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& LA B ( vascular smooth muscle cells, VSMCs ) 1 4 Fz 40 g ( endothelial cells, ECs) 43 3 # #8 T B & 35 55 AR
PET R NAMUTE . SEBe4324 EC/VSMC BR-& 35 IRt IR I N /74 PET JBR B2/ 40 i 120  PET [ 800 B2 7 20
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MR PET Bk A4 HAT ,xPDGF-BB i T B H 15 41 p-ERK1/2 F p-Akt ik, 3 T I Lamin A K38,
PET FEAMUE 0 B2 2 40 AT , 'PDGF-BB 18 T XU 4RI p-ERK1/2 F1 p-Akt 3235, 3 T 4 Lamin A K3k, PET
FEPIS MU Yy B Fp 4 Ha R, rPDGF-BB {LfERZ M 0.4 wm PET FE[RIUAH K p-ERK1/2,p-Akt 1 Lamin A 3k , %%
MU0 TCH BAE ;T 1.0 wm PET SEPOUZNHIAY p-ERK1/2 \p-Akt #1 Lamin A RIXTLRBEFWLZR ., &t WME
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Effect from different pore sizes of co-culture inserts on the permea-
bility of platelet-derived growth factor

SHEN Bao-rong, JIANG Jun, QI Ying-xin, JIANG Zong-lai( Institute of Mechanobiology and
Medical Engineering, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract: Objective To investigate the effect from different pore sizes of co-culture inserts on the permeability of
biomacromolecules through polyethylene terephthalate (PET) membrane so as to solve the key technology prob-
lem in mechanobiology experiment on vascular cells. Methods Inserts with 0.4 ym and 1. 0 ym pores on the
PET membrane were studied using flow chamber system. Low shear stress was subjected to the co-cultured sys-
tem of endothelial cell ( EC)/vascular smooth muscle cell (VSMC) and the concentration of platelet-derived
growth factor BB ( PDGF-BB) was detected by ELISA. Under the static condition, vascular cells were cultured on
the plate (with no cell on PET membrane) , on the outer side of PET membrane, and on the both sides of PET
membrane, respectively. Then the recombinants PDGF-BB (rPDGF-BB) were added on the different sides of
PET membrane. Western blotting was used to detect the change in expressions of p-ERK1/2, p-Akt and Lamin
after cells were stimulated by rPGDF-BB. Results After low shear stress subjection for 12 h, the concentration

Fm A #1:2011-03-24 ; (&[5 HHA:2011-03-29
E&WE : HE A ARHEIES T E (10972140,30970703,10732070) ,
BEIESE  57FHT, Tel: (021) 34204863 ; E-mail : qiyx@ sjtu. edu. cn,
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of PDGF-BB in the medium from VSMC-side was significantly higher than that from EC-side. rPDGF-BB passed
through 0.4 ym and 1.0 uym pores on the PET membrane and modulated expressions of p-ERK1/2, p-Akt and
Lamin A in cells cultured on the opposite side of PET membrane and cells cultured on the plate separately. When
cells were cultured on the both sides of PET membrane, rPDGF-BB only stimulated cells cultured on the same
side of 0.4 ym pores on PET membrane, but had no specific effect on cells cultured on the opposite side. Con-

clusions

PET membrane with both 0.4 ym and 1.0 um pores was permeable to PDGF-BB, and cells cultured

on the membrane could affect the permeability. The efficiency of PDGF-BB passing through 0.4 ym pores was
significantly repressed with cells cultured on the both sides, which was more similar to that in vivo.
Key words ; Shear stress; Cell culture; Endothelial cells (ECs) ; Vascular smooth muscle cells (VSMCs) ; Plate-

let-derived growth factor BB ( PDGF-BB) ; Permeability

I -8 W28 M ( vascular smooth muscle cells,
VSMCs) 5 4 &z 2 s ( endothelial cells, ECs) [A]45 &,
THREMEERDREEEIEM, CRNILE 1%
Y FRRFEORIE TR o DAIBIER & 55 e A 2
4 2 B 8 SRR T2 N T AR B A5 B S B 40
FHLHIBFE o IBFARIEH R 10 um FZ 1L
MG 4T 4 ( polyethylene terephthalate, PET) &, 1% =
PET BT 76 4 1fiL %8 BE 1) 4 307 I, # A T PET
JEE PR A 1 100 75 T8 f¥) VSMCs 5 ECs B] 58 8 B (1 %
FUBHEHE O 22 ML I M4 R . EC/VSMC B
B IR H TP AT AR W B R e, X ECs s
INEIRL I . ARG E T ECs #l VSMCs H)
WTEER R, XEIR T H AL )1 % 9055 AR G st 85
TR ECs 5 VSMCs 33 5 F 40 fi ) A B 6
FAAEAEAFADY WA TR R R
ST ECs 55 VSMCs AHEARFI™Y #5514
JLP 15 5 5 AL, A KB F1 A VSMCs %
ECs 385 JAT- E B & T REp U RIVE AR & 05 T
HIWTFT o

