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(57) Abstract

The present invention relates to methods and compositions for eliciting an immune response and the prevention and treatment of
primary and metastatic neoplastic diseases and infectious diseases. The methods of the invention comprise administering a composition
comprising an effective amount of a complex, in which the complex consists essentially of a heat shock protein (hsp) noncovalently bound
to an antigenic molecule in combination with administering antigen presenting cells sensitized with complexes of hsps noncovalently bound
to an antigenic molecule. "Antigenic molecule" as used herein refers to the peptides with which the hsps are endogenously associated in
vivo as well as exogenous antigens/immunogens (i.e.), with which the hsps are not complexed in vivo) or antigenic/immunogenic fragments
and derivatives thereof. In a preferred embodiment, the complex is autologous to the individual. In a specific embodiment, the effective
amounts of the complex when administered intradermally are in the range of 0.1 to 9.0 micrograms for complexes comprising hsp70, 5
to 49 micrograms for hsp90, and 0.1 to 9.0 micrograms for gp96. In another embodiment, the effective amounts of the complex when
administered subcutaneously are in the range of 10 to 600 micrograms for complexes comprising hsp70, 50 to 5000 micrograms for hsp90,
and 10 to 600 micrograms for gp96.
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This invention was made with government support under
grant numbers CA44786 and CA64394 awarded by the National

Institutes of Health. The government has certain rights in
the invention.

1. INTRODUCTION

The present invention relates to methods and
compositions for the prevention and treatment of infectious
diseases, primary and metastatic neoplastic diseases,
including, but not limited to human sarcomas and carcinomas.
In the practice of the invention, compositions of complexes
of heat shock/stress proteins (hsps) including, but not
limited to, hsp70, hsp90, gp96 alone or in combination with
each other, noncovalently bound to antigenic molecules, are
administered in combination with the administration of
antigen presenting cells sensitized with an hsp-antigenic
molecule noncovalent complex to augment the immune response

to genotoxic and nongenotoxic factors, tumors and infectious
agents.

2. BACKGROUND OF THE INVENTION

The era of tumor immunology began with experiments by
Prehn and Main, who showed that antigens on the
methylcholanthrene (MCA)-induced sarcomas were tumor specific
in that transplantation assays could not detect these
antigens in normal tissue of the mice (Prehn, R.T., et al.,
1957, J. Natl. Cancer Inst. 18:769-778). This notion was
confirmed by further experiments demonstrating that tumor
specific resistance against MCA-induced tumors can be
elicited in the autochthonous host, that is, the mouse in

which the tumor originated (Klein, G., et al., 1960, Cancer
Res. 20:1561-1572).
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In subsequent studies, tumor specific antigens were also
found on tumors induced with other chemical or physical
carcinogens or on spontaneous tumors (Kripke, M.L., 1974, J.
Natl. Cancer Inst. 53:1333-1336; Vaage, J., 1968, Cancer Res.
28:2477-2483; Carswell, E.A., et al., 1970, J. Natl. Cancer
Inst. 44:1281-1288). Since these studies used protective
immunity against the growth of transplanted tumors as the
criterion for tumor specific antigens, these antigens are
also commonly referred to as "tumor specific transplantation
antigens" or "tumor specific rejection antigens." Several
factors can greatly influence the immunogenicity of the tumor
induced, including, for example, the specific type of
carcinogen involved, immunocompetence of the host and latency
period (O0ld, L.J., et al., 1962, Ann. N.Y. Acad. Sci. 101:80-
106; Bartlett, G.L., 1972, J. Natl. Cancer Inst. 49:493-504).

Most, if not all, carcinogens are mutagens which may
cause mutation, leading to the expression of tumor specific
antigens (Ames, B.N., 1979, Science 204:587-593; Weisburger,
J.H., et al., 1981, Science 214:401-407). Some carcinogens
are immunosuppressive (Malmgren, R.A., et al., 1952, Proc.
Soc. Exp. Biol. Med. 79:484-488). Experimental evidence
suggests that there is a constant inverse correlation between
immunogenicity of a tumor and latency period (time between
exposure to carcinogen and tumor appearance) (0l1d, L.J., et
al., 1962, Ann. N.Y. Acad. Sci. 101:80-106; and Bartlett,
G.L., 1972, J. Natl. Cancer Inst. 49:493-504). Other studies
have revealed the existence of tumor specific antigens that
do not lead to rejection, but, nevertheless, can potentially
stimulate specific immune responses (Roitt, I., Brostoff, J
énd Male, D., 1993, Immunology, 3rd ed., Mosby, St. Louis,
pps. 17.1-17.12).

2.1. Tumor-Specific Immunogenicities of Heat
Shock/Stress Proteins hsp70, hsp90 and gp96

Srivastava et al. demonstrated immune response to

methylcholanthrene-induced sarcomas of inbred mice (1988,
Immunol. Today 9:78-83). In these studies it was found that
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the molecules responsible for the individually distinct
immunogenicity of these tumors were identified as cell-
surface glycoproteins of 96kDa (gp96) and intracellular
proteins of 84 to 86kDa (Srivastava, P.K., et al., 1986,
Proc. Natl. Acad. Sci. USA 83:3407-3411; Ullrich, s.J., et
al., 1986, Proc. Natl. Acad. Sci. USA 83:3121-3125.
Immunization of mice with gp96 or p84/86 isolated from a
particular tumor rendered the mice -immune to that particular
tumor, but not to antigenically distinct tumors. Isolation
and characterization of genes encoding gp96 and p84/86
revealed significant homology between them, and showed that
gp96 and p84/86 were, respectively, the endoplasmic reticular
and cytosolic counterparts of the same heat shock proteins
(Srivastava, P.K., et al., 1988, Immunogenetics 28:205-207;
Srivastava, P.K., et al., 1991, Curr. Top. Microbiol.
Immunol. 167:109-123). Further, hsp70 was shown to elicit
immunity to the tumor from which it was isolated but not to
antigenically distinct tumors. However, hsp70 depleted of
peptides was found to lose its immunogenic activity (Udono,
M., and Srivastava, P.K., 1993, J. Exp. Med. 178:1391-1396) .
These. observations suggested that the heat shock proteins are
not immunogenic per se, but are carriers of antigenic
peptides that elicit specific immunity to cancers
(Srivastava, P.K., 1993, Adv. Cancer Res. 62:153-177).

2.2. Pathobiology of Cancer

Cancer is characterized primarily by an increase in the
number of abnormal cells derived from a given normal tissue,
invasion of adjacent tissues by these abnormal cells, and
lymphatic or blood-borne spread of malignant cells to
regional lymph nodes and to distant sites (metastasis).
Clinical data and molecular biologic studies indicate that
cancer is a multistep process that begins with minor
preneoplastic changes, which may under certain conditions
progress to neoplasia.

Pre-malignant abnormal cell growth is exemplified by

hyperplasia, metaplasia, or most particularly, dysplasia (for
_3 -
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review of such abnormal growth conditions, see Robbins and
Angell, 1976, Basic Pathology, 2d Ed., W.B. Saunders Co.,
Philadelphia, pp. 68-79.) Hyperplasia is a form of
controlled cell proliferation involving an increase in cell
number in a tissue or organ, without significant alteration
in structure or function. As but one example, endometrial
hyperplasia often precedes endometrial cancer. Metaplasia is
a form of controlled cell growth in which one type of adult
or fully differentiated cell substitutes for another type of
adult cell. Metaplasia can occur in epithelial or connective
tissue cells. Atypical metaplasia involves a somewhat
disorderly metaplastic epithelium. Dysplasia is frequently a
forerunner of cancer, and is found mainly in the epithelia;
it is the most disorderly form of non-neoplastic cell growth,
involving a loss in individual cell uniformity and in the
architectural orientation of cells. Dysplastic cells often
have abnormally large, deeply stained nuclei, and exhibit
pleomorphism. Dysplasia characteristically occurs where
there exists chronic irritation or inflammation, and is often
found in the cervix, respiratory passages, oral cavity, and
gall bladder.

