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(57) ABSTRACT 

Disclosed is a nucleic acid molecule comprising a ?rst 
expressible sequence encoding a protein of interest or 
polypeptide of interest Which contains an MHC Class II 
presented epitope. In addition, the nucleic acid molecule 
comprises a second expressible nucleic acid sequence encod 
ing an antigen presentation enhancing hybrid polypeptide. 
The antigen presentation enhancing hybrid polypeptide 
includes the following elements: i) an N-terminal element 
consisting essentially of 4-16 residues of the mammalian 
li-Key peptide LRMKLPKPPKPVSKMR (SEQ ID NO: 1) 
and non-N-terminal deletion modi?cations thereof that retain 
antigen presentation enhancing activity; ii) a C-terminal ele 
ment comprising an MHC Class ll-presented epitope in the 
form of a polypeptide or peptidomimetic structure Which 
binds to the antigenic peptide binding site of an MHC class II 
molecule, the MHC Class ll-presented epitope being con 
tained in the protein of interest of step a); and iii) an interven 
ing peptidyl structure linking the N-terminal and C-terminal 
elements of the hybrid, the peptidyl structure having a length 
of about 20 amino acids or less. 
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II-KEY/ANTIGENIC EPITOPE HYBRID 
PEPTIDE VACCINES 

BACKGROUND OF THE INVENTION 

[0001] The immune system responds to foreign pathogens, 
to tumor cells, to autoimmune disease-inducing processes, to 
allergens, to grafts, through the recognition of the ‘foreign’ or 
‘abnormal’ structures, as antigens. Most of those antigens are 
proteins, Which are synthesized either by cells of the host, or 
by a pathogen. Such antigens are processed (proteolytically 
digested) into peptide fragments Which come to be presented 
to the responding lymphocytes of the immune system, in a 
peptide-presenting structure on the surface of the antigen 
presenting cell. Those peptide presenting structures are called 
major histocompatibility complex (MHC) molecules. They 
obtained that name since they Were ?rst recognized as prod 
ucts of polymorphic, allelic genes in the MHC locus, Which 
genes control graft rejection among inbred strains of mice. 
[0002] The immune response to a speci?c antigen is medi 
ated by T lymphocytes Which recognize peptide fragments of 
those antigens in the MHC molecules. Within an antigen 
presenting cell (APC), peptide fragments of a proteolytically 
processed antigen become bound into the antigenic peptide 
binding site of major histocompatibility complex (MHC) 
molecules. These peptide-MHC complexes are then trans 
ported to the cell surface for recognition (of both the foreign 
peptide and the adjacent surface of the presenting MHC mol 
ecule) by T cell receptors on responding T lymphocytes. 
Those T lymphocytes can have either immunoregulatory 
functions (to help or suppress an immune response) or effec 
tor functions (to clear the pathogen or tumor, for example, 
through a cytotoxic immune response). The antigen-speci?c 
recognition event initiates the immune response cascade 
Which leads to a protective immune response, or in the case of 
autoimmune processes, a deleterious immune response. 
[0003] TWo classes of MHC molecules function as immune 
system presenters of antigenic peptides to T cells. MHC class 
I molecules receive peptides from endogenously synthesized 
proteins, such as an infectious virus, in the endoplasmic 
reticulum about the time of synthesis of the MHC class I 
molecules. The MHC class I-bound antigenic peptides are 
presented at the cell surface to CD8-positive cytotoxic T 
lymphocytes, Which then become activated and can directly 
kill the virus-expressing cells. In contrast, MHC class II mol 
ecules are synthesized in the endoplasmic reticulum With 
their antigenic peptide binding sites blocked by the invariant 
chain protein (Ii). These complexes of MHC class II mol 
ecules and Ii protein are transported from the endoplasmic 
reticulum to a po st-Golgi compartment Where Ii is released by 
proteolysis and a speci?c antigenic peptide becomes bound to 
the MHC class II molecule (Blum et al., Proc. Natl. Acad. Sci. 
USA 85: 3975 (1988); Riberdy et al., Nature 360: 474 (1992); 
Daibata et al., Mol. Immunol. 31: 255 (1994); Xu et al., Mol. 
Immunol. 31: 723 (1994); Xu et al., Antigen Processing and 
Presentation, Academic Press, NY p 227 (1994); Kropshofer 
et al., Science 270: 1357 (1995); and Urban et al., J. Exp. Med. 
180: 751 (1994)). 
[0004] R. Humphreys (1996) US. Pat. No. 5,559,028, and 
Humphreys et al. (1999) US. Pat. No. 5,919,639 revealedthe 
mechanisms by Which Ii protein is cleaved, releasing frag 
ments in the course of cleavage to regulate the binding and 
locking in of antigenic peptides Within the antigenic peptide 
binding site of MHC class II molecules (Adams et al., Eur. J. 
Immunol. 25: 1693 (1995); Adams et al., Arzneim. F0rsch./ 
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Drug Research 47: 1069 (1997); and Xu et al., Arzneim. 
Farsch/Drug Research in press (1999)). One segment of the 
Ii protein, Ii(77-92), Was found to act at an allosteric site 
outside the antigenic peptide binding site near the end of that 
site holding the N-terminus of the antigenic peptide. The 
referenced patents, furthermore, disclosed novel therapeutic 
compounds and methods to control this initial regulatory, 
antigenic peptide recognizing event of the immune response 
by three classes of mechanisms. In the ?rst mechanism, anti 
genic peptides are spilled from cell surface MHC class II 
molecules by the action of compounds of the invention. 
[0005] In the second, the charging of the antigenic peptide 
binding site on those molecules is promoted With compounds 
of the invention for binding of other, synthetic peptides. Such 
inserted peptide sequences can be either antigenic epitopes or 
nonantigenic peptide sequences Which nevertheless bind 
tightly to block the antigenic peptide binding site. The third 
mechanism involves altering the rates of association/disso 
ciation of antigenic peptides from those complexes and the 
nature of the interaction of components of the trimolecular 
MHC molecule/antigenic peptide/T cell receptor complex, 
and furthermore the interaction of that trimolecular complex 
With auxiliary cell-to-cell interaction molecules, in a manner 
to regulate differentiation and function of the responding T 
lymphocytes. 
[0006] The identi?cation of the mechanisms referred to 
above opens neW avenues of therapeutic intervention. NeW 
methods and compositions based on these discoveries offer 
the promise of epitope-speci?c therapies. 

SUMMARY OF THE INVENTION 

[0007] In one aspect, the present invention relates to a 
nucleic acid molecule comprising a ?rst expressible sequence 
encoding a protein of interest or polypeptide of interest Which 
contains an MHC Class II-presented epitope. In addition, the 
nucleic acid molecule comprises a second expressible nucleic 
acid sequence encoding an antigen presentation enhancing 
hybrid polypeptide. The antigen presentation enhancing 
hybrid polypeptide includes the folloWing elements: i) an 
N-terminal element consisting essentially of 4-1 6 residues of 
the mammalian Ii-Key peptide LRMKLPKPPKPVSKMR 
(SEQ ID NO: 1) and non-N-terminal deletion modi?cations 
thereof that retain antigen presentation enhancing activity; ii) 
a C-terminal element comprising an MHC Class II-presented 
epitope in the form of a polypeptide or peptidomimetic struc 
ture Which binds to the antigenic peptide binding site of an 
MHC class II molecule, the MHC Class II-presented epitope 
being contained in the protein of interest of step a); and iii) an 
intervening peptidyl structure linking the N-terminal and 
C-terminal elements of the hybrid, the peptidyl structure hav 
ing a length of about 20 amino acids or less. 
[0008] In preferred embodiments, the modi?cations of the 
I-Key peptide include deletion of amino acids from the C-ter 
minus; N-terminal extensions; and amino acid substitutions. 
In other embodiments, the C-terminal element further com 
prises an MHC Class I-presented epitope, or a portion 
thereof, the amino acid residues comprising the MHC Class 
I-presented epitope or portion thereof being constituent resi 
dues of the MHC Class II-presented epitope. 
[0009] Disclosed embodiments also include embodiments 
Wherein the C-terminal element further comprises an anti 
body-recognized determinant, or a portion thereof. The 
amino acid residues comprising the antibody-recognized 
determinant, or a portion thereof, are preferably constituent 
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residues of the MHC Class II-presented epitope. Embodi 
ments are disclosed in Which the infectious pathogen is 
selected from the group consisting of anthrax, EBOLA, HIV 
and in?uenza. In addition to the disclosed compositions, 
methods of use are also described. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] As discussed in the Background of the Invention 
section of the present disclosure, U.S. application Ser. No. 
09/396,813 (noW U.S. Pat. No. 6,432,409) discloses hybrid 
peptides useful in connection With modulation of the immune 
system (referred to herein as “the ’8l3 enhancing hybrid 
peptide”). The disclosure Was based on the discovery that an 
MHC Class II-restricted antigenic epitope Which is 
covalently linked to a mammalian Ii key peptide by an appro 
priate intervening chemical structure, to form a hybrid 
polypeptide, is presented to T lymphocytes by antigen pre 
senting cells With signi?cantly higher ef?cacy than is the 
precursor antigenic epitope. The disclosure of Us. Pat. No. 
6,432,409 is incorporated herein by reference. 
[0011] The hybrid polypeptide disclosed Was referred to as 
an “MHC Class II antigen presentation enhancing hybrid 
polypeptide”, or more simply as an “enhancing hybrid”. In 
this disclosure, such peptides have also been referred to as 
“Ii-Key/antigenic epitope hybrids” or “hybrid peptides”. 
Alternatively, short-hand designations based on functional 
elements may be used, particularly in the Exempli?cation 
section. For example, Ii-Key/MHC Class II-presented anti 
genic epitope hybrids, Ii-Key/MHC Class II-presented anti 
genic epitope/MHC Class I-presented antigenic epitope 
hybrids, Ii-Key/MHC Class II-presented antigenic epitope/ 
antibody-recognized determinant (ARD) hybrids. The pre 
ceding listing of alternative terminology may not be compre 
hensive, but reference to such enhancing hybrids Will be clear 
in context. 
[0012] The ’8l3 enhancing hybrid has an N-terminus com 
prised of a mammalian Ii-Key peptide, or a modi?cation 
thereof, Which retains antigen presentation enhancing activ 
ity. Covalently, but indirectly, linked to the Ii-Key peptide is 
the speci?c MHC Class II antigenic epitope to be presented. 
BetWeen the Ii-Key peptide and the antigenic epitope is an 
intervening chemical structure Which covalently links the 
other tWo components. This intervening chemical structure 
Was referred to simply as a “spacer”. Necessary parameters of 
the spacer Were described in detail. 
[0013] The present disclosure speci?cally contemplates 
enhancing hybrid peptides containing antigenic epitopes/de 
terminants in addition to the MHC Class II antigenic epitope 
disclosed in connection With the ’8l3 enhancing hybrid. For 
example, the enhancing hybrids of the present invention may 
contain multiple MHC Class II epitopes. The inclusion of 
multiple MHC Class II epitopes enables a greater fraction of 
the human population to be immunized because the multiple 
epitopes are frequently presented by different alleles. In addi 
tion to a plurality of MHC Class II epitopes, the present 
invention also contemplates the inclusion of one or more 
MHC Class I epitopes and/or one or more ARDs (Antibody 
Recognized Determinants). The expressions “epitopes” and 
“determinants” are considered as synonyms by many skilled 
in the art. The use of the expression “epitope/determinant”, as 
used herein, is intended to encompass MHC Class II epitopes, 
MHC Class I epitopes and ARDs. 
[0014] The Exempli?cation section Which folloWs pro 
vides numerous speci?c examples of experimentally-deter 
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mined or predicted MHC Class II epitopes, MHC Class I 
epitopes and ARDs, Which can be incorporated in enhancing 
hybrid peptides. The experimentally determined epitopes are 
preferred over algorithm-predicted epitopes for preclinical 
trials in animal models for human disease, in part, because a 
signi?cant percentage of algorithm-predicted epitopes are not 
found to be biologically functional. Nevertheless, the “sig 
ni?cant percentage” is suf?ciently small that such epitopes 
are a source of sequences for the development of enhancing 
hybrids. In the context of a focus on a particular disease or 
condition, reference is made to the compounds and methods 
of use described in the corresponding Exempli?cation section 
Which folloWs. 

[0015] As Will be discussed beloW, the use of the ’8l3 
enhancing hybrid peptide to enhance or augment an MHC 
Class II-mediated immune response, created an untapped 
immune reservoir. As Will be discussed in greater detail 
beloW, the interaction of the ’ 813 enhancing peptide With cells 
of the immune system greatly ampli?ed a number of respon 
sive cell types. Molecular input for a subset of these respon 
sive cell types, in the form of the MHC Class II epitope 
component of the enhancing hybrid, Were provided. HoW 
ever, large numbers of primed and responsive immune cell 
types Were stimulated by the ’8l3 peptide, but no provision 
for appropriate molecular inputs Was provided. Such addi 
tional molecule inputs, in the form of MHC Class I epitopes 
and ARDS, is provided herein. 
[0016] More speci?cally, the enhancement of the T helper 
cell stimulation mediated by the Class II epitope of the ’8l3 
peptide is substantially augmented (i.e., about 250 times) by 
the effect of the Ii-Key moiety. The clonal expansion of an 
immunoregulatory cell type, such as an activated T cell, has a 
cascading effect through the immune system. As discussed 
above, this can create an excess of immune capacity Which 
has not been addressed in the prior art. 

[0017] Ultimately, an MHC Class II-presented antigen 
Which is an element of the hybridpeptide (either an enhancing 
hybrid peptide of the present invention or an ’ 813 enhancing 
hybrid peptide), exerts its in?uence through presentation by 
an MHC Class II molecule on the surface of an antigen 
presenting cell. TWo particularly important classes of antigen 
presenting cells are dendritic cells and macrophages. These 
antigen presenting cells have on their respective surfaces tWo 
types of special molecules that function in antigen presenta 
tion. These tWo types of molecules are MHC Class I and 
MHC Class II molecules. Antigenic peptides (e.g., MHC 
Class I or MHC Class II epitopes) are noncovalently bound to 
MHC Class I or MHC Class II molecules for subsequent 
presentation to antigen-speci?c receptors on T cells. 
[0018] While not Wishing to be bound by theory, it is 
thought that peptides containing MHC Class I and/or MHC 
Class II epitopes may be displayed on the surface of an 
antigen presenting cell in association With the cognate display 
molecule (i.e., MHC Class I molecules or MHC Class II 
molecules) through at least tWo mechanisms. For example, 
folloWing contact With an antigen presenting cell, such pep 
tides may be intemaliZed by the antigen presenting cell and 
processed through classical channels. Alternatively, the MHC 
Class I or MHC Class II-presented antigen portion of such a 
peptide may bind directly to an MHC Class I or MHC Class 
II molecule on the surface of an antigen presenting cell. Thus, 
in both cases, the MHC Class I or MHC Class II-presented 
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epitope of the peptide is displayed on the surface of an antigen 
presenting cell in association With its cognate MHC Class I or 
MHC Class II molecule. 

