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Abstract

Mechanical stimulation is known to play a vital role on the differentiation of mesenchymal stem cells
(MSCs) to pre-osteoblasts. In this research, we developed a tensile cell stimulator, composed of a DC motor-
driven actuator and LVDT sensor for measuring linear displacement, to study the effects of tensile stress on
osteogenic differentiation of MSCs. First, we demonstrated the reliability of this device by showing the
uniform strain field in the silicon substrate. Secondly, we investigated the effects of tensile stretching on
osteogenic differentiation. We imposed a pre-set cyclic strain at a fixed frequency on cell monolayer cultured
on a flexible silicon substrate while varying its amplitude and duration. 60 min of resting period was allowed
between 30 min of cyclic stretching and this cycle is repeated up to 7 days. Under the combined stimulation
with osteogenic media and mechanical stretching, the osteogenic markers such as alkaline phosphatase (ALP),
osterix, and osteopontin began to get expressed as early as 4 days of stimulation, which is much shorter than
what is typically required for osteogenic media induced differentiation. Moreover, different markers were
induced at different magnitudes of the applied strains. Lastly, for the case of ALP, we observed the
antagonistic effects of osteogenic media when combined with mechanical stretching.
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Fig. 1 Schematic diagram of uniaxial tensile stimulator
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treatment (b) Contact angle on glass after plasma
treatment
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2.3 Cell culture
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2.3.1 Mesenchymal stem cell culture
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Fig.3 (a) PDMS membrane model (b) The standard
deviation of strain as a function of width
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2.3.2 RNA extraction, cDNA synthesis and quantitative
real time PCR
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Table 1 PCR Primer Sequence

ALP S: GGG CCT GAG ACCTTC CTG

(Real time

. AS: CAT GCT TGT CTA CAC TGT ATG TCT TG
PCR primer)

S: AGC CACATC GCT CAGACAC

GAPDH AS: GCC CAATAC GAC CAAATCC

Osteopontin |S: CCAAGT AAG TCC AAC GAAA

(SPP1) AS: GGT GAT GTC CTC GTC TGT

S: CAT TGC TTT CCATTC TCC AGAAC

Osterix
AS: ATT ACAAGA GAAACC CTATCAAC
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Fig. 4 (a) Displacement field of the PDMS substrate
under 5% strain condition. The different lengths
of the field diagram indicate the different amount
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standard deviation on PDMS membrane at 3 and
10% strain



634 A . o] o8l . ukA

S .
=1 i B ETSY

M

3.1.1 Uniform strain &=

Fig. 4(a)© USR(uniform strain region)®] X%l
¥+ displacement field & XA Zo|t}. PDMS 9
fQle] AAES andste] MPFEY AT AR
TS gk H7F PDMS HEH 219 Lé—‘?g
A7) Q8% wsko 7 Folgly|= wkilo]r
ol Ao 5 A 0] A1
A H AL x gho] S5 WSFFo] BWolA| Al Hrh
3 Folulol weba lelolit Sy
o) 4% wFo] WATE & & R o= A

1

=
<
ooN=E =2 T

H [ [T

_—

% oo E A BAEA] FevheE AL 2
Atk A HASS 9siA 3, 10%<d Zyzf w8 g

OHA AgEke] MY ES AT Fig 4b)v

%S w2, 4, 6 mm line °ﬂ/‘1 ‘37%% %%%fﬂ Hat
w1 WS
REAARe] g o 0.3% 111944 %ke
o] AH8-A3E2] Flexercell® 2] 0.25~0.3% #k¥} W]l
= o vishAY U £2 BHYEE SxE B9
o} whebA] 2 Ao A Zﬂﬂﬂ Aﬂi 7171 AA
A Q1% /ﬂtﬂoﬂ PAR-R P =t 5
HYE @S 2e 23S &< % —’F ﬁlﬂr.

3.1.2 Input — Output Correlation

TN Jlee A WP AA AE
- dlBgele] wHd AIsHA FEHE=H OLo}
7] Sla 7k WY ol me obet ¥y
< Fig. 59 QO] ZZ*%E} Hel YA vl
21 A 13101] = HYE #2 gEs gg=
X}Olﬂ NS el glom o= Ao s BA
S dlFook o AA AE NG AF7]e FE
Al ARgo= F55e] HEdE @
Fo =M Eiste WYEE o AEFE AR
of FEHEE ot

=
_4

O

=

[‘

32 BEs HEol NlE Y

2 @a.ow—z CauEl e T AnE o
obi7] 94 F 3 89 AEe wE Fag
FH T T RERIERLE

12 -
10 =2
= ;"S{“ -
8 s
6 y’; T
T ----Motor drive strain
4 BERUPL -m- real strain1 (by CCD)H
T real strain2 (by CCD),
2 st - real strain3 (by CCD)|_|
= -+~ real strain4 (by CCD),

0 L 1 1 1 1
1 2 3 4 5 6 7 8 9 10

Input strain(%)
Fig. 5 Input-output strain calibration

of 71AA A=l =istE &ds] FRskal U+
oF &= It} @2 7+ AFulr) 4 A} 7 0101] RNA =
%73l Real time PCR & =331 osteogenic marker
ol ALP ¢ 3 ee nuwdlth QA8 Zo|7] 93
7+ Agtute} 2 HA Real time PCR £41S —’F?S(EEH
BEaE AT Fig 6(c, = 71714 A= §lol
control medium &+ %< control group 2] #tS 1= 3
A ohE AdTE] #s 24 Al wigE x
&3k Zlolt}. -4 Fig. 6(c)2} #©] osteogenic medium
S A7V e AT 2%ETRE 4, 6%7F =St
iﬂﬂ“ A= EO]‘/} frojm gk xfolE HolA=
okorth TS Fig. 6(d)9F #©] osteogenic medium =
A7VS 7A9-ol= 7 Aol 2%9] strain ©] 4, 6% K.
Uh= ALP ﬂ o] fojnatA & As g2l
gIt}. o] osteogenic medium & 7}l A% 2
PE FAA I a&40F o|FoXith=
ojm gt} HEgH OM group ©] =5 HolA| &
2 Osteogenic medium TFO.Z = 7Y Qb &
o)
_]

A Fig. 6(a)$} 6(b)oll Hol= HM QO] A= 74 UE

1

rir

&v

oA 8reS ANFE 71AHR) AFo] 4

A= Wl o geAoR BiE % o 5

(@ 2MS  4MS EMS CON 2MSOM 4MSOM EMSOM OM
- -

(O CON 2MS ~4MS  6MS" 2MSOM 4MSOM 6MSOM OM
- - L

m4d ALP
7d ALP expression

2MS 4ms 6MS CON
(d) Ford
40 :
15 ok m 4d ALP expression
0 [ 7d ALP expression
25 i
20
16 ]
10 E' I
5
0 T = T -
2MSOM 4MSOM 6MSOM om GON

Fig. 6 (a) Osterix expression level during 7days
osteogenic  differentiation (b) Osteopontin
expression level during 7days osteogenic
differentiation (c, d) Quantitative analysis of
osteogenic maker (ALP) according to strain ratio
by real time PCR, (c) is without osteogenic
medium and (d) is with osteogenic medium,
*<0.05, **<0.01, Mann-Whitney-Wilcoxon test,
sigmastat (n=3)



AE Qg A58 At AL A A

4. Conclusion and Discussion
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