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Abstract

Background

The maintenance of bone mass and the development of skeletal architecture are
dependent on mechanical stimulation. Numerous studies have shown that mechanical
loading promotes bone formation in the skeleton, whereas the removal of this stimulus
during immobilization or in microgravity results in reduced bone mass. Microgravity,
which is the condition of weightlessness that is experienced by astronauts during
spaceflight, causes severe physiological alterations in the human body. One of the most
prominent physiological alterations is bone loss, which leads to an increased fracture risk.
Long-term exposure to a microgravity environment leads to enhanced bone resorption and
reduced bone formation over the period of weightlessness. An approximately 2% decrease

in bone mineral density after only one month, which is equal to the loss experienced by a
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postmenopausal woman over one year, occurs in severe forms of microgravity-induced
bone loss. Experimental studies have shown that real or simulated microgravity can induce
skeletal changes that are characterized by cancellous osteopenia in weight-bearing bones,
decreased cortical and cancellous bone formation, altered mineralization patterns,
disorganized collagen and non-collagenous proteins, and decreased bone matrix gene
expression. Decreased osteoblast function has been thought to play a pivotal role in the
process of microgravity-induced bone loss. Both in vivo and in vitro studies have provided
evidence of decreased matrix formation and maturation when osteoblasts are subjected to
simulated microgravity. The mechanism by which microgravity, which is a form of
mechanical unloading, has detrimental effects on osteoblast functions remains unclear and
merits further research.

Calcium is an important osteoblast regulator, and calcium channels, particularly LTCCs
play fundamental roles in cellular responses to mechanical stimuli in osteoblastic lineage
bone cells. Several lines of evidence have found that bone density increases and that bone
resorption decreases when these calcium channels are activated in osteoblasts. The
administration of the LTCC antagonist verapamil or nifedipine can substantially suppress
mechanical loading-induced increases in bone formation in rats, suggesting that LTCCs
mediate mechanically induced bone adaptation in vivo. The levels of the extracellular
matrix proteins osteopontin and osteocalcin increased in periosteal-derived osteoblasts by
applying strain alone or strain in the presence of the LTCC agonist Bay K8644 within 24 h
post-load. This mechanically induced increase in osteopontin and osteocalcin was
inhibited by nifedipine. Therefore, LTCCs play important roles in regulating osteoblasts
proliferation and are sensitive to mechanical stimuli.

Recent studies have shown that many factors participate in LTCCs regulation. Among
them, miRNAs, which is a small non-coding RNA molecule, has become the subject of
many studies and functions in the silencing and post-transcriptional regulation of gene
expression. mMiRNAs function via base-pairing with complementary sequences within
MRNA molecules. Some miRNAs are reported to participate in regulating Cavl.2

expression in several types of cells, whereas their functions in osteoblasts have not been
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confirmed.

AIms

We performed these experiments to confirm the effects of simulated microgravity on

osteoblasts proliferation, to determine whether simulated microgravity can affect

osteoblasts LTCCs and to investigate the functions and mechanisms of miR-103/Cav1.2

signaling pathway in regulating osteoblasts proliferation.

Methods

1.

EdU labeling, PCNA expression detection and Cell Counting Kit-8 assay were
performed to assess the effects of simulated microgravity on osteoblasts proliferation.

We conducted calcium imaging and patch clamp to explore the effects of simulated
microgravity on LTCCs in osteoblasts. By using Western blotting, the expression of
Cavl.2 was determined. In addition, the siRNA of Cavl.2 was constructed and
western blotting was used to evaluate gene knockdown efficiency following siRNA
transfection. Then, the cells were subjected to patch clamp at post-transfection.
Moreover, we administrated the LTCC antagonist nifedipine or Cav1.2 siRNA before
Cell Counting Kit-8 assay was performed to investigate osteoblasts proliferation
under simulated microgravity condition.

The effects of simulated microgravity on Cavl.2 mRNA expression was observed by
Northern blotting and qPCR. Additionally, q°PCR was used to screen differential
expression miRNAs which directly targeted Cavl.2 mRNA. Furthermore, mimic and
inhibitor of miR-103 was constructed and qPCR analyzed miR-103 levels in
MC3T3-E1 cells after treated with miR-103 mimic, miR-103 inhibitor or their
negative controls. Then, a miR-103 inhibitor was transfected into MC3T3-E1 cells,
and western blot analyses and patch clamp were performed to test for Cavl.2
expression and LTCCs currents density respectively. Liposome was used to transfect
miR-103 mimic or miR-103 inhibitor into MC3T3-E1 cells, and we examined
osteoblasts proliferation by EdU labeling, PCNA expression detection and Cell
Counting Kit-8 assay. Finally, miR-103 mimic or inhibitor were co-transfected with

Cavl.2 siRNA or its negative control by liposome, and Cell Counting Kit-8 assay was
8
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conducted to examine osteoblasts proliferation.

Results

1.

Simulated microgravity suppresses the percentage of EdU positive osteoblasts,
down-regulates of PCNA expression and inhibits osteoblasts viability.

Simulated microgravity attenuates the Bay K8644-induced increase in the
intracellular calcium concentration and reduces LTCC currents in osteoblasts. Cavl.2
protein level is down-regulated under simulated microgravity condition. And Cavl.2
knockdown reduces LTCC currents density. Moreover, Cav1.2 knockdown or LTCCs
blocking inhibits osteoblasts proliferation under simulated microgravity condition.
Simulated microgravity up-regulates Cavl.2 mRNA and miR-103 expression. A
miR-103 inhibitor partially counteracts the decrease in Cav1.2 protein level and LTCC
currents density induced by simulated microgravity. MiR-103 inhibits osteoblasts
proliferation in response to simulated microgravity, and the inhibitory effects of
miR-103 oligos on osteoblasts proliferation under simulated microgravity condition
are completely blocked when co-transfected miR-103 mimic or inhibitor with Cav1.2

SIRNA.

Conclusions

1.

Simulated microgravity inhibits osteoblasts proliferation. Simulated microgravity
suppresses the percentage of EdU positive osteoblasts, down-regulates of PCNA
expression and inhibits osteoblasts viability. All these data reveal that simulated
microgravity inhibits osteoblasts proliferation and lay the foundations for exploring
the mechanisms.

Simulated microgravity substantially inhibits LTCCs in MC3T3-E1 osteoblast-like
cells by suppressing Cav1.2 expression. And it may be a novel mechanism for the
inhibitory effects of simulated microgravity on osteoblasts proliferation.

Simulated microgravity inhibits osteoblasts proliferation by the activation of
miR-103/Cav1.2 signaling pathway. This work may provide a novel mechanism of
microgravity-induced adverse effects on osteoblasts proliferation, offering a new

avenue to further investigate microgravity-induced bone loss.
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FAHABL . MG-63 AH I EE F1 1) 73l B 44 25 D FIISI IR TR RD TF AR 11981, 2
IEW], MG-63 73l 4 i A 5 B 7 5 N JRAR B AN [R], MG-63 73 e 15 il
A4 8 B ARG SUMHI R 7, (ERA COL-1 al I o2 BEMHR L i R4

2.1.2 Sa0s-2 4l &

1987 4 Rodan 25147 M\ 11 5 () (9 N L P4y 25 SaOs-2 20 i & X FLIEATRIF 52
PP 2 A AR R AR A, BRI (Alkaline phosphatase, ALP) i
PR A E WA RSS2 . AR ALP &S N AR ECE 40 i AH 1L,
(HRTEA SRR 14 R Ja, FoRtZE st AJFEAR4H 120 £5°], T SaOs-2
YR B o ALP FRRE R, ZERE RN i ZE K AR AR 3 1) B 2508 9 /b
Sa0s-2 il & 73k () COL-1 5 AR ) ARG 2R 4B, {H 2 SaOs-2 4 Jifd 2 73k (1) 4t
S AL R B KPR 8. Sa0s-2 4 i R R 5 R A HUIR 57 IR &R (Parathyroid
hormone, PTH) F14E4: 2 Ds 32441,

2.1.3 hOB4ll il &

Elthe adult human osteoblast-like cell line, hOB )% 37 /& K5 SVA0SH B Y K /N THL IR
FYLRI68% I — AN IEH LM S 4 . hOBAM b R AT, BEME X S I &R e
B2, ARG BRI R AR A . LA R RES AL SR I COL- |. OPN. TGFAN 14
Mafrg-1 (L1, HAE4EA = DsfF HJE OCNARIALPH i S FIE BRI N . hOB L%
BT ReME ERER AR R 2K, (HIGPTHI 5244,

2.1.4 hFOBZH il &

Elithe human fetal osteoblast cell line, F}27 544 SVAOJ A 75 K THT iR ) il B2 BUR R AR
IR tsAB8HE B 21| H i fin LA 23 70 1 45 2 B iy 40 M, AT 257 1 hFOB .
hFOB1.19/2 X/ fitd 2 1 70 Wb ALPIF 1V fi iR R S [, L ALPATOCN ) i Xof 4 A4 38
DafFAEF BRI . 7L AIhFOBZRIA /KT FIOPN. ONAMICOL- I, FAR S5 iR w]
LLEFhFOBICAMP/KF- R4 I, 53 4b, FE4H I IR hFOB AT T AT 45 15 Y.
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2.1.5 CAL7241 i &

Rochet% A\PAT-19004 457 7 — Mt N B R AEI &, 520 @i
B RIR AR AR, F A R v 3R A B e 1 P R . CALT2 R 5%
Ji5 200 R 3 L0 0 A A oA R PR R BRI T R A AR . 5 A AR A L
FCE P B — g0 N T RS R L XS AR AU 78 43 R MG-63H11Sa0s-24H
HCBE AT IE R A, JF HL.CALT2 SR AN R AR, 2 3l i 1 v
(1A= % o
2.2 KRB IE4HM &

2.2.1 UMR 10647 /it £

X R AR A 2R T 1976 4F I MartinZ5 3 37 . UMR 10625 T HH P31 3 1%
PEEJRME R . LT P R BENS 0 WAALP. COL-T. RUFIAR 2= AN IR B . AN dnitk,
UMR 106i8FREH R W AEKRF T PTHRIZEA KDk, BT DAL AT 75X S8R 1)
YEF R 52l . UMR 10646 28k 5t , UMR 106-01F1UMR 106-06, i H & 72
FITh, X200 5 [ A ME — [X I 7E T UMR 106-063 5 5 F445 2% 32 4054 5,

2.2.2 ROS 17/2 41 %

BT AR IR T ACHK R B AR, 430 2 N R R IR E i &
Majeska Z£PCIEL 77T IL4H B R IS S 9E, RILE PTH 2i4kE & Ds/EH R ROS
17/2 R BRI BRE BRI BEA ALP 31 . ROS 17/2.8 Jy ROS 17/2 L5k, &
TEG G B 37 51 R T S5 MR (K1 2655 COL-1 mRNA, F 58 L7, Noda £ 2% 8 k
P, 1 TGF{EH F, ROS 17/2.8 &1 ALP. COL-I. ON Al OPN ¥4/, {H OCN &
2.2.3 UMR 201471 %

URAN A 22 ok BT AE K BRAUE AR AL R . UMR 201 HNg % A\ B9F-19884F
AL, BRI R, H R e R120k, BAA TSR AR I R AVRHE . 1E
IR A Z 7T, UMR 20LE5 AN HALPRIRIES, HEMA4ER R J5, ALP
ARERERE, FAARERIETE. TNF. HiZe ki figid: £ Dsht % 1 UMR 201
Xt 4 PR A SO0, | T DA R, UMR 201 11 g RE 200 i 1] o 4 A 7 1 44
IR FEAR Y, AT R DA 044 A I3 AR & i A K BT 06F s B 248 A XD 15 S LA
FHLH o
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2.2.4 RCTY it &

19864FJat F1SharplSihKt 2 A SVAO K TH 5 cCDNA [ 3 4 55955 75 % Y 31 MR iR K R
PR ey B R A, TR SL T RCTAIA £« RCT-15K H #5570 B TR HIAE MG
R BCE A0, RPN R, HnE4E IR IMEF R, RIEHALP,
COL-IRIX PTHEU I BREF BRI AL . RCT-3JUK H M 173 B8 FOR BB 4, &1
R A5 R 2B BROCN LA A M) B 4H A 1 25 Pl b 76
2.3 /MR UE 4 R
2.3.1 KS-441 8 &

U2 & 2 ¥ c-Ha-ras-1HE R 5 N 23 B9 10 /N BRSURY B A iR A . FOARR 2
FEA I & Z )G ALPTERIRAR, COL-1I & AR, HPTHIEH JGcAMPA R D>, AU
FERIVEIKF, (R KT L KS-44 BFICOL-1. ONFIE & A £ FE mRNAK D,
HA2OCNIE o BE N HE SRS RURTE S MR M 3L IR 0T, KS-4n] (R ik 4 i i) AR
e,

