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1. ABSTRACT

The body of scientific literature linking Wnts and
Wnt-associated proteins to human disease processes
continues to grow in parallel with new discoveries from
basic science laboratories that further characterize the
elaborate cellular events following the binding of Wnts to
their receptors. While Wnt-mediated signaling has long
been known to play a major role in human carcinogenesis,
accumulating evidence indicates that Wnts are also
important mediators of inflammation and recovery from
injury. The binding of secreted Wnt ligands to their
receptors offers an attractive and accessible target for
therapeutic regulation of these signaling pathways. Several
promising preliminary studies have already addressed
potential avenues for the manipulation of Wnt signaling in
disease processes. This review will focus on disease
processes involving the regulation of Wnt signaling at the
level of Wnt binding to its target receptors. Wnt proteins,
Wnt receptors, and secreted Wnt inhibitors are attractive as
potential therapeutic agents and targets due to their
extracellular location. In addition, since Wnt signaling
results in a diverse array of downstream intracellular
events, many of which are not fully understood, the
targeting of this pathway at the most upstream site of
pathway activation also provides a strategic advantage for
therapy. As the list of Wnt-related diseases continues to
grow, advances in our understanding of the biochemical
and molecular mechanisms underlying Wnt signaling may
ultimately translate into innovative ways to treat Wnt-
related disease processes in patients.
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2. INTRODUCTION

2.1. From frogs and flies to human disease — a brief
history of Wnts

The term ‘translational research’ was developed
to connote the process whereby basic science bench
research leads to breakthroughs that can be applied in
clinical medicine. The development of the Wnt signaling
field provides a classic example of how basic science
research on fundamental cellular problems can ultimately
provide ideas for therapeutic interventions in human
disease. While the Wnt signaling pathway may not be
familiar to many clinicians, it is well known in the field of
developmental biology, where most of the initial studies
characterizing this pathway were made. When the field of
Wnt signaling first started, research focused on the
embryonic development of organisms like Drosophila,
Caenorhabditis elegans, the sea urchin, the chick embryo,
and Xenopus. The subsequent progression of the Wnt
signaling field has led to the understanding that these
proteins play an important part in human development and
human disease processes.

All of the important findings in the field of Wnt
research have occurred within the last two decades, and
would not have been possible without powerful models like
Drosophila and Xenopus. In 1987, investigators sequenced
a Drosophila gene known as “wingless”(Wg) and noted
that it was identical to the murine mammary oncogene int-
1, thus giving rise to the “Wnt” family of related proteins
(1, 2). It was clear from the phenotype of Wg/Wnt flies
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Table 1. Recent strategies targeting Wnts, Wnt receptors and the ligand-receptor interaction in human disease models

PROTEIN | Disease condition Effect

Wntl Sarcoma Blocking Ab, siRNA induce tumor cell apoptosis (42)

Wntl Colon cancer Blocking Ab, siRNA induce tumor cell apoptosis (44)

Wntl Breast cancer Blocking Ab, siRNA induce tumor cell apoptosis (43)

Wntl Squamous cell carcinoma Blocking Ab reduced proliferation, induced apoptosis (46)

Wnt2 Mesothelioma Blocking Ab potentiates cell death with adjunct chemotherapy in vitro (48)

Wnt2 Malignant melanoma Blocking Ab suppressed in vivo tumor growth (47)

Wnt2 Non-small cell lung cancer Blocking Ab, siRNA induce tumor cell death (45)

Wnt5a Thyroid cancer Overexpression reduces proliferation, invasion (49)

Wnt7a Non-small cell lung cancer Overexpression reversed transformation (50)

Wntl6 Acute lymphoblastoid leukemia | Blocking Ab, siRNA increased tumor cell apoptosis (41)

FZD5 Metastatic melanoma Blocking Ab decreased motility (23)

FZD5 Rheumatoid arthritis Blocking Ab inhibited inflammatory cytokines (40)

