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1
USE OF RECOMBINANT HEAT SHOCK
PROTEIN COMPLEXED TO KIDNEY
CANCER ANTIGEN

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit under 35 U.S.C. §119
(e) of U.S. Provisional Application No. 60/840,127, filed
Aug. 25, 2006.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

This work was supported by the Institutional ACS (USA)
Grant IRG-02-197-01. The United States Government may
have certain rights in this invention.

BACKGROUND OF THE INVENTION

The standard treatment for metastatic renal cell carcinoma
(RCC) includes cytokine therapy with interferon-alpha (IFN-
o) or interleukin-2 (IL.2), which produce 15-20% response
rates. These modest response rates highlight the need for
more effective treatments; however, they also indicate that
RCC is immunoresponsive. An effective tumor vaccine tar-
gets antigens that are highly expressed on tumor cells.
Recombinant heat shock proteins (HSP) can be used to stimu-
late the immune system to target tumor-specific antigens,
leading to tumor killing. HSP are one of the most abundant
proteins found inside a cell. They have the ability to bind and
protectintracellular proteins in the presence of cellular stress,
such as heat and glucose depravation.

Recombinant HSP, such as hspl00 and grp170, can be
complexed to a tumor-specific antigen. Depending on the
tumor antigen, the HSP-target antigen complex forms at room
temperature or when heated. The complex is then adminis-
tered as a vaccine that targets the tumor.

Heat shock proteins (HSP) are some of the most abundant
intracellular proteins. They normally function as molecular
chaperones, assisting with protein folding and formation of
multi-subunit complexes. They are induced by cellular stress
and protect intracellular proteins by binding and preventing
denaturation. HSP are broadly categorized as hsps (desig-
nated here using small characters) or glucose regulated pro-
teins (grps) based on their subcellular localization and the
stressors that induce their expression ((Shen, I. et al., Coin-
duction of glucose-regulated proteins and doxorubicin resis-
tance in Chinese hamster cells. Proc Natl Acad Sci USA 84,
3278-82 (1987)) ((Srivastava, P., Roles of heat-shock proteins
in innate and adaptive immunity. Nat Rev Immunol 2, 185-94
(2002)). For example, hsps (families of hsps: small hsps,
hsp40, calreticulin, hsp60, hsp70, hsp90, hsp110) are induced
by heat and oxidizing agents, and localize to the nucleus,
cytoplasm and mitochondria. Grps (family of grps: grp78,
grp94, grpl170) are induced by hypoxia and glucose depriva-
tion, and localize to the endoplasmic reticulum.

Experiments performed in the early 1900s demonstrated
that tumor cells and lysates can protect mice against subse-
quent tumor challenges. Follow up experiments using tumor
fractions identified HSP as the “active ingredient” providing
immune protection (Udono, H. & Srivastava, P. K., Compari-
son of tumor-specific immunogenicities of stress-induced
proteins gp96, hsp90, and hsp70. J Immunol 152, 5398-403
(1994)). The HSP may be promiscuously bound to a number
of tumor antigens, which may produce a tumor-specific
immune response; although, it is not yet possible to specifi-
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cally predict with any certainty that that such a response will
in fact occur with a particular HSP bound to a particular
antigen without actual tests (Castelli, C. et al. Human heat
shock protein 70 peptide complexes specifically activate anti-
melanoma T cells. Cancer Res 61, 222-7 (2001)).

It has been postulated that HSP found outside a cell are
recognized as a danger signal, indicating to the immune sys-
tem the presence of damaged or diseased tissue. Receptors for
HSP have been identified on dendritic cells (DC), which are
professional antigen presenting cells (APC). Using solubi-
lized APC membrane applied to a gp96 affinity column,
CD91 was identified as a receptor for HSP; CD91 binds
hsp90, hsp70 and calreticulin. Various scavenger receptors
including CD14, TLR-2 and TLR4 have been shown to bind
and internalize hsp70 and hsp60. The binding of HSP and DC
leads to NF-kB signaling, which has previously been shown
to regulate cytokines and DC maturation.

In certain cases, microgram quantities of HSP bound to
peptides may serve as a powerful immune adjuvant, activat-
ing both an antigen-specific and an innate immune response.
While the majority of exogenous antigens produce a MHC
class II response, proteins and peptides bound to HSP may
elicita MHC class I mediated CD8+ T cell response as well as
a MHC class II response (Udono, H., Levey, D. L. & Srivas-
tava, P. K., Cellular requirements for tumor-specific immu-
nity elicited by heat shock proteins: tumor rejection antigen
2p96 primes CD8+ T cells in vivo. Proc Natl Acad Sci USA
91, 3077-81 (1994)) (Matsutake, T. & Srivastava, P. K., The
immunoprotective MHC II epitope of a chemically induced
tumor harbors a unique mutation in a ribosomal protein. Proc
Natl Acad Sci USA 98, 3992-7 (2001)). The mechanism of
cross presentation is the subject of active research; however,
it known that cross presentation of peptides bound to HSP
requires functional proteosomes and transporter associated
with antigen processing (TAP). HSP uncomplexed to peptide
might stimulate an innate immune response by stimulating
the secretion of various cytokines including, TNFa, IL-1a.,
1L-6, IL.-12, and GM-CSF (Basu, S., Binder, R. J., Suto, R.,
Anderson, K. M. & Srivastava, P. K., Necrotic but not apop-
totic cell death releases heat shock proteins, which deliver a
partial maturation signal to dendritic cells and activate the
NF-kappa B pathway. Int Immunol 12, 1539-46 (2000).)
(Kol, A, Lichtman, A. H., Finberg, R. W., Libby, P. & Kurt-
Jones, E. A., Cutting edge: heat shock protein (HSP) 60
activates the innate immune response: CD14 is an essential
receptor for HSP60 activation of mononuclear cells. J Immu-
nol 164, 13-7 (2000)). Both the antigen-specific and the
innate immune responses contribute to the final anti-tumor
effect.

HSP vaccine strategies have been reported by others. HSPs
are complexed to a wide spectrum of intracellular tumor
proteins. It is therefore possible to isolate these HSPs and
administer them as a tumor-specific, autologous vaccine. In
principle, this approach is similar to using tumor lysate as a
vaccine; however, the extraction of tumor HSPs produces a
more concentrated vaccine enriched for the “active ingredi-
ent”. Using this approach, a phase III clinical trial for meta-
static melanoma and a phase Il adjuvant therapy trial for
kidney cancer have completed enrollment. In two different
phase I trials for metastatic kidney cancer, approximately
35% of patients had a clinical response. No significant tox-
icities were observed, and no autoimmune effects were noted
(Amato, R. etal. in ASCO A1782 (2000)) (Assikis, V. J. et al.
in ASCO A1552 (2003)).

There unfortunately are limitations to using tumor derived
HSPs. Surgically obtained tumor tissue is not available for all
patients. Even when tumor tissue is available, a vaccine can






