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METHOD OF TREATMENT USING LIGAND-IMMUNOGEN CONJUGATES

FIELD OF THE INVENTION

This invention relates to a method and pharmaceutical composition for
use in treating disease states characterized by the existence of pathogenic cell
populations. More particularly, cell-targeted ligand-immunogen complexes are
administered to a diseased host, optionally in combination with an immune system

stimulant, to enhance and/or redirect host immune responses to the pathogenic cells.

BACKGROUND AND SUMMARY OF THE INVENTION

The mammalian immune system provides a means for the recognition
and elimination of tumor cells, other pathogenic cells, and invading foreign
pathogens. While the immune system normally provides a strong line of defense,
there are still many instances where cancer cells, other pathogenic cells, or infectious
agents evade a host immune response and proliferate or persist with concomitant host
pathogenicity. Chemotherapeutic agents and radiation therapies have been developed
to eliminate replicating neoplasms. However, most, 1f not all, of the currently
available chemotherapeutic agents and radiation therapy regimens have adverse side
effects because they work not only to destroy cancer cells, but they also affect normal
host cells, such as cells of the hematopoietic system. Furthermore, chemotherapeutic
agents have limited efficacy in instances where host drug resistance is developed.

Foreign pathogens can also proliferate in a host by evading a
competent immune response or where the host immune system has been compromised
by drug therapies or by other health problems. Although many therapeutic
compounds have been developed, many pathogens are or have become resistant to
such therapeutics. The capacity of cancer cells and infectious organisms to develop
resistance to therapeutic agents, and the adverse side effects of the currently available
anticancer drugs, highlight the need for the development of new therapies specific for
pathogenic cell populations with reduced host toxicity.

Researchers have developed therapeutic protocols for destroymng
cancer cells by targeting cytotoxic compounds specifically to such cells. These
protocols utilize toxins conjugated to ligands that bind to receptors unique to or

overexpressed by cancer cells in an attempt to minimize delivery of the toxin fo
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normal cells. Using this approach certain immunotoxins have been developed
consisting of antibodies directed to specific receptors on pathogenic cells, the
antibodies being linked to toxins such as ricin, Pseudomonas exotoxin, Diptheria
toxin, and tumor necrosis factor. These immunotoxins target tumor cells bearing the
specific receptors recognized by the antibody (Olsnes, S., Immunol. I oday, 10,

pp. 291-295, 1989; Melby, E.L., Cancer Res., 53(8), pp. 1755-1760, 1993, Better,
M.D., PCT Publication No. WO 91/07418, published May 30, 1991).

Another approach for selectively targeting populations of cancer cells
or foreign pathogens in a host is to enhance host immune response against the
pathogenic cells, thereby avoiding the need for administration of compounds that may
also exhibit independent host toxicity. One reported strategy for immunotherapy 1s to
bind antibodies, for example, genetically engineered multimeric antibodies, to the
tumor cell surface to display the constant region of the antibodies on the cell surface
and thereby induce tumor cell killing by various immune-system mediated processes.
(De Vita, V.T., Biologic Therapy of Cancer, 2d ed. Philadelphia, Lippincott, 1995;
Soulillou, J.P., U.S. Patent No. 5,672,486). However, this approach has been
complicated by the difficulties in defining tumor-specific antigens. Another approach
to relying on host immune competency is the targeting of an anti-T cell receptor
antibody or anti-Fc receptor antibody to tumor cell surfaces to promote direct binding

of immune cells to tumors (Kranz, D.M., U.S. Patent No. 5,547,668). A vaccine-

* based approach has also been described which relies on a vaccine comprising antigens

fused to cytokines, with the cytokine modifying the immunogenicity of the vaccine
antigen, and, thus, stimulating the immune response to the pathogenic agent (Pillai,
S.. PCT Publication No. WO 91/11146, published Feb. 7, 1991). That method relies
on indirect modulation of the immune response reported. Another approach for
killing unwanted cell populations utilizes IL-2 or Fab fragments of anti-thymocyte
globulin linked to antigens to eliminate unwanted T cells; however, based on reported
experimental data, the method appears to eliminate only 50% of the targeted cell
population, and results in nonspecific cell killing in vivo (1.e., 50% of peripheral
blood lymphocytes that are not T cells are also killed (Pouletty, P., PCT Publication
No. WO 97/37690, published October 16, 1997)). Thus, there remains a significant
need for therapies directed to treatment of disease states characterized by the

existence of pathogenic cell populations in an affected host.
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Immunity can be categorized as inmate or adaptive immunity with
adaptive immunity being mediated by T and B cells which exhibit specificity and
memory. The innate immune response is an immediate response that can be mediated
by phagocytic cells, natural killer cells, T cells, and other cells, and the complement
system. Phagocytic cells such as monocytes/macrophages and dendritic cells
(antigen-presenting cells) serve dual functions that include killing and degrading of
infectious agents or foreign antigens and presenting of components of the ingested
pathogens to naive T cells in the context of MHC or MHC-like self antigens. Naive T
cells recognize the foreign antigen in the context of MHC or MHC-like antigens and
differentiate into mature Tyl or Tu2 cells which can then induce adaptive immunity.

Immune cells that mediate innate immunity are capable of
distinguishing between self and pathogenic agents by utilizing receptors on the
surface of these cells that recognize conserved motifs on pathogens that are not
present in higher eukaryotes. One such class of receptors is the toll-like family of
receptors which are conserved between insects and humans and were first identified
in Drosophila.

The toll-like receptor family contains at least ten members (TLRs 1-
10) and toll-like receptors are present on the surface of monocytes/macrophages and
dendritic cells. The toll-like receptors are activated through recognition of conserved
motifs on pathogens, but it is not known whether the activation occurs through direct
binding of the conserved motif to the toll-like receptor or through binding to an
accessory receptor that interacts with the toll-like receptor. Activation of toll-like
receptors results in cytokine secretion and induction of an innate immune response n
which naive T cells differentiate into Tyl or Ty2 cells. Thus, toll-like receptors may
provide a critical link between innate immune recognition and subsequent activation
of adaptive immunity.

Molecules capable of activating toll-like receptors may be components
of pathogenic agents, such as muramyl dipeptide, LPS, lipopeptides, lipoproteins,
peptidoglycan, lipoteichoic acid, lipoarabinomannan, and Zymosan (a yeast cell wall
preparation), or may be other molecules endogenous to a host such as fibronectin or
heat shock proteins. These molecules activate toll-like receptors through a direct

binding event which promotes cytokine secretion from monocytes/macrophages and
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dendritic cells resulting in an innate immune response, or the toll-like receptor may be
activated indirectly through an accessory receptor.