FZD7 hepatocellular carcinoma Dominant-negative FZD7 reduced cell motility (61)

FZD7 Colon cancer cell line FZD7 ectodomain attenuated in vivo tumor growth (57)

FZD9 Non-small cell lung cancer Overexpression restored sensitivity to Wnt7a-mediated reversal of
anchorage-independent growth (50)

FZD10 Synovial sarcoma Blocking Ab, siRNA inhibited tumor growth in vivo (55)

EPHB Prostate cancer Overexpression attenuated cell growth (63)

sFRP1 Bone remodeling Blocking Ab, siRNA enhanced osteoclast formation (68)

sFRP1,2,5 Colon cancer Overexpression attenuates beta-catenin signaling (69)

sFRP4 Renal injury Recombinant protein decreased fibrosis in vivo (65)

sFRP4 Mesothelioma Overexpression induces tumor cell apoptosis (71)

DKK1 Mesothelioma Overexpression induces tumor cell apoptosis (75)

DKK1 Alzheimer’s disease siRNA decreased tau phosphorylation (73)

DKK1 Ischemic neuronal injury in vivo siRNA protected neurons during ischemia (74)

that this family of genes played an important role in
embryogenesis, determining the patterning and polarity of
cells in the developing fly embryo. In 1989, evidence for
the role of Wnts in vertebrate embryogenesis came from
revealing studies showing that injection of Wnt mRNA into
Xenopus embryos resulted in duplication of the embryonic
axis, confirming a critical role for Wnts in the vertebrate
embryonic patterning (3). A seminal paper published in
1990 demonstrated that in Drosophila, the Wg/Wnt gene
product regulated the expression of another protein known
as Armadillo, which is the Drosophila homolog of the
mammalian protein beta-catenin (4). One year later,
investigators characterized the Armadillo/beta-catenin
protein as a component of adherens junctions (5). In 1993,
two groups simultaneously made the observation that beta-
catenin associated with the APC (adenomatous polyposis
coli) protein (6, 7).  Since APC was known to play an
important role in familial adenomatous polyposis, the
association with beta-catenin implied a role for cell
adhesion in tumor formation.

In 1995, studies in Xenopus demonstrated that
certain domains of beta-catenin could not only have
signaling roles independent of cell adhesion, but also lead
to duplication of the embryonic axis upon overexpression,
similar to Wnts (8). These studies made the initial link
between Wnts and beta-catenin, but the mechanism
underlying this association was still unclear. It was
suspected from genetic studies that Wnts could be acting as
soluble factors that bound to receptors. This hypothesis
was confirmed in 1996 with the finding that the Drosophila
and rat Frizzled (FZD) proteins could act as a Wnt receptor
(9, 10). In addition, these studies also demonstrated that
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Drosophila cells expressing FZD respond to Wnt by
increasing levels of beta-catenin (9, 10). These findings
from Drosophila and Xenopus development formed the
cornerstone of what we now know to be a highly-conserved
signaling pathway that plays a critical role in many cell
processes.

Because the mammalian homolog of Wnt was
oncogenic, most of the initial studies relating Wnt signaling
to human disease focused on carcinogenesis.  The
subsequent identification of other components of the Wnt
signaling pathway confirmed that perturbations in this
pathway had important consequences for tumor formation.
Recent studies have made it clear that Wnt signaling is also
important for other processes including inflammation and
healing.  With the development of microarray and
proteomic technology, the role of Wnts in different diseases
is being continually updated and refined (11). The result
has been intense scrutinization of this pathway as a target
for therapeutic intervention. While there are already recent
reviews highlighting the importance of Wnts in human
disease and therapies, this review will focus on recent
experimental findings demonstrating promise for the
therapeutic targeting of Wnt signaling via modulation of
Wnts, Wnt receptors, and the receptor-ligand interaction
(11). A list of the diseases discussed in this review is
included in Table 1.

