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Differential MiRNA/mRNA Expression Profiling and Functional
Network Analysis for MOC3T3-E1 Cells with Microgravity
Stimulation Based on RNA-seq
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Abstract: Objective To investigate the effect of microgravity on MC3T3-E1 osteoblast differentiation. Methods
The differential mMiRNA and mRNA expression profiling of MC3T3-E1 cells during exposure to microgravity were
established by RNA transcriptome sequencing technology ( RNA-seq). The RNA sequencing results were valida-
ted using quantitative real-time polymerase chain reaction ( g-PCR). Bioinformatic analyses were applied for fur-
ther study of these differentially expressed miRNAs and mRNAs. Results Compared with control (CON) group,
A total of 1 912 coding transcripts and 160 miRNAs were detected along with osteogenic differentiation in simulated
microgravity (SMG) group. Bioinformatic analysis revealed 10 core regulatory genes including 7 mRNAs and 3
miRNAs. Based on the analysis and verification, one miRNA, miR-9_6666-5p, was identified, which might play an
important role in osteogenic differentiation process under microgravity. Conclusions The process of osteoblast
differentiation was repressed under microgravity which might be related to the changed expression profile of
miRNA/mRNA. The research findings can contribute to the better understanding of the molecular mechanisms of
mRNA and miRNAs in osteogenic differentiation and bone formation under the microgravity condition.
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BAS B RS LSS O I AR | SR E R SR T L
T IR RR RIS 15 A A el AR 40 SR, 4k FE X A
44t B 52 e 1) ELAAR 53— BIL T ATS v A B B

/)N RNA ( microRNA, miRNA) &2 —Z8E 4wt
RNA FAEET &5 15~25 MEATIR , 768 15 HLIA
AR T B EEAEAT . B9 K, miRNA
Z 5 a2, 3 M Wt . BMP  TGF-B FGF
Notch JIGF il Hh S Z #0555 #% " . H I, miRNA
Ew %AW /ERC P w6, 22
miRNA 7ELE ) 3R 55 T X6 a5 40 i a8 78 i A
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HE,

ARSCE T R T3R5 X MC3T3-E1 A0 H 4
o3 Ak B 52 W, G G e B B IR AR B (rotary cell
culture systems, RCCS) f4% MC3T3-E1 {5 /] B 5%
BEAY Jr A LR ) BRI T miRNA/mRNA K5
TS, 4 AR OCAR AR FH 2%, 5 0 it 5 8
SRS O R IR BER AT miRNA TEGL
HJIAEE N R B AR R AR R
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1.1 #RE5RF

/IR MC3T3-E1 AR 20 22 (1 2 2
LR A WP ST ), LR B IRAT . o-MEM 8537 5
TRRIGAF LT 0. 25% [ + EDTA %8 ( Gibico 22
Al ) B R I (alkaline phosphatase, ALP)

T ARSI 1200 8 (pi s A A R BF ST T ), BCA
A SN & (W st UE A A ] ) PCR 32565
Yy AT AEY TR A | Trizol 35457 ( Sigma 2y
A, FE ) T B 5 (collagen type 1, Col-1) ‘& 45
% (osteocalcin, OCN) —$T ( Abcam 23 ), L H ) ,
PRI S A YN A ), Cytodex 3 fif 2R 4K
( GE Healthcare A H], 22 E) ,RCCS &4t ( Cell Tech
2w, M), GENios Mt 8 ( Tecan H H] 23 #],

Fit) .
1.2 7k
1.2.1 @migi BUAMANRIESTE T, #%

1x10° A~/mL % B 32 Fp 2 40 g 8% 5= b, & F
5% CO, 37 CHEIRIEFA IR, K H W, LU &
2 d B EE FR, 1 A0 U R R UG 80% A2 A
AT,

1.2.2 BB E AR ME A (simulated
microgravity , SMG ) : 73 l4% FEHEAE A PA L & 5 mg/mlL
TRV WL, LA KOO e i 22 490 i 335 3% L i 47 2K
PRI, T B S g O A 30 mL BT B ()
a-MEM$5 538 ( LIV AT ) .5 mL A UG 4R 1
B .5 mLIERRIR B & 5x10* MR, =
Ji PR B 35 5 e 15 7 ILRE s, HE R <, % B
RIEFR L Bk Rl b 38 W PL e 5%
P FEE N 20 /min, ELEEE SR 3 d, S H A] B
ZE TV R 5 % 0L v 7= A AR, B Lk 3 AR B 1)
FIR A . X BREZH(CON) A5 40 S T 2D K5 3R 1L
g LRI 3 d,

