— 476 —

FEEKSE  64(5): 476-482, 2006

7T NTa=RUNA F )T 75— % > T BRI R R RE O AT

VN

it

=

Ui s
£k R JiEl
HO R R T

W5 &

K%E]zw%ﬁw;mmmm%ﬁé%ﬁﬁﬁ%ﬁw%ﬁﬁ%\597»7m;ﬂﬂ4ﬁu77y—awm
ZHOTUT o720 RFB B FUIMEREHAR TR L7234 4 ) 7 27 5 — T, RIREME M % 21 3 K90
BETEDYATLATHS, BB IOV AT AT, IEMRENIID 3 Kol L, X 6
IR 2 ERIAER, Sl DR T COREIC X > TS~ N Y v 2 2 Ch 3 CTGF £ 7 4 7
0477 (FN) OFBDTHEL Tz, SO & CIRIFBTUEL S SN0 Tz 2 8 L D | EREE I A
VAT L HOTRREHC £ o T BERFIEBYE DS I 1B D 47 & PIRBEEE OGN EECH 2 &

EMFEAS L7z,

IEC & Ic

HABENE FEOFERE Tk, BRI EA &
N5 EMEETBE OB EIX, 1998 0 & BRI
BHEAVRIER & 2KV TE—L & 72 1 | 2003 FER R
A 33,561 Birf FEERPEIEBMERNE 13,632 5T 41.0%
ThH B, HERRENTHITIL. 2003 FERAE Tl 237,710
BT, %D 5 LFERFEEN 29.2% T 20, bHEICS
W 2 BIDPEPRIF Tl BEREHIESE 12 & 2 Bl & 0
BUNIERZ M2 T, KRINEREEZ2 &6 2 720
L BITE AR IZ Z h S Oy NIEREE & KIngks
FLrbio, BEOERLI-KELTT, BAKD 2
NS DIRRRIC & 225 DEPHEN, ZDFHEAEEL
RIFRENRTH 5, BITEAL S BEOSHHED
TR R EPHEO B O & & bz, R
ELTOXNRNERE L2, £/ BABOTFERICEL
T, 2002 FoRD2EFREIC X 2 S FEEFRIT, B
BR 69.9% 1 ELATHREIRBIERMER Tl 51.1% & 74
TRTH DY, &5 HENTNEEE D FhE b EIRIK T%
S\ CEE LT MEENTRGE % 72 & 256 b D, &

Dol Z s BERFEBEDFRE 22 . T
SIIEIS 2 KAWL T 2 2 L 3IERICEETH 3
EEZ D,

—Ji. HERTR¥ sz 97 7a—#oNg 4 1)
77— (RFB) l&, RO 7 7 A /NS4 419 7 >
=19 D 10 5, FEIEEEE D 100 50 5 B R
FIREZR TERE 3 RITKFE Y A T A TH B, Zhid, [
RO Y 7 7 8 — NI BN Faxy 7,84
4 PE=XPE VO —A%AS 7 0Fr ) 7T —EFHE
U, MiEER 8T 2V AT L THS, ZONL AT
7 5 —OFHEIE BRI % IO FF D & dutsic f
2o THEMRICEI T 2 FROWHATH 2, Mz s
HEIHEET 5101, BEROHA D OTOlEE - 5
BRORAINS D Z LD, DEEETH 2, EFEH
SN T 5 Z & T, AT - SRl
WHEINTH, TULERTIBEGEEDSHE < 7t 3 7
O, FULEOMRIC B O h o DR S L.
IR AR S L 2, JIIFASIEZ D RFB Y A 7 A0
Lo TFLCHifdZRZE L- & & A, EE I ERIRY
NATED T 4 —2Fo THEEHRSNE 2 L 28

2006 4F- 3 A 28 H=2fF, 2006 4 6 A 7 Haz

F—T—F: IVF7NVT0—FNL 4 )T 75— CTGF. FN
(AMEASRIE © T 193-0998  BUGUER/\EFTfEHT 1163 BRERIAS\ E B & ¥ —HBIFEREE SR

(1)



