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Effects on Proliferation Ability of
Vascular Smooth Muscle Cells by
Static and/or Dynamic Cell Culture:
Utility of Pre-Seeding Technique for
Dynamic Cell Culture
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Objectives. Conventional biomaterials are not viable, do not grow, and do not provide contractile effects

in cardiac tissue. Foreign synthetic material may become thrombogenic or infected. The most recent car-
diac constructs consist of biodegradable material which has the potential to solve these problems.
However, dynamic three-dimensional cell culture is necessary because conventional culture is limited to
construct tough biografts.

Methods. Vascular smooth muscle cells derived from rat aorta were seeded to poly-L-lactide-e-capro-
lactone copolymer in three groups; static culture group (static cell seeding + static cell culture), dynamic
culture group (dynamic cell seeding + dynamic cell culture) , and pre-seeding group [static cell seeding and
culture for 1 week (pre-seeding) + dynamic cell culture]. The dynamic cell culture system used an original
spinner flask. The pre-seeding technique used static cell seeding and culture before dynamic culture. The
three groups were evaluated by cell proliferation and histologic studies.

Results. Vascular smooth muscle cells could be proliferated in/on the biodegradable materials. The pre-
seeding group cells grew much more efficiently than the other groups. Very few cells were found in the
biodegradable materials with the dynamic groups. However, there were many cells in the materials with
the static culture group and pre-seeding group, especially the pre-seeding group.

Conclusions. Dynamic culture is useful for constructing tough biografts by the pre-seeding technique.
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A9 (gene therapy), A A A VEELR EDNDH D,
MBAARICRI L Cld, ERm3EMaY, SaiHasmek?,
I PN R RTBRRIAR Y 22 & Tl CIERRISH 2 %2 S
BIFiERmrEoncnsd, L L, Mlsmidshm
IR DRI D BAE R A A I D B & &
1, JT4EI3 tissue engineering 25 H &N T W 5.,

Tissue engineering (385 2/ %, MO L %5
N L O EHIIRRE LVERE L 72 A T E TR S
RRBPAREEZLEL L) ETEHDTH LD, (EkD
DIRIME AN B O FAT I, NTHEE L TERIERIL
MBI S, £OIRMEN, I, Zikdg
P, MMtz EOREZER L Tw.

LA L, ERBIRESEOREICE ) o ORE
RSN AR SN, S5 ICITHCHEE
HERIEM RN T 5 2 & T, BRI R DS
WEAEERNTRINS N, BOMRBZT25%56 Z LIS
L0, RIEEMED 2 VHCATHEBROERD T RE &
%5,

AROFFETIX, AR B 2 v 72 N DAL 2 1R
J58 B 720 IR R IR 2 HU) A, XD BREEAY
i <, BREME, WGHETE, PURGLE, bultetEs S B
7z, R @EIRR) THI R D 2 N THHEROR R
VR BETS 5.

MR ERE

1. 7 v bREIROLKI

VAARY =T FNEEFRBT (AT Y =)
2mg/kg BEIEANTEST, AR 70 L W A) IR IE
BT, B - BARE TS BATKEIIR A & IEEKBIIR £
TaEAE L7z, i L2 KRB Z 10% 7 > iR e i i
(fetal bovine serum; Invitrogen Corp.#) % & €55 28
(Iscove’ s Modified Dulbecco’ s Medium ; Invitrogen Corp.

YDA o 72T 2 — TN THHRA L 7.

2. MEFEEHMEBOLE - 15&E

REPIR % PRI, 1) > Bt L A B AR Toeid L,
MAEYME, #EHER, B2 &bk L, BERLE
0.25% b 1) 73 » (Invitrogen Corp.#), 0.1% 277
7 —¥ I (Invitrogen Corp.#4), 0.2% 7' )V I — A %z,
A F2X=4—=HN(5%CO0, 37C)THELL.