1.2.3 ALP #Han R 3 dJE, B.oldE
BLHANME, T VES A 500 WL (9 PBS 2% vhifi 1 &
A, 7E 300 W DR R A4 B T ukoK IR A2k 17
HE B 2407 S8 20 TR R P S T R VR DA
T FE RIS A il B4 RE R UGS 5 s, [H] P&
4 W, BRRIBIBE A R 30 s, ] BCA 5k A E
B ERB A BRI A R 96 fLAk, 520 nm &b
AR 5 LI

1.2.4 FH#EAEZTEPCR 4 HEI G,
OMCEE 25 2 40 T, T S0 1% B A 4 A0 R 1
RNA, %Ef RNA 1 wg/mL, ¥ %% 54 i cDNA,
DL eDNAs 1E A R 1T 52 i 92 0 58 &8 PCR 4399l
Kz ALP OCN | Col-I 3R &K K, 51 9 ¥ 41
W1,
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Tab.1 Primer sequences for experiment

8- 975) SIYIFF(5'-3")

1E TGACCTTCTCTCCTCCATCC

ALP
J% CTTCCTGGGAGTCTCATCCT
oex i TGCTTGTGACGAGCTATCAG
J% GAGGACAGGGAGGATCAAGT
o i GAGCGGAGAGTACTGGATCG
? J% GTTCGGGCTGATGTACCAGT
i i GATTACTGCTCTGGCTCCT
acm J% ACTCCTGCTTGCTGATCC
4SS i CAGTGCGTGTCGTGGAGT
Ay & AGGTCCAGTTTCCCAGG
1 6666s i TCGGCAGGCAGTTGAGGCAA
e P J% CTCAACTGGTGTCGTGGACT
s IE UGAGGUAGUAGGUUGUAUGG
criemp JZ CCAUACAACCUACUACCUCA
e iE CTTCGGCAGCACATATAC

= GAACGCTTCACGAATTTGC

1.2.5 Western blot #m  ZERE3E 3 d J5, B O
WOAR 5 2 20 B, in A B 1 24, BCA 5 8 it
FAMMPE AR, RS EEFEEA 30 weg, N
A SxAEF EFEGE v, WK A 10 min, 15 4%
BEMIMACEHI A& 10% 50 B 5 5% W 45 2 1Y
LYK 2R 40 PN e 5 U0 S 9 2 15 o PVDIF 5 5%
WEAE Ry 2R R B 1 b £ M5 B9 PVDF 43 1)
543 OCN(1:500) ,Col-I(1:1 000),GAPDH
(1:2500) —$i4 C W H L #%; By PVDF X,
PBST ¥E% 5 WK, 51WFEP Ry =5 (1:5 000 #
) W EIEE 1 h, PBST YE 5 WK A B3 &6
W(ECL) B = 5 2, BU I R J5 H Tmage ]
ATy s
1.2.6 RNA XL EZsz 505 HiEER3IdE, B
OWEES AR, ARIEEAE T, R A TRIzol ™7
PREAS ALY B RNA, BRI 3 MEYFER
(AMREAE AL AR F 3 ST 525 ) o >R NanoDrop #1
B A2 M e 400 26 G T RNA. 4 8 R 5 3% 1| R
Agilent 2100 BioAnalyzer i 43 BT 45 2H 40 ffd 51 RNA
RSt 5 4l i (EARIE RIN>7.0.,285/185=1.5)
Qubit RNA Assay Kit XJ 2 7 9 & RNA #E47 HERf &
i JRIES 4 RNA IR EAE T 1~10 pg,
XPFEMIEAT 37 ALK S 57 IE BC AR Y 4,

