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(57) ABSTRACT 

Molecular adjuvants are disclosed comprising an antigen 
presenting cell-targeting ligand linked to an immunogen, 
e.g. tumor associated antigens, bacterial or viral antigens. 
The ligand and the immunogen are linked via a cleavable 
linker such as a protease-sensitive oligopeptide, to facilitate 
processing of the adjuvant by the antigen presenting cell. 
Methods are disclosed for delivery of these molecular adju 
vants to patients, resulting in the transduction of activating 
signals to the targeted antigen presenting cell, thereby 
enhancing the immune response to the co-delivered immu 
nogen. 
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COMPOSITIONS AND METHODS FOR 
ENHANCING IMMUNE RESPONSES MEDIATED 

BY ANTIGEN-PRESENTING CELLS 

[0001] This application is a continuation-in-part of US. 
application Ser. No. 09/051,685, ?led Apr. 17, 1998, claim 
ing priority to PCT US96/16825, ?led Oct. 18, 1996 and 
US. Provisional Application No. 60/005,727, ?led Oct. 20, 
1995. 

[0002] Pursuant to 35 U.S.C. §202(c), it is hereby 
acknowledged that the US. Government has certain rights in 
the invention described herein, Which Was made, in part, 
With funds from the National Institutes of Health, grant 
numbers CA 57362 and CA 36727. 

FIELD OF THE INVENTION 

[0003] The present invention relates to the ?eld of vac 
cines and stimulation of acquired immunity. In particular, 
the present invention provides novel compositions designed 
to deliver speci?c antigens to antigen presenting cells and 
simultaneously deliver signals to those cells that produce a 
desired immune response. 

BACKGROUND OF THE INVENTION 

[0004] Several publications are referenced in this applica 
tion by numerals in parenthesis in order to more fully 
describe the state of the art to Which this invention pertains. 
Full citations for these references are found at the end of the 
speci?cation. The disclosure of each of these publications is 
incorporated by reference herein. 

[0005] The basis of acquired, speci?c immunity in an 
organism is the ability to discriminate betWeen self and 
non-self antigenic substances. The mammalian immune sys 
tem uses cell surface molecules knoWn as the major histo 
compatibility complex (MHC) for discriminating betWeen 
self from non-self. There are tWo classes of MHC molecules: 
Class I molecules are found on all nucleated cell types in the 
body; Class II molecules are found mainly on cells involved 
in producing immune responses. Most speci?c immune 
responses are generated against peptides or peptide deriva 
tives associated With MHC molecules. 

[0006] The structure of MHC molecules is such that they 
naturally bind small peptides, glycopeptides, phosphopep 
tides, and the like. One important function of MHC mol 
ecules is to bind peptides that are derived from processed 
products of proteins expressed in cells expressing the MHC 
molecules, and to transport these to the cell surface for 
display to the immune system. In this Way, some MHC 
molecules function to expose the immune system to peptides 
that are representative of normal cellular proteins. This 
process occurs during development, When self is learned, 
and continues throughout the organism’s lifespan. Di?‘erent 
mechanisms of immune tolerance prevent the organism from 
responding to “self” peptides associated With MHC. 

[0007] The introduction of non-self proteins into cells 
results in the appearance of neW and different peptides in 
association With the MHC molecules; these are recogniZed 
as “non-self,” resulting in an immune response. For 
example, viral infection of a cell Will result in the production 
of viral peptides expressed on the surface of antigen-pre 
senting cells in association With MHC molecules (generally 
Class I MHC). Viral peptides presented With MHC mol 
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ecules at the cell surface Will often be recognized as foreign 
and an immune response Will be mounted. Autoimmune 
disease can occur if tolerance to some self peptides is lost, 
or if immune response is produced against viral or other 
foreign proteins that cross react With normal peptides in the 
host organism. 

[0008] In the case of bacterial infections or other insults 
from external sources, neW proteins or compounds enter the 
organism. Some cells involved in the immune response are 
capable of phagocytosing foreign organisms or proteins. 
These immune cells degrade (process) the protein products 
and the derived peptides are expressed at the cell surface in 
association With MHC molecules, Where a speci?c adaptive 
immune response is generated against novel non-self com 
ponents. This activity is called antigen processing and 
presentation and cells that mediate this activity are called 
Antigen Presenting Cells (APC’s). Many different immune 
cell types, including macrophages, dendritic cells, B cells, 
and other associated cell types, perform this function. 

[0009] Antigen alone is often insuf?cient to produce an 
immune response. Sometimes, antigen must be presented 
With accompanying “signals” that are mediated by ligand 
receptor interactions betWeen the APCs and the responding 
lymphocytes or betWeen these cells and soluble factors that 
are present in the surrounding environment. The soluble 
factors include cytokines and other mediators of in?amma 
tion that are usually present at sites of infections or insult 
(complement, kinins, other groWth and cytokine factors). 
The signals can be positive in nature, resulting in lympho 
cyte proliferation and generation of an adaptive immune 
response, or negative in nature, resulting in apoptosis of 
responding lymphocytes and perhaps immune tolerance to 
that antigen. Antigen presentation often occurs in the pres 
ence of helper T cells or other cell types that secrete arrays 
of cytokines, Which in?uence or determine the type of 
immune response that is induced. At a cellular level, speci?c 
immune responses are generated in a mixed cellular envi 
ronment that includes different types of antigen presenting 
cells, helper T lymphocytes, other types of regulatory cells, 
and the responding lymphocytes (B cells for antibody 
responses and T cells for cellular responses). Direct recog 
nition of peptides by T cells can also occur With some cell 
types, such as allografts, Where the allogeneic MHC is 
directly recogniZed as foreign. 

[0010] Antigen processing and its impact on types of 
immune responses to speci?c antigens. The mechanism by 
Which antigen is processed and presented and the parameters 
that determine the types of immune responses that are 
generated (antibody versus cellular) are at present not Well 
understood for many antigens. It is believed that there are 
different classes of APCs that can produce di?cerent types of 
immune responses. In general, APC-induced responses to 
exogenous antigens that are taken up by endocytosis are 
believed to be presented to the immune system in the context 
of Class II MHC and lead to recruitment of T helper cells 
that interact With B cells and ultimately produce an antibody 
response. In contrast, endogenous peptides from cells asso 
ciate With MHC Class I molecules and produce cellular 
activities that include cytotoxic T lymphocytes (CTL) and 
Delayed Type Hypersensitivity (DTH) T-cells. There are 
important exceptions to these mechanisms. For example, 
many CTLs reactive With exogenous peptides have been 
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described, and it is possible to generate CTLs to speci?c 
peptides that have been added to in vitro cultures of immune 
cells. 

[0011] Other factors can determine the types of immune 
responses that are generated. For example, the nature of 
peptide association With MHC (either Class I or Class II) is 
an important factor that in?uences types of immune 
responses. In the case of Class I MHC molecules, there are 
speci?c binding motifs for peptide association (Rammensee 
et al, Ann. Rev. Imm. 11: 213, 1993). Binding motifs have 
been established for H-2 Kd, Kk, Dd, and other murine and 
human MHC. There are also parameters of peptide sequence 
that determine af?nity for class II MHC. Thus, the types of 
peptides to Which an individual can mount an immune 
system response are in part determined by the immunoge 
netic genotype and phenotype, Which establish the shape and 
structure of the MHC molecules expressed by that indi 
vidual. 

[0012] In summary, the types of immune response that are 
generated in an organism in response to antigenic challenge 
is the result of a myriad of contributing factors, including: 
the immunogenetic background of the individual, prior 
sensitization to antigens, the route and form of antigen 
exposure, age and gender of the organism, and other factors. 
Almost all acquired immune responses that involve speci?c 
T-cell recognition are directed toWard small peptides bound 
to the peptide binding groove of MHC molecules, the 
obvious exception being the response to superantigens. 
Cellular immune reaction (T-helper reaction, CTL, DTH) to 
peptides bound to MHC are usually generated through 
presentation of the antigen to T cells by antigen-presenting 
cells (APCs). 

[0013] Tumor Vaccines. Cancer cells express aberrant 
molecules knoWn as tumor-associated antigens. The 
immune system has the potential to recognize such struc 
tures as “foreign” and to mount speci?c immune responses 
against them, so as to reject tumor cells in much the same 
Way that an allograft is rejected. This provides the basis for 
interest in the development of active speci?c immunothera 
peutic (ASI) agents (cancer “vaccines”) based on cancer 
associated antigens. 

[0014] Early studies on rodent tumors induced by chemi 
cal carcinogens, ultraviolet radiation, or viruses shoWed 
induction of immunological rejection of secondary tumor 
challenge. Subsequent studies on spontaneous tumors 
shoWed that these animals Were incapable of inducing 
immune-mediated rejection of the tumor. Although a large 
number of human tumor-associated antigens have been 
characterized, most of these are also expressed by some 
normal cells. Therefore, immunological tolerance to such 
molecules makes it dif?cult to stimulate responses against 
such antigens. Moreover, it is a concern that induction of 
strong immune responses against self molecules may result 
in the development of autoimmune disorders. Since tumor 
speci?c antigens are seldom detected in spontaneous can 
cers, approaches to develop active speci?c immunotherapy 
for common cancers, based on tumor-associated antigens, 
have been vieWed With pessimism. 

[0015] Nonetheless, interest in tumor immunology and the 
development of ASI in particular has persisted. There are at 
least four reasons for the current interest in ASI approaches. 
First, cell-mediated immune responses have been recog 
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nized as the key factor in immunological rejection of cancer. 
T cells recognize processed peptides in association With 
major histocompatibility complex (MHC) molecules, so 
intracellular proteins can give rise to peptide targets for 
cell-mediated responses. Further, since antigen processing 
and presentation are critical steps in T cell recognition, 
cancer-associated alterations (in its post-translational pro 
cessing or levels of expression) of a self protein may result 
in presentation of novel peptide fragments on cancer cells. 
Secondly, tumor speci?c point mutations in certain genes 
have been characterized in several animal and human can 
cers. Some of these mutations generate novel peptide frag 
ments that bind MHC molecules resulting in the production 
of neW epitopes for recognition by T cells. This process 
alloWs for the induction of speci?c immune responses 
against cancer cells carrying such mutations. Third, manipu 
lation of immune responses using cytokines, mutated anti 
gens, and other means have sometimes resulted in tumor 
rejection even in cases of tumors that express Weakly 
immunogenic antigens. Fourth, some individuals With 
severe immunode?ciencies have a higher incidence of 
tumors than the normal population, suggesting that the 
immune system plays an important role in eliminating some 
tumors. 

