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• Parathyroid hormone-dependent bone formation requires butyrate production by 

intestinal microbiota. J Clin Invest. 2020 Apr

• Involvement of the Gut Microbiota and Barrier Function in Glucocorticoid-Induced 

Osteoporosis. J Bone Miner Res. 2020 Apr







Background

•PTH: κομβικός ρόλος στην οστική 
ομοιοστασία 
• Δράση είτε αναβολική είτε καταβολική
• Δύο τουλάχιστον οδοί δράσης:
Wnt pathway αλλά και μέσω των 
Treg με….

«…Reports have highlighted the bone-
regulating capacities of Tregs, describing 
mechanisms where Tregs blunt bone 
resorption, stimulate bone formation by 
promoting the differentiation of 
osteoblasts, and are pivotal for the 
stimulation of bone formation induced 
by nutritional supplementation with the 
probiotic Lactobacillus rhamnosus GG 
(LGG)» 



Ερώτημα μελέτης

• … We examined the role of the microbiota and 
of butyrate in the regulation of bone 
responses to iPTH in young female mice.

• Ποια η επίδραση σε germ-free mice and 
antibiotic-treated conventional mice;

• Και τι συμβαίνει στην iPTH και στον οστικό 
μεταβολισμό αν διορθωθεί η κατάσταση;



Αποτελέσματα (1)



Αποτελέσματα (2)

“…the microbiome is required 
for the anabolic activity of 
iPTH in trabecular bone, but it 
is not implicated in the 
mechanism whereby iPTH 
increases cortical bone mass.”



Αποτελέσματα (3)



Αποτελέσματα (4)



Ως τώρα…

1. iPTH treatment fails to improve trabecular bone structure 
in GF mice and conventional mice treated with antibiotics.

2. iPTH treatment fails to stimulate trabecular bone turnover 
in 12-week-old GF mice and conventional mice treated with 
antibiotics.

3. iPTH treatment fails to regulate SC proliferation and life 
span, T cell expression of Wnt10b, number of Tregs, and 
BM production of TGF-β and IGF-1.

These findings demonstrate that iPTH regulates osteoblast 
proliferation, differentiation, and life span through a 
microbiome-dependent mechanism.



Αποτελέσματα (5)

Η διόρθωση των 
επιπέδων του 
βουτυρικού οξέος 
έχει ευεργετική 
δράση



Αποτελέσματα (6)

Butyrate, but not PTH, directly 
stimulates Treg differentiation
through the GPR43 signaling.



Προοπτικές…

❖ An increase in the number of Tregs achievable by 
nutritional supplementation with butyrate may 
represent a novel therapeutic modality for 
osteoporosis or for potentiating the bone 
anabolic activity of PTH. 

❖ Moreover, the use of butyrate to increase the 
number of Tregs may find wider applications, 
such as in transplant medicine or as a treatment 
for inflammatory and autoimmune conditions.





Glucocorticoid treatment causes dysbiosis

J of Bone & Mineral Res, Volume: 35, Issue: 4, Pages: 801-820, First published: 30 December 2019, DOI: (10.1002/jbmr.3947) 

Glucocorticoid

treatment causes 

dysbiosis



Depletion of the gut microbiota prevents glucocorticoid induced trabecular bone loss. 

J of Bone & Mineral Res, Volume: 35, Issue: 4, Pages: 801-820, First published: 30 December 2019, DOI: (10.1002/jbmr.3947) 



Probiotic Lactobacillus reuteri 6475 supplementation prevents glucocorticoid‐induced bone loss. 

J of Bone & Mineral Res, Volume: 35, Issue: 4, Pages: 801-820, First published: 30 December 2019, DOI: (10.1002/jbmr.3947) 



Probiotic treatment did not affect GC‐Tx induced changes in cortical bone mechanical strength 
properties

J of Bone & Mineral Res, Volume: 35, Issue: 4, Pages: 801-820, First published: 30 December 2019, DOI: (10.1002/jbmr.3947) 



Barrier dysfunction mediates glucocorticoid‐induced bone loss.

J of Bone & Mineral Res, Volume: 35, Issue: 4, Pages: 801-820, First published: 30 December 2019, DOI: (10.1002/jbmr.3947) 



Prevention of GIO by LR and MDY is the result of retaining anabolic bone activity 
and reducing catabolic activity under GC treatment conditions.

J of Bone & Mineral Res, Volume: 35, Issue: 4, Pages: 801-820, First published: 30 December 2019, DOI: (10.1002/jbmr.3947) 



Συμπεράσματα…
• Significant evidence for the role of the microbiota in mediating 
GIO

• Overall increase in the relative abundance of Clostridiales and a 
decrease in Bacteroidales and Verruomicrobiales groups.