[0019] Such an MHC Class II-associated display triggers a 
cascade of immune-mediated effects including the induction 
of T cells and the subsequent expansion of this induced popu 
lation. T helper cells, stimulated in this manner, respond in a 
variety of Ways. For example, stimulated T helper cells func 
tion by releasing cytokines that provide various activation 
signals for B cells. B cells produce a surface immunoglobulin 
Which can recogniZe and speci?cally bind to anARD element 
Which is present, for example, on a protein or peptide Which 
contacts the cell surface. The protein or peptide is then inter 
naliZed and any processed MHC Class I or MHC Class II 
presented epitopes present are subsequently displayed on the 
B cell surface in association With MHC Class I or MHC Class 
II molecules, respectively. 
[0020] The example of an ARD-containing molecule pro 
vided in the preceding paragraph Was a protein or peptide. In 
connection With the present invention, the ARD is provided as 
an element of an enhancing hybrid peptide. As Was the case in 
the previous example, the enhancing hybrid peptide is inter 
naliZed by the B cell and any MHC Class II epitopes present 
as an element of the enhancing hybrid are processed for 
display on the surface of the B cell in association With MHC 
Class II molecules. Such presentation further stimulates the 
helper T cell population resulting in proliferation and matu 
ration of B lymphocytes to plasma cells Which produce the 
antibody speci?c to the ARD. 
[0021] The enhancing hybrid polypeptide of the present 
invention is comprised of 3 elements, as Was the ’8 l 3 enhanc 
ing hybrid. The 3 elements are: 1) an N-terminal element 
consisting essentially of 4-16 residues of the mammalian 
Ii-Key peptide LRMKLPKPPKPVSKMR (SEQ ID NO: 1 
and non-N-terminal deletion modi?cations thereof that retain 
antigen presentation enhancing activity; 2) a C-terminal ele 
ment comprising an MHC Class II-presented epitope in the 
form of a polypeptide or peptidomimetic structure Which 
binds to the antigenic peptide binding site of an MHC Class II 
molecule; and 3) an intervening chemical structure covalently 
linking the N-terminal and C-terminal elements of the hybrid, 
the chemical structure being a covalently joined group of 
atoms Which When arranged in a linear fashion forms a ?ex 
ible chain Which extends up to the length of 20 amino acids 
likeWise arranged in a linear fashion. 

[0022] The included additional epitope(s) or determinant 
(s) Which distinguish the enhancing hybrid of the present 
invention from the ’8l3 enhancing hybrid are preferably 
located Within the C-terminal element or the linker element. 
Additionally, an epitope or determinant may overlap the 
C-terminal element and the linker element. In some circum 
stances it may be possible for an additional epitope or deter 
minant to overlap betWeen the linker element and the N-ter 
minal Ii-Key moiety. 
[0023] Generally speaking, MHC Class I and MHC Class II 
epitopes are comprised of from about 8 to about 12 amino 
acid residues. ARD elements are typically have a siZe range 
someWhat broader than MHC Class I and MHC Class II 
epitopes. A commonly cited siZe range for ARDs is from 
about 6 to about 16 amino acid residues. ARDs are recogniZed 
based on their 3-dimensional structure Whereas MHC Class I 
and MHC Class II epitopes are recogniZed on the basis of 
their linear, primary amino acid structure. 
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[0024] To provide speci?city to the options outlined in the 
preceding paragraph, it is necessary to discuss the anatomy of 
the enhancing peptide of the present invention in greater 
detail. The linker sequence has been described as an interven 
ing chemical structure covalently linking the N-terminal and 
C-terminal elements of the hybrid, the chemical structure 
being a covalently joined group of atoms Which When 
arranged in a linear fashion forms a ?exible chain Which 
extends up to the length of 20 amino acids likeWise arranged 
in a linear fashion. Thus, to the extent that the linker sequence 
is comprised of amino acids (Which is not a requirement), the 
disclosure of the present invention provides an additional 
functionality to the amino acid residues of the linker, above 
and beyond their required role as space occupiers. 
[0025] The speci?ed linker length (up to 20 amino acids 
arranged in a linear fashion) is long enough to contain a 
second complete MHC Class II epitope, a ?rst complete 
MHC Class I epitope, or a ?rst complete ARD or segments of 
such additional epitopes. Additionally, such a sequence 
length can accommodate a plurality of non-overlapping 
epitopes selected from the group consisting of MHC Class I 
epitopes, MHC Class II epitopes and ARDs. 
[0026] It is knoWn in the art that functional MHC Class I 
epitopes, MHC Class II epitopes and ARDs may be arranged 
in an overlapping manner While retaining full functionality of 
all represented epitopes. The respective functions of each 
epitope Within a hybrid are not co-expressed at one point in 
time on a per peptide basis, because such peptides must be 
bound into MHC Class I or MHC Class II molecules and 
recogniZed in a folded structure by an antibody. Nevertheless, 
given a population of injected peptides With respective pro 
cessing and/or binding to cell surface MHC molecules, all 
three classes of epitopes Within any one Ii-Key enhancing 
hybrid can be effective immunogens Within an immuniZed 
animal. 
[0027] Minimum sequences are preferred for several rea 
sons. These include simplicity and cost of synthesis, less 
opportunity for proteolytic degradation, less opportunity for 
metabolic change leading to clearance or adsorption. Thus, 
the linker element may contain a plurality of epitopes Which 
overlap one another (i.e., an individual amino acid residues 
may be a components of more than one epitope). Similarly, 
the C-terminal element Which includes an MHC Class II 
presented epitope may also contain additional epitopes 
(MHC Class I, MHC Class II or ARD) in an overlapping or 
non-overlapping arrangement. 
[0028] It is noted that the boundaries betWeen the various 
elements of the enhancing hybrid peptide of the present 
invention are, Within certain stated limits, someWhat arbi 
trary. Epitopes spanning the junctions betWeen the various 
elements are encompassed Within the scope of the present 
invention. Thus, for example, Where a claim speci?es that a 
portion of an epitope is contained Within one of the enhancing 
hybrid peptide elements or domains (e.g., the linker region), 
this necessarily implies that the remaining portion is found in 
a contiguous portion of a ?anking portion or domain. Partial 
(i.e., non-functional epitopes are of no utility in connection 
With the present invention). 
[0029] Early Work in this area demonstrated that the mam 
malian Ii key peptide LRMKLPKPPKPVSKMR (SEQ ID 
NO: 1), and a modi?ed mammalian Ii-key peptide, 
YRMKLPKPPKPVSKMR (SEQ ID NO: 2), have the ability 
to alter presentation of certain MHC Class II-restricted, anti 
genic peptides to T lymphocyte-hybridomas Which recogniZe 
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those respective antigenic peptides (US. Pat. No. 5,559,028; 
US. Pat. No. 5,919,639, the disclosures of Which are incor 
porated herein by reference). Previous experimentation With 
modi?ed versions of the Ii-key peptide have indicated that a 
Wide variety of modi?cations can be made to this polypeptide 
Without detriment to activity. Indeed, modi?cations often 
enhanced antigen presentation activity of the polypeptide. 
[0030] Results detailed in the Exempli?cation section of 
US. application Ser. No. 09/396,813, now US. Pat. No. 
6,432,409, indicate that all modi?ed Ii key peptides Which 
retain antigen presentation enhancing activity Will function in 
the enhancing hybrid of the present invention When appropri 
ately incorporated. Modi?cations of the Ii key peptide include 
deletion of one or more amino acids from the C-terminus, 
protection of the N-terminus, amino acid substitutions, and 
introduction of cyclical peptides. Deletions of the Ii key pep 
tide Which retain at least 4 contiguous amino acids of the 
original sequence, or a substituted version thereof, exhibit 
functional activity. Various natural or non-natural amino 
acids may be substituted at respective residue positions. 
Some examples of molecules Which may be substituted are 
peptidomimetic structures, D-isomer amino acids, N-methyl 
amino acids, L-isomer amino acids, modi?ed L-isomer 
amino acids, and cycliZed derivatives. In addition, procedures 
of medicinal chemistry may be applied by one skilled in the 
art using routine experimental methods to obtain additional 
modi?cations of the N-terminal segment of hybrids. 
Examples of such procedures are methods of rational drug 
design, molecular modeling based on structural information 
from X-ray diffraction data, nuclear magnetic resonance data, 
and other computational methods, and screening of products 
of combinatorial chemical syntheses, and isolations of natu 
ral products. Examples of modi?ed versions of Ii key peptide 
Which are knoWn to retain high activity are LRMK (SEQ ID 
NO: 3), LRMKLPK (SEQ ID NO: 4), LRMKLPKS (SEQ ID 
NO: 5), LRMKLPKSAKP (SEQ ID NO: 6), and LRMKLPK 
SAKPVSK (SEQ ID NO: 7). Other modi?cations and modi 
?ed versions of the Ii-key peptide are described in US. Pat. 
No. 5,919,639, and US. Pat. No. 5,559,028. A modi?ed ver 
sion of the Ii-key peptide (Y RMKLPKPPKPVSKMR, SEQ 
ID NO: 2) Which is knoWn to retain activity is referred to 
herein as an ‘Ii-key homolog’. The term Ii key homolog as 
used herein is inclusive of the Ii key peptide itself. 
[0031] Such Ii-Key peptides Were demonstrated by several 
experimental methods to bind to an allo steric site at the end of 
the antigenic peptide binding site of MHC Class II molecules 
holding the N-terminal end of an antigenic peptide. That 
process of binding to the allosteric site, facilitated the release 
and exchange of endogenously bound antigenic peptide With 
cell surface MHC Class II molecules. 

[0032] Peptide homologs of the Ii-Key peptide act on 
murine or human MHC Class II molecules to promote the 
release of bound antigenic peptides and their replacement 
With synthetic peptides (Adams S. Ameimittelforschung. 
1997 47:1069-1077; Xu M. Ameimittelforschung. 1999 
49:791-9). Hybrid constructs of the Ii-Key peptide linked to 
an antigenic epitope peptide through either a simple polym 
ethylene linker or the extended, natural sequence of the Ii 
protein, have 500 to 2000 times the potency of presentation 
versus the antigenic peptides (Humphreys R E. Vaccine. 2000 
18:2693-2697). This property has great clinical utility in 
diagnosis, treatment monitoring and therapy of various dis 
eases and conditions, as presented herein. This activity of the 
Ii-Key moiety Within Ii-Key/antigenic epitope hybrids is 
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found either in vitro or in vivo. This activity can be ascribed 
to interaction With cell surface MHC Class II molecules 
because the Ii-Key compounds Were active in vitro With either 
living or paraformaldehyde-?xed antigen presenting cells 
(Adams S. Eur J Immunol. 1995 25:1693-1702). HoWever, 
since the compounds are potent in vivo, they may also be 
taken up by the pathWay Which processes exogenous antigens 
and bind to MHC Class II molecule sin the post-Golgi, anti 
gen charging compartment. 
[0033] The MHC Class I epitopes, MHC Class II epitopes 
and ARDs of the enhancing hybrid of the present invention 
have been discussed above. Such epitopes/ determinants 
selected for use in the generation of an enhancing hybrid of 
the present invention may be further modi?ed for use. That is 
to say, polypeptides of natural or modi?ed sequence, pepti 
domimetic structures, and also chemical structures Which are 
not natural or modi?ed amino acids may be included in the 
epitope/ determinant elements of the enhancing hybrids dis 
closed herein. In addition, various chemical modi?cations 
may be made to the antigenic epitope/ determinant element of 
the enhancing hybrid. For example, the addition, in Whole or 
in part, of non-natural amino acids, or of other backbone or 
side chain moieties, Wherein the modi?cations preserve bind 
ing speci?cities of the antigenic epitope/determinant. Such 
chemical structures might bear moderate, little, or no appar 
ent structural resemblance to any antigenic peptide Which is 
derived from a natural protein sequence. Such modi?cations 
might or might not bear on recognition by T cell receptors. 
Modi?cations may increase recognition of the antigenic 
epitope (e.g. lead to recognition by previously non-recogniZ 
ing subsets of T cell receptors). 
[0034] The intervening chemical structure, or spacer, has 
been discussed above. Where the intervening chemical struc 
ture comprises one or more epitopes/ determinants, the overall 
length Within de?ned limits is dictated to a large extent by the 
identity and of the epitope/determinant. In the case in Which 
the intervening chemical structure is anti genically neutral, the 
teachings ofU.S. application Ser. No. 09/396,813, now US. 
Pat. No. 6,432,409, apply. As indicated, the spacer is prefer 
ably less than the length of a peptidyl backbone of 9 amino 
acids linearly arranged. Optimally, spacer length is the length 
of a peptidyl backbone of betWeen 4 and 6 amino acids, 
linearly arranged. Preferably, the spacer is unable to hydro 
gen bond in any spatially distinct manner to other distinct 
elements of the enhancing hybrid peptide. 
[0035] Again, With respect to antigenically neutral spacer 
elements, various chemical groups may be incorporated in the 
spacer segment instead of amino acids. Examples are 
described in US. Pat. No. 5,910,300, the contents of Which 
are incorporated herein by reference. In a preferred embodi 
ment the spacer is comprised of an aliphatic chain optimally 
interrupted by heteroatoms, for example a C2-C6 alkylene, or 
:Ni(CH2)2_6iN:. Alternatively, a spacer may be com 
posed of alternating units, for example of hydrophobic, lipo 
philic, aliphatic and aryl-aliphatic sequences, optionally 
interrupted by heteroatoms such as O, N, or S. Such compo 
nents of a spacer are preferably chosen from the folloWing 
classes of compounds: sterols, alkyl alcohols, polyglycerides 
With varying alkyl functions, alkyl-phenols, alkyl-amines, 
amides, hydroxyphobic polyoxyalkylenes, and the like. 
Other examples are hydrophobic polyanhydrides, poly 
orthoesters, polyphosphaZenes, polyhydroxy acids, polyca 
prolactones, polylactic, polyglycolic polyhydroxy-butyric 
acids. A spacer may also contain repeating short aliphatic 



US 2008/0305122 A1 

chains, such as polypropylene, isopropylene, butylene, isobu 
tylene, pentamethlyene, and the like, separated by oxygen 
atoms. 

[0036] Additional peptidyl sequences Which can be used in 
a spacer are described in Us. Pat. No. 5,856,456, the contents 
of Which are incorporated herein by reference. In one embodi 
ment, the spacer has a chemical group incorporated Within 
Which is subject to cleavage. Without limitation, such a 
chemical group may be designed for cleavage catalyZed by a 
protease, by a chemical group, or by a catalytic monoclonal 
antibody. In the case of a protease-sensitive chemical group, 
tryptic targets (tWo amino acids With cationic side chains), 
chymotryptic targets (With a hydrophobic side chain), and 
cathepsin sensitivity (B, D or S) are favored. The term ‘tryptic 
target’ is used herein to describe sequences of amino acids 
Which are recogniZed by trypsin and trypsin-like enZymes. 
The term ‘chymotryptic target’ is used herein to describe 
sequences of amino acids Which are recogniZed by chymot 
rypsin and chymotrypsin-like enZymes. In addition, chemical 
targets of catalytic monoclonal antibodies, and other chemi 
cally cleaved groups are Well knoWn to persons skilled in the 
art of peptide synthesis, enZymic catalysis, and organic chem 
istry in general, and can be designed into the hybrid structure 
and synthesiZed, using routine experimental methods. 
[0037] Not all embodiments of the present invention 
include immunogenic neutrality of the intervening chemical 
structure, or spacer. That is, the present invention includes 
embodiments in Which the intervening chemical structure, or 
spacer, is selected from the group consisting of: 1) an MHC 
Class I epitope, or a portion thereof; and 2) an antibody 
recogniZed determinant, or a portion thereof. In particular, 
this embodiment is important in connection With the antici 
pated ?ling of a counterpart International Application for 
Which the continuation-in-part provisions of the Us. patent 
laW are inapplicable. 
[0038] The hybrids of the present invention vary from 
totally peptide in character to substantially non-peptide in 
character. In vieW of the fact that some homologs are substan 
tially reduced or non-peptide in character, they Will be more 
likely to have favorable properties, for example, penetration 
through cellular membranes, solubility, resistance to pro 
teolysis, resistance to inactivation by conjugation, oral bio 
availability, and longer half life in vivo. 
[0039] Also included Within the scope of this invention are 
pharmaceutically acceptable salts of the hybrid molecule, 
When an acidic or basic group is present in the structure. The 
term ‘pharmaceutically acceptable salt’ is intended to include 
all acceptable salts such as acetate, ammonium salt, benZe 
nesulfonate, benZoate, borate, bromide, calcium edetate, 
camsylate, carbonate, chloride/dihydrochloride, citrate, cla 
vulanate, edetate, edisylate, estolate, esylate, fumarate, hexy 
lresorcinate, hydrabamine, hydroxynaphthoate, iodide, 
isothionate, lactate, lactobionate, laurate, mesylate, methyl 
bromide, methylnitrate, methylsulfate, mucate, napsylate, 
nitrate, N-methylglucamide, oleaste, oxalate, pamoate, 
palmitate, panoate, pantothenate, phosphate/diphosphate, 
polygalacturonate, subacetate, sulfate, tartrate, tosylate, tri 
ethiodide, valerate, and the like. The pharmaceutically 
acceptable salt canbe used as a dosage form for modifying the 
solubility or hydrolysis characteristics, or can be used in a 
sustained release or pro-drug formulation. Depending on the 
particular functionality for the compound of the present 
invention, pharmaceutically acceptable salts of the com 
pounds of this invention may be formed from cations such as 
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sodium, potassium, aluminum, calcium, lithium, magnesium, 
Zinc and from bases such as ammonia, arginine, chlorop 
rocaine, choline, diethanolamine, diethylamine, ethylenedi 
amine, lysine, N-methyl-glutamine, omithine, N,N'-diben 
Zylethylenediamine, N-benZylphenethylamine, piperaZine, 
procaine, tris(hydroxymethyl)aminomethane, and tetrameth 
ylenediamine hydroxide, and the like. These salts may be 
prepared by standard procedures, for example, by reacting a 
free acid With suitable organic or inorganic base. When a 
basic group is present, such as an amino, and acidic salt, i.e., 
acetate, hydrobromide, hydrochloride, pamoate, and the like, 
can be used as the dosage form. 