2.3.2 MC3T3-E1 4iji &

1981 4F, Sudo H %5 NSSIRTH A= /IR AU £ 52 T — MRAH I & MC3T3-ELl. ‘BN
FHAES T2 B0/ RUEE T R AT . ORI AR rp, O 2 b0 7 %
Hog 5 b, BN TERE 4. 8. 11. 14 F1 26 AEHUIRMLERAN B H b BERRANE I R e
SERT IO, IX LG Y B B 7 B R I e A B HE AR TR OCN ) mRNA. 3% 5 FfilE
SeEH A 4 R 14 W50 B REREAER™ (b I B rp A U SR A B A R o 1T S 4 E RS
FRIRAT, MGG B 3 25755 T2 BB B 1 31 55 J (A 14 58 M B AN 7E 1 4 5 PN
X — Ik FEAHBAISSY

%4 3 RIEEFE, MC3IT3-E1 RIREWSAEARAMGTE H 73k COL-1, HUb[RINy, ALP
(R MBS IR IS 3 RITAGIGINEL 228 20 R5E ok, T4 14 RIF4E
PUAROSL, HiIR MER AN B H i BEER AN 2 MC3T3-E1 5¢ il AL RT 2251, FEBR = 3
7SI, MC3T3-EL1 f=A: 1) ALP JEVEARAG, e Mol s . MC3T3-El
b2 B 2R N R A, ARSI, MG, AREFRAEKR O, fFmA
AE IR MBI, 20 M07E 7 4 RO R S B R M G T Re 70, BLZERS A5 4 A ALP
WETE. mRNA RV A S ne0, B8 MC3T3-EL & —Fiélii R, (HREZIX
ARG HIGERE ) TR, A% 60 AR 5 40 tH AN IE S i 4 o, R A B i
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U0, BT DL R, MCIT3-EL AW 70 i 4H A3 G A i o 28 1) R F A A 7Y
3 K&

TR R S5 BT T DU SE ) R Ul AN P BRI B I AT e o
B AR SRR BAK U 1 AN AR5 R B 40 2 T8 B 57 ]

MR AT S, N AR R 4 IE T AR B AR A A T T . B AR
At 76 AT 4 B BRI AN N AR E, B DG B R AE — @ AR b e 5 31 45 2 45 3 1
RCE AR, By DA A TR MR A0 2 A 7 0 AT HE TR . AR AR S i SR AR
UM, A A K R R AR M B AR A AR A AT . I i e K IR 3B AE
T 5 NIEACHE 40 MAH EE B B B4 (0 R BT, BE AT DS S AR 6 )
FUEUM A B b v AL (4% 11 o

241 M 3R SE N IR P A A B AR, 3 — e T BB A R B T . 4
i R AE R AN 2 (87 RO R AT ML AR 25 E A B AR T B AR AR o (HR L F
ANRETE A IR ARG B R P o £70R R BT A I Al R P, MC3T3-EL BAR A AR K
BN R RE, BT DAL FH AR T o {E2 g o TR 1R 22 S (S0 4510 B 1) &5 12 41 75 3]
It RS FH R A B, T DL 4B i 3115 H R S5 0000 75 20 22 Fh 20 B A R (R A 56

B AR R R R 2 A DR 38 2 5w B R A B FR AN IR A o B, B
FEELIZERL . B IREL TP A IR R B R AN M 1) A5 P S T e TR A 8 . Gl K
IR, e A 5 9% C @A AR IR )7k o BRARIR FIbR AL AN A8 56 4 R Bk
FEARLINL R HARRES, B R BCRER 2 122 B0 TR B AR E KRIRES R R R4
WAL, CAEMAIESE, S B2 MR =0, 3D ST Rk B 4 f 1) pk

B,

— BCEY BB T EE R TR

H

=

THLIAGE (Osteoporosis, OP) & W A BRI VEH B850, 1 o B Fa 0 B0 9 2

REAE N R B ek, B S M3 i RO R AT AR . OPRIT T SR I fa s L
AL AT SN2 R, XOP AT FT AT L (1 FAS A I s A

FE A0 M TE R T R T A . ORI AR S TR T R AR, IC R I

Aok 5 W B L AT 5 R A IR AT, L PR AR LB I B DR AAE PR R A
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MG LK, BeE i EA7FAE 2R S 7l . X857l i AR5 BeE 4
JLH) o AL S AR FRE S, IS HHIE S 1508 M il AR, BE i e
B 4L R T RE

J A b 2 TA 22 M E ) B I TE . AN e . SR I ATPT BT

& R 2 AR ALIEIE . AR PR T EE . AR . s KIS IE S,
Lo RS T SE AT B I TE AT ST R OIRAN
1 VS TEE

Na* fEA IR AN T2 A7 AL, MBARZIE R RN, [R5 il % a4
G FIERAE AL R R R 3R . fEAE R S an b, HIhRern 2 &AL, Hir,
R A b 32 BEE SR B 2P Na I8 3E , 43 e B R U S Tl TE (Voltage-sensitive
sodium channels, Nav) F1 b 7442 i@ (Epithelial sodium channel, ENaC).

BESRENE FEE Navem R0 Eay. 27K, Z@EiEHL
AP FEF2A P IEH K, ol FE 4 T8 4260 kDa, BilV3E }y36 kDa, P2433 kDa. a
WS LA R B AN B e B, MBI FIE FHIEANIE 2 . (HAA SLIRIERT, ol
FLRIBL I [ 45 & mT DAY E Nat I8 T8 1) AR FRAN 2 B 2 ko I IR USRI, B 2
B — DRI R A M & — N R BRI &, AT REAENa I8 IE B R IE A7) A
AR RN AERAE T, NavrE w2 o RIS SUVLAE I H KPRk, st ahfE san i) Bt
e BUE4EM B NavRk, FrRAn s fERAL. H T NavfE B 4 E Rk
3 BB SRR X AR 22, BT ABCE 40 51 L B B 1 s A0 A% S ) FT %
WP AR ZE S, HIhRe R4 o8 A T3 7S], 253 232K~ |, Navf tetrodotoxin
(TTX) AMsaxitoxin (STX) e, 4] AR A TTXFELW K B (I 5 70 A TTXBRURK
AT TXHRHT A 25 T .

LR TIEE  ENaC/E —Fh kRl ARE B T IE, R BRI & i
KRR E R 51U, ENaCH = F AR RO AL, 2l ol e BIEFE Iy 5.
A BGEE A, BRI, B BT A B I Ay M R
ENaCP@ZE i T AP E 7, Frl@Na', ERAIRIEZ . RENE TRSE 3L
SRR TG 6 2L /R FU®) . ENaCH /2 4H B IR AH FUm R A g ie 2 —, #1371
A A SMNa Iz, T 4ERFR A Na P00, Nat ] DL B He oot i 40 i 14 344
SR E T RE, IR EE HINa" Be A3 R0 5B 4 8 704k, T ik FE FNa
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H T2 S0 RO 4 2400, ENaCHLZ 17 2 251 FH A 21, FEIZHT BN OPHK
FLHHTAE . ENaC AT B BT K R Ae S Ve BRI, R B2 B3 . LN Ca?t. Na'*. pH
EAMGHE AT, H R R U,

2 KB TEE

CI'FINa"—if2, FERMTTR MR AR ERCE g, i AR AL
AT S M 20 BB EN ORI BE 7T CIIE R pH. i AR E . AILERINEiE
FNEH AT HE I T A 20BN 76 e 40 b Cod Sk B4R CIEIE FyE 2, B T3
S TiiE (Voltage-gated chloride channels, CICs). 7% FH ik It 50 % 1 il i
(Molume-sensitive chloride channels). £ & JL#% iz {4 (Potasium-chloride cotransporter,
KCC) M4y &= 7@ (Chloride intracellular channels, CLIC).

R TIEMEE FEE  CICs/ i T 240 i ot I sl 2 40 i P9 JBEE AL . AR Dhfe
IR, CICSRI B N3N 3o B — 0 K gmtd i 7> 1, B 4ECIC-1MICIC-2; 5
“ 3 AFECIC-3., CIC-4MICIC-5, EMELAIM NI ER RGN =77 X fIECIC-6
FCIC-7, LB EMAELAMANNE L. CICSHI eI g CIaH FICE, AT i 2 48 g 1Y)
WewitE. ERER. B TRAS. SN BIE A E IR . BEFTUEWICICS, R
7ECIC-3, XFCICsI# 73 A AL i A1k ™ 4 A 1 B2

FAREBRMEE FEE  SNOEE R SR SR, A=k
X 2 L PRI ML 2 T o 3X o 71 ) BT AR C I FLA T VS 2 B I A4 B A KBS 5 | e
FT- 17T B A BRI PR IR 51 RS 5 R A 1B,

HEILHEEAE  KCCHTTM A BN CE D THRARBURMAE FiliEsNEH
KCCBY, SBIKCIAW FIGHKCC,  JLH0E T & 1F 2 B Tl & sl 4R L. KCC
AU AR BE B, RRFAIIANK AR RS, X — i FE A 3 @ rhk 881,

HMAFBETEE  CLICRIUTF R E M IR — R BiCiEiE, Hx
BRATA R, FEEA T AL AL AT ZH i g 5 b BARAIE W] 1K L8 2 1 AT 72 41 i
JRE E T BB RS s iE, H TR — BLAAE AL,
3ATP [T EFEE (ATP-gated ion channels)

FEH AR, ATP RSN EERH T 7> T2 —. Wil P2 %4k, ATP LI

HHLEYNEN ST, BEEK, KREMBEE%ER,
MR 28 2455 77 SNHIAN R, P2EZARAT A2 A5, AR AL 2 AR K ep2Y
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FBS T RUSZAR K RP2X, & fe GHE BRI SZ A 1 J5 5 MO A& T 1 1 B 1 ilfiE .
BEATP I 88 7l IE L Pr b AEP2X 324K, (HP2XANP2Y BATAHEL T o B 2
J_EP2X AR F 32 B2 A 5 A XL OB, A F T80 2 B 57 B A B R T
T Jr 188,89

4 RN SZARERALEIE (transient receptor potential channels, TRP)

TRPIEIE & A 5 A 6 IR ZF IR A S5 380, 20 A [m) o B8 e o 1 DY SR Ak, T RO i ik
(RIIEIE . BT A TRPHERZ BB 8T8, HX— A A BH 2 5 @ A 4 L B i iE
(3T A [ o A ] 900

MRIE IR I R, TRPAI LA N7 &: TRPC. TRPM. TRPV. TRPML,
TRPP. TRPA FITRPNE:9, TRPZjEHTRPC (1-7). TRPV (1-6). TRPM (1. 2,
3. 6. 7#18). TRPALl. TRPP (2. 3f15) MITRPML (1. 2Ff13) #,&Ca’"i@iE, 1H
RHCZMEMEZE FRK, HATRPVSHITRPVEEHME— LUK Ca?* ik £ M@ i el

Z MR AL R T TRPIEE R, RERKFGEEE. HRAES S 7. pH
. PR VEBC AR AR 2 5K

Hhh, FERSCE AN BRI REMeP I, JERIENRTRPMY, LIETEGRIE 1
PN MO T 2 AT 245 5 0 B 14 B A 2 A i 3 1980
5 B IPH S FIEIE (stretch-activated cation channels, SA)

SA /& 1989 1 Duncan M1 Misler 18 X LE i H 40 _E & IR, HAFIRPELE T il 1%
BERAEANME 28 o B AR BINUMORIBON , SA S, A el R E
R, iR A KRR E R RS 2 — . BFFCIED], PTH {R ki i Th &g,
G+ AR e P B 771

FE SA HIFFUBURIR N IR AR R0 (V85 B 18 T8 , CEAAR SN 24500 1B 4 i gk 47 hr
fEE, AT — IR0 AR Ca2 /K- FFtm, XM Ca2/K-F-Fmittis T4
M Ca2* RN, B2 AT Ca? iy iR,

6 &FR%ER: (gap junction)

& SR ZE AL B2 B 1 Cconnexins, Cx) FIGRALRK I 7 d@E, 6 4
Cx A DASK KT S (4 72 30 Fa2e 2 AH 410 240 o 200 b J P 240 Al ) L (981 ZEN L Bh A o 4
SEFIERE [ HR 20 PERSE ., HR R 3 MERCE YN ERIL, 4300 Cx43.
Cx45 1 Cx46. 4EFRER: R o ¥r/hT 1 kDa I Fi@id, BlavMORE =9, &1/
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I Y HIAE 5 717199 2001,

edinbucEs Zaain = eilliOwal TS 'ac €11 iR R E =gt Vi Dl RS )n = g1l Ok tRe i i Pl
L EIE SALH AE FH - 4% 1505 2240 fd 18] 38 71 ( Gap junction intercellular communication,
GJIC) & MUE WAL B A o A A TR R s 2R PR . Ak, 4%
BB v BRI A R E R B e A T B A P PR T
AR T2 A BhRod

