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Description

Statement Regarding Federally Funded Research or 
Development

[0001] The United States Government has certain
rights to the invention pursuant to Grant Nos. DK038772
and DK060051 from the NIH to the University of Massa-
chusetts Medical School.

Priority Claims and Related Patent Applications

[0002] This application claims the benefit of priority
from U.S. Provisional Application Serial No. 61/615,514,
filed on March 26, 2012, the entire content of which is
incorporated herein by reference in its entirety for all pur-
poses.

Technical Field of the Invention

[0003] The invention generally relates to tumor sup-
pressor properties and functions of DKK3b and anti-tu-
mor applications and uses thereof. More particularly, the
invention relates to novel therapeutics and methods for
treating tumors and cancers utilizing DKK3b tumor sup-
pressor functions, for example, via site-specific delivery
of DKK3b or a related agent.

Background of the Invention

[0004] Suppressed Dickkopf-3 (DKK3) expression is a
hallmark of many human cancers and expression levels
are inversely related to tumor virulence (e.g., in prostate
cancer and ovarian cancer). Using prostate cancer as an
example, over-expression of DKK3 halts proliferation of
prostate cancer cells, but the beneficial consequences
of DKK3 over-expression in both in vivo and ex vivo mod-
els of prostate cancer are likely an artifact of the inad-
vertent initiation of an ER stress response in cells at-
tempting to process an over-expressed, exogenous, se-
cretory gene product. (Abarzua, et al. 2005 Cancer Res
65(21): 9617-22; Abarzua, et al. 2008 Biochem Biophys
Res Commun 375(4): 614-8; Abarzua, et al. 2007 Int J
Mol Med 20(1): 37-43.)
[0005] The tumor suppressor activity of DKK3 was also
reported to be due to its ability to block the translocation
of β-catenin to the nucleus by forming an inactive com-
plex composed of a cytoplasmic ∼30kDa DKK3 gene
product and βTrCP. (Lee, et al. 2009 Int J Cancer 124(2):
287-97.) Since it is unlikely that chronic ER stress is the
mechanism by which endogenous DKK3 gene products
influence normal cell proliferation, the identification of a
non-secreted, intracellular version of DKK3 and the dis-
covery of two intracellular events (JNK activation and β-
catenin inactivation) that facilitate growth arrest offer an
opportunity to define the molecular events mediating the
DKK3 tumor suppressor function in the prostate.
[0006] Early studies by Dr. Leonard and colleagues

discovered that the DKK3 gene locus encodes a second
transcript that produces an intracellular membrane as-
sociated 29 kDa protein (formally D2p29, now renamed,
DKK3b). (Leonard, et al. 2000 J Biol Chem 275(33):
25194-201; Farwell, et al. 1996 J Biol Chem 271(27):
16369-74; Safran, et al. 1996 J Biol Chem 271(27):
16363-8; Farwell, et al. 1993 J Biol Chem 268(7):
5055-62.)
[0007] Subsequent studies revealed that this DKK3b
gene product originated from a second transcriptional
start site located in intron 2. Dkk3b was originally identi-
fied in astrocytes as a highly trafficked membrane protein
that binds thyroid hormone with high affinity. Analysis of
the DKK3 gene locus revealed that DKK3b is encoded
by exons 3-8 and that a functional transcriptional start
site-with a TATA box-is located in intron 2 (FIG. 1A). Pro-
moter mapping studies narrowed the promoter activity to
-250 bases upstream of exon 3. Deletion of the TATA
box blocked promoter function. ChIP analysis revealed
that this promoter was functional in vivo (FIG. 1B).
[0008] Importantly, in both the full length DKK3 and
truncated DKK3b mRNAs, the only authentic Kozak start
site is located at the Met beginning at exon 3, and in vitro
translation of the full-length DKK3a mRNA using Kozak
context dependent conditions yields a 29 kDa protein.
(Leonard, et al. 2000 J Biol Chem 275(33): 25194-201.)
Real time PCR analysis of DKK3 locus transcripts re-
vealed that the DKK3a transcript (exons 2-8) accounted
for -55% of the total DKK3 mRNAs, while the DKK3b
transcript (exons 3-8) contributed -45% of the total DKK3
mRNAs. In the ΔDKK3 mouse that lacks exons 2, full-
length DKK3a transcripts are lost, but the DKK3b mRNA
is preserved (FIG. 1C). (Barrantes, et al. 2006 Mol Cell
Biol 26(6): 2317-26.) Affinity labeling of DKK3b associ-
ated with the cellular membranes of ΔDKK3 mouse brain
yielded the anticipated immuno-reactive DKK3b, while a
full-length glycosylated DKK3 was not synthesized (FIG.
3D). (Farwell, et al. 1989 J Biol Chem 264(34): 20561-7.)
These data demonstrate that the DKK3 locus encodes
two functional transcripts; one encoding a secreted glyc-
oprotein identified as DKK3a, and another an intracellular
29kDa DKK3b protein.
[0009] There remains an ongoing need for establishing
novel therapeutic approaches to cancer treatment utiliz-
ing DKK3b tumor suppressor function, for example, treat-
ment methodologies and pharmaceutical compositions
that can arrest the growth of various cancers, such as
ovarian and prostate cancers.

Summary of the Invention

[0010] The invention provides novel therapeutic ap-
proaches to cancer treatment that exploits tumor sup-
pressor functions of DKK3b. A novel tumor suppressor
has been identified that originates from an internal tran-
scription start site of the Dkk3 gene locus that harbors
all of the anti-cancer properties. Rather than the current
therapeutic efforts that are all directed at an artifactual
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ER stress response due to exogenous expression of the
full length secreted and glycosylated DKK3 gene product,
the present invention is promised to bring a unique ap-
proach that changes the direction of the field.
[0011] In one aspect, the invention generally relates to
the identified human DKK3b protein.
[0012] In another aspect, the invention generally re-
lates to a recombinant virus genetically modified to ex-
press human DKK3b protein.
[0013] In yet another aspect, the invention generally
relates to an isolated nucleic acid molecule comprising
a polynucleotide sequence that encodes DKK3b protein.
[0014] In yet another aspect, the invention generally
relates to a recombinant transgene comprising a polynu-
cleotide that encodes DKK3b protein.
[0015] In yet another aspect, the invention generally
relates to an isolated recombinant human DKK3b protein.
[0016] In yet another aspect, the invention generally
relates to host cell transformed with an isolated recom-
binant human DKK3b protein.
[0017] In yet another aspect, the invention generally
relates to a pharmaceutical composition comprising a re-
combinant virus genetically modified to express human
DKK3b protein and a pharmaceutically acceptable car-
rier.
[0018] In yet another aspect, the invention generally
relates to a method for treating cancer or inhibiting tumor
progression in a subject in need thereof, comprising ad-
ministering to the subject a pharmaceutical composition
comprising a recombinant virus genetically modified to
express human DKK3b protein and a pharmaceutically
acceptable carrier.
[0019] In yet another aspect, the invention generally
relates to a pharmaceutical composition comprising hu-
man DKK3b protein and a pharmaceutically acceptable
carrier.
[0020] In yet another aspect, the invention generally
relates to a method for treating cancer or inhibiting tumor
progression in a subject in need thereof, comprising ad-
ministering to the subject a pharmaceutical composition
comprising DKK3b protein.
[0021] In yet another aspect, the invention generally
relates to a method for inducing a tumor-suppression ef-
fect in a subject in need thereof, comprising administering
to the subject a pharmaceutical composition comprising
DKK3b protein.
[0022] Cancer that may be therapeutically treated ac-
cording to the disclosed invention can be any type of
cancer, including carcinoma, lymphoma, blastoma, sar-
coma, liposarcoma, neuroendocrine tumor, mesothelio-
ma, schwanoma, meningioma, adenocarcinoma,
melanoma, leukemia, lymphoid malignancy, squamous
cell cancer, epithelial squamous cell cancer, lung cancer,
small-cell lung cancer, non-small cell lung cancer, ade-
nocarcinoma of the lung, squamous carcinoma of the
lung, cancer of the peritoneum, hepatocellular cancer,
gastric or stomach cancer, gastrointestinal cancer, pan-
creatic cancer, glioblastoma, cervical cancer, ovarian

cancer, liver cancer, bladder cancer, hepatoma, breast
cancer, colon cancer, rectal cancer, colorectal cancer,
endometrial or uterine carcinoma, salivary gland carci-
noma, kidney or renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma, anal carcino-
ma, penile carcinoma, testicular cancer, esophageal
cancer, a tumor of the biliary tract, and head and neck
cancer.

Detailed Description of the Invention

[0023] The invention relates to novel therapeutic ap-
proaches to cancer treatment that exploit the tumor sup-
pressor functions of DKK3b. More particularly, a novel
tumor suppressor has been identified that originates from
an internal transcription start site of the Dkk3 gene locus
and this gene product harbors all of the anti-cancer prop-
erties of this gene. Rather than the current therapeutic
efforts that are all directed at an artifactual ER stress
response due to exogenous expression of the full length
secreted and glycosylated DKK3 gene product, the
present invention is promised to bring a unique approach
that will change the direction of the field.
[0024] Unchecked signaling by the Wnt pathway sig-
naling molecule, β -catenin, is common in cancer and the
Dickkopf-related protein 3 (DKK3) is one of the most
promising tumor suppressor molecule(s) that controls β
-catenin levels. Tumor malignancy is inversely related to
DKK3 levels and over-expression arrests cell prolifera-
tion in nearly all cancer cells. Even though DKK3 does
not block receptor activation by Wnt, the anticancer ac-
tions of the secreted DKK3 glycoprotein are widely pre-
sumed to be due to inhibition of the Wnt receptor com-
plex. However, recent reports challenge this convention-
al view of DKK3 action. Yeast two-hybrid analysis re-
vealed that DKK3 interacted with the ubiquitin ligase, β
-transducin repeats containing protein (β TrCP) and sub-
sequent co-immunoprecipitation studies identified DKK3
as part of an intracellular complex with (β TrCP) and β
-catenin that prevents β -catenin nuclear translocation.
DKK3 was also shown to activate the N-terminal Jun ki-
nase (JNK) stress pathway leading to cancer cell loss.
These findings illustrate an important role for intracellular
signaling by DKK3. We recently discovered that the Dkk3
locus encodes two gene products, a secreted glycopro-
tein (DKK3a) that does not impact Wnt signaling, and a
novel, intracellular protein, DKK3b, which inhibits Wnt
signaling. We propose that the intracellular DKK3b is re-
sponsible for the published anti-cancer effects of this tu-
mor suppressor and acts by blocking the nuclear import
of β -catenin and increasing cell death, two fundamental
cellular events that arrest tumor growth and propagation.