[0040] Also in the case of an acid (4COOH) or alcohol 
group being present, pharmaceutically acceptable esters can 
be employed, for example, acetate, maleate, pivaloyloxym 
ethyl, and the like and those esters knoWn in the art for 
modifying solubility or hydrolysis characteristics for use as 
sustained release or prodrug formulations. 
[0041] The hybrid molecules of this present invention or 
components thereof may have chiral centers, and therefor 
may occur as racemates, racemic mixtures, and as individual 
enantiomers or diastereomers, With all such isomeric forms 
being included in the present invention as Well as mixtures 
thereof. Furthermore, some of the crystalline forms of hybrid 
compounds of the present invention may exist as polymor 
phous and as such are intended to be included in the present 
invention. In addition, some of the compounds of the present 
invention may form solvates With Water or common organic 
solvents. Such solvates are also encompassed Within the 
scope of this invention. 
[0042] The enhancing hybrid of the present invention may 
be composed of peptide or peptidomimetic or additional 
chemical groups Which may be synthesiZed and selected by 
methods Which have been developed for the synthesis and 
selection of antigenic peptides. Those methods and com 
pounds are presented in the folloWing patents: U.S. Pat. No. 
4,708,871; U.S. Pat. No. 5,194,392; U.S. Pat. No. 5,270,170; 
U.S. Pat. No. 5,382,513; U.S. Pat. No. 5,539,084; U.S. Pat. 
No. 5,556,762; (1997) Us. Pat. No. 5,595,915; U.S. Pat. No. 
5,747,334; and Us. Pat. No. 5,874,214, the contents ofWhich 
are incorporated herein by reference. 
[0043] The disclosure presented above relates primarily to 
antigen presentation enhancing hybrid peptides. In another 
aspect, the present invention relates to nucleic acid sequences 
Which encode such enhancing peptides. It is noted that the 
scope of the enhancing hybrid peptide disclosure is someWhat 
broader than the corresponding nucleic acid sequence disclo 
sure in light of the fact that enhancing hybrid peptides pro 
duced using recombinant DNA techniques from an encoding 
nucleic acid sequence must be produced from one of the 20 
naturally occurring amino acids. A much broader range of 
substitutions is available When an enhancing hybrid peptide is 
produced by chemical synthetic techniques. 
[0044] A Wide variety of delivery systems are available for 
use in delivering the enhancing hybrid of the present inven 
tion to a target cell in vitro and in vivo. Such delivery systems 
include, for example, viral and non-viral systems. Examples 
of suitable viral systems include, for example, adenoviral 
vectors, adeno-associated virus, retroviral vectors, vaccinia, 
herpes simplex virus, HIV, the minute virus of mice, hepatitis 
B virus and in?uenza virus. Non-viral delivery systems may 
also be used, for example using, uncomplexed DNA, DNA 
liposome complexes, DNA-protein complexes and DNA 
coated gold particles, bacterial vectors such as salmonella, 
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and other technologies such as those involving VP22 trans 
port protein, Co-X-gene, and replicon vectors. 
[0045] One option for expressing a nucleic acid sequence 
of interest in an animal cell is the adenovirus system. Aden 
ovirus possesses a double-stranded DNA genome, and repli 
cates independently of host cell division. Adenoviral vectors 
offer a variety of advantages relative to alternative methods 
for introducing expressible constructs into cells. For example, 
adenoviral vectors are capable of transducing a broad spec 
trum of human tissues and high levels of gene expression can 
be obtained in dividing and nondividing cells. Adenoviral 
vectors are characterized by a relatively short duration of 
transgene expression due to immune system clearance and 
dilutional loss during target cell division. Several routes of 
administration can be used including intravenous, intrabil 
iary, intraperitoneal, intravesicular, intracranial and intrathe 
cal injection, and direct injection of a target organ or tissue. 
Thus, it is recogniZed in the art that targeting based on ana 
tomical boundaries is achievable. 

[0046] The adenoviral genome encodes about 15 proteins 
and infection involves a ?ber protein Which binds to a cell 
surface receptor. This receptor interaction results in intemal 
iZation of the virus. Viral DNA enters the nucleus of the 
infected cell and transcription is initiated in the absence of 
cell division. Expression and replication is under control of 
the EIA and B1B genes (see HorWitZ, M. S., In Virology, 
2.sup.nd ed., 1990, pp. 1723-1740). Removal of E1 genes 
renders the virus replication-incompetent. 
[0047] Adenoviral serotypes 2 and 5 have been extensively 
used for vector construction. Bett et al. (Proc. Nat. Acad. Sci. 
U.S.A., 1994, 91: 8802-8806) have used an adenoviral type 5 
vector system With deletions of the E1 and E3 adenoviral 
genes. The 293 human embryonic kidney cell line has been 
engineered to express E1 proteins and can thus transcomple 
ment the E1 -de?cient viral genome. The virus can be isolated 
from 293 cell media and puri?ed by limiting dilution plaque 
assays (Graham, F. L. and Prevek, L. In Methods in Molecular 
Biology: Gene Transfer and Expression Protocols, Humana 
Press 1991, pp. 109-128). Recombinant virus can be groWn in 
293 cell line cultures and isolated by lysing infected cells and 
puri?cation by cesium chloride density centrifugation. A 
problem associated With the 293 cells for manufacture of 
recombinant adenovirus is that due to additional ?anking 
regions of the E1 genes, they may give rise to replication 
competent adenovirus (RCA) during the viral particle pro 
duction. Although this material is only Wild-type adenovirus, 
and is not replication competent recombinant virus, it can 
have signi?cant effects on the eventual yield of the desired 
adenoviral material and lead to increased manufacturing 
costs, quality control issues for the production runs and 
acceptance of batches for clinical use. Alternative cell lines 
such as the PER.C6 Which have more de?ned E1 gene inte 
gration than 293 cells (i.e. contain no ?anking viral sequence) 
have been developed Which do not alloW the recombination 
events Which produce RCA and thus have the potential to 
overcome above viral production issues. 

[0048] Adeno-associated virus (AAV) (Kotin, R. M., Hum. 
Gene Ther., 1994, 5: 793-801) are single-stranded DNA, non 
autonomous parvoviruses able to integrate into the genome of 
nondividing cells of a very broad host range. AAV has not 
been shoWn to be associated With human disease and does not 
elicit an immune response. AAV has tWo distinct life cycle 
phases. Wild-type virus Will infect a host cell, integrate and 
remain latent. In the presence of adenovirus, the lytic phase of 
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the virus is induced, Which depends on the expression of early 
adenoviral genes, and leads to active virus replication. The 
AAV genome is composed of tWo open reading frames (called 
rep and cap) ?anked by inverted terminal repeat (ITR) 
sequences. The rep region encodes four proteins Which medi 
ate AAV replication, viral DNA transcription, and endonu 
clease functions used in host genome integration. The rep 
genes are the only AAV sequences required for viral replica 
tion. The cap sequence encodes structural proteins that form 
the viral capsid. The ITRs contain the viral origins of repli 
cation, provide encapsidation signals, and participate in viral 
DNA integration. Recombinant, replication-defective viruses 
that have been developed for gene therapy lack rep and cap 
sequences. Replication-defective AAV can be produced by 
co-transfecting the separated elements necessary for AAV 
replication into a permissive 293 cell line. US. Pat. No. 
4,797,368 contains relevant disclosure and such disclosure is 
incorporated herein by reference. 
[0049] Retroviral vectors are useful for infecting dividing 
cells, and are composed of an RNA genome that is packaged 
in an envelope derived from host cell membrane and viral 
proteins. Retroviral gene expression involves a reverse tran 
scription step in Which its positive-strand RNA genome is 
employed as a template to direct the synthesis of double 
stranded DNA, Which is then integrated into the host cell 
DNA. The integrated provirus is able to use host cell machin 
ery for gene expression. 
[0050] Murine leukemia virus is a commonly employed 
retrovirus species (Miller et al., Methods Enzymol, 1993, 
217: 5 81-599). Retroviral vectors are typically constructed by 
deletion of the gag, pol and env genes. The deletion of these 
sequences provides capacity for insertion of nucleic acid 
sequences of interest, and eliminates the replicative functions 
of the virus. Genes encoding antibiotic resistance often are 
included as a means of selection. Promoter and enhancer 
functions also may be included, for example, to provide for 
tissue-speci?c expression folloWing in vivo administration. 
Promoter and enhancer functions contained in long terminal 
repeats may also be used. 
[0051] Such viruses, and modi?cations of such viruses 
Which carry an exogenous nucleic acid sequence of interest, 
can only be produced in viral packaging cell lines. The pack 
aging cell line may be constructed by stably inserting the 
deleted viral genes (gag, pol and env) into the cell such that 
they reside on different chromosomes to prevent recombina 
tion. The packaging cell line is used to construct a producer 
cell line that Will generate replication-defective retrovirus 
containing the nucleic acid sequence of interest by inserting 
the recombinant proviral DNA. Plasmid DNA containing the 
long terminal repeat sequences ?anking a small portion of the 
gag gene that contains the encapsidation sequence and the 
genes of interest is transfected into the packaging cell line 
using standard techniques for DNA transfer and uptake (elec 
troporation, calcium precipitation, etc.). Variants of this 
approach have been employed to decrease the likelihood of 
production of replication-competent virus (Jolly, D., Cancer 
Gene Therapy, 1994, 1, 51-64). The host cell range of the 
virus is determined by the envelope gene (env) and substitu 
tion of env genes With different cell speci?cities can be 
employed. Incorporation of appropriate ligands into the enve 
lope protein may also be used for targeting. 
[0052] Administration of recombinant retroviral vectors 
may be accomplished by any suitable technique. Such tech 
niques include, for example, ex vivo transduction of patients’ 
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cells, direct injection of virus into tissue, and by the admin 
istration of the retroviral producer cells. ex vivo approaches 
require the isolation and maintenance in tissue culture of the 
patient’s cells. In this context, a high ratio of viral particles to 
target cells can be achieved and thus improve the transduction 
ef?ciency (see, e.g., US. Pat. No. 5,399,346, the disclosure of 
Which is incorporated herein by reference). US. Pat. No. 
4,650,764 contains disclosure relevant to the use of retroviral 
expression systems and the disclosure of this referenced 
patent is incorporated herein by reference. 
[0053] In some cases direct introduction of virus in vivo is 
necessary or preferred. Retroviruses have been used to treat 
brain tumors Wherein the ability of a retrovirus to infect only 
dividing cells (tumor cells) may be particularly advanta 
geous. The administration of a retrovirus producer cell line 
directly into a brain tumor in a patient has also been proposed 
(see e.g., Old?eld et al., Hum. Gene Ther., 1993, 4: 39-69). 
Such a producer cell Would survive Within the brain tumor for 
a period of days, and Would secrete retrovirus capable of 
transducing the surrounding brain tumor. 
[0054] Pox virus-based systems for expression have been 
described (Moss, B. and Flexner, C., Annu. Rev. Immunol., 
1987, 5: 305-324; Moss, B., In Virology, 1990, pp. 2079 
2111). Vaccinia, for example, are large, enveloped DNA 
viruses that replicate in the cytoplasm of infected cells. Non 
dividing and dividing cells from many different tissues are 
infected, and gene expression from a nonintegrated genome is 
observed. Recombinant virus can be produced by inserting 
the transgene into a vaccinia-derived plasmid and transfect 
ing this DNA into vaccinia-infected cells Where homologous 
recombination leads to the virus production. A signi?cant 
disadvantage is that it elicits a host immune response to the 
150 to 200 virally encoded proteins making repeated admin 
istration problematic. 
[0055] The herpes simplex virus is a large, double-stranded 
DNA virus that replicates in the nucleus of infected cells. This 
virus is adaptable for use in connection With exogenous 
nucleic acid sequences (see Kennedy, P. G. E. and Steiner, I., 
Q. J. Med., 1993, 86: 697-702). Advantages include a broad 
host cell range, infection of dividing and nondividing cells, 
and large sequences of foreign DNA can be inserted into the 
viral genome by homologous recombination. Disadvantages 
are the dif?culty in rendering viral preparations free of repli 
cation-competent virus and a potent immune response. Dele 
tion of the viral thymidine kinase gene renders the virus 
replication-defective in cells With loW levels of thymidine 
kinase. Cells undergoing active cell division (e.g., tumor 
cells) possess suf?cient thymidine kinase activity to alloW 
replication. 
[0056] A variety of other viruses, including HIV, the minute 
virus of mice, hepatitis B virus, and in?uenza virus, have been 
disclosed as vectors for gene transfer (see Jolly, D., Cancer 
Gene Therapy, 1994, 1 : 51-64). Nonviral DNA delivery strat 
egies are also applicable. These DNA delivery strategies 
relate to uncomplexed plasmid DNA, DNA-lipid complexes, 
DNA-liposome complexes, DNA-protein complexes, DNA 
coated gold particles and DNA-coated polylactide cogly 
colide particles. Puri?ed nucleic acid can be injected directly 
into tissues and results in transient gene expression for 
example in muscle tissue, particularly effective in regenerat 
ing muscle (Wolff et al., Science, 1990, 247: 1465-1468). 
Davis et al. (Hum. Gene Ther., 1993, 4: 733-740) has pub 
lished on direct injection of DNA into mature muscle (skel 
etal muscle is generally preferred). 
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[0057] Plasmid DNA on gold particles can be “?red” into 
cells (e.g. epidermis or melanoma) using a gene-gun. DNA is 
coprecipitated onto the gold particle and then ?red using an 
electric spark or pressuriZed gas as propellant (Fynan et al., 
Proc. Natl. Acad. Sci. USA, 1993,90: 11478-11482). Elec 
troporation has also been used to enable transfer of DNA into 
solid tumors using electroporation probes employing multi 
needle arrays and pulsed, rotating electric ?elds (Nishi et al., 
in Cancer Res., 1996, 56:1050-1055). High ef?ciency gene 
transfer to subcutaneous tumors has been claimed With sig 
ni?cant cell transfection enhancement and better distribution 
characteristics over intra-tumoral injection procedures. 

