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Abstract. Objective To study the effect of simulated microgravity on activity of the store-operated calcium
(SOC) channels in osteocytes and its possible mechanism, so as to elucidate the potential mechanism of
weightlessness bone loss. Methods Osteocytes ( MLO-Y4) as the experimental subjects were divided into
simulated microgravity (SM) group and normal gravity group (CON) . After rotating for 24 h and 48 h, confocal
microscope was used to detect the intracellular calcium ion concentration level to reflect activity of the SOC
channels after thapsigargin ( TG) -induced endoplasmic reticulum ( ER) depletion. Immunofluorescence staining
was used to observe the distribution of ER membrane protein IP,R and spectrin membrane skeleton, in order to
preliminarily explore the possible mechanism of functional changes of SOC channels. Results During the period
of calcium release from ER, [ Ca® ], had no significant difference between SM group and CON group for 24 h
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and 48 h; while during the period of extracellular calcium influx by SOC channels, [ Ca™ ], of SM group had sig-

nificant differences in the first 4 minutes for 24 h, as well as in the whole time for 48 h. Compared with CON

group, the spectrin membrane skeleton of SM group was gathered at the rim of membrane, while ER mem-

brane protein IP,R of SM group was gathered at the nuclear envelope of ER. These two tendencies were more

obvious for 48 h. Conclusions The stimulated microgravity could inhibit activity of SOC channels in osteocytes.

Changes in the distribution of the spectrin membrane skeleton and ER membrane protein IP,R under the simula-

ted microgravity might reduce the activity of SOC channels by affecting the conformation coupling process be-

tween the membrane and ER.
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LR AR 2R B IR T 25 7 A ™ Y B T
TR NRTE R A AT Hh I8 3] A die 3 8 AR
Bl —, Ho& A HLE v RIE R B
B A RT U S B HUA T 035 2 T Y e 4
S B PRI B 240 P %) ) 6 R B, 7
PR R B AR Y AR PR AL AT R
B, B UL G T g 80 A Y g A R
IR HHLHIE A Frift—R5E

AR NS B (Ca™ ) ViR BE T e 2 20 T AL
BT ) B ) i % 2 — LA Ca™ S WK IR 5%
B2z —I& 1P, 541N 5t M ( endoplasmic reticulum,
ER) I I 1P, Z 4k (IP,R) 454 51 & 14 i P9 45 8 B¢
JC, T ER A5 P2 1) 6 58 2 PV 20 PRS- %) 8 vl 45
Y\ Ca™ i if ( store-operated calcium channel, SOC) ,

JAh Ca® Ze /iy SOC WL, I P Ca™ ¥k JE 7 4L Tt
%[13] N

“HIZRRA RS H AT Z AT A —Fh il
ER F5EFE 5] A& 1Y SOC il 1% b iim ™ B ER
BEIERER S MM B A5 ER R 40 MRS AL 50, 1
ER B L9 TP, R 5 SOC EE# A, ¥ 1 H#0E SOC 18
LB EMAN Ca™ IR H R, 40 e
& SOC B TE LR R FA " SR P Y B2 — 35
WFoE 2B IR 4R 1M 52 8 1 (spectrin) A LAREAIR
SOC iEE IV, #2 /s BB 22 spectrin 7E I $% SOC 18
R R EEMEAN

ASCE B E N R (thapsigargin, TG) 51 & 4
M ER £5 EFEE | 3 o K DA [R] By BE L ) Ca™ MR
IR W SR BE AR R T3 RO X A i SOC 3 i D g
B2, [RIE 5% spectrin A1 TP, R 7 41 IS i 49 43
A, FR ST R 1808 X A h SOC 3 3E
THRERZ MR A AT RE ML, LAY R ) S BB 41