[0016] Various methods have been utilized for stimulating 
general immune responses, especially for non-antigenic or 
Weakly antigenic substances of interest. For example, adju 
vants, such as complete Freund’s and Ribi’s, have long been 
used for this purpose. These adjuvants comprise oily solu 
tions containing components, such as lipopolysaccharides 
that stimulate generalized immune responses. It is believed 
that the oils surround a Water-soluble antigen, such as a 
peptide, thereby protecting it from degradation in the body 
and facilitating phagocytosis and passage through cell mem 
branes of antigen presenting cells. 

[0017] Another approach to stimulating the immunogenic 
ity of a Weakly-antigenic peptide or protein has been to 
couple the Weak antigen to a carrier protein that is knoWn to 
be a good immunogen. Common carrier proteins include 
keyhole limpet hemocyanin, foWl gamma-globulin and 
bovine serum albumin. Alternatively, the immunogencity of 
a Weak antigen may be enhanced by polymerizing it into 
large aggregates by Way of cross-linking agents, such as 
glutaraldehyde. Both these methods rest on the notion that a 
Weak antigen coupled to a strong antigen Will enhance the 
generalized immune response. In a similar method, solid 
phase resins and peptide synthetic methods may be 
employed to synthesize a peptide repeatedly, to form a 
highly-branched complex. Again, the basis for this approach 
is to present the antigen in very unusual (and very “non 
self’) context to the immune system, to stimulate antibody 
production. 
[0018] In yet another approach, a Weakly antigenic protein 
or peptide is attached to a solid particle such as a latex bead 
or resin. The purpose of this approach is to enhance phago 
cytosis of the antigen by macrophages. Additionally, pep 
tides and proteins have been encapsulated in liposomes to 
enhance passage through membranes of antigen presenting 
cells, to enhance phagocytosis and to stimulate generalized 
immune responses because of the “non-self” characteristics 
of the liposome carrier. 

[0019] The approaches described above have met With 
varying degrees of success in stimulating the immunogenic 



US 2007/0031445 A1 

ity of Weakly antigenic or non-antigenic substances. HoW 
ever, they provide only a generalized stimulation of immu 
nity, and are not designed to target speci?c populations of 
immune system cells (such as antigen presenting cells). A 
desired objective in effecting therapeutic internvention in 
various disease states is to provide a means for speci?cally 
targeting a protein or peptide to a population of antigen 
presenting cells and thereby stimulate those cells to inter 
nalize the antigen of interest and present it to the immune 
system in an effective, speci?c context. Insofar as it is 
knoWn, such a system is not currently available. 

SUMMARY OF THE INVENTION 

[0020] The present invention provides novel compositions 
and methods for delivering speci?c antigens to antigen 
presenting cells, and simultaneously delivering signals to 
those cells that produce a desired immune response. The 
compositions of the invention are sometimes referred to 
herein as “molecular adjuvants” or “APC-targeted activating 
antigens.” 

[0021] According to one aspect of the invention, these 
molecular adjuvants, Which elicit an immune response medi 
ated by an antigen-presenting cell, comprise at least one 
antigenic moiety (also referred to as an “immunogen”) 
linked to at least one targeting moiety that binds speci?cally 
to a characteristic determinant on the antigen-presenting 
cell. For purposes of the present invention, the term “linked” 
is de?ned generally as physically linking of the moieties in 
such a Way that each moiety retains its intended function. 
This is particularly relevant With respect to the targeting 
moiety, Which is designed to bind to a characteristic deter 
minant on the antigen-presenting cell. 

[0022] In a preferred embodiment, the antigenic moiety is 
linked to the targeting moiety by a cleavable linker, such as 
a protease-sensitive dipeptide or oligopeptide. In one 
embodiment, the cleavable linker is sensitive to cleavage by 
a protease of the trypsin family of proteases. In another 
embodiment, the cleavable linker comprises a dibasic dipep 
tide sequence, suc as an Arg-Arg dipeptide sequence or the 
tetrapeptide Arg-Val-Arg-Arg (SEQ ID NO: 19). 

[0023] Antigen-presenting cells contemplated for target 
ing according to the present invention include, but are not 
limited to, monocytes, dendritic cells, macrophages, B cells 
and some T cells. In preferred embodiments of the invention, 
the characteristic determinant on the selected APC is a cell 
surface receptor and the targeting moiety of the APC 
targeted antigen is a ligand that binds to the receptor. It is 
particularly preferred that the cell surface receptor be an 
immunomodulatory receptor. Suitable cell surface receptors 
include, but are not limited to, C5a receptor, IFNY receptor, 
CD21 (C3d) receptor, CD64 (FcyRI) receptor, and CD23 
(FceRII) receptor. 

[0024] One exemplary APC-targeted antigen of the inven 
tion is designed to bind to the C5a receptor, and the targeting 
moiety is a C5a receptor ligand, Which is preferably a 
peptide analog of C5a corresponding to the C-terminal 10 
residues of C5a. Another exemplary composition of the 
present invention is designed to bind to the IFNY receptor, 
and comprises a targeting moiety Which is a IFNY receptor 
ligand, preferably a peptide analog of IFNY corresponding to 
the N-terminal 39 residues of IFNY. 
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[0025] The antigenic moiety of the APC-targeted antigens 
of the invention can comprise essentially any antigenic 
substance, including, but not limited to, peptides and pro 
teins, glycopeptides and glycoproteins, phosphopeptides and 
phosphoproteins, lipopeptides and lipoproteins, carbohy 
drates, nucleic acids and lipids. The APC-targeted antigens 
can comprise more than one antigenic moiety, and likeWise 
can comprise more than one targeting moiety. Moreover, 
these moieties can be linked in several fashions. For 
instance, if “T” represents a targeting moiety, and “Ag” 
represents an antigenic moiety, the APC-targeted antigens of 
the present invention may be oriented as folloWs: 

[0026] Ag-T; 

[0027] T-Ag; 

[0028] Tl-Ag-Tz; 

[0029] Tl-[Ag]n-T2 (Wherein [Ag]D represents a multi 
plicity of antigens. 

[0030] Examples of the general formulas set forth above 
include: 

[0031] Ag-C5a agonist peptide; 

[0032] 

[0033] 

IFNY peptide-Ag; 

IFNY peptide-[Ag]n-C5a agonist peptide. 

[0034] According to other aspects of the present invention, 
methods are provided for using the APC-targeted antigens of 
the invention. These include methods of activating an anti 
gen-presenting cell With a targeting ligand and methods of 
eliciting an antigen presenting cell-mediated immune 
response in a subject in Which such a response is desired. 
General methods of immunizing or vaccinating a patient 
requiring such treatment, methods of treating a tumor, and 
methods for producing antibodies speci?c for a pre-deter 
mined antigen for use as research tools or for diagnostic 
purposes are also contemplated to be Within the scope of the 
present invention. 

[0035] The numerous features and advantages of the com 
positions and methods of the present invention are described 
more fully in the detailed description set forth beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 is a graph illustrating the antibody titer 
produced in mice immunized With the indicated peptide 
constructs, as determined by radioimmunoassay, and shoWs 
the relationship betWeen the amount of 125I-goat anti-mouse 
antibody bound vs. the dilution factor of mouse sera Which 
had been incubated in microtiter Wells coated With the MUC 
l epitope peptide. 

[0037] FIG. 2 is a graph illustrating the increase in anti 
body titer in the sera of mice collected either before (pre) or 
after immunization With peptides 3 (Y KQGGFLGLYSFKP 
MPLaR; SEQ ID N012) and 4 (Y SFKPMPLaR-KQGG 
FLGL; SEQ ID NO:5) as determined by radioimmunoassay 
and shoWs the relationship betWeen the amount of 125I-goat 
anti-mouse antibody bound and the dilution factor of mouse 
sera Which had been incubated in microtiter Wells coated 
With MUCl epitope peptide. Note that peptides 3 and 4 
comprise tWo moieties, a targeting ligand and an antigen to 
Which an immune response is desired. 
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[0038] FIG. 3 is a graph illustrating the titers of antibody 
classes and subclasses produced in mice following immu 
niZation With peptide 3 (Y KQGGFLGLYSFKPMPLaR; 
SEQ ID NO:2) as determined by ELISA using rabbit anti 
mouse IgA, IgG1, IgG2a, IgG2b, IgG3, and IgM, folloWed 
by goat anti-rabbit conjugated to peroxidase and detected 
using p-nitrophenyl phosphate cleavage monitored at 405 
nm. 

[0039] FIG. 4 is a graph illustrating the speci?city of 
binding of the antibody subclasses in sera from mice immu 
niZed With peptide 3 (YKQGGFLGLYSFKPMPLaR; SEQ 
ID NO:2) as determined by ELISA using binding to micro 
titer Wells coated With MUCl epitope peptide and detection 
With rabbit anti-mouse IgG2a, IgG2b, or IgM folloWed by 
incubation With goat anti-rabbit conjugated to peroxidase 
and detected using p-nitrophenyl phosphate cleavage moni 
tored at 405 nm. 

[0040] FIG. 5 is a graph shoWing that HBsAg-speci?c 
CTL response is induced only by C5a-active constructs. 
BALB/c mice received three s.c. injections at 21 day inter 
vals using 50 pg doses of the HBsAg-L‘j1 MHC class I 
restricted peptide (S28_39) synthesized With tWo Arg residues 
appended to the C-terminal end (IPQSLDSWWTSLRR; 
SEQ ID NO: 18), the double-Arg-linked C5a-active con 
struct (IPQSLDSWWTSLRRYSFKPMPLaR; SEQ IUD 
NO: 14) and the double-Arg-linked C5a-inactive constructs 
(IPQSLDSWWTSLRRYSFKPMPLaRG; SEQ ID NO: 17 
and YSFKPMPLaRRRIPQSLDSWWTSL; SEQ ID NO: 
16). Pooled spleen cell suspensions Were prepared from tWo 
mice in each group 14 days folloWing the third injection. The 
cell suspensions Were cultured in the presence of the S28_39 
peptide (75 nM) for four days and used as effector cells 
against 51Cr-labeled P815S (HBsAg transfectant) or P815 
targets. Percent speci?c lysis of 51Cr labeled P815S cells at 
various effector to target ratios is shoWn and represent the 
means of triplicate determinations. Lysis of 51Cr labeled 
P815 cells at an e?‘ector-to-target ratio of 50:1 Was less than 
5% (not shoWn). The data are representative of three sepa 
rate experiments. 

