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(57) ABSTRACT 

The present invention provides a fusion polypeptide Which 
can bind to a cell surface binding moiety (e.g., a carbohy 
drate) and serve as a ligand for a cell surface polypeptide, as 
Well as a vector comprising a nucleic acid encoding for such 
a fusion polypeptide, and a host cell comprising such nucleic 
acid. The present invention also provides a composition 
comprising an antigen bearing target and such a fusion 
polypeptide, as Well as a composition comprising a virus or 
a cell and such a fusion polypeptide. The present invention 
further relates to a method of modulating an immune 
response in an animal using such compositions. 
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LECTIN COMPOSITIONS AND METHODS FOR 
MODULATING AN IMMUNE RESPONSE TO AN 

ANTIGEN 

RELATED APPLICATIONS 

[0001] The present application is a divisional application 
to US. Utility application With serial No. 10/645,000, ?led 
Aug. 20, 2003, Which claims priority to US. Provisional 
applications 60/404,823, ?led Aug. 20, 2002 and 60/487, 
407, ?led Jul. 15, 2003, the entirety of each is hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] Typically, the speci?c modulation of an immune 
response to an antigen in a subject requires the administra 
tion of another substance, eg an adjuvant, in admixture 
With the antigen in order to initiate and/or direct the modu 
lation. Traditional adjuvants, though, have a number of 
Weaknesses. For eXample, many are crude, heterogeneous 
preparations. In addition, many are relatively Weak immu 
nomodulators, and some cause severe local in?ammation 
that is unacceptable in humans. Puri?ed soluble polypep 
tides, such as cytokines, have some advantages over crude 
adjuvants, but their value is limited because they diffuse 
aWay from the antigen upon administration. While certain 
cell-surface molecules may be potential immunomdulators 
as components of cell-based vaccines, their application 
generally involves gene transfer into the cells, Which is often 
problematic. 
[0003] The invention therefore ?lls heretofore unmet 
needs by providing molecules that can bind to antigen 
bearing targets, such as cells, viruses, and isolated antigens, 
and that can serve as immunomodulators When administered 

With an antigen bearing target. In addition, the invention 
provides compositions comprising these molecules and 
related methods. The compositions and methods of the 
invention are also useful for other applications, eg any 
application in Which it is desirable to attach a biological 
effeector, such as a polypeptide ligand for a cell surface 
receptor, to a target structure, such as a virus or a cell. 

SUMMARY OF THE INVENTION 

[0004] The present invention relates to a multifunctional 
molecule, eg a fusion polypeptide, comprising a ?rst part 
Which is capable of binding to an antigen bearing target and 
a second part Which is capable of binding to a cell. In a 
preferred embodiment, the ?rst part is a ?rst cell surface 
binding moiety and the second part is a second cell surface 
binding moiety. In this embodiment, the ?rst cell surface 
binding moiety can attach to a virus or cell, e. g. a tumor cell, 
Which comprises an antigen. It is also particularly preferred 
that the second cell surface binding moiety can bind to a 
cell-surface polypeptide, eg a non-immunoglobulin 
polypeptide, of an antigen presenting cell Thus, in 
some embodiments, a multifunctional molecule of the 
invention can serve as a bridge or link betWeen an antigen 
bearing target and an APC. 

[0005] As used herein an “antigen bearing target” is an 
entity Which comprises an antigen. As used herein an 
“antigen bearing target” includes, for eXample, a Whole cell 
Which expresses an antigen a cell fraction comprising an 
antigen, a membrane fraction comprising an antigen, a virus 
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comprising an antigen, a viral particle comprising an anti 
gen, or an antigen, eg a polypeptide antigen, Which may be 
free of any other cell-derived or virus-derived material. 
Cellular fractions may be prepared using methods knoWn to 
those of skill in the art such as those taught in Cell Biology 
A Laboratory Handbook (Academic Press 1994 Editor J. E. 
Celis ISBN 0-12-164715-3) 

[0006] The term “antigen” as used herein refers to a 
molecule against Which a subject can initiate a humoral 
and/or cellular immune response. Antigens can be any type 
of biologic molecule including, for eXample, simple inter 
mediary metabolites, sugars, lipids, and hormones as Well as 
macromolecules such as compleX carbohydrates, phospho 
lipids, nucleic acids and proteins. Common categories of 
antigens include, but are not limited to, viral antigens, 
bacterial antigens, fungal antigens, protoZoa and other para 
sitic antigens, tumor antigens, antigens involved in autoim 
mune disease, allergy and graft rejection, and other miscel 
laneous antigens. In the compositions and methods of the 
invention, it is preferred that the antigen is a polypeptide, 
e.g., one comprising at least seven amino acids. 

[0007] As used herein, “antigen presenting cell” or “APC” 
refers to cells that ingest and present antigen to T cells. 
These cells include phagocytic leukocytes, macrophages, 
and dendritic cells, B lymphocytes, and endothelial cells. A 
“professional APC” is an APC that is constitutively able to 
activate a T lymphocyte. Professional APCs typically con 
stitutively express class II major histocompatibility mol 
ecules and costimulatory molecules such as B7-1 and/or 
B7-2. 

[0008] In one embodiment, the invention encompasses a 
multifunctional molecule, the ?rst part of Which is a lectin. 
Thus, the multifunctional molecule can bind to one or more 
carbohydrates of an antigen bearing target. In a preferred 
embodiment of the invention, the ?rst part of the multifunc 
tional molecule is a lectin and the second portion is a ligand 
for a cell surface protein (e.g., a ligand for a cell surface 
receptor). Preferably, the cell surface protein is a cell surface 
receptor of an APC. Ligands for a cell surface receptor 
include any ligand Which Will bind to a cell surface protein, 
and preferably include, but are not limited to, an opsonin, 
cytokine, adhesion molecule, counterreceptor of a T cell 
costimulatory molecule, a defensin, a ligand for a CD40 
molecule, or a heat shock protein, or a portion of any of these 
ligands, including about (or at least about) 5, 8, 10, 12, 15, 
20, 25, 35, 50, 60, 70, 80, 100, or 120 contiguous amino 
acids of such a ligand. Preferably, the multifunctional mol 
ecule Which comprises ?rst and second parts comprises an 
amino acid sequence Which can bind to a cell surface protein 
(e.g., a cell surface receptor) including, but not limited to an 
adhesion molecule, a costimulatory molecule for a T cell, or 
a receptor for at least one of the folloWing types of mol 
ecules: a cytokine, a defensin, a heat shock protein, a CD40 
molecule, or an opsonin. 

[0009] A cell surface protein (e.g., a cell surface receptor) 
useful in the present invention is any cell surface molecule 
Which can bind the ligand portion of a multifunctional 
molecule of the invention. Preferably, the cell surface recep 
tor is a CD40 molecule, a T cell costimulatory molecule, an 
adhesion molecule, or a receptor for a cytokine, a defensin, 
a heat shock protein, an opsonin, or an adhesion molecule. 
Cell surface proteins, useful in the invention include, but are 



US 2004/0122217 A1 

not limited to the cell surface molecules identi?ed by 
GenBank Accession number in Appendix I and II, or those 
cell surface molecules Which are encoded by a nucleic acid 
molecule identi?ed by GenBank Accession number in 
Appendix I or II. 

[0010] The term “cytokine” as used herein refers to a 
polypeptide molecule that is naturally secreted by mamma 
lian cells and that binds to a cell surface protein on a 
leukocyte, inducing a change (e.g., a change in the prolif 
erative state, a change in the transcriptional pro?le or a 
change in the propensity to migrate) in the leukocyte (other 
than mere occupancy of the leukocyte’s receptors for the 
cytokine). “Change” refers to at least about a 5% increase or 
decrease as compared to in the absence of a cytokine. The 
term “cytokine” also refers herein to a polypeptide molecule 
that is a ligand for a receptor for a naturally occurring 
cytokine. 
[0011] Examples of cytokines Which are useful in the 
methods and compositions of the invention include the 
folloWing: GM-CSF, I1-2, IL-4, IL-6, IL-12, ligands for 
hematopoietin receptors, ligands for immunoglobulin super 
family receptors, ligands for interferon receptors, ligands for 
TNF receptors, and ligands for chemokine receptors. An 
antibody against a cytokine receptor can also be a cytokine. 

[0012] In one embodiment of the invention, it is preferred 
that a cytokine comprised by a composition of the invention 
promote a Th1 immune response, i.e., the generation of T 
cells that express Th1 cytokines such as IL-2 and IFN-y. In 
another embodiment, it is preferred that a cytokine com 
prised by a composition of the invention promote a Th2 
immune response, i.e., the generation of T cells that express 
Th2 cytokines such as IL-4 and IL-10. 

[0013] “Engineered cytokines” as described herein are 
cytokines Which comprise a heterologous cell surface bind 
ing moiety. 
[0014] The term “opsonin” as used herein refers to natu 
rally occurring and non-naturally occurring molecules 
Which are capable, by virtue of being contemporaneously 
bound or attached to both an antigen-containing cell and an 
antigen-presenting cell (APC), of acting as a link or coupling 
agent (an adapter) betWeen the antigen and the APC to alloW 
more ef?cient binding, engulfment, and internaliZation of 
the antigen-containing cell by the APC. An opsonin useful 
according to the invention, also includes non-naturally 
occurring opsonins capable of binding to APCs via receptors 
that can bind naturally occurring opsonins. 

[0015] The term “opsonin” as used herein can also refer to 
molecules Which can be processed such that at least one 
product of the processing step or steps is capable of, by 
virtue of being contemporaneously bound or attached to 
both an antigen-containing cell and an APC, acting as a link 
or coupling agent to alloW more ef?cient binding, engulf 
ment, and internaliZation of other antigen-containing cells 
by the APC. An opsonin can also be any polypeptide chain 
of a multichain opsonin. 

[0016] Examples of opsonins Which are useful in the 
methods and compositions of the invention include the 
folloWing: vitronectin, ?bronectin, complement components 
such as Cb 1q (including any of its component polypeptide 
chains A, B and C), complement fragments such as C3d, 
C3b and C4b, mannose binding protein, conglutinin, sur 
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factant proteins A and D, C-reactive protein (CRP), alpha 
2-macroglobulin, and immunoglobulins, for example, the Fc 
portion of an immunoglobulin. 

[0017] “Innate opsonins” are opsonins of the innate 
immune system and are knoWn in the art as secreted 
polypeptide molecules of the innate immune system and are 
believed to bind contemporaneously to an antigen and to the 
surface of an APC. They can thus act as “bridges”, and are 
thought, by virtue of this property, to promote internaliZation 
of antigens by APCs. The mode in Which opsonins bind to 
antigens varies among opsonins, and can be covalent or 
noncovalent. In general, the antigen-binding moieties of 
innate opsonins differ from the antigen-binding moieties of 
immunoglobulins in that the former are relatively invariant 
among members of the same species, and do not undergo 
diversi?cation during the ontogeny of an individual. 