2.2. Interaction between Wnts and cell surface receptors

Despite over twenty years of intense
investigation, it was only recently that Wnt proteins were
purified and found to be not only highly glycosylated, but
also palmitoylated (12). There have been 19 members of
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the Wnt family identified from mammals, many of which
have distinct patterns of expression in both embryos and
adults. Studies have also identified several cell surface
proteins that can act as Wnt receptors. To this day, model
organisms continue to play an integral role in the
characterization of proteins involved in Wnt signaling.
2.2.1. Wnt receptors that activate beta-catenin
signaling: FZD and LRP

In the Wnt/beta-catenin pathway, which is the best-
studied model of Wnt signaling, secreted Wnts bind to proteins
of the FZD family, which by sequence are predicted to be
members of the seven transmembrane-spanning family of
serpentine receptors that classically couple to G protein
pathways (2). Both genetic and biochemical studies have led
to the universally accepted view that FZD proteins function as
the primary receptors for Wnt proteins. Binding of Wnts to
FZD triggers a series of events resulting in activation of the
intracellular phosphoprotein Dishevelled (DVL), which
consequently inhibits the destruction of beta-catenin. As beta-
catenin accumulates, it translocates to the nucleus where it
interacts with members of the TCF and LEF family of
transcription factors to regulate the expression of certain beta-
catenin-responsive target genes. The downstream events that
follow Wnt/FZD binding are reviewed extensively elsewhere
in greater detail, and this review will focus primarily on events
related to Wnts and their binding to cell surface receptors.

Activation of the Wnt/beta-catenin pathway by
Wnt/FZD also involves a class of co-receptors from the LRP
(low-density lipoprotein receptor-related protein) family of
single transmembrane receptors (13). Both FZD and LRP are
essential for Wnt/beta-catenin signaling. Recent evidence
demonstrated that Wnt binds the extracellular domain of both
FZD and LRP, suggesting that the cross-linking of these two
receptors by Wnt may trigger the intracellular events that lead
to beta-catenin signaling (14). Activation of the Wnt/beta-
catenin pathway results in cellular responses related to cell
proliferation, cell fate, and differentiation.

2.2.2. Wnt receptors that activate beta-catenin-
independent signaling pathways

The binding of certain Wnt subtypes to certain
receptors, including FZD, can also trigger less-understood
pathways, commonly termed beta-catenin-independent
pathways, that proceed via a variety of different signaling
intermediaries (15, 16). One pathway, termed the Wnt/Ca
pathway in vertebrates, is thought to involve increased
intracellular calcium and activation of protein kinase C (PKC)
(15). Another pathway regulates planar cell polarity (PCP) in
Drosophila, and has been called the Wnt/PCP pathway (16).
Evidence suggests that there is substantial overlap between the
Wnt/Ca and the Wnt/PCP pathways, particularly since proteins
involved in the Wnt/PCP pathway in Drosophila appear to be
important components of the Wnt/Ca pathway in vertebrates
(15). However, it is still unclear in vertebrates whether these
pathways are truly distinct or whether they represent
components of the same signaling cascade (16). In addition to
FZD, several other receptors have been implicated in
triggering  beta-catenin-independent ~ Wnt  signaling,
including ROR2 (receptor tyrosine kinase-like orphan
receptor 2), MuSK (muscle, skeletal, receptor tyrosine
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kinase), RYK (RYK receptor-like tyrosine kinase) and
EPHB (ELK-related tyrosine kinase) (17). The
intracellular events triggered by the binding of Wnts to
these receptors have not been clarified, although the
activation of beta-catenin-independent pathways clearly
plays pivotal roles in the regulation of cell polarity, cell
motility, cell migration, and axonal development.

