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ABSTRACT

The present invention relates to a vaccine for increasing the
immunogenicity of a tumor antigen thus allowing treatment
of cancer, as well as a vaccine that increases the immunoge

nicity of a viral antigen, thus allowing treatment of viral

infection, including immunode?ciency virus (HIV) infec
tion. In particular, the present invention provides a fusion
protein comprising a defensin fused to either a tumor antigen
or viral antigen which is administered as either a protein or
nucleic acid vaccine to elicit an immune response effective in
treating cancer or effective in treating or preventing viral

infection.
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DEFENSIN-ANTIGEN FUSION PROTEINS

frequently encounter microorganisms, and are divided into

the alpha- and beta-defensin subfamilies, distinguished by
This is a continuation of US. patent application Ser. No.
13/303,081, ?led on Nov. 22, 2011, which is divisional of
US. patent application Ser. No. 13/019,160, ?led on Feb. 1,

cysteine residue pairing. Defensins have been suggested to
play a role also in in?ammation, wound repair, and regulation
of the speci?c immune response. They induce expression of
cytokines and chemokines, production of histamine and
modulation of antibody responses, and they have been found

2011, issued as US. Pat. No. 8,084,250, and which is a

to be associated with HLA-DR molecules and with lipopro

continuation of US. patent application Ser. No. 12/786,334,
?led May 24, 2010, issued as US. Pat. No. 7,915,040, which
is a divisional of US. patent application Ser. No. 10/380,926,

tein (a) (130).

PRIORITY CLAIM

There remains a great need for a method of presenting

tumor antigens, which are known to be poorly immunogenic,
“self” antigens to a subject’ s immune system in a manner that

?led Nov. 20, 2003, issued as US. Pat. No. 7,754,676, which
is a §371 national phase of PCT Application No. PCT/

elicits an immune response powerful enough to inhibit the
growth of tumor cells in the subject. This invention over
comes the previous limitations and shortcomings in the art by
providing a fusion protein comprising a defensin and a tumor
antigen which can produce an in vivo immune response,
resulting in the inhibition of tumor cells. There is also a

US2001/029074, ?led Sep. 17, 2001, which was published in
English under PCT Article 2(2), and which claims the bene?t
of US. Provisional Application No. 60/233,074, ?led Sep.
15, 2000. The prior applications are all incorporated herein by
reference in their entirety.

continuing need for a method of presenting poorly antigenic
FIELD OF THE INVENTION

20

The present invention relates to a vaccine for increasing the
immunogenicity of a tumor antigen thus allowing treatment

vaccine development by providing a fusion protein compris
ing a defensin and a viral antigen which is effective as a

of cancer, as well as a vaccine that increases the immunoge

nicity of a viral antigen, thus allowing treatment of viral

viral antigens to a subject’s immune system, particularly as
relates to viral antigens such as HIV antigens. This invention
also overcomes previous shortcomings in the ?eld of viral

25

vaccine for treating or preventing viral infection.

infection, including immunode?ciency virus (HIV) infec
SUMMARY OF THE INVENTION

tion. In particular, the present invention provides a fusion
protein comprising a defensin fused to either a tumor antigen
or viral antigen which is administered as either a protein or
nucleic acid vaccine to elicit an immune response effective in
treating cancer or effective in treating or preventing viral

30

infection.
BACKGROUND OF THE INVENTION
35

Tumor cells are known to express tumor-speci?c antigens
on the cell surface. These antigens are believed to be poorly

The present invention also provides a fusion polypeptide
40

tide-2 (HNP-2), and/ or human neutrophil peptide-3 (HNP-3)
(128), and/or a beta defensin ([3-def), such as human [3-de

Humans are particularly vulnerable to cancer as a result of 45

antigen, such as gp120, gp160, gp41, an active fragment of
gp120, an active fragment of gp 1 60 and/or an active fragment

of gp41.
50

Also provided is a method of treating a cancer in a subject

polypeptides of this invention, comprising a defensin and a
tumor antigen, either as a protein or a nucleic acid encoding
60

the fusion polypeptide.
The invention also provides a method of treating or pre
venting a viral infection in a subject, comprising administer
ing to the subject any of the fusion polypeptides of this inven

in inhibiting tumor growth remains a central issue in the
development of an effective cancer vaccine.

Anti-microbial peptides such as defensins have been iden

tion. Originally identi?ed on the basis of their anti-microbial
activity, defensins are expressed within tissues and cells that

acid encoding the fusion polypeptide.
comprising administering to the subject any of the fusion

tumor antigens in order to elicit an immune response effective

ti?ed as key elements in the innate immunity against infec

In addition, the present invention provides a method of
producing an immune response in a subject, comprising
administering to the subject any of the fusion polypeptides of
this invention, comprising a defensin and viral antigen, or a
defensin and a tumor antigen, either as a protein or a nucleic

55

does not correlate with a suppression of the associated dis
ease. This failure of the immune system to protect the host
may be due to expression of tumor antigens that are poorly

immunogenic or to heterologous expression of speci?c anti
gens by various tumor cells. The appropriate presentation of

fensin-1 (HBD1), human [3-defensin-2 (HBD2) (129), Def2,
and/or Def3, and the viral antigen can, for example, be an HIV

have demonstrated that tumor cell immunization has failed to
provide a rational basis for the design or construction of

effective vaccines. Even where patients express tumor-spe
ci?c antibodies or cytotoxic T-cells, this immune response

comprising a defensin and a viral antigen. In one embodi
ment, the defensin can be an alpha defensin (ct-def) such as

human neutrophil peptide-1 (HNP-1), human neutrophil pep

immune responses against epitopes from various tumor spe
ci?c antigens, none have been successful in eliciting adequate
tumor immunity in vivo (71).
an ineffective immunogenic response (72). In fact, the poor
immunogenicity of relevant cancer antigens has proven to be
the single greatest obstacle to successful immunotherapy
with tumor vaccines (73). Over the past 30 years, literally
thousands of patients have been administered tumor cell anti
gens as vaccine preparations, but the results of these trials

defensin (ct-def) such as human neutrophil peptide-1 (HNP
1), human neutrophil peptide-2 (HNP-2), and/ or human neu
trophil peptide-3 (HNP-3) (128), and/ or a beta defensin
([3-def), such as human [3-defensin-1 (HBD1), human [3-de

fensin-2 (HBD2) (129), murine [3-defensin-2 (Def2) and/or
murine [3-defensin-3 (Def3).

immunogenic, largely because they represent gene products
of oncogenes or other cellular genes which are normally
present in the host and are therefore not clearly recognized as
nonself. Although numerous investigators have tried to target

The present invention provides a fusion polypeptide com
prising a defensin and a tumor antigen. In a preferred embodi
ment, the tumor antigen can be a B cell tumor antigen or
MUC-1. The defensin of this invention can be an alpha

tion, comprising a defensin and a viral antigen, either as a
65

protein or a nucleic acid encoding the fusion polypeptide.
Further provided is a method of treating or preventing HIV

infection in a subject, comprising administering to the subject
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any of the fusion polypeptides of this invention, comprising a
defensin and a human immunode?ciency virus (HfV) anti

As used herein, “defensin” means an anti-microbial pep

tide with three to four intramolecular cysteine di sul?de bonds

which induces leukocyte migration in vitro, and/or enhances
concavalin A-stimulated murine spleen cell proliferation and
IFN-y production (128). As used herein, a defensin may be
either a naturally occurring defensin, i.e., a peptide which is
produced by, e.g., neutrophils, intestinal Paneth cells, or epi

gen, either as a protein or a nucleic acid encoding the fusion

polypeptide.
A method of treating a B cell tumor in a subject is also

provided, comprising administering to the subject any of the
fusion polypeptides of this invention, comprising a defensin
and a B cell tumor antigen, either as a protein or a nucleic acid

thelial cells such as those of the skin, kidney, and trachea

encoding the fusion polypeptide.
Various other objectives and advantages of the present

bronchial lining, or a synthetic defensin, such as a variant of

a naturally occurring defensin, which may be chemically
synthesized or produced by expressing a modi?ed cDNA

invention will become apparent from the following detailed

encoding a naturally occurring defensin. While any mamma
lian or synthetic defensins may be used in the compositions

description.

and methods of the invention, naturally occurring human

BRIEF DESCRIPTION OF THE DRAWING

defensins or variants thereof are preferred.
The defensins of this invention can include, but are not

FIG. 1 depicts the primary amino acid and consensus
sequences for the (x-defensins (SEQ ID NOs: 62-65) and

limited to, alpha defensins (0t-defs, such as human neutrophil

peptide-l (HNP-l), human neutrophil peptide-2 (HNP-2),

[3-defensins (SEQ ID NO: 66-67). Boxes indicate the highly
conserved cysteines that are numbered 1 to 6. The disul?de
linkages of these bridges for (x-defensins are established as

20

human neutrophil peptide-3 (HNP-3) (128, 130), human neu
trophil peptide-4 (HNP-4), human defensin-5 (HD-5), and
human defensin-6 (HD-6), and beta defensins ([3-defs, such
as human [3-defensin-l (HBDl), human [3-defensin-2

l-6, 2-4, and 3-5, whereas the disul?de linkages of the bridges
for [3-defensins are 1-5, 2-4, and 3-6. The amino acid
sequences of the (x-defensins HD-5 and HD-6 are not shown.

(HBD2) (129, 130). Human neutrophil defensins (HNPs l-4)

SEQUENCE LISTING

are small, cationic, and arginine rich peptides that lack enzy
matic activity. The peptides contain six conserved cysteine
residues that participate in 3 characteristic intramolecular
disul?de bridges (130, the entire contents of this reference is

25

The Sequence Listing is submitted as an ASCII text ?le

incorporated herein in its entirety). Cysteine pairing distin
guishes [3-defensins from (x-defensins, wherein the former

4239-83275-07_Sequence_Listing, Sep. 6, 2013, 17.0 KB,
which is incorporated by reference herein.
30

are connected 1-5, 2-4 and 3-6 and the latter are linked l-6,

2-4 and 3-5 (FIG. 1) (130). Other examples of defensins
include murine B-defensin-2 (Def2) and murine B-defensin-3

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

(Def3), as well as any other defensin now known or later

As used in the claims, “a” can include multiples. For
example, “a cell” can mean a single cell or more than one cell. 35

The present invention is based on the unexpected discovery

ments of defensins which retain the activity, including
chemotaxis and inhibition of chemotaxis, of the intact mol

that the administration of a fusion protein comprising a
defensin and a tumor antigen or administration of a nucleic

ecule. The production of an active fragments of a defensin and

acid encoding a fusion protein comprising a defensin and a

tumor antigen yields an effective and speci?c anti-tumor
immune response by converting a “self” tumor antigen into a
potent immunogen by fusing it to a defensin moiety.
Thus, the present invention provides a fusion polypeptide
comprising a defensin and a tumor antigen. The fusion
polypeptide can be present in a puri?ed form and can induce
an immune response against the tumor antigen and inhibit the

40
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growth of tumor cells expressing the tumor antigen. “Puri
?ed” as used herein means the polypeptide is suf?ciently free
of contaminants or cell components with which proteins nor
mally occur to allow the peptide to be used therapeutically. It

identi?ed.
It will be appreciated by one of skill in the art that the
defensins of this invention can further include active frag

identi?cation of defensin fragments which retain the activity
of the intact molecule are carried out according to protocols
well known in the art.
To produce a nucleic acid encoding a fusion polypeptide of
this invention, the defensin gene can be fragmented as desired
according to standard methods and the fragments can be
fused to a speci?c gene or gene fragment encoding an antigen
to which an immune response is to be elicited (e.g., Muc-l

VNT, lymphoma scFv, gpl20 etc.). The fusion polypeptide
50

comprising the defensin fragment and the tumor or viral
antigen can be produced and puri?ed as described herein and

is not contemplated that “puri?ed” necessitates having a

tested for immunogenicity according to the methods provided

preparation that is technically totally pure (homogeneous),

herein. By producing several fusion polypeptides having

but puri?ed as used herein means the fusion polypeptide is
suf?ciently pure to provide the polypeptide in a state where it

fragment which imparts an immunological effect can be iden

can be used therapeutically. As used herein, “fusion polypep

defensin fragments of varying size, the minimal size defensin
55

ti?ed through routine experimentation.
The tumor antigen moiety of the fusion polypeptide of this

tide” means a polypeptide made up of two or more amino acid

sequences representing peptides or polypeptides from differ

invention can be any tumor antigen now known or later iden

ent sources. Also as used herein, “epitope” refers to a speci?c

ti?ed as a tumor antigen. The appropriate tumor antigen used

amino acid sequence of limited length which, when present in
the proper conformation, provides a reactive site for an anti
body or T cell receptor. The identi?cation of epitopes on

60

antigens can be carried out by immunology protocols that are
standard in the art (74). As further used herein, “tumor anti
gen” describes a polypeptide expressed on the cell surface of
speci?c tumor cells and which can serve to identify the type of
tumor. An epitope of the tumor antigen can be any site on the
antigen that is reactive with an antibody or T cell receptor.