[0018] A molecule containing a naturally occurring APC 
binding moiety shall be considered an opsonin if it contains 
a moiety through Which it can be stably bound or attached 
to a cell such that the APC-binding moiety is located in the 
extracellular space, Whether or not the opsonin molecule 
contains its natural antigen-binding domain. 

[0019] “Engineered opsonins”, as described herein, 
include molecules in Which a cell surface binding moiety is 
substituted for the natural antigen-binding domain of an 
opsonin or Where a cell surface binding moiety is linked to 
the opsonin Without modi?cation or removal of the natural 
antigen-binding domain of the opsonin. 

[0020] A“cell surface binding moiety” is a moiety through 
Which a molecule can be stably bound to a cell surface, eg 
a cell Wall, a polysaccharide capsule, or the lipid or protein 
component of a plasma membrane, or to the surface of a 
virus. Such moieties include but are not limited to crosslink 
ing moieties and lipid moieties. It is preferred that the cell 
surface binding moiety bind to a cell by a means other than 
interaction of a polypeptide With its cognate cell-surface 
polypeptide. It is further preferred that the cell surface 
binding moiety comprise a non-polypeptide moiety. In a 
preferred embodiment, a lipid moiety is linked to the engi 
neered molecule via a glycosylphosphatidylinositol (GPI) 
moiety. In another preferred embodiment, the lipid com 
prises a fatty acid, eg palmitate. In yet another preferred 
embodiment of the invention, the cell surface binding moi 
ety is linked to an opsonin or an antigen-binding domain 
truncated opsonin at the antigen-binding end of the opsonin. 
In another preferred embodiment, the multifunctional mol 
ecule comprises an idiotypic portion of an immunoglobulin 
Which can bind to an APC. Preferably, the opsonin of an 
opsonin-enhanced cell is one of alpha’ chain C3b or man 
nose binding protein. 

[0021] If the opsonin is a fragment of C3, it is preferred hat 
it bind to CR1 With a greater af?nity than to CR2. It is further 
preferred that the fragment of C3 not be a ligand for CR2. 
Preferably, the opsonin is neither C3bi, C3d, nor C3dg. 

[0022] It is preferred that the opsonins bind to receptors 
that trigger phagocytosis and that are non-clonotypic and 
thus do not vary from cell to cell as, for example, clonotypic 
receptors do. Non-clonotypic receptors are present on cells 
Which play a role in innate immunity, and include, e.g., 
non-idiotypic receptors. Examples of such receptors include 
CR1, CR2, CR3, CR4, and Clq receptor, receptors contain 
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ing a component of the C1q receptor, collectin receptors, 
receptors for (x2m, receptors for CRP, and Fc receptors for 
immunoglobulins. 
[0023] “Exogenous” refers to something Which is intro 
duced from or produced outside the cell. 

[0024] “Endogenous” refers to something Which is 
expressed or present naturally in a cell. 

[0025] “Heterologous ” refers to something Which is not 
naturally expressed in a cell. 

[0026] Preferably, the multifunctional molecule Which 
comprises ?rst and second parts can bind, via the second 
part, to the surface or plasma membrane of an antigen 
presenting cell (APC), ie a cell that can present antigen to 
a T cell, eg a cell that can activate a T cell, at least in part 
by presenting antigen to the T cell. The APC may be a 
leukocyte, eg a cell of monocytic lineage and/or a dendritic 
cell. Preferably, binding of the multifunctional molecule is 
independent of expression of an idiotype, eg a clonotypic 
determinant of an immunoglobulin, on the APC. Most 
preferably, the multifunctional molecule comprises a ?rst 
end Which can bind to a cell that comprises an antigen and 
a second end Which can bind to a APC. 

[0027] The multifunctional molecule may bind to an anti 
gen bearing target cell by, e.g., inserting into the lipid 
portion of a cell membrane or by binding to a structure, eg 
a polypeptide or a carbohydrate, that is physically associated 
With the lipid portion of the membrane. The structure need 
not be directly in contact With the lipid portion of the 
membrane, but may be indirectly attached, eg a carbohy 
drate that is part of a cell-surface glycoprotein. Preferably 
the multifunctional molecule can bind via a ?rst part to an 
antigen bearing target, preferably a mammalian cell that 
comprises an antigen, and via a second part to an APC. The 
invention also encompasses the use of a molecule that can 
bind via a ?rst part to a virus or to a non-mammalian cell, 
eg a fungal or bacterial cell, and via a second part to an 
APC. In the latter cases, the ?rst part may bind, e.g., to a 
component of a cell Wall or a capsule. 

[0028] In a preferred embodiment, the multifunctional 
molecule Which comprises ?rst and second parts comprises 
a ?rst part Which comprises a lectin and a second part that 
can bind to a leukocyte, eg an APC, eg a cell of monocytic 
lineage or a dendritic cell (Which may itself be of monocytic 
lineage). A“lectin”, according to the invention, is a molecule 
or part of a molecule, eg an amino acid sequence, Which 
can bind to a carbohydrate, eg a polysaccharide. Families 
of naturally occurring lectins include: 

[0029] 1) Galectins, a rapidly groWing family of 
animal lectins. All of them share galactose-speci?c 
ity. 

[0030] 2) Calcium-dependent (C-type) animal lec 
tins, an extremely large family composed of mem 
bers having diverse structures and functions. 

[0031] 3) Among this C-type lectin family, selectins 
form a distinguishable subfamily by their speci?c 
function in leukocyte adhesion to endothelial cells 
through sialyl-LeWisX recognition. 

[0032] 4) Collectins, another subfamily of C-type 
lectins speci?c for mannose, Which have a unique 
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structure consisting of a C-type lectin domain and a 
collagen-like domain. They are involved in innate 
immunity. 

[0033] 5) Invertebrates are knoWn to contain various 
lectins in their body ?uids, probably as body-pro 
tection factors. Recently, some lectins from an echi 
noderm Were found to shoW hemolytic activity. 

[0034] 6) Annexins, a group of proteins having affin 
ity to lipids that Were recently shoWn to be lectins 
shoWing binding to glycosaminoglycans. 

[0035] 7) The legume lectin family, Which consists of 
a large number of members, such as ConA, With 
variable saccharide speci?city comparable to C-type 
lectins. 

[0036] 8) Ricin, the ?rst lectin investigated in Russia 
more than 100 years ago. It is noW evident that the 
ricin family has many other homologous members 
Which differ in either toxicity or sugar-binding speci 
?cities. 

[0037] Thus, a multifunctional molecule of the invention 
may bind to one or more carbohydrates. Carbohydrates to 
Which lectins may bind also include, for example, carbohy 
drates comprising lactose, D-mannose, D-glucose, D-fu 
cose, L-fucose (e.g. alpha-L-fucose), D-galactose, blood 
group A oligosaccharides, blood group B oligosaccharides, 
saccharides comprising alpha-D-Gal(1->3)[alpha-Lfuc(1 
>2)]-beta-D-Gal(1->3/4 -beta-D-GlcNAc, saccharides com 
prising alpha-sialyl [2->3]-lactose, alpha-D-mannosyl gly 
coconjugates, alpha-NeuNAc-[2->6]-Gal, alpha-NeuNAc 
[2->6]-GalNAc, alpha-NeuNAc-[2->3]-Gal, N-acetyl-beta 
D-glucosamine, terminal alpha-D-galactosyl residues, 
terminal beta-D-galactosyl residues, N-acetyllactosamine, 
terminal alpha-D-mannosyl residues, N-acetyl-beta-D-glu 
cosamine, terminal N-acetyl-D-galactosamine, N-acetyl 
neuraminic acid, and terminal alpha-D-galactosaminyl resi 
dues. 

[0038] The multifunctional molecule Which comprises a 
lectin may comprise, for example, the Whole of a naturally 
occurring lectin or a portion of a naturally occurring lectin, 
eg about (or at least about) 5, 8, 10, 12, 15, 20, 25, 35, 50, 
60, 70, 80, 100, or 120 contiguous amino acids of a naturally 
occurring polypeptide lectin. In one embodiment the mul 
tifunctional molecule comprises a carbohydrate-binding 
domain of a naturally occurring lectin, i.e., a portion of a 
lectin that can bind to a carbohydrate in the absence of the 
remainder of the lectin. In another embodiment the lectin 
may be non-naturally occurring, e.g. identi?ed from an 
arti?cial library of molecules or designed by modifying the 
structure of a naturally occurring lectin. 

[0039] Lectins knoWn as “hemagglutinins” bind to carbo 
hydrates on erythrocytes, e.g. blood group antigens, and 
When incubated With these cells cause them to aggregate. 
The in?uenZa virus hemagglutinin, for example, binds to 
sialic acid (as does the human parain?uenZa virus 3 hemag 
glutinin/neuraminidase). There are at least 15 knoWn in?u 
enZa hemagglutinin subtypes, de?ned by their distinct anti 
genic properties. Any of these subtypes, designated, e.g., 
H1, H2, H3, H4, H5, H6, H7, H8, H9, H10, H11, H12, H13, 
H14, and H15, may provide amino acid sequences useful in 
the compositions and methods of the invention. In one 
embodiment of the invention, the hemagglutinin is of a 
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subtype from a virus that infects humans, e.g. H1, H2, or H3. 
In another embodiment, the hemagglutinin is of a subtype 
from a virus that does not infect humans, eg one of H4 
through H15. Amino acid sequences can vary up to about 
20% for in?uenza hemagglutinins Within a given subtype, 
and can vary betWeen about 30% and about 70% for 
in?uenza hemagglutinins from different subtypes. 

[0040] In?uenza hemagglutinin is expressed as a single 
polypeptide chain, designated HAO, Which trimerizes post 
translationally. HAO is proteolytically cleaved to yield tWo 
domains, HA1 and HA2, Which are disul?de-bonded to each 
other. HA1 comprises signi?cant sialic acid binding activity, 
While HA2 is anchored to the viral membrane and facilitates 
fusion of this membrane With a host cell membrane. In 
preferred embodiments of the invention, the multifunctional 
molecule comprising ?rst and second parts comprises an 
amino acid sequence of an HA1 domain. 