2.2.3. Regulation of Wnt signaling

The activation of both the Wnt/beta-catenin
pathway as well as the Wnt/Ca pathway following Wnt
binding led to three further interesting observations that
have ramifications regarding therapeutic intervention.
First, although specific Wnt isoforms seem to
predominantly signal through one specific pathway in a
specific context, it has been demonstrated that at least some
Wnt isoforms are capable of coupling to both the Wnt/beta-
catenin and the Wnt/Ca pathways, and thus Wnt isoforms
cannot be readily assigned to a specific signaling pathway
(18, 19). Second, it appears that activation of beta-catenin-
independent Wnt signaling can actually antagonize
activation of the Wnt/beta-catenin pathway, suggesting that
activation of one pathway could potentially be utilized as a tool
to manipulate the other (20). Third, despite this potential
antagonism, the activation of both pathways can be seen within
the context of certain biological processes. For example, in the
case of melanoma, activation of the Wnt/beta-catenin pathway
can be linked to tumorigenesis, transformation and cell
proliferation, which is consistent with the role of this pathway
in determination of cell fate and cell growth during embryonic
development (21, 22). Activation of the Wnt/Ca pathway in
melanoma, specifically via the WntSA isoform, has been
linked to metastasis, potentially mirroring the observed role of
the Wnt/Ca pathway in regulating cell motility during
gastrulation (16, 23). The distinct roles for Wnts during
different stages of cancer cell evolution could account for the
observation that WntSA acts in some instances as a tumor
suppressor, potentially by antagonizing Wnt/beta-catenin
signaling in early tumorigenesis, while in other instances
acting as a promoter of metastasis in later stages of
tumorigenesis (23, 24).

Wnts are also regulated by other extracellular
proteins that act as Wnt antagonists. These antagonists,
which include DKK (Dickkopf) and sFRPs (secreted FZD-
related proteins), help to titrate secreted Wnts and prevent
pathway activation below a certain threshold (see figure 1).
DKK is a secreted protein that interferes with Wnt/beta-
catenin signaling via binding to the Wnt co-receptor LRP6
(29). The sFRPs contain a cysteine-rich domain
homologous to the Wnt-binding domain of FZD, and
interfere with Wnt signaling by competing for binding to
Wnt ligand (26, 27). The role of these secreted proteins in
the regulation of Wnt-receptor interactions makes them
another potential site for therapeutic intervention.

3. POTENTIAL THERAPIES
PROTEINS

INVOLVING Wnt

Therapeutic intervention with Wnt proteins has
been limited in part by two major factors. First, the
purification of Wnts has proven particularly challenging,
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Figure 1. A summary of the extracellular interactions between Wnts, Wnt receptors and Wnt regulatory proteins. This simplified
representation of the known extracellular interactions governing Wnt signaling depicts how secreted Wnt ligands can interact
with receptors that trigger either the Wnt/beta-catenin pathway or other pathways like the Wnt/Ca pathway that act via other
signaling mediators. As indicated in the figure, activation of Wnt/Ca receptors can inhibit the Wnt/beta-catenin pathway. The
portrayal of RYK reflects data suggesting that this receptor may be able to activate both the Wnt/beta-catenin as well as beta-
catenin-independent Wnt signaling cascades (17). Extracellular levels of Wnt ligand are titrated by binding to sFRPs, which
exhibit homology to the cysteine-rich Wnt-binding domains of the FZD receptor. The secreted protein DKK antagonizes Wnt
signaling via binding to the canonical Wnt co-receptor LRP5/6.

and it was only in 2003 that Wnt proteins were first isolated
in an active form (12). Second, at least 19 Wnt isoforms
have been identified in mammals, all sharing significant
sequence homology, and the structural elements that
determine each Wnt’s specificity remain unclear. In some
instances, it is uncertain whether the effects of a Wnt are
mediated by the expression of a specific Wnt isoform, the
expression of a specific receptor isoform, or both. Many of
the Wnts are now available as purified proteins, and as new
innovations allow for advances in protein purification, the
prospect of obtaining enough Wnt protein for therapeutic
purposes may become possible (11). Biochemical studies
on Wnts may also reveal potential ways in which
recombinant engineering of Wnt proteins could result in
enhanced activity and improved specificity of targeting.

