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Exploration of fibroblast growth factor 21-inducing rare sugars for the prevention
FwCE H | of diet-induced obesity
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Obesity is acknowledged as a global epidemic that has been rising over the years. Without
comprehensive strategies, obesity adds a heavy burden to both healthcare system and socio-
economic aspects of the affected communities. Overeating is a key factor for obesity
progression. Specifically, the intake of dietary simple sugar as a rewarding food component
promotes overeating and therefore obesity. Continuous sugar intake is detrimental to obesity
development. Alternatively, low-calorie natural sweeteners such as rare sugars are used as the
dietary simple sugar substitute for the purpose of replacing sweet taste.

On the other hand, following sugar intake, a negative feedback mechanism exists to
suppress further sugar intake. This mechanism consists of hepatic fibroblast growth factor 21
(FGF21) and oxytocin neuron in the paraventricular nucleus of the hypothalamus (PVHO),
However, the ability to stimulate this negative feedback system had not been explored for the
purpose of developing dietary simple sugar substitute.

Rare sugars are group of monosaccharides that possess similar sweetness to the dietary
simple sugar but unmetabolized in the body. Therefore, they are as rewarding as dietary simple
sugar, but contribute little to no caloric value, which is safe for obesity progression. Inclusion
of rare sugars into the diet has been reported to be beneficial for tackling obesity but the
mechanism remains elusive. In this study, rare sugars are hypothesized to exert their anti-
obesity property through the activation of FGF21-PVHO*' negative feedback mechanism,
thereby suppressing sugar/sweet appetite. In chapter 1, FGF21-inducing rare sugars were
searched among the selections of rare sugars using primary mouse hepatocyte. The identified
sugars were then used to assess their sugar/sweet appetite-suppressing ability in C57BL/6
mice. In chapter 2, the mechanism underlying Fgf2/ expression by rare sugar induction was
investigated using primary mouse hepatocyte. Finally, in chapter 3, the effect of chronic
consumption of the identified rare sugars against diet-induced obesity (DIO) was evaluated in
C57BL/6 mice that had been fed with high-fat high-sucrose diet (HFHSD).

Some rare sugars are the epimers of dietary simple sugars such as glucose and fructose.
Therefore, it is likely that rare sugars can induce FGF21 secretion. Forty-six rare sugars were
screened in primary mouse hepatocytes. Among these, D-allulose, D-tagatose, and D-sorbitol
were the FGF21-inducing rare sugars with higher capacity than D-glucose or D-fructose.
Administration of single dose of these rare sugars to mice activated more PVH*' and
suppressed sweet appetite in C57BL/6 mice. The suppression was also observed when these
sugars were mixed with sucrose solution. It was confirmed through lick microstructure
analysis of the mice, that the inclusion of these rare sugars prolonged the interval of sucrose
ingestion, while decreasing the frequency of sucrose ingestion, indicating the increasing
replete state and suppression of sugar/sweet appetite in mice, respectively (chapter 1).

D-Allulose, D-tagatose, and D-sorbitol were confirmed to induce FGF21 secretion, but the
mechanism remained elusive. D-Glucose, D-fructose, and D-xylitol were previously reported to
induce FGF2I expression through the regulation of carbohydrate response element binding
protein (ChREBP). With structure similarities among these sugars, it was assumed that the




identified FGF21-inducing sugars shared the same FGF21 expression regulation, as previously
reported sugars. Analyses using mouse Fgf2/ promoter revealed that D-allulose, D-tagatose,
and D-sorbitol required an intact Fgf2/ promoter region that does not contain carbohydrate
response element (ChoRE). The mutation in this region significantly reduced Fgf21/
promoter activation by rare sugars. It was confirmed that activating transcription factor 4
(ATF4) can bind to this region, and knocking-down this transcription factor significantly
reduced Fgf21 expression by the rare sugars. Therefore, transcriptional regulation of Fgf21 by
rare sugars is different from that by dietary simple sugars (chapter 2).

Short-term administration of FGF21-inducing D-allulose, D-tagatose, and D-sorbitol
suppressed sugar/sweet appetite in C57BL/6 mice. To understand their chronic effect on DIO
progression, rare sugar solution was given to C57BL/6 along with HFHSD for one month. The
supplementation was effective to prevent diet-induced weight gain and reduced adiposity in
the mice. It also improved obesity-associated phenotypes such as insulin resistance and
glucose intolerance, with varying degrees. However, the supplementation was not effective in
addressing an established DIO in mice, which had been fed with HFHSD for 4 months prior to
the supplementation. It was found that continuous intake of HFHSD for 2 months could
desensitize mice from FGF21-inducing rare sugar. Therefore, rare sugars are effective
alternatives for DIO prevention, but not restoration.

In conclusion, rare sugar D-allulose, D-tagatose, and D-sorbitol are FGF21-inducing rare
sugars. The intake of these sugars can significantly suppress sugar/sweet appetite, and they are
effective for DIO prevention. Mechanistically, these sugars induce FGF21 secretion via the
regulation of ATF4 and subsequently activate PVH* to suppress sugar intake. Since these
sugars are generally recognized as safe (GRAS) and affordable, they are accessible to all
communities.
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