J12m AR A
1 FHi&
1.1 #RFnitF

INEUE 4 2R (MLO-Y4) , 1 35 [ 2 95 U K

= Lynda F. Bonewald AR L, o-MEM 35 37
(Gibco 47, [ ) ;Ca® Y i 7] Fluo-3 AM(ZE =K
], D 5 Spectrin B 11 7N BB 5 B B0 4K ( Santa
Cruz 23 7], 3£ ) ; IP,R RZ e PR (1B A
), 28| =), 3 B Alexa Fluor 488 . i Alexa

Fluor 488 .ER-Tracker Red( = K/AH, ) .
1.2 ZHRELESE
YR LL (1 ~3) x 10*/cm® 55 B 32 b 7E 55 37 1L
(Nest A7), W) | ,37 °C 5%C0, ¥55% 24 h, ZJ5
I R TR AL R TR 1 30N 4 (simulated microgravity
SM) Fi%t BB ZH ( control, CON) :SM #H 15 r/min Jigk%
i g% 24 48 h;CON HF BT,
1.3 Fluo-3 AM £BKMAERA Ca™ iR EKF
AT 24 48 b HBSS ZE R (TG Ca™ ) I
VEAIM 3 YK, A 2 wmol/L Fluo-3 AM, 37 °C 5%
CO, #EHEF 30 min, BOGH R E BB (TCS
SPE, Leica 2], £l [ ) WAL L % [ Ca™ ], 2GR
BE L1 BT BL(0~2 min) , AL 5 26 2 By
B(2~14 min) , MAMNE A 2 wmol/L TG ;%5 3 By
Bt (14~26 min) , MAMNEFEIN 2 wmol/L CaCl, ,
1.4 SBHLLEEKNIEE S spectrin #1 IP,R 7
iy o et 0

1.4.1 JEB %R spectrin & 4% 2 5 B 145 9 [
FEYIHEL 15 min, 0. 1% Triton-X B 5 min, 4% BSA
IR E 30 min, ZJ5 A Spectrin B 11 Bodk (1
150) ,4 CHFE LR A ZHT(1:400) , FiRFH



ItiEeE, . EIRE LR X B4 SOC 1§18 Th 88 A 54
DU Wanting, et al. Effects of Simulated Microgravity on Function of SOC Channels in Osteocytes MLO-Y4 279

2 h; A DAPL, Z I E 5 min, HOGHR A B0
pUE 298
1.4.2 TP,R #& JilA 1:2 000 ER-Tracker Red
TAEW,37 °C 5% CO, HEICHFF 30 min; #1415
D TR BT S SO G o) TIPSR BUAR VR E
1:150, i ve Bl 1 :400, 0Ot I 58 £ 0 1 8
WEE
1.5 HESH

A B LA S B £ bR ifE 22 327, ffEH] SPSS 4k
X BRI T A ¢ K5, P<0. 05 /s 22 A 41t
2732 8 GraphPad Prim 5 30453 B 17 il £k
TR (area under the curve, AUC) ZbBH | FF3E1T i
H ¢ Kk, P<0. 05 FoRnZRAGIHFEX,

2 #R

2.1 BHE MLO-Y4 75

et 0 0 SO AT 4 ) 4B A MLO-Y4 7EIE R
TSR S0 R 1555 24 48 h 5 40 L IE
SWE 1 PR, EIEFEE ST, CON 2240 b e 4
b BB R, R AR AN, AL
RN, SM A K205 CON 414 L, B
/N, 2 B AR S0 sl i 1) = f e .

24h

48 h

(a) E¥EN (b) HERIAES

B1 AEENYNTEHME MLO-Y4 275 (20%)
Fig.1 Morphology of osteocytes MLO-Y4 under different gravity
effects (a) Under normal gravity, (b) Under simulated mi-

crogravity

2.2 A Ca™iREHKN

MLO-Y4 ‘& 4 53 5 78 1E 5 55 1 P58 LA
&N RS T 3595 24 48 h 5, [ OGR4
BB [ Ca® ], ZeIEsRBERTIN, [ Ca® ], %otk

