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“IMMUNOTHERAPY BASED ON DENDRITIC CELLS”

Introduction

The invention relates to dendritic cells.

Dendritic cells are professional antigen presenting cells specialised for the initiation
of T cell immunity. Physical contact between dendritic cells and T cells is required
for the induction of T cell immunity. Dendritic cells activate antigen-specific
immune responses via two types of signalling steps. The first signal step involves
the peptide-MHC/TCR interaction, while the second involves co-stimulatory

molecules such as cell surface markers and cytokines.

Immune responses are characterised by their polarisation in the cytokines that are
produced. Dendritic cells produce an array of cytokines when they present antigens
to T cells thus influencing the cytokine microenvironment and subsequent immune

response.

Statements of Invention

The invention provides dendritic cells which have been exposed to at least one

bacterial strain. The bacterial strain preferably has immunotherapeutic properties.

In a particularly preferred embodiment of the invention there is provided dendritic
cells which have been exposed to bacterial species present in the human commensal

flora.
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In one embodiment the bacterial strain is a Lactobacillus, such as Lactobacillus
salivarius, especially Lactobacillus salivarius subspecies salivarius and preferably

Lactobacillus salivarius subspecies salivarius 433118.

In another embodiment the bacterial stain is a Bifidobacterium, such as

Bifidobacterium infantis, especially Bifidobacterium infantis 35624.

In another embodiment the bacterial strain is salmonella, such as Salmonella

typhimurium, especially Salmonella typhimurium UK1.

The dendritic cells may be exposed to dead bacteria, or components or mutants

thereof.

The invention also pfovides an active derivative, fragment or mutant of dendritic

cells of the invention.

In a further aspect the invention provides a formulation comprising dendritic cells of
the invention or an active derivative, fragment or mutant thereof. In particular the
invention provides a pharmaceutical comprising dendritic cells of the invention or an
active derivative, fragment or mutant thereof. Also provided is a vaccine comprising

dendritic cells of the invention or an active derivative, fragment or mutant thereof.

In a further aspect the invention provides a method for activating dendritic cells
comprising exposing dendritic cells to at least one bacterial strain. The bacterial

strain may be a strain as defined above.

The dendritic cells of the invention or an active derivative, fragment or mutant
thereof may have anti-inflammatory properties and/or anti-cancer properties and/or

immuno-regulatory properties.
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The dendritic cells of the invention or an active derivative, fragment or mutant
thereof may enhance immunological tolerance of specific antigens and/or activate
cell-mediated immune responses to specific antigens and/or activate humoral

immune responses to specific antigens.

The dendritic cells of the invention or an active derivative, fragment or mutant

thereof may stimulate regulatory T cell responses.

The bacteria used in the invention may establish distinct cytokine networks by

maturing naive dendritic cells.

The dendritic cells of the invention or an active derivative, fragment or mutant
thereof have potential therapeutic benefit in the following disease states:
inflammatory disorders, immunodeficiency, inflammatory bowel disease, irritable
bowel syndrome, cancer (particularly those of the gastrointestinal and immune
systems), diarrhoeal disease, antibiotic associated diarrhoea, paediatric diarrhoea,
appendicitis, autoimmune disorders, multiple sclerosis, Alzheimer’s disease,
theumnatoid arthritis, coeliac disease, diabetes mellitus, organ transplantation,
bacterial infections, viral infections, fungal infections, periodontal disease, urogenital
disease, sexually transmitted disease, HIV infection, HIV replication, HIV associated
diarrhoea, surgical associated trauma, surgical-induced metastatic disease, sepsis,
weight loss, anorexia, fever control, cachexia, wound healing, ulcers, gut barrier
function, allergy, asthma, respiratory disorders, circulatory disorders, coronary heart
disease, anaemia, disorders of the blood coagulation system, renal disease, disorders
of the central nervous system, hepatic disease, ischaemia, nutritional disorders,

osteoporosis, endocrine disorders, epidermal disorders, psoriasis and acne vulgaris.
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A deposit of Lactobacillus salivarius strain 433118 was made at the NCIMB on
November 27, 1996 and accorded the accession number NCIMB 40829. The strain
of Lactobacillus salivarius is described in WO-A-98/35014.

A deposit of Bifidobacterium infantis strain 35624 was made at the NCIMB on
January 13, 1999 and accorded the accession number NCIMB 41003. The strain of

Bifidobacterium infantis is described in WO-A-00/42168.

A strain of Salmonella typhimurium UK1 is described by Wilmes-Risenberg et al.,

1996, from whom a sample was obtained.

Detailed Description

This invention describes cytokine production by dendritic cells in response to
different bacterial species, which influences the nature of subsequent T cell

activation.

The microflora on mucosal surfaces are vast in number and complexity. Many
hundreds of bacterial strains exist and account for approximately 90% of the cells
found in the human body, the remainder of the cells being human. The vast majority
of these bacterial strains do not cause disease and may actually provide the host with
significant health benefits (e.g. bifidobacteria and lactobacilli). These bacterial
strains are termed commensal organisms. Mechanism(s) exist whereby the immune
system at mucosal surfaces can recognise commensal non-pathogenic flora as being

different to pathogenic organisms.

The human immune system plays a significant role in the aetiology and pathology of
a vast range of human diseases. Hyper and hypo-immune responsiveness results in,

or is a component of, the majority of disease states. One family of biological
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entities, termed cytokines, are particularly important to the control of immune
processes. Pertubances of these delicate cytokine networks are being increasingly
associated with many diseases. These diseases include but are not limited to
inflammatory disorders, immunodeficiency, inflammatory bowel disease, irritable
bowel syndrome, cancer (particularly those of the gastrointestinal and immune
systems), diarrhoeal disease, antibiotic associated diarrhoea, paediatric diarrhoea,
appendicitis, autoimmune disorders, multiple sclerosis, Alzheimer’s disease,
rheumatoid arthritis, coeliac disease, diabetes mellitus, organ transplantation,
bacterial infections, viral infections, fungal infections, periodontal disease, urogenital
disease, sexually transmitted disease, HIV infection, HIV replication, HIV associated
diarrhoea, surgical associated trauma, surgical-induced metastatic disease, sepsis,
weight loss, anorexia, fever control, cachexia, wound healing, ulcers, gut barrier
function, allergy, asthma, respiratory disorders, circulatory disorders, coronary heart
disease, anaemia, disorders of the blood coagulation system, renal disease, disorders
of the central nervous system, hepatic disease, ischaemia, nutritional disorders,

osteoporosis, endocrine disorders, epidermal disorders, psoriasis and acne vulgaris.

