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1.1 REEhY LR 6 X SD KR A M )
AL AE AR R R 3R T N 5 B R
R BB LR sh P o, PRI SR IR B TR 20
~25 C ;MR 50% ~65% ; IF424L 12 h i EHE
(R T B - 819 BF) . FE#rE SD KR A JE 2
SRR AR R 251 R SR, SD R ERUAE SR A
RN 1 5 NEARRL, R N R s 1)
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JERE R A AT A, B A 12 R R R
1.4.7.10 .12 AR 3 HKRIEAT %KL, I
B B RAE T -80

1.2 FERFIRMEE RIPA EARMK (LEER
ST HE]) s BCA 8 M E il ) & (£ E Thermo 2
Fl) ; Running Buffer( 3&[# Invitrogen 23 7] ) ; PVDF i
(3 [H Sigma-Aldrich 23 7)) ; FAK Hi4k  PI3K $ii4k
AKT Uik  p-AKT HURFI B-Tubulin Hi44 (SEE CST
) s ECL O BUR G R (A6 5035 F 3K 22 7 ) 5 Goat
Anti-Rabbit I1gG H&L/HRP antibody ( dt 5 Bioss 24
#]) ;NoN-Fat Powdered Milk ( 3&[# BBI /A &) ) ; DEPC
7K ( £ [# Sigma 2\ Fl) ; TRIzol ( 3£ [E Invitrogen 2
A]) ;eDNA S sidi & (36 Thermo A H]) 5514
AR AT /8F]) ;SYBR Green PCR Master Mix
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1 XRELEMNETEE
A BRERGHBEZ HEL B MIEN G E T A 29 %
2, C W0 R LA AIELL s D PSRRI 2%

1.3.2 fmaEAmlE KRV RAE IS B 58 5
H, RN 10 ml ()58 &R E A AR,
WFE A S ml ZE K, PR ik 41 2 A i 14, 38
ORI E =3 WAL E AR A

1.3.3 MEREAMNE KRRMSHEE (K
B A U U TR R ) S8 R Y B
TR, o 2R T A AR A PR T s RO K B RS
F o B O R PR E . E 2 R,
al S T HUE 530 % 0% R EE (R 2200, B O bk 4% 2
mm ;a2 f 7 TR S0 2% R BREE AN B R R
882 mm;bl S0 T I 22 B 2, 16 5 KR 4%,
5 dl A2 AT b2 A5 T 0 A B 2%, 3
JREE 5 dl A2 AT el s TR E RN 2%
TR G A LR () 22, BE R BE AL 2K 2 mm;e2 1
1T RN 25 2R R 4 JE K 2 1 A ) B O 1R 4
FERLZE 2 mm;dl EALT al Fl el BELRA kAL
FARBELM FEIMREE 2 mm; d2 ST al Fl el A5,
BRI AL RARGEL M, BE R 4E 2 mm

1.4 Western blot il HU RIPA 2L A 2 &
AP Z R A, FINFE 12 100 FL Bl A H B
) )R ke it A0 71 591 5 7 75 8 4 BCER A BCA
PRI R, I ABT AR (10 x ) Fil AR
LEE (4 x ) HIEEIS H 8% 1 SDS-PAGE ¥EJIE R 4%
Iy B A FEAR TR 1, 8 O L A ASCKE B 11 2 2] PVDF
B 5% (AR 4= W5 P41 90 min, TBST ¥4 Uk 5 7F
4 CHBE T ST —hi, 5K, TBST ¥EF K%,
A F—Hi55 1+ 3 000 TBST Bt & 1 —Hi 454,
e PEE I LR A

B2 S=EEENERETEE

1.5 Real-time PCR #&ill i ] TRIzol %4 5 fii
SE A ZUh & RNA, B 5 {4 A Nanodrop Il £ &2
RNA ¥ )& | [A]Bf 9% 5] RNA =54 & A sSa L5
oo FHRUE SR B0k R Skl cDNA B T -
20 C %47, M GenBank I 7% 73 K [l FAK,PI3K,
AKT K N2 B-actin FYFEHFF, K FH primer 5. 0 3K
{Fi#E4T PCR 5191803t P8I LR 1,

x1 319F5
N S5 -3
FAK F:TGGACAGTCACAAAGTAAAGCACG
R:TGGGTGGGCGAGTTCGTATT
P3K F:AATGGCGACGATTTGCGG
R:CAGCCATAGGGGAGCATTCG
AKT F:CAGACCCACGACCGCCTC

