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Abstract

Axon regeneration of peripheral nervous system allows recovery of function after peripheral nerve
injury. For severe damage, nerve conduits can guide axonal regrowth to facilitate nerve regeneration.
Previous studies have shown that it will be more effective in assisting neurite’s regeneration if the
nerve conduit can adjust the stiffness for different tissue. Therefore, it is important to understand the
effect of extracellular matrix stiffness on nerve cells and its perception pathway. In this study, we use
neuroblastoma Neuro-2a (N2a) cells to observe the cell area and neurite length of N2a cells on
different stiffness substrates. The results show that after differentiation, N2a cells have a larger area
and longer neurites on the 100 KPa substrates, indicating that N2a cells can detect the stiffness of the
substrates to regulate growth. At the same time, cytoskeletal related proteins such as advillin, paxillin,
myosin Ila, and pFAK have different expression levels on substrates with different stiffness, but they
are not related to neurite length. The expression of cytoskeleton protein on growth cones is different
on substrates with different stiffness and consistent with the trend of neurite length, indicating that
nerve cells affect the growth length of neurites by regulating the expression of advillin and
cytoskeleton protein on growth cones. Undifferentiated N2a cells grow neurites after transfecting
pAdvillin-IRES-hrGFP and pS1S3-HP-FLAG, and the growth varies according to the stiffness of the
substrates, but the length of neurites transfected with pS1S3-HP-FLAG is shorter. It shows that the

nucleation function of advillin plays a role in the growth of neurites.
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2. HpEREE
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Bk > DA Iml trypsin > JRA LIS EFGEAF 3 s IR - JIA 10 ml &
A FBS Yy MEM oAl trypsin - REEE M AYRAGH £HE0E > B0 (1000 rpm ~ 3
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#ef DA 80 °C [EL 16 hr - Bt A A PDMS GRS - HETTHIAEER] - PDMS 3¢
F ELUV (S HEERRER  F2E M (coating ) FHERZ L (PLL) DUR & E#GEEH (laminin) ©
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2. pS1S3-HP-FLAG ( mutant advillin )
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PSR villin #248 nucleation IjE (Revenu C, ef al., 2007; Friederich E, ez al.,
1999) - Fhg = FEILEET R BA nucleation TFERY advillin ZE8&E [ » anf4fy S1S3-
HP « AEERAAE T f# advillin FY{ATRDIEE B N2a 46 RN oR1EL B e 6 1t 28 A= pialt
ZefE R REYEY > IR ME N2a iR pS1S3-HP-FLAG E#81% - Bi%2
HAER FEL -


http://www.nrronline.org/searchresult.asp?search=&author=Qun+You&journal=Y&but_search=Search&entries=10&pg=1&s=0
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EIRAEIE H %% (actin filament) (& 2K © R. dyche mullins, ef al.,1998 )
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RHAICGET R R A A BB ARG » BRI DL PBS JEE—1& » JOA 4%
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fy PBS FRE4HAR 3 7388 - WLL PBS JEE= B 5 708 - fIAEH 5 % Bovine
serumalbumin  (BSA) HYRHFER] (blocking solution ) » FEZ0mEH 1 /NRF DA S HAGTE
HM4EEIRE - TIA—EUHS - 1?4 °CilBRI&LL PBS JBRE= » G 5 778 - Mt
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R BOCRIEA OGRS R BRI

REH —&piae (AL &g (B ks 1:500 FRE)
Goat anti rabbit IgG (Alex 488)

advillin rabbit anti advillin (1 : 1000 )
Goat anti rabbit IgG (Alex 647)
paxillin mouse anti axillin (1 : 1000 ) Goat anti mouse IgG (Alex 647)
myosin Ila | mouse anti myosin ITa (1 : 1000 ) Goat anti mouse IgG (Alex 594)
pFAK rabbit anti pFAK (1 : 1000 ) Goat anti rabbit IgG (Alex 594)
laminin rabbit anti laminin (1 : 1500 ) Goat anti rabbit IgG (Alex 594)