2057 B OFE R, BRI KREIIRMICEKmEL,
MW % Bk, M b L7 REIRIC BRE &M

MeoBRm ez, MEFERz XL, 714 v
(IWAKIEER) L)Y ra—bsFq vy a)IZi&MEL,
5% CO,, 37°CA ¥ F 2 N—% — N TILE TG
(vascular smooth muscle cell) & L C passage 3 ¥ TH#&
L7,

3. ERRINEMF (/XY F; Fig. 1)

BHNIRIN S N A M0 RS & %5 XKV VG
T, MBS N AL 25 7 7 A N—H55 2k
HIRAT 3B BT 5 ERIUEM R CTH 5 R
LI A Fyarh7ras 25 00471y ME
1& % $# D poly-L-lactide-e-caprolactane copolymer
[P(LA/CL) | Zffi i L7z (7 » kA St %, #iE,
feft).

4. Culture study (Fig. 2)

LT @ 37T HEHIRE 217 - 7.

1) F BRI (RO MRS + S A N 55 22 4 A R

2) By RyRE 2R (B AN IR A + B ro M 5522 4 )

3) TV =T 1 v 7 (BRI - B ER +

B AN S 7 3 )

Fr B B A R L 728y FERERIRAY
T Ay v aNICHEE L, #IRIRRE T o R a5k (il
$20.5 X 107100 mm’) .

BRORE 2 MR (F 721398 Xy F 2 4 ) Y
F VR F — (Fig. 3—a; b I — TLEKRKEL L 0
BZE, BB ICHEE, SHICAVVFVAEF—TF
ZaPR(FI=FVFUNALFa Y —REtE ok
MBI %, #E)CETE L, BEEEEH60MER/
min Tl GEF ) 12 & 55538071 (Fig. 3—b; M35
0.5 X 10%100mm?®) .

7L —T 4 » 7 (pre-seeding) : BIHIEERIIZATH
E MRS & B 2.

5. FHMEAE

HRET, MliEREE R, BEMBI(TLY—T1
YIUMETVLY =T 1 ¥ UtR), 2, 3, 4MRICZ
NN £ R 2 AT 2R ICHE VW DNA®RIZ X o T
%) 25HI L, MiEREz EME L, 5612
IR AL AR F 19 M F) [hematoxylin-eosin (HE) Z&ft,
Elastica Van Gieson (EVG) 4¢ff, Elastica Masson
Trichrome (EMT) ¥¢ff, « -Smooth Muscle Actin ( « -
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Sponge parts:

Fibrous parts:
Slow bioabsorption |

Fig. 1 Biodegradable material poly-L-lactide-e-caprolactone copolymer [P (LA/CL) ]

Static culture group

; : — —
| L=

L b)

and culture

—> Static seeding

i Static culture 4 weeks
Dynamic culture group

Cell isolation | Dynamic seeding Dynamic culture 4 weeks

Pre-seedifng group

A
I v;veek L.J

Static seeding
and culture

Dynamic culture 3 weeks

Fig.2 Protocol

SMA) 4ett) | & N 2. 72.

6. A1 E B
(B t] AR RN ORI L, I 2 3
BEL, MIBAFIT 2 2 EBARTETH L7720,
DNA &2 & % Mg 85 OFFHMi SN2 & 7% - 7z.
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(V54 - GFE] M Pl OB 2 e 5 5
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FHllg 5 & & 12, DNAZIH* v  (QIAGEN
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Fig.3 Dynamic cell culture system
a: P(LA/CL)patch with original holder. b: Original spinner flask.
Abbreviation as in Fig. 1.
6
s (X 10°cell) (”g)fSO
Cell DNA
number —a— Cell 140 contents
-- e -- DNA contents
n
130
120
0.5 +
110
0 0

7
Culture day

& yEE L7,
DlEIZE 0 B o nz#ilus & DNA &AM MR Z
Mt L7z (64).
Ui ] Mifafkonggme & 512, M L72DNAE
= AR LA L 72 (Fig. 4).

7. #RETALIE

TRTCOTFT—= 7P HEERFAETEL, RaHLel
13, HHEOHGEINKE % repeated measures ANOVA B X
¥ Bonferroni/Dunn THT - 7.

& S
S A

F v NREIRD S 58 LA R AT 1
oo LR, AEARTLUEA R [P (LA/CL) T b 35E
DH[FETH o 72,

Fig.4 Correlation between cell number
and DNA contents

BT v MLEFEHHEIE, « - SMAR®IZLD
#170.3% O ML ASFRD H L7z (Fig. 5) .