The present invention is directed to a method of eliminating
pathogenic cell populations in a host by increasing host immune system recognition
of and response to such cell populations. Effectively, the antigenicity of the cellular
pathogens is increased to enhance the endogenous immune response-mediated
elimination of the population of pathogenic cells. The method avﬁids Or MINIMmMIZes
the use of cytotoxic or antimicrobial therapeutic agents. The method comprises
administration of a ligand-immunogen conjugate wherein the ligand 1s capable of
specific binding to a population of pathogenic cells in vivo that uniquely expresses,
preferentially expresses, or overexpresses a ligand binding moiety, and the
immunogen is a molecule capable of activating a toll-like receptor and is capable of
eliciting an innate immune response in the host animal. The immune system
mediated elimination of the pathogenic cells is directed by the binding of the ligand
component of the ligand-immunogen conjugate to a receptor, a transporter, or other
surface-presented protein uniquely expressed, overexpressed, or preferentially
expressed by the pathogenic cell. A surface-presented protein uniquely expressed,
overexpressed, or preferentially expressed by the pathogenic cell 1s a receptor not
present or present at lower amounts on non-pathogenic cells providing a means for
selective elimination of the pathogenic cells. At least one additional therapeutic
factor, for example, an immune system stimulant, can be co-administered to the host
animal to enhance therapeutic efficacy.

In one embodiment, the present method includes the steps of
administering ligands capable of high affinity specific binding in vivo to cell surtace
proteins uniquely expressed, preferentially expressed, or overexpressed on the
targeted pathogenic cell population, the ligands being conjugated to immunogens
capable of activating a toll-like receptor and eliciting an innate immunity in the host
animal, and co-administering at least one therapeutic factor that 1s an endogenous
immune response activator. In one preferred embodiment the method involves
administering a ligand-immunogen conjugate composition to the host anifnal wherein
the ligand is folic acid or another folate receptor binding ligand (e.g., folic acid
analogues or a folate receptor binding ligand unrelated to folate may be used). The

ligand is conjugated, for example, by covalent binding, to the immunogen. At least
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one additional therapeutic factor, not capable of specific binding to the ligand-
immunogen complex, but capable of stimulating or enhancing an endogenous 1mmune
response, can be administered to the host animal in conjunction with administration of
the ligand-immunogen conjugates.

In accordance with another embodiment there 1s provided a method of
enhancing an endogenous immune response-mediated specific elimination of a
population of pathogenic cells in a host animal harboring the population wherein the
members of the cell population have an accessible binding site for a ligand. The
method comprises the step of administering to the host a ligand-immunogen conjugate
composition comprising a complex of the ligand and an immunogen wherein the
immunogen is capable of activating a toll-like receptor and wherein the ligand 1s a
vitamin, or a derivative or analog thereof, and administering to the host at least one
additional composition comprising a therapeutic factor, wherein the therapeutic factor
is a compound capable of stimulating an endogenous immune response wherein the
compound does not bind to the ligand-immunogen conjugate.

In one preferred embodiment, there is provided a method of enhancing
an endogenous immune response-mediated specific elimination of a population of
pathogenic cells in a host animal harboring the population wherein the population
preferentially expresses, uniquely expresses, or overexpresses a vitamin receptor. The
method comprises the step of administering to the host a composition comprising a
ligand covalently linked to an immunogen, wherein the immunogen 1s capable of
activating a toll-like receptor and wherein the ligand is a vitamin, or a derivative or
analog thereof.

In still one other embodiment, the targeted pathogenic cell population
is a cancer cell population. In another embodiment the targeted cell population 1s
virus-infected cells. In another embodiment the targefed cell population is a
population of exogenous organisms such as bacteria, mycoplasma yeast or fungi. In
another embodiment the targeted cell population is a population of activated
macrophages that mediates a disease state. The ligand-immunogen conjugate binds to
the surface of the tumor cells or pathogenic organisms and “labels” the cell members
of the targeted cell population with the immunogen, thereby eliciting an immune-

mediated response directed at the labeled cell population. The immunogen can be
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directly recognized by immune cells and direct killing of the pathogenic cells can
OCCULr.

Elimination of the foreign pathogens, infected or neoplastic
endogenous cells or pathogenic cells can be enhanced by administering a therapeutic
factor capable of stimulating an endogenous immune response. In one embodiment
the immune stimulant 1s an interleukin such as IL-2, IL-12, IL-135, IL-18, or an IFN
such as IFN-¢, IFN-B, or IFN-vy, or GM-CSF. In another embodiment the immune
stimulant may be a cytokine composition comprising combinations of cytokines, such
as IL-2, IL-12 or IL-15 in combination with IFN-¢, IFN-83, or IFN-v, or GM-CSF, or
any effective combination thereof, or any other effective combination of cytokines.
The above-identified cytokines stimulate Tyl responses, but cytokines that stimulate
Ty2 responses may also be used, such as IL-4, IL-10, IL-11, or any effective
combination thereof. Also, combinations of cytokines that stimulate Tyl responses
along with cytokines that stimulate Ty2 responses may be used.

In another embodiment, a pharmaceutical composition 1s provided.
The pharmaceutical composition comprises therapeutically effective amounts of a
ligand-immunogen conjugate wherein the immunogen 1s capable of activating a toll-
like receptor and wherein the ligand is a vitamin, or a derivative or analog thereof,
and a pharmaceutically acceptable carrier theretor.

In still one other embodiment, there 1s provided a pharmaceutical
composition comprising therapeutically effective amounts of a ligand-immunogen
conjugate wherein the immunogen is capable of activating a toll-like receptor and
wherein the ligand is a vitamin, or a derivative or analog thereof, a therapeutic factor
wherein the therapeutic factor is a compound capable of stimulating an endogenous
immune response wherein the compound does not bind to the ligand-immunogen
conjugate, and a pharmaceutically acceptable carrier therefor. In one embodiment the
pharmaceutical composition is in a parenteral prolonged release dosage form. In
another embodiment the therapeutic factor is an immune stimulant comprising a
compound selected from the group consisting of any interleukin including IL-2, IL-4,
[L-10, IL-11, IL-12, IL-15, and IL-18, an IFN such as IFN-¢, IFN-G, or IFN-v, and
GM-CSF, or combinations thereof.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig. | Muramyl dipeptide and muramyl dipeptide-folate therapy for
tumor-implanted mice.