[0041] The molecule may be a fusion polypeptide Which 
comprises one or more amino acids interposed betWeen the 
?rst and second parts Which bind to cells, eg a fusion 
polypeptide Which comprises a ?rst amino acid sequence 
Which can bind to an antigen bearing target and a second 
amino acid sequence Which can bind to a leukocyte, and 
Which further comprises at least one amino acid interposed 
betWeen the ?rst and second parts. The interposed amino 
acids may comprise, e.g., a linker sequence intended to 
lessen steric hindrance or other undesirable interactions 
betWeen the aforementioned ?rst and second parts. For, 
example, one such type of sequence takes the form 
(Gly3Ser)n. Additional useful linkers include, but are not 
limited to (Arg-Ala-Arg-Asp-Pro-Arg-Val-Pro-Val-Ala 
Thr)1r5 (Xu et al., 1999, Proc. Natl. Acad. Sci. USA. 96: 
151-156), (Gly-Ser)n (Shao et al., 2000, Bioconjug. Chem. 
11: 822-826), (Thr-Ser-Pro)n (Kroon et al., 2000, Eur. J. 
Biochem. 267: 6740-6752), (Gly-Gly-Gly)n (Kluczyk et al., 
2000, Peptides 21: 1411-1420), and (Glu-Lys)n (Klyczyk et 
al., 2000, supra), Wherein n is 1 to 15 (each of the preceding 
references is also incorporated herein by reference). In 
another embodiment, no amino acids are interposed betWeen 
the ?rst and second parts. 

[0042] The present invention further provides a nucleic 
acid molecule, preferably a recombinant nucleic acid mol 
ecule Which encodes a multifunctional polypeptide of the 
present invention. The nucleic acid molecule may be,for 
example, DNA, RNA, cDNA, or mRNA. The nucleic acid 
molecule may be naturally occuring or may be partially or 
Wholly synthesized using techniques knoWn to those of skill 
in the art. In a preferred embodiment, the nucleic acid 
molecule is a DNA molecule comprising a ?rst nucleic acid 
sequence encoding a ?rst amino acid sequence Which can 
bind to an antigen bearing target, and a second nucleic acid 
sequence encoding a second amino acid sequence Which can 
bind to a cell surface receptor on an APC. 

[0043] The present invention still further provides a vector 
comprising the nucleic acid molecule encoding a multifunc 
tional polypeptide of the invention, e. g. an expression vector 
suitable for expressing in a host cell, Wherein the host cell 
is preferably a eukaryotic cell, more preferably an animal 
cell, more preferably a mammalian cell, and still more 
preferably a human cell. In another preferred embodiment 
the host cell is a yeast cell, e.g. Saccharomyces cerevesiae. 

[0044] The invention also provides a host cell comprising 
a nucleic acid vector Which comprises a sequence encoding 
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the multifunctional molecule of the present invention. Pref 
erably, the host cell is a eukaryotic cell, such as a yeast cell 
or an animal cell, preferably a human cell. The host cell may 
also be a prokaryotic cell. 

[0045] The invention also encompasses a molecule, eg a 
polypeptide, eg a fusion polypeptide, Which comprises a 
?rst part that can bind to an antigen bearing target, e. g. a cell, 
eg a cell that comprises an antigen, and a second part that 
can bind to a cell, eg a leukocyte, eg an APC. The 
molecule may have any of the characteristics taught in the 
descriptions of methods and compositions herein. Preferably 
the ?rst and second parts are heterologous to each other. The 
molecule may be, e.g., a recombinant polypeptide expressed 
in a mammalian cell, an insect cell, a plant cell, a yeast cell, 
or a bacterial cell. 

[0046] The invention also encompasses a method of 
modulating an immune response in an animal comprising 
the step of expressing in an animal, e.g. expressing in a host 
cell of the animal, a multifunctional molecule of the inven 
tion, eg a polypeptide Which comprises a ?rst part that can 
bind to a antigen bearing target and a second part that can 
bind to a cell. According to the invention, “expressing in an 
animal” means “causing to be present in an animal”. When 
the molecule is a polypeptide, it is preferably expressed by 
introducing into the host cell, in vivo or ex vivo, a nucleic 
acid encoding the polypeptide. If the nucleic acid is intro 
duced into the host cell ex vivo, the host cell may subse 
quently be administered to the animal. In a preferred 
embodiment, the method further comprises administering to 
the animal the antigen to Which the immune response is 
modulated. For example, the antigen may be administered to 
the animal as part of a composition Which further comprises 
a nucleic acid that encodes the multifunctional molecule. In 
another preferred embodiment, the antigen is already present 
in the animal at the time the multifunctional molecule is 
expressed. In yet another preferred embodiment, the antigen 
is administered to the animal after administration of the 
multifunctional molecule. In still other preferred embodi 
ments, the antigen is expressed in the animal, eg by 
administering to the animal a composition comprising a 
nucleic acid encoding the antigen, either before or after 
expression of the multifunctional molecule in the animal. In 
another embodiment, nucleic acid sequences encoding the 
multifunctional molecule and the antigen are introduced into 
one or more host cells of the animal, eg by administering 
to the animal a composition comprising those nucleic acid 
sequences. 

[0047] As used herein, the term “modulating an immune 
response” to a selected antigen using the methods and 
compositions of the invention means rendering the response 
more or less efficient, more or less rapid, greater or lesser in 
magnitude, and/or more or less easily induced than the 
response obtained from administration of a composition 
Which is identical in every respect except that it does not 
comprise a multifunctional molecule of the invention. In a 
preferred embodiment, the response is betWeen about 5 and 
100%, or preferably betWeen about 5 and 50% or more 
preferably betWeen about 5 and 25% more or less efficient, 
more or less rapid, greater or lesser in magnitude, and/or 
more or less easily induced than the response obtained from 
administration of a composition Which is identical in every 
respect except that it does not comprise a multifunctional 
molecule of the invention. 
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[0048] The term “modulate the immune response” may 
refer to stimulation/activation of an immune response to a 
selected antigen, or it may refer to suppression, elimination, 
or attenuation of an immune response to a selected antigen. 
In a preferred embodiment, modulating the immune 
response results in stimulation/activation of an immune 
response to a selected antigen by about at least 5%, or 
preferably betWeen 5 and 50% or more preferably betWeen 
50 and 100%, as compared to an immune response in the 
absence of vaccination, or it may result in suppression, 
elimination, or attenuation of an immune response to a 
selected antigen by about at least 5%, or preferably betWeen 
5 and 50% or more preferably betWeen 50 and 100%, as 
compared to an immune response in the absence of vacci 
nation. In some cases, one immune response to an antigen 
(eg a Th1 response) may be increased While another 
immune response to the same antigen (eg a Th2 response) 
may be diminished. 

[0049] The invention also encompasses a composition 
comprising a multifunctional molecule of the invention and 
antigen bearing target, eg a virus, a prion, or a cell. 
Preferably, When the antigen bearing target is a cell, the 
multifunctional molecule is exogenous to the cell. The 
multifunctional molecule may be heterologous to the cell. In 
one embodiment, the multifunctional molecule is expressed 
Within the cell, eg from a recombinant nucleic acid Within 
the cell. The invention also encompasses a cell comprising 
a nucleic acid encoding a multifunctional molecule of the 
invention. The multifunctional molecule may have any of 
the characteristics set forth herein. An antigen bearing target 
(e.g., a cell) useful in the invention includes, for example, 
malignant cells, benign tumor cells, lymphocytes, e.g. B or 
T lymphocytes Which may be pathogenic and/or autoreac 
tive, cells expressing an antigen from an exogenously intro 
duced nucleic acid molecule, eukaryotic cells such as mam 
malian cells, human cells, ?broblasts, insect and fungal 
cells, and prokaryotic cells such as bacterial cells. Examples 
of viruses useful in the invention include, e.g., retroviruses 
such as human immunode?ciency viruses 1 and 2; herpes 
viruses such as herpes simplex viruses 1 and 2, cytomega 
lovirus, and varicella zoster virus; human papilloma virus; 
rabies virus; rotavirus; in?uenza viruses A, B, and C; 
hepatitis viruses A, B, C, and E or delta agent; adenoviruses; 
measles virus; mumps virus; polio virus; rubella virus; 
parain?unza viruses; coxsackie viruses A and B; variola 
virus; yelloW fever virus; dengue and other hemorrhagic 
fever viruses; West Nile fever virus; Eastern equine 
encephalitis virus; Western equine encephalitis virus; Ven 
ezuelan equine encephalitis virus; Japanese encephalitis 
virus; rhinoviruses; and foot and mouth disease virus. Prions 
include the agents of scrapie, kuru, and bovine spongiform 
encephalitis. The cell, virus, or prion may be attenuated, i.e. 
rendered non-pathogenic, by, e.g., killing, irradiation, 
chemical ?xation, passaging in culture With selection for 
diminished pathogenicity, or genetic manipulation. Prefer 
ably, the composition further comprises a leukocyte, eg a 
monocyte, a cell of monocytic lineage, a macrophage, or a 
dendritic cell or another APC. 

[0050] Preferably, in the inventive methods and composi 
tions, the cell is substantially unable to divide in vitro. 
“Substantially unable to divide in vitro” means that the cell 
divides at a rate that is less than about 50% of the rate of 
division of corresponding cells Which are not treated to 
prevent cell division. In a preferred embodiment, the cell 
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divides at a rate that is less than about 30-50% of the rate of 
division of corresponding cells Which are not treated to 
prevent cell division. 

[0051] Preferably, the composition is substantially free of 
culture medium. As used herein, “culture medium” refers to 
medium that is used in cell culture containing at least 2% 
animal serum, such as fetal calf serum. 

[0052] More particularly, the present invention provides a 
multifunctional molecule Which is a fusion polypeptide 
comprising: a lectin Which comprises at least about 10 
contiguous amino acids of an in?uenza virus hemagglutinin, 
and at least about 5 contiguous amino acids of a naturally 
occurring GM-CSF molecule. 

[0053] In one embodiment, the lectin is N-terminal to the 
contiguous amino acids of a naturally occurring GM-CSF 
molecule. 

[0054] In an alternate embodiment, the lectin is C-terminal 
to the contiguous amino acids of a naturally occurring 
GM-CSF molecule. 

[0055] In one embodiment, the lectin comprises at least 
about 10 contiguous amino acids of the HA1 domain of an 
in?uenza virus hemagglutinin. 

[0056] In one embodiment, the lectin is the HA1 domain 
of an in?uenza virus hemagglutinin. 

[0057] Preferably, the in?uenza virus hemagglutinin is a 
hemagglutinin of an in?uenza A virus. In other preferred 
embodiments the in?uenza virus hemagglutinin is a hemag 
glutinin of an in?uenza B or in?uenza C virus. 

[0058] In one embodiment, the in?uenza virus hemagglu 
tinin is of a subtype from a virus that infects humans. 
Preferably, the in?uenza virus hemagglutinin is of an H1 
subtype. Still more preferably, the in?uenza virus hemag 
glutinin is from the in?uenza A strain PR/8/34. 