The neoplastic lesion may evolve clonally and develop an
increasing capacity for invasion, growth, metastasis, and
heterogeneity, especially under conditions in which the
neoplastic cells escape the host’s immune surveillance
(Roitt, I., Brostoff, J and Kale, D., 1993, Immunology, 3rd
ed., Mosby, St. Louis, pps. 17.1-17.12).

2.3. Immunotherapy

Four basic cell types whose function has been associated
with antitumor cell immunity and the elimination of tumor
cells from the body are: i) B-lymphocytes which secrete
immunoglobulins into the blood plasma for identifying and
labeling the nonself invader cells; ii) monocytes which
secrete the complement proteins which are responsible for
lysing and processing the immunoglobulin-coated target
invader cells; iii) natural killer lymphocytes having two

- 4 -
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mechanisms for the destruction of tumor cells-antibody-
dependent cellular cytotoxicity and natural killing; and iv)
T-lymphocytes possessing antigen-specific receptors and each
T-lymphocyte clone having the capacity to recognize a tumor
cell carrying complementary marker molecules (Schreiber, H.,
1989, in Fundamental Immunology (ed). W.E. Paul, pp. 923-
955) .

Several factors can influence the immunogenicity of
tumors induced. These factors include dose of carcinogen,
immunocompetence of the host, and latency period.
Immunocompetence of the host during the period of cancer
induction and development can allow the host to respond to
immunogenic tumor cells. This may prevent the outgrowth of
these cells or select far less immunogenic escape variants
that have lost their respective rejection antigen.
Conversely, immunosuppression or immune deficiency of the
host during carcinogenesis or tumorigenesis may allow growth
of highly immunogenic tumors (Schreiber, H., 1989, in
Fundamental Immunology (ed). W.E. Paul, pp. 923-955).

Three major types of cancer immunotherapy are currently
being explored: i) adoptive cellular immunotherapy, ii) in
vivo manipulation of patient plasma to remove blocking
factors or add tumoricidal factors, and iii) in vivo
administration of biological response modifiers (e.g.,
interferons (IFN; IFN-alpha and IFN-gamma), interleukins (IL;
IL-2, IL-4 and IL-6), colony-stimulating factors, tumor
necrosis factor (TNF), monoclonal antibodies and other
immunopotentiating agents, such as corynebacterium parvum (C.
parvum) (Kopp, W.C., et al., 1994, Cancer Chemotherapy and
Biol. Response Modifiers 15:226-286). There is little doubt
that immunotherapy of cancer as it stands is falling short of.
the hopes invested in it. Although numerous
immunotherapeutic approaches have been tested, few of these
procedures have proved to be effective as the sole or even as

an adjunct form of cancer prevention and treatment.
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2.3.1. Adoptive Cellular Immunotherapy
Adoptive immunotherapy of cancer refers to a therapeutic
approach in which immune cells with an antitumor reactivity
are administered to a tumor-bearing host, with the aim that
the cells mediate either directly or indirectly, the

regression of an established tumor. Transfusion of
lymphocytes, particularly T lymphocytes, falls into this
category and investigators at the National Cancer Institute
(NCI) have used autologous reinfusion of peripheral blood
lymphocytes or tumor-infiltrating lymphocytes (TIL), T cell
cultures from biopsies of subcutaneous lymph nodules, to
treat several human cancers (Rosenberg, S.A., U.S. Patent No.
4,690,914, issued September 1, 1987; Rosenberg, S.A., et al.,
1988, N. England J. Med. 319:1676-1680). For example, TIL
expanded in vitro in the presence of interleukin (IL)=-2 have
been adoptively transferred to cancer patients, resulting in
tumor regression in select patients with metastatic melanoma.
Melanoma TIL grown in IL-2 have been identified as activated
T lymphocytes CD3* HLA-DR', which are predominantly CD8' cells
with unique in vitro antitumor properties. Many long-term
melanoma TIL cultures lyse autologous tumors in a specific
MHC class I- and T cell antigen receptor dependent manner
(Topalian, S.L., et al., 1989, J. Immunol. 142:3714).
However, studies of TIL derived from other types of tumors
have revealed only scant evidence for cytolytic or
proliferative antitumor immune specificity (Topalian, S.L. et
al., 1990, in Important Advances in Oncology, V.T. DeVita,
S.A. Hellman and S.A. Rosenberg, eds. J.B. Lippincott,
Philadelphia, pp. 19-41). 1In addition, the toxicity of the
high-dose IL-2 + activated lymphocyte treatment advocated by
the NCI group has been considerable, including high fevers,
severe rigors, hypotension, damage to the endothelial wall
due to capillary leak syndrome, and various adverse cardiac
events such as arrhythmias and myocardial infarction

(Rosenberg S.A., et al., 1988, N. England J. Med. 319:1676-
1680) .

_6_
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2.3.2. Interleukins (IL-2, IL-4 and IL-6)

IL-2 has significant antitumor activity in a small
percentage of patients with renal cell carcinoma and
melanoma. Investigators continue to search for IL-2 based
regimens that will increase the response rates in IL-2
responsive tumors, but, for the most part, have neither
defined new indications nor settled fundamental issues, such
as whether dose intensity is important in IL-2 therapy (Kopp,
W.C., et al., 1994, Cancer Chemotherapy and Biol. Response
Modifiers 15:226-286). Numerous reports have documented IL-2
associated toxicity involving increased nitrate levels and
the syndrome of vascular leak and hypotension, analogous to
septic shock. In addition, an increased incidence of
nonopportunistic bacterial infections and autoimmune
complications are frequently accompanied by the antitumor
response of IL-2 (Kopp, W.C., et al., 1994, Cancer
Chemotherapy and Biol. Response Modifiers 15:226-286).

IL-4 and IL-6 are also being tested as antitumor agents
either directly or through immunomodulating mechanisms.
Dose-limiting toxicities have been observed with both agents
in Phase I clinical trials (Gilleece, M.H., et al., 1992, Br.
J. Cancer 66:204-210, Weber, J., et al., 1993, J. Clin.
Oncol. 11:499-506).

2.3.3. Tumor Necrosis Factor

The toxicity of systemically administered TNF seriously
limits its use for the treatment of cancer. TNF has been
most effective when used for regional therapy, in which
measures, such as limb isolation for perfusion, are taken to
limit the systemic dose and hence the toxicity of TNF. Dose-
limiting toxicity of TNF consist of thrombocytopenia,
headache, confusion and hypotension (Mittleman, A., et al.,
1992, Inv. New Drugs 10:183-190).