UHEAT B 3%, di Je X B AR R AT PCR 9735, %) 3¢
JPEBE R IF R AL

1.2.7 GO # 85 KEGG fz5@% 5 £ixs It
AIAK ((gene ontology, GO) ¥ Bl & 4441, J&
iz [ DAVID & R {3 B T H (http ://david. abec.
nciferf. gov/ ) WF5E H 5 £ B4R & 78 GO iy 43 1
ARUC, B B 52 36 v R AR 22 S 70 B R I RE B A 3R
B, HAARSRUE, BIAH Fisher XSUIMAR i 46 0 > X
GO Ay 4 H #4770 2, W) I ) H Ak B2 (false
discovery rate, FDR) 1155t AH N B IE J5 1 P {H,
P<0.05 H FDR<0.05 £/~ GO MR &L AA
BFEER,

[FIE , 455 18 i 0 A e AR Ah s AT P 5 i PR 2
HEFE 4 (Kyoto encyclopedia of genes and genome,
KEGG) HH PE R TE RS, #9781 15 22 5+ K 35 miRNA
HERIR B mRNA Fir & 46 /Y AH G155 i 3 (hp://
www. genome. jp/kege/) . GO 5 KEGG 43 #7 ffi H
KEGG Fil PubMed $4i8 )% .

L3 SitFEHE

FirA s Yok A3 Uoph Sz S5 BoE R T3
(bR 22 R0 AHLIE] USRS 2R 07 2270075 GO
5 KEGG /MK H Fisher SIS H , P<0. 05 3
mEFHAGI R L,

2 #R

2.1 MEHREXNREHMS LR

ALP (OCN , Col-I 2 j ‘B 41 M 138 5 43 Ak i) b
BEE A T SRR ) B R A 4% ALP L OCN
Col-1 7= = 521, 43 9 % | q-PCR , ALP iz 7 & Al
Western blot £ £ 2 4 i Hf* ALP ,OCN F1 Col-1 119
mRNA FI&E Rk KF, 2R E/R, 5 CON 44
L, SMG fnb 2 410 46 J B 43 f A OG5 R i 32 35, ALP
TEPE S R, OCN , Col-1 AY#E kK P i 3
FEARCILIE 1) o
2.2 HMEHAMRETHEHMEFP miRNA/mRNA &

R T RSO B AR B R ) BB S miRNA/
mRNA 3R 3K 25 A8k, 1 5% I 9 it s 2540 ok
fridug s s, s g =2 H P<0.05 & Xh
ik Bl AR BB <0.5 H P<0.05 & X R EE
T, g5 EIR, S5 CON ML, SMG 41345160 2%
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: sALP 312 P
ﬁ] . “0CN E 5 3 %4 miRNA #£47 q-PCR 53E, 45 578, ¢-PCR
: ; O 28 .
?;g = SR G PS5 R A B —EE (WK 3)
<‘.:0.5 o 4
z 3 8] @RNA-Seqmq-PCR
e O—onN SMG < 07CON SMG e
(a) ALP. OCNFICol-I F£ R F ik KT (b) ALP#FE 4
1.5 s OCN & Ibsp Omd Aspn Bglap145a-5p let-7a-5p
X w0
®1.0 = 9 6666-5p
3‘%05 Ry
Rini
Col- T B :
¢ B0 CoN SM -8
(¢) Western blot B} (d) OCN. Col-1 ®EARIEKTF
-12

B 1 MEAHWET MC3T3-E1 S BIE00( *5 CON
21 L%, P<0. 05)

Fig.1 Effects of microgravity on MC3T3-El cells differen-
(a) mRNA expression level of ALP, OCN and
Col-I, (b) ALP activity, (c¢) Picture of Western blot,

(d) Relative protein expression of OCN and Col-I

tiation

miRNA & A= 1 35 oA, Hov, Rk B AT 84
2%, B TNIA 76 25366 1 912 4~ mRNAs &4
i eAr  Hop SRk BRI 991 A4, ik TR
A 921 (WK 2),