[0041] FIG. 6 is a graph shoWing that HBsAg-speci?c 
CTL responses are induced only by the C5a-active, protease 
sensitive-linked constructs. BALB/ c mice received three s.c. 
injections at 21 day intervals using 50 pg doses of the 
C5a-active constructs in Which the HBsAg-L‘j1 MHC class I 
restricted peptide (S28_39) Was covalently attached directly to 
the N-terminus of the C5a agonist (IPQSLDSWWTSLYS 
FKPMPLaR; SEQ ID NO: 13), spaced by tWo Arg residues 
(IPQSLDSWWTSLRRYSFKPMPLaR; SEQ ID NO: 14), or 
spaced by the furin protease-sensitive sequence RVRR (SEQ 
ID NO: 19) (IPQSLDSWWTSLRVRRYSFKPMPLaR; SEQ 
ID NO:15). Spleen cell suspensions Were prepared from tWo 
mice in each group 14 days folloWing the third injection. The 
cell suspensions Were cultured in the presence of the S28_39 
peptide (75 nM) for four days and used as effector cells in 
51Cr-release assays against P815S or P815 targets. Percent 
speci?c lysis of 51Cr-labeled P815S is shoWn and represent 
the means of triplicate determinations. Lysis of 51Cr-labeled 
P815 cells by these effector cells Was less than 5% at an 
elfector-to-target ratio of 50:1 (not shoWn). 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0042] A major obstacle in the development of vaccines 
and other immunostimulatory agents is the inability of some 
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antigens to be readily taken up and processed by antigen 
presenting cells. Uptake of antigens by APCs is an essential 
step for stimulating an effective immune response, since the 
immune system recogniZes the antigen only after it has been 
processed by the APC and presented on the surface of the 
APC in conjunction With the major histocompatibility com 
plex (MHC). 
[0043] It is knoWn that APCs, including dendritic cells, 
monocytes, macrophages and B cells, possess functional 
receptors for numerous molecules that modulate the immune 
response. It has noW been discovered in accordance With the 
present invention that ligands Which bind to these receptors 
can be conjugated to Weakly immunogenic antigens for 
example, as a Way of delivering antigens to the antigen 
presenting pathWay of the APC and simultaneously activat 
ing the antigen presenting capacity of the APC. Thus, these 
conjugates bind to a receptor on the APC surface, transduce 
a biological signal, and are internaliZed by the APC. The 
antigenic moiety of the conjugate is thereby delivered to the 
antigen presenting pathWay of the APC along With the 
simultaneous activation of the APC. 

[0044] The above-described conjugates are sometimes 
referred to herein as “molecular adjuvants” or “APC-tar 
geted activating antigens.” The APC-targeted activating 
antigens of the invention are designed to elicit immune 
responses mediated by one or more types of antigen pre 
senting cells. Accordingly, an APC-targeted activating anti 
gen comprises at least one antigenic moiety physically 
linked to a targeting and activating moiety that binds spe 
ci?cally to at least one characteristic determinant on the 
selected antigen presenting cell type. This binding is fol 
loWed by internalization of the APC-targeted antigen and 
results in presentation of the antigen moiety on the surface 
of the APC. For purposes of the present invention, the term 
“antigenic moiety” may refer to any substance to Which it is 
desired that an immune response be produced. The selected 
antigenic moiety may or may not be capable of eliciting an 
immune response by conventional means. 

[0045] The term “determinant” is used herein in its broad 
sense to denote an element that identi?es or determines the 
nature of something. When used in reference to an antigen 
presenting cell, “determinant” means that site on the antigen 
presenting cell Which is involved in speci?c binding by the 
targeting ligand moiety of the molecular adjuvant of the 
invention. 

[0046] The expression “characteristic determinant” as 
used herein, signi?es an epitope (or group of epitopes) that 
serves to identify a particular population of antigen present 
ing cells and distinguish it from other antigen presenting cell 
populations. Cell-associated determinants include, for 
example, components of the cell membrane, such as mem 
brane-bound proteins or glycoproteins, including cell sur 
face antigens, histo-compatibility antigens or membrane 
receptors. 

[0047] The expression “speci?c binding”, as used herein 
refers to the interaction betWeen the targeting ligand moiety 
and a characteristic determinant on the antigen presenting 
cell population sought to be activated in accordance With 
this invention, to the substantial exclusion of determinants 
present on other cells. 

[0048] Certain exemplary compositions of the invention 
have been synthesiZed, and have been shoWn to elicit 
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APC-mediated immune responses in accordance With the 
mechanisms described above. For example, antigenic 
epitopes have been conjugated to the amino-terminal end of 
a C5a decapeptide agonist capable of binding to C5a recep 
tors present on the surface of many APCs. Mice that Were 
inoculated With an epitope of human MUC1 (a cell surface 
associated mucin) conjugated to such a C5a agonist exhib 
ited pronounced antibody titers against the MUC1 epitope, 
including high titers of speci?c antibodies With isotypes 
lgG2a and lgG2b. Mice that Were inoculated With (1) MUC1 
epitope alone, (2) C5a agonist alone, (3) unconjugated 
MUC1 epitope and C5a agonist together, or (4) C5a agonist 
conjugated to MUC1 epitope in a manner in Which the 
biological activity of the C5a moiety Was blocked, did not 
express a signi?cant speci?c immune response. These 
results are described in greater detail in Example 1. Similar 
results Were observed With conjugates of C5a agonist to a 12 
kDa polypeptide, serum amyloid A (SAA), as described in 
greater detail in Example 2. These data tend to demonstrate 
the feasibility of the invention, Which is to use receptor 
binding ligands as a Way to deliver antigens to APCs, With 
the simultaneous activation of APCs by the ligand moiety. 

[0049] As described in greater detail beloW, the C5a 
receptor is only one of many receptors expressed on APCs. 
This invention encompasses the use of various ligands With 
selectivity to other receptors that mediate signal transduction 
events in the APCs, to be used alone or in conjunction With 
C5a agonists to in?uence the nature of immune response 
generated, i.e., humoral, cellular, Th1, Th2, and the like. 
Vaccines and other immunotherapeutic agents can be pre 
pared With an array of such targeting moieties that serve to 
target the antigen moiety to a speci?c population of APCs 
and simultaneously activate these and other cells involved in 
various immune modulatory pathWays. 

[0050] The detailed description beloW sets forth preferred 
embodiments for making and using the targeted antigens of 
the present invention. To the extent that speci?c compounds 
and reagents are mentioned, these are for the purposes of 
illustration, and are not intended to limit the invention. Any 
biochemical, molecular or recombinant DNA techniques not 
speci?cally described are carried out by standard methods, 
as generally set forth for example, in Ausubel et al., “Current 
Protocols in Molecular Biology,” John Wiley & Sons, Inc., 
2000. 

1. Preparing APC-Targeted Activating Antigens 

[0051] A. Selection of Components 

[0052] Antigen presenting cells have various receptors on 
their surfaces for knoWn ligands. Binding of ligands to these 
receptors results in signal transduction events that stimulate 
immune or tolerance responses. Many of these receptors are 
knoWn to intemaliZe and recycle in the cell. Others are 
suspected of doing the same. As such, these receptors are 
ideal targets for delivering antigens and activation signals 
simultaneously to APCs. 

[0053] As discussed above, APCs include several cell 
types including macrophages, monocytes, dendritic cells, B 
cells, some T cells and other poorly characteriZed cell types. 
It is believed that these different classes of APCs can 
produce different types of immune responses. Accordingly, 
by targeting a receptor prevalent on a speci?c population of 
APCs, a particular desired immune response may be 
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favored. An exemplary list of receptors contemplated for 
targeting in the present invention, and the rationale for their 
selection, is set forth beloW. These APC receptors are 
particularly appropriate for use in the present invention 
based on the folloWing criteria: they are receptors expressed 
on APCs; the receptors are intemaliZed upon binding of 
ligand; the receptors can transmit signals in the cells that 
in?uence antigen processing and presentation by these cells; 
some of the receptors are believed to be involved in signal 
ing Th1 type cellular responses, Whereas others are predicted 
to generate Th2 type humoral responses. The list set forth 
beloW is not exhaustive, but merely representative of the 
type of targeted receptors preferred in practicing the present 
invention. Other receptors, or other cell-surface character 
istic determinants on antigen presenting cells may also be 
used as targets for the targeted antigens of the present 
invention. The receptor or other characteristic determinant 
need not be directly involved in the immune response. 

[0054] C5a receptor. This receptor is preferred for use 
according to the present invention. It is present on PMNs, 
macrophages, dendritic cells, smooth muscle cells and some 
mast cells. A number of biological activities have been 
ascribed to C5a, mostly associated With in?ammatory and 
immune responses. According to a preferred embodiment, 
this invention relies on the capability of C5a, as a targeting 
ligand, to speci?cally bind to its cognate receptor, so as to 
activate antigen presenting cells, including macrophages, 
monocytes and dendritic cells, through a G protein-mediated 
signal transduction pathWay. Subsequent to signal transduc 
tion, the receptor/ ligand complex is intemaliZed. In the case 
of dendritic cells, C5a has been shoWn to induce a Thl type 
response. 

[0055] IFNY receptor. The interferon yreceptor is 
expressed on macrophages, monocytes, dendritic cells, other 
APCs, some B cells, ?broblasts, epithelial cells, endothe 
lium, and colon carcinoma cells. IFNY binding to its receptor 
induces macrophage and dendritic cell activation, B cell 
differentiation, and expression of MHC class I and class II 
molecules in many cell types. The receptor is involved in 
signal transduction pathWays. IFNY is mainly produced in 
the body by activated T cells, particularly during the gen 
eration of Th1 type response. It is also produced by CD8+ 
cytotoxic T lymphocytes folloWing recognition of antigen 
associated With MHC class I and by natural killer cells 
stimulated With TNFO. and microbial products (Barclay et al. 
1993,). 

[0056] CD 21 (C3d receptor). CD 21 is the receptor for the 
C3d complement fragment. It is a receptor for the Epstein 
Barr virus and may be an important-interferon 0t receptor 
(Barclay et al., supra). CD 21 is expressed on B cells, 
follicular dendritic cells, other APCs, pharyngeal and cer 
vical epithelial cells, and some thymocytes. It is involved in 
activation and proliferation of B cells through a signal 
transduction mechanism and it has been associated With 
increases in antigen presentation activities by those cells. 

