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independent mechanisms by which DKK-1 promotes cancer cell proliferation are not well understood. In this issue of the
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activation of AKT. They show that both DKK-1 and CKAP4 are frequently upregulated in pancreatic and lung cancers.
Importantly, targeting this interaction with an anti-CKAP4 antibody prevented tumor formation in murine xenograft models.
These results identify a previously unrecognized DKK-1–mediated pathway and suggest CKAP4 as a potential
therapeutic target for certain cancers.
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Divergent functions for 
Dickkopf-1
Dickkopf-1 (DKK-1) was first identified in 
Xenopus as an extracellular antagonist of 
canonical Wnt signaling (1), a fundamen-
tal pathway that controls cell fate, survival, 
and proliferation. Aberrant activation of 
Wnt signaling also drives tumorigenesis 
in colon, breast, hepatocellular, and many 
other cancers (2–4). As a Wnt signaling 
inhibitor, DKK-1 suppresses tumorigenesis 
in some cancer cells, including renal cell 
carcinoma (5), breast carcinoma (6), and 
colon cancer cells (7–9). However, DKK-1 
is often elevated in cancers, is associated 
with aggressive disease, and promotes 
proliferation in multiple cell types (10, 11), 
suggesting that DKK-1 also functions inde-
pendently of Wnt inhibition.

In this issue, Kimura and colleagues 
investigate the molecular events that 
lead to DKK-1–induced cancer cell prolif-
eration (12). Their work has identified a 
Wnt-independent signaling role for DKK-1 
through interaction with the type-II trans-
membrane protein cytoskeleton-associated 

protein 4 (CKAP4; also known as p63, 
ERGIC-63, or CLIMP-63). These findings 
also indicate that the DKK-1/CKAP4 inter-
action represents a promising therapeutic 
target for cancer.

CKAP4 is a DKK-1 receptor that 
activates AKT signaling
DKK family proteins contain two cysteine-
rich domains (CRDs). The C-terminal 
CRD (CRD-2) of DKK-1 inhibits Wnt sig-
naling by directly binding to the Wnt core-
ceptors LRP5/6 (LDL-related proteins 5 
and 6), thereby preventing interaction 
with Wnts, and by binding to the trans-
membrane protein KREMEN to promote 
LRP5/6 internalization (11, 13–15). Kimura 
et al. have now demonstrated that CRD-1 
of DKK-1 binds to CKAP4 at the apical sur-
face of epithelial cells (Figure 1 and ref. 12). 
Furthermore, DKK-1 binds to CKAP4 with 
high affinity that is comparable to but inde-
pendent of its interaction with LRP5/6. 
Upon DKK-1 binding, CKAP4 recruits 
phosphatidylinositol-3 kinase (PI3K) to its 
cytoplasmic domain through interaction 

with the SH3 domain of the p85α subunit 
of PI3K. Through this mechanism, DKK-1 
activates AKT and promotes proliferation. 
These findings substantially expand our 
understanding of DKK-1 signaling mech-
anisms and define a previously unrecog-
nized input to the PI3K/AKT pathway.

The findings of Kimura et al. also raise 
questions about the potential functions of 
other DKK family members (12). The DKK 
family comprises four conserved proteins, 
DKK-1 through -4 (and DKK-like 1, which 
lacks the CRDs). DKK-1 antagonizes 
Wnt/β-catenin signaling, activates AKT 
(as shown here), and may also activate 
JNK signaling (16); however, the functions 
of other DKK family members are less 
well characterized. DKK-2 and -4 antago-
nize Wnt signaling, similar to DKK-1, but 
DKK-2 can also activate canonical Wnt 
signaling depending on the cellular con-
text (11, 17). In contrast, DKK-3 positively 
regulates Wnt signaling (18) and binds 
to integrin α6b to induce myogenesis in 
zebrafish (19). As Kimura and colleagues 
point out (12), CRD-1 is highly conserved 
among the four Dkk genes, raising the 
possibility that DKK-2, -3, and -4 could 
also interact with CKAP4. In support of 
this proposal, DKK-3 protects cells from 
proapoptotic stimuli (18). While the mech-
anism of this DKK-3–mediated effect has 
not been characterized, the prosurvival 
function of DKK-3 could be mediated by 
interaction with CKAP4 and subsequent 
AKT activation.