•LR was able to prevent trabecular bone loss

• Alterations in the gut microbiota that reduce beneficial bacteria 
and increase unhealthy bacteria can promote intestinal 
permeability and increase serum endotoxin

• Enhancing barrier function with MDY prevented trabecular bone 
loss







Υπόθεση και σκοπός
Το characterize the diversity, composition, and functional gene potential of the 
gut microbiota of healthy, osteopenic, and osteoporotic women.

Μέθοδος
•Body composition, bone density, and fecal metagenomes were analyzed in 86 
postmenopausal women. 

•The women were classified as healthy, osteopenic, or osteoporotic based 
on T‐scores. 

•The taxonomic and functional gene compositions of the microbiome were 
analyzed using shotgun metagenomic sequencing.











Υπόθεση και σκοπός
To investigate the relationship between gut microbiota

composition and osteoporosis/fracture risk 
Japanese postmenopausal women 

Μέθοδος

•16S rRNA gene sequencing, FRAX, bone mineral density, 
biochemical bone parameters (vitamin K fraction and tartrate-

resistant acid phosphatase 5b; TRACP-5b), and a self-administered 
questionnaire.

•Fracture incidence and relative risk were investigated for each 
bacterium.











Συμπεράσματα

The genus Bacteroides was predominant in the high vitamin K2 

group (29.73% vs 21.58%, P = 0.022). Fracture incidence was 

significantly higher in the low Bacteroides group, with a 5.6-times 

higher risk ratio of fracture history.

The family Rikenellaceae was more abundant in the low BMD 

group and more abundant in the high TRACP-5b group (2.15% vs

0.82%, P = 0.004; 2.38% vs 1.12%, P = 0.013, respectively).



Περνώντας από την εμβρυική στην 
παιδική ηλικία… 



Probiotic L. reuteri treatment prevents bone loss in a menopausal ovariectomized mouse 

model. Britton RA et al, J Cell Physiol. 2014 Nov

Probiotics protect mice from ovariectomy-induced cortical bone loss. Ohlsson C et al,

PLoS One. 2014

Convincing evidence from ovariectomized mice, where supplementation 

with L. reuteri ATCC PTA 6475 protected against bone resorption and loss 

associated with oestrogen deficiency

Βάση



Σκοπός

Τo determine if treatment with a combination of three bacterial 
strains protects against the rapid spine bone loss occurring in 

healthy early postmenopausal women.

Μέθοδος

❖ Randomised, double-blind, placebo-controlled, multicentre 

trial was done at four study centres in Sweden.

❖ 232 μετεμμηνοπαυσιακές γυναίκες

❖ L. reuteri ATCC PTA 6475 × 1010 colony-forming units 

(CFU) per day vs placebo

❖ 1 έτος





• Lactobacillus treatment 

reduced the LS-BMD loss 

compared with placebo 

(mean difference 0·71%, 95% 

CI 0·06 to 1·35).

• The LS-BMD loss was 

significant in the placebo 

group (–0·72%, −1·22 to 

−0·22), whereas no bone loss 

was observed in 

the Lactobacillus-treated 

group (–0·01%, −0·50 to 

0·48).

• The adverse events were 

similar between the two 

groups.



Metabolomic-based analysis of serum samples from 

participants in both treatment groups using liquid 

chromatography—tandem mass spectrometry to identify 

possible mechanisms for these effects.







Ωστόσο…

97 metabolites involved in multiple processes, 
including amino acid, peptide, and lipid 

metabolism which showed trends for differences 
between the treatment groups, but none 

remained significant after correction for multiple 
testing



Πού βρισκόμαστε;







Οι έως τώρα «κατακτήσεις»…

A. Μελέτες σε ζώα
1. Germ-Free (GF) Murine Models

Το εντερικό μικροβίωμα παίζει ρόλο στον οστικό μεταβολισμό
short chain fatty acids (SCFA) – butyrate 

2. Antibiotic-Intervention Studies
Μικτά αποτελέσματα – ανάλογα με τη διάρκεια χορήγησης των 

αντιβιοτικών 
Μηχανισμοί: Αλλαγή στα επίπεδα κλωστηριδίων και στα επίπεδα 

βιταμίνης Κ2

3. Models of Postmenopausal Osteoporosis



Οι έως τώρα «κατακτήσεις»…

Β. Μελέτες σε ανθρώπους
1. Human Observational Studies

2. Intervention Studies
Lactobacillus reuteri

3. Vitamin D and microbiome