(£) BB
S RS T PRI (T4 AR > LUME I S e iR >
B Tmage] #CB IR & (EECHERLRE PDMS 3H _F N2a QHREAVAIREA /)  M4E2e BRE -
5B - advillin B EFIE LR AL BAIE QNRSR - BT ERE(LE
SRR > DS —JHHR 10 KPa Byt (L B - WEFFIS 88 LL GraphPad

Prism 4.0 #EEEf TS M (one-way ANOVA ) -

=~ WRERESR
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1. PRETHESMEVERE S ¥ N2a 4R 4 ISR 2
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A (laminin) PUFFHEESHREIT & o it 00 A [RIRCREAR FERYE BV R A 1A R3S AR
laminin FZIRICA TR - AEIEFUETEERATSTE M laminin B3R T 0ER
JeH ORI > FEAE =R PkiEE 200 x 200 pixel HYTHifH 24 BRI EHE

FERE HEITET (one-way ANOVA ) » HERY laminin & & 5 7= 52 -

10



(A) 10KPa 100KPa 1000KPa
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L —
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(A) Undifferentiated N2a (B) Undifferentiated N2a
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( A) Differentiated N2a (B) Differentiated N2a

1000+ *k%k *
— 250
—_ *kk
800 = € —
- o 3 200 -
E 600 oLy £ :
2 " © 150 .,
g . EmEm AA‘ 5 ....l
:& 400 .l.l.-:.. A‘:A ‘g 100 ...1 A4
200 e [ ] A:: 3 I.-. ull
EILLIEREE T T
L , ] = ,
10 KPa 100 KPa 1000 KPa 10 KPa 100 KPa 1000 KPa
n= 67 81 49 n= 138 152 68

&=~ 7r{b1& N2a 4iHE (A) YRR (B) fHEEZE R

Pt N2a GIHE R R R AT B R (R A B

A EREHERAE R A | E47{k N2a SRR SRR R DL R e o
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(A) Differentiated N2a  (B) Differentiated N2a
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W eI advillin » 3 DUE#E2 pIRES-hrGFP
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Aor{b N2a diiAEE Y advillin 12 - & L2 DLSRDUAE = HERTHHIES

ZRANPEERE - IMERsk @R

FCE AR N2a YIRS 4R AR b

AYAHREAIRE - (VBN E bR e (B —=1—) - S
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10KPa 100KPa 1000KPa

transfection
Advillin-IRES-hrGFP

transfection
pIRES-hrGFP

& —+— ~ B advillin AV 57 N2a 4l e e gyt o B AiE s pAdvillin-
IRES-hrGFP HY&HHE - T R fil R P2l 4H 84 pIRES-hrGFP HY4HIA - FhE4k 0 F GFP
M esAA% » 4L Ry myosin FYEERZG: o Hivats HEA 4 R BRI ZE R

(2) 15 [FIHRREE A R AMFRIAETRE - 1ACZe RERY 25

1 Ry B 4HEE Y pIRES-hrGFP (YA 73k N2a 4 - 11 =FEEEiR
AmBE A e R P BT TR R AR 22 52 (one-way ANOVA) ([ —+-
) o [MEEZREESE pAdvillin-TRES-hrG 1 N2a 4 FE{E A [F]#EFE A
B FARFEE AR » HEAF 1000 KPa VB [ gk & » B2 10 KPa Al
100 KPa 2 HEE AR (@ —1+=) o ISR E N2a 4048 #E
L advillin (& {HREST A [FIHEEE AVE ST 4R R 8% - MUK advillin i
B Ry LA AR Hr Y B A
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(A) Transfection pIRES-hrGFP (B)  Transfection pIRES-hrGFP
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() A EHEEEEE ER AR E (filopodia) FEGANAEELAIHYZSR