65

in the fusion polypeptide depends on the tumor type being
treated. For example, the tumor antigen can be, but is not
limited to human epithelial cell mucin (Muc-l; a 20 amino
acid core repeat for Muc-l glycoprotein, present on breast
cancer cells and pancreatic cancer cells), the Ha-ras oncogene

product, p53, carcino-embryonic antigen (CEA), the raf
oncogene product, GD2, GD3, GM2, TF, sTn, MAGE-l,
MAGE-3, tyrosinase, gp75, Melan-A/Mart-l, gp100, BER2/
neu, EBV-LMP l & 2, HPV-F4, 6, 7, prostatic serum antigen
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(PSA), alpha-fetoprotein (AFP), COl7-1A, GA733, gp72,

tumor antigen (e.g., human single chain antibody) moiety

p53, the ras oncogene product, HPV E7 and melanoma gan
identi?ed in the future. Tumor antigens can be obtained fol

according to the methods described herein, on the basis of the
availability in the art of the nucleic acid and/or amino acid
sequence of the defensin of interest and the human tumor

lowing known procedures or are commercially available (79).
The effectiveness of the fusion protein in eliciting an immune

antigen of interest.
The present invention further provides a fusion polypep

response against a particular tumor antigen can be determined
according to methods standard in the art for determining the
e?icacy of vaccines and according to the methods set forth in

tide comprising a ?rst region comprising a defensin selected

gliosides, as well as any other tumor antigens now known or

from the group consisting of HNP-l, HNP-2, HNP-3, HBDl,
and HBD2, and a second region comprising a tumor antigen
selected from the group consisting of human epithelial cell

the Examples.
Additionally, the tumor antigen of the present invention

mucin (Muc-l), the Ha-ras oncogene product, p53, carcino

embryonic antigen (CEA), the raf oncogene product, GD2,
GD3, GM2, TF, sTn, MAGE-l, MAGE-3, tyrosinase, gp75,

can be an antibody which can be produced by a B cell tumor

(e.g., B cell lymphoma; B cell leukemia; myeloma) or the
tumor antigen can be a fragment of such an antibody, which

Melan-A/Mart-l, gp100, HER2/neu, EBV-LMP l & 2, HPV

contains an epitope of the idiotype of the antibody. The

F4, 6, 7, prostatic serum antigen (PSA), alpha-fetoprotein
(AFP), Col7-lA, GA733, gp72, p53, the ras oncogene prod

epitope fragment can comprise as few as nine amino acids.
For example, the tumor antigen of this invention can be a

malignant B cell antigen receptor, a malignant B cell immu
noglobulin idiotype, a variable region of an immunoglobulin,
a hypervariable region or complementarity determining
region (CDR) of a variable region of an immunoglobulin, a
malignant T cell receptor (TCR), a variable region of a TCR

uct, HPV E7, proteinase 3, Wilm’s tumor antigen-l, telom
erase, melanoma gangliosides, an antibody produced by a B
cell tumor (e.g., B cell lymphoma; B cell leukemia;
20

epitope of the idiotype of the antibody, a malignant B cell
antigen receptor, a malignant B cell immunoglobulin idio

and/ or a hypervariable region of a TCR.

In a preferred embodiment, the tumor antigen of this inven
tion can be a single chain antibody (scFv), comprising linked
VH and VL domains and which retains the conformation and

25

speci?c binding activity of the native idiotype of the antibody
(27). Such single chain antibodies are well known in the art
and can be produced by standard methods and as described in

the Examples herein.
In addition, the tumor antigen of the present invention can
be an epitope of the idiotype of a T cell receptor, which can be
produced by a T cell tumor (e.g., T cell lymphoma; T cell
leukemia; myeloma). The epitope can comprise as few as nine
amino acids.
As will be appreciated by those skilled in the art, the

myeloma), a fragment of such an antibody, which contains an

30

type, a variable region of an immunoglobulin, a hypervariable
region or CDR of a variable region of an immunoglobulin, a
malignant T cell receptor (TCR), a variable region of a TCR
and/or a hypervariable region of a TCR.
For example, the present invention provides a fusion
polypeptide comprising an scFv cloned from a human sub
ject’s biopsy tumor material or from a hybridoma cell line

producing a lymphoma antibody and a defensin moiety (e.g.

HNP-l, HNP-2, HNP-3, HBDl, HBD2, etc.). In addition, the
present invention provides a defensin fused with the Muc-l
core epitope of human breast cancer or human pancreatic

cancer. Muc-l is a glycoprotein (Mr>200,000) abundantly
35

expressed on breast cancer cells and pancreatic tumor cells. A

variable number of tandem (VNT) repeats of a 20 amino acid

invention also includes peptides and polypeptides having

peptide (PDTRPAPGSTAPPAHGVTSA; SEQ ID NO:1)

slight variations in amino acid sequences or other properties
which do not alter the functional identity of the peptide or
polypeptide. Such variations may arise naturally as allelic
variations (e.g., due to genetic polymorphism) or may be

include B and T cell epitopes. Thus, the present invention
provides a fusion protein comprising HNP-l and Muc-l
VNT, HNP-2 and Muc-lVNT, HNP-3 and Muc-lVNT,
HBDl and Muc-lVNT, and HBD2 and Muc-lVNT. The

40

produced synthetically (e. g., by mutagenesis of cloned DNA

expression vector is designed so that a VNT can be changed

sequences), such as induced point, deletion, insertion and
substitution mutations. Minor changes in amino acid

by routine cloning methods to produce a fusion polypeptide
comprising HNP-l, HNP-2, HNP-3, HBDl, or HBD2 fused
with a Muc-l VNT dimer, trimer, tetramer, pentamer, hex

sequence are generally preferred, such as conservative amino
acid replacements, small internal deletions or insertions, and

45

amer, etc.

additions or deletions at the ends of the molecules. Substitu

tions may be designed based on, for example, the model of
Dayhoffet al. (80). These modi?cations can result in changes
in the amino acid sequence, provide silent mutations, modify
a restriction site, or provide other speci?c mutations while

50

In speci?c embodiments, the present invention also pro
vides a fusion polypeptide comprising HNP-l and human
Muc-l, HNP-2 and human Muc-l, HNP-3 and human Muc-l,
HBDl and human Muc-l, and HBD2 and human Muc-l.
The present invention further provides a fusion polypep

allowing for the presentation of the functional activity of
peptides and polypeptides of this invention.

tide comprising a defensin (e.g., HNP-l, HNP-2, HNP-3,

The fusion polypeptides can comprise one or more selected
epitopes on the same tumor antigen, one or more selected

gens, such as idiotype-speci?c scFv, Muc-l, etc. Such a

HBDl, HBD2, etc.) and a scFv which recognizes tumor anti
55

fusion polypeptide would allow migration, recruitment and

epitopes on different tumor antigens, as well as repeats of the

activation of specialized cells of the immune system, such as

same epitope, either in tandem or interspersed along the
amino acid sequence of the fusion polypeptide. The tumor
antigen can be positioned in the fusion polypeptide at the
carboxy terminus of the defensin, the amino terminus of the

natural killer (NK) cells, macrophages, dendritic cells (DC),

polymorphonuclear (PMN) leukocytes, cytotoxic lympho
cytes (CTL), etc., which would destroy the target cell.
60

defensin and/ or at one or more internal sites within the

defensin amino acid sequence. Additionally, the fusion
polypeptide can comprise more than one defensin or active

fragment thereof in any combination and in any order with the
various tumor antigens described above.
It would be routine for an artisan to produce a fusion

protein comprising any defensin moiety and any human

65

The fusion polypeptide of this invention can further com
prise a spacer sequence between the defensin and the tumor
antigen or viral antigen, which can have the amino acid
sequence EFNDAQAPKSLE (SEQ ID NO:2), or an amino
acid sequence with conservative substitutions such that it has
the same functional activity as the amino acid sequence of

SEQ ID NO:2, which allows for retention of the correct

folding of the tumor antigen region of the polypeptide.
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In addition, the present invention provides a composition
comprising the fusion polypeptide of this invention and a

variable region of the envelope glycoprotein, gp120 of HIV-1
(the disulfate loop V3), having the amino acid sequence:

suitable adjuvant. Such a composition can be in a pharma

NCTRPNNNTRKRIRIQRG

ceutically acceptable carrier, as described herein. As used
herein, “suitable adjuvant” describes a substance capable of
being combined with the fusion polypeptide to enhance an

PGRAFVTIGKIGNMRQAHCNIS (SEQ ID NO:3), any
other antigenic fragment of gp120, the envelope glycoprotein
gp160, an antigenic fragment of gp160, the envelope glyco

immune response in a subject without deleterious effect on

protein gp41 and/or an antigenic fragment of gp41. For

the subject. A suitable adjuvant can be, but is not limited to,

example, the nucleic acid encoding the V3 loop can be fused
to the 3' end of the nucleic acid encoding a defensin (e.g.,

for example, an immunostimulatory cytokine, SYNTEX

adjuvant formulation 1 (SAP-1) composed of 5 percent (wt/

HNP-l, HNP-2, HNP-3, HBD1, or HBD2) directly or sepa

vol) squalene (DASF, Parsippany, N.J.), 2.5 percent Pluronic,

rated by nucleic acid encoding a spacer sequence. The
defensin-V3 loop fusion polypeptide can be produced in an
expression system as described herein and puri?ed as also
described herein.

L121 polymer (Aldrich Chemical, Milwaukee), and 0.2 per
cent polysorbate (Tween 80, Sigma) in phosphate-buffered
saline. Other suitable adjuvants are well known in the art and

include QS-21, Freund’s adjuvant (complete and incom

In speci?c embodiments, the present invention provides a

plete), alum, aluminum phosphate, aluminum hydroxide,

fusion polypeptide comprising a defensin and a human

N-acetyl-muramyl-L-threonyl-D-isoglutamine (thr-MDP),
N-acetyl-nor-muramyl-L-alanyl-D-isoglutamine
(CGP

immunode?ciency virus (HIV) antigen, wherein the defensin
can be HNP-l, HNP-2, HNP-3, HBD1, HBD2, or any other
defensin, and wherein the HIV antigen can be gp120, gp160,

11637, referred to as nor-MDP), -acetylmuramyl-L-alanyl

D-isoglutaminyl-L-alanine-2-(1'-2'-dipalmitoyl-sn-glycero
3-hydroxyphosphoryloxy)-ethylamine (CGP 19835A,

20

gp41, an active (i.e., antigenic) fragment of gp120, an active
(i.e., antigenic) fragment of gp160 and an active (i.e., anti

referred to as MTP-PE) and RIBI, which contains three com

genic) fragment of gp41.

ponents extracted from bacteria, monophosphoryl lipid A,

Further provided in this invention is fusion polypeptide
comprising any of HNP-l and HIV gp120, HNP-2 and HIV
gp120, HNP-3 and HIV gp120, HBDl and HIV gp120, or
HBD2 and HIV gp120.
An isolated nucleic acid encoding the fusion polypeptides
of this invention as described above is also provided. By

trealose dimycolate and cell wall skeleton (MPL+TDM+
CWS) in 2% squalene/Tween 80 emulsion.

25

The adjuvant, such as an immuno stimulatory cytokine can
be administered before the administration of the fusion pro
tein or nucleic acid encoding the fusion protein, concurrent
with the administration of the fusion protein or nucleic acid or

up to ?ve days after the administration of the fusion polypep
tide or nucleic acid to a subject. QS-21, similarly to alum,

30

“isolated nucleic acid” is meant a nucleic acid molecule that
is substantially free of the other nucleic acids and other com

ponents commonly found in association with nucleic acid in

complete Freund’s adjuvant, SAF, etc., can be administered

a cellular environment. Separation techniques for isolating

within hours of administration of the fusion protein or nucleic
acid.
Furthermore, combinations of adj uvants, such as immuno

nucleic acids from cells are well known in the art and include
35

stimulatory cytokines can be co-administered to the subject
before, after, or concurrent with the administration of the
fusion polypeptide or nucleic acid. For example, combina
tions of adjuvants, such as immunostimulatory cytokines, can
consist of two or more of immunostimulatory cytokines of

phenol extraction followed by ethanol precipitation and rapid
solubilization of cells by organic solvent or detergents (81).
The nucleic acid encoding the fusion polypeptide can be
any nucleic acid that functionally encodes the fusion

polypeptide. To functionally encode the polypeptide (i.e.,
allow the nucleic acid to be expressed), the nucleic acid can
40

include, for example, expression control sequences, such as
an origin of replication, a promoter, an enhancer and neces

this invention, such as GM/CSF, interleukin-2, interleukin
12, interferon-gamma, interleukin-4, tumor necrosis factor

sary information processing sites, such as ribosome binding

alpha, interleukin-1, hematopoietic factor ?t3L, CD40L,

sites, RNA splice sites, polyadenylation sites and transcrip

B7.1 co-stimulatory molecules and B72 co-stimulatory mol

tional terminator sequences. Preferred expression control

ecules. The effectiveness of an adjuvant or combination of

45

adjuvants may be determined by measuring the immune
response directed against the fusion polypeptide with and
without the adj uvant or combination of adj uvants, using stan
dard procedures, as described herein.

Furthermore, the present invention provides a composition

50

comprising the fusion polypeptide of this invention or a

nucleic acid encoding the fusion polypeptide of this invention

feron-gamma, interleukin-4, tumor necrosis factor-alpha,
interleukin-1, hematopoietic factor ?t3L, CD40L, B7.1 con
stimulatory molecules and B72 co-stimulatory molecules.