[0059] In one embodiment, the in?uenza virus hemagglu 
tinin is of an H2 subtype. 

[0060] In one embodiment, the in?uenza virus hemagglu 
tinin is of an H3 subtype. 

[0061] In one embodiment, the in?uenza virus hemagglu 
tinin is of a subtype from a virus that does not infect humans. 

[0062] In one embodiment the fusion polypeptide com 
prises the entire amino acid sequence of a naturally occur 
ring GM-CSF molecule. 

[0063] Preferably, the GM-CSF molecule is a murine 
GM-CSF. Still more preferably, the GM-CSF molecule is a 
human GM-CSF. 

[0064] In one aspect, the invention encompasses a method 
of reducing the number of metastases, e. g. tumor metastases, 
in a subject, eg a mammal, eg a human, comprising the 
step of administering to the subject any of the compositions 
described herein, eg a composition comprising a multi 
functional molecule of the invention or a nucleic acid 
molecule encoding a multifunctional molecule of the inven 
tion. Typically, such a composition Will further comprise an 
antigen associated With the disease, or a nucleic acid encod 
ing such an antigen. The method may comprise any of the 
methods of administering a composition, modulating an 
immune response, or treating a disease described herein. 
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[0065] The invention provides, a method of reducing the 
number of metastasis in an animal comprising administering 
to said animal a composition comprising a cell comprising 
an antigen, said composition further comprising a fusion 
protein comprising a lectin and a ligand for a cell surface 
protein. 

[0066] As used herein, a “metastasis” refers to a focus of 
disease that is caused by a malignent cell or infectious 
organism Which has traveled from one site in a host to a 
second site in the host (e.g., from one site to a non 
contiguous site; e.g., from a ?rst organ to a second organ). 
More speci?cally, “metastasis” refers to a detectable focus 
of malignant tumor or infection that is derived from, and 
spread from, and is distinct from the primary site of disease. 
Accordingly, “metastases” refers to a plurality of foci either 
in a single organ or tissue in a subject, or in tWo or more 
organs or tissues in a subject. A “focus” as used herein may 
be at least a single malignant or infectious cell, or may be a 
detectable focus, Which is detectable by one or more of the 
methods described hereinbeloW. Metastases is said to be 
detected Where a metastases is able to be detected by one of 
skill in the art using one or more of the assay methods 
described hereinbeloW. 

[0067] According to the invention, “reducing the number 
of metastases” may mean either causing there to be feWer 
(e.g., at least 10% feWer, 20%, 30%, 50%, 70%, 90%, and 
up to at least 100% feWer) metastases than expected (Where 
the number or severity of metastases expected is based on 
the observations made in a set (e.g., more than one) or 
similar subjects Which has not received the multifunctional 
molecule of the invention). In one embodiment “reducing 
the number of metastases” may encompass preventing 
metastases (eg a subject does not develop any detectable 
foci of disease), eg in a subject With a tumor, or causing one 
or more preexisting metastases to become undetectable, eg 
by radiologic, non-invasive imaging techniques, or other 
techniques as described herein. Those skilled in the art Will 
recogniZe that a metastasis itself may become undetectable 
even though residual scarring or ?brosis may be detectable. 
Metastases may be, for example, to bone, brain, liver, lung, 
or spinal cord, or any other organ or tissue. 

[0068] In another aspect, the invention encompasses a 
method of reducing the number of metastases in a popula 
tion of subjects comprising the step of administering to one 
or more subjects any of the compositions described herein 
eg a composition comprising a multifunctional molecule of 
the invention or a nucleic acid molecule encoding a multi 
functional molecule of the invention. Typically, such a 
composition Will further comprise an antigen associated 
With the disease, or a nucleic acid encoding such an antigen. 
The method may comprise any of the methods of adminis 
tering a composition, modulating an immune response, or 
treating a disease described herein. 

[0069] In another aspect, the invention encompasses a 
method of reducing the siZe of a metastasis in a subject 
comprising the step of administering to the subject any of the 
compositions described herein, eg a composition compris 
ing a multifunctional molecule of the invention or a nucleic 
acid molecule encoding a multifunctional molecule of the 
invention. Typically, such a composition Will further com 
prise an antigen associated With the disease, or a nucleic acid 
encoding such an antigen. The method may comprise any of 
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the methods of administering a composition, modulating an 
immune response, or treating a disease described herein. The 
“size” of a metastasis, as used herein refers to the one, tWo 
or three dimensional area encompassed by a metastasis, or 
alternatively, refers to the number of malignant or infectious 
cells present in a metastasis. The siZe of the metastasis, 
Which may be measured by direct visualiZation or by non 
invasive imaging, may be reduced by, e.g., at least about 
10%, at least about 20%, 30%, 50%, 70%, 90%, and up to 
at least 100%. 

[0070] The invention provides a method of reducing the 
siZe of a metastasis in an animal comprising administering 
to said animal a composition comprising a cell comprising 
an antigen, said composition further comprising a fusion 
protein comprising a lectin and a ligand for a cell surface 
protein. 
[0071] In another aspect, the invention encompasses a 
method of reducing the average siZe of metastases in a 
subject comprising the step of administering to the subject 
any of the compositions described herein. The method may 
comprise any of the methods of administering a composi 
tion, modulating an immune response, or treating a disease 
described herein. According to the invention, “reducing the 
average siZe of metastases” may mean either causing 
metastases to be smaller on average than expected, eg by 
preventing one or more of them from groWing to the 
expected siZe, or causing one or more preexisting metastases 
to become smaller, thus decreasing the mean siZe of the 
metastases. The average siZe of the metastases, Which may 
be determined by direct visualiZation or by noninvasive 
imaging, may be reduced by, e.g., at least about 10%, at least 
about 20%, 30%, 50%, 70%, 90%, and up to at least 100%. 

[0072] In another aspect, the invention encompasses a 
method of reducing the average siZe of metastases in a 
population comprising the step of administering to one or 
more subjects any of the compositions described herein, eg 
a composition comprising a multifunctional molecule of the 
invention or a nucleic acid molecule encoding a multifunc 
tional molecule of the invention. The method may comprise 
any of the methods of administering a composition, modu 
lating an immune response, or treating a disease described 
herein. 

[0073] Thus, in another aspect the invention encompasses 
preventing or treating a disease in a subject by administering 
to the subject any of the compositions described herein, eg 
a composition comprising a multifunctional molecule of the 
invention or a nucleic acid molecule encoding a multifunc 
tional molecule of the invention. Typically, such a compo 
sition Will further comprise an antigen associated With the 
disease, or a nucleic acid encoding such an antigen. The 
disease may be, for example, a benign or malignant tumor, 
an infectious disease, an allergy, or an autoimmune disease. 
“Treating a disease” means decreasing morbidity or mortal 
ity associated With the disease in a patient or population 
af?icted With the disease. For example, survival, relapse-free 
survival, or disease-free survival may be prolonged by, e.g., 
at least about 10%, at least about 20%, 30%, 50%, 70%, 
90%, and up to at least 100%, or the number of metastases 
may be reduced by, e.g., at least about 10%, at least about 
20%, 30%, 50%, 70%, 90%, and up to at least 100%. For 
preventive applications, the incidence of the targeted disease 
may be reduced by, e.g., at least about 10%, at least about 
20%, 30%, 50%, 70%, 90%, and up to at least 100%. 
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[0074] In yet another aspect, the invention encompasses a 
method of modulating an immune response to an antigen in 
a subject, eg a mammal, eg a human, comprising the steps 
of 1) administering to the subject a composition comprising 
the antigen and further comprising a multifunctional mol 
ecule of the invention and 2) administering to the subject a 
composition comprising the antigen and not comprising (i.e. 
free of) the multifunctional molecule administered in step 1. 
Generally, the tWo steps Will be performed sequentially, eg 
at least 1 day apart, or at least 1 Week apart, or at least 1 
month apart, or at least 6 months apart, or at least 1 year 
apart. In one embodiment, the composition comprising the 
multifunctional molecule is administered to the subject prior 
to the composition Which is free of the multifunctional 
molecule. In another embodiment, the composition Which is 
free of the multifunctional molecule is administered to the 
subject prior to the composition Which comprises the mul 
tifunctional molecule. The antigen of the composition may 
be comprised by an antigen bearing target such as a cell, a 
cell fraction, a virus, or a viral particle. 

[0075] In yet another aspect, the invention encompasses a 
method of modulating an immune response to an antigen in 
a subject, eg a mammal, eg a human, comprising the steps 
of 1) administering to the subject a composition comprising 
the antigen and further comprising a nucleic acid molecule 
encoding a multifunctional molecule of the invention and 2) 
administering to the subject a composition comprising the 
antigen and not comprising (i.e. free of) the nucleic acid 
molecule administered in step 1. Again, the tWo steps Will 
generally be performed sequentially, eg at least 1 day apart, 
or at least 1 Week apart, or at least 1 month apart, or at least 
6 months apart, or at least 1 year apart. In one embodiment, 
the composition comprising the nucleic acid molecule is 
administered to the subject prior to the composition Which is 
free of the nucleic acid molecule. In another embodiment, 
the composition Which is free of the nucleic acid molecule 
is administered to the subject prior to the composition Which 
comprises the nucleic acid molecule. The antigen of the 
composition may be comprised by an antigen bearing target 
such as a cell, a cell fraction, a virus, or a viral particle. The 
nucleic acid molecule may be comprised by an expression 
vector. 

[0076] In yet another aspect, the invention encompasses a 
method of modulating an immune response to an antigen in 
a subject, eg a mammal, eg a human, comprising the steps 
of 1) administering to the subject a composition comprising 
a nucleic acid molecule encoding the antigen and further 
comprising a multifunctional molecule of the invention and 
2) administering to the subject a composition comprising a 
nucleic acid molecule encoding the antigen and not com 
prising (i.e. free of) the multifunctional molecule adminis 
tered in step 1. Generally, the tWo steps Will be performed 
sequentially, e. g. at least 1 day apart, or at least 1 Week apart, 
or at least 1 month apart, or at least 6 months apart, or at least 
1 year apart. In one embodiment, the composition compris 
ing the multifunctional molecule is administered to the 
subject prior to the composition Which is free of the multi 
functional molecule. In another embodiment, the composi 
tion Which is free of the multifunctional molecule is admin 
istered to the subject prior to the composition Which 
comprises the multifunctional molecule. The antigen of the 
composition may be comprised by an antigen bearing target 
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such as a cell, a cell fraction, a virus, or a viral particle. One 
or more of the nucleic acid molecules may be comprised by 
an expression vector. 

