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Progress of mechanotransduction in differentiation of bone marrow
mesenchymal stem cells mediated by cellular mechanosensor and
TNTs

YU Yan, CHEN Lei, CHENG Li-ming( Department of Spine Surgery, Tongji Hospital of Tongji Univer-
sity, Shanghai 200065, China)

Abstract:  With the regulation of mechanical microenvironment being realized as an important role in the differ-
entiation of bone marrow mesenchymal stem cells (BMSCs) , the systematic researches on stem cells are gradu-
ally deepened into the extended cellular biomechanical field, which lead to a hot research focus on cellular biome-
chanical properties, basic mechanical structure units and network-like mechanical architecture among cells. In
this paper the analysis on mechanical properties of BMSCs and mechanical molecular basic research on integrins
and cadherins are reviewed, and the main frame of network like mechanical regulation is speculated and con-
structed, combined with the internal skeleton and mechanical geometric properties of the tunneling nanotubes
(TNTs). The possibility of synergistic effect among the above important mechanical structures in the network-like
mechanical microenvironment is also investigated.

Key words: Mechanical microenvironment; Bone marrow mesenchymal stem cells (BMSCs) ; Integrins;
Cadherins; Tunneling nanotubes ( TNTs)

BN R NP U R/ e S 1 NS 2 et €28 B AP E S O i 1) I f S R N8 |
TR OB AT R TR I e — TR B O R T 2 SR e . T A
HAIE LRI L S L M REHE T SERRIRBUNL 454, GBI 4 40 I IR 32 2 i HILAK

Yo% H #3:2012-07-29; &[5] A #§:2012-09-06
EE€WA: [ LA RFERIEE (20124Y158) ,
BIESEE R, FEEN, #Z87, WU 50§, Tel:(021)66111283; E-mail; chlm. d@ 163. com,



F o,% @REARZIZELOWHE TNTs #5 BMSCs L hEESESHHARER
YU Yan, et al. Progress of mechanotransduction in differentiation of bone marrow mesenchymal

stem cells mediated by cellular mechanosensor and TNTs 473

I 7 ) AR 8, e g R iR O AR BT U )
A5 5t TR I AR 200 i R B AN 6 g 7 A R T 5K
7, 30 3k 240 ) 4 ) 2 Bk 445 25 280 i 1) i ] ) 440
BE PR 2 A A A5 S AT R A M B B i) A=
BEIGBN o 20 R 1] % 8 1 17 7 T 40 DT 4% 400
R BUEE F@iE 5 =R G EA EHAM
Fo— 86 55 A0 M AR OC 145 5 7 00, ax S fjh i [
TRERE I B T I A5 5 SR SO, DT Bl 28 ¥ 4
I3 I AR K R Rk

‘B [7) 38 5 T 28 il ( bone marrow mesenchymal
stem cells, BMSCs ) 11y H iy T 40 M 0F 78 1Y #, B
SN R R R i S A LI LA Ve
IRAHOCH VMR ARSI Bl A5 S B AAR e T 1
Bk 2 4 B A OGRS e B RO M 4
R S AR IR T Ak 4 R 55, BMSCs 1] 17
AR R E DI RE A AL, -l B I
L O WU 28 M55, DAIVARYT B St BB A4
IR MESR O IR S A 8 10045 55 i PR i, Ay
R A BT 5, EARSME T BMSCs 434652 3 2
T KZR A FE IR, ey = R kb R 9 i BR AT 2 H T
AN LA SE B e R R, ST AR TR BR T ORI
K72 51, il 25 BMSCs 5346114 55— H 5 PR 3 20 i
JI AR i) F 2 BRSO BLAE X H R P S i Sk
B, IS0 7 336 A ol S T o b DR B 40 435
Al LI 3 772 R R 4 BMSCs i S0 L RGN
TEIE i TR PR o i ELAEHEN 2 R = AR E
TR AR, AT AT i P DR AT REAS 20 4R i
21 s B W, Wang 2655 ) 2 375 5 s 2 3 0 5%
MSCs F1.C JJLAR B A 4 B, T 20 M A 32 300 JUL 40
G3 U IF5 T R - S e TR A T 43 A

