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ABSTRACT 

The present invention provides the means and methods for 
selecting immunogenic peptides and the immunogenic pep 
tide compositions capable of specifically binding glycopro 
teins encoded by HLA alleles and inducing T cell activation in 
T cells restricted by the allele. The peptides are useful to elicit 
an immune response against a desired antigen. 
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FIGURE 37 
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FIGURE 40 
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FIGURE 41 

Scattergram for columns: XY r2 is .578 

O log(x) of adj... 

-S 

4.5 -4 -3.5-3 -2.5 -2-1.s -1 -.5 
A2. log adjbnd 

  



Patent Application Publication Oct. 23. 2008 Sheet 49 of 57 US 2008/0260762 A1 

FIGURE 42 
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FIGURE 49 
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U.S. Ser. No. 08/073,205 filed Jun. 4, 1993 and now aban 
doned, which is a continuation-in-part of U.S. Ser. No. 
08/027,146 filed Mar. 5, 1993 and now abandoned. The appli 
cation is also related to U.S. Ser. No. 60/013,980 filed Mar. 
21, 1996 and now abandoned, U.S. Ser. No. 08/454,033 filed 
May 26, 1995, U.S. Ser. No. 08/349,177 filed Dec. 2, 1994, 
and U.S. Ser. No. 08/753,622 filed Jan. 27, 1996 and now 
abandoned. Each of the above-referenced applications is 
incorporated herein by reference. 
0007. This application is a Continuation in Part (“CIP) of 
U.S. Ser. No. 08/815,396, filed Mar. 10, 1997, which is a CIP 
of U.S. Ser. No. 60/013,113, filed Mar. 11, 1996; and is a CIP 
of U.S. Ser. No. 08/485,218 filed Jun. 7, 1995, which is a CIP 
of U.S. Ser. No. 08/305,871 filed Sep. 14, 1994, now U.S. Pat. 
No. 5,736,142 issued Apr. 7, 1998, which is a CIP of aban 
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doned application U.S. Ser. No. 08/121,101 filed Sep. 14, 
1993. The present application is related to U.S. Ser. No. 
09/017,735, which is a CIP of abandoned U.S. Ser. No. 
08/589,108; U.S. Ser. No. 08/753,622, U.S. Ser. No. 08/822, 
382, U.S. Ser. No. 60/013,980, U.S. Ser. No. 08/454,033, U.S. 
Ser. No. 09/116,424, U.S. Ser. No. 08/205,713, and U.S. Ser. 
No. 08/349,177, which is a CIP of abandoned U.S. Ser. No. 
08/159,184, which is a CIP of abandoned U.S. Ser. No. 
08/073,205, which is a CIP of abandoned U.S. Ser. No. 
08/027,146. The present application is also related to U.S. 
Ser. No. 09/017,524, U.S. Ser. No. 08/821,739, U.S. Ser. No. 
60/013,833, U.S. Ser. No. 08/758,409, U.S. Ser. No. 08/589, 
107, U.S. Ser. No. 08/451,913, U.S. Ser. No. 08/186,266, U.S. 
Ser. No. 09/116,061, and U.S. Ser. No. 08/347,610, which is 
a CIP of U.S. Ser. No. 08/159,339, which is a CIP of aban 
doned U.S. Ser. No. 08/103,396, which is a CIP of abandoned 
U.S. Ser. No. 08/027,746, which is a CIP of abandoned U.S. 
Ser. No. 07/926,666. The present application is also related to 
U.S. Ser. No. 09/017,743, U.S. Ser. No. 08/753,615; U.S. Ser. 
No. 08/590,298, U.S. Ser. No. 09/115,400, and U.S. Ser. No. 
08/452,843, which is a CIP of abandoned U.S. Ser. No. 
08/344,824, which is a CIP of abandoned U.S. Ser. No. 
08/278,634. The present application is also related to U.S. 
Ser. No. 60/087,192 and U.S. Ser. No. 09/009,953, which is a 
CIP of 60/036,713 and 60/037,432. All of the above applica 
tions are incorporated herein by reference. 
0008. The present application is a continuation in part of 
U.S. Ser. No. 08/159,184, which is a continuation in part of 
U.S. Ser. No. 08/073,205, which is a continuation in part of 
U.S. Ser. No. 08/027,146, all of which are incorporated herein 
by reference. 
0009. To identify peptides of the invention, MHC-peptide 
complex isolation, and isolation and sequencing of naturally 
processed peptides was carried out as described in the related 
applications. This application may be relevant to U.S. Ser. 
No. 09/189,702 filed Nov. 10, 1998, which is a CIP of U.S. 
Ser. No. 08/205,713 filed Mar. 4, 1994, which is a CIP of Ser. 
No. 08/159,184 filed Nov. 29, 1993 and now abandoned, 
which is a CIP of Ser. No. 08/073,205 filed Jun. 4, 1993 and 
now abandoned, which is a CIP of Ser. No. 08/027,146 filed 
Mar. 5, 1993 and now abandoned. The present application is 
also related to U.S. Ser. No. 09/226,775, which is a CIP of 
U.S. Ser. No. 08/815,396, which claims the benefit of U.S. 
Ser. No. 60/013,113, now abandoned. Furthermore, the 
present application is related to U.S. Ser. No. 09/017,735, 
which is a CIP of abandoned U.S. Ser. No. 08/589,108; U.S. 
Ser. No. 08/753,622, U.S. Ser. No. 08/822,382, abandoned 
U.S. Ser. No. 60/013,980, U.S. Ser. No. 08/454,033, U.S. Ser. 
No. 09/116,424, and U.S. Ser. No. 08/349,177. The present 
application is also related to U.S. Ser. No. 09/017,524, U.S. 
Ser. No. 08/821,739, abandoned U.S. Ser. No. 60/013,833, 
U.S. Ser. No. 08/758,409, U.S. Ser. No. 08/589,107, U.S. Ser. 
No. 08/451,913, U.S. Ser. No. 08/186,266, U.S. Ser. No. 
09/116,061, and U.S. Ser. No. 08/347,610, which is a CIP of 
U.S. Ser. No. 08/159,339, which is a CIP of abandoned U.S. 
Ser. No. 08/103,396, which is a CIP of abandoned U.S. Ser. 
No. 08/027,746, which is a CIP of abandoned U.S. Ser. No. 
07/926,666. The present application may also be relevant to 
U.S. Ser. No. 09/017,743, U.S. Ser. No. 08/753,615; U.S. Ser. 
No. 08/590,298, U.S. Ser. No. 09/115,400, and U.S. Ser. No. 
08/452,843, which is a CIP of U.S. Ser. No. 08/344,824, 
which is a CIP of abandoned U.S. Ser. No. 08/278,634. The 
present application may also be related to provisional U.S. 
Ser. No. 60/087,192 and U.S. Ser. No. 09/009,953, which is a 
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CIP of abandoned U.S. Ser. No. 60/036,713 and abandoned 
U.S. Ser. No. 60/037,432. In addition, the present application 
may be relevant to U.S. Ser. No. 09/098.584, and U.S. Ser. 
No. 09/239,043. The present application may also be relevant 
to co-pending U.S. Ser. No. 09/583,200 filed May 30, 2000, 
U.S. Ser. No. 09/260,714 filed Mar. 1, 1999, and U.S. Provi 
sional Application “Heteroclitic Analogs And Related Meth 
ods', Attorney Docket Number 018623-015810US filed Oct. 
6, 2000. All of the above applications are incorporated herein 
by reference. 
0010. The present application is a continuation in part of 
U.S. Ser. No. 08/159,339, which is continuation in part of 
U.S. Ser. No. 08/103,396 which is a continuation in part of 
U.S. Ser. No. 08/027,746 which is a continuation in part of 
U.S. Ser. No. 07/926,666. It is related to U.S. Ser. No. 08/186, 
266. The application of Supermotifs and motifs and binding 
analysis to the identification of epitopes is described in 
WO01/21189 and co-pending U.S. application Ser. No. 
09/239,043, filed Jan. 27, 1999: Ser. No. 09/350,401, filed Jul. 
8, 1999: Ser. No. 09/412,863 filed Oct. 5, 1999: Ser. No. 
09/390,061 filed Sep. 3, 1999: Ser. No. 09/458.302 filed Dec. 
10, 1999: Ser. No. 09.458,297 filed Dec. 10, 1999: Ser. No. 
09/458,298 filed Dec. 10, 1999, Ser. No. 09/633,364 filed 
Aug. 7, 2000; Ser. No. 09/458.299 filed Dec. 10, 1999; and 
Ser. No. 09/641,528 filed Aug. 15, 2000. 
(0011. This application is a Continuation in Part (“CIP) of 
U.S. Ser. No. 08/815,396, filed Mar. 10, 1997, which is a CIP 
of U.S. Ser. No. 60/013,113, filed Mar. 11, 1996; and is a CIP 
of U.S. Ser. No. 08/485,218 filed Jun. 7, 1995, which is a CIP 
of U.S. Ser. No. 08/305,871 filed Sep. 14, 1994, now U.S. Pat. 
No. 5,736,142 issued Apr. 7, 1998, which is a CIP of aban 
doned application U.S. Ser. No. 08/121,101 filed Sep. 14, 
1993. The present application is related to U.S. Ser. No. 
09/017,735, which is a CIP of abandoned U.S. Ser. No. 
08/589,108; U.S. Ser. No. 08/753,622, U.S. Ser. No. 08/822, 
382, U.S. Ser. No. 60/013,980, U.S. Ser. No. 08/454,033, U.S. 
Ser. No. 09/116,424, U.S. Ser. No. 08/205,713, and U.S. Ser. 
No. 08/349,177, which is a CIP of abandoned U.S. Ser. No. 
08/159,184, which is a CIP of abandoned U.S. Ser. No. 
08/073,205, which is a CIP of abandoned U.S. Ser. No. 
08/027,146. The present application is also related to U.S. 
Ser. No. 09/017,524, U.S. Ser. No. 08/821,739, U.S. Ser. No. 
60/013,833, U.S. Ser. No. 08/758,409, U.S. Ser. No. 08/589, 
107, U.S. Ser. No. 08/451,913, U.S. Ser. No. 08/186,266, U.S. 
Ser. No. 09/116,061, and U.S. Ser. No. 08/347,610, which is 
a CIP of U.S. Ser. No. 08/159,339, which is a CIP of aban 
doned U.S. Ser. No. 08/103,396, which is a CIP of abandoned 
U.S. Ser. No. 08/027,746, which is a CIP of abandoned U.S. 
Ser. No. 07/926,666. The present application is also related to 
U.S. Ser. No. 09/017,743, U.S. Ser. No. 08/753,615; U.S. Ser. 
No. 08/590,298, U.S. Ser. No. 09/115,400, and U.S. Ser. No. 
08/452,843, which is a CIP of abandoned U.S. Ser. No. 
08/344,824, which is a CIP of abandoned U.S. Ser. No. 
08/278,634. The present application is also related to U.S. 
Ser. No. 60/087,192 and U.S. Ser. No. 09/009,953, which is a 
CIP of 60/036,713 and 60/037,432. 
0012 All of the above applications are incorporated 
herein by reference. These applications are referred to herein 
as the parent applications'. 

FEDERALLY SPONSORED RESEARCH AND 
DEVELOPMENT 

0013 The Sequence Listing written in file “Sequence Lis 
ting..txt,” 2.9 megabytes, created on Jan. 24, 2005 on two 
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identical copies of compact discs for application Ser. No. 
10/817,970, Grey et al., HLA Binding Motifs and Peptides 
and Their Uses, is herein incorporated-by-reference. 
0014 Subject matter disclosed herein was funded, in part, 
by the United States government under grants from the 
National Institutes of Health. The U.S. government may have 
certain rights in this invention. This invention was funded, in 
part, by the U.S. government under a contract from the 
National Institutes of Health. The U.S. government may have 
certain rights in the invention. 

BACKGROUND OF THE INVENTION 

0015 The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological states such as viral diseases and cancers. In 
particular, it provides novel peptides capable of binding 
selected major histocompatibility complex (MHC) mol 
ecules and inducing an immune response. 
0016. The genetic makeup of a given mammal encodes the 
structures associated with the immune system of that species. 
Although there is a great deal of genetic diversity in the 
human population, even more so comparing humans and 
other species, there are also common features and effects. In 
mammals, certain molecules associated with immune func 
tion are termed the major histocompatibility complex. 
0017 MHC molecules are classified as either Class I or 
Class II molecules. Class II MHC molecules are expressed 
primarily on cells involved in initiating and Sustaining 
immune responses, such as T lymphocytes, B lymphocytes, 
dendritic cells, macrophages, etc. Class II MHC molecules 
are recognized by helper T lymphocytes and induce prolif 
eration of helper T lymphocytes and amplification of the 
immune response to the particular immunogenic peptide that 
is displayed. Complexes between a particular disease-associ 
ated antigenic peptide and class II HLA molecules are recog 
nized by helper T lymphocytes and induce proliferation of 
helper T lymphocytes and amplification of specific CTL and 
antibody immune responses. 
0018 Class I MHC molecules are expressed on almost all 
nucleated cells and are recognized by cytotoxic T lympho 
cytes (CTLs), which then destroy the antigen-bearing cells. 
Complexes between a particular antigenic peptide and class I 
MHC molecules are recognized by CD8+ cytotoxic T lym 
phocytes (CTLs), which then destroy the cells bearing anti 
gens bound by the HLA class I molecules expressed on those 
cells. CD8+ T lymphocytes frequently mature into cytotoxic 
effector which can lyse cells bearing the stimulating antigen. 
CTLS are particularly important in tumor rejection and in 
fighting viral, fungal, and parasitic infections. 
0019. A complex of an HLA molecule and a peptidic 
antigen acts as the ligand recognized by HLA-restricted T 
cells (Buus, S. et al., Cell 47:1071, 1986; Babbitt, B. P. et al., 
Nature 317:359, 1985; Townsend, A. and Bodmer, H., Annu. 
Rev. Immunol. 7:601, 1989; Germain, R. N., Annu. Rev. 
Immunol. 11:403, 1993). 
0020. Through the study of single amino acid substituted 
antigen analogs and the sequencing of endogenously bound, 
naturally processed peptides, critical residues that correspond 
to motifs required for specific binding to HLA antigen mol 
ecules have been identified (see also, e.g., Southwood, et al., 
J. Immunol. 160:3363, 1998; Rammensee, et al., Immunoge 
netics 41:178, 1995; Rammensee et al., SYFPEITHI, access 
via web at: http://134.2.96.221/scripts. hlaserver.dll/home. 
htm: Sette, A. and Sidney, J. Curr. Opin. Immunol. 10:478, 
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1998; Engelhard, V. H., Curr. Opin. Immunol. 6:13, 1994; 
Sette, A. and Grey, H. M. Curr. Opin. Immunol. 4:79, 1992: 
Sinigaglia, F. and Hammer, J. Curr. Biol. 6:52, 1994; Ruppert 
et al., Cell 74:929-937, 1993; Kondo et al., J. Immunol. 155: 
4307-4312, 1995: Sidney et al., J. Immunol. 157:3480-3490, 
1996: Sidney et al., Human Immunol. 45:79-93, 1996; Sette, 
A. and Sidney, J. Immunogenetics 50:201-212, 1999). The 
presence of these residues correlates with binding affinity for 
HLA molecules. The identification of motifs and/or supermo 
tifs that correlate with high and intermediate affinity binding 
is an important issue with respect to the identification of 
immunogenic peptide epitopes for the inclusion in a vaccine. 
Kast et al. (J. Immunol. 152:3904-12, 1994) have shown that 
motif-bearing peptides account for 90% of the epitopes that 
bind to allele-specific HLA class I molecules. In this study all 
possible peptides of 9 amino acids in length and overlapping 
by eight amino acids (240 peptides), which cover the entire 
sequence of the E6 and E7 proteins of human papillomavirus 
type 16, were evaluated for binding to five allele-specific 
HLA molecules that are expressed at high frequency among 
different ethnic groups. This unbiased set of peptides allowed 
an evaluation of the predictive value of HLA class I motifs. 
From the set of 240 peptides, 22 peptides were identified that 
bound to an allele-specific HLA molecule with high or inter 
mediate affinity. Of these 22 peptides, 20 (i.e. 91%) were 
motif-bearing. Thus, this study demonstrates the value of 
motifs for the identification of peptide epitopes for inclusion 
in a vaccine: application of motif.-based identification tech 
niques will identify about 90% of the potential epitopes in a 
target antigen protein sequence. 
0021. A relationship between binding affinity for HLA 
class I molecules and immunogenicity of discrete peptide 
epitopes on bound antigens was determined by the present 
inventors. As disclosed in greater detail herein, higher HLA 
binding affinity is correlated with greater immunogenicity. 
0022. Furthermore, X-ray crystallographic analysis of 
HLA-peptide complexes has revealed pockets within the pep 
tide binding cleft of HLA molecules which accommodate, in 
an allele-specific mode, specific residues of peptide ligands; 
these residues in turn determine the HLA binding capacity of 
the peptides in which they are present. (See, e.g., Madden, D. 
R. Annu. Rev. Immunol. 13:587, 1995; Smith, et al., Immunity 
4:203, 1996; Fremont et al., Immunity 8:305, 1998; Sternet 
al., Structure 2:245, 1994; Jones, E.Y. Curr. Opin. Immunol. 
9:75, 1997: Brown, J. H. et al., Nature 364:33, 1993; Guo, H. 
C. et al., Proc. Natl. Acad. Sci. USA 90:8053, 1993; Guo, H. 
C. et al., Nature 360:364, 1992; Silver, M. L. et al., Nature 
360:367, 1992; Matsumura, M. et al., Science 257:927, 1992: 
Madden et al., Cell 70:1035, 1992; Fremont, D. H. et al., 
Science 257:919, 1992: Saper, M. A., Bjorkman, P. J. and 
Wiley, D.C., J. Mol. Biol. 219:277, 1991). 
0023. Peptides of the present invention may also comprise 
epitopes that bind to HLA class II DR molecules. A greater 
degree of heterogeneity in both size and binding frame posi 
tion of the motif, relative to the N- and C-termini of the 
peptide, exists for class II peptide ligands. This increased 
heterogeneity of HLA class II peptide ligands is due to the 
structure of the binding groove of the HLA class II molecule 
which, unlike its class I counterpart, is open at both ends. 
Crystallographic analysis of HLA class II DRB 01 01-pep 
tide complexes showed that the major energy of binding is 
contributed by peptide residues complexed with complemen 
tary pockets on the DRB 01 01 molecules. An important 
anchor residue engages the deepest hydrophobic pocket (see, 
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e.g., Madden, D. R. Ann. Rev. Immunol. 13:587, 1995) and is 
referred to as position 1 (P1). P1 may represent the N-termi 
nal residue of a class II binding peptide epitope, but more 
typically is flanked towards the N-terminus by one or more 
residues. Other studies have also pointed to an important role 
for the peptide residue in the sixth position towards the C-ter 
minus, relative to P1, for binding to various DR molecules. 
0024. In the past few years evidence has accumulated to 
demonstrate that a large fraction of HLA class I and class II 
molecules can be classified into a relatively few Supertypes, 
each characterized by largely overlapping peptide binding 
repertoires, and consensus structures of the main peptide 
binding pockets. Thus, peptides of the present invention are 
identified by any one of several HLA-specific amino acid 
motifs, or if the presence of the motif corresponds to the 
ability to bind several allele-specific HLA molecules, a super 
motif. The HLA molecules that bind to peptides that possess 
a particular amino acid supermotifare collectively referred to 
as an HLA "supertype.” 
0025. Accordingly, the definition of class I and class II 
allele-specific HLA binding motifs, or class I or class II 
Supermotifs allows identification of regions within a protein 
that have the potential of binding particular HLA molecules. 
0026. The MHC class I antigens are encoded by the HLA 
A, B, and Cloci. HLA-A and HLA-B antigens are expressed 
at the cell Surface at approximately equal densities, whereas 
the expression of HLA-C is significantly lower (perhaps as 
much as 10-fold lower). Each of these loci have a number of 
alleles. 
0027 Specific motifs for several of the major HLA-A 
alleles (copending U.S. patent application Ser. Nos. 08/159. 
339 and 08/205,713, referred to here as the copending appli 
cations) and HLA-B alleles have been described. Several 
authors (Melief, Eur: J. Immunol., 21:2963-2970 (1991); 
Bevan, et al., Nature, 353:852-955 (1991)) have provided 
preliminary evidence that class I binding motifs can be 
applied to the identification of potential immunogenic pep 
tides in animal models. Strategies for identification of pep 
tides or peptide regions capable of interacting with multiple 
MHC alleles have been described in the literature. 
0028 Because human population groups, including racial 
and ethnic groups, have distinct patterns of distribution of 
HLA alleles it will be of value to identify motifs that describe 
peptides capable of binding more than one HLA allele, so as 
to achieve Sufficient coverage of all population groups. The 
present invention addresses these and other needs. 
0029. The recognition of foreign pathogens, foreign cells 

(i.e., tumor), or one's own cells by the immune system occurs 
largely through major histocompatibility (MHC) molecules. 
MHC molecules present unique molecular fragments of for 
eign and self molecules that permit recognition and, when 
appropriate, stimulation of various immune effectors, namely 
Band T lymphocytes. MHC molecules are classified as either 
class I or class II. Class II MHC molecules are expressed 
primarily on cells involved in initiating and Sustaining 
immune responses, such as T lymphocytes, B lymphocytes, 
macrophages, etc. Class II MHC molecules are recognized by 
helper T lymphocytes and induce proliferation of helper T 
lymphocytes and amplification of the immune response to the 
particular immunogenic peptide that is displayed. CD4+ T 
lymphocytes are activated with recognition of a unique pep 
tide fragment presented by a class II MHC molecule, usually 
found on an antigen presenting cell like a macrophage or 
dendritic cell. Often known as helper T lymphocytes (HTL), 
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CD4+ lymphocytes proliferate and secrete cytokines that 
either Supporta antibody-mediated response through the pro 
duction of IL-4 and IL-10 or support a cell-mediated response 
through the production of IL-2 and IFN-Y. 
0030 T lymphocytes recognize an antigen in the form of a 
peptide fragment bound to the MHC class I or class II mol 
ecule rather than the intact foreign antigen itself. An antigen 
presented by a MHC class I molecule is typically one that is 
endogenously synthesized by the cell (i.e., an intracellular 
pathogen). The resulting cytoplasmic antigens are degraded 
into Small fragments in the cytoplasm, usually by the proteo 
some (Niedermann et al., Immunity, 2: 289-99 (1995)). Some 
of these Small fragments are transported into the endoplasmic 
reticulum (a pre-Golgi compartment) where the fragment 
interacts with class I heavy chains to facilitate proper folding 
and association with the subunit B2 microglobulin to result in 
a stable complex formation between the fragment, MHC class 
I chain and 32 microglobulin. This complex is then trans 
ported to the cell Surface for expression and potential recog 
nition by specific CTLs. Antigens presented by MHC class II 
molecules are usually soluble antigens that enter the antigen 
presenting cell via phagocytosis, pinocytosis, or receptor 
mediated endocytosis. Once in the cell, the antigen is partially 
degraded by acid-dependent proteases in endosomes. The 
resulting fragments or peptide associate with the MHC class 
II molecule after the release of the CLIP fragment to form a 
stable complex that is then transported to the surface for 
potential recognition by specific HTLs. See Blum, et al., Crit. 
Rev. Immunol., 17:411–17 (1997); Arndt, et al., Immunol. 
Res., 16:261-72 (1997). 
0031 Investigations of the crystal structure of the human 
MHC class I molecule, HLA-A2.1, indicate that a peptide 
binding groove is created by the folding of the C.1 and C2 
domains of the class I heavy chain (Bjorkman, et al., Nature 
329:506 (1987). In these investigations, however, the identity 
of peptides bound to the groove was not determined. 
0032. Buus, et al., Science 242:1065 (1988) first described 
a method for acid elution of bound peptides from MHC. 
Subsequently, Rammensee and his coworkers (Falk, et al., 
Nature 351:290 (1991) have developed an approach to char 
acterize naturally processed peptides bound to class I mol 
ecules. Other investigators have successfully achieved direct 
amino acid sequencing of the more abundant peptides in 
various HPLC fractions by conventional automated sequenc 
ing of peptides eluted from class I molecules of the B type 
(Jardetzky, et al., Nature 353:326 (1991) and of the A2.1 type 
by mass spectrometry (Hunt, et al., Science 225:1261 (1992). 
A review of the characterization of naturally processed pep 
tides in MHC Class I has been presented by Rötzschke and 
Falk (Rötzschke and Falk, Immunol. Today 12:447 (1991). 
PCT publication WO97/34621, incorporated herein by refer 
ence, describes peptides which have a binding motif for A2.1 
alleles. 

0033 Peptides that bind a particular MHC allele fre 
quently will fit within a motif and have amino acid residues 
with particular biochemical properties at specific positions 
within the peptide. Such residues are usually dictated by the 
biochemical properties of the MHC allele. Peptide sequence 
motifs have been utilized to screen peptides capable of bind 
ing MHC molecules (Sette, et al., Proc. Natl. Acad. Sci. USA 
86:3296 (1989)), and it has been reported that class I binding 
motifs identified potential immunogenic peptides in animal 
models (De Bruijn, et al., Eur: J. Immunol. 21: 2963-70 
(1991); Pamer, et al., Nature 353: 852-955 (1991)). Also, 
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binding of a particular peptide to a MHC molecule has been 
correlated with immunogenicity of that peptide (Schaeffer, et 
al., Proc. Natl. Acad. Sci. USA 86:4649 (1989)). 
0034. Of the many thousand possible peptides that are 
encoded by a complex foreign pathogen, only a Small fraction 
ends up in a peptide form capable of binding to MHC class I 
or class II antigens and thus of being recognized by T cells. 
This phenomenon is known as immunodominance (Yewdell 
et al., Ann. Rev. Immunol., 17: 51-88 (1997)). More simply, 
immunodominance describes the phenomenon whereby 
immunization or exposure to a whole native antigen results in 
an immune response directed to one or a few "dominant 
epitopes of the antigen rather than every epitope that the 
native antigen contains. Immunodominance is influenced by 
a variety of factors that include MHC-peptide affinity, antigen 
processing, and antigen availability. 
0035. In general, CTL and HTL responses are not directed 
against all possible epitopes. Rather, they are restricted to a 
few immunodominant determinants. (Zinkernagel, et al., Adv. 
Immunol. 27:51-59 (1979); Bennink, et al., J. Exp. Med. 
168:1935-1939 (1988); Rawle, et al., J. Immunol. 146:3977 
84 (1991); Sercarz et al. Ann. Rev. Immunol. 11:729-766 
(1993)). It has been recognized that immunodominance 
(Benacerraf, et al., Science 175:273-79 (1972)) could be 
explained by either the ability of a given epitope to selectively 
bind a particular HLA protein (determinant selection theory) 
(Vitiello, et al., J. Immunol. 131: 1635 (1983); Rosenthal, et 
al., Nature 267: 156-58 (1977)), or being selectively recog 
nized by the existing TCR (T cell receptor) specificity (rep 
ertoire theory) (Klein, J., IMMUNOLOGY. THE SCIENCE OF 
SELF-NONSELF DISCRIMINATION, John Wiley & Sons, New 
York, pp. 270-310 (1982)). It has been demonstrated that 
additional factors, mostly linked to processing events, can 
also play a key role in dictating, beyond strict immunogenic 
ity, which of the many potential determinants will be pre 
sented as immunodominant (Sercarz, et al., Annu. Rev. Immu 
mol. 11:729-66 (1993)). 
0036. The present understanding is that because T cells to 
dominant epitopes may have been clonally deleted, selecting 
subdominant epitopes may allow extant T cells to be recruited 
which will then lead to a therapeutic response. However, the 
binding of HLA molecules to subdominant epitopes is often 
less vigorous than to dominant ones. Accordingly, there is a 
need to be able to modulate the binding affinity of particular 
immunogenic epitopes for one or more HLA molecules, and 
thereby to modulate the immune response elicited by the 
peptide. 
0037 Accordingly, while some MHC binding peptides 
have been identified, there is a need in the art to identify novel 
MHC binding peptides from pathogens that can be utilized to 
generate an immune response in vaccines against the patho 
gens from which they originate. Further, there is a need in the 
art to identify peptides capable of binding a wide array of 
different types of MHC molecules such they are immuno 
genic in a large fraction a human outbred population. 
0038. Sette et al., Proc. Natl. Acad. Sci. USA 86:3296 
(1989) showed that MHC allele specific motifs could be used 
to predict MHC binding capacity. Schaeffer et al., Proc. Natl. 
Acad. Sci. USA 86:4649 (1989) showed that MHC binding 
was related to immunogenicity. Several authors (De Bruijn et 
al., Eur: J. Immunol., 21:2963-2970 (1991); Pamer et al.,991 
Nature 353:852-955 (1991)) have provided preliminary evi 
dence that class I binding motifs can be applied to the iden 
tification of potential immunogenic peptides in animal mod 
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els. Class I motifs specific for a number of human alleles of a 
given class I isotype have yet to be described. It is desirable 
that the combined frequencies of these differentalleles should 
be high enough to cover a large fraction or perhaps the major 
ity of the human outbred population. 
0039 Thus a need exists, met for the first time herein, to 
prepare analog peptides which elicit a more vigorous 
response. This ability greatly enhances the usefulness of pep 
tide-based vaccines and therapeutic agents. The present 
invention provides these and other advantages. 
0040. One of the most formidable obstacles to the devel 
opment of broadly efficacious peptide-based immunothera 
peutics has been the extreme polymorphism of HLA mol 
ecules. Effective coverage of a population without bias would 
thus be a task of considerable complexity if epitopes were 
used specific for HLA molecules corresponding to each indi 
vidual allele because a huge number of them would have to be 
used in order to cover an ethnically diverse population. There 
exists, therefore, a need to develop peptide epitopes that are 
bound by multiple HLA antigen molecules at high affinity for 
use in epitope-based vaccines. The greater the number of 
HLA antigen molecules bound, the greater the breadth of 
population coverage by the vaccine. Analog peptides may be 
engineered based on the information disclosed herein and 
thereby used to achieve such an enhancement in breadth of 
population coverage. 
0041. Thus, the use of analoguing to modify peptide 
epitopes to enhance population coverage and/or immunoge 
nicity provides a heretofore undisclosed advantage of the 
present invention in creating effective, immunogenic vac 
cines for a broad segment of the population. 
0042. Despite the developments in the art, the prior art has 
yet to provide a useful human peptide-based vaccine orthera 
peutic agent based on this work. The present invention pro 
vides these and other advantages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0043 FIG. 1. Preferred Motif Table. 
0044 FIG. 2. HLA superfamilies for HLA-A and HLA-B 
alleles. Various alleles of HLA-A and HLA-B are classified 
according to Superfamily based on sequencing analysis or 
binding assays (verified Supertype members) or on the basis 
of B and F pocket structure (predicted supertype members). 
0045 FIG.3 shows binding motifs for peptides capable of 
binding HLA alleles sharing the B7-like specificity. 
0046 FIG. 4 shows the B7-like cross-reactive motif. 
0047 FIGS.5A and 5B. Position 2 and C-terminus define 
specificity of HLA-A*0201. The preference for specific resi 
dues in position 2(a) or at the C-terminus (b) is shown as a 
function of the percent of peptides bearing a specific residue 
that bind A*0201 with ICs of 500 nM or better. ARB values 
of peptides bearing specific residues in position 2 (a) or at the 
C-terminus (b) were calculated as described herein, and 
indexed relative to the residue with the highest binding capac 
ity. The average (geometric) binding capacity of peptides 
with L in position 2 was 1991 nM. The average (geometric) 
binding capacity of peptides with V at the C-terminus was 
2133 nM. Peptides included in the analysis had at least one 
tolerated anchor residue, as described in the text, at either 
position 2 or the C-terminus. 
0048 FIGS. 6A-6D. Map of the A*0201 motif. Summary 
map of the A*0201 motif for 8-mer (b), 10-mer (c) and 
11-mer (d) peptides. At secondary anchor positions, residues 
shown as preferred (or deleterious) are associated with an 
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average binding capacity at least 3-fold greater than (or 3-fold 
less than) peptides of the same size carrying other residues at 
the same position. At the primary anchor positions, preferred 
residues are those associated with an average binding capac 
ity within 10-fold of the optimal residue at the same position. 
Tolerated primary anchor residues are those associated with 
an average binding capacity between 10- and 100-fold of the 
optimal residue at the same position. 
0049 FIGS. 7A-7D. Position 2 fine specificity of HLA 
A2-Supertype molecules. ARB values of peptides bearing 
specific residues in position 2 were calculated for each A2-Su 
pertype molecule as described in the text, and indexed relative 
to the residue with the highest ARB for each specific mol 
ecule. The average (geometric) binding capacity of the pep 
tides bearing the residue with the highest ARB were 55, 59. 
89, and 41 mM for A*0202, A*0206, and A*6802, respec 
tively. 
0050 FIGS. 8A-8D. C-terminal fine specificity of HLA 
A2-Supertype molecules. ARB values of peptides bearing 
specific residues at the C-terminus were calculated for each 
A2-Supertype molecule as described in the text, and indexed 
relative to the residue with the highest ARB for each specific 
molecule. The average (geometric) binding capacity of the 
peptides bearing the residue with the highest ARB were 291, 
48, 250, and 553 nM for A*0202, A*0203, A*0206, and 
A*6802, respectively. 
0051 FIG.9. Map of the A*0202 motif. Summary map of 
A*0202 motif for 9-mer (a) and 10-mer (b) peptides. At 
secondary anchor positions, residues shown as preferred (or 
deleterious) are associated with an average binding capacity 
at least 3-fold greater than (or 3-fold less than) peptides of the 
same size carrying other residues at the same position. At the 
primary anchor positions, preferred residues are those asso 
ciated with an average binding capacity within 10-fold of the 
optimal residue at the same position. Tolerated primary 
anchor residues are those associated with an average binding 
capacity between 10- and 100-fold of the optimal residue at 
the same position. 
0052 FIG. 10. Map of the A*0203 motif. Summary maps 
of A*0203 motif for 9-mer (a) and 10-mer (b) peptides. At 
secondary anchor positions, residues shown as preferred (or 
deleterious) are associated with an average binding capacity 
at least 3-fold greater than (or 3-fold less than) peptides of the 
same size carrying other residues at the same position. At the 
primary anchor positions, preferred residues are those asso 
ciated with an average binding capacity within 10-fold of the 
optimal residue at the same position. Tolerated primary 
anchor residues are those associated with an average binding 
capacity between 10- and 100-fold of the optimal residue at 
the same position. 
0053 FIG. 11. Map of the A*0206 motif. Summary maps 
of A*0206 motif for 9-mer (a) and 10-mer (b) peptides. At 
secondary anchor positions, residues shown as preferred (or 
deleterious) are associated with an average binding capacity 
at least 3-fold greater than (or 3-fold less than) peptides of the 
same size carrying other residues at the same position. At the 
primary anchor positions, preferred residues are those asso 
ciated with an average binding capacity within 10-fold of the 
optimal residue at the same position. Tolerated primary 
anchor residues are those associated with an average binding 
capacity between 10- and 100-fold of the optimal residue at 
the same position. 
0054 FIG. 12. Map of the A*6802 motif. Summary maps 
of A*6802 motif for 9-mer (a) and 10-mer (b) peptides. At 
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secondary anchor positions, residues shown as preferred (or 
deleterious) are associated with an average binding capacity 
at least 3-fold greater than (or 3-fold less than) peptides of the 
same size carrying other residues at the same position. At the 
primary anchor positions, preferred residues are those asso 
ciated with an average binding capacity within 10-fold of the 
optimal residue at the same position. Tolerated primary 
anchor residues are those associated with an average binding 
capacity between 10- and 100-fold of the optimal residue at 
the same position. 
0055 FIG. 13. A2 supermotif consensus summary of sec 
ondary and primary anchor influences on A2-Supertype bind 
ing capacity of 9-(a) and 10-mer (b) peptides. Residues 
shown significantly influence binding to 3 or more A2-Super 
type molecules. The number of molecules influenced are 
indicated in parentheses. At secondary anchor positions, resi 
dues are considered preferred only if they do not have a 
deleterious influence on more than one molecule. Preferred 
residues which were deleterious in the context of one mol 
ecule are indicated by reduced and italicized font. Assessment 
at the primary anchor positions are based on single Substitu 
tion and peptide library analyses, as discussed in the text. 
0056 FIG. 14 is a flow diagram of an HLA-A purification 
scheme. 
0057 FIG. 15 is an SDS-PAGE analysis of affinity puri 
fied. HLA-A3.2 from the cell line EHM using an affinity 
column prepared with the mab GAP A3 coupled to protein 
A-Sepharose. 

