA sequences, the
endotoxin lipopolysaccharide (LPS), and peptidoglycan (PGN).

e Gram-positive bacteria also contain unmethylated CpG DNA sequences and
peptidoglycan (PGN), but do not contain LPS.

e (Gram-positive bacteria also contain exotoxins, lipoteichoic acid (LTA),
streptolysin O (SLO) and cytoplasmic membrane-associated protein (CAP).

¢ In addition, both types of bacteria contain other, unidentified immune stimulatory
substances.

Bacterial DNA

Bacterial DNA contains unmethylated CpG sequences that bind to the human Toll-like
receptor TLRY (Bauer') and trigger an innate immune response leading to the
secretion of IL-6, IL-10, IL-12, IP-10, TNF-a, IFN-a, [FN-f and IFN—y.2 Both CD4-
positive and CD4-negative peripheral blood dendritic precursor cells respond to CpG
DNA, but monocyte-derived DCs did not respond to CpG (Hartmann”).

Endotoxin (LPS)

LPS activates cells through the pattern recognition receptors CD14 and Toll-like
receptor 2 (TLR2) on monocytes, macrophages, endothelium and polymorphonuclear
neutrophils, thereby inducing the release of TNF-a, IL-6, and nitric oxide (Dziarski *,
Matsuura®). Nitric oxide is cytostatic and/or cytolytic for tumor cells (Farias-Eisner®).
LPS also induces the production of IL-1a, IL-8, IL-10 (Bjork’), IP-10 (Luster®), and
small quantities of TNF-B (Hackett’), and activates the complement pathway (Loos').
LPS is a B cell mitogen and polyclonal activator in mice (Dziarski''). Monocyte-
derived DCs are highly sensitive to LPS, but both CD4-positive and CD4-negative
peripheral blood dendritic precursor cells show little response to LPS (Hartmann'?).
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Exotoxins (Spe)

Streptococcal pyrogenic exotoxins (Spe) are produced in the cell walls of
Streptococcus pyogenes and secreted into the extracellular environment. Exotoxins
include SpeA, SpeB and SpeC, and a number of other exotoxins including SpeF,
SpeG, SpeZ, SSA, SMEZ and SMEZ-2 (Muller-Alouf'?). Exotoxins are both
pyrogenic (induces a fever) and mitogenic (induces cellular proliferation). Exotoxins
are pyrogenic because they stimulate the production of cytokines and chemokines.
Exotoxins are mitogenic because they function as “superantigens” which can give rise
to polyclonal activation (Marrack'*, Leonard"?).

Superantigens have the ability to bind to major histocompatibility complex molecules
on antigen-presenting cells and simultaneously to T cell receptors, thereby triggering a
polyclonal expansion of T lymphocytes. The superantigen-mediated T cell activation
process has also been shown to elicit a characteristic pattern of cytokines distinct from
that seen with LPS, including the T cell derived cytokines, IFN-y and IL-2 (Bjork'®).
TNF-B is induced more efficiently by the superantigens than by LPS (Hackett'").

The best-characterized exotoxin, streptococcal pyrogenic exotoxin type A (SpeA),
stimulates the production of:
e (Cytokines IL-1a, IL-6, TNF-a, IL-12, IL-10, IP-10;
Th1 derived cytokines TNF-B, IFN-y, IL-2;
Th2 derived cytokine IL-5;
IL-3, GM-CSF;
Chemokines IL-8, RANTES and MIP-/-a (Muller-Alouf'®); and
Enhances the host antibody response to other antigens (Hanna'?).

Peptidoglycan (PGN)

Peptidoglycan, a major component of the cell walls of Gram-positive bacteria, induces
the release of TNF-a (Dziarski *°) IL-8 (Wang®'), IL-1 and IL-6 (Schwandner**). PGN
is a B cell mitogen and polyclonal activator in mice (Dziarski*’). PGN is also a
constituent of the cell walls of Gram-negative bacteria.