12207 R4 BMSCs 175 5 43k 2 T 240 Jfa 1] )3
NSRS B IF T B SZ Bt 16 4540 B kg
(R 727 I 2%, T A T 1) ) i PR G R S 52 A i 47
LT (extra cellular matrix, ECM ) ) B4t 8% & &%
(integrins) " I e IF) 56 B O AH A% 338 3 247 2L 1
HEKE 2 1 (cadherins ) ' (ILPE 1) fH AR SEBF 58 A
% . [RIE}, integrins FlI cadherins 1 >k 4 i BA {7 J5% 52
AN 3 00 2 1 45 4, (5L RE i e <08 30 240 e [v] 1)
JIEFE T2 B R RE X 2 08 P R A, o 3 o
WAE ST SRR T i s el (O Ra M A Y E CY [k W
B WUt , BMSCs 302 BAATE 1 48R

Ieil JORZE Ta] B [ R 2 R LA 2 A ] 2 A A7 A M T
TIOK G B A% 5 1 R AR A Tl 7 ik 280 /2 BMSCs
BRI A R R g e B X, Herp A T
BMSCs 20 7~ 1 | 40 i 18] A ] RUBE 8] 274
B R RE LS R RN o312

IR ?7

~\\1r%ﬁ§a
\ (Cadherins)

Bl @A EMERNESRMNSHER
Fig.1 Integrins and cadherins in network-like mechanical en-

vironment among cells

1 BMSCs 40 pE 514514

BMSCs 4l 284 & 3 FR 32 0 H7 04 173 L
ShEF2Z W Kb 2z, eI AT 2 FN Fuller
(- SRR BT PSS, A 45 R AL B e Sl —
HAERFEH RN E R TN, S 454 o 4 eh ko0
FONEhE A 22 + a2z FRgE oo (B0E + 5
ARV 8L ) 7= AR TN 7 L2 28 4 i 20
R RIRR e P i GRS M 2 ol
S HINGER) F-ALshEH, Eilad 1 Sis—AL
RS T REG= RN T [FIRE, 40 N 5L
ShAE AR W] 4 N2, B AR A
IR TN A3 PR DR (s (v ek, AT A4
WA BT 1 2 S A A R R, LA
il BMSCs B 70 A, 39 58 | 70 W6 55 A= PRI 5, Hu
AP AN S UL B LSRR B 3, B
T A5 5 B R B AL DA T Sre E R
[Fi) F 25 4 L B 1% 2 SR O, 4 L s S A
PR-FLR DU & B IE S, X R REAS )™ A= TN
HEA K m SRR S5, B % 5 7 8 5 e v T
AR A TN, F7 LA 1o [P 2 4



EREMAE $28% HF4H 20134£8A
474 Journal of Medical Biomechanics, Vol. 28 No.4, Aug. 2013

2 Integrins %5 20 i@ 5p & 57 i 2= BMSCs
U H=ZES FEM

Integrins /£ A8z ECM 4 PR T 9 B A2 445, i
121 2 11 (vineulin) FLER 8 1 (talin) 5 20 i - 22 40
KM 125 SR R 2 M, S SR A
HEEAREN M. HATCHA 24 G R R
TR, 18 Ao WEEIHI6 Fb B ORI K, Hor Bl
AL BMSCs % S0k i S e TRy 2
B RERHIAN R 3 R ECM 1 () AN [R5 1] 434k o
Engler 2515 1 Y5 MSCs 55 77 3 55 4H 8 20 41 1) 3
PR B —BUE , % H MSCs 5 [7 40k M 56 17 4 2
YU A4 U R BN (0.1 ~ 1 kPa) if MSCs
LA LI, AR BETC B 15013t
Al EEARBAE LT 3 J7 T : (1) S ECA0 M 2 EHE
AR R AT LR G B 285 M N e B IR 1) S R 3
I T ke 72 200 M6 £ A BT R 5 (2) 9819 400 i B 45 5
HIE I LB E B C A S 019 IP3, PR AVE H LA &
JHE RS B Tk BE 5 (3) 3T FAK/SOS/Ras 4538 15
figfk, MEK1 . ERK1/2 2, DLi&E ik % 5 [ T Runx2
(Chfal) """ Fi1 AP-1 %%,

3 Cadherins /M SRR B MK R HESH
NESFEM

Cadherins J&— 2 41l g 5 20 Jid [A] 1% b A % 1) 255
JEEEE 1, B % PR 1 (catenins ) 5 MR |- (1) 41 2R
FIAHTE | DATITATR 42 200 B 22 8] 7)1 R 54, 02 2 I 2%
i G S 45T . Chowdhury
AT SR S B 3 B T 4 I I A B 5 S g
ZH0, AN LR 5 ToUs BN SRS R A B4 T %2
AN L5 75 o DU B L 7 g )25 A o 3k e 400 e [
(1) 77 2% )% 58 1 W IH KT cadherins , B 38 2 4 f AN 5
R B0 7 2 T 1T AR S R e . R
it BT A A [A], cadherins AL 4G [ J2 (E-) |
WIS (N-) i (P-) HISCRY A PR, Emily 42
B3 1 15 5 N-cadherins ()77 £ {2 MSCs [n] i 4
Jsr k. Lin 4571 5@ 5 PCR §7 8 i1 C 23 b
105bps PG cDNA Fr B, g i e Bl N-55 K 85 11
AYNLE X IE H N-cadherins LK S5 /8N 1915 5
AT S SRR SRR 40 A e H kT
UESE cadherins )5 21 Jfd 0] 44 >k 9% 13 7 4% 5 49 AT fig