JEREAL AT 28 1 BB (0~2 min) , 4HISM B P A
TIARAT ), 10 SR AR A [ Ca® ], 5 6o B 5 55 2
BBt (2~14 min) , HEANE TR RAELE TG, B T 41 i
IANIAEE H TC Ca™ FE7E, U [ Ca™ ], 28 Mok
() T 5 SO R 40 A v PN 5 D9 5 2 Ca™ R 565 3
BB (14 ~26 min) , 40 fL SN T R B ZE S TG
Ca™ , I AN Ca® 32 40K 1 SOC i P i
HEARARL T, 1T BB [ Ca™ ], 2GR B T i 1Y 2
TEE 1 2 BB (0~14 min) ,24 48 h ) CON £
iR SM Al Z [a) Tt 22 5, 7656 3 MirBe (14 ~
26 min) ,24 h % CON 4 H1 SM AH7EH 4 min( 14~
18 min) WAFTEE W & PE2E 5, MAEJS 8 min (18 ~
26 min)24 h ) CON 415 SM 41 [ Ca™ ], 25050 &
IRF TR AS ;1M 48 h (19 CON 4R SM 4165 3
BB — B a2 S WK 2(a) ],
i AUC XF56 2 3 BrBE[ Ca™ ], 2GR AR 1k
MR BATIHE S A, FE5E 2 B Be, BRI P 45 22
B Ca* #17], 24 48 h (1) CON £ A1 SM 4 [A] JC i
FPE2E S WIS 3 BB, B TG 5 1YL SOC 1
Ak Ca® T IIIE] , 24 .48 h i CON ZH i1 SM 4H = [i]
fETEE B EEES [ WEI 2(b) ],
2.3 FEEZE spectrin S FHIER
MLO-Y4 ‘B 20 i 53 576 1F #5507 AL R )
THEFRE 24 .48 h 5, ffi H Alexa 488 (4%) A1 DAPI
(1) XHEE BR spectrin A AT fe e 28 e e 4, IF:
o JOE 3 3R £ B WA R B, E R TR ) B
T, B4R spectrin 754 I iP5 5] 23 A1 FE R J1 8K
MNIABE T, SM 21 IR E 28 spectrin B 51 0 A H 2R
MEESUE S 3 QN RIS
2.4 TP,R 3%I1ER
IP,RJEAFAE T AN N BT 104 1P, 2K EE 1 .
MLO-Y4 ‘B 21 il 53 A 1F 8 5 ) RIS R ) F 15
%24 48 h J5 ,f#F ER tracker XF PN 5 R kAT 4L £4,
1 Alexa 488 (%) F1 DAPI( #% ) %F IP3R FIk%E4T
B PE DY A, Il FH IOt 3 SR AR 1 U 2
P OE R E ISR, TP, R 7640 MR P 5 R | 2
I A s TERER IR RS R TP, R BI51 0 A i 2k
NG ER F AR S5 P R4 H 48 h 1 1 2%
(WK 4),



EREYMNE $£34B
280

%38 201946 B

Journal of Medical Biomechanics, Vol. 34 No.3, Jun. 2019

50k __313Ca2 Ca®>" 2 mmol/L
CON#AL
— SMGH4
1.0
08| 1 1 1 1 1 1 1 1
0 020406081012 1416
<107/
43h __3!3(:&2 Ca?" 2 mmol/L
TG 2 uM
2.0 =
o1
B
»
:}E_ £
&L
2.
0_g|........
0 020406081012 1416

<107%/s

(a) [Ca?] BRI R BE KB 1R 22 4k 1 22

E2 B4 MLO-Y4 B9 A Ca? iRE KT ( *P<0. 05, *P<0.01)

Fig.2 Intracellular Ca?* concentration levels of osteocytes MLO-Y4

(b) [ Ca®*];fluorescence intensity variation calculated by ACU

(a) IEFES

B3 AEENMETEHE MLO-Y4 25 22 spectrin 7
(63%)