R:GACACAATCTCCGCACCGTAG
F:TGACAGGATGCAGAAGGAGA
R:TAGAGCCACCAATCCACACA

B-actin

Real-time PCR &5 & #1740 %F PCR 4347, 7€
Real-time PCR WA b #E47 i« 55— 25 95 °C Fil
5P S ming 55 4 95 °C .30 s, FAK:58 °C .30 s
(PI3K:57 C, AKT:62 °C),72 °C 30 s,40 MEH;
=72 CiBK 2 ming, 2 MC9E MR LY
X Rk, 5 B-actin Fik mHETIH—1L, I R
SRR BRI R B AL
1.6 ZEitFA0E  SCRBIREEH v £5 Fom, ff
JH Graphpad prism 8 PP GE it 2# 22 5% . Geitor
Brfdf HIAEAS ¢ K30 )57k, P <0.05 A ZE S A4

PEI-3E
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2 #HR

2.1 FIBERENELR 1.4.7.10,12 KK
PR AR AR 25 R LU #, A (B .C.D 4 SR I
Hahn, 4 ZRL7E 1 47 FIREKIAE, 56571 K
(RIS AR LE , DO 2Rk 3G 25 SRR AT et L (P
<0.05),7 JAIZ A A 28381 T 41.88% ,B &K T
43.35% ,C &K T 39.02% ,D LI K T 34.39%
7G4 FEMER G T VF%, 4 KL ~12
JE B IR T 46. 11% 46, 78% 44.2% 38.42% .
WF2~5 K3,

F2 KRB ALNELER (v=s)
HE1HE 5818 Aok
il % A% (n=3,cm
M u : ML P MILPHE (%)
2.99 +0.176 - 1 41.36

4.74 +£0.049 <0.001  <0.001 65.61
7 6.11 £0.090 <0.001  <0.001 84.46
10 6.18 +0.033 0.360 <0.001 85.43
12 6.34 +0.097 0.091 <0.001 87.64
AT B 7.23 £0.047 <0.001  <0.001 100. 00
R3 AREHBEMELER (v +5)
o B4 (n=3.cm) 518 5%18 HHW
M P MEEPHE (%)
1 1.15 £0. 041 - 1 49.36
1.58 +0.062 0.001 0.001 67.95
7 2.10 £0.082 0.002 <0.001 90. 13
10 2.18 £0. 131 0.488 <0.001 93.71
12 2.22 £0.165 0.834 <0.001 95.14
JCAE B 2.33+0.125 0.470 <0.001  100.00
K4 ARIBCEMNELER (x+5)
o CH(n=3.cm) H5E1H 5%1H AW
ML PH MEEPHE (%)
3.49 +0.098 - 1 41.59
5.24 +0.177 <0.001  <0.001 62.38
7 6.77 +0.197 0.001 <0.001 80.63
10 7.18 +0.085 0.054 <0.001 85.52
12 7.22 +0.165 0.812 <0.001 85.91
R 8.40 +0. 141 0.002 <0.001  100.00
x5 AREHDLENELER (xx5)
= o
K D2 (n=3,em) 5F1/8 5%18 #Hiot
Ml PH MEPHE (%)
2.01 £0.090 - 1 57.83
2.59 +0.029 <0.001  <0.001 74.64
7 3.17 +£0.125 0.003 <0.001 91.26
10 3.22 £0.158 0.711 <0.001 92.89
12 3.30£0.216 0.706 0.001 95.10
RUAE R 3.47 £0.047 0.346 <0.001 99.90
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PCR R 1.4 .7 .10 12 J& K B35 35 140 FAK
mRNA R TEBLLE R Wow , 78 K B 3615 & & i
H FAK mRNA ({35 B Wi 7t o, ELE 4 10 J& A
RBN A, B S #4 T84, PIBK/AKT 15 538 %
o PI3K FIl AKT A9 235 Bl 4 /0 26 B 1 & B 2 R 340
FEAK, R FERE 2 FAK F93 i PI3K Al AKT 3% 9 %
ik, K6,

2.5 Western blot Z5% 1 .4.7.10.12 JE KR misE
AT FAK FEHFR BB LE . Western blot £
W 7R FAK 78K BRI 36 B & Bl R v 2R I Rk
TR BT, JEESS 10 Ik B i i, B S
TR, 5 mRNA R EHM—8, H4 JHE
512 JEOR RS 22 FAK B IR IR 1 00, 8

BT R, 5 FAK R K
K7,

oA — 2, W

2.6 fHXMESH XK RS o R A
KM EE R L # R 2 A E@ik'ﬁﬁmma
WERIEME, HXRHN R =0.840 1,R =
0.916 6,P <0.001, R A Git#E L, 4R TR
R BRI 25 A5 i i A R R B K Y