R R RV D BE AN 238 52 B M HARAE 520 7 10T, HRWnPTH AT DU i 5%
BUERE A RCE AN B ERIA . [FIRE, FERTZUIRRE2ME T, GICHIERE A M
FORM I, AH AR MR AN VR4 A DX R Al A b SR UE A 1 FER0A,
7 ¥@iE (hemichannel)

[l R oty il ) P8 B A AE AR AR T, ThREMOZ T8 [l . & MUERA
oL, JEIEIE PR, RV FRE/DTLKDal o Tl %, — IR 1 ) B
SRR, ARl R Cxah D BT R B 1 )= I, Bt LA S S8 &R AN ]
P LT R D 2 g 47 O R, AN A VR T 4 A £ RO S T
B G R R XU IR Eh AL & 43 AR T AR It RT3 1B 2 B LE Lk 2
JIVE FII R 21 R 2 B3R T

SR R FE AN TE A W2 AR T, 5 240 e 1) 5 48 R 48 L &b 2 J5 1) e Lk
RIBEEERE SIS E LA DRRRAER, IR — SR E FUE R E R,
P A B A T ORER 7 R AR A

IEIEZ R B ABERC, UM ANCaZ RILE FHER AT, Ban, 4HfAhCattik
JEE AR 2 i >3 3 (1 A O°
8 ZKiEiE

IKFNSIEY) 57 %o A 2 i /KGEIE & 9 (Aquaporin, AQP) iz g8l Jiadik
B, AQPFIEZE DN V121N & ER (AQPO-AQPIL), [FJEMEH, JHAQP2
FAQP3IHF 7L EENTFE 4y, ThEEBCNE . AQPHI LI KBV (iEIE, thnf UM%
AGCE AN PR F XA N BIE RO, B AQP A I 8 5 4 s 7K 43 v
Y, BRI VR K> FIRE BB SN . VRN MR b BB i, FH R A
RN 570

AQP27E AR AN LRIk 73 A AR 7, T AQP3TE NAA b Ak B4
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[Tz RRIE . TERCE A B A R B AQP2II R IE, HAGI HHAQP3RIE, HAEE
A A SR B IR 2 I A el
9 R TEE

KRG N R 1, AR S i B 2 E 1 . 72 R 40 i e i AR ) A 4
BBt o AR B AR 2Rk bAoA A, FE BRAH i T8 R E DI ik
FARA AR, BeE g B K@ TE R R Sr 3K, 4 il D r R AR RS - T
(Voltage-dependent potassium channels), P [a] %78 &5 1@ CInwardly rectifying
potassium channels, Kir) FIXUFLEF B F-@#iE (Two-pore domain potassium channel,
2PK™),
9.1 HEKBIEHE FEE

HA A BB LA FLIX (KR IE R . s 40 i b 2 0 1) H s A0t 4 8 1
EIE FEA LU 4R
0.1.1 HE|JEEEAETEE (Wltage-gated potassium channels, Kv)

AN FLIE T O B o M4 S B ZEBLE s, oV IR 64 ZF IS it HE 2
T 20 R B P 2 A A 100
0.1.2 K SMWIEH B TEIE (Large-conductance calcium activated potassium
channels, BK)

HoMBI AL H . o, ol B A BFLAE, BV B A I 15 38 38 ) H S A 2
BT L

BKJ& T HL UM IE, PR AL R 40 L v Rk M A £ 2 SIS IR, REfg
LIRS TR A8 O M P RS, TG B R 2 H AR Z 245010, BKS 517 %
MENTESD, g SRR, SR A0 RGBT, AEAURR AR T 1 T A0 R R AL
A G A R R TSORN A B A AR T 12, Jf 2 AN MBS IR RIS, BhAh, e e
F b BRI R PR3 R 25 b fse 1 1 4 L 2 B A 4. BKATREZE R T K B i Y
CIEBRIWT, BESRRARRRR . HOIRS% IR 2= AT 5 IR R E2W0E, RIACa? Il AL,
BIGHIE (135 P 52 B 3 28 B A IRAS B BRSNS 8 1 55 20 M L Ay g 100,
9.1.3 FFEHSEEIES B FEE (Intermediate-conductance calcium activated potassium
channels, 1K)

SBKARL, FERCE M bz RIE, i B A E AU AR B . RIEAEATP
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ARG IIEGL T, BRIATSHMLR AL (9 1E B8 AR, IKATEEBESN AR T
BECaZ R Bl , M VAT AN IR H i . ATP A S (41 Y Ca 4 B 189 o 32 B S 1K
1A RS AR AL . IKGEIE R I N Ca? RS, T ke PRI Mg BEL b 1220,

0.1.4 BRR}4MAEFES TEIE (Transient outward potassium channels)

HLRAE 2SR AL B 51, RILOE D, SR iE IS 1 Re s T 20t ) 25
AHFAZE L P Ca* Fr 94 B2 14 405 Pt L SR, AT 2 v B PN Ca® IR B2 o RS 4 [ 1 25
TEEE R AT Ca? 5 S SRR EZAEH, BT EMFAE, HiAca®
186 102 BT A g 8,

9.2 WHEBRHE TEE

HAE2NP BRI ALIX, X2 B SE IR R T LI . Kirjg 4ol 2H
[ [ SR AR B SR AR,

Kir g7 5% 24 15 HL AL /N T KP4 F LIS N ) a8 K, AT ASE FL VAL 8E N 4 P L L 4
FEAR Gy o IXF0 P 1) FELAL A I 5 4 PR A/ KCH AR P (R 8 I i 36 n o e TS K L
A R R R A T K TR P AT AL . (A RN 2 Kir R R BEA, (HEHE
A P19

K (9 1142 SR P A A 2 281 I FbLASE PR 55 ) 1,52 3800 200 P A/ KA P32 g 281, e
R RS T A 4 P A B a T T A LT
9.3 XA E TIEIE

UM E 3 S 20 1HE 20 Q0 AR AR R I LA AN 5 S BRI 2 AN FLIX KB TE AL . F T+ 1%
B TG R R AR, T E S R RS, R B O T S K 3 B A 1 1
119]o

PKMRIB AR T iz, A A S S A R RE V). TERE
MM b SEEAE RGE T BOE AR, TSRS A AR A I . 2PK R HLIAE
FARURE, 5 R 13 R Ca2 s K BB e, s 200 B B 10 B W A 33 R 5 LA

IR AR I . 2PKIE FTVE A NURAE 555 5 T iHd R 45 5100, 2P KX 4 A (1 A 5K
pH . 5 S DR UK, T T4 G K E T BEL T AN BURK, E S REA AT 41 R 3R FICAMP
B by 21,

BritLAh, Flidt R — Rk K B —EAG (Ether-a-go-go related) i#if .

G RV O K EE A AL, T KR (e A0 B35 58, (HEAGIH
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T R 400 4 R g B A 2 . KB N R R I L TR RS AN A SR R T I s 2
SR, FEVRT R 0 M I A 3RS B R I T AR O L A €
10 S5 FiliE

CaZ" TERUH AU M 4% T 2 R B AAE FH o Ca I3 0 vl Sk [ 40 e 4t mT ok 1 4
PP S ZERE TS 20 B PN 0485 T P A R AR I I o D T T R R A R R T Cat
fazs, WX ANEERMS, [F5Ca MIHCa . E4IANATIER T, THL
CaZ" {1 Ay 4 i A FL A 5308 (1 T Ve a4, R R Bl R o ik — R U RRAE B S
b FERASEE I, (55 Ca? RS 40 S N AR BB RIE T o 2 24
M BT, Ca®* Tl ARNZHM N IVF 2 ThREAR G, (HEEEZM /2, Ca®fE 5 1M
NARALET CATESH I A = AR AN [ S S, T AR T AR o AT Al iR ERLATART T
G P9 Ca® K I 72 [ 386 22 #0825 | RS20 Mt ¥ S T2 B0 T30, iy i 4 i e
(Rt 5t = AR AE DL N 2 KK CatidiE
10.1 HESURMSSE @ (\Voltage-sensitive calcium channels, VSCC)

VSCC =EHME G, AT Ca* W54 EIGe. MRIEEE 3] /)5 M
BEARAYE, ATLORE VSCC iR/ 8 5 MR L. Ty Py N AT Q. Hirf L A4
R R A A ) R A BOBE B Cat i, UG T A, 1fi Py N FI Q B RIE
[10, 122, 123]

VSCC &5l ik, 4 N, 502 arn azn BAITSE, o T HLL
20 pCEIE LIS, XA RN 4 NSRRGSR, AU B 6 A
P2 AR, o SR BE A R BUR I T A, O A& sl w1
LN A A S T TR AT, RS R BRI IS UL, o AR T LAUR FEAE
F, (E I B a2 B ARG, R R S S N2 12 101250, Ay F R BB VSCC KA HE
R ZEN, o WA R /> 3 ANEEFERE . W o B 4 NI IE ) 25 RS2 AR

C-IVD, FF—AE5 AT 6 BUs 741 HEThiE, KILT 10 Fh oy FEAE, Horfr Cavl.2
WA RCE MM bR AT Rm, B2 5T Ca® BEAMMM F 2. AR o WA
FE AT LR MR, VSCC Al LAY N BL R B3, T S A {L

(Cavl.1-1.4). P/Q (Cav2.1). N (Cav2.2) Fl1 R (Cav2.3) 4 YFVE H s BT

(Cav3.1-3.3) P AUH26Y . (I A s 800 FA) 38 T R vy L A% P SR 7E B TR /K 7 41
IR ATE/NT 25%, JF BAEDh Rkt BA & B2 RE HeMBirsE, Rl p
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WHE, 8% VSCC T T4 e ANz il s 2 Ao iz . p L a8t VSCC HIIE
WS, IR b . AT I B VA S5 R e 5 1 % TR TRl
B A S A AR AT 2TA29] g S 3 TV 22 AN [ B P AR LA F S e 20 B R TR S S R
R AR A =R AR, b B WA AR, R AR, § AR
5y FHH 24 kDa Al 27 kDa #iff.

JCE A E2IA ) VSCC =2 A XA A ARHAE PRI IE , (H SARAE 5] RS 75 3
M REBON S (CICR), T1fi CICR M4k 2 Hn] v 4 i ff) = ZARFAE IS i 4
Jfi b VSCC Kik 5§ — I MNEAMMEH B RAFE T HRIANHEE G2 . i,
FRAARIBE ST b VSCC HIHUR & B Al 1%, VSCC #g B HIA A W ARHL
7E mRNA K021 A0 B 20 i P ARE HETh e F5 2L ANIR], ik A=A 170 %
B AN AN W] A 2 2 T6) ¥ VSCC o H Ty e B & W3 AHLBORI R 52, 315 22 M
2 B 5 2 1 ) 43 a3 134 SCCTE B AL A R G I AR AR F R B
OE

L B VSCC FEAMIE AR /M 7 7-8 KRG A BEB AL I ok, 7 1-2 J I i P B0 AH
B R TG M5 F 3 TR B R T R 4B, L R AVEVE T S L B, SR, T RUAEES
Fr 2-4 RIGHUTRIH, T HIGHELE 8 K5 M sil k1), b= — MRk, T
LR AL AR IEE T, 1 L BRI b — ELAR DG, L B2 e R s FL IR
FREEm G, g e R R R W T T AU AR A AE TN AR R DL S
HARPRSE, T AL A tne AU E rT 4 NiZ BHIT, o0y T BYid0E i) £ BRFER,

R ERAL VD3 PTH A1 J AR A A7 ] 1% Bty 4 i | VSCC 1 3fig . VSCC
IThRE AR Ca® it NG AN 722 77 AN R T i3 . 10 Ca* sk AN A0 I 23 7 A
[ 3 B RN R T AN [ IE R ) VSCC, A I 1 5 AT AN [ o B0 AN R 3 3
JIFRFE . R AEAE R 2 43 AR AE
10.2 BeE IS E T8 (Ligand-gated calcium channels)

OB R R 2 AR 1 1 T S IR S ARAE B i L D e R IA . B TR
B2 A N SR 1B B FliE, B Sl Ca . AR B IR %
RFTAN G HERER, HEMBOEREARAE C & R Bt H WA =B EL, Siahi 5 lx
TR Fg 4 4181,

B A S AR AR I SO 2 AR R AR AN R, ] DO H 438 N-methyl-D-aspartate
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(NMDA), a-amino- 3-hydroxy-5-methyl-4-isoxazole propionic acid C(AMPA) F1 Kainate
(KA) SEARFRL, BT B TE NMDA |17 1381,

