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Wnt therapy for bone loss:  
golden goose or Trojan horse?
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The	Wnt	pathway	has	been	found	to	play	a	role	in	the	development	of	many	
tissues	and	to	spur	growth	and	differentiation	of	adult	osteoblasts,	sparking	
interest	in	its	potential	clinical	application	for	bone	growth.	However,	when	
deregulated,	this	pathway	can	be	oncogenic	in	some	tissues.	In	this	issue	of	
the	JCI,	Kansara	and	colleagues	reveal	that	Wnt	inhibitory	factor	1	is	epige-
netically	silenced	in	human	osteosarcomas	and	that	its	absence	augments	
osteosarcoma	formation	in	mice	(see	the	related	article	beginning	on	page	
837).	These	observations	suggest	the	need	for	caution	in	stimulating	the	Wnt	
pathway	for	therapeutic	bone	growth.

Bone loss is a significant clinical concern. It 
can be caused by aging or by several diseases 
and their treatments, such as glucocorticoid 
hormone therapy for autoimmune disease 
(1, 2). Hip fracture in the elderly, an impor-
tant complication of bone  loss, carries a  
1-year mortality rate of approximately 25% 
(3, 4). Treatment and prophylaxis of bone 
loss has focused on supporting bone miner-
alization and inhibiting bone resorption, but 
attention has increasingly turned to build-
ing bone by augmenting osteoblast func-
tion (5, 6). Some drugs under development 
act in part through stimulating the Wnt sig-
naling pathway, known to drive osteoblast 
proliferation  and  commitment  (6,  7).  In 
particular, efforts are underway to block the 
actions of secreted Wnt antagonists such as 
sclerostin (5). The goal of taking advantage 
of our burgeoning knowledge of signaling 
pathways in order to build tissue in gener-
al and repair bones in particular has great 
appeal. The theoretical potential exists for 
the Wnt pathway to serve as a golden goose, 
generating new bone indefinitely.

The Wnt pathway
The Wnt pathway is a workhorse of devel-
opment  in  multicellular  organisms.  It 
directs fate decisions, big and small, such 
as forming a principal axis of frog embryo 
development (8) or sculpting heart valves 
(9). Wnt signaling often drives tissue for-
mation.  This  functionality  endures  in 
some adult tissues that require continuous 
replenishment, such as the renewal of the 
intestinal epithelium (10).

However,  the Wnt pathway  is also  the 
prototypical developmental pathway dereg-
ulated in cancer (11). In fact, the pathway’s 
name  embodies  this  potential:  Wnt  is  a 
contraction of Wingless from Drosophila and 
Int1 from mammals (12). The Wingless gene 
was discovered as the site of a mutation in 
Drosophila responsible for defective pattern-
ing of the trunk (13). Int1, the first mam-
malian homolog of Wingless, was discovered 
as a common site of integration of mouse 
mammary tumor virus genomes in tumors 
induced by the virus (14). These insertion 
events mediate Wnt1 overexpression and 
tumor growth. The tendency of Wnt dereg-
ulation to foster neoplasia is a concern.

The canonical Wnt pathway is liberally 
endowed with regulatory steps (Figure 1).  
Wnts,  the  ligands,  are  low-abundance 
secreted  factors  that are  somewhat  lipo-
philic (15, 16). For a long time, Wnts could 

not be isolated biochemically, even when 
overexpressed  in cell  culture. Expression 
was inferred from their biological effects 
(16). These properties likely reflect the role 
of Wnt proteins as short-range paracrine 
factors, thought to often be present in steep 
gradients of abundance. Wnt proteins bind 
7-pass transmembrane domain receptors 
of the Frizzled family (11). Such binding is 
antagonized by the Wnt inhibitory factors 
(WIFs) and secreted Frizzled-related pro-
teins (SFRPs), which are all secreted proteins 
that compete with receptors for ligand bind-
ing. Ligand binding activates the Frizzled 
receptors, transducing a signal through the 
scaffolding protein Dishevelled and Casein 
kinase 1 to a protein complex that contains 
the kinase glycogen synthase kinase–3 and 
the tumor suppressor proteins adenoma-
tous polyposis coli  (APC; named  for  the 
human genetic disease also termed familial 
adenomatous polyposis) and axis inhibition 
protein 1. The APC complex constitutively 
targets β-catenin  for ubiquitination and 
degradation. The Wnt signal inhibits the 
APC complex,  leading to stabilization of  
β-catenin and its accumulation in the nucle-
us. There, β-catenin teams with T cell factor 
transcription factors to drive expression of 
genes such as c-Myc and Cyclin D1 that sup-
port cell growth, proliferation, and survival. 
The pivotal role of Wnt signaling in normal 
and abnormal growth is underscored by the 
fact  that  multiple  pathway  components 
have been implicated as either oncogenes or 
tumor suppressors (Figure 1).