Fig.2 CpG and CpG-folate therapy for tumor-implanted mice.

DETAILED DESCRIPTION OF THE INVENTION

Methods are provided for the therapeutic treatment of a host with a
disease state mediated by pathogenic cells or a host infected with pathogenic
organisms. The methods result in enhancement of the immune response-mediated
elimination of pathogenic cell populations by rendering/labeling the pathogenic cells
antigenic resulting in their recognition and elimination by the host immune system.
The method employs a ligand-immunogen conjugate capable of high affinity binding
to cancer cells or other pathogenic agents or pathogenic cells. The high affinity
binding can be inherent to the ligand and it may be modified (enhanced) by the use of
a chemically modified ligand or from the particular chemical linkage between the
ligand and the immunogen that is present in the conjugate. The method can also
utilize combination therapy by employing the ligand-immunogen conjugate and an
additional therapeutic factor capable of enhancing immune response-mediated
elimination of the pathogenic cell populations.

The method of the present invention is utilized to enhance an
endogenous immune response-mediated elimination of a population of pathogenic
cells in a host animal harboring the population of pathogenic cells. The invention 1s
applicable to populations of pathogenic cells that cause a variety of pathologies such
as cancer, inflammation, autoimmune diseases, and infectious diseases. Thus, the
population of pathogenic cells can be a cancer cell population that is tumorigenic,
including benign tumors and malignant tumors, or it can be non-tumorigenic. The
cancer cell population can arise spontaneously or by such processes as mutations
present in the germline of the host animal or somatic mutations, or it may be
chemically-, virally-, or radiation-induced. The invention can be utilized to treat such
cancers as carcinomas, sarcomas, lymphomas, Hodgekin’s disease, melanomas,
mesotheliomas, Burkitt’s lymphoma, nasopharyngeal carcinomas, leukemias, and
myelomas. The cancer cell population can include, but is not limited to, oral, thyroid,

endocrine, skin, gastric, esophageal, laryngeal, pancreatic, colon, bladder, bone,
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ovarian, cervical, uterine, breast, testicular, prostate, rectal, kidney, liver, and lung
cancers.

The population of pathogenic cells can also be an exogenous pathogen
or a cell population harboring an exogenous pathogen, e.g., a virus. The present
invention is applicable to such exogenous pathogens as bacteria, fungi, viruses,
mycoplasma, and parasites. Infectious agents that can be treated with the present
invention are any art-recognized infectious organisms that cause pathogenesis i an
animal, including such organisms as bacteria that are gram-negative or gram-positive
cocci or bacilli, DNA and RNA viruses, including, but not limited to, DNA viruses
such as papilloma viruses, parvoviruses, adenoviruses, herpesviruses and vaccinia
viruses, and RNA viruses, such as arenaviruses, coronaviruses, rhinoviruses,
respiratory syncytial viruses, influenza viruses, picornaviruses, paramyxoviruses,
reoviruses, retroviruses, and rhabdoviruses. Of particular interest are bacteria that are
resistant to antibiotics such as antibiotic-resistant Streptococcus species and
Staphlococcus species, or bacteria that are susceptible to antibiotics, but cause
recurrent infections treated with antibiotics so that resistant organisms eventually
develop. Such organisms can be treated with the ligand-immunogen conjugates of the
present invention in combination with lower doses of antibiotics than would normally
be administered to a patient to avoid the development of these antibiotic-resistant
bacterial strains. The present invention is also applicable to any fungi, mycoplasma
species, parasites, or other infectious organisms that cause disease in animals.
Examples of fungi that can be treated with the method of the present invention
include fungi that grow as molds or are yeast-like, including, for example, fung that
cause diseases such as ringworm, histoplasmosis, blastomycosis, aspergillosis,
cryptococcosis, sporotrichosis, coccidioidomycosis, paracoccidio-idomycosis, and
candidiasis. The present invention can be utilized to treat parasitic infections
including, but not limited to, infections caused by somatic tapeworms, blood flukes,
tissue roundworms, ameba, and Plasmodium, Trypanosoma, Leishmania, and
Toxoplasma species. Parasites of particular interest are those that express folate
receptors and bind folate; however, the literature is replete with reference to ligands
exhibiting high affinity for infectious organisms. For example, penicillins and
cephalosporins known for their antibiotic activity and specific binding to bacterial cell

wall precursors can similarly be used as ligands for preparing ligand-immunogen
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conjugates for use in accordance with this invention. The ligand-immunogen
conjugates of the invention can also be directed to a cell population harboring
endogenous pathogens wherein pathogen-specific antigens are preferentially
expressed on the surface of cells harboring the pathogens, and act as receptors for the
ligand with the ligand specifically binding to the antigen.

Additionally, the population of pathogenic cells can be a population of
activated macrophages that mediates a disease state. Activated macrophages often
overexpress cell surface proteins such as the folate receptor. The activated
macrophages may aggravate or cause such disease states as ulcerative colitis, Crohn’s
disease, rheumatoid arthritis, osteomyelitis, artherosclerosis, graft versus host disease,
psoriasis, osteoporosis, sarcoidosis, multiple sclerosis, and other inflammatory and
autoimmune diseases. The activated macrophage cell population can also be a
population of activated macrophages infected with such pathogens as Salmonella,
Shigella, and Tuberculosis species. The activated macrophages are targeted for
elimination as a result of binding of the ligand-immunogen conjugates to the activated
macrophage cell surface.

The method of the present invention can be used for both human
clinical medicine and veterinary applications. Thus, the host animals harboring the
population of pathogenic organisms and treated with ligand-immunogen conjugates
can be humans or, in the case of veterinary applications, can be laboratory,
agricultural, domestic, or wild animals. The present invention can be applied to host
animals including, but not limited to, humans, laboratory animals such rodents (e.g.,
mice, rats, hamsters, etc.), rabbits, monkeys, chimpanzees, domestic animals such as
dogs, cats, and rabbits, agricultural animals such as cows, horses, pigs, sheep, goats,
and wild animals in captivity such as-bears, pandas, lions, tigers, leopards, elephants,
zebras, giraffes, gorillas, dolphins, and whales.