[0058] Lipid-mediated transfections are preferred for both 
in vitro and in vivo transfections (Horton et al., J. Immunol 
ogy, 162:6378, 1999). Lipid-DNA complexes are formed by 
mixing DNA and lipid 1 to 5 minutes before injection, using 
commercially available lipids such as DMRIE-C reagent. 
[0059] Liposomes Work by surrounding hydrophilic mol 
ecules With hydrophobic molecules to facilitate cell entry. 
Liposomes are unilamellar or multilamellar spheres made 
from lipids. Lipid composition and manufacturing processes 
affect liposome structure. Other molecules can be incorpo 
rated into the lipid membranes. Liposomes can be anionic or 
cationic. Nicolau et al. (Proc. Natl. Acad. Sci. USA, 1983, 
80: 1068-1072) has published Work relating to insulin expres 
sion from anionic liposomes injected into rats. Anionic lipo 
somes mainly target the reticuloendothelial cells of the liver, 
unless otherWise targeted. Molecules canbe incorporated into 
the surface of liposomes to alter their behavior, for example 
cell-selective delivery (Wu, G. Y. and Wu, C. H., J. Biol. 
Chem., 1987, 262: 4429-4432). 
[0060] Felgner et al. (Proc. Nat. Acad. Sci. USA, 1987, 
84: 7413-7417) has published Work relating to cationic lipo 
somes, demonstrated their binding of nucleic acids by elec 
tro static interactions and shoWn cell entry. Intravenous inj ec 
tion of cationic liposomes leads to transgene expression in 
most organs on injection into the afferent blood supply to the 
organ. Cationic liposomes can be administered by aerosol to 
target lung epithelium (Brigham et al., Am. J. Med. Sci., 
1989, 298: 278-281). In vivo studies With cationic liposome 
transgene delivery have been published (see, e.g., Nabel, G., 
Rev. Hum. Gene Ther., 1994, 5: 79-92; Hyde et al., Nature, 
1993, 362: 250-255 and; Conary et al., J. Clin. Invest., 1994, 
93: 1834-1840). 
[0061] Microparticles are being studied as systems for 
delivery of DNA to phagocytic cells such approaches have 
been reported by Pangaea Pharmaceuticals. Such a DNA 
microencapsulation delivery system has been used to effect 
more e?icient transduction of phagocytic cells, such as mac 
rophages, Which ingest the microspheres. The microspheres 
encapsulate plasmid DNA encoding potentially immuno 
genic peptides Which, When expressed, lead to peptide dis 
play via MHC molecules on the cell surface Which can stimu 
late immune response against such peptides and protein 
sequences Which contain the same epitopes. This approach is 
presently aimed toWards a potential role in anti-tumor and 
pathogen vaccine development but may have other possible 
gene therapy applications. 
[0062] Natural viral coat proteins Which are capable of 
homogeneous self-assembly into virus-like particles (VLPs) 
have also been used to package DNA for delivery. The major 
structural coat protein (VP1) of human polyoma virus can be 
expressed as a recombinant protein and is able to package 
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plasmid DNA during self-assembly into a VLP. The resulting 
particles can be subsequently used to transduce various cell 
lines. 

[0063] Improvements in DNA vectors have also been made 
and are likely applicable to many of the non-viral delivery 
systems. These include the use of supercoiled minicircles 
(Which do not have bacterial origins of replication nor anti 
biotic resistance genes and thus are potentially safer as they 
exhibit a high level of biological containment), episomal 
expression vectors (replicating episomal expression systems 
Where the plasmid ampli?es Within the nucleus but outside 
the chromosome and thus avoids genome integration events) 
and T7 systems (a strictly a cytoplasmic expression vector in 
Which the vector itself expresses phage T7 RNA polymerase 
and the therapeutic gene is driven from a second T7 promoter, 
using the polymerase generated by the ?rst promoter). Other, 
more general improvements to DNA vector technology 
include use of cis-acting elements to effect high levels of 
expression, sequences derived from alphoid repeat DNA to 
supply once-per-cell-cycle replication and nuclear targeting 
sequences. 

[0064] In other aspects, the present invention relates to 
methods for enhancing presentation of an MHC Class II 
presented antigenic peptide to a T-lymphocyte. As discussed 
in U.S. Pat. No. 6,432,409, the MHC Class II-restricted anti 
genic epitope is appropriately incorporated into the C-termi 
nus of an enhancing hybrid of the present invention, described 
above. The produced enhancing hybrid is then contacted 
under physiological conditions to an MHC Class II express 
ing antigen presenting cell Which is in contact With or is then 
contacted to a T cell Which is responsive to the presentation of 
the antigenic epitope by an MHC Class II molecule of the 
antigen presenting cell. This method is suitable for use With 
all antigenic epitopes Which conform to the above listed 
description of an antigenic epitope. Examples of methods to 
assay such enhancement in vitro are detailed in the Exempli 
?cation section beloW, and in U. S. patents listed in the present 
disclosure. 

[0065] In one aspect, the subject invention relates to a 
method to improve the potency of peptide vaccines contain 
ing MHC Class II-presented epitopes of antigens of interest to 
activate CD4+ immunoregulatory T cells for therapeutic or 
diagnostic purposes. A Wide range of diseases and conditions 
in humans Will bene?t from the application of the compounds 
and methods of this invention to activate CD4+ immunoregu 
latory T cells. Such CD4+ immunoregulatory T cells can 
either augment or suppress the immune response to antigens 
of clinical interest in cancer, infectious disease, allergy, 
autoimmunity, graft rejection, and other clinical processes. 
[0066] Antigens of clinical interest in the treatment or 
modi?cation of various diseases and conditions as presented 
herein, are recognized by the T cells of the immune system as 
small peptide fragments, Which are presented by Major His 
tocompatibility Complex (MHC) molecules on the surfaces 
of antigen presenting cells. MHC Class I molecules present 
such antigenic peptides to CD8+ cytotoxic or killer T cells. 
Most cells of the body express cell surface MHC Class I-pre 
sented peptides Which have been draWn from the repertoire of 
cellular proteins and bound into the MHC Class I molecules 
of those cells at the time of their synthesis in the endoplasmic 
reticulum (the “immunological survey of self’). After viral 
infection or malignant transformation, the CD8+, cytotoxic T 
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cells recogniZe the novel or “foreign” endogenously derived 
peptides in the MHC Class I molecules and kill the presenting 
cells. 

[0067] MHC Class II molecules present antigenic peptides 
to CD4+ T immunoregulatory cells, Which regulate the 
immune response by augmenting or suppressing various 
effector mechanisms of that response. Such effector mecha 
nisms include, for example, cytotoxic T cell killing of target 
cells, antibody production by B cells and plasma cells, and 
dendritic cell activation. Because they regulate directly or 
indirectly almost all mechanisms in the immune response, 
CD4+ T immunoregulatory cells have been called the con 
ductors of the immune response orchestra. MHC Class II 
molecules are expressed on only a subset of the cells of the 
body, such as macrophages, dendritic cells, and B-cells that 
have specialiZed mechanisms to intemaliZe and process anti 
gens of the environment. At the time of synthesis in the 
endoplasmic reticulum, the antigenic peptide-binding site of 
MHC Class II molecules is ?lled With the Ii protein. After 
transport of that complex to a post-Golgi, antigen charging 
compartment, the Ii protein is removed by proteases With the 
concerted insertion of antigenic peptides from foreign pro 
teins, Which have been internaliZed and processed by the 
antigen processing cells (CressWell P. Cell. 1996 84:505-7; 
HudsonA W. Exp Cell Res. 2002 272: 1-7; Bryant P W. Adv 
Immunol. 2002 80171-114). The Ii-Key segment of the Ii 
protein interacts With an allosteric site on the MHC Class II 
molecule to induce lability of the antigenic peptide binding 
site during release of the Ii protein and binding of a selected 
antigenic peptide. After dissociation/ destruction of the Ii-Key 
segment, the antigenic peptide is tightly bound in the MHC 
Class II molecule, for extended expression in the antigenic 
peptide binding site of those molecules. After transport to the 
cell surface, such MHC Class II-antigen peptide complexes 
are recogniZed by specialiZed receptors on CD4+ T immuno 
regulatory cells. Activation of those cells regulates the 
immune response in various Ways, Which are considered later 
in terms of individual therapeutic objectives. In brief, subsets 
of CD4+ cells may be activated along Th1, Th2, or Th2 
pathWays, Which are characterized by differential induction 
of cytokines and other genes. Those regulatory cells either 
induce or suppress immune responses in an antigen-speci?c 
manner. Furthermore, CD4+ T cells can be induced to be a 
long-lived population of memory T cells. 
[0068] The allosteric site at Which the Ii-Key segment of the 
Ii protein interacts is accessible to the environment in cell 
surface-expressed MHC Class II molecules. This fact is of 
considerable value clinically because Ii-Key/antigenic 
epitope hybrids peptides can be administered in a simple 
manner in a ?uid phase, for example subcutaneously, intra 
venously, intrathecally, intraperitoneally, transmucosally and 
as an aerosol to the respiratory tract, and can contact the target 
MHC Class II molecules Without traversing membranes or 
undergoing any special intracellular or metabolic processing 
or modi?cation. Furthermore, the fact that the allosteric site 
of MHC Class II molecules is expressed on the surfaces of 
living, or even parafor'maldehyde-?xed antigen presenting 
cells has facilitated in vitro studies of the mechanism of action 
of Ii-Key peptides and of Ii-Key/antigenic epitope hybrid 
peptides, as presented both herein and previously in U.S. Pat. 
No. 5,559,028 (1996) and U.S. Pat. No. 5,919,639 (1999). 
[0069] In addition to the favored property of contacting cell 
surface-expressed With MHC Class II molecules after a 
simple ?uid phase administration, the Ii-Key/antigenic 
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epitope hybrid peptides can also be taken up in an antigen 
processing and presenting cell, such as a macrophage or 
dendritic cell, and contacted to MHC Class II molecules in the 
course of their transversing a post-Golgi, antigen charging 
compartment. Selective use of either these tWo, very different 
pathWays for antigen to contact MHC Class II molecules is 
useful during the treatment of various diseases and conditions 
as described herein. For example, intravenous administration 
at a loW concentrations over a long period of time, Will favor 
epitope presentation in a manner yielding immunosuppres 
sion, Which is favored for example in the case of peptide 
epitopes from antigens related to multiple sclerosis or rheu 
matoid arthritis. Or, on the other hand, in the case of augment 
ing the immune response to a subsequently administered 
DNA vaccine for an antigen relevant to therapy of either a 
cancer or an infectious disease, administration of an Ii-Key/ 
antigenic epitope incorporating an epitope coded by the DNA 
vaccine With an adjuvant cytokine or other stimulant pro 
motes development of a Th1 -mediated response. 

[0070] The method of enhancing presentation of an MHC 
Class II-restricted antigenic epitope to a T lymphocyte ?nds 
Wide application in the diagnosis and therapy of diseases. T 
cell responses to diagnostic antigenic epitopes are often mea 
sured in the diagnosis of diseases, particularly With respect to 
etiological infectious agents. The use of enhancing hybrids of 
the present invention Which have such diagnostic antigenic 
epitopes incorporated Will increase substantially the sensitiv 
ity of these in vitro diagnostic assays. In the case of infectious 
diseases and cancer, antigenic epitopes Which are identi?ed 
as pathogen or cancer speci?c can be incorporated into an 
enhancing hybrid of the present invention and the hybrid then 
used to initiate a Th response to a pathogen or cancer speci?c 
MHC Class II-presented antigenic epitope. This response 
leads to activation and expansion of T helper cells Which in 
turn activate or ‘license’ dendritic cells, to prime an effective 
MHC Class I restricted cytotoxic T lymphocyte response 
toWard the invading organism. In the case of autoimmune 
diseases, allergy, and graft rejection, speci?c antigenic 
epitopes Which trigger the pathogenic immune response are 
identi?ed and then incorporated into an enhancing hybrid of 
the present invention. The hybrid is then used to stimulate T 
cells in a manner leading to a Th2 response Which Will doWn 
regulate T cell responses. In this case, stimulation of a sup 
pressor cell response is used to doWn regulate a pathogenic 
immune response. Methods for identifying enhancing 
hybrids Which speci?cally stimulate a predetermined subset 
of T lymphocytes are described beloW. Additional methods 
and utilities of such hybrids in the therapy of disease are 
considered beloW. 

[0071] In another aspect, the Ii-Key antigenic epitope 
hybrids increase the repertoire of MHC Class II alleles, and 
therefore the reaction of individuals in the vaccinated popu 
lation Who can be immunized With any given MHC Class 
II-presented epitope. Since the potency of an antigenic 
epitope presented Within an Ii-Key/ antigenic epitope hybrid 
is much larger than that of the same epitope presented as a 
peptide, mammals With loW responder MHC Class II alleles 
for that given epitope may be stimulated to a level equivalent 
to mammals With high responder MHC Class II alleles. The 
development of immunoregulatory T cell clones recognizing 
that epitope Will lead to enhanced subsequent presentation of 
the same epitope from an antigen of interest, for example of a 
malignant or virus-infected cell. This expansion of the reper 
toire of MHC Class II alleles promoting a therapeutic 
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response to any one epitope, leads to a greater portion of the 
population being protected by immunizing With any given 
epitope. Thus, a “basket of peptides” vaccine, i.e., one con 
taining peptides With various epitopes, is not needed. That is, 
Without the use of the Ii-Key/ anti genic epitope hybrid, a much 
larger number of individual antigenic epitope peptides must 
be used in a T helper peptide vaccine. 

[0072] In another aspect, Ii-Key/antigenic epitope hybrids 
enhance responses to DNA vaccines. Vaccines containing the 
cDNA sequence for one or more antigens from either a patho 
gen or a tumor speci?c or tumor-associated antigen are being 
tested clinically. HoWever, in many instances, high levels of 
protective antibodies, or long duration immunological 
memory, or maximal cytotoxic T cell responses, are not 
found. This lack of potency has been ascribed to Weak helper 
T cell responses to such immunization. T helper cells can 
therefore be primed With Ii-Key/ antigenic epitope hybrids to 
MHC Class II-presented epitopes in the cDNA vaccine in a 
suitable temporal schedule to maximize immunization With 
the cDNA vaccine. 

[0073] In another aspect, addition of the Ii-Key-linker to 
each of a member of a library of peptides, overlapping 
through the sequence of an antigen of interest, increases the 
sensitivity of picking up MHC Class II epitopes. Given the 
increased potency of presentation of epitope in such hybrids, 
Weakly antigenic epitopes, and epitopes With other limita 
tions in inducing a particular pathWay of biological response, 
for example those mediated by IgE, might be better recog 
nized. Furthermore, in the case of combinatorial libraries of 
peptides synthesized With homology to a given experimental 
antigenic epitope, or a sequence only partially identi?ed, for 
example by HLPC separation and tandem mass spectrogra 
phy, the potency of peptides in such libraries can be enhanced 
by synthesizing the Ii-Key motif and linker at the N-terminus 
of such peptides. The fact that the synthesis of such peptides 
proceeds from the C- to the N-termini is favorable because 
either, sequentially ava, then K, then M, then R, then L 
(LRMK in reverse) (SEQ ID NO: 8) can be added, or Ac 
LRMK-ava (SEQ ID NO: 9) canbe added terminally as a unit. 