[0057] CD 64 (FcyRl receptor). CD 64 is a high a?inity 
receptor for IgG, the only knoWn receptor that binds mono 
meric lgG (Barclay et al, supra). This receptor is found on 
macrophages, monocytes and other immune cell populations 
treated With IFNY. The lgG, binding site resides in the CH2 
domain. IFNY strongly upregulates expression of this recep 
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tor, Which is the primary receptor involved in antibody 
dependent cell mediated cytotoxicity reaction, and phago 
cytic activity by these cells. 

[0058] CD 23 (FceRII receptor). CD 23 is a loW a?inity 
receptor for IgE (not related to the high a?inity IgE receptor 
found on basophils and mast cells). It is found on some B 
cell populations, macrophages, eosinophils, platelets, and 
dendritic cells (Barclay et al, supra). CD 23 mediates IgE 
dependent cell mediated cytotoxicity and phagocytosis by 
macrophages and eosinophils, and binding of IgE immuno 
complexes increases the ef?ciency of antigen processing and 
presentation by some APCs, through a signal transduction 
mechanism that includes the p59 fyn tyrosine kinase. The 
ligand for CD 23 is the C63 domain of IgE. 

[0059] As mentioned above, the APC-targeted antigens of 
the present invention comprise at least one antigenic moiety 
and at least one targeting moiety. The targeting moiety can 
be derived from naturally-occurring ligands for a selected 
receptor on an APC, or analogs and derivatives of such 
ligands. For instance, the C5a receptor is a preferred recep 
tor for use in practicing the present invention. Naturally 
occurring C5a can be utiliZed as the targeting moiety in the 
APC targeted activating antigens of the invention. HoWever, 
native C5a is not preferred for use as the targeting moiety as 
it induces a myriad of pro-in?ammatory responses Which 
may have undesirable side effects. In particularly preferred 
embodiments of the invention, C-terminal C5a agonist ana 
logs capable of C5a receptor binding and signal transduction 
in a response selective manner are utiliZed. Such analogs are 
described in detail in US. Pat. Nos. 5,696,230 and 5,942, 
599 to Sanderson et al., the entireties of Which are incorpo 
rated by reference herein. 

[0060] An exemplary C5a C-terminal decapeptide agonist 
preferred for use in the present invention is: 

(SEQ ID NO : 1 ) 
YSFKPMPLaR 

This decapeptide is a potent agonist of naturally occurring 
C5a, and is preferred to naturally occurring C5a because its 
small siZe contributes to ease of synthesis and solubility. 
Moreover, these conforrnationally biased peptides are stable 
toWard serum carboxypeptidase digestion, express a level 
biological selectivity, and have been shoWn to be non-toxic 
in high concentrations in athymic mice. 

[0061] Peptide analogs of naturally-occurring interferon y 
are also contemplated for use in the present invention. 
Peptides corresponding to the amino terminal 39 amino 
acids of IFNY have been shoWn to compete for binding With 
native IFNY. Antibodies against this domain block biological 
activity, and removal of the ?rst 10 amino terminal residues 
eliminates biological activity. This suggests that binding of 
IFNY to its cognate receptor is mediated by this portion of 
the molecule. Accordingly, peptides based on this domain 
are contemplated to be of use for delivering antigens to 
APCs expressing IFNY receptors. In this regard, it should be 
noted that human and mouse IFNY are absolutely species 
speci?c in binding and activity. Consequently, for stimulat 
ing APC-mediated immune responses in mice, the mouse 
peptides Will be utiliZed, and the human peptide Will like 
Wise be utiliZed for stimulating APC-mediated immune 
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responses in humans. The mouse IFNY 39 amino acid 
peptide analog is composed of the folloWing sequence: 

(SEQ ID NO : 3 ) 
HGTVIESLESLNNYFNFFGIDVEEKSLFLDIWRNWQKDG 

[0062] The human IFNY 39 amino acid peptide analog is 
composed of the folloWing sequence: 

(SEQ ID NO : 4 ) 

QDPYVKEAENLKKYFNAGHSDVADNGTLFLGILKNWKEE 

[0063] Another ligand contemplated for use in the present 
invention is the C3dG component of complement. This 
component is a 348 residue fragment derived by proteolytic 
cleavage from the C3b precursor (residue 955-1303 of C3; 
SWissprot accession p0l024). C3dG can be converted to 
C3d (residues 1002-1303) and C3g (residues 955-1001). 
C3dG and C3d remain associated With non-activator sur 
faces and serve as opsonins for phagocytosis by macroph 
ages and other antigen presenting cells. Cd 21 is the C3dG 
and C3d receptor. 

[0064] The above-listed ligands exemplify the type of 
ligand preferred for practice of the present invention. HoW 
ever, it Will be appreciated by those skilled in the art that 
other ligands may be utiliZed as the targeting moiety of the 
APC-targeted antigens of the invention. These include 
ligands that are already knoWn in the art, as Well as ligands 
that may be discovered and developed henceforth. Antibod 
ies or antibody fragments also may be used to target APC 
speci?c cell surface antigens. 

[0065] The type of antigen that can be chosen as the 
antigenic moiety in the present invention can be any peptide, 
polypeptide or derivative thereof for Which an immune 
response or antibody production is desired. These include 
but are not limited to, peptides, polypeptides (i.e. proteins) 
and derivatives thereof, such as glycopeptides, phosphopep 
tides and the like. Synthetic peptide and polypeptide deriva 
tives or analogs, or any other similar compound that can be 
conjugated to a receptor-targeting moiety can be used in the 
present invention. Moreover, these peptides, proteins and 
derivatives may comprise single epitopes or multiple 
epitopes for generating different types of immune responses. 
Indeed, if an entire protein is conjugated to a targeting 
moiety, this protein is likely to comprise numerous epitopes, 
Which may vary depending upon the solvent conditions and 
their effect on secondary and tertiary structure of the protein. 
Carbohydrates, nucleic acids and other non-protein sub 
stances also may be used as the antigenic moiety. Methods 
are available in the art for conjugating these substances to 
the peptide or protein targeting moiety. 

[0066] Other substances that can be used as the antigenic 
moiety include small molecules, such as (1) metabolic 
byproducts (especially those that are toxic); (2) various 
environmental toxins or irritants (e.g., aromatic hydrocar 
bons, asbestos, mercury compounds and the like); (3) drugs 
(e.g., cocaine, heroin, nicotine, etc.) for treating addiction; 
and (4) venoms from snakes, spiders or other organisms. 
Many of these kinds of small molecules are non-antigenic or 
Weakly antigenic, so Would be appropriate candidates for 
use in the present invention. 
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[0067] In preferred embodiments of the invention, the 
antigenic moiety comprises agents that are Weakly antigenic 
or non-antigenic under currently available immunization 
conditions. Many tumor-associated antigens fall into this 
category, because the antigens also are expressed by normal 
cells. Therefore, immunological tolerance to such molecules 
makes it di?icult to stimulate responses against such anti 
gens. Other proteins that fall into this category include 
naturally occurring proteins from one species (e.g., human) 
for Which it Would be desirable to produce antibodies in 
another species but Which are recalcitrant to antibody gen 
eration in the other species. 

[0068] One Well-characterized tumor antigen is a cell 
surface-associated mucin that is highly overexpressed and 
differentially glycosylated by different adenocarcinomas, 
including breast, pancreas, lung and prostate carcinomas. 
Aberrant glycosylation of MUC l by adenocarcinomas 
results in the addition of some blood group carbohydrate 
antigens to this core protein and the exposure of epitopes 
Which have been detected by monoclonal antibodies on the 
core protein that are not exposed on forms of this protein 
produced by normal epithelial cells. A full-length cDNA 
sequence of human mucin-l (MUCl) revealed an encoded 
protein With an average length of approximately 1200 amino 
acids (depending on the length of the tandem repeat allele) 
With several obvious domains: an amino terminal signal 
peptide; a large domain made up of multiple identical 20 
amino acid tandem repeats ?anked by several repeats that 
contain degenerate sequences; a hydrophobic-spanning 
domain of 31 amino acids; and a cytoplasmic domain of 69 
amino acids at the carboxyl terminus. The most Well 
characteriZed tumor associated epitopes described to date for 
MUCl are found in the tandem repeat domain. These 
include carbohydrate structures and protein structures. 
MUCl tumor associated epitopes are Well characterized, and 
thus have been proposed to be used for the production of 
tumor vaccines using conventional methods. Exemplary 
compositions of the present invention comprise MUCl 
epitopes, such as those set forth beloW, as the antigenic 
moiety of the APC-l targeted antigens of the invention, to 
demonstrate the potential of the present invention as potent 
tumor vaccines. 

[0069] MUCl epitope predicted to bind to class I mol 
ecules of the H-2kb type has sequence homology to the 
juxtamembrane region of MUC l; 

(SEQ ID NO : 6 ) 
YKQGGFLGL 

[0070] MUC l tandem repeat has the sequence: 

(SEQ ID NO : 7 ) 
GVTSAPDTRRAPGSTAPPAH 

[0071] The components comprising the APC-targeted 
antigens of the invention can be made separately, then 
conjugated. For example, a small peptide analog, such as the 
above-described C5a agonists, may be produced by peptide 
synthetic methods, and conjugated to a protein Which has 
been puri?ed from naturally occuring biological sources. 
Alternatively proteins engineered for expression via recom 
binant methods may be used. Additionally, targeted antigens 
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comprising peptide components (i.e., a peptide antigenic 
epitope conjugated to a peptide receptor ligand) can be 
synthesiZed in tandem by peptide synthetic chemistry 
according to knoWn methods and as described in greater 
detail beloW. Finally, targeted antigens of the invention 
comprising tWo larger polypeptide moieties (i.e., a large 
polypeptide antigen linked to a large ligand) can be made by 
recombinant techniques. For example, DNA molecules 
encoding both components can be ligated together by 
recombinant means, then expressed as the conjugated fusion 
protein. Methods of making these different types of com 
positions are set forth in greater detail beloW. 

[0072] B. Peptides 
[0073] Oligopeptides required for the present invention 
may be prepared by various synthetic methods of peptide 
synthesis via condensation of one or more amino acid 
residues, in accordance With conventional peptide synthesis 
methods. Preferably, peptides are synthesiZed according to 
standard solid-phase methodologies, such as may be per 
formed on an Applied Biosystems Model 430A peptide 
synthesiZer (Applied Biosystems, Foster City, Calif.), 
according to manufacturer’s instructions. Other methods of 
synthesiZing peptides or peptidomimetics, either by solid 
phase methodologies or in liquid phase, are Well knoWn to 
those skilled in the art. When solid-phase synthesis is 
utiliZed, the C-terminal amino acid is linked to an insoluble 
resin support that can produce a detachable bond by reacting 
With a carboxyl group in a C-terminal amino acid. One 
preferred insoluble resin support is p-hydroxymethylphe 
noxymethyl polystyrene (HMP) resin. Other useful resins 
include, but are not limited to: phenylacetamidomethyl 
(PAM) resins for synthesis of some N-methyl-containing 
peptides (this resin is used With the Boc method of solid 
phase synthesis; and MBHA (p-methylbenZhydrylamine) 
resins for producing peptides having C-terminal amide 
groups. 