The ligand-immunogen conjugate is preferably administered to the
host animal parenterally, e.g., intradermally, subcutaneously, intramuscularly,
intraperitoneally, or intravenously. Alternatively, the conjugate can be administered
to the host animal by other medically useful processes, such as oral administration,
and any effective dose and suitable therapeutic dosage form, including prolonged
release dosage forms, can be used. The method of the present invention can be used

in combination with surgical removal of a tumor, radiation therapy, chemotherapy, or
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biological therapies such as other immunotherapies including, but not limited to,
monoclonal antibody therapy, treatment with immunomodulatory agents, adoptive
transfer of immune effector cells, treatment with hematopoietic growth factors,
cytokines and vaccination.

In accordance with the present invention, the ligand component of the
ligand-immunogen conjugates may be selected from a wide variety of ligands. The
ligands must be capable of specifically eliminating a population of pathogenic cells in
the host animal due to preferential expression of a receptor for the ligand, accessible
for ligand binding, on the pathogenic cells. Acceptable ligands include folic acid,
analogs of folic acid and other folate receptor-binding molecules including folate
receptor binding ligands unrelated to folate, other vitamins, peptide ligands 1dentified
from library screens, tumor-specific peptides, tumor-specific aptamers, tumor-specific
carbohydrates, tumor-specific monoclonal or polyclonal antibodies, Fab or scFv (1.e.,
a single chain variable region) fragments of antibodies such as, for example, an Fab
fragment of an antibody directed to EphA2 or other proteins specifically expressed or
uniquely accessible on metastatic cancer cells, small organic molecules derived from
combinatorial libraries, growth factors, such as EGF, FGF, insulin, and insulin-like
erowth factors, and homologous polypeptides, somatostatin and its analogs,
transferrin, lipoprotein complexes, bile salts, selectins, steroid hormones, Arg-Gly-
Asp containing peptides, retinoids, various Galectins, 6-opioid receptor ligands,
cholecystokinin A receptor ligands, ligands specific for angiotensin AT1 or AT2
receptors, peroxisome proliferator-activated receptor 7y ligands, S-lactam antibiotics,
small organic molecules including antimicrobial drugs, and other molecules that bind
specifically to a receptor preferentially expressed on the surface of tumor cells or on
an infectious organism, or fragments of any of these molecules. Of mnterest in the
case of ligands that bind to infectious organisms, are any molecules, such as
antibiotics or other drugs, that are known in the art to preferentially bind to the
microorganism. The invention also applies to ligands which are molecules, such as
antimicrobial drugs, designed to fit into the binding pocket of a particular receptor,
based on the crystal structure of the receptor, or other cell surface protein, and
wherein such receptors are preferentially expressed on the surface of tumors, bacteria,
viruses, mycoplasma, fungi, parasites, or other pathogens. It is also contemplated, in

a preferred embodiment of the invention, that ligands binding to any tumor antigens
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or other molecules preferentially expressed on the surface of tumor cells may be
utilized.

The binding site for the ligand can include receptors for any molecule
capable of specifically binding to a receptor wherein the receptor or other protein is
preferentially expressed on the population of pathogenic cells, including, for example,
receptors for growth factors, vitamins, peptides, including opioid peptides, hormones,
antibodies, carbohydrates, and small organic molecules. The binding site can also be
a binding site for any molecule, such as an antibiotic or other drug, where the site 1s
known in the art to preferentially exist on microorganisms. For example, the subject
binding sites can be binding sites in the bacterial cell wall for a 8-lactam antibiotic
such as penicillin, or binding sites for an antiviral agent uniquely present on the
surface of a virus. The invention also applies to binding sites for ligands, such as
antimicrobial drugs, designed to fit into the binding site of the receptor, based on the
crystal structure of the receptor, and wherein the receptor is preferentially expressed
on the surface of the pathogenic cells or organisms. It is also contemplated that
tumor-specific antigens can function as binding sites for ligands in the method of the
present invention. An example of a tumor-specific antigen that could function as a
binding site for ligand-immunogen conjugates is an extracellular epitope of a member
of the Ephrin family of proteins, such as EphA2. EphA2 expression is restricted to
cell-cell junctions in normal cells, but EphA2 is distributed over the entire cell surface
in metastatic tumor cells. Thus, EphA2 on metastatic cells would be accessible for
binding to, for example, an Fab fragment of an antibody conjugated to an
immunogen, whereas the protein would not be accessible for binding to the Fab
fragment on normal cells, resulting in a ligand-immunogen conjugate specific for
metastatic cancer cells. The invention further contemplates the use of combinations
of ligand-immunogen conjugates to maximize targeting of the pathogenic cells for
elimination by an innate 1mmune response.

Acceptable immunogens for use in the present invention are
immunogens capable of activating a member of the toll-like family of receptors (e.g.,
TLR2, TLR4, TLRS, TLR6, TLRY, or TLR10) and eliciting an innate immune
response. Suitable immunogens for use in the invention include ligands capable of
activating a toll-like receptor such as muramyl dipeptide, lipopeptides, lipoproteins,

lipoarabinomannan, LPS, with the essential structural feature for binding to toll-like
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receptors being lipid A, peptidoglycan, Zymosan (a yeast cell wall preparation), GPI
anchor proteins, soluble tuberculosis factor, taxol, F protein from respiratory syncytial
virus, flagellin, nucleotides, such as CpG nucleotides, lipoteichoic acid, N-formyl
Met, mannans, mannoproteins, and the like. Also, ligands present endogenously 1n
the host animal may be used such as fibronectin, fibrinogen, other extracellular matrix
components, factors released as a result of cell death or injury, and heat shock
proteins (e.g., hsp 60). In one embodiment the ligand-immunogen conjugate is a
conjugate where the ligand 1s a vitamin and the immunogen is capable of activating a
member of the toll-like family of receptors.