55

art, such as by recombinant nucleic acid techniques, as exem
60

thereof, as described herein and a viral antigen, which can be,

limited to, the envelope glycoprotein gp120, the third hyper

?cations to the sequences controlling expression of the fusion
polypeptide to make production of the fusion polypeptide
inducible or repressible as controlled by the appropriate
inducer or repressor. Such means are standard in the art (81).
The nucleic acids can be generated by means standard in the

The present invention further contemplates a fusion
polypeptide comprising a defensin, or active fragment

for example, an antigen of human immunode?ciency virus
(HIV). An HIV antigen of this invention can be, but is not

rus, bovine papilloma virus, etc. A nucleic acid encoding a
selected fusion polypeptide can readily be determined based
upon the genetic code for the amino acid sequence of the
selected fusion polypeptide and many nucleic acids will
encode any selected fusion polypeptide. Modi?cations in the
nucleic acid sequence encoding the fusion polypeptide are
also contemplated. Modi?cations that can be useful are modi

and an adjuvant, such as an immunostimulatory cytokine or a
nucleic acid encoding an adjuvant, such as an immunostimu

latory cytokine. Such a composition can be in a pharmaceu
tically acceptable carrier, as described herein. The immuno
stimulatory cytokine used in this invention can be, but is not
limited to, GM/CSF, interleukin-2, interleukin-12, inter

sequences are promoters derived from metallothionine genes,

actin genes, immunoglobulin genes, CMV, SV40, adenovi

65

pli?ed in the examples herein and by synthetic nucleic acid
synthesis or in vitro enzymatic synthesis.
A vector comprising any of the nucleic acids of the present
invention and a cell comprising any of the vectors of the
present invention are also provided. The vectors of the inven
tion can be in a host (e. g., cell line or transgenic animal) that

can express the fusion polypeptide contemplated by the
present invention.
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vectors known to one of ordinary skill in the art useful for the

oped in the art and include the CHO cell lines, HeLa cells,
myeloma cell lines, Jurkat cells and the like. Expression

expression of nucleic acid encoding proteins such as fusion

vectors for these cells can include expression control

proteins. Other microbial hosts suitable for use include
bacilli, such as Bacillus sublilis, and other enterobacteria,

sequences, as described above.

There are numerous E. coli (Escherichia coli) expression

The vectors containing the nucleic acid sequences of inter
est can be transferred into the ho st cell by well-known meth

such as Salmonella, Serralia, as well as various Pseudomanas

species. These prokaryotic hosts can support expression vec
tors which will typically contain expression control
sequences compatible with the host cell (e.g., an origin of
replication). In addition, any number of a variety of well

ods, which vary depending on the type of cell host. For

example, calcium chloride transfection is commonly utilized
for prokaryotic cells, whereas calcium phosphate treatment,
lipofection or electroporation may be used for other cell
hosts.
Alternative vectors for the expression of protein in mam

known promoters will be present, such as the lactose pro
moter system, a tryptophan (Trp) promoter system, a beta
lactamase promoter system, or a promoter system from phage

malian cells, similar to those developed for the expression of
human gamma-interferon, tissue plasmino gen activator, clot
ting Factor VIII, hepatitis B virus surface antigen, protease
Nexinl, and eosinophil major basic protein, can be employed.

lambda. The promoters will typically control expression,
optionally with an operator sequence and have ribosome
binding site sequences for example, for initiating and com
pleting transcription and translation. If necessary, an amino

Further, the vector can include CMV promoter sequences and

terminal methionine can be provided by insertion of a Met

codon 5' and in-frame with the protein. Also, the carboxy
terminal extension of the protein can be removed using stan

20

dard oligonucleotide mutagenesis procedures.
Additionally, yeast expression can be used. There are sev

eral advantages to yeast expression systems. First, evidence
exists that proteins produced in a yeast secretion system
exhibit correct disul?de pairing. Second, post-translational
glycosylation is e?iciently carried out by yeast secretory sys
tems. The Saccharamyces cerevisiae pre-pro-alpha-factor
leader region (encoded by the MFa-l gene) is routinely used
to direct protein secretion from yeast (82). The leader region
of pre-pro-alpha-factor contains a signal peptide and a pro
segment which includes a recognition sequence for a yeast

somes or as an integral part of the host chromosomal DNA.
25

Commonly, expression vectors can contain selection mark
ers, e. g., tetracycline resistance or hygromycin resistance, to
permit detection and/or selection of those cells transformed
with the desired nucleic acid sequences (83).

30

of the present invention can be used in in vitro diagnostic
assays, as well as in screening assays for identifying unknown

Additionally, the fusion polypeptides and/or nucleic acids

tumor antigen epitopes and ?ne mapping of tumor antigen

protease encoded by the KEX2 gene. This enzyme cleaves the
precursor protein on the carboxyl side of a Lys-Arg dipeptide

epitopes.

cleavage-signal sequence. The polypeptide coding sequence
can be fused in-frame to the pre-pro-alpha-factor leader
region. This construct is then put under the control of a strong

35

transcription promoter, such as the alcohol dehydrogenase l
promoter or a glycolytic promoter. The protein coding
sequence is followed by a translation termination codon

which is followed by transcription termination signals. Alter
natively, the polypeptide coding sequence of interest can be

40

encoding a tumor antigen or viral antigen; and expressing the
DNA of the expression vector in an expression system under
expression vector and expression system can be of any of the
types as described herein. The cloning of the ?rst and second

[3-galactosidase, used to facilitate puri?cation of the fusion

protein by al?nity chromatography. The insertion of protease
45

DNA segments into the expression vector and expression of
the DNA under conditions which allow for the production of
the fusion protein of this invention can be carried out as

Ef?cient post-translational glycosylation and expression

described in the Examples section included herein. The
method of this invention can further comprise the step of

of recombinant proteins can also be achieved in Baculovirus
systems in insect cells.

Mammalian cells permit the expression of proteins in an
environment that favors important post-translational modi?
cations such as folding and cysteine pairing, addition of com
plex carbohydrate structures and secretion of active protein.
Vectors useful for the expression of proteins in mammalian
cells are characterized by insertion of the protein coding

Also provided is a method for producing a fusion polypep
tide comprising a defensin, or an active fragment thereof and
a tumor antigen or viral antigen, comprising cloning into an
expression vector a ?rst DNA fragment encoding a defensin
or active fragment thereof and a second DNA fragment

conditions whereby the fusion polypeptide is produced. The

fused to a second protein coding sequence, such as Sj26 or

cleavage sites to separate the components of the fusion pro
tein is applicable to constructs used for expression in yeast.

a polyadenylation signal available for expression of inserted
nucleic acid in mammalian cells (such as COST).
The nucleic acid sequences can be expressed in hosts after
the sequences have been positioned to ensure the functioning
of an expression control sequence. These expression vectors
are typically replicable in the host organisms either as epi

isolating and purifying the fusion polypeptide, according to
50

methods well known in the art and as described herein.

Any of the fusion polypeptides, the nucleic acids and the
vectors of the present invention can be in a pharmaceutically

acceptable carrier and in addition, can include other medici
55

nal agents, pharmaceutical agents, carriers, diluents, adju
vants (e.g., immunostimulatory cytokines), etc. By “pharma

sequence between a strong viral promoter and a polyadeny
lation signal. The vectors can contain genes conferring either

ceutically acceptable” is meant a material that is not
biologically or otherwise undesirable, i.e., the material may

gentamicin or methotrexate resistance for use as selectable

be administered to an individual along with the selected anti

markers. The antigen and immunoreactive fragment coding
sequence can be introduced into a Chinese hamster ovary

gen without causing substantial deleterious biological effects
60

components of the composition in which it is contained.
Actual methods of preparing such dosage forms are known,

(CHO) cell line using a methotrexate resistance-encoding
vector. Presence of the vector RNA in transformed cells can

be con?rmed by Northern blot analysis and production of a
cDNA or opposite strand RNA corresponding to the protein
coding sequence can be con?rmed by Southern and Northern
blot analysis, respectively. A number of other suitable host
cell lines capable of secreting intact proteins have been devel

or interacting in a deleterious manner with any of the other

or will be apparent, to those skilled in this art (84).
65

Thus, the present invention further provides a method for
inducing an immune response in a subject capable of induc
tion of an immune response and preferably human, compris

ing administering to the subject an immune response-induc
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ing amount of the fusion polypeptide of this invention. As
used herein, “an immune response-inducing amount” is that
amount of fusion polypeptide which is capable of producing

comprising administering to the subject a composition com
prising a fusion polypeptide of this invention and a pharma

in a subject a humoral and/or cellular immune response

tide can be a fusion polypeptide comprising any of HNP-l

capable of being detected by standard methods of measure
ment, such as, for example, as described herein. For example,
the antigenic polypeptide region can induce an antibody

and human Muc-l, HNP-2 and human Muc-l, HNP-3 and
human Muc-l, HBDl and human Muc-l, HBD2 and human
Muc-l, Def2 and human Muc-l, and Def3 and human Muc-l.
Also provided is a method of producing an immune
response in a subject, comprising administering to the subject
a composition comprising a nucleic acid encoding a fusion
polypeptide of this invention and a pharmaceutically accept
able carrier and wherein the fusion polypeptide is a fusion

ceutically acceptable carrier and wherein the fusion polypep

response. The antibodies can treat or prevent a pathological or

harmful condition in the subject in which the antibodies are
produced or the antibodies can be removed from the subject
and administered to another subject to treat or prevent a

pathological or harmful condition. The fusion polypeptide

polypeptide comprising any of HNP-l and human Muc-l,

can also induce an effector T cell (cellular) immune response
which is effective in treating or preventing a pathological or

HNP-2 and human Muc- l, HNP-3 and human Muc-l, HBDl
and human Muc-l, HBD2 and human Muc-l, Def2 and

harmful conditions in the subject.
In an embodiment wherein the antigen moiety of the fusion

human Muc-l , and Def3 and human Muc- l , under conditions

polypeptide comprises an immunoglobulin light or heavy

whereby the nucleic acid of the composition can be
expressed, thereby producing an immune response in the

chain or a single chain antibody, the immune response can be

subject.

the production in the subject of anti-idiotype antibodies,
which represent the image of the original antigen and can

20

In further embodiments, the present invention also pro

function in a vaccine preparation to induce an immune

vides a method of producing an immune response in a subject,

response to a pathogenic antigen, thereby avoiding immuni
zation with the antigen itself (85). The anti-idiotype antibod

comprising administering to the subject a composition com
prising a fusion polypeptide of this invention and a pharma

ceutically acceptable carrier and wherein the fusion polypep

ies can treat or prevent a pathological or harmful condition in

the subject in which the anti-idiotype antibodies are produced

25

tide can be a fusion polypeptide comprising any of HNP-l

30

and HIV gp120, HNP-2 and HIV gp120, HNP-3 and HIV
gp120, HBDl and HIV gp120, HBD2 and HIV gp120, Def2
and HIV gp120, or Def3 and HIV gp120, thereby producing
an immune response in the subject.
Also provided is a method of producing an immune
response in a subject, comprising administering to the subject
a composition comprising a nucleic acid encoding a fusion
polypeptide of this invention and a pharmaceutically accept
able carrier and wherein the fusion polypeptide is a fusion

35

polypeptide comprising any of HNP-l and HIV gp120,

or the anti-idiotype antibodies can be removed from the sub
ject and administered to another subject to treat or prevent a
pathological or harmful condition.

Further provided is a method for inhibiting the growth of
tumor cells in a subject, comprising administering to the
subject a tumor cell growth-inhibiting amount of the fusion
polypeptide of this invention. The subject of this method can
be any subject in which a humoral and/ or cellular immune
response to a tumor can be induced, which is preferably an

animal and most preferably a human. As used herein, “inhib

iting the growth of tumor cells” means that, following admin

HNP-2 and HIV gp120, HNP-3 and HIV gp120, HBDl and
HIV gp120, HBD2 and HIV gp120, Def2 and BIN gp120, or
Def3 and HIV gp120, under conditions whereby the nucleic

istration of the fusion polypeptide, a measurable humoral
and/ or cellular immune response against the tumor cell

epitope is elicited in the subject, resulting in the inhibition of
growth of tumor cells present in the subject. The humoral

acid of the composition can be expressed, thereby producing
40

immune response can be measured by detection, in the serum

an immune response in the subject.
Also provided is a method of producing an immune

of the subject, of antibodies reactive with the epitope of the
tumor antigen present on the fusion polypeptide, according to

response in a subject, comprising administering to the subject

protocols standard in the art, such as enzyme linked immun

maceutically acceptable carrier and wherein the fusion

osorbent immunoassay (ELISA) and Western blotting proto

a composition comprising a fusion polypeptide and a phar
45

cols. The cellular immune response can be measured by, for

example, footpad swelling in laboratory animals, peripheral
blood lymphocyte (PBL) proliferation assays and PBL cyto
toxicity assays, as would be known to one of ordinary skill in
the art of immunology and particularly as set forth in the

50

available handbooks and texts of immunology protocols (86).
The present invention also provides a method of treating
cancer in a subject diagnosed with cancer, comprising admin
istering to the subject an effective amount of the fusion
polypeptide of the present invention. The cancer can be, but is
not limited to B cell lymphoma, T cell lymphoma, myeloma,
leukemia, breast cancer, pancreatic cancer, colon cancer, lung

polypeptide is a fusion polypeptide comprising a defensin
and a human immunode?ciency virus (HIV) antigen, wherein
the defensin can be HNP-l, HNP-2, HNP-3, HBDl, HBD2,
Def2, Def3, or any other defensin, and wherein the HIV
antigen can be gp120, gp l 60, gp4l, an active (i.e., antigenic)

fragment of gp120, an active (i.e., antigenic) fragment of
gpl 60 and/ or an active (i.e., antigenic) fragment of gp4l,
thereby producing an immune response in the subject.
The present invention also provides a method of producing
an immune response in a subject, comprising administering to

