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Abstract 

Osteoporosis is a skeletal disease affecting millions of people worldwide, often 

leading to fragility fractures and a decreased quality of life. There is an unmet medical 

need for new anabolic, bone building, treatments. WNT proteins, signaling via the 

WNT canonical or non-canonical pathway, are known to regulate cortical bone, 

trabecular bone, or both. There is currently a knowledge gap on the mechanisms 

behind this regulation, and it would be of great interest to find targets to specifically 

manipulate the different compartments. The aim of this thesis is to study the effect that 

WNT signaling modulators NOTUM and RSPO3 have on bone, using both in vivo and 

in vitro methods. In mouse studies, we inactivated NOTUM and RSPO3 globally and 

in specific cells using the Cre-loxP system, enabling us to, in detail, study these 

modulators mechanistically. First, we found that endogenous NOTUM, a WNT 

inhibiting secreted lipase, is a specific regulator of cortical bone, and that inactivation 

of NOTUM in all osteoblast-lineage cells increased cortical bone quality and thickness 

by increasing periosteal bone formation. Cell culture experiment showed that this 

effect is via enhanced osteoblast differentiation, and further studies concluded that it is 

the NOTUM expressed by late osteoblasts/osteocytes that is the main source of 

NOTUM. RSPO3, part of the R-spondin family, enhances WNT signaling and 

inactivation of RSPO3 in osteoblast-lineage cells specifically decreases trabecular 

bone in the vertebral column, with no effect on cortical bone. Osteoblast cultures 

revealed that inhibition of RSPO3 decreased proliferation and differentiation of 

osteoblasts through inhibition of WNT canonical signaling. In ovariectomized mice, a 

model for postmenopausal osteoporosis, RSPO3 was nonessential for the beneficial 

effects of estrogens on trabecular bone, but it was, surprisingly, needed for a full effect 

of estrogen on cortical bone. Together, the results presented in this thesis provide 

important new knowledge about the WNT signaling modulators NOTUM and RSPO3 

and reveals them to be new possible targets for anabolic drugs against osteoporosis. 
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