F A BB RS2 AR RO 5 R P R R AR Ca®t iR, RTINS 2R
BETBOME0E 55 A5 ik, [ a5 pes MR A . 51 A 2R A2 AR 1R BRIy
SAE B U B, G R AR L, BRARE R PUE A BB, W B R RS
VYRR TR T
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E X

% —2 5 BEK EIpH MC3IT3-EL AT R F
om0 2 5A

bt T S PR TR A PRI e, IR F) % H % ik 51 RS 1 1% 2 ) LA 2
TR I . KR AR BB R G IR a5 2R GEARI N,
FEE IR RSO . 2RI, S VBRI SRR IR TT S R
P R AR e R b AR R O AR Fe XRHUR A AN RIS, (B H RS A R 5
XL B T RIS O, B A Ok B R R TR A, R R SR N BTG R
P, X O BONRIAKIIR WIT RS MR EERN R —. Bk, MREEERER
FIBIT T A AR SR TR AT TE A A

FI T A PR R 8 R B S AR, I B S R M B A L AT R AR TR AL
FHH AR B W RGAMAE B R BT o AR i A v fi B L g 22 K
SEAN BT SR RS AR, RS A R B RE SO LS B TR R AR 1 5%
T CHERSGRIER, KREFMATREMBIIREREIR, 5 3080H 4080 >
VETERRAR, &SRB RER, HAENUH MAEEE R,

PESRIGHR 70 K] Edu FHPEZR . PCNA &5 CCK-8 SFFRhnfaill / #4Ll k I 1
XN R RS A MCST3-E1 S5 A REM, WA 1 540 I EE 0] ol A P 1 i X A
SKIGILR, N Ja EEHLHIRTT #E7 SERBLE 1 kAt

1 8

1.1 ScER4mpAa

/N VBT BB 41 i 2 MC3T3-E1 4 [ 22 [E 41 il ZE ATCC.
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1.2 SCIGSEM

—80<C IkfH
2 ThRe R 28V K # B
FZSW-BB15 CO, 125546

oS F EP 4
JE R4,

BRI, 6 FLAR. 96 FLARAIRT 72
N R B OAL

AT B URESOHL

PVDF fi&

FELVKAX

UV-2600 484150t b FE it
BB MR AL 3 2 4
2D [H 4%

SW-CJ-ZF 2L TAE &
TR 5 2%
WD-9405B 2 7K - it (4 R
FLRE A P 2%

SRR R L
202 7 HE FIE I T AR
11 5% 680 B kRiX

DKB 2 E iR /K 8

1.3 SCRER 5

ik i 1 il
DMEM %5773
Ji A L i

Forma 2 #]
TOMY 7]
Heraeus A ]
Axygen A H]
Whatman 2
5[ CORNING A #]
% SBP AT
% [E SBP A H]
[ Pierce /A ]
£ [H Invitrogen A ]
% UNIC A ]
EigREE AT
Hh LR R SRt
IR 2 3R A F
EHN XA
JEHS— AR
Jb R A A PR A A
bR A R A A
AEHBHE K AT PR 2 7]
AR A AE A TR 2 7]
RS S WA PR A F

]I

II

(|

HyClone 2\ ]

II

HyClone A ]

HyClone 23 #]
29



FOFEXFALFLAX

RYEI
PCNA #ifk
Bt (HRP) FridEHi/M R 19G
Cell Counting Kit-8 (CCK-8 il &)
ECL Kbl
Prestained Protein Ladder
SDS-# H &t &
SDS-PAGE £ H _EFEZ2 i
Tween-20
— MR
EDT
[IiEe=AN
— P PR ERIBUA
L i
FH
R
PBS
GAPDH ¥

2 7%

2.1 YHpAIEST

HyClone A &

Cell Signaling Technology 2\ ]

ProteinTech /A ]

H A [F{= A ]

S [H Pierce 2]

5= [H Fermentas A ]

5[ Invitrogen A ]

2 Invitrogen 2 &

R RSB T

R RAEYFRWT I

R RSB

R R RAEMFRWT 5

R RSB T

R RAEYFRWT I

e 1 245 4R AL SR A R 2 ]

g 1 245 4R AL 2R A PR A ]

V5 2R R PR A 7

et N L EY L ARE R A F
(CWO0101A)

/N MC3T3-EL il H &4 10%06 4 175 i) DMEM K555 3E 55 7%, Br 72 5L NS N
1% AHEAE 37°C. 5 % COfHIRM PR, 3 RAEMR—. EEidniu2Ase

35 FH 2l e 2y 0y 8-12 X
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2.2 2 D B B[BIER L BN

1)

2)

3)

4)

WL IR MC3T3-EL 4iiffl. H5k, LUEH % EHF MC3T3-E1 & 2.2>2.2 cm [
R KR B b, RS SR 4 58 A U B

4 MC3T3-EL 52 iU B HLA1 i 25 3 i e, TR TR A0 38 1 31 52 0 A o) ) [
UL, PR AR R R, S AR

WEAKT A (RhEAD MR R SRR, RS [R5 2% B e K it
Br A, HAEIE D 24 rpm;

48 h [FlEE 25 o) K BB e AR Ak T R B R JE LS

2.3 EdU &5 4 B sE

LI ARBL 7 EDU SRR A7) G U A A

2.4 CCK-8 XN ¢mpniEsE

2 H AR 2 W] CCK-8 4 Ik VA I 12k & e W A5 A

2.5 FEHRZEFRE N E

1)

2)

3)

4)

5)

6)

7)

K 1 EG AR DR BOHICEE 6 FLAR L, FHFUA Y PBS BRI N 3 1K, FiR5kH
WA

FEALIINZRAE 50 wl, &I 1K 38 F B4 i)

WA T EP B rh, (RIRAE % 30 min;

¥ Ei& EP & LL 15,000 g I 250, FFSE 15 min, /NOIRE EIE# AN EP B
ACTRAT, KEFIRLRAE, TREAE—20C,

P A TE I LU T B VR B A e B, TE S REVR P INONSE IR B R, B
GiguallP

W] 5 ml EP & B A 2 ml BCA TAEMK, JEMA 5 ul & EFEEGHE A 115 pl A
K, 37T°C/KHIEE 30 min;

30 min IR E 5, FIFH 66 EE TR I R SR AE 562 nm Ak IO FEAE

31



FOFEXFALFLAX

8)

2.6

1)

2)

3)

4)

5)
6)

7)

8)

2.7

B 2 RO AR 7 AR SR T 2, TS AR i BT R (bt i e 125
PRVE L BCA BRI B EE ).

HRZENISLIE (Western blotting)

¥ F IR E AR INNE &1 loading buffer 3k 10 min, #{EHKE AL, K
WIfRAF, TWEAE—20CH;

FERFATRERS B VKN, LA 90 V FLERSEHEAT HLUK, DR 30 min Ja 2t fL v 120 V,
90 min & HLVK&E W s

TERIKHEAT R, NEERMAES, 76 RE LK 6>8 cm 1) PVDF JER3E 30 s, SAJG
o oA 2% H 2% FLAE F B b 52 A 10 min 1276

Fr VK TE U, AR IEE B AT IR, S 0: 250 mA EIRLIREE 2 h, KM
LI

R BE 2 5 Yt dst ATV, A BEETH; PVDF i, = IRHRIKE A 5 h;

B 54t PVDF 5 FH I8 AR T J5 BN F — B B A B 1) —Firh, 4 CRRIRI AR,
W J5 1 PVDF JEAE TBST HiEdE 6 X, BEK 5 min, REIKJ 80 rpm, Pk—i;
¥ PVDF JETRN A H TBST BCil 0 —Hiiis 5, =lRmIK L& 2 h, A5
H TBST I#1% 6 (&, H:RK 5 min, P2k 4

Gl Ee gl B ECL A0, Bl e 4T &0t

Geit e

LI R I B R 2 KoK, FIH SPSS 19.0 i Sext Hdf #k 47 IR M4 A

AT ZE VR S, EAT I AR TA] LN SR FH RO ¢ Ar 6 s 3B A7 AN (R I 1) R 22 il
TR AT K 5 2047 (Repeated-Measures ANOVA), 4[] L%
Fi Bonferroni post hoc #&:36:, P <0.05 %A Fiit 245 L.
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3 &R

3.1 HRPKERRAE 4R EdU SeaRtER

EdU & —FhHr 2 1 i iR s e AZ F 22, H TG0 DNA & s, B e gl
REAIIETERE ST, 1F 2D [RIFLSSRE 20 5 48 h J5, HUH BRI Hr 4% 08 se it B 4T EdU
getty, P 1-1 pros, AR B A A RlE 4 i EdU YL R R B 2 B (P < 0.05).

100 -
80

60 -

%

404

204

Percentage of EdU positive cells (%)

Con MG

B 1-1 R E K MC3T3-E1 4fE EdU Jefa ik

Figure 1-1. Simulated microgravity (MG) inhibits the percentage of EdU positive
cells. (a) EAU incorporation assay was analyzed by confocal microscopy. Proliferating
MC3T3-E1 cells were labeled with EdU. Staining of MC3T3-E1 cells with the nucleic
acid dye Hoechst (blue) and EdU (green), respectively. (b) Histogram showing average
data for the percentage of EdU positive cells from the two groups. The EdU incorporation
rate was expressed as the ratio of EdU positive cells to total Hoechst positive cells (n = 3).
The results were expressed as the mean = s.d. with two-tailed Student’s t test against

control samples. “P < 0.05 compared with stationary control.
3.2 {RIIKEMEAE LM PCNA BSRIX

V£ DNA B4 & (P[RR 7, PCNA 7E DNA 118 A & i b R 3% O EH
oA S Wi R, CHRIAL GL Wi ehm, 15 S WA R,
FTLL PCNA #A N2& — A BB EA ey . WK 1-2 Frws, SxTERZ4HH
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b, [Al%%2H 1) PCNA Rk & 5 K (P <0.05),
Con MG

PCNA @D @ = s 36 kDa

GAPDH #mn e @D @ 36 kDa

1.2+

5
|

PCNA/GAPDH
o =)
o ©
L 1

°
»
1

e
N
1

e
o

Con MG

B 1-2 BRI ERK MC3T3-E1 4l PCNA KIRiE

Figure 1-2. Protein levels of PCNA in osteoblasts under simulated microgravity
condition. Western blot analyzes the expression of PCNA in the cells under simulated
microgravity condition. The total protein loaded per lane was 40 pg; detection of GAPDH
on the same blots was used to verify equal loading amongst the various lanes (upper).
Histogram showing average data for the relative expression of PCNA present in the cells
from each group quantified by camera-based detection of emitted chemiluminescence
(lower) (n = 3). The results were expressed as the mean *s.d. with two-tailed Student’s t

test against control samples. “P < 0.05 compared with stationary control.

3.3 HRPKEHDHIA AT E M

AT 33— SR O B R AT B B A e, FRATTN. B CCK-8 v A [ml 54
J6 MC3T3-E1 4G, B 1-3 SR AL 5 5 40 A3 1 -5 6T R A TE 2 25 08
59, HAEfEIREEE 96 h )4 pla] ve = R B A B E X (P <0.05, "P <
0.01),
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—— MG
—a&— Con

- - [ N
o (5] o (4]
1 " 1 1

Growth curve (OD value)

o
5]
1 i

2
o

T T T T
0 24 48 72 96

Time (hrs)
& 1-3 IR EREK MC3T3-E1 4 Mg

Figure 1-3. Simulated microgravity inhibits osteoblasts viability. Comparison of
changes of cell viability between control and MG group. The cells were seeded on 96-well
plates at a density of 2,000 cells/well. Cell proliferation was evaluated by a WST-8 assay
at 24-96 h (n = 3). The results were expressed as the mean =£s.d. with two-tailed Student’s

t test against control samples. "P < 0.05 and P < 0.01, compared with stationary control.

