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Numerous experimental data shows crucial involvement 
of miRs in skeletal development in embryos, osteogenic 
differentiation, and maturation. However, molecular me-
chanisms of miRs action, in other words their target signaling 
pathways and transcriptional factors that specific drives 
osteogenic differentiation is far from being understood.  
With meta-analysis we identified miRs significantly 
involved in hMSCs osteogenic differentiation. Statistical 
analysis revealed significant trend of upregulation of let-
7a, mir-21, mir-26a, mir-29b, mir-101, mir-143, mir-
218 during hMSCs differentiation into osteoblast. And the 
opposite trend was shown for mir-17, mir-31, mir-138 
and mir-222: their content was significantly lower during 
osteogenic differentiation.  Using bioinformatics approaches 
we identified predictable genes-target for each miRs, 
analyzed signaling networks and biological process enriched 
by these genes. Bioinformatic assay shows that miRNAs 
specifically involved in hMSCs transition into osteogenic 
differentiation via microenvironment formation (i.e. let-7a, 
mir-17, mir-21, mir-29b and mir-101), TGF-�/BMP–
SMAD dependent pathway (i.e. let-7a, mir-17, mir-21, 
mir-26a mir-101) and MAPK signaling pathway (i.e. let-
7a, mir-21, mir-26a, mir-29b, mir-143 and mir17). Yap-
dependent expression of osteogenic transcriptional factors 
modulated by let-7a, mir-31mir-101, mir-138 and mir-222. 
We predicted that mir-17, mir-26a, mir-29b, mir-101, mir-
138 and mir-222 are specifically involved in canonical Wnt 
signaling dependent osteogenesis as well as in osteoblast 
maturation together with let-7a, mir-29b and mir-218 which 
modulate AMPK signaling. Additionally, identified mir-101 
is likely involved into osteoblast homeostasis via Hedgehog 
signaling. Presented here data expands knowledge in the 
field of hMSCs fate and osteogenesis orchestration by miRs, 
points to pro-osteogenic and anti-osteogenic miRs and their 
potential molecular pathways.

Key words: cells signaling, differentiation, miR, microRNA, 
osteogenesis, osteogenic lineage, hMSCs.

ÑÈÃÍÀËÜÍÀ ÐÅÃÓËßÖ²ß ÎÑÒÅÎÃÅÍÍÎÃÎ 
ÄÈÔÅÐÅÍÖ²ÞÂÀÍÍß ÌÅÇÅÍÕ²ÌÀËÜÍÈÕ 
ÑÒÎÂÁÓÐÎÂÈÕ ÊË²ÒÈÍ ËÞÄÈÍÈ. 
ÌÅÒÀ ÀÍÀË²Ç ÒÀ Á²Î²ÍÔÎÐÌÀÒÈ×ÍÉ 
ÀÍÀË²Ç ÐÎË² ì³êðîÐÍÊ