PS5 T BMSCs 0 7L n] BEME , (EAHSCHIE 5T
Z:go

4 [&iE 4 K & ( tunneling nanotubes,
TNTs) 5+ S48 R0 B RIK RN T2 S8 5
FoFEA

TNTs 247 & B RRA 40 I BT Tl N 4% R 5
ESHE Y AR A1 5] B M T) 16 22 VR FH 25 A0, 4 22 45 4 it
T 90 S35 5 1 30, 0 DA A 2 400 P 1)
ZH B . TNTSs XA SR 90 K 2T 4 K4
56T 2004 4F ) Rustom 287 75 K Mg 4% 41 i g
PC12 ZNIa] & B0, B S A ATl 4 S B0 9 3 240 L i
P68 20 60 PR 2 240 L AL R) 00 v 20 A 3 e g B S
fE R ) W] TNTs AR AT R 3l 4y 20 i ] — b
WSk FEAE A BAE . TNTs A B AE JLAS wm 5
100 £ pm 2 [a], AR LML+ nm JF45— 8
1A wm DLE B 40 A ] 5T B Y i SR 454, g8
2553t 4 L A s i) 4 T BE B 0 A0 M, F oY 22
TNTs A %% ¥ % (morphogen) 41 UM 25 P4
5 R MRS S5 R E R
Jea S5 A R By, AH T 20 6 R) 49 IO 1 3 A R HEE T
R G PR T RME BRI A O R
ik Yige, 4 Bie I TNTs 3] DLVE A 41 g
B —FE TR R . KB B (L3 A W (5 B T i
N9 P SR A S 20 2 2% 0 m) o B L W)
Yo BRI IX Fh iz Kt 2 A YEFE LAY ,400 Da K/
ALY RE o) T 45 8 2 R AN RE A B I8 40 K45 R
gy, AT B S TR R 5 2 O 4R 4R LB &
WEHZE T /N T sy 8™ . [RIE, TNTs #4953
T KL Al 5 M-Sec % VI AH 3¢, Koji 45 3 i
RNAi T4t M-Sec il P J5 4 B 38 99 K 45 19 T2 i . 3%
Jgi /L, FLR W T M-Sec MM Ral-g 4052 A 1A 58
BV TNTs BB () 32208755 I+

HRTIFSE Kk 2 BB A TNTs %4k 24 5 i) 14
Koy FA5 BIAS T, X HOZ 5 2 5 41 i 24 ™)
R AR M T TFFE . TNTs — /> 55 [ 255 H4) 5 1iF 12
HNRATIGE P& AR, BOH 90K ik
A] WS B AR, ' B B A N () () 25 44
B L, TNTSs ¥ A I 4% 25 46 176 1 B °F- i
ASHE, B B AT 120° [ 0 Fip: A PR AR
Yin 250 5 5 AR A JUAR] X FR 1 | B b £ Ji B



F o,% @REARZIZELOWHE TNTs #5 BMSCs L hEESESHHARER
YU Yan, et al. Progress of mechanotransduction in differentiation of bone marrow mesenchymal

stem cells mediated by cellular mechanosensor and TNTs 475

Steiner B 12 B¢ T TNTs fE/EH)“2 4544 _E 1 58 S 48
— o HIEHEN, RARIE LAY TNTSs i R RJ E 2 5
AL RSB, ERE W )2 LT a5 e R
290 6 AT ) R A T R s 2, 5 2 R ) 48 i
[ KA 12 A5 B0 SRRl B R S i A5 5
DR, I IO g SRR RS b i B R B AR 4
JEI L AN, LACRAIE 19 28 P 118 e — A 40 A1 42 32 5
PR A EARE IS A4 T 2 4 (ILIAT 2)

oy
== suzn
= wox
— EEEEL

[— >0 ¢S
(INTs)

EIE o)
UL
GG S 16T
BRGNS S116

adele

2 HEMEEMERE

Fig.2 Diagram of network-like mechanical architecture
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