[0074] In another aspect Ii-Key/antigenic epitope technol 
ogy can be applied in the discovery, validation and use of 
cryptic antigenic epitopes. Cryptic antigenic epitopes have 
been de?ned empirically to be those epitopes, Which are 
recognized upon immunization of a mammal With a peptide 
from an antigenic protein, but not upon immunization of a 
genetically identical mammal With the intact antigenic pro 
tein. In extensive experimental studies by Sercarz and col 
leagues, a procedure Was established to discover most cryptic 
epitopes in a given antigenic protein, With respect to a given 
strain of mice. A library of peptides, for example each 15 
amino acids in length With overlapping terminal segment of 6 
amino acids, Was created through the primary amino acid 
sequence of an antigen protein of interest, for example hen 
egg lysozyme. One mouse of a given strain Was immunized 
With lysozyme and the proliferative response of splenic T 
cells to each of the peptides in the lysozyme library Was 
tested. The epitopes in peptides stimulating the proliferative 
response Were termed dominant epitopes. When additional 
mice of that strain Were immunized With each of the respec 
tive peptides of the library of lysozyme peptides, all of the 
dominant epitopes Were found to be immunogenic in isolated 
peptides, but additional epitopes Were also discovered. These 
additional experiments Were termed cryptic epitopes. Sercarz 
and colleagues demonstrated a series of mechanisms by 
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Which cryptic epitopes are not immunogenic When presented 
Within the intact proteins. The clinical value of cryptic 
epitopes lies in part in the fact that a given individual is very 
unlikely to have previously recognized such epitope immu 
nologically and therefore has not been tolerized to that 
epitope. Upon presentation of such cryptic epitopes Within 
Ii-Key hybrids, therefore, a robust immune response can be 
developed, if the dose, route, schedule and adjuvants are 
designed toWard that end. In the case of cancer, and even in 
the case of some infectious agents, tolerance can be devel 
oped to one or more epitopes, With the end result being that an 
effective immune response of the host is blocked. Cryptic 
epitope offer a novel repertoire of antigenic epitopes for such 
therapeutic purposes. Likewise such epitopes from allergens 
offer targets to develop therapeutic Thl response While an 
IgE-promoting Th2 response had been developed toWard 
dominant epitopes of the allergen. In such cases, Ii-Key/ 
antigenic epitope hybrids containing dominant epitopes 
might exacerbate the pathological allergic responses. 
[0075] In another aspect, the Ii-Key/antigenic epitope 
hybrids are favored in clinical diagnostic or therapeutic 
immunizations of patient for responses to epitopes in antigen 
of interest. That is, immunizing With Ii-Key/ anti genic epitope 
hybrids as opposed to the epitope peptide, is favored because 
the dose required to obtain a clinically signi?cant result is 
greatly reduced. Concomitantly the likelihood of a fatal ana 
phylactic response to the antigen, either in the case of an 
allergen, or otherWise, is reduced. 
[0076] Additional assay systems can be used to measure the 
effect of incorporating an antigenic epitope other than a single 
MHC Class II epitope into an enhancing hybrid of the present 
invention. Assays With alternative readouts include, Without 
limitation, measuring e?icacy of immunoglobulin production 
from B cells, measuring e?icacy of cytotoxic T cell genera 
tion, and the use of native T cells from animals Which are 
outbred, inbred, congenic, transgenic for a T cell receptor or 
another biologically relevant molecule. 
[0077] Methods for modulating the immune response of an 
individual ?nds application in the therapeutic treatment of an 
individual With a disease or condition. An antigenic epitope to 
Which an enhanced immune response is considered to be 
bene?cial in treatment of the patient is ?rst selected. In one 
embodiment, the molecule from Which the antigenic epitope 
is derived plays a role in pathogenesis. Alternatively, the 
antigenic epitope may be an epitope found on a harmful agent 
such as a pathogen, or on a pathogen infected cell. The term 
‘therapeutic treatment’ as used herein is intended to include 
ameliorating the signs or symptoms of disease, or arresting 
the progression of disease in an individual identi?ed or con 
sidered to be suffering from a disease. The term ‘prevention’ 
as used herein is intended to include ameliorating the under 
lying cause to, or associated factor predisposing to, a disease, 
in an individual Who might not have begun to experience 
recognizable signs or symptoms of a disease. 
[0078] The disease may be an infectious disease caused or 
associated With infection by a bacterium, a virus, a parasite, a 
fungus, a rickettsia, or other infectious agent, or combination 
of such agents. The therapy may be directed against the toxin 
of a disease or against a receptor for a toxin of a disease. 
Preferred toxins for epitope derivation include, Without limi 
tation, staphylococcal enterotoxins, toxic shock syndrome 
toxin, retroviral antigens (e.g. antigens derived from human 
immunode?ciency virus), streptococcal antigens, myco 
plasma, mycobacterium, and herpes viruses. Highly pre 
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ferred toxins are anthrax toxin (lethal factor, edema factor and 
protective antigen), SEA, SEB, SE1_3, SED and SEE. 
[0079] The disease or condition may be considered to be an 
autoimmune process, for example rheumatoid arthritis, mul 
tiple sclerosis, lupus erythematosus, diabetes mellitus, myas 
thenia gravis, autoimmune thyroiditis, scleroderrna, dermato 
myositis, pemphigus, and other similar processes. Examples 
of such model systems for autoimmune diseases Which can be 
used to evaluate the effects of the compounds and methods of 
the present invention are systemic lupus erythematosus, 
myasthenia gravis, rheumatoid arthritis, insulin dependent 
diabetes mellitus, and experimental allergic encephalomyeli 
tis. The procedures for conducting these experiments are 
presented in Clark et al., (1994) US. Pat. No. 5,284,935, the 
contents of Which are incorporated herein by reference. 
[0080] The disease or condition may be considered to be an 
allergic process, for example asthma, hayfever, allergic rhini 
tis, topical dermatitis, colitis, and other such processes initi 
ated or associated With particular allergens or no de?ned 
allergen. Examples of such allergens are plant, animal, bac 
terial, parasitic allergens and metal-based allergens that cause 
contact sensitivity. Preferred allergens for use in the present 
invention are Weed, grass, peanut, mite, ?ea and cat antigens. 
[0081] Alternatively, the disease or condition may be a 
proliferative or malignant process, for example cancer, 
benign prostatic hypertrophy, psoriasis, adenomas or other 
cellular proliferations of intrinsic origin, or in response to a 
viral or other infectious, irritative, or environmental process. 
[0082] The term ‘mammal’ as used herein is meant to 
encompass the human species as Well as all other mammalian 
species. The compounds and methods of this invention may 
be applied in the treatment of diseases and conditions occur 
ring in individuals of all mammalian species. The term ‘indi 
vidual’ as used herein refers to one of any mammalian spe 
cies, including the human species. The diseases and 
conditions occurring in individuals of the human species, and 
mentioned herein by Way of example, shall include compa 
rable diseases or conditions occurring in another species, 
Whether caused by the same organism or pathogenic process, 
or by a related organism or pathogenic process, or by 
unknoWn or other knoWn, organism and/or pathogenic pro 
cess. The term ‘physician’ as used herein also encompasses 
veterinarians, or any individual participating in the diagnosis 
and/or treatment of an individual of a mammalian species. 

[0083] The present invention also provides for the admin 
istration of a compound, as a drug, a prodrug of the com 
pound, or a drug-metabolite of the compound, in a suitable 
pharmaceutical formulation. The terms ‘ administration of’ or 
‘administering a’ compound is understood to mean providing 
a compound of the invention, as a drug, a prodrug of the 
compound, or a drug-metabolite of the compound, to an indi 
vidual in need of treatment or prevention of a disease. Such a 
drug Which contains one or more of the hybrid polypeptides 
of the present invention, as the principal or member active 
ingredient, for use in the treatment or prevention of one or 
more of the above-noted diseases and conditions, can be 
administered in a Wide variety of therapeutic dosage forms in 
the conventional vehicles for topical, oral, systemic, and 
parenteral administration. The route and regimen of admin 
istration Will vary depending upon the disease or condition to 
be treated, and is to be determined by the skilled practitioner. 
For example, the compounds can be administered in such oral 
dosage forms for example as tablets, capsules (each including 
timed release and sustained release formulations), pills, poW 
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ders, granules, elixirs, tinctures, solutions, suspensions, syr 
ups and emulsions, or by injection. Likewise, they may also 
be administered in intravenous (either by bolus or infusion 
methods), intraperitoneal, subcutaneous, topical With or 
Without occlusion, or intramuscular form. All of these is 
forms are Well knoWn to those of ordinary skill in the phar 
maceutical arts. 

[0084] The daily dose of the products may be varied over a 
range from 0.001 to 1,000 mg per adult per day. For oral 
administration, the compositions are preferably provided in 
the form of tables containing from 0.001 to 1,000 mg, pref 
erably 0.001, 0.01, 0.05, 0.1, 0.5, 1.0, 2.5, 10.0, 20.0, 50.0, 
100.0 milligrams of active ingredient for the symptomatic 
adjustment of dosage according to signs and symptoms of the 
patient in the course of treatment. An effective amount of drug 
is ordinarily supplied at a dosage level of from about 0.0001 
mg/kg to about 50 mg/kg of body Weight per day. The range 
is more particular from about 0.0001 mg/kg to 7 mg/kg of 
body Weight per day. 
[0085] Advantageously, suitable formulations of the 
present invention may be administered in a single daily dose, 
or the total daily do sage may be administered in divided doses 
for example of tWo, three, or four times daily. The enhancing 
hybrid polypeptide of the present invention may be used to 
prepare a medicament or agent useful for the treatment of the 
diseases or conditions listed above. Furthermore, compounds 
of the present invention can be administered in intranasal 
form via topical use of suitable intranasal vehicles, or via 
transdermal routes, using those forms of transdermal skin 
patches Well knoWn to those of ordinary skill in the art. To be 
administered in the form of a transdermal delivery system, the 
dosage administration Will, or course, be continuous rather 
than intermittent throughout the dosage regimen. 
[0086] For treatment and prevention of disease, the hybrid 
polypeptide of the present invention may be administered in a 
pharmaceutical composition comprising the active com 
pound in combination With a pharmaceutically acceptable 
carried adopted for topical administration. Topical pharma 
ceutical compositions may be, for example, in the form of a 
solution, cream, ointment, gel, lotion, shampoo, or aerosol 
formulation adapted for application to the skin. These topical 
pharmaceutical composition containing the compounds of 
the present invention ordinarily include about 0.005% to 5% 
by Weight of the active compound in admixture With a phar 
maceutically acceptable vehicle. 
[0087] For the treatment and prevention of disease and 
conditions, for example listed above, the hybrid polypeptide 
of the present invention may be used together With other 
agents knoWn to be useful in treating such diseases and con 
ditions. For combination treatment With more than one active 
agent, Where the active agents can be administered concur 
rently, the active agents can be administered concurrently, or 
they can be administered separately at staggered times. 
[0088] The dosage regimen utiliZing the compositions of 
the present invention is selected in accordance With a variety 
of factors, including for example type, species, age, Weight, 
sex and medical condition of the patient, the severity of the 
condition to be treated, and the particular compound thereof 
employed. A physician of ordinary skill can readily determine 
and prescribe the effective amount of the drug required to 
prevent, counter, or arrest the progress of the disease or con 
dition. Optimal precision in achieving concentration of drug 
With the range that yields e?icacy either Without toxicity or 
With acceptable toxicity requires a regimen based on the 
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kinetics of the drug’s availability to target sites. This process 
involves a consideration of the distribution, equilibrium, and 
elimination of the drug, an is Within the ability of the skilled 
practitioner. 
[0089] In the methods of the present invention, the com 
pounds herein described in detail can form the active ingre 
dient and are typically administered in admixture With suit 
able pharmaceutical diluents, excipients or carders 
(collectively referred to herein as ‘carder materials’) suitably 
selected With respect to the intended form of administration, 
that is, oral tablets, capsules, elixirs, syrups, and the like, and 
consistent With conventional pharmaceutical practices. For 
instance, for oral administration in the form of a tablet or 
capsule, the active drug component can be combined With an 
oral, non-toxic pharmaceutically acceptable inert carrier such 
as ethanol, glycerol, Water and the like. Moreover, When 
desired or necessary, suitable binders, lubricants, disintegrat 
ing agents and coloring agents can also be incorporated into 
the mixture. Suitable binders include, Without limitation, 
starch, gelatin, natural sugars such as glucose or beta-lactose, 
corn sWeeteners, natural and synthetic gums such as acacia, 
tragacanth or sodium alginate, carboxymethyl cellulose, 
polyethylene glycol, Waxes and the like. Lubricants used in 
these dosage forms include, Without limitation, sodium ole 
ate, sodium stearate, magnesium stearate, sodium benZoate, 
sodium acetate, sodium chloride and the like. Disintegrators 
include, Without limitation, starch, methyl cellulose, aga, 
bentonite, xanthan gum and the like. 
[0090] The liquid forms may be suitably ?avored suspend 
ing or dispersing agents such as the synthetic and natural 
gums, for example, tragacanth, acacia, methyl cellulose and 
the like. Other dispersing agents Which may be employed are 
glycerin and the like. For parental administration, sterile sus 
pensions an solutions are desired. lsotonic predations Which 
generally contain suitable preservatives are employed When 
intravenous administration is desired. 
[0091] Topical preparations containing the active drug 
component can be admixed With a variety of carrier materials 
Well knoWn in the art, such as, for example, alcohols, aloe 
vera gel, allatoin, glycerine, vitamins A or E oils, mineral oil, 
PPG2 myristyl propionate, and the like, to form, for example, 
alcoholic solutions, topical cleansers, cleansing creams, skin 
gels, skin lotions, and shampoos in cream or gel formulations. 
[0092] The hybrid polypeptide of the present invention can 
also be administered in the form of liposome delivery sys 
tems, such as small unilamellar vesicles, large unilameller 
vesicles and multilamellar vesicles. Liposomes can be 
formed from a variety of compounds, including for example 
cholesterol, stearylamine, and various phosphatidylcholines. 
[0093] The hybrid polypeptide or formulation thereof of 
the present invention may be coupled to a class of biodegrad 
able polymers useful in achieving controlled release of a 
drug, for example, polylactic acid, polyepsilon caprolactone, 
polyhydroxy butyric acid, polyorthoesters, polyacetals, poly 
dihyrdo-pyrans, polycyanoacrylates, and cross-linked or 
amphipathic block copolymers of hydrogels. 
[0094] The hybrid polypeptides of the present invention 
and formulations thereof can be prepared using readily avail 
able starting materials, reagents and conventional synthesis 
procedures. In these reactions, it is also possible to make use 
of variants Which are themselves knoWn to those of ordinary 
skill in this art, but are not mentioned in greater detail herein. 
[0095] As an alternative to administering the enhancing 
hybrid of the present invention directly to an individual to 
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enhance the MHC Class II presentation of an antigenic 
epitope to T lymphocytes of the individual, a population of 
antigen presenting cells may be obtained from the individual 
and treated ex vivo With the enhancing hybrid of the present 
invention. These cells are treated With the enhancing hybrid 
under conditions appropriate for binding of the hybrid to an 
MHC Class II molecule of the antigen presenting cells. Once 
treated, the antigen presenting cells are administered to the 
individual under conditions Which promote physical contact 
of the treated cells With T lymphocytes of the individual. As 
described above, the effect on the immune response, enhance 
mentor suppression, Will depend upon Which subset of T cells 
are preferentially stimulated by the enhancing hybrid. 
Enhancement of the immune response may have a favorable 
effect upon the cytotoxic response against, for example, 
either a cancer cell or an infectious organism. Altemately, 
enhancement of the T suppressor cell response may have the 
effect of suppressing the immune response to a speci?c mol 
ecule. Such suppression may have a therapeutic effect When 
utiliZing antigenic epitopes from etiological antigens of 
autoimmune diseases, for example, rheumatoid arthritis, 
multiple sclerosis, myasthenia gravis, or lupus erythemato 
sus. The methods and procedures for the ex vivo treatment of 
cells from a patient With the compounds and methods of the 
present invention may be adapted from the folloWing patents, 
the contents of Which are incorporated herein by reference: 
Rosenberg (1998) US. Pat. No. 5,126,132; Chada et al., 
(1997) US. Pat. No. 5,693,522; Kriegler et al., (1998) US. 
Pat. No. 5,849,586; Gruber et al., (1999) US. Pat. No. 5,856, 
185; and Kriegler et al., (1999) US. Pat. No. 5,874,077. 
[0096] In another respect, the compounds and methods of 
the present invention can be used under ex vivo conditions to 
promote the generation of cytotoxic T lymphocytes, using the 
compounds and methods described in Celis et al., (1998) US. 
Pat. No. 5,846,827, the contents of Which are incorporated 
herein by reference. 
[0097] As discussed above, a non-comprehensive discus 
sion of speci?c examples of epitopes/determinants useful as 
elements in the enhancing hybrids of the present invention is 
provided in the Exempli?cation section. Also found in the 
corresponding Exempli?cation section is a discussion of 
methods for using an enhancing hybrid containing such an 
element. One skilled in the art, through the application of no 
more than routine experimentation, can incorporate experi 
mentally-determined or predicted epitopes/ determinants into 
an enhancing hybrid for application to a Wide range of disease 
or conditions. 