WIF1 and osteosarcoma
In this issue of the JCI, Kansara et al. (17) 
examined genes that were epigenetically 
silenced in osteosarcoma with the notion 
that these may be important tumor sup-
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pressors. Although  it  is known that  the 
Wnt pathway is primarily altered through 
mutation in tumorigenesis, a large body 
of evidence now suggests that epigenetic 
changes  are  also  broadly  important  in 
the development of cancer (18), including 
deregulation of the Wnt pathway (19). Such 
changes do not alter the DNA sequences of 
genes, but do alter the structure of chroma-
tin — a complex of DNA and tightly bound 
proteins that compacts DNA and renders it 
more or less accessible to transcription fac-
tors. There are diverse modes of epigenetic 
gene regulation. Among the most promi-
nent is DNA methylation. One of the best 
examples of epigenetic regulation in cancer 
is methylation-based silencing of the tumor 
suppressor p16Ink4a (20). This suppressor 
is frequently inactivated by mutations in 
conditions such as familial melanoma or 
sporadic pancreatic carcinoma, but is inac-
tivated primarily by methylation in cancers 
of the colon and other tissues (18, 21).

Kansara et al. identified WIF1 among a 
small  set of potential  tumor suppressor 

genes that became expressed (derepressed) 
after  treatment of human osteosarcoma 
cell lines with a demethylating agent (17). 
The authors’ choice to use genome-wide 
transcription  profiling  to  identify  tran-
scriptional changes in this setting provided 
an unbiased analysis, but one that typically 
requires panning through much chaff to 
locate the wheat. The authors used several 
criteria to focus on the most  interesting 
genes. They chose WIF1 in part because the 
Wnt pathway is known to regulate bone for-
mation (7). The authors further studied the 
relationship between WIF1 and osteosarco-
ma through the use of Wif1-knockout mice. 
Mice harboring a targeted deletion of Wif1 
maintained largely normal bone growth, 
but 2 of 13 animals developed spontaneous 
osteosarcoma (compared with 0 of 30 con-
trol mice). To more robustly test the impact 
of Wif1 on osteosarcoma formation, mice 
were administered radioactive calcium, a 
known bone carcinogen. The Wif1-knock-
out  mice  demonstrated  a  moderate  but 
highly statistically significant increase in 
osteosarcoma. Results of  further experi-
ments  suggested  that  WIF1  fosters both 
increased differentiation and reduced pro-
liferation of human osteosarcoma cells.

Caution advised in  
Wnt-targeted therapy
In summary, this study reported by Kan-
sara et al. (17) tells a cautionary story. The 
concept of pharmacological stimulation of 
the Wnt pathway had already raised con-
cern, given evidence for a pivotal role of 
this pathway in colon carcinoma (22). Not 
only is APC mutated in most colon tumors, 
but epigenetic silencing of SFRP, an event 
mechanistically and functionally similar to 
the silencing of WIF1, appears to also play 
a role in colon tumorigenesis (19). There is 
emerging evidence that aberrant activation 
of the Wnt pathway may stave off cellular 
senescence in many early neoplasms of the 
colon, melanocytes, and other tissues, coun-