The ligands and immunogens of the mvention can be conjugated by
utilizing any art-recognized method of forming a complex. This can mclude covalent,
ionic, or hydrogen bonding of the ligand to the immunogen, either directly or
indirectly via a linking group such as a divalent linker. The conjugate 1s typically
formed by covalent bonding of the ligand to the immunogen through the formation of
amide, ester or 1imino bonds between acid, aldehyde, hydroxy, amino, or hydrazo
groups on the respective components of the complex. In a preferred embodiment, the
ligand 1s folic acid, an analog of folic acid, or any other folate-receptor binding
molecule, and the folate ligand 1s conjugated to the immunogen by a procedure that
utilizes trifluoroacetic anhydride to prepare y-esters of folic acid via a pteroyl azide
intermediate. This preferred procedure results 1n the synthesis of a folate ligand,
conjugated to the immunogen only through the y-carboxy group of the glutamic acid
groups of folate wherein the y-conjugate binds to the folate receptor with high
affinity, avoiding the formation of mixtures of an a~conjugate and the y-conjugate.
Alternatively, pure a-conjugates can be prepared from imtermediates wherein the -
carboxy group 1s selectively blocked, the a-conjugate 1s formed and the y-carboxy
group 1s subsequently deblocked using art-recognized organic synthesis protocols and
procedures. Notably other vitamins can be employed as ligands for preparing the
conjugates in accordance with this invention. For example, ligand-immunogen
conjugates can be formed with vitamins such as biotin, riboflavin, thiamine, and
vitamin B1,, as well as folate. (See U.S. Patents Nos. 5,108,921, 5,416,016, and
5,635,382 imcorporated herein by reference.) Alternatively, folate receptor binding

ligands unrelated to folate can be used.
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The ligand-immunogen conjugates of the invention enhance an
endogenous immune response-mediated elimination of a population of patho genic
cells. The endogenous immune response includes a cell-mediated immune response,
and any other immune response endogenous to the host animal. For example, the
endogenous immune response can involve toll-like receptor expressing immune cells
such as macrophages and dendritic cells that play significant roles m the innate
immune response by serving as antigen-presenting cells. The delivered ligand-
immunogen conjugates function as cross-linking agents for recruitment of toll-like
receptor expressing immune cells to pathogenic cells. The direct recognition of the
delivered immunogen by toll-like receptors expressed on the surface of antigen-
presenting cells can result in the production of cytokines such as IL-12 and IL-18,
which induce naive T cells to differentiate into Tyl cells. Alternatively, the
immunogen can activate a toll-like receptor indirectly through interaction with an
accessory protein, leading ultimately to an innate immune response involving
differentiation of naive T cells into Tyl cells. Therefore, activation of toll-like
receptors provides an innate mechanism by which the ligand-immunogen conjugates
preferentially activate cell-mediated immunity against the population of pathogenic
cells.

The immunogen may also be internalized by antigen-presenting cells
through interaction with toll-like receptors or by phagocytosis or endocytosis
resulting in the processing of the immunogen and presentation to naive T cells 1n the
context of MHC or MHC-like antigens (e.g., CD1) on the surface of antigen-
presenting cells. As a result of antigen presentation, antigen-presenting cells mduce
naive T cells to differentiate into Tyl cells, but a T2 response can also be induced.
The polarization of the immune response toward a Tyl or Ty2 response depends on
the cytokines released during the interaction of T cells with antigen-pres enting cells.
The Ty1 and Ty2 responses result from antigen presentation in combination with
release of stimulatory cytokines from antigen-presenting cells (e.g., IL-12 and IL-18
to induce the Tyl response and 1L-4 to induce the Ty2 response). Effector cytokines
can also be released from Tyl cells (e.g., IFN-y) and Ty2 cells (e.g., [L-4, IL-5, 1L-10,
and I1.-13) to further promote T cell differentiation. It is also contemplated that the
innate immune response will employ the secretion of cytokines that re gulate such

processes as the multiplication and migration of 1mmune cells.
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Toll-like receptor ligands can induce an humoral response as a result of
induction of innate immunity. In this case, toll-like receptor ligands can bind to toll-
like receptors on dendritic cells (a type of antigen-presenting cell) promoting
maturation of the dendritic cells. Mature dendritic cells then migrate to draining
lymph nodes where they induce adaptive immunity (e.g., an humoral response) by
stimulating T lymphocytes to secrete cytokines that promote humoral responses.

If adaptive immunity (i.e., an humoral response) is induced consequent
to induction of innate immunity, it is contemplated that antibodies would be directed
to the tumor cells or infectious organisms by binding to ligand-immunogen conjugates
which preferentially bind to these invading cells or organisms and that the pathogenic
cells would be killed by complement-mediated lysis, ADCC, antibody-dependent
phagocytosis, or antibody clustering of receptors. The cytotoxic process can also
involve other types of immune responses, such as cell-mediated immunity, as well as
secondary responses that arise when the attracted antigen-presenting cells
phagocytose the unwanted cells and present natural tumor antigens or antigens of
foreign pathogens to the immune system for elimination of the cells or organisms
bearing the antigens.

At least one additional composition comprising a therapeutic factor can
be administered to the host in combination or as an adjuvant to the above-detailed
methodology, to enhance the endogenous immune response-mediated elimination of
the population of pathogenic cells, or more than one additional therap eutic factor can
be administered. The therapeutic factor is a compound capable of stimulating an.
endogenous immune response or other therapeutic factor capable of complementing
the efficacy of the administered ligand-immunogen complex. The method of the
invention can be performed by administering to the host, in addition to the above-
described conjugates, compounds or compositions capable of stimulating an
endogenous immune response including, but not limited to, cytokines or immune cell
growth factors such as interleukins 1-18, stem cell factor, basic FGF, EGF, G-CSF,
GM-CSF, FLK-2 ligand, HILDA, MIP-1¢, TGF o, TGF 8, M-CSF, IFN ¢, IFN £,
IFN 7, soluble CD23, LIF, and combinations thereot.

Therapeutically effective combinations of these cytokines may also be
used. In a preferred embodiment, for example, therapeutically effective amounts of

I1.-2, for example, in amounts ranging from about 5000 IU/dose /day to about
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500,000 TU/dose/day in a multiple dose daily regimen, and IFN-¢, for example, in
amounts ranging from about 7500 IU/dose/day to about 150,000 IU/dose/day 1n a
multiple dose daily regimen, are used along with folate-muramyl dipeptide to
eliminate pathogenic cells in a host animal harboring such a population of cells. In
another preferred embodiment IL-12 and IFN-a are used in therapeutically effective
amounts along with the ligand-immunogen conjugates, and in yet another preferred
embodiment IL-15 and IFN-« are used in therapeutically effective amounts along
with the ligand-immunogen conjugates. In an alternate preferred embodiment 1L-2,
[FN-c or IFN-y, and GM-CSF are used in combination along with the ligand-
immunogen conjugates. Preferably, the therapeutic factor(s) used, such as 1L-2, 1L-
12, IL-15, IL-18, IFN-¢, IFN-v, and GM-CSF, including combinations thereof,
activate(s) natural killer cells and/or T cells (i.e., Tul cells) . Alternatively, the
therapeutic factor or combinations thereof, including an interleukin in combination
with an interferon and GM-CSF, can activate other immune effector cells such as
macrophages, B cells, neutrophils, LAK cells or the like, or the therapeutic factor can
activate T2 cells (e.g., IL-4, IL-10, or IL-11) . The invention also contemplates the
use of any other effective combination of cytokines including combinations of other
interleukins and interferons and colony stimulating factors.