B S, %R BRI 55 B FAK B AR 2255 5 3k

fili A B.C.D 4 FRLK T 21T, FAK
AR5 KBSk AE K R IEAESE, AR ES
M AZE.R>=0.8927,R=0.944 8,P <0.001; B 2.
R*=0.914 6,R =0.956 3,P =0.01;C 4. R =
0.9322,R =0.9655,P <0.001;D £&.R> =0.907 4,

W1 AR A B B (P <0.05), PBK/ R=0.9526,P<0.001 ZRA51#E L, Xesk
AKT {5 538 B PI3K B985 F 323818 I 52 % i kA% UL FAK AT REAE R R Sk i Kk B i p A
fta#, 5 PCR 53R F], p-AKT/AKT )Rk 2 HHEZEH,
A B 0.05 ¢ 0.250
n}@ 0.15 n@ . o
H?i@ g 004y E%\OMO'
*@E 0.10° 1 ZE 003 ;g 0.015H
E 2’ £ L
<& < i <L |
é ‘E’E) 0.05 1 ﬁ%« 2"5) 002 g sk kkk é ‘('S) 0010 ***
Eg_ 530.01 E;ooos- ’*‘ o
= O 2l =l s 5
4 7 10/ 125 1 7100 125 a7 10/ 120

BEe6 XRAIBHLAT FAK(A).PBK(B) . AKT(C) mRNA RiAER

5551 JHHA. TP <0.05," *P<0.01, " ** P <0.001; 557 1 JALE."P<0.05,"P<0.01
A m oaE 7E 108 128 i P ¢ )
FAK 125 :\mAZ'O_ @4@ 2'0
it FEE ken t Rl
PI3K 85 o Lst %g
ER za 137 *
AKT 60 Elof TE oH LTI
p-AKT 60 HZos %2 osH ’%‘ ’%‘ |—I—|
. << A~
Tubulin 55 = 0= 0 - - - - -
A 4 0/ 12 A 4/ 74 108 12/
D E
3 N -
4 Ez20f
Kz, NI
R BT st *
By -
qTE <E10f
%{—5 skt s Rk =2
=3 Mg 0.5 H
& 4/ 78 1008 124 A 4/ 7H 108 124
B7 XBRAIBHLAT FAK PBK AKT, p-AKT B

A KRB 480 H FAK PIBK AKT  p-AKT & A4 B B KRG 41209 FAK B AR IR ERGITE; C K RSE 804 PBK HEA KA
TEOLGITE D K ERBUE A AKT B AR AE RSB E RS A2 p-AKT/AKT AL RGOS ITE; 558 1 B, P<

0.05,"*P<0.01," " *P<0.001 ;5% 1 FLE.*P<0.05,%P<0.01
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P-AKT/AKTHE AAHN R IE &

B8 KEAZFERRFIEFILBENEIESHT
A R U A R it B BEAT DGR AT s B FAK 1S A R AR SGIE M T . FAK B B ARZC AR MT ;D FAK I 5 C
TR BEANRANE T B FAK RS D AR BN F. FAK &5 PBK & HAHRNEIT ;G FAK 15 p-AKT/AKT & HAHISE 7>

Hr

XF FAK 5 PI3K A& 1 R IR 7K HEA 740 G 3
ZERL R FAK 5 PI3K 2 [0) 5 f A ¢ (R R ECh
R*=0.8855,R=0.941 0,P =0.55, 27 LG it#
B, FAK 5 336 J5 B9 PIBK/AKT (B p-AKT/
AKT) M 2Z A R IE MG (AR EON R =0.951 8,R
=0.975 6,P =0.002 9, ZF A5 i#E ),
I, FAK S35 38005 PI3K/AKT {553 % 52 i K B 3k
FAE R AT E., WIS,

3 itig
RS H S AT R — T T8, B 5

Ao 0 P A R R T A SR A, TR
V22 JLEE RS2 20 LA /N Y Fi B 4t e 28 2% F B R
B R IR T RN A 1 D0 T (AT AR 2 %
T B E T AR SR U T
SRR IR ARG T AR, A7 — i A I TA T, B
FI VS R DEURALL B4 it 15 % AL L DAV SR J5AR ] 9
PRI R AL RO TS AR L U e
AR YT R R A R B AR, AR AT
FERE R, FERE R R B I B, 1 1A
MARBA AT RESE A B, FEXFIEOL T, 8 TA
SN LI IE R AR MU T S B R R R A
A EAMRHER S HLEEA T T . FHATARHY
ERERREE O T R, (ELIREAIL A 40 B4 TH 2 s K =
A T IR Y — RHER