4 g

KB FE R MR CAT o 1) 2 BRI X R 03 1) B O e ] 7= AR 22 P AN R 52
My, e O B 2 O IR N E LT PR AR R, TR E R TR Fll
MR EMRES RN 1ES, HREFENRET IR, ERIIRRIRE
BiRENEE R, ALK, REFTFICHKEAMIIRE, & B8cE 48 s v
BEAR HA R IR D, ME TR, RAFECERER, HEAEUH] A T4 261,

A SZG N FEdubH 43 . PCNA S SR ACCK-8Z5 48RRIl 1 FE 40 2k B IR B 0] /N B
B B 4 MIMC3T3-ELIGBE (R REMA . 45 SRR, ARADL % B PRI BB 1 B EdU e (5 BH
R i ORI PCNAZE H I X A MOV P, A A FE A 1S40 2% B0 RiCRy
i BG FE A I E A o ASCIS R ST A R AN E N AP S5 R EAR 3. AREH
AHE, MG-6341 MU 25 [B] % A A5 40, 2% B A 34 Ji5 441 o Ul B T AP S )N, Al AR Kz
Bk, e RS R MCIT3-EN4H il 40 W S, 150 B 2 26401 ol 4 A g 4
B, A SR B AL 2 B )R LA B AN I P R 4 e B i AL 242 7 g
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K ABE AP AT KB R, W50 01 D 8 22K 5 n] 51 % R G AL,
be G BE R AR B A T7 3 SO AN A i S0 J i i 4 043 144 i,
IRV iR AT L RE— D H Z W& T 2%, X540« —F 1 i
ZREMEN. DR, RE g G TE A8 0 RS 2 R A T T R A R A

SKIRA GAFAE—EIM A L. B, BATRMRMEBA E & b, E
FHERRZ, IR 2D e85 o UK, EAARESE A T R se iR B A BRI
FLSCHABE N HEAT 4 5 SR RO L AR e, DRI e T ARSI B 78 i 17 e LS 2R
HOREWTCHIA 1478 2D [l 830 AU R B se e B, AT B g
{5 10 T T FRE 200 AE AR AU SR B A (R AR ARRFAIE B R IO IE 7, AT 22 35 s Rt 4
FAREIEY 2RO OB, R, AT R AN BRI T R 4R & MC3T3-E1 e
TR E AN R . BAR MC3T3-EL 7EXSE 7 H AN S AR A s E 1R %
FAE, (HZ2RATIE AT AEHAR R R AR AR B A B 50 E
PRASR B il ARG S R . R, BRCE ARG SR L AR A AT D s 4
MRRE M EE SR bR, HRIE . AR R A S i A A, (B DO AR
FRIZ R, BATTATAERE— 2D W PR I 5 . e (AN Ay — S S BE N B FR b
BEATILEE o

AN SUG W ASLADL O FEOX B AR M B BE A AR, ORI BT I R AL
B 1 Bk A
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By MK ETIH MC3T3-EL AT E
e b L A4S 5 -TiA AT Ak

SO A I, AR E RS 4 EAU Ze B 0 s 4 i
PCNA HHHIRIATAIMIEYE, A BB B 1 ASIEL 2% B0 BSC B 240 e 45 B F) 470 1
ER, (HEARNLS AT 4TG5S &L, LTCCs 7FRH 41 i 5 i i 4
R EEAEA

LTCCs ik 1i8IE Ca® dE NGHM, ZMEHMEA Ca? fads i EERIER &,
LTCCs HALIEIE VL a1 FUAR BNV IE 020 A1 B ZHRK, RuE 4ipe by WA an. fLiE
TEROEE oq $R7E T LTCCs EADIRERFE, Ho i 4 AN I8 (1) 25 M s 2H i (1- 1V,
B ANEVIEE 6 BB HEDNIE, KILT 10 B e WE, H Cavl.2 asc IF
BAERCH AR PR A, HAZ 5T Ca i N0 ) 1 2P LB O 1,

W R B, LTCCs JILSE Cavl.2 LTCCs ZEMUA B S i s 40 s i v k4%
AR . —SEHER I, Y LTCCs BuS T, B % 30 ok bl B 7 g b 13 241,
S LTCCs BRI, 4Edr kel nifedipine 1 FH T 400 Mo m] 300 LB A 84
5 (M B A E DS AR R, LRIV R 8 I a3 i 4 PR i D B I S
WARE N, (R R R S LTCCs BELEKT 71 /5 L2k 2k el

Zi LATIR, LTCCs TERUE MM b R EEAEH, HoXt 25 58Uk, HE,
X T B RE AT SR BSCR AH M LTCCs Dy RE S L AT A B AL i o i o AL ge 387y
F- R A Calcium imaging A1 B A MM 2% =1 5% 248 T B4 i LTCCs D) E
Bk, FENLF gPCR. Western blotting 15y 5 5 25 7 12560 AT RE MIHLE AT PRI -
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1 #8

11 sE1dmp (F$E—85)

12 XEH/M (HKHEED

e GRS AT T
TR AR 14X PP-83 H A Narishige 2 ]
JIE P & TBOK #% CEZ-2300 H 7% Nihon Kohden /A ]

13 EERH (HKEHD

Bay K8644 Alomone Labs/A ]

nifedipine Alomone LabsZ; 7]
prCavi.2—#t Alomone Labs/A ]
Lipofectamine 2000 % [H Invitrogen 2\ A

Opti-MEM{IK IfL i 1 77 5 % [ Invitrogen /A 7]

Fluo-3-AM R RAEFRWT I
ToK EAE b 2 A A A IR A A
siRNA-Cav1.2 g F N

SiIRNA-NC IR L VNC|

2 7

2.1 @RiEsE (R$E—aB5)

222 D E#BFBIERApRLEDN N (FE—5)

2.3 Calcium imaging

1) BUbHESEga, LS 5X10° 4iffEmt RO RET IR, Kre

MhBE
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2)

3)

4)

5)

6)

FHHBSSZE MRS &4 B3I, A5 uMJFluo-3-AMJ5, 4ifili7E37°C. 5 % CO;
FELIR 7 46 55 7740 min;

FHBSSZZ Ml Mk aiffi3ix, %2 RIMFluo-3-AMJ5E, FE37'C. 5 % COzH
TR 5 9710 min;

WO R BB ST A, BORE K 488 nm, RICE K 9525 nm, &%
KERE NILK, 81 min;

MR B AR E I SEHELR I P Ca? 7K 5, K 0 AN I HBSS 22 i i 452 F 25 A5 v
IHBSSZZ MR,  LIB A FH A KCIIK B 32 2 21155 mM LK NaCI K J 1K 70
mM, S HFFIHBSSZE i H [l 38 A 10 mM Bay K8644;

14 5317 )8 i Bio-Rad Comos 3L £E 4 F MG /MR Ak, S e i) AR A0 T ¢
TN 2 (R) K —1k, tHHE AKX NR = [(Frax—Fo) / Fo] X100%, X
(IR0 AN S B HBSSZE I 2 i it 3% 2 (P38 2 Y658, FrancAIIAL0 mM Bay
K8644 Ji5 it 33 2| 1)~ 241 52 9 2

2.4 MBERITFE MC3T3-E1 41 LTCCs BBES)

1)
2)

3)

4)

5)

1 FH H A Narishige (1% 3 B FEUR A il 13 PP-83Hir il 35 ek FRL A

FERLHGF (B IETORAR AN AR NI, B PR L FH A 2-6 MOQIRI AR 46 25
R HEMAWREE 78 (mM) 150 CsCl. 5 EGTA. 10 HEPES. 5 Na2ATPA110
D-glucose, pHFICSOHE#£%17.2, Cs*s& A 1 /b 4ha) K FELIA ;

HES PRI PR AN, AMRARIANEB, BT 772 /MA (mMD: 120 NaCl.
30 mannitol. 3 KoHPO4. 1 MgSO4. 30 HEPES. 0.1% BSA10.5% glucose, pHH
NaOH % 57.4; #MB (mM): 108 BaCl.#110 HEPES, pHJBa(OH). 1% %17.6,
Ba?* HRANEECa*, AEJy Hifar B i 259 I — A0 B8 1 HIUAR s

P AR AR A ML AMRA G, T3l R AL AL BIFE AR, 188 T 4T R
VT EBERC AT AP, 45 00 R SE B e B B B i BIA B2 GO, AMEREZ S,
e A BELAR € J5 7 W 5 A e

WSS, S At i B PR R 762 GQER LA B, Fdfil it i & v —80 mV, [F]
I 255 mV/ IR AR RIS, P DA e 4= 240 ff P 25
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6)

Mz ER FBK FELBELAT B BB L R S5 1E SR BRI, LTCCSFRI AT SRR A : 4% il B ol e
JEA—80mV, XM bE —40mV, FE4EFE200 ms, Y AT A B 0 5 1 425
WG RIE; BYER10 mV, FHED LA %60 mV, 4EFF400 ms; LTCCsHLIRIE
LA 17 DA P 38 5 2R i Al LI 2 2 TSR 21, 5% PR DR £ PELIAR ok DA 12 4 PSS
HAFENBIREE (PAIPF), A2 M AN [RIAH 1) FUFR T 1 595 L 1) P It 25 T 22 R
-V i 2k

2.5 GfEENiEESELE (Western blotting) (EIE—E/4)

2.6 Cavl.2 siRNA BO¥E 2T B AFEM

1)

2)

3)

4)

5)

6)

7)

8)

4 NCBI #1/)h i Cavl.2 (CACNAILC) GenBank %5 (NM_009781), ZHLH
Y 2R BR A 7 Wit B 3 4 Cav.2 (11 siRNA, [F & R JE 55 T3t siRNA
[ERES PR

B M IF MC3T3-EL 4B %70 T 6 FLIRN, Rl il & BEAEIS ) 70%-80%)5 ,
M Opti-MEM 5 38 G 15 7740 2 h;

% 250 ul Opti-MEM 15 7% EP &1, JI 5 pl Lipofectamine 2000 7843827,

HIREE 5 min;

MEHL S ul Cavl.2 siRNA A B X FETE 7 1 RNA WS, Bl F N 250 pl
Opti-MEM R 5878 70 Ak, BT, 3R AT,

¥ 3) 4 R B FERIR G, BFREWE, ZiREE 20 min, ff Lipofectamine
2000 AEME 780 ELZE SiRNA, TE A E IR A1

IR B FR ML AL Y AL P 5 390, NN 5) A B VAR 1 ml s 9%, R
RN RE TR AL 7R S], BN 37°C. 5%CO: (13 I 40 H 55 37

B 6 h BRI IR, O T 10%I035E 15 FUES R, FF 48 h JEAT
Western blotting #&ll Cavl.2 Kk &;

o 2073 T YT BR AR A 1T (1) Cavl.2 siRNA J¥%1 (Cacnalc-mus-2942), T JG4:
S, KT HIN:

Cav1.2 SiRNA J#41:

Sense 5’- GUGCCACCGUAUUGUCAAUTT -3’
40



FOFEXFALFLAX

Anti-sense 5’- AUUGACAAUACGGUGGCACTT-3
TR FEAI T, £ Blast 287 JC R 751 :
Sense 5’-UUCUCCGAACGUGUCACGUTT-3”
Anti-sense 5’-ACGUGACACGUUCGGAGAATT-3’

2.7 EdU ¥R 4apaiEsE (RE—45a)

2.8 CCK-8 x#mnpaiEsE (RE—a)

2.9 GitHh

JiT A St AR 22 KR, R SPSS 19.0 # A4S e B AT IE &S 1 43T A
T7ZFVERES, AT P RE AR A] EL S SR AL t R AT R — RS 2 O & )
ZREA > M IS FH 2 08 7 22041 (Repeated-Measures ANOVA), 4 Ja] L% ]
Bonferroni post hoc ¥ %, P <0.05 NZRH Giit2Em L.

3 &R

3.1 UK EHF] Bay k8644 BN B HARNISE FREES

Bay K8644 ;& LTCCs It HITzh 7], W LALEZH M S B Bl AL RS T TR AR e 1
[FIFFA LTCCs. 7E 2D [mIFE 33k E 48 h J5, B B A 34 1% Calcium imaging 5
IHRAE D IR SR AL FE J5 AR LTCCs ThRe & R AR b o X R ZE 40 M F) 5 't ik B 7
BN 10 uM Bay K8644 [ 1 s RN (P 2-1c AT d)o X REZH N [m] 4% 2H 240 P ¢ e
SEFEARL R (R = [(Fmax—Fo) / Fo] X 100%) 435l 2.48+0.52 fl1 1.574+0.23, Z=7H
A3 (P <0.05, B 2-1e) . X R AN [ 56 240 5 5l 75.3%+9.7%F1 80.7 +4.6%
(I BLZE NN Bay K8644 Ji 4 A A 45 25 1k FE I AR AR AE,, e 78 S it 2 i 3L (
2-1).
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Figure 2-1 Effects of simulated microgravity on changes in [Ca%*]i induced by Bay
K8644. (a) Effect of Bay K8644 on [Ca?*]i in control cells: left, a representative picture of
[Ca?*]i; right, a representative picture of [Ca®*]; for cells treated with Bay K8644; twenty
cells were measured in each experiment. (b) A representative curve of [Ca?*]; changes in
MC3T3-E1 cells treated with Bay K8644. (c) Effect of Bay K8644 on [Ca?']i in cells of
the simulated microgravity group: left, a representative picture of [Ca®']i; right, a
representative picture of [Ca®']i for cells treated with Bay K8644; twenty cells were
measured in each experiment. (d) A representative curve of [Ca?']i changes induced by
Bay K8644 in cells of the simulated microgravity group. (e) Difference in [Ca?']; with Bay

K8644 treatment in control and simulated microgravity-pretreated cells (n = 4, a = 0.05,
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“P = 0.022). (f) Differences in the percentage of cells responding to Bay K8644 between
the control and simulated microgravity groups (n = 4, a = 0.05, P = 0.076). Each group
shown is from four experiments with a cumulative analysis of 80 cells total. Bars represent

the mean =s.d. with two-tailed Student’s t-test against control samples.