Lipoteichoic acid (LTA)

Lipoteichoic acid also binds to CD14 (Dziarski, 1998), inducing release of TNF. LTA
induces TNF-o, IFN-a, IFN-B and IFN-y in primed mice (Tsutsui**); IL-1p, IL-6 and
TNF in human monocyte cultures (Bhakdizs, Keller26, Yamam0t027); IL-8 and MIP-
la (Gao®®); and IL-12 (Cleveland®”). LTA stimulates mitogenesis of T, but not B,
lymphocytes (Beachey™"), and activates the complement pathway (Loos>").
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Streptolysin O (SLO)

Streptolysin O, produced by Streptococcus pyogenes, stimulates monocytes to produce
IL-1B and TNF-a (Hackett’?), and stimulates bone marrow-derived mast cells to
produce IL-4, IL-6, IL-13, GM-CSF, TNF-a and MCP-1 (Stassen33), and binds IgG
antibodi;s to form immune complexes with potent complement-activating capacity
(Bhakdi™).

Cytoplasmic membrane-associated protein (CAP)

CAP is found in the cytoplasmic membrane but not in cell walls, peptidoglycan,
lipoteichoic acids, or cytoplasmic soluble fractions. This mitogenic factor produces
polyclonal activation of many classes of T lymphocytes (Itoh>).

Histone-like protein (HlpA)

HIpA is a constituent of Streptococcus pyogenes. Exposure of macrophages to a
mixture of HIpA and lipoteichoic acid resulted in a synergistic response in the
production of both TNF-a and IL-1 (Zhang>®).

Dependent effects

The immune responses to bacterial substances are complex.

e Bacterial substances can synergistically enhance immune responses.

0 TNF alone has a low systemic toxicity in tumor- and pathogen-free mice.
However, TNF given intravenously with nanogram quantities of LPS can
cause lethal shock (Rothstein®’). Additional synergy might be expected to
occur from the presence of LPS and the streptococcal exotoxin itself
(Kim>*), a similar combination of which has been recommended and
exploited as a method for the detection of LPS, the lethality of which was
found to be enhanced by as much as 50,000-fold or more (Bohach™).

0 Synergistic induction of TNF and IL-1 from macrophages has been
observed in vitro under combined treatment with LPS and superantigens
(Parsonnet™, Beezhold*"). In terms of IL-1pB production from human
monocytes, SpeA and Streptolysin O together were synergistic: SpeA 193
pg/ml; Streptolysin O, 452 pg/ml; SpeA plus Streptolysin O, 799 pg/ml
(Hacket™).

0 Streptococcal pyrogenic exotoxins can enhance the host antibody response
to other antigens (Hanna™®).
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Bacterial substances can antagonistically reduce immune responses.

0 Peptidoglycan-induced monokine production can be blocked by LPS
(Weidemann™).

Bacterial substances can differentially induce proliferation of lymphocytes.

0 Exotoxins include the classical Streptococcal pyrogenic exotoxins type A,
B and C, and a number of other exotoxins including type F, type G, type
Z, SSA, SMEZ and SMEZ-2. These exotoxins bind to different T cell
receptor motifs and thereby stimulate the expansion of different polyclonal
populations of T cells (Muller-Alouf*).

0 Lipoteichoic acid is also mitogenic for T cells. Both T and B lymphocytes
possess a single population of specific binding sites of lipoteichoic acid,
and as a consequence of its binding, lipoteichoic acid stimulates
mitogenesis of T, but not B, lymphocytes (Beachey*®).

0 Cytoplasmic membrane-associated protein (CAP) also produces
polyclonal activation of many classes of T lymphocytes (Itoh*’).

e Bacterial substances can differentially induce the maturation of antigen-
presenting dendritic cells (DCs).

0 Both CD4-positive and CD4-negative peripheral blood dendritic precursor
cells respond to CpG DNA, but these DCs showed little response to LPS.
In contrast, monocyte-derived DCs did not respond to CpG, but they were
highly sensitive to LPS (Hartmann™*®).

e Bacterial substances induce the production of cytokines via different
pathways.

0 The LPS receptor — CD14 — also binds lipoteichoic acid, inducing release
of TNF (Dziarski*); but peptidoglycan (which also induces TNF)
interacts via a different receptor because blocking CD14 had no influence
on Peptidoglycan induced TNF (Wang™”). In mice, lipoteichoic acid
suppressed Meth A fibrosarcoma tumor growth and Peptidoglycan did not
— also lipoteichoic acid induced TNF in Propionibacterium acnes-primed
mice, but Peptidoglycan did not (Usami’").