The pre-programming of dendritic cells with bacteria would result in biologically
active dendritic cells secreting regulatory cytokines. These regulatory cytokines
subsequently stimulate controlling immune responses. This invention describes the
potential of different bacterial strains in customising dendritic cell phenotype and
function. In this way customisation of disease specific therapies may be

accomplished using a selection of bacterial strains.

Recognition of bacterial species by dendritic cells results in distinct patterns of
cytokine production and immune responses. The cytokines produced by dendritic
cells are secreted into the extracellular milieu. These cytokines deliver an
informative signal to the T cell interacting specifically with the dendritic cell. In

addition, secreted cytokines will also interact with neighbouring cells not specifically
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interacting with the dendritic cell. This “bystander” effect results in many different
cell types being influenced by the cytokine network established by bacterial

stimulated dendritic cells.

Aberrant presentation of antigen by dendritic cells results in many disease states,
such as autoimmune disease (Drakesmith et al., 2000). Thus, the re-establishment of
immunological tolerance using appropriately primed dendritic cells is an attractive

therapeutic option.

The immunomodulatory activity of dendritic cells has been demonstrated to have
therapeutic potential in a number of model systems (Link ez al., 2001). Dendritic
cell mediated tolerance has been achieved in animal models of experimental
autoimmune encephalomyelitis and spontaneous diabetes (Huang et al., 2000,
Papaccio et al., 2000). The in vitro transfection of dendritic cells with cytokines,
such as IL-10 and TGF, enhances their suppressive potential (Thorbecke et al,
2000) but gene therapy is still an inherently dangerous approach (Wilson, 2000). A
more efficient and attractive approach would be to pulse dendritic cells in vitro with
biologically active compounds which commit dendritic cells to an appropriate

cytokine secretion pattern.

As the majority of cytokines may have both pro and anti-inflammatory activities,
patterns or networks of cytokine release have been associated with different types of
immune responses. The existence of T cells which differ in their pattern of cytokine
secretion allows differentiation of inflammatory or immune responses into at least
three categories, cell mediated or humoral responses or Th3/Trl regulatory
responses. Thl responses are categorised by IFNy, TNFB and IL-2 production
leading to a cell-mediated response while Th2 cells secrete IL-4, IL-5, IL-9, IL-10
and TL-13 resulting in a humoral response. Th3/Tr1 responses are characterised by T

cell secretion of the regulatory cytokines IL-10 and TGFp. Differentiation of T cells
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into either network depends on the cytokine milieu in which the original antigen
priming occurs (Seder et al., 1992). In addition, activation of T cells by dendritic
cells leads to their differentiation into distinct populations of effector cells differing
in their cytokine secretion pattern (Mosmann & Sad, 1996). These primary immune
responses may also be influenced by a number of other cell types including yd T
cells. Different types of stimulation may also direct this response such as immune
complex deposition within inflammatory sites which increases IL-6 and IL-10
production and inhibits production of TNFo. and IL-1B thus influencing the Th1/Th2
balance. For successful elimination of some pathogens, the correct cytokine network
needs to be established, such as the intracellular bacterium Listeria monocytogenes
which elicits a Thl response while the extracellular parasite Nippostrongylus
brasiliensis requires a Th2 response. Each of these T cell subsets produce cytokines
that are autocrine growth factors for that subset and promote differentiation of naive
T cells into that subset (for review see Trinchieri et al., 1996). These two subsets
also produce cytokines that cross-regulate each other's development and activity.
IFNy amplifies Th1 development and inhibits proliferation of Th2 T cells while IL-
10 blocks Thl activation. While the molecular events controlling Thl and Th2
development are poorly understood, specific dendritic cell subclasses have been
demonstrated to influence the elucidation of these different responses (Maldonado-
Lopez et al., 1999). Trl cells have a profound suppressive effect on antigen-specific
T cell responses mediated by secretion of IL-10 and TGFf3 (Groux et al., 1997) and
cytokine independent mechanisms such as direct cell-cell contact. Stimulation of T
cells by specific dendritic cells generates T cells that display the typical properties of
Trl cells (Jonuleit ez al., 2000).

The cytokine networks involved in immune responses are subject to a complex
number of control pathways that normally result in restriction of cellular damage and
eradication of the infectious organism. However, unregulated release of these