TERBRIT AL, B & P ik U A3
Bl Bk #2045 4L 51 A2 59 AR I 0 AR B0 RE ) K RS
B A0 T R R A I P ST IR L
LEBRBZE B/, I E BRI FYR, iR A4
WyBETE R ShIKEE Py A S 0 A S 4R I P S
JEE b B L AR 19728 Ak BT RS Ml I BE X 2 AP A K
AR E, BER R, /R B E A K E T
( platelet-derived growth factor BB, PDGF-BB) Fli#£ 4k,
H KA F Bl (transforming growth factorfl, TGFB1)
Pifp AWk o778 ECs 5 VSMCs [H){5 B 223 P Az
HEAEM, S 5RIMN I FE R ME EET
B R, BB T2 M N R E LB

AR AR

&b EC/VSMC BX & 35 S8 v, PET i 4L,
BEHERSINE N # A ER AR, BT, A 3 #
AEHFLERI T AL I & 55 5240, e PET I ALY
BRI 0.4.0.8 F11.0 pm, FANLEELELE
PR B HE SR AR AL AR B S 30 = I AR 8 R > 15
A 2% %= Fl Chien 2% %5 — & i
0.4 umfERE T, B2, KA FRMERN AR
LR A WK G 38 325 11 52 ey e, S i 8 40
T IIF Y F ST AR AR R A SR BOR R R

A% A BD Falcon 23 B4 7= 0. 4 pum Fl
1.0 pmfLEEPIFELS IG5, LI N5 5
¥ 51 p-ERKL/2 FI p-Akt I R BB REH
Lamin A F) 3R 1% 78 1k 46 0 40 ff & 75 2 3] PDGF-BB
R, BRI B A AL AR A B SR AR AE ECs A0
VSMCs BZ 15 57 LI R BR & B 3% %44 T, PET L2
XA WK -8 W, LB R4 T TR 1 Bk
G EEIRAR, TR J1 % A W % SE R O 5 SR L LTk
s .

1 #HRFTTE

1.1 & X 4R8I RiE s

SR FHEE I fo g AR 3 3% K UM 323 ik ECs™ .
{i F§ vWF ( von willebrand factor ) {4 ( 1: 200, Sigma
3 E]) X ECs MR N vWF $E1T S8 9t e , FHE
HE95 %L B2 ~4 £ ECs FITAEL

SR A NG ek R AR IR K RO & 3 ik
VSMCs'™, 6 ~ 8 h 4 41 B I B2 J5, S il 4 mL
VSMCs 85550, B2 M % 5 9, (E 8 T37 C,5%
CO, AN LI, A - EA DK
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BT RIS E  THEE G 95 % DL B4 ~
7 X VSMCs I T4 L5
1.2 BHEFK

ASCER 2 MERGEEFRAINE MR,
PRI E 10 pum [ PET i, 0.4 pm BCEEEFRM
(BD Falcon A &], #1-5- 353090 ) PET [E&H B E N
1.6 x10°/cm® , 520 0.4 um IFL;1.0 pm BEEHE
FEPR(BD Falcon 2\ &, 95 353102 ) PET &4 A %%
EHN1.6x10%/cm’ , HZH 1.0 pm KL,
1.3 SEHdA

SR P FL AR R IR B 3 IR AR AE SR AR 4 L
LAV e 240 L TR U0 4 4 e 4 B P, BER  355 TR AR X
AW K 4+ ¥ PDGF-BB [ i, 4= 5L 40 43 4 EC/
VSMC BX G 355852 140 PET JER B PP 40 Mu b 48
PET J5 B () 45 P 4 M #8011 2070 PET B8 XU B2 Fh 4t
fL(EC/VSMC BX& 337 #h k41 4 4.

(1)EC/VSMC k&322 HA(E 1(a)):
¥ 2 x10° /> ECs M FECA 352 4FE PET BRAYSH
16,6 h 4HJRNGBE 5 BHAL S AR ZE B 6 fLEE SR
B, A ECs 35373, 4 2 x 10° 4~ VSMCs Fiil FAF
JiS PET T, B B 55 5%, [P0 B T P47 P
WMANERGEHIN 0.5 Pa JRWARYIN. ] o

(2)PET PR M FIEH (WE 1(b)) : O
ECs// : 4% 2 x 10° /> ECs T 6 FLEE TR P9, 400
WHEESS B2 HER A ¥ 5745, [F 224k 5 PDGF-BB

she

b ECs// VSMCs//

E 4 % H (PDGF-BB recombinant protein, rPDGF-
BB) INFERK & 85 IR ; @ VSMCs//:H% 2 x 107
A~ VSMCs FE T 6 fLEGFRAR N, 40 NG BE IS , A
2 RS B IR A, [l 22 4L J5 1PDGF-BB fin7EEK & 5
FEARNE o

ECs// 1 VSMCs// 24 A e 240 i O BR 5 35
F+#F PET &%t PDGF-BB [#)3# % .