Íèçêà åêñïåðèìåíòàëüíèõ ðîá³ò äåìîíñòðóº âàæëèâå
çíà÷åííÿ ì³êðîÐÍÊ ó åìáð³îíàëüíîìó ðîçâèòêó 
ñêåëåòó òà îñòåîãåííîìó äèôåðåíö³þâàíí³. Îäíàê
ìîëåêóëÿðí³ ìåõàí³çìè ä³¿ ì³êðîÐÍÊ ëèøàþòüñÿ 
íå äî ê³íöÿ ç’ÿñîâàíèìè, òîáòî íàðàç³ íå â³äîìî
äîñòåìåííî ÿê³ ñàìå ñèãíàëüí³ øëÿõè òà òðàíñêðèï-
ö³éí³ ôàêòîðè îñòåîãåíåçó  º ì³øåíÿìè ì³êðîÐÍÊ.  
Òîæ, çà äîïîìîãîþ ìåòà àíàë³çó ìè ³äåíòèô³êóâàëè 
ì³êðîÐÍÊ ùî äîñòîâ³ðíî çàëó÷åí³ äî îñòåîãåííîãî 
äèôåðåíö³þâàííÿ ÌÑÊ ëþäèíè. Ñòàòèñòè÷íèé àíà-
ë³ç âèÿâèâ òðåíä ï³äâèùåííÿ åêñïðåñ³¿ íàñòóïíèõ 
ì³êðîÐÍÊ let-7a, mir-21, mir-26a, mir-29b, mir-101,
mir-143, mir-218 ï³ä ÷àñ îñòåîãåííîãî äèôåðåíö³þ-
âàííÿ. ² íàâïàêè, çíèæåííÿ åêñïðåñ³¿ âèÿâèëè äëÿ
mir-17, mir-31, mir-138 and mir-222. ²ç çàñòîñóâàí-
íÿì á³î³íôîðìàòè÷íèõ ìåòîä³â äîñë³äæåíü ìè ³äåí-
òèô³êóâàëè ïåðåäáà÷óâàí³ ãåíè-ì³øåí³ äëÿ êîæíî¿ 
ç âêàçàíèõ âèùå ì³êðîÐÍÊ òà ïðîàíàë³çóâàëè ÿê³ 
ñèãíàëüí³ ìåðåæ³ òà á³îëîã³÷í³ ïðîöåñè çáàãà÷åí³ 
³äåíòèô³êîâàíèìè ãåíàìè. Ó ðåçóëüòàò³ ìè ïðîäåìîí-
ñòðóâàëè, ùî ì³êðîÐÍÊ ñïåöèô³÷íî ðåãóëþþòü 
îñòåîãåíåç ÌÑÊ ëþäèíè ñïðèÿþ÷è ôîðìóâàííþ 
ì³êðîîòî÷åííÿ (let-7a, mir-17, mir-21, mir-29b ³ mir-
101), ðåãóëþþòü àêòèâí³ñòü TGF-�/BMP–SMAD çà-
ëåæíîãî ñèãíàëüíîãî êàñêàäó (let-7a, mir-17, mir-21, 
mir-26a ³ mir-101) òà MAPK ñèãíàëüíîãî øëÿõó (let-
7a, mir-21, mir-26a, mir-29b, mir-143 òà mir17). Yap-
çàëåæíà åêñïðåñ³ÿ îñòåîãåííèõ òðàíñêðèïö³éíèõ 
ôàêòîð³â let-7a, mir-31mir-101, mir-138 òà mir-222. 
Ìè ïåðåäáà÷èëè, ùî mir-17, mir-26a, mir-29b, mir-
101, mir-138 òà mir-222 çàëó÷åí³ ó ðåãóëþâàííÿ êà-
íîí³÷íîãî Wnt ñèãíàëüíîãî êàñêàäó òà îñòåîãåíåçó 
â³äïîâ³äíîþ. Îêð³ì òîãî, mir-17, mir-26a, mir-29b, 
mir-101, mir-138 òà mir-222 ðàçîì ç let-7a, mir-29b 
òà mir-218 ðåãóëþþòü äîçð³âàííÿ îñòåîáëàñò³â, îñ-
ê³ëüêè let-7a, mir-29b òà mir-218  çäàòí³ ìîäóëþâàòè 
àêòèâí³ñòü AMPK ñèãíàëüíîãî êàñêàäó. Îêð³ì òîãî, 
³äåíòèô³êîâàíà íàìè mir-101 âî÷åâèäü ðåãóëþº ãî-
ìåîñòàç îñòåîáëàñò³â îïîñåðåäêîâàíî ÷åðåç Hedgehog 
ñèãíàëüíèé êàñêàä. Çàãàëîì, îòðèìàí³ íàìè äàí³ ðîç-
øèðþþòü òà ñèñòåìàòèçóþòü ³ñíóþ÷³ çíàííÿ ùîäî 
ðîë³ ì³êðîÐÍÊ ó ðåãóëþâàíí³ îñòåîãåíåçó òà äîë³ 
ÌÑÊ ëþäèíè, ³äåíòèô³êóþ÷è ïðî-îñòåîåãåíí³ òà
àíòè-îñòåîãåíí³ ì³êðîÐÍÊ òà ¿õí³ ïîòåíö³éí³ ìîëå-
êóëÿðí³ ìåõàí³çìè ä³¿. 

Êëþ÷îâ³ ñëîâà: Ñèãíàëüí³ ðåãóëÿö³ÿ êë³òèíè, äèôå-
ðåíö³þâàííÿ, miR, ì³êðîÐÍÊ, îñòåîãåíåç, îñòåîãåí-
íà ë³í³ÿ, ÌÑÊ.
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