The molecular mechanism of DKK3b action

[0025] There is general agreement that 1) Dkk3 ex-
pression levels are inversely related to tumor malignan-
cy, and that 2) DKK3 over-expression halts cancer cell
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proliferation. (Lodygin, et al. 2005 Cancer Res
65(10):4218-4227; Veeck, et al. 2008 Breast Cancer Res
10(5):R82; Veeck, et al. 2012 Biochim Biophys Acta
1825(1): 18-28; Yue, et al. 2008 Carcinogenesis
29(1):84-92; Edamura, et al. 2007 Cancer Gene Ther
14(9):765-772; Gu, et al. 2011 World J Gastroenterol
17(33):3810-3817; Medinger, et al. 2011 Thrombosis
and haemostasis 105(1):72-80; Pei, et al. 2009 Virchows
Arch 454(6):639-646.) Despite these findings, the mech-
anism(s) of DKK3 action remain completely unknown.
Unlike other DKK family members, DKK3 does not bind
to the Wnt receptor complex. (Niehrs, et al. 2006 Onco-
gene 25(57):7469-7481; Barrantes, et al. 2006 Mol Cell
Biol 26(6):2317-2326.) Moreover, deletion of mouse
Dkk3 gene produced a benign phenotype with no in-
crease in tumor formation.
[0026] Our discovery of a novel intracellular DKK3
gene product, DKK3b (previously named D2p29), pro-
duced from transcripts originating from an internal start
site, redefines and reconciles these disparate observa-
tions. (Leonard, et al. 2000 J Biol Chem
275(33):25194-25201.) DKK3b possesses all the anti-
tumor effects previously ascribed to DKK3a. In fact, the
targeting strategy used to delete the mouse Dkk3 ablated
only DKK3a, leaving DKK3b untouched, thus explaining
the lack of increased tumorigenesis. (Barrantes, et al.
2006 Mol Cell Biol 26(6):2317-2326.)
[0027] Recent studies show that DKK3 specifically
binds to the E3 ubiquitin ligase component, β-transducin
repeat containing protein (βTrCP), and that this complex
in turn binds unphosphorylated β-catenin preventing its
nuclear import. (Lee, et al. 2009 Int J Cancer
124(2):287-297; Hoang, et al. 2004 Cancer Res
64(8):2734-2739.) Since the membrane barrier makes it
improbable that the secreted DKK3a glycoprotein acts
inside the cell by direct association with E3 ubiquitin
ligase machinery, the novel DKK3b gene product be-
comes the likely tumor suppressor responsible for atten-
uating Wnt signaling. Understanding the details of how
DKK3b arrests tumor growth offers a real opportunity to
develop effective therapeutics that defeat oncogenesis
at its source.
[0028] The present invention defines the molecular
mechanism(s) of DKK3b tumor suppressor function us-
ing both prostate and breast cancer cells as models for
cancers in general and addresses the anti-tumor effects
of site-specific delivery of DKK3b. By re-directing the fo-
cus of work to the authentic important tumor suppressor,
the invention establishes an important foundation for ra-
tional therapeutic approaches to cancer treatment.
[0029] In silico analysis revealed that DKK3b was en-
coded by exons 3-8 of the Dkk3 gene, and the presence
of this novel DKK3 gene product in brains from the Dkk3-/-

mouse provided insight into its origins. (Barrantes, et al.
2006 Mol Cell Biol 26(6):2317-2326.) Deletion of exon 2
from the mouse Dkk3 locus (FIG. 1a) clearly eliminated
expression of DKK3a, but does not affect DKK3b tran-
scripts starting at exon 3 (FIG. 1b) and led to a nearly 3-

fold increase in the -30 kDa DKK3b protein (FIG. 1c).
Promoter activity was localized to -250 bases upstream
of exon 3, and deletion of the TATA box blocked promoter
function. ChIP analysis showed that the DKK3b promoter
was functional in vivo (FIG. 1d, 1e). QPCR using exon 2
and exon 3 specific DKK3 primer sets found that the
DKK3a transcript (exons 2-8) accounted for 50-55% of
the mRNA in primary cells, while the DKK3b transcript
(exons 3-8) contributed -45% of the total. These data
show that the Dkk3 gene encodes two functional tran-
scripts: one encoding a -60 kDa secreted glycoprotein
DKK3a; and a second 30 kDa intracellular protein,
DKK3b.
[0030] To evaluate the tumor suppressor function of
the two DKK3 gene products, DKK3a and DKK3b were
cloned into the Tet-inducible, expression vector (pTRex)
and transfected into PC3 prostate tumor cells that con-
stitutively express the Tet repressor protein. The data in
FIG. 2 show that DKK3a does not slow cell growth. On
the other hand, DKK3b completely arrests cell prolifera-
tion, and leads to the loss of PC3 cells at later time points.
These data illustrate that DKK3a lacks the tumor sup-
pressor function associated with its intracellular form,
DKK3b.

Characterization of the molecular events mediating 
DKK3b-dependent growth arrest

[0031] The ability of DKK3b to arrest cancer cell pro-
liferation could be due to specific cell cycle arrest, en-
hanced apoptosis, and/or induced cell senescence. To
explore these cellular event(s) without the confounding
impact of aneuploidy/polyploidy and the genetic instabil-
ity that are inherent in tumor cell lines, initial studies are
done in immortal C8 astrocytes. These cells have a stable
2N gene copy number and show all of the properties of
a primary astrocyte. They are easily transfected and have
marginal native DKK3b. Epitope-tagged DKK3b are re-
expressed in C8 cells using the tetracycline (tet)-induci-
ble pTRex expression system that can be titrated to gen-
erate cells harboring increasing quantities of the tumor
suppressor as illustrated in DU145 cells in FIG. 3.
[0032] Since we propose that one of the primary ac-
tions of DKK3b is initiated by stopping the nuclear import
of β-catenin, a TCF-driven TOPFlash luciferase reporter
are used to monitor β-catenin dependent gene expres-
sion. MnuMG Wnt-dependent breast cancer cells were
transfected with DKK3a and DKK3b and the TCF-driven
luciferase (pTOPFlash), and the effects of the two DKK3
gene products on basal and Wnt7a stimulated reporter
activity determined. As shown in Figure 4, Wnt stimula-
tion resulted in a 10-14 fold increase in TOPFlash sign-
aling in the absence of any DKK3 or in the presence of
the inactive DKK3a. Expression of DKK3b decreased
TOPFlash signaling to near basal levels. These data il-
lustrate the specific ability of DKK3b to silence β-catenin
signaling, a central thesis of the molecular basis for the
action of this tumor suppressor.
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[0033] To confirm the direct interactions between
βTrCP and DKK3b, RNAi-mediated knockdown of βTrCP
in C8 pTOPFlash reporter cells is used to explore the
impact of altered βTrCP expression on the ability of
DKK3b to suppress TCF-reporter expression. Controls
include the scrambled RNAi pools and/or off-target shR-
NAi lentivirus and the efficiency of knockdown are meas-
ured by immunoblot and immunocytochemistry. The loss
of βTrCP will eliminate the DKK3b-dependent suppres-
sion of TCF-TOPflash reporter activity.
[0034] Based on these initial studies, the influence of
Dkk3 derived gene products on cell proliferation and the
cell cycle are examined in LNCaP, PC3 and DU145 cells
using the tet-inducible DKK3a and DKK3b constructs.
Cell proliferation (WST-1), viable cell counting, and cell
cycle analysis using fluorescent activated cell sorting
(FACS) of BrdU/7-AAD labeled cells are done. As shown
in Table1, DKK3b arrests the human prostate cancer
PC3 cell at the G0/G1 phase of the cell cycle, while
DKK3a had no effect on the cell cycle or on cell prolifer-
ation (also see FIG. 2).

[0035] Because DKK3b led to both growth arrest and
loss of PC3 cells (FIG. 2), the impact of DKK3b on ap-
optosis is evaluated using flow cytometry, TUNEL as-
says, caspase-3 analysis and annexin V staining.
TUNEL, caspase-3 measurements, and cell proliferation
using Ki67 are repeated using standard immunocyto-
chemical approaches to provide confirmation of the ef-
fects of DKK3b on apoptosis determined by flow analysis.
[0036] Once these basic functional parameters are es-
tablished, the role of the DKK3b: βTrCP complex in tumor
cell growth arrest are examined using the RNAi knock-
down of βTrCP strategy detailed above for C8 cells. Loss
of βTrCP in cancer cells will thwart DKK3b-induced
growth arrest. The results of these studies will establish
the role of DKK3b:βTrCP complex in modulating the β-
catenin proliferation signal. DKK3b may affect more than
one cellular pathway; however, focusing on the specific
characterization of the inhibitory role of a DKK3b:βTrCP
complex on cell growth provides a clear link between the
well-known impact of β-catenin on cell proliferation and
the tumor suppressor function of DKK3b.