Chemotherapeutic agents, which are cytotoxic themselves and can
work to enhance tumor permeability, can be used in combination with the ligand-
immunogen conjugates and cytokines in the method of the invention and such
chemotherapeutic agents include adrenocorticoids, alkylating agents, antiandrogens,
antiestrogens, androgens, estrogens, antimetabolites such as cytosine arabinoside,
purine analogs, pyrimidine analogs, and methotrexate, busulfan, carboplatin,
chlorambucil, cisplatin and other platinum compounds, tamoxiphen, taxol,
cyclophosphamide, plant alkaloids, prednisone, hydroxyurea, teniposide, antibiotics
such as mitomycin C and bleomycin, nitrogen mustards, nitrosureas, vincristine,
vinblastine, inflammatory and proinflammatory agents, and any other art-recognized
chemotherapeutic agent. Other therapeutic agents that can be administered adjuvant
to the administration of the present conjugates, include penicillins, cephalosporins,
vancomycin, erythromycin, clindamyecin, rifampin, chloramphenicol,

aminoglycosides, gentamicin, amphotericin B, acyclovir, trifluridine, ganciclovir,
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zidovudine, amantadine, ribavirin, and any other art-recognized antimicrobial
compound.
The elimination of the population of pathogenic cells will comprise a
reduction or elimination of tumor mass or of pathogenic organisms or pathogenic
5  cells resulting in a therapeutic response. In the case of a tumor, the elimination can be
an elimination of cells of the primary tumor or of cells that have metastasized or are
in the process of dissociating from the primary tumor. A prophylactic treatment to
prevent return of a tumor after its removal by any therapeutic approach mncluding
surgical removal of the tumor, radiation therapy, chemotherapy, or biological therapy
10  1is also contemplated in accordance with this invention. The prophylactic treatment
can be an initial treatment with the ligand-immunogen conjugate, such as treatment 1n
a multiple dose daily regimen, and/or can be an additional treatment or series of
treatments after an interval of days or months following the initial treatments(s).

The invention is also directed to pharmaceutical compositions

15  comprising an amount of a ligand-immunogen conjugate effective to “label” a
population of pathogenic cells in a host animal for specific elimination by an
endogenous immune response. Optionally, the composition further comprises an
amount of a compound capable of stimulating an endogenous immune response
wherein the compound does not bind to the ligand-immunogen conjugate. The

20  compound is effective to enhance the elimination of the pathogenic cells. The
pharmaceutical composition contains therapeutically effective amounts of the ligand-
immunogen conjugate and the therapeutic factor and the factor may comprise a
cytokine such as IL-2, IL-4, IL-10, IL-11, IL-12, IL-15, or IL-18 or combinations of
cytokines, including IL-2, IL-4, IL.-10, IL-11, IL-12, IL-15, or IL-18 and interierons

25  such as [FN-o or IFN-vy and combinations of interferons, interleukins, and colony
stimulating factors, such as GM-CSEF.

The unitary daily dosage of the ligand-immunogen conjugate can vary
significantly depending on the host condition, the disease state being treated, the
molecular weight of the conjugate, its route of administration and tissue distribution,

30  and the possibility of co-usage of other therapeutic treatments such as radiation
therapy. The effective amount to be administered to a patient 1s based on body
surface area, patient weight, and physician assessment of patient condition. An

effective dose can range from about 1 ng/kg to about 1 mg/kg, more preferably from
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about 1 pg/kg to about 500 pg/kg, and most preferably from about 1 pg/kg to about
100 ug/kg.

Any effective regimen for administering the ligand-immunogen
conjugate and the therapeutic factor, if included, can be used. For example, the
ligand-immunogen conjugate and therapeutic factor can be administered as single
doses, or they can be divided and administered as a multiple-dose daily regimen.
Further, a staggered regimen, for example, one to three days per week can be used as
an alternative to daily treatment, and for the purpose of defining this invention such
intermittent or staggered daily regimen is considered to be equivalent to every day
treatment and within the scope of this invention. In a preferred embodiment of the
invention the host is treated with multiple injections of the ligand-immunogen
conjugate and the therapeutic factor to eliminate the population of pathogenic cells.

In one embodiment, the host is injected multiple times (preferably about 2 up to about
50 times) with the ligand-immunogen conjugate, for example, at 12-72 hour intervals
or at 48-72 hour intervals. Additional injections of the ligand-immunogen conjugate
can be administered to the patient at an interval of days or months after the initial
injections(s) and the additional injections prevent recurrence of disease.
Alternatively, the initial injection(s) of the ligand-immunogen conjugate may prevent
recurrence of disease.

The therapeutic factor can be administered to the host animal prior to,
after, or at the same time as the ligand-immunogen conjugate and the therapeutic
factor may be administered as part of the same composition containing the conjugate
or as part of a different composition than the ligand-immunogen conjugate. Any such
therapeutic composition containing the therapeutic factor at a therapeutically effective
dose can be used in the present invention. Additionally, more than one type of ligand-
immunogen conjugate can be used. For example, the host animal can be treated with
muramyl dipeptide and taxol or a CpG nucleotide linked to the same or different
ligands in a co-dosing protocol. In the case of'‘chemotherapeutic and antimicrobial
agents, the therapeutic factor can be administered at a suboptimal dose along with the
licand-immunogen conjugate in a combination therapy to avoid development of
resistance to the chemotherapeutic or antimicrobial agent by the host animal.

The ligand-immunogen conjugate and the therapeutic factor are

preferably injected parenterally and such injections can be intrap eritoneally injections,
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subcutaneous injections, intramuscular injections, intravenous injections or intrathecal
injections. The ligand-immunogen conjugate and the therapeutic factor can also be
delivered using a slow pump. Examples of parenteral dosage forms include aqueous
solutions of the active agent, in an isotonic saline, 5% glucose or other well-known
pharmaceutically acceptable liquid carriers such as liquid alcohols, glycols, esters,
and amides. The parenteral dosage form in accordance with this invention can be in
the form of a reconstitutable lyophilizate comprising the dose of ligand-immunogen
conjugate and therapeutic factor. In one preferred aspect of the present embodiment,
any of a number of prolonged release dosage forms known in the art can be
administered such as, for example, the biodegradable carbohydrate matrices described
in U.S. Patents Nos. 4,713,249; 5,266,333; and 5,417,982, the disclosures of which
are incorporated herein by reference.