cytokines can have damaging consequences. Incorrect Th1/ Th2 responses may
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contribute to the pathogenesis of certain diseases. For instance, the healing form of
leprosy (tuberculoid lesion) is associated with a Thl response while uncontrolled
leprosy (lepromatous lesion) is associated with Th2 responses.  Chronic
inflammatory responses can lead to the death of the host. For instance, rats infected
with the protazoan parasite Trypanosoma brucei become cachectic, develop anaemia
and eventually die. Production of the proinflamrﬁatory cytokines has been
associated with the pathogenesis of many disorders. In Langerhans cell histiocytosis,
cytokines may be involved in some of the tissue damage seen with this disease
(Kannourakis & Abbas, 1994). Rheumatoid arthritis is a chronic inflammatory
disease of the synovial joints resulting in cartilage destruction and bone erosion
(Kouskoff et al., 1996). High levels of proinflammatory cytokines have been
detected from patients with rheumatoid arthritis and these levels could be associated
with disease activity, altered energy metabolism and food intake (Roubenoff et al.,
1994). In patients with sepsis, cardiovascular shock and organ dysfunction may be
initiated by the production of proinflammatory cytokines stimulated by the infectious
organism particularly in patients with cerebral malaria (Kwiatkowski et al., 1990).
Certain alleles of polymorphic sites associated with TNFa production have been
shown to predict patients with cerebral malaria (McGuire et al., 1994) and severe
sepsis (Stuber et al., 1996) who will be most adversely affected. Genetic
predisposition to increased TNFo production may also be associated with the
development of autoimmune diseases such as diabetes and systemic lupus
erythematosus. Inhibition of proinflammatory cytokine production has reduced the
damage caused by many disease states. IL-1RA reduces the severity of diseases
such as shock, lethal sepsis, inflarhmatory bowel disease, experimental arthritis and
proliferation of human leukaemic cells (for review see Dinarello, 1992). Inhibition
of TNFa in septic shock prevents the syndrome of shock and tissue injury despite
persistent bacteraemia in animal models. Loss of the TNF receptor type I in knock-
out mice protects against endotoxic shock (Pfeiffer et al., 1993). Anti-cytokine

strategies in humans with sepsis have yielded disappointing results possibly due to
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complications such as the late administration of these factors after the initial
inflammatory insult. However, studies involving neutralising TNFo antibodies in
rheumatoid arthritis and Crohn's disease have had considerable success with
significant reductions in disease activity being observed (Moreland et al., 1997,
Stack et al., 1997). Inhibition of transcription factors, such as NF-xB, which are
responsible for intracellular signalling in the inflammatory response have been
successful in reducing tissue damage in animals with chronic intestinal inflammation
(Neurath et al., 1996). Moreover, adoptive transfer of T cells secreting IL-10
inhibited colitis in a murine model (Asserman et al., 1999). Therefore, while the
inflammatory response is critical to the defence and repair of host tissues,
uncontrolled responses can result in significant tissue and organ damage and may

result in the death of the host.

TGFP refers to a family of closely related molecules termed TGFp1 to - B5 (Roberts
& Sporn, 1990). All are released from cells in a biologically inactive form due to
their association with a latency protein which is believed to be a critical regulatory
step. Three receptors have been identified for TGFB. Only two of these receptors
transduce an intracellular signal suggesting a decoy function for the third receptor.
Like the MIP family, TGFB also functions as a chemotactic factor for both
monocytes and neutrophils. However, this cytokine has diverse effects as both pro
and anti-inflammatory effects have been described. Aggregated platelets following
vascular injury release TGFp resulting in inflammatory cell recruitment to the tissue.
Activated monocytes and neutrophils synthesize TGFB further increasing cellular
recruitment. Monocyte integrin expression is also enhanced by TGFf as is the
induction of collagenase type IV which may aid movement through basement
membranes into inflammed sites (Wahl et al., 1993). TGFp increases the expression
of FeyRIII (CD16) which recognises antibody bound cells thereby increasing
phagocytic activity. The production of inflammatory cytokines by monocytes can

also be stimulated by TGFB. However, expression of IL-1 receptor antagonist (IL-
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1RA) is also increased suggesting that this cascade, in part, may be self regulating.
TGFB is also important as a negative regulatory agent. It antagonises the effects of
many of the inflammatory cytokines and inhibits the proliferation of thymocytes, B
cells and haemapoietic stem cells. The activity of a number of cell types can be
suppressed by TGFf including natural killer (NK) cells, cytotoxic T lymphocytes
and lymphokine activated killer (LAK) cells. TGFp also has suppressive effects on
the release of reactive oxygen and nitrogen intermediates by tissue macrophages
(Ding et al., 1990). The immune inhibitory effects of TGFB can most clearly be
observed in its effects on diseases such as experimental arthritis, multiple sclerosis
and graft rejection. Through the stimulation of matrix protein production, TGFp
may be important to wound healing which is also indicated by its chemotactic
activity for fibroblasts (Roberts & Sporn, 1990). Therefore TGFf may have
important functions with regard to resolution of the inflammatory response and

promotion of healing within the inflammatory lesion.

IL-4, like IFNy and IL-2, is a T cell derived cytokine. IL-4 has a molecular mass of
15 kDa and post-transcriptional glycosylation adds to this. While the IL-4 receptor
can be membrane bound or secreted, they are coded for by separate genes unlike
other soluble receptors which are derived by proteolysis of the membrane bound
form. The effects of IL-4 seem to be species specific. This cytokine promotes
murine macrophage proinflammatory cytokine synthesis while inhibiting production
of the same cytokines in humans. IL-4 can enhance antigen-presentation (Aiello et
al., 1990) and enhances T cell, B cell and mast cell proliferation (Arai et al., 1990).
B cell class switching, MHC class II and FceRII expression are all influenced by IL-
4. TL-4 can also function as an anti-inflammatory agent. It can inhibit production of
prostaglandins and collagenases (Corcoran et al., 1992). IL-4 may also promote
apoptosis in stimulated monocytes (Mangan et al., 1992). IL-13 seems to be a

cytokine that is functionally similar to IL-4, as both are T cell derived cytokines and
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both suppress monocyte proinflammatory cytokine production and affect surface

antigen expression (Hart et al., 1995).

IL-10 is produced by T cells, B cells, monocytes and macrophages (De Waal Malefyt
et al., 1991). This cytokine augments the proliferation and differentiation of B cells
into antibody secreting cells (Go et al., 1990). IL-10 exhibits mostly anti-
inflammatory activities. It up-regulates IL-1RA expression by monocytes and
suppresses the majority of monocyte inflammatory activities. IL-10 inhibits
monocyte production of cytokines, reactive oxygen and nitrogen intermediates,
MHC class II expression, parasite killing and IL-10 production via a feed back
mechanism (De Waal Malefyt et al., 1991). This cytokine has also been shown to
block monocyte production of intestinal collagenase and type IV collagenase by

interfering with a PGE2-cAMP dependant pathway (Mertz et al., 1994) and therefore
may be an important regulator of the connective tissue destruction seen in chronic

inflammatory diseases.