Identification of DKK3b modulated signaling pathway(s)

[0037] We propose that the DKK3b:βTrCP complex

TABLE 1. Effects of DKK3a and DKK3b on cell cycle 
in PC3 cells

Cell Cycle Analysis (% total cells)
G0/G1 S G2/M

control 44.1 27.2 17.1

DKK3a 42.3 28.5 16.3

DKK3b 95.7 2.6 1.2

suppresses TCF-driven gene expression by preventing
β-catenin from reaching its nuclear TCF target. Thus,
analysis of the more than 50 known TCF-driven genes
provides a well-defined end point to evaluate the efficacy
of the DKK3b:βTrCP complex. (Willert, et al. 2002 BMC
developmental biology 2:8.) RNA-seq provides an unbi-
ased approach that allows transcriptome analysis of the
whole set of TCF target genes. This contemporary ge-
nomics methodology provides a data set that not only
allows the known TCF-driven genes to be evaluated, but
can also be mined for unanticipated DKK3b dependent
changes in the transcriptome. RNA-seq is a significantly
more cost-effective and a less biased approach than
commercially available PCR based array sets when
cost/data point is considered. To determine the impact
of DKK3b on TCF-driven gene expression, RNA-seq is
used to define the impact of the inhibitory DKK3b:βTrCP
complex on expression of a known cohort of ∼110 TCF-
driven gene targets.
[0038] From the RNA-seq analyses, 10-15 gene prod-
ucts are selected and used to assemble a DKK3b sign-
aling array (DKK3b Response Array, DK3RA) to reliably
report DKK3b function in prostate and breast cancer
cells. Changes in the cellular content of these target pro-
tein(s) are confirmed using multiplexed, Millipore Epi-
Quant luminex assays of whole cell lysates, immunoblot
analysis or immunocytochemistry. These studies are de-
signed to demonstrate that the DKK3b tumor suppressor
inhibits β-catenin signaling and provides a validated set
of DKK3b altered transcripts (DK3RA) that can be used
to monitor tumor suppressor function. Additionally, an
invaluable data repository of DKK3b altered transcripts
that can be mined for novel signaling partners will be
generated and archived.

The role of DKK3b:βTrCP interactions on the subcellular 
redistribution of β-catenin

[0039] Over-expression of DKK3b can initiate the re-
distribution of β-catenin from the cytoplasm to the cell
membrane without altering total β-catenin levels.
(Hoang, et al. 2004 Cancer Res 64(8):2734-2739.) Cou-
pled with the finding that an intracellular DKK3b: βTrCP
complex binds unphosphorylated β-catenin and can lead
to β-catenin degradation, it is likely that the DKK3b:βTrCP
complex performs at least three roles: 1) β-catenin se-
questration; 2) β-catenin relocation; and 3) β-catenin
degradation. Since these roles are likely to be temporally
related, we use confocal, total internal reflectance fluo-
rescence (TIRF) microscopy and real-time digital imag-
ing to define the dynamics of subcellular redistribution of
β-catenin, DKK3b and βTrCP in C8 cells and in our cancer
cells lines expressing tet-induced, increasing concentra-
tions of DKK3b. (Lee, et al. 2009 Int J Cancer
124(2):287-297.) Our prior work detailing the dynamics
of DKK3b trafficking guides our completion of these stud-
ies. (Farwell, et al. 1990 J Biol Chem
265(30):18546-18553; Stachelek, et al. 2000 J Biol
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Chem 275(41):31701-31707; Stachelek, et al. 2001 J Bi-
ol Chem 276(38):35652-35659.) In its simplest form, the
membrane-bound DKK3b:βTrCP complex attracts un-
phosphorylated β-catenin leading to its membrane asso-
ciation. If adherens complexes are nearby this complex
may deposit β-catenin in these attachment structures.
(Hartsock, et al. 2008 Biochim Biophys Acta
1778(3):660-669.) If not, the inactive complex may be
degraded in the proteasome.

Characterization of the organ/tissue distribution and ex-
pression profiles of DKK3b in the mouse

[0040] Little is known about the tissue distribution, de-
velopmental timing and/or the expression profile of
DKK3b, and traditional immunocytochemical approach-
es are impractical because available antibodies recog-
nize both DKK3b and DKK3a. To define the basic devel-
opmental timing and tissue distribution of DKK3b expres-
sion, we use the zinc-finger nuclease (ZFN)-based gene
editing approach to produce a Dkk3b reporter mouse by
redirecting the DKK3b promoter to drive expression of a
fluorescent reporter (FIG. 4). (Clark, et al. 2011 Zebrafish
8(3):147-149; Collin, et al. 2011 Stem Cells
29(7):1021-1033; Kim, et al. 2009 Genome research
19(7):1279-1288.) During validation of the ZFN pairs,
gene-edited, Dkk3b-promoter driven CFP C8
(C8Dkk3bCFP) cells are generated by default that are a
valuable cell based reporter for high-throughput screen-
ing of combinatorial libraries.
[0041] Systematic functional analysis of the Dkk3b
promoter is performed using CFP expression as the end-
point and in silico analysis (TranFac, Genomatrix algo-
rithms) is used to identify individual Dkk3b promoter el-
ements. This promoter survey approach will identify one
or more promoter modulators that modulate transcription
from this locus.
[0042] The Dkk3b reporter mouse provides two impor-
tant in vivo models. 1) Heterozygotes (Dkk3b+/CFP) ex-
press all three gene products from the Dkk3 locus,
DKK3a, DKK3b and CFP. These mice are used in define
the developmental timing and tissue distribution of
DKK3b in embryos, neonates and adults. DKK3b pro-
moter driven CFP is expected to show widespread dis-
tribution in tissues. 2) Homozygotes (Dkk3bCFP/CFP) are
functional knockouts that express DKK3a, but not
DKK3b, because the Dkk3b-promoter of both alleles has
been diverted to drive CFP expression. These Dkk3b
"knockout" mice, unlike the original Dkk3a knockout, lose
the DKK3b tumor suppressor and are expected to show
markedly increased cancer risk and potential develop-
mental abnormalities.

Methods and Procedures

Biological assays for cell proliferation, cell cycle, apop-
tosis and senescence

[0043] Cell proliferation is monitored using the WST-1
reagent according to manufacturer’s instructions. Cell
proliferation, cell cycle analysis, and apoptosis are con-
ducted using FACS analysis of BrdU tagged cells that
are post labeled with fluorescent antibodies directed
against epitope-tagged DKK3b and Annexin V (apopto-
sis). Alternatively, apoptosis are followed by TUNEL as-
says according to established methods in the laboratory.
Cell senescence is determined by β-galactosidase activ-
ity using commercially available kits. All analyses are
done in triplicate and repeated at least three times to
validate the data.

DKK3 cDNA constructs, plasmid, viral expression con-
structs and immunological probes

[0044] Gateway technology (Invitrogen) is used to gen-
erate entry plasmids harboring epitope tagged DKK3a
and DKK3b. This shuttle vector system permits the rapid
assembly of a wide repertoire of plasmid or viral expres-
sion vectors by λ phage-based recombination. Both con-
stitutive and tet-inducible destination vectors are used in
the laboratory. Gateway technology is also available to
shuttle PCR generated shRNAi into cells or tissues. A
complete collection of retroviral and lentiviral based shR-
NAi human and mouse libraries are available.

Deep Sequencing of DKK3b altered RNA libraries

[0045] Cells harboring tet-inducible DKK3a or DKK3b
are exposed to tetracycline and grown for up to 24 h.
Total RNA are isolated by Qiagen RNeasy columns and
poly A+ mRNA isolated by oligo-dT purification. Triplicate
mRNA-seq libraries from control (no tet), DKK3a and
DKK3b expressing cells are made using commercially
available kits.

Gene editing of the Dkk3b promoter locus

[0046] Dkk3b promoter targeted ZFN pair selection is
guided by methods developed by Wolfe. (Wolfe, et al.
2003 Biochemistry 42(46):13401-13409; Meng, et al.
2008 Nature biotechnology 26(6):695-701; Zhu, et al.
2011 Development 138(20):4555-4564.) cDNAs encod-
ing target ZFN pairs are synthesized de novo and cloned
into the pCS-Fok1 vector. ZFN target modification is done
in the isogenic C8 cell line and target specificity evaluated
using PCR. Validation of ZFN target modification are
done by Cel-1 assays, by single-stranded oligo homolo-
gous recombination (HR) repair and by HR-mediated in-
sertion of a floxed CFP reporter. (Chen, et al. 2011 Nature
methods 8(9):753-755.) Off-target ZFN activity are eval-
uated in silico and the top 3 off-target sites interrogated
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by PCR analysis. Validated ZFN pair(s) that edit the tar-
get region of the Dkk3b promoter and the HR based CFP-
pA cDNA construct are used to make Dkk3b reporter
mice.
[0047] In vitro synthesized ZFN mRNAs and the
Dkk3b-promoter targeted HR-pLox-CFP-pA-pLox repair
cDNA are injected into 50-75 fertilized C57BL/6 mouse
oocytes in the Transgenic Animal Modeling Core at
UMMS. Single cell embryos are implanted into surro-
gates and offspring are genotyped using Dkk3b-promot-
er specific PCR. Dkk3b-promoter gene edited mice are
expanded into two colonies: Dkk3b+/CFP heterozygotes
are bred for use in developmental and tissue distribution
studies, and Dkk3bCFP/CFP homozygotes are bred for
evaluation of tumor susceptibility of the Dkk3b knockout
mouse. If the loss of Dkk3b proves lethal, the basis for
lethality is then determined and the tissue-specific Cre
expression is used to excise the CFP reporter and restore
Dkk3b expression in the tissue(s) required for survival.
[0048] With identification and characterization of the
impact of a DKK3b:βTrCP complex on the biology of β-
catenin signaling and the tumor suppressor function of
DKK3b, the ability of DKK3b to "sequester" β-catenin,
arrest tumor cell growth and block TCF-driven prolifera-
tion/survival signals provides a straightforward mecha-
nism for tumor suppressor function. The unbiased, RNA-
seq, bioinformatics-based approach is used to identify
the affected target gene pathways. From these data, a
validated set of DKK3b reporter genes will be selected
(DK3RA) and used to monitor DKK3b function. Analysis
of the dynamics of DKK3b-induced shuttling of β-catenin
between different intracellular compartments is a
straightforward cell biology problem that is approached
by static and dynamic imaging paradigms. These data
provide basic information on what steps in the process
can be targeted for therapeutic intervention.
[0049] Additionally, generation of the DKK3b+/CFP re-
porter cell line and DKK3b+/CFP mouse models are inval-
uable for the study of tumorigenesis. Contemporary gene
editing strategies using ZFN technology significantly re-
duce the time required to develop testable biological
models. The C8Dkk3bCFP cells generated during the val-
idation process provide a significant value-added benefit-
they are useful to explore methods of Dkk3b promoter
activation and for the discovery of small molecules that
alter DKK3b expression. Production of the Dkk3b report-
er mouse is significantly more cost effective than tradi-
tional ES cell based homologous recombination strate-
gies and decrease the time to generate a viable mouse
model by >80%. Characterization of Dkk3b promoter
function can be directly applied to in vivo intervention of
the oncogenic process and to develop novel therapeutic
approaches to cancer.