[0074] During the course of peptide synthesis, branched 
chain amino and carboxyl groups may be protected/depro 
tected as needed, using commonly-knoWn protecting 
groups. In a preferred embodiment, Na-amino groups are 
protected With the base-labile 9-?uorenylmethyloxycarbo 
nyl (Fmoc) group or t-butyloxycarbonyl (Boc groups). Side 
chain functional groups consistent With Fmoc synthesis may 
be protected With the indicated protecting groups as folloWs: 
arginine (2,2,5,7,8-pentamethylchroman-6-sulfonyl); aspar 
agine (O-t-butyl ester); cysteine glutamine and histidine 
(trityl); lysine (t-butyloxycarbonyl); serine and tyrosine 
(t-butyl). Modi?cation utiliZing alternative protecting 
groups for peptides and peptide derivatives Will be apparent 
to those of skill in the art. 

[0075] C. Proteins 
[0076] Full-length proteins for use in the present invention 
may be prepared in a variety of Ways, according to knoWn 
methods. Proteins may be puri?ed from appropriate sources, 
e.g., human or animal cultured cells or tissues, by various 
methods such as gel ?ltration, ion exchange chromatogra 
phy, reverse-phase HPLC and immunoaf?nity puri?cation, 
among others. HoWever, due to the often limited amount of 
a protein present in a sample at any given time, conventional 
puri?cation techniques are not preferred in the present 
invention. 

[0077] The availability of nucleic acids molecules encod 
ing a protein enables production of the protein using in vitro 
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expression methods known in the art. For example, a cDNA 
or gene may be cloned into an appropriate in vitro transcrip 
tion vector, such a pSP64 or pSP65 for in vitro transcription, 
followed by cell-free translation in a suitable cell-free trans 
lation system, such as Wheat germ or rabbit reticulocytes. In 
vitro transcription and translation systems are commercially 
available, e. g., from Promega Biotech, Madison, Wis. or 
BRL, Rockville, Md. 

[0078] Alternatively, according to a preferred embodi 
ment, a selected peptide or protein may be produced by 
expression in a suitable procaryotic or eucaryotic system. 
For example, a DNA molecule, encoding a peptide or 
protein component of the invention, or an entire composite 
targeted antigen of the invention, may be inserted into a 
plasmid vector adapted for expression in a bacterial cell, 
such as E. coli, or into a baculovirus vector for expression 
in an insect cell. Such vectors comprise the regulatory 
elements necessary for expression of the DNA in the host 
cell, positioned in such a manner as to permit expression of 
the DNA in the host cell. Such regulatory elements required 
for expression include promoter sequences, transcription 
initiation sequences and, optionally, enhancer sequences. 

[0079] A peptide or protein produced by gene expression 
in a recombinant procaryotic or eucaryotic system may be 
puri?ed according to methods knoWn in the art. In a pre 
ferred embodiment, a commercially available expression/ 
secretion system can be used, Whereby the recombinant 
protein is expressed and thereafter secreted from the host 
cell, so as to be readily puri?ed from the surrounding 
medium. If expression/secretion vectors are not used, an 
alternative approach involves purifying the recombinant 
protein by affinity separation, such as by immunological 
interaction With antibodies that bind speci?cally to the 
recombinant protein. Such methods are commonly used for 
isolating peptides and proteins. 

[0080] D. Linking Separately-Made Proteins and/or Pep 
tides 

[0081] In an alternative embodiment, protein and/or pep 
tide components of the invention are synthesiZed separately, 
then conjugated using standard methods knoWn by those 
skilled in the art. For example, a synthetic peptide may be 
chemically coupled to a protein using m-maleimidobenZoyl 
N-hydroxysuccinimide ester (MBF). This reagent cross 
links amino- and carboxy-terminal thiol groups in the pep 
tide With lysine side chains present in the protein. 
Alternatively, a synthetic peptide may be coupled to a 
protein using glutaraldehyde, a common cross-linking agent. 
Another method for chemically coupling a peptide to a 
protein is through the use of carbodiimide and l-(3-dim 
ethylaminopropyl)-3-ethylcarbodiimide methiodide (EDC). 
As described in greater detail in Example 2, this method Was 
used to conjugate a C5a C-terminal decapeptide analog to 
serum amyloid A (SAA). Methods for joining tWo proteins 
together are also available. 

[0082] The peptides or proteins of the invention, prepared 
by the aforementioned methods, may be analyZed according 
to standard procedures. For example, they may be subjected 
to amino acid sequence analysis, mass spectra analysis or 
amino acid compositional analysis according to knoWn 
methods. 
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[0083] E. General Formulae and Exemplary Compositions 
of the Invention 

[0084] The APC-targeted antigens of the invention can 
comprise one or more antigenic moieties, and likeWise can 
comprise one or more targeting moieties. Moreover, these 
moieties can be linked in several Ways. For instance, if “T” 
represents a targeting moiety, and “Ag” represents an anti 
genic moiety, the APC-targeted antigens of the present 
invention may be organiZed as folloWs: 

[0085] Ag-T; 
[0086] T-Ag; 
[0087] Tl-Ag-T2; 
[0088] Tl-[Ag]n-T2 (Wherein [Ag]D represents a multi 

plicity of antigens. 

Examples of the general formulas set forth above include: 

[0089] Ag-C5a agonist peptide; 
[0090] IFNY peptide-Ag; 
[0091] IFNY peptide-[Ag]n-C5a agonist peptide. 
Other representative compositions of the invention 

include: 

[0092] MUCl Class I binding epitope-C5a agonist 
C-terminal peptide 

[0093] Murine or human IFNY peptide-MUC 1 Class I 
binding epitope 

[0094] Murine or human IFNY peptide-MUCl tandem 
repeat 

[0095] MUCl Class I epitope- -C3dG peptide 

[0096] SAA-K-Ahx-C5a C-terminal peptide (Ahx= 
eamino hexanoic acid). 

[0097] It Will be appreciated by persons skilled in the art 
that the APC-targeted activating antigens of the invention 
may be adapted for inclusion of large or complex antigens. 
This may be accomplished, for example, by inclusion of a 
“spacer” (such as the K-Ahx spacer moiety in the exemplary 
compound above) betWeen the antigen and the targeting 
moiety. Such chemical modi?cations are familiar to bio 
chemists. 

[0098] Cleavable linkers. In addition to the foregoing sorts 
of spacers and linkers, it has also been discovered in 
accordance With the present invention that introduction of a 
cleavage-prone oligopeptide betWeen the targeting moiety 
and the antigen can improve the immunogenicity of the 
molecule. For instance, as described in greater detail in 
Example 5, an Arg-Arg dipeptide or an Arg-Val-Arg-Arg 
tetrapeptide betWeen the C5a peptide analog, YSFKPM 
PLaR (SEQ ID NO: 1) and a cytotoxic T lymphocyte (CTL) 
epitope of hepatitis B virus surface antigen Was found to 
robustly elicit a CTL response to the antigen in mice, in the 
absence of added adjuvant. The Arg-Arg dipeptide adds a 
scissile bond that is susceptible to cleavage or cleavage by 
trypsin-like proteases (e.g., subtilisin). The Arg-Val-Arg 
Arg tetrapeptide imbues sensitivity to cleavage by furin 
(another trypsin-like protease). While not intending to be 
limited by any particular explanation of the underlying 
mechanism by Which the robust CTL response Was elicited, 
it is believed that the Arg-Arg or Arg-Val-Arg-Arg protease 
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sensitive linker peptides facilitate cleavage of the molecular 
adjuvant Within the APC, thereby more expeditiously free 
ing the antigen for further processing and presentation on the 
APC cell surface. 

[0099] Other scissile bond dipeptides or other oligopep 
tides also can be inserted betWeen the targeting moiety and 
the antigen. These include residues to create a peptide 
bond(s) that is susceptible to other cytoplasmic proteases or 
proteases found Within any of the intracellular antigen 
processing organelles. Preferred sites comprise dibasic 
dipeptides (i.e., various dipeptide permutations comprising 
Arg, Lys or His) or oligopeptide cleavage sites for the 
trypsin family of proteases. 

[0100] Another option is the creation of a dipeptide scis 
sile bond that is susceptible to acid-catalyZed hydrolysis 
When exposed to the acidic conditions typically found Within 
intracellular endosomal/lysosomal compartments of an anti 
gen presenting cell (APC). In addition, other epitope-target 
ing moiety linkages are contemplated to have a similar 
utility in the e?iciency of processing by APCs. These 
include sequences that are knoWn or suspected to facilitate 
or enhance l) the transport/uptake of epitope constructs into 
the rough endoplasmic reticulum (RER), 2) the association 
of epitope to MHC class I and/or class II determinants, 3) 
transport of epitope through the cis, medial, and trans Golgi 
apparati, and 4) entry into transport vehicles associated With 
MHC class I.” 

[0101] Thus, a variety of “cleavable linkers” can be 
inserted betWeen the targeting moiety and the antigen to 
facilitate processing of the antigen by the antigen-presenting 
cells. As used herein, the term “cleavable linker” refers to 
any linker betWeen the antigenic moiety and the targeting 
moiety that promotes or otherWise renders the molecular 
adjuvant more susceptible to cleavage (by proteases, loW pH 
or any other means that may occur Within or around the 

antigen-presenting cell) and, thereby, processing by the 
antigen-presenting cell, than an equivalent molecular adju 
vant lacking such a cleavable linker. 