Fig.3 Spectrin membrane skeleton distribution in osteocytes

(a) Under

(b) BRI S

MLO-Y4 under different gravity effects

normal gravity, (b) Under simulated microgravity

3 itig

B AL T LU 2 1 5 A U 2l L K i o
B AR, 222 100 G 0 2 4 3 i, K = e

500

I CONA

K 400 m SMGAH
1= 300
].L
4% 200
o

0

FEEREIK(Ca>],  [Ca2] W
&% - = CON4L
1= 400 = SMGA

}.L_

) 300

= 200
g

%ﬁﬁi&ﬁs{[cy l,  [Ca¥] Wik

(b) ACUTHH[Ca® | 3R EE 4k &

(a) [Ca®" ], fluorescence intensity curve with time,

RS S N Ca® B M FH EAEE 2 5
fiff, FER YR T 40 Mt b SoC @™, AW &
I ER 57 BRI Ca™ B 41,24 48 h Y SM 41 i /N
Ca™ VR 5 X BRZ 34 TC 0 35 25 5% M AE AL AT Ca™ 48
SOC i N i1,24 h 1) SM 41 R AERT 4 min Fb
CON ZHA5 8351 F I, 48 h fit SM 2H 753 S sf 4 44
Lt CON 20 b 0k R I, B 0 380 B A 1 i
AN | SOC 838 A I% 2, ELAHBL R 71 3800 V8 A
)RR, 0B

B spectrin NS 5 4E R 4 L & 5
S 2L S WAE SOC B b A B T
FEAEH ) IPLR AT ER B E, 2 SOC il
RGP G . ER £5 ) FE 1] {f IP,R
TEYH B 42/ spectrin B2 5] T M 4R F#83h, 5
SOC i 38 & M & 4= H R A% & s SoC il
T2 RASE R IR, SM 4 BB R spectrin [ 4]
M 2R A i ER BEAE A IP,R 7] ER (9 4% 8 I X
WAL, H 48 h b 24 h o 3% Xt LR AN
YRR (A L Ca™ /K AR fE A — B, Bl i o
FIRONE T AR R AR TP R [0 40 M AL S A 4
A AR AZBE, NI D T SOC ilE T fE,



e, . BIE IR B4R SOC @8 Ih &k
DU Wanting, et al. Effects of Simulated Microgravity on Function of SOC Channels in Osteocytes MLO-Y4

sk

281

24 hff)CON4H

25 um

24 hif)SMG4H

48 hff)CON4

48 hffISMGH4

25 pm
(a) 40t

B4 B MLO-Y4 WM L IP,R 437 (40x)
Fig.4 1IP;R distributions of ER in osteocytes MLO-Y4

£i LT, SOC 3 3 75 F 4 i Xt 77 =7 50l 3 vy i
7S H R B D R B A SOC iliE ARk
LA RENLENE A T i — P TR AT

SE Lk

[ 1] LEBLANC A, SHACKELFORD L, SCHNEIDER V. Future

human bone research in space [ J]. 1998, 22
(85): 113s-116s.

LANG T, LEBLANC A, EVANS H, et al. Cortical and tra-
becular bone mineral loss from the spine and hip in long-
duration spaceflight [ J]. J Bone Miner Res, 2004, 19(6) :
1006-1012.

ZAYZAFOON M, MEYERS VE, MCDONALD JM. Micro-
gravity: The immune response and bone [ J]. Immunol
Rev, 2005, 208 267-280.

VEZERIDIS PS, SEMEINS CM, CHEN Q, et al. Osteo-
cytes subjected to pulsating fluid flow regulate osteoblast

Bone,

proliferation and differentiation [ J]. Biochem Biophys Res
Commun, 2006, 348(3) . 1082-1088.

TAN SD, VRIES TJ, KUIJPERS-JAGTMAN AM, et al.
Osteocytes subjected to fluid flow inhibit osteoclast forma-

PARTI

(b) IPR

(a) Nuclear, (b) IP;R,(c) ER, (d) Merge

[10]

[11]

tion and bone resorption [ J]. Bone, 2007, 41(5) . 745-
751.