Mechanistic analysis of DKK3b-induced JNK activa-
tion in prostate tumors

[0050] The JNK pathway is widely recognized as an

important regulator of tumor biology and serves as a key
cellular defense mechanism to prevent genetic instability
and the development of aneuploidy. (Kennedy, et al.
2003 Cell Cycle 2(3):199-201; Vivanco, et al. 2007 Can-
cer Cell 11(6):555-569; Whitmarsh, et al. 2007 Oncogene
26(22):3172-3184; MacCorkle, et al. 2004 J Biol Chem
279(38):40112-40121; Miyamoto-Yamasaki, et al. 2007
Cell Biol Int.;31(12):1501-1506; Nakaya, et al. 2009 Cell
Biochem Funct 27(7):468-472; Wang, et al. 2009 J Pathol
218(1):95-103.) Previous reports have shown that DKK3
over-expression in tumor cells increases JNK activity
leading to inhibition of cell proliferation and increased cell
loss mediated, in part, by apoptosis. (Edamura, et al.
2007 Cancer Gene Ther 14(9):765-772; Abarzua, et al.
2005 Cancer Res 65(21):9617-9622; Ikezoe, et al. 2004
Br J Cancer 90(10):2017-2024; Kawano, et al. 2006 On-
cogene 25(49):6528-6537.)
[0051] In our hands, DKK3b-dependent growth arrest
in DU145 prostate tumor cell requires, in part, the JNK
stress kinase pathway (FIG. 5A). While DKK3b halted
cell proliferation, TAT-JBD inhibition of JNK activity
blocked cell loss (FIG. 5A), suggesting that the JNK path-
way is required for cell loss. These results agree with our
observations that Jnk inhibits prostate tumor formation
in the well-established conditional Pten mouse model of
prostate cancer. PTEN (phosphatase and Tensin homol-
ogy) is a tumor suppressor commonly mutated in cancer
that recently was shown to have a direct role in preventing
chromosomal instability: ΔPten/ΔJnk mice lack PTEN
and JNK in prostate epithelium and develop more ag-
gressive cancer than animals lacking PTEN alone
(ΔPten) (FIG. 5C). (Baker 2007 Cell 128(1):25-28; Blan-
co-Aparicio, et al. 2007 Carcinogenesis
28(7):1379-1386; Trotman, et al. 2007 Cell
128(1):141-156; Yin, et al. 2008 Oncogene
27(41):5443-5453; Shen, et al. 2007 Cell
128(1):157-170; Puc, et al. 2005 Cancer
Cell;7(2):193-204; Wang, et al. 2003 Cancer Cell
4(3):209-221.) While this result clearly illustrates the role
for the JNK pathway in preventing this cancer, the bio-
logical processes that JNK regulates remain unclear.
Control of genetic instability represents a likely mecha-
nism for JNK function to prevent cancer. Preliminary
studies using murine embryonic fibroblasts (MEF) show
that loss of JNK expression dramatically increases chro-
mosomal instability and led to aneuploidy (FIG. 5B).
[0052] The increased genetic instability resulting from
the loss of JNK is responsible for the more aggressive
tumors in prostate epithelium (FIG. 5C). We propose that
DKK3b inhibits tumor growth, in part, by a JNK-depend-
ent manner in vivo. The invention provides the first mech-
anistic framework for understanding how the DKK3b-
JNK signaling axis prevents tumorigenesis and thus sig-
nificantly advances our understanding of the role of this
kinase pathway in human cancer.
Thus, the invention demonstrates a role for JNK in pre-
venting the genetic instability that promotes tumor for-
mation and defines the molecular connections between
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DKK3b and the JNK pathway.

Characterization of the DKK3b-JNK signaling axis in 
prostate cancer

[0053] Expression of DKK3 is lost in most prostate tu-
mors, and DKK3b is the biologically relevant tumor sup-
pressor from the Dkk3 locus. The JNK activating kinase
Mkk4 is also mutated in a subset of primary human pros-
tate tumors. (Whitmarsh, et al. 2007 Oncogene
26(22):3172-3184; Kim, et al. 2001 Cancer
Res;61(7):2833-2837; Taylor, et al. 2008 Cancer Lett
272(1):12-22.) However, it is unknown if loss of both gene
products synergize to generate a more severe cancer.
The invention establishes correlative and causative con-
nections between DKK3b and the JNK pathway that dem-
onstrate the importance of this signaling axis in prevent-
ing prostate cancer. Primary human prostate tumor sam-
ples representing a range of Gleason scores for expres-
sion of DKK3b, DKK3a, β-catenin, MKK4, MKK7 and JNK
and phospho-analogs are screened by immunocyto-
chemistry, qPCR, and immunoblot analysis. Expression
of the tumor suppressor PTEN is also screened to deter-
mine if the connections between the DKK3b and JNK
pathways require Pten mutations. We propose that tumor
severity is inversely related to DKK3b levels and directly
related to β-catenin nuclear localization, and the expres-
sion or activity of JNK, MKK4 and/or MKK7 is expected
to be inversely correlated with tumor severity.

Analysis of genetic instability in prostate epithelium

[0054] Genetic instability is associated with DNA
breaks, translocations and the development of aneuploi-
dy. The degree of genetic instability is determined in tis-
sue sections of prostates from ΔPten and ΔPten/ΔJnk
mice collected at several stages of tumor development
including when only PIN lesions are evident. The en-
hanced prostate tumorigenesis in ΔPten/ΔJnk mice indi-
cates that regulatory mechanisms that prevent uncon-
trolled cell growth (such as apoptosis or senescence) are
defective due to loss of JNK. Loss of these pathways
disconnects the DKK3b tumor suppressor from the ge-
nomic surveillance machinery and ultimately leads to
more aggressive tumor formation.

Tumor inhibition using lentivirus delivery of activated JNK 
or DKK3b

[0055] The idea is tested that prostate-specific expres-
sion of DKK3b or activated JNK inhibits PIN formation
and tumor growth in murine models of prostate cancer.
For these studies, murine models are modified to include
a prostate-specific luciferase reporter to visualize tumor
growth in living mice. Lentiviral delivery system is used
to express DKK3b and/or a constitutively active version
of JNK specifically under the control of the prostate-spe-
cific probasin promoter. (Vivanco, et al. 2007 Cancer Cell

11(6):555-569.) The effect of prostate-specific expres-
sion of DKK3b or active JNK on tumor growth is moni-
tored over time in live animals by evaluating expression
of the luciferase reporter.

Dependence of JNK for anti-tumor effects of DKK3b

[0056] Although DKK3b blocks cancer cell proliferation
ex vivo, through a mechanism that involves JNK, it is
unknown if this holds true in vivo. Gene replacement by
lentiviral constructs will be used to express both DKK3b
and TAT-JBD-a specific peptide inhibitor of JNK-in pros-
tate tumors of ΔPten/Luciferase reporter mice. The effect
of JNK inhibition on DKK3b function is evaluated by an-
alyzing PIN formation in sections of prostates from sac-
rificed mice and monitoring tumor regression over time
in live animals. We expect that loss of JNK activity will
lead to more PIN formation.

Molecular mechanism(s) of JNK activation by DKK3b

[0057] The activation of upstream kinases known to
lead to JNK phosphorylation is examined. The RNA-Seq
data set is queried to identify changes in gene expression
affecting pathways known to regulate JNK signaling. Mul-
tiplex ELISA is used to analyze changes in cytokine ex-
pression profiles that could lead to JNK activation. The
salient findings from our in vitro analysis are confirmed
in vivo using gene replacement/RNAi knockdown of can-
didate pathway members suspected of playing a role in
tumor regression and/or suppression of PIN formation.
For example, identification in vitro of a DKK3b-altered
MAPKKK or DKK3b-dependent production of JNK-acti-
vating cytokine(s) will be experimentally evaluated in tu-
mors expressing DKK3b.

