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Stimulation of the Runx2 P1 promoter by collagen-derived dipeptide Prolyl-hydroxyproline

bound to Foxgl and Foxol in osteoblasts

Kaho Nomura

Japan has entered a super-aging society, and the large gap between average life expectancy
and healthy life expectancy has become a particular problem. If the gap between average life
expectancy and healthy life expectancy widens raise concern about the quality of life (QOL) of the
elderly will decline and the cost of long-term care benefits will increase. Therefore, it is considered
urgent to shorten the gap between healthy life expectancy and average life expectancy through disease
prevention. It has been reported that skeletal diseases such as joint diseases and fractures account for
about 20% of the causes of the end of healthy life expectancy, i.e., the need for nursing care. Therefore,
we wanted to contribute to the extension of healthy life expectancy by preventing and improving
skeletal diseases.

We focused on Collagen peptide (CP), which has preventive effect and improvement on

skeletal diseases. In human intervention studies, oral intake of CP has been shown to improve bone
density and reduce symptoms in patients with knee osteoarthritis. However, the detailed molecular
mechanism of action has not been clarified. In the present study, we aimed to elucidate the osteoblast
differentiation mechanisms by Pro-Hyp, an active CP.
Runt-related transcription factor 2 (Runx2), a master gene for osteogenesis, and Forkhead box ol
(Foxol) are known to be transcriptional regulators involved in osteoblast differentiation. Foxol forms
a complex with Runx2 to induce osteoclast differentiation. Foxol interact with Runx2 to dissociate
Runx2 from the osteocalcin promoter.

Kimira et al. reported that Pro-Hyp induces gene expression of Runx2 and promotes
osteoblast differentiation. In addition, we have demonstrated for the first time that Forkhead box g1
(Foxgl) plays a vital role in Runx2 mRNA expression by Pro-Hyp. It has also been reported that the
Fox transcriptional regulator recognizes the 5'-(A/C)AA(C/T)A-3' base sequence, which is the Fox
core sequence, and binds to DNA.

These reports indicate that the formation of complexes of Foxol, Foxgl and Runx2 is
important for transcriptional regulation. We hypothesized that Pro-Hyp induces Runx2 expression by
regulating the interaction of Foxgl, Foxol and Runx2.

Therefore, in Chapter 1, we examined the mechanism of Pro-Hyp cellular uptake and the
effect of Pro-Hyp on the subcellular localization of Foxg1, Foxol and Runx2 in osteoblasts. In Chapter
2, the effects of Pro-Hyp on Foxgl, Foxol and Runx2 protein interactions were clarified. Finally, in
Chapter 3, we explored the Pro-Hyp response element in the Runx2 P1 promoter. By identifying the

transcriptional regulator that binds to the Pro-Hyp response element in Runx2 P1 promoter depending



on the addition of Pro-Hyp, we elucidated the molecular mechanism of Runx2 transcriptional
activation by Pro-Hyp.

In this study, we elucidated the molecular mechanism of action of Pro-Hyp in inducing
Runx?2 expression in osteoblasts. In osteoblastic cells, in the absence of collagen-derived dipeptide
Pro-Hyp, Runx2 binds to the Runx2 distal P1 promoter's proximal region, inhibiting Runx2 expression.
First, Pro-Hyp is incorporated into osteoblastic cell through Solute carrier family 15 member 4
(Slc15a4). Then, Pro-Hyp binds to Foxol1, leading to their interaction with Runx2, causing Runx2 to
dissociate from the Runx2 promoter and resulting in Runx2-Foxol heterodimer localizes in the
cytoplasm. Foxol, which has been localized to the nucleus, binds to the Runx2 P1 promoter. Next,
Pro-Hyp binds to Foxgl, disrupting the interaction between Foxgl and Runx2. Lastly, the dissociated
Foxgl translocates to the nucleus from the cytoplasm, binding to the Runx2 P1 promoter and activating
it. This is the mechanism of Pro-Hyp-mediated induction of Runx2 mRNA expression via Foxgl and
Foxol that we elucidated in this study.

In this study, we clarified the molecular mechanism of action of the active CP, Pro-Hyp, in
inducing osteoblast differentiation. It was speculated that endogenous and exogenous Pro-Hyp may
function as one of the coupling factors to induce osteoblast differentiation. In addition, Hyp-Gly, an
active CP, has been reported to inhibit osteoclasts. Therefore, it is expected that Pro-Hyp induces bone
formation and Hyp-Gly induces bone resorption in the body, thereby maintaining the balance between
bone formation and resorption. This result suggests that active CP plays an important role in bone
metabolism and may provide important insights into the regulation of bone metabolism. The
clarification of the molecular mechanism of CP will lead to the widespread use of CP and contribute

to the extension of healthy life expectancy.
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