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New Avenues in the LRP5-mediated Bone Mass Acquisition

Je-Yong Choi’

Department of Biochemistry and Cell Biology, Skeletal Diseases Genome Research Center,
School of Medicine, Kyungpook National University, Daegu, Korea

Lipoprotein receptor-related protein (LRPS) signaling is well correlated with the bone mass in both human and mice.
Loss-of-function mutations of LRP5 result in osteopenia or osteoporosis. In contrast, gain-of-function mutations show

high bone mass phenotype. To elucidate the molecular mechanism of the LRP5-mediated bone mass acquisition, several

groups have genetically dissected the Wingless and Int-1 (Wnt) -catenin signaling pathway using osteoblast-lineage

specific Cre mice. Key players for LRP5-mediated bone mass acquisition turn out to be different molecules with
respect to the expressing tissue and action mode of these molecules. One is serotonin, a tryptophan metabolite that

originates from duodenum, which acts as a negative regulator for bone formation. LRP5 suppresses serotonin

biosynthesis by inhibiting the expression of tryptophan hydroxylase 1 in the gut. The other is sclerostin, an osteocyte-

producing antagonist for LRPS5 signaling. Here is a summary of recent findings about these two molecules, providing
a chance to speculate new avenues in the LRP5-mediated bone mass acquisition.
[Korean Journal of Bone Metabolism, 19(1): 1-9, 2012]
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Fig. 1. Lipoprotein receptor-related protein 5 (LRP5) and Wingless and Int-1 (Wnt) signaling pathway. Wnt signaling pathway
consists of B-catenin-dependent canonical and noncanonical pathways (not shown). Binding of Wnt to its receptor (Fz) and coreceptor
(LRP) allows recruiting of Dishevelled (DV) and Axin (AX) to Fz and LRP5/6/4, respectively, and results in stabilization of B-catenin.
Extracellular portion of LRP5/6 can bind to various proteins like Sclerostin (Sost), Wise, R-spondin (Rspo) and Dickkopf (Dkk). Complex
formation of Dkk with Kremen and LRP5/6 allow to internalization of complex into cells.
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Fig. 2. Comparision of Lipoprotein receptor-related protein (LRP)4/5/6 amino acid sequences. LRP5 has a putative transmembrane
sequence as signal peptide by search program (see in the text), which was not revealed in LRP4 and LRP6 (A). LRP5/6/4 show similar
structure with 4 propellers in extracellular portion (B). Analyses of amino acid sequences of LRP5/6/4 show a high identity and similarity
between LRP5 and LRP6 (C). LRP5, LRP6 and LRP4 belong to low density lipoprotein receptor (LDLR). Although LRP5/6/4 show
similar structure and function, knockout of each gene reveals different phenotypes, which indicates that there is no compensatory function

among them.
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protein (LRP)S signaling pathway via Serotonin and Sclerostin
Regulation of bone mass by LRP5 mutations is not directly
correlated with the involvement of B-catenin mediated canonical
Wnt pathway. High bone mass phenotypes of LRPS gain-of-
function mutations were explained by two different ways. One is
local regulatory role of Sclerostin and Dickkopf (Dkk1) which are
produced in bone cells and play as strong inhibitors for bone for-
mation. They cannot bind to LRP5 with high bone mass mutations
(left panel). Another explanation is systemic regulatory role of
Serotonin which is produced in intestine and also play as strong
inhibitor for bone formation. LRP5 gain-of-function mutations
decreases blood Serotonin level by inhibition of trypthopan
hydroxylase 1 expression in enterochromaffiin cells. Serotonin
decreases osteoblast number and function through Serotonin
receptor (Htr1b) in osteoblasts (right panel).
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=IEXE=

| LRPS A1t Altolut FolH ZeF S5} @ AXFTh LRPSS] 7l5-24 Bevoll Bgdnt BrigEe Zefst
| 71527t Bavols o TakS Ulehiick LRPSE QIS ZaF 28 7)3e WRA|EA EoldoR B-catenino|t} LRPS
|2 Al Wi A T §AAE SR6b) Bolgicha FeiAch shii LRPSE I3k Fhe B2o] ofd Aol §
¢ oA WEEl= Serotonino] TERAY Z-g5to] 2HHTHE Aolal, thE ks wiA|ZoA WSk Sclerostino] W
| 2xol FaHoR Hgate] 2YHCe Holth oA o] F Bje] tiet 2 ATHES Aokl LRSI ofg |
- 2 sise) YR 7)ol el ohe A . :

i ZAICHo]: I3, LRPS, Sclerostin, Serotonin, Wnt signaling