3.2 ERIKSENHIR S L LTCCs BIERERD

N T BB IR, 2% FE S B 4T LT CCs A S2 M, BT A EH B ARG Dl
XFTE AR FLTCCsH LGB AR . F2-2aic S 21 1 A2 S 70 1) 4 41 o A =X 0ot TR
2H B A LTCCSIf G 2y, B 2-20id S B 2 Rl L ZH AU M s e o 1 2-2a bR I,
ToitBay K8644:2 I EH, MUK 51 /5 B NI L TCCS I HL I I I 5% s X HEZH AT AL 2
HHFAEAE+10 mVES 155 BIUEAE A [ Y 7E 00 N10 uM Bay K8644 /5 LTCCsI ] L i
(G EE R T 205 24, TAEMAL uM nifedipine)s A [ B J L4 58 44 75 X
SR 5 R B BATTIC I N 1) B2 B LT CCSFLVE BN AR 11

DR g S L 1) O /0 2 52 T 81 PN o] LR AT IR, T RS (C) T RAE R —A
[AJ LR T S A0 NI S, P DLIRATISR H Conf B AR HE R R 75 I — A1 S B 1 A 1)
HR/N, BApAIpFA AL [EI2-2cMd32 W], [l AL 40 il 72 A T Bay K8644THIE T,
FERTAE RS B R, FE P ) R B/ . B2-2efBoR, SR RRALARLE,
(e 6 2 40 A ) P 90 2 R B S /0 s X BRELRT [ 5 2L 7+ 10 VR 33 21 (7 35 W {5 v
T E 4y )2 —3.52£0.48 pA/pFF1—2.41+0.38 pA/pF (P <0.05, [&2-2e). 10
uM Bay K8644 )5, {E+10 mVI 1t 3% 2 1 5 K A 1] LI 25 FE 3G K 1505 /2 47 s K REZHL AN
[ 6 4 75 [T 5 WA AR BRI 25 43 3l J& — 5.43+0.49 pA/pFAl —3.24+0.32 pA/pF (P <
0.05, [&12-26). v 4E R FIGIER], AR S0 AR 40 i - LTCCsZh g .
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Figure 2-2 LTCC currents in MC3T3-E1 from Con and MG groups. (a) and (b)

Representative families of inward currents were recorded without Ca®* entry modulators
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(upper) and in the presence of Bay K8644 (middle) or nifedipine (lower) from a holding
potential of —40 mV for a Con cell and for a MG MC3T3-EL1 cell. (c) and (d) I-V curves
for a single cell under each condition. (e) and (f) Comparison of changes in LTCC current
densities between Con (n = 16 cells) and MG cells (n = 13 cells), regardless of whether the
LTCCs were activated by Bay K8644 (a = 0.05, P = 0.018, *P = 0.007). The values are
the mean *£s.d., and statistically significant differences were determined using a one-way

ANOVA with a Bonferroni post hoc test.

3.3 IRUMKET AR E LM Cavl.2 BARRIA

RS T2 UE WAL UL 2K B A B 4 LTCCsI DR, 1M B 4a I LTCCs
FH FLIE TP B0 2 o A5 B B 0 MBS, HL H AT A& IR 10FF oy V2 H1 Cavl.2 Coe
WA TERCH 4NN FaRIEF e, & 0 TTCa® NI 3= ZE B, Bk B 75
i3S R Cavl. 21 ik W HIHILTCCs M ZhRE, HaiR W ik ik, AT
J& T — N,

B2, IS FH G B 4 A 5 10 75 VA I LE [ 8 2% Bl 4l B Cav L. 211 B Rl oy Aii
Ao E2-38 7R T BT 5 MC3T3-ELH Cavl.2 & 5t Gt - 5L, X R 2H 48 A
Cavl.27EZHM A K& A, DA £ (JE2-3bMlc); i [H1%% 5 Cavl.2 & ik /b,
LR Cavl. 208/ (B & (E2-3ef1f). Ny T IRIE 7Yt Jbk, A
FrCavl.2(—4, R & Fluor-4884Ric i1 — 41, 45 R inK2-3gfR: Jyitk— B I6iF—
FUHOss Jbk, 20 E Ul FRbE Cavl.2— s 4 E 45 S IKB S — R 7, 45
W E2-3n 7 o

N7 BB AIE Al f5 Cavl. 2 R IE A2 4L, FRATTR. FH Western  blotting 4z A A
Cavl.2(JEE EH Ko El2-42 X BZH A m] 4% 2 Cavl. 2 FRaA 1K 0L, S0 REZHARLE, [A]
e Cavl. 2/ RILFE(K 750% /4 (P <0.05),
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.

B 2-3 BHRE R T EE4H Cavl.2 K4t # 4L &

Figure 2-3 Immunocytochemistry of Cav1.2 LTCC in MC3T3-EL1 cells in response to
48 h under simulated microgravity conditions. (a), (b) and (c) Staining of MC3T3-E1
cells under normal gravity conditions with the nucleic acid dye ToPro3 (a), rabbit
anti-Cavl1.2 antibodies (b), (a) and (b) merged (c), with Alexa Fluor 488-conjugated
anti-rabbit IgG as the secondary antibody. (d), (e) and (f) Simulated microgravity-treated
MC3T3-E1 cells stained with the nucleic acid dye ToPro3 (d), rabbit anti-Cavl.2
antibodies (e), (d) and (e) merged (f), with Alexa Fluor 488-conjugated anti-rabbit 1gG as
the secondary antibody. (g) MC3T3-E1 cells incubated with competing peptides for
anti-Cavl.2. Cultures incubated with the competing peptide displayed slight green staining
and comparable levels of nuclear staining. (h) MC3T3-E1 cells incubated with Alexa
Fluor 488-conjugated secondary antibody in the absence of primary antibody.
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Figure 2-4 Changes in the Cavl.2 subunit protein levels in MC3T3-E1 cells under

simulated microgravity conditions. Western blot analysis of Cav1.2 expression from cell

lysates from MC3T3-E1 under normal gravity and simulated microgravity conditions. The

total protein loaded per lane was 40 pg; GAPDH detection on the same blots was used to

verify equal loading among the various lanes (upper). Histogram showing the average data
for the relative expression of Cavl.2 present in the cells from the Con and MG groups,

which was quantified by the camera-based detection of emitted chemiluminescence (lower)
(n =4, a = 0.05, P = 0.019). Bars represent the mean =s.d. with two-tailed Student’s

t-test against control samples.

AT F Western blottingdsi R L6 E A 2 ) Cavl.2 sSiRNAFITTERRCR, ank2-5afT
N, TEREYSIRNARIA8 hfg, siRNAZLfICavl. 2RIk &K T 260%, HAITERME
M ZDFp8:72 h (P <0.05). BEJaATIERJCavl.2 SiRNARIA8 hm, IR 4%
ARIGMLTCCsHIThREAR AL, Kl2-5bMicE ], SiIRNAZLYHMIZEA Bay K8644UHE T,
TEPT A RITAEf R F, Fo A () RO I8N . E2-5d 87, SXFREZAHLE,
SIRNAZH 21 A 1) FEL I8 5 P B 50 /0 5 %of BELZH RN SIRNAAZH 7E+10 mV I e 53¢ 21 (1) ~F- 35 U4
FEL AL 285 5 3 3l & — 2.76 £0.34 pA/pF Al —1.58 +0.26 pA/pF (P <0.05, [X2-5d). %[

47



FOFEXFALFLAX

10 uM Bay K8644 )5, 7E+10 mVETic s B ¥ f K P ) LI 25 FE I K55 A fa s W HR

=
A
[N}

H A SIRNAZH 7E (191 25 W B L VL
pA/pF (P < 0.05, [E2-5e). J&HFH4E RAEH,

LTCCsHHL.iE 3] .

JE o3 il J& — 4.75+0.44 pAlpF Al —2.72 +0.34
Cavl.211) A T 1 5E 0% $01 1) Bl 41 A

I siRNA NC
iRNA
a 1.2 —
48h 2h
siRNA NC siRNA siRNA NC siRNA T one *
< *
Cavl.2 - . - - 240kDa O
N
<
GAPDH e s wwee = 3GLkDa O 04
0.0
48h 72h
b . C .
siRNA NC siRNA
Votage (mV) Votage (mV)

&0,

—_—

r i
-40 20 40 0

-100

Current (pA)

-150 -150 4

Current (pA)

—o— Calcium currents without
calcium entry modulators

—e— Bay K8644

-200 - —a— Nifedipine -200 -

20

—o— Calcium currents without
calcium entry modulators

—e— Bay K8644

—a— Nifedipine

| Voltage (mV)

d L B e 1
Voltage (mV) Vl
B0 T fF 7 1 —i
-40 0 \ 20 10, 60 80 -40
-1 —\\’ Z/
22
o o
S o
< 3 < -
& * &
> 2
g -4 g
3 3
- 54 £
s 8
5 .6 S 5 6
o —=—siRNA NC ©

|——SsiRNA

—=—siRNA NC, with Bay K8644
—~—siRNA, with Bay K8644

& 2-5 Cavl.2 EH KRR A LTCCs BIESIHIR M
Figure 2-5 Effects of changes in the Cavl.2 subunit protein on LTCC currents. (a)
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MC3T3-E1 cells were transfected with Cav1.2 siRNA and negative control (NC) siRNA
(70 nM) for 12 h, followed by postincubation for 48 and 72 h additional hours. Western
blot analysis indicates the magnitude and duration of Cav1.2 subunit suppression (n = 4, «
=0.05, "P = 0.016). Bars represent the mean =s.d. with two-tailed Student’s t-test against
control samples. (b) 1-V curves for the sSiRNA NC group. (c) I-V curves for the sSiRNA
group. (d) and (e) Comparison of changes in the LTCC current densities in MC3T3-E1
cells of the sSiRNA NC group (n = 12 cells) and the siRNA group (n = 13 cells), regardless
of whether the LTCCs were activated by Bay K8644 (a = 0.05, "P = 0.036, “P = 0.013).
The values are the mean %s.d., and statistically significant differences were determined

using a one-way ANOVA with a Bonferroni post hoc test.

3.5 FHEF LTCCs 5% T Cavl.2 AN B4R 5 E xt pk B 40 A S 5E R HIHI/E A

R0 1A S 2 P R0L 2 A A B, AR 4 P S B AIE B AR AR
HHHILTCCs T fig fCavl. 21 I IK o it — U0 R AR 2K S 0T A 240 i 1 5 1) 472
P A5 IR N HILTCCSThRE R LI, N T AR X A )8, JRATTRTHSEER R .

T B A E AN, FEE IR IIANL10 uMfinifedipine, [R1%% 45 5 fE N H
CCK-8/1 A MIMC3T3-ELR A AE /1. 1 2-6a3 B nifedipine L (1) 4 i 34 HE g 71 5 a4l
[ % ZE A L S 2 k355, ELZE96 A R AL 440t [ i 1 22 S 7 LA W38 L (P < 0.05,
P <0.01). #% T RIERKGCavl.2 SIRNAIG h)E it I HAE, 255 R ISIRNAZ (148
Pt 5t B 15 sIRNA NCLLE 250855, FLIE96 hpy 9 44 i 7] )3 1tk 2 e B A 5 3%
=X (P<0.05 "P<0.01).
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Figure 2-6 Effects of Cavl.2 knockdown or LTCCs blocking on the proliferation of
osteoblast in the simulated microgravity. (a) Comparison of changes of cell growth
between MG and MG+nifedipine groups. (b) Comparison of changes of cell growth
between MG and MG+siRNA groups. The cells were seeded on 96-well plates at a density
of 2,000 cells/well. Cell proliferation was evaluated by a WST-8 assay at 24-96 h (n = 3).
The results were expressed as the mean *s.d. with two-tailed Student’s t test against
control samples. "P < 0.05 and “P < 0.01, compared with MG group and *P < 0.05

compared with stationary control.
4 i+tig
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FEEPEOME RENMAERMRERREE S R E R B KBRS B8 KRR MR
W 32 B U RIRAC, BT 2 O R A R R A AR D, X R
FERUR 7RI 2% B K BRABEAY 15 3] 1 B UE 143 1441, B AR 2 1 R B 56t 8 ) 7 P i
O WA, 2 XM 0 57 ar PR A 4081 B 40 T B AL A1) 30 1o R B3R o A48
G SRISIE B TR B E I R YR R 4 Cavl.2 BRI ISR ] LTCCs [ ZhRE, M
T A7 4% RSB 400 B PR 3R B

WAEWTRY, LTCCs 25 RN RIS | A2 B 43 Wb Bl 55 2 Wb R 1) A6 R
A48, AT skl o R 3 3K 1) 5 A 1481, A 5 1E R RN/ SRS Bt 7T i B, BRI
LTCCs REME KRR S ATUBR R85 | AL 1) B A B ), X BERfF ST 5ESE T LTCCs Al 5%
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RNA F 5 RIS K 260 nm, T 25 F B RIS A 280 nm, IR A] 260 nm

BT RNAKEE, FiI 280 nm KT RE i OS2 EUR . T 2 ul 4 RNA 7, &
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F Nanodrop HA&I % T 46 b5, LA DEPC KfE N2 X RS, RELE RNA KA.

