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Wnt is a secreted signaling protein, or morphogen, that participates in various aspects
of embryogenesis, tissue homeostatics and tumorigenesis. Disruption of any Wnt
signaling components can lead to mis-regulation in cell-cell communication, tissue
patterning, and limb development. Therefore, the transduction of the Wnt signal is
tightly controlled by various modulators at multiple levels. Wnt is post-translated with
palmitoleic and believed to act at both short and long range from the producing to the
responding cells by generating a concentration gradient. Due to the lipid modification,
after secretion into the extracellular space, members of Wnt family require carriers to
form complexes that shied their hydrophobic lipid adduct. For example, Wnt3a
associates together to form a homo-trimer, a basic unit of a higher molecular weight
complex. Alternatively, in cell culture supernatant, the heterodimers of Wnt with a
serum component, afamin, are detectable. Wnt3a complexes with homotrimers or
heterodimers with afamin in conditioned media can be dissociated efficiently when co-
expressed with sFRP2, leading to the formation of Wnt3a/sFRP2 heterodimers. This
dissociation was also observed in Xenopus embryo to expand the diffusion range of Wnt
proteins. In addition, various models have been proposed to provide the explanation of
how these Wnt signaling molecules propagate in extracellular space with lipid adduct,
affecting the trafficking, diffusion, and solubility. For instance, progress has been made
in explaining how secreted Wnts are carried on the extracellular spreading membranous
deliverers like exosomes, on filopodium-like protrusions and morphogen binding

proteins on cell surface. However, little is known about whether and/or how these different



transport systems and extracellular Wnt complexes relate to one another. In this study, using
Wnt3a as a model, I addressed the question of whether various forms of morphogens
are independently involved in their signaling in tissues or whether these forms affect

one another in secretion and/or extracellular trafficking.

First of all, by establishing of an assay culture system to recover Wnts re-secreted on
exosome, I found that re-secretion of Wnt3a on exosome is mediated by members of
Frizzled-related proteins family, sFRPs. I detected a significant increase in the level of
Wnt3a ligands re-secreted on exosome in the presence of sFRP1 and sFRP2, but not
sFRP3, sFRP4 or exFzd8. In addition, co-culture of GFP-Wnt3a expressing L cells with
sFRP2 expressing HEK293 cells or microinjection of mRNA of GFP-Wnt3a and sFRP2
observed many GFP-positive puncta, clearly localized along cell boundaries of sFRP1
and sFRP2-expressing cells. Taking advantage of live imaging, I could directly
visualize  the movement of mCherry-Wnt3a after incorporation into cells, by
comparing colocalization with CD63, an exosome marker, fused with BFP and pH-

sensitive green fluorescent protein, pHluorin.

Interestingly, taking the advantage of non-invasive approach, Analytical Ultra Centrifugation
with a fluorescence detection system, AUC-FDS, which enables to examine protein complexes
from cultured media without any requirement of detergent, I could measure the interaction
of Wnt3a and Wnt5a, but not Wntll with sFRP2 secreted in culture supernatant. Since
complex-forming ability is correlated with a specificity of sFRP-induced cell surface
accumulation and exosome-mediated re-secretion of Wnt proteins, I hypothesized that
heterodimer formation under natural conditions is involved in the accumulation of Wnt on cell

membranes, which seems to be followed by exosome-mediated re-secretion.

Furthermore, our results obtained from western blotting revealed the involvements of



membrane proteins in sFRP2-mediated exosomal re-secretion of Wnt. The level of Wnt3a
incorporated into the cells in the presence of sFPR2 was not reduced when endocytosis was
blocked at 4°C. These surprising results suggest the binding of Wnt ligands occurred
before internalization even. Surprisingly, heparan sulfate proteoglycan, HSPG, but not co-
receptors LRP5/6, is crucial for the attachment of Wnt3a on the cell surface for further Wnt
internalization and re-secretion of exosome. While Frizzled receptors are required for Wnt
activity and re-secretion of Wnt on exosome, their effect is not specific for sFRP2-mediated
exosomal re-secretion of Wnt3a. GFP-Wnt3a puncta on boundaries of sSFRP2 expressing cell
and the level of Wnt3a recovered in exosome fraction were dependent on HSPG, because they
disappeared with expression of a membrane-bound form of Heparinase, an enzyme could cleave

HS chain of HSPG both in vivo and in vitro.

Based on these above results, I propose that Wnt heterodimerization with its carrier
protein, sFRP2, enhances Wnt accumulation at sugar chains on HSPGs on the cell

surface, leading to increased endocytosis and exosome-mediated Wnt re-secretion.
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