(3) PET e fa i ik 2 (DL 1(c) )
@ ECs/ 4§ 2 x 10° 4> ECs Fh il T A 3 SR 1R
PET 5P ,6 h 20 EE f5 B B AT A= H
6 fLESFEMRN , [R5 4L)G rPDGF-BB fITZERK & FE 5741
;@ VSMCs/: ¥ 2 x 10° /> VSMCs i FELE
BEFRARIK PET JE 950 TE,6 h 40 J N B2 /S B A% 3 57
BAZH 6 fLIEFRR A, [Fl 22 {L)5 PDGF-BB i
RS B FRNE

ECs/ 1 VSMCs/ 26001 5801+ o 48 0 OB 5%
F+#F PET &%t PDGF-BB [#)3# % .

(4) PET XU 40 Mo & 1k 20 (WA 1(d) )
@¥ 2 x 10° 4~ ECs Fi FIRA B FRAF)K PET B
SN ,6 h JHUNGEE G BIFE B IR A 2 6 FLEE SR
B, SN ECs 353270, 5 2 x 10° 4> VSMCs FAs AR
Ji& PET JEPI, # B 55 SR, A2k Ja K PDGF-BB 3
¥ PTi4& ( PDGF-BB neutralizing antibody, PDGF-BB
NAB) #I tPDGF-BB KR INTEBR & 35 3268 VSMCs il
(BB IR N E) ; QECsF VSMCs 73 7] Ffi 4 T

ECs/ _ VSMCs/

Y Neutralizing antibody of PDGF-BB A Recombinant protein of PDGF-BB

B1 SBSETEE (a) EC/VSMCEREHEFHRZ 4, (b) PET RRHEF AN MH L4, () PET AN HIHE L4, (d) PET BRI
0 121
Fig.1 Schematic diagram of experiment groups (a) Shear stress group with cells on both sides of PET membrane, (b) Static group
with no cells on PET membrane, (c) Static group with cells on the outer side of PET membrane, (d) Static group with cells on both sides

of PET membrane
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1.5 PDGF-BB #H At H{&E & #1 PDGF-BB £ 4
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30 min, DAE} A N IR PDGF-BB, 22 )5 il A rPDGF-
BB(R&D A #],25 ng/mlL) BF37 °C,5% CO, ¥;3%
FEANIEFE 12 b
1.6 ZERHSIZEIE( western blot)
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PACEBEi Mk B EH, BIKEEZEH FHE
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Signal Technology,1 :500) , p-Akt( Serd473) B TE &L
A& ( Cell Signal Technology,1 :500) ,t-Akt 22 73 [&+HL
{4 ( Cell Signal Technology,1 :500) ,Lamin A £ 73 &
il (Santa Cruz,1 :500) ,GAPDH £ 73 [&Hi/4 ( San-

ta Cruz,1:500) ,4 CHFHE &, IERERRERC—
P(H SN EYAT,1:1000) ZEFEF 2 h,
NBT/BCIP(KPL A #]) JE¥ B, f#i F Quantity One
(BIO-RAD 3R] Mkt T R B AR e AT
1.7 FitEIH

SEIGHHRIILA x £ s T, A SR R E R T
225307, LA P <0.05 Ve 225 HA W i A1

2 #R

2.1 RYIRLA /%L 12 h J5,0.4 pm FLIZH PET
fX VSMCs il PDGF-BB %k E & F ECs il

BR& 5597 EC/VSMC Jififin 0. 5 Pa JRFARYIRL 1
12 h J5,0.4 pm BR& 55 SRARN i VSMCs 55 57
FPDGF-BB Wk E B & THERALN ECs Ml
PDGF-BB ¥ (P <0.05, WA 2) o SRR, (&Y)
BLAZRAET , 2R 51§ PGFD-BB SRR 8 1 79
M35 4P ECs Fl VSMCs 19 0. 4 wm BR5 55 FRAF
PET i,

~
T

PDGF-BB(ratio)
o

ECs VSMCs

B2 EUIRM# 12 hj5,0.4 pm BRI FRHF VSMCs S35 i
1 PDGF-BB iREEH T ECs fll PDGF-BB iRE

Fig.2 Atfter low shear stress subjection for 12 h in 0.4 ym co-cul-
ture system, the concentration of PDGF-BB in the medium from
VSMC-side was significantly higher than that from EC-side