0.058 Lane 1—Molecular weight standards 
0059 Lane 2 A3.2 acid eluate 
0060 Lane 3—A3.2 a second acid eluate 
0061 Lane 4 Base elution #1 
0062 Lane 5 Base elution #2 
0063 Lane 6—Concentrated base elution 1 
0064. Lane 7 Concentrated base elution 2 
0065 Lane 8 BSA 10 pg 
(0.066 Lane 9 BSA 3 pg 
0067 Lane 10 BSA -1 pg 

0068 FIG. 16 shows reverse phase high performance liq 
uid chromatography (RP-HPLC) separation of HLA-A3 acid 
eluted 20 peptides. 
0069 FIG. 17 shows binding of a radioactively labeled 
peptide of the invention to MHC molecules as measured by 
the bound radioactivity. 
(0070 FIG. 18 shows inhibition of binding of a peptide of 
the invention to MHC molecules in the presence of three 
peptides (HBc 18-27 (92-4-07), a Prostate Specific Antigen 
peptide (939.01), and HIV nef73-82 (940.03)). 
(0071 FIG. 19 shows the dependency of the binding on 
MHC concentration in the presence or absence of B micro 
globulin. 
0072 FIG. 20 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
(0073 FIG. 21 Scatchard Analysis of binding to MHC All 
confirming an apparent K, of 6 nM. 
0074 FIG.22 shows the binding of a radioactively labeled 
peptide of the invention to MHC A1 as measured by bound 
reactivity. 
(0075 FIG. 23 shows dose dependent inhibition of binding 
with the addition of unlabeled peptide. 
(0076 FIG. 24. Scatchard Analysis of binding to MHC A1 
confirming an apparent K, of 21 nM. 
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0077 FIG. 25 shows the binding of two peptides of this 
invention as a function of MHC A24 concentration as mea 
sured by bound reactivity. 
0078 FIG. 26 shows the dose dependent inhibition of 
binding to MHC A24 with the addition of unlabeled peptides. 
0079 FIG. 27A and FIG. 27B show the Scatchard Analy 
sis of binding to MHC A24 of the two peptides confirming a 
K of 30 and 60 nM, respectively. 
0080 FIG. 28 shows the effect on MHC class I molecules 
off Microglobulin and a peptide of choice on-acid-stripped 
PHAblasts. 
I0081 FIG. 29 shows CTL induction using GC43 A2.1 
responders and autologous acid-stripped PBMCs or PHA 
blasts loaded with the 777.03-924.07-927.32 peptide pool. 
I0082 FIG. 30 shows CTL induction using X351 or X355 
A2.1 responders and autologous acid stripped PBMCs or 
PHA blasts as stimulators after loading with the 1044.04 
1044.05-1044.06 peptide pool. 
I0083 FIG. 31 shows CTL induction using GC49 A2.1 
responders and Autologous Acid stripped PHA blasts as 
stimulators after loading with 939.03 peptide. 
I0084 FIG. 32 shows CTL induction using GC66 A1 
responders and autologous acid stripped PBMCs as stimula 
tors after loading of peptide 938.01. 
I0085 FIG. 33 illustrates the lysis of peptide sensitized 
targets and endogenous targets following stimulation with 
SAC-I activated PBMCs loaded with a MAGE 3 peptide. 
I0086 FIG. 34 shows a comparison of the acid strip-load 
ing with the cold temperature incubation. 
0087 FIG. 35 shows a CTL response to an immunogenic 
peptide for MAGE/All. 
0088 FIG. 36 shows a CTL response to an immunogenic 
peptide for HIV/A3. 
0089 FIG. 37 shows a CTL response to an immunogenic 
peptide for HCV/A3. 
0090 FIG.38 shows a CTL response to an immunogenic 
peptide for HBV/A3. 
0091 FIG. 39 shows allele specific motifs of five A3 
supertype alleles: A*0301, A*1101, A*3101, A*3301, and 
A*6801. Individual residues, or groups of residues, associ 
ated for each non-anchor position with either good (pre 
ferred) or poor (“deleterious') binding capacities to each 
individual allele are shown. 
0092 FIG. 40 shows the A3 supermotif. Numbers in 
parenthesis indicate the number of molecules for which the 
residue or residue group was preferred or deleterious. 
0093 FIG. 41 summarizes the motifs for the B7 supertype 
alleles (FIG. 41A-E) and for the B7 supermotif (FIG. 41F). 
The Figure and corresponding motif supermotif is as follows: 
a) B*0702, b) B*3501, c) B51, d) B*5301, and e) B*5401. 
These maps were subsequently used to define the B7 Super 
motif (f). Values in parenthesis indicate the frequency that a 
residue or residue group was preferred or deleterious. 
0094 FIG. 42 shows relative average binding capacity of 
the A*0101 motif 9-mer peptides as a function of the different 
residues occurring at each of the non-anchor positions. FIG. 
42A and FIG. 42B depict data, and FIG. 42C and FIG. 42D 
depict graphics. Data sets from either 2-9 motif (FIG. 42A), 
3–9 motif (FIG. 42B) peptide sets were analyzed and tabu 
lated as described in the Examples. The 2-9 and 3-9 sets 
contained 101 and 85 different peptides, respectively. Maps 
of secondary effects influencing the binding capacity of 
9-mer peptides carrying the 2-9 (FIG. 42C) 3-9 mer (FIG. 
42D) A*0101 motifs are also shown. 
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0.095 FIG. 43 shows relative average binding capacity of 
the A*0101 motif 10 mer peptides as function of the different 
residues occurring at each of the non-anchor positions. Data 
sets from either 2-10 mer (FIG. 43A) or 3-10 (FIG. 43B) 
motifsets of peptides were analyzed and tabulated. The 2-10 
and 3-10 sets contained 91 and 89 different peptides, respec 
tively. Maps of secondary effects influencing the binding 
capacity of 10 merpeptides carrying the 2-10 (FIG. 43C) mer 
and (1) and or 3-10 mer (FIG. 43D) A1 motifs are also shown. 
0096 FIG. 44 shows preferred and deleterious secondary 
anchor residues for the refined A249-mer and 10-mer motifs. 
(0097 FIG. 49 is a flow diagram of an HLA-A purification 
scheme. 

0.098 FIG. 45 shows a scattergram of the log of relative 
binding plotted against the “Grouped Ratio' algorithm for 9 
mer peptides. 
0099 FIG. 46 shows a scattergram of the log of relative 
binding plotted against the average “Log of Binding algo 
rithm score for 9 mer peptides. 
0100 FIG. 47 and FIG. 48 show scattergrams of a set of 
10-mer peptides containing preferred residues in positions 2 
and 10 as scored by the “Grouped Ratio” and “Log of Bind 
ing algorithms. 

BRIEF SUMMARY OF THE INVENTION 

0101 The present invention relates to compositions and 
methods for preventing, treating or diagnosing a number of 
pathological States such as viral diseases and cancers. Thus, 
provided herein are novel peptides capable of binding 
selected major histocompatibility complex (MHC) mol 
ecules and inducing or modulating an immune response. 
Some of the peptides disclosed are capable of binding human 
class II MHC (HLA) molecules, including HLA-DR and 
HLA-DQ alleles. Other peptides disclosed herein are capable 
of binding to human class I molecules, including one or more 
of the following: HLA-A1 HLA-A2.1 HLA-A3.2, HLA 
A11, HLA-A24.1, HLA-B7, and HLA-B44 molecules. Other 
peptides disclosed are capable of binding to murine class I 
molecules. Also provided are compositions that include 
immunogenic peptides having binding motifs specific for 
MHC molecules. The peptides and compositions disclosed 
can be utilized in methods for inducing an immune response, 
a cytotoxic T lymphocyte (CTL) response or helper T lym 
phocyte (HTL) response in particular, when administered to a 
system. 
0102 The present invention also provides a method of 
identifying peptide epitopes comprising an HLA A3 Super 
motif. An A3 Supermotif, when present in a peptide, allows 
the peptide to bind more than one HLA molecule that is a 
member of the HLA A3 supertype. An HLA Supertype 
describes a set of HLA molecules grouped on the basis of 
shared peptide-binding specificities. Accordingly, HLA mol 
ecules that share similar binding repertoires for peptides bear 
ing the HLA-A3 Supermotif are grouped into the HLA A3 
supertype. The HLA A3 Supertype is comprised by HLA A3, 
A11, A31, A3301, and A6801. 
0103) The present invention provides compositions com 
prising immunogenic peptides having binding motifs for 
HLA alleles. The immunogenic peptides are about 9 to 10 
residues in length and comprise conserved residues at certain 
positions such as a proline at position 2 and an aromatic 
residue (e.g., Y.W.F) or hydrophobic residue (e.g., L.I.V.M. or 
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A) at the carboxy terminus. In particular, an advantage of the 
peptides of the invention is their ability to bind to two or more 
different HLA alleles. 
0104. The present invention also provides compositions 
comprising immunogenic peptides having binding motifs for 
MHC Class I molecules. The immunogenic peptides are typi 
cally between about 8 and about 11 residues and comprise 
conserved residues involved in binding proteins encoded by 
the appropriate MHC allele. A number of allele specific 
motifs have been identified. 
0105 For instance, the motif for HLA-A3.2 comprises 
from the N-terminus to C-terminus a first conserved residue 
of L. M. I. V. S. A. T and F at position 2 and a second 
conserved residue of K, R or Y at the C-terminal end. Other 
first conserved residues are C. G or D and alternatively E. 
Other second conserved residues are H or F. The first and 
second conserved residues are preferably separated by 6 to 7 
residues. 
0106) The motif for HLA-A1 comprises from the N-ter 
minus to the C-terminus a first conserved residue of T.S or M, 
a second conserved residue of D or E. and a third conserved 
residue of Y. Other second conserved residues are A, S or T. 
The first and second conserved residues are adjacent and are 
preferably separated from the third conserved residue by 6 to 
7 residues. A second motif consists of a first conserved resi 
due of E or D and a second conserved residue ofY where the 
first and second conserved residues are separated by 5 to 6 
residues. 

0107 The motif for HLA-A11 comprises from the N-ter 
minus to the C-terminus a first conserved residue of T or V at 
position 2 and a C-terminal conserved residue of K. The first 
and second conserved residues are preferably separated by 6 
or 7 residues. 
0108. The motif for HLA-A24.1 comprises from the 
N-terminus to the C-terminus a first conserved residue ofY, F 
or Wat position 2 and a C terminal conserved residue of F, I, 
W. M. or L. The first and second conserved residues are 
preferably separated by 6 to 7 residues. 
0109 The present invention also provides compositions 
comprising immunogenic peptides having allele-specific 
binding motifs, such as binding motifs for HLA-A2.1 mol 
ecules. For HLA class I epitopes, which bind to the appropri 
ate HLA Class I allele, the peptides typically comprise 
epitopes from 8-11 amino acids in length, often 9 to 10 
residues in length, that comprise conserved residues at certain 
positions such as positions 2 and the C-terminal position. 
Moreover, the peptides preferably do not comprise negative 
binding residues as defined herein at other positions such as, 
in an HLA-A2.1 motif-bearing epitope, positions 1, 3, 6 and/ 
or 7 in the case of peptides 9 amino acids in length and 
positions 1, 3, 4, 5, 7, 8 and/or 9 in the case of peptides 10 
amino acids in length. For HLA class II epitopes, the peptides 
typically comprise a motif of 6 to about 25 amino acids for a 
class II HLA motif, typically, 9 to 13 amino acids in length, 
which is recognized by a particular HLA molecule. The 
present invention defines positions within a motif enabling 
the selection of peptides which will bind efficiently to HLA 
A2.1. 

0110. The invention also provides the parameters for the 
design of vaccines which are expected to effectively target 
large portions of the population. Following the guidance set 
forth herein, to prepare vaccines with respect to a particular 
infectious organism or virus or tumor, the relevant antigen is 
assessed to determine the location of epitopes which are most 
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likely to effect a cytotoxic Tresponse to an infection or tumor. 
By analyzing the amino acid sequence of the antigen accord 
ing to the methods set forth herein, an appropriate set of 
epitopes can be identified. Peptides which consist of these 
epitopes can readily be tested for their ability to bind one or 
more HLA alleles characteristic of the A2 supertype. In gen 
eral, peptides which bind with an affinity represented by an 
IC of 500 nM or less have a high probability of eliciting a 
cytotoxic T lymphocyte (CTL) response. The ability of these 
peptides to do so can also readily be verified. Vaccines can 
then be designed based on the immunogenic peptides thus 
identified. The vaccines themselves can consist of the pep 
tides perse, precursors which will be expected to generate the 
peptides in vivo, or nucleic acids encoding these peptides for 
production in vivo. 
0111. Thus, in one aspect, the invention is directed to a 
method for identifying an epitope in an antigen characteristic 
of a pathogen or tumor. The epitope identified by this method 
is more likely to enhance an immune response in an indi 
vidual bearing an allele of the A2 supertype than an arbitrarily 
chosen peptide. The method comprises analyzing the amino 
acid sequence of the antigen for segments of 8-11 amino 
acids, where the amino acid at position 2 is a small oraliphatic 
hydrophobic residue (L.I.V.M.A.T or Q) and the amino acid 
at the C-terminus of the segment is also a small or aliphatic 
hydrophobic residue (L.I.V.M. A or T). In preferred embodi 
ments, the residue at position 2 is L or M. In other preferred 
embodiments, the segment contains 9-10 amino acids. In 
another preferred embodiment, the segment contains Q or N 
at position 1 and/or R. H or Kat position 8, and lacks a D, E 
and G at position 3 when the segment is a 10-mer. Also 
preferred is V at position 2 and at the C-terminus. 
I0112 The corresponding family of HLA molecules (i.e., 
the HLA-A2 supertype that binds these peptides) is com 
prised of at least: A*0201, A*0202, A*0203, A*0204, 
A*0205, A*0206, A*0207, A*0209, A*0214, A*6802, and 
A*6901. 
0113 Also described herein are compositions comprising 
immunogenic peptides having binding motif subsequences 
for HLA-A2.1 molecules. The immunogenic epitopes in the 
peptides, which bind to the appropriate MHC allele, are pref 
erably 8-11 residues in length and more preferably 9 to 10 
residues in length and comprise conserved residues at certain 
positions such as positions 2 and the C-terminus (often posi 
tion 9). Moreover, the peptides do not comprise negative 
binding residues as defined herein at other positions such as 
positions 1, 3, 6 and/or 7 in the case of peptides 9 amino acids 
in length and positions 1, 3, 4, 5, 7, 8 and/or 9 in the case of 
peptides 10 amino acids in length. The present invention 
defines positions within a motif enabling the selection of 
peptides which will bind efficiently to HLA A2.1. 
I0114. The HLA-A2.1 motif-bearing peptides comprise 
epitopes of 8-11 amino acids which typically have a first 
conserved residue at the second position from the N-terminus 
Selected from the group consisting of L. M. I. V. A.T. and Q 
and a second conserved residue at the C-terminal position 
Selected from the group consisting of V. L. I. A. M. and T. In 
a preferred embodiment, the peptide may have a first con 
served residue at the second position from the N-terminus 
Selected from the group consisting of V, A, T, or Q; and a 
second conserved residue at the C-terminal position selected 
from the group consisting of L. M., I, V, A, and T. Secondary 
anchor specificities have also been defined for the HLA-A2.1 
binding motif. 
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0115 The HLA-A1 motifs characterized by the presence 
in peptide ligands of T, S, or Mas a primary anchor residue at 
position 2 and the presence ofY as a primary anchor residue 
at the C-terminal position of the epitope. An alternative allele 
specific A1 motif is characterized by a primary anchor residue 
at position 3 rather than position 2. This motifs characterized 
by the presence of D, E, A, or S as a primary anchor residue in 
position 3, and a Y as a primary anchor residue at the C-ter 
minal position of the epitope (see, e.g., DiBrino et al., J. 
Immunol. 152:620, 1994: Kondo et al., Immunogenetics 
45:249, 1997; and Kubo et al., JImmunol. 152:3913, 1994 for 
reviews of relevant data). 
0116. The motif for HLA-A1 comprises from the N-ter 
minus to the C-terminus a first conserved residue of T.S or M, 
a second conserved residue of D or E, and a third conserved 
residue of Y. Other second conserved residues are A, S or T. 
The first and second conserved residues are adjacent and are 
preferably separated from the third conserved residue by 6 to 
7 residues. A second motif consists of a first conserved resi 
due of E or D and a second conserved residue ofY where the 
first and second conserved residues are separated by 5 to 6 
residues. 
0117 The HLA-A3 motif is characterized by the presence 
in peptide ligands of L. M. V. I. S. A. T. F. C, G, or D as a 
primary anchor residue at position 2, and the presence of K.Y. 
R, H, F, or A as a primary anchor residue at the C-terminal 
position of the epitope (see, e.g., DiBrino et al., Proc. Natl. 
Acad. Sci. USA 90:1508, 1993; and Kubo et al., J Immunol. 
152:3913-24, 1994). 
0118 For instance, the motif for HLA-A3.2 comprises 
from the N-terminus to C-terminus a first conserved residue 
of L. M. I. V. S. A. T and F at position 2 and a second 
conserved residue of K, R or Y at the C-terminal end. Other 
first conserved residues are C, G or D and alternatively E. 
Other second conserved residues are H or F. The first and 
second conserved residues are preferably separated by 6 to 7 
residues. 
0119 The HLA-A11 motif is characterized by the pres 
ence in peptide ligands of V. T. M. L. I. S. A. G. N. C, D, or F 
as a primary anchor residue in position 2, and K. R.Y. or Has 
a primary anchor residue at the C-terminal position of the 
epitope (see, e.g., Zhang et al., Proc. Natl. Acad. Sci USA 
90:2217-2221, 1993; and Kubo et al., J Immunol. 152:3913 
3924, 1994). The first and second conserved residues are 
preferably separated by 6 or 7 residues. 
0120. The HLA-A3 and HLA-A11 are members of the 
HLA-A3 Supertype family. The HLA-A3 supermotifs char 
acterized by the presence in peptide ligands of A. L. I. V. M. 
S, or, T as a primary anchor at position 2, and a positively 
charged residue, R or K, at the C-terminal position of the 
epitope, e.g., in position 9 of 9-mers (see, e.g., Sidney et al., 
Hum. Immunol. 45:79, 1996). Exemplary members of the 
corresponding family of HLA molecules (the HLA-A3 Super 
type) that bind the A3 supermotif include A*0301, A*1101, 
A*3101, A*3301, and A*6801. 
0121 The invention further comprises an extended A3 
Supermotif, which is based on a detailed map of the secondary 
anchor requirements for binding to molecules of the HLA A3 
supertype. The extended supermotif allows for the efficient 
prediction of cross-reactive binding of peptides to alleles of 
the A3 Supertype by screening the native sequence of a par 
ticular antigen. It is also used to select analog options for 
peptides that bear amino acids defined by the primary Super 
motif. Analoging can comprise selection of desired residues 
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at the primary and/or secondary anchor positions, thereby 
altering the binding affinity and immune modulating proper 
ties of the resulting analogs. 
I0122. In order to identify A3 supermotif-bearing epitopes 
in a target antigen, a native protein sequence, e.g., a tumor 
associated antigen, an infectious organism, or a donor tissue 
for transplantation, is screened using a means for computing, 
Such as an intellectual calculation or a computer, to determine 
the presence of an A3 supermotif within the sequence. The 
information obtained from the analysis of native peptide can 
be used directly to evaluate the status of the native peptide or 
may be utilized Subsequently to generate the peptide epitope. 
I0123. The HLA-A24 motifs characterized by the presence 
in peptide ligands of Y. F.W. or Masa primary anchor residue 
in position 2, and F. L. I. or Was a primary anchor residue at 
the C-terminal position of the epitope (see, e.g., Kondo et al., 
J: Immunol. 155:43.07-4312, 1995; and Kubo et al., J. Immu 
mol. 152:3913-3924, 1994). The motif for HLA-A24.1 com 
prises from the N-terminus to the C-terminus a first conserved 
residue of Y. For Wat position 2 and a C terminal conserved 
residue of F, I, W, M or L. The first and second conserved 
residues are preferably separated by 6 to 7 residues. 
0.124. The invention also comprises peptides comprising 
epitopes containing an HLA-B7 Supermotif. Following the 
methods described in the copending applications noted 
above, certain peptides capable of binding at multiple HLA 
alleles which possess a common motif have been identified. 
The motifs of those peptides can be characterized as follows: 
N-XPXXXXXX(A.V.I.L.M)-C (SEQ ID NO:14618); 
N-XPXXXXXXX(A.V.I.L.M)-C (SEQ ID NO: 14619); 
N-XPXXXXXX(F.W.Y)-C (SEQ ID NO:14620); and 
N-XPXXXXXXX(F.W.Y)-C (SEQ ID NO: 14621). Motifs 
that are capable of binding at multiple alleles are referred to 
here as “supermotifs.” The particular supermotifs above are 
specifically called “B7-like-supermotifs.” The epitopes are 
8-11 amino acids in length, often 9 or 10 amino acids in 
length, and comprise conserved residues of a proline at posi 
tion 2 and an aromatic residue (e.g., Y. W, F) or hydrophobic 
residue (e.g., L. I. V. M., A) at the C-terminal position of the 
epitope. Peptides bearing an HLA-B7 Supermotif bind to 
more than one HLA-B7 supertype family member. The cor 
responding family of HLA molecules that bind the B7 super 
motif (i.e., the HLA-B7 supertype) is comprised of at least 
twenty six HLA-B proteins comprising at least: B*0702, 
B*0703, B*0704, B*0705, B* 1508, B*3501, B*3502, 
B*3503, B*3504, B*3505, B*3506, B*3507, B*3508, 
B*5101, B*5102, B*5103, B*5104, B*5105, B*5301, 
B*5401, B*5501, B*5502, B*5601, B*5602, B*6701, and 
B*7801 (see, e.g., Sidney, et al., J: Immunol. 154:247, 1995: 
Barber, et al., Curro Bioi. 5:179, 1995; Hill, et al., Nature 
360:434, 1992; Ramannsee, et al., Immunogenetics 41: 178, 
1995). 
0.125. The present invention defines positions within a 
motif enabling the selection of peptides that will bind effi 
ciently to more than one HLA-A. HLA-B or HLA-C alleles. 
Immunogenic peptides of the invention are typically identi 
fied using a computer to scan the amino acid sequence of a 
desired antigen for the presence of the Supermotifs. Examples 
of antigens include viral antigens and antigens associated 
with cancer. An antigen associated with cancer is an antigen, 
Such as a melanoma antigen, that is characteristic of (i.e., 
expressed by) cells in a malignant tumor but not normally 
expressed by healthy cells. Epitopes on a number of immu 
nogenic target proteins can be identified using the sequence 
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motifs described herein. Examples of Suitable antigens par 
ticularly include hepatitis B core and Surface antigens 
(HBVc, HBVs) hepatitis Cantigens, Epstein-Barr virus anti 
gens, and human immunodeficiency virus (HIV) antigens, 
and also include prostate specific antigen (PSA), melanoma 
antigens (e.g., MAGE-1), and human papilloma virus (HPV) 
antigens Lassa virus, p53 CEA, and Her2/neu; this list is not 
intended to exclude other sources of antigens. 
0126 Epitopes on a number of immunogenic target pro 

teins, i.e., target antigens, have been identified. Examples of 
Suitable antigens include tumor-associated antigens such as 
tyrosinase related proteins 1 and 2 (TRP 1 and TRP), which 
are frequently associated with melanoma; MART1: p53 and 
murine p53 (mp53), carcinoembryonic antigen (CEA), Her2/ 
neu; and MAGE, including MAGE1, MAGE2, and MAGE3, 
which are expressed on a broad range of tumors; prostate 
cancer-associated antigens Such as prostate specific antigen 
(PSA), human kallikrein (huK2), prostate specific membrane 
antigen (PSM), and prostatic acid phosphatase (PAP); anti 
gens from viruses such as hepatitis B (e.g., HBV core and 
surface antigens (HBVc, HBVs)) hepatitis C antigens, 
Epstein-Barr virus, human immunodeficiency type-1 virus 
(HIV 1), Kaposi's sarcoma herpes (KSHV), human papil 
loma virus (HPV), influenza virus, and Lassa virus antigens, 
Mycobacterium tuberculosis (MT) antigens, trypanosome, 
e.g., Trypansoma Cruzi (T. cruzi), antigens such as Surface 
antigen (TSA), and malaria antigens. 
0127. The peptides are thus useful in pharmaceutical com 
positions for both in vivo and ex vivo therapeutic and diag 
nostic applications (e.g., tetramer reagents; Beckman 
Coulter). 
0128. The present invention also provides compositions 
comprising immunogenic peptides having binding motifs for 
non-A2 HLA alleles. The immunogenic peptides are prefer 
ably about 9 to 10 residues in length and comprise conserved 
residues at certain positions such as proline at position 2 and 
an aromatic residue (e.g., Y. W, F) or hydrophobic residue 
(e.g., L. I. V. M. or A) at the carboxy terminus. In particular, 
an advantage of the peptides of the invention is their ability to 
bind to two or more different HLA alleles. 
0129. Upon identification of epitopes comprising the 
HLA A3 supermotif, motif-bearing peptides can be isolated 
from a native sequence or synthesized. Accordingly, epitope 
based vaccine compositions directed to a target antigen are 
prepared. These epitope-based vaccines preferably have 
enhanced, typically broadened, population coverage. The 
HLA-A3 Supermotif-bearing epitopes comprising the vac 
cine composition preferably bind to more than one HLA A3 
supertype molecule with a K, of less than 500 nM, and 
stimulate a CTL response in patients bearing an HLA A3 
supertype allele to which the peptide binds. 
0130 Motif-bearing peptides may additionally be used as 
diagnostic, rather than immunogenic, reagents to evaluate an 
immune response. For example, an HLA-A3 Supermotif 
bearing peptide epitope may be used prognostically to ana 
lyze an immune response for the presence of specific CTL 
populations from patients who possess an HLA A3 Supertype 
allele bound by the peptide epitope. 
0131 Certain specific embodiments of the invention are 
summarized below. 
0132) The present invention provides a method for identi 
fying a peptide epitope predicted to bind two or more allele 
specific HLA A3 Supertype molecules. The peptide epitope 
of for example, 8-15 amino acid residues, typically 8-11 
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amino acid residues, and preferably 9-10amino acid residues, 
is identified in an amino acid sequence using a means for 
computing Such as an intellectual calculation, preferably a 
computer, to determine the presence of an A3 Supermotif 
within the sequence. As noted above, the A3 Supermotif.com 
prises a first primary amino acid anchor residue that is V. S. M. 
A, T, L, or I at position two from the amino terminal end of the 
epitope and a second primary amino acid anchor residue that 
is R or Kat the carboxyl terminal end of the epitope. We note 
that the epitope may be comprised by a peptide or protein 
sequence larger than the epitope itself and still fall within the 
bounds of the invention. 
0.133 Following identification, the peptide epitope may be 
synthesized such that the first residue of the motif is at the 
second position from the amino terminal residue of the pep 
tide. Further, a peptide may be synthesized that comprises at 
least two epitopes, preferably at least two distinct epitopes. 
I0134. The binding affinity of a peptide epitope in accor 
dance with the invention for at least one HLA A3 supertype 
molecule is preferably determined. A preferred peptide 
epitope has a binding affinity of less than 500 nM for the at 
least one HLA A3 supertype molecule, and more preferably 
less than 50 nM. 
0.135 Synthesis of an A3 Supermotif-containing epitope 
may occur in vitro or in vivo. In a preferred embodiment, the 
peptide is encoded by a recombinant nucleic acid and 
expressed in a cell. The nucleic acid may encode one or more 
peptides, at least one of which is an epitope of the invention. 
0.136 A peptide epitope of the invention, in the context of 
an HLA A-3 Supertype molecule to which it binds, can be 
contacted, either in vitro or in vivo, with a cytotoxic T lym 
phocyte and thereby be used to elicit a T cell response in an 
HLA-diverse population. 
0.137 A CTL response against a target antigen may be 
induced, preferably with peripheral blood mononuclear cells 
(PBMCs), from a patient that has an allele-specific HLA-A3 
molecule that is a member of the A3 supertype. A CTL 
response can be induced by contacting the PBMCs with an A3 
Supermotif-bearing peptide epitope derived from the target 
antigen. Preferably, the supermotif-bearing epitope binds the 
HLA molecule with a K of less than 500 nM. The CTLs or 
PBMCs may further be contacted with a helper T lymphocyte 
(HTL) peptide epitope, whereby both a CTL and an HTL 
response are induced. The CTL epitope and the HTL epitope 
may be comprised by a single peptide. Further, the HTL 
epitope may be lipidated, preferably with palmitic acid, and 
may be linked by a spacer molecule to the CTL epitope. The 
epitope may be expressed by a nucleotide sequence; in a 
preferred embodiment the nucleotide sequence is comprised 
by an attenuated viral host. 
0.138. As will be apparent from the discussion below, other 
embodiments of methods and compositions are also within 
the scope of the invention. Further, novel synthetic peptides 
produced by any of the methods described herein are also part 
of the invention. 
0.139. The present invention provides peptides and nucleic 
acids encoding them for use in vaccines and therapeutics. The 
invention provides methods of inducing a cytotoxic T cell 
response against a preselected antigen in, a patient, the 
method comprising contacting a cytotoxic T cell with an 
immunogenic peptide of the invention. The peptides of the 
invention may be derived from a number of antigens includ 
ing viral antigens, tumor associated antigens, parasitic anti 
gens, fungal antigens and the like. The methods of the inven 
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tion can be carried out in vitro or in vivo. In a preferred 
embodiment the peptides are contacted with the cytotoxic T 
cell by administering to the patient a nucleic acid molecule 
comprising a sequence encoding the immunogenic peptide. 
0140. In one embodiment, the peptide is of between about 
9 and about 15 residues and binds to at least two HLA-A3-like 
molecules with a dissociation constant of less than about 500 
nM and induces a cytotoxic T cell response. The immuno 
genic peptides have a sequence of 9 residues comprising a 
binding motif from the N-terminus to the C-terminus as fol 
lows: 

0141 a first primary anchor residue at the second posi 
tion selected from the group consisting of A. L. I. V. M. 
Sand Tand a second primary anchor residue at the ninth 
position selected from the group consisting of R and K. 
and 

0.142 one or more secondary anchor residues selected 
from the group consisting of Y. F, or W. at the third 
position, Y. F, or Wat the sixth position,Y, F, or Wat the 
seventh position, Pat the eighth position, and any com 
bination thereof. 