2.3.4. Interferons

. The activity of IFN-a has been described as being modest

in a number of malignancies, including renal cell carcinoma,
- 7 -
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melanoma, hairy cell leukemia low-grade non-Hodgkin’s lymphoma, and others.
| Higher doses of IFN-a. are usually associated with higher response rates in some
‘ malignancies, but also cause more toxicity. In addition, more and more reports
indicate that relapses after successful interferon therapy coincide with formation of
5 neutralizing antibodies against interferon (Ouesada, J.R., et al., 1987, J. Interferon
Res. 67:678).
' The above discussion of documents, acts, materials, devices, articles and
the like is included in this specification solely for the purpose of providing a
context for the present invention. It is not suggested or represented that any or all
10 of these matters formed part of the prior art base or were common general
knowledge in the field relevant to the present invention as it éxisted in Australia
before the priority date of each claim of this application.
Throughout the description and claims of the specification the word
“comprise” and variations of the word, such as “comprising” and “comprises”, is
15 not intended to exclude other additives, components, integers or steps.
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3. SUMMARY OF THE INVENTION

The methods of the invention comprise methods of
eliciting an immune response in an individual in whom the
treatment or prevention of cancer or infectious disease is
desired by administering a composition comprising an
effective amount of a complex in which the complex consists
éssentially of heat shock protein(s) (hsp(s)) noncovalently

bound to antigenic molecule(s) in combination with adoptive

immunotherapy involving administration of antigen presenting

cells that have been sensitized in vitro with complexes of
hsp(s) noncovalently bound to antigenic molecule(s). 'Such
adoptive immunotherapy in combination with administration of
hsp-antigenic molecule complexes is believed to exhibit a
synergistic effect in eliciting an immune response.

The amounts of the complex that are administered are
within rénges of effective dosages, discovered by the present
inventor to be effective. The lower limit of the ranges is
surprisingly smaller than those.amounts predicted to be
effective by extrapolation by prior art methods from dosages
used in animal studies. In a preferred embodiment, the
complex is autologous to the individual; that is, the complex
is isolated from the cancer cells of the individual himself
(e.g., preferably prepared from tumor biopsies of the
patient). Alternatively, the hsp and or the antigenic
molecule can be isolated from the individual or from others
or by recombinant production methods using a cloned hsp
originally derived from the individual or from others.

"Antigenic molecule" as used herein refers to the peptides
_.8 —_
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with which the hsps are endogenously associated in vivo
(e.g., in precancerous or cancerous tissue), as well as
exogenous antigens/immunogens (i.e., with which the hsps are
not complexed in vivo) or antigenic/immunogenic fragments and
derivatives thereof. Such exogenous antigens and fragments
and derivatives (both peptide and non-peptide) thereof for
use in complexing with hsps, can be selected from among those
known in the art, as well as those readily identified by
standard immunoassays known in the art by detecting the
ability to bind antibody or MHC molecules (antigenicity) or
generate immune response (immunogenicity).

The methods for adoptive immunotherapy of cancer and
infectious diseases have the goal of enhancing the host’s
immunocompetence and activity of immune effector cells.
Adoptive immunotherapy with macrophages and/or other antigen-
presenting cells (APC), for example, dendritic cells or B
cells (B lymphocytes), that have been sensitized in vitro
with noncovalent complexes of hsp noncovalently bound to an
antigenic molecule, induces specific immunity to tumor cells
and/or antigenic components, promoting regression of the
tumor mass or treatment of immunological disorders or
infectious diseases, as the case may be.

In a specific embodiment, the present invention relates
to methods and compositions for prevention and treatment of
primary and metastatic neoplastic diseases.

Specific therapeutic regimens, pharmaceutical
compositions, and kits are provided by the invention. The
preferred dosages of the hsp-antigenic molecule complexes are
less than those based on body weight or surface area of the
pétient. The present inventor has discovered that a dosage
substantially equivalent to or smaller than that seen to be
effective in smaller non-human mammals (e.g., mice) is
effective for human administration, optionally subject to a
correction factor not exceeding a fifty fold increase, based

on the relative lymph node sizes in such mammals and in
humans.

- 9 -
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The mode of administration of the hsp-antigenic molecule
complexes includes but is not limited to, e.q.,
subcutaneously, intramuscularly, intravenously,
intraperitoneally, intradermally or mucosally. The present
inventor has discovered that effective intradermal dosages of
the hsp-antigenic molecule complexes are about tenfold
smaller even than the surprisingly small doses effective in
subcutaneous administration in humans. (See U.S. patent
application Serial No. 08/527,391, filed September 13, 1995,
which is incorporated by reference herein in its entirety,
and U.S. patent application entitled "Prevention and
Treatment of Primary and Metastatic Neoplastic Diseases and
Infectious Diseases With Heat Shock/Stress Protein-Peptide
Complexes" by P. Srivastava and R. Chandawarkar, filed on
even date herewith, which is incorporated by reference herein
in its entirety.) Pharmaceutical formulations are provided
comprising compositions of complexes of antigenic molecules
and heat shock/stress proteins, including but not limited to
hsp70, hsp90, gp96 either alone or in combination, to be
administered before, concurrently with, or after the
administration of the hsp complex-sensitized APC.
Specifically, interspecies dose-response equivalence for hsp
noncovalently bound to antigenic molecules for a human
intradermal or mucosal dose is estimated as the product of
the therapeutic dosage observed in mice and a single scaling
ratio, not exceeding a fifty fold increase.

The present invention encompasses methods for prevention
and treatment of cancer by enhancing the host’s immune
competence and activity of immune effector cells.
Furthermore, the invention provides methods for evaluating
the efficacy of drugs in enhancing immune responses for
treatment and monitoring the progress of patients
participating in clinical trials for the treatment of primary
and metastatic neoplastic diseases.

Immunotherapy using the therapeutic regimens of the
invention, by administering such complexes of heat
shock/stress proteins noncovalently bound to antigenic

- 10 -
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molecules in combination with adoptive immunotherapy, can
induce specific immunity to tumor cells, and can lead to
regression of the tumor mass. Cancers which are responsive
to specific immunotherapy by the methods of the invention
include but are not limited to human sarcomas and carcinomas.
In a specific embodiment, the hsp-antigenic molecule
complexes are allogeneic to the patient; in a preferred
embodiment, the hsp-antigenic molecule complexes are
autologous to (derived from) the patient to whom they are
administered. .

Particular compositions of the invention and their
properties are described in the sections and subsections
which follow. A preferred composition for both
administration to the patient and for use in sensitizing APC
to be administered to the patient comprises hsp-peptide
complexes isolated from the tumor biopsy of the patient to
whom the composition is to be administered. Such a
composition that comprises hsp70, hsp90 and/or gp96
demonstrates strong inhibition of a variety of tumors in
mammals. Preferred compositions comprising hsp70, hsp90
and/ox_gp96 which preferably exhibit no toxicity when
administered to human subjects are also described.

In another embodiment, the methods further optionally
comprise administering biological response modifiers, e.g.,
IFN-a, IFN-vy, IL-2, IL-4, IL-6, TNF, or other cytokine growth
factors affecting the immune cells, in combination with the
hsp complexes.

In addition to cancer therapy, the administration of
complexes of hsps noncovalently bound to antigenic molecules
in combination with adoptive immunotherapy methods of the
invention can be utilized for the prevention of a variety of
cancers, e.g., in individuals who are predisposed as a result
of familial history or in individuals with an enhanced risk
to cancer due to environmental factors.

The Examples presented in Sections 5 and 6 below, detail
the use according to the methods of the invention of hsp-

peptide complexes in combination with adoptive immunotherapy
_11_
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in cancer immunotherapy in human patients suffering from
advanced colon and liver cancer.