Methods and Procedures

Laser scanning cytometry

[0058] Laser scanning cytometry is used to analyze
ploidy changes in prostate tumor cells from ΔPten and
ΔPten/ΔJnk mice. Because this method uses sections of
intact prostate, tissue architecture is preserved allowing
for the assessment of PIN formation. Prostate tissue sec-
tions are stained with antibodies to E-cadherin (to mark
stromal cells), N-cadherin/cadherin-11 (to mark tumor
cells) and propidium iodide to label DNA followed by anal-
ysis using laser scanning cytometry. Analysis of DNA
content in stromal cells (positive for E-cadherin but neg-
ative for N-cadherin and cadherin-11) serves as an in-
ternal control for the diploid cell population. The DNA
content of tumor cells (positive for N-cadherin and cad-
herin-11 and low levels of E-cadherin) is compared to
stromal cells to determine ploidy changes. Control ex-
periments include prostates from wild type, Pb-Cre,
Ptenf/f and Jnk1f/f/Jnk2-/- mice.
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Morphological methods

[0059] Standard immunohistochemical and immun-
ofluorescent techniques is used to analyze prostate tis-
sue morphology and the presence of DNA strand breaks
in ΔPten/ΔJnk mice. Prostate tissue sections are stained
with hematoxylin and eosin to reveal morphology. DNA
strand breaks is assessed using antibodies to phospho-
H2Ax and p53BP. Chromosomal rearrangements are
evaluated using the spectral karyotyping (SKY) tech-
nique. Cellular senescence is determined by assaying
the senescence marker β-galactosidase. Apoptosis is
evaluated by assessing the levels of nicked DNA using
the (TUNEL) assay and caspase-3 activity. Proliferation
is quantified using Ki67 or BrdU immunostaining. Pros-
tate tissue from wild type, Pb-Cre, Ptenf/f and
Jnk1f/f/Jnk2-/- mice serve as controls. Tumor sections will
be evaluated using confocal microscopy and fluorescent
images analyzed for statistical differences using Image
Pro Plus® software.

Analysis of human prostate tumor gene expression

[0060] Tumor specimens are obtained from the UMMS
Tissue Bank and represent various grades of tumor se-
verity based on Gleason scores. RNA is isolated from
tumor samples and screened for expression of DKK3b,
DKK3a, β-catenin, Pten, Mkk4, Mkk7 and Jnk using
qPCR assays and results confirmed using immunoblot
and/or immunocytochemistry to detect protein expres-
sion. These experiments establish, for the first time, a
correlative connection between DKK3b, the JNK path-
way, and prostate cancer severity. We expect an increas-
ing Gleason score to be positively correlated to the loss
of both Dkk3b and Mkk4 geneexpression. Alternatively,
mutational inactivation could functionally suppress
DKK3b and MKK4 activities. Therefore, the Dkk3 and
Mkk4/7 genes are sequenced to identify possible inacti-
vating mutations that do not affect overall expression.

Mouse models of prostate cancer

[0061] Our novel murine models of prostate cancer are
crossed to a prostate specific luciferase reporter mouse
strain and the progeny are used for these studies. Pros-
tate specific luciferase expression is directed by a trans-
gene that expresses the firefly luciferase gene under the
control of a probasin promoter modified to include two
androgen response elements (ARR2-Pb-Lux, (Ellwood-
Yen, et al. 2006 Cancer Res 66(21):10513-10516), here-
after as Lux). Lux reporter mice are crossed to our con-
ditional mice that lack expression of PTEN (ΔPten) or
PTEN and JNK (ΔPten/ΔJnk) in the prostate, generating
both Lux-ΔPten and Lux-ΔPten/ΔJnk strains for live ani-
mal imaging studies.

Construction and use of prostate-specific, lentiviral de-
livery system

[0062] Lentiviral constructs for prostate-specific ex-
pression of JNK, constitutively active JNK (a fusion be-
tween the upstream JNK activator MKK7 and JNK,
MKK7-JNK), a specific JNK inhibitor TAT-JBD (a fusion
protein of the JNK Binding Domain (JBD) of the JIP1
scaffolding protein appended to the HIV TAT sequence)
and DKK3b are constructed as detailed herein. Expres-
sion of all constructs is driven by the ARR2-Pb promoter
to ensure prostate specific expression and include an
epitope tag to facilitate detection of expressed proteins.
Lentiviral supernatants are administered to live animals
either by tail vein injection or alternatively, by direct in-
tratumoral injection. Preliminary control experiments us-
ing wild-type mice are done to optimize the percentage
of prostate cells infected through either mode of injection
using immunofluorescent microscopic analysis of pros-
tate sections stained with epitope specific antibodies.

Quantitation of tumor growth in live animals

[0063] The Lux-ΔPten and Lux-ΔPten/ΔJnk mouse
strains develop prostate tumors that express the firefly
luciferase reporter gene, allowing us to monitor tumori-
genesis in live animals. Sedated mice are injected with
the luciferase substrate, luciferin, and emitted light are
measured using the Xenogen® IVIS imaging system.
Both early stage primary lesions and metastases that
have spread to other organs can be visualized using this
system. Wild type Pb-Lux mice that lack tumors are used
as negative controls. Specific gene replaced mice
(DKK3b, MKK7-JNK and TAT-JBD) are imaged before
viral infection to establish a baseline for tumor size. Sub-
sequent images are collected weekly for 4 weeks to de-
termine the effect(s) of modulation of the DKK3b and JNK
pathways on tumor growth. Initial control studies are
done to optimize the time between luciferin injections and
live animal imaging. Additional control studies include
injection of an empty lentiviral construct.

Lentivirus production and delivery

[0064] Production and validation of concentrated len-
tiviral supernatants are done using standard protocols
established in our laboratories. Viral titers are determined
by limiting dilution and expression of the specific epitope-
tagged proteins will be determined by immunofluores-
cence techniques. Administration of lentiviral particles
are achieved by injection into the tail vein of mice twice
over two days. Alternatively, direct delivery of lentiviral
particles to the prostate of anesthetized mice are done
through a small incision in the peritoneum in the lower
abdomen. Approximately 10-20 ml of concentrated lenti-
viral stock (-108 particles) are injected into the prostate
and the wound closed using surgical sutures. Surgical
recovery of the animals is carefully monitored for signs
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of infection or other complications. Controls include an-
imals injected with PBS or empty lentivirons.

Assessment of prostatic intraepithelial neoplasia (PIN) 
lesions

[0065] Standard histochemical and immunological
staining techniques are employed to evaluate PIN lesion
development in our murine models of prostate cancer.
The prostate are harvested at time points spanning the
onset of disease to the beginning of tumor formation.
Serial sections of prostate tissue are prepared from par-
affin-embedded or frozen tissue blocks. One section are
stained with hematoxylin and eosin to identify the mor-
phological disruptions that characterize PIN lesions and
adjacent sections are used for immunological detection
of lentiviral-delivered gene products using epitope
tagged antibodies. The total number of PIN lesions and
the percentage of PIN lesions (if any) that express lenti-
viral delivered gene construct(s) are determined from at
least five mice at every time point.

Endpoint analysis of prostate tissue

[0066] For all experiments involving mice, prostate tis-
sue are harvested at the time of animal sacrifice. Para-
formaldehyde-fixed prostate tissue is processed to gen-
erate paraffin and frozen tissue sections for analysis of
PIN lesions, lentiviral-mediated gene expression and lu-
ciferase activity. Unfixed prostate tissue from additional
mice is used for transcript analysis using qPCR and for
determination of protein expression by either immunob-
lotting or multiplexed ELISA (luminex) assays. The small
size of prostates in mice that serves as negative controls
are in early stages of disease require pooled tissue to
generate enough material for all analyses.

Statistics and power analysis

[0067] The number of mice in each group is determined
by the statistical power required to detect significant, bi-
ologically relevant differences. A meaningful difference
in means between groups can be detected using t-test
assuming normality. The difference in means is ex-
pressed in units of standard deviation (which accounts
for the magnitude of inter-animal variability). With 8-10
mice in each group, differences can be detected between
means that are greater than 1.25 SD (since smaller dif-
ferences will not likely be biologically relevant) at a 0.05
significance level. We anticipate that increased Dkk3b
expression will result in statistically significant tumor
growth delay.
[0068] Most established tumors regardless of tissue
origin show evidence of genetic instability. While it is likely
that tumors from ΔPten/ΔJnk mice are genetically unsta-
ble, it is the analysis of the earliest events in tumorigen-
esis-the formation of PIN lesions-that prove fruitful re-
garding cause and effect. To overcome analytical limita-