55

the subject a composition comprising a nucleic acid encoding
a fusion polypeptide comprising a defensin and a human

immunode?ciency virus (HIV) antigen, wherein the defensin

cancer, renal cancer, liver cancer, prostate cancer, melanoma

can be HNP-l, HNP-2, HNP-3, HBDl, HBD2, Def2, Def3, or

and cervical cancer.

any other defensin, and wherein the HIV antigen can be

Further provided is a method of treating a B cell tumor in a

60

gp120, gpl60, gp4l, an active (i.e., antigenic) fragment of

subject diagnosed with a B cell tumor, comprising adminis

gp120, an active (i.e., antigenic) fragment of gp l 60 and/or an

tering an effective amount of the fusion polypeptide of this
invention, which comprises an antibody or a fragment
thereof, as described herein, in a pharmaceutically acceptable

active (i.e., antigenic) fragment of gp41, and a pharmaceuti
cally acceptable carrier, under conditions whereby the

carrier, to the subject.
In speci?c embodiments, the present invention also pro
vides a method of producing an immune response in a subject,

65

nucleic acid can be expressed, thereby producing an immune
response in the subject.
In any of the methods provided herein which recite the
production of an immune response, the immune response can
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be humoral and/or an effector T cell (cellular) immune
response, as determined according to methods standard in the

In a further embodiment, the present invention provides a
method of treating a B cell tumor in a subject, comprising

art.

administering to the subject a fusion polypeptide comprising

In another embodiment, the present invention provides a
method of treating a cancer in a subject comprising adminis
tering to the subject a composition comprising a fusion
polypeptide of this invention and a pharmaceutically accept
able carrier and wherein the fusion polypeptide is a fusion

a defensin and a B cell tumor antigen, wherein the B cell
tumor antigen can be an antibody, a single chain antibody or
an epitope of an idiotype of an antibody, and wherein the

defensin can be HNP-l, HNP-2, HNP-3, HBDl, HBD2,
DefZ, Def3, or any other defensin, thereby treating a B cell
tumor in the subject.
Also provided is a fusion polypeptide comprising the

polypeptide comprising any of HNP-l and human Muc-l,
HNP-2 and human Muc- l, HNP-3 and human Muc-l, HBDl
and human Muc-l, HBD2 and human Muc-l, Def2 and
human Muc-l, or Def3 and human Muc- 1, thereby treating a
cancer in the subject.

defensin HNP-l, HNP-2, HNP-3,HBD1,HBD2, Def2, Def3,
or any other defensin, and the V3 loop of HIV-1 envelope
glycoprotein, gp120, as well as a fusion protein comprising

HNP-l, HNP-2, HNP-3, HBDl, HBD2, Def2, Def3, or any

Additionally provided is a method of treating a cancer in a

other defensin, and gpl60 of HIV-1, a fusion protein com

subject, comprising administering to the subject a composi
tion comprising a nucleic acid encoding a fusion polypeptide
of this invention and a pharmaceutically acceptable carrier
and wherein the fusion polypeptide is a fusion polypeptide
comprising any of HNP-l and human Muc-l, HNP-2 and
human Muc- l, HNP-3 and human Muc-l, HBDl and human
Muc-l, HBD2 and human Muc-l, Def2 and human Muc- l, or
Def3 and human Muc-l, under conditions whereby the
nucleic acid of the composition can be expressed, thereby
treating a cancer in the subject.
Further provided is a method of treating or preventing HIV

prising HNP-l, HNP-2, HNP-3, HBDl, HBD2, deft, Def3, or
any other defensin, and gp41 of HIV- 1, a fusion protein com

prising HNP-l, HNP-3, HBDl, HBD2, DefZ, Def3, or any
other defensin, and an active fragment of gp120, a fusion
20

DefZ, Def3, or any other defensin, and an active fragment of

gpl60 and a fusion polypeptide comprising HNP-l, HNP-2,
HBDl, HBD2, Def2, Def3, or any other defensin, and an
25

a composition comprising a defensin and a human immuno

(i.e., antigenic) fragment of gp41, and a pharmaceutically
acceptable carrier, thereby treating or preventing HIV infec

30

adjuvant or adjuvants can be administered to the subject prior
to, concurrent with and/or after the administration of the
fusion protein as described herein.

The subject of the present invention can be any animal in

35

tion in the subject.

which cancer can be treated by eliciting an immune response
to a tumor antigen. In a preferred embodiment, the animal is
a mammal and most preferably is a human.
To determine the effect of the administration of the fusion

polypeptide on inhibition of tumor cell growth in laboratory
animals, the animals can either be pre-treated with the fusion
polypeptide and then challenged with a lethal dose of tumor

In addition, a method of treating or preventing HIV infec

tion in a subject is provided herein, comprising administering
to the subject a composition comprising a nucleic acid encod
ing a fusion polypeptide comprising a defensin and a human

active fragment of gp4l.
The methods of this invention comprising administering
the fusion protein of this invention to a subject can further
comprise the step of administering one or more adjuvants,
such as an immunostimulatory cytokine to the subject. The

infection in a subject, comprising administering to the subject
de?ciency virus (HIV) antigen, wherein the defensin can be
HNP-l, HNP-2, HNP-3, HBDl, HBD2, Def2, Def3, or any
other defensin, and wherein the HIV antigen can be gp120,
gp l 60, gp4l, an active (i.e., antigenic) fragment of gp l 20, an
active (i.e., antigenic) fragment of gpl 60 and/or an active

protein comprising HNP-l, HNP-Z, HNP-3, HBDl, HBD2,

40

cells, or the lethal dose of tumor cells can be administered to

immunode?ciency virus (HIV) antigen, wherein the defensin

the animal prior to receipt of the fusion polypeptide and

can be HNP-l, HNP-2, HNP-3, HBDl, HBD2, Def2, Def3, or

survival times documented. To determine the effect of admin
istration of the fusion polypeptide on inhibition of tumor cell

any other defensin, and wherein the HIV antigen can be

gp120, gpl60, gp4l, an active (i.e., antigenic) fragment of
gp120, an active (i.e., antigenic) fragment of gp l 60 and/ or an

growth in humans, standard clinical response parameters can
45

active (i.e., antigenic) fragment of gp41, and a pharmaceuti
cally acceptable carrier, under conditions whereby the
nucleic acid can be expressed, thereby treating or preventing
HIV infection in the subject.
Further provided is a method of treating or preventing HIV
infection in a subject, comprising administering to the subject
a composition comprising a fusion polypeptide comprising
any of HNP-l and HIV gp120, HNP-2 and HIV gp120,
HNP-3 and HIV gp120, HBDl and HIV gp120, HBD2 and
HIV gp120, Def2 and HIV gp120, or Def3 and HIV gp120,
and a pharmaceutically acceptable carrier, thereby treating or
preventing HIV infection in the subject.
In addition, a method of treating or preventing HIV infec

To determine the amount of fusion polypeptide which
would be an effective tumor cell growth-inhibiting amount,
animals can be treated with tumor cells as described herein

and varying amounts of the fusion polypeptide can be admin
50

determined. These parameters, as would be known to one of
55

subject, measurements of tumor size, X-ray studies and biop
The present invention further provides a method for treat
60

and HIV gp120, or Def3 and HIV gp120, and a pharmaceu

nucleic acid can be expressed, thereby treating or preventing
HIV infection in the subject.

ordinary skill in the art of oncology and tumor biology, can
include, but are not limited to, physical examination of the
s1es.

gp120, HNP-2 and HIV gp120, HNP-3 and HIV gp120,
HBDl and HIV gp120, gp120, HBD2 and HIV gp120, DefZ

tically acceptable carrier, under conditions whereby the

istered to the animals. Standard clinical parameters, as
described herein, can be measured and that amount of fusion

polypeptide effective in inhibiting tumor cell growth can be

tion in a subject is provided herein, comprising administering
to the subject a composition comprising a nucleic acid encod
ing a fusion polypeptide comprising any of HNP-l and HIV

be analyzed.

ing or preventing HIV infection in a human subject, compris
ing administering to the subject an DIV replication-inhibiting
amount of the defensin/HIV antigen fusion polypeptide of
this invention. As used herein, “a replication-inhibiting
amount” is that amount of fusion polypeptide which produces
a measurable humoral and/or effector T cell (cellular)

65

immune response in the subject against the viral antigen, as

determined by standard immunological protocols, resulting
in the inhibition of HIV replication in cells of the subject, as
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determined by methods well known in the art for measuring

an active compound as described herein and optional phar
maceutical adjuvants in an excipient, such as, for example,

HIV replication, such as viral load measurement, which can

be determined by quantitative PCR (QPCR) and branched
DNA (bDNA) analysis; reverse transcriptase activity mea
surement, in situ hybridization, Western immunoblot, ELISA
and p24 gag measurement (87, 88, 89, 90, 91). The fusion

water, saline, aqueous dextrose, glycerol, ethanol, and the
like, to thereby form a solution or suspension. If desired, the
pharmaceutical composition to be administered may also
contain minor amounts of nontoxic auxiliary substances such
as wetting or emulsifying agents, pH buffering agents and the
like, for example, sodium acetate, sorbitan monolaurate, tri
ethanolamine sodium acetate, triethanolamine oleate, etc.
Actual methods of preparing such dosage forms are known,

polypeptide can be administered to the subject in varying
amounts and the amount of the fusion polypeptide optimally
effective in inhibiting HIV replication in a given subject can
be determined as described herein.

The fusion polypeptide of this invention can be adminis

or will be apparent, to those skilled in this (84).

tered to the subject orally or parenterally, as for example, by

The present invention also provides a method for produc

intramuscular injection, by intraperitoneal injection, topi

ing single chain antibodies against tumor antigens compris

cally, transdermally, injection directly into the tumor, or the

ing producing a fusion polypeptide comprising a defensin
region and a region comprising a tumor antigen; immunizing

like, although subcutaneous injection is typically preferred.
Immunogenic, tumor cell growth inhibiting and HIV replica
tion inhibiting amounts of the fusion polypeptide can be

animals with an amount of the fusionpolypeptide suf?cient to
produce a humoral immune response to the fusion polypep

determined using standard procedures, as described. Brie?y,

tide; isolating spleen cells expressing immunoglobulin spe

various doses of the fusion polypeptide are prepared, admin
istered to a subject and the immunological response to each
dose is determined (92). The exact dosage of the fusion
polypeptide will vary from subject to subject, depending on

20

bulin variable genes into an expression vector; expressing the
immunoglobulin variable genes in a bacteriophage; infecting

the species, age, weight and general condition of the subject,

E. coli cells with the bacteriophage; isolating bacteriophage
from the E. coli cells which express the immunoglobulin

the severity of the cancer or HIV infection that is being

treated, the particular antigen being used, the mode of admin

ci?c for the fusionpolypeptide; isolating the immunoglobulin
variable genes from the spleen cells; cloning the immunoglo

25

variable genes and isolating the immunoglobulin variable

istration, and the like. Thus, it is not possible to specify an

gene products for use as single chain antibodies.

exact amount. However, an appropriate amount may be deter

The defensin-scFv fusion proteins described herein would
be better targets than tumor cells or puri?ed tumor antigen

mined by one of ordinary skill in the art using only routine

screening given the teachings herein.
Generally, the dosage of fusion protein will approximate

peptides for antibody selection approaches such as phage
30

of 50 to 250 pg of the fusion polypeptide per dose. This
amount can be administered to the subject once every other
week for about eight weeks or once every other month for
about six months. The effects of the administration of the

35
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period of time.

described (95). The speci?c phage producing scFv are
selected by several rounds of binding elution and infection in
E. coli, using biotin labeled defensin-tumor antigen (e.g.,
Muccore). The biotin enables selection of high af?nity scFv

phage through binding to streptavidin conjugated magnetic

For oral administration of the fusion polypeptide of this

beads. This approach provides simple, fast and ef?cient pro
duction of speci?c anti-tumor epitope scFv.

invention, ?ne powders or granules may contain diluting,
dispersing, and/or surface active agents, and may be pre
sented in water or in a syrup, in capsules or sachets in the dry
state, or in a nonaqueous solution or suspension wherein

phage surface proteins (e.g., major coat protein subunits
ngIII or gp III of the ?lamentous bacteriophage) (93,94);
and (2) Construct semisynthetic antibody libraries by PCR as

fusion polypeptide can be determined starting within the ?rst
month following the initial administration and continued
thereafter at regular intervals, as needed, for an inde?nite

displayed scFv production. For example, there are two ways

to produce speci?c Fv displayed on the surface of phage: (l)
Immunize mice with tumor cells; isolate immunoglobulin
variable fragment genes from spleen cells by RT/PCR; clone
the genes into bacteriophage in frame with genes coding

that which is typical for the administration of vaccines, and
typically, the dosage will be in the range of about 1 to 500 ug
of the fusionpolypeptide per dose, and preferably in the range

45

As described herein, the present invention also provides a
nucleic acid which encodes a fusion polypeptide of this

suspending agents may be included, in tablets wherein bind

invention and a vector comprising a nucleic acid which

ers and lubricants may be included, or in a suspension in water
or a syrup. Where desirable or necessary, ?avoring, preserv

encodes a fusion polypeptide of this invention, either of
which can be in a pharmaceutically acceptable carrier. Such
nucleic acids and vectors can be used in gene therapy proto

ing, suspending, thickening, or emulsifying agents may be

50

included. Tablets and granules are preferred oral administra
tion forms, and these may be coated.

in a subject.