4. DETAILED DESCRIPTION OF THE INVENTION

Methods and compositions for the prevention and
treatment of primary and metastatic neoplastic diseases and
infectious diseases and for eliciting an immune response in a
human individual, are described. The invention is based on
the effect of stimulating the immune system by administration
of compositions comprising complexes of hsps noncovalently
bound to antigenic molecules in combination with adoptive
immunotherapy comprising the administration of antigen
presenting cells (APC) sensitized in vitro with complexes of
hsps noncovalently bound to antigenic molecules. It is
believed that the effect of such combination therapy may be
synergistic.

"Antigenic molecule"™ as used herein refers to the
peptides with which the hsps are endogenously associated in
vivo (e.g., in infected cells or precancerous or cancerous
tissue) as well as exogenous antigens/immunogens (i.e., with
which _the hsps are not complexed in vivo) or
antigenic/immunogenic fragments and derivatives thereof.

The methods of the invention comprise methods of
eliciting an immune response in an individual in whom the
treatment or prevention of infectious diseases or cancer is
desired by administering a composition comprising an
effective amount of a complex, in which the complex consists
essentially of an hsp noncovalently bound to an antigenic
molecule using any convenient mode of administration in
combination with the adoptive immunotherapy methods of the
invention. Modes of administration include but are not
limited to subcutaneously, intramuscularly, intravenously,
intraperitoneally, intradermally or mucosally.

The APC can be selected from among those antigen
presenting cells known in the art, including but not limited
to macrophages, dendritic cells, B lymphocytes, and a

combination thereof, and are preferably macrophages. The hsp
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complex-sensitized APC may be administered concurrently or
before or after administration of the hsp-antigenic molecule
complexes. Adoptive immunotherapy according to the invention
allows activation of antigen presenting cells (APC) by
incubation in vitro with hsp-antigenic molecule complexes.
Preferably, prior to use of the cells in vivo, measurement of
reactivity against the tumor or infectious agent in vitro is
done. This in vitro boost followed by clonal selection
and/or expansion, and patient administration constitutes a
useful therapeutic/prophylactic strategy.

In a preferred embodiment, the hsp-antigenic molecule
complex is autologous to the individual; that is, the complex
is isolated from either the infected cells or the cancer
cells or precancerous cells of the individual himself (e.g.,
preferably prepared from infected tissues or tumor biopsies
of the patient). Alternatively, the complex is produced in
vitro (e.g., wherein a complex with an exogenous antigenic
molecule is desired). Alternatively, the hsp and/or the
antigenic molecule can be isolated from the individual or
from others or made by recombinant production methods using a
cloned_hsp originally derived from the individual or from
others. Exogenous antigens and fragments and derivatives
(both peptide and non-peptide) thereof for use in complexing
with hsps, can be selected from among those known in the art,
as well as those readily identified by standard immunoassays
known in the art by the ability to bind antibody or MHC
molecules (antigenicity) or generate immune response
(immunogenicity). Complexes of hsps and antigenic molecules
can be isolated from cancer or precancerous tissue of a
patient, or from a cancer cell line, or can be produced in
vitro (as is necessary in the embodiment in which an
exogenous antigen is used as the antigenic molecule). The
hsp-antigenic molecule complex that is administered to the
patient can be the same or different from the hsp-antigenic
molecule complex used to sensitize the APC that are
administered to the patient. In a specific embodiment

wherein the APC and complexes are administered concurrently,
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the APC and purified hsp-antigenic molecule complexes can be
present in a single composition, or different compositions,
for administration.

The hsps of the present invention that can be used
include but are not limited to, hsp70, hsp90, gp96 alone or
in combination. Preferably, the hsps are human hsps.

Heat shock proteins, which are also referred to
interchangeably herein as stress proteins, useful in the
practice of the instant invention can be selected from among
any cellular protein that satisfies any one of the following
criteria. It is a protein whose intracelilular concentration
increases when a cell is exposed to a stressful stimuli, it
is capable of binding other proteins or peptides, it is
capable of releasing the bound proteins or peptides in the
presence of adenosine triphosphate (ATP) or low pH, or it is
a protein showing at least 35% homology with any cellular
protein having any of the above properties.

The first stress proteins to be identified were the heat
shock proteins (hsps). As their name implies, hsps are
synthesized by a cell in response to heat shock. To date,
three major families of hsp have been identified based on
molecular weight. The families have been called hsp60, hsp70
and hsp90 where the numbers reflect the approximate molecular
weight of the stress proteins in kilodaltons. Many members
of these families were found subsequently to be induced in
response to other stressful stimuli including, but not
limited to, nutrient deprivation, -metabolic disruption,
oxygen radicals, and infection with intracellular pathogens.
(See Welch, May 1993, Scientific American 56-64; Young, 1990,
Annu. Rev. Immunol. 8:401-420; Craig, 1993, Science 260:1902-
1903; Gething, et al., 1992, Nature 355:33-45; and Lindquist,
et al., 1988, Annu. Rev. Genetics 22:631-677), the
disclosures of which are incorporated herein by reference.

It is contemplated that hsps/stress proteins belonging to all

of these three families can be used in the practice of the
instant invention.
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The major hsps can accumulate to very high levels in
‘stressed cells, but they occur at low to moderate levels in
cells that have not been stressed. For example, the highly
inducible mammalian hsp70 is hardly detectable at normal
temperatures but becomes one of the most actively synthesized
proteins in the cell upon heat shock (Welch, et al., 1985, J.
Cell. Biol. 101:1198-1211). In contrast, hsp90 and hspé60
proteins are abundant at normal temperatures in most, but not
all, mammalian cells and are further induced by heat (Lai, et
al., 1984, Mol. Cell. Biol. 4:2802-10; van Bergen en
Henegouwen, et al., 1987, Genes Dev. 1:525-31).

Heat shock proteins are among the most highly conserved
proteins in existence. For example, DnaK, the hsp70 from E.
coli has about 50% amino acid sequence identity with hsp70
proteins from excoriates (Bardwell, et al., 1984, Proc. Natl.
Acad. Sci. 81:848-852). The hsp60 and hsp90 families also
show similarly high levels of intrafamilies conservation
(Hickey, et al., 1989, Mol. Cell. Biol. 9:2615-2626; Jindal,
1989, Mol. Cell. Biol. 9:2279-2283). In addition, it has
been discovered that the hsp60, hsp70 and hsp90 families are
composed of proteins that are related to the stress proteins
in sequence, for example, having greater than 35% amino acid
identity, but whose expression levels are not altered by
stress. Therefore it is contemplated that the definition of
heat shock protein or stress protein, as used herein,
embraces other proteins, muteins, analogs, and variants
thereof having at least 35% to 55%., preferably 55% to 75%,
and most preferably 75% to 85% amino acid identity with
members of the three families whose expression levels in a
cell are enhanced in response to a stressful stimulus. The
purification of stress proteins belonging to these three
families is described below.

The immunogenic hsp-peptide complexes of the invention
may include any complex containing an hsp and a peptide that
is capable of inducing an immune response in a mammal. The
peptides are preferably noncovalently associated with the

hsp. Preferred complexes may include, but are not limited
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to, hsp60-peptide, hsp70-peptide and hsp90-peptide complexes.
For example, an hsp called gp96 which is present in the
endoplasmic reticulum of eukaryotic cells and is related to
the cytoplasmic hsp90’s can be used to generate an effective
vaccine containing a gp96-peptide complex.