AR BN B L7/l b ) T v b
Tdetachment T X 2\ 728, #H O FETITHBED
Ay NIARTRETH D, FOLOHEREIT, &
PRI AT EE AT O M 145 (3 4l L 72 DNA & 12
Lo TRIEND Z & afEl L7,

FARG AR B S X 4R % O DNA R, B
FeEHET5.08 £ 2.6, 10.45+3.6 2g/100mm?®, BHH9HE
HHET1.98+04, 1476 +3.7g/100mm*, 7L ¥ —
T4 IEET3.66+ 1.5, 27.34+5.8,g/100mm’ T
& - 7- (Fig. 6) .

Bi3E 4 R OB R ERIL, FIOREERE, BIAYES
R, TV T A Y THTENEN230E0.91,
7.86 £3.14%, 425+ 18K TH - 72 (Fig. 7).
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Fig.5 Cultured vascular smooth muscle cell
« -Smooth Muscle Actin staining (Avidin-Biotin Complex method ; approx. 70.3 %)

30 1 (u¢g/100 mm®)
DNA 5 | .
volume O Static culture group (n=9)
20 | i1 Dynamic culture group (n—l 2)
M Pre-seeding group (n=9)
15
10 |
; l '

Just after  Just after 1 week 2 weeks 3 weeks 4 weeks Fig. 6 DNA contents in P (L A/CL)
di -seedi . L. R
seedimg - presseeding Abbreviation as in Fig. 1.

Culture day

WREAARF I, — gt (HEYeta) ©, BiaE HTI I ArRoMluig, ML »RO 5Nk ho
LAMGRTIE, BEEFBLT LY —T 1 v 7T 7o, BHIC D MDA ARRD S, NEBOMHILIZ
2BV, AR RN Ml O g & Rk WSRO SN, TL Y —F 1 v BT, AR
LR RS 1 MRS DR ADTRRD b 7223, s ILEREIPIES, 20 & b 122 LWl A58 0 51
FRETIE, AR BT, W bIZIZE AL 7= (Fig. 8)..

ML OB IR0 SN b o 72, Bk getn (EVG 4, EMT4th) Tld, 3HE L I
4EMBTIE, BEEFETIE, MRS L 0N AR A LR TR, PSR CREsE L 7o/, A pRk
ECEREE M ATHIGE L T\ 7278, AR UM B i LR EL & BT F~Hlifulg o T <12k ) £ <

IS IR O N o, F 72, BHRYREE DGRBS b, RIEFI G (o« -SMA) T
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12 1
Prohfere;:t(; Isl —4— Static culture group (n=9)
---l--- Dynamic culture (n=12)

8 — A - Pre-seeding (n=9)

6 &

4l

. L

“““ PR S
0

Just after  Just after 1 week 2 weeks

seeding pre-seeding

Culture day

Static culture

1 week

4 weeks

3 weeks 4 weeks

Dynamic culture

Fig. 7 DNA proliferation rates in
P (LA/CL)
Abbreviation as in Fig. 1.

Pre-seeding

Fig. 8 Photomicrographs of smooth muscle cell seeded P (LA/CL) patch (hematoxylin-eosin staining

X 40)
Abbreviation as in Fig. 1.

SR OGO b7,
% =

SRR, I 5 ORI, SR ELSES T
Y, ZOMIEREATE. T A
JBIZ 2 5 1 2 PR & P ntilig 12 & 5 B Gk
Bo2o0FRBAB S Y, PHEENTAEFRIC LY
WA & k2 9%, BEAHAE R B VA AR 13RO H Lz v,

ARINE, DUERE X 25, HAEEE, REAAHAEICE
NTBYIZIRAF a7 =7 v EOMast~ Y
7 AREET D, BEOMBENICHET 5T
AR CH B 05, T A2 & THRKRBIANE 2T
5720, NTHfEEERT 5 & & O RRBEML &
LCld, BRI L 72 %49,

BRI B SRR O FAG N AZHER 2> & AEARIE AT B
MEH S, 2R, FEIEN, ZEGerE,
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etz COBEZ R L T\Wzd®, 4 hfEH L7-/iiE
DR, AR ETH 1), € ORED
T&hLEbIl, BOMBZEES 5 Z & T, fEMX
IBEFH LBV, 2% 5HCHEIERTE %,

HEARIEM B E L TiE, AR ¥ PIKD Gelatin
Sponge X 7 = )L IR Knitted Polyglycolic Acid Felt 7
EDLRIA S STV 7228, EHER (FElR) N0
FREALAR & L CIEsREE ISR S D, 4 NE, &R
AT, FAMPHICHM R ) 5K TUFigRE 17
YUY hT T8 DEMTHBP(LAICL) % i
L7z.

