Prebiotic alteration of the gut microbiome rescues callus adiposity associated with impaired fracture healing in obesity
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BACKGROUND: Clinical evidence implicates obesity and type 2 diabetes (T2D) as risk factors for reduced bone strength, delayed fracture healing and
increased incidence of fibrous fracture non-union. Consistent with these clinical data, we have published that high fat diet-induced obesity and T2D leads to
reduced baseline bone strength and delayed fracture healing in mice. In a mouse model of tibial fracture repair specifically, we have established that dietinduced obese/T2D mice display a marked increase in adipogenesis and adiposity in the fracture callus, delayed callus remodeling, and a significant
reduction in ultimate biomechanical strength compared to lean-fed control mice. The basis for these tissue and biomechanical outcomes is an open question,
with one hypothesis positing that diet-induced obesity/T2D induces a systemic inflammatory state that impacts the differentiation of osteoprogenitors during
the bone repair process. Associated with this idea, there is growing recognition of the profound influence the gut microbiome on systemic inflammation and
chronic disease, with recent data suggesting that the profile of dominant microbial species in the obese/T2D gut contributes to increased systemic
inflammation that impacts numerous pathophysiologies system-wide. Accordingly, prebiotic and probiotic approaches to restore a healthy gut microbiome
have been shown to suppress the chronic inflammation and improve the overall metabolic state in obesity/T2D. Specific prebiotics, including the
undigestible oligosaccharide oligofructose, have been shown to reduce proinflammatory gut microbe populations by increasing the numbers of antiinflammatory gut microbes, suggesting a therapeutic potential for this strategy in alleviating the secondary complications of obesity/T2D. In Summary,
these findings led us to hypothesize that prebiotic supplementation with oligofructose will rescue impaired fracture healing in obese/T2D mice.
METHODS: Beginning at five weeks of age, 20 male C57BL/6J mice were fed either a lean or high fat diet for 12 weeks. Both groups were then divided
into two secondary groups and provided a lean or high fat diet (HFD) supplemented with oligofructose or a control non-digestible fiber (cellulose). After 2
additional weeks on the supplemented diets, mice were surgically administered a tibia fracture to the right leg, which was stabilized with an intramedullary
spinal needle. The mice continued consuming their fiber-supplemented diets until sacrifice at 21 days post-fracture (22 weeks of age). At the time of
sacrifice, fecal samples were collected and analyzed for bacterial abundance by 16S rDNA sequencing. Micro-computed tomography images were obtained
to evaluate the volume of mineralized fracture callus. Tibiae were collected, decalcified and paraffin-embedded, stained with Alcian blue/H&E, and
underwent histomorphometric analysis by a blinded observer. Statistical analyses were performed using two-way ANOVA with a Tukey’s multiple
comparison post-test.
RESULTS: In the absence of oligofructose (cellulose-fed control), HFDinduced obesity/T2D was associated with a larger fracture callus based
on microCT (data not shown) and histomorphometry (Fig. 1B and 1E),
suggesting delayed remodeling of the callus at this 21-day time point.
There was also a marked increase in callus adiposity compared to leanfed mice (Fig. 1A) that was significant based on histomorphometric
quantification of both % adipocyte area (Fig. 1F) and adipocyte number
(Fig. 1G). Remarkably, in parallel groups provided oligofructose along
with the high fat diet, callus architecture, size and adiposity were
normalized to the phenotype observed in lean-fed mice based on tissue
architecture (Fig. 1A-1D), % adipocyte area (Fig 1F), and adipocyte
number (Fig. 1G). Of note, the rescue of these tissue phenotypes in
obese/T2D fracture callus corresponded with a profound shift in the gut
microbiome. Bifidobacterium pseudolongum, a species associated with
decreased inflammation, was markedly more abundant in feces from
oligofructose-supplemented mice (Fig. 1H). Contrastingly, several
species that were increased in abundance in obese mice, including
Lactobacillus helveticus and Staphylococcus sciuri, were markedly
suppressed in obese/T2D mice supplemented with oligofructose.
DISCUSSION: In our previously published work, we demonstrated
delayed tibial fracture healing in obese/T2D mice that was associated
with biomechanical deficits and markedly increased callus size due to
delayed callus remodeling as well as robust callus adiposity. Here, we
demonstrate that the prebiotic oligofructose reverses both the increase in
callus size and adiposity that are characteristic of the obese/T2D mouse
fracture phenotype. With oligofructose, callus characteristics in the
obese/T2D mice are indistinguishable from those of lean mice, and these
changes are associated with marked alterations in the gut microbiome.
One commensal bacteria, Bifidobacterium pseudolongum, a well-known
anti-inflammatory microbe, dominates the gut microbiome following
oligofructose supplementation. Concurrently, several gut microbial
species that are linked to inflammatory states, including Lactobacillus
helveticus and Staphylococcus sciuri, are suppressed by oligofructose.
These results suggest that oligofructose can revert the pro-inflammatory
obese/T2D gut microbiome into the state seen in lean-fed healthy mice,
concomitantly rescuing the fracture callus architecture and adiposity
defects that are associated delayed fracture repair in obesity/T2D.
SIGNIFICANCE: In this report, we demonstrate for the first time that manipulation of the gut microbiome can have a downstream impact on the cascade of
events that play out during the fracture healing process. More specifically, our data suggest that impaired fracture repair in obesity/T2D is linked to an
inflammatory process driven by an altered gut microbiome that can be addressed by restoring a healthy microbial profile using prebiotic strategies. The
implications are clinically important given the simplicity of this candidate treatment to deal with a clinical problem that is without a globally accepted
therapeutic strategy short of aggressive endocrine and surgical interventions.
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