Parenteral administration, if used, is generally character
ized by injection. Injectables can be prepared in conventional

treating a cancer in a subject diagnosed with a cancer com

forms, either as liquid solutions or suspensions, solid forms

cols to treat cancer as well as to treat or prevent HIV infection

Thus, the present invention further provides a method of
55

suitable for solution or suspension in liquid prior to injection,

is expressed in the cell, thereby treating the cancer.

or as emulsions. A more recently revised approach for
parenteral administration involves use of a slow release or

sustained release system, such that a constant level of dosage
is maintained. See, e.g., U.S. Pat. No. 3,710,795, which is

60

incorporated by reference herein.
For solid compositions, conventional nontoxic solid carri

A method of treating a B cell tumor in a subject diagnosed
with a B cell tumor is also provided, comprising administer
ing the nucleic acid of this invention, encoding a defensin and
an antibody or fragment thereof, in a pharmaceutically
acceptable carrier, to a cell of the subject, under conditions

whereby the nucleic acid is expressed in the cell, thereby

ers include, for example, pharmaceutical grades of mannitol,

lactose, starch, magnesium stearate, sodium saccharin, talc,
cellulose, glucose, sucrose, magnesium carbonate, and the
like. Liquid pharmaceutically administrable compositions
can, for example, be prepared by dissolving, dispersing, etc.

prising administering the nucleic acid of this invention to a
cell of the subject under conditions whereby the nucleic acid

treating the B cell tumor.
65

The methods of this invention comprising administering
nucleic acid encoding the fusion protein of this invention to a
subject can further comprise the step of administering a
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nucleic acid encoding an adjuvant such as an immunostimu

duction techniques can also be used, such as liposome deliv

latory cytokine to the subject, either before, concurrent with

ery and receptor-mediated and other endocytosis mecha
nisms (see, for example, 102). This invention can be used in
conjunction with any of these or other commonly used gene
transfer methods.
Various adenoviruses may be used in the compositions and

or after the administration of the nucleic acid encoding the
fusion protein, as described herein.
The nucleic acid can be administered to the cell in a virus,

which can be, for example, adenovirus, retrovirus and adeno
associated virus. Alternatively, the nucleic acid of this inven

methods described herein. For example, a nucleic acid encod
ing the fusion protein can be inserted within the genome of

tion can be administered to the cell in a liposome. The cell of
the subject can be either in vivo or ex vivo.Also, the cell of the
subject can be any cell which can take up and express exog

adenovirus type 5. Similarly, other types of adenovirus may

elicitation of an immune response. Alternatively, the fusion
polypeptide of this invention can be produced in an antigen

be used such as type 1, type 2, etc. For an exemplary list of the
adenoviruses known to be able to infect human cells and
which therefore can be used in the present invention, see
Fields, et al. (103). Furthermore, it is contemplated that a
recombinant nucleic acid comprising an adenoviral nucleic
acid from one type adenovirus can be packaged using capsid
proteins from a different type adenovirus.
The adenovirus of the present invention is preferably ren

presenting cell where it is processed directly and presented to

dered replication de?cient, depending upon the speci?c

the immune system.

application of the compounds and methods described herein.

enous nucleic acid and produce the fusion polypeptide of this
invention. Thus, the fusion polypeptide of this invention can
be produced by a cell which secretes it, whereby it binds a

defensin receptor and is subsequently processed by an anti
gen presenting cell and presented to the immune system for

If ex vivo methods are employed, cells or tissues can be 20 Methods of rendering an adenovirus replication de?cient are

removed and maintained outside the body according to stan
dard protocols well known in the art. The nucleic acids of this

mutations, deletions, insertions and combinations thereof,

invention can be introduced into the cells via any gene trans

can be directed toward a speci?c adenoviral gene or genes,

well known in the art. For example, mutations such as point

fer mechanism, such as, for example, virus-mediated gene

delivery, calcium phosphate mediated gene delivery, elec
troporation, microinjection or proteoliposomes. The trans

25

Sponsorship) which is incorporated herein in its entirety.
In the present invention, the nucleic acid encoding the

duced cells can then be infused (e.g., in a pharmaceutically

acceptable carrier) or transplanted back into the subject per
standard methods for the cell or tissue type. Standard methods
are known for transplantation or infusion of various cells into
a subject.

such as the E1 gene. For a speci?c example of the generation
of a replication de?cient adenovirus for use in gene therapy,
see WO 94/28938 (Adenovirus Vectors for Gene Therapy

fusion protein can be inserted within an adenoviral genome
30

and the fusion protein encoding sequence can be positioned
such that an adenovirus promoter is operatively linked to the

For in vivo methods, the nucleic acid encoding the fusion

fusion protein nucleic acid insert such that the adenoviral

protein can be administered to the subject in a pharmaceuti
cally acceptable carrier as described herein.
In the methods described herein which include the admin
istration and uptake of exogenous DNA into the cells of a

promoter can then direct transcription of the nucleic acid, or
the fusion protein insert may contain its own adenoviral pro
35

moter. Similarly, the fusion protein insert may be positioned

subject (i.e., gene transduction or transfection), the nucleic

such that the nucleic acid encoding the fusion protein may use
other adenoviral regulatory regions or sites such as splice

acids of the present invention can be in the form of naked

junctions and polyadenylation signals and/or sites. Altema
tively, the nucleic acid encoding the fusion protein may con

DNA or the nucleic acids can be in a vector for delivering the

nucleic acids to the cells for expression of the nucleic acid to
produce the fusion protein of this invention. The vector can be

40

tain a different enhancer/promoter (e.g., CMV or RSV-LTR

enhancer/promoter sequences) or other regulatory sequences,

via a liposome, using commercially available liposome

such as splice sites and polyadenylation sequences, such that
the nucleic acid encoding the fusion protein may contain
those sequences necessary for expression of the fusion pro
tein and not partially or totally require these regulatory
regions and/or sites of the adenovirus genome. These regula

preparations such as LIPOFECTIN, LIPOFECTAMINE

tory sites may also be derived from another source, such as a

(GIBCO-BRL, Inc., Gaithersburg, Md.), SUPERFECT

virus other than adenovirus. For example, a polyadenylation

a commercially available preparation, such as an adenovirus

vector (Quantum Biotechnologies, Inc. (Laval, Quebec,
Canada). Delivery of the nucleic acid or vector to cells can be
via a variety of mechanisms. As one example, delivery can be

(Qiagen, Inc. Hilden, Germany) and TRANSFECTAM
(Promega Biotec, Inc., Madison, Wis.), as well as other lipo

45
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signal from SV40 or BGH may be used rather than an aden
ovirus, a human, or a murine polyadenylation signal. The

somes developed according to procedures standard in the art.

fusion protein nucleic acid insert may, alternatively, contain

In addition, the nucleic acid or vector of this invention can be

some sequences necessary for expression of the nucleic acid
encoding the fusion protein and derive other sequences nec
essary for the expression of the fusion protein nucleic acid

delivered in vivo by electroporation, the technology for which
is available from Genetronics, Inc. (San Diego, Calif.) as well
as by means of a SONOPORATION machine (ImaRx Phar

55

maceutical Corp., Tucson, AriZ.).
Vector delivery can also be via a viral system, such as a
retroviral vector system which can package a recombinant

the AAV particle can be directly injected intravenously. The

retroviral genome (see e.g., 96,97). The recombinant retrovi
rus can then be used to infect and thereby deliver to the

from the adenovirus genome, or even from the host in which

the recombinant adenovirus is introduced.
As another example, for administration of nucleic acid
encoding the fusion protein to an individual in anAAV vector,
60

AAV has a broad host range, so the vector can be used to

infected cells nucleic acid encoding the fusion polypeptide.

transduce any of several cell types, but preferably cells in

The exact method of introducing the exogenous nucleic acid

those organs that are well perfused with blood vessels. To
more speci?cally administer the vector, the AAV particle can
be directly injected into a target organ, such as muscle, liver or
kidney. Furthermore, the vector can be administered intraar

into mammalian cells is, of course, not limited to the use of

retroviral vectors. Other techniques are widely available for
this procedure including the use of adenoviral vectors (98),
adeno-associated viral (AAV) vectors (99), lentiviral vectors

(100), pseudotyped retroviral vectors (101). Physical trans

65

terially, directly into a body cavity, such as intraperitoneally,
or directly into the central nervous system (CNS).

US 8,754,030 B2
19

20

An AAV vector can also be administered in gene therapy
procedures in various other formulations in which the vector

EXAMPLES

plasmid is administered after incorporation into other deliv

Example 1

ery systems such as liposomes or systems designed to target

cells by receptor-mediated or other endocytosis procedures.

Materials and Methods

The AAV vector can also be incorporated into an adenovirus,
retrovirus or other virus which can be used as the delivery
vehicle.
As described above, the nucleic acid or vector of the
present invention can be administered in vivo in a pharma

Mice and Tumor.
C3H/HeN female mice 6 to 12 weeks of age are obtained

ceutically acceptable carrier. By “pharmaceutically accept

from the Animal Production Area of the National Cancer
Institute-Frederick Cancer Research and Development Cen
ter (NCI-FCRDC, Frederick, Md.). The cell line 38c13 is a

able” is meant a material that is not biologically or otherwise

carcinogen-induced murine B cell tumor cell line (125). The

undesirable, i.e., the material may be administered to a sub

38c13 tumor cell secretes and expresses IgM(K) on the cell

ject, along with the nucleic acid or vector, without causing

surface and is MHC class I positive but class II negative.

any undesirable biological effects or interacting in a delete
rious manner with any of the other components of the phar
maceutical composition in which it is contained. The carrier

38c 1 3 cells from a common frozen stock are passaged in vitro

would naturally be selected to minimize any degradation of
the active ingredient and to minimize any adverse side effects

3 days before use in RPMI 1640 supplemented with 100 U/ml

of penicillin and streptomycin, 2><10_5M 2-mercaptoethanol
and heat inactivated 10% fetal bovine serum (BioWhitaker).
20

in the subject, as wouldbe well known to one of skill in the art.
The mode of administration of the nucleic acid or vector of

the present invention can vary predictably according to the

disease being treated and the tissue being targeted. For
example, for administration of the nucleic acid or vector in a

25

liposome, catheterization of an artery upstream from the tar
get organ is a preferred mode of delivery, because it avoids

signi?cant clearance of the liposome by the lung and liver.
The nucleic acid or vector may be administered orally as

described herein for oral administration of the fusion

polypeptides of this invention, parenterally (e. g., intrave
nously), by intramuscular injection, by intraperitoneal inj ec
tion, transdermally, extracorporeally, topically or the like,
although intravenous administration is typically preferred.

30

mas, 38C13 andA20, respectively (106,107) by RT/PCR and
produced as recombinant fusion peptides with either IP-10,
respectively designated as IP10scFv38 and IP10scFv20A, or
35

The exact amount of the nucleic acid or vector required will

vary from subject to subject, depending on the species, age,
weight and general condition of the subject, the severity of the
disorder being treated, the particular nucleic acid or vector
used, its mode of administration and the like. Thus, it is not

Construction of Expression Vectors.
Two types of expression systems are used to produce scFv
and scFv fusions. In one system, nucleic acid encoding the
fusion protein is expressed in a modi?ed pet1 1d vector (Strat
agene) and puri?ed from inclusion bodies of E. coli. In the
second system, the nucleic acid encoding the fusion polypep
tide is cloned into a pCMVE/AB (Arya Biragyn) vector under
regulatory elements of the early promoter and enhancer of
CMV and expressed in the epidermis of mice as a naked DNA
vaccine.
Fv fragments are cloned from two different B cell lympho

MCP3 scFv38 and MCP3 scFv20A. Speci?cally, lymphoma
speci?c Vh and V1 fragments are cloned by RT/PCR tech
niques as single chain antibody from total RNA of 38c13 and
A20 tumor cells, designated scFv38 and scFv20A respec

tively, using the following primers.
40

possible to specify an exact amount for every nucleic acid or
vector. However, an appropriate amount can be determined

(SEQ ID NO: 4)
PRVh—S‘: PRVH38—5’: CTCGAGGTGAAGCTGGTGGAGTCTGGA

by one of ordinary skill in the art using only routine experi
(SEQ ID NO: 5)
PRVh—3‘: PRVH38—3’: AGAGGAGACTGTGAGAGTGGTGCCTT

mentation given the teachings herein (84).
As one example, if the nucleic acid of this invention is
delivered to the cells of a subject in an adenovirus vector, the
dosage for administration of adenovirus to humans can range

45

(SEQ ID NO: 6)
PRVl—S‘: PRVL38—5’: GACATCCAGATGACACAGTCTCCA

from about 10' to 109 plaque forming units (pfu) per injection,
but can be as high as 1012 pfu per injection (104,105). Ideally,
a subject will receive a single injection. If additional injec

