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Hypergravity enhances RBM4 expression in
human bone marrow-derived mesenchymal stem
cells and accelerates their differentiation into
neurons
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Introduction: Numerous studies have demonstrated that various physical stimuli
significantly affect biological events in living organisms. These studies reveal that physical
stimuli trigger the biochemical signals related to molecular cascades that result in altered
cell proliferation and differentiation and thus in variations in tissue structure and function.
In recent years, studies focusing on gravity have been to attract attention among physical
stimuli. An increasing number of studies have reported that altered gravity affects the
human body at the cellular level and is also involved in regulating stem cell differentiation.
A previous study has indicated that the regulation of stem cell differentiation is crucial for
improving the quality of stem cells. We have shown that microgravity is useful for
maintaining undifferentiated mesenchymal stem cells (MSCs) and may affect neural
differentiation of MSCs. We also demonstrated that the nuclear structure and cytoskeleton
are altered in MSCs cultured with microgravity. However, the effects of hypergravity on the
differentiation of MSCs, especially on neural differentiation related to neural development,
have not been clarified. Therefore, the present study induced neural differentiation of
MSCs in normal gravity (1G) or hypergravity (3G) conditions.

Methods: We induced neural differentiation of human bone marrow-derived MSCs
(hbMSCs) for 10 days under 1G or 3G conditions using a gravity controller, Gravite®.
HbMSCs were collected, and cell number and viability were measured 3 and 10 days after
induction. RNA was also extracted from the collected hbMSCs, and the expression of
neuron-associated genes correspond to nestin (NES), achaete-scute homolog 1 (ASCL1),
neuron-specific class III beta-tubulin (TUJ1), microtubule-associated protein 2 (MAP2),
neurofilament medium chain (NF-M), and neurofilament heavy chain NEFH) and
regulator markers of neural differentiation corresponding to RNA binding motif protein 4
(RBM4), polypyrimidine tract binding protein 1 (PTB), pyruvate kinase M 1 (PKM1), and
pyruvate kinase M 2 (PKM2) was analyzed using real-time polymerase chain reaction
(PCR). Additionally, we evaluated the NF-M-positive cell rate 10 days after induction using
immunofluorescent staining.

Results: The expression of neuron-related genes MAP2, NF-M, and NEFH and the
percentage of NF-M positive cells under 3G conditions for 10 days after the induction were
significantly increased compared to those under 1G conditions. The mRNA expression of
RBM4 and PKM1 was also significantly higher in the 3G group than in the 1G group after
10 days of induction.

Conclusions: The induction of neuronal differentiation under 3G conditons can enhance
expression of neuron-related genes via upregulating RBM4 and PKM1, promoting the

neural differentiation of hbMSCs.



s kA R BRI ML OHEC M EIC B 5 550 F 0 A — RO AR > 7T v
%Fﬁlﬁﬂb AR DOHEPHEREN LT 2 Z L B BT > TV D, I, WHERFOT T
INZHE B LTCARERAER ST %, FHZER TOERE 2 3 LB ERuNE ) (MG :
103G) BREEDSAIAG L~L CARICR B 2 5 &, il O 3 LHlEC IR e E OB LI G- L
TWVD LW HEPHIML TV D, FeATHFZEIC I T, il id o 2L il 23 il d O Al 20 R 4
[ ESEL7DIMO THETH D Z ENEMES N TV D, Bx XTI E TS, MG BREEA H4E
Rl (MSCs) ORMEMEFFICAM TH D Z &, THARRRI AT 7 /L O @B REC E 2 R
D Z L MSCs DMfEMUICH B Z 52 D WRENN D Z LR Lz, LinL, @EEHT)
(1G) BE LY bHENAMZMZTZEE RS, MSCs O bl BT, B LU H
ARASD G L ERET D NI HRERH DB DD, MREEAICE D 2R I T T2
OWVWTEHLRIZSH TV, L7Z> T, AUFZETIE, 1G £/i3EE S (3G) BREE T T,
MSCs ORI AFHE L, ZNENOMIEIEREZ ik, BEt L7z,