II. Uses of APC-Targeted Activating Antigens 

[0102] The APC-targeted activating antigens of the 
present invention have broad potential for clinical applica 
tions in humans and animals. As discussed above, a signi? 
cant impediment to the development of vaccines and other 
immunotherapeutic agents is the apparent inability of par 
ticular antigens to be readily taken up and processed by 
antigen presenting cells. The compositions of the invention 
faciliate the speci?c delivery of an antigen to a population of 
antigen presenting cells, Whereupon the delivery mechanism 
(e. g., using as the targeting moiety a receptor ligand capable 
of transducing a biological signal) simultaneously activates 
the antigen presenting pathWay. of the APC. Thus, the 
present invention enables development of vaccines and other 
immunotherapeutics that can speci?cally target any peptide 
antigen or other antigenic structure covalently attached to a 
ligand for a receptor present on an antigen presenting cell. 
It is believed that antigens linked to ligands that selectivity 
bind to and activate a particular population of APCs can not 
only generate an immune response, but can in?uence the 
nature of the immune response that is generated. Thus, 
immune responses that favor antibody, cellular, Th1 or Th2 
responses, respectively, may be selectively generated. Vac 
cines may also be developed With an array of such targeting 
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moieties thereby serving to target a selected antigen or 
antigens to several populations of APCs and simultaneously 
activate these and other cells involved in various immune 
modulatory pathWays. 

[0103] The ability to generate either antibody or cell 
mediated immune responses against different speci?c anti 
gens has broad general applicability, and it is anticipated that 
the APC-targeted antigens of the invention Will be extremely 
useful for these purposes. For example, antibody responses 
have been shoWn to be capable of protecting against differ 
ent viral or bacterial infection, and antibodies are knoWn to 
inactivate different toxins or toxic compounds that may 
affect the Well being of humans or animals. Different cell 
mediated immune responses can provide protection against 
viral or other intracellular pathogens, and can play a role in 
some anti-tumor responses. It is believed that different 
antigen presenting cells and the context in Which these cells 
are stimulated to present antigen (co-stimulation mediated 
by different ligand-receptor interactions) are important fac 
tors determining the nature of the above responses. 

[0104] The targeted antigens of the present invention 
should ?nd particular utility in the development of active 
speci?c immunotherapeutic agents (i:e., cancer “vaccines”) 
based on cancer-associated antigens. For example, it has 
been hypothesiZed that induction of strong cell-mediated 
immune responses (involving Th1 cells and/or cytotoxic T 
lymphocytes) Would provide the most effective protection 
against various forms of cancer. A vaccination strategy 
utiliZing the APC-targeted antigens of the invention can be 
designed to induce this type of response. In this regard, it is 
knoWn that stimulation With some cytokines (IL-l2, IFNY) 
can induce predominantly Thl type responses over Th2 type 
responses for certain antigens. 

[0105] As a step toWard developing anti-cancer vaccines 
for clinical use, the compositions of the invention can be 
used to advantage as research tools to further explore the 
effect of stimulating a certain population of APCs With a 
tumor antigen and determining the effect on an anti-tumor 
immune response. To this end, it should be noted that the 
present application exempli?es targeted antigens comprising 
an epitope of a particular tumor-speci?c antigen, Mucin-l. 

[0106] Previous tumor vaccine formulations that aim to 
immuniZe patients With compounds that are identical to 
compounds already produced by tumors have proven to be 
of limited value, probably because tumors that progress have 
been selected for their lack of immunogenicity in their 
respective host (e.g., the host is tolerant to existing tumor 
antigens). Thus, one important challenge of producing effec 
tive tumor vaccines is generating reagents that counteract 
immunological tolerance to tumor-associated antigens. One 
purpose of the APC-targeted antigens described above is to 
induce in the immuniZed individual a response against their 
tumor that is similar to that seen in individuals undergoing 
allograft rejection. In other Words, the goal is to induce an 
autoimmune reaction against the tumor that is capable of 
destroying the tumor. The immunological parameters that 
regulate tolerance to tumor antigens are not Well understood; 
nonetheless the compositions described herein have the 
potential to counteract this tolerance and thus induce speci?c 
immune responses that mediate tumor rejection. 
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[0107] The targeted antigens of the present invention Will 
also ?nd broad utility in the production of antibodies for use 
as immunodiagnostic and immunotherapeutic agents. For 
immundiagnostic purposes, antibodies are Widely used in 
various quantitative and qualitative assays for the detection 
and measurement of biological molecules associated With 
diseases or other pathological conditions. For reasons that 

often are not Well understood, it is sometimes di?icult to 
generate antibodies against certain biological molecules 
using conventional means. The compositions of the present 
invention provide an alternative means for inducing an 
animal to produce antibodies against a Weakly-antigenic or 
non-antigenic substances. The utility of the compositions of 
the invention in this regard is shoWn clearly in Example 2, 
beloW, in connection With serum amyloid A. The appearance 
and abundance of this protein in the body is strongly 
correlated With systemic in?ammatory stress, Which is a 
condition that is very di?icult to quantitate. It is believed that 
quantitative assays for SAA levels Would be an excellent 
indicator of general, systemic in?ammation; thererfore it 
Would be of bene?t to generate antibodies against the protein 
in a non-human species. This protein has proved particularly 
recalcitrant to the generation of antibodies using conven 
tional measures. As described in Example 2, a targeted 
antigen comprising SAA conjugated to a C5a peptide ligand 
produced a signi?cant antibody response in mice injected 
With the conjugated molecule. In a similar fashion, targeted 
antigens comprising any Weakly-antigenic or non-antigenic 
component of interest could be made and used to produce 
speci?c antibodies in laboratory animals, for use as immu 
nodiagnostic reagents. 

[0108] Antibodies for use as immunotherapeutic agents 
can also be generated using the compositions of the inven 
tion. As one example, there has been a great deal of recent 
interest in developing reagents capable of doWn-regulating 
or inhibiting the complement cascade to modulate local and 
systemic in?ammatory responses. To this end, the C3a 
convertase, Which is active early in the cascade, could 
provide an ideal target for complement inhibition. C3a 
convertase cleaves the peptide C3 into tWo components, C3a 
and C3b, and therefore must be able to access the cleavage 
site on C3 in order to accomplish the result. Antibodies 
directed toWard the C3a-C3b cleavage site are expected to 
be effective in blocking access of C3a convertase to the 
cleavage site, thereby inhibiting this early step in the 
complement cascade. Such antibodies may be generated 
using a targeted antigen of the invention comprising, as the 
antigenic moiety, the short peptide sequence comprising the 
C3a/C3b cleavage site. The sequence could then be conju 
gated to an appropriate targeting moiety, such as the C5a 
C-terminal decapeptide agonists exempli?ed herein. Thus, 
the compositions Would be useful to generate an immuno 
therapeutic agent (e.g., an antibody that blocks the activity 
of C3a convertase) for treating an adverse in?ammatory 
condition. 

[0109] The folloWing examples are provided to describe 
the invention in further detail. These examples are intended 
to illustrate the invention in greater detail. They are not 
intended to limit the invention in any Way. 
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EXAMPLE 1 

Evaluation of Mucin Epitope (MUCl/C5a Agonist) 
Conjugate for Recruitment and Activation of 

Antigen Presenting Cells (APCs) and Stimulation 
of an Immune Response in Mice 

[0110] The C5a receptor is present on numerous antigen 
presenting cells, including monocytes, macrophages, den 
dritic cells, and other cell types. In this example, a composite 
peptide comprising a mucin epitope (MUCl) fuctionally 
linked to a decapetide agonist analog of C5a corresponding 
to the C-terminal e?fector region of the natural factor Was 
evaluated for its ability to activate the APCs thereby stimu 
lating an immune response in mice. This evaluation is based 
on the knoWn property of C5a receptors to internaliZe and 
recycle in the antigen presenting cell, thereby acting as ideal 
candidates for delivering antigens to and simultaneously 
activating signals in the APCs. Because C5a receptors are 
particularly common on macrophages, monocytes and den 
dritic cells, it is believed that the use of a C5a agonist analog 
to bind C5a receptors Will result in preferential activation of 
these APCs. 

[0111] i.Abbreviations. Except Where noted, the single 
letter designation for the amino acid residues is used: alanine 
is A; arginine is R; asparagine is N; aspartic acid is D; 
cystine is C; glutamine is Q; glutamic acid is E; glycine is 
G; histidine is H; isoleucine is I; leucine is L; lysine is K; 
methionine is M; phenylalanine is F; proline is P; serine is 
S; threonine is T; tryptophan is W; tyrosine is Y; and valine 
is V. Upper case letters represent the L-amino acid isomer 
and loWer case the D-isomer. 

[0112] ii.Peptide synthesis, Puri?cation and CharacteriZa 
tion. The folloWing peptides Were synthesiZed according to 
standard solid-phase methodologies on an Applied Biosys 
tems (Foster City, Calif.) model 430 A peptide synthesiZer 
and characterized as previously described (7): 

[0113] (l) The antigenic “juxta-membrane” (JM) epitope 
of the human mucin-l (MUCl), YKQGGFLGL (SEQ ID 
NO:6); 
[0114] (2) The C5a C-terminal decapeptide agonist ana 
log, YSFKPMPLaR (SEQ ID NO: 1); 

[0115] (3) The composite peptide YKQGGFLGLYSFKP 
MPLaR (SEQ ID N012), in Which the JM epitope is posi 
tioned toWard the amino terminus and the C5a peptide is 
positioned toWard the carboxyl terminus; and 

[0116] (4) The composite peptide YSFKPMPLaRKQGG 
FLGL (SEQ ID NO:5), in Which the JM epitope of MUCl 
is positioned toWard the carboxyl terminus and the C5a 
analog is positioned toWard the amino terminus. 

[0117] Peptide 3 retains C5a biological activity, Whereas 
peptide 4 does not because the biologically important car 
boxyl terminal end of the C5a analog is blocked by the 
presence of the mucin epitope. As such, peptide 4 serves as 
a control to determine the importance of the C5a biological 
activity to the effectiveness of these peptides for immuni 
Zation purposes. 