Oral ingestion can also be used to administer the ligand-immunogen
conjugates and therapeutic factor and such dosage forms include syrups, sprays, or
other liquid dosage forms, a gel-seal, or a capsule or caplet. Buccal and sublingual
administration comprises contacting the oral and pharyngeal mucosa of the patient
with the dose of ligand-immunogen conjugate and therapeutic factor either in a
pharmaceutically acceptable liquid dosage form, such as a syrup or a spray, or in a
saliva-soluble dosage form which is held in the patient’s mouth to form a saliva
solution in contact with the oral and pharyngeal mucosa. Exemplary of saliva-soluble
dosage forms are lozenges, tablets, and the like.

The ligand-immunogen conjugates and therapeutic factor intended for
buccal or sublingual administration in accordance with the present invention are
administered to the patient in a dosage form adapted to promote contact with the
patient’s oral and pharyngeal mucosa. Thus, the dosage form can be in the form of a
liquid solution such as a syrup, spray, or other liquid dosage form to be administered
and used by the patient in a manner which promotes contact of the with oral mucosal
tissues. Alternatively, the conjugates with therapeutic factor can be administered by
oral ingestion wherein the compounds are formulated into a syrup to be swallowed by
the patient and not held in the mouth. Syrups for either use may be flavored or
unflavored and may be formulated using a buffered aqueous solution as a base with
added caloric or non-caloric sweeteners, flavor oils and pharmaceutically acceptable

surfactant/dispersants. Other liquid dosage forms, including solutions or sprays can
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be prepared in a similar manner and can be administered buccally, sublingually, or by
oral imngestion.

Preferably, the conjugates with therapeutic factor for buccal/sublingual
administration in the present invention are formulated into a solid dosage form, such
as a lozenge or a tablet. This formulation preferably contains a saliva-soluble carrier
and can optionally contain desirable excipients, such as buffers, or tableting aids.

Lozenges for use in accordance with this invention can be prepared,
for example, by art-recognized techniques for forming compressed tablets where the
conjugates and therapeutic factor are dispersed on a compressible solid carrier,
optionally combined with any appropriate tableting aids such as a lubricant (e.g.,
magnesium-stearate) and is compressed into tablets. The solid carrier component for
such tableting formulations can be a saliva-soluble solid, such as a cold water-soluble
starch or a monosaccharide or disaccharide, so that the lozenge will readily dissolve
in the mouth. The pH of the above-described formulations can range from about 4 to
about 8.5. Lozenges for use in accordance with the present invention can also be
prepared utilizing other art-recognized solid unitary dosage formulation techniques.

Tablets for use in accordance with this invention can be prepared in a
manner similar to that described for preparation of lozenges or by other art-
recognized techniques for forming compressed tablets such as chewable vitamins.
Suitable solid carrier components for tableting include mannitol, microcrystalline

cellulose, carboxymethyl cellulose, and dibasic calcium phosphate.

Solid dosage forms for oral ingestion administration include such
dosage forms as caplets, capsules, and gel-seals. Such solid dosage forms can be
prepared using standard tableting protocols and excipients to provide conjugate and
therapeutic factor-containing capsules, caplets, or gel-seals. Any of the solid dosage
forms for use in accordance with the invention, including lozenges and tablets, can be

in a form adapted for sustained release.

EXAMPLE 1
EFFECT OF FOLATE-MURAMYL DIPEPTIDE CONJUGATES
ON SURVIVAL OF MICE WITH LUNG TUMOR IMPLANTS
Female Balb/c mice were injected on day 0 with 5 x 10° M109 cells, a

syngeneic lung cancer cell line that expresses high levels of the folate receptor. In an
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effort to reduce the time required to obtain long-term survival data, the tumor cells
were implanted intraperitoneally close to the liver. Cancer loci were then allowed to
attach and grow. The animals were then injected with PBS (control) or were co-
injected with folate-muramyl dipeptide (MDP) (15 nmoles/kg), IL-2 (5,000 IU/dose),
and IFN-c (25,000 U/dose) on days 7, 8, 9, 11, and 14 after tumor cell implantation.
Folate was conjugated to MDP via a gamma carboxyl-linked ethylene diamine bridge.
Additional animals were injected with 80 nmoles/kg MDP, 15 nmoles/kg folate-MDP,
or 80 nmoles/kg MDP and IL-2 and IFN-« at the concentrations specified above. The
efficacy of this immunotherapy was evaluated by monitoring survival as a function of
time of folate-MDP treated mice compared to control animals. As shown in Fig. 1,
control mice all died by day 21 whereas mice treated with MDP-folate + IL-2 + IFN-«
survived to day 40. Additionally, the capacity of folate-MDP in combination with IL-
2 and IFN-a to promote long-term survival of tumor-bearing mice is strongly
synergistic as the combination of IL-2 and IFN-o had little effect on long-term

survival of mice and folate-MDP alone had a negligible effect on the survival of the

mice.

EXAMPLE 2
EFFECT OF FOLATE-CpG CONJUGATES
ON SURVIVAL OF MICE WITH LUNG TUMOR IMPLANTS

Female Balb/c mice were injected on day 0 with 5 x 10° M109 cells, a
syngeneic lung cancer cell line that expresses high levels of the folate receptor. In an
effort to reduce the time required to obtain long-term survival data, the tumor cells
were implanted intraperitoneally close to the liver. Cancer loci were then allowed to
attach and grow. The animals were then injected with PBS (control), CpG (1500
nmoles/kg) or were injected with folate-CpG (1500 nmoles/kg) on days 7 and 8 after
tumor cell implantation. Folate was conjugated to 5'-amino CpG via a peptide bridge.
The efficacy of this immunotherapy was evaluated by monitoring survival as a
function of time. As shown in Fig. 2, control mice all died by day 25 whereas mice

treated with CpG survived to day 44 and mice treated with folate-CpG survived to
day 50.
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CLAIMS:

1. A method of enhancing an endogenous immune response-
mediated specific elimination of a population of pathogenic cells in a host animal
harboring said population wherein the members of said cell population have an
accessible binding site for a ligand, said method comprising the steps of

administering to said host a ligand-immunogen conjugate composition
comprising a complex of the ligand and an immunogen wherein said immunogen 18
capable of activating a toll-like receptor and wherein the ligand 1s a vitamin, or a
derivative or analog thereof; and

administering to said host a therapeutic factor wherein the therapeutic
factor is a compound capable of stimulating an endogenous immune response wherein
the compound does not bind to the ligand-immunogen conjugate.