(SEQ ID NO: 7)
PRVl—3‘: PRVL38—3’: GGATCCTTTTATTTCCAGCTTGGTCCCCCC
50
TCCGAA

tions are necessary, they can be repeated at six month inter

vals for an inde?nite period and/or until the ef?cacy of the

(SEQ ID NO: 8)
PRVHZOA—S‘: CCATGGTCCAACTGCAGCAGTCAGGGCCTGAC

treatment has been established.
Parenteral administration of the nucleic acid or vector of

the present invention, if used, is generally characterized by
injection. Inj ectables can be prepared in conventional forms,
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either as liquid solutions or suspensions, solid forms suitable
for solution or suspension in liquid prior to injection, or as

(SEQ ID NO: 9)
PRVHZOA—3‘: TGAGGAGACTGTGAGTTCGGTACCTTGGCC
(SEQ ID NO: 10)
PRVLZOA—S‘: GATGTTGTGATGACGCAGACTCCACTC

emulsions. A more recently revised approach for parenteral
administration involves use of a slow release or sustained 60

release system such that a constant dosage is maintained. See,
e.g., U.S. Pat. No. 3,610,795, which is incorporated by refer
ence herein in its entirety.
The present invention is more particularly described in the
following examples which are intended as illustrative only
since numerous modi?cations and variations therein will be
apparent to those skilled in the art.
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(SEQ ID NO: 11)
PRVLZOA—3‘: GGATCCTTTGACTTCCAGCTTTGTGCCTCCA

The resulting scFv contained a (Gly4Ser)3 linker and is
cloned into the expression vector pET1 1d, which is modi?ed
to fuse in frame with c-myc and the His tag peptide sequences,
followed by an amber stop codon. The resulting scFv contains
a

17a.a.

residue

linker,

GGGGSGGGGSGGGGSGS

(Gly4Ser)3GlySer (SEQ ID NO:12) (108).
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Constructs for the nDNA vaccination are fused in frame to

scFv. Id38 (10 pg/ml) and either Def2, Def3, HNP-l scFv20,

the following defensins lacking the pro-sequence, as

HNP-2 scFv20, HNP-3 scFv20, HBDl scFv20, or HBD2

defensins are ?rst produced as inactive pro-defensins, and are

scFv20 HNP- l, HNP-2, HNP-3, HBDl, and HBD2 defensins

activated by proteolytic cleavage of the pro sequence. Thus,
the nucleic acids encoding murine [3 defensin-2 (Def2),

fused to an irrelevant scFv) are used as positive and negative

control samples, respectively.

murine [3 defensin-3(Def3), HNP-l, HNP-2, HNP-3, HBDl,

Recombinant fusion proteins puri?ed from E. coli are char

or HBD2 lacking their pro sequence are inserted into

acterized for proper idiotype folding by their ability to inhibit
38cl3 IgM binding to a monoclonal (SIC5 mAb) or poly
clonal anti-idiotypic sera, in order to determine if Def2, Def3,
HNP-l, HNP-2, HNP-3, HBDl, and HBD2 defensin fusions

pCMVE/AB to enable secretion. The carboxy-terminus of
scFv is then fused in frame with the tag sequence encoding
c-myc peptide and six His residues, respectively: GGA TCC
GCA GAA GAA CAG AAA CTG ATC TCA GAA GAG
GAT CTG GCC CAC CAC CAT CAC CAT CAC TAA

interfere with the proper conformation of scFv38.

Next, defensin fusions, including controls, are tested for

CCCGGG (SEQ ID NO:l3). Genes for the mature sequence

their ability to induce chemotaxis of different subsets of

(i.e., lacking the pro-sequence) of defensins HNP-l, HNP-3,

immune cells, including splenocytes and bone marrow

HBDl, and HBD2, are cloned by RT/PCR technique from

derived immature dendritic cells. Both Def2st38 and
Def3st38 induce chemotaxis of murine splenocytes and
murine bone marrow derived immature DC in dose dependent
manner with the maximum migration to 10 ng/ml and 100

cell lines which are known in the art, and fused in frame with

st utilizing suitable primers to form HNP-lst38, HNP
2st38, HNP-3st38, HBDlst38, and HBD2st38.
Murine beta defensin-2 and -3 are cloned by RT/PCR from
the LPS-treated murine skin and fused in frame with model

20

lymphoma derived st antigen, self tumor antigen
(Def2st38 and Def3st38, respectively). As controls, st
fusion proteins with the pro-defensin form of each of the

staining and by supported by their ability to migrate to MIP3,

above listed defensins are prepared.

Def2, Def3, HNP-l, HNP-2, HNP-3, HBDl, and HBD2

25

encoding

the

amino

ac1d

marrow derived DC, which acquired mature phenotype as

judged by Facs and by inability to migrate to MIP3 while
acquiring migration to MIP3, do not respond to either of

sequence:

EFNDQAPKSLE (SEQ ID NO:15). Two unique restriction

a chemo-attractant speci?c for immature DC, and not react to
MIP3, mature DC chemo-attractant. In contrast, no chemot
axis is detected when cells incubated with proDef2st38 or

control protein MCP3Tst38. Moreover, day seven bone

fusions are made by fusing them to amino-terminus of scFv
through a short spacer sequence: 5' GAATTC AAC GAC
GCT CAG GCG CCG AAG AGT CTCGAG 3' (SEQ ID

NO: 14),

ng/ml of Def2st38 and Def3 st38, respectively. The imma
ture phenotype of these DC has been con?rmed by Facs

30

defensin fusions. Therefore, murine beta defensin-2 and -3

endonuclease sites are introduced at the ends of the space to

fusion proteins target speci?cally immature DC inducing

facilitate cloning: EcoRI at the 5' end (underlined) and XhoI

their chemotaxis, and do not affect mature DC.
In Vivo Immunization and Tumor Protection.
To test the ability of Def2-scFv38, Def3-scFv38, HNP-l

at the 3' end (underlined). All constructs are veri?ed by DNA

dideoxy-sequencing method, using T7 SEQUENASE kit

(Amersham).
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defensins are cloned into the scFv38 expression vector

through NcoI and XhoI restriction sites. The resulting fusion
nucleic acid contains the defensin gene ligated to the 5'-end of
the scFv38 gene and separated with a short spacer sequence,

40

Bacterial Expression and scFv Puri?cation.
The recombinant proteins are expressed in BL2l(DE3)

similar DNA constructs but encoding inactive pro-defensin
fusions (designated, e. g., pproDef2st38). Murine defensins
45

ug/ml carbenicillin and 50 ug/ml ampicillin at 30° C. HNP

rendered immunogenic by mature defensins, and the
50

concentration of 80 ug/ml in the refolding solution (Tris-HCl,
pH 8.0, 0.5M arginine-HCL, 4 mM GSSG and 2 mM EDTA)
for 72 hours at 10° C. The refolded solution is dialyzed in 100
mM Urea and 20 mM tris-HCl, pH 7.4 and the recombinant
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protein is puri?ed by binding to heparin-sepharose resins
(Pharmacia, Biotech, Uppsala, Sweden). The integrity and
purity of the recombinant protein is tested by PAGE gel
electrophoresis in reducing conditions and by Western blot
hybridization with mAb 9E10. The puri?cation yields 2-20
mg/l of the soluble protein with greater than 90% purity.

60

response correlates with their ability to induce chemotaxis of
immature DC and other APC.
Groups of ten mice immunized with defensin or control
plasmids are challenged with 20-fold lethal dose of tumor two
weeks after the last of three serial immunizations. Control
mice are immunized with inactive pro-defensin-st38
fusions or with corresponding active defensins fused with
stA20 from irrelevant lymphoma A20 st or PBS. Mice
immunized with inactive pproDef2st38 do not survive. In

contrast, signi?cant protective immunity is elicited in mice
immunized with pDef2st38 and pDef3st38. The survival
closely correlates with the presence of functionally intact or

Results

active defensins which can act on immature DC or otherAPC

via differentially expressing their receptors. Although Gen

Puri?ed fusion polypeptide is tested for the ability to
inhibit binding of native IgM 38cl3 (Id38), as compared to
positive sera from mice immunized with Id38-KLH. ELISA
plates are coated with 10 ug/ml Id38, then wells are incubated
with anti-Id38 positive sera (1:500) and titrated amounts of

induce signi?cant anti-idiotype speci?c antibodies compared
to the prototype Ig38-KLH protein vaccine. In contrast, no
anti-idiotypic antibody response is seen after immunization
with pro-Defensin fusions. Thus, non immunogenic st is

l-scFv38, HNP-2-scFv38, HNP-3-scFv38, HBDl-scFv38,
and HBD2-scFv38, are puri?ed from the inclusion bodies
with a modi?ed method (110). Brie?y, inclusion bodies,
denatured in 6M Gu HCl, 100 mM NaH2PO4, 10 mM Tris
HCl, pH 8.0, are reduced in 0.3M DTE and refolded at a

2-scFv38, HNP-3-scFv38, HBDl-scFv38, and HBD2
scFv38, in order to demonstrate whether these fusions can
targetAPC in vitro. As a control, mice are immunized with the

as described above.

cells (InVitrogen) as inclusion bodies after 8 hours of induc
tion in Super-Broth with 0.8 mM IPTG in the presence of 150

scFv38, HNP-2-scFv38, HNP-3-scFv38, HBDl-scFv38, and
HBD2-scFv38 to render self tumor antigen, st38, immuno
genic when immunized as genetic vaccine in mice, ten mice
per group are gene-gun immunized with plasmid encoding
fusions with mature defensin fusions HNP-l-scFv38, HNP

Def2, Def3, HNP-l, HNP-2, HNP-3, HBDl, and HBD2
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gun bombarded DNA would target variety of skin cells
including skin APC and LC, it is not suf?cient to render

self-tumor antigen (st) immunogenic because it required
physical linkage of st with defensin moieties. No positive
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Immunoassays and Serum Anti-Idiotypic Antibody.

humoral response or survival is detected in mice immunized

The assessments for correct folding of puri?ed scFv38 and
fusion scFv38 are determined by ELISA with mAbs and by
inhibition assay with Id38-KLH sera (immunized with native

with DNA plasmids expressing free unlinked beta defensin or
viral chemokine and st38.

Thus, the animal experiments clearly correlate with func

IgM 38cl3 conjugated to KLH). Brie?y, microtiter plates

tional data from in vitro studies. Id-speci?c responses and
tumor immunity is detected only when the defensin moiety in
the fusion retains the functional properties of the respective
defensin, while no immunity is ob served when the defensin is
replaced with a mutant, functionally inactive defensin. Fur
thermore, induction of chemotaxis to the site of vaccine inj ec

(Nunc, Naperville, Ill.) are coated overnight at 4° C. with 10
pg/ml anti-c-myc mAb 9E10 in carbonate buffer (50 mM
NaHCO3, pH 9.0). The wells are blocked with 5% nonfat dry
milk in PBS for 30 min. Plates are washed in 0.05% Triton

X-100 in PBS, and serially diluted scFv (starting from 10
pg/ml in 50 pl 2% BSA/ PBS) is applied, after whichplates are

tion or production is not su?icient to generate immunity, as

demonstrated by the lack of humoral and anti-tumor immu

incubated 40 min at room temperature. After washing, the
wells are incubated with 50 pl of 1:300 diluted biotinylated

nity in mice immunized with defensin alone or with either a
mixture of free, unlinked defensin and st or defensin fused

anti-Id38 mAb in 2% BSA/ PBS for 30 min at room tempera
ture. Wells are washed and incubated with streptavidin-HRP
conjugate (1:5000) in 2% BSA/PBS for 30 min at room
temperature. Then, wells are washed and incubated with

with an irrelevant st.

Example 2

ABTS peroxidase substrate (KPL, Gaithersburg, Md.) and
Six- to nine-week old female C3H/HeN mice are immu

20

the absorbance at 405 nm is measured.

nized intraperitoneally (i .p.) with 100 to 200 pg of the soluble
protein in PBS and control immunogen Id38-KLH two times

plates are coated with 10 pg/ml of native IgM 38cl3, then

at two week intervals or are shaved and immunized by Accell

wells are incubated for 30 min at room temperature with a l :2

Inhibition assays are performed as described above, except

gene delivery device (Agracetus, Inc., Middleton, Wis.) with

dilution of positive Id38-KLH sera mixed with serially

l p gold particles carrying 1-3 pg plasmid DNA. Sera are
collected by orbital bleeding two weeks after each vaccina
tion. Serum anti-idiotypic (anti-Id) antibody levels are tested
as described (1 l 1) over microtiterplates coated with 10 pg/ml
native IgM 38cl3. Two weeks after the last immunization,

25

mice are inoculated with 2000 38cl3 tumor cells i.p. Survival

30

BSA/PBS. The bound antibodies from the sera are assayed by
incubating wells for 30 min at room temperature with anti

mouse IgG-HRP mAb (Jackson).
Serum anti-idiotypic (anti-Id) antibody levels are tested as

death, is assessedusing BMDP IL software (BMDP statistical
software, LosAngeles). Mice are observed daily for any signs
of toxicity and date of death and animals surviving >80 days

are quantitated by comparing sera titration curves with a
35

standard curve obtained with a known concentration of a

mixture of puri?ed monoclonal anti-Id antibodies. Antibody

Def2-scFv38, Def3-scFv38, HNP-l -scFv38, HNP-2-scFv38,
HNP-3-scFv38, HBDl-scFv38, HBD2-scFv38, or a mixture
of DNA constructs expressing unlinked scFv38 and

described (37). Brie?y, mouse serum is serially diluted over

microtiter plates coated with 10 pg/ml native IgM 38cl3.
Binding of antibodies in the serum to 38cl3 IgM is detected
by goat anti-mouse IgG-HRP. Serum anti-Id antibody levels

is determined, and signi?cance with the respect to time to

after tumor challenge are killed and reported as long-term
survivors.
Mice are immunized either with a plasmid coding for

diluted puri?ed scFv proteins starting from 50 pg/ml in 2%
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levels are expressed in g/ml of serum for individual mice. In
each ELISA, sera obtained from mice immunized with con
trol IgM-KLH are included as negative controls. Such sera
never showed any titration binding activity on Id-38cl3.