8f ek BIMER
G 30k TSR
K RELEER

Cl C2 C3 S1 S2 83

10

0 5
log2 (45D
(a) mMRNARIE

B2 MEHFEN mRNA 5 miRNA RikigEREEH

Fig.2 Effects of microgravity on miRNA and mRNA expression profile in MC3T3-E1 cells

B3 RNA-seq 5 ¢-PCR #&UHE HIRE T MC3T3-E1 45E
H mRNA/miRNA FiA %R ILE

Fig.3 Comparison between RNA-sequence and q-PCR results
for mRNAs and miRNAs of MC3T3-E1 cells under

microgravity

2.3 WEAMETERYE miRNA/mRNA £ 4%
BT
RT3 R R ) OB OG5 miRNA 5 mRNA,
X} 2% 5% miRNA 3551 mRNA #47 GO 1433

ERRIER
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4
Ry
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e
2 2
I
0 ‘ ot
-4 0 4
log2 (AR £540)
(b) MIRNAZRIE

(a) mRNA expression, (b) miRNA expression
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OF: i
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Toll-like receptor signaling pathwa
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4 \MDM2/MDM4 Z & 45 G o0 T N A AL IR 5
FrEPESE, N T2 T Ik RE 2 5 E M)
A, X3k e e 3 3k 25 SR IL AT KEGG 38 J% 70 #r .
SEAR B, X s 2z 5 L P 4 B E 4R 7F Jak-STAT,
TNF BB 20 oAb S 5 S g (LI 4)

intracellular signall7Z77777777777
protein modificationt /%

immune system process{ZZ 0
phosphorylationlZZ77777777

AR

\

\|
N

01 2 3 4 5 6 7 8 910
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Fig.4 Enrichment of ontology (GO) analysis and KEGG pathways of differentially co-expressed genes under microgravity

(a) Cellular component, (b) Biological process, (c¢) Molecular function, (d) KEGG pathway

J TR B ME AT 2 5 el ik G
miRNA 5 mRNA | 5%, 1158 2 5 %35 miRNAs 2%
53Tk mRNA P& (192 A M OC R B -, 0 6 100 25 A4
KBy AN HR, A miRanda #5044 B0 miRNA-
LR, O 50 & 45 R GO, B 5 W # miRNA-
mRNAZR IR JA 2% 5 e 2 i e 1 10 A4S A8 1,
345 7 4 mRNA (Ibsp, Omd . Alpl, Bglap ., Collal ,
Ogn . Aspn) 5 3 & miRNA ( miR-9_6666-5p . let-7c-
Sp.miR-145a-5p) .,

2.4 A[FER EHEEREHIFEET miR-9_6666-5p
7£ MC3T3-E1 ZBRa R R IE

FRAE# 2 ) miRNA-mRNA 26 31K 9 2 M 4% &
PR, A e A 3 45 miRNA H' miR-9_6666-5p 5
T ) PR BE T BUE AL e S R D,
Ogn . Col12al \Itgal ,Oasl2 ,Runx2 ., Stonl %55 il &
AR UIA A K R miR-9_6666-5p AYHIIEA

I, 2R q-PCR J7 2 A6 I AN [] Asf i) A6 5 (0,24
48.72 h) 1% & Jj % #& J§ miR-9 _ 6666-5p 7£
MC3T3-E14HI i) KRB, 45 R B, A
B R F A A EE K, miR-9_6666-5p 1Y #E ik
BT, B miR-9_6666-5p Xl E S M A N
HORK, IF T VR Sy BF 5 SO ) PR R R R A AR
AT (WES) .

3 itig

3.1 WENRENFEZHZIM

BIUBHUSE 3 76 2 -1 A9 58 B 1k 5 1 4 5 i B
AEEMIER Y B E BB R AR
WHRRTG S H 2385 2, R0 2020 47 rp EDREEE A
23 [l , T GURE T I 13k 1 4F PL B R 23 (8] R AT IR
], AHR ALK 53 N ) Al o ) 2R B 5 23 3 i 4
GUREWLR , oy KR B i, HIGE 56 2k, e
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5 ARME#EMEAESET miR-9_6666-5p £ MC3T3-E1
MR RIRIEER ("5 0 h HAHLL, P<0.05)