IL-12 is a heterodimeric protein of 70 kD composed of two covalently linked chains
of 35 kD and 40 kD. It is produced primarily by antigen presenting cells, such as
macrophages, early in the inflammatory cascade. Intracellular bacteria stimulate the
production of high levels of IL-12 (Ma et al., 1997). It is a potent inducer of IFNy
production and activator of natural killer cells. IL-12 is one of the key cytokines
necessary for the generation of cell mediated, or Thl, immune responses primarily
through its ability to prime cells for high IFNy production (Schmitt et al., 1997). 1L-
12 induces the production of IL-10 which feedback inhibits IL-12 production thus
restricting uncontrolled cytokine production. TGF-B also down-regulates IL-12
production (D'Andrea et al., 1995). IL-4 and IL-13 can have stimulatory or
inhibitory effects on IL-12 production. Inhibition of IL-12 in vivo may have some
therapeutic value in the treatment of Th1 associated inflammatory disorders, such as

multiple sclerosis (Leonard et al., 1997).
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Interferon-gamma (IFNy) is primarily a producf of activated T lymphocytes and due
to variable glycosylation it can be found ranging from 20 to 25 kDa in size. This
cytokine synergizes with other cytokines resulting in a more potent stimulation of
monocytes, macrophages, neutrophils and endothelial cells. IFNy also amplifies
lipopolysaccharide (LPS) induction of monocytes and macrophages by increasing
cytokine production, increased reactive intermediate release, phagocytosis and
cytotoxicity (Donnelly et al., 1990). IFNy induces, or enhances the expression of
major histocompatibility complex class II (MHC class II) antigens on monocytic
cells and cells of epithelial, endothelial and connective tissue origin (Arai et al.,
1990). This allows for greater presentation of antigen .to the immune system from
cells within inflamed tissues. IFNy may also have anti-inflammatory effects. This
cytokine inhibits phospholipase A, thereby decreasing monocyte production of
PGE? and collagenase (Wahl et al., 1990). IFNy may also modulate monocyte and
macrophage receptor expression for TGFB, TNFo and C5a thereby contributing to
the anti-inflammatory nature of this cytokine. Probiotic stimulation of this cytokine
would have variable effects in vivo depending on the current inflammatory state of

the host, stimulation of other cytokines and the route of administration.

TNFa is a proinflammatory cytokine which mediates many of the local and systemic
effects seen during an inflammatory response. This cytokine is primarily a monocyte
or macrophage derived product but other cell types including lymphocytes,
neutrophils, NK cells, mast cells, astrocytes, epithelial cells (Neale et al., 1995)
endothelial cells and smooth muscle cells can also synthesise TNFa. TNFa is
synthesised as a prohormone and following processing the mature 17.5 kDa species
can be observed. Purified TNFo has been observed as dimers, trimers and pentamers
with the trimeric form postulated to be the active form in vivo. Three receptors have
been identified for TNFo. A soluble receptor seems to function as a TNFa inhibitor
while two membrane bound forms have been identified with molecular sizes of 60

and 80 kDa respectively (Schall et al., 1990). Local TNFa production at
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inflammatory sites can be induced with endotoxin and the glucocorticoid
dexamethasone inhibits cytokine production. TNFo production results in the
stimulation of many cell types. Significant anti-viral effects could be observed in
TNFa treated cell lines and the IFNs synergise with TNFa enhancing this effect
(Wong & Goeddel, 1986). Endothelial cells are stimulated to produce procoagulant
activity, expression of adhesion molecules, IL-1, hematopbitic growth factors,
platelet activating factor (PAF) and arachidonic acid metabolites. TNFo, stimulates
neutrophil adherence, phagocytosis, degranulation, reactive oxygen intermediate
production and may influence cellular migration (Livingston et al., 1989).
Leucocyte synthesis of GM-CSF, TGFp, IL-1, IL-6, PGE? and TNFa itself can all be
stimulated upon TNFa administration (Cicco et al., 1990). Programmed cell death
(apoptosis) can be delayed in monocytes (Mangan et al., 1991) while effects on

fibroblasts include the promotion of chemotaxis and IL-6, PGE2 and collagenase

synthesis. While local TNFo, production promotes wound healing and immune
responses, the dis-regulated systemic release of TNFa can be severly toxic with
effects such as cachexia, fever and acute phase protein production being observed

(Dinarello et al., 1988).

Dendritic cell therapies for the treatment of cancer have achieved some success.
However, a number of mechanisms have been described which allow tumour cells to
escape immunological destruction. Although tumours express antigenic
determinants they are not eliminated by the host's immune system. Either the
antigens are not being presented efficiently and consequently do not elicit a powerful
enough immune response or there is continuous selection, ongoing in the cancer
patient, for tumour cells that can evade immune recognition. For efficient antigen
presentation, the antigen needs to be expressed on professional antigen presenting
cells (APC) through MHC class II to CD4 helper T cells and through MHC class 1,
on tumour cells, to CD8 cytotoxic T cells. This process also requires the interaction

of co-stimulatory molecules such as B7-CD28, CD70-CD27 and CD40-CD40
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complexes with appropriate cytokine production. In patients with cancer this system
does not seem to operate effectively and this failure could be due to a number of
reasons. The down-regulation of MHC molecules on tumour cells has been well
described (Restifo et al., 1993) and the antigen processing machinery of the tumour
cells may be defective (Cromme et al., 1994). Tumour cell antigen presentation in
the absence of costimulatory molecules may induce tolerance as demonstrated by
animal experiments where immune responses were amplified when B7-1 or B7-2
were expressed on tumour cells (Shu et al.,, 1997). The development of antigen-
specific T cell anergy may be an early event in the tumour -bearing host, suggesting
that tolerance to tumour antigens may represent a significant barrier to
immunotherapy (Staveley-O'Carroll et al., 1998). However, tolerance to certain
tumour specific antigens, such as carcinoembryonic antigen (CEA), may be broken
by immunisation with a recombinant virus expressing CEA (Tsang et al., 1995). T
cells that have been repeatedly activated express CD95 (Fas) on their surface and are
therefore sensitive to killing by tumour cells expressing Fas ligand (Hahne et al.,
1996). Thus, tumour cells could be inducing apoptosis in the T cells that are

recognising them as foreign.