Although the hsps can be allogeneic to the patient, in a
preferred embodiment, the hsps are autologous to (derived
from) the patient to whom they are administered. The hsps
and/or antigenic molecules can be purified from natural
sources, chemically synthesized, or recombinantly produced.

The invention provides combinations of compositions
which enhance the immunocompetence of the host individual and
elicit specific immunity against infectious agents or
specific immunity against preneoplastic and neoplastic cells.
The therapeutic regimens and pharmaceutical compositions of
the invention are described below. These compositions have
the capacity to prevent the onset and progression of
infectious diseases and prevent the development of tumor
cells and to inhibit the growth and progression of tumor
cells indicating that such compositions can induce specific
immunity in infectious diseases and cancer immunotherapy.

Hsps appear to induce an inflammatory reaction at the
tumor site and ultimately cause a regression of the tumor
burden in the cancer patients treated. Cancers which can be
treated with complexes of hsps noncovalently bound to
antigenic molecules include, but are not limited to, human
sarcomas and carcinomas. Human sarcomas and carcinomas are
also responsive to adoptive immunotherapy by the hsp complex-
sensitized macrophages and/or APC.

' Accordingly, the invention provides methods of
preventing and treating cancer in an individual comprising
administering hsp-antigenic molecule complexes, and APC
sensitized by such complexes, which stimulates the
immunocompetence of the host individual and elicits specific
immunity against the preneoplastic and/or neoplastic cells.
As used herein, "preneoplastic" cell refers to a cell which

is in transition from a normal to a neoplastic form; and
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morphological evidence, increasingly supported by molecular
biologic studies, indicates that preneoplasia progresses
through multiple steps. Non-neoplastic cell growth commonly
consists of hyperplasia, metaplasia, or most particularly,
dysplasia (for review of such abnormal growth conditions (See
Robbins and Angell, 1976, Basic Pathology, 24 Ed., W.B.
Saunders Co., Philadelphia, pp.l 68-79). Hyperplasia is a
form of controlled cell proliferation involving an increase
in cell number in a tissue or organ, without significant
alteration in structure or function. As but one example,
endometrial hyperplasia often precedes endometrial cancer.
Metaplasia is a form of controlled cell growth in which one
type of adult or fully differentiated cell substitutes for
another type of adult cell. Metaplasia can occur in
epithelial or connective tissue cells. Atypical metaplasia
involves a somewhat disorderly metaplastic epithelium.
Dysplasia is frequently a forerunner of cancer, and is found
mainly in the epithelia; it is the most disorderly form of
non-neoplastic cell growth, involving a loss in individual
cell uniformity and in the architectural orientation of
cells,. Dysplastic cells often have abnormally large, deeply
stained nuclei, and exhibit pleomorphism. Dysplasia
characteristically occurs where there exists chronic
irritation or inflammation, and is often found in the cervix,
respiratory passages, oral cavity, and gall bladder.
Although preneoplastic lesions may progress to neoplasia,
they may also remain stable for long periods and may even
regress, particularly if the inciting agent is removed or if
the lesion succumbs to an immunological attack by its host.

The present inventor has discovered that a dosage
substantially equivalent to or smaller than that seen to be
effective in smaller non-human animals (e.g., mice) is
effective for human administration, such as described in
Section 4.1, below.

The therapeutic regimens and pharmaceutical compositions
of the invention may be used with additional immune response

enhancers or biological response modifiers including, but not
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limited to, the cytokines IFN-a, IFN-y, IL-2, IL-4, IL-6,
TNF, or other cytokine affecting immune cells. In accordance
with this aspect of the invention, the complexes of the hsp
and antigenic molecule are administered in combination
therapy with one or more of these cytokines.

The invention further relates to administration of
complexes of hsp-antigenic molecules in combination with
adoptive immunotherapy to individuals at enhanced risk of

cancer due to familial history or environmental risk factors.

4.1. Compositions Comprising Hsp-Peptide
Complexes, for Eliciting Immune Responses
to Cancer or Infectious Diseases, and for
In Vitro Sensitization of APC

The compositions comprising hsp noncovalently bound to
antigenic molecules are administered to elicit an effective
specific immune response to the complexed antigenic molecules
(and not to the hsp). 1In accordance with the methods
described herein, the hsp-antigenic molecule complexes are
preferably purified in the range of 60 to 100 percent of the
total mg protein, or at least 70%, 80% or 90% of the total mg
protein. In another embodiment, the hsp-antigenic molecule
complexes are purified to apparent homogeneity, as assayed by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis.

In a preferred embodiment, non-covalent complexes of
hsp70, hsp90 and gp96 with peptides are prepared and purified
postoperatively from tumor cells obtained from the cancer
patient.

In accordance with the methods described herein,
immunogenic or antigenic peptides that are endogenously
complexed to hsps or MHC antigens can be used as antigenic
molecules. For example, such peptides may be prepared that
stimulate cytotoxic T cell responses against different tumor
antigens (e.g., tyrosinase, gpl00, melan-A, gp75, mucins,
etc.) and viral proteins including, but not limited to,
proteins of immunodeficiency virus type I (HIV-I), human
immunodeficiency virus type II (HIV-II), hepatitis type A,
hepatitis type B, hepatitis type C, influenza, Varicella,
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adenovirus, herpes simplex type I (HSV-I), herpes simplex
type II (HSV-II), rinderpest, rhinovirus, echovirus,
rotavirus, respiratory syncytial virus, papilloma virus,
papova virus, cytomegalovirus, echinovirus, arbovirus,

5 huntavirus, coxsackie virus, mumps virus, measles virus,

rubella virus and polio virus. In the embodiment wherein the

antigenic molecules are peptides noncovalently complexed to
hsps in vivo, the complexes can be isolated from cells, or
alternatively, produced in vitro from purified preparations
10 each of hsps and antigenic molecules.
In another specific embodiment, antigens of cancers
(e.g., tumors) or infectious agents (e.g., viral antigen,
bacterial antigens, etc.) can be obtained by purification
from natural sources, by chemical synthesis, or
15 recombinantly, and, through in vitro procedures such as that
described below, noncovalently complexed to hsps.
In an embodiment wherein the hsp-antigenic molecule

complex to be used is a complex that is produced in vivo in

cells, exemplary purification procedures such as described in

20 Sections 4.1.1-4.1.3 below can be employed. Alternatively,
in an_embodiment wherein one wishes to use antigenic
molecules by complexing to hsps in vitro, hsps can be
purified for such use from the endogenous hsp-peptide
complexes in the presence of ATP or low pH (or chemically

25 synthesized or recombinantly produced). The protocols
described herein may be used to isolate hsp-peptide
complexes, or the hsps alone, from any eukaryotic cells for
example, tissues, isolated cells, or immortalized eukaryote
cell lines infected with a preselected intracellular

30 pathogen, tumor cells or tumor cell lines.

35
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4.1.1. Preparation and Purification
of Hsp70-peptide Complexes

The purification of hsp70-peptide complexes has been
described previously, see, for example, Udono et al., 1993,
J. Exp. Med. 178:1391-1396. A procedure that may be used,

presented by way of example but not limitation, is as
follows:

Initially, tumor cells are suspended in 3 volumes of 1X
Lysis buffer consisting of 5mM sodium phosphate buffer, pH 7,
150mM NaCl, 2mM CacCl,, 2mM MgCl, and 1mM phenyl methyl
sulfonyl fluoride (PMSF). Then, the pellet is sonicated, on
ice, until >99% cells are lysed as determined by microscopic
examination. As an alternative to sonication, the cells may
be lysed by mechanical shearing and in this approach the
cells typically are resuspended in 30mM sodium bicarbonate
pH 7.5, 1mM PMSF, incubated on ice for 20 minutes and then
homogenized in a Dounce homogenizer until >95% cells are
lysed.