Targeting DKK-1/CKAP4 
interactions in cancer
DKK1 is a Wnt target gene and functions 
in a negative feedback loop that may in 
some cases suppress tumorigenesis. Con-
sistent with a tumor suppressor function, 
DKK family genes are silenced by hyper-
methylation in colon cancer, renal cell car-
cinoma, and melanoma. However, DKK-1 
expression is increased in many other can-
cers, including multiple myeloma, hepa-
tocellular carcinoma, and ovarian adeno-
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also remains to be investigated. Other 
questions to be addressed include whether 
expression of CKAP4 and DKK-1 will play a 
role in diagnosis or staging of pancreatic or 
lung cancers and whether these observa-
tions will extend to other cancers. Finally, 
the comprehensive mechanistic experi-
ments in this study focused on cell lines 
and xenograft models, leaving open the 
question of whether the DKK-1/CKAP4 
interaction plays a role in primary tumor 
proliferation or in the proliferation of non-
transformed cells. Kimura and colleagues 
did not observe any obvious effect on nor-
mal tissues in their mouse model after 4 
weeks of anti-CKAP4 antibody treatment, 
which is reassuring that inhibiting DKK-1  
does not have short-term deleterious 
effects on normal proliferative tissues; 
however, the longer-term effects of this 
strategy are not yet known. Nevertheless, 
the identification of a signaling mecha-
nism for DKK-1 and the strong preclinical 
observations presented here are sure to 
lead to exciting work in the future.
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CKAP4-targeting antibody may be a valu-
able therapeutic agent for DKK-1/CKAP4–
positive cancers.

Conclusions and future 
directions
This study by Kimura and colleagues 
reveals a previously unknown signaling 
pathway in which DKK-1 binds to CKAP4, 
resulting in activation of AKT through 
PI3K to enhance Wnt-independent cellu-
lar proliferation (12). The thorough signal-
ing data presented by Kimura et al. pro-
vide an explanation for the proliferative 
effects of DKK-1 and the strong correlation 
between elevated DKK-1 and aggressive 
tumor behavior. This work also provides 
intriguing preclinical data to support the 
use of anti-CKAP4 antibodies in DKK-1/
CKAP4–positive tumors.

DKK-1 is often used experimentally to 
test whether a biological process is medi-
ated by canonical Wnt signaling. The 
findings of Kimura et al., along with other 
studies supporting non-Wnt functions for 
DKK-1 (11, 16, 19, 22), underscore the lim-
itations of this approach by showing that 
DKK-1 is not a specific inhibitor of canon-
ical Wnt signaling. Kimura et al. also raise 
questions for further study. It will be impor-
tant to determine whether DKK-1 binds 
directly to CKAP4 or through an interme-
diate binding partner. Additionally, inter-
action of CKAP4 with DKK-2 through -4, 
which contain the highly conserved CRD-1,  

carcinoma and is associated with more 
aggressive behavior (11). In these cases, 
the findings of Kimura et al. suggest a sec-
ond, potentially counteracting effect of 
DKK-1 to stimulate proliferation through 
an AKT-dependent, Wnt-independent 
mechanism (12).

Thus, the DKK-1/CKAP4 interaction 
could be a promising therapeutic target 
for some cancers. Kimura and colleagues 
found that approximately 70% of pancre-
atic ductal adenocarcinomas, lung ade-
nocarcinomas, and lung squamous cell 
carcinomas express high levels of DKK-1 
and CKAP4 compared with adjacent, 
nontransformed tissue and that expres-
sion of both proteins correlates with lower 
relapse-free survival (12). Kimura et al. 
also demonstrated that DKK-1–expressing 
cancer cells require CKAP4 expression for 
tumor growth in mouse xenograft mod-
els. Furthermore, an antibody targeting 
the extracellular domain of CKAP4 sup-
pressed tumorigenesis in DKK-1–express-
ing cell lines and in a mouse xenograft 
model. These findings are consistent with 
published data showing that anti–DKK-1  
antibodies impair growth of engrafted 
human cancers, such as multiple myeloma, 
in mice (10, 20, 21). However, given that 
DKK-1 may also suppress tumors by inhib-
iting Wnt signaling, an antibody to CKAP4 
may have more specific, antiproliferative 
effects that spare the potential tumor sup-
pressor function of DKK-1. Therefore, this 

Figure 1. DKK-1 stimulates proliferation by 
binding to CKAP4 and activating AKT. DKK-1 
is secreted from epithelial cells and binds to 
the extracellular domain of CKAP4 at the apical 
surface of the cell. The CRD-1 of DKK-1 and 
the leucine zipper (LZ) domain of CKAP4 are 
required for this interaction (although a direct 
interaction between the two has not yet been 
shown). Upon DKK-1 binding, CKAP4 binds to 
the p85α subunit of PI3K to activate PI3K/AKT 
signaling and stimulate cancer cell prolifera-
tion. This signaling motif is in contrast to the 
well-established role for DKK-1 as a canonical 
Wnt antagonist, in which CRD-2 of DKK-1 binds 
to the Wnt coreceptor LRP5/6 (preventing 
interaction with Wnts) and to Kremen (driving 
internalization of LRP5/6).
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