At initial stages of tumour growth in a murine model, anti-tumour immune responses
are induced but with increasing tumour burden a generalised immunosuppression
becomes evident (Gahan et al., 1997). Patients with advanced cancer are frequently
found to exhibit impaired immune responses and a variety of immuno-suppressive
mechanisms have been described. Usually, immuno-suppression is confined to the
tumour region except for a few cases of advanced disease (O' Sullivan et al., 1996).
Tumour derived products may interfere with the local immune response. Immuno-
suppressive cytokines produced by tumour cells include transforming growth factor
B (TGFP), interleukin-10 (IL-10) and vascular endothelial growth factor (VEGF).
These cytokines have a number of suppressive effects on tumour infiltrating

lymphocyte function suggesting that potent immuno-suppressive mechanisms may
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be at work within the tumour bed (Spellman et al. 1996). IL-10 is also a potent
inhibitor of tumour cytotoxicity by monocytes and alveolar macrophages.
Prostaglandin production in the vicinity of the tumour inhibits IL-2 induced T cell
proliferation while tumour cell induction of nitric oxide production decreased
mononuclear cell proliferation. Immune suppressive factors in tumour bearing hosts
may induce lymphoid apoptosis (O Mahony et al., 1993). Soluble antigens shed by
tumour cells may interfere with immune responses to tumours. Host CD4 T cells
may play a role in tumour immune evasion as induction of Th2 responses may
inhibit Th1 cell-mediated responses which are thought to be important for anti-

tumour immunity.

Vaccination with dendritic cells has been demonstrated to break immunological
tolerance of tumour cells and induce tumour lysis via Thl type responses. However,
strategies to date have focussed on identifying specific tumour antigens and defining
antigenic peptides that bind to the particular MHC alleles expressed by each patient
(Nestle et al., 1998). A more general approach would be to use dendritic cells
previously exposed to specific bacterial stimuli. Exposure to the bacterial strains
outlined in this invention would activate dendritic cells in a manner appropriate for
stimulation of anti-tumour immune responses irrespective of the antigens present.
Dendritic cells could also be pulsed with tumour antigens in vitro or in vivo.
Cytokine production by activated dendritic cells in the tumour microenvironment

would promote anti-tumour immune responses.

The majority of pathogenic organisms gain entry via mucosal surfaces. Efficient

vaccination of these sites protects against invasion by a particular infectious agent.
Oral vaccination strategies have concentrated, to date, on the use of attenuated live
pathogenic organisms or purified encapsulated antigens (Walker, 1994). However,

vaccination with antigen-pulsed dendritic cells, previously exposed to biotherapeutic



10

15

20

25

WO 02/083879 PCT/IE02/00043

-16 -

compounds, such as bacteria, could result in a more effective protective immune

response.

The invention will be more clearly understood from the following examples.

Example 1. Cytokine profiles of murine bone marrow derived dendritic cells

stimulated with probiotic and pathogenic bacterial strains.

Method

Mice were sacrificed by cervical dislocation and long bones excised. All adherent
connective and muscle tissue was removed. Bones were sterilized by a rapid
immersion in 70% ethanol and rinse in sterile PBS. The marrow was flushed
repeatedly from the bones using 3ml HBSS per bone. The cells were pelleted and
resuspended in sterile water to lyse RBCs. The cells were immediately
resuspended in HBSS and centrifuged again. The cells were resuspended in 3ml
RPMI 1640 plus 150ul of each antibody directed against B cells (ATCC, TIB229),
anti Ia (ATCC, TIB150), anti-CD8 (ATCC, TIB 207) and anti-CD4 (ATCC, TIB
146). Following the addition of 50ul of complement (Sigma) the cells were
incubated @37°C for 1 hour. Cells were washed twice and resuspended in 36ml
RPMI. 3ml of cells per well were plated in a 12 well plate (Costar) and incubated
overnight @37°C. The non-adherent cells were removed and a new 12 well plate
(Costar) plated. 4ng/ml IL-4 (R&D Systems) and 2ng/ml GM-CSF (R&D
Systems) were added. The cells were allowed to mature for 7-8 days @37°C.
1.5ml of fresh medium was added to each well on day 4. Following maturation of
these dendritic cells, cells were scraped off the plates, pooled and counted. Cells
were typically re-plated at 5x10°/ml in one ml in a 24 well plate (Costar). Cells
were stimulated with 10pg/ml LPS (Sigma, L3024), bacteria (10° — 10° cells/ml) or
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remained non-stimulated. Following 24 hours of culture, supernatants were
harvested, aliquoted and stored at -20°C. Culture supernatants were examined for

I1L-4, 1L-10, IL-12, IFNy, TGFp and TNFa levels using ELISAs (Pharmingen).

Results

IL-4, IL-10, IL-12, IFNy, TNFa and TGFp from dendritic cell culture supernatants
were quantified following exposure to LPS, Bifidobacterium 35624 or Salmonella
typhimurium (Fig. 1). LPS stimulated the production of IL-10, IL-12, TNFa and
TGFP compared to control cultures. Bifidobacterium 35624 enhanced the production
of IL-10 and TGFB, with a low level of TNFo stimulation. Salmonella typhimurium
enhanced the production of IL-4, IL-10, IL-12, IFNy and TNFa, with a low level of
TGFp stimulation.