[0098] In another aspect this invention relates to a method 
to identify and exploit naturally occurring Ii-Key/MHC Class 
II antigenic epitopes Which have in the sequence a primary 
sequence motif Which functions during the processing and 
binding of such peptides to MHC Class II molecules in the 
classical exogenous pathWay, as does the synthetic Ii-Key/ 
antigenic epitope hybrids. 
[0099] Given the identi?cation of the presence or absence 
of such Ii-Key motifs comprising, one can modify the amino 
acid sequence of the protein in a manner to introduce such a 
motif When one Was not present, or to delete such a motif 
When one Was present. Such modi?cations are obtained for 
example trough manipulation of the genes coding of the anti 
genic protein in a manner to substitute a functionally accepted 
amino acid in the Ii-Key motif. In some instances a deletion or 
insertion of amino acids can obtain the same end, for example 
When the antigenic epitope occurs at or near the N-terminus of 
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the protein. Such modi?cations to change the immuno 
genecity of the protein have favorable clinical properties. For 
example, vaccine promoters can behave increased potency. 
Certain therapeutic proteins can have decrease immuno 
genecity. 
[0100] In another aspect, the present invention relates to 
methods for selecting biologically active MHC Class II-pre 
sented epitopes and altering the immune response to such 
epitopes in antigenic proteins or polypeptides. Speci?cally, 
this disclosure provides method to identify in the amino acid 
sequence of a protein the presence or absence of a Ii-Key 
immunoregulatory motif of 5 amino acids preceding an 
experimentally determined or algorithm-predicted, MHC 
Class II-presented, antigenic epitope. This immunoregula 
tory Ii-Key motif enhances charging of the antigenic epitope, 
Which folloWs it into the antigenic peptide binding site of 
MHC Class II molecules. Given predictions of antigenic 
epitopes Within a protein, identifying the subset of those 
epitopes preceded by an Ii-Key motif improves greatly the 
ef?ciency of vaccine peptide selection. Also, by modifying 
the sequence of a protein or polypeptide, for example, either 
to introduce or to eliminate an Ii-Key motif before selected 
MHC Class II-presented epitopes, the immunological 
response to that protein can be altered. 

[0101] Adverse immunological responses to a therapeutic 
protein can limit the use of such a protein. Such adverse 
immunological responses can be lessened either by decreas 
ing immunogenecity of some of the MHC Class II-presented 
epitopes or by inducing immunosuppression. For either case, 
insertion or alteration(s) at the location of an Ii-Key motif 
appropriately spaced before an MHC Class II epitope can 
achieve that endpoint Without alteration of the MHC Class II 
epitope itself. It may not be possible to alter residues Within 
the MHC Class II-epitope Without loss of the biological func 
tion of the therapeutic protein. The folloWing procedure is 
folloWed in designing sequence modi?cations in a therapeu 
tic protein of interest to alter its immunogenecity and/or the 
immune response to that protein. 

[0102] The sequence of a protein, or a fragment thereof, is 
established by one of several methods. The protein or frag 
ment thereof can be experimentally sequenced, or the 
sequence can be deduced from either the sequence of either 
the gene coding for the protein or a cDNA created from the 
RNA coding for the protein. Given that primary amino acid 
sequence, the experimentally determined or algorithm-pre 
dicted MHC Class II epitopes are speci?ed. The experimen 
tally determined epitopes are knoWn from prior investiga 
tions. The algorithm-predicted epitopes are found by several 
methods, such as the ProPred MHC Class-II Binding Peptide 
Prediction Server (Raghava G P. Nat Biotechnol. 1999 
17:555-61); Singh, H. Bioinformatics 2001 17:1236-7 (ac 
cess via: http://WWW.imtech.res.in/raghava/propred/index. 
html)). An alternative program is the SYFPEITHI program 
(Rammensee H-G. Immunogenetics 1999 50: 213-219 (ac 
cess via: http://134.2.96.221/scripts/MHCServer.dll/Ep. 
html)). These epitopes are also characterized With respect to 
the MHC Class II alleles, Which are either knoWn or predicted 
to present them to the immune system of humans or an experi 
mental animal such as the mouse. Thus, differing sets of 
predicted epitopes are obtained, according to the relevant 
presenting MHC Class II allele. Some epitopes are presented 
by multiple MHC Class II alleles and are, therefore, pre 
ferred. 
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[0103] This disclosure presents a method for the identi?ca 
tion of an Ii-Key immunoregulatory motif. Speci?cally, in the 
sequence of a protein, the immunoregulatory, Ii-Key motif is 
a segment of 5 contiguous amino acids containing at least tWo 
amino acids of the group comprising Leu, Ile, Val, Phe, and 
Met, and at least one of the group comprising His, Lys, and 
Arg, Where that contiguous 5 amino acid segment is separated 
by 5 to 11 amino acids from the N-terminal residue of the 
MHC Class II-presented epitope. 
[0104] The subset of such antigenic epitopes With the pres 
ence of an appropriately spaced Ii-Key motif lead to vaccine 
peptides to enhance the potency of the CD4+ T cell immune 
response. Such epitopes are considered to be more likely to be 
dominant or biologically active. Peptides With such epitopes 
are favored as vaccine protect against infectious diseases and 
cancer, and to immuno suppressive vaccines to allergy. The 
compositions and methods of the present invention relate to 
non-naturally occurring proteins or polypeptides Which con 
tain: l) a C-terminal element comprising an MHC Class 
II-presented epitope; 2) an N-terminal element comprising an 
Ii-key motif; and 3) an intervening element comprising a 
sequence from about 4 to about 11 amino acid residues. The 
use of the term non-naturally occurring is intended to require 
that the protein or polypeptide is modi?ed. Generally, the 
modi?cation is by recombinant DNA techniques, and the 
modi?cation or modi?cations take place Within elements 2) 
or 3) as de?ned above. The designations “N- and C-terminal” 
are meant to refer only to the relationship of these elements in 
the 3-part segment speci?cally recited. One of skill in the art 
Will recogniZe that if such a 3-part segment is located Within 
a protein, it is likely that additional residues Will extend in the 
C-terminal direction from the C-terminal element, and in the 
N-terminal direction from the N-terminal element. In addi 
tion to proteins or polypeptides as described above, the 
present application is also directed toWard expressible nucleic 
acid sequences Which encode such proteins or polypeptides. 

[0105] In preferred embodiments, the non-naturally occur 
ring protein or polypeptide is a modi?ed form of a naturally 
occurring protein or polypeptide. Therapeutic proteins repre 
sent a particularly important class. Such modi?ed proteins or 
polypeptides stimulate an immune response Which differs 
from that induced by their non-modi?ed, naturally-occurring 
counterparts. Such products include therapeutic proteins, 
such as hormones, cytokines, or other molecules interacting 
With cell surface receptors. Modi?cations of an Ii-Key motif 
can be made to eliminate its function, or a site N-terminal to 
a putative antigenic epitope can be modi?ed to introduce an 
Ii-Key motif. Such modi?cations suppress a deleterious 
immune response to the therapeutic protein. Such products 
include the therapeutic protein, and fragments thereof, and 
genetic constructs leading to their expression. 
[0106] Modi?cations most likely not to disturb the biologi 
cal function of a therapeutic protein to be engineered to alter 
immunogenecity include the folloWing. Presence is scored of 
sequences, and even individual amino acid residues, Which 
are knoWn from the crystallographic structure of the protein 
to be super?cially exposed on the protein, and thus more 
likely to accept a mutation Without loss of function. In the 
case of therapeutic proteins for Which the three dimensional 
structure has not been determined, various methods are 
applied to predicting acceptance of mutations to engineer an 
Ii-Key box appropriately spaced from an antigenic epitope. 
Distances from the N-terminus and from the C-terminus of 
the protein are determined. Upon modestly denaturing con 
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ditions, N-terminal and C-terminal antigenic epitopes can be 
presented by MHC Class II molecules. Epitopes at the N-ter 
minus of the protein are favored over epitopes at the C-termi 
nus, in part because the to-be-designed Ii-Key box is more 
distal. Also sequence alterations are more likely to be 
accepted in a sequence, Which is predicted to be on the surface 
of the protein, preferably in relatively loose con?guration. 
Such segments can be identi?ed in homologous proteins With 
a relatively higher frequency of naturally occurring muta 
tions. Segments are identi?ed containing residues, Which in 
site-directed mutational studies, have been shoWn to accept 
amino acid substitutions. By the preceding and additional 
methods, one skilled in the art Will predict segments of a 
protein that are more likely to accept Without loss of function, 
amino acid substitutions at residue positions resulting in the 
creation of Ii-Key box motifs at appropriate N-terminal dis 
placements from the N-terminus of an antigenic epitope. The 
folloWing peptide sequences are targeted for Ii-Key box 
manipulations, in rank order: epitopes knoWn to be MHC 
Class II-presented, epitopes predicted to be MHC Class II 
presented by MHC Class II alleles present either in the high 
est frequency among humans or in the animal strain of experi 
mental interest. Some of these methods are presented in US. 
Pat. No. 5,679,527 (1997), the content of Which is incorpo 
rated herein by reference. 
[0107] In addition to the above site-speci?c engineered 
replacements, one skilled in the art Will use additional com 
binatorial molecular biological methods to generate muta 
tions Within sets of residue positions to create an Ii-Key box 
motif spaced 4 to 8 amino acids N-terminal to a selected, 
either knoWn or putative antigenic epitope. Such methods 
may encompass the preparations of multiple products, Which 
are screened for altered immunogenecity With or Without 
retention of biological activity. 
[0108] Each experimentally determined or algorithm-pre 
dicted epitope in the protein of interest is examined for the 
presence in its primary sequence of a segment of 5 contiguous 
amino acids containing at least tWo amino acids of the group 
comprising Leu, Ile, Val, Phe, and Met, and at least one of the 
group comprising His, Lys, and Arg, Where that contiguous 5 
amino acid segment is separated by 4 to 12 amino acids from 
the N-terminal residue of a MHC Class II-presented epitope. 
The subset of all experimentally or algorithm-predicted 
epitopes meeting these criteria are preferred for developmen 
tal Work, including for example synthesis of peptide vaccines, 
chemical modi?cations of those vaccines for a favorable 
therapeutic effect, experimental study in animals, and clinical 
studies. In this disclosure the standard single letter nomen 
clature of the International Union of Pure and Applied Chem 
ists is used to identify amino acids Within the sequence of 
proteins or peptides. 
[0109] More preferable is the set of experimentally or algo 
rithm-predicted epitopes With a 4 to 8 amino acids separation 
from the N-terminal residue of the MHC Class II-presented 
epitope, of the segment of 5 contiguous amino acids contain 
ing at least tWo amino acids of the group comprising Leu, Ile, 
Val, Phe, and Met, and at least one of the group comprising 
His, Lys, and Arg. This set constitutes a subset of the set of 
experimentally or algorithm-predicted epitopes With a 0 to 12 
amino acids separation from the N-terminal residue of the 
MHC Class II-presented epitope, of the segment of 5 contigu 
ous amino acids containing at least tWo amino acids of the 
group comprising Leu, Ile, Val, Phe, and Met, and at least one 
of the group comprising His, Lys, and Arg. An important 
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utility in this method is the reduction in the number of can 
didate epitopes subject to study toward therapeutic or diag 
nostic development objectives. In each of the Exempli?cation 
Tables of this disclosure presenting either experimentally 
determined or algorithm-predicted epitopes, the presence of 
an Ii-Key box separated by 4-10 amino acids from the N-ter 
minus of the MHC Class II-presented epitope is indicated, 
With the number of intervening residue positions. Among 
these, preference is ranked according to the length of the 
separating interval, With shorter being better, among spacers 
of 4 or more amino acids. 

[0110] Peptides Which are chosen for synthesis have Within 
the natural primary sequence of the protein, an MHC Class 
II-presented epitope and a segment of 5 contiguous amino 
acids containing at least tWo amino acids of the group com 
prising Leu, Ile, Val, Phe, and Met, and at least one of the 
group comprising His, Lys, and Arg, the intervening segment 
of 0 to 12 amino acids, and the antigenic epitope, comprising 
a total length of 12 to 34 amino acids. More preferred is a 
synthetic peptide synthesiZed according to the primary 
sequence of the protein, including the segment of 5 contigu 
ous amino acids containing at least tWo amino acids of the 
group comprising Leu, Ile, Val, Phe, and Met, and at least one 
of the group comprising His, Lys, and Arg, the intervening 
segment of 4 to 11 amino acids, and the antigenic epitope, 
comprising a total length of 15 to 25 amino acids. The 
sequence of the synthetic peptide Will usually be the natural 
sequence of a mammalian protein, but also the protein may be 
a non-natural sequence, such as that generated by methods 
using a combinatorial library With selections for a useful 
function. Furthermore, the sequence of the protein may 
include modi?cations of the sequence of natural protein, 
including for example substitution, insertion, or deletion of 
one or more amino acids, including the use of non-natural 
amino acids. 

[0111] The selected peptides, including the segment of 5 
contiguous amino acids containing at least tWo amino acids of 
the group comprising Leu, Ile, Val, Phe, and Met, and at least 
one of the group comprising His, Lys, and Arg, the interven 
ing segment of 4 to 8 amino acids, and the antigenic epitope, 
comprising a total length of 12 to 34 amino acids Will be 
modi?ed to obtain favorable biological and pharrnacokinetic 
properties. These medications are selected from the group 
consisting of: a) acetylation of the N-terminus, b) amidation 
of the C-terminus; c) replacement of an amino acid With 
another natural or synthetic amino acid, d) replacement of an 
L-amino acid With a D-amino acid, e) inversion of the amino 
acid sequence and use of D-amino acids in each residue 
positions, f) modi?cations to limit proteolysis or clearance 
(inactivation), and g) modi?cations to improve solubility, 
transport and half-life. Methods of chemical modi?cation of 
therapeutic peptides for favorable therapeutic properties are 
presented, for example, in US. Pat. No. 5,679,527, the dis 
closure of Which is incorporated herein by reference. 
[0112] The method to design such modi?cations start With 
a list of identi?ed epitopes, ranked according to each of 
several characteristics in order to identify segments of the 
therapeutic protein, Which are more likely to accept Without 
loss of function, amino acid substitutions Which create an 
Ii-Key box motif appropriately spaced from the N-terminus 
of an antigenic epitope. The characteristics by Which the 
epitopes are ranked include, Without limitation, the folloW 
ing. Presence is scored of sequences, and even individual 
amino acid residues, Which are knoWn from the crystallo 
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graphic structure of the protein to be super?cially exposed on 
the protein, and thus more likely to accept a mutation Without 
loss of function. In the case of therapeutic proteins for Which 
the three dimensional structure has not been determined, vari 
ous methods are applied to predicting acceptance of muta 
tions to engineer an Ii-Key box appropriately spaced from an 
antigenic epitope. Distances from the N-terminus and from 
the C-terminus of the protein are determined. Upon modestly 
denaturing conditions, N-terminal and C-terminal antigenic 
epitopes can be presented by MHC Class II molecules. 
Epitopes at the N-terminus of the protein are favored over 
epitopes at the C-terminus, in part because the to -be-designed 
Ii-Key box is more distal. Presence in a sequence motif, 
Which is predicted to be on the surface of the protein, prefer 
ably in relatively loose con?guration. Segments are identi?ed 
Which in homologous proteins have a relatively higher fre 
quency of naturally occurring mutations. Segments are iden 
ti?ed containing residues, Which in site-directed mutational 
studies have been shoWn to accept amino acid substitutions. 
By the preceding and additional methods, one skilled in the 
art Will predict segments of a protein Which are more likely to 
accept Without loss of function, amino acid substitutions at 
residue positions Which create Ii-Key box motifs at appropri 
ate N-terminal displacements from the N-terminus of an anti 
genic epitope Which is highly ranked according to the folloW 
ing ranking scheme: epitopes knoWn to be MHC Class 
II-presented, epitopes predicted to be MHC Class II-pre 
sented by MHC Class II alleles present either in the highest 
frequency among humans or in the animal strain of experi 
mental interest. Some of these methods are presented in US. 
Pat. No. 5,679,527 (1997) the disclosures ofWhich are incor 
porated herein by reference. 
[0113] The Ii-Key box/ spacer identifying algorithm is 
applied Within the amino acid sequence of the protein to 
examine regions N-terminal to each of the above experimen 
tally determined or predicted MHC Class II-presented 
epitopes, in a manner to identify three categories: a) presence 
of an Ii-Key box motif spaced by 4 to 8 amino acids, N-ter 
minal to the antigenic epitope, b) presence of an Ii-Key box 
motif spaced by 4 to 8 amino acids, N-terminal to the anti 
genic epitope if one or more amino acids Were exchanged for 
a member of the group Leu, Ile, Val, Phe, Met and/ or one or 
more amino acids Were exchanged for a member of the group 
His, Lys and Arg in the primary sequence. 
[0114] In addition to the above site-speci?c engineered 
replacements, one skilled in the art Will use additional com 
binatorial molecular biological methods to generate muta 
tions Within sets of residue positions to create an Ii-Key box 
motif spaced 4 to 8 amino acids N-terminal to a selected, 
either knoWn or putative antigenic epitope. Such methods 
may encompass the preparations of multiple products, Which 
are screened for altered immunogenecity With or Without 
retention of biological activity. 
[0115] Many uses of Ii-Key antigenic epitope hybrids can 
be described With respect to individual antigenic proteins. 
Such uses are presented in the Examples, in varying degrees 
of detail. The concepts, Which are presented in the context of 
one Example, apply nevertheless in the cases of all Examples 
When appropriate, even When they are not repeated in the 
context of each individual Example. While such speci?c 
examples Well present methods to design and synthesiZe Ii 
Key antigenic epitope hybrids of speci?c proteins by Which 
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such Ii-Key antigenic epitope hybrids can be created and used 
With respect to other proteins of interest, as the need might 
arise from to time. 
[0116] In another aspect, this invention relates to the use of 
Ii-Key/ antigenic epitope hybrids to enhance protective 
immune responses to a subsequently administered DNA vac 
cine or against an attenuated infectious pathogen vaccine. 
Such adjuvant vaccine preparations can be referred to as 
PreVaccinesTM. One example is the use of Ii-Key antigenic 
epitope hybrids in vaccination protocols to protect against 
variola. Uses in protecting against smallpox virus are consid 
ered in relatively greater detail in a corresponding section of 
the Exempli?cation section Which folloWs. Considerations 
detailed herein also serve to model applications directed 
toWard other pathogens. In the case of smallpox vaccination, 
Ii-Key antigenic epitope hybrids are used to elicit a Th1 
response to one or more MHC Class II-presented epitopes of 
the gp42 extracellular envelope protein coded by the BSR 
viral gene of vaccinia. Individuals so vaccinated Will have an 
anamnestic response Which is more rapid and of higher 
potency in terms of antibody titers and isotype an a?inity 
maturation, CTL and memory responses to challenge by 
cDNA vaccines for the BSR gene, by vaccinia, or by variola. 
In a related application, such PreVaccinesTM can be used 
before vaccination With recombinant vaccinia virus contain 
ing either Ii-RGC genes or CIITA plus Ii-RGC genes. The 
recombinant vaccinia virus containing an Ii-RGC gene, upon 
infection Within a professional antigen presenting cell such as 
a dendritic cell, Will lead to MHC Class II-restricted T helper 
cell responses in those cells as described. In the case of 
recombinant vaccinia virus containing both an Ii-RGC gene 
and a CIITA gene, such a virus upon infecting cells Which do 
not normally express MHC Class II molecules, such as den 
dritic cells, Will express MHC Class II molecules Without Ii 
protein. A Wide repertoire of MHC Class II-presented 
epitopes are thus represented and the response to those 
epitopes is further enhanced by prior expansion of responses 
to the MHC Class II epitope in the PreVaccineTM. Such a use 
can be further augmented by prior immunization of mammals 
With Ii-Key antigenic epitope hybrids in an appropriate dose, 
vehicle, route and schedule. Ii-Key/antigenic epitope hybrids 
can thus be used either as a stand-alone protective vaccine or 
as a PreVaccineTM used in conjunction With vaccines for other 
viruses and infectious pathogens, for example, Without limi 
tation, HIV, Bacillus anlhracis, EBOLA virus and Marburg 
virus. 