0143. The invention further provides immunogenic pep 
tides which bind to HLA-A*0301 gene products. These pep 
tides comprise a nine residue binding motif from the N-ter 
minus to the C-terminus as follows: 

0144 a first primary anchor residue at the second posi 
tion selected from the group consisting of A. L. I. V. M. 
Sand Tand a second primary anchor residue at the ninth 
position selected from the group consisting of R and K. 
and 

0145 one or more secondary anchor residues selected 
from the group consisting of R, H, or K at the first 
position, Y. F, or W. at the third position, P. R. H. K.Y. F. 
or Wat the fourth position, Aat the fifth position, Y. F, or 
W at the sixth position, Pat the eighth position, and any 
combination thereof. 

0146 The invention also provides immunogenic peptides 
which bind to HLA-A*1101 gene products. These peptides 
comprise a nine residue binding motif from the N-terminus to 
the C-terminus as follows: 

0147 a first primary anchor residue at the second posi 
tion selected from the group consisting of A. L. 1, V. M. 
Sand Tand a second primary anchor residue at the ninth 
position selected from the group consisting of R and K. 
and 

0148 a secondary anchor residue selected from the 
group consisting of A at the first position, Y. F, or W. at 
the third position, Y, F, or W at the fourth position, A at 
the fifth position, Y. F, or W at the sixth position, Y. F, or 
W at the seventh position, P at the eighth position, and 
any combination thereof. 

014.9 The present invention is directed to methods of 
modulating the binding of peptide epitopes to HLA class I 
molecules and HLA class II molecules. The invention 
includes a method of modifying binding of an original pep 
tide epitope that bears a motif correlated with binding to an 
HLA molecule, said motif comprising at least one primary 
anchor position, said at least one primary anchor position 
having specified therefore primary anchor amino acid resi 
dues consisting essentially of two or more residues, said 
method comprising exchanging the primary anchor residue of 
the original peptide epitope for another primary anchor resi 
due, with the proviso that the original primary anchor residue 
is not the same as the exchanged primary anchor residue. A 
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preferred embodiment of the invention includes a method 
where the original primary anchor residue is a less preferred 
residue, and the exchanged residue is a more preferred resi 
due. 

0150. One alternative embodiment of the invention 
includes a method of modifying binding of an original pep 
tide epitope that bears a motif correlated with binding to an 
HLA molecule, said motif comprising at least one primary 
anchor position having specified therefore at least one pri 
mary anchor residue, and at least one secondary anchor posi 
tion having specified therefore at least one secondary residue, 
said method comprising exchanging the secondary anchor 
residue of the original peptide epitope for another secondary 
anchor residue, with the proviso that the original secondary 
anchor residue is different than the exchanged amino acid 
residue. In some cases the original secondary residue is a 
deleterious residue and the exchanged residue is a residue 
other than a deleterious residue and/or the original secondary 
anchor residue is a less preferred residue and the exchanged 
residue is a more preferred residue. 
0151. Another alternative embodiment is a method com 
prising modifying binding of an epitope that bears an HLAB7 
Supermotif of a primary anchor amino acid residue P at a 
position two and a primary anchoramino acid residue which 
is V.I. L. F. M. W.Y or Aata carboxyl terminus, wherein said 
residues are separated by at least five residues and wherein the 
amino acid positions are numbered consecutively from an 
amino to carboxyl orientation, said method comprising: 

0152 (a) exchanging a primary anchor residue at the 
carboxyl terminus for a residue which is V.I. L. F. M. W. 
Y or A, with the proviso that the original primary anchor 
residue at the carboxyl terminus is not the same as the 
exchanged residue. 

0153. An alternative method of this embodiment includes 
a method wherein the primary anchor residue at the carboxyl 
terminus is separated from the primary anchor residue at 
position two by six residues. The method further comprises: 

0154 (a) exchanging a secondary anchor residue at 
position one for a residue which is F. Y. W. L., I, V, or M 
with the proviso that the original secondary anchor resi 
due at positions one is not the same as the exchanged 
residue; or 

0.155 (b) exchanging a secondary anchor residue at 
position three and/or eight for a residue which is F. Yor 
W with the proviso that the original secondary anchor 
residue at positions three, and/or eight is not the same as 
the exchanged residue. 

0156. A further alternative embodiment is a method com 
prising modifying binding of an epitope that bears an HLAB7 
Supermotif of a primary anchor amino acid residue P at a 
position two and a primary anchoramino acid residue which 
is V.I. L. F. M. W.Y or Aata carboxyl terminus, wherein said 
residues are separated by at least six residues and wherein the 
amino acid positions are numbered consecutively from an 
amino to carboxyl orientation, said method comprising: 

0157 (a) exchanging a secondary anchor residue at 
position one for a residue which is F. Y. W. L., I, V, or M 
with the proviso that the original secondary anchor resi 
due at positions one is not the same as the exchanged 
residue; or 

0158 (b) exchanging a secondary anchor residue at 
position three and/or eight for a residue which is F. Yor 
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W with the proviso that the original secondary anchor 
residue at positions three, and/or eight is not the same as 
the exchanged residue; 

0159) 
0160 Another embodiment of the invention comprises a 
method of modifying binding of a peptide epitope that bears 
an HLA A2 Supermotif of a primary anchoramino acid resi 
due which is L. I. V. M., A, T, or Q at a position two and a 
primary anchoramino acid residue which is L. I. V. M. A. or 
Tata carboxyl terminus, wherein said residues are separated 
by at least five residues, and wherein the amino acid positions 
are numbered consecutively from an amino to carboxyl ori 
entation, said method comprising: 

0.161 (a) exchanging an original primary anchor resi 
due at position two for a residue which is L. I. V. M. A. 
T, or Q with the proviso that the original primary anchor 
residue at position two is not the same as the exchanged 
residue at position two; or 

0162 (b) exchanging a primary anchor residue at the 
carboxyl terminus of the epitope for a residue which is L. 
I. V. M. A. or Twith the proviso that the original primary 
anchor residue at the carboxyl terminus is not the same 
as the exchanged residue; or, 

(0163 
0164. Also included is a method comprising modifying 
binding of a peptide epitope that bears an HLA A3 supermotif 
of a primary anchoramino acid residue which is V. S. M. A.T. 
L., or I at a position two and a primary anchor amino acid 
residue which is R or Kata carboxyl terminus, wherein said 
residues are separated by at least five residues, and wherein 
the amino acid positions are numbered consecutively from an 
amino to carboxyl orientation, said method comprising: 

0.165 (a) exchanging an original primary anchor resi 
due at position two for a residue which is V. S. M. A. T. 
L., or I with the proviso that the original primary anchor 
residue at position two is not the same as the exchanged 
residue at position two; or 

0166 (b) exchanging a primary anchor residue at the 
carboxyl terminus of the epitope for a residue which is R 
or K with the proviso that the original primary anchor 
residue at the carboxyl terminus is not the same as the 
exchanged residue; or, 

0.167 (c) performing steps (a) and (b). 
0168 The preceding embodiment may be a method where 
the primary anchor residue at the carboxyl terminus is sepa 
rated from the primary anchor residue at position two by six 
residues, said method comprising: 

0169 (a) exchanging an original secondary anchor resi 
due at position three, six or seven which is Y. For W. with 
the proviso that the original secondary anchor residue at 
position three, six or seven, respectively, is not the same 
as the exchanged residue; or 

0170 (b) exchanging an original secondary anchor resi 
due at position eight for a residue which is P with the 
proviso that the original secondary anchor residue at 
position eight is not P. 

0171 Another embodiment of the invention includes a 
method comprising modifying binding of a peptide epitope 
that bears an HLA A3 Supermotif of a primary anchoramino 
acid residue which is V. S., M.A, T, L, or Iata position two and 
a primary anchor amino acid residue which is R or K at a 
carboxyl terminus, wherein said residues are separated by six 

(c) performing steps (a) and (b). 

(c) performing steps (a) and (b). 
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residues, and wherein the amino acid positions are numbered 
consecutively from an amino to carboxyl orientation, said 
method comprising: 

0172 (a) exchanging an original secondary anchor resi 
due at position three, six or seven which is Y. For W. with 
the proviso that the original secondary anchor residue at 
position three, six or seven, respectively, is not the same 
as the exchanged residue; or 

0173 (b) exchanging an original secondary anchor resi 
due at position eight for a residue which is P with the 
proviso that the original secondary anchor residue at 
position eight is not P: or 

0.174 (c) where the epitope bears at least one deleteri 
ous residue indicated for said supermotif in Table 138, 
exchanging said deleterious residue for a residue which 
is not deleterious; or 

0175 
(0176 Alternative embodiments of the invention include a 
method comprising modifying binding of a peptide epitope 
that bears an HLA A3 motif of a primary anchor amino acid 
residue which is A. L. I. V. M. S. T. F. C, G, or Data position 
two and a primary anchoramino acid residue which is R. K. 
Y, H., F, or A at a carboxyl terminus, wherein said residues are 
separated by at least five residues, and wherein the amino acid 
positions are numbered consecutively from an amino to car 
boxyl orientation, said method comprising: 

0177 (a) exchanging an original primary anchor resi 
due at position two for a residue which is A. L. I. V. M. 
S, T, F, C, G, or D with the proviso that the original 
primary anchor residue at position two is not the same as 
the exchanged residue at position two; or 

0.178 (b) exchanging a primary anchor residue at the 
carboxyl terminus of the epitope for a residue which is 
R. K. Y. H. F. or A with the proviso that the original 
primary anchor residue at the carboxyl terminus is not 
the same as the exchanged residue; or, 

0179 
0180. Another embodiment of the invention is a method 
comprising modifying binding of a peptide epitope that bears 
an HLA A3 motif of a primary anchor amino acid residue 
which is A. L. I. V. M. S. T. F. C, G, or Data position two and 
a primary anchoramino acid residue which is R. K.Y. H. F. or 
Aata carboxyl terminus, wherein said residues are separated 
by six residues, and wherein the amino acid positions are 
numbered consecutively from an amino to carboxyl orienta 
tion, said method comprising: 

0181 (a) exchanging an original secondary anchor resi 
due at position one for a residue which is R, H, or K with 
the proviso that the original secondary anchor residue at 
position one is not the same as the exchanged residue of 
position one; or 

0182 (b) exchanging a secondary anchor residue at 
position three for a residue which is Y. For W with the 
proviso that the original secondary anchor residue at 
position three is not the same as the exchanged residue of 
position three; or, 

0183 (c) exchanging an original secondary anchor resi 
due at position four for a residue which is P. R. H. K.Y. 
F, or W with the proviso that the original secondary 
anchor residue at position four is not the same as the 
exchanged residue at position four; or 

(d) performing two or more of steps (a)-(c). 

(c) performing steps (a) and (b). 
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0.184 (d) exchanging an original secondary anchor resi 
due at position five for a residue which is A with the 
proviso that the original secondary anchor residue at 
position five is not A, or 

0185 (e) exchanging an original secondary anchor resi 
due at position six for a residue which is Y. For W with 
the proviso that the original secondary anchor residue at 
position six is not the same as the exchanged residue at 
position six; or 

0186 (f) exchanging an original secondary anchor resi 
due at position eight for a residue which is P with the 
proviso that the original secondary anchor residue at 
position eight is not P; or 

0187 (g) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 138, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0188 (h) performing two or more of steps (a)-(g). 
0189 Further, the invention includes a method comprising 
modifying binding of a peptide epitope that bears an HLA 
A11 motif of a primary anchoramino acid residue which is V. 
T. M. L.I.S.A., G. N.C, D, or Fataposition two and a primary 
anchoramino acid residue which is K. R.Y. or Hata carboxyl 
terminus, wherein said residues are separated by at least five 
residues, and wherein the amino acid positions are numbered 
consecutively from an amino to carboxyl orientation, said 
method comprising: 

0.190 (a) exchanging an original primary anchor resi 
due at position two for a residue which is V.T. M. L., I, S, 
A. G. N. C, D or F with the proviso that the original 
primary anchor residue at position two is not the same as 
the exchanged residue at position two; or 

0191 (b) exchanging a primary anchor residue at the 
carboxyl terminus of the epitope for a residue which is 
K. R.Y. or H with the proviso that the original primary 
anchor residue at the carboxyl terminus is not the same 
as the exchanged residue; or, 

0.192 (c) performing steps (a) and (b). 
0193 An alternative method comprises modifying bind 
ing of a peptide epitope that bears an HLA A11 motif of a 
primary anchoramino acid residue which is V. T. M. L.I.S.A., 
G. N. C, D or Fat a position two and a primary anchoramino 
acid residue which is K. R. Y, or H at a carboxyl terminus, 
wherein said residues are separated by six residues, and 
wherein the amino acid positions are numbered consecutively 
from an amino to carboxyl orientation, said method compris 
ing: 

0194 (a) exchanging an original secondary anchor resi 
due at position one for a residue which is A with the 
proviso that the original secondary anchor residue at 
position one is not the same as the exchanged residue; or 

0.195 (b) exchanging a secondary anchor residue at 
position three, four, six, or seven for a residue which is Y. 
F or W with the proviso that the original secondary 
anchor residue at position three, four, six or seven 
respectively is not the same as the exchanged residue at 
Such position; or 

0.196 (c) exchanging a secondary residue at position 
five for a residue which is A with the proviso that the 
original secondary anchor residue at position five is not 
the same as the exchanged residue at position five; or 

0.197 (d) exchanging a secondary anchor residue at 
position eight for a residue which is P with the proviso 
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that the original secondary anchor residue at position 
eight is not the same as the exchanged residue at position 
eight; or 

0198 (e) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 138, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0199 (f) performing two or more of steps (a)-(e). 
0200. An additional embodiment of the invention com 
prises a method for modifying binding of a peptide epitope 
that bears an HLA-A2.1 motif of a primary anchoramino acid 
residue which is L., M. V. Q, I, A, or Tata position two and a 
primary anchoramino acid residue which is V. L. I. M. A. or 
Tata carboxyl terminus, wherein said residues are separated 
by at least five residues, and wherein the amino acid positions 
are numbered consecutively from an amino to carboxyl ori 
entation, said method comprising: 

0201 (a) exchanging an original primary anchor resi 
due at position two for a residue which is L., M. V. Q, I, 
A, or T with the proviso that the original primary anchor 
residue at position two is not the same as the exchanged 
residue at position two; or 

0202 (b) exchanging a primary anchor residue at the 
carboxyl terminus of the epitope for a residue which is V. 
L. I. M. A. or Twith the proviso that the original primary 
anchor residue at the carboxyl terminus is not the same 
as the exchanged residue; or, 

0203 (c) performing steps (a) and (b). 
0204 An alternative embodiment of the invention com 
prises a method of modifying binding of a peptide epitope that 
bears an HLA A2.1 motif of a primary anchor amino acid 
residue which is L., M. V. Q, I, A, or Tata position two and a 
primary anchoramino acid residue which is V. L. I. M. A. or 
Tata carboxyl terminus, wherein said residues are separated 
by six residues, and wherein the amino acid positions are 
numbered consecutively from an amino to carboxyl orienta 
tion, said method comprising: 

0205 (a) exchanging an original secondary anchor resi 
due at positions one, three, and/or five for a residue 
which is Y. For W with the proviso that the original 
secondary anchor residue at positions one, three, and/or 
five respectively is not the same as the exchanged resi 
due at Such a position; or 

0206 (b) exchanging an original secondary anchor resi 
due at position four for a residue which is S. T or C with 
the proviso that the original secondary anchor residue at 
position four is not the same as the exchanged residue at 
position four, or 

0207 (c) exchanging an original secondary anchor resi 
due at position seven for a residue which is A with the 
proviso that the original secondary anchor residue at 
position seven is not A, or 

0208 (d) exchanging a secondary anchor residue at 
position eight for a residue which is P with the proviso 
that the original secondary anchor residue at position 
eight is not P: or 

0209 (e) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 138, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0210 (f) performing two or more of steps (a)-(e). 
0211 Further, an additional embodiment of the invention 
comprises a method of modifying binding of a peptide 
epitope that bears an HLA A2.1 motif of a primary anchor 
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amino acid residue which is L., M. V. Q. I, A, or Tata position 
two and a primary anchoramino acid residue which is V. L., I, 
M. A. or T at a carboxyl terminus, wherein said residues are 
separated by seven residues, and wherein the amino acid 
positions are numbered consecutively from an amino to car 
boxyl orientation, said method comprising: 

0212 (a) exchanging an original secondary anchor resi 
due at position one for a residue which is A. Y. F, or W 
with the proviso that the original secondary anchor resi 
due at position one is not the same as the exchanged 
residue; or 

0213 (b) exchanging an original secondary anchor resi 
due at position three for a residue which is L. V., I, or M 
with the proviso that the original secondary anchor resi 
due at position three is not the same as the exchanged 
residue; or 

0214 (c) exchanging a secondary anchor residue at 
positions four and/or six for a residue which is G with the 
proviso that the original secondary anchor residue at 
position four and/or six respectively is not G; or 

0215 (d) exchanging an original secondary anchor resi 
due at position eight for a residue which is F. Y. W. L. V. 
I or M with the proviso that the original secondary 
anchor residue at position eight is not the same as the 
exchanged residue; or 

0216 (e) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 138, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0217 (f) performing two or more of steps (a)-(e). 
0218. Another embodiment of the invention comprises a 
method of modifying binding of a peptide epitope that bears 
an HLA A24 motif of a primary anchor amino acid residue 
which is Y. F. W or Mata position two and a primary anchor 
amino acid residue which is F, L, I, or W at a carboxyl 
terminus, wherein said residues are separated by at least five 
residues, and wherein the amino acid positions are numbered 
consecutively from an amino to carboxyl orientation, said 
method comprising: 

0219 (a) exchanging an original primary anchor resi 
due at position two for a residue which is Y. F. W or M 
with the proviso that the original primary anchor residue 
at position two is not the same as the exchanged residue; 
O 

0220 (b) exchanging a primary anchor residue at the 
carboxyl terminus for a residue which is F, L, I, or W 
with the proviso that the original primary anchor residue 
at the carboxyl terminus is not the same as the exchanged 
residue; or, 

0221 (c) performing steps (a) and (b). 
0222. A further embodiment comprises a method of modi 
fying binding of a peptide epitope that bears an HLA A24 
motif of a primary anchoramino acid residue which is Y. F. W 
or M at a position two and a primary anchor amino acid 
residue which is F, L, I, or Wata carboxyl terminus, wherein 
said residues are separated by six residues, and wherein the 
amino acid positions are numbered consecutively from an 
amino to carboxyl orientation, said method comprising: 

0223 (a) exchanging an original secondary anchor resi 
due at position one for a residue which is Y. F. W. R. H. 
or K with the proviso that the original secondary anchor 
residue at position one is not the same as the exchanged 
residue at position one; or 
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0224 (b) exchanging a secondary anchor residue at 
position four for a residue which is S, T, or C with the 
proviso that the original secondary anchor residue at 
position four is not the same as the exchanged residue; or 

0225 (c) exchanging a secondary anchor residue at 
positions seven and/or eight for a residue which is Y. For 
W with the proviso that the original secondary anchor 
residue at positions seven and/or eight respectively is not 
the same as the exchanged residue at position seven or 
eight; or 

0226 (d) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 138, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0227 (e) performing two or more of steps (a)-(d). 
0228. An alternative embodiment of the invention 
includes a method comprises modifying binding of a peptide 
epitope that bears an HLA A24 motif of a primary anchor 
amino acid residue which is Y. F.W. or Mata position two and 
a primary anchor amino acid residue which is F, L, I, or Wat 
a carboxyl terminus, wherein said residues are separated by 
seven residues, and wherein the amino acid positions are 
numbered consecutively from an amino to carboxyl orienta 
tion, said method comprising: 

0229 (a) exchanging a secondary anchor residue at 
position four for a residue which is P with the proviso 
that the original secondary anchor residue at position 
four is not P: or 

0230 (b) exchanging an original secondary anchor resi 
due at position five for a residue which is Y. F. W or P 
with the proviso that the original secondary anchor resi 
due at position five is not the same as the exchanged 
residue at position five; or 

0231 (c) exchanging a secondary anchor residue at 
position seven for a residue which is P with the proviso 
that the original secondary anchor residue at position 
seven is not the same as the exchanged residue at posi 
tion seven; or 

0232 (d) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 138, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0233 (e) performing two or more of steps (a)-(d). 
0234. An alternative embodiment of the invention 
includes a method comprising modifying binding of a peptide 
epitope that bears an HLA A1 motif of a primary anchor 
amino acid residue which is S, T, or Mata position two and 
a primary anchoramino acid residue which is Yata carboxyl 
terminus, wherein said residues are separated by at least five 
residues, and wherein the amino acid positions are numbered 
consecutively from an amino to carboxyl orientation, said 
method comprising: 

0235 (a) exchanging an original primary anchor resi 
due at position two for a residue which is S, T, or M with 
the proviso that the original primary anchor residue at 
position two is not the same as the exchanged residue at 
position two. 

0236 Another embodiment of the invention comprises a 
method of modifying binding of a peptide epitope that bears 
an HLA A1 motif of a primary anchor amino acid residue 
which is S, T, or Mat a position two and a primary anchor 
amino acid residue which is Yata carboxyl terminus, wherein 
said residues are separated by six residues, and wherein the 
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amino acid positions are numbered consecutively from an 
amino to carboxyl orientation, said method comprising: 

0237 (a) exchanging a secondary anchor residue at 
position one for a residue which is G. F. W. or Y with the 
proviso that the original secondary anchor residue at 
position one is not the same as the exchanged residue at 
position one; or 

0238 (b) exchanging an original secondary anchor resi 
due at position three for a residue which is D, E, or A 
with the proviso that the original secondary anchor resi 
due at position three is not the same as the exchanged 
residue at position three; or 

0239 (c) exchanging a secondary anchor residue at 
position four and/or position eight for a residue which is 
Y, F, or W with the proviso that the original secondary 
anchor residue at position four and/or eight is not the 
same as the exchanged residue at position four and/or 
eight; or 

0240 (d) exchanging a secondary anchor residue at 
position six for a residue which is P with the proviso that 
the original secondary anchor residue at position six is 
not P: or 

0241 (e) exchanging a secondary anchor residue at 
position seven for a residue which is D, E, Q, or N with 
the proviso that the original secondary anchor residue at 
position seven is not the same as the exchanged residue 
at position seven; or 

0242 (f) where the epitope bears at least one deleterious 
residue indicated for said motif in Table 138, exchanging 
said deleterious residue for a residue which is not a 
deleterious residue; or 

0243 
0244. An additional embodiment of the invention com 
prises a method of modifying binding of a peptide epitope that 
bears an HLA A1 motif of a primary anchor amino acid 
residue which is S, T, or Mat a position two and a primary 
anchoramino acid residue which is Yat a carboxyl terminus, 
wherein said residues are separated by seven residues, and 
wherein the amino acid positions are numbered consecutively 
from an amino to carboxyl orientation, said method compris 
1ng: 

(e) performing two or more of steps (a)-(f). 

0245 (a) exchanging a secondary anchor residue at 
position one for a residue which is Y. F, or W with the 
proviso that the original secondary anchor residue at 
position one is not the same as the exchanged residue at 
position one; or 

0246 (b) exchanging an original secondary anchor resi 
due at position three for a residue which is D, E, A, Q, or 
N with the proviso that the original secondary anchor 
residue at position three is not the same as the exchanged 
residue at position three; or 

0247 (c) exchanging a secondary anchor residue at 
position four for a residue which is A with the proviso 
that the original secondary anchor residue at position 
four is not A; or 

0248 (d) exchanging a secondary anchor residue at 
position five for a residue which is Y. F. W. Q., or N with 
the proviso that the original secondary anchor residue at 
position five is not the same as the exchanged residue at 
position five; or 

0249 (e) exchanging a secondary anchor residue at 
position seven for a residue which is PA, S, T, or C with 
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the proviso that the original secondary anchor residue at 
position seven is not the same as the exchanged residue 
at position seven; or 

0250 (f) exchanging a secondary anchor residue at 
position eight for a residue which is G, D, or E with the 
proviso that the original secondary anchor residue at 
position eight is not the same as the exchanged residue at 
position seven; or 

0251 (g) exchanging a secondary anchor residue at 
position nine for a residue which is P with the proviso 
that the original secondary anchor residue at position 
nine is not P: or 

0252 (h) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 138, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0253 (i) performing two or more of steps (a)-(h). 
0254 Further, a method of the invention comprises modi 
fying binding of a peptide epitope that bears an HLAA1 motif 
of a primary anchoramino acid residue which is D, E, A, or S 
at a position three and a primary anchor amino acid residue 
which is Yat a carboxyl terminus, wherein said residues are 
separated by at least five residues, and wherein the amino acid 
positions are numbered consecutively from an amino to car 
boxyl orientation, said method comprising: 

0255 (a) exchanging an original primary anchor resi 
due at position three for a residue which is D, E, A, or S 
with the proviso that the original primary anchor residue 
at position three is not the same as the exchanged residue 
at position three. 

0256 Another embodiment of the invention comprises a 
method of modifying binding of a peptide epitope that bears 
an HLA A1 motif of a primary anchor amino acid residue 
which is D, E, A, or S at a position three and a primary anchor 
amino acid residue which is Yata carboxyl terminus, wherein 
said residues are separated by five residues, and wherein the 
amino acid positions are numbered consecutively from an 
amino to carboxyl orientation, said method comprising: 

0257 (a) exchanging a secondary anchor residue at 
position one for a residue which is G, R, H, or K with the 
proviso that the original secondary anchor residue at 
position one is not the same as the exchanged residue at 
position one; or 

0258 (b) exchanging an original secondary anchor resi 
due at position two for a residue which is A. S. T. C. L. 
I, V, or M with the proviso that the original secondary 
anchor residue at position two is not the same as the 
exchanged residue at position two; or 

0259 (c) exchanging a secondary anchor residue at 
position four for a residue which is G, S, T, or C with the 
proviso that the original secondary anchor residue at 
position four is not the same as the exchanged residue at 
position four, or 

0260 (d) exchanging a secondary anchor residue at 
position six for a residue which is A, S, T, or C with the 
proviso that the original secondary anchor residue at 
position six is not the same as the exchanged residue at 
position six; or 

0261 (e) exchanging a secondary anchor residue at 
position seven for a residue which is L., I, V, or M with the 
proviso that the original secondary anchor residue at 
position seven is not the same as the exchanged residue 
at position seven; or 
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0262 (f) exchanging a secondary anchor residue at 
position eight for a residue which is D or E with the 
proviso that the original secondary anchor residue at 
position eight is not the same as the exchanged residue at 
position eight; or 

0263 (g) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 138, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0264. (h) performing two or more of steps (a)-(g). 
0265 An alternative method of the invention comprises 
modifying binding of a peptide epitope that bears an HLA-A1 
motif of a primary anchor amino acid residue which is D, E, 
A, or S at a position three and a primary anchor amino acid 
residue which is Yat a carboxyl terminus, wherein said resi 
dues are separated by six residues, and wherein the amino 
acid positions are numbered consecutively from an amino to 
carboxyl orientation, said method comprising: 

0266 (a) exchanging a secondary anchor residue at 
position one, position five, and/or position nine for a 
residue which is Y. F, or W with the proviso that the 
original secondary anchor residue at position one, posi 
tion five, and/or position nine is not the same as the 
exchanged residue at position one, position five, or posi 
tion nine; or 

0267 (b) exchanging an original secondary anchor resi 
due at position two for a residue which is S. T. C. L. I. V. 
or M with the proviso that the original secondary anchor 
residue at position two is not the same as the exchanged 
residue at position two; or 

0268 (c) exchanging a secondary anchor residue at 
position four for a residue which is A with the proviso 
that the original secondary anchor residue at position 
four is not A; or 

0269 (d) exchanging a secondary anchor residue at 
position seven for a residue which is P or G with the 
proviso that the original secondary anchor residue at 
position seven is not the same as the exchanged residue 
at position seven; or 

0270 (e) exchanging a secondary anchor residue at 
position eight for a residue which is G with the proviso 
that the original secondary anchor residue at position 
eight is not G; or 

0271 (f) where the epitope bears at least one deleterious 
residue indicated for said motif in Table 138, exchanging 
said deleterious residue for a residue which is not a 
deleterious residue; or 

0272 (g) performing two or more of steps (a)-(f). 
0273. An additional embodiment of the invention com 
prises a method of modifying binding of an epitope that bears 
an HLA DR motif or supermotif of a primary anchor amino 
acid residue which is L.I.V.M., F.W. orYataposition one and 
a primary anchoramino acid residue which is C. S. T. P. A. L. 
I.V. or Mataposition six, wherein said residues are separated 
by 4 residues and wherein the amino acid positions are num 
bered consecutively from an amino to carboxyl orientation, 
said method comprising: 

0274 (a) exchanging an original primary anchor resi 
due at position one for a residue which is L. I. V. M. F. W. 
or Y, with the proviso that the original primary anchor 
residue at position one is not the same as the exchanged 
residue; or 

0275 (b) exchanging an original primary anchor resi 
due at position six for a residue which is C. S. T. P. A. L. 
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I, V, or M, with the proviso that the original primary 
anchor residue at position six is not the same as the 
exchanged residue; or 

0276 (c) performing steps (a) and (b). 
(0277 Alternative embodiments of the invention also 
include a method comprising of modifying binding of a pep 
tide epitope that bears an HLA DR4 motif of a primary anchor 
amino acid residue which is F. M.Y. L., I, V, or Wata position 
one and a primary anchoramino acid residue which is V. S. T. 
C. P. A. L., I, or Mat a position six, wherein said residues are 
separated by four residues, and wherein the amino acid posi 
tions are numbered consecutively from an amino to carboxyl 
orientation, said method comprising: 

0278 (a) exchanging an original secondary anchor resi 
due at position two for a residue which is M with the 
proviso that the original secondary anchor residue at 
position two is not M; or 

0279 (b) exchanging an original secondary anchor resi 
due at position three for a residue which is T with the 
proviso that the original secondary anchor residue at 
position three is not T; or 

0280 (c) exchanging an original secondary anchor resi 
due at position five for a residue which is I with the 
proviso that the original secondary anchor residue at 
position five is not I; or 

0281 (d) exchanging an original secondary anchor resi 
due at position seven for a residue which is Mor H with 
the proviso that the original secondary anchor residue at 
position seven is not the same as the exchanged residue 
at position seven; or 

0282 (e) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 139, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0283 (f) performing two or more of steps (a)-(e). 
0284. An additional embodiment of the invention com 
prises a method of modifying binding of a peptide epitope that 
bears an HLA DR1 motif of a primary anchor amino acid 
residue which is F. M. Y. L., I, V, or Wat a position one and a 
primary anchoramino acid residue which is V. M. A. T. S. P. 
L., or Iata position six, wherein said residues are separated by 
four residues, and wherein the amino acid positions are num 
bered consecutively from an amino to carboxyl orientation, 
said method comprising: 

0285 (a) exchanging an original secondary anchor resi 
due at position four for a residue which is P. A. M. or Q 
with the proviso that the original secondary anchor resi 
due at position four is not the same as the exchanged 
residue at position four. 