ODa260» ODa2go A2 OD260/OD2go. RNA HJ4{ & f] OD26o/OD2so 7v, 1EHL OD260/OD2so

15 1.9-2.0 Z [B] FFIRE i FH T JG 45256 . 4% OD2so/OD2s0>2.0 B RNA 1] BEAZ1E BE iR,

XERARER HTARFERPDBEIFEEREALGEREAH L A

OD260/OD280<1.8 &/~ ity AT REAFE £ A TS e MAMFEREE 3 RN

2.3.3 JEAR I ARBE GRS F UK

1) BEMERERURABCH] . B 1.2 g BUIRKE TR, N 100 ml TAE ¥, 7850 #%
S5, BONRCE AR B E 2 T IR N A HVERE 50°C AR, AN IIA
5u EB, BERERFM GBS, [ EB ANV REEIRRE NG
R, AR AR S, \ER R T, BB BURAINE TAE W)
FTEIKAE S IR fL—u B T AR B, e & TAE FRk iR 278 o e 18

2) RNA FES S : B 10 ul _EiR RNA ¥5T Ll PCR &, S0\ 12 pl loading
buffer, LI LE 31 FE i) 3 & Y _E AR VA

3) HLUk: EFFRALHINN IR E G HAR 20 pl, 90V HLRAEE IR Ay UK, 4E
£ 25 min;

4) RNA FEEEPERALFELE : HLAMCHRH T, BA TR LA EEBIAEA [F) 1 B A7 7T M
fI26Hs, IXUERIE 4> 28 S, 18 S, 5.8S (5S), HH A 45 T2 ML L
NSRS 2, IX UL HIRE i RNA 20 A0 58 BT

2.4 Northern blotting

2.4.1 5|9&It
SNBO036-Cacnalc: F-5'-CGACTCCAACGCCACCA-3'
SNBO036-Cacnalc: R-5-TCCCATCATACATCACCGAAT-3
SNB036-GAPDH: F-5-GAGTGTTTCCTCGTCCCGTAG-3'
SNB036-GAPDH: R-5-GGTCCTCAGTGTAGCCCAAG-3'

2.4.2 HEH %

1) PCR [ MAK ZR AL
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% 3-1 PCR RNk RIKBCE &K
%oy (LA
H20 Up to 50 pl
PCR buffer with MgCl; 5ul
PCR DIG Probe Synthesis Mix 5ul
EM 514 0.5 ul
FAREIEY 0.5 ul
Enzyme mix 0.75 ul
cDNA 1l

# 3-2PCR RERF

SNL i EE fEH] JRSE S []
95C AR 2 min
95°C B 30s
56°C 1Bk 30s
72°C SEAH 2 min
72°C =KL 10 min

2)  BEHE R K

PCR F=¥ikAT 1935 i f e i i it B DNA F Bt (1697 bp) AT VIR R,
Gk
243 BIK. FHE. R, GEAESRN

% 4% 8 Northern blotting ${F 7f% 56 BUG 85 58 .

2.5 Quantitative RT-PCR

251 R¥F PCR
2 {8 Takara A &) PrimeScript® RT & s 45, I BU IR (b2b s
MAEVK F5e i R B4R 5GBS 18], DUIBE S RNA O FEARD -
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% 3-3 REF PCRIBERNBEER

=%l & AR
PrimeScript® RT Enzyme Mix | 1.0 ul

Bulge-loop RT Primer 1.0 ul 100 nM
PrimeScript® Buffer 4.0 ul 1x
Total RNA X 40 ng/ul
RNase Free ddH20 up to 20 pl

2.5.2 AL
1) PCR 5%yt (i AETAEM TREAIRAE S

R34 GEEIYIFFI

LR AR LiEsIY (5°-37) s (5°-37)
Cavl.2 (1) TTGCCCTTCTTGTGCTCTTC TATGCCCTCCTGGTTGTAGC
Cavl.2 (2) TGCTGTGTCTGACCCTGAAG CGTCTTCCGGAAAGGGAATA
GAPDH CATGTTCCAGTATGACTCCACTC GGCCTCACCCCATTTGATGT
miR-155 ACACTCCAGCTGGGTTAATGCTAATTGTG TGGTGTCGTGGAGTCG
miR-137 ACACTCCAGCTGGGTTATTGCTTAAG TGGTGTCGTGGAGTCG
miR-1 ACACTCCAGCTGGGTGGAATGTAAAGA TGGTGTCGTGGAGTCG
miR-328 ACACTCCAGCTGGGCTGGCCCTCTCTG TGGTGTCGTGGAGTCG
miR-145 ACACTCCAGCTGGGGTCCAGTTTTCCC TGGTGTCGTGGAGTCG
miR-103 ACACTCCAGCTGGGAGCAGCATTGTAC TGGTGTCGTGGAGTCG
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT

2) M4 Takara A7 SYBR Premix Ex Taq HN®RHU6 ] BER, ZEVK ERCH] 10 ul
guantitativeRT-PCR J Wik % CRARECHIAEOK EdEAT)
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# 3-5qRT-PCR RN ER

%l fi = LR
ROX Reference Dye Il 0.2 ul 1x
PCR Forward Primer 0.8 ul 0.4 uM
PCR Reverse Primer 0.8 ul 0.4 uM
SYBR Premix Ex Tag™ I1® 5.0 ul 1x
ddH20 CKEH 7518 7K) 2.2ul 8.0 ul
cDNAHR 1.0 pl

Total 10.0 pl

(3) HL 10 pl B A 4FHI PCR e g in 1)\ E AL, B5eE 4 S5 5L, 5,000 rpm &

£ 30s, )5 EHLEET PCR [,

(4) f£H ABI ~ 7] J6E & PCR AXH W A4 RS, Xt H IR RIE KT

17030, HoRAARXS & & 270 Ok AT 20 i i .

2.6 siRNA. miRNAs mimic 1 inhibitor &3

1)

2)

3)

4)

5)

6)

7)

AR B P /N B miR-103 [ EE A 9, ZR4E) ARBE AR TREAT R 2 =] Bt
B miR-103 F mimic AT inhibitor Sz xRz $H 14 X} s

B w5 M FF MC3T3-EL 4B %70 T 6 FLIRN, Fréfi il & BEAEIS ) 70%-80%)5 ,
P Opti-MEM 3532 W 75 55 37 400 2 h,

% 250 ul Opti-MEM 15 7%3F EP &1, JI 5 pl Lipofectamine 2000 7243827,

IR E 5 min;

WZHL S pl miRNA VA 5% BP0 RETG 7 B RNAVE L, 4373 F N 250 pl Opti-MEM
BRI MR, RFEIRAT, AEHIRA:

¥ 3D A1 4) F TG E ARG, BIRWAT, EiRFE 20 min, {1 Lipofectamine
2000 REfE 78 3 miRNA, B E I E &9,

I LB IR ML AL AL 5 3298, NN 5) A B VAR L ml RS 9%, B
REBN MG TR AT H A0 R S, BN 37°CL 5%CO: (M3 IR H 5 7

B 6 h SR I U R BN TE XU 10935 iK% B 373, £F 12 h J5 4T qPCR
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I miR-103 FKik &,
8) A SIRNA ¥ 4L DI — & 7p 525 s
9) miRNASs 75153 51A :
& 3-6 WilEH miRNAs 53]

Oligonucleotide sense sequences antisense sequences

miR-103 mimic 5'- AGUAUCGGGACAUGUUACGACGA -3' 5- UCGUCGUAACAUGUCCCGAUACU -3'
miR-103 mimic NC 5'- GUCAUGAAAACACAUCAUGUUU -3' 5- AAACAUGAUGUGUUUUCAUGAC -3'
miR-103 inhibitor 5'-UCGUCGUAACAUGUCCCGAUACU -3'

miR-103 inhibitor NC 5'- GUCAUGAAAACACAUCAUGUUU -3'

2.7 EdU ¥ 4apaiEsE (RE—345a)
2.8 CCK-8 EHM4npaiEE (RE—a)

2.9 Geitorth

BT 58 DA B R dE 2RO, R FH SPSS 19.0 A S % $f 3k 4T IE A5 1 7 b Fl
Ji EFHEARGS, HREAT PIREAS A) EU N SR AT t RS HEAT [R] — R AR 22 il
ZREAR AT R EEE T 20 (Repeated-Measures ANOVA), 4H[&] Eb#e%
Bonferroni post hoc ¥5:%:, P <0.05 NZ%H Giit2Em L.

3 &R

3.1 ERILE FARE SR Cavl.2 mRNA BIZRIA

SRy S CAIRE T BUR E IS Cavl2 MAMKIL, N TIRFABMAE
W% Cavl.2 HHREHINLH], FA TR 25 T B AL T Cavl.2 mRNA #
TR B4, F-ATSEA Northern blotting F5 ARG M40l 25 FIRAEE K Cavl.2 mRNA
RILNFHIAAL . N 3-1 o, AERUREFAT, SXMAMLE Cavl.2 mRNA
ARG 2) 0 1.6 £ (P <0.05).

5 Northern blotting £ R J7iEM L, SZiF € &7¢)% PCR (QPCR) 24 NEBUERA
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AR IIRE i mRNA & 87595, BT, gPCR B4 Z IO E Bl mRNA
AP RRE . DT k2 WD R EE 0 B 4 Cavl.2 mRNA Rk [5Emd,
IR 2 MR 51 AT e AR TN . ERBUR EARIE TS, SX AL, Cavl.2
MRNA 23k /KF43 5= 1.5 £ (P <0.05, & 3-2a) 1 1.6 £% (P <0.05, & 3-2b).

Con MG Con MG Con MG

9416 bp
6557 bp

Cavl.2 mRNA

2322 bp
2027 bp

GAPDH mRNA

Relative mRNA levels
o
1
—

Con MG

& 3-1 Northern blotting il R B H T BB 40 Cavl.2 mRNA HERE

Figure 3-1 Detecting changes in Cavl.2 mRNA level in MC3T3-E1 cells under
simulated microgravity conditions by northern blotting. Northern blot analysis of
Cavl.2 mRNA expression from cell lysates from MC3T3-E1 under normal gravity and
simulated microgravity conditions. GAPDH detection on the same blots was used to verify
equal loading among the various lanes (upper). Histogram showing the average data for
the relative expression of Cavl.2 mRNA present in the cells from the Con and MG groups,
which was quantified by the camera-based detection of emitted chemiluminescence (lower)
(n =3, "P < 0.05). Bars represent the mean =+s.d. with two-tailed Student’s t-test against

control samples.
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1.8 1.8+
] * *
1.6 1.64
1.4 1.4
] ] L]
[ [
i>-' 1_2-‘ .|. E 1.2 _|_
<
% 1.0 H Z 1.0
4 p ['4
E o034 E 0.8
2 s
® 0.6 & 06
T E [}
Z 0.4 © 94
0.2+ 0.2 4
0.0 0.0
Con MG Con MG

&l 3-2 qPCR R R EIFE T A 4HHE Cavl.2 mRNA KZRIZZRA

Figure 3-2 Detecting changes in Cavl.2 mRNA level in MC3T3-E1 cells under
simulated microgravity conditions by QPCR. (a) QPCR analysis of changes in Cav1.2
MRNA level by using the original Cav1.2 primer pair in MC3T3-EL1 cells under simulated
microgravity conditions (n = 4, a = 0.05, "P = 0.035). (b) QPCR analysis of changes in
Cavl.2 mRNA level by using the new selected Cav1.2 primer pair in MC3T3-E1 cells
under simulated microgravity conditions (n = 4, « = 0.05, "P = 0.029). Bars represent

mean =%s.d. with two-tailed Student’s t-test against control samples.