Example 2. Cytokine profiles of murine gastrointestinal tract derived dendritic

cells stimulated with probiotic and pathogenic bacterial strains.

Method

Mice were anaesthetised and sacrificed by cervical dislocation (n=4). The
gastrointestinal tract was removed, opened longitudinally and surface sterilised by a
rapid immersion in 70% ethanol. The gastrointestinal tissue was incubated for 20
minutes shaking @37 C in 25mls HBSS containing DTT (0.145 mg/ml) and EDTA
(0.37 mg/ml). Supernatants were decanted and the remaining tissue was incubated
for 90 minutes shaking @37 in 25mls RPMI containing collagenase (0.15 mg/ml)
and DNAse (0.1 mg/ml). Supernatants were decanted and low speed centrifugation
removed tissue debris and clumps of cells. Following high speed centrifugation,
single cells were isolated. These cells were incubated with 10% normal mouse
serumn and magnetic CD11c beads for 15 minutes @ 4°C. Cells were passed through

a magnetic column twice in order to enrich for CD11c positive cells. These cells
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were incubated for 24 hours with Lactobacillus 433118, or Salmonella typhimurium,
or LPS or remained non-stimulated as a negative control. Supernatants were
collected and stored at =70 C. 1L-10 and IL-12 cytokine levels were quantified using
ELISAs (Pharmingen).

Results

Gut derived dendritic cells were incubated with a variety of bacterial stimuli (Fig. 2).
Control cultures spontaneously produced IL-10 and IL-12. Stimulation with LPS
enhanced IL-10 production but decreased IL-12 levels. Co-incubation with the
Salmonella strain did not significantly alter IL-10 levels but did result in significant
stimulation of IL-12 production. The probiotic 433118 enhanced the production of
IL-10 and reduced IL-12 secretion.

Example 3. Modulation of cytokine production in bacterial stimulated, human

mesenteric lymph node derived, dendritic cells.

Method

Following surgical removal of human colons, mesenteric lymph nodes were
removed. Mesenteric lymph node cells were isolated using density gradient
centrifugation and dendritic cells were purified using magnetic bead isolation.
Dendritic cells were stimulated in vitro with Bifidobacterium 35624, Lactobacillus
salivarius 433118 or Salmonella typhimurium for 3 days. Supernatants were

removed and cytokines were quantified using ELISAs.
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Results

Dendritic cells stimulated with different bacteria secreted distinct cytokine profiles
(Fig. 3). Bifidobacterium 35624 and Lactobacillus 433118 stimulated the production
of Th2 and Th3 regulatory cytokines while Salmonella stimulated the production of
Thl regulatory cytokines. Lactobacillus 433118 was also found to stimulate the

production of Th2 and Th3 regulatory cytokines (results not shown).

Dendritic cells isolated from both mice and humans react in a similar manner to
bacterial stimulation. Thus, the use of murine models to examine the therapeutic

potential of bacterial stimulated dendritic cells is appropriate.

Example 4. Systemic modulation of immune-responsiveness following oral

consumption of probiotic bacteria.

Method

A feeding trial involving 3 groups (n=10/group) of IL-10 knockout mice was
performed.  Each group consumed the probiotic Lactobacillus 433118, or
Bifidobacterium 35624 or a placebo product for 19 weeks. At this time point all
mice were sacrificed by cervical dislocation. The gastrointestinal tract was removed,
examined and graded histologically for inflammatory activity. Whole spleens were
aseptically removed and the mononuclear cell population was isolated using
mechanical disruption and density gradient centrifugation. 1x10° spleen cells were
stimulated in vitro with the probiotic 433118, or 35624, or the proinflammatory
bacterium Salmonella typhimurium UK1, or remain non-stimulated as negative
controls. Following 72 hours of incubation, supernatants were harvested and stored
at —70°C. ELISAs were subsequently performed in order to quantify IL-12, IFNy,
TNFa and TGFB cytokine levels (Pharmingen). Statistical analysis of group

differences was performed using ANOVA analysis of variance.
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Results

Significant numbers of both probiotic strains were recovered over the feeding trial
period. Bifidobacterium 35624 was recovered at approximately 1x10° CFU/g while
Lactobacillus 433118 was recovered at approximately 1x107 CFU/g.
Gastrointestinal inflammatory scores were significantly reduced for the mice
consuming either probiotic compared to the control group (Fig. 4). Following the in
vitro stimulation of murine spleenocytes, significant decreases were observed for

TNFa (Fig. 5), IL-12 (Fig. 6) and IFNy (Fig. 7) levels, but not TGFp levels (Fig. 8).

This study demonstrates that an immunomodulatory signal was transmitted from the
gastrointestinal tract, following consumption of the probiotic strains 433118 and
35624, to the spleen. Interaction of the consumed bacterial strains in the
gastrointestinal tract with dendritic cells and subsequent migration of these dendritic
cells to distant sites, such as the spleen, resulted in a significant alteration of cytokine
production at these sites. It can be envisaged that administration of bacterial treated

dendritic cells alone would also deliver this therapeutic immunological signal.

Example 5. Systemic anti-inflammatory effects of Lactobacillus 433118 and
Bifidobacterium 35624

Method

DBA1 mice were fed with Lactobacillus 433118 or Bifidobacterium 35624 (n=10
per group). Following probiotic feeding, rheumatoid arthritis was induced following
collagen tail vein injection in groups 2 - 4. Inflammatory arthritis was measured by

quantifying footpaw swelling with callipers.

Group 1: Healthy mice — no interventions
Group 2: Placebo feed
Group 3: Lactobacillus 433118
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Group 4: Bifidobacterium 35624

Results

Footpaw swelling was measured for all four paws in duplicate for each mouse. A
statistically significant reduction in foot paw swelling was observed in mice
consuming Bifidobacterium 35624 but not with Lactobacillus 433118 (Fig. 9). This
study demonstrates that this probiotic bacterium induces immune-regulatory cells
and mediators outside the gastrointetsinal tract. The most important cellular
mediator of these effects are dendritic cells and the regulatory T cells stimulated by

dendritic cells.