2006 49 H

HELTWAEY, 7c FLCHIlEO T V7 S v EEES | B
JEEE & ik LT, RFB Tl & & 2HRE L7122,
ZOFER. 2O RFB ¥ AT A &0 REEHIE O
REZ [ b & W B HREMRIE SN 70, BIS I
DY AT LEROI IO SEEREICB W T,
CYP3A4 DFET & BERE D TCED FRIZIT VL L~ UL &
TERL. 3 RHy S 2av—yvarvETNVELTH
HTh s &L,

TR BB 2GR 5 1210 O 58 RFB % v
TIRAIEME ORI Y ELD A 3 T mEE S
REREEEMNHRECTH 5 C E 2HERL T b, & 5125
VBT O RIEEE S ph HEINHIRETH D (KR
WOTEBRRE W OHEAPCHRE b HEML T E 2554
IR D RFB ¥ A7 A% Hwv (Fig. 1), &E&ER. HE
ROLIFCEAR T OFEIREERE 2 0% . SIE &
MAYRREDHLTH % & F bt T 2 PERE M EE
DOfFFTET IV & U THEETE 5 20 %17 - 72,

POE P S

il

7 & UL B ABE T dH 5 LLC-PKI % ]
U7z, B5ERWRIE 10% 7 3 BRYRINTS % &8s 199 7 — Vi
% Tz, BEEESEEIE 37°C CO, 4 Y F aR—F i
TMALIRRIRE 5%, W 95% & L7z, MMM
1Z. 0.02%EDTA & 25 USP  units/mL h ) 7 3 >
(Difco Co., Ltd.) ZFHWTHIL . 2X 105 EZFHEE L 72,

RFB 535

SEFER LY AT A, =4 78 S ml £

.

controller

Aliquots tank Fresh Medium
4
%\

Recovery pump | -
1
i\

W
- Feeding pump

Fig. 1

W M35 ZYT7 N7 a—BNA A YT 78— T BRI R R RE O T

— 477 —

RFB% 9 A, YA7u—1> h1u—5—RAD925, #
U CEFEHME & U COABE X 7 4 2 vt BUE R 230
nm. FLESOMm OEeLrao—2A~xAZ7aFxy) 7 —%
HRL 72,

9 2~SX 107 {HOMIE % RFB & 2 7 A DR
HREFE (Conditional vessel) (ZHEA L7z, BrUfEER R
> 1% 25 ml/min O S TR 255 S 72, REREHH
faix & ORGSR & & b RFB 2 7 ANOESE
IR S & T & W70, Baeh ORI S
FE X RFB OIS+ > ¥-— [ 100-200 mmHg
PULEDOBRSEEHERFT 2 X SBERAR 2T 7o, 1
TSRS IR B AT C RFB O R > v — |k
25-50 mmHg OFEES T THHE %2775 72, LLC-PKI
DT F sy 702 & 2 R EEE R & o R &
L7zo

HETERHR

W] 1.8 107 fH DML % RFBICHERE L 72, EHAMY
REIA DR, BT 7V O — AR R HIE, B
N7V o — APEE & DFENS TV A —AHER Y
S HERSERIC BT 2 2V O — AW EHE LI
BORER o Hilogcr HE U CHEEHo e U, 150E
HiR 2 R L 72

HE 36

RFB 553815, flfaiE 20% drtkds v~ V) R ER I
THEFEHKR L & B ICEE L7z, SRLIZTAY M F Y
>« x4 Y (HE) $tzfr-o7z,

RBERE

RFB 23 . % compound medium 2 C /&3

pH sensor

L

Circulation pump | N1

&=
a g

R bt
[ '

DO sensor

Um Se—— |

System overview

(2)



— 478 — B OR K OB OK FE M

L. WEERNTRER LTt 7 VA A v Mz T
YIRAER