[0118] Syntheses Were performed on a 0.25 mmol scale on 
0-hydroxymethylphenoxymethyl polystyrene (HMP) resins 
(0.88 meq/ g substitution). Na-amino groups Were protected 
With the base-labile 9-?uorenylmethyloxycarbonyl (Fmoc) 
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group. Side-chain functional groups Were protected as fol 
loWs: Arg (Pmc or 2,2,5,7,8-pentamethylchroman-6-sulfo 
nyl); Asp (Ot-butyl ester); Cys, Gln & His (Trt or trityl); Lys 
(Boc or t-butyloxycarbonyl); Ser & Tyr (t-butyl). Synthesis 
Was initiated by the in situ coupling of the C-terminal 
residue (N°‘-Fmoc-L-Arg(Pmc)) to the HMP resin in the 
presence of excess N-N'-dicyclohexylcarbodiimide (DCC) 
and l-hydroxybenzotriazole (HOBT) With 4-dimethylami 
nopyridine (DMAP) as a coupling catalyst. Peptide chain 
elongation Was accomplished by repetitive Fmoc deprotec 
tion in 50% piperidine in NMP folloWed by residue coupling 
in the presence of 2-(1H-benzotriazol-1-yl)-1,1,3 ,3-tetram 
ethyluronium hexa?uorophosphate (HBTU). 
[0119] Side-chain deprotection and cleavage from the 
resin Were achieved in a single step acetolysis reaction by 
stirring the peptide-resin in a solution of 84% tri?uoroacetic 
acid (TFA), 6% phenol, 2% ethanedithiol, 4% thioanisole, 
and 4% Water for 1.5 hr at room temperature. Free peptide 
Was precipitated from this solution by adding cold diethyl 
ether. The mixture Was ?ltered through a scintered glass 
Buchner funnel (medium porosity) and the peptide/resin 
Washed tWice With cold ether to remove the thiol scavenger. 
The peptide Was extracted by sWirling the peptide/resin in 
the funnel With 20-30 ml aliquots of 10% acetic acid 
folloWed by ?ltration. The extraction aliquots Were com 
bined, frozen, and lyophilized to yield the poWdered form of 
the crude peptide. 

[0120] Peptides Were puri?ed by preparative and analyti 
cal reverse-phase HPLC on columns packed With C18 
bonded silica. The details of this procedure have been 
described by (4). All peptides Were characterized by amino 
acid compositional analysis and fast atom bombardment 
mass spectrometry (FAB-MS). 

[0121] iii. Animal Models. The strains of mice used for 
this example Were inbred females 6 to 12 Week old 
C57B16(H-2b) and Balb/c (H-2d), Which Were obtained 
from Jackson labs (Bar Harbor, Maine). These tWo strains 
Which dilfer in H-2 haplotypes, Were used in this example to 
demonstrate that the observed antibody responses Were not 
a result of the selection or creation of an unique immuno 
genic epitope characteristic of the sequence of the proteins 
of the MHC class I and class II molecules important for 
antigen processing in one mouse strain or another. The 
MUC1 peptide selected for these studies contained a motif 
that may bind to the H-2Kb molecule of the C57Bl6 mice; 
therefore, a strain of mouse that lacked this class I molecule 
binding motif (Balb/c) Was also studied to determine the 
relative contribution of the class I binding motif to the 
antigen presentation properties of these peptides. 

[0122] iv. Immunization protocol. Preimmune sera Were 
obtained from mice, Which Were subsequently immunized 
intraperitoneally With 100 pg of the indicated peptide With 
RIBI adjuvant (MPL+TDM+CWS) (Sigma Immunochemi 
cals). Animals Were boosted tWice at tWo Week intervals 
using the same injection procedure. Sera Were obtained 
folloWing three immunizations (at 6 Weeks). 

[0123] v. Analysis of serum antibody responses. For radio 
immunoassay (RIA), anti-peptide antibodies Were deter 
mined, before and at di?cerent time points after immuniza 
tion, in 96-Well microtiter plates (Dynatech Laboratories, 
Inc.). Plates Were coated With 50 pl of a 100 pg/ml appro 
priate peptide in phosphate-bulfered saline (PBS) pH 7.4 
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solution overnight at 40 C. The Wells Were blocked by 
incubation With 5% dry milk in PBS pH 7.4 for at least tWo 
hours. Anti-peptide antibody titers Were determined using 
serial dilutions of sera. The sera Were diluted With PBS 

containing 0.05% TWeen-20, pH 7.4 (Washing bulfer) and 50 
pl of each dilution Was incubated at 37° C. for 1 hour. The 
Wells Were then drained, Washed 4 times With PBS-TWeen 
and 50 pl of 125I-goat anti-mouse Ab (1-2><104 cpm/Well) 
Was added and incubated for 1 hr at 250 C. After Washing, 
speci?c radioactivity Was recorded in a gamma counter 
(1272 CliniGamma, LKB). 
[0124] Anti-peptide antibody isotype titers Were deter 
mined by enzyme-linked immunosorbent assay (ELISA) 
carried out in 96-Well microtiter plates. The plates Were 
coated With 100 pg/ml of appropriate peptide in PBS, pH 
7.4, and incubated overnight. The Wells Were blocked With 
5% dry milk in PBS pH 7.4 for at least tWo hours. Anti 
peptide titers Were determined using serial dilutions of sera 
as described above. After the plates Were Washed 4 times, 50 
pl of a 1:100 dilution of rabbit anti-mouse IgA, IgG1, IgG2a, 
IgG2b, IgG3 and IgM (Zymed) Was added to each Well and 
incubated at 250 C. for 1 hour. The plates Were Washed 4 
times With Washing bulfer and 50 pl of 1:500 goat anti-rabbit 
conjugated to peroxidase (Zymed) Was incubated at 37° C. 
for 1 hour. Again, the plates Were Washed 4 times With 
Washing bulfer and bound enzyme Was detected by the 
addition of 50 pl 1 mg/ml p-nitrophenyl phosphate (Sigma) 
in 10% diethanolamine (Sigma) pH 9.4. The reaction Was 
stopped by the addition of 50 pl of 0.5 M sodium hydroxide 
and absorbance values (A405) Were determined on Titertek 
Multiskan (FloW Laboratories, Irvine, Scotland). 
[0125] vi. Experimental groups. Experimental groups 
Were as folloWs: 

[0126] Group A. mice immunized With peptide (1) 

[0127] Group B. mice immunized With peptide (2) 

[0128] Group C. mice immunized With peptide (1) plus 
peptide (2) 

[0129] Group D. mice immunized With peptide (3) 

[0130] Group E. mice immunized With peptide (4). 

[0131] The results of the experimental protocols are set 
forth in FIGS. 1 and 2. As can be seen in the Figures, the 
mice in Groups A, B, C and E produced no appreciable 
increase in antibody response to inoculation With MUC1 
epitope (Group A), C5a agonist peptide (Group B), MUC1 
epitope combined With, but not conjugated to, C5a agonist 
peptide (Group C), or MUC1 epitope conjugated to the C5a 
agonist peptide at its C-terminus, rather than its N-terminus 
(thereby blocking C5a biological activity) (Group E). Only 
mice inoculated With the MUC1 epitope/C5a agonist peptide 
conjugate of the present invention (Group D) generated an 
appreciable antibody response. Furthermore, this stimula 
tion Was signi?cant. It is clear from these results that 
inoculation With the conjugated MUC1 epitope/C5a agonist 
peptide Was far more ef?cient in stimulating a general 
immune response (i.e, production of antibodies) than Was 
inoculation With either peptide alone, or both peptides 
together, but not conjugated, or peptides conjugated in the 
opposite orientation. 

[0132] There are several signi?cant conclusions that can 
be draWn based on these results. The fact that both Balb/c 
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and C57B16 mice showed antibody responses to peptide 3 
suggests that the antigen presenting effect is not restricted by 
MHC haplotype. The fact that immune responses Were not 
produced to peptide 4, or to mixtures of peptide 1 and 2, but 
that substantial responses Were produced to peptide 3, sug 
gest that the effect is mediated by the C5a moiety of the 
peptide and that the immune response results from the 
simultaneous delivery of antigen peptide and C5a mediated 
activation signals to antigen presenting cells. 

[0133] The isotypes of the anti-peptide antibodies pro 
duced in the immuniZed mice Were determined (FIG. 3) and 
Were found to consist of IgM, IgG2a, and IgG2b. This 
suggests that the immunogenic peptide is producing T 
cell-dependent responses, Which generally require antigen 
processing and presentation. Data presented in FIG. 4 shoW 
that the antibody response to peptide 3 includes a high 
percentage of antibodies that are speci?c for the MUC1 
epitope that Was the antigen moiety of these studies. 

EXAMPLE 2 

Evaluation of Serum Amyloid A/C5a Peptide 
Conjugates for Recruitment and Activation of APCs 

and Stimulation of Immune Response in Rats 

[0134] Serum amyloid A is an acute-phase stress response 
protein generated by the liver. Along With other acute phase 
proteins, SAA is secreted in response to systemic in?am 
matory stress as a protective measure. SAA is of interest 
because it appears to be an excellent indicator of general, 
systemic in?ammation, Which is a phenomenon that is very 
di?icult to quantitate. Because serum levels of SAA have 
been observed to parallel the rise and fall of the systemic 
in?ammatory response, quantitation of serum levels of this 
peptide Would provide an effective means of assessing 
in?ammation. One Way to accomplish this is to develop 
antibodies against SAA that could be used for quantitation 
such as in an ELISA assay. HoWever, SAA has been par 
ticularly recalcitrant to the generation of antibodies against 
it. In this example, an evaluation Was made of the ability of 
SAA conjugated to a C5a C-terminal analog (as described in 
Example 1) to activate antigen producing cells and produce 
an antibody response in rats. 

[0135] i. Production and preparation of proteins and pep 
tides. The C-terminal C5a analog K-Ahx-YSFKPMPLaR 
(SEQ ID N018) (AhX is aminohexanoic acid, Which is a 
linear aliphatic spacer moiety) Was produced as described in 
Example 1. The aliphatic spacer moiety Was included to 
separate the critical receptor-binding C5a analog from the 
bulky protein to be attached to the amino terminus. 

[0136] Serum amyloid A Was conjugated to the C5a pep 
tide analogs according to the folloWing method. SAA (100 
ug) Was reacted With a 50-fold molar excess of a Water 

soluble carbodiimide, 1-(3-dimethylaminopropyl)-3-ethyl 
carbodiimide methiodiide (EDC), in 200 pl of phosphate 
buffered saline, pH 7.5, at room temperature for 30 minutes. 
A 50-fold molar excess of the peptide (K-Ahx-YSFKPM 
PLaR; SEQ ID N018) and a 100-fold molar excess ofa base 
diisopropylethyl amine (DIEA) Were added to this solution. 
Water Was added to the solution to bring the reaction mixture 
to a volume of 400 pl. This solution Was stirred overnight at 
room temperature and then lyophiliZed to a dry poWder. The 
poWder Was diluted to the appropriate volume With Water to 
generate the stock mixture used for inoculating the animals. 
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[0137] ii. Experimental protocols. Rats Were injected 
intraperitoneally With an inoculant comprising the SAA/C5a 
peptide conjugates in phosphate-buffered saline With or 
Without RIBI adjuvant. Booster injections Were given tWo 
and ?ve Weeks after the initial injections. The rats Were 
sacri?ced seven Weeks after the initial injection and anti 
mucin antibody production Was assessed from the serum 
titers, as described in Example 1. 