Example 6. Anti-cancer properties of bacterial stimulated dendritic cells.

Method

Bone marrow derived dendritic cells were isolated from Balb/c mice using magnetic
bead isolation and cultured for 7-8 days in vitro in the presence of GM-CSF and IL-
4. Following expansion and maturation, dendritic cells were incubated with or
without Bifidobacterium infantis 35624 for 90 minutes, in addition to co-incubation
with JBS tumour cell lysates. JBS tumour cells survive and proliferate rapidly in

immune competent balb/c mice. Balb/c mice were injected subcutaneous with:

Group 1: 1x10° dendritic cells pre-incubated with JBS lysates alone;
Group 2: 1x10° dendritic cells pre-incubated with JBS lysates plus Bifidobacterium
35624.

The balb/c mice were injected on two separate occasions using the procedure

outlined above (n=8 mice per group). Concurrently, all mice were injected with live
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JBS tumour cells. Two weeks following tumour inoculation, all mice were

sacrificed by cervical dislocation, tumours excised and weighed.

Results

The mean tumour volume was decreased in mice vaccinated with Bifidobacterium
stimulated dendritic cells compared to mice vaccinated by dendritic cells alone (Fig.
10). Thus, adoptive transfer of Bifidobacterium 35624 activated dendritic cells can

restrict the rate of JBS tumour growth.

The complexity and intimacy of the interactions that occur between bacteria and the
host eukaryotic cells have only begun to be elucidated. The nature of these
interactions creates a major paradox. The human being has a vast number of bacteria
living on or in the host, representing 90% of all cells found in the body. These
bacteria constitute the commensal flora found on all mucosal and epidermal
structures.  Populations of these bacteria vary between the oral -cavity,
gastrointestinal tract, urogenital tract and the skin surface. The immune system
recognizes the presence of these foreign microbes and therefore would be expected
to launch significant immune responses resulting in chronic inflammatory lesions at
these sites. However, this is not the case. The commensal microflora and the host
systems exist in a finely balanced environment whereby bacterial communities thrive
and host tissues are not damaged by their own immune system. Evolution has
selected for individuals whose immune system tolerates the presence of the non-
pathogenic commensal flora while being able to react rapidly to the presence of
pathogenic microbes. ~While the mechanisms underlying this immunological
perception are currently unclear, dendritic cells appear to have the ability to secrete
different cytokines depending on the specific bacterial stimulus. As the dendritic cell
provides the link between innate and adaptive immune responses, it is perfectly
poised to control the nature of this response. Ultimately, the decision to attack or

tolerate specific antigens may reside with the dendritic cell.



10

15

20

25

WO 02/083879 PCT/IE02/00043

-23-

This invention is not limited to dendritic cells isolated only in the manner as
described herein, but applies to dendritic cells isolated using any technology and

derived from any body compartment or tissue.

This invention describes the cytokine network established due to stimulation of
dendritic cells with Lactobacillus, Bifidobacterium and Salmonella species.
However, this technology can be applied to all bacterial types and should not be
limited to these bacterial strains alone. It is expected that stimulation of dendritic
cells with different bacterial species will result in dendritic cells with different
cytokine profiles. These different immuno-therapeutic properties are applicable to a

wide range of disease states.

It is unknown whether the bacterial strains are required to exert an immuno-
modulatory effect or if individual active components of the bacterial strains can be
utilised alone. Proinflammatory components of certain bacterial strains have been
identified. The proinflammatory effects of gram-negative bacteria are mediated by
liposaccharide (LPS). LPS alone induces a proinflammatory network, partially due
to LPS binding to the CD14 receptor on monocytes. It is assumed that components
of probiotic bacteria possess anti-inflammatory activity, due to the effects of the
whole cells.  Upon isolation of these components, pharmaceutical grade
manipulation is anticipated. Therefore the term bacterial strain as used in this

specification refers to active components thereof.

The general use of the bacterial strains is in the form of viable cells. However, it can
also be extended to non-viable cells such as killed cultures or compositions
containing beneficial factors expressed by the bacterial strains. This could include
thermally killed micro-organisms or micro-organisms killed by exposure to altered

pH or subjection to pressure. With non-viable cells product preparation is simpler,
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cells may be incorporated easily into pharmaceuticals and storage requirements are
much less limited than viable cells. Lactobacillus casei YIT 9018 offers an example
of the effective use of heat killed cells as a method for the treatment and/or

prevention of tumour growth as described in US Patent No. US4347240.

The specific application of bacterial activated dendritic cells for the treatment of
human disease will depend on the disease state being treated. Dendritic cells can be
isolated from all types of human tissue, including peripheral blood, mucosal sites,
etc. It is envisaged that tissue will be isolated from a patient by a physician.
Following removal of patient tissue, dendritic cells are purified, under sterile
conditions, using antibody-labelling techniques (such as magnetic bead isolation).
Dendritic cells may be cultured in vitro with cytokines and subsequently activated by
bacterial cells, or can be activated immediately following purification by bacterial
cells. Bacterial activated dendritic cells are administered back to the same patient
from whom they were first isolated. The route of administration may be parenteral
or enteral, including subcutaneous injection, intramuscular injection, intraperitoneal
injection, intravenous injection, intravenous drip, nasal spray, oral consumption in
enteric coated capsules, etc. Dendritic cells may be administered in a saline or
nutrient solution, or can be administered with an adjuvant. For treatment of cancer
patients, dendritic cells can be co-administered with tumour cells, preferably derived
from the same patient. In other disease states, dendritic cells may be co-administered
with antigens associated with disease pathology, such as myelin basic protein (i.e.
multiple sclerosis). It is anticipated that dendritic cells may be administered at

greater than 1x10° cells per patient and that treatment can be repeated as required.