STREMGE RN - ANEER —SH RN EHETTE R
fEE - EHSURE AR B HIE R&IREE - AiIRBRIVERE * RE
B ZEs - BN EATME (tubulin) AYLRARE YEEY) (Rajiv Sainath
and Gianluca Gallo, 2015) » {H A E B (T o0 o B e AL Cig IR HET T
B > NI E IR RS ESR - BRI EHRAAET advillin
FAHREEL Zr 2 BRARIR R R FU45HS - HAE 1000 KPa BB B AN Y
AHRELL PR At R AR v (=)
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2.

fi#L pS1S3-HP-FLAG ( mutant advillin) 9543k N2a 4H
(1) FEREERE RS F4IIEmE - e RER AR
L pS1S3-HP-FLAG FYZR b N2a AHHf HAIRRFAEEY pAdvillin-

IRES-hrGFP I 7252 » (A8 28y Rt e ~ TP ISR S Ry Eff H 872
HEIZZEE RHERVEERE (B Z+75) o &% one-way ANOVA 73ffri% » 45
ST N2a U AEITEAE A FWRER A E PR ZRE > H1E 10
KPa EVE Ffisf 28 » 81 100 KPa [ 2FIAHZE AR (B — 1) - 57A
/= nucleation THEEHY advillin {CEERE(HE N2a AHAEET A g AV S
TR -

10KPa 100KPa 1000KPa

advillin

advillin

B 7~ - # pS1S3-HP-FLAG (mutant advillin) AYA<47{E N2a 4iiEAI#RE
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(2) THERZE RS
& two-way ANOVA 73#f11% » &ERBUREESY pS1S3-HP-FLAG [Y4HAE
B Ak 28 £ pisisy pAdvillin-IRES-hrGFP i4HAE%S » 7% 1000 KPa
HVEE FEFEE R (B 1) - &5 advillin £ nucleation TiEE &
Hafoe g RG22 - ARSI E neurite £ 1000 KPa A FAVAE R -

Neurite length: WT vs mutant

150, * wn  * PIRES-hrGFP
|
' ' « pAdvillin-IRES-hrGFP
100
E .
:— .... .....
50 I, eee e
..:":: :.... .:. ..:'. :I.:::.. 0®
-*..oi % &.:y. L) - 2% 0 .:=:...
T 2w =L
10 KPa 100 KPa 1000 KPa

& 71 ~ #F% pAdvillin-IRES-hrGFP ~ pIRES-hrGFP [ & pS1S3-HP-FLAG HyK 45y
b N2a AHE AL ZERE - *9FRRMEM B EEEAER (p(E<0.05) # # #95TFRA
NEFEEZS (p{E<0.001)

(=) 5t

AR IRUERE 1 2 7 Ry © HBEUE (passive mechanosensing ) i+
Pl (active touch ) o FIEEEHM BRI E - 1% 5 RIBR G240/ AR A
‘B AR o SRS - A (E AR A E WRE Y EUE AR - HRIE
RIAHAE A At A T Rk 8 ( mechanosensitive channels ) ~ ALEZE (5% /4% (actin stress
fibers ) FIAHAR S 28 & 0 BRI AV BTV R ZE S [ ] (traction forces ) » 45 DURCHIE 2 HR
FYERREFE SN0 (F HE I (Kobayashi, et al., 2010 )  {HET AT I ATERFEAY A E SR i
B fm/ N HAREC (0.15 KPa~ 5 KPa) » A ]S EAHSREE (B=-+) - HEFRN
ARG AR5 5 LIRS Y schee FE AR 1T 20 R e ~ A WIRER AR S R R 0 S B E R
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EEN

Bone Marrow Heart
(0.5-1.5) Brai (10:1‘5) Cartilage
: 1-4) , (1000-1500) Bone
. e ' (15000-20000)
—=y _ Intestine
Kidney (20-40)
(5-10) ]

Elastic modulus (KPa)
g =+ ~ ARG S 4HARAVEEERZ N - o7 S aE o A A AL A Pk S VB SR > H