TEVRELR e m o op Sl xS R K R

FHIEES 12 A8 SD KR, BEbE— T —k
PTG R IRAE AR S A 12 JR N, R R a6
AEMTAERKKE, EENMERKREESRET, 1 ~4
JEL S R BB A 2B A R 4 R A K B
%, [REEMFE R 7 B 224 KRR R 12 JR A2
AR RR B A A sE A KT TR L R A A
BCT55 1.4.7.10,12 JA A9 KBRS 55 1, 38 48 real-
time-PCR Fl Western blot &4 T4 ¥ 19 T Br vk 47
T2 AT

ARG BN A RRSSENERER,
RSk A5 22 il 75 AR R ot i i ) JE B 24 AN
() B Y BH S X K U 7 R 5 7 P A
KT R B, I 25 R 3 K 5 1 25 B I G TR 2 OE
FHIE(P <0.001) , Jf H A2 AR5 i o i 48 JE 2 R 20
B B R K RO FAK B8R AR R
IR Sk A% A5 A 3 A AR Ak T AT A DG A BT
FAK 9235 5 KBRSk i () A K 2 IE A G, X sl
JULEA FAK nTREFE R Bk mid K 2 B rp 2
AEZAEM,

T ORAENT FAK 5 PIBK/AKT 15538 B 0F 5%
7R, FAK 5 PI3K/AKT {553 % 2 [ 2 A A0 B AE
F, 9t H FAK 53055 )5 69 PI3K/AKT {5538 #% 2 1]
BAMHHR2IEME, HInT DIE KR
HAEREE NSRS LB RE AR, FAK %
WS PIBK/AKT 52 M R Bk i i AR K Ok B I
T
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2 2 1 B A B Y R R VR S W e 9 A 4
Ok 200 0 P e R ST R G 0 B A R TR L
LR AT T A J2E o v i) 4, 2 2 1Y B B L
BRAR IR . B A L i R SR IS A 3T D)
(fluid shear stress, FFSS) 478 AL BHIPLIRAS = , T
FAK D2 B 20 i o s SRR 5 3 A o A A R
SEAGI R EERE T R R
PI3K/AKT 15 538 i n] LA 7 B 41 i 19 9 46 A g
2 EBUL B ERE B XREEMEM ., A5
7R FAK BRBBA A S KBRS AE KR EE
M EA SN, FAK B] BE3E i 4 4% PI3K/AKT {5
Sl PR R R B R AR FAK A AR i
P A KB RS S 1, JF i IR Y
BRI IR T T B LA SRR L B AR
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Study on the mechanism of FAK-PI3K/AKT signal pathway

in the growth and development of neonatal rat cranial bone
Zhang Sixi' , Zhang Xiaolu’, Wang Lei’, Ma Yubo’ ,Shao Guo®,Zhang Chunyang’
(' Baotou Medical College of Inner Mongolia University of Science and Technology Baotou 014010 ;>Dept of

Neurosurgery, The First Affiliated Hospital of Baotou Medical College of Inner Mongolia University of Science and
Technology , Baotou 0140103’ Dept of Endocrinology, The Third Hospital of Qinhuangdao, Qinhuangdao 066000 ;
*Translational Medicine Center, Third Peoples Hospital of Longgang District, Shenzhen 518100

Abstract Objective To explore the growth characteristics of rat calvaria by detecting the calvaria of SD rats in

different periods. Methods

The calvaria of SD rats at 1, 4, 7, 10, and 12 weeks from the same littermate were

selected (3 rats per week ). Real-time PCR and Western blot techniques were used to detect the expression of focal
adhesion kinase ( FAK)- phosphatidylinositol 3 kinase/protein kinase B ( PI3K/AKT ) signal pathway in the
calvaria, and the role of FAK-PI3K/AKT in the growth and development of the calvaria was analyzed by correlation.
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VGLLA JE X 2 250 55 Wl JURAT RS 5C &
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Results

The increase of brain volume and the thickness of calvaria increased synchronously, the expression of

FAK was positively correlated with the changes of meridians, and the expression of FAK was positively correlated

with the expression of PI3K/AKT. Conclusion The expression of FAK is related to the growth and development of

rat skull. FAK plays a role in calvaria by activating PI3K/AKT signal pathway. FAK may be used as a marker of

rapid skull growth and development, which provides a basic theoretical basis for the timing of clinical skull defect

repair and treatment.
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