[0077] In yet another aspect, the invention encompasses a 
method of modulating an immune response to an antigen in 
a subject, eg a mammal, eg a human, comprising the steps 
of 1) administering to the subject a composition comprising 
the antigen and further comprising a multifunctional mol 
ecule of the invention and 2) administering to the subject a 
composition comprising a nucleic acid molecule encoding 
the antigen and not comprising (i.e. free of) the multifunc 
tional molecule administered in step 1. Generally, the tWo 
steps Will be performed sequentially, e. g. at least 1 day apart, 
or at least 1 Week apart, or at least 1 month apart, or at least 
6 months apart, or at least 1 year apart. In one embodiment, 
the composition comprising the multifunctional molecule is 
administered to the subject prior to the composition Which is 
free of the multifunctional molecule. In another embodi 
ment, the composition Which is free of the multifunctional 
molecule is administered to the subject prior to the compo 
sition Which comprises the multifunctional molecule. The 
antigen of the composition may be comprised by an antigen 
bearing target such as a cell, a cell fraction, a virus, or a viral 
particle. The nucleic acid molecule may be comprised by an 
expression vector. 

[0078] In yet another aspect, the invention encompasses a 
method of modulating an immune response to an antigen in 
a subject, eg a mammal, eg a human, comprising the steps 
of 1) administering to the subject a composition comprising 
a nucleic acid molecule encoding the antigen and further 
comprising a multifunctional molecule of the invention and 
2) administering to the subject a composition comprising the 
antigen and not comprising (i.e. free of) the multifunctional 
molecule administered in step 1. Generally, the tWo steps 
Will be performed sequentially, eg at least 1 day apart, or 
at least 1 Week apart, or at least 1 month apart, or at least 6 
months apart, or at least 1 year apart. In one embodiment, the 
composition comprising the multifunctional molecule is 
administered to the subject prior to the composition Which is 
free of the multifunctional molecule. In another embodi 
ment, the composition Which is free of the multifunctional 
molecule is administered to the subject prior to the compo 
sition Which comprises the multifunctional molecule. The 
antigen of the composition may be comprised by an antigen 
bearing target such as a cell, a cell fraction, a virus, or a viral 
particle. The nucleic acid molecule may be comprised by an 
expression vector. 

[0079] In yet another aspect, the invention encompasses a 
method of modulating an immune response to an antigen in 
a subject, eg a mammal, eg a human, comprising the steps 
of 1) administering to the subject a composition comprising 
a nucleic acid molecule encoding the antigen and further 
comprising a nucleic acid molecule encoding a multifunc 
tional molecule of the invention and 2) administering to the 
subject a composition comprising a nucleic acid molecule 
encoding the antigen and not comprising (i.e. free of) the 
nucleic acid molecule encoding the multifunctional mol 
ecule, Which Was administered in step 1. Again, the tWo 
steps Will generally be performed sequentially, eg at least 
1 day apart, or at least 1 Week apart, or at least 1 month apart, 
or at least 6 months apart, or at least 1 year apart. In one 
embodiment, the composition comprising the nucleic acid 
molecule is administered to the subject prior to the compo 
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sition Which is free of the nucleic acid molecule encoding 
the multifunctional molecule. In another embodiment, the 
composition Which is free of the nucleic acid molecule 
encoding the multifunctional molecule is administered to the 
subject prior to the composition Which comprises the nucleic 
acid molecule encoding the multifunctional molecule. One 
or more of the nucleic acid molecules may be comprised by 
an expression vector. 

[0080] In yet another aspect, the invention encompasses a 
method of modulating an immune response to an antigen in 
a subject, eg a mammal, eg a human, comprising the steps 
of 1) administering to the subject a composition comprising 
a nucleic acid molecule encoding the antigen and further 
comprising a nucleic acid molecule encoding a multifunc 
tional molecule of the invention and 2) administering to the 
subject a composition comprising a nucleic acid molecule 
encoding the antigen and further comprising a multifunc 
tional molecule of the invention. The multifunctional mol 
ecules of step 1 and step 2 may be the same or different. 
Again, the tWo steps Will generally be performed sequen 
tially, eg at least 1 day apart, or at least 1 Week apart, or at 
least 1 month apart, or at least 6 months apart, or at least 1 
year apart. In one embodiment, the composition comprising 
the nucleic acid molecule is administered to the subject prior 
to the composition Which is free of the nucleic acid molecule 
encoding the multifunctional molecule. In another embodi 
ment, the composition Which is free of the nucleic acid 
molecule encoding the multifunctional molecule is admin 
istered to the subject prior to the composition Which com 
prises the nucleic acid molecule encoding the multifunc 
tional molecule. One or more of the nucleic acid molecules 
may be comprised by an expression vector. 

[0081] In yet another aspect, the invention encompasses a 
method of modulating an immune response to an antigen in 
a subject, eg a mammal, eg a human, comprising the steps 
of 1) administering to the subject a composition comprising 
a nucleic acid molecule encoding the antigen and further 
comprising a multifunctional molecule of the invention and 
2) administering to the subject a composition comprising a 
nucleic acid molecule encoding the antigen and further 
comprising a nucleic acid molecule encoding a multifunc 
tional molecule of the invention. The multifunctional mol 
ecules of step 1 and step 2 may be the same or different. 
Again, the tWo steps Will generally be performed sequen 
tially, eg at least 1 day apart, or at least 1 Week apart, or at 
least 1 month apart, or at least 6 months apart, or at least 1 
year apart. In one embodiment, the composition comprising 
the nucleic acid molecule is administered to the subject prior 
to the composition Which is free of the nucleic acid molecule 
encoding the multifunctional molecule. In another embodi 
ment, the composition Which is free of the nucleic acid 
molecule encoding the multifunctional molecule is admin 
istered to the subject prior to the composition Which com 
prises the nucleic acid molecule encoding the multifunc 
tional molecule. One or more of the nucleic acid molecules 
may be comprised by an expression vector. 

[0082] The present invention encompasses a method of 
modulating an immune response in an animal comprising 
the step of administering a composition comprising a mul 
tifunctional molecule, eg a polypeptide, eg a fusion 
polypeptide, Which comprises a ?rst part that can bind to a 
antigen bearing target and a second part that can bind to a 
cell. In a preferred embodiment, the composition further 
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comprises an antigen, an immune response to Which is 
modulated by administration of the composition. The anti 
gen may be, for example, a polypeptide (eg a recombinant 
polypeptide), a lipid (eg a glycolipid), or a carbohydrate 
(eg a polysaccharide or a component of a bacterial or 
fungal cell Wall). The composition therefore comprises an 
antigen bearing target, Whether, e.g., a homogeneous antigen 
or a heterogeneous structure such as a cell or a virus. When 

the antigen bearing target is a cell, it may be autologous, 
syngeneic, allogeneic, or xenogeneic to the animal. In other 
preferred embodiments, the antigen is already present in the 
animal at the time the molecule is administered, and/or the 
antigen is administered to the animal prior to administration 
of the molecule. In yet another preferred embodiment, the 
antigen is administered to the animal after administration of 
the molecule. 

[0083] Preferably, the composition comprises multifunc 
tional molecules Which are not bound to an antigen bearing 
target. In a preferred embodiment, the composition further 
comprises an antigen bearing target, eg a cell. In one 
embodiment of the invention, the composition comprises 
multifunctional molecules, some of Which are bound to a 
antigen bearing target, eg to the surface of a cell, and some 
of Which are external to and not bound to any target. In 
another embodiment, the composition comprises a multi 
functional molecule and further comprises a portion of a 
cell, eg a membrane fraction of a cell (i.e., an antigen 
bearing target). In yet another embodiment, the composition 
comprises a multifunctional molecule and further comprises 
a multiplicity of different molecules derived from a cell, as 
is found, e.g., in a cell lysate. Cells may be lysed, for 
example, by freeZing and thaWing, preferably repeatedly. In 
a preferred embodiment, the composition is cell-free. 

[0084] The present invention further encompasses a 
method of vaccinating a mammal to a selected antigen 
comprising administering to the animal a vaccine composi 
tion comprising a multifunctional molecule of the invention 
comprising a ?rst part Which is a lectin, and a second part 
Which is a ligand for a cell surface protein, eg a cell surface 
receptor of an APC. Preferably, the lectin can bind to an 
antigen bearing target Which comprises the antigen. 
[0085] In one embodiment, the invention provides a 
method of vaccinating a mammal to a selected antigen 
comprising removing at least one cell from the mammal, 
Wherein the cell comprises the antigen, contacting the cell ex 
vivo With a multifunctional molecule comprising a ?rst part 
Which is a lectin and is capable of binding to at least one 
carbohydrate molecule on the surface of the antigen bearing 
cell, and a second part Which is a ligand for a cell surface 
protein of an APC, so as to form an antigen bearing 
cell/multifunctional molecule complex; and placing the 
complex back into the mammal. 

[0086] In a preferred embodiment, the composition com 
prises an antigen, an immune response to Which is modu 
lated by administration of the composition. 
[0087] The invention provides a method of modulating an 
immune response to a selected antigen in a mammal com 
prising administering to said animal a composition compris 
ing a cell comprising said antigen, and a multifunctional 
molecule comprising a lectin and a ligand for a cell surface 
protein. 
[0088] The invention also relates to a method of vaccinat 
ing an animal to a selected antigen comprising removing at 



US 2004/0122217 A1 

least one cell from said animal, wherein the cell comprises 
said antigen; contacting said cell ex vivo With a fusion 
polypeptide comprising a lecting and a ligand for a cell 
surface protein of an antigen presenting cell so as to form a 
complex; and placing said complex back in said animal. 

[0089] The present invention provides a method for jux 
taposing an APC With an antigen bearing target comprising: 
contacting an APC and antigen bearing target With a mul 
tifunctional molecule comprising a ?rst part comprising a 
lectin Which is able to bind to at least one carbohydrate 
moiety on the antigen bearing target and a second part 
comprising a ligand for a cell surface protein on the APC. 
Preferably, the multifunctional molecule is ?rst contacted 
With the antigen bearing target and the resulting antigen 
bearing target/multifunctional molecule complex is subse 
quently contacted With the APC. In one embodiment the 
antigen bearing target is a cell from an animal comprising an 
antigen, and is contacted With the multifunctional molecule 
ex vivo under conditions Which permit the binding of the 
lectin to at least one carbohydrate moiety of the cell. The 
resulting multifunctional molecule/antigen bearing cell 
complex is then administered back to the animal from Which 
the antigen bearing cell Was derived Wherein it is able to 
bind to a cell surface receptor on an APC via the ligand 
portion of the multifunctional molecule, thereby juxtaposing 
the antigen bearing target and the APC. 