EXEMPLIFICATION 

Example 1 

Ii-Key/Ara h 1 Antigenic Epitope Hybrids 

[0117] In one aspect this invention relates to therapeutic 
modulation of pathological allergic responses of some 
humans to peanuts and other edible nuts. Such responses 
include potentially fatal asthmatic or anaphylactic reactions. 
Good progress has been made in identifying and sequencing 
the principal protein allergens in peanuts and other nuts medi 
ating these pathological responses. Crossed-radioimmuno 
electrophoresis has identi?ed 16 allergenic fractions in raW 
peanut and sodium dodecylsulfate polyacrylamide gel elec 
trophoresis has revealed 32 protein bands (Barnett D. J 
Allergy Clin Immunol. 1983 72:61-68). Three major aller 
gens have been identi?ed. Ara h 1 of 64.5 kDa is a member of 
the vicilin family of seed storage proteins (Burks A W. J 
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Allergy and Clin Immunol. 1991 88:172-9). Ara h 2 of 17.5 
kDa is a member of the conglutin family of seed storage 
proteins (Burks A W. J Allergy and Clin Immunol. 1992 
90:962-9). Ara h 3 of 60 kDa, a preproglobulin, is a member 
of the glycinin-like seed storage proteins (Rabjohn P. J Clin 
Invest. 1999 103:535-42). For Ara h 1, 23 IgE-recognized 
epitopes have been mapped, With 4 being dominant. For Ara 
h 2, 10 IgE-recognized epitopes have been mapped, With 3 
being dominant. For Ara h 3, 4 IgE-recognized epitopes have 
been mapped, With 1 being dominant. For each of these three 
allergens, the respective cDNAs have been isolated and 
expressed. The deduced protein sequences are presented 
beloW (Tables 1.1, 2.1 and 3.1). 
[0118] Development of allergy-inducing IgE antibodies is 
regulated by a subset of CD4+ T cells, the receptors of Which 
recognize antigenic peptides presented by MHC Class II 
molecules. The recognition of such epitopes by CD4+ T cells 
can lead either to a Th1 response, in Which the responding T 
cells are characterized by synthesis of predominantly certain 
cytokines such as IFN-y, or to a Th2 response, in Which the 
responding T cells are characterized by synthesis of predomi 
nantly other cytokines such as IL-4 and IL-10. In patients 
With allergen-induced asthma, a Th2 pattern of response 
enhances synthesis of IgE molecules recognizing many dif 
ferent surface epitopes of the offending allergen(s). Binding 
of IgE to such allergens activates a cascade of biological 
mediators resulting in the asthmatic symptoms. The com 
pounds and methods of the invention can be applied to the 
modi?cation of responses in a Th1 or Th2 pathWay-speci?c 
manner to obtain clinically desired effects. Such modi?ca 
tions can be illustrated for the control of asthma. 

[0119] In animal studies of asthmatic allergic responses to 
protein antigens, it Was discovered that substitution of one or 
more amino acids Within the MHC Class II antigenic epitope 
leads to potential therapeutic agents inducing an altered T cell 
immune response. Speci?cally, such altered antigenic pep 
tides modi?ed a predominantly Th2 response, Which pro 
motes asthmatic responses, to a predominantly Th1 response 
(Janssen E. J Immunol. 2000 164: 1 580-8; Janssen E M. J 
Immunol. 2000 165 :7207-14). Such immunodeviation from a 
Th2 to a Th1 pattern functionally suppresses the asthmatic 
response. HoWever replacement of individual amino acids in 
a MHC Class II-presented epitope of an offending allergen is 
expected to alter potency of binding of the antigenic peptides 
in the antigenic peptide binding site as Well as the repertoire 
of T cell receptors responding to the antigenic peptide. A?in 
ity of the antigenic epitope peptide for a patient’s MHC Class 
II alleles can be decreased by such structural manipulations. 
One signi?cant advantage of the method of this invention is 
the ability to immunodeviate the pattern of Th subset activa 
tion from the Th2 pathWay to the Th1 pathWay, Without 
changing the sequence of the antigenic epitope. Since MHC 
Class II molecules demonstrate allele-speci?c preferences for 
some antigenic peptides and not for other antigenic peptides 
(Which might nevertheless be Well presented by other MHC 
Class II alleles), there is no issue of potentially decreased 
potency of Ii-Key/antigenic epitope hybrids. In fact, given the 
increase in potency of presentation of epitopes Within Ii-Key/ 
antigenic epitope hybrids, one can expect presentation by a 
Wider range of MHC Class II alleles. Another clinically pre 
ferred characteristic of the Ii-Key/antigenic epitope hybrids 
over sequence-modi?ed antigenic epitope peptides is that the 
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dose required to achieve immunodeviation is much less (by a 
factor of 10to 100) andtherefore potentially fatal anaphylaxis TABLE 1 _ 2 
is much less likely to occur. 
[0120] lnanotheraspect, this inventionrelates to the design Predicted MHC Class II-PreSented epitopes of 
of li-Key/Ara h 1 antigenic epitope hybrids. Such li-Key/Ara Ara h l‘ 
h 1 antigenic epitope hybrids comprise the li-Key motif PEPTIDE SEQ ID 
LRMK (SEQ ID NO: 3) and acceptable modi?cations, linked NOZ P05 _ Sequence Score I i_ Key NOZ 
through a simple, ?exible linker to a MHC Class ll-presented 
epitopes ofthe Arachis hypogaea 1 (Arah 1) major allergen l~2~l 417 V K P D K K N P Q 6~OO — 11 

protein foundinpeanuts and some additional edible nuts.The l 2 2 193 I R V L Q R F D Q 6 0O _ 12 

amino acid sequence of this allergen (626 amino acids) is ' ' ' 

presented in Table 1.1. The sequence ofAra h 1 Was taken l_2_3 313 L Q G F S R N T L 6_OO _ 13 

from GenBank entry gi/11683gi/ allergen Ara h 1. MHC 
Class ll-presented epitopes Within this protein sequence Were l~2~4 453 M V I V V V N K G 600 3 l4 

identi?ed With the Singh ProPred MHC Class-ll Binding 
Peptide Prediction Server (Raghava G P. Nat Biotechnol. 1'25 457 V V N K G T G N L 5'20 _ 15 

1999 17:555-61; Singh, H. Bioinformatics 2001 17:1236-7 l_2_6 498 V R R Y T A R L K 530 
(access via: http://WWW.imtech.res.in/raghava/propred/in 
dex.html)). The ProPred program evaluates sequences for 1.2.7 209 L Q N H R I v Q I 5.30 8 17 

presentation by many common MHC Class H alleles. An 

— l6 

alternativeprogramis the SYFPElTHlprogram (Rammensee l'2'8 206 P Q N L‘ Q N H R I 4'40 5 l8 

H-G. lmmunogenetics 1999 50: 213-219 (access via: http:// L29 9 M L L L G I L V L 530 3 l9 
WWW.um-tueb1ngen.de/um/kx1/)). Epitopes With highest 
scores Were identi?ed for their presentation by 51 HLA-DR 1_2_10 11 L. L. G 1 1. v 1. A s 5.50 4 2o 

alleles, that cover more than 90% of the MHC Class H alleles. 
The highest scoring epitopes predicted With the ProPred pro- l~2~ll 1 M R G R V 5 P L M 4~25 — 21 

gram are likely to be experimentally antigenic. The peptides l 2 l2 15 L V L A S V S A T 4 2O _ 22 
listed in Table 1.2 have the highest scoring epitopes, in the ' ' ' 

ProPredprogramanalysisforArah1.li-Key/Arah1hybrids l_2_l3 429 L D M M L T c V E 5_lo 9 23 

containing some of the predicted MHC Class ll-presented 
Arah1epitopes ofTable1.2 are listed in Table 1.3. Experi- l~2~l4 264 I- R I P S G F I 5 5~00 5 24 

mentally de?ned lgE-binding Ara h 1 epitopes Which overlap 
With predicted MHC Class ll-presentedArah 1 epitopes are l'2'l5 270 F I S Y I L N R H 4'48 #11 25 

listed in Table 1.4. li-Key/Ara h 1 hybrids containing pre- LL16 275 L N R H D N Q N L 4_lo 6 26 
dicted MHC Class II Ara h 1 epitopes and experimentally 
determined lgE-binding Arah1 epitopes are listed in Table 1.2.17 325 F N A E F N E I R 4.30 — 27 

1.5. 

TABLE 1 . 1 

Deduced amino acid sequence of Ara h 1 . 

lmrgrvsplml llgilvlasv sathaksspy qkktenpcaq rclqscqqep (SEQ ID NO: 10) 

51 ddlkqkaces rctkleydpr cvydprghtg ttnqrsppge rtrgrqpgdy 

101 dddrrqprre eggrwgpagp rerereedwr qpredwrrps hqqprkirpe 

151 gregeqewgt pgshvreets rnnpfyfpsr rfstrygnqn grirvlqrfd 

201 qrsrqfqnlq nhrivqieak pntlvlpkha dadnilviqq gqatvtvang 

251 nnrksfnlde ghalripsgf isyilnrhdn qnlrvakism pvntpgqfed 

301 ffpassrdqs sylqgfsrnt leaafnaefn eirrvlleen aggeqeergq 

351 rrwstrssen negvivkvsk ehveeltkha ksvskkgsee egditnpinl 

401 regepdlsnn fgklfevkpd kknpqlqdld mmltcveike galmlphfns 

451 kamvivvvnk gtgnlelvav rkeqqqrgrr eeeededeee egsnrevrry 

501 tarlkegdvf impaahpvai nasselhllg fginaennhr iflagdkdnv 

551 idqiekqakd lafpgsgeqv ekliknqkes hfvsarpqsq sqspsspeke 

601 spekedqeee nqggkgplls ilkafn 
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TABLE 1.2 — cont inued 

Predicted MHC Class II-presented epitopes of 
Ara h 1. 

PEPTIDE SEQ ID 
NO: Pos . Sequence Score I i— Key NO: 

1.2.18 329 FNEIRRVLL 4.60 — 28 

1.2.19 335 VLLEENAGG 4.20 — 29 

Pos. is the residue position in the primary sequence of the ?rst 
amino acid in the antigenic epitope. Sequence is the amino 
acid sequence of the predicted MHC Class II-presented 
epitope. Score is the score reported by the ProPred program, 
for the relative likelihood of being presented by many com 
mon HLA-DR alleles. Ii-Key is the number of residue posi 
tions intervening betWeen an Ii-Key motif and the ?rst residue 
of the antigenic epitope. 
[0121] In Table 1.2, PEPTIDES: 1.2.1, 1.2.3, 1.2.6, 1.2.5, 
and 1.2.18 overlap to some degree With experimentally 
de?ned IgE-binding epitopes of Table 1.4. PEPTIDES 1.2.9, 
1.2.10, 1.2.11, 1.2.12 are peptides With altered amino acid 
sequences in a recombinant, mutated Ara h 1 (Burks A W. Eur 
J. Immunol. 1997 245:334-9). IgE epitopes Were de?ned 
further in the Work of Shin et al. (J Biol. Chem. 1998 273: 

13753-9). 

TABLE 1 . 3 

Ii-Key/Ara h 1 hybrids containing some of the 
predicted MHC Class II-presented Ara h 1 

epitopes of Table 1.2. 