0286 (b) exchanging an original secondary anchor resi 
due at position seven for a residue which is M with the 
proviso that the original secondary anchor residue at 
position seven is not M; or 

0287 (c) exchanging an original secondary anchor resi 
due at position nine for a residue which is A.V. or M with 
the proviso that the original secondary anchor residue at 
position nine is not the same as the exchanged residue at 
position nine; or 

0288 (d) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 139, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0289 (e) performing two or more of steps (a)-(d). 
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0290 Further, an embodiment of the invention comprises 
a method of modifying binding of a peptide epitope that bears 
an HLA DR7 motif of a primary anchor amino acid residue 
which is F. M.Y. L., I, V, or Wata position one and a primary 
anchoramino acid residue which is I, V, M, S, A, C, T. P. or L 
at a position six, wherein said residues are separated by four 
residues, and wherein the amino acid positions are numbered 
consecutively from an amino to carboxyl orientation, said 
method comprising: 

0291 (a) exchanging an original secondary anchor resi 
due at position two and/or position seven for a residue 
which M with the proviso that the original secondary 
anchor residue at position two and/or seven is not M: 

0292 (b) exchanging an original secondary anchor resi 
due at position three for a residue which is W with the 
proviso that the original secondary anchor residue at 
position three is not M; or 

0293 (c) exchanging an original secondary anchor resi 
due at position four for a residue which is A with the 
proviso that the original secondary anchor residue at 
position four is not A.; or 

0294 (d) exchanging an original secondary anchor resi 
due at position nine for a residue which is I or V with the 
proviso that the original secondary anchor residue at 
position nine is not the same as the exchanged residue; or 

0295 (e) where the epitope bears at least one deleteri 
ous residue indicated for said motif in Table 139, 
exchanging said deleterious residue for a residue which 
is not a deleterious residue; or 

0296 (f) performing two or more of steps (a)-(e). 
0297. An additional embodiment of the invention com 
prises a method of modifying binding of an epitope that bears 
an HLA DR3 motif of a primary anchor amino acid residue 
which is L. I. V. M. F. or Y at a position one and a primary 
anchor amino acid residue which is D at a position four, 
wherein said residues are separated by two residues and 
wherein the amino acid positions are numbered consecutively 
from an amino to carboxyl orientation, said method compris 
ing: 

0298 (a) exchanging an original primary anchor resi 
due at position one for a residue which is L. I. V. M. F. or 
Y. with the proviso that the original primary anchor 
residue at position one is not the same as the exchanged 
residue. 

0299. Another embodiment of the invention comprises a 
method of modifying binding of an epitope that bears an HLA 
DR3 motif of a primary anchoramino acid residue which is L. 
I. V. M. F. A. or Y at a position 1 and a primary anchoramino 
acid residue which is D. N. Q., E. S. or Tata position four, and 
a primary anchoramino acid residue which is K, R, or Hat a 
position six, wherein the amino acid positions are numbered 
consecutively from an amino to carboxyl orientation, said 
method comprising: 

0300 (a) exchanging an original primary anchor resi 
due at position one for a residue which is L. I. V. M. F. A. 
or Y with the proviso that the original primary anchor 
residue at position one is not the same as the exchanged 
residue; or 

0301 (b) exchanging an original primary anchor resi 
due at position four for a residue which is D, N., Q., E. S. 
or T with the proviso that the original primary anchor 
residue at position four is not the same as the exchanged 
residue; or 
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0302 (c) exchanging an original primary anchor resi 
due at position six for a residue which is K, R, or H with 
the proviso that the original primary anchor residue at 
position six is not the same as the exchanged residue; or 

0303 (d) performing two or more of steps (a)-(c). 
0304 Lastly, an additional embodiment of the invention 
comprises a method of modifying an epitope to alter its sta 
bility by exchanging a C residue for a residue which is 
C.-aminobutyric acid. 
0305 As will be apparent from the discussion below, other 
methods and embodiments are also contemplated. Further, 
novel synthetic peptides produced by any of the methods 
described herein are also part of the invention. 

DEFINITIONS 

0306 The following definitions are provided to enable one 
of ordinary skill in the art to understand some of the preferred 
embodiments of invention disclosed herein. It is understood, 
however, that these definitions are exemplary only and should 
not be used to limit the scope of the invention as set forth in the 
claims. Those of ordinary skill in the art will be able to 
construct slight modifications to the definitions below and 
utilize Such modified definitions to understand and practice 
the invention disclosed herein. Such modifications, which 
would be obvious to one of ordinary skill in the art, as they 
may be applicable to the claims set forth below, are consid 
ered to be within the scope of the present invention. If a 
definition set forth in this section is contrary to or otherwise 
inconsistent with a definition set forth in patents, published 
patent applications and other publications and sequences 
from GenBank and other databases that are herein incorpo 
rated by reference, the definition set forth in this section 
prevails over the definition that is incorporated herein by 
reference. 
0307 An “HLA supertype or family’, as used herein, 
describes sets of HLA molecules grouped on the basis of 
shared peptide-binding specificities, rather than serologic 
Supertypes based on shared antigenic determinants. HLA 
class I molecules that share somewhat similar binding affinity 
for peptides bearing certain amino acid motifs are grouped 
into HLA supertypes. The terms “HLA Superfamily.” “HLA 
supertype family.” “HLA family, and “HLA XX-like mol 
ecules' (where XX denotes a particular HLA type), are syn 
onyms. 
(0308 An "HLA-A3-like HLA molecule (also referred to 
as an allele as used herein refers to a group of HLA molecules 
encoded by HLA-A alleles that share an overlapping peptide 
binding motif with the HLA-A3 supermotif disclosed here. 
The 9 residue supermotif shared by these alleles comprises 
the following primary anchor residues: A. L. I. V. M. S. or, T 
at position 2 and positively charged residues, such as Rand K 
at position 9 (the C-terminus in 9-mers). Exemplary members 
of this family, identified by either serology or DNA typing, 
include: A3 (A*0301), A11 (A*1101, A31 (A*3101), 
A*3301, and A*6801. Other members of the family include 
A34 A66 and A*7401. As explained in detail below, binding 
to each of the individual alleles can be finely modulated by 
Substitutions at the secondary anchor positions. 
(0309 The “HLA-A2-like” supertype is characterized by a 
preference for peptide ligands with Small or aliphatic amino 
acids (L, 1,V, MA and Tat position 2 and the C-terminus. The 
family is comprised of at least eight HLA-A alleles (A*0201, 
A*0202, A*0203, A*0204, A*0205, A*0206, A*6802, and 
A*6901). 
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0310. The “HLA-B7-like” supertype is comprised of 
products from at least a dozen HLA-Balleles (B7, B*3501-3, 
B51 B*5301 B*5401 B*5501 B*5502 B*5601 BB*6701, 
and B*7801) (Sidney, et al., J. Immunol 154:247 (1995); Bar 
ber, et al., Curr Biol 5:179 (1995); Hill, et al., Nature 360:434 
(1992); Rammensee et al. Immunogeneties 41: 178 (1995)), 
and is characterized by molecules that recognize peptides 
bearing proline in position 2 and hydrophobic or aliphatic 
amino acids (L, I, V, W, and Y) at their C-terminus. 
0311. As used herein, the term “ICso refers to the con 
centration of peptide in a binding assay at which 50% inhi 
bition of binding of a reference peptide is observed. Depend 
ing on the conditions in which the assays are run (i.e., limiting 
MHC proteins and labeled peptide concentrations), these val 
ues may approximate K values. It should be noted that ICso 
values can change, often dramatically, if the assay conditions 
are varied, and depending on the particular reagents used 
(e.g., HLA preparation, etc.). For example, excessive concen 
trations of HLA molecules will increase the apparent mea 
Sured ICso of a given ligand. 
0312 Alternatively, binding is expressed relative to a ref 
erence peptide. As a particular assay becomes more, or less, 
sensitive, the ICso's of the peptides tested may change some 
what. However, the binding relative to the reference peptide 
will not change. For example, in an assay run under condi 
tions such that the ICs of the reference peptide increases 
10-fold, the ICs values of the test peptides will also shift 
approximately 10-fold. Therefore, to avoid ambiguities, the 
assessment of whether a peptide is a good, intermediate, 
weak, or negative binder is generally based on its ICso rela 
tive to the ICso of a standard peptide. The binding may be 
reported as a ratio or the ratio may be used to normalize the 
IC value as described in Example 1. 
0313 As used herein, “high affinity” with respect to pep 
tide binding to HLA class I molecules is defined as binding 
with an K, (or ICs) of less than 50 nM. “Intermediate affin 
ity' is binding with a K, (or ICs) of between about 50 and 
about 500 mM. As used herein, “high affinity” with respect to 
binding to HLA class II molecules is defined as binding with 
an K, (or ICs) of less than 100 nM. “Intermediate affinity” is 
binding with a K (or ICs) of between about 100 and about 
1000 nM. Assays for determining binding are described in 
detail, e.g., in PCT publications WO 94/20127 and WO 
94/O32O5. 
0314 Binding may also be determined using other assay 
systems including those using: live cells (e.g., Ceppellini et 
al., Nature 339:392 (1989); Christnicket al., Nature 352:67 
(1991); Busch et al., Int. Immunol. 2:443 (1990); Hill et al., J 
Immunol. 147: 189 (1991); del Guercio et al., J. Immunol. 
154:685 (1995)), cell free systems using detergent lysates 
(e.g., Cerundolo et al., J. Immunol. 21:2069 (1991)), immobi 
lized purified MHC (e.g., Hill et al., J. Immunol. 152, 2890 
(1994); Marshallet al., JImmunol. 152:4946 (1994)), ELISA 
systems (e.g., Reay et al., EMBOJ 11:2829 (1992)), surface 
plasmon resonance (e.g., Khilko et al., J Biol. Chem. 268: 
15425 (1993)); high flux soluble phase assays (Hammer et al., 
J. Exp. Med. 180:2353 (1994)), and measurement of class I 
MHC stabilization or assembly (e.g., Ljunggren et al., Nature 
346:476 (1990); Schumacher et al., Cell 62:563 (1990); 
Townsend et al., Cell 62:285 (1990); Parker et al., JImmunol. 
149:1896 (1992)) 
0315. The relationship between binding affinity for MHC 
class I molecules and immunogenicity of discrete peptide 
epitopes has been analyzed in two different experimental 
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approaches (Sette, et al., J. Immunol., 153:5586-92 (1994)). 
In the first approach, the immunogenicity of potential 
epitopes ranging in MHC binding affinity over a 10,000-fold 
range was analyzed in HLA-A*0201 transgenic mice. In the 
second approach, the antigenicity of approximately 100 dif 
ferent hepatitis B virus (HBV)-derived potential epitopes, all 
carrying A*0201 binding motifs, was assessed by using PBL 
of acute hepatitis patients. In both cases, it was found that an 
affinity threshold of approximately 500 nM (preferably 500 
nM or less) determines the capacity of a peptide epitope to 
elicit a CTL response. These data correlate well with class I 
binding affinity measurements of either naturally processed 
peptides or previously described T cell epitopes. These data 
indicate the important role of determinant selection in the 
shaping of T cell responses. 
0316 The term "peptide' is used interchangeably with 
"oligopeptide' in the present specification to designate a 
series of residues, typically L-amino acids, connected one to 
the other typically by peptide bonds between the alpha-amino 
and carbonyl groups of adjacent amino acids. In certain 
embodiments, the oligopeptides of the invention are less than 
about 15 residues in length and usually consist of between 
about 8 and about 11 residues, preferably 9 or 10 residues. In 
certain embodiments, the oligopeptides are generally less 
than 250 amino acids in length, and can be less than 150, 100, 
75, 50, 25, or 15 amino acids in length. Further, an oligopep 
tide of the invention can be such that it does not comprise 
more than 15 contiguous amino acids of a native antigen. The 
preferred CTL-inducing peptides of the invention are 13 resi 
dues or less in length and usually consist of between about 8 
and about 11 residues, preferably 9 or 10 residues. 
0317 “Synthetic peptide' refers to a peptide that is not 
naturally occurring, but is man-made using Such methods as 
chemical synthesis or recombinant DNA technology. 
0318. The nomenclature used to describe peptide com 
pounds follows the conventional practice wherein the amino 
group is presented to the left (the N-terminus) and the car 
boxyl group to the right (the C-terminus) of each amino acid 
residue. In the formulae representing selected specific 
embodiments of the present invention, the amino- and car 
boxyl-terminal groups, although not specifically shown, are 
in the form they would assume at physiologic pH values, 
unless otherwise specified. In the amino acid structure for 
mulae, each residue is generally represented by standard three 
letter or single letter designations. The L-form of an amino 
acid residue is represented by a capital single letter or a capital 
first letter of a three-letter symbol, and the D-form for those 
amino acids having D-forms is represented by a lower case 
single letter or a lower case three letter symbol. Glycine has 
no asymmetric carbonatom and is simply referred to as “Gly 
or G. Symbols for each amino acids are shown below: 

TABLE 1 

Amino acids with their abbreviations 

Amino acid Three letter code Single letter code 

Alanine Ala A. 
Arginine Arg R 
Asparagine ASn N 
Aspartic acid Asp D 
Cysteine Cys C 
Glutamine Gln Q 
Glutamic acid Glu E 
Glycine Gly G 
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TABLE 1-continued 

Amino acids with their abbreviations 

Amino acid Three letter code Single letter code 

Histidine His H 
Isoleucine Ile I 
Leucine Leu L 
Lysine Lys K 
Methionine Met M 
Phenylalanine Phe F 
Proline Pro P 
Serine Ser S 
Threonine Thr T 
Tryptophan Trp W 
Tyrosine Tyr Y 
Valine Wall V 

0319. In some embodiments, as used herein, the term 
"peptide' is used interchangeably with “epitope' in the 
present specification to designate a series of residues, typi 
cally L-amino acids, connected one to the other, typically by 
peptide bonds between the C-amino and carboxyl groups of 
adjacent amino acids, that binds to a designated MHC allele. 
0320. With regard to a particular amino acid sequence, an 
“epitope' is a set of amino acid residues which is involved in 
recognition by a particular immunoglobulin, or in the context 
of T cells, those residues necessary for recognition by T cell 
receptor proteins and/or Major Histocompatibility Complex 
(MHC) receptors. In an immune system setting, in vivo or in 
vitro, an epitope is the collective features of a molecule. Such 
as primary, secondary and tertiary peptide structure, and 
charge, that together form a site recognized by an immuno 
globulin, T cell receptor or HLA molecule. Throughout this 
disclosure epitope and peptide are often used interchange 
ably. 
0321. It is to be appreciated that protein or peptide mol 
ecules that comprise an epitope of the invention as well as 
additional amino acid(s) are still within the bounds of the 
invention. In certain embodiments, there is a limitation on the 
length of a peptide of the invention. The embodiment that is 
length-limited occurs when the protein/peptide comprising 
an epitope of the invention comprises a region (i.e., a con 
tiguous series of amino acids) having 100% identity with a 
native sequence. In order to avoid the definition of epitope 
from reading, e.g., on whole natural molecules, there is a 
limitation on the length of any region that has 100% identity 
with a native peptide sequence. Thus, for a peptide compris 
ing an epitope of the invention and a region with 100% iden 
tity with a native peptide sequence, the region with 100% 
identity to a native sequence generally has a length of less 
than or equal to 600 amino acids, often less than or equal to 
500 amino acids, often less than or equal to 400 amino acids, 
often less than or equal to 250 amino acids, often less than or 
equal to 100 amino acids, often less than or equal to 85 amino 
acids, often less than or equal to 75 amino acids, often less 
than or equal to 65 amino acids, and often less than or equal 
to 50 amino acids. In certain embodiments, an “epitope' of 
the invention is comprised by a peptide having a region with 
less than 51 amino acids that has 100% identity to a native 
peptide sequence, in any increment down to 5 amino acids. 
0322. Accordingly, peptide or protein sequences longer 
than 600 amino acids are within the scope of the invention, so 
long as they do not comprise any contiguous sequence of 
more than 600 amino acids that have 100% identity with a 
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native peptide sequence. For any peptide that has five con 
tiguous residues or less that correspond to a native sequence, 
there is no limitation on the maximal length of that peptide in 
order to fall within the scope of the invention. It is presently 
preferred that a CTL epitope be less than 600 residues long in 
any increment down to eight amino acid residues. 
0323. A "dominant epitope' induces an immune response 
upon immunization with whole native antigens which com 
prise the epitope. (See, e.g., Sercarz, et al., Annu. Rev. Immu 
mol. 11:729-766 (1993)). Such a response is cross-reactive in 
vitro with an isolated peptide epitope. 
0324. A "cryptic epitope' elicits a response by immuniza 
tion with isolated peptide, but the response is not cross-reac 
tive in vitro when intact whole protein which comprises the 
epitope is used as an antigen. 
0325 A “subdominant epitope' is an epitope which 
evokes little or no response upon immunization with whole 
antigens which comprise the epitope, but for which a 
response can be obtained by immunization in Vivo or in vitro 
with an isolated epitope, and this response (unlike the case of 
cryptic epitopes) is detected when whole protein is used to 
recall the response in vitro. 
0326. A “pharmaceutical excipient” comprises a material 
Such as an adjuvant, a carrier, pH-adjusting and buffering 
agents, tonicity adjusting agents, wetting agents, preserva 
tives, and the like. 
0327. As used herein, the term “pharmaceutically accept 
able' refers to a generally non-toxic, inert, and/or physiologi 
cally compatible composition. 
0328. As used herein, the term “protective immune 
response' or “therapeutic immune response' refers to a CTL 
and/or an HTL response to an antigen derived from an infec 
tious agent or a tumor antigen, which in Some way prevents or 
at least partially arrests disease symptoms, side effects or 
progression. The immune response may also include an anti 
body response that has been facilitated by the stimulation of 
helper T cells. 
0329. In certain embodiments, an “immunogenic peptide' 

is a peptide which comprises an allele-specific motifsuch that 
the peptide will bind an MHC (HLA) molecule and induce a 
CTL response. Immunogenic peptides of the invention are 
capable of binding to an appropriate class I MHC molecule 
(e.g., HLA-A2.1) and inducing a cytotoxic T cell response 
against the antigen from which the immunogenic peptide is 
derived. 
0330. An “immunogenic response' includes one that 
stimulates a CTL and/or HTL response in vitro and/or in vivo 
as well as modulates an ongoing immune response through 
directed induction of cell death (or apoptosis) in specific T 
cell populations. 
0331. In certain embodiments, an “immunogenic peptide' 
or "peptide epitope' is a peptide which comprises an allele 
specific motif or supermotif such that the peptide will bind an 
HLA molecule and induce a CTL or HTL response. Thus, 
immunogenic peptides of the invention are capable of binding 
to an appropriate HLA molecule and thereafter inducing a 
cytotoxic T cell response, or a helper T cell response, to the 
antigen from which the immunogenic peptide is derived. 
0332 Immunogenic peptides of the invention are capable 
of binding to an appropriate HLA-A2 molecule and inducing 
a cytotoxic T-cell response against the antigen from which the 
immunogenic peptide is derived. The immunogenic peptides 
of the invention are less than about 15 residues in length, often 
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less than 12 residues in length and usually consist of between 
about 8 and about 11 residues, preferably 9 or 10 residues. 
0333. The term "derived when used to discuss an epitope 

is a synonym for “prepared. A derived epitope can be iso 
lated from a natural Source, or it can be synthesized in accor 
dance with standard protocols in the art. Synthetic epitopes 
can comprise artificial amino acids "amino acid mimetics.” 
Such as D isomers of natural occurring L amino acids or 
non-natural amino acids such as cyclohexylalanine. A 
derived/prepared epitope can be an analog of a native epitope. 
0334 Immunogenic peptides are conveniently identified 
using the algorithms of the invention. The algorithms are 
mathematical procedures that produce a score which enables 
the selection of immunogenic peptides. Typically one uses 
the algorithmic score with a “binding threshold to enable 
selection of peptides that have a high probability of binding at 
a certain affinity and will in turn be immunogenic. The algo 
rithm is based upon either the effects on MHC binding of a 
particular amino acid at a particular position of a peptide or 
the effects on binding of a particular substitution in a motif 
containing peptide. 
0335 The term “residue' refers to an amino acid or amino 
acid mimetic incorporated into an oligopeptide by an amide 
bond or amide bond mimetic. 

0336 A “conserved residue” is an amino acid which 
occurs in a significantly higher frequency than would be 
expected by random distribution at a particular position in a 
peptide. Typically a conserved residue is one where the MHC 
structure may provide a contact point with the immunogenic 
peptide. At least one to three or more, preferably two, con 
served residues within a peptide of defined length defines a 
motif for an immunogenic peptide. These residues are typi 
cally in close contact with the peptide binding groove, with 
their side chains buried in specific pockets of the groove itself. 
Typically, an immunogenic peptide will comprise up to three 
conserved residues, more usually two conserved residues. 
0337 Alternatively, a “conserved residue' is a conserved 
amino acid occupying a particular position in a peptide motif 
typically one where the MHC structure may provide a contact 
point with the immunogenic peptide. One to three, typically 
two, conserved residues within a peptide of defined length 
defines a motif for an immunogenic peptide. These residues 
are typically in close contact with the peptide binding groove, 
with their side chains buried in specific pockets of the groove 
itself. 
0338 A "primary anchor residue' is an amino acid at a 
specific position along a peptide sequence which is under 
stood to provide a contact point between the immunogenic 
peptide and the HLA molecule. One to three, usually two, 
primary anchor residues within a peptide of defined length 
generally defines a “motif for an immunogenic peptide. 
These residues are understood to fit in close contact with 
peptide binding grooves of an HLA molecule, with their side 
chains buried in specific pockets of the binding grooves them 
selves. For example, analog peptides have been created by 
altering the presence or absence of particular residues in these 
primary anchor positions. Such analogs are used to finely 
modulate the binding affinity of a peptide comprising a par 
ticular motif or Supermotif. Typically, the primary anchor 
residues are located in the 2 and 9 position of 9 residue 
peptide. 
0339. A “secondary anchor residue” is an amino acid at a 
position other thana primary anchor position in a peptide. The 
secondary anchor residues are said to occur at secondary 
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anchor positions. A secondary anchor residue occurs at a 
significantly higher frequency than would be expected by 
random distribution of amino acids at one position. A second 
ary anchor residue can be identified as a residue which is 
present at a higher frequency among high affinity binding 
peptides, or a residue otherwise associated with high affinity 
binding. For example, analog peptides have been created by 
altering the presence or absence of particular residues in these 
secondary anchor positions. Such analogs are used to finely 
modulate the binding affinity of a peptide comprising a par 
ticular motif or supermotif. 
0340. As used herein, “negative binding residues” or “del 
eterious’ residues are amino acids which if present at certain 
positions (for example, positions 1, 3 and/or 7 of a 9-mer) 
(typically not primary anchor positions) will, in certain 
embodiments, result in decreased binding affinity for its tar 
get HLA molecule, and in certain embodiments, will result in 
a peptide being a nonbinder or poor binder and in turn fail to 
be immunogenic (i.e., induce a CTL response) or induce a 
CTL response despite the presence of the appropriate con 
served residues within the peptide. For motif-bearing pep 
tides, by definition negative residues will not be at primary 
anchor positions. 
0341 The term “motif refers to the pattern of residues in 
a peptide of defined length, usually about 8 to about 11 amino 
acids, which is recognized by a particular MHC allele (one or 
more HLA molecules). The peptide motifs are typically dif 
ferent for each human MHC allele and differ in the pattern of 
the highly conserved residues and negative residues. Peptide 
motifs are often unique for the protein encoded by each 
human HLA allele, differing in their pattern of the primary 
and secondary anchor residues. Typically as used herein, a 
“motif refers to that pattern of residues which is recognized 
by an HLA molecule encoded by a particular allele. 
0342. The binding motif for an allele can be defined with 
increasing degrees of precision. In one case, all of the con 
served residues are present in the correct positions in a pep 
tide and there are no negative residues in positions 1,3 and/or 
7. 
0343. The designation of a residue position in an epitope 
as the “carboxyl terminus” or the “carboxyl terminal posi 
tion” refers to the residue position at the end of the epitope 
which is nearest to the carboxyl terminus of a peptide, which 
is designated using conventional nomenclature as defined 
below. The “carboxyl terminal position' of the epitope may or 
may not actually correspond to the end of the peptide or 
polypeptide. 
0344) The designation of a residue position in an epitope 
as “amino terminus’ or “amino-terminal position” refers to 
the residue position at the end of the epitope which is nearest 
to the amino terminus of a peptide, which is designated using 
conventional nomenclature as defined below. The “amino 
terminal position of the epitope may or may not actually 
correspond to the end of the peptide or polypeptide. 
0345 The term “tolerated residue' is a synonym for a “less 
preferred residue'. A “tolerated’ residue refers to an anchor 
residue specific for a particular motif, the presence of which 
residue is correlated with suboptimal, but acceptable, binding 
to the particular HLA molecule. 
0346 A “motif bearing peptide' or “peptide which com 
prises a motif refers to a peptide that comprises primary 
anchors specified for a given motif or Supermotif. 
0347 In certain embodiments, a “supermotif is a peptide 
binding specificity shared by HLA molecules encoded by two 
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or more HLA alleles. Preferably, a supermotif-bearing pep 
tide is recognized with high or intermediate affinity (as 
defined herein) by two or more HLA molecules or antigens. 
0348 Alternatively, the term “supermotif refers to motifs 

that, when present in an immunogenic peptide, allow the 
peptide to bind more than one HLA antigen. The supermotif 
preferably is recognized with high or intermediate affinity (as 
defined herein) by at least one HLA allele having a wide 
distribution in the human population, preferably recognized 
by at least two alleles, more preferably recognized by at least 
three alleles, and most preferably recognized by more than 
three alleles. 
0349) “Human Leukocyte Antigen' or “HLA' is a human 
class I or class II Major Histocompatibility Complex (MHC) 
protein (see, Stites, et al., IMMUNOLOGY, 8' ED., Lange 
Publishing, Los Altos, Calif. (1994). 
0350 “Major Histocompatibility Complex” or “MHC' is 
a cluster of genes which plays a role in control of the cellular 
interactions responsible for physiologic immune responses. 
In humans, the MHC complex is also known as the HLA 
complex. For a detailed description of the MHC and HLA 
complexes, see, Paul, FUNDAMENTAL IMMUNOLOGY,3'ED., 
Raven Press, New York, 1993. 
0351. “Heteroclitic analogs are defined herein as a pep 
tide with increased potency for a specific T cell, as measured 
by increased responses to a given dose, or by a requirement of 
lesser amounts to achieve the same response as a homologous 
native class I peptide. Advantages of heteroclitic analogs 
include that the antigens can be more potent, or more eco 
nomical (since a lower amount is required to achieve the same 
effect as a homologous class I peptide). In addition, hetero 
clitic analogs are also useful to overcome antigen-specific T 
cell unresponsiveness (T cell tolerance). 
0352. The phrases “isolated” or “biologically pure” refer 
to material which is substantially or essentially free from 
components which normally accompany it as found in its 
native state. Thus, the peptides of this invention do not contain 
materials normally associated with their in situ environment, 
e.g., MHC I molecules on antigen presenting cells. Even 
where a protein has been isolated to a homogenous or domi 
nant band, there are trace contaminants in the range of 5-10% 
of native protein which co-purify with the desired protein. 
Isolated peptides of this invention do not contain Such endog 
enous co-purified protein. 
0353 “Peripheral blood mononuclear cells” (PBMCs) are 
cells found in from the peripheral blood of a patient. PBMCs 
comprise, e.g., CTLS and HTLS and antigen presenting cells. 
These cells can contact an antigen in Vivo, or be obtained from 
a mammalian source and contacted with an antigen in vitro. 
0354 “Cross-reactive binding indicates that a peptide is 
bound by more than one HLA molecule; a synonym is degen 
erate binding. 
0355 “Promiscuous recognition' is where the same pep 
tide bound by different HLA molecules is recognized by the 
same T cell clone. It may also refer to the ability of a peptide 
to be recognized by a single T cell receptor in the context of 
multiple HLA alleles. 
0356 “Link” or join” refers to any method known in the 
art for functionally connecting peptides, including, without 
limitation, recombinant fusion, covalent bonding, disulfide 
bonding, ionic bonding, hydrogen bonding, and electrostatic 
bonding. 
0357. A “non-native' sequence or “construct” refers to a 
sequence that is not found in nature, i.e., is “non-naturally 
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occurring. Such sequences include, e.g., peptides that are 
lipidated or otherwise modified, and polyepitopic composi 
tions that contain epitopes that are not contiguous in a native 
protein sequence. 
0358 As used herein, a “vaccine' is a composition that 
contains one or more peptides of the invention, see, e.g., 
TABLE 2, TABLE 11, TABLE 12, TABLE 10, TABLE 11, 
TABLE 12, TABLE 13, TABLE 14, TABLE 15, TABLE 16, 
TABLE 17, TABLE 18, TABLE 19, and TABLE 20. There are 
numerous embodiments of vaccines in accordance with the 
invention, such as by a cocktail of one or more peptides; one 
or more peptides of the invention comprised by a polyepitopic 
peptide; or nucleic acids that encode such peptides or 
polypeptides, e.g., a minigene that encodes a polyepitopic 
peptide. The “one or more peptides’ can include any whole 
unit integer from 1-150, e.g., at least 2, 3, 4, 5, 6, 7, 8, 9, 10, 
11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 
28, 29, 30, 31, 32,33, 34,35,36, 37,38, 39, 40, 45, 50, 55, 60, 
65, 70, 75, 80, 85,90, 95, 100, 105, 110, 115, 120, 125, 130, 
135, 140, 145, or 150 or more peptides of the invention. The 
peptides or polypeptides can optionally be modified. Such as 
by lipidation, addition of targeting or other sequences. HLA 
class I-binding peptides of the invention can be linked to HLA 
class II-binding peptides, to facilitate activation of both cyto 
toxic T lymphocytes and helper T lymphocytes. Vaccines can 
comprise peptide pulsed antigen presenting cells, e.g., den 
dritic cells. 