tions due to the small size of early PIN lesions, we use
laser scanning cytometry. A primary advantage of laser
scanning cytometry is the retention of tissue architecture
allowing for the identification of PIN lesions based on
morphology rather than tumor antigen(s) expression.
This approach also overcomes the caveat that differenc-
es in cadherin expression may not occur in early PIN
lesions and/or that differential cadherin expression may
require JNK-dependent AP-1-mediated transcription.
Because tissue architecture is preserved in laser scan-
ning cytometry, other criteria such as androgen receptor
(AR) expression can be used to identify PIN lesions: nor-
mal prostate tissue shows a well-defined expression of
AR in a single layer of epithelial cells, whereas PIN le-
sions show disorganized, multi-layer AR expression.
[0069] Analyzing DNA strand breaks in early PIN le-
sions as well as late stage tumors using immunocyto-
chemisty and SKY, respectively, allows us to connect
increased DNA damage in PIN lesions to increased chro-
mosomal translocations in late-stage tumors. While it is
possible that we will not find differences in genetic insta-
bility between ΔPten and ΔPten/ΔJnk tumors on a per
cell basis, the data obtained will provide valuable infor-
mation because the frequency of appearance rather than
the degree of instability in affected cells may be the driv-
ing force that leads to increased prostate tumor formation
in ΔPten/ΔJnk animals. Such a result highlights the role
of the JNK pathway in maintaining genetic integrity.
[0070] Another potential concern is that limitations/de-
fects in upstream activators of JNK may prevent in-
creased JNK expression from affecting tumor growth. To
address this, we use the lentiviral delivery system to ex-
press a constitutively active MKK7-JNK fusion protein
that bypasses the need for upstream activating kinases.
This serves an important proof-of-concept test of our hy-
pothesis that increasing JNK activity levels inhibits tumor
growth, and sets the stage for additional experiments that
seek to increase endogenous JNK activity in tumors by
modulating the JNK pathway.
[0071] While we propose that DKK3b blocks cancer
cell growth, in part, through a JNK-dependent process,
it is just as possible that DKK3b also works through JNK-
independent mechanisms to inhibit cancer cell growth.
This possibility can be tested by expressing DKK3b in
tumors of ΔPten/ΔJnk mice. If no change in tumor status
occurs, then the protective function of DKK3b requires
JNK. Alternatively, DKK3b may induce a partial inhibition
of tumor growth in the absence of JNK suggesting the
existence of alternative JNK-independent pathways that
control tumor growth.
[0072] Finally, Lentiviral-mediated delivery of DKK3b
and JNK to prostate tissue presents potential concerns.
If tail vein delivery of lentiviral particles does not attain
levels of infection necessary to affect tumor growth using
of virus, uninfected tumor cells will continue to proliferate
and could, if present in sufficient numbers, mask any
growth inhibition offered by DKK3b/JNK. This pitfall is of
particular concern for experiments designed to regress
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established tumors. To address this problem, pilot stud-
ies are performed using a GFP reporter virus to determine
if tail vein injection yields sufficient prostate infection
rates. If tail vein injection of viral particles proves ineffi-
cient, viral particles are injected directly into the prostate
of anesthetized mice through a small incision made in
the abdomen. Initial control studies will determine vol-
ume/concentration of viral particles and the degree of
expression of exogenous proteins. Mice injected with
PBS and empty lentiviral particles are run in parallel as
additional controls for these experiments.

Relationship between DKK3b and triple negative 
breast tumor phenotypes

[0073] Like other epithelial cancers, DKK3b expres-
sion is altered in the mammary tumors in our mouse mod-
el (FIG. 6), and shows a cell specific, inverse relationship
with cytoplasmic β-catenin. This heterogeneity of DKK3b
and β-catenin expression was maintained in tumor-de-
rived cell lines indicating that different cohorts of tumor
resident cells can be isolated and their molecular de-
fect(s) characterized ex vivo (FIG. 7).
[0074] Loss of DKK3b may play an important role in
the formation and maintenance of so-called "triple neg-
ative" breast cancers (TNBC). ER, PR, Her2 triple-neg-
ative breast cancers are a class of aggressive tumors
with few, if any, options for treatment. To examine this,
two mouse models are employed to explore the evolution
of these tumors and the molecular details that contribute
to their aggressive nature. The first is our novel mouse
model (TBP) that mimics TNBC due to the loss of three
critical tumor suppressor pathways: Rb; BRCA1; and p53
that are affected in human TNBC. (Simin, et al. 2005 Cold
Spring Harb Symp Quant Biol 70:283-290; Kumar, et al.
2012 PLoS Genet. 8(11) e1003027; D’Amato, et al. 2011
PLoS One 7(9) e45684; Herschkowitz, et al. 2007 Ge-
nome Biol 8(5):R76.) Our global gene expression survey
of 13 mouse models revealed that the TBP mouse mim-
icked human TNBC. The second model, MMTV-Wnt1, is
a well-established model of breast cancer that also re-
sembles TNBC, and was exploited to study tumor-initi-
ating cells. We hypothesize that dys-regulated Wnt ac-
tivity contributes to the tumor phenotype, and targeting
this pathway with DKK3b will block tumor progression,
which will translate into significant clinical benefits for
breast cancer patients.
[0075] Since DKK3b suppresses tumorigenesis, in
part, by limiting the function of Wnt dependent tumor in-
itiating cells and this is novel and significant. Our finding
that DKK3b shows an inverse relationship with cytoplas-
mic β-catenin in mammary tumors is unprecedented and
clearly shifts the therapeutic paradigm to how DKK3b
functions to arrest tumor cell growth. Characterization of
the anti-tumor properties of DKK3b offers a novel thera-
peutic target with the promise for development of an ef-
fective rational treatment of a lethal class of aggressive
mammary tumors.

Evaluate the contribution of DKK3b expression to mam-
mary tumorigenesis

[0076] The Wnt ligand is a potent morphogen and mi-
togen that fosters tumor progression and the malignancy
of TBP tumors at multiple stages of development. The
time course of both β-catenin and DKK3b expression are
defined in tissue sections from mammary tumors, pulmo-
nary metastases, and MINs (mammary intraepithelial ne-
oplasias) of TBP and Wnt1 mice. Normal patterns of β-
catenin and DKK3b expression are assessed in wild type
control tissues. Tissue samples are examined using im-
munofluorescence, in situ hybridization, and multiplexed
ELISA of isolated tumor resident cells.
[0077] Cell sorting paradigms are used to enrich spe-
cific subsets of the heterogeneous tumor population us-
ing the cell surface markers CD49f, CD24 and CD61 that
label tumor-initiating cells. Alternatively, laser capture mi-
cro-dissection are used to isolate morphologically distinct
cell populations from TNBC tumors. Cells are isolated by
sorting or micro-dissection and characterized by qPCR,
multiplexed ELISA, immunoblot, and the DK3RA assay.
A minimum of 24 TBP and 24 Wnt1 tumors are system-
atically examined to establish the coincident or mutually
exclusive expression of β-catenin and DKK3b. Our initial
results showed high levels of DKK3b are associated with
low levels of cytoplasmic β-catenin within a single cell.
The clinical relevance of these tumor targets is corrobo-
rated by evaluating patient-derived specimens. Tumors
are examined ranging in grade and clinical marker status,
using sufficient numbers to establish statistically signifi-
cant associations, as we have published previously
(46-49) to define the phenotype(s) of different tumor res-
ident cells in TNBC tumors.

Examine the effects of altered DKK3b on mammary tu-
mor initiation

[0078] The effects of altered DKK3b expression on tu-
mor initiation are determined using Wnt1-transformed,
immortalized mouse mammary epithelial cells, NMuMG.
DKK3a failed to alter proliferation of NMuMG cells, like
PC3 and DU145 cells, while DKK3b slowed cell growth
(FIG. 8). NMuMG cells expressing the tet-inducible
DKK3b are transformed by Wnt1 and the effects of in-
creasing DKK3b on Wnt1-dependent tumor initiation
evaluated using soft agar cultures and tumorsphere for-
mation assays.
[0079] NMuMG cells do not form tumors unless trans-
formed by oncogenic signals such as the Wnt ligand.
Orthotopic transplants of tet-inducible, DKK3b-express-
ing NMuMG cells in NOD/SCID mice undergo transfor-
mation and the effect(s) of DKK3b on tumorigenesis eval-
uated in vivo. Resulting tumors are harvested and
DKK3b-dependent changes characterized by morpholo-
gy (H&E), proliferation (Ki67), apoptosis (TUNEL), β-cat-
enin distribution patterns (total cell and cytoplasmic/nu-
clear ratio) and LEF/TCF-regulated target genes, such
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as E-Cadherin, N-Cadherin, AXIN2, Cyclin D1 and c-
Myc. Since tumor-initiating cells are enriched by Wnt1
stimulation, FACS (CD49fhigh, CD24low, CD61+) are used
to isolate and quantify tumor-initiating cell populations.
(Cho, et al. 2008 Stem Cells 26(2):364-371; Vaillant, et
al. 2008 Cancer Res 68(19):7711-7717.) We expect that
increased levels of DKK3b will attenuate both tumor ini-
tiation and tumor maintenance.

Establish the impact of endogenous DKK3b on Wnt1-
induced mammary tumorigenesis in vivo

[0080] The conditional, loss-of-function Dkk3bCFP/CFP

reporter mouse is mated with MMTV-Wnt1 mice (JAX).
Importantly, the conditional deletion of Dkk3b can be re-
versed by co-expression of several mammary gland di-
rected (MMTV-, BLG-, WAP-) Cre recombinases. Our
hypothesis is that reduced DKK3b levels will aggravate
Wnt1-induced tumor development due to the unchecked
increase of cytoplasmic β-catenin. Tumor latency and
tumor phenotypes of the parent Dkk3bCFP/CFP (Dkk3b
knockout), MMTV-WNT1 (Dkk3b expressor), and
crossed Dkk3bCFP/CFP/MMTV-WNT1 (Dkk3b knockout,
tumor producers) and Dkk3bCFP/CFP/MMTV-
WNT1/MMTV-Cre) (Dkk3b restoration, tumor producer)
animals are compared. (Simin, et al. 2005 Cold Spring
Harb Symp Quant Biol 70:283-290; Herschkowitz, et al.
2007 Genome Biol 8(5):R76; Lu, et al. 2011 Mol Cancer
Res 9(4):430-439; Simin, et al. 2004 PLoS Biol 2(2):E22.)
In the simplest analysis, we anticipate mice lacking
DKK3b to have more tumors with faster onset, and the
Cre-repaired animals expressing DKK3b to have fewer
tumors with slower onset.