[0090] “Juxtaposition”, in the context of the present inven 
tion, includes but is not limited to physical contact. An APC 
and antigen bearing target are “juxtaposed” With one another 
if they are sufficiently close for the APC to internaliZe the 
antigen bearing target. An APC and antigen bearing target 
are also “juxtaposed” if they are separated by no more that 
20 pm, preferably no more than 10 pm, and still more 
preferably no more than 5 pm, and more preferably no more 
than 1 pm. 

[0091] As used herein, “contacting” refers to admixing in 
vitro or in vivo. 

[0092] The invention also encompasses a method of 
modulating an immune response to an antigen comprising 
contacting in vitro an antigen bearing target, a multifunc 
tional molecule of the invention, and an APC and adminis 
tering the resultant composition to a subject. In one embodi 
ment the antigen bearing target/multifunctional molecule 
complex is contacted With an APC for a time sufficient to 
permit internaliZation of the antigen bearing target by the 
APC. In other embodiments the antigen bearing target/ 
multifunctional molecule complex is contacted With an APC 
for a time that alloWs internaliZation of less than about 80%, 
less than about 60%, less than about 40%, less than about 
20%, less than about 10%, or less than about 5% of the 
antigen bearing target by the APC. Methods for determining 
the amount of target internaliZed, eg by measuring the 
amount remaining outside the APC and subtracting from the 
starting amount, are Well-knoWn in the art. Preferably, the 
antigen bearing target/multifunctional molecule complex is 
contacted With an APC for less than about 10 minutes, less 
than about 30 minutes, less than about 60 minutes, less than 
about 90 minutes, less than about 120 minutes, or less than 
about 180 minutes. 

[0093] As used herein, “time sufficient to permit internal 
iZation” refers to a period of time that is of a suf?cient 
duration to alloW internaliZation of the selected antigen or 
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antigen bearing targtet by the APC (for example, no more 
than about fourteen days, or seven days, or ?ve or three days, 
or as little as about 24, 12, 6, 3, 2 or 1 hour, or even as little 
as about 30, 20, 10, 5, or 1 minute). 

[0094] The invention also encompasses a method of 
attaching a ligand for a cell surface polypeptide to an antigen 
bearing target comprising admixing the antigen bearing 
target With a multifunctional molecule Which comprises the 
ligand. The invention also encompasses a method of attach 
ing an amino acid sequence to an antigen bearing target 
comprising admixing the antigen bearing target With a 
fusion polypeptide Which comprises the amino acid 
sequence and further comprises a lectin. The invention also 
encompasses a composition comprising an antigen bearing 
target admixed With a fusion polypeptide Which comprises a 
?rst amino acid sequence Which is not a lectin and a second 
amino acid sequence Which comprises a lectin. 

[0095] The invention also comprises methods of produc 
ing a multifunctional molecule of the invention in each of 
the folloWing cell types: a yeast cell, a mammalian cell, a 
bacterial cell, an insect cell. Each of these methods com 
prises the step of introducing a nucleic acid encoding a 
multifunctional molecule into the respective cell type, as 
taught hereinbeloW. 

[0096] The invention also encompasses methods of detect 
ing or quantifying a multifunctional molecule of the inven 
tion comprising contacting the multifunctional molecule 
With an antibody or other ligand that binds to the multfunc 
tional molecule. Such methods include ELISA assays and 
How cytometry, as described hereinbeloW. Preferably, the 
multifunctional molecule to be detected or quantitated is 
bound to an antigen bearing target. 

DETAILED DESCRIPTION 

[0097] The present invention is based, in part, on the 
discovery that a multifunctional fusion protein comprising a 
?rst polypeptide Which is a lectin and a second polypeptide 
Which is a ligand of a cell surface receptor of an APC, can 
effectively target an antigen bearing target, such as a cell 
bearing an antigen of interest, to an APC, Wherein the 
antigen is engulfed by the APC, and an appropriate immune 
response to the antigen is mounted by an animal to Which the 
multifunctional molecule is administered. 

[0098] Accordingly, the present invention provides a 
method for vaccinating a mammal comprising administering 
to the animal a vaccine composition comprising a multi 
functional molecule of the invention comprising a ?rst part 
Which is a lectin and Which can bind to a target bearing the 
antigen, and a second part Which is a ligand for a cell surface 
protein of an APC. In one embodiment, the method com 
prises removing at least one cell from the mammal, Wherein 
the cell comprises the antigen, contacting the cell ex vivo 
With a multifunctional molecule comprising a ?rst part 
Which is a lectin and is capable of binding to at lease one 
carbohydrate molecule on the surface of the antigen bearing 
cell, and a second part Which is a ligand for a cell surface 
protein of an APC, so as to form an antigen bearing 
cell/multifunctional molecule complex; and placing the 
complex back into the mammal. 

[0099] Multifunctional Molecules 

[0100] The present invention encompasses a multifunc 
tional molecule comprising a ?rst part Which can bind to an 
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antigen bearing target, and a second part Which is a ligand 
for a cell surface protein of a cell, eg an antigen presenting 
cell. Preferably, the ?rst part Which can bind to an antigen 
bearing target is a lectin Which binds to at least one carbo 
hydrate molecule present on the antigen bearing target. 
Preferably the lectin is an in?uenza hemaggluti nin and 
binds to sialic acid residues present on the antigen bearing 
target. Preferably, the ligand of a cell surface protein of an 
antigen presenting cell is selected from an opsonin, a cytok 
ine, a ligand for a CD40 molecule, an adhesion molecule, a 
defensin, a heat shock protein, or a counterreceptor for a T 
cell costimulatory molecule. Cell surface molecules Which 
can act as receptors for the second part of the multifunctional 
molecule include CD40 molecules and speci?c receptors for 
an opsonin, a cytokine, an adhesion molecule, a defensin, a 
heat shock protein, or a counterreceptor for a T cell costimu 
latory molecule, and also include, but are not limited to the 
cell surface molecules listed in ApendiX I and II. 

[0101] Lectins 

[0102] The multifunctional molecule Which comprises 
?rst and second parts can comprise a ?rst part Which 
comprises a lectin and a second part that can bind to a 
leukocyte, eg an APC, eg a cell of monocytic lineage or 
a dendritic cell (Which may itself be of monocytic lineage). 
A “lectin”, according to the invention, is a molecule or part 
of a molecule, eg an amino acid sequence, Which can bind 
to a carbohydrate, eg a polysaccharide. Families of natu 
rally occurring lectins include: 

[0103] 1) Galectins, a rapidly groWing family of 
animal lectins. All of them share galactose-speci?c 
ity. 

[0104] 2) Calcium-dependent (C-type) animal lec 
tins, an extremely large family composed of mem 
bers having diverse structures and functions. 

[0105] 3) Among this C-type lectin family, selectins 
form a distinguishable subfamily by their speci?c 
function in leukocyte adhesion to endothelial cells 
through sialyl-LeWisX recognition. 

[0106] 4) Collectins, another subfamily of C-type 
lectins speci?c for mannose, Which have a unique 
structure consisting of a C-type lectin domain and a 
collagen-like domain. They are involved in innate 
immunity. 

[0107] 5) Invertebrates are knoWn to contain various 
lectins in their body ?uids, probably as body-pro 
tection factors. Recently, some lectins from an echi 
noderm Were found to shoW hemolytic activity. 

[0108] 6) AnneXins, a group of proteins having af?n 
ity to lipids that Were recently shoWn to be lectins 
shoWing binding to glycosaminoglycans. 

[0109] 7) The legume lectin family, Which consists of 
a large number of members, such as ConA, With 
variable saccharide speci?city comparable to C-type 
lectins. 

[0110] 8) Ricin, the ?rst lectin investigated in Russia 
more than 100 years ago. It is noW evident that the 
ricin family has many other homologous members 
Which differ in either toXicity or sugar-binding speci 
?cities. 
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[0111] Thus, a multifunctional molecule of the invention 
may bind to one or more carbohydrates. Carbohydrates to 
Which lectins may bind also include, for eXample, carbohy 
drates comprising lactose, D-mannose, D-glucose, D-fu 
cose, L-fucose (e.g. alpha-L-fucose), D-galactose, blood 
group A oligosaccharides, blood group B oligosaccharides, 
saccharides comprising alpha-D-Gal(1->3)[alpha-Lfuc(1 
>2)]-beta-D-Gal(1->3/4-beta-D-GlcNAc, saccharides com 
prising alpha-sialyl-[2->3]-lactose, alpha-D-mannosyl gly 
coconjugates, alpha-NeuNAc-[2->6]-Gal, alpha-NeuNAc 
[2->6]-GalNAc, alpha-NeuNAc-[2->3]-Gal, N-acetyl-beta 
D-glucosamine, terminal alpha-D-galactosyl residues, 
terminal beta-D-galactosyl residues, N-acetyllactosamine, 
terminal alpha-D-mannosyl residues, N-acetyl-beta-D-glu 
cosamine, terminal N-acetyl-D-galactosamine, N-acetyl 
neuraminic acid, and terminal alpha-D-galactosaminyl resi 
dues. 

[0112] The multifunctional molecule Which comprises a 
lectin may comprise, for eXample, the Whole of a naturally 
occurring lectin or a portion of a naturally occurring lectin, 
eg about (or at least about) 5, 8, 10, 12, 15, 20, 25, 35, 50, 
60, 70, 80, 100, or 120 contiguous amino acids of a naturally 
occurring polypeptide lectin. In one embodiment the mul 
tifunctional molecule comprises a carbohydrate-binding 
domain of a naturally occurring lectin, i.e., a portion of a 
lectin that can bind to a carbohydrate in the absence of the 
remainder of the lectin. In another embodiment the lectin 
may be non-naturally occurring, e.g. identi?ed from an 
arti?cial library of molecules or designed by modifying the 
structure of a naturally occurring lectin. 

[0113] Lectins knoWn as “hemagglutinins” bind to carbo 
hydrates on erythrocytes, e.g. blood group antigens, and 
When incubated With these cells cause them to aggregate. 
The in?uenZa virus hemagglutinin, for eXample, binds to 
sialic acid. There are at least 15 knoWn in?uenZa hemag 
glutinin subtypes, de?ned by their distinct antigenic prop 
erties. Any of these subtypes, designated, e.g., H1, H2, H3, 
H4, H5, H6, H7, H8, H9, H10, H11, H12, H13, and H15, 
may provide amino acid sequences useful in the composi 
tions and methods of the invention. In one embodiment of 
the invention, the hemagglutinin is of a subtype from a virus 
that infects humans, e.g. H1, H2, or H3. In another embodi 
ment, the hemagglutinin is of a subtype from a virus that 
does not infect humans, eg one of H4 through H15. Amino 
acid sequences can vary up to about 20% for in?uenZa 
hemagglutinins Within a given subtype, and can vary 
betWeen about 30% and about 70% for in?uenZa hemag 
glutinins from different subtypes. Methods for determining 
amino acid sequence homology are knoWn to those of skill 
in the art. Examples of other softWare that can perform 
sequence comparisons to determine the % identity betWeen 
hemagglutanin variants (or variants of any portion of the 
multifunctional molecules disclosed herein) include, but are 
not limited to, the BLAST package (Ausubel et al., 1995, 
Short Protocols in Molecular Biology, 3rd Edition, John 
Wiley & Sons), FASTA (Atschul et al., 1990, J. Mol. Biol., 
403-410) and the GENEWORKS suite of comparison tools. 
Both BLAST and FASTA are available for offline and online 
searching. 