PR 7 AR RS, M O Rh O v
MifdRAE, B ema L7z, BinyksiaEdiz iy
ANDZ LT, FEALY S o THIfgEITES
7. L L, BRSO MR TIE, AERIEM R
FORWHIREADE LT, MiEsEmmLzd o
D, ke LTotraiillEzrTE o,

DR RS AT ICE RO I IR AE, BREE A LARMAT) 2 &
T, AR DU B A5 3 5 M (3R [ 238 L,
Z OIS B L 72,

=

A RIS BB A L B B 2 AT R T R 315

BIRRE 720 T, AR R E N O T B 5 ) O
MBS RE DS & U8, By AR A L2 AR AR
FHIH L CRE SO TR L 25 T LY —T 1
YT EAT) 2T, TonMiBEAVELON, S5,
B EE4T) 2 LT, MlISAmATmb Y, £ 0%
AMIET 52 &, HhERRIITELZ.

& B

MO N AR ZER T 5 720121%, MlBoEA
T, HEERE A ERE LT, EAOTIIRIETE - BiE S ERy
BPLETHY, LI —T41 v 7EOFBEHEEH
anz:.

E

ARWFFE TR L 72 A AR S4B P(LA/CL) 1OWF7E, Bi%E,
it z, BRREERKRFERESBELGE £ FAKE,
7B AR v 7 — BES TR T W
To72EF L7z, MRS AEARIL, st =2 by —
V=T )V (MBC) £ OIFEMZEICL WIEHENF LA, 222
REMAEBMHED LTEESN L ET.

AWFFENE H AR BAREL - SLPFHEM O [ TR
GEl OXFEEZTT, IThhE L.

9

B 8 LIS RHEE R S ST AT RHE, JERiEM, FEIGHEM: 2 &A%
e, SHITHINEY &L THERAME, DT 5N 5. A O ERRIIERE O Bl 51X
LFEROMEEZ MR A WEESRE I, L L, BIRICLELZRAMEOD 214757 +
R 5120, TEROFEETLETERAYSH Y, BN - =R RBEFEPLELE % 5.

A oE AR, Zy PRERESRIAETFEHMB AL, N7 77 b e L TAERRIE
###}+C 3 % poly-L-lactide-e-caprolactone copolymer (ZEFE L 72 LL T O 3 #ECLLHMRES L7z, a) BEIE
Tl + B EEZERE (9]), b) BYIORETE + B noRE 220 (1261), o) MIORRRE + Biny R 26 0E (9 Bl) . Bhiys:
%23 Spinner flask culture system % ff ) L, MRS (£ 7213360 HE) /< F & B5 2210 % 49 60 [0]5/min
TR 28 L 72 (R %00.5 X 107100mm?) . FEAYRE 22 3B 280408 S & 7o & /8w - 10 Lk
IREECREEE L 72 (B8 %20.5 X 109100mm?) . 7L ¥ — 71 ¥ 7k &, SRR 2R s 28 2 4T
IITEE Lz, 3BT, BERMML, 2, 3, HEMKRICERTINy FHOMEE, Mkr I
N FEAE D IRAE & BRI LS D W TRRGRT L 72, MBS IE DNA & IS & - TR L 7.

R B L UEREEE L O IR BN T ORI OMEE SR S 2. 4HBTO
MR B R RTE TR R I LA RICE R L & o 72285, VEMEEZR DNy FHlE
BEHEEOI ) PERICEMBE L 2o/, LABMOT LY —F 4 v 7E&iT) T THIllaD Sy
FNNOFERTE, WHEFEL IO 7V — T IR TEERE 572,

B O Ly —T a0 kR AWEN - ZRU e, X DRI O
INAFXT T 7 MRS B0, BHZFETHS Z EFRH SN,
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