Determine the effects of altered DKK3b on the function 
of mammary tumor initiating cells

[0081] Primary cells derived from mammary tumors in
the TBP mouse with DKK3bhigh (MMTVWnt1:
Dkk3b+/CFP) and DKK3blow (MMTV-
Wnt1:Dkk3bCFP/CFP) expression patterns provide a
unique resource to evaluate the effect of DKK3b activity
on tumor-initiating cells. Using FACS sorted pools of high
and low DKK3b expressing cells from primary tumors,
the impact of DKK3b on tumor initiating capacities are
examined by ex vivo and in vivo assays. We expect
DKK3b high cells to suppress Wnt signaling at the level
of its intracellular transducer, β-catenin, and thereby re-
duce tumor initiation. In preliminary studies, we found
that inhibition of the Wnt pathway markedly reduced tu-
morsphere formation in five independent tumor derived
cell lines (FIG. 9).
[0082] The relationship between levels of DKK3b ex-
pression and the number of cells showing the tumor ini-
tiating cell phenotype (CD49:Fhigh, CD24low, CD61+) in
tumors are used to identify the impact of DKK3b on tumor-
initiating cells from the TBP mouse. The DKK3b and β-
catenin levels in flow-sorted cells are assayed by qPCR

and immunoblotting. We expect tumor-initiating cells to
have lower levels of DKK3b expression than the remain-
ing cell population.
[0083] Next, we will establish the basal tumor initiating
capacity of (CD49f+ , CD44+, CD24-, EpCAM+) sorted
primary human epithelial tumor cells. Cells will be pre-
pared from freshly harvested human tumor samples
(UMass Tumor Bank) and in vitro (soft agar/tumorsphere)
and in vivo (transplant) assays done as detailed above.
Sorted cell populations will be manipulated by viral de-
livery of Dkk3b cDNA (over-expression) or RNAi (knock-
down) and the impact altered DKK3b expression on tu-
morigenesis systematically determined.

Demonstrate that exogenous DKK3b expression in es-
tablished tumors causes tumor regression

[0084] Our murine model of transplanted cancer is
modified to include TBP-derived tumor cells that express
TCF-driven TOPFlash, and a tet-inducible DKK3b.
These reporter cells allow us to visualize Wnt stimulated
tumor growth in a living mouse. DKK3b expression are
induced by oral, IP, or direct tumor injection of tetracycline
at different stages of tumor growth and tumor size is mon-
itored by live animal imaging using the Xenogen® IVIS
imaging system. Using this approach we can directly re-
late DKK3b expression to pathway-specific changes in
tumor cell Wnt signaling and tumor regression. In vitro
pilot studies show that Wnt-dependent luciferase expres-
sion was repressed by blocking TCF signaling (FIG. 10).

Methods and Procedures

[0085] Histology. Standard immunohistochemical and
immunofluorescent techniques are used to analyze
mammary tissue morphology as detailed herein.
[0086] FACS. Markers of tumor initiating cells have
been reported for mice (CD49fhigh, CD24low, CD61+) and
human breast cancers (CD49f+, CD44+, CD24-, Ep-
CAM+). All antibodies are commercially available.
[0087] Tumorsphere assay. Tumor cells are grown in
non-adherent conditions (ultra low attachment plates,
Corning) in defined medium containing EGF and FGF.
Mouse tumorsphere-forming units (TFU) are determined
by counting. (Liu, et al. 2007 Cancer research
67(18):8671-8681.) The time to generation and the total
number of tumorspheres are the two parameters used
as the assay readout.
[0088] Cell suspension and transplantation. To explore
the ability of DKK3b to regress established tumors, a key
property of any therapeutic target, TBP cells harboring a
TCF-driven TOPFlash reporter are generated that ex-
press DKK3b or GFP (control) under control of a tetra-
cycline-inducible promoter. Cells are injected into the
mammary fat pads of syngeneic (FVB) recipient mice. A
TBP cell line is also produced that also carries a stably
integrated TOPFlash luciferase reporter (M50 Super
8xTOPFlash), driven by eight copies of the optimized
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TCF-binding element (FIG. 10).
[0089] For transplantation, 1x106 cells are mixed 1:1
with Matrigel and injected into the #2 mammary gland of
recipient 7-8 week old FVB mice. Tetracycline is given
by the drinking water, IP injection, direct tumor injection,
based on the optimal delivery method, when tumors
reach 0.5 cm in diameter as measured using calipers.
Tumor growth is monitored weekly by Xenogen® IVIS
imaging system as detailed herein. When control tumors
reach -1.5 cm in diameter, tumors will be excised and
DKK3b affected signaling pathways characterized. Pow-
er calculations indicated that groups of 10-11 injected
mice for each cell line are sufficient to achieve statistically
significant results.
[0090] Statistics and power analysis. Statistical meth-
ods and power analyses are described herein.
[0091] Interrupting Wnt signaling by reducing the fold-
change of cytoplasmic β-catenin has important transla-
tional implications as a novel regulatory pathway that can
halt expansion of the mammary tumor-initiating cell.
From this point of view, re-expression of DKK3b, either
by in situ activation through its native promoter or by
transfection of Dkk3b cDNA will attenuate anchorage-
independent growth of mammary epithelial cells and
block formation of tumorspheres, a property correlated
with in vivo tumor initiation capacity. (Liu, et al. 2007 Can-
cer research 67(18):8671-8681.) The experiments de-
scribed are straightforward in design, validated by assay,
and provide the experimental foundation for the thera-
peutic application of DKK3b for tumor regression. In the
in vivo experiments, we expect loss of DKK3b to aggra-
vate Wnt1 tumorigenesis, but this requires inactivation
of both alleles that may have untoward consequences.
To avoid this, tumor specific DKK3b knockdown is done
by tumor delivery of lentiviral siRNA, a means of gener-
ating tissue targeted DKK3b deletion mutants for analysis
of Wnt1-based tumor evolution.

ZFN-based gene editing in producing DKK3b report-
er mouse and any promoter function studies

[0092] The zinc-finger nuclease (ZFN)-based gene ed-
iting approach is used to produce a Dkk3b reporter
mouse by redirecting the DKK3b promoter to drive ex-
pression of a fluorescent reporter (FIG. 4).
[0093] During validation of the ZFN pairs, gene-edited,
Dkk3b-promoter driven CFP C8 (C8Dkk3bCFP+/-) cells
are generated by default. The C8 astrocyte is an immortal
cell line with suppressed Dkk3 gene expression and can
be used to explore the cellular event(s) impacted by
DKK3b without the confounding impact of aneuploidy/
polyploidy and the genetic instability inherent in tumor
cell lines. Moreover, this cell line is an invaluable resource
for promoter function studies. Systematic functional anal-
ysis of the Dkk3b promoter is done to identify individual
Dkk3b promoter elements using CFP expression as the
endpoint and in silico analysis (TranFac, Genomatrix al-
gorithms) of promoter element(s). One or more promoter

modulators that increase transcription from this locus are
identified using this promoter surveillance approach.
[0094] The gene edited Dkk3b locus is markedly "si-
lenced" by hypermethylation in the immortalized C8 cells.
Methylase inhibitors and deacetylation activators were
used to increase expression from this promoter. As
shown in FIG. 12, the gene edited C8Dkk3bCFP+/- cells
expressed weak CFP signals, while inhibition of methyl-
ation markedly increased reporter expression. These da-
ta validate the ZFN targeting strategy, confirm CFP in-
sertion and show that methylase inhibitors can derepress
the "silenced" DKK3 promoter.

DKK3b fusion protein and effects on beta-catenin de-
pendent gene expression, cell proliferation and me-
tastasis

[0095] Small membrane transduction domains (MTD)
are fused to the N-terminus of DKK3b to produce a bio-
available fusion protein using published methods. (Na-
gahara, et al. 1998 Nature medicine 4(12):1449-52.). A
TAT-DKK3b fusion construct was assembled and puri-
fied the fusion protein from urea-denatured bacterial
lysates using Ni-NTA resins. FIG. 13A shows the epitope
domains of the TAT-DKK3b fusion protein. As shown in
FIG. 13B, a 5 min treatment of Wnt-stimulated NMuMG
and HEK293T cells with TAT-DKK3b (≥40 fg/cell) si-
lenced β-catenin-dependent TCF-, E2F- and RelA-driven
gene expression and restored expression of β-catenin-
suppressed markers of cellular differentiation, E-cadher-
in and Elf3 (FIG. 13B). The data in FIG. 14 shows that
TAT-DKK3b treatment had no effect on untransformed
NMuMG cells, but arrested cell proliferation of Wnt-stim-
ulated cells. TAT-DKK3b also blocked migration of the
highly invasive human MDA-MB-231 breast cancer cells.
These data show that the bacterially expressed, mem-
brane-permeant DKK3b retains all of the anti-cancer
properties of native DKK3b.
[0096] The TAT-HA-DKK3b fusion protein used in ini-
tial studies included epitope tags and ancillary sequence
that comprised almost 25% of the fusion protein and are
undesirable in a therapeutic product. To reduce anti-
genicity and eliminate unnecessary sequence, the TAT-
HA cassette is replaced with an 11 residue long synthetic
MTD reported to increase membrane permeability by >30
fold reduce/eliminate antigenicity and to extend the bio-
logical half-life of the encoded fusion protein. The opti-
mized MTD-DKK3b will retain the polyHistidine tag for
purification of the MTD-DKK3b under denaturing condi-
tions.
[0097] Optimize conditions for production of MTD-
DKK3b in bacteria. Small cultures of the individual
pMTD-DKK3b constructs are prepared in IPTG-induci-
ble, T7 polymerase expressing E. coli. IPTG-induc-
tion/growth conditions are chosen so that >90% of the
MTD-DKK3b is localized to inclusion bodies. Bacterial
cells are urea extracted, MTD-DKK3b purified by Ni++
affinity isolation and then formulated without urea. MTD-
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DKK3b expression levels are evaluated by immunoblot
analysis using anti-polyHis or anti-DKK3b antibodies.
Purified candidate MTD-DKK3bs are tested for purity by
SDS-PAGE and SEC-HPLC, and for bioactivity using re-
porter cell lines that secrete β-catenin dependent report-
ers into the growth medium (see below). The optimal
clone are used to produce a Master Cell Bank for future
clinical development.
[0098] Develop purification scheme for unfolded
MTD-DKK3b using GMP standards. Bacterial cell lysis
and isolation of the MTD-DKK3b from inclusion bodies
are systematically optimized. The concentration of de-
naturants, urea and/or chaotropic salts, lytic conditions
and cleanup steps are systemically examined. Urea con-
centrations are optimized for maximum recovery of the
fusion protein while minimizing the urea content of the
extraction buffers for ease of purification scalability.
[0099] Urea extracted proteins are affinity purified on
Ni++ resins and eluted with imidazole in buffered urea.
Urea is then rapidly removed to minimize refolding of the
MTD-DKK3b fusion protein. Optimization of purification
at this stage primarily involves investigation of washing
steps while the protein is bound to the Ni++ resin with
variable wash buffer pH and imidazole concentrations.
A key parameter at this stage is the reduction of contam-
ination. Bioactivity of the purified MTD-DKK3b is evalu-
ated β-catenin dependent reporter cell lines. Refolding
and aggregation are monitored by fluorescent dye bind-
ing.
[0100] Further information on assembly of TAT/PTD
DKK3b are provided in FIGs. 15-22.
[0101] In this specification and the appended claims,
the singular forms "a," "an," and "the" include plural ref-
erence, unless the context clearly dictates otherwise.
[0102] Unless defined otherwise, all technical and sci-
entific terms used herein have the same meaning as com-
monly understood by one of ordinary skill in the art. Al-
though any methods and materials similar or equivalent
to those described herein can also be used in the practice
or testing of the present disclosure, the preferred meth-
ods and materials are now described. Methods recited
herein may be carried out in any order that is logically
possible, in addition to a particular order disclosed.