DETAILED DESCRIPTION OF THE INVENTION 

0359 Certain embodiments of the present invention relate 
in part to an epitope-based approach for vaccine design. Such 
an approach is based on the well-established finding that the 
mechanism for inducing CTL immune response comprises 
the step of presenting a CTL epitope as a peptide of about 
8-11 amino acids bound to an HLA molecule displayed on an 
antigen-presenting cell. The HLA molecule is the product of 
a class I MHC wherein the product is expressed on most 
nucleated cells. 
0360 Certain embodiments of the present invention relate 
to the determination of allele-specific peptide motifs for 
human Class I (and class II) MHC (sometimes referred to as 
HLA) allele subtypes. These motifs are then used to define T 
cell epitopes from any desired antigen, particularly those 
associated with human viral diseases, cancers or autoimmune 
diseases, for which the amino acid sequence of the potential 
antigen or auto-antigen targets is known. 
0361 Certain embodiments of the present invention relate 
to peptides comprising allele-specific peptide motifs and 
supermotifs which bind to HLA class I and class II molecules, 
in particular, HLA-A3-like alleles. Such motifs (i.e., allele 
specific motifs or Supermotifs) are then used to identify, pre 
pare and modify epitopes from a source protein which are 
recognized and bound by HLA molecules, e.g., to create 
analogs of any desired peptide antigen, particularly those 
associated with human cancers and precancerous conditions, 
and from infectious agents such as viruses, bacteria, fungi, 
and protozoal parasite. 
0362. As noted above, high HLA binding affinity is cor 
related with higher immunogenicity. Higher immunogenicity 
can be manifested in several different ways. For instance, a 
higher binding peptide will be immunogenic more often. 
Close to 90% of high binding peptides are immunogenic, as 
contrasted with about 50% of the peptides which bind with 
intermediate affinity. A higher binding peptide will also lead 
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to a more vigorous response. As a result, less peptide is 
required to elicit a similar biological effect. Thus, in some 
embodiments of the invention high binding epitopes are par 
ticularly desired. 
0363. In some embodiments of the invention, the identifi 
cation of Subdominant, as opposed to dominant epitopes is 
desired. In the nomenclature adopted here (see, Sercarz, et al., 
(1993), Supra), a "dominant epitope' induces a response upon 
immunization with whole native antigens. Such a response is 
cross-reactive in vitro with the peptide epitope. A "cryptic 
epitope' elicits a response by peptide immunization, but is 
not cross-reactive in vitro when intact whole protein is used as 
an antigen. Finally, a 'subdominant epitope' is an epitope 
which evokes little or no response upon immunization with 
whole antigens, but for which a response can be obtained by 
peptide immunization, and this response (unlike the case of 
cryptic epitopes) is detected when whole protein is used to 
recall the response in vitro. 
0364 HLA class I alleles have historically been classified 
based on serology or phylogenetic relationships, however, 
these alleles can be (re)classified into Supertypes on the basis 
of their ligand specificity. At least two HLA class I super 
types, A2 and B7, have been identified. In certain embodi 
ments, the HLA class IA3 Supertype is disclosed and claimed 
herein. 
0365. It remains unknown how many supertypes will be 
identified and how inclusive they will be, data demonstrate 
that the phenomenon of cross-reactivity of peptide-binding 
specificities, previously thought to be restricted to HLA class 
II (Panina-Bordignon, et al., Eurj Immunol 19:2237 (1989); 
O'Sullivan, et al., J. Immunol 145:1799 (1990); Busch, et al., 
Int Immunol 2:443 (1990)), is also a feature of peptide bind 
ing to HLA class I molecules. The availability of quantitative 
binding assays along with the detailed Supermotifs disclosed 
herein allows the identification of highly cross-reactive pep 
tides. This, in turn, allows for broad population coverage with 
a cocktail of a few CTL and/or HTL epitopes, a scenario of 
great significance for the use of epitope-based vaccines (Vi 
tiello, et al., J Clin Invest 95:341 (1995)). 
0366. The data presented herein demonstrate that products 
from at least five different HLA alleles (A3, A11, A31, 
A*3301, and A*6801), and likely at least three others 
(A*3401, A*6601, and A*7401) predicted on the basis of 
pocket analysis (data not shown), are properly grouped into a 
single functional HLA A3 supertype. This determination was 
made on the basis of a number of observations. As a group, 
these molecules: (a) share certain key structural features 
within their peptide-binding regions; (b) have similar prefer 
ences for the primary anchor residues in the peptides they 
bind, i.e., a primary Supermotif present in the peptides bound 
by the HLA molecules of the superfamily; and (c) share 
largely overlapping binding repertoires. Knowledge of the A3 
Supermotif allows for identification of a cross-reactive pep 
tide for a source, and allows for production of peptide analogs 
by Substituting at primary anchor positions to alter the bind 
ing properties of the peptides. 
0367 Furthermore, by examining the binding activity of a 
large panel of peptides bearing the primary A3 Supermotif, an 
extended A3 supermotif was defined. This extended super 
motif was based on a detailed map of the secondary anchor 
requirements for binding to molecules of the A3 Supertype. 
The extended supermotif allows for the efficient prediction of 
cross-reactive binding of peptides to alleles of the A3 Super 
type by Screening the native sequence of a particular antigen. 
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This extended Supermotif is also used to select analog options 
for peptides which bear amino acids defined by the primary 
Supermotif. 
0368. By examining the binding activity of a large panel of 
peptides bearing anchor residues preferred by these allelic 
molecules, an A3-like supermotif was also defined. This 
Supermotif, which is based on a detailed map of the secondary 
anchor requirements of each of the A3-like Supertype mol 
ecules, allows for the efficient prediction of A3-like degener 
ate binding peptides. Finally, it was shown that the A3-like 
Supertype, and Supertypes in general, are represented with 
remarkably high phenotypic frequencies in all major ethnic 
groups. As such, HLA class I Supertypes based on peptide 
binding specificities represent a functional alternative to sero 
logic and phylogenetic classification for understanding the 
relationships between HLA class I molecules. Besides their 
use for the generation of the A3-like supermotif, the indi 
vidual secondary anchor maps disclosed in this study repre 
sent in themselves a significant contribution to the under 
standing of peptide binding to class I molecules. Because 
these maps were derived using peptides of homogeneous size, 
the preference determinations at each of the secondary posi 
tions may be more accurate than those derived from the 
sequencing of pools of naturally processed peptides. Also, the 
motifs defined herein allow the determination of residues 
which have deleterious effects on peptide binding. 
0369 Barber and co-workers (Barber, et al., Curr Biol 
5:179 (1995)) have demonstrated that peptides could be rec 
ognized in the context of two molecules we have included in 
the HLA-B7-like supertype, and two other peptides have been 
reported as being recognized in the context of more than one 
A3-like allele (Missale, et al., J Exp Med 177:751 (1993); 
Koenig, et al., JImmunol 145:127 (1990); Culmann, et al., J 
Immunol 146:1560 (1991)) (see TABLE 142). Using a 
method for invitro induction of primary CTLS (Wentworth, et 
al., Mol Immunol 32:603 (1995)) we observed several 
instances in which peptides can be recognized in the context 
of both A3 and A11. We tested the A3-like supertype 
restricted epitopes for binding capacity to A3-like Supertype 
molecules, and noted relatively high levels of degeneracy. Of 
the seven epitopes listed in TABLE 142, only one was a 
nonamer that could be analyzed for the Supermotif proposed 
in FIG. 40A (future studies will be aimed at extending the 
Supermotif to peptides longer than 15 nine-mers). This pep 
tide was supermotif positive, and bound three of five A3-like 
molecules. Nonetheless, it is important that each of the 
epitopes conformed to the A3-like Supertype primary anchor 
specificities. 
0370 Comparison of the supertype classifications we 
have proposed on the basis of peptide binding with the clas 
sification of HLA-A alleles on the basis of DNA sequence 
(and serologic reactivity) relationships (Ishikawa, et al., Hum 
Immonol 39:220 (1994); Firgaira, et al., Immunogenetics 
40:445 (1994); Karo, et al., J. Immunol 143:3371 (1989)) 
reveals both similarities and differences. For example, HLA 
A3 and A11 appear to be closely related and derived from a 
common ancestral gene (48-50). A31 and A33, however, 
derive from the ancient lineage comprising the A2/A10/A19 
groups, which is different from the lineage of A3 and A11. 
Finally, HLA-A*6901 belongs to the A28 HLA evolutionary 
group Fernandez-Viiia, et al., Hum Immunol 33:163 (1992); 
Ishikawa, et al., Hum Immonol 39:220 (1994); Lawlor, et al., 
Annu Rev Immunol 8:23 (1990), which also contains the 
HLA-A*6802 and -A*6901 alleles. Yet, on the basis of their 
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peptide-binding specificity, HLA-A*6801 is a member of the 
A3-like supertype, whereas A*6802 and A*6901 have been 
demonstrated to belong to the A2-like supertype del Guercio, 
et al., JImmunol 154:685 (1995). Thus, based on the avail 
able phylogenetic tree of HLA alleles Ishikawa, et al., Hum 
Immonol 39:220 (1994); Firgaira, et al., Immunogenetics 
40:445 (1994); Karo, et al., Immunol 143:3371 (1989), 
A3-like alleles are found in both of the ancient HLA lineages: 
A11A9 which includes A3 and A11, and A21A 101A which 
includes A31, A33, and A*6801. If the existence of the HLA 
A3-like supertype is reflective of common ancestry, then the 
A3-like motif might in fact represent primeval human HLA 
class I peptide-binding specificity, and other specificities may 
represent adaptations to changing pathogenic environments. 
0371. The discovery of the individual residues of the sec 
ondary anchor motif disclosed herein represents a significant 
contribution to the understanding of peptide binding to class 
I molecules. These secondary anchor maps were derived 
using peptides of homogeneous size. Thus, the preference 
determinations at each of the secondary positions may be 
more accurate than those derived from the sequencing of 
pools of naturally processed peptides. Also, the motifs 
defined herein allow the determination of residues which 
have deleterious or other types of effects on peptide binding. 
0372. The definition of primary and secondary anchor 
specificities for the A3 Supertype provides guidance for 
modulating the binding activity of peptides that bind to mem 
bers of the A3 Supertype family. This information may be 
used to generate highly cross-reactive epitopes by identifying 
residues within a native peptide sequence that can be ana 
logued to increase greater binding cross-reactivity within a 
Supertype, or analogued to increase immunogenicity. 
0373 The phenomena of HLA Supertypes may be related 
to optimal exploitation of the peptide specificity of human 
transporter associated with antigen processing (TAP) mol 
ecules (Androlewicz, et al., Proc. Nat'l Acad. Sci. USA 
90:9130 (1993); Androlewicz, et al., Immunity 1:7 (1994): 
van Endert, et al., Immunity 1:491 (1994); Heemels, et al., 
Immunity 1:775 (1994); Momburg, et al., Curr: Opin. Immu 
mol. 6:32 (1994); Neefes, et al., Science 261:769 (1993)). The 
TAP molecules have been shown to preferentially transport 
peptides with certain sequence features such as hydrophobic, 
aromatic, or positively charged C-termini. 
0374 Recent studies, performed by van Endert and asso 
ciates, in collaboration with the present inventors, evaluated 
the relative affinities for TAP of a large collection of peptides, 
and have described an extended TAP binding motif (Van 
Endertet al. J. Exp. Med. 182:1883 (1995)) Strikingly, this tap 
motif contains many of the structural features associated with 
the A3 extended supermotif, such as the preference for aro 
matic residues at positions 3 and 7 of nonamer peptides and 
the absence of negatively charged residues at positions 1 and 
3, and Pat position 1. 
0375. The preparation and evaluation of motif-bearing 
peptides are described in PCT publications WO94/20127 and 
WO 94/03205. Briefly, peptides from a particular antigen are 
synthesized and tested for their ability to bind to HLA pro 
teins in assays using, for example, purified HLA class I mol 
ecules and radioiodinated peptides and/or cells expressing 
empty class I molecules (which lack peptide in their receptor) 
by, for instance, immunofluorescent staining and flow 
microfluorimetry, peptide-dependent class I assembly assays, 
and inhibition of CTL recognition by peptide competition. 
Those peptides that bind to the class I molecule are further 
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evaluated for their ability to serve as targets for CTLs derived 
from infected or immunized individuals, as well as for their 
capacity to induce primary in vitro or in vivo CTL responses 
that can give rise to CTL populations capable of reacting with 
selected target cells associated with a disease. 
0376. The concept of dominance and subdominance is 
relevant to immunotherapy of infectious diseases and cancer. 
For example, in the course of chronic viral disease, recruit 
ment of Subdominant epitopes can be crucial for Successful 
clearance of the infection, especially if dominant CTL speci 
ficities have been inactivated by functional tolerance, Sup 
pression, mutation of viruses and other mechanisms (Franco, 
et al., Curr. Opin. Immunol. 7:524–531, (1995)). Furthermore, 
in the case of cancer and tumor antigens, it appears that CTLS 
recognizing at least Some of the highest binding affinity pep 
tides might have been functionally inactivated by tolerance 
and Suppression, and that lower binding affinity peptides are 
preferentially recognized. 
0377. In particular, it has been noted that a significant 
number of epitopes derived from known non-viral tumor 
associated antigens (TAA) bind HLA Class I with intermedi 
ate affinity (ICso in the 50-500 mM range). It has been found 
that 8 of 15 known TAA peptides recognized by tumor infil 
trating lymphocytes (TIL) or CTL bound in the 50-500, mM 
range. These data are in contrast with estimates that 90% of 
known viral antigens that were recognized as peptides bound 
HLA with ICs of 50 IM or less while only approximately 
10% bound in the 50-500 mM range (Sette, et al., J. Immu 
nol. 153:5586-5592 (1994)). This phenomenon is probably 
due in the cancer setting to elimination, or functional inhibi 
tion of the CTL recognizing several of the highest binding 
peptides, presumably because of T cell tolerization events. 
0378. The present invention provides methods for modu 
lating binding affinity of immunogenic peptides by selection 
of desired residues in the primary and secondary anchor posi 
tions. As explained in detail below, a Supermotif for enhanced 
binding to A3 like alleles is provided here. Depending on the 
desired affect on binding affinity, the anchor residues in a 
desired peptide are substituted. Examples of modulations that 
may be achieved using the present invention include 
increased affinity for a particular allele (e.g., by Substitution 
of secondary anchor residues specific for the allele), 
increased cross-reactivity among different alleles (e.g., by 
Substitution of secondary anchor residues shared by more 
than one allele), and production of a Subdominant epitope 
(e.g., by substitution of residues which increase affinity but 
are not present on the immunodominant epitope). 
0379 Thus, in some embodiments of the invention, the 
identification of Subdominant, as opposed to dominant 
epitopes is desired. In a preferred embodiment, these sub 
dominant epitopes can then be engineered to increase HLA 
binding affinity. As noted herein, higher HLA binding affinity 
is correlated with greater immunogenicity. Greater immuno 
genicity can be manifested in several different ways. Close to 
90% of “high binding peptides have been found to be immu 
nogenic, as contrasted with about 50% of the peptides which 
bind with “intermediate' affinity. Moreover, higher binding 
affinity peptides lead to more vigorous immunogenic 
responses. As a result, less peptide is required to elicit a 
similar biological effect. Thus, in preferred embodiments of 
the invention, high binding epitopes are particularly desired. 
0380 Epitope-bearing peptides in accordance with the 
invention can be prepared synthetically, by recombinant 
DNA technology, or from natural sources such as whole 
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viruses or tumors. Although the peptide will preferably be 
substantially free of other naturally occurring host cell pro 
teins and fragments thereof, in some embodiments the pep 
tides are synthetically conjugated to native molecules or par 
ticles; the peptides can also be conjugated to non-native 
molecules or particles. 
0381. The peptides in accordance with the invention can 
be a variety of lengths, and either in their neutral (uncharged) 
forms or informs which are salts. The peptides in accordance 
with the invention are either free of modifications such as 
glycosylation, side chain oxidation, or phosphorylation; or 
they contain these modifications. 
0382. Desirably, the epitope-bearing peptide will be as 
Small as possible while still maintaining relevant immuno 
logic activity of the large peptide; of course it is particularly 
desirable with peptides from pathogenic organisms that the 
peptide be small in order to avoid pathogenic function. When 
possible, it may be desirable to optimize epitopes of the 
invention to a length of about 8 to about 13, preferably 9 to 10 
amino acid residues for a class I molecule and about 6 to about 
25 amino acid residues for a class II molecules. Preferably, 
the peptides are commensurate in size with endogenously 
processed viral peptides or tumor cell peptides that are bound 
to HLA class I or class II molecules on the cell surface. 
Nevertheless, the identification and preparation of peptides of 
other lengths can be carried out using the techniques 
described here such as the disclosures of primary anchor 
positions. It is to be appreciated that peptide epitopes in 
accordance with the invention can be present in peptides or 
proteins that are longer than the epitope itself. Moreover, 
multiepitopic peptides can comprise at least one epitope of 
the invention along with other epitope(s). 
0383. In particular, the invention provides motifs that are 
common to peptides bound by more than one HLA allele. By 
a combination of motifidentification and MHC-peptide inter 
action studies, peptides useful for peptide vaccines have been 
identified. 
0384 Peptides comprising the epitopes from these anti 
gens are synthesized and then tested for their ability to bind to 
the appropriate MHC molecules in assays using, for example, 
purified class I molecules and radioiodinated peptides and/or 
cells expressing empty class I molecules by, for instance, 
immunofluorescent staining and flow microfluorometry, pep 
tide-dependent class I assembly assays, and inhibition of CTL 
recognition by peptide competition. Those peptides that bind 
to the class I molecule are further evaluated for their ability to 
serve as targets for CTLs derived from infected or immunized 
individuals, as well as for their capacity to induce primary in 
vitro or in vivo CTL responses that can give rise to CTL 
populations capable of reacting with virally infected target 
cells or tumor cells as potential therapeutic agents. 
0385. The (HLA) MHC class I antigens (i.e., the products 
of the MHC class I alleles) are encoded by the HLA-A, B, and 
C loci. HLA-A and B antigens are expressed at the cell 
Surface at approximately equal densities, whereas the expres 
sion of HLA-C is significantly lower (perhaps as much as 
10-fold lower). Each of these loci have a number of alleles 
(i.e., a multiplicity of allelic variants) in the population. 
Indeed, there are believed to be well over 500 class I and class 
II alleles. The peptide binding motifs of the invention are 
relatively specific for each allelic subtype. 
0386 Since a cytotoxic T-cell response cannot be elicited 
unless the epitope is presented by the class I HLA contained 
on the surface of the cells of the individual to be immunized, 
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it is important that the epitope be one that is capable of 
binding the HLA exhibited by that individual. 
0387. The starting point, therefore, for the design of effec 
tive vaccines is to ensure that the vaccine will generate a large 
number of epitopes that can Successfully be presented. It may 
be possible to administer the peptides representing the 
epitopes per se. Such administration is dependent on the 
presentation of “empty HLA molecules displayed on the 
cells of the Subject. In one approach to use of the immuno 
genic peptides per se, these peptides may be incubated with 
antigen-presenting cells from the Subject to be treated ex vivo 
and the cells then returned to the subject. 
0388 Alternatively, the 8-11 amino acid peptide can be 
generated in situ by administering a nucleic acid containing a 
nucleotide sequence encoding it. Means for providing Such 
nucleic acid molecules are described in WO99/58658, the 
disclosure of which is incorporated herein by reference. Fur 
ther, the immunogenic peptides can be administered as por 
tions of a larger peptide molecule and cleaved to release the 
desired peptide. The larger peptide may contain extraneous 
amino acids, in general the fewer the better. Thus, peptides 
which contain Such amino acids are typically 25 amino acids 
or less, more typically 20 amino acids or less, and more 
typically 15 amino acids or less. The precursor may also be a 
heteropolymer or homopolymer containing a multiplicity of 
different or same CTL epitopes. Of course, mixtures of pep 
tides and nucleic acids which generate a variety of immuno 
genic peptides can also be employed. The design of the pep 
tide vaccines, the nucleic acid molecules, or the hetero- or 
homo-polymers is dependent on the inclusion of the desired 
epitope. Thus, in certain embodiments, the present invention 
provides a paradigm for identifying the relevant epitope 
which is effective across the broad population range of indi 
viduals who are characterized by the A2 supertype. The fol 
lowing pages describe the methods and results of experiments 
for identification of the A2 supermotif, and other motifs and 
Supermotifs. 
0389. In certain embodiments, it is preferred that peptides 
include an epitope that binds to an HLA-A2 supertype allele. 
These motifs may be used to define T-cell epitopes from any 
desired antigen, particularly those associated with human 
viral diseases, cancers or autoimmune diseases, for which the 
amino acid sequence of the potential antigen or autoantigen 
targets is known. 
0390 Epitopes on a number of potential target proteins 
can be identified based upon HLA binding motifs. Examples 
of suitable antigens include TRP1, prostate cancer-associated 
antigens such as prostate specific antigen (PSA), human kal 
likrein (huK2), prostate specific membrane antigen (PSM), 
and prostatic acid phosphatase (PAP), antigens from viruses 
Such as hepatitis B (e.g., hepatitis B core and Surface antigens 
(HBVc, HBVs)), hepatitis C antigens, Epstein-Barr virus 
(EBV) antigens, human immunodeficiency virus (HIV) anti 
gens, human papilloma virus (HPV) antigens, Kaposi's sar 
coma virus (KSHV), influenza virus, Lassa virus, melanoma 
antigens (e.g., MAGE-1, MAGE2, and MAGE3) Mycobac 
terium tuberculosis (MT) antigens, p53, carcinoembryonic 
antigen (CEA), trypanosome, e.g., Trypansoma Cruzi (T. 
cruzi), antigens such as Surface antigen (TSA), Her2/neu, and 
malaria antigens. Examples of Suitable fungal antigens 
include those derived from Candida albicans, Cryptococcus 
neoformans, Coccidoides spp., Histoplasma spp., and 
Aspergillus fumigatis. Examples of Suitable protozoal para 
sitic antigens include those derived from Plasmodium spp., 
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Trypanosoma spp., Schistosoma spp., Leishmania spp and the 
like. Examples of suitable bacterial antigens include those 
derived from Mycobacterium spp., Chlamydiaceae spp., and 
the like. 

0391 The peptides are thus useful in pharmaceutical com 
positions for both in vivo and ex vivo therapeutic and diag 
nostic applications. 
0392 Autoimmune associated disorders for which the 
peptides of the invention may be employed to relieve the 
symptoms of treat or prevent the occurrence or reoccurrence 
of include, for example, multiple sclerosis (MS), rheumatoid 
arthritis (RA), Sjogren syndrome, Scleroderma, polymyosi 
tis, dermatomyositis, systemic lupus erythematosus, juvenile 
rheumatoid arthritis, ankylosing spondylitis, myasthenia 
gravis (MG), bullous pemphigoid (antibodies to basement 
membrane at dermal-epidermal junction), pemphigus (anti 
bodies to mucopolysaccharide protein complex or intracellu 
lar cement Substance), glomerulonephritis (antibodies to 
glomerular basement membrane), Goodpasture's syndrome, 
autoimmune hemolytic anemia (antibodies to erythrocytes), 
Hashimoto's disease (antibodies to thyroid), pernicious ane 
mia (antibodies to intrinsic factor), idiopathic thrombocy 
topenic purpura (antibodies to platelets), Grave's disease, and 
Addison's disease (antibodies to thyroglobulin), and the like. 
0393. The autoantigens associated with a number of these 
diseases have been identified. For example, in experimentally 
induced autoimmune diseases, antigens involved in patho 
genesis have been characterized: in arthritis in rat and mouse, 
native type-II collagen is identified in collagen-induced 
arthritis, and mycobacterial heat shock protein in adjuvant 
arthritis; thyroglobulin has been identified in experimental 
allergic thyroiditis (EAT) in mouse; acetyl choline receptor 
(AChR) in experimental allergic myasthenia gravis (EAMG): 
and myelin basic protein (MBP) and proteolipid protein 
(PLP) in experimental allergic encephalomyelitis (EAE) in 
mouse and rat. In addition, target antigens have been identi 
fied in humans: type-II collagen in human rheumatoid arthri 
tis; and acetylcholine receptor in myasthenia gravis. 
0394 Without wishing to be bound by theory, it is believed 
that the presentation of antigen by HLA Class I mediates 
suppression of autoreactive T cells by CD8" suppressor T 
cells (see, e.g., Jiang, et al. Science, 256:1213 (1992)). Such 
Suppressor T cells release cytokines Such as transforming 
growth factor-fi (TGF-B), which specifically inhibit the 
autoreactive T cells. Miller, et al., Proc. Natl. Acad. Sci., USA, 
89:421-425 (1992). 
0395 Peptides comprising the epitopes from these anti 
gens may be synthesized and then tested for their ability to 
bind to the appropriate MHC molecules in assays using, for 
example, purified class I molecules and radioiodonated pep 
tides and/or cells expressing empty class I molecules by, for 
instance, immunofluorescent staining and flow microfluo 
rometry, peptide-dependent class I assembly assays, and inhi 
bition of CTL recognition by peptide competition. Those 
peptides that bind to the class I molecule may be further 
evaluated for their ability to serve as targets for CTLs derived 
from infected or immunized individuals, as well as for their 
capacity to induce primary in vitro or in vivo CTL responses 
that can give rise to CTL populations capable of reacting with 
virally infected target cells or tumor cells as potential thera 
peutic agents. 
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0396 Recent evidence suggests however, that high affinity 
MHC binders might be, in most instances, immunogenic, 
Suggesting that peptide epitopes might be selected on the 
basis of MHC binding alone. 
0397 Peptides comprising the Supermotif sequences can 
be identified, as noted above, by Screening potential antigenic 
sources. Useful peptides can also be identified by synthesiz 
ing peptides with systematic or random Substitution of the 
variable residues in the Supermotif, and testing them accord 
ing to the assays provided. As demonstrated below, it is useful 
to refer to the sequences of the target HLA molecule, as well. 
0398. For epitope-based vaccines, the peptides of the 
present invention preferably comprise a Supermotif and/or 
motif recognized by an HLA I or HLA II molecule having a 
wide distribution in the human population. TABLE 22 shows 
the distribution of certain HLA alleles in human populations. 
Since the MHC alleles occur at different frequencies within 
different ethnic groups and races, the choice of target MHC 
allele may depend upon the target population. TABLE 69 
shows the frequency of various alleles at the HLA-A locus 
products among different races. For instance, the majority of 
the Caucasoid population can be covered by peptides which 
bind to four HLA-A allele subtypes, specifically HLA-A2.1, 
A1, A3.2, and A24.1. Similarly, the majority of the Asian 
population is encompassed with the addition of peptides 
binding to a fifth allele HLA-A 1.2. 
0399. The nomenclature used to describe peptide com 
pounds follows the conventional practice wherein the amino 
group is presented to the left (the N-terminus) and the car 
boxyl group to the right (the C-terminus) of each amino acid 
residue. In the formulae representing selected specific 
embodiments of the present invention, the amino- and car 
boxyl-terminal groups, although not specifically shown, are 
in the form they would assume at physiologic pH values, 
unless otherwise specified. In the amino acid structure for 
mulae, each residue is generally represented by standard three 
letter or single letter designations. The L-form of an amino 
acid residue is represented by a capital single letter or a capital 
first letter of a three-letter symbol, and the D-form for those 
amino acids having D-forms is represented by a lower case 
single letter or a lower case three letter symbol. Glycine has 
no asymmetric carbonatom and is simply referred to as “Gly 
or G. The letter X in a motif represents any of the 20 amino 
acids found in TABLE 72, as well non-naturally occurring 
amino acids or amino acid mimetics. Brackets Surrounding 
more than one amino acid indicates that the motif includes 
any one of the amino acids. For example, the Supermotif 
“N-XPXXXXXX(A.V.I.L.M)-C (SEQ ID NO: )" 
includes each of the following peptides: N-XPXXXXXXA-C 
(SEQ ID NO: ), N-XPXXXXXXV-C (SEQ ID 
NO: ), N-XPXXXXXXI-C (SEQ ID NO: ), 
N-XPXXXXXXL-C (SEQ ID NO: ), and 
N-XPXXXXXXM-C (SEQ ID NO: ). 
0400. The large degree of HLA polymorphism is an 
important factor to be taken into account with the epitope 
based approach to vaccine development. To address this fac 
tor, epitope selection encompassing identification of peptides 
capable of binding at high or intermediate affinity to multiple 
HLA molecules is preferably utilized, most preferably these 
epitopes bind at high or intermediate affinity to two or more 
allele-specific HLA molecules. 
04.01 CTL-inducing peptides of interest for vaccine com 
positions preferably include those that have an ICso or bind 
ing affinity value for a class HLA molecule(s) of 500 nM or 
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better (i.e., the value is 500 nM or less) or, for class II HLA 
molecules, 1000 mMorbetter (i.e., the value is greater than or 
equal to 1000 nM). For example, peptide binding is assessed 
by testing the capacity of a candidate peptide to bind to a 
purified HLA molecule in vitro. Peptides exhibiting high or 
intermediate affinity are then considered for further analysis. 
Selected peptides are generally tested on other members of 
the supertypefamily. In preferred embodiments, peptides that 
exhibit cross-reactive binding are then used in cellular screen 
ing analyses or vaccines. 
0402. The relationship between binding affinity for HLA 
class I molecules and immunogenicity of discrete peptide 
epitopes on bound antigens was determined for the first time 
in the art by the present inventors. As disclosed in greater 
detail herein, higher HLA binding affinity is correlated with 
greater immunogenicity. 
04.03 Greater immunogenicity can be manifested in sev 
eral different ways. Immunogenicity corresponds to whether 
an immune response is elicited at all, and to the vigor of any 
particular response, as well as to the extent of a population in 
which a response is elicited. For example, a peptide might 
elicitan immune response in a diverse array of the population, 
yet in no instance produce a vigorous response. In accordance 
with these principles, close to 90% of high binding peptides 
have been found to elicit a response and thus be “immuno 
genic,” as contrasted with about 50% of the peptides that bind 
with intermediate affinity (see, e.g., Schaeffer et al. PNAS 
(1988)). Moreover, not only did peptides with higher binding 
affinity have an enhanced probability of generating an 
immune response, the generated response tended to be more 
vigorous than the response seen with weaker binding pep 
tides. As a result, less peptide is required to elicit a similar 
biological effect if a high affinity binding peptide is used 
rather than a lower affinity one. Thus, in preferred embodi 
ments of the invention, high affinity binding epitopes are 
used. 