SEQ 
ID 

PEPTIDE Pos . Sequence NO: 

1 . 3 . 1 192 Ac-LRMK-ava- IRVLQRIF‘DQ—NH2 30 

1 . 3 . 2 1 Ac- LRMK-ava-MRGRVSPLM-NH2 31 

1.3.3 1/8/10/14 Ac-LRMK-ava-MRGRVSPLML 32 
LLGILVLASV SAT-NH2 

1 . 3 . 4 205 Ac-LRMK-ava-FQNLQNHRI-NH2 33 

1.3.5 205/208 Ac-LRMK-ava-FQNLQNHRIVQI- 34 
NH2 

1 . 3 . 6 428 Ac-LRMK-ava-LDMMLTCVE-NH2 35 

1.3.7 263 Ac-LRMK-ava-LRIPSGFIS-NH2 36 

1.3.8 263/269/274 Ac-LRMK-ava- 37 

Pos. is the residue position in the primary sequence of the ?rst 
amino acid in the antigenic epitope. Sequence is the amino 
acid sequence of a hybrid peptide containing a MHC Class II 
epitope of Table 1.2. Ii-Key is the number of residue positions 
intervening betWeen an Ii-Key motif and the ?rst residue of 
the antigenic epitope. 
[0122] The activity of additional Ii-Key/Ara h antigenic 
epitope hybrids are tested With one residue of a-aminovaleric 
acid as a spacer because, in previous studies of a series of 
hybrids With systematic variation of spacer structures, the 
hybrid With one ava residue Was no less active than any hybrid 
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With a more complex spacer sequence. In the Ara h hybrids, 
the Ii-Key-spacer (LRMK-ava) (SEQ ID NO: 9) sequence 
Was linked to the ?rst amino acid of the ProPred-identi?ed 
peptide, Which amino acid is thought to ?t into pocket 1 of the 
antigenic peptide-binding site of the MHC Class II mol 
ecules. 
[0123] The peptides of Table 1.3 are characterized as fol 
loWs. PEPTIDE 1.3.1 contains the ProPred-predicted MHC 
Class II-presented epitope PEPTIDE 1.2.2. PEPTIDE 1.3.2 is 
a composite of the ?rst tWo MHC Class II-presented epitopes 
(PEPTIDE 1.2.9; PEPTIDE 1.2.11), overlapping by tWo 
amino acids. PEPTIDE 1.3.3 is a composite of the ?rst four 
MHC Class II-presented epitopes (PEPTIDE 1.2.11, PEP 
TIDE 1.2.9, PEPTIDE 1.2.10, PEPTIDE 1.2.12). PEPTIDES 
1.3.2 and 1.3.3 are peptides With altered amino acid 
sequences in the recombinant, mutated Ara h 1 (Burks A W. 
Eur J Immunol. 1997 245:334-9). PEPTIDE 1.3.4 contains 
the ProPred-predicted MHC Class II-presented epitopes 
PEPTIDE 1.2.8. PEPTIDE 1.3.5 is the composite of tWo 
MHC Class II-predicted epitopes (PEPTIDE 1.2.7 and PEP 
TIDE 1.2.8), overlapping by six amino acids. PEPTIDE 1.3.6 
contains the ProPred-predicted MHC Class II-presented 
epitope PEPTIDE 1.2.13. PEPTIDE 1.3.7 contains the Pro 
Pred-predicted MHC Class II-presented epitope PEPTIDE 
1.2.14. PEPTIDE 1.3.8 is the composite ofthree MHC Class 
II-predicted epitopes (PEPTIDE 1.2.14, PEPTIDE 1.2.15 and 
PEPTIDE 1.2.16), overlapping by three and four amino acids, 
respectively. 

TABLE 1 . 4 

Experimentally defined IgE-binding Ara h 1 
epitopes which overlap with predicted MHC Class 

II-presented Ara h 1 epitopes. 

PEPTIDE Pos . Sequence SEQ ID NO: 

1 . 4 . 1 409 NNFGKLFEVK 38 

1.4 .2 311 SYLQEFSRNT 39 

1 . 4 . 3 498 RRYTARLKEG 40 

1.4.4 325 FNAEFNEIRR 41 

1 . 4 . 5 461 GTGNLELVAV 42 

Pos. is the residue position in the primary sequence of the ?rst 
amino acid in the antigenic epitope. Sequence is the amino 
acid sequence of the predicted MHC Class II-presented 
epitope. Ii-Key is the number of residue positions intervening 
betWeen an Ii-Key motif and the ?rst residue of the antigenic 
epitope. 

TABLE 1 . 5 

Ii-Key/Ara h 1 hybrids containing predicted MHC 
Class II Ara h 1 epitopes and experimentally 
determined IqE-bindinq Ara h 1 epitopes. 

SEQ ID 
PEPTIDE Pos . Sequence NO: 

1. 5.2 312 Ac-LRMK-ava-LQGFSRNTL-NH2 44 

1 . 5 . 3 496 Ac-LRMK-ava-VRRYTARLK-NH2 45 
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Ii-Key/Ara h 1 hybrids containing predicted MHC 
Class II Ara h l epitopes and experimentally 
determined IqE-bindinq Ara h l epitopes. 

SEQ ID 
PEPTIDE Pos . Sequence NO: 

1 . 5 . 5 456 Ac—I_|RMK—aVa-VV'NKGTGNL-NH2 47 

l . 5 . 6 452 Ac-LRMK-ava- 48 

IVIVIVVVNKGTGNLELVAV-NH2 

l . 5 . 7 324 Ac—I_|RMK—aVa-FNAEFNEIR-NH2 49 

l . 5 . 8 328 Ac—I_|RMK—ava-FNEIRRVLL-NH2 50 

l . 5 . 9 334 Ac—I_|RMK—aVa-VLLEENAGG-NH2 51 

l . 5 . 10 324/ Ac-LRMK-ava- 52 

328/ FNAEFNEIRRVLLEENAGG-NH2 
334 

Pos. is the residue position in the primary sequence of the ?rst 
amino acid in the antigenic epitope. Sequence is the amino 
acid sequence of the proposed hybrid containing a predicted 
MHC Class II-presented epitope of Table 1.2 and an IgE 
binding epitope of Table 1.4. Ii-Key is the number of residue 
positions intervening betWeen an Ii-Key motif and the ?rst 
residue of the antigenic epitope. 
[0124] The PEPTIDES of Table 1.5 are characterized as 
folloWs. PEPTIDES 1.5.1, 1.5.6, and 1.5.10 include residues 
of an experimentally de?ned, IgE-binding epitope. PEP 
TIDES1.5.1,1.5.2,1.5.4,1.5.6, 1.5.9, and 1.5.10 have resi 
dues of a ProPred-predicted MHC Class II-presented 
epitopes. PEPTIDES 1.5.2, 1.5.3, 1.5.4, 1.5.5, 1.5.6, 1.5.7, 
1.5.8 and 1.5. 10 share amino acids betWeen overlapping IgE 
binding and MHC Class II-presented epitopes. PEPTIDES 
1.5.4,1.5.5,1.5.6,1.5.8,1.5.9,and1.5.10 share amino acids 
betWeen overlapping MHC Class II-presented epitopes. 
[0125] The peptides of Table 1.5 are characterized as fol 
loWs. PEPTIDE 1.5.1 is the composite of MHC Class II 
presented epitope With the highest ProPred predictive binding 
score (PEPTIDE 1.2.1) and IgE binding epitope (PEPTIDE 
1.4.1), overlapping by 2 amino acids. PEPTIDE 1.5.2 is the 
composite of MHC Class II-presented epitope SEQ ID NO 44 
and IgE binding epitope PEPTIDE 1.4.2, overlapping by 8 
amino acids. PEPTIDE 1.5.3 is the composite of MHC Class 
II-presented epitope PEPTIDE 1 .2.6 and IgE binding epitope 
PEPTIDE 1.4.3, overlapping by 8 amino acids. PEPTIDE 
1.5.4 contains MHC Class II-predicted epitope PEPTIDE 
1.2.4 and an IgE binding epitope PEPTIDE 1.4.5, overlap 
ping by 1 amino acid. PEPTIDE 1.5.5 contains MHC Class 
II-predicted epitope PEPTIDE 1 .5 and an IgE binding epitope 
PEPTIDE 1.4.5, overlapping by 5 amino acids. PEPTIDE 
1.5.6 is the composite of the tWo MHC Class II-predicted 
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epitopes, PEPTIDE 1.2.4 and PEPTIDE 1.2.5, overlapping 
by 5 amino acids. Additionally, there is a 5 amino acids 
overlap With IgE binding epitope (PEPTIDE 1.4.5). PEP 
TIDE 1.5.7 contains MHC Class II-predicted epitope PEP 
TIDE 1.2.17 and an IgE binding epitope PEPTIDE 1.4.4, 
overlapping by 9 amino acids. PEPTIDE 1.5.8 contains MHC 
Class II-predicted epitope PEPTIDE 1 .18 and an IgE binding 
epitope PEPTIDE 1.4.4, overlapping by 6 amino acids. PEP 
TIDE 1.5.9 contains MHC Class II-predicted epitope PEP 
TIDE 1.2.19. PEPTIDE 1.5.10 is the composite of the three 
MHC Class II-predicted epitopes PEPTIDES 1.2.17, 1.2.18, 
and 1.2.19 and IgE binding epitope PEPTIDE 3.1.5. PEP 
TIDE 1.5.5 is the composite of three MHC Class II-predicted 
epitopes (PEPTIDES 1.2.17, 1.2.18 and 1.2.19), overlapping 
by 5 and 3 amino acids, respectively. Additionally, there is a 
9 amino acid overlap With IgE binding epitope (PEPTIDE 
1.4.4). 

Example 2 

Ii-Key/Ara h 2 Peanut Antigenic Epitope Hybrids 

[0126] In another aspect, this invention relates to the design 
of Ii-Key/Ara h 2 antigenic epitope hybrids. Sampson, WO 
0052154, a series of Ara h 2 MHC Class II-presented 
epitopes, Which had been experimentally identi?ed by Burks 
A W. (J Allergy Clin Immunol. 1992 90:962-7). Ara h 2-spe 
ci?c T cell lines Were established from the peripheral blood of 
12 atopic and 4 nonatopic individuals. All of the T cell lines 
Were predominantly CD 4+ T cells. Reactivity of each of 
these T cell lines Was tested against individual peptides from 
a library of overlapping Ara h 2 peptides. Four immunodomi 
nant T cell epitopes Were identi?ed for Ara h 2: epitope 1 
(amino acids 18-28), epitope 2 (amino acids 45-55), epitope 3 
(amino acids 95-108), and epitope 4 (amino acids 134-144). 
Epitopes 1, 2, and 4 have overlapping sequences With IgE 
antibody-recognized epitopes While epitope 3 does not over 
lap IgE binding epitopes. Bannon and colleagues suggested 
that such sequences provide for the possibility for the devel 
opment of a non-anaphylactic, T cell-directed immunothera 
peutic (Bannon G A. Int Arch Allergy Immunol. 2001 124: 
70-72). The sequence of Ara h 2 in Table 2.1 Was taken from 
GenBank gi/l54l8705/allergen II [Arachis hypogaea]. 
Experimentally de?ned MHC Class II-presented Ara h 2 
epitopes are listed in Table 2.2. Ii-Key/Ara h 2 hybrids con 
taining some of the experimentally de?ned MHC Class II 
presentedAra h 2 epitopes of Table 2.2 are listed in Table 2.3. 
Predicted MHC Class II epitopes of Ara h 2 are listed in Table 
2.4. Ii-Key/Ara h 2 hybrids containing some of the predicted 
MHC Class II-presented Ara h 2 epitopes of Table 2.4 are 
listed in Table 2.5. Experimentally de?ned IgE-binding Ara h 
2 epitopes, Which overlap With predicted MHC Class II 
presented Ara h 2 epitopes from Table 2.4 are listed in Table 
2.6. Hybrids containing predicted MHC Class II Ara h 2 
epitopes and overlapping experimentally determined IgE 
binding Ara h 2 epitopes are listed in Table 2.7. 

TABLE 2 . l 

Deduced amino acid sequence of Ara h 2 . 

l makltilval alfllaahas arqqwelqgd rrcqsqlera nlrpceqhlm (SEQ ID NO: 53) 

51 qkiqrdedsy erdpyspsqd pyspspydrr gagssqhqer ccnelnefen 
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Deduced amino acid sequence of Ara h 2. 

101 nqrcmcealq qimenqsdrl qgrqqeqqfk relrnlpqqc glrapqrcdl 

151 dvesgg 

TABLE 2 . 2 

Experimentally defined MHC Class II-presented 
Ara h 2 epitopes. 

SEQ ID 
PEPTIDE Pos. Sequence Ii-Key NO: 

2 .2 . 1 22 RQQWE LQGDRRCQSQ 3 54 

2 . 2 . 2 42 LRPCEQHLMQKIQRDEDSYE — 55 

2 2 . 3 7 HQERCCNELN — 56 

2 2 4 102 QRCMCEALQQ — 57 

2 .2 . 5 13 7 PQQCGLRAPQ — 5s 

Pos. is the residue position in the primary sequence of the ?rst 
amino acid in the antigenic epitope. Sequence is the amino 
acid sequence of an experimentally determined MHC Class 
II-presented epitope. Ii-Key is the number of residue posi 
tions intervening betWeen an Ii-Key motif and the ?rst residue 
of the antigenic epitope. 
[0127] The PEPTIDES of Table 2.2 are characterized as 
follows. PEPTIDES 2.2.1, 2.2.2, 2.2.4, and 2.2.5 are ProPred 
predicted MHC Class II-presented sequences. PEPTIDE 
2.2.1 contains an IgE binding epitopes. PEPTIDES 2.2.1 and 
2.2.2 have overlapping amino acids of the IgE binding epitope 
and MHC Class II-presented epitope. Pos. is the residue num 
ber in the primary amino acid sequence of the ?rst amino acid 
of the epitope. Many of the experimentally predicted epitopes 
are also predicted With the ProPred algorithm, either entirely 
or partially. 

TABLE 2 . 3 

Ii-Key/Ara h 2 hybrids containing some of the 
experimentally defined MHC Class II-presented 

Ara h 2 epitopes of Table 2.2. 

SEQ 
ID 

PEPTIDE Pos . Sequence NO: 

2.3.1 19 Ac-LRMK- ava-RQQWE LQGDRRCQSQ-NH2 59 

2.3.2 39 Ac-LRMK-ava- 60 

LRPCEQHLMQKIQRDEDSYE—NH2 

2 3 . 3 84 Ac-LRMK- aVa-HQERCCNELN-NH2 61 

2 .3 . 4 99 Ac-LRMK- aVa—QRCMCEALQQ-NH2 62 

2 .3 . 5 135 Ac-LRMK- aVa-PQQCGLRAPQ-NH2 63 

Pos. is the residue position in the primary sequence of the ?rst 
amino acid in the antigenic epitope. Sequence is the amino 
acid sequence of a hybrid peptide containing a MHC Class II 

epitope of Table 2.2. Score is the score reported by the Pro 
Pred program, for the relative likelihood of being presented 
by many common HLA-DR alleles. Ii-Key is the number of 
residue positions intervening betWeen an Ii-Key motif and the 
?rst residue of the antigenic epitope. 
[0128] The PEPTIDES of Table 2.3 are characterized as 
folloWs. PEPTIDE 2.3.1 contains an experimentally de?ned, 
IgE-binding epitope. PEPTIDES 2.3.1 and 2.3.2 share amino 
acids betWeen overlapping IgE binding and MHC Class II 
presented epitopes. PEPTIDES 2.3.2 and 2.3.3 are peptides 
With altered amino acid sequences in the modi?ed Ara h 1 of 
Burks and colleagues (Burks A W. Eur J Immunol. 1997 
245:334-9). Pos. is the residue number in the primary amino 
acid sequence of the ?rst amino acid of the epitope. 

TABLE 2 . 4 

Predicted MHC Class II epitopes of Ara h 2. 

SEQ ID 
PEPTIDE Pos. Sequence Score Ii-key NO: 

2.4.1 5 ILVALALFL 6.10 — 64 

2.4.2 26 LQGDRRCQS 5.80 8 65 

2.4.3 3 LTILVALAL 5.30 — 66 

2.4.4 49 LMQKIQRDE 4.10 — 67 

2.4.5 12 LFLLAAHAS 3.30 4 68 

2.4.6 7 LVALALFLL4.70 — 69 

2.4.7 42 LRPCEQHLM 3.60 — 70 

2.4.8 10 LALFLLAAH 3.30 2 71 

2.4.9 133 LRNLPQQCG 2.70 — 72 

2.4.10 37 LERANLRPC 2.20 — 73 

2.4.11 13 FLLAAHASA 1.90 5 74 

2.4.12 77 YDRRGAGSS 1.90 — 75 

2.4.13 98 FENNQRCMC 1.70 — 76 

Pos. is the residue position in the primary sequence of the ?rst 
amino acid in the antigenic epitope. Sequence is the amino 
acid sequence of the predicted MHC Class II-presented 
epitope. Score is the score reported by the ProPred program, 
for the relative likelihood of being presented by many com 
mon HLA-DR alleles. Ii-Key is the number of residue posi 
tions intervening betWeen an Ii-Key motif and the ?rst residue 
of the antigenic epitope. 
[0129] The PEPTIDES of Table 2.4 are characterized as 
follows. PEPTIDES 2.4.1, 2.4.5, 2.4.6, 2.4.8, and 2.4.11 are 
peptides not preserved in an Ara h 2 modi?ed to decrease 
allergic IgE binding. In PEPTIDE 2.4.4 R54 is replaced by A. 






















































































































































































































































































































































































































































































































