ik v MEBEH S MSCs (hbMSCs) (Z%f L, B HliEERE Gravite® % HW T, 1G £721% 3G
FMFT T 10 HEOMRGEFELZITV., ZhEn%d 1G B LU 3G HEE Lz, & 3. 10 H
BICENZNOEIET THLFHE L7z hbMSCs R L, kU S0 7 b—Ye@ iz kv fifatk &
AfFREFHII L 7=, £72. [FIX L7 hbMSCs 7> 5 total RNA Z it L. #4#i) DNA (cDNA)
EERLLT-, UTAZ A LR Y A7 —BEl#HxIE (Real time-PCR) % FV T, Ah#H i BeE
WA ELTRAFTY (NES), 7 7AIIBF =—7 Vv (TUJ1), ASCL1, fUNEREGEHZ v
NIE 2 (MAP2), =a—nm 7 4 7 Ay Mg (NF-M), ==—nr 7 ¢ 7 4 M&EH (NEFH)
DIH % | REEHEEETFE LT RNAREAZ 2327 E 4 (RBM4), AU Y 2 //ﬁaﬁllf*
HH 7 (PTB), BB VEEFF—F M1, 2 (PKM1, 2) OFEHRAEMIT LIZ, S5
e E et & VT, 75 10 A% hbMSCs 12815 5 NF-M BEfle SR 2 54 L 7=,

FEGL 0 10 B SEFEE L 72 hbMSCs (238 T, #fiia R &5+ NES, TUJ1, ASCL1
® mRNA S8, 1G BE & 3G BE & bITHMEFEIHE S AEREITH LN oTz, —J5 T,
MAP2, NF-M, NEFH ® mRNA FEBULMEFFEICEWATRICEM L, 7% 10 B% TIiX 1G ##
Vb 3GHTHRBICHEZ R Lz, S bICHEmEietll L 5 NF-M BrEMia R, 7% 10
AHICBWTIGHEL Y b 3G HTHBICEMZ R Lz, iz, Mo bHlEicB 53 %5 RBM4
F LU PKM1 @ mRNA 3L G M EFFEEIC VA RICHEMN L, 555 10 HRICBWT1GHXY
t 3G CHRICEMEZ R LT,

B AKWIZETIE, hbMSCs DR MEFETITME NEREEN ED K D Ipig e 52 D0 Et L
72 1IGBREE T LV b 3G BREL T2\ T, st iaBE & (s MAP2, NF-M, NEFH ® mRNA
FHLES NF-M BN A EICEEZ R L, MAP2, NF-M. NEFH |34k D% 1)
(TR L 7o PR A CARFSRAYICHEBLT 2 Z &N B TV %, MSCs OFRFEMEIC BT 2



T I IARTERCE S T-HBLOHIENS . WERRRIMIC & 2 BBREOZLNE S L, Mk c 8
EHZDHIENRRESNTND, LEN-T, 3G BRENHRMEBIICE T 2 B8EFRBUCE
B % AT T RTREME DS R ST,

F72. 3G B FIZH VT, MSCs DR/ bic B\ CEE /2 %&H| 4 5 RBM4 3 XU PKM1
OFBN IGERE T L0 bAREIHEMNT 5 Z NN >72, RBM4 1X, A7 A v > 7l
fHIZ & 5 PKM1 OFBUETRZ A L T MSCs O ML AR #&E A2 o3 Z Ll s T
Do ARFRIZE V., 3G BRE F COMBRIEFHEIX RBM4 O3B A5/ L. hbMSCs D ffk

Stz ARtES 2 rIREMED RIR STz,

fham c WES) (3G) BREE T COMRLFAEEIX, hbMSCs I281) 5 RBM4 $5 L O PKM1 D%
BUHR A S U CHpiR B (5 MAP2, NF-M, NEFH OR8L4 g, Wik a{eiET 2w
AEMEDVRIZ S 417z, hbMSCs LA A AR B CHRIRICH Sh D Bl O —2>TH Y . £ D
MR D A T = X L E RIS 5 2 L% RIS S0 Dk 2 20 BN o0 53 (La% 5 491 W] o S
B EUMERIE O BRI H 595 RN B 5,