1 KPa~20000 KPa 545417 (Handorf, et al., 2015)

YR R Fa S W Rl [ DL /T Ui R e N T b= A
A EEREEAZERT PDMS 37 DIREEANAE - HARBEE oy Al ER]E3E (10 KPa) ~ HILA
(100 KPa) FIE#8 (1000 KPa) » JRACHAFTEE BA (I S/ DA [ BRI DU SRy 5
BB AHAR (0.5~ 1.5KPa) HYERET - {HIZ G PDMS REAIRAELER R L
SR A A BNMERIRE o STR T P (58 FH RS S 25 22 6 A - e i B sy o Py i
f# (polyacrylamide gel, PA gel) Frfdf - #REEAEE A LIFFEF R (0.1KPa) » {HIZE
e E A R SR R B IR B R R A A HESIFRE A=A - B
PRI A R %% (Trappmann B, ef al., 2012) » IR HERAVER G EYMAR
T > PRI - 7 EER Al AV SRR M E R E - tHECHY L - PDMS FEA [RIRREEE
RIEGEHEIY'E (Trappmann B, e al., 2012) » [NILEAS IKES 4% PDMS {E R/t fif
B -

RIZEERGER - BFISEFERITE N2a YR/ [RIEEEREAE | - Al iR sk
REREAEAZR - B bpgEHEAER - 42 100 KPa FYEVE EHEERET R
AHRE AT PR AR R o (B2 Y N2a SR B R RIS M B R R G 7 A e -
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ffERe o {B1& N2a AR ERIEHS MEE W B T A RARIER - AbToeE TP s
IREE P R EE A IR E R - 7 {B1% N2a 4if advillin RIFEERITE N2a
Mz > HAEAFMEIEREE ERAZER - S EE N2a JIHEE ISy N E HY s
FEAR[EES advillin FE ST « RIPBHY N2a AHAEAS A advillin (2 (ERE& 1
Bl RIEFGER - HERREEAFREREENAE DR2RBE 2R >
advillin BE{E LA B BT R B W A T2E RERIZEAVRE ) Ry LRI h iy 2R 1

FE NA ARWTFEIE TR advillin Q0{R] A 28 58 22 LA QIAE & 20 2 (EATRERENRIR A B
R P AT TAE R o 28T N2a Al AHSHVATIE S ARE L RN E1R - S EHA[FRR
BEREEVE BN BB R A BB - 5B advillin M6 RS HHERPZE4ANAE
AHGHIAAE A AR 0 R B AT N2a (il R - MfEERHELE - dIMEEAE
HIYFRIR BB e R RESISE /Y E © B RERREERE > advillin A
myosin lla FIFEHZ - (IFERAL R ERVERRRES S B R RERIR
§ o ZIL > FfM TAEE] advillin AT myosin la f£2E R EIVRCE(EF P (e A4 R SE S
M > T PRI R ARSI B RTFEHE advillin 7Y RS REEEARAD » BT i
AR ARE B AR R Bt M R e RS8R - 5 HRHIBIFE oA A RE il — D AR -

Advillin BAVIREA(EIhRE LA B 2R B H - BERGEREUNEZ A A nucleation
THEERY advillin £ > N2a AR &R DHAEZE - HAEA FBIEAE Diigief REE
HARREER - [BEMTRHAHESSRER WT advillin 57 - /£ 1000KPa FyEVE EHA
B AR 3T advillin §= nucleation ZIRE » REEHHEEZE LRI E - SUMTEH
nucleation LIREEAHLEN & H 45 A1 B AGHL B EE 0 HYBIRE-T-# /A RE (Higashida C, et al., 2013 )
RIEEFATRE/ N2a JlAEEEAE pS1S3-HP-FLAG 1% » HLEHRE-PHrE s » M

RERRE EHER > Rt AEresat Ehasg g e -
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advillin %5 - £7HH%5 advillin $= nucleation IEEHF A FIFAHAE ZE 4 & -
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