Bacterial substances induce the production of cytokines with different
kinetics.

0 The kinetics of TNF-a production after stimulation is different for LPS,
Streptolysin O and SpeA. LPS immediately stimulates production, rising
to a max in 24 h then leveling off through 72 h. Production due to SpeA
and Streptolysin O does not begin for 6 h, then rises following similar
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patterns until 48 h, then SpeA continues to rise while Streptolysin O falls
and at 72 h is comparable to its level at 12 h (Hackett,** Fast™).

Cytokines

The biological activity of MB Fluid can be described in terms of the cytokines and other
substances that mediate the immune response.

GM-CSF

Granulocyte-macrophage colony-stimulating-factor is a cytokine that stimulates
proliferation of granulocytes and macrophages, activates macrophages and promotes
the differentiation and maturation of dendritic cells. Activated T cells, macrophages,
endothelial cells and bone marrow stromal cells produce GM-CSF.

Oncolytic properties of GM-CSF

In the treatment of cancer, GM-CSF produced a 50% reduction in tumor volume in
a soft tissue sarcoma patient (Steward’*). Injection of a murine tumorigenic T-
leukemia cell line expressing mGM-CSF into pre-established tumors of syngenic
mice led to a significant regression of these tumors (Hsieh®). Furthermore,
syngenic mice injected with melanoma cells or cells transfected with a recombinant
GM-CSF gene either completely rejected the tumor cells or developed tumors with
a mean volume fifty-times smaller than the control (Armstrong56).

IL-1a, IL-18

There are two forms of the cytokine interleukin-1, IL-1a and IL-18, coded by separate
genes and showing only 30% structural homology. Nevertheless, these two cytokines
bind the same receptors and have the same function: to induce and promote
inflammatory reactions. IL-1 is produced by activated macrophages, and in smaller
quantities by neutrophils, epithelial cells (especially keratinocytes), and endothelial
cells.

Oncolytic properties of IL-1
When human IL-1p was introduced into B16 mouse melanoma cells, the growth of

B16 transfectants injected subcutaneously in syngenic mice was significantly
reduced (Bjorkdahl’”).
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IL-2

The cytokine IL-2 is the major growth factor for antigen-activated T lymphocytes; it
also promotes B lymphocyte proliferation, antibody production, and activates NK
cells. IL-2 is produced by activated T lymphocytes, mostly CD4" T cells and in
smaller quantities by CD8" T cells.

Oncolytic properties of IL-2

The FDA approved high-dose IL-2 for treatment of patients with metastatic kidney
cancer in 1992 and for metastatic melanoma in 1998 (Rosenbergsg).

IL-3

IL-3 acts on immature bone marrow progenitors to stimulate the production of
lymphocytes. IL-3 is produced by CD4" T lymphocytes.

IL-4

IL-4 participates in the activation of B-cells as well as other cell types. It is a co-
stimulator of DNA-synthesis, induces the expression of class I MHC molecules on
resting B-cells, and also enhances both secretion and cell surface expression of IgE
and IgG1. IL-4 also stimulates cytotoxic 7" lymphocytes (CTLs). IL-4 is secreted by
Til cells (T helper cells, type 1).

Oncolytic properties of IL-4

IL-4 augments tumor immunogenicity and enhances the induction of tumor reactive
lymphoid cells in animal models (Krauss™). Gene transfer of IL-4 into mouse
tumor cells has been shown to stimulate a strong immune response resulting in the
rejection of the transduced tumor when injected in vivo (Melani®®). Phase I/II
clinical trials have been conducted in which human autologous dermal fibroblasts
were cultured, transduced with the IL-4 gene, selected, irradiated, and administered
to patients as a vaccine (Elder®").