04.04 The correlation between binding affinity and immu 
nogenicity was analyzed by the present inventors by two 
different experimental approaches (see, e.g., Sette, et al., J 
Immunol. 153:5586-5592 (1994)). In the first approach, the 
immunogenicity of potential epitopes ranging in HLA bind 
ing affinity over a 10,000-fold range was analyzed in HLA 
A*0201 transgenic mice. In the second approach, the antige 
nicity of approximately 100 different hepatitis B virus 
(HBV)-derived potential epitopes, all carrying A*0201 bind 
ing motifs, was assessed by using PBL from acute hepatitis 
patients. Pursuant to these approaches, it was determined that 
an affinity threshold value of approximately 500 nM (prefer 
ably 50 nM or less) determines the capacity of a peptide 
epitope to elicit a CTL response. These data are true for class 
I binding affinity measurements for naturally processed pep 
tides and for synthesized T cell epitopes. These data also 
indicate the important role of determinant selection in the 
shaping of T cell responses (see, e.g., Schaeffer et al. Proc. 
Natl. Acad. Sci. USA 86:4649-4653 (1989)). 
04.05 Peptides of the present invention may also comprise 
epitopes that bind to HLA class II molecules (HLA class II 
molecules are also referred to as MHC-DR molecules). An 
affinity threshold associated with immunogenicity in the con 
text of HLA class II DR molecules has also been delineated 
(see, e.g., Southwood et al. J. Immunology 160:3363-73, 
1998, and WO99/61916). In order to define a biologically 
significant threshold of DR binding affinity, a database of the 
binding affinities of 32 DR-restricted epitopes for their 

27 
Oct. 23, 2008 

restricting element (i.e., the HLA molecule that binds the 
motif) was compiled. In approximately half of the cases (15 
of 32 epitopes), DR restriction was associated with high bind 
ing affinities, i.e. binding affinity values of 100 nM or less (in 
Some embodiments, the binding affinity value was less than 
100 nM). In the other half of the cases (16 of 32), DR restric 
tion was associated with intermediate affinity (binding affin 
ity values in the 100-1000 nM range). In only one of 32 cases 
was DR restriction associated with an ICs of 1000 nM or 
greater. Thus, 1000 nM can be defined as an affinity threshold 
associated with immunogenicity in the context of DR mol 
ecules. Thus, as seen with HLA class I molecules, an affinity 
threshold associated with immunogenicity is defined for 
epitopes recognized by HLA class II molecules. 
0406 Definition of motifs that are predictive of binding to 
specific class I and class II alleles allows the identification of 
potential peptide epitopes from an antigenic protein whose 
amino acid sequence is known. Typically, identification of 
potential peptide epitopes is initially carried out using a com 
puter to scan the amino acid sequence of a desired antigen for 
the presence of motifs and/or Supermotifs. 
0407. Definition of motifs specific for different class I 
alleles allows the identification of potential peptide epitopes 
from an antigenic protein whose amino acid sequence is 
known. Typically, identification of potential peptide epitopes 
is initially carried out using a computer to scan the amino acid 
sequence of a desired antigen for the presence of motifs. The 
epitopic sequences are then synthesized. The capacity to bind 
MHC Class I molecules is measured in a variety of different 
ways. One means is a Class I molecule binding assay as 
described in the related applications, noted above. Other 
alternatives described in the literature include inhibition of 
antigen presentation (Sette, et al., J Immunol. 141:3893 
(1991), in vitro assembly assays (Townsend, et al., Cell 
62:285 (1990), and FACS based assays using mutated cells, 
such as RMA-S (Melief, et al., Eur: J. Immunol. 21:2963 
(1991)). 
0408. In the typical case, immunoprecipitation is used to 
isolate the desired allele. A number of protocols can be used 
to isolate HLA molecules for use in in binding assays, 
depending upon the specificity of the antibodies used. For 
example, allele-specific mAb reagents can be used for the 
affinity purification of the HLA-A. HLA-B1, and HLA-C 
molecules. Several mAb reagents for the isolation of HLA-A 
molecules are available (see TABLE 4, TABLE 71, and 
TABLE 24). The monoclonal BB7.2 is suitable for isolating 
HLA-A2 molecules. Thus, for each of the targeted HLA-A 
alleles, reagents are available that may be used for the direct 
isolation of the HLA-A molecules. Affinity columns prepared 
with these mabs using standard techniques are successfully 
used to purify the respective HLA-A allele products. In addi 
tion to allele-specific mAbs, broadly reactive anti-HLA-A, B, 
C mAbs, such as W6/32 and B9.12.1, and one anti-HLA-B, C 
mAb, B1.23.2, could be used in alternative affinity purifica 
tion protocols as described in previous applications or in the 
examples section below. 
04.09. The procedures used to identify peptides of the 
present invention generally follow the methods disclosed in 
Falk et al., Nature 351:290 (1991), which is incorporated 
herein by reference. Briefly, the methods involve large-scale 
isolation of MHC class I molecules, typically by immunopre 
cipitation or affinity chromatography, from the appropriate 
cellor cell line. Examples of other methods for isolation of the 
desired MHC molecule equally well known to the artisan 
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include ion exchange chromatography, lectin chromatogra 
phy, size exclusion, high performance ligand chromatogra 
phy, and a combination of all of the above techniques. 
0410 The peptides bound to the peptide binding groove of 
the isolated MHC molecules are eluted typically using acid 
treatment. Peptides can also be dissociated from class I mol 
ecules by a variety of standard denaturing means, such as 
heat, pH, detergents, salts, chaotropic agents, or a combina 
tion thereof. 
0411 Peptide fractions are further separated from the 
MHC molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to 
the artisan, including filtration, ultrafiltration, electrophore 
sis, size chromatography, precipitation with specific antibod 
ies, ion exchange chromatography, isoelectrofocusing, and 
the like. 
0412 Sequencing of the isolated peptides can be per 
formed according to standard techniques such as Edman deg 
radation (Hunkapiller, M.W., et al. Methods Enzymol. 91,399 
1983). Other methods suitable for sequencing include mass 
spectrometry sequencing of individual peptides as previously 
described (Hunt, et al., Science 225:1261 (1992), which is 
incorporated herein by reference). Amino acid sequencing of 
bulk heterogenous peptides (e.g., pooled HPLC fractions) 
from different class I molecules typically reveals a character 
istic sequence motif for each class I allele. 
0413 Upon identification of motif-bearing sequences, 
peptides corresponding to the sequences are then Synthesized 
and, typically, evaluated for binding to the corresponding 
HLA allele. The capacity to bind MHC Class molecules is 
measured in a variety of different ways. One means is a Class 
I molecule binding assay as described in the related applica 
tions, noted above. Other alternatives described in the litera 
ture include inhibition of antigen presentation (Sette, et al., J. 
Immunol. 141:3893 (1991), in vitro assembly assays 
(Townsend, et al., Cell 62:285 (1990), and FACS based assays 
using mutated ells, such as RMA-S (Melief, et al., Eur: J. 
Immunol. 21:2963 (1991)). 
0414. Next, peptides that test positive in the MHC class I 
binding assay are assayed for the ability of the peptides to 
induce specific CTL (or HTL, for class II motif-bearing pep 
tides) responses in vitro. For instance, antigen-presenting 
cells that have been incubated with a peptide can be assayed 
for the ability to induce CTL responses in responder cell 
populations. Antigen-presenting cells can be normal cells 
such as peripheral blood mononuclear cells or dendritic cells 
(Inaba, et al., J. Exp. Med. 166:182 (1987); Boog, Eur: J. 
Immunol. 18:219 1988). Alternatively, transgenic mice 
comprising an appropriate HLA transgene can be used to 
assay the ability of a peptide to induce a response in cytotoxic 
T lymphocytes essentially as described in copending U.S. 
patent application Ser. No. 08/205,713. 
0415 Definition of motifs specific for different class I 
alleles allows the identification of potential peptide epitopes 
from an antigenic protein whose amino acid sequence is 
known. Typically, identification of potential peptide epitopes 
is initially carried out using a computer to scan the amino acid 
sequence of a desired antigen for the presence of motifs. 
0416) Following identification of motif-bearing epitopes, 
the epitopic sequences are then synthesized. The capacity to 
bind MHC Class molecules is measured in a variety of dif 
ferent ways. One means is a Class I molecule binding assay as 
described in the related applications, noted below. Other 
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alternatives described in the literature include inhibition of 
antigen presentation (Sette, et al., J. Immunol. 141:3893 
(1991), in vitro assembly assays (Townsend, et al., Cell 
62:285 (1990), and FACS based assays using mutated cells, 
such as RMA.S (Melief, et al., Eur: J. Immunol. 21:2963 
(1991)). 
0417. As disclosed herein, higher HLA binding affinity is 
correlated with greater immunogenicity. Greater immunoge 
nicity can be manifested in several different ways. Immuno 
genicity can correspond to whether an immune response is 
elicited at all, and to the vigor of any particular response, as 
well as to the extent of a diverse population in which a 
response is elicited. For example, a peptide might elicit an 
immune response in a diverse array of the population, yet in 
no instance produce a vigorous response. In accordance with 
the principles disclosed herein, close to 90% of high binding 
peptides have been found to be immunogenic, as contrasted 
with about 50% of the peptides which bind with intermediate 
affinity. Moreover, higher binding affinity peptides lead to 
more vigorous immunogenic responses. As a result, less pep 
tide is required to elicit a similar biological effect if a high 
affinity binding peptide is used. Thus, in preferred embodi 
ments of the invention, high affinity binding epitopes are 
particularly useful. Nevertheless, substantial improvements 
over the prior art are achieved with intermediate or high 
binding peptides. 
0418. The relationship between binding affinity for HLA 
class I molecules and immunogenicity of discrete peptide 
epitopes has been determined for the first time in the art by the 
present inventors. In these experiments, in which discrete 
peptides were referred to, it is to be noted that cellular pro 
cessing of peptides in vivo will lead to Such peptides even if 
longer fragments are used. Accordingly, longer peptides com 
prising one or more epitopes are within the scope of the 
invention. The correlation between binding affinity and 
immunogenicity was analyzed in two different experimental 
approaches (Sette, et al., J. Immunol. 153:5586-5592, 1994). 
In the first approach, the immunogenicity of potential 
epitopes ranging in HLA binding affinity over a 10,000-fold 
range was analyzed in HLA-A*0201 transgenic mice. In the 
second approach, the antigenicity of approximately 100 dif 
ferent hepatitis B virus (HBV)-derived potential epitopes, all 
carrying A*0201 binding motifs, was assessed by using PBL 
(peripheral blood lymphocytes) from acute hepatitis patients. 
Pursuant to these approaches, it was determined that an affin 
ity threshold value of approximately 500 nM (preferably 50 
nMorless) is correlated with the capacity of a peptide epitope 
to elicit a CTL response. These data are true for class Ibinding 
affinity measurements for naturally processed peptides and 
for synthesized T-cell epitopes. These data also indicate the 
important role of determinant selection in the shaping of 
T-cell responses (see, e.g., Schaeffer, et al., Proc. Natl. Acad. 
Sci. USA 86:4649-4653, 1989). 
0419 Accordingly, CTL-inducing peptides preferably 
include those that have an ICs for class I HLA molecules of 
500 nM or less. In the case of motif-bearing peptide epitopes 
from tumor associated antigens, a binding affinity threshold 
of 200 nM has been shown to be associated with killing of 
tumor cells by resulting CTL populations. 
0420. In a preferred embodiment, following assessment of 
binding activity for an HLA-A2 allele-specific molecule, 
peptides exhibiting high or intermediate affinity are then con 
sidered for further analysis. Selected peptides may be tested 
on other members of the supertype family. In preferred 
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embodiments, peptides that exhibit cross-reactive binding are 
then used in vaccines or in cellular screening analyses. 
0421 For example, peptides that test positive in the HLA 
A2 (or other MHC class I) binding assay, i.e., that have 
binding affinity values of 500 nM or less, are assayed for the 
ability of the peptides to induce specific CTL responses in 
vitro. For instance, antigen-presenting cells that have been 
incubated with a peptide can be assayed for the ability to 
induce CTL responses in responder cell populations. Anti 
gen-presenting cells can be normal cells such as peripheral 
blood mononuclear cells or dendritic cells (Inaba, et al., J. 
Exp. Med. 166:182 (1987); Boog, Eur. J. Immunol. 18:219 
1988). 
0422. Alternatively, mutant mammalian cell lines that are 
deficient in their ability to load class I molecules with inter 
nally processed peptides, such as the mouse cell lines RMA-S 
(Kärre, et al. Nature, 319:675 (1986); Ljunggren, et al., Eur: J. 
Immunol. 21:2963-2970 (1991)), and the human somatic T 
cell hybrid, T-2 (Cerundolo, et al., Nature 345:449-452 
(1990)) and which have been transfected with the appropriate 
human class I genes are conveniently used, when peptide is 
added to them, to test for the capacity of the peptide to induce 
in vitro primary CTL responses. Other eukaryotic cell lines 
which could be used include various insect cell lines such as 
mosquito larvae (ATCC cell lines CCL 125, 126, 1660, 1591, 
6585, 6586), silkworm (ATTC CRL 8851), armyworm 
(ATCC CRL 1711), moth (ATCC CCL 80) and Drosophila 
cell lines such as a Schneider cell line (see Schneider J. 
Embryol. Exp. Morphol. 27:353-65 (1927). That have been 
transfected with the appropriate human class I MHC allele 
encoding genes and the human B2 microglobulin genes. 
0423 Peripheral blood lymphocytes are conveniently iso 
lated following simple Venipuncture or leukapheresis of nor 
mal donors or patients and used as the responder cell sources 
of CTL precursors. In one embodiment, the appropriate anti 
gen-presenting cells are incubated with 10-100 uM of peptide 
in serum-free media for 4 hours under appropriate culture 
conditions. The peptide-loaded antigen-presenting cells are 
then incubated with the responder cell populations in vitro for 
7 to 10 days under optimized culture conditions. Positive CTL 
activation can be determined by assaying the cultures for the 
presence of CTLs that kill radiolabeled target cells, both 
specific peptide-pulsed targets as well as target cells express 
ing the endogenously processed form of the relevant virus or 
tumor antigen from which the peptide sequence was derived. 
0424 Specificity and MHC restriction of the CTL is deter 
mined by testing against different peptide target cells express 
ing appropriate or inappropriate human MHC class I. The 
peptides that test positive in the MHC binding assays and give 
rise to specific CTL responses are referred to hereinas immu 
nogenic peptides. 
0425. After determining their binding affinity, additional 
confirmatory work can be performed to select, amongst these 
vaccine candidates, epitopes with preferred characteristics in 
terms of population coverage, antigenicity, and immunoge 
nicity. 
0426. Thus, various strategies can be utilized to evaluate 
immunogenicity, including: 
0427 1) Evaluation of primary T cell cultures from normal 
individuals (see, e.g., Wentworth, P. A. et al., Mol. Immunol. 
32:603, 1995: Celis, E. et al., Proc. Natl. Acad. Sci. USA 
91:2105, 1994; Tsai, V. et al., J. Immunol. 158:1796, 1997: 
Kawashima, I. et al., Human Immunol. 59:1, 1998); This 
procedure involves the stimulation of peripheral blood lym 
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phocytes (PBL) from normal subjects with a test peptide in 
the presence of antigen presenting cells in vitro over a period 
of several weeks. T cells specific for the peptide become 
activated during this time and are detected using, e.g., a lym 
phokine-release or a 'Cr cytotoxicity assay involving pep 
tide sensitized target cells. 
0428 2) Immunization of HLA transgenic mice (see, e.g., 
Wentworth, P. A. et al., J. Immunol. 26:97, 1996; Wentworth, 
P. A. et al., Int. Immunol. 8:651, 1996; Alexander, J. et al., J. 
Immunol. 159:4753, 1997): In this method, peptides in 
incomplete Freund's adjuvant are administered Subcutane 
ously to HLA transgenic mice. Several weeks following 
immunization, splenocytes are removed and cultured in vitro 
in the presence of test peptide for approximately one week. 
Peptide-specific T cells are detected using, e.g., a 'Cr-release 
assay involving peptide sensitized target cells and target cells 
expressing endogenously generated antigen. 
0429 Demonstration of recall T cell responses from 
patients who have been effectively vaccinated or who have a 
tumor; (see, e.g., Rehermann, B. et al., J. Exp. Med. 181:1047. 
1995; Doolan, D. L. et al., Immunity 7:97, 1997: Bertoni, R. et 
al., J. Clin. Invest. 100:503, 1997: Threlkeld, S. C. et al., J. 
Immunol. 159:1648, 1997; Diepolder, H. M. et al., J. Virol. 
71:6011, 1997:Tsanget al., J. Natl. Cancer Inst. 87:982-990, 
1995; Disis et al., J. Immunol. 156:3151-3158, 1996). In 
applying this strategy, recall responses are detected by cul 
turing PBL from patients with cancer who have generated an 
immune response “naturally, or from patients who were 
vaccinated with tumor antigen vaccines. PBL from Subjects 
are cultured in vitro for 1-2 weeks in the presence of test 
peptide plus antigen presenting cells (APC) to allow activa 
tion of “memory' T cells, as compared to "naive' T cells. At 
the end of the culture period, T cell activity is detected using 
assays for T cell activity including 'Cr release involving 
peptide-sensitized targets, T cell proliferation, or lymphokine 
release. 

0430 Kast, et al. (J. Immunol. 152:3904-3912, 1994) have 
shown that motif-bearing peptides account for 90% of the 
epitopes that bind to allele-specific HLA class I molecules. In 
this study all possible peptides of 9 amino acids in length and 
overlapping by eightamino acids (240 peptides), which cover 
the entire sequence of the E6 and E7 proteins of human 
papillomavirus type 16, were evaluated for binding to five 
allele-specific HLA molecules that are expressed at high fre 
quency among different ethnic groups. This unbiased set of 
peptides allowed an evaluation of the predictive value of HLA 
class I motifs. From the set of 240 peptides, 22 peptides were 
identified that bound to an allele-specific HLA molecules 
with high or intermediate affinity. Of these 22 peptides, 20, 
(i.e.91%), were motif-bearing. Thus, this study demonstrated 
the value of motifs for the identification of peptide epitopes 
for inclusion in a vaccine: application of motif.-based identi 
fication techniques eliminates screening of 90% of the poten 
tial epitopes. The quantity of available peptides, and the com 
plexity of the screening process would make a comprehensive 
evaluation of an antigen highly difficult, if not impossible 
without use of motifs. 

0431. An immunogenic peptide epitope of the invention 
may be included in a polyepitopic vaccine composition com 
prising additional peptide epitopes of the same antigen, anti 
gens from the same source, and/or antigens from a different 
Source. Moreover, class II epitopes can be included along 
with class I epitopes. Peptide epitopes from the same antigen 
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may be adjacent epitopes that are contiguous in sequence or 
may be obtained from different regions of the protein. 
0432. The relationship between binding affinity for HLA 
class I molecules and immunogenicity of discrete peptide 
epitopes on bound antigens has been analyzed in three differ 
ent experimental approaches (see, e.g. Sette, et al., J. Immu 
mol. 153:5586 (1994)). In the first approach, the immunoge 
nicity of potential epitopes ranging in MHC binding affinity 
over a 10,000-fold range was analyzed in HLA-A*0201 
transgenic mice. In the second approach, the antigenicity of 
approximately 100 different hepatitis B virus (HBV)-derived 
potential epitopes, all carrying A*0201 binding motifs, was 
assessed by using PBL (peripheral blood lymphocytes) of 
acute hepatitis patients (see, e.g. Sette, et al., J. Immunol. 
153:5586 (1994)). In the third approach the binding affinity of 
previously known antigenic peptides for the relevant HLA 
class I was determined (Sette et al. Molec. Immunol. 31:813, 
1994) In all cases, it was found that an affinity threshold of 
approximately 500 nM (preferably 500 nM or less) deter 
mines the capacity of a peptide epitope to elicit a CTL 
response. In the case of class II HLA a relevant threshold of 
affinity was set at 1000 nM by similar studies performed by 
Southwood and colleagues (Southwood et al. J. Immunol. 
160:3363-3373 (1998). These data also indicate the important 
role of determinant selection in the shaping of T cell 
responses. 
0433. Immunogenic peptides can be identified in relevant 
native sequences with reference e.g., to one of the Supermotifs 
or motifs set out in TABLE 137, TABLE 138, and TABLE 
139. A particular motif is denoted in the tables and is defined 
by its primary anchor residues, i.e. a motif bearing peptide 
must comprise at least one of the specified residues at each 
primary anchor position. A peptide may be analogued at any 
one or more of its primary anchor residues by exchanging one 
of the specified primary anchor residues with another primary 
anchor residue at the same position specified for the same 
motif. The numeric positions within each motif are desig 
nated in an amino to carboxyl orientation. Alternatively, a 
peptide may be analogued at any one or more of the desig 
nated secondary anchor residues described on TABLE 138 
and TABLE 139 by exchanging an existing residue with one 
of the designated secondary anchor residues at the designated 
positions. In a preferred embodiment, to enhance binding 
affinity, deleterious residues are removed from native 
sequences; similarly deleterious residues are not used to Sub 
stitute for another residue at a designated position. Modifica 
tions to a primary anchor position and/or a secondary anchor 
position may be made at one position or multiple positions. 
0434 Peptides that comprise epitopes and/or immuno 
genic peptides of the invention can be prepared synthetically, 
or by recombinant DNA technology or from natural sources 
such as whole viruses or tumors. Although the peptide will 
preferably be substantially free of other naturally occurring 
host cell proteins and fragments thereof, in Some embodi 
ments the peptides can be synthetically conjugated to native 
fragments or particles. 
0435 The present invention relates to allele-specific pep 
tide motifs and binding peptides for human and murine MHC 
allele. It is contemplated that the peptide binding motifs of the 
invention are relatively specific for each allele. In an embodi 
ment of the invention, the allele-specific motifs and binding 
peptides are for human class I MHC (or HLA) alleles. HLA 
alleles include HLA-A, HLA-B, and HLA-C alleles. In 
another embodiment of the invention the allele-specific 
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motifs and binding peptides are for human class II MHC (or 
HLA) alleles. Such HLA alleles include HLA-DR and HLA 
DQalleles. HLA molecules that share similar binding affinity 
for peptides bearing certain amino acid motifs are grouped 
into HLA supertypes. See, i.e., Stites, et al., IMMUNOLOGY, 
8 ED., Lange Publishing, Los Altos, Calif. (1994). Peptides 
that bind one or more alleles in one or more Supertypes are 
contemplated as part of the invention. Examples of the Super 
types within HLA-A and HLA-B molecules are shown in 
FIG. 2. In yet another embodiment, the allele-specific motifs 
and binding peptides are for murine class I (or H-2) MHC 
alleles. Such H-2 alleles include H-2Dd, H-2 Kb., H-2Kd, H-2 
Db, H-2Ld, and H-2Kk. Exemplary tables describing allele 
specific motifs are presented below. Binding within a particu 
lar supertype for murine MHC alleles is also contemplated. 
0436 These peptides were then used to define specific 
binding motifs for each of the following alleles A3.2, A1, 
A11, and A24.1. These motifs are described previously. The 
motifs described in TABLES 6-9, below, are defined from 
pool sequencing data of naturally processed peptides as 
described in the related applications. Preferred (i.e., canoni 
cal) and tolerated (i.e., extended) residues associated with 
anchor positions of the indicated HLA Supertypes are pre 
sented in FIG. 2 and TABLE 3. 

0437. In one embodiment, the motif for HLA-A3.2 com 
prises from the N-terminus to C-terminus a first conserved 
residue of L. M. I. V. S. A. T and Fat position 2 and a second 
conserved residue of K, R or Y at the C-terminal end. Other 
first conserved residues are C, G or D and alternatively E. 
Other second conserved residues are H or F. The first and 
second conserved residues are preferably separated by 6 to 7 
residues. In another embodiment, the motif for HLA-A1 
comprises from the N-terminus to the C-terminus a first con 
served residue of T S or M, a second conserved residue of D 
or E, and a third conserved residue of Y. Other second con 
served residues are A, S or T. The first and second conserved 
residues are adjacent and are preferably separated from the 
third conserved residue by 6 to 7 residues. A second motif 
consists of a first conserved residue of E or D and a second 
conserved residue ofY where the first and second conserved 
residues are separated by 5 to 6 residues. 
0438. In yet another embodiment, the motif for HLA-A11 
comprises from the N-terminus to the C-terminus a first con 
served residue of T. V. M. L.I., S.A., G., N, CD, or Fat position 
2 and a C-terminal conserved residue of K, R. Y or H. The first 
and second conserved residues are preferably separated by 6 
or 7 residues. In one embodiment, the motif for HLA-A24.1 
comprises from the N-terminus to the C-terminus a first con 
served residue of Y. For W at position 2 and a C terminal 
conserved residue of F, I, W, M or L. The first and second 
conserved residues are preferably separated by 6 to 7 resi 
dues. 
0439. The MHC-binding peptides identified herein repre 
sent epitopes of a native antigen. With regard to a particular 
amino acid sequence, an epitope is a set of amino acid resi 
dues which is recognized by a particular antibody or T cell 
receptor. Such epitopes are usually presented to lymphocytes 
via the MHC-peptide complex. An epitope retains the collec 
tive features of a molecule. Such as primary, secondary and 
tertiary peptide structure, and charge, that togetherform a site 
recognized by an antibody, T cell receptor or MHC molecule. 
It is to be appreciated, however, that isolated or purified 
protein or peptide molecules larger than and comprising an 
epitope of the invention are still within the bounds of the 
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invention. Moreover, it is contemplated that synthesized pep 
tides can incorporate various biochemical changes that 
enhance their immunological effectiveness. 
0440 The epitopes present in the invention can be domi 
nant, Sub-dominant, or cryptic. A dominant epitope is an 
epitope that induces an immune response upon immunization 
with a whole native antigen. See, i.e., Sercarz, et al., Ann. Rev. 
Immunol. 11: 729-766 (1993). Such a peptide is considered 
immunogenic because it elicits a response against the whole 
antigen. A subdominant epitope, on the other hand, is one that 
evokes little or no response upon immunization with whole 
antigen that contains the epitope, but for which a response can 
be obtained by immunization with an isolated epitope. Immu 
nization with a sub-dominant epitope will prime for a sec 
ondary response to the intact native antigen. A cryptic epitope 
elicits a response by immunization with an isolated peptide, 
but fails to prime a secondary response to a Subsequent chal 
lenge with whole antigen. 
0441. An epitope present in the invention can be cross 
reactive or non-cross-reactive in its interactions with MHC 
alleles and alleles Subtypes. Cross-reactive binding of an 
epitope (or peptide) permits an epitope to be bound by more 
than one HLA molecule. Such cross-reactivity is also known 
as degenerate binding. A non-cross-reactive epitope would be 
restricted to binding aparticular MHCallele orallele subtype. 
0442 Cross-reactive binding of HLA-A2.1 motif-bearing 
peptides with other HLA-A2 allele-specific molecules can 
occur. Those allele-specific molecules that share binding 
specificities with HLA-A2.1 are deemed to comprise the 
HLA-A2.1 Supertype. The B pocket of A2 supertype HLA 
molecules is characterized by a consensus motif including 
residues (this nomenclature uses single letter amino acid 
codes, where the subscript indicates peptide position) F/Y, 
A Mas, E/N, K/N.V.,. H/Qzo and Y/Coo. Similarly, the 
A2-Supertype F pocket is characterized by a consensus motif 
including residues D77, Tso, Ls and Ye (155). About 66% 
of the peptides binding A*0201 will be cross-reactive 
amongst three or more A2-Supertype alleles. 
0443) The A2 supertype as defined herein is consistent 
with cross-reactivity data, (Fruci, D. et al., Hum. Immunol. 
38:187, 1993), from live cell binding assays (del Guercio, 
M.-F. et al., J. Immunol. 154:685, 1995) and data obtained by 
sequencing naturally processed peptides (Sudo, T., et al., J. 
Immunol. 155:4749, 1995) bound to HLA-A2 allele-specific 
molecules. Accordingly the family of HLA molecules (i.e., 
the HLA-A2 supertype that binds these peptides) is com 
prised of at least nine HLA-A proteins: A*0201, A*0202, 
A*0203, A*0204, A*0205, A*0206, A*0207, A*6802, and 
A 6901. 
0444 As described herein, the HLA-A2 supermotif com 
prises peptide ligands with L. I. V. M. A.T. or Q as primary 
anchor residues at position 2 and L. I. V. M. A. or T as a 
primary anchor residue at the C-terminal position of the 
epitope. HLA-A2 motifs that are most particularly relevant to 
the invention claimed here comprise V.A.T. or Qat position 
two and L. I. V. M. A. or T at the C-terminal anchor position. 
A peptide epitope comprising an HLA-A2 Supermotif may 
bind more than one HLA-A2 supertype molecule. 
0445. The epitopes of the present invention can be any 
Suitable length. Class I molecule binding peptides typically 
are about 8 to 13 amino acids in length, and often 9, 10, 11, or 
12 amino acids in length. These peptides include conserved 
amino acids at certain positions such as the second position 
from the N-terminus and the C-terminal position. Also, the 
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peptides often do not include amino acids at certain positions 
that negatively affect binding of the peptide to the HLA 
molecules. For example, the peptides often do not include 
amino acids at positions 1, 3, 6 and/or 7 for peptides 9 amino 
acid peptides in length or positions 1, 3, 4, 5, 7, 8 and/or 9 for 
peptides 10 amino acids in length. Further, defined herein are 
positions within a peptide sequence that can be utilized as 
criteria for selecting HLA-binding peptide. These defined 
positions are often referred to herein as a binding “motif.” 
0446. Definition of motifs specific for different MHC alle 
les allows the identification of potential peptide epitopes from 
an antigenic protein whose amino acid sequence is known. 
Typically, identification of potential peptide epitopes is ini 
tially carried out using a computer to scan the amino acid 
sequence of a desired antigen for the presence of motifs. The 
epitopic sequences are then synthesized. 
0447. In general, class I peptide binding motifs generally 
include a first conserved residue at position two from the 
N-terminus (wherein the N-terminal residue is position one) 
and a second conserved residue at the C-terminal position 
(often position 9 or 10). As a specific example, the HLA 
A*0201 class I peptide binding motifs include a first con 
served residue at position two from the N-terminus (wherein 
the N-terminal residue is position one) selected from the 
group consisting of I. V. A and T and a second conserved 
residue at the C-terminal position selected from the group 
consisting of V. L., I, A and M. Alternatively, the peptide may 
have a first conserved residue at the second position from the 
N-terminus (wherein the N-terminal residue is position one) 
selected from the group consisting of L. M. I. V. A and T. and 
a second conserved residue at the C-terminal position 
selected from the group consisting of A and M. If the peptide 
has 10 residues it will contain a first conserved residue at the 
second position from the N-terminus (wherein the N-terminal 
residue is position one) selected from the group consisting of 
L. M., I, V, A, and T and a second conserved residue at the 
C-terminal position selected from the group consisting of V.I. 
L., A and M, wherein the first and second conserved residues 
are separated by 7 residues. 
0448. One embodiment of an HTL-inducing peptide is 
less than about 50 residues in length and usually consist of 
between about 6 and about 30 residues, more usually between 
about 12 and 25, and often between about 15 and 20 residues, 
for example 15, 16, 17, 18, 19, or 20 residues. One embodi 
ment of a CTL-inducing peptide is 13 residues or less in 
length and usually consists of about 8, 9, 10 or 11 residues, 
preferably 9 or 10 residues. In one embodiment, HLA-DR3 a 
binding is characterized by an L. I. V. M. For Y residue at 
position 1 and a D or E residue at position 4. In another 
embodiment, HLA-DR3 b binding is characterized by an L, I, 
V. M. F. Y or A residue at position 1, a D, E, N, Q, S or T 
residue at position 4, and a K, R or H residue at position 6. In 
another embodiment, key anchor residues of a DR supertype 
binding motif are an L. I. V. M. F. W or Y residue at position 
1 and an L. I. V. M. S. T. P. C or A residue at position 6. See, 
TABLE 3. 

0449 Moreover, in another embodiment, murine Db bind 
ing is characterized by an N residue at position 5 and L., I, V 
or M residue at the C-terminal position. In yet another 
embodiment, murine Kb binding is characterized by a Y or F 
residue at position 5 and an L, I, V or M residue at the 
C-terminal position. In an additional embodiment, murine Kd 
binding is characterized a Y or F residue at position 2 and an 
L., I, V, or M residue at the C-terminal position. In a further 
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embodiment, murine Kkbinding is characterized by an E or D 
residue at position 2 and an L. I. M. V. F. W.Y or A residue at 
the C-terminal position. In a further embodiment, murine Ld 
binding is characterized by a Presidue at position 2 and an L, 
I, M. V. F. W or Y residue at the C-terminal position. See, 
TABLE 5. 