3.1. Wnts as tools in stem cell manipulation, organ
development, and recovery from injury

The possibility of using Wnt proteins (or small
molecule modulators) as therapeutic tools holds particular
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promise in the field of stem cell biology (28). The
importance of Wnts in bone marrow function is highlighted
by the variety of hematologic malignancies resulting from
alterations in Wnt signaling. Studies of mouse and human
Wnt proteins have revealed a role for several Wnt isoforms
in hematopoeisis (28). Several groups have demonstrated
the effects of Wnt expression on the survival, proliferation
and self-renewal of hematopoetic stem cells (HSCs). These
findings highlight the potential utility of Wnt proteins in
the ex vivo manipulation of stem cells from patients with
hematologic disorders, including malignancies.

Other important processes regulated by Wnt
proteins also have potential medical therapeutic
importance. Wnts have demonstrated involvement in the
regulation of stem cell differentiation into mature neuronal
cells, hepatic cells, cardiomyocytes and skeletal muscle
myocytes (29-33). Wnt signaling occupies a pivotal role
in determining the fate of stem cells in the skin, and will
likely be important for any future efforts to generate ex vivo
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organoid skin cultures (34). With the rise of obesity as a
health care problem in industrialized countries, the
inhibitory role of Wnt in adipogenesis and the recent
association of polymorphisms of Wnt5 with type 2 diabetes
are worth mentioning as a potential avenues for exploring
Wnt pathways as therapeutic agents (35, 36). Wnts are also
involved in the development of many other cell types and
organs. Wnt4 plays an important role in renal
development, and the upregulation of Wnt4 expression
following acute ischemic renal injury or acute tubular
injury in rat and mouse models, respectively, may reflect
similarities between development and recovery from injury
in the kidney (37-39). These similarities could potentially
be exploited to encourage or facilitate kidney repair and
recovery from injury in other conditions. While all of these
areas show tremendous promise, our understanding of the
specifics underlying Wnt signaling in these cell types
currently limits the options for therapy.

3.2. Altering Wnt expression in disease processes

Although much of the therapies outlined above
speculate on the use of purified Wnt proteins, there are
other potential approaches for manipulating Wnt signaling.
Recent studies have shown promising preliminary results
using siRNA directed against Wnt proteins. In synovial
cells from patients with rheumatoid arthritis, Wnt5A is
expressed at high levels, along with pro-inflammatory
cytokines; these cytokines are decreased following
inhibition of Wnt5A using anti-sense strategies (40). In
acute lymphoblastoid leukemia, where Wntl6 is
upregulated in a subset of cancers containing a
chromosomal translocation, the use of siRNA against
Wntl6 resulted in increased apoptosis of tumor cell lines in
vitro (41). The use of anti-Wntl siRNA was effective in
inducing tumor cell apoptosis in cell lines from sarcomas,
colon cancer, and breast cancers that expressed Wntl (42-
44). In a model of non-small cell lung cancer, anti-Wnt2
siRNA similarly induced tumor cell death (45). The
strategy of using RNA inhibition in vivo will likely remain
an exciting approach as the technology for delivery of
siRNAs continues to improve.