teracting this barrier to tumorigenesis (23). 
The study by Kansara et al. suggests that, 
even if a Wnt-targeted drug can be devel-
oped that acts relatively selectively on bone, 
there may be an inherent risk of osteosarco-
ma (17). Thus, therapy that stimulates the 
Wnt pathway for bone formation could rep-
resent a Trojan horse, an initially welcome 
gift that subsequently unleashes malignant 
cells that run amok in the host. In selected 
patients, the risk of bone loss, with its con-
siderable attendant morbidity and mortal-
ity, may outweigh a small increase in risk 
of osteosarcoma. However, the concern for 
oncogenic effects of pharmacologic stimu-
lation of the Wnt pathway may linger until 
more distinct differences between normal 
and neoplastic cells are uncovered in Wnt 
signaling or its integration with other regu-
latory networks that determine cell fate. In 
patients with bone loss and an elevated risk 
of malignancy based on family or personal 
history, use of an agent such as zoledronic 
acid, which counteracts osteoclast function 
and may antagonize tumor progression, 
has appeal (24).
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Can licorice lick colon cancer?
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COX-2	promotes	colon	cancer.	While	both	nonselective	NSAIDs	and	selec-
tive	COX-2	inhibitors	reduce	disease	burden,	their	adverse	gastrointestinal	
and	cardiovascular	side	effects	limit	their	therapeutic	use.	In	this	issue	of	the	
JCI,	Zhang	et	al.	used	gene	silencing	and	a	derivative	of	licorice	root	to	show	
that	inhibition	of	the	enzyme	11β–hydroxysteroid	dehydrogenase	type	II		
(11βHSD2)	reduces	tumor	COX-2	activity,	tumor	growth,	and	metastasis	
by	increasing	the	tonic	glucocorticoid-mediated	suppression	of	the	COX-2	
signaling	pathway	without	the	adverse	effects	associated	with	NSAIDs	and	
selective	COX-2	inhibitors	(see	the	related	article	beginning	on	page	876).	
Their	findings	suggest	that	11βHSD2	inhibition	may	be	a	potential	thera-
peutic	option	in	colon	cancer,	warranting	further	investigation.

COX-2 is a crucial enzyme in the synthe-
sis  of  prostaglandins  and  prostacyclin, 
which play a variety of roles in the regu-
lation of cell growth, hemostasis, sensing 
of  pain,  and  inflammation. In  normal 
colon tissue, there is little or no expression 
of COX-2; however, COX-2 expression is 
induced early in colon carcinogenesis, is 
key to disease progression, and influences 
the clinical course of disease (Figure 1, A 
and B, and reviewed in ref. 1). The COX-2  

response  clearly  plays  a  central  role  in 
colon carcinogenesis, because inhibitors 
of COX-2 enzymatic activity prevent the 
development of intestinal polyps in mice 
and humans (reviewed in ref. 1), and dele-
tion of Cox2  in mice almost completely 
protects  the  animals  from  the  develop-
ment of these polyps (reviewed in ref. 1). 
However, enthusiasm for the prevention of 
colon cancer via pharmacological COX-2  
inhibition has been tempered by the rec-
ognition that such a prevention strategy 
inherently  requires  long-term  exposure 
to COX-2 inhibitors. Unfortunately, tra-
ditional NSAIDs, which are nonselective 
COX inhibitors, can cause gastrointestinal 
hemorrhage, among other complications 
(2), while selective COX-2 inhibitors confer 

an increased risk of cardiovascular death 
(3). Thus, a detailed understanding of how 
COX-2  expression  is  induced  would  be 
potentially valuable from two perspectives 
— it would provide insight into both the 
molecular steps involved in carcinogenesis 
and potential therapeutic targets.

That COX-2  is overexpressed  in colon 
polyps and cancer has been recognized for 
more than 15 years (reviewed in ref. 1), but 
the  molecular  basis  for  this  overexpres-
sion has remained unclear despite exten-
sive investigation of the regulation of the 
COX2 gene in many experimental settings. 
It is likely that what was originally thought 
to be a cell-autonomous event is instead a 
response to extracellular signals — a “field 
effect,”  with  growth  factors  providing 
much of the signal that results in induction 
of COX2. From the time of the discovery 
of COX2 as an early inducible gene, it was 
almost immediately recognized that COX2 
induction in vitro could be inhibited by a 
class of steroid hormones known as gluco-
corticoids (4, 5). This pharmacologic effect 
has  been  attributed  to  changes  in  both 
COX-2 transcription and mRNA stability 
(6). However,  it was not known whether 
COX-2 was regulated by endogenous glu-
cocorticoids, the most important of which 
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