[0114] Although the ?nal % homology can be measured in 
terms of identity, the alignment process itself is typically not 
based on an all-or-nothing pair comparison. Instead, a scaled 
similarity score matrix is generally used that assigns scores 
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to each pairwise comparison based on chemical similarity or 
evolutionary distance. An example of such a matrix com 
monly used is the BLOSUM62 matrix the default matrix for 
the BLAST suite of programs. GCG Wisconsin programs 
generally use either the public default values or a custom 
symbol comparison table if supplied. It is preferred to use 
the public default values for the GCG package, or in the case 
of other softWare, the default matrix, such as BLOSUM62. 

[0115] Advantageously, the BLAST algorithm is 
employed, With parameters set to default values. The 
BLAST algorithm is described in detail in Altschul et al., 
(1990) J. Mol. Biol. 215:403-410, Which is incorporated 
herein by reference. The search parameters are de?ned as 
folloWs, and can be advantageously set to the de?ned default 
parameters. 

[0116] Advantageously, “substantial identity” When 
assessed by BLAST equates to sequences Which match With 
an EXPECT value of at least about 7, preferably at least 
about 9 and most preferably 10 or more. The default 
threshold for EXPECT in BLAST searching is usually 10. 

[0117] BLAST (Basic Local Alignment Search Tool) is the 
heuristic search algorithm employed by the programs blastp, 
blastn, blastx, tblastn, and tblastx; these programs ascribe 
signi?cance to their ?ndings using the statistical methods of 
Karlin and Altschul (Karlin and Altschul 1990, Proc. Natl. 
Acad. Sci. USA 87:2264-68; Karlin and Altschul, 1993, 
Proc. Natl. Acad. Sci. USA 90:5873-7) With a feW enhance 
ments. The BLAST programs are tailored for sequence 
similarity searching, for example to identify homologues to 
a query sequence. For a discussion of basic issues in 
similarity searching of sequence databases, see Altschul et al 
(1994) Nature Genetics 6:119-129. 

[0118] The ?ve BLAST programs available through the 
National Institutes of Health (NIH; Bethesda, Md.) perform 
the folloWing tasks: blastp compares an amino acid query 
sequence against a protein sequence database; blastn com 
pares a nucleotide query sequence against a nucleotide 
sequence database; blastx compares the six-frame concep 
tual translation products of a nucleotide query sequence 
(both strands) against a protein sequence database; tblastn 
compares a protein query sequence against a nucleotide 
sequence database dynamically translated in all six reading 
frames (both strands); tblastx compares the six-frame trans 
lations of a nucleotide query sequence against the six-frame 
translations of a nucleotide sequence database. 

[0119] BLAST uses the folloWing search parameters: 

[0120] HISTOGRAM—Display a histogram of scores for 
each search; default is yes. (See parameter H in the BLAST 
Manual). 
[0121] DESCRIPTIONS—Restricts the number of short 
descriptions of matching sequences reported to the number 
speci?ed; default limit is 100 descriptions. (See parameter V 
in the manual page). 

[0122] EXPECT—The statistical signi?cance threshold 
for reporting matches against database sequences; the 
default value is 10, such that 10 matches are expected to be 
found merely by chance, according to the stochastic model 
of Karlin and Altschul (1990). If the statistical signi?cance 
ascribed to a match is greater than the EXPECT threshold, 
the match Will not be reported. LoWer EXPECT thresholds 
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are more stringent, leading to feWer chance matches being 
reported. Fractional values are acceptable. (See parameter E 
in the BLAST Manual). 

[0123] CUTOFF—Cutoff score for reporting high-scoring 
segment pairs. The default value is calculated from the 
EXPECT value (see above). HSPs are reported for a data 
base sequence only if the statistical signi?cance ascribed to 
them is at least as high as Would be ascribed to a lone HSP 
having a score equal to the CUTOFF value. Higher CUT 
OFF values are more stringent, leading to feWer chance 
matches being reported. (See parameter S in the BLAST 
Manual). Typically, signi?cance thresholds can be more 
intuitively managed using EXPECT. 

[0124] ALIGNMENTS—Restricts database sequences to 
the number speci?ed for Which high-scoring segment pairs 
(HSPs) are reported; the default limit is 50. If more database 
sequences than this happen to satisfy the statistical signi? 
cance threshold for reporting (see EXPECT and CUTOFF 
beloW), only the matches ascribed the greatest statistical 
signi?cance are reported. (See parameter B in the BLAST 
Manual). 
[0125] MATRIX—Specify an alternate scoring matrix for 
BLASTP, BLASTX, TBLASTN and TBLASTX. The 
default matrix is BLOSUM62 (Henikoff & Henikoff, 1992). 
The valid alternative choices include: PAM40, PAM120, 
PAM250 and IDENTITY. No alternate scoring matrices are 
available for BLASTN; specifying the MATRIX directive in 
BLASTN requests returns an error response. 

[0126] STRAND—Restrict a TBLASTN search to just the 
top or bottom strand of the database sequences; or restrict a 
BLASTN, BLASTX or TBLASTX search to just reading 
frames on the top or bottom strand of the query sequence. 

[0127] FILTER—Mask off segments of the query 
sequence that have loW compositional complexity, as deter 
mined by the SEG program of Wootton & Federhen (1993) 
Computers and Chemistry 17:149-163, or segments consist 
ing of short-periodicity internal repeats, as determined by 
the XNU program of Claverie & States (1993) Computers 
and Chemistry 17:191-201, or, for BLASTN, by the DUST 
program of Tatusov and Lipman (NIH). Filtering can elimi 
nate statistically signi?cant but biologically uninteresting 
reports from the blast output (e.g., hits against common 
acidic-, basic- or proline-rich regions), leaving the more 
biologically interesting regions of the query sequence avail 
able for speci?c matching against database sequences. 

[0128] LoW complexity sequence found by a ?lter pro 
gram is substituted using the letter “N” in nucleotide 
sequence (e.g.,“NNNNNNNNNNNNN”) and the letter “X” 
in protein sequences (e.g., “XXXXXXXXXX”). 

[0129] Filtering is only applied to the query sequence (or 
its translation products), not to database sequences. Default 
?ltering is DUST for BLASTN, SEG for other programs. 

[0130] It is not unusual for nothing at all to be masked by 
SEG, XNU, or both, When applied to sequences in SWISS 
PROT, so ?ltering should not be expected to alWays yield an 
effect. Furthermore, in some cases, sequences are masked in 
their entirety, indicating that the statistical signi?cance of 
any matches reported against the un?ltered query sequence 
should be suspect. 



US 2004/0122217 A1 

[0131] NCBI-gi—Causes NCBI gi identi?ers to be shown 
in the output, in addition to the accession and/or locus name. 

[0132] Most preferably, sequence comparisons are con 
ducted using the simple BLAST search algorithm provided 
by the NIH. In some embodiments of the present invention, 
no gap penalties are used When determining sequence iden 
tity. 
[0133] In?uenza hemagglutinin is expressed as a single 
polypeptide chain, designated HAO, Which trimeriZes post 
translationally. HAO is proteolytically cleaved to yield tWo 
domains, HA1 and HA2, Which are disul?de-bonded to each 
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other. HA1 comprises signi?cant sialic acid binding activity, 
While HA2 is anchored to the viral membrane and facilitates 
fusion of this membrane With a host cell membrane. In 
preferred embodiments of the invention, the multifunctional 
molecule comprising ?rst and second parts comprises an 
amino acid sequence of an HA1 domain. 

[0134] Additional examples of lectin molecules useful in 
the present invention include, but are not limited to, those 
lectins shoWn in Table 1, and variants thereof having at least 
50%, 70%, 90%, and up to 99% sequence homology With 
the sequences of the lectins shoWn in Table 1. 

TABLE 1 

KEY NAME ABBREVIAT ION CLASS LECTIN CODE 

[1] /../. Quail Intestinal LECa.Ggg.Sss.XX.XXXX. 
Lectin. 

[2] /../. Porcine Heart Lectin LECa.Ggg.Sss.XX.XXXX. 
(PHL). 

[3] /../. Hepatic beta- S-lectin or GLTa.Ggg.Sss.XX.XXXX. 
galactoside binding Galectin. 
lectins. 

[4] /../. Mammalian Brain S-lectin or GLTa.Ggg.Sss.XX.XXXX. 
Beta-Galactoside- Galectin. 
binding Lectin. 

[5] Aaptos papillata. . LECi.Ada.Pap.XX.XXXX. 
[6] Abelmoschus LECp.Abe.Esc.XX.XXXX. 

esculem‘us. 
[7] Abramis brana. . . LECp.Abr.Bra.XX.XXXX. 

[8] Abrus precatorius. APA; APA-A; APA- beta-trefoil lectin LECp.AbrPre.se.Cga1 
C; Abrin. (APA); Type 2 (abrin) 

RIP. LECp.AbrPre.se.Cga2 
(APA). 

[10] Achatina fulica. Achatina fulica Cold LECi.Ach.ful.XX.Xsi1. 
Aggltutinin; 
achatinin-H. 

[13] Actinomyces LECf.Act.Vis.XX.Xga1. 
viscosus. 

[14] Adenia digitata. Modeccin. Type 2 RIP. LECp.AdeDig.ro.Cga1. 
[15] Adenia volksensii. Volkensin. Type 2 RIP. LECp.AdeVol.ro.Cga1. 
[16] Aegilops Hevein domain LECp.Aeg.Gen.se.Hch1. 

geniculata. lectin, chitin 
binding. 

[19] Aegopodium APA. . LECp.Aeg.Pod.rh.Hga1. 
podagraria. 

[20] Aeromonas LECb.Aer.Sal.XX.XXXX. 
salmonicida. 

[21] Afzelia africana. LECZ.AfZ.Afr.XX.XXXX. 
[22] Agardhiella tenera. LECZ.Aga.Ten.XX.XXXX. 
[23] Agaricales. . LECZ.Aga.sss.XX.XXXX. 
[24] Agaricus bispoms. ABA-I, ABA-II, LECf.Aga.Bis.XX.Xga1. 