In addition, another strategy that has
demonstrated promising potential from recent studies is the
use of blocking antibodies directed against Wnt proteins.
Antibodies directed against Wntl exhibited anti-tumor
activity against sarcomas, colon cancer, breast cancer, and
head-and-neck squamous cell carcinomas (42-44, 46).
Blocking antibodies against Wnt2 display anti-tumor
activity in models of non-small cell lung cancer in vitro,
and excitingly also display inhibition of melanoma growth
in an in vivo model (45, 47). The aforementioned study on
acute lymphoblastoid leukemia also demonstrated the
induction of tumor cell apoptosis with the use of anti-
Wntl6 antibodies (41). Although blocking antibodies
against Wnt2 had a modest effect on their own in a model
of mesothelioma, the use of an anti-Wnt2 antibody
appeared to augment the effects of a conventional
chemotherapeutic agent when given together, again
demonstrating that this strategy could have benefit even as
an adjunct to currently available treatments (48). While the
use of targeted RNA inhibition and Wnt-specific antibodies

452

may be technically feasible, more information is needed
regarding the role of Wnts in adults in order to predict and
minimize potential adverse effects of therapy.

Recent studies revealed that heterologous
overexpression of Wnts can also have tumor suppressor
activity. Transfection of a thyroid tumor cell line with
Wnt5A was able to reduce proliferative and invasive
characteristics in vitro, which is consistent with the finding
that more aggressive forms of thyroid carcinoma express
lower amounts of WntSA (49). Similarly, transfection of
some cell lines from non-small cell lung cancer (NSCLC)
with Wnt7A was also able to inhibit more aggressive tumor
phenotypes, again paralleling the observation that lung
tumors express lower levels of Wnt7A than normal lung
tissue (50). In the future, the use of Wnts or small peptides
with Wnt-like activity as adjunct therapy in certain subsets
of cancers may prove an attractive area for further research.
Retinoic acid can regulate the expression of some Wnts,
raising the possibility that Wnt signaling might be
manipulated with other types of pharmaceutical agents (51,

52).
4. POTENTIAL THERAPIES INVOLVING Wnt
RECEPTORS

Wnt receptors provide another target for

therapeutic intervention in the Wnt signaling pathway. The
issue of whether FZD is a true seven transmembrane-
spanning G protein-coupled receptor, as suggested by its
sequence, remains the topic of ongoing investigation. In
some instances, Wnt signaling does indeed appear to
involve G proteins, which can be targeted by pertussis toxin
as well as by inhibitory intracellular G-beta-gamma binding
peptides (53). Knowledge regarding the mechanisms of
signaling of other Wnt receptors, including ROR, MuSK,
EPHB and RYK, remains limited (17). As extracellular
targets, they are readily accessible for binding by either
small molecule drugs or designer antibodies. The strategy
of targeting these receptors also holds tremendous promise
given the scope of biological processes under the control of
Wnt signaling.

4.1. Blockade at the level of Wnt/FZD binding

Microarray studies identified Wnt5A as a gene
that was upregulated in a subset of metastatic melanomas
exhibiting high motility in vitro (54). In a melanoma cell
line expressing increased levels of WntSA, the activation of
the Wnt/Ca pathway along with the increased motility seen
in vitro were both inhibited by blocking antibodies to FZD,
suggesting that targeting of FZD may be a potential
therapeutic option for certain subsets of metastatic cancers
with upregulated Wnt signaling (23). In the previously
mentioned study on WntSA signaling in rheumatoid
arthritis, investigators were also able to inhibit levels of
pro-inflammatory cytokines using blocking antibodies to
FZD (40). Likewise, the use of antibodies against FZD10
demonstrated promising activity in attenuating the growth
of synovial sarcoma cells both in vitro and also in vivo on
mouse xenografts (55).

Another interesting strategy that has been
successful in vitro involves expressing the ectodomain of
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FZD, which presumably acts as an antagonist to WNT
signaling through competition for WNT ligand (56).
Expression of the ectodomain of FZD7 in a colon cancer
cell line resulted in impressive attenuation of tumor size in
a SCID mouse xenograft model (57). While the current
therapeutic targeting of FZD receptors in the clinical setting
is limited by incomplete knowledge regarding the
specificities of Wnt-FZD pairings throughout the adult, the
preliminary success of blocking antibodies and
extracellular antagonists like the FZD ectodomain in
models of cancer and inflammation makes FZD an
attractive target for future studies.