In Vitro and In Vivo Chemotaxis Assays.

vMIPIscFv20A (scFv38D+vMIPIscfv20AD).
Ten mice per group are immunized with two types of

Single cell suspensions are prepared from spleens of

scFv38 fused to Def2, Def3, HNP-2, HBDl, or HBD2, dif
fering only in orientation of variable genes in scFv. Control

untreated C3H/HeJ mice. Murine T cell enrichment columns

mice receive IgM-KLH (Id38-KLH) and the corresponding

45

selection according to the manufacturer’s instructions. The

defensin fusion to A20 lymphoma scFv (IPlOscFv20A). Ten
mice per group are immunized i.d. with plasmid coding either

for defensin fusion vaccine (Def2-scFv38, Def3-scFv38,
HNP-l-scFv38, HNP-2-scFv38, HNP-3-scFv38, HBDl
scFv38, and HBD2-scFv3 8), or free scFv (scFv3 8D), or viral

(R&D System, Minneapolis, Minn.) are then used to prepare
a puri?ed murine T cell population via high-a?inity negative
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epitope preS2 fused scFv (PreS2scFv38D).
Effector CD8+ and CD4+ cells are depleted two weeks after

isolation procedure typically yields over 89% CD3+ T cells,
as determined by FACS analysis. T cell migration in vitro is
assessed by 48-well microchemotaxis chamber technique.
Brie?y, a 26 pl aliquot of the recombinant scFv fusion protein
serially diluted in the chemotaxis medium (RPMI 1640, 1%
BSA, 25 mM HEPES) is placed in the lower compartment and

the last immunization with three i.p. injections of 400 pg

50 pl ofcell suspension (5><106 cells/ml) is placed in the upper

(x-CD8 mAb 53.6.72, or (x-CD4 mAb GK1.5 (both ammo

compartment of the chamber. The two compartments are

nium sulfate puri?ed ascites, Biological Resource Branch,
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NCI-FCRDC) (32,34), or control rat IgG (Sigma). Control
mice are immunized with plasmid expressing Def2, Def3,

(Sigma, St. Luis, Mo.) and incubated overnight at 4° C. or for
2 hours at 37° C. The chemotaxis assay is performed at 37° C.
for 2 hours. Then the ?lter is removed, ?xed and stained with

HNP-l, HNP-2, HNP-3, HBDl, or HBD2 fused to A20 scFv

(MCP3scFv20AD).
Ten Balb/C mice per group are immunized i.p. twice with

60

with 105 A20 tumor cells. To determine the role of free versus

samples.

linked defensin, defensin-scFv20A is co-injected with the
scFv20A+defensin-scFv38). Control mice are immunized

with A20 IgM-KLH (Id20A-KLH).

Diff-Quik (Harlew, Gibbstown, N.J.). The number of
migrated cells in three high power ?elds (400><) is counted by
light microscopy after coding the samples. The results are
expressed as the meanzSE value of the migration in triplicate

100 pg of Def2, Def3, HNP-l, HNP-2, HNP-3, HBDl, or
HBD2 fused with scFv20A protein in PBS and challengedi.p.
same defensin fused to an irrelevant scFv38 (defensin

separated by a polycarbonate ?lter (5 pm pore size; Neuro
probe, Cabin John, Md.) coated with 10 pg/ml of ?bronectin
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Migration of splenocytes and bone marrow-derived imma
ture dendritic cells in vitro is assessed by the 48-well micro
chemotaxis chamber technique as described (112).
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In order to test in vivo effects on cell accumulation, C3H/
HeN mice are injected s.c. with a single 10 pg dose of scFv

scFv38, respectively. In order to evaluate input of the immu
noglobulinV chain speci?c orientation, two variants of fusion

fusion proteins. Portions of the skin from the site of inj ection

defensin-scFv genes are designed, one containing a VH-VL

are removed 72 hours after the injection, ?xed in 10% neutral
buffered formalin, embedded in paraf?n, sectioned at 5 pm
and stained with hematoxylin and eosin (H&E). Slides are

and one containing a VL-VH sequence, respectively desig
nated as scFv38 MH and scFv38(INV)MH.

All fusion proteins used in these experiments are puri?ed

evaluated microscopically without knowledge of the experi

from inclusion bodies of E. coli, solubilized and refolded as
described herein. A spacer sequence, as described herein, is
introduced into the defensin fusion proteins and correct fold

mental treatment.

In Vivo Cellular In?ltration into Murine Skin.
The numbers of PMN and mononuclear (MN) cells in?l
trated into murine skin are graded as following: —, no signi?

ing is tested for each recombinant protein.
The ability ofDef2-scFv38, Def3-scFv38, HNP- l -scFv38,
HNP-2-scFv38, HNP-3-scFv38, HBDl-scFv38, and HBD2

cant lesion; 1, mild; 2, moderate; 3 severe; F, focal; MF, multi
focal. Mice are injected with 10 pg of Deft-scFv38, Def3

scFv38 proteins to induce chemotaxis in vivo in C3H/HeN

scFv38, HNP-l-scFv38, HNP-2-scFv38, HNP-3-scFv38,

mice is also tested. Mice are s.c. injected once with 10 pg of

HBDl -scFv38, and HBD2-scFv38, or PBS, subcutaneously.
After 72 h, the injection site is excised and examined histo

the fusion protein and after 72 hours, the skin around the site
of injection is removed and analyzed as described herein.
Production of Fusion Polypeptides Comprising a Human

logically on coded slides to determine the extent of in?ltra

tion. The amount of endotoxin injected with samples is 0.5-1
units.

The Traditional Approach to Enhance Immunogenicity by

Defensin and a Human Tumor Antigen or HIV Antigen.

To produce the fusionpolypeptides of the present invention
20

region or HIV antigen region, the following procedures are

Cross Linking to KLH is not Effective.
Several different approaches are used for the production of

carried out: Tumor or viral antigen is cloned by PCR or
RT/PCR from DNA or RNA of biopsy cells of a patient, using

single chain antibody fragments from 38cl3 cells (scFv38) in
E. coli. Yield of scFv38 differ signi?cantly depending on the
method used. Production of scFv38 through a secretory path

25

speci?c primer. The primers are made using standard meth
ods for selecting and synthesizing primer sequences from
analysis of known sequences of the genes of interest (e.g.,
from GenBank, Kabat Ig sequence database and other avail
able genetic databases, as are known in the art). For example,
lymphoma or myeloma-speci?c scFv is cloned by RT/PCR

using a PelB leader sequence as a native protein is least

ef?cient. The problem is solved when scFv38 is produced as
insoluble “inclusion” bodies, which yield about 2-8 mg of
refolded scFv per liter of the batch culture with greater than

90% purity. Folding properties of the produced scFv38 are
monitored by either (i) inhibition assay with native Id38; or

which comprise a defensin region and a human tumor antigen
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from the nucleic acid from a patient’ s lymphoma or myeloma
biopsy cells or from nucleic acid from hybridoma cells

(ii) modi?ed ELISA assay where scFv38 is captured through

expressing the patient’s immunoglobulin. Several sets of

an anti-c-myc tag and detected with the biotinylated mono

primers are used to clone human variable (V) genes based on
GenBank and Kabat IG sequence data. As in cloning murine

clonal anti-Id38 antibody (anti-Id38 mAb does not recognize
linear or incorrectly folded epitope). These experiments dem
onstrate that scFv38, but not irrelevant scFv20A, speci?cally
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binds to anti-Id38c mAb and inhibits binding of the native

Id38c to anti-Id38c mAb, 50% binding inhibition by 10-15
fold excess of scFv38. In addition, positive sera from Id38c

KLH immunized mice speci?cally recognizes puri?ed
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scFv38. These data indicate that puri?ed scFv38 is folded

correctly and imitates the idiotype of the native antibody
(Id38c) of B cell lymphoma 38cl3.
Immunization experiments show that scFv38, similarly to

scFv, human tumor V fragments are cloned and sequenced
using a family-speci?c primer or primer mixture for leader
and constant region sequences. Next, scFv is constructed
using primers based on the sequence of each V gene cloned.
These primers can have speci?c restriction endonuclease
sites to facilitate routine cloning, or scFv is made by overlap
ping PCR, according to methods well known in the art. The
vector expressing the fusion polypeptide can contain several

unique restriction endonuclease sites (e.g., XhoI, BamHI)

the native Id38c IgM, is a poor immunogen. Attempts were
made to convert scFv38 into a potent immunogen by chemi
cal cross linking with KLH, in analogy to the native Id38c.
However, in contrast to Id38-KLH, i.p. immunizations of
syngeneic mice with 100 pg of scFv38-KLH did not elicit any
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anti-Id3 8c speci?c antibody response. This inability to induce
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between the 3' end of the spacer sequence and the 5' end of the
c-myc and six His tag sequences, or the 5' end of the polyA

transcription terminator region (if a SmaI site is used), thus
enabling routine cloning of any scFv, tumor antigen or viral

antigen.
As described herein, nucleic acid encoding the defensin
tumor antigen fusion polypeptides of this invention is

anti-Id38 response correlates with the loss of ability to affect

expressed in yeast (e.g., Saccharomyces cerevisiae; Pichia

binding of anti-Id38 mAb (SIC5) to Id38c by samples con
taining scFv38-KLH, while a control sample of an equimolar

pastoris, etc.) or in mammalian cell culture, according to
methods standard in the art. The proteins produced in these
systems are af?nity puri?ed with anti-c-myc antibodies (e. g.,

mixture of non-cross linked scFv38 and KLH (scFv38+KLH)

inhibited anti-Id38/Id38c binding similarly to pure scFv38.

55

These data indicate that a fragile Id conformation of scFv38 is
removed by KLH cross linking and that this traditional

approach is not applicable for the enhancement of immuno
genicity of scFv38.
Design and Production of Defensin Fused scFv38.

9E10; M5546, Sigma) or anti-poly-His antibodies (e.g.,
H1029, Sigma). Alternatively, immobilized metal chelate
af?nity chromatography (Ni-NTA resin, Qiagen) is used for
puri?cation of soluble or refolded fusion polypeptides.
Administration of Fusion Polypeptides to Human Sub

60

jects.
Immunity and Suppression of Tumor Growth in a Human

Def2-scFv38, Def3-scFv38, -scFv38, HNP-2-scFv38,

Subject.

HNP-3-scFv38, HBDl-scFv38, and HBD2-scFv38 are sub

cloned from the relevant cell lines by RT/PCR using speci?c

To elicit a tumor cell growth-inhibiting response in a

primers as described herein and inserted in frame in front of
the scFv38 DNA sequence. The resulting fusion genes are

human subject, a fusion polypeptide comprising a defensin
and a tumor antigen which is present in the human subject is
administered to the subject subcutaneously in a dose ranging
from 1 to 500 pg of the fusion polypeptide once weekly for

designated as Def2-scFv38, Def3-scFv38, HNP-l-scFv38,
HNP-2-scFv38, HNP-3-scFv38, HBDl-scFv38, and HBD2
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about eight weeks or once monthly for about six months.

from total RNA using speci?c primers as described previ

Within the ?rst month following the initial immunization,
blood samples can be taken from the subject and analyzed to
determine the effects of administration of the fusion polypep
tide. Particularly, the presence in the subject’s serum, of anti
bodies reactive with the tumor antigen in the fusion protein
can be determined by ELISA, Western blotting or radioim
munoprecipitation, or other methods for detecting the forma
tion of antigen/antibody complexes as would be standard
practice for one of ordinary skill in the art of immunology.

ously (Biragyn, A., Tani, K., Grimm, M. C., Weeks, S. D., and
Kwak, L. W. 1999. Genetic fusion of chemokines to a self

tumor antigen induces protective, T-cell dependent antitumor
immunity. Nature Biotechnology 17: 253). The following
pairs of primers were used for [3-defensin 2 (GeneBank

#AJ01 1800) PRmDF2[3-5' (ACCATGGAACTTGACCACT
GCCACACC; SEQ ID NO:16) and PRmDF2[3-3' (TGAAT
TCAAGATCTTTCATGTACTTGCAACAGGGGTTGTT;
SEQ ID NO:17) and for [3-defensin 3 (GeneBank

Also, a cellular immune response to the tumor antigen in the

#AF092929) PRmDF3[3-5' (ACCATGGAAAAAATCAA

fusion polypeptide can be detected by peripheral blood lym

CAATCAGTAAGTTGTTTGAGG; SEQ ID NO:18) and

phocyte (PBL) proliferation assays, PBL cytotoxicity assays,

PRmDF3[3-3'

cytokine measurements, or other methods for detecting
delayed type hypersensitivity and cellular immune response,

gene was cloned for eukaryotic expression using PRproDF2[3
L-5'
(AAAGCTTCCACCATGAGGACTCTCTGCTCT;
SEQ ID NO:19) and PRmDF2[3-3', which contained native

as would be standard practice for one of ordinary skill in the

art of immunology. Additionally, the kinetics of tumor growth
and inhibition of tumor cell growth can be determined by

secretion signal sequence. SDF-IB (GeneBank #HSU16752)

monitoring the subject’s clinical response, through physical
examination, tumor measurement, x-ray analysis and biopsy.