The invention is not limited to the embodiments hereinbefore described which may

be varied in detail.
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CLAIMS

1. Dendritic cells which have been exposed to at least one bacterial strain.

2. Dendritic cells which have been exposed to bacterial species present in the
human commensal flora.

3. Dendritic cells as claimed in claim 1 or 2 wherein the bacterial strain is a
Lactobacillus.

4, Dendritic cells as claimed in claim 3 wherein the Lactobacillus is
Lactobacillus salivarius.

5. Dendritic cells as claimed in claim 4 wherein the Lactobacillus is

Lactobacillus salivarius subspecies salivarius.

6. Dendritic cells as claimed in any of claims 1 to 5 wherein the bacterial strain

is Lactobacillus salivarius subspecies salivarius 433118.

7. Dendritic cells as claimed in claim 1 or 2 wherein the bacterial strain is a
Bifidobacterium.
8. Dendritic cells as claimed in claim 7 wherein the bacterial strain is

Bifidobacterium infantis.

9, Dendritic cells as claimed in claim 7 or 8 wherein the bacterial strain is

Bifidobacterium infantis 35624.
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19.
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Dendritic cells as claimed in claim 1 or 2 wherein the bacterial strain is

salmonella.

Dendritic cells as claimed in claim 10 wherein the bacterial strain is

Salmonella typhimurium.

Dendritic cells as claimed in claim 10 or 11 wherein the bacterial strain is

Salmonella typhimurium UK.

Dendritic cells as claimed in any preceding claim exposed to dead bacteria, or

components or mutants thereof.

An active derivative, fragment or mutant of dendritic cells as claimed in any

preceding claim.

A formulation comprising dendritic cells as claimed in any of claims 1 to 13

or an active derivative, fragment or mutant thereof.

A pharmaceutical comprising dendritic cells as claimed in any of claims 1 to

13 or an active derivative, fragment or mutant thereof.

A vaccine comprising dendritic cells as claimed in any of claims 1 to 13 or an

active derivative, fragment or mutant thereof.

A method for activating dendritic cells comprising exposing dendritic cells to

at least one bacterial strain.

A method for activating dendritic cells comprising exposing dendritic cells to

bacterial species present in the human commensal flora.
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A method as claimed in claim 18 or 19 wherein the bacterial strain is a

Lactobacillus.

A method as claimed in claim 20 wherein the Lactobacillus is Lactobacillus

salivarius.

A method as claimed in claim 21 wherein the Lactobacillus is Lactobacillus

salivarius subspecies salivarius.

A method as claimed in any of claims 18 to 22 wherein the bacterial strain is

Lactobacillus salivarius subspecies salivarius 433118.

A method as claimed in claim 18 or 19 wherein the bacterial strain is a

Bifidobacterium.

A method as claimed in claim 24 wherein the bacterial strain is

Bifidobacterium infantis.

A method as claimed in claim 24 or 25 wherein the bacterial strain is

Bifidobacterium infantis 35624.

A method as claimed in claim 18 or 19 wherein the bacterial strain is

salmonella.

A method as claimed in claim 27 wherein the bacterial strain is Salmonella

typhimurium.



10

15

20

25

WO 02/083879 PCT/IE02/00043

29.

30.

31.

32.

-37 -

A method as claimed in claim 27 or 28 wherein the bacterial strain is

Salmonella typhimurium UK1.

Dendritic cells whenever activated by a method as claimed in any of claims

18 to 29.

Use of dendritic cells as claimed in any of claims 1 to 13 or 30 or an active
derivative fragment or mutant thereof in the prevention and/or treatment of
inflammatory disorders, immunodeficiency, inflammatory bowel disease,
irritable bowel syndrome, cancer (particularly of the gastrointestinal and
immune systems), diarrhoeal disease, antibiotic associated diarrhoea,
paediatric diarrhoea, appendicitis, autoimmune disorders, multiple sclerosis,
Alzheimer’s disease, rheumatoid arthritis, coeliac disease, diabetes mellitus,
organ transplantation, bacterial infections, viral infections, fungal infections,
periodontal disease, urogenital disease, sexually transmitted disease, HIV
infection, HIV replication, HIV associated diarrhoea, surgical associated
trauma, surgical-induced metastatic disease, sepsis, weight loss, anorexia,
fever control, cachexia, wound healing, ulcers, gut barrier function, allergy,
asthma, respiratory disorders, circulatory disorders, coronary heart disease,
anaemia, disorders of the blood coagulation system, renal disease, disorders
of the central nervous system, hepatic disease, ischaemia, nutritional
disorders, osteoporosis, endocrine disorders, epidermal disorders, psoriasis

and/or acne vulgaris.

A method for the prophylaxis and/or treatment of inflammatory disorders,
immunodeficiency, inflammatory bowel disease, irritable bowel syndrome,
cancer (particularly of the gastrointestinal and immune systems), diarrhoeal

disease, antibiotic associated diarrhoea, paediatric diarrhoea, appendicitis,
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autoimmune disorders, multiple sclerosis, Alzheimer’s disease, rheumatoid
arthritis, coeliac disease, diabetes mellitus, organ transplantation, bacterial
infections, viral infections, fungal infections, periodontal disease, urogenital
disease, sexually transmitted disease, HIV infection, HIV replication, HIV
associated diarrhoea, surgical associated trauma, surgical-induced metastatic
disease, sepsis, weight loss, anorexia, fever control, cachexia, wound healing,
ulcers, gut barrier function, allergy, asthma, respiratory disorders, circulatory
disorders, coronary heart disease, anaemia, disorders of the blood coagulation
system, renal disease, disorders of the central nervous system, hepatic
disease, ischaemia, nutritional disorders, osteoporosis, endocrine disorders,
epidermal disorders, psoriasis and/or acne vulgaris comprising administering
dendritic cells as claimed in any of claims 1 to 13 or 30 or an active

derivative, fragment or mutant thereof.
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