4.2. Therapies addressing receptor expression and
targeting

Therapies targeting FZD and other Wnt receptors
will not necessarily be limited to blocking antibodies. In
the inherited condition known as familial exudative
vitreoretinopathy (FEVR), certain mutations of FZD may
act in a dominant-negative manner to sequester the receptor
in the endoplasmic reticulum, and therapy in this instance
would focus on increasing the amount of functional FZD
receptor at the cell surface (58). A protein called ‘Shisa’
was recently identified as an important regulator of FZD
trafficking and maturation, potentially providing another
target for future intervention in this pathway (59).
Likewise, a new class of drugs termed ‘molecular
chaperones’ are already exhibiting promise as therapeutic
tools that can rescue the function of mutations that lead to
misfolded proteins in other diseases (60).

In other disease processes, therapeutic benefit
may require the inactivation of FZD. In synovial sarcoma
cells, the use of siRNA directed against FZD10 decreased
tumor growth in vitro, suggesting that this technique could
be used as a tool to modulate FZD expression (55).
Another strategy that has been utilized in vitro is the use of
dominant-negative FZD proteins. In human hepatocellular
carcinoma, FZD7 expression is detected in a large number
of tumor specimens with correlation between increased
FZD7 levels and increased cell motility (61). Over-
expression of a dominant-negative FZD7 led to reduced
cell motility in vitro, highlighting both the importance of
FZDs in regulating cancer processes like motility along
with the possibility of using dominant-negative proteins to
modulate FZD signaling (61).

In some diseases, therapeutic efforts may involve
overexpression of Wnt receptors. Studies on certain human
lung cancers noted that while expression of Wnt7a was able
to decrease transformation and growth in soft agar, certain
cell lines were insensitive to Wnt7a (62). The
overexpression of FZD9 in these Wnt7a-insensitive cell
lines restored sensitivity to Wnt7a, along with subsequent
induction of differentiation and inhibition of anchorage-
independent growth (62). After finding that EPHB receptor
levels were decreased in prostate cancers, investigators
found that transfection of EPHB into a metastatic prostate
cell line was able to attenuate growth in vitro (63).

The list of disease conditions involving Wnt
receptors continues to expand at a rapid pace. The results
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of these preliminary studies show promise for the potential
regulation of human disease processes through the
modulation of FZD.  Given recent advances RNA
inhibition and in the targeting of lentiviral vectors to tumor
cells in mice, it may not be long before expression of FZD
proteins and FZD siRNAs can be directed in a targeted
manner in vivo (64).

S. POTENTIAL THERAPIES
SECRETED Wnt INHIBITORS

INVOLVING

5.1. Disease processes involving secreted Frizzled-
related proteins

The secreted nature of sFRPs makes them
potential agents that can be used to manipulate the Wnt
signaling pathway by inhibition of Wnt-mediated triggering
of signaling events. Manipulation of these regulatory
proteins has already shown promise in the recovery of
tissue from inflammatory injury. In a model of renal injury
based on unilateral ureteral obstruction, the administration
of recombinant sFRP4 protein not only decreased the beta-
catenin activation usually seen after renal injury, but also
reduced the amount of myofibroblasts and subsequent
fibrosis (65). Overexpression of sFRP in mice appears to
confer a protective effect following induced myocardial
infarction, suggesting that these proteins might prove useful
in conditions involving acute tissue injury (66). Secreted
Wnt inhibitors like the sFRPs could potentially be used to
rescue the loss of function of endogenous sFRPs, as is seen
with some polymorphisms that result in decreased sFRP3
antagonism of Wnt and increased osteoarthritis in females
(67).  The potential importance of sFRPs in bone
metabolism is also highlighted by the finding that blocking
antibodies against sSFRP1, as well as siRNA knockdown of
sFRP1 expression, enhanced osteoclast formation in vitro
(68).