IL-5
The cytokine IL-5 stimulates the growth and differentiation of eosinophils, activates
mature eosinophils, and stimulates the production of B lymphocytes and IgA

antibodies. The principal sources of IL-5 are the T2 subset of activated CD4" T
lymphocytes and activated mast cells.
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IL-6

IL-6 is a cytokine that plays a major role in inflammation, stimulates the synthesis of
acute phase proteins by hepatocytes, and serves as a growth factor for cells of the B-
cell lineage, especially terminally differentiated Ig-secreting plasma cells.
Mononuclear phagocytes, endothelial cells, fibroblasts, and other cells, in response to
bacterial substances and to other cytokines notably IL-1 and TNF, produce IL-6.

Oncolytic properties of IL-6

In SCID mice bearing human tumors and reconstituted with human CTL,
administration of a recombinant adenoviral vector expressing IL-6 induced human
CTL and inhibited growth and metastasis of the human tumor cells (Saggio®).

IL-8

IL-8 is a chemokine that attracts neutrophils, basophils, and 7 cells, but not
monocytes. It is also involved in neutrophil activation and is released from several cell
types in response to an inflammatory stimulus. Leukocytes and several types of tissue
cells produce IL-8.

Oncolytic properties of IL-8

Human IL-8 dramatically inhibited the tumor growth rate of CHO cells in vivo
when injected into nude mice (Hirose®™).

IL-10

The cytokine IL-10 has potent anti-inflammatory properties. IL-10 is the major
inhibitor of activated macrophages. IL-10 inhibits the production of macrophage-
derived IFN-y, IL-2, IL-3, TNF and GM-CSF, thereby suppressing inflammation and
the Ty 1 pathway of T helper cell differentiation, and serving as negative feedback in
macrophage activation. IL-10 plays a role in adaptive immunity by enhancing the
proliferation of B lymphocytes. IL-10 is produced by activated macrophages.

Oncolytic properties of IL-10
Gene transfer studies have suggested that IL-10 induced tumor suppression is

mediated via enhanced natural killer (NK) cell activity (Gerard®, Kundu®) as well
as inducible isoforms of nitric oxide synthase (Kundu®®).
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IL-12

The cytokine IL-12 is the principal mediator of early innate immune responses to
bacterial substances. The biological role of IL-12 is to initiate a series of responses
involving macrophages, NK cells, and T lymphocytes. It is a potent stimulator of the
Tnl pathway of helper T cell differentiation, stimulates production of IFN-y by NK
cells and T lymphocytes, and enhances the cytolytic functions of activated NK cells
and CD8" cytotoxic T lymphocytes (CTLs). The two principal sources of IL-12 are
activated macrophages and dendritic cells.

Oncolytic properties of IL-12

The antitumor activity of IL-12 is documented by a large set of data from numerous
mouse models (Cavallo®’). Gene transfer studies of IL-12 have been efficient at
reducing tumor growth and even complete eradication of established primary
tumors, as well as reduction of metastases in different tumor models (Hiscox®®).
Also, IL-12 expression at the tumor site generated a long-term protective antitumor
immtggle response. IL-12 gene transfer is being tested in human clinical trials
(Sun™).

IL-13

The cytokine IL-13 suppresses macrophage activation and antagonizes IFN-y. IL-13
also induces the differentiation of dendritic cells. T2 cells and some epithelial cells
produce IL-13.

Oncolytic properties of IL-13

IL-13 gene transfer induces anti-tumor protection due to the stimulation of specific
antitumor effector cells (Lebel—Biany7O).

Interferon

IFN-a and IFN-f, despite their structural differences, bind the same type I interferon
receptor and are therefore called type I interferon. IFN-a, sometimes called leukocyte
interferon, comprises a family of 20 species of molecules that are produced by a subset
of mononuclear phagocytes. IFN-f, a single substance produced by a variety of cell
types, most notably fibroblasts, is also called fibroblast interferon.

IFN-y, a single substance, is also called immune interferon or type II interferon. It
exerts numerous biological effects including activating macrophages, enhancing the
expression of class I and class I MHC molecules, promoting the differentiation of
naive CD4" T cells to the Ty 1 subset, inhibiting the proliferation of Ty2 cells,
promoting the antibody class switch to IgG subclasses, inhibiting the class switch to
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IgE, activating neutrophils, and enhancing the cytolytic activity of NK cells. NK cells,
CD4" Ty1 cells and CDS8" cells produce IFN-y.