Incorporation by Reference

[0103] References and citations to other documents,
such as patents, patent applications, patent publications,
journals, books, papers, web contents, have been made
in this disclosure. All such documents are hereby incor-
porated herein by reference in their entirety for all pur-
poses. Any material, or portion thereof, that is said to be
incorporated by reference herein, but which conflicts with
existing definitions, statements, or other disclosure ma-
terial explicitly set forth herein is only incorporated to the
extent that no conflict arises between that incorporated
material and the present disclosure material. In the event
of a conflict, the conflict is to be resolved in favor of the

present disclosure as the preferred disclosure.

Equivalents

[0104] The representative examples are intended to
help illustrate the invention, and are not intended to, nor
should they be construed to, limit the scope of the inven-
tion. Indeed, various modifications of the invention and
many further embodiments thereof, in addition to those
shown and described herein, will become apparent to
those skilled in the art from the full contents of this doc-
ument, including the examples and the references to the
scientific and patent literature included herein. The ex-
amples contain important additional information, exem-
plification and guidance that can be adapted to the prac-
tice of this invention in its various embodiments and
equivalents thereof.
The invention is characterized by the following items:

1. An isolated human DKK3b protein.
2. An isolated recombinant human DKK3b protein.
3. A host cell transformed with an isolated recom-
binant human DKK3b protein.
4. An isolated nucleic acid molecule comprising a
polynucleotide sequence that encodes DKK3b pro-
tein.
5. A recombinant virus genetically modified to ex-
press human DKK3b protein.
6. A recombinant transgene comprising a polynucle-
otide that encodes DKK3b protein.
7. A pharmaceutical composition comprising a re-
combinant virus genetically modified to express hu-
man DKK3b protein and a pharmaceutically accept-
able carrier.
8. A method for treating cancer or inhibiting tumor
progression in a subject in need thereof, comprising
administering to the subject a pharmaceutical com-
position comprising a recombinant virus genetically
modified to express human DKK3b protein and a
pharmaceutically acceptable carrier.
9. The method of Claim 8, wherein the cancer is se-
lected from the group consisting of carcinoma, lym-
phoma, blastoma, sarcoma, liposarcoma, neuroen-
docrine tumor, mesothelioma, schwanoma, menin-
gioma, adenocarcinoma, melanoma, leukemia, lym-
phoid malignancy, squamous cell cancer, epithelial
squamous cell cancer, lung cancer, small-cell lung
cancer, non-small cell lung cancer, adenocarcinoma
of the lung, squamous carcinoma of the lung, cancer
of the peritoneum, hepatocellular cancer, gastric or
stomach cancer, gastrointestinal cancer, pancreatic
cancer, glioblastoma, cervical cancer, ovarian can-
cer, liver cancer, bladder cancer, hepatoma, breast
cancer, colon cancer, rectal cancer, colorectal can-
cer, endometrial or uterine carcinoma, salivary gland
carcinoma, kidney or renal cancer, prostate cancer,
vulval cancer, thyroid cancer, hepatic carcinoma,
anal carcinoma, penile carcinoma, testicular cancer,
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esophageal cancer, a tumor of the biliary tract, and
head and neck cancer.
10. The method of Item 8, wherein the cancer or
tumor is that of breast.
11. The method of Item 8, wherein the cancer or
tumor is that of prostate.
12. A pharmaceutical composition comprising hu-
man DKK3b protein and a pharmaceutically accept-
able carrier.
13. A method for treating cancer or inhibiting tumor
progression in a subject in need thereof, comprising
administering to the subject a pharmaceutical com-
position comprising DKK3b protein.
14. The method of Item 13, wherein the cancer is
selected from the group consisting of carcinoma,
lymphoma, blastoma, sarcoma, liposarcoma, neu-
roendocrine tumor, mesothelioma, schwanoma,
meningioma, adenocarcinoma, melanoma, leuke-
mia, lymphoid malignancy, squamous cell cancer,
epithelial squamous cell cancer, lung cancer, small-
cell lung cancer, non-small cell lung cancer, adeno-
carcinoma of the lung, squamous carcinoma of the
lung, cancer of the peritoneum, hepatocellular can-
cer, gastric or stomach cancer, gastrointestinal can-
cer, pancreatic cancer, glioblastoma, cervical can-
cer, ovarian cancer, liver cancer, bladder cancer,
hepatoma, breast cancer, colon cancer, rectal can-
cer, colorectal cancer, endometrial or uterine carci-
noma, salivary gland carcinoma, kidney or renal can-
cer, prostate cancer, vulval cancer, thyroid cancer,
hepatic carcinoma, anal carcinoma, penile carcino-
ma, testicular cancer, esophageal cancer, a tumor
of the biliary tract, and head and neck cancer.
15. The method of Item 13, wherein the cancer or
tumor is that of breast.
16. The method of Item 13, wherein the cancer or
tumor is that of prostate.
17. A method for inducing a tumor-suppression effect
in a subject in need thereof, comprising administer-
ing to the subject a pharmaceutical composition
comprising DKK3b protein.

Claims

1. A fusion protein comprising human Dickkopf-3b
(DKK3b) protein, which is encoded by exons 3-8 of
the DKK3 gene locus.

2. The fusion protein of claim 1, being a fusion of mem-
brane transduction domains (MTD) to the N-termi-
nus of DKK3b protein, which is encoded by exons
3-8 of the DKK3 gene locus, or MTD-DKK3b.

3. The fusion protein of claim 1 or 2, prepared in a eu-
karyotic cell line.

4. The fusion protein of claim 1 or 2, prepared in

prokaryotic cell line.

5. The fusion protein of any of claims 1-4, being sub-
stantially purified.

6. A pharmaceutical composition comprising a fusion
protein of human Dickkopf-3b (DKK3b) protein,
which is encoded by exons 3-8 of the DKK3 gene
locus, and a pharmaceutically acceptable carrier.

7. The pharmaceutical composition of claim 6, wherein
the fusion protein is membrane transduction do-
mains (MTD) fused to the N-terminus of DKK3b pro-
tein, which is encoded by exons 3-8 of the DKK3
gene locus, or MTD-DKK3b.

8. A pharmaceutical composition comprising a fusion
protein of human Dickkopf-3b (DKK3b) protein,
which is encoded by exons 3-8 of the DKK3 gene
locus, and optionally a pharmaceutically acceptable
carrier, for use in the treatment of cancer or inhibiting
tumor progression in a subject in need thereof.

9. The pharmaceutical composition for use of claim 8,
wherein the fusion protein is membrane transduction
domains (MTD) fused to the N-terminus of DKK3b
protein, which is encoded by exons 3-8 of the DKK3
gene locus, or MTD-DKK3b.

10. The pharmaceutical composition for use of Claim 8
or 9, wherein the cancer is selected from the group
consisting of carcinoma, lymphoma, blastoma, sar-
coma, liposarcoma, neuroendocrine tumor, mes-
othelioma, schwanoma, meningioma, adenocarci-
noma, melanoma, leukemia, lymphoid malignancy,
squamous cell cancer, epithelial squamous cell can-
cer, lung cancer, small-cell lung cancer, non-small
cell lung cancer, adenocarcinoma of the lung, squa-
mous carcinoma of the lung, cancer of the peritone-
um, hepatocellular cancer, gastric or stomach can-
cer, gastrointestinal cancer, pancreatic cancer,
glioblastoma, cervical cancer, ovarian cancer, liver
cancer, bladder cancer, hepatoma, breast cancer,
colon cancer, rectal cancer, colorectal cancer, en-
dometrial or uterine carcinoma, salivary gland carci-
noma, kidney or renal cancer, prostate cancer, vulval
cancer, thyroid cancer, hepatic carcinoma, anal car-
cinoma, penile carcinoma, testicular cancer, es-
ophageal cancer, a tumor of the biliary tract, and
head and neck cancer.

11. The pharmaceutical composition for use of Claim 10,
wherein the cancer or tumor is that of breast.

12. The pharmaceutical composition for use of Claim 10,
wherein the cancer or tumor is that of prostate.
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