Then the lysate is centrifuged at 1,000g for 10 minutes
to remove unbroken cells, nuclei and other cellular debris.
The resulting supernatant is recentrifuged at 100,000g for
90 miﬁﬁtes, the supernatant harvested and then mixed with Con
A Sepharose equilibrated with phosphate buffered saline (PBS)
containing 2mM Ca®* and 2mM Mg?'. When the cells are lysed by
mechanical shearing the supernatant is diluted with an equal
volume of 2X lysis buffer prior to mixing with Con A
Sepharose. The supernatant is then allowed to bind to the
Con A Sepharose for 2-3 hours at 4°C. The material that
fails to bind is harvested and dialyzed for 36 hours (three
times, 100 volumes each time) against 10mM Tris-Acetate
pH 7.5, 0.1lmM EDTA, 10mM NacCl, 1mM PMSF. Then the dialyzate
is centrifuged at 17,000 rpm (Sorvall SS34 rotor) for 20
minutes. Then the resulting supernatant is harvested and
applied to a Mono Q FPLC column equilibrated in 20mM Tris-
Acetate pH 7.5, 20mM NaCl, 0.1mM EDTA and 15mM
2-mercaptoethanol. The column is then developed with a 20mM
to 500mM NaCl gradient and then eluted fractions fractionated
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by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and characterized by immunoblotting using an
appropriate anti-hsp70 antibody (such as from clone N27F3-4,
from StressGen).

Fractions strongly immunoreactive with the anti-hsp70
antibody are pooled and the hsp70-peptide complexes
precipitated with ammonium sulfate; specifically with a 50%~
70% ammonium sulfate cut. The resulting precipitate is then
harvested by centrifugation at 17,000 rpm (SS34 Sorvall
rotor) and washed with 70% ammonium sulfate. The washed
precipitate is then solubilized and any residual ammonium
sulfate removed by gel filtration on a Sephadex® G25 column
(Pharmacia). If necessary the hsp70 preparation thus
obtained can be repurified through the Mono Q FPLC Column as
described above.

The hsp70-peptide complex can be purified to apparent
homogeneity using this method. Typically 1 mg of hsp70-
peptide complex can be purified from 1 g of cells/tissue.

An improved method for purification of hsp70-peptide
complexes comprises contacting cellular proteins with ADP or
a nonhydrolyzable analog of ATP affixed to a solid substrate,
such that hsp70 in the lysate can bind to the ADP or
nonhydrolyzable ATP analog, and eluting the bound hsp70. A
preferred method uses column chromatography with ADP affixed
to a solid substratum (e.g., ADP-agarose). The resulting
hsp70 preparations are higher in purity and devoid of
contaminating peptides. The hsp70 yields are also increased
significantly by about more than 10 fold. Alternatively,
chromatography with nonhydrolyzable analogs of ATP, instead
of ADP, can be used for purification of hsp70-peptide
complexes. By way of example but not limitation,
purification of hsp70-peptide complexes by ADP-agarose
chromatography can be carried out as follows:

Meth A sarcoma cells (500 million cells) are homogenized
in hypotonic buffer and the lysate is centrifuged at 100,000
g for 90 minutes at 4°C. The supernatant is applied to an

ADP-agarose column. The column is washed in buffer and is
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eluted with 5 column volumes of 3 mM ADP. The hsp70-peptide
complexes elute in fractions 2 through 10 of the total 15
fractions which elute. The eluted fractions are analyzed by
SDS-PAGE. The hsp70-peptide complexes can be purified to
apparent homogeneity using this procedure.

4.1.2. Preparation and Purification
of Hsp90-peptide Complexes

A procedure that can be used, presented by way of
example and not limitation, is as follows:

Initially, tumor cells are suspended in 3 volumes of 1X
Lysis buffer consisting of 5mM sodiuin phosphate buffer (pH7),
150mM NaCl, 2mM CaCl,, 2mM MgCl, and 1mM phenyl methyl
sulfonyl fluoride (PMSF). Then, the pellet is sonicated, on
ice, until >99% cells are lysed as determined by microscopic
examination. As an alternative to sonication, the cells may
be lysed by mechanical shearing and in this approach the
cells typically are resuspended in 30mM sodium bicarbonate
pPH 7.5, 1mM PMSF, incubated on ice for 20 minutes and then
homogenized in a Dounce homogenizer until >95% cells are
lysed.

fgen the lysate is centrifuged at 1,000g9 for 10 minutes
to remove unbroken cells, nuclei and other cellular debris.
The resulting supernatant is recentrifuged at 100,000g for 90
minutes, the supernatant harvested and then mixed with Con A
Sepharose equilibrated with PBS containing 2mM Ca?* and 2mM
Mg?'. When the cells are lysed by mechanical shearing the
supernatant is diluted with an equél volume of 2X Lysis
buffer prior to mixing with Con A Sepharose. The supernatant
is then allowed to bind to the Con A Sepharose for 2-3 hours
at 4°C. The material that fails to bind is harvested and
dialyzed for 36 hours (three times, 100 volumes each time)
against 10mM Tris-Acetate pH 7.5, 0.1mM EDTA, 10mM NaCl, 1mM
PMSF. Then the dialyzate is centrifuged at 17,000 rpm
(Sorvall SS34 rotor) for 20 minutes. Then the resulting

supernatant is harvested and applied to a Mono Q FPLC column
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equilibrated with lysis buffer. The proteins are then eluted
with a salt gradient of 200mM to 600mM NacCl.

The eluted fractions are fractionated by SDS-PAGE and
fractions containing the hsp90-peptide complexes identified
by immunoblotting using an anti~hsp90 antibody such as 3G3
(Affinity Bioreagents). Hsp90-peptide complexes can be
purified to apparent homogeneity using this procedure.
Typically, 150-200 pg of hsp90-peptide complex can be
purified from 1g of cells/tissue. '

4.1.3. Preparation and Purification
of gp96-peptide Complexes

A procedure that can be used, presented by way of
example and not limitation, is as follows:

A pellet of tumors is resuspended in 3 volumes of buffer
consisting of 30mM sodium bicarbonate buffer (pH 7.5) and 1mM
PMSF and the cells allowed to swell on ice 20 minutes. The
cell pellet is then homogenized in a Dounce homogenizer (the
appropriate clearance of the homogenizer will vary according
to each cell type) on ice until >95% cells are lysed.

The lysate is centrifuged at 1,000g for 10 minutes to
remove unbroken cells, nuclei and other debris. The
supernatant from this centrifugation step is then
recentrifuged at 100,000g for 90 minutes. The gp96-peptide
complex can be purified either from the 100,000 pellet or
from the supernatant.