Oncolytic properties interferon

IFN-a is an FDA approved treatment for hairy cell leukemia and melanoma, and is
being used as an investigational drug for numerous other cancers.

IFN-y induces macrophages to release NO, which is cytostatic and/or cytolytic for
tumor cells (Farias-Eisner’").

All types of interferon enhance the expression of MHC class I antigens and
promote the Ty,1 pathway of T helper differentiation by target cells, and induce
target cells to display the same class of immune epitopes as displayed by antigen
presenting cells such as dendritic cells, thereby allowing the detection and
destruction of tumor cells that might have otherwise been invisible to the immune
system (Van den Eynde 7).

IP-10

Interferon-inducible protein-10 is a member of the chemokine family. [P-10 exerts a
chemotactic activity on lymphoid cells such as T cells, monocytes and NK cells. [P-10
is also a potent inhibitor of angiogenesis: it inhibits neovascularization by suppressing
endothelial cell differentiation. IP-10 is an [FN-y inducible protein that is produced
mainly by monocytes, but also by T cells, fibroblasts and endothelial cells.

Oncolytic properties of IP-10

Gene transfer of IP-10 into tumor cells reduced their tumorgenicity, and elicited a
long-term protective immune response (Luster’). The angiostatic activity of IP-10
was shown to mediate tumor regression: tumor cells expressing I[P-10 became

necrotic in vivo (Sgadari’*). IP-10 has also been shown to mediate the angiostatic
effects of IL-12 that lead to tumor regression (Tannenbaum ).

MCP-1
Monocyte chemoattractant protein-1 (MCP-1) is a chemokine produced by a variety of
hematopoietic and non-hematopoietic cell types. MCP-1 attracts monocytes, T and NK
cells.

Oncolytic properties of MCP-1

Gene transfer of MCP-1 into tumor cells demonstrated antitumor effects
(Manome’®).
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MIP-10

Macrophage inflammatory protein-la is a chemokine. MIP-1a attracts monocytes,
neutrophils, eosinophils, dendritic cells, NK, and T cells.

Oncolytic properties of MIP-1a

MIP-1a exerts an antitumoral effect because of its ability to recruit immune cells at
the tumor site. In mice, MIP-1a elicited a long-term immune response that resulted
in protection of the animals against challenge by tumor cells (Nakashima’’).

RANTES

RANTES is a chemokine that attracts monocytes, dendritic, T and NK cells,
eosinophils and basophils.

Oncolytic properties of RANTES

Tumor cells transduced with the RANTES gene had a reduced ability to form
tumors in vivo, and elicited an anti-tumor immune response that protected animals
from challenge with the parent tumor cells (Mule™®).

TNF-0, TNF-$

Tumor necrosis factor alpha is a cytokine that induces and promotes inflammatory
reactions involving recruitment of neutrophils and monocytes to the site of infection,
and activation of these cells. Additionally, TNF-a stimulates endothelial cells, and also
macrophages, to secrete chemokines that further increases the migration of leukocytes
from blood to tissue. TNF-a also stimulates the secretion of IL-1 by macrophages.
TNF also enhances the antibody response. LPS-activated macrophages, antigen-
activated T lymphocytes, NK cells and mast cells produce TNF-a. The target of TNF-
a is any cell (all human cell types express TNF receptors).

Tumor necrosis factor beta is similar in biological effect and structure to TNF (but it is
a different molecule). Also called Lymphotoxin (LT), TNF-f is produced by some
antigen-activated T lymphocytes in smaller quantities than the TNF-a made by
macrophages, therefore TNF-f does not exert systemic effects but acts like a local
promoter of inflammation. TNF- is induced more efficiently by the superantigens
than by LPS (Hackett”).
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As its name implies, TNF has the ability to destroy tumors. Researchers have
achieved 90% complete response rates by employment of isolated limb perfusion to
deliver high local concentrations of TNF to selected patients with melanoma and
sarcoma (Lienard®”). TNF has been shown to facilitate the in vivo localization of
radiolabelled monoclonal antibodies at the site of the tumor to which they were
directed (Smyth®").

Oncolytic properties of TNF
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Bacterial Substances and Immune Mediators
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