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miR-138-5p inhibits osteoblast differentiation by downregulating SIRT1 expression under
simulated weightlessness
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Abstract: Background Mechanical stimulation plays a vital role in maintaining bone remodeling and homeostasis, and mechanical
unloading-induced skeletal system damage is one of the main limitations for long-term space flight. miRNA and SIRT1 can regulate
osteoblasts functions via regulating signaling pathways related to bone formation. Objective To explore the effect of miR-138-
Sp/SIRTI signaling pathway on osteoblast differentiation under simulated weightlessness condition, and provide a therapeutic target
for intervention of weightlessness-induced bone loss. Methods 2D clinostat was used to culture MC3T3-El under simulated
weightlessness to verify the changes of expression of SIRT1. miR-138-5p mimic, miR-138-5p inhibitor, pcDNA3.1(+)-SIRT1 and
the corresponding negative control were transfected into MC3T3-E1 cells for functional experiments, MC3T3-El cells were treated
with simulated weightlessness for 48h after transfecting with inhibitor-NC or miR-138-5p inhibitor, and gqRT-PCR was used to
detect the mRNA expressions of miRNA and SIRT1, Runx2, Osx mRNA. The protein expression of SIRT1, Runx2 and Osx were
detected by Western blot, and Alkaline phosphatase (ALP) activity and ALP staining were used to detect osteoblast differentiation.
Results The expressions of Runx2, SIRT1 mRNA and protein in MC3T3-El cells decreased under simulated weightlessness
(P<<0.01 or P<<0.05); After transfecting miR-138-5p mimic or inhibitor into MC3T3-E1 cells, qRT-PCR, Western Blot, ALP
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activity and ALP staining detection showed that miR-138-5p significantly inhibited osteoblast differentiation (P<<0.01 or P<<0.05).
After miR-138-5p mimic and pEX-SIRT1 being co-transfecting into MC3T3-E1 cells, the result showed that miR-138-5p negatively
regulated osteoblast differentiation via inhibiting SIRT1 (P<<0.01). Furthermore, knockdown of endogenous miR-138-5p could
alleviate the suppression of SIRT1 expression and osteoblastic differentiation under simulated weightlessness (P<< 0.01).
Conclusion SIRT1 is downregulated while miR-138-5p is upregulated under simulated weightlessness. miR-138-5p regulates the
protein expression level of Runx2 and Osx via targeting SIRT1 and inhibits osteoblast differentiation. In addition, silencing miR-
138-5p/SIRT1 alleviates the suppression effect of simulated weightlessness on osteoblast differentiation, indicating miR-138-5p may

be a potential target for weightlessness-induced bone loss.

Keywords: miR-138-5p; SIRT1; simulated weightlessness; osteogenic differentiation; MC3T3-E1 cells
Cited as: Xu LQ, Zhang LJ, Li GZH, et al. miR-138-5p inhibits osteoblast differentiation by downregulating SIRT1 expression
under simulated weightlessness [ J ] . Acad J Chin PLA Med Sch, 2021, 42 (10 ) : 1074-1080.
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REA B %W, 40 miR-132-3p, miR-139-3p,
miR-320-3p &5 315, i iF 52 B, miR-138-5p
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5p. si-SIRT1. pcDNA3.1(+)-SIRT1 K AH i A BF
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Plus 4i i 4%, SYBR®Premix Ex Taq™ ., Mir-X
miRNA First-Strand Synthesis Kit, Prime Script® RT
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miR-138-5p inhibitor (80 nmol/L) A HAHN f*) B PE X
MR YL 1) MC3T3-E1 4 b ; i F Lipofectamine
3000, ¥ pEX-SIRT1 (100 ng/uL) & FA4E %} IR pEX
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Je B A IS TR R

5 R ¥ MC3T3-E1 M LAIE 2410 %5 B
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WA IR, YA B 60% BHE L
WY 12 h ARG SR T R R BN 2R, B
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H#M DNA(cDNA), i FH| Prime Script™ RT Master
Mix Kit 18 2L N 3% mRNA #Ef70i%4 5%, 37°C
15 min, 85°C 5s, 4°C ##47; ffiH Mir-X miRNA
First-Strand Synthesis Kit 4% i L1 T 20 B8 X miRNA
PEATWRE S . 37°C 1 h, 85°C 5 min, 4°C {#17.
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%1,
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El il S . @7 24# 57 4°C T 12 000 r/min
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Tab.1 Primer sequences

Gene Sequences (5°-3”)
U6-F CTCGCTTCGGCAGCACA
U6-R AACGCTTCACGAATTTGCGT
mmu-miR-138-5p AGCTGGTGTTGTGAATCAGGCC
mRQ 3' Primer TGGTGTCGTGGAGTCG
GAPDH-F TGTGTCCGTCGTGGATCTGA
GAPDH-R TTGCTGTTGAAGTCGCAGGAG
Runx2-F GAACCAAGAAGGCACAGACAGA
Runx2-R GGCGGGACACCTACTCTCATAC
Osx-F AAGAGGTTCACCCGCTCTGA
Osx-R TGATGTTTGCTCAAGTGGTCG
Alp-F GCAGTATGAATTGAATCGGAACAAC
Alp-R ATGGCCTGGTCCATCTCCAC
SIRT-F CGCTGTGGCAGATTGTTATTAA
SIRT1-R TTGATCTGAAGTCAGGAATCCC

