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to the Drosophila protein Arrow.18 They are unique 
with respect to other members of the LDL receptor 
family in that they do not contain the internalization 
signal sequence for endocytosis. The LRP5 protein 
contains 1615 amino acids, whereas LRP6 contains 
1613 amino acids. Overall, homology between LRP5 
and 6 at the nucleotide level is 64%, whereas coding 
sequence homology is 71%.19 Given the importance 
of the LDL receptor family for the uptake of lipids 
and other macromolecules, and considering that 
Wnts are lipid-modified and dependent on the lipid 
for signaling activity, it is tempting to speculate that 
LRPs specifically interact with the lipid on the Wnt 
and thereby promote signaling. While this is an at-
tractive possibility, there is yet no evidence supporting 
it, and it is also likely that the interaction is indirect 
involving an apoprotein that is bound to the lipid on 
the Wnt molecule. Further research is necessary to 
unravel the mechanisms involved. The extra-cellular 
portion of LRP5/6 binds several different molecules, 
principally the Wnts and Dkks, and the co-receptor 
protein, frizzled. LRP5/6 functions cooperatively with 

Fz to stimulate the catenin pathway in response to 
different Wnt proteins.20

3b. Frizzled Receptor Family

Frizzled proteins are seven-transmembrane ser-
pentine receptors, which consist of an extra-cellular 
cysteine-rich domain (CRD) that serves as a lig-
and-binding unit and a 7-transmembrane signaling 
portion.21-24 The extra-cellular CRD at the amino 
terminus of frizzled proteins binds Wnt proteins, as 
do homologous domains in soluble proteins—termed 
secreted frizzled-related proteins—that function as 
antagonists of Wnt signaling. LRP5/6, the co-receptor 
for Wnt proteins, also binds to a frizzled CRD in a 
Wnt-dependent manner. Ten members of the friz-
zled receptors family have been described but little 
is known about the mechanism of frizzled signaling. 
Some but not all frizzled proteins stimulate Ca2+ 
release and PKC activity.25

4. Inhibitors of Wnt Signaling (Table 2)

4a. Dkk/Kremen

Dickkopfs (Dkks) are secreted developmental 
regulators composed of two cysteine-rich domains 
that induce head formation in amphibian embryos.26 
There are 4 Dkk members (DKK1-4) in the human 
genome. Dkk interferes with Wnt signaling by binding 
directly to LRP5/6.27,28 At the same time Dkk interacts 
with Kremen, another transmembrane protein.29 Kre-
men-1 and Kremen-2 are transmembrane proteins, 
which form Dkk receptors, which bind to both Dkk1 
and Dkk2 with high affinity.30 Kremen-2 forms a terti-
ary complex with Dkk1 and LRP6. This complex is 
internalized, removing LRP from the cell surface and 
making LRP unavailable for Wnt signaling.30 Thus 
Dkk1 blocks Wnt/β-catenin signaling induced oste-
oblastogenesis. However, during terminal osteoblast 
differentiation Wnt/β-catenin signaling—presumably 
initiated by Wnt7b—induces expression of Dkk2, 
which is then surprisingly required for subsequent 
mineralization.31 Dkk2–/– mice have increased se-

Table 1. The Wnt family of proteins. Gene loci and 
associated diseases. 
WNT proteins Gene Locus Associated diseases

WNT1 12q13
WNT2 7q31
WNT2B 1p13
WNT3 17q21-q21 Tetra-Amelia12

WNT3A 1q42
WNT4 1p36.23-p35.1 Mullerian-duct regression and 

virilization13

WNT5A 3p21-p24
WNT5B 12p13.3 Susceptibility to type 2 diabe-

tes14

WNT6 2q35
WNT7A 3p25
WNT7B 22q13
WNT8A 5q31
WNT8B 10q24
WNT9A 1q42
WNT9B 17q21
WNT10A 2q35
WNT10B 12q13 Obesity15

WNT11 11q13.5
WNT16 7q31
Source: http://genome-www.stanford.edu/cgi-bin/genecards/

Table 2. Inhibitors of Wnt signaling.

Bind to Frizzled receptor Bind to LRP5/6 receptor

sFrp Dkk/Kremen
Wif Sclerostin/Wise