TAYLOR AF, SAUNDERS MM, SHINGLE DL, et al. Me-
chanically stimulated osteocytes regulate osteoblastic ac-
tivity via gap junctions [ J]. Am J Physiol Cell Physiol,
2007, 292(1) : C545-552.

YOU L, TEMIYASATHIT S, LEE P, et al. Osteocytes as
mechanosensors in the inhibition of bone resorption due to
mechanical loading [J]. Bone, 2008, 42(1): 172-179.
LAU E, AL-DUJAILI S, GUENTHER A, et al. Effect of
low-magnitude, high-frequency vibration on osteocytes in
the regulation of osteoclasts [ J]. Bone, 2010, 46 (6):
1508-1515.

BONEWALD LF. The amazing osteocyte [ J]. J Bone Min-
er Res, 2011, 26(2): 229-238.

fif¥5%, Tiii%. Notch {55 @ MESHEPMIEMJI]. E
M9 12, 2018, 33(1) : 89-94.

HE ZH, YU ZF. The role of Notch signaling in bone remod-
eling [J]. J Med Biomech, 2018, 33(1) . 89-94.

KVGIE. B EEN I EAEY AR ] B %,
2016, 31(4) : 356-361.

ZHENG XZ. The research on mechanobiology mechanism



EREMAE $£34%5 $£3H 2019%F6A

282 Journal of Medical Biomechanics, Vol. 34 No.3, Jun. 2019
of bone remodeling [ J]. J Med Biomech, 2016, 31(4) . an endothelial cell ISOC by the spectrin membrane skele-
356-361. ton [J]. J Cell Biol, 2001, 154(6): 1225-1233.

[12] YANG X, SUN LW, WU XD, et al. Effect of simulated mi- [18] CLAPHAM DE. Calcium signaling [ J]. Cell, 2007, 131
crogravity on osteocytes responding to fluid shear stress (6) : 1047-1058.

[J]. Acta Astronautica, 2013, 84(3); 237-243. [19] MACHNICKA B, GROCHOWALSKA R, BOGUSLAWSKA

[13] PRAKRIYA M, LEWIS RS. Store-operated calcium chan- DM, et al. Spectrin-based skeleton as an actor in cell sig-
nels [ J]. Physiol Rev, 2015, 95(4): 1383-1436. naling [J]. Cell Mol Life Sci, 2012, 69(2) ; 191-201.

[14] PUTNEY JW, BROAD LM, BRAUN FJ, et al. Mecha- [20] XU K, ZHONG G, ZHUANG X. Actin, spectrin, and asso-
nisms of capacitative calcium entry [J]. J Cell Sci, 2001, ciated proteins form a periodic cytoskeletal structure in ax-
114(Pt 12) ; 2223-2239. ons [J]. Science, 2013, 339(6118) : 452-456.

[15] ROSADO JA, SAGE SO. Coupling between inositol 1,4,5- [21] MACHNICKA B, CZOGALLA A, HRYNIEWICZ-
trisphosphate receptors and human transient receptor po- JANKOWSKA A, et al. Spectrins; A structural platform for
tential channel 1 when intracellular Ca*" stores are deple- stabilization and activation of membrane channels, recep-
ted [J]. Biochem J, 2000, 350 (Pt 3) . 631-635. tors and transporters [ J]. Biochim Biophys Acta, 2014.

[16] BROWNLOW SL, SAGE SO. Rapid agonist-evoked cou- 1838(2) : 620-634.
pling of type Il Ins(1,4,5) P3 receptor with human transient [22] ROSADO JA, REDONDO PC, SAGE SO, et al. Store-op-

[17]

receptor potential (hTRPC1) channels in human platelets
[J]. Biochem J, 2003, 375(Pt 3) . 697-704.
WU S, SANGERMAN J, LI M, et al. Essential control of

erated Ca’" entry: Vesicle fusion or reversible trafficking
and de novo conformational coupling? [J]. J Cell Physiol,
2005, 205(2) : 262-269.