(CTCGAGCTAGAATTCTTTTCTCTTG

CAGCATTTGAGGAAA; SEQ ID NO:61). [3-pro-defensin 2

20

was cloned from 10 ng/ml LPS treated human monocytes

The exact dosage can be determined for a given subject by
following the teachings as set forth herein, as would be stan
dard practice for one of ordinary skill in the art of vaccine

using

development.

TAAAGCTTT; SEQ ID NO:21). Murine MIP-30. (GeneBank

PRhSDFl [3-3'
25

Example 3
Using various chemokines and defensins, this example
demonstrates that protective antitumor immunity can be
obtained by targeting immature, but not mature DC. Thus,

30

MIP-30. and [3-defensins render otherwise non-immunogenic
tumor antigens immunogenic and induce protective and
therapeutic antitumor immunity. In contrast, immunizations

(TGAATTCCATCTTGAACCTCTTGTT

#AJ222694) was cloned from mixture of thymus and kidney

cDNA using PRmMTP30t-5' (ACCATGGCAAGCAAC
TACGACTGTTGCCTC; SEQ ID NO:22) and PRmMIP3ot
3'
(ATAGAATTCCATCTTCTTGACTCTTAGGCTGA;
SEQ ID NO:23). Murine SLC (GeneBank #U88322) was
recloned from the plasmid (gift of Dr. Shakhov, SAIC-Fre

CAGGACTGCT; SEQ ID NO:24) and PRmSLC-3' (ATA
GAATTCTCCTCTTGAGGGCTGTGTCTGT; SEQ ID
35

immune responses are useful for treatment of the more

aggressive 38C13 tumor that expresses IgM primarily on its
surface (Campbell, M. J., L. Esserrnan, N. E. Byars, A. C. A

NO:25). All constructs were veri?ed by DNA dideoxy-se

quencing method (Amersham, USA) and puri?ed using plas
mid puri?cation kit (Qiagen, Valencia, Calif.).
Recombinant fusion proteins puri?ed as inclusion bodies

llison, and R. Levy. 1990. Idiotype vaccination against
murine B cell lymphoma. Humoral and cellular requirements
for the full expression of antitumor immunity. J. Immunol.

(CTCTAGACACCATGAACGC

deick) using PRmSLC-5' (ACCATGGATGGAGGGGGA

with homeostatic chemokines SLC or SDFIB do not elicit

antitumor immunity. While both humoral and cellular

PRhSDFlB-S'

CAAGGTCGTGGTCGTGCTG; SEQ ID NO:20) and

40

after 8 hours of induction in Super-Broth (Digene Diagnos
tics, Inc., Beltsville, Md.) with 0.8 mM IPTG as described
elsewhere (Biragyn,A., Tani, K., Grimm, M. C., Weeks, S. D.,

145: 1029; Biragyn,A., Tani, K., Grimm, M. C., Weeks, S. D.,

and Kwak, L. W. 1999. Genetic fusion of chemokines to a self

and Kwak, L. W. 1999. Genetic fusion of chemokines to a self

tumor antigen induces protective, T-cell dependent antitumor
immunity. Nature Biotechnology 17: 253), and refolded

tumor antigen induces protective, T-cell dependent antitumor
immunity. Nature Biotechnology 17: 253) cellular immunity
is protective for slower growing A20 lymphoma, which
largely secretes its idiotypic antigen. Thus, the breadth of the
disclosed compositions and methods as a generally useful for
vaccines was also made apparent by its ability to elicit for the
?rst time eradication of established A20 lymphoma.
Materials and Methods
Fusion Gene Cloning and Plasmid Constructions.

45

toxins from renaturation of bacterial inclusion bodies. Anal.

Biochem. 205(2): 263). The refolded fusion proteins were
50

puri?ed by heparin-sepharose chromatography (Pharmacia

55

than 90%) of recombinant proteins were tested by PAGE and
by western blot hybridization with 9E10 anti c-myc mAb
(Sigma). Correct folding of puri?ed st38 proteins were
determined by the ability to bind to anti-idiotype mAb S1C5

Biotech, Uppsala, Sweden). The integrity and purity (greater

Cloning strategy for lymphoma speci?c VH and VL frag
ments from 38C13 (Bergmaan. and Haimovich, J. 1977.
Characterization of a carcinogen-induced murine B lympho
cyte cell line of C3H/eb origin. J. Immunol. 7: 413) and A20

according to Buchner et al (Buchner, J ., Pastan, I., and Brink

mann, U. 1992. A method for increasing the yield of properly
folded recombinant fusion proteins: single-chain immuno

in ELISA (Biragyn, A., Tani, K., Grimm, M. C., Weeks, S. D.,

(Kim, K. J Kanellopoulos, Langevin C., Merwin, R. M.,

and Kwak, L. W. 1999. Genetic fusion of chemokines to a self

Sachs, D. H., and Asofsky, R. 1979. Establishment and char
acterization of BALB/c lymphoma lines with B cell proper
ties. J. Immunol. 122(2): 549) cells as st38 and st20,

tumor antigen induces protective, T-cell dependent antitumor

immunity. Nature Biotechnology 17: 253). Brie?y, serially
60

diluted st were added to microtiter plates coated with 10

mg/ml anti c-myc mAb 9E10. After washing, plates were

respectively, with MCP-3 and IP-10 are described elsewhere

(Biragyn, A., Tani, K., Grimm, M. C., Weeks, S. D., and

incubated with a 1 :300 diluted biotin-labeled S1C5, followed

Kwak, L. W. 1999. Genetic fusion of chemokines to a self

with streptavidin-HRP (1 :5000, Jackson Lab., Inc., Bar Har
bor, Me.) and developed with ABTS peroxidase substrate
(KPL, Gaithersburg, Md.). Proteins were biotinilated using
EZ-Link Sulfo-NHS-LC-Biotin following manufacturer’s

tumor antigen induces protective, T-cell dependent antitumor
immunity. Nature Biotechnology 17: 253). Genes for mature
murine [3-defensins were cloned from LPS (10 ng/ml) treated
BALB/c mouse skin in frame to the 5'-end of st by RT/PCR

65

protocol (Pierce).
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Isolation of Murine Bone Marrow Derived Dendritic Cells

lines with B cell properties. J. Immunol. 122(2): 549) was
from the American Type Culture Collection (ATCC, Rock

(Fields, R. C., Osterholzer, J. J., Fuller, J. A., Thomas, E.
K., Geraghty, P. J ., and Mule, J. J. 1998. Comparative analysis
of murine dendritic cells derived from spleen and bone mar

ville, Md.) and expresses IgGk. Murine CCR6 expressing

row. J. Immunother. 21: 323). Brie?y, bone marrow was col
lected from tibias and femurs of 4 to 6 months old BALB/c

ber, J. (NIAID/NIH).
Flow Cytometric Analysis.
Trypsinized 2.5><106 (HEK293/CCR6 or HEK293) cells/

HEK293 cells (HEK293/CCR6) were obtained from Dr. Far

mice. Erythrocytes were lysed with ACK lysis buffer (Bio

Whittaker, Walkersville, Md.). CD8+, CD4+, B220+ and I-Ab

ml were incubated with 20 mg/ml biotinilated mMIP3ast38
for 30 min on ice in PBS with 2% BSA (PBS/BSA) and 20%

cells were depleted using a mixture of mAbs and rabbit
complement. The mAbs were TIB-146 (anti-B220), TIB-150

mg/ml Streptavidin-PE (Pharmingen) and ?xed with 1%

(anti-CD8), TIB-207 (anti-CD4), TIB-229 (anti-1-Ab)

paraformaldehyde.

mouse sera. Cells were stained on ice for 30 min with 0.2

obtained from ATCC. Cells were cultured in DC medium

In Vivo Immunizations and Tumor Protection Experiment.

(RPMI 1640 containing 5% heat inactivated fetal bovine
serum, 1% penicillin, streptomycin, 1% L-glutamine and
5><10_52-ME) containing 10 ng/mL each of murine IL-4 and

Animal care was provided in accordance with the proce
dures outlined in a Guide for the Care and Use of Laboratory

Animals (NIH Publication No. 86-23, 1985). Six- to nine

GM-CSF (Peprotech). Adherent cells were harvested on day

week old female C3H/HeNCrlBR or BALB/ c mice (Charles

4 and day 7 and used in subsequent experiments. DC were

River Laboratories, Frederick, Md.) were used. Mice (10 per
group) were immunized with Helios Gene Gun System (Bio
Rad, Hercules, Calif.) with 1-2 mg plasmid DNA three times
every two weeks as described (Biragyn, A., Tani, K., Grimm,
M. C., Weeks, S. D., and Kwak, L. W. 1999. Genetic fusion of

matured by TNFO. (10 ng/ml, PharMingen), overnight in DC
medium. iDC at day four-?ve cultivation were in general

CD11+ (69%), B72" and LA“ (21%), B7.2- and LA“

20

(18%), CD40+ (27%). Upon maturation the DC were CD1 1c+

(87%), B7.2+ and LA“ (62%), 137.2- and LA“ (3%),

chemokines to a self tumor antigen induces protective, T-cell

CD40+ (87%). The following mAb used in FACS: CD-11c

dependent antitumor immunity. Nature Biotechnology 17:

APC, MAC3-PE, Gr-1-FITC, B220-PE, Thy 1.2-FITC, I-Ab
FITC, B7.2-PE, CD40-PE (PharMingen).

25

253.). Two weeks after the last immunization, mice were
challenged i.p. with 2><103 or 2.5><105 38C13 or A20 lym

phoma cells, respectively, and followed for survival. Differ

In Vitro Chemotaxis As say:

The migration of DC (50 ml, 106 cells/ml) was assessed
using a 48-well microchemotaxis chamber (Neuro Probe,
Cabin John, Mass.) with a 5-mm polycarbonate ?lter (Os
monics, Livermore, Calif.) as described (Falk, W., Goodwin,

ences in survival between groups were determined by non

parametric logrank test (BMDP statistical software, Los
Angeles). P-values refer to comparison with group immu

R. H. Jr, and Leonard, E. J. 1980. A 48-well micro chemotaxis

nized with DNA expressing the same chemokine or defensin
fused with an irrelevant st, or st fused with mutant

assembly for rapid and accurate measurement of leukocyte

chemokine, unless speci?ed.

migration. J. Immunol Methods 33(3): 239; Yang, D., Chen,
Q, Stoll, S., Chen, X., Howard, 0. M., and Oppenheim, J. J.

Therapy of Established Tumor with DNA Vaccine.
Six- to nine-week old female BALB/c mice (ten per group)
were challenged with 2.5><105 syngeneic A20 tumor cells. At
day 1, 4, 8 and 18 these mice were gene-gun immunized with
DNA plasmid (containing about 1-2 mg DNA per immuniza
tion) and mice followed for tumor progression.

2000. Differential regulation of responsiveness to fMLP and
C5a upon dendritic cell maturation: correlation with receptor
expression. J. Immunol 165.(5.):2694). Cells were incubated
at 37° C. in humidi?ed air with 5% CO2 for 1.5 h. DC migrat
ing across the ?lter were counted using a Bioquant semiau

tomatic counting system. The results (as the meanzSE of
triplicate samples) are presented as chemotactic index (C. I.)
de?ned as the fold increase in the number of migrating cells in
the presence of test factors over the spontaneous cell migra
tion (in the absence of test factors). Human MIP-30. and

MIP-3[3 were from PeproTech (Rocky Hill, NJ).
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Adoptive Transfer Experiments.

40

BALB/c mice were gene gun immunized with 1-2 mg

pMCP3st20 twice biweekly and splenocytes and sera were
removed ten days after the last immunization. Ten BALB/ c
mice per group were i.p. injected in saline with 2.5><105 A20
45

tumor cells per mouse mixed with 2><107 splenocytes or sera
from immune or mock treated mice and mice followed for

tumor progression.

Cell Lines and Mice.

The carcinogen-induced, C3H 38C-13 B cell lymphoma is
described by Bergmaan. and Haimovich, J. 1977. Charac
terization of a carcinogen-induced murine B lymphocyte cell
line ofC3H/eb origin. J. Immunol. 7: 413. The 38C-13 tumor
secretes and expresses IgM (k) on the cell surface. The

Results
Murine [3-Defensins and Chemokines Retain their Func
tional Integrity as Fusion Proteins with st and Chemo
Attract Immature, but not Mature, DC.

BALB/c A20 lymphoma (Kim, K. J., Kanellopoulos, Lan
gevin C., Merwin, R. M., Sachs, D. H., andAsofsky, R. 1979.

First, a variety of chemokine and [3-defensin fusion pro
teins were cloned and puri?ed with st, a lymphoma Ig
derived non-immunogenic Fv from the two different B cell

Establishment and characterization of BALB/c lymphoma

lymphomas 38C-13 and A20 (Table 1).
TABLE 1

Ligand-Antigen fusion constructs
DNA vaccine

Ligand: Defensin or

name

chemokine

Antigen Protein Name

Description

none
none

st38
st20

Single chain antibody fragment from 38C—13 lymphoma
Single chain antibody fragment from A20 lymphoma

Antigen alone
pst38
pst20

st38
st20