Fig.5 miR-9_6666-5p expression in MC3T3-E1l cells at different

miR-9_6666-5

time gradients under microgravity

WA FH BRI RSB EE R, 250 AT
OB R S E R B A 2 DL B I Sz ) HLE
WS i oy TR B R B AL B B S R T LA
R, BRIz " 2 h K
NGRSO BRI AT 0 2 o i o ) 2 6, 445
SR R ECE 4 M D R 32 6, BT P o R R
B AN ™ BRI A B B I A I R A
N7 B A e i T R AR R A2 i Y R
FREE M5 RCCS 771545 3y sh i 5 40 ik 7
MR IR e, S5 R R, E T, AN
L) S AU ) T BRI, 2 0 7 A P R U 55 5 A
B A R A AL, G E | oA 2 B B
M, H5 NF-kB {5538 5 B0 30s Ao LR
LSRRI G ) PR AE 2 )2 O LR ) 1 o
HEATIRAE SR HEAAR R 43 FAE 2RI AN 2
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=AU

miRNA J&—Ff PP A9 /N IE 46 65 RNA 4> F
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B R TAERE , miRNA 75 45435 41 it 2 85 1
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Ji&, ERTC S A 4 A O 4 B AE YR8 AN [ 446 g
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Bl SR, U TR T CE Al miRNA 93R36
TEAR L LA B A ) DI RE IR AT M ANV A
3.3 #HMEAHHET MC3T3-E1 448 1 miRNA/
mRNA FiFigEITH

AMF5E K H RNA-Seq 77 ik 58 0 1 30358
MC3T3-E1 {8 40 f0 7 miRNA/mRNA 35 3% (1) 2k
A, EAAEYE R, e T 2R RIBW
160 45 miRNA 5 1 912 4> mRNA, ;¥ MC3T3-E1 i
B 20X 27 0 e S P e o B R TR PR R A
T3 b AR — 20 B LR AT B A o b, O S
TIN5 B 53 A A 5 )46 2 B DR B AR G 145 538
P, TEGRSE (5 S i, NF-«B {5 5l B2 5
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I L83 1 i /N R JEE E RRAIR, i 3R T AR AN 2 SRR
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FERCE AR RIS . PR R, Omd 1 FRIA
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MBS bR, DL g5 R, M E R &R G,
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SRR TEAN A ] B e ) 22 8% T, miR-9_6666-5p
1) 3K 7K I 2 i P[] 1 185 g 3 5, PRI, A S
1 miR-9 _6666-5p J& — 1~ 5 & 11 % Y HH & 1Y
miRNA . BEAEAYRFFEIE S, miRNA 3 223 i 410 i) 2.
A H ANF B ) mRNA 8 5 % 5% a9 58, 0
mRNA [ PR B8 0 LR i R A7l AR W22 Th e
R #E miRNA-mRNA AH B A AT W 4%, A S0k 3
miR-9_6666-5p5 Ogn , Coll12al  Itgal ,Oasl2 ,Runx2 ,
Stonl YT DG, WM 45 SR R W], 7 1o 8 ) 3R 855 4%
fFF, B3 6 > mRNA BYZEEE T, X UL Ogn,
Col12al ,Itgal ,Oasl2 . Runx2  Stonl FEf{ & J & MF T
(B e S e Nl = 1 W~ S e % L
PIH RE miR-9_6666-5p 7E L H 1 #8558 T 45 i 4
Hery it A rp ol B AR A, v RE R @ 5 Ogn,
Col12al Itgal ,Oasl2 . Runx2  Stonl 4§ 3 KA1 5 1E
SR B BRI HLTAT T 2P Ik

4 BB

ARICH T RNA-seq I 7 3 AR X G I 3855 T
MC3T3-E1 i 40 M o miRNA/mRNA A8 26 ik 3% i
TS, F miRNA 5 mRNA 22 8] i 4 B AE
FHOCER  JEAS EEAH G B9 AE M 4%, $R10 — 45 T
U miRNA——miR-9_6666-5p., A< 3 A BIF 57 4%
T A B T4 H FE % mRNA 5 miRNA (9565, L
KA TR S35 T X A AR

S E Lk
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