The use of sFRP may also be important in tumor
biology. In the case of colon cancer, inactivation of SFRP
occurs early on in tumor progression (69, 70).
Surprisingly, the restoration of sFRP expression in colon
cancer is able to attenuate Wnt signaling even when there
are mutations in proteins downstream of Wnt and FZD that
constitutively activate the Wnt/beta-catenin pathway (69).
This unexpected and promising finding suggests that
manipulation of the Wnt signaling pathway can play an
important role in shutting down Wnt signaling despite the
presence of downstream oncogenic mutations. Inhibition
of tumor growth has also been seen with expression of
sFRPs in mesothelioma (71). However, in the case of
human malignant glioma cells, sFRP-2 appears to cause
increased growth, indicating that the actions of sFRPs are
likely dependent on tumor type (72).

5.2. Potential therapies involving Dickkopf

As a soluble molecule, DKK would be readily
accessible by both small molecules as well as engineered
antibodies. In addition, siRNA will likely be another
strategy that will be useful for manipulating DKK levels in
disease. One study found increased levels of DKKI1 in
neurofibrillary tangles of Alzheimer’s disease, where
Wnt/beta-catenin signaling has been implicated in disease
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pathogenesis (73). In the same study, in vitro knockdown
of DKK expression with siRNA was able to attenuate
events such as tau phosphorylation that are thought to play
an important role in Alzheimer’s pathogenesis (73). A
more recent report from the same group implicated DKK in
neuronal death following ischemic injury, and had
promising results demonstrating protection of neurons from
ischemic injury with the in vivo use of anti-DKK siRNA
(74).

In other cases, therapeutic strategy might focus
on expression of DKK rather than inhibition of DKK. In
mesothelioma cell lines, exogenous overexpression of
DKK has a tumor suppressor effect, leading to suppression
of growth and induction of apoptosis (75). These studies
nicely complement previously described results from a
mesothelioma model demonstrating that another secreted
inhibitor of Wnt signaling, sFRP4, had similar effects (71).
Since DKK is heavily upregulated by UV radiation and can
facilitate apoptosis under certain conditions, it might be
conceivable that this property of DKK could be exploited
for therapeutic advantage (76). DKK plays a role in
regulating the entry of human bone marrow stroma stem
cells into the cell cycle, and in the context of both stem cell
biology and human cancers, the role of DKK in regulation
of cell cycle entry may again be an important opportunity
for beneficial manipulation of Wnt signaling (77, 78).
Given the soluble nature of DKK, it will be an inviting
target for future studies involving manipulation of the Wnt
pathway.

6. PERSPECTIVES

It is becoming increasingly clear that Wnt
signaling is involved in a broad spectrum of human
pathophysiology, much of which would be amenable to
therapeutic intervention. As the underlying molecular and
cellular mechanisms are continually uncovered at the basic
science benchtop, these findings will eventually translate

into therapies that target Wnt signaling pathways. The
responses controlled by the Wnts, including cell
proliferation, differentiation, fate specification,

motility/migration, and polarity, are all promising avenues
for therapeutic management of human disease processes.
The interaction between Wnt and its receptors, along with
the interactions between Wnts and Wnt-inhibitory factors,
have the added benefit of being extracellular, and
potentially more accessible to pharmaceutical agents than
intracellular targets of the Wnt signaling pathway. Since
data has shown that Wnt binding can result in many
different downstream signaling events, manipulation of the
pathway at the most proximal point, namely receptor
activation, could have clear advantages over isolated
targeting of intracellular effector proteins.

The rapid pace of technological and scientific
advancement has led to many recent breakthroughs in the
field of Wnt signaling. As the list of conditions related to
Wnts continues to expand, more efforts will be made to
explore the feasibility of treatment using Wnt-specific
drugs. The knowledge gained at the benchtop will
undoubtedly lead to new innovations in therapy that may
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one day overcome some of the obstacles that currently limit
the use of Wnts and their receptors as targets for clinical
management.
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