3.2 HRPLE LEME A miR-103 BIFRIA

FEAEM Cavl.2 7ERFBIREILRE b2 B 2 R 7 i, HEBHURESRMG T
Cavl.2 BN E A ERRIE, EKIRELIREIRE N Cavl.2 il R E R T 5 KF
AT MIRNA JZ AR SR I PR 3 Ja KPR it Fe o, BRI, @ ad SCikie &%,
AT TR IE R AT LS Cavl.2 (19 6 ¢ miRNA #E1T T RIS .

e, FATRE I T ALK EEAEE T miR-1, miR-137, miR-328, miR-145, miR-155
F miR-103 (R IA k. ¥ 3-3a KB, [EIF% 48 h J5 R A miR-103 ik B, 2%t
BRZHA 15 fi5 (P < 0.05). ZJ5ATNWEL T miR-103 [ [m] 4% if [ AR A 5 450
3-3b £, 7£96 h [MELRS[A] N, miR-103 FiAZWim, HSXTRAMLERSA
itk X (P<0.05).
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a 1.8- [_ICon b 2.5~ —=—Con
* VG ——MG
1.6 1
*
1.4 2.0 " T
B |
2 3 * * Teo ]
212 >
2 3 T T
o o 1.54 4 HE
1.0
< =]
g g
— 0.8 —
E € 1.0
Z 0.6 'g
© — 4
5 s
x 04 S 054
0.2
o 3 q A Y s Y 00 Y y J !
AP A A0 AN A 0 24 48 72 96
PN\ o« PR “(\?ﬁ

Time (hrs)

&l 3-3 qPCR KIS R EIF 5 T B 41/ miR-103 BRAZRL

Figure 3-3 Alteration of miRNAs in osteoblasts under simulated microgravity
conditions. (a) QPCR analysis of changes in the expression of miR-155, miR-137, miR-1,
miR-103, miR-145 and miR-328 in MC3T3-E1 cells under simulated microgravity
conditions (n = 6, a = 0.05, "P = 0.021). (b) QPCR analysis of change of expression of
miR-103 at sequential time points (from 24 h to 96 h) under the condition of simulated
microgravity (n = 5). The results were expressed as the mean =+ s.d. with two-tailed

Student’s t test against control samples. “P < 0.05 compared with stationary control.

3.3 BE{E miR-103 WRIAREB MR BRI KL EIFSH Cavl.2 RIETH

N T BRI B AN miR-103 X Cavl.2 FOSE A i 5 6 T, AR Western
blotting 3 AR 4 miR-103 inhibitor 5l Cavl.2 & HRA KN B JeIe il H 8 H
AF]E R inhibitor XF miR-103 HJUTERALA, Kl 3-4a KB, SXTHRAAHEL, g
inhibitor F4HHE miR-103 F£IAHE R (P < 0.05), Wi 3-4b fiizn, ARl EIRLE
T, 5 inhibitor BTEXTHEAE L, #54% inhibitor fI4HHL Cavl.2 & /K FREMM (P <
0.05), {HZ&AWE2EA 7 EX K (P < 0.05). PLEEdER A miR-103
[RI9R 35 B 5 3 /0 MK S AR UL R 15 3 1Y) Cavl.2 RIX R
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& 3-4 IR EIE T K miR-103 KIREN B4 Cavl.2 B HRE KM

Figure 3-4 Effects of miR-103 knockdown on Cavl.2 subunit expression under
simulated microgravity conditions. (a) Knockdown of endogenous miR-103 by a
miR-103 inhibitor in MC3T3-E1 cells (n = 4, « = 0.05, P = 0.016). (b) Western blot
analysis of the role of miR-103 in regulating the expression of the Cav1.2 subunit under
simulated microgravity conditions (n = 4, a = 0.05, "P =0.022, *P = 0.017, 4P = 0.016).

Bars represent the mean +s.d. with two-tailed Student’s t-test against control samples.

3.4 FE{E miR-103 FFIXREB I MR EXS LTCCs BBAZNBIHIFIEA

AT 3P EAE miR-103 XF Cavl.2 & H /KRS, FAT X ME T miR-103 Xt
R 4 LTCCs HIEEhIIEm . W& 3-5a #1 b ffias, {EIEH E /5T, inhibitor
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2L inhibitor {445 HEZEL 200 B 1) P 1) VAR VBE AT B3 s SR T AE AU SR EEFABE T, inhibitor
A (Bl 3-5d) iR A /N S EX IR (B 3-5¢) AHELIG K. Kl 3-5e il f 2
N, FERBHEEIRES T, S5F IR AIMI L, inhibitor 2140 M Fr) R I 25 52 B S sk /s (P
< 0.05); BAMHEXTHEZHAN inhibitor ZH7E+10 mV B C 3% 21 1T 24 W AR FEL IR 28 B 2 Sl o —
2.0240.38 pA/pF A1—2.86+0.33 pA/pF (P <0.05, & 3-5e). ] 10 uM Bay K8644
J5» TE+10 mV e s BRI B IR 2 BE R K 1.6 i e A s BT HEZELRT inhibitor
HAE+10 mV I IC SR 21 (1)~ 3 ISR FRLAL 3 B2 40 ) & — 2.9340.32 pA/pF i1 —4.34+0.43
pA/pF (P <0.05, & 3-5f). fEIEH & JFEE T, miR-103 inhibitor X} & 4 /il LTCCs
(IR S R (P 3-5e A1 F). M EIZESRIEN, PEAE miR-103 (R IXRENS 5
SR 2k B0 LTCCs HLIE B4 IE -

3.5 EERBLEIE T miR-103 I RL & Ak HETE

TEER—HNEE 4y SEBIRATT LR E B, ASE40 O H 3@ I PRI LTCCs 1T R4l
MG . FEAR S Seg T, FATKI miR-103 EM K EIAEE T B, HAE
LSRR Cavl.2. A T IR miR-103 S 752 55 i 4 i 184 5 Fr 1 5 o

AV T N 928, B4, A miR-103 mimic A1 miR-103 inhibitor )% F %%
o Wik 3-6 ffiax, miR-103 mimic 440/ A miR-103 ()7 & mimic NC 4 &% 1¢
= (P <0.01); miR-103 inhibitor Z14H il N miR-103 )& & %X inhibitor NC ZH W] % [
ik (P < 0.0D). &k, 7EFMULERET LT miR-103 FIRIE, RJEHAF
T BRI B BB A ST AR . EdU Yetip b R BoR, fERLKRE RS,
miR-103 1 40 BB 4 i 345 (P < 0.05, &1 3-7a A1 b); ifii miR-103 [ 4L
BERRCE A ESE (P < 0.05, [ 3-7aflb). 0K 3-7c fiis, fERELLREIFEET,
K IA miR-103 PRI AL E 4L PCNA KA : PTER miR-103 e i 5l 4 il PCNA K]
ik (P <005, 54k, RH CCK-8 LMt — Uik, ERAIRERE T, mimic 4
B I A RS SRS (P < 0.05, &1 3-7d); T inhibitor ZH R 40 MO 1 58 fE )46 5

(P <0.05, K 3-7e).

CCK-8 VA1 PCNA H H & =AM 7 A5 2 4518 M1 EdU Geth 45 R — 3, Bk

FEABIUL R B FREE N miR-103 081 pli-i 40 ) 189 4
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Figure 3-5 Effects of miR-103 knockdown on LTCC currents in MC3T3-E1 cells
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miR-103 inhibitor NC + MG group (red, n = 12 cells) and the miR-103 inhibitor + MG
group (green, n = 14 cells), regardless of whether the LTCCs were activated by Bay
K8644 (o = 0.05, "P = 0.032, *P = 0.006). The values are the mean =+s.d., and statistically
significant differences were determined using a one-way ANOVA with a Bonferroni post

hoc test.

400

%k
350
T
» 300
]
>
2 2504
el
=
2
£ *ok
o
2
&
s 11 \
x
0
O XY < «O'
,\°$ 6‘\‘(\\ ) 0‘6 '{O\\
& @ Sl
R R N

& 3-6 7ERRE 40 _E5AE miR-103 mimic AT inhibitor BRI R

Figure 3-6 gRT-PCR analysis of miR-103 levels in MC3T3-EL1 cells after treated with
miR-103 mimic, miR-103 inhibitor or their negative controls (mimic NC and
inhibitor NC). The experiment was performed in triplicate and data are the average of
three independent experiments. The results were expressed as the mean = s.d. with

two-tailed Student’s t test against control samples. P < 0.01 compared with negative

control.
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Figure 3-7 miR-103 inhibits osteoblasts proliferation under the condition of
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simulated microgravity. miR-103 mimic or miR-103 inhibitor was transfected into
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MC3T3-E1 cells before treating the cells with 48 h simulated microgravity. (a) EdU
incorporation assay was analyzed by confocal microscopy. Proliferating MC3T3-E1 cells
were labeled with EdU. Staining of MC3T3-E1 cells with the nucleic acid dye Hoechst
(blue) and EdU (green), respectively. (b) Histogram showing average data for the
percentage of EdU positive cells from different groups. The EdU incorporation rate was
expressed as the ratio of EAU positive cells to total Hoechst positive cells (n = 3). (c)
Western blot analysizes the expression of PCNA in the cells under the condition of
simulated microgravity. The total protein loaded per lane was 40 ug; detection of GAPDH
on the same blots was used to verify equal loading amongst the various lanes (upper).
Histogram showing average data for the relative expression of PCNA present in the cells
from each group quantified by camera-based detection of emitted chemiluminescence
(lower) (n = 3). Then, the cells from miR-103 mimic group (b) or inhibitor group (c) were
seeded on 96-well plates at a density of 5,000 cells/well, respectively. Cell proliferation
was evaluated by a WST-8 assay up to 96 h (n = 3). The results were expressed as the
mean =*s.d. with two-tailed Student’s t test against control samples. "P < 0.05 and P <

0.01, compared with stationary control.

3.6 FEIEHLEIET miR-103 #IEIR B HAERYHEERE Cavl.2 KA

N7 3B EIE miR-103 FERLII S BT T BiEr 4 Mo G B R R LA, FRAT
% miR-103 mimic ¥ inhibitor A1 Cav1.2 siRNA L4 4L3 MC3T3-E1 H, M Ja A&l 1k
B 41 I B B8 T AR

H T CCK-8 Al g 48 FIFE I 45K, FATTH Wik g A& Y Cavl.2 SIRNA B 4K T
HTEF 8] LIS B B 47 AT ER 2% . Western blotting 455 SR, 76 1F % 8 ) 3REE S i g
48 h J5 , SIRNA Xf Cavl.2 [UTERRCRAE 70% /5 45, 7 96 h B siRNA JIER R AE 60%
fti (P<0.05, K 3-8a). XK, 7£/aLLHTCE MG (96 h 24,
Cavl.2 B8 H KA LIS RR i), fafs, FRATH miR-103 mimic B inhibitor
Al Cavl.2 SIRNA FIRA ] IR L5 Je 3] MC3T3-E1 H, 7E MLk BI85 T 46 I 389 B i
JIHARA . SR KB, Cavl.2 siRNA FFITEXS XS miR-103 mimic B¢ inhibitor £k
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T 6 184 B ) 1 R I S 2 5, BB miR-103 mimic BY inhibitor X B 4 i 384 5 1) 1
HEH5E 3-7 (dfle) —3 (P<0.05, & 3-8b Flc). #Rifi, 4 miR-103 mimic
gk inhibitor A1 Cav1.2 siRNA L343 MC3T3-E1 J&, JCit2& miR-103 mimic ZHif 2
inhibitor 28, TERLIUR 26144 N BCE 4RI FE I G B B0 (B 3-8d Fil e). 45

Peon, FERUR EIAEE N miR-103 X Al & 40 i 3 58 1 521 2 Cavd.2 KA
a b c
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Figure 3-8 The inhibitory effect of miR-103 oligos on osteoblast proliferation under

simulated microgravity condition was completely blocked when co-transfected
miR-103 mimic or inhibitor with Cavl.2 siRNA. (a) In normal gravity condition,
MC3T3-E1 cells were transfected with Cav1.2 siRNA and Cav1.2 siRNA NC (100 nM),
followed by postincubation for 48 and 96 h. Western analysis indicates the magnitude and
duration of Cav1.2 subunit suppression (n = 3). MiR-103 mimic (b) or miR-103 inhibitor
(c) was co-transfected with Cav1.2 siRNA NC into MC3T3-E1 cells before treating the
cells with 48 h simulated microgravity. Similarly, miR-103 mimic (d) or miR-103 inhibitor
(e) was co-transfected with Cav1.2 siRNA into MC3T3-E1 cells before treating the cells
with 48 h simulated microgravity. Then, the cells were seeded on 96-well plates at a
density of 5,000 cells/well. Cell proliferation was evaluated by a WST-8 assay at 24-96 h
(n = 3). The results were expressed as the mean *+s.d. with two-tailed Student’s t test

against control samples. “P < 0.05 and “"P < 0.01, compared with control.
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