HLA Class I Motifs Indicative of CTL Inducing Peptide 
Epitopes: 

0450. The primary anchor residues of the HLA class I 
peptide epitope supermotifs and motifs are delineated below. 
In some cases, peptide epitopes may be listed in both a motif 
and a supermotif Table. The relationship of a particular motif 
and respective supermotif is indicated in the description of the 
individual motifs. 
0451. The HLA-A1 supermotif is characterized by the 
presence in peptide ligands of a small (Tor S) or hydrophobic 
(L., I, V, or M) primary anchor residue in position 2, and an 
aromatic (Y, F, or W) primary anchor residue at the C-termi 
nal position of the epitope. The corresponding family of HLA 
molecules that bind to the A1 supermotif (i.e., the HLA-A1 
supertype) is comprised of at least A*0101, A*2601, A*2602, 
A*2501, and A*3201 (see, e.g., DiBrino, M. et al., J. Immu 
mol. 151:5930, 1993; DiBrino, M. et al., J. Immunol. 152:620, 
1994: Kondo, A. et al., Immunogenetics 45:249, 1997). Other 
allele-specific HLA molecules predicted to be members of 
the A1 superfamily are shown in Table 137. Peptides binding 
to each of the individual HLA proteins can be modulated by 
substitutions at primary and/or secondary anchor positions, 
preferably choosing respective residues specified for the 
Supermotif. 
0452 Primary anchor specificities for allele-specific 
HLA-A2.1 molecules (see, e.g., Falk et al., Nature 351:290 
296, 1991; Hunt et al., Science 255:1261-1263, 1992: Parker 
et al., J. Immunol. 149:3580-3587, 1992: Ruppert et al., Cell 
74:929-937, 1993) and cross-reactive binding among HLA 
A2 and -A28 molecules have been described. (See, e.g., Fruci 
et al., Human Immunol. 38:187-192, 1993: Tanigaki et al., 
Human Immunol. 39:155-162, 1994; Del Guercio et al., J. 
Immunol. 154:685-693, 1995; Kast et al., J. Immunol. 152: 
3904-3912, 1994 for reviews of relevant data.) These primary 
anchor residues define the HLA-A2 supermotif, which pres 
ence in peptide ligands corresponds to the ability to bind 
several different HLA-A2 and -A28 molecules. The HLA-A2 
Supermotif comprises peptide ligands with L. I. V. M. A.T. or 
Qas a primary anchor residue at position 2 and L. I. V. M. A. 
or T as a primary anchor residue at the C-terminal position of 
the epitope. 
0453 The corresponding family of HLA molecules (i.e., 
the HLA-A2 supertype that binds these peptides) is com 
prised of at least: A*0201, A*0202, A*0203, A*0204, 
A*0205, A*0206, A*0207, A*0209, A*0214, A*6802, and 
A*6901. Otherallele-specific HLA molecules predicted to be 
members of the A2 superfamily are shown in Table 137. As 
explained in detail below, binding to each of the individual 
allele-specific HLA molecules can be modulated by substi 
tutions at the primary anchor and/or secondary anchor posi 
tions, preferably choosing respective residues specified for 
the supermotif. 
0454. The HLA-A3 supermotif is characterized by the 
presence in peptide ligands of A. L. I. V. M. S., or, T as a 
primary anchor at position 2, and a positively charged resi 
due, R or K, at the C-terminal position of the epitope, e.g., in 
position 9 of 9-mers (see, e.g., Sidney et al., Hum. Immunol. 
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45:79, 1996). Exemplary members of the corresponding fam 
ily of HLA molecules (the HLA-A3 supertype) that bind the 
A3 supermotif include at least A*0301, A*1101, A*3101, 
A*3301, and A*6801. Other allele-specific HLA molecules 
predicted to be members of the A3 supertype are shown in 
Table 1. As explained in detail below, peptide binding to each 
of the individual allele-specific HLA proteins can be modu 
lated by Substitutions of amino acids at the primary and/or 
secondary anchor positions of the peptide, preferably choos 
ing respective residues specified for the Supermotif. 
0455 The HLA-A24 supermotif is characterized by the 
presence in peptide ligands of an aromatic (F. W. or Y) or 
hydrophobic aliphatic (L. I. V. M. or T) residue as a primary 
anchor in position 2, and Y. F. W. L., I, or Mas primary anchor 
at the C-terminal position of the epitope (see, e.g., Sette and 
Sidney, Immunogenetics, in press, 1999). The corresponding 
family of HLA molecules that bind to the A24 supermotif 
(i.e., the A24 supertype) includes at least A*2402, A*3001, 
and A*2301. Other allele-specific HLA molecules predicted 
to be members of the A24 supertype are shown in Table 137. 
Peptide binding to each of the allele-specific HLA molecules 
can be modulated by Substitutions at primary and/or second 
ary anchor positions, preferably choosing respective residues 
specified for the supermotif. 
0456. The HLA-B7 Supermotif is characterized by pep 
tides bearing proline in position 2 as a primary anchor, and a 
hydrophobic oraliphatic amino acid (L. I. V. M. A. F.W. orY) 
as the primary anchor at the C-terminal position of the 
epitope. The corresponding family of HLA molecules that 
bind the B7 Supermotif (i.e., the HLA-B7 Supertype) is com 
prised of at least twenty six HLA-B proteins including: 
B*0702, B*0703, B*0704, B*0705, B* 1508, B*3501, 
B*3502, B*3503, B*3504, B*3505, B*3506, B*3507, 
B*3508, B*5101, B*5102, B*5103, B*5104, B*5105, 
B*5301, B*5401, B*5501, B*5502, B*5601, B*5602, 
B*6701, and B*7801 (see, e.g., Sidney, et al., J. Immunol. 
154:247, 1995; Barber, et al., Curr: Biol. 5:179, 1995; Hill, et 
al., Nature 360:434, 1992; Rammensee, et al., Immunogenet 
ics 41:178, 1995 for reviews of relevant data). Other allele 
specific HLA molecules predicted to be members of the B7 
supertype are shown in Table 137. As explained in detail 
below, peptide binding to each of the individual allele-spe 
cific HLA proteins can be modulated by substitutions at the 
primary and/or secondary anchor positions of the peptide, 
preferably choosing respective residues specified for the 
Supermotif. 
0457. The HLA-B27 supermotif is characterized by the 
presence in peptide ligands of a positively charged (R, H, or 
K) residue as a primary anchor at position 2, and a hydropho 
bic (F.Y. L. W. M.I.A., or V) residue as a primary anchor at the 
C-terminal position of the epitope (see, e.g., Sidney and Sette, 
Immunogenetics, in press, 1999). Exemplary members of the 
corresponding family of HLA molecules that bind to the B27 
supermotif (i.e., the B27 supertype) include at least B* 1401, 
B* 1402, B* 1509, B*2702, B*2703, B*2704, B*2705, 
B*2706, B*3801, B*3901, B*3902, and B*7301. Other 
allele-specific HLA molecules predicted to be members of 
the B27 supertype are shown in Table 137. Peptide binding to 
each of the allele-specific HLA molecules can be modulated 
by Substitutions at primary and/or secondary anchor posi 
tions, preferably choosing respective residues specified for 
the supermotif. 
0458. The HLA-B44 supermotif is characterized by the 
presence in peptide ligands of negatively charged (D or E) 
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residues as a primary anchor in position 2, and hydrophobic 
residues (F. W.Y. L. I. M. V. or A) as a primary anchor at the 
C-terminal position of the epitope (see, e.g., Sidney et al., 
Immunol. Today 17:261, 1996). Exemplary members of the 
corresponding family of HLA molecules that bind to the B44 
supermotif (i.e., the B44 supertype) include at least: B* 1801, 
B* 1802, B*3701, B*4001, B*4002, B*4006, B*4402, 
B*4403, and B*4006. Peptide binding to each of the allele 
specific HLA molecules can be modulated by substitutions at 
primary and/or secondary anchor positions; preferably 
choosing respective residues specified for the Supermotif. 
0459. The HLA-B58 supermotif is characterized by the 
presence in peptide ligands of a small aliphatic residue (A, S, 
or T) as a primary anchor residue at position 2, and an aro 
matic or hydrophobic residue (F. W.Y. L. I. V. M. or A) as a 
primary anchor residue at the C-terminal position of the 
epitope (see, e.g., Sidney and Sette, Immunogenetics, in 
press, 1999 for reviews of relevant data). Exemplary mem 
bers of the corresponding family of HLA molecules that bind 
to the B58 supermotif (i.e., the B58 supertype) include at 
least: B* 1516, B* 1517, B*5701, B*5702, and B*5801. Other 
allele-specific HLA molecules predicted to be members of 
the B58 supertype are shown in Table 137. Peptide binding to 
each of the allele-specific HLA molecules can be modulated 
by Substitutions at primary and/or secondary anchor posi 
tions, preferably choosing respective residues specified for 
the supermotif. 
0460. The HLA-B62 supermotif is characterized by the 
presence in peptide ligands of the polar aliphatic residue Q or 
a hydrophobic aliphatic residue (L. V. M., I, or P) as a primary 
anchor in position 2, and a hydrophobic residue (F. W.Y. M. 
I. V. L. or A) as a primary anchor at the C-terminal position of 
the epitope (see, e.g., Sidney and Sette, Immunogenetics, in 
press, 1999). Exemplary members of the corresponding fam 
ily of HLA molecules that bind to the B62 supermotif (i.e., the 
B62 supertype) include at least: B* 1501, B* 1502, B* 1513, 
and B5201. Other allele-specific HLA molecules predicted to 
be members of the B62 supertype are shown in Table 137 
0461) Peptide binding to each of the allele-specific HLA 
molecules can be modulated by Substitutions at primary and/ 
or secondary anchor positions, preferably choosing respec 
tive residues specified for the supermotif. 
0462. The HLA-A1 motif is characterized by the presence 
in peptide ligands of T, S, or Mas a primary anchor residue at 
position 2 and the presence ofY as a primary anchor residue 
at the C-terminal position of the epitope. An alternative allele 
specific A1 motif is characterized by a primary anchor residue 
at position3 rather than position 2. This motif is characterized 
by the presence of D, E, A, or S as a primary anchor residue in 
position 3, and a Y as a primary anchor residue at the C-ter 
minal position of the epitope (see, e.g., DiBrino et al., J. 
Immunol. 152:620, 1994: Kondo et al., Immunogenetics 
45:249, 1997; and Kubo et al., J. Immunol. 152:3913, 1994 
for reviews of relevant data). An HLA-A1 extended motif 
includes a D residue in position 3 and A., I, L, or F at the 
C-terminus. Peptide binding to HLA-A1 can be modulated by 
Substitutions at primary and/or secondary anchor positions, 
preferably choosing respective residues specified for the 
motif. Residues T, S, or Mat position 2 and Y at the C-termi 
nal position are a Subset of the A1 Supermotif primary 
anchors. 

0463. An HLA-A2*0201 motif was characterized by the 
presence in peptide ligands of L or M as a primary anchor 
residue in position 2, and L or V as a primary anchor residue 
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at the C-terminal position of a 9-residue peptide (see, e.g., 
Falk et al., Nature 351:290–296, 1991) and was further found 
to comprise an I at position 2 and I or A at the C-terminal 
position of a nine amino acid peptide (see, e.g., Hunt et al., 
Science 255:1261-1263, Mar. 6, 1992: Parker et al., J. Immu 
mol. 149:3580-3587, 1992). The A*0201 allele-specific motif 
has also been defined to additionally comprise V.A.T. or Qas 
a primary anchor residue at position 2, and M or T as a 
primary anchor residue at the C-terminal position of the 
epitope (see, e.g., Kast et al., J. Immunol. 152:3904-3912, 
1994). Thus, the HLA-A*0201 motif comprises peptide 
ligands with L. I. V. M. A.T. or Qas primary anchor residues 
at position2 and L. I. V. M. A. or T as a primary anchor residue 
at the C-terminal position of the epitope. The preferred and 
tolerated residues that characterize the primary anchor posi 
tions of the HLA-A*0201 motif are identical to the residues 
describing the A2 supermotif. (For reviews of relevant data, 
see, e.g., Del Guercio et al., J. Immunol. 154:685-693, 1995; 
Ruppertet al., Cell 74:929-937, 1993; Sidney et al., Immunol. 
Today 17:261-266, 1996; Sette and Sidney, Curr. Opin. in 
Immunol. 10:478-482, 1998). Secondary anchor residues that 
characterize the A*0201 motif have additionally been defined 
(see, e.g., Ruppert et al., Cell 74:929-937, 1993). Peptide 
binding to HLA-A*0201 molecules can be modulated by 
Substitutions at primary and/or secondary anchor positions, 
preferably choosing respective residues specified for the 
motif. 
0464. The HLA-A3 motif is characterized by the presence 
in peptide ligands of L. M. V. I. S. A. T. F. C, G, or D as a 
primary anchor residue at position 2, and the presence of K.Y. 
R, H, F, or A as a primary anchor residue at the C-terminal 
position of the epitope (see, e.g., DiBrino et al., Proc. Natl. 
Acad. Sci. USA 90:1508, 1993; and Kubo et al., J. Immunol. 
152:3913-3924, 1994). Peptide binding to HLA-A3 can be 
modulated by Substitutions at primary and/or secondary 
anchor positions, preferably choosing respective residues 
specified for the motif. 
0465. The HLA-A11 motif is characterized by the pres 
ence in peptide ligands of V. T. M. L. I. S. A. G. N. C, D, or F 
as a primary anchor residue in position 2, and K. R.Y. or Has 
a primary anchor residue at the C-terminal position of the 
epitope (see, e.g., Zhang et al., Proc. Natl. Acad. Sci USA 
90:2217-2221, 1993; and Kubo et al., J. Immunol. 152:3913 
3924, 1994). Peptide binding to HLA-A11 can be modulated 
by Substitutions at primary and/or secondary anchor posi 
tions, preferably choosing respective residues specified for 
the motif. 
0466. The HLA-A24 motif is characterized by the pres 
ence in peptide ligands of Y. F. W. or M as a primary anchor 
residue in position 2, and F, L, I, or Was a primary anchor 
residue at the C-terminal position of the epitope (see, e.g., 
Kondo et al., J. Immunol. 155:43.07-4312, 1995; and Kubo et 
al., J. Immunol. 152:3913-3924, 1994). Peptide binding to 
HLA-A24 molecules can be modulated by substitutions at 
primary and/or secondary anchor positions; preferably 
choosing respective residues specified for the motif. 

Motifs Indicative of Class II HTL Inducing Peptide Epitope 
0467. The primary anchor residues of the HLA class II 
supermotifs and motifs are delineated below. 

HLA DR-1-4-7 Supermotif 
0468 Motifs have also been identified for peptides that 
bind to three common HLA class II allele-specific HLA mol 
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ecules: HLA DRB1*0401, DRB1*0101, and DRB1*0701 
(see, e.g., the review by Southwood et al. J. Immunology 
160:3363-3373, 1998). Collectively, the common residues 
from these motifs delineate the HLA DR-1-4-7 Supermotif. 
Peptides that bind to these DR molecules carry a supermotif 
characterized by a large aromatic or hydrophobic residue (Y. 
F. W. L., I, V, or M) as a primary anchor residue in position 1, 
and a small, non-charged residue (S. T. C. A. P. V., I, L, or M) 
as a primary anchor residue in position 6 of a 9-mer core 
region. Allele-specific secondary effects and secondary 
anchors for each of these HLA types have also been identified 
(Southwood et al., supra). These are set forth in Table 139. 
Peptide binding to HLA-DRB1*0401, DRB1*0101, and/or 
DRB1*0701 can be modulated by substitutions at primary 
and/or secondary anchor positions, preferably choosing 
respective residues specified for the supermotif. 
0469 Two alternative motifs (i.e., submotifs) characterize 
peptide epitopes that bind to HLA-DR3 molecules (see, e.g., 
Geluket al., J. Immunol. 152:5742, 1994). In the first motif 
(submotif DR3A) a large, hydrophobic residue (L. I. V. M. F. 
orY) is present in anchor position 1 of a 9-mer core, and D is 
present as an anchor at position 4, towards the carboxyl ter 
minus of the epitope. As in other class II motifs, core position 
1 may or may not occupy the peptide N-terminal position. 
0470 The alternative DR3 submotif provides for lack of 
the large, hydrophobic residue at anchor position 1, and/or 
lack of the negatively charged oramide-like anchor residue at 
position 4, by the presence of a positive charge at position 6 
towards the carboxyl terminus of the epitope. Thus, for the 
alternative allele-specific DR3 motif (submotif DR3B): L., I, 
V. M., F.Y.A. orY is present at anchor position 1; D, N., Q., E. 
S, or T is present at anchor position 4; and K, R, or His present 
at anchor position 6. Peptide binding to HLA-DR3 can be 
modulated by Substitutions at primary and/or secondary 
anchor positions, preferably choosing respective residues 
specified for the motif. 
0471. As with HLA class I binding peptides, motifs have 
also been defined for HLA class II-binding peptides. Several 
studies have identified an important role for an aromatic or 
hydrophobic residue (I, L. M. V. F. W. or Y) at position 1 of a 
9-mer core region, typically nested within a longer peptide 
sequence, in the binding of peptide ligands to several HLA 
class II alleles (Hammeret al. Cell 74: 197, (1993); Sette etal. 
J. Immunol. 151:3163-70 (1993); O'Sullivan et al. J. Immu 
mol. 147:2663 (1991); and Southwood et al. J. Immunol. 
160:3363-73 (1998)). A strong role has also been demon 
strated for the residue in position 6 of the 9-mer core, where 
short and/or hydrophobic residues (S.T. C. A. P. V., I, L, or M) 
are preferred. This position 1-position 6 motif has been 
described as a DR-supermotif (Southwood et al. J. Immunol. 
160:3363-3373 (1998)) and has been shown to efficiently 
identify peptides capable of binding a large set of common 
HLA-class II alleles. 

0472. Peptides binding to class II molecules may also be 
analyzed with respect to the identification of secondary pre 
ferred or deleterious residues. For example, to derive a more 
detailed DRB1*0401 motif to define secondary residues 
influencing peptide binding, we employed a strategy similar 
to that performed with class I peptides. For each peptide 
analyzed, nine-residue-long core regions were aligned on the 
basis of the primary class II positions P1 and P6 anchors. 
Then, the average binding affinity of a peptide carrying a 
particular residue was calculated for each position, relative to 
the remainder of the group. Following this method, values 
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showing average relative binding were compiled. These val 
ues also present a map of the positive or negative effect of 
each of the 20 naturally occurring amino acids in 
DRB1*0401 binding capacity when occupying a particular 
position relative to the P1-P6 class II motif positions. 
0473 Variations in average relative binding of greater than 
or equal to fourfold or less than or equal to 0.25 were arbi 
trarily considered significant and indicative of secondary 
effects of a given residue on HLA-peptide interactions. Most 
secondary effects were associated with P4, P7, and P9. These 
positions correspond to secondary anchors engaging shallow 
pockets on the DR molecule. Similar studies defining second 
ary residues were also performed for DRB1*0101 and 
DRB1*0701. The definitions of secondary residues of motifs 
for DR1, DR4, and DR7 are shown in TABLE 139. 
0474. Upon definition of allele-specific secondary effects 
and secondary anchors, allele-specific algorithms were 
derived and utilized to identify peptides binding 
DRB1*0101, DRB1*0401, and DRB*0701. Further experi 
ments, identified a large set of HLA class II molecules, which 
includes at least the DRB1*0101, DRB1*0401, and 
DRB*0701, DRB1*1501, DRB1*0901 and DRB1*1302 
allelic products recognizing the DR Supermotif, and is char 
acterized by largely overlapping peptide binding repertoires. 
0475. The data presented above confirm that several com 
mon HLA class II types are characterized by largely overlap 
ping peptide binding repertoires. On this basis, in analogy to 
the case of HLA class I molecules, HLA class II molecules 
can be grouped in a HLA class II supertype, defined and 
characterized by similar, or largely overlapping (albeit not 
identical) peptide binding specificities. 
0476 Analogs of HLA class II binding peptides that bear 
HLA class II motifs may be created in a manner similar to 
Class I molecules. Peptides bearing motifs may be modified 
at primary anchor residues to modulate binding affinity, at 
secondary residues or both primary and secondary residues. 
Examples may be found in related application U.S. Ser. No. 
08/121,101. For example, the TTsos peptide (QYIKAN 
SKFIGITE (SEQ ID NO: ) is capable of binding 
strongly, i.e. with an affinity of between 10-100 nM, to many 
DR alleles including DR1, DR2, DR5, and DR7. However, 
the peptide binds 100-1000-fold less well to DR4w4. It was 
predicted that the lower affinity of TTsos for DR4wa cor 
related with the presence of a positive charge in position 7 
(Ks) in the DR binding motif. Positive charges in position 7 
are allowed in the case of DR1 or DR7, but not in the case of 
DR4wa. For this reason, it was predicted that TT analogs 
carrying a non-charged residue in position 837 would be good 
DR4wabinders. Analysis of the binding characteristics of a 
peptide analog bearing an S substitution for the charged K 
residue demonstrated that the analog was capable of binding 
at much higher affinity to DR4w4 compared to the native 
peptide, i.e. the ICs of the analog was 13 nM compared to an 
ICs of 15,000 nM for the native sequence. 
0477 The peptides present in the invention can be identi 
fied by any Suitable method. For example, peptides are con 
Veniently identified using the algorithms of the invention 
described in the co-pending U.S. patent application Ser. No. 
09/894,018. These algorithms are mathematical procedures 
that produce a score which enables the selection of immuno 
genic peptides. Typically one uses the algorithmic score with 
a binding threshold to enable selection of peptides that have a 
high probability of binding at a certain affinity and will in turn 
be immunogenic. The algorithm are based upon either the 
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effects on MHC binding of a particular amino acid at a par 
ticular position of a peptide or the effects on binding MHC of 
a particular Substitution in a motif containing peptide. 
0478 Peptide sequences characterized in molecular bind 
ing assays and capture assays have been and can be identified 
utilizing various technologies. Motif-positive sequences are 
identified using a customized application created at Epim 
mune. Sequences are also identified utilizing matrix-based 
algorithms, and have been used in conjunction with a "power 
module that generates a predicted 50% inhibitory concentra 
tion (PIC) value. These latter methods are operational on 
Epimmune's HTML-based Epitope Information System 
(EIS) database. All of the described methods are viable 
options in peptide sequence selection for ICs determination 
using binding assays. 
0479. Additional procedures useful in identifying the pep 
tides of the present invention generally follow the methods 
disclosed in Falk et al., Nature 351:290 (1991). Briefly, the 
methods involve large-scale isolation of MHC class I mol 
ecules, typically by immunoprecipitation or affinity chroma 
tography, from the appropriate cell or cell line. Examples of 
other methods for isolation of the desired MHC molecule 
equally well known to the artisan include ion exchange chro 
matography, lectin chromatography, size exclusion, high per 
formance liquid chromatography, and a combination of some 
or all of the above techniques. 
0480. For example, isolation of peptides bound to MHC 
class I molecules include lowering the culture temperature 
from 37° C. to 26°C. overnight to destabilize f microglo 
bulin and stripping the endogenous peptides from the cell 
using a mild acid treatment. The methods release previously 
bound peptides into the extracellular environment allowing 
new exogenous peptides to bind to the empty class I mol 
ecules. The cold-temperature incubation method enables 
exogenous peptides to bind efficiently to the MHC complex, 
but requires an overnight incubation at 26°C. which may 
slow the cell's metabolic rate. It is also likely that cells not 
actively synthesizing MHC molecules (i.e., resting PBMC) 
would not produce high amounts of empty surface MHC 
molecules by the cold temperature procedure. 
0481 Immunoprecipitation is also used to isolate the 
desired allele. A number of protocols can be used, depending 
upon the specificity of the antibodies used. For example, 
allele-specific mAb reagents can be used for the affinity puri 
fication of the HLA-A. HLA-B, and HLA-C molecules. Sev 
eral mAb reagents for the isolation of HLA-A molecules are 
available (TABLE 3). Monoclonal antibody BB7.2 is suitable 
for isolating HLA-A2 molecules. Thus, for each of the tar 
geted HLA-A alleles, reagents are available that may be used 
for the direct isolation of the HLA-A molecules. Affinity 
columns prepared with these mabs using standard techniques 
are successfully used to purify the respective HLA-A allele 
products. 
0482 In addition to allele-specific mAbs, broadly reactive 
anti-HLA-A, B, C mAbs, such as W6/32 and B9.12.1, and 
one anti-HLA-B, C mAb, B1.23.2, could be used in alterna 
tive affinity purification protocols as described in patents and 
patent applications described herein. 
0483 The peptides bound to the peptide binding groove of 
the isolated MHC molecules are typically eluted using acid 
treatment. Peptides can also be dissociated from MHC mol 
ecules by a variety of standard denaturing means, such as, for 
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example, heat, pH, detergents, salts, chaotropic agents, or a 
combination acid treatment and/or more standard denaturing 
CaS. 

0484 Peptide fractions are further separated from the 
MHC molecules by reversed-phase high performance liquid 
chromatography (HPLC) and sequenced. Peptides can be 
separated by a variety of other standard means well known to 
the artisan, including filtration, ultrafiltration, electrophore 
sis, size chromatography, precipitation with specific antibod 
ies, ion exchange chromatography, isoelectrofocusing, and 
the like. 
0485 Sequencing of the isolated peptides can be per 
formed according to standard techniques such as Edman deg 
radation (Hunkapiller, M. W., et al., Methods Enzymol. 91, 
399 (1983)). Other methods suitable for sequencing include 
mass spectrometry sequencing of individual peptides as pre 
viously described (Hunt, et al., Science 225:1261 (1992)). 
Amino acid sequencing of bulk heterogeneous peptides (i.e., 
pooled HPLC fractions) from different MHC molecules typi 
cally reveals a characteristic sequence motif for each MHC 
allele. For assays of peptide-HLA interactions (e.g., quanti 
tative binding assays) cells with defined MHC molecules are 
useful. 
0486 A large number of cells with defined MHC mol 
ecules, particularly MHC Class I molecules, are known and 
readily available. For example, human EBV-transformed B 
cell lines have been shown to be excellent sources for the 
preparative isolation of class I and class II MHC molecules. 
Well-characterized cell lines are available from private and 
commercial sources, such as American Type Culture Collec 
tion (“Catalogue of Cell Lines and Hybridomas. 6th edition 
(1988) Manassas, Va., U.S.A.); National Institute of General 
Medical Sciences 1990/1991 Catalog of Cell Lines (NIGMS) 
Human Genetic Mutant Cell Repository, Camden, N.J.; and 
ASHI Repository, Brigham and Women's Hospital, 75 Fran 
cis Street, Boston, Mass. 02115. TABLE 3 and TABLE 23 list 
some B cell lines suitable for use as sources for HLA alleles. 
All of these cell lines can be grown in large batches and are 
therefore useful for large scale production of MHC mol 
ecules. One of skill will recognize that these are merely 
exemplary cell lines and that many other cell sources can be 
employed. Similar EBV B cell lines homozygous for HLA-B 
and HLA-C could serve as sources for HLA-B and HLA-C 
alleles, respectively. Specific cell lines and antibodies used to 
determine class II and murine peptides disclosed herein are 
set forth in TABLES 6 and 7. 
0487. The peptides of the invention can be prepared syn 
thetically, or by recombinant DNA technology or from natu 
ral Sources such as whole viruses or tumors. Although the 
peptide will preferably be substantially free of other naturally 
occurring host cell proteins and fragments thereof, in some 
embodiments the peptides can be synthetically or naturally 
conjugated to native protein fragments or particles. The pep 
tides of the invention can be prepared in a wide variety of 
ways. Because of their relatively short size, the peptides can 
be synthesized in solution or on a solid Support in accordance 
with conventional techniques. Various automatic synthesizers 
are commercially available and can be used in accordance 
with known protocols. See, for example, Stewart and Young, 
Solid Phase Peptide Synthesis, 2d. ed., Pierce Chemical Co. 
(1984), supra. 
0488. The capacity to bind MHC molecules is measured in 
a variety of different ways. One means is a MHC binding 
assay as described in the related applications, noted above. 
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Other alternatives described in the literature include inhibi 
tion of antigen presentation (Sette, et al., J. Immunol. 141: 
3893 (1991), in vitro assembly assays (Townsend, et al., Cell 
62:285 (1990), and FACS based assays using mutated cells, 
such as RMA.S (Melief, et al., Eur: J. Immunol. 21:2963 
(1991)). 
0489 Capture Assay: Unlike the HPLC-based molecular 
binding assay, noted above, the high throughput Screening 
(“HTS) Capture assay does not utilize a size-exclusion silica 
column for separation of bound from unbound radioactive 
marker. Instead, wells of an opaque white 96-well Optiplate 
(Packard) are coated with 3 ug (100 ul (a 30 g/ml) of HLA 
specific antibody (Ab) that “capture' complexes of radiola 
beled MHC and unlabeled peptide transferred from the 
molecular binding assay plate in 100 ul of 0.05% NP40/PBS. 
After a 3-hour incubation period, the Supernatant is decanted 
and scintillation fluid (Microscint20) added. Captured com 
plexes are then measured on a microplate Scintillation and 
luminescence counter (TopCount NXTTM; Packard). 
0490 Additional assays for determining binding are 
described in detail, i.e., in PCT publications WO 94/20127 
and WO94/03205. Binding data results are often expressed in 
terms of ICso value. ICso is the concentration of peptide in a 
binding assay at which 50% inhibition of binding of a refer 
ence peptide occurs. Given the conditions in which the assays 
are preformed (i.e., limiting MHC proteins and labeled pep 
tide concentrations), these values approximate K values. It 
should be noted that ICso values can change, often dramati 
cally, if the assay conditions are varied, and depending on the 
particular reagents used (i.e., MHC preparation, etc.). For 
example, excessive concentrations of MHC molecules will 
increase the apparent measured ICso of a given ligand. Alter 
natively, binding is expressed relative to a reference peptide. 
Although as a particular assay becomes more, or less, sensi 
tive, the ICso's of the peptides tested may change somewhat, 
the binding relative to the reference peptide will not signifi 
cantly change. For example, in an assay preformed under 
conditions such that the ICs of the reference peptide 
increases 10-fold, the ICs values of the test peptides will also 
increase approximately 10-fold. Therefore, to avoid ambigu 
ities, the assessment of whether a peptide is a good, interme 
diate, weak, or negative binder is generally based on its ICso 
relative to the ICs of a standard peptide. 
0491 Binding may also be determined using other assay 
systems including those using: live cells (i.e., Ceppellini et 
al., Nature 339:392, 1989; Christnicket al., Nature 352:67, 
1991; Busch et al., Int. Immunol. 2:443, 19990; Hill et al., J. 
Immunol. 147: 189, 1991; del Guercio et al., J. Immunol. 
154:685, 1995), cell free systems using detergent lysates (i.e., 
Cerundolo et al., J. Immunol. 21:2069, 1991), immobilized 
purified MHC (i.e., Hill et al., J. Immunol. 152, 2890, 1994; 
Marshallet al., J. Immunol. 152:4946, 1994), ELISA systems 
(i.e., Reay et al., EMBO.J. 11:2829, 1992), surface plasmon 
resonance (i.e., Khilko et al., J. Biol. Chem. 268: 15425, 
1993); high flux soluble phase assays (Hammer et al., J. Exp. 
Med. 180:2353, 1994), and measurement of class I MHC 
stabilization or assembly (i.e., Ljunggren et al., Nature 346: 
476, 1990; Schumacher et al., Cell 62:563, 1990; Townsendet 
al., Cell 62:285, 1990; Parker et al., J. Immunol. 149:1896, 
1992). 
0492 High affinity with respect to HLA class I molecules 