ABA-III, ABA-IV. 
[25] Agaricus blazei. . LECf.Aga.Bla.XX.XXXX. 
[26] Agaricus LECf.Aga.Cam.XX.XXXX. 

campestris. 
[27] Agaricus edulis. LECf.Aga.Edu.XX.XXXX. 
[28] Agrobacterium LECu.Agr.Rad.XX.XXXX. 

radiobacter. 
[29] Agrocybe aegerita. . . LECf.Agr.Aeg.XX.XXXX. 
[30] Agropyrum AREL, ARLL. Hololectin; LECp.Agr.Rep.se.Hch1 

repens. Monocot (AREL) 
mannose-binding LECp.Agr.Rep.le.Hch1 
lectins. (ARLL). 

[31] Aleuria aurantia. . . LECf.Ale.Aur.XX.Xfu1. 

[32] Allium AAA. Monocot LECp.All.Asc.bu.Hma1. 
ascalonicum. mannose-binding 

lectins. 
[36] Allium cepa. ACA. Monocot LECp.All.Cep.bu.Hma1. 

mannose-binding 
lectins. 

[37] Allium moly. AMA. Monocot LECp.All.Mol.bu.Hma1. 
mannose-binding 
lectins. 
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TABLE l-continued 

KEY NAME ABBREVIATION CLASS LECTIN CODE 

IV) LECp.Gri.Sim.le.Hga1 
(GS-I-A4) 
LECp.Gri.Sim.le.Hga2 (GS 
I-B4) 
LECp.Gri.Sim.le.Hch1 (GS 
II) LECp.Gri.Sim.le.Hfu1 
(GS-IV). 

[260] Grzfola frondosa. GFL. LECf.Gri.Fro.XX.Xga1. 
[261] Haemonchus LECZ.XXX.XXX.XX.XXXX. 

contortus. 

[262] Halidrys siliquosa. LECu.Hal.Sil.XX.XXXX. 
[263] Halimeda opuntia. LECu.Hal.Opu.XX.XXXX. 
[264] Halocynthia LECi.Hal.Pyr.XX.XXXX. 

pyrzformis. 
[265] Halocynthia LECi.Hal.Ror.XX.Xga1. 

roretzi. 
[266] Haynaldia villosa. Hevein domain LECp.Hay.Vil.se.Hch1. 

lectin, chitin 
binding. 

[269] Helianthus annus. beta-prism plant LECp.Hel.Ann.XX.XXXX. 
lectin. 

[270] Helianthus HTA. Jacalin-related LECp.Hel.Tub.tu.Hmmm1. 
tuberosus. lectins. 

[271] Helicobacter HP-SAL. LECb.Hel.Pyl.XX.XXXX. 
pylori. 

[272] Helix aspersa. . LECi.Hel.Asp.XX.XXXX. 
[273] Helix pomatia. HPA. LECi.Hel.Pom.XX.XXXX. 
[274] Herpetomonas. . LECZ.Her.XX.XXXX. 
[276] Heteranthelium Hevein domain LECp.Het.Pil.se.Hch1. 

pillferum. lectin, chitin 
binding. 

[277] Heterometms . LECi.Het.gra.XX.Xsi1. 
granulomanus. 

[279] Hevea brasiliensis. HBA, Hevein. Chitin-binding LECp.Hev.Bra.la.Mch1. 
lectin With hevein 
domain. 

[280] Hippeastrum HHA. Monocot lectin. LECp.Hip.Hyb.bu.Hma1. 
hybrid. 

[281] Hippopus Tridacnin. C-lectin. LECi.Hip.Hip.XX.XXXX. 
hippopus. 

[282] Hizoctom'a solam'. LECZ.HiZ.Sol.XX.XXXX. 
[283] Hohenbuehelia LECf.Hoh.Ser.XX.XXXX. 

serotina. 
[284] Homams HAA. LECi.Hom.Ame.XX.XXXX. 

americanus. 
[285] Homo sapiens. P-selectin (lKJD). C-lectin. LECh.Hom.Sap.XX.XXXX. 
[286] Homo sapiens. Human Mannose C-lectin. LECh.Hom.Sap.XX.XXXX. 

Binding Protein 
(MBP) (lHUP). 

[287] Homo sapiens. Gut Mucus Anti- LECh.Hom.Sap.XX.XXXX. 
Salmonella Lectin. 

[288] Homo sapiens. Human Membrane LECh.Hom.Sap.XXXX. 
Lectins (HKML, 
HCCML). 

[289] Homo sapiens. Human Synovial LECh.Hom.Sap.XX.XXXX. 
Tissue Lectins. 

[290] Homo sapiens. Human Placenta LECh.Hom.Sap.XX.XXXX. 
Lectins (HPL-H, 
HPL-BG). 

[291] Homo sapiens. Human Brain LECh.Hom.Sap.XX.XXXX. 
Galactoside-binding 
Lectin. 

[292] Homo sapiens. Human 14-kDa LECh.Hom.Sap.XX.XXXX. 
Lectins. 

[293] Homo sapiens. Human Core-speci?c LECh.Hom.Sap.XX.XXXX. 
Lectin (HCSL). 

[294] Homo sapiens. Cell Membrane LECh.Hom.Sap.XX.XXXX. 
Lectins. 

[295] Homo sapiens. Tumoricidal LECh.Hom.Sap.XX.Xga1. 
Macrophage Lectin. 

[296] Homo sapiens. Tumor-associated LECa.Ggg.Sss.XX.XXXX. 
Vertebrate Lectin. 

[297] Homo sapiens. Human Conglutinin- LECh.Hom.Sap.XX.XXXX. 
like Protein. 
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TABLE l-continued 

KEY NAME ABBREVIATION CLASS LECT IN CODE 

[298] Homo sapiens. Mannose-Speci?c LECh.Hom.Sap.XX.Xma1. 
Endocytosis 
Receptor. 

[299] Homo sapiens. Human Penultimate LECh.Hom.Sap.XX.XXXX. 
Galactose Lectin. 

[300] Homo sapiens. Thrombospondin. LECh.Hom.Sap.XX.XXXX. 
[301] Homo sapiens. Tetranectin. LECh.Hom.Sap.XX.XXXX. 
[302] Homo sapiens. Human Dendritic LECh.Hom.Sap.XX.XXXX. 

Cell Immunoreceptor 
(DCIR). 

[303] Homo sapiens. Human Seminal LECh.Hom.Sap.XX.XXXX. 
Lectin (HSL). 

[304] Homo sapiens. Charcot-Leyden S-lectin or GLTh.Hom.Sap.XX.XXXX. 
crystal protein Galectin. 
(1LCL). 

[305] Homo sapiens. Galectin II L-14-II Proto S-lectin or GLTh.Hom.Sap.XX.XXXX. 
(1HLC). Galectin. 

[306] Homo sapiens. Human Lung C-lectin or GLTh.Hom.Sap.XX.XXXX. 
Surfactant Protein Collectin. 

(1BO8). 
[307] Homo sapiens. Galectin III. Chimera S-lectin GLTh.Hom.Sap.XX.XXXX. 

or Galectin. 

[308] Homo sapiens. Galectin VII, hGal-7. Proto S-lectin or GLTh.Hom.Sap.XX.XXXX. 
Galectin. 

[309] Homo sapiens. PentraXin (1CRV). PentraXin, S- GLTh.Hom.Sap.XX.XXXX. 
lectin or Galectin. 

[310] Homo sapiens. Sialoadhesin. I-lectin. LECZ.Ggg.Sss.XX.XXXX. 
[311] Homo sapiens. Serum Amyloid P PentraXin. LECh.Hom.Sap.XX.XXXX. 

Component. 
[312] Homo sapiens. E-Selectin (1ESL). C-lectin. SELh.Hom.Sap.XX.XXXX. 
[313] Homo sapiens. L-Selectin (1KJB). C-lectin. SELh.Hom.Sap.XX.XXXX. 
[314] Homo sapiens. C-Reactive protein PentraXin, S- GLTh.Hom.Sap.XX.XXXX. 

(1CRV). lectin or Galectin. 
[315] Homo sapiens. Galectin XII. S-lectin or GLTh.Hom.Sap.XX.XXXX. 

Galectin. 
[316] Homo sapiens. Galectin I. Proto S-lectin or GLTh.Hom.Sap.XX.XXXX. 

Galectin. 
[317] Homo sapiens. Galectin IX, Tandem Repeat GLTh.Hom.Sap.sr.XXXX. 

Ecalectin. S-lectin or 
Galectin. 

[318] Homo sapiens. Galectin VIII. Tandem Repeat GLTh.Hom.Sap.XX.XXXX. 
S-lectin or 

Galectin. 
[319] Homo sapiens. Galectin IV. Tandem Repeat GLTh.Hom.Sap.XX.XXXX. 

S-lectin or 

Galectin. 
[320] Homo sapiens. Alpha-1/Beta-1 Integrin A (or I) INTh.Hom.Sap.XX.XXXX. 

integrin. domain. 
[321] Homo sapiens. Alpha-2/Beta-1 Integrin A (or I) INTh.Hom.Sap.XX.XXXX. 

integrin. domain. 
[322] Homo sapiens. Alpha-3/Beta-1 Integrin A (or I) INTh.XXX.XXX.XX.XXXX. 

integrin. domain. 
[323] Homo sapiens. Alpha-4/Beta-1 Integrin A (or I) INTh.XXX.XXX.XX.XXXX. 

integrin. domain. 
[338] Homo sapiens. Alpha-5/Beta-8 Integrin A (or I) INTh.Hom.Sap.XX.XXXX. 

integrin. domain. 
[339] Homo sapiens. Alpha-4/Beta-7 Integrin. INTh.Hom.Sap.XX.XXXX. 

Integrin. 
[340] Homo sapiens. Alpha-E/Beta-7. Integrin. INTh.Hom.Sap.XX.XXXX. 
[341] Homo sapiens. Mucosal addressin Addressin. LECh.XXX.XXX.XX.XXXX. 

cell adhesion 
molecule-1 

(MADCAM-l). 
[342] Homo sapiens. Vascular Adhesion LECh.XXX.XXX.XX.XXXX. 

Molecule (VCAM-l. 
[343] Homo sapiens. P-Selectin Selectin. SELh.XXX.XXX.XX.XXXX. 
[344] Homo sapiens. Intercellular Addressin‘]. LECh.XXX.XXX.XX.XXXX. 

Adhesion Molecule 

(ICAM-l, ICAM-2). 
[345] Homo sapiens. Peripheral Lymph Addressin. LECh.XXX.XXX.XX.XXXX. 

Node Addressin 

(PNAd). 
[346] Homo sapiens. Vascular Adhesion LECh.XXX.XXX.XX.XXXX. 

Protein (VAP-1). 
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