2.2 rPDGF-BB gEiE it R EMMAMMETL PET [

5K A rPDGF-BB %} lZHAH L, 7£ 0. 4 pum
1.0 pm BREFEFRA A M A tPDGF-BB, ¥ B2
%S 6 fLHUAN ECs 1 VSMCs 9 ERK1/2 F0 Akt
BRI (P <0.05) , 3+ F i ECs IZBZE [ Lamin A
FiK(P <0.05),%} 0.4 um 4 VSMCs j Lamin A
RIEW T AENZREARBEMHE(P =0.079) (LE
3) . GERIR, HFPILARN PET BER 52 A 40 M b,
XA YR PGFD-BB ¥ BA RAFHEEN:
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0.4 pm 1.0 um
ECs// VSMCs// ECs// VSMCs//

control rPDGF-BB control rPDGF-BB

250 O control m rPDGF-BB

Relative intensity

\\%/ &%r S
F T F

control rPDGF-BB control rPDGF-BB

25r O control W rPDGF-BB

Relative intensity

B3 PDGF-BB #ZidkEFMMAIA 7L PET BEiF#E 6 FLIRA ECs 1 VSMCs &Y p-ERK1/2 ,p-Akt 1 Lamin A ik
Fig.3 Transfusing through the pores in PET membrane, rPDGF-BB regulated expressions of p-ERK1/2, p-Akt and Lamin A in ECs and

VSMCs without cells cultured
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0.4 pm fL72M PET BEAMU AP ECs, PN
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BREK,
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GERFW YK 7 BB i N A T 2
MR 1.0 wm fL# PET &,

3 itig

FEARIEOLT AT M8 N BB Z HEF 19 ECs 5
AT IS B VSMCs i T ERRIT . BFT R
W, N B EAR 2 AL 7S ECs 1 VSMCs fE
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ECs/ VSMCs/ ECs/ VSMCs/
- p-ERK1/2

p-ERK1/2
t-ERK1/2

t-ERK1/2
p-Akt p-Akt
t-Akt t-Akt
Lamin A Lamin A
GAPDH GAPDH
control rPDGF-BB control tPDGF-BB control rIPDGF-BB control -tPDGF-BB
O control M rPDGF-BB O control W rPDGF-BB
25 r %* 25 r
2201 * % 2201 % *
é 1.5r é 1.5F *
s s
& N £ "
2 1.0F * Z 1.0r
= =
[} [} *
& 05F & 0.5+

Vs s a O s
VN E TS S A
Q’{O < F Qﬁ?‘ < N Q/@ < F Q’{O < F

El4 PDGF-BB#ZiZH7L PET FEiFiExM#ZERAYEE ECs 1 VSMCs &Y p-ERK1/2,p-Akt 1 Lamin A Rk

Fig.4 Transfusing through the pores in PET membrane, rPDGF-BB regulated expressions of p-ERK1/2, p-Akt and Lamin A in ECs and
VSMCs cultured on the opposite side

0.4 pm

p-ERK1/2 p-ERK1/2
-ERK1/2 s R
p-Akt p-Akt

t-Akt t=Akt

Lamin A Lamin A
GAPDH s e i GAPDH

I 1T m I I m v
ECs VSMCs
or mjl @i al or mil @&l alw

Relative intensity
Relative intensity

0
p-ERK1/2 p-Akt  LaminA p-ERK1/2 p-Akt  LaminA

E5 0.4 um 7LZR) PET BEASMUTE A ERZAJS , (PDGF-BB B2 B4 p-ERK1/2 p-Akt §1 Lamin A ik, W34 TC B R 1E A
Fig.5 When ECs and VSMCs were cultured on PET membrane with 0.4 ym pores, rPDGF-BB modulated expressions of p-ERK1/2, p-
Akt and Lamin A on the same side, but had no specific effects on the opposite side
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1.0 um

p-ERK1/2
t-ERK1/2
p-Akt
t-Akt
Lamin A

GAPDH

I 11 m N
ECs

o1 wmj @i &l

Relative intensity

p-ERK1/2
t-ERK1/2
p-Akt
t-Akt

~ LaminA

GAPDH

or mwmj @&l aw

Relative intensity

B 6 1.0 um FLE2H PET ERSMUEAEEFMMT , S HAM p-ERKL/2 p-Akt # Lamin A RETLHBEL
Fig.6 When ECs and VSMCs were cultured on PET membrane with 1.0 ym pores, expressions of p-ERK1/2, p-Akt and Lamin A were

similar in all groups
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FEZFIHRR,0.4 wm fLAREBRA 5537 N SMI 545
YRR XA KT B B AR, R I m] A,
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