When purified from the supernafant, the supernatant is
diluted with equal volume of 2X lyéis buffer and the
supernatant mixed for 2-3 hours at 4°C with Con A Sepharose
equilibrated with PBS containing 2mM Ca? and 2mM Mg®'. Then,
the slurry is packed into a column and washed with 1X lysis
buffer until the 0D,,, dfops to baseline. Then, the column is
washed with 1/3 column bed volume of 10% a-methyl mannoside
(a~MM) dissolved in PBS containing 2mM ca?' and 2mM Mg*", the
column sealed with a piece of parafilm, and incubated at 37°C
for 15 minutes. Then the column is cooled to room

temperature and the parafilm removed from the bottom of the
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column. Five column volumes of the a-MM buffer are applied
to the column and the eluate analyzed by SDS-PAGE. Typically
the resulting material is about 60-95% pure, however this
depends upon the cell type and the tissue-to-lysis buffer
ratio used. Then the sample is applied to a Mono Q FPLC
column (Pharmacia) equilibrated with a buffer containing 5mM
sodium phosphate, pH 7. The proteins are then eluted from
the column with a 0-1M NaCl gradient and the gp96 fraction
elutes between 400mM and 550mM NacCl.

The procedure, however, may be modified by two
additional steps, used either alone or in combination, to
consistently produce apparently homogeneous gp96-peptide
complexes. One optional step involves an ammonium sulfate
precipitation prior to the Con A purification step and the
other optional step involves DE%E-Sepharose purification
after the Con A purification step but before the Mono Q FPLC
step.

In the first optional step, described by way of example
as follows, the supernatant resulting from the 100,000g
centrifugation step is brought to a final concentration of
50% ammonium sulfate by the addition of ammonium sulfate.

The ammonium sulfate is added slowly while gently stirring
the solution in a beaker placed in a tray of ice water. The
solution is stirred from about 1/2 to 12 hours at 4°C and the
resulting solution centrifuged at 6,000 rpm (Sorvall SS34
rotor). The supernatant resulting from this step is removed,
brought to 70% ammonium sulfate saturation by the addition of
ammonium sulfate solution, and centrifuged at 6,000 rpm
(Sorvall SS34 rotor). The resulting pellet from this step is
harvested and suspended in PBS containing 70% ammonium
sulfate in order to rinse the pellet. This mixture is
centrifuged at 6,000 rpm (Sorvall SS34 rotor) and the pellet
dissolved in PBS containing 2mM Ca?" and Mg?'. Undissolved
material is removed by a brief centrifugation at 15,000 rpm
(Sorvall SS34 rotor). Then, the solution is mixed with Con A
Sepharose and the procedure followed as before.
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In the second optional step, described by way of example
as follows, the gp96 containing fractions eluted from the Con
A column are pooled and the buffer exchanged for 5mM sodium
phosphate buffer, pH 7, 300mM NaCl by dialysis, or preferably
by buffer exchange on a Sephadex G25 column. After buffer
exchange, the solution is mixed with DEAE-Sepharose
previously equilibrated with 5mM sodium phosphate buffer, pH
7, 300mM NaCl. The protein solution and the beads are mixed
gently for 1 hour and poured into a column. Then, the column
is washed with 5mM sodium phosphate buffer, pH 7, 300mM NacCl,
until the absorbance at 280nm drops to baseline. Then, the
bound protein is eluted from the column with five volumes of
5SmM sodium phosphate buffer, pH 7, 700mM NaCl. Protein
containing fractions are pooled and diluted with 5mM sodium
phosphate buffer, pH 7 in order to lower the salt
concentration to 175mM. The resulting material then is
applied to the Mono Q FPLC column (Pharmacia) equilibrated
with 5mM sodium phosphate buffer, pH 7 and the protein that
binds to the Mono Q FPLC column (Pharmacia) is eluted as
described before.

It is appreciated, however, that one skilled in the art
may assess, by routine experimentation, the benefit of
incorporating the second optional step into the purification
protocol. 1In addition, it is appreciated also that the
benefit of adding each of the optional steps will depend upon
the source of the starting material.

When the gp96 fraction is isolated from the 100,000g
peliet, the pellet is suspended in 5 volumes of PBS
containing either 1% sodium deoxycholate or 1% oxtyl
glucopyranoside (but without the Mg?' and Ca?") and incubated
on ice for 1 hour. The suspension is centrifuged at 20,000g
for 30 minutes and the resulting supernatant dialyzed against
several changes of PBS (also without the Mg® and ca®) to
remove the detergent. The dialysate is centrifuged at
100,000g9 for 90 minutes, the supernatant harvested, and
calcium and magnesium are added to the supernatant to give
final concentrations of 2mM, respectively. Then the sample
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is purified by either the unmodified or the modified method
for isolating gp96-peptide complex from the 100,000g
supernatant, see above.

The gp96-peptide complexes can be purified to apparent
homogeneity using this procedure. About 10-20ug of gp96 can
be isolated from 1g cells/tissue.

Infectious Disease

In an alternative embodiment wherein it is desired to
treat a patient having an infectious disease, the above-
described methods in Sections 4.1.1 - 4.1.3 are used to
isolate hsp-peptide complexes from cells infected with an
infectious organism, e.g., of a cell line or from a patient.
Such infectious organisms include but are not limited to,
viruses, bacteria, protozoa, fungi, and parasites as
described in detail in Section 4.1.4 below.

4.1.4. Isolation of Antigenic/Immunogenic
Components

It has been found that antigenic peptides and/or
components can be eluted from hsp-complexes either in the
preségée of ATP or low pH. These experimental conditions may
be used to isolate peptides and/or antigenic components from
cells which may contain potentially useful antigenic
determinants. Once isolated, the amino acid sequence of each
antigenic peptide may be determined using conventional amino
acid sequencing methodologies. Such antigenic molecules can
then be produced by chemical synfhesis or recombinant
methods, purified, and complexed to hsps in vitro.

Similarly, it has been found that potentially
immunogenic peptides may be eluted from MHC-peptide complexes
using techniques well known in the art (Falk, K. et al., 1990
Nature 348:248-251; Elliott, T., et al., 1990, Nature
348:195-197; Falk, K., et al., 1991, Nature 351:290-296).

Thus, potentially immunogenic or antigenic peptides may
be isolated from either endogenous stress protein-peptide

complexes or endogenous MHC-peptide complexes for use
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subsequently as antigenic molecules, by complexing in vitro
to hsps. Exemplary protocols for isolating peptides and/or
antigenic components from either of the these complexes are
set forth below in Sections 4.1.4.1 and 4.1.4.2.

4.1.4.1. Peptides From Stress Protein-
Peptide Complexes

Two methods may be used to elute the peptide from a
stress protein-peptide complex. One approach involves
incubating the stress protein-peptide complex in the presence
of ATP. The other approach involves incubating the complexes
in a low pH buffer.

Briefly the complex of interest is centrifuged through a
Centricon 10 assembly (Millipore) to remove any low molecular
weight material loosely associated with the complex. The
large molecular weight fraction may be removed and analyzed
by SDS-PAGE while the low molecular weight may be analyzed by
HPLC as described below. In the ATP incubation protocol, the
stress protein-peptide complex in the large molecular weight
fraction is incubated with 10mM ATP for 30 minutes at room
temperature. 1In the low pH protocol, acetic acid or
trifluoroacetic acid (TFA) is added to the stress protein-
peptide complex to give a final concentration of 10%

(vol/vol) and the mixture incubated at room temperature or in
a boiling water bath or any temperature in between, for 10
minutes (See, Van Bleek, et al., 1990, Nature 348:213-216;
and Li, et al., 1993, EMBO Journal 12:3143-3151).

The resulting samples are céntrifuged through a
Centricon 10 assembly as mentioned previously. The high and
low molecular weight fractions are recovered. The remaining
large molecular weight stress protein-peptide complexes can
be reincubated with ATP or low pH to remove any remaining
peptides.