is defined as binding with an ICs, or K value, of 50 nM or 
less; intermediate affinity with respect to HLA class I mol 
ecules is defined as binding with an ICso or K value of 
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between about 50 and about 500 nM. High affinity with 
respect to binding to HLA class II molecules is defined as 
binding with an ICs or K value of 100 nM or less; interme 
diate affinity with respect to binding to HLA class II mol 
ecules is defined as binding with an ICso or K value of 
between about 100 and about 1000 nM. These values are as 
previously defined in the related patents and applications 
cited above. 
0493. The immunogenic peptides can be prepared syn 
thetically, or by recombinant DNA technology or from natu 
ral Sources such as whole viruses or tumors. Although the 
peptide will preferably be substantially free of other naturally 
occurring host cell proteins and fragments thereof, in some 
embodiments the peptides can be synthetically conjugated to 
native fragments or particles. 
0494 The polypeptides or peptides can be a variety of 
lengths, either in their neutral (uncharged) forms or in forms 
which are salts, and either free of modifications such as gly 
cosylation, side chain oxidation, or phosphorylation or con 
taining these modifications, Subject to the condition that the 
modification not destroy the biological activity of the 
polypeptides as herein described. 
0495. Desirably, the peptide will be as small as possible 
while still maintaining substantially all of the biological 
activity of the large peptide. In one embodiment, it may be 
desirable to optimize peptides of the invention to a length of 
8, 9, 10 or 11 amino acid residues, commensurate in size with 
endogenously processed viral peptides or tumor cell peptides 
that are bound to MHC class I molecules on the cell surface. 
In another embodiment, it may be desirable to optimize pep 
tides of the invention to about 15 to 20 amino acid residues, 
commensurate with peptides that are bound to MHC class II 
molecules on the cell Surface. 
0496 Peptides having the desired activity may be modi 
fied as necessary to provide certain desired attributes, e.g., 
improved pharmacological characteristics, while increasing 
or at least retaining Substantially all of the biological activity 
of the unmodified peptide to bind the desired MHC molecule 
and activate the appropriate T cell. For instance, the peptides 
may be subject to various changes, such as Substitutions, 
either conservative or non-conservative, where such changes 
might provide for certain advantages in their use. Such as 
improved MHC binding. By "conservative substitution” is 
meant replacing an amino acid residue with another which is 
biologically and/or chemically similar, e.g., one hydrophobic 
residue for another, or one polar residue for another. The 
Substitutions include combinations such as Gly, Ala; Val, Ile, 
Leu, Met; Asp, Glu: Asn., Gln: Ser. Thr; Lys, Arg; and Phe, 
Tyr. The effect of singleamino acid substitutions may also be 
probed using D-amino acids. Such modifications may be 
made using well known peptide synthesis procedures, as 
described in e.g., Merrifield, Science 232:341-347 (1986), 
Barany and Merrifield, The Peptides, Gross and Meienhofer, 
eds. (N.Y., Academic Press), pp. 1-284 (1979); and Stewart 
and Young, Solid Phase Peptide Synthesis, (Rockford, Ill., 
Pierce), 2d Ed. (1984), incorporated by reference herein. 
0497. The peptides of the invention can also be modified 
by extending or decreasing the compound's amino acid 
sequence, e.g., by the addition ordeletion of amino acids. The 
peptides or analogs of the invention can also be modified by 
altering the order or composition of certain residues, it being 
readily appreciated that certain amino acid residues essential 
for biological activity, e.g., those at critical contact sites or 
conserved residues, may generally not be altered without an 
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adverse effect on biological activity. The non-critical amino 
acids need not be limited to those naturally occurring in 
proteins, such as L-O-amino acids, or their D-isomers, but 
may include non-natural amino acids as well. Such as B-y-8- 
aminoacids, as well as many derivatives of L-O-amino acids. 
0498 Typically, a series of peptides with single amino 
acid substitutions are employed to determine the effect of 
electrostatic charge, hydrophobicity, etc. on binding. For 
instance, a series of positively charged (e.g., Lys or Arg) or 
negatively charged (e.g., Glu) amino acid Substitutions are 
made along the length of the peptide revealing different pat 
terns of sensitivity towards various MHC molecules and T 
cell receptors. In addition, multiple Substitutions using Small, 
relatively neutral moieties such as Ala, Gly, Pro, or similar 
residues may be employed. The Substitutions may be homo 
oligomers or hetero-oligomers. The number and types of 
residues which are substituted or added depend on the spac 
ing necessary between essential contact points and certain 
functional attributes which are sought (e.g., hydrophobicity 
versus hydrophilicity). Increased binding affinity for an MHC 
molecule or T cell receptor may also be achieved by such 
Substitutions, compared to the affinity of the parent peptide. 
In any event, Such Substitutions should employ amino acid 
residues or other molecular fragments chosen to avoid, for 
example, steric and charge interference which might disrupt 
binding. 
0499 Amino acid substitutions are typically of single resi 
dues. Substitutions, deletions, insertions or any combination 
thereof may be combined to arrive at a final peptide. Substi 
tutional variants are those in which at least one residue of a 
peptide has been removed and a different residue inserted in 
its place. Such substitutions generally are made in accordance 
with the following TABLE 72 when it is desired to finely 
modulate the characteristics of the peptide. 
0500 Substantial changes in function (e.g., affinity for 
MHC molecules or T cell receptors) are made by selecting 
substitutions that are less conservative than those in TABLE 
70, i.e., selecting residues that differ more significantly in 
their effect on maintaining (a) the structure of the peptide 
backbone in the area of the substitution, for example as a sheet 
or helical conformation, (b) the charge or hydrophobicity of 
the molecule at the target site or (c) the bulk of the side chain. 
The Substitutions which in general are expected to produce 
the greatest changes in peptide properties will be those in 
which (a) hydrophilic residue, e.g. seryl, is substituted for (or 
by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylala 
nyl, Valyl or alanyl; (b) a residue having an electropositive 
side chain, e.g., lysl, arginyl, or histidyl, is substituted for (or 
by) an electronegative residue, e.g. glutamyl or aspartyl; or 
(c) a residue having a bulky side chain, e.g. phenylalanine, is 
Substituted for (or by) one not having a side chain, e.g., 
glycine. 
0501. The peptides may also comprise isosteres of two or 
more residues in the immunogenic peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
Substituted for a second sequence because the steric confor 
mation of the first sequence fits a binding site specific for the 
second sequence. The term specifically includes peptide 
backbone modifications well knownto those skilled in the art. 
Such modifications include modifications of the amide nitro 
gen, the C-carbon, amide carbonyl, complete replacement of 
the amide bond, extensions, deletions or backbone crosslinks. 
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See, generally, Spatola, Chemistry and Biochemistry of 
Amino Acids, peptides and Proteins, Vol. VII (Weinstein ed., 
1983). 
0502 Modifications of peptides with various amino acid 
mimetics or unnatural amino acids are particularly useful in 
increasing the stability of the peptide in vivo. Stability can be 
assayed in a number of ways. For instance, peptidases and 
various biological media, such as human plasma and serum, 
have been used to test stability. See, e.g., Verhoefet al., Eur: J. 
Drug Metab. Pharmacokin. 11:291-302 (1986). Half life of 
the peptides of the present invention is conveniently deter 
mined using a 25% human serum (VfV) assay. The protocol is 
generally as follows. Pooled human serum (Type AB, non 
heat inactivated) is delipidated by centrifugation before use. 
The serum is then diluted to 25% with RPMI tissue culture 
media and used to test peptide stability. At predetermined 
time intervals a small amount of reaction solution is removed 
and added to either 6% aqueous trichloracetic acid or ethanol. 
The cloudy reaction sample is cooled (4°C.) for 15 minutes 
and then spun to pellet the precipitated serum proteins. The 
presence of the peptides is then determined by reversed-phase 
HPLC using stability-specific chromatography conditions. 
0503. The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified 
to provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. 
0504 Substitutions, deletions, insertions or any combina 
tion thereof may be combined to arrive at a final peptide. 
Substitutional variants are those in which at least one residue 
of a peptide has been removed and a different residue inserted 
in its place. Such substitutions generally are made in accor 
dance with the following TABLE 70 when it is desired to 
finely modulate the characteristics of the peptide. 
0505. The peptides may also comprise isosteres of two or 
more residues in the MHC-binding peptide. An isostere as 
defined here is a sequence of two or more residues that can be 
Substituted for a second sequence because the steric confor 
mation of the first sequence fits a binding site specific for the 
second sequence. The term specifically includes peptide 
backbone modifications well knownto those skilled in theart. 
Such modifications include modifications of the amide nitro 
gen, the C-carbon, amide carbonyl, complete replacement of 
the amide bond, extensions, deletions or backbone crosslinks. 
See, generally, Spatola, Chemistry and Biochemistry of 
Amino Acids, Peptides and Proteins, Vol. VII (Weinstein ed., 
1983). 
0506 Modifications of peptides with various amino acid 
mimetics or unnatural amino acids are particularly useful in 
increasing the stability of the peptide in vivo. Stability can be 
assayed in a number of ways. For instance, peptidases and 
various biological media, such as human plasma and serum, 
have been used to test stability. See, e.g., Verhoefet al., Eur: J. 
Drug Metab. Pharmacokin. 11:291-302 (1986). Half life of 
the peptides of the present invention is conveniently deter 
mined using a 25% human serum (VfV) assay. The protocol is 
generally as follows. Pooled human serum (Type AB, non 
heat inactivated) is delipidated by centrifugation before use. 
The serum is then diluted to 25% with RPMI tissue culture 
media and used to test peptide stability. At predetermined 
time intervals a small amount of reaction solution is removed 
and added to either 6% aqueous trichloracetic acid or ethanol. 
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The cloudy reaction sample is cooled (4°C.) for 15 minutes 
and then spun to pellet the precipitated serum proteins. The 
presence of the peptides is then determined by reversed-phase 
HPLC using stability-specific chromatography conditions. 
0507 Such analogs may also possess improved shelf-life 
or manufacturing properties. More specifically, non-critical 
amino acids need not be limited to those naturally occurring 
in proteins, such as L-O-amino acids, or their D-isomers, but 
may include non-natural amino acids as well. Such as amino 
acids mimetics, e.g. D- or L-naphylalanine, D- or L-phenylg 
lycine; D- or L-2-thieneylalanine; D- or L-1, -2.3-, or 
4-pyreneylalanine, D- or L-3 thieneylalanine, D- or L-(2-py 
ridinyl)-alanine, D- or L-(3-pyridinyl)-alanine: D- or L-(2- 
pyrazinyl)-alanine, D- or L-(4-isopropyl)-phenylglycine; 
D-(trifluoromethyl)-phenylglycine: D-(trifluoromethyl)-phe 
nylalanine; D-p-fluorophenylalanine: D- or L-p-biphenylphe 
nylalanine; D- Or L-p-methoxybiphenylphenylalanine: D- Or L-2-in 
dole(alkyl)alanines; and, D- or L-alkylalanines, where the 
alkyl group can be a Substituted or unsubstituted methyl, 
ethyl, propyl, hexyl, butyl, pentyl, isopropyl, iso-butyl, sec 
isotyl, iso-pentyl, or a non-acidic amino acids. Aromatic rings 
of a nonnatural amino acid include, e.g., thiazolyl, thiophe 
nyl, pyrazolyl, benzimidazolyl, naphthyl, furanyl, pyrrolyl, 
and pyridyl aromatic rings. 
0508 Another embodiment for generating effective pep 
tide analogs involves the Substitution of residues that have an 
adverse impact on peptide stability or solubility in, e.g., a 
liquid environment. This Substitution may occur at any posi 
tion of the peptide epitope. Analogs of the present invention 
may include peptides containing Substitutions to modify the 
physical property (e.g., stability or solubility) of the resulting 
peptide. For example, a cysteine (C) can be substituted out in 
favor of C-aminobutyric acid. Due to its chemical nature, 
cysteine has the propensity to form disulfide bridges and 
sufficiently alter the peptide structurally so as to reduce bind 
ing capacity. Substituting C-aminobutyric acid for C not only 
alleviates this problem, but actually improves binding and 
crossbinding capability in certain instances (see, e.g., the 
review by Sette et al., In: Persistent Viral Infections, Eds. R. 
Ahmed and I. Chen, John Wiley & Sons, England, 1999). 
Substitution of cysteine with C.-aminobutyric acid may occur 
at any residue of a peptide epitope, i.e. at either anchor or 
non-anchor positions. 
0509. The binding activity, particularly modification of 
binding affinity or cross-reactivity among HLA Supertype 
family members, of peptides of the invention can also be 
altered using analoging, which is described in co-pending 
U.S. application Ser. No. 09/226,775 filed Jan. 6, 1999. In 
brief, the analoging strategy utilizes the motifs or Supermotifs 
that correlate with binding to certain HLA molecules. Analog 
peptides can be created by Substituting amino acid residues at 
primary anchor, secondary anchor, or at primary and second 
ary anchor positions. Generally, analogs are made for pep 
tides that already bear a motif or supermotif. For a number of 
the motifs or Supermotifs in accordance with the invention, 
residues are defined which are deleterious to binding to allele 
specific HLA molecules or members of HLA supertypes that 
bind the respective motif or Supermotif (see, e.g., Rupert etal. 
Cell 74:929, 1993; Sidney, J. et al., Hu. Immunol. 45:79, 
1996; and Sidney et al.; Sidney, et al., J. Immunol. 154:247, 
1995). Accordingly, removal of such residues that are detri 
mental to binding can be performed in accordance with the 
present invention. For example, in the case of the A3 Super 
type, when all peptides that have such deleterious residues are 
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removed from the population of peptides used in the analysis, 
the incidence of cross-reactivity increased from 22% to 37% 
(see, e.g., Sidney, J. et al., Hu. Immunol. 45:79, 1996). 
0510 Thus, one strategy to improve the cross-reactivity of 
peptides within a given Supermotif is simply to delete one or 
more of the deleterious residues present within a peptide and 
substitute a small “neutral' residue such as Ala (that may not 
influence T cell recognition of the peptide). An enhanced 
likelihood of cross-reactivity is expected if, together with 
elimination of detrimental residues within a peptide, “pre 
ferred residues associated with high affinity binding to an 
allele-specific HLA molecule or to multiple HLA molecules 
within a Superfamily are inserted. 
0511 To ensure that an analog peptide, when used as a 
vaccine, actually elicits a CTL response to the native epitope 
in Vivo, the analog peptide may be used to induce T cells in 
vitro from individuals of the appropriate HLA allele. There 
after, the immunized cells capacity to lyse wild type peptide 
sensitized target cells is evaluated. Alternatively, evaluation 
of the cells activity can be evaluated by monitoring IFN 
release. Each of these cell monitoring strategies evaluate the 
recognition of the APC by the CTL. It will be desirable to use 
as antigen presenting cells, typically cells that have been 
either infected, or transfected with the appropriate genes to 
establish whether endogenously produced antigen is also rec 
ognized by the T cells induced by the analog peptide. It is to 
be noted that peptide?protein-pulsed dendritic cells can be 
used to present whole protein antigens for both HLA class I 
and class II. 

0512 Another embodiment of the invention is to create 
analogs of weak binding peptides, to thereby ensure adequate 
numbers of cellular binders. Class I binding peptides exhib 
iting binding affinities of 500-5000 nM, and carrying an 
acceptable but Suboptimal primary anchor residue at one or 
both positions can be “fixed' by substituting preferred anchor 
residues in accordance with the respective Supertype. The 
analog peptides can then be tested for binding and/or cross 
binding capacity. 
0513. Another embodiment of the invention is to create 
analogs of peptides that are already cross-reactive binders and 
are vaccine candidates, but which bind weakly to one or more 
alleles of a supertype. If the cross-reactive binder carries a 
suboptimal residue (less preferred or deleterious) at a primary 
or secondary anchor position, the peptide can be analoged by 
Substituting out a deleterious residue and replacing it with a 
preferred or less preferred one, or by substituting out a less 
preferred reside and replacing it with a preferred one. The 
analog peptide can then be tested for cross-binding capacity. 
0514. The present invention provides methods for creating 
analogs of immunogenic peptides, as well as the analogs 
themselves. Analoging can comprise selection of desired resi 
dues at the primary and/or secondary anchor positions, 
thereby altering the binding affinity and immune modulating 
properties of the resulting analogs. Examples of modulations 
that may be achieved using the present invention include 
preparation of analogs with increased affinity for a particular 
HLA molecule (e.g., adding by Substitution preferred second 
ary anchor residues specific for the molecule); preparation of 
analogs with increased cross-reactivity among different alle 
les (e.g., by Substitution at a secondary or primary anchor 
position with a residue shared by more than one HLA mol 
ecule); or by production of a Subdominant epitope (e.g., by 
substitution of residues which increase affinity but are not 
present on the immunodominant epitope). Peptides bearing 
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epitopes may be modified (e.g., having analogs created 
thereof) to provide certain desired attributes, e.g., improved 
pharmacological characteristics, while increasing or at least 
retaining the ability to bind the desired HLA protein and, e.g., 
to activate the desired T cell. Moreover, peptides which lack 
a desired activity can be modified so as to thereby have that 
activity. In a presently preferred embodiment, a deleterious or 
non-preferred residue is removed and a preferred residue is 
substituted, preferred residues having been defined on the 
basis of a correlation with an increased binding affinity of the 
peptide that bears that particular motif or supermotif for the 
HLA molecule to which the peptide is bound. 
0515. The peptides can also be modified by extending or 
decreasing the compound's amino acid sequence, e.g., by the 
addition or deletion of amino acids; for this embodiment it is 
generally preferred to add amino acids. If amino acids are 
added for class I restricted peptides, they are preferably added 
between the second amino acid from the N terminus and the 
C terminus (for peptides bearing a motif with primary 
anchors at position 2 and the C-terminus). For class II 
restricted peptides, amino acids can generally be added at the 
termini of the peptide. Peptides, including analogs, of the 
invention can also be modified by altering the order or com 
position of certain residues, it being readily appreciated that 
certain amino acid residues essential for biological activity, 
e.g., those at anchor positions, or conserved residues, may 
generally not be altered without an adverse effect on a bio 
logical activity. In certain contexts, however, it may be desir 
able to produce peptides which lead to a biological activity 
that might otherwise be deemed “adversely affected. 
0516 Heteroclitic analog peptides of the invention are 
particularly useful to induce an immune response against 
antigens to which a patient’s immune system has become 
tolerant. Tolerance refers to a specific immunologic nonre 
sponsiveness induced by prior exposure to an antigen. Thus, 
tolerance can be overcome in the patient by identifying a 
particular class I peptide epitope to which a patient is tolerant, 
modifying the peptide epitope sequence according to the 
methods of the invention, and inducing an immune response 
that cross-reacts against the tolerized epitope (antigen). Over 
coming tolerance is particularly desirable, for example, when 
a patient's immune system is tolerant of a viral or tumor 
associated antigen, the latter antigens being often over-ex 
pressed self-proteins as a consequence of cell transformation. 
Heteroclitic analoging is described in co-pending U.S. pro 
visional application No. 60/166,529 filed Nov. 18, 1999 and 
US provisional application for “Heteroclitic Analogs And 
Related Methods’. Tangri et al., inventors, Attorney Docket 
number 018623-01581OUS, filed Oct. 6, 2000. 
0517. The peptides of the present invention or analogs 
thereof which have CTL stimulating activity may be modified 
to provide desired attributes other than improved serum half 
life. For instance, the ability of the peptides to induce CTL 
activity can be enhanced by linkage to a sequence which 
contains at least one epitope that is capable of inducing a T 
helper cell response. 
0518. In some embodiments, the T helper peptide is one 
that is recognized by T helper cells in the majority of the 
population. This can be accomplished by selecting amino 
acid sequences that bind to many, most, or all of the MHC 
class II molecules. These are known as “loosely MHC-re 
stricted T helper sequences. Examples of amino acid 
sequences that are loosely MHC-restricted include sequences 
from antigens such as Tetanus toxin at positions 830-843 
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(QYIKANSKFIGITE (SEQ ID NO: )), Plasmodium 
falciparum circumsporozoite (CS) protein at positions 378 
398 (DIEKKIAKMEKASSVFNVVNS (SEQ ID 
NO: )), and Streptococcus 18 kD protein at positions 
1-16 (YGAVDSILGGVATYGAA (SEQ ID NO: )). 
Further examples of amino acid sequences that are recog 
nized by HTL present in a broad segments of the population 
are sequences that bear the DR Supermotif as shown in 
TABLE 139. 
0519 Alternatively, it is possible to prepare synthetic pep 
tides capable of stimulating T helper lymphocytes, in a 
loosely MHC-restricted fashion, using amino acid sequences 
not found in nature (see, e.g., PCT publication WO 
95/07707). These synthetic compounds, called Pan-DR-bind 
ing epitopes or PADRE(R) molecules (Epimmune, San Diego, 
Calif.), are designed on the basis of their binding activity to 
most HLA-DR (human MHC class II) molecules (see, e.g., 
U.S. Ser. No. 08/121,101 (now abandoned) and related U.S. 
Ser. No. 08/305,871 (now U.S. Pat. No. 5,736,142)). For 
instance, a pan-DR-binding epitope peptide having the for 
mula: aKXVWANTLKAAa, where X is either cyclohexyla 
lanine, phenylalanine, or tyrosine, and 'a' is either D-alanine 
or L-alanine, has been found to bind to most HLA-DRalleles, 
and to stimulate the response of T helper lymphocytes from 
most individuals, regardless of their HLA type. 
0520 Particularly preferred immunogenic peptides/T 
helper conjugates are linked by a spacer molecule. The spacer 
is typically comprised of relatively small, neutral molecules, 
such as amino acids or amino acid mimetics, which are Sub 
stantially uncharged under physiological conditions. The 
spacers are typically selected from, e.g., Ala, Gly, or other 
neutral spacers of nonpolar amino acids or neutral polar 
amino acids. It will be understood that the optionally present 
spacer need not be comprised of the same residues and thus 
may be a hetero- or homo-oligomer. When present, the spacer 
will usually be at least one or two residues, more usually three 
to six residues. Alternatively, the CTL peptide may be linked 
to the T helper peptide without a spacer. 
0521. The immunogenic peptide may be linked to the T 
helper peptide either directly or via a spacer either at the 
amino or carboxy terminus of the CTL peptide. The amino 
terminus of either the immunogenic peptide or the T helper 
peptide may be acylated. The T helper peptides used in the 
invention can be modified in the same manner as CTL pep 
tides. For instance, they may be modified to include D-amino 
acids or be conjugated to other molecules Such as lipids, 
proteins, Sugars and the like. Exemplary T helper peptides 
include tetanus toxoid 830-843, influenza 307-319, malaria 
circumsporozoite 382-398 and 378-389. 
0522. In some embodiments it may be desirable to include 
in the pharmaceutical compositions of the invention at least 
one component which primes CTL. Lipids have been identi 
fied as agents capable of priming CTL in vivo against Viral 
antigens. For example, palmitic acid residues can be attached 
to the alpha and epsilon amino groups of a Lys residue and 
then linked, e.g., via one or more linking residues such as Gly, 
Gly-Gly-, Ser, Ser-Ser, or the like, to an immunogenic pep 
tide. The lipidated peptide can then be injected directly in a 
micellar form, incorporated into a liposome or emulsified in 
an adjuvant, e.g., incomplete Freund's adjuvant. In a pre 
ferred embodiment a particularly effective immunogen com 
prises palmitic acid attached to alpha and epsilon amino 
groups of Lys, which is attached via linkage, e.g., Ser-Ser, to 
the amino terminus of the immunogenic peptide. Also in a 
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preferred embodiment a particularly effective immunogen 
comprises palmitic acid attached to alpha and epsilon amino 
groups of Lys, which is attached via linkage, e.g., Ser-Ser, to 
the amino terminus of a class I restricted peptide having T cell 
determinants, such as those peptides described herein as well 
as other peptides which have been identified as having Such 
determinants. 
0523. As another example of lipid priming of CTL 
responses, E. coli lipoproteins, such as tripalmitoyl-S-glyc 
erylcysteinlyseryl-serine (PCSS) can be used to prime virus 
specific CTL when covalently attached to an appropriate pep 
tide. See, Deres et al., Nature 342:561-564 (1989), incorpo 
rated herein by reference. Peptides of the invention can be 
coupled to PCSS, for example, and the lipopeptide admin 
istered to an individual to specifically prime a CTL response 
to the target antigen. Further, as the induction of neutralizing 
antibodies can also be primed with PCSS conjugated to a 
peptide which displays an appropriate epitope, the two com 
positions can be combined to more effectively elicit both 
humoral and cell-mediated responses to infection. 
0524. In addition, additional amino acids can be added to 
the termini of a peptide to provide for ease of linking peptides 
one to another, for coupling to a carrier Support, or larger 
peptide, for modifying the physical or chemical properties of 
the peptide or oligopeptide, or the like. Amino acids such as 
tyrosine, cysteine, lysine, glutamic or aspartic acid, or the 
like, can be introduced at the C- or N-terminus of the peptide 
or oligopeptide. Modification at the C terminus in Some cases 
may alter binding characteristics of the peptide. In addition, 
the peptide or oligopeptide sequences can differ from the 
natural sequence by being modified by terminal-NH2 acyla 
tion, e.g., by alkanoyl (C-C) or thioglycolyl acetylation, 
terminal-carboxyl amidation, e.g., ammonia, methylamine, 
etc. In some instances these modifications may provide sites 
for linking to a Support or other molecule. 
0525. The peptides of the invention can be prepared in a 
wide variety of ways. Because of their relatively short size, 
the peptides can be synthesized in solution or on a solid 
Support in accordance with conventional techniques. Various 
automatic synthesizers are commercially available and can be 
used in accordance with known protocols. See, for example, 
Stewart and Young, Solid Phase Peptide Synthesis, 2d. ed., 
Pierce Chemical Co. (1984), supra. 
0526. Another aspect of the present invention is directed to 
vaccines which comprise an immunogenically effective 
amount of one or more peptides as described herein. Peptides 
may be introduced into a host using a variety of delivery 
vehicles known to those of skill in the art including PLG 
microspheres with entrapped peptides and virus-like par 
ticles. Furthermore, epitopes may be introduced as multiple 
antigen peptides (MAPs) (see e.g., Mora and Tam, J. Immu 
mol. 161:36.16-23 (1998)), or as immunostimulating com 
plexes (ISCOMS) (see e.g., Hu et al. Clin. Exp. Immunol. 
113:235-43 (1998)) as known in the art. 
0527 Vaccines that contain an immunogenically effective 
amount of one or more peptides as described herein are a 
further embodiment of the invention. Once appropriately 
immunogenic epitopes have been defined, they can be deliv 
ered by various means, herein referred to as “vaccine” com 
positions. Such vaccine compositions can include, for 
example, lipopeptides (e.g., Vitiello, A. et al., J. Clin. Invest. 
95:341, 1995), peptide compositions encapsulated in poly 
(DL-lactide-co-glycolide) (“PLG”) microspheres (see, e.g., 
Eldridge, et al., Molec. Immunol. 28:287-294, 1991: Alonso 

40 
Oct. 23, 2008 

et al., Vaccine 12:299-306, 1994; Jones et al., Vaccine 13:675 
681, 1995), peptide compositions contained in immune 
stimulating complexes (ISCOMS) (see, e.g., Takahashi et al., 
Nature 344:873-875, 1990; Hu et al., Clin Exp Immunol. 
113:235-24: 1998), multiple antigen peptide systems (MAPs) 
(see e.g., Tam, J. P. Proc. Natl. Acaa Sci. U.S.A. 85:5409 
5413, 1988; Tam, JP, JImmunol. Methods 196:17-32, 1996), 
vir delivery vectors (Perkus, M. E. et al., In: Concepts in 
vaccine development, Kaufmann H. E., ed., p. 379, 1996; 
Chakrabarti, S. et al., Nature 320:535, 1986; Hu, S. L. et al., 
Nature 320:537, 1986: Kieny, M.-P. et al., AIDS Bio/Technol 
ogy 4:790, 1986: Top, F. et al., J Infect. Dis. 124:148, 1971; 
Chanda, P. K. et al., Virology 175:535, 1990), particles of viral 
or synthetic origin (e.g., Kofler, N. et al., JImmunol. Methods. 
192:2-1996: Eldridge, J. H. et al., Sem. Bematol. 30:16, 1993; 
Fa10, L. D., Jr. et al., Nature Med. 7:649, 1995), adjuvants 
(Warren, H. S., Vogel, F. R., and Chedid, L. A. Annu. Re 
Immunol. 4:369, 1986; Gupta, R. K. et al., Vaccine 11:293, 
1993), liposomes (Reddy, R et al., J. Immunol. 148: 1585, 
1992: Rock, K. L., Immunol. Today 17:131, 1996), or, naked 
or particle absorbed cDNA (Ulmer, J. B. et al., Science 259: 
1745, 1993; Robinsol H. L., Hunt, L.A., and Webster, R. G., 
Vaccine 11:957, 1993: Shiver, J. W. et al., In: Concepts in 
vaccine development, Kaufmann, S. H. E., ed., p. 423, 1996; 
Cease, K. B., and BerZofsky, J. A., Annu. Rev. Immunol. 
12:923, 1994 and Eldridge, J. H. et al., Sem. Hematol. 30:16, 
1993). Toxin-targeted delivery technologies, also known as 
receptor mediated targeting, Such as those of Avant Immuno 
therapeutics, Inc. (Needham, Mass.) may also be used. 
0528 Vaccine compositions of the invention include 
nucleic acid-mediated modalities. DNA or RNA encoding 
one or more of the peptides of the invention can also be 
administered to a patient. This approach is described, for 
instance, in Wolffet. al., Science 247: 1465 (1990) as well as 
U.S. Pat. Nos. 5,580,859: 5,589,466; 5,804,566; 5,739,118; 
5,736,524; 5,679,647: WO 98/04720; and in more detail 
below. Examples of DNA-based delivery technologies 
include “naked DNA, facilitated (bupivicaine, polymers, 
peptide-mediated) delivery, cationic lipid complexes, and 
particle-mediated ("gene gun') or pressure-mediated deliv 
ery (see, e.g., U.S. Pat. No. 5,922,687). 
0529. For therapeutic or prophylactic immunization pur 
poses, the peptides of the invention can be expression vectors 
include attenuated viral hosts, such as vaccinia or fowlpox. 
This approach involves the use of vaccinia virus, for example, 
as a vector to express nucleotide sequences that encode the 
peptides of the invention. Upon introduction into an acutely 
or chronically infected host or into a non-infected host, the 
recombinant vaccinia virus expresses the immunogenic pep 
tide, and thereby elicits a host CTL and/or HTL response. 
Vaccinia Vectors and methods useful in immunization proto 
cols are described in, e.g., U.S. Pat. No. 4,722,848. Another 
vector is BCG (Bacille Calmette Guerin). BCG vectors are 
described in Stoveret al., Nature 351:456-460 (1991). A wide 
variety of other vectors useful for therapeutic administration 
or immunization of the peptides of the invention, e.g. adeno 
and adeno-associated virus vectors, retroviral vectors, Salmo 
nella typhi Vectors, detoxified anthrax toxin vectors, and the 
like, will be apparent to those skilled in the art from the 
description herein. 
0530. Furthermore, vaccines in accordance with the 
invention can encompass one or more of the peptides of the 
invention. Accordingly, a peptide can be present in a vaccine 
individually. Alternatively, the peptide can be individually 
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linked to its own carrier; alternatively, the peptide can exist as 
a homopolymer comprising multiple copies of the same pep 
tide, or as a heteropolymer of various peptides. Polymers 
have the advantage of increased immunological reaction and, 
where different peptide epitopes are used to make up the 
polymer, the additional ability to induce antibodies and/or 
CTLs that react with different antigenic determinants of the 
pathogenic organism or tumor-related peptide targeted for an 
immune response. The composition may be a naturally occur 
ring region of an antigen or may be prepared, e.g., recombi 
nantly or by chemical synthesis. 
0531 Carriers that can be used with vaccines of the inven 
tion are well known in the art, and include, e.g., thyroglobulin, 
albumins such as human serum albumin, tetanus toxoid, 
polyamino acids such as poly L-lysine, poly L-glutamic acid, 
influenza, hepatitis B virus core protein, and the like. The 
vaccines can contain a physiologically tolerable (i.e., accept 
able) diluent Such as water, or saline, preferably phosphate 
buffered saline. The vaccines also typically include an adju 
vant. Adjuvants such as incomplete Freund's adjuvant, alu 
minum phosphate, aluminum hydroxide, or alum are 
examples of materials well known in the art. Additionally, 
CTL responses can be primed by conjugating peptides of the 
invention to lipids, Such as tripalmitoyl-S-glycerylcysteinly 
seryl-serine (P3CSS). 
0532. Upon immunization with a peptide composition in 
accordance with the invention, via injection, aerosol, oral, 
transdermal, transmucosal, intrapleural, intrathecal, or other 
suitable routes, the immune system of the host responds to the 
vaccine by producing large amounts of HTLS and/or CTLS 
specific for the desired antigen. Consequently, the host 
becomes at least partially immune to laterinfection, or at least 
partially resistant to developing an ongoing chronic infection, 
or derives at least some therapeutic benefit when the antigen 
was tumor-associated. 

0533. In certain embodiments, components that induce T 
cell responses are combined with components that induce 
antibody responses to the target antigen of interest. Thus, in 
certain preferred embodiments of the invention, class I pep 
tide vaccines of the invention are combined with vaccines 
which induce or facilitate neutralizing antibody responses to 
the target antigen of interest, particularly to viral envelope 
antigens. A preferred embodiment of Such a composition 
comprises class I and class II epitopes in accordance with the 
invention. An alternative embodiment of Such a composition 
comprises a class I epitope in accordance with the invention, 
along with a PADRE(R) (Epimmune, San Diego, Calif.) mol 
ecule (described, for example, in U.S. Pat. No. 5,736,142). 
0534 For therapeutic or immunization purposes, the pep 
tides of the invention can also be expressed by vectors. 
Examples of expression vectors include attenuated viral 
hosts, such as vaccinia or fowlpox. This approach involves the 
use of vaccinia virus as a vector to express nucleotide 
sequences that encode the peptides of the invention. Upon 
introduction into an acutely or chronically infected host or 
into a non-infected host, the recombinant vaccinia virus 
expresses the immunogenic peptide, and thereby elicits a host 
CTL response. Vaccinia vectors and methods useful in immu 
nization protocols are described in, e.g., U.S. Pat. No. 4,722, 
848. Another vector is BCG (Bacille Calmette Guerin). BCG 
vectors are described in Stover, et al. Nature 351:456-60 
(1991). A wide variety of other vectors useful for therapeutic 
administration or immunization of the peptides of the inven 
tion, e.g., Salmonella typhi Vectors, retroviral vectors, aden 
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oviral or adeno-associated viral vectors, and the like will be 
apparent to those skilled in the art from the description herein. 
0535 Alternatively, recombinant DNA technology may 
be employed wherein a nucleotide sequence which encodes 
an immunogenic peptide of interest is inserted into an expres 
sion vector, transformed or transfected into an appropriate 
host cell and cultivated under conditions suitable for expres 
Sion. These procedures are generally known in the art, as 
described generally in Sambrook et al., Molecular Cloning, A 
Laboratory Manual, Cold Spring Harbor Press, Cold Spring 
Harbor, N.Y. (1982) (also 1989), which is incorporated herein 
by reference. Thus, fusion proteins which comprise one or 
more peptide sequences of the invention can be used to 
present the appropriate T cell epitope. For example, a coding 
sequence encoding a peptide of the invention can be provided 
with appropriate linkers and ligated into expression vectors 
commonly available in the art, and the vectors used to trans 
form suitable hosts to produce the desired fusion protein. A 
number of Such vectors and suitable host systems are now 
available. Expression constructs, i.e., minigenes are 
described in greater detail in the sections below. Such meth 
odologies are also used to present at least one peptide of the 
invention along with a substance which is not a peptide of the 
invention. 
0536. As the coding sequence for peptides of the length 
contemplated herein can be synthesized by chemical tech 
niques, for example, using the phosphotriester method of 
Matteucci et al., J. Am. Chem. Soc. 103:3185 (1981), with 
modification can be made simply by substituting the appro 
priate base(s) for those encoding the native peptide sequence. 
The coding sequence can then be provided with appropriate 
linkers and ligated into expression vectors commonly avail 
able in the art, and the vectors used to transform suitable hosts 
to produce the desired fusion protein. A number of such 
vectors and suitable host systems are now available. For 
expression of the fusion proteins, the coding sequence will be 
provided with operably linked start and stop codons, pro 
moter and terminator regions and usually a replication system 
to provide an expression vector for expression in the desired 
cellular host. For example, promoter sequences compatible 
with bacterial hosts are provided in plasmids containing con 
venient restriction sites for insertion of the desired coding 
sequence. The resulting expression vectors are transformed 
into Suitable bacterial hosts. Of course, yeast or mammalian 
cell hosts may also be used, employing Suitable vectors and 
control sequences. 
0537. The peptides of the present invention and pharma 
ceutical and vaccine compositions thereof are useful for 
administration to mammals, particularly humans, to treat and/ 
or prevent viral infection and cancer. Examples of diseases 
which can be treated using the immunogenic peptides of the 
invention include prostate cancer, hepatitis B, hepatitis C, 
AIDS, renal carcinoma, cervical carcinoma, lymphoma, 
CMV and condlyloma acuminatum. 
0538 For pharmaceutical compositions, the immuno 
genic peptides of the invention are administered to an indi 
vidual already suffering from cancer or infected with the virus 
of interest. Those in the incubation phase or the acute phase of 
infection can be treated with the immunogenic peptides sepa 
rately or in conjunction with other treatments, as appropriate. 
In therapeutic applications, compositions are administered to 
a patient in an amount sufficient to elicit an effective CTL 
response to the virus or tumor antigen and to cure or at least 
partially arrest symptoms and/or complications. An amount 






















































































