2. The method of claim 1 wherein the population of pathogenic
cells is a cancer cell population.

3. The method of claim 2 wherein the cancer cell population 1s
tumorigenic.

4, The method of claim 1 wherein the population of pathogenic
cells is an exogenous pathogen.

5. The method of claim 4 wherein the exogenous pathogen 1s
selected from the group consisting of bacteria, fungi, viruses, mycoplasma, and
parasites.

6. The method of claim 1 wherein the population of pathogenic

cells is an endogenous cell population harboring exogenous pathogens.

7. The method of claim 1 wherein the ligand component of the
ligand-immunogen conjugate is a vitamin capable of specifically binding to a cell

membrane receptor.

8. The method of claim 7 wherein the ligand component of the
ligand-immunogen conjugate is selected from the group consisting of folic acid and

other folate receptor-binding ligands.



CA 02461877 2004-03-26

WO 03/028634 PCT/US02/30546

10

15

20

25

30

09

9. The method of claim 1 wherein the ligand component of the
ligand-immunogen conjugate is selected from the group consisting of folic acid and

other folate receptor-binding ligands.

10.  The method of claim 1 wherein the ligand is chemically
complexed to the immunogen through bonding comprising covalent, 1onic, or
hydrogen bonding.

11.  The method of claim 10 wherein the ligand is a folic acid
analog having a glutamyl moiety covalently linked to the immunogen only via the

glutamyl y-carboxyl moiety of the ligand.

12.  The method of claim 10 wherein the ligand is a folic acid
analog having a glutamyl moiety covalently linked to the immunogen only via the

olutamyl o-carboxyl moiety of the ligand.
13.  The method of claim 11 wherein the covalent linkage between

the immunogen and the ligand is by direct covalent bonding to the immunogen or by

covalent bonding through a divalent linker.

14.  The method of claim 12 wherein the covalent linkage between
the immunogen and the ligand is by direct covalent bonding to the immunogen or by
covalent bonding through a divalent linker.

15.  The method of claim 1 wherein the ligand component of the
ligand-immunogen conjugate is a small organic molecule capable of binding to a
receptor and wherein said receptor is preferentially expressed, uniquely expressed or
overexpressed on the surface of said population of pathogenic cells.

16.  The method of claim 15 wherein the small organic molecule 1s

an antimicrobial drug.

17, The method of claim 16 wherein the antimicrobial drug is a (5-

Jlactam antibiofic.

18.  The method of claim 1 wherein the binding site for the ligand
component of the ligand-immunogen conjugate 1s an antigen preferentially expressed,
uniquely expressed or overexpressed on metastatic cancer cells.

19.  The method of claim 18 wherein the ligand binding site 1s
EphAZ2.

20.  The method of claim 1 wherein said immunogen is muramyl

dipeptide.
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21.  The method of claim 1 wherein said immunogen 1s a
nucleotide.

22.  The method of claim 21 wherein said nucleotide is CpG.

23.  The method of claim 1 wherein the therapeutic factor
comprises a cytokine.

24.  The method of claim 23 wherein the therapeutic factor
comprises 1L-2, IL-4, IL-10, IL-11, IL-12, IL-15, I1.-18, or combinations thereof.

25.  The method of claim 23 wherein the therapeutic factor
comprises IL-2, IL-4, IL-10, IL-11, IL-12, IL-15, I1.-18, or combinations thereof, 1n
combination with IFN-« or IFN-y.

26.  The method of claim 23 wherein the therapeutic factor 1s
selected from the group consisting of IL-2, IL-4, IL-10, IL-11, I.-12, IL-15, IL-18,
[FN-o, IFN-y, GM-CSF, and combinations thereof.

27.  The method of claim 1 wherein the endogenous immune
response comprises a cell-mediated immune response.

28. A method of enhancing an endogenous 1mmune response-
mediated specific elimination of a population of pathogenic cells m a host animal
harboring said population wherein said population preferentially expresses, uniquely
expresses, or overexpresses a vitamin receptor, said method comprising the step of

administering to said host a composition comprising a ligand
covalently linked to an immunogen wherein the immunogen is capable of activating a

toll-like receptor and wherein the ligand is a vitamin, or a derivative or analog

thereof.

29. A pharmaceutical composition comprising therap eutically
effective amounts of a ligand-immunogen conjugate wherein the immunogen 1S
capable of activating a toll-like receptor and wherein the ligand is a vitamin, or a
derivative or analog thereof, a therapeutic factor wherein the therap eutic factoris a
compound capable of stimulating an endogenous Immune response wherein the
compound does not bind to the ligand-immunogen conjugate, and a pharmaceutically
acceptable carrier therefor.

30.  The pharmaceutical composition of claim 29 in a parenteral

prolonged release dosage form.



CA 02461877 2004-03-26

WO 03/028634 PCT/US02/30546
4.
31.  The pharmaceutical composition of claim 29 in an oral dosage
form.
32.  The pharmaceutical composition of claim 29 wherein the
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therapeutic factor is an immune stimulant.

33.  The pharmaceutical composition of claim 32 wherein the
immune stimulant comprises a compound selected from the group consisting of I1L-2,
I1-4, IL-10, TL-11, IL-12, IL-15, IL-18, IFN-¢;, IFN~y, GM-CSF, and combinations
thereof.

34.  The pharmaceutical composition of claim 29 wherein the
ligand is folic acid or a folic acid analogue.

35.  The pharmaceutical composition of claim 29 wherein the

immunogen is a nucleotide.

36.  The pharmaceutical composition of claim 35 wherein the
nucleotide 1s CpG.
37. A method of treating a disease state in a host animal wherein

the disease state is mediated by activated macrophages and wherein the macrophages
have an accessible binding site for a ligand, said method comprising the step of
administering to said host a ligand-immunogen conjugate composition comprising a
complex of the ligand and an immunogen wherein said immunogen is capable of
activating a toll-like receptor.

38. A pharmaceutical composition comprising therapeutically
effective amounts of a ligand-immunogen conjugate wherein the immunogen 1s
capable of activating a toll-like receptor and wherein the ligand 1s a vitamin, or a

derivative or analog thereof, and a pharmaceutically acceptable carrier therefor.
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