The resulting lower molecular weight fractions are
pooled, concentrated by evaporation and dissolved in 0.1%
TFA. The dissolved material is then fractionated by reverse
phase high pressure liquid chromatography (HPLC) using for
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example a VYDAC C18 reverse phase column equilibrated with

0.1% TFA. The bound material 1is then eluted at a flow rate
of about 0.8 ml/min by developing the column with a linear

gradient of 0 to 80% acetonitrile in 0.1% TFA. The elution
of the peptides can be monitored by 0OD,,, and the fractions

containing the peptides collected.

4.1.4.2. Peptides from MHC-peptide
Complexes

The isolation of potentially immunogenic peptides from
MHC molecules is well known in the art and so is not

described in detail herein (See, Falk, et al., 1990, Nature
348:248-251; Rotzsche, at al., 1990, Nature 348:252-254;
Elliott, et al., 1990, Nature 348:191-197; Falk, et al.,
1991, Nature 351:290-296; Demotz, et al., 1989, Nature
343:682-684; Rotzsche, et al., 1990, Science 249:283-287),
the disclosures of which are incorporated herein by
reference.

Briefly, MHC-peptide complexes may be isolated by a
conventional immunoaffinity procedure. The peptides then may
be eluted from the MHC-peptide complex by incubating the
compl;;es in the presence of about 0.1% TFA in acetonitrile.
The eluted peptides may be fractionated and purified by
reverse phase HPLC, as before.

The amino acid sequences of the eluted peptides may be
determined either by manual or automated amino acid
sequencing techniques well known in the art. Once the amino
acid sequence of a potentially prbtective peptide has been
determined the peptide may be synthesized in any desired
amount using conventional peptide synthesis or other
protocols well known in the art.

Peptides having the same amino acid sequence as those
isolated above may be synthesized by solid-phase peptide
synthesis using procedures similar to those described by
Merrifield, 1963, J. Am. Chem. Soc., 85:2149. During
synthesis, N-c-protected amino acids having protected side

chains are added stepwise to a growing polypeptide chain
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linked by its C-terminal and to an insoluble polymeric
support i.e., polystyrene beads. The peptides are
synthesized by linking an amino group of an N-a-deprotected
amino acid to an a-carboxy group of an N-a-protected amino
acid that has been activated by reacting it with a reagent
such as dicyclohexylcarbodiimide. The attachment of a free
amino group to the activated carboxyl leads to peptide bond
formation. The most commonly used N-a-protecting groups
include Boc which is acid labile and Fmoc which is base
labile.

Briefly, the C-terminal N-a-protected amino acid is
first attached to the polystyrene beads. The N-a-protecting
group is then removed. The deprotected c-amino group is
coupled to the activated a-carboxylate group of the next N-a-
protected amino acid. The process is repeated until the
desired peptide is synthesized. The resulting peptides are
then cleaved from the insoluble polymer support and the amino
acid side chains deprotected. Longer peptides can be derived
by condensation of protected peptide fragments. Details of
appropriate chemistries, resins, protecting groups, protected
amino.acids and reagents are well known in the art and so are
not discussed in detail herein (See, Atherton, et al., 1989,
Solid Phase Peptide Synthesis: A Practical Approach, IRL
Press, and Bodanszky, 1993, Peptide Chemistry, A Practical
Textbook, 2nd Ed., Springer-Verlag).

Purification of the resulting peptides is accomplished
using conventional procedures, such as preparative HPLC using
gel permeation, partition and/or ion exchange chromatography.
The choice of appropriate matrices and buffers are well known
in the art and so are not described in detail herein.

4.1.5. Exogenous Antigenic Molecules
Antigens or antigenic portions thereof can be selected
for use as antigenic molecules, for complexing to hsps, from
among those known in the art or determined by immunoassay to
be able to bind to antibody or MHC molecules (antigenicity)

or generate immune response (immunogenicity). To determine
- 2 9 -
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immunogenicity or antigenicity by detecting binding to
antibody, various immunoassays known in the art can be used,
including but not limited to competitive and non-competitive
assay systems using techniques such as radioimmunoassays,
ELISA (enzyme linked immunosorbent assay), "sandwich"
immunoassays, immunoradiometric assays, gel diffusion
precipitin reactions, immunodiffusion assays, in vivo
immunoassays (using colloidal gold, enzyme or radioisotope
labels, for example), western blots, immunoprecipitation
reactions, agglutination assays (e.g., gel agglutination
assays, hemagglutination assays), complement fixation assays,
immunofluorescence assays, protein A assays, and
immunoelectrophoresis assays, etc. In one embodiment,
antibody binding is detected by detecting a label on the
primary antibody. In another embodiment, the primary
antibody is detected by detecting binding of a secondary
antibody or reagent to the primary antibody. 1In a further
embodiment, the secondary antibody is labelled. Many means
are known in the art for detecting binding in an immunoassay
and are envisioned for use. 1In one embodiment for detecting
immunQgenicity, T cell-mediated responses can be assayed by
standard methods, e.g., in vitro cytoxicity assays or in vivo
delayed-type hypersensitivity assays.

Potentially useful antigens or derivatives thereof for
use as antigenic molecules can also be identified by various
criteria, such as the antigen’s involvement in neutralization
of a pathogen’s infectivity (wherein it is desired to treat
or prevent infection by such a pathogen) (Norrby, 1985,
Summary, in Vaccines 85, Lerner, et al. (eds.), Cold Spring
Harbor Laboratory, Cold Spring Harbor, New York, pPpP.
388-389), type or group specificity, recognition by patients’
antisera or immune cells, and/or the demonstration of
protective effects of antisera or immune cells specific for
the antigen. In addition, where it is desired to treat or
prevent a disease caused by pathogen, the antigen’s encoded

epitope should preferably display a small or no degree of
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antigenic variation in time or amongst different isolates of
the same pathogen.

Preferably, where it is desired to treat or prevent
cancer, known tumor-specific antigens or fragments or
derivatives thereof are used. For example, such tumor
specific or tumor-associated antigens include but are not
limited to KS 1/4 pan-carcinoma antigen (Perez and Walker,
1990, J. Immunol. 142:3662-3667; Bumal, 1988, Hybridoma
7(4):407-415); ovarian carcinoma antigen (CA125) (Yu, et al.,
1991, Cancer Res. 51(2):468-475); prostatic acid phosphate
(Tailer, et al., 1990, Nucl. Acids Res. 18(16):4928);
prostate specific antigen (Henttu and Vihko, 1989, Biochem.
Biophys. Res. Comm. 160(2):903-910; Israeli, et al., 1993,
Cancer Res. 53:227-230); melanoma-—associated antigen p97
(Estin, et al., 1989, J. Natl. Cancer Inst. 81(6):445-446);
melanoma antigen gp75 (Vijayasardahl, et al., 1990, J. Exp.
Med. 171(4):1375-1380); high molecular weight melanoma '
antigen (Natali, et al., 1987, Cancer 59:55-63) and prostate
specific membrane antigen.

In a specific embodiment, an antigen or fragment or
derivative thereof specific to a certain tumor is selected
for complexing to hsp and subsequent administration to a
patient having that tumor.

Preferably, where it is desired to treat or prevent
viral diseases, molecules comprising epitopes of known
viruses are used. For example, such antigenic epitopes may
be prepared from viruses including, but not limited to,
hepatitis type A, hepat<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>