BCA & [ BRI 5 & AR Ao YO TR 47 2R
HER . %8 Western blot  HFRESEATH K, SR
5% %% PVDF I, EFIRT, H 5% BT
JEEA 2 h, IFTE 4°C FHEEFE—IIRE LR
fdi l—HL W F . GAPDH(1 : 1 000; Cell Signaling
Technology, 32[), Runx2(1 : 1000; Cell Signaling
Technology, Z£[E), Osx(1 : 1 000; Cell Signaling
Technology, 32[), SIRTI1(1 : 1000; Proteintech,
EHE), R, BES ZHE 2 h(1:5 000;
ZS-GB-BIO v H]), JFfi HEER SR R G4, il
FH Image J A4 7 IR EEAE 2347 -

8  BHPEBERREHG N E K MC3T3-E1 4 i
THAL AR TS IS A 10% 3 1 B 5 590 /9 2 E
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10 min WEER F3 . fd ] ALP A6 0550 & kG v
W) ALP 3675 . B A R AR 37°C 1 E
15 min J5, DRI MR, ddH,0 fE A2 H
Xof BRI 78 AR 520 nm b E WG REE

9 BRPEFERREEYL G (] BCIP/NBT BPERE IR
A G TR M B R YL 0 . AR PBS i
VEJE FH 4% 2R A2 15 min, K 8 22 )40 I
U PBS #iik 3 K, SRJ5 K BCIP/NBT 44 o T4
WOmEEEAFLH, EEEDEIFAE 30 min 5 ddH,0
VEARZ L WA . E AR LA

10 Zita 4 Sit s Hr ¥ SPSS22.0 %k
He, EBIEUE £ TR, ¢ K TR L
3¢, One-way ANOVA HIFZFEAM LIS, PIFLHL
BRH LSD-t f 5 . P<0.05 W2 R AH G %=
S, AR ER 3 IR,

# R

1 SIRT1 MR E FAYRE 5 Con ML,
Ml 24 h, 48 h. 72h )5, qRT-PCR 45 %%
B MC3T3-E1 4l Jfi tf Runx2. SIRT1 mRNA [#) 3%
ik B EREIK (P<0.05 B P<<0.01)(I& 1A), Western
blot % J Al i /R A4 2 B 48 h J& SIRT1 2 (/K
T# (P<<0.01)(& 1B),

2 miR-138-5p 7EARAIC EE N Fe ik BRI E 4
1t A T HRAF miR-138-5p J& HAERIL B N £ 5
Fik B REMER, ¥ MC3T3-E1 ZififE 2D [m%5E 4%
B9 24 h, 48 Wl 72 WG AT # I . qRT-
PCRA AR FW, AL E LT, miR-138-
5p AKFETH R (P<0.05 5 P<<0.01)(&l 2A), N THF
5% miR-138-5p £ 4oL A ERT, LR
i S % % miR-138-5p mimic ., inhibitor B [§ 74 %t
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Fig.1 Expression level of SIRT1 in MC3T3-E1 cells cultured in simulated microgravity (*P < 0.05, P < 0.01, vs Con group)
A: Runx2 and SIRT1 mRNA expression levels in MC3T3-E1 cells after simulated weightlessness for 24 h, 48 h and 72 h; B: SIRT1
protein expression level in MC3T3-E1 cells after simulated weightlessness for 48 h
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E 2 miR-138-5p 7R E T FRIE LIFHAINGEIE 3L (P<0.05,°P<0.01, vs Con £H)
A: Rl 2L E T MC3T3-E1 4 B miR-138-5p AU 3R 1A ; B: # 3% miR-138-5p mimic. inhibitor 5 BF 14 X} B8 /& Runx2. Osx 5 ALP Y
mRNA Fi&; C:35% miR-138-5p mimic. inhibitor ZFA 43} #2 /5 Runx2 0 Osx EAMIFRIA; D:ALP 3

Fig.2 Expression level of miR-138-5p was up-regulated and then inhibited bone differentiation under simulated microgravity (*P < 0.05, "P <
0.01, vs Con group)
A: Expression level of miR-138-5p in MC3T3-E1 cells cultured in simulated microgravity; B: mRNA expression levels of Runx2, Osx
and ALP after transfection with mimic-138-5p, inhibitor-138-5p and negative control; C: Protein expression levels of Runx2 and Osx
after transfection with mimic-138-5p, inhibitor-138-5p and negative control; D: Representative staining images of ALP in osteoblasts
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A:miR-138-5p mimic 1 pEX-SIRT1 8¢ E BA 14 %} BB 445 23] MC3T3-E1 ZAff1f5 Runx2, Osx & ALP 9 mRNA B%iA; B: miR-138-
5p mimic 1 pEX-SIRT1 ¢ E A BB 34 E, Runx2 1 Osx EAMFKIEA; C:ALP L&

Fig.3 SIRT1 is essential for miR-138-5p to inhibit osteoblast differentiation (*P < 0.05,"P < 0.01, vs Con group)
A: mRNA expression levels of Runx2, Osx and ALP after transfection with mimic-138-5p and pEX-SIRT1 or negative control; B: Protein
expression levels of SIRT1, Runx2 and Osx after transfection with mimic-138-5p and pEX-SIRT1 or negative control; C: Representative
staining images of ALP in osteoblasts
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Fig.4 Silencing miR-138-5p could alleviate the alterations in differentiation of MC3T3-E1 cells under simulated microgravity conditions (*P <
0.05,°P < 0.01, vs Con group)
A: mRNA expression levels of SIRT1, Runx2, Osx and ALP after transfection with miR-138-5p inhibitor by qRT-PCR under micro-
gravity; B: Protein expression levels of SIRT1, Runx2 and Osx after transfection with miR-138-5p inhibitor by Western blotting under
microgravity
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