[0138] Signi?cant anti-SAA antibody Was produced from 
both groups of rats, Whether or not RIBI adjuvant Was 
included in the inoculation. As visualiZed by gel electro 
phoresis and autoradiography of anti-SAA antibody eluted 
from the plate assays, it appeared that anti-SAA antibody 
titers Were essentially equivalent, or slightly higher, in rats 
inoculated With SAA/C5a peptide conjugate in the absence 
of RIBI adjuvant as compared to the same inoculation 
Without the adjuvant. Thus, antigenic conjugates comprising 
the C5a peptide analog are useful for generating antibodies 
against large proteins, as Well as against smaller peptide 
fragments, such as those described in Example 1. Moreover, 
the successful generation of anti-SAA antibodies utiliZing 
this method is particularly promising for purposes of pro 
ducing antibodies against Weakly- or non-antigenic peptides 
or proteins. 

EXAMPLE 3 

Production and Characterization of Site-Directed 
Neutralizing Antibodies Speci?c for a Peptide 
KR(33-52) from the Predicted Amino-Terminal 

Region of the Human Kappa Receptor 

[0139] Receptors for human opioid peptide hormones 
have been described on numerous cell types. The receptors 
for 6, K, and uligands have recently been cloned from 
genomic and cDNA libraries derived from normal tissue and 
cell lines. Considerable homology exists among the 6, K, and 
ureceptors, except for the N-terminal regions of the recep 
tors. The N terminal region of the human kappa receptor 
(amino acid residues 1-100) is relatively hydrophilic and 
Would be predicted to be exposed on the surface of the cell 
membrane. A 20 residue peptide [KR(33-52)], Was chosen 
and used to raise a site directed peptide speci?c polyclonal 
antibody (5). 
[0140] The method of production of a polyclonal antise 
rum in rabbits using the molecular adjuvant, C5a-agonist 
peptide conjugated to the KR epitope is set forth beloW. The 
binding speci?city and biological activities of the resulting 
polycolonal antiserum raised to the predicted extracellular 
region of the human kappa receptor (KR) are also described 
beloW. 

[0141] i. Construction of Targeted-Immunogen. A peptide 
construct consisting of the KR(33-52) (FPGWAEPDSNG 
SAGSEDAQL; SEQ ID N019) covalently attached to the 
N-terminal end of a conformationally biased, C5a comple 
ment fragment agonist analogue peptide (YSFKPMPLaR; 
SEQ ID N01 1) Was synthesiZed according to the methods 
in Example 1 and as previously reported (7). 

[0142] ii. Preparation of anti-KR(33-52) Antiserum and 
Peptide-Speci?c ELISA. Rabbits Were immuniZed s.c. With 

500 ug of FPGWAEPDSNGSAGSEDAQLYSFKPMLaR 
(SEQ ID N01 10) construct in complete Freund’s adjuvant 
(GIBCO, Grand Island, NY.) on day 0 folloWed by booster 
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injections on days 30 and 60 in incomplete Freund’s adju 
vant. Serum Was collected starting 75 days after the initial 
immunization. 

[0143] The presence of anti-peptide antibody Was deter 
mined by using a peptide speci?c ELISA utilizing the free 
KR(33-52) peptide as previously described (8). Anti-KR(33 
52) and normal rabbit y-globulin (RGG) Were puri?ed by 
protein A Sepharose chromatography (Sigma) (8) prior to 
use. 

[0144] iii.Cells and culture conditions. The neuroblastoma 
cell SK-N-SH (HTB 11), ductal breast cell carcinoma T47D 
(HTB 133), Jurkat T cell leukemia, (TIB 152), U937 his 
tolytic lymphoma (CRL1593), THP 1 human monocyte 
(TIB 202), EBV-transformed B cells SKW 6.4 (TIB 215) 
and CESS (TIB 190) (American Type Culture Collection, 
Rockville, Md.) Were cultured in DMEM or RPMI 1640 
supplemented With 10% fetal calf serum, 25 mM HEPES, 1 
mM L-glutamine, 2 mM Na pyruvate, 50 U penicillin and 50 
ug/ml streptomycin. The human neuronal precursor cells 
NT2 (Stratagene, La Jolla, Calif.) Were cultured in Opti 
MEM (Gibco) supplemented as above. All cultures Were 
incubated at 37° C. in a humidi?ed chamber With 7.5% C02. 

[0145] Peripheral blood derived mononuclear cells Were 
obtained from healthy male and female volunteers, isolated 
by Ficoll-Hypaque(tm) density gradient centrifugation and 
enriched for macrophage by adherence to plastic. 

[0146] iv. FloW Cytometry. Single-color ?oW cytometry 
analysis of cells (1><10°) in PBS containing 1% bovine calf 
serum and 0.1% sodium azide (staining buffer) Were prein 
cubted 30 minutes at 4° C. in the presence of 20% normal 
human serum. The cells Were Washed and then incubated 
With anti-KR(33-52) or RGG for 30 minutes at 4° C., Washed 
and labeled With PI-conjugated donkey (Fab')2 fragments of 
antirabbit IgG (Zymed, S. San Francisco, Calif.) for 30 
minutes at 40° C. (8). For dual color analysis FITC-conju 
gatd anti-CD3 or anti-CD14 (Pharrningen, San Diego, 
Calif.) Were also included in the second step. Cells (1x104) 
Were analyzed on a FACScan (Becton Dickinson, Mountain 
VieW, Calif.) and data Were analyzed With the Cell Quest 
softWare as previously described (8). 

[0147] v. Measurement of cell proliferation. Peripheral 
blood mononuclear cell (PBMC) Were pulsed on day 2 of 
culture With 3H-thymidine and 18 hours later the cells 
harvested on glass ?ber ?lters and processed for scintillation 
counting. Experiments Were performed three times and each 
sample done in triplicate. 

[0148] vi. Measurement of IgG Secretion. Relative levels 
of IgG in culture supematants Were determined by an 
indirect ELISA as previously described (9). Supernatant 
derived from PBMC cultures Were collected after 10 days 
and assayed for the presence of IgG. Numbers represent the 
mean CPM+/—SD from triplicate samples. Experiments 
Were performed at least three times. 

[0149] vii. Characterization of Anti-KR Peptide Antise 
num. Serum from rabbits immunized With the KR(33 
52)YSFPMPLaR (SEQ ID NO: 10) construct and normal 
rabbit serum Were assayed for the ability to recognize plate 
bound KR(33-52) (SEQ ID NO:9) in ELISA. The results 
shoW that serum from rabbits immunized With the KR(33 
52)YSFPMPLaR (SEQ ID NO: 10) construct bound free 
KR(33-52) SEQ ID NO:9) peptide in a dose dependent 
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fashion. The titer Was approximately 105 In contrast, serum 
from unimmunized rabbits failed to bind this peptide. Serum 
samples from immunized and unimmunized rabbits Were 
subjected to protein A-Sepharose chromatography and the 
column eluates Were assessed for KR(33-52) (SEQ ID NO:9) 
speci?c antibody. The results indicate that protein A-puri?ed 
antibody derived from rabbits immunized With the KR(33 
52)YSFPMPLaR (SEQ ID NO: 10) construct binding to free 
KR(33-52) (SEQ ID No:9) Was detectable at antibody con 
centrations less than 0.1 ng/ml. In contrast, RGG failed to 
bind the free peptide. The results from multiple bleedings 
indicated that the ED5O titer ranged betWeen 1-10 ng/ml. 
These results indicate that rabbits immunized With KR(33 
52)YSFPMPLaR (SEQ ID NO: 10) contained high titer, 
KR(33-52) peptide speci?c antibody. 

[0150] viii. Binding of anti-R (33-52) antibody to cells 
expressing human KR. To determine Whether the polyclonal 
anti-KR(33-52) antibodies bound to cells expressing the KR, 
a variety of mononuclear cell lines and normal human 
mononuclear cells Were ?rst assayed for the presence of the 
K receptor speci?c mRNA by RT-PCR. RNA samples iso 
lated from neuronal cell lines NT2, U937, Jurkat, T47D, 
normal human PBMC, and enriched human macrophage 
Were subjected to RT-PCR analysis With 5' sense and 3' 
antisense primers speci?c for the 3' region of the cloned KR 
and B-actin. All of the cell lines or cell fractions, except for 
the T47D cell line, Were positive for the K-receptor speci?c 
PCR product, as expected based on the primer sequences 
used (5). 

[0151] Experiments Were performed to determine Whether 
anti-KR(33-52) bound to cells expressing KR speci?c 
mRNA. The results of single color ?oW cytometric analysis 
for several cell lines are shoWn in Table 2. FloW cytometric 
measurements Were conducted With human cell lines repre 

sentative of macrophage (U937), T lymphocytes (Jurkat), 
and B lymphocytes (SKW 6.4 and CESS). The results 
indicate that anti-KR(33-52) bound all three cell types. 
Anti-KR(33-52) bound to U937 cells to the greatest extent 
(MFI=231) compared to normal RGG (MFI=38). As used 
herein MFI refers to mean ?uorescence intensity. Compari 
son of anti-KR(33-52) and RGG binding to the Jurkat line 
indicated approximately a 3-fold shift in MFI (MFI=18 vs. 
MFI=6). Similar results Were obtained With the tWo B 
lymphocyte-like cell lines (SKW 6.4 and CESS). Compari 
son of anti-KR(33-52) and RGG binding to the SKW 6.4 line 
indicated approximately a 3-fold shift in MFI (MFI=19 vs. 
MFI=6). The neuronal cell line Was also speci?cally bound 
by the anti-KR(33-52) as indicated by a 3-fold shift in the 
MFI over the RGG. Finally, based on the lack of expression 
of KR-speci?c mRNA from the human breast carcinoma cell 
line (T47D), this cell line Was assessed for its ability to bind 
to anti-KR(33-52) by How cytometric analysis. The lack of 
a KR expression on T47D cells Was con?rmed by the fact 
that anti-KR(33-52) and RGG bound to these cells in an 
almost identical fashion. As a positive control, anti-KR(33 
52) and RGG Were assessed for their ability to bind to an 
additional human macrophage-like cell line (THP 1). Com 
parison of anti-KR(33-52) and RGG binding to this cell line 
resulted in a signi?cant shift in MFI (MFI=190 vs. MFI=8). 
These results con?rm the speci?city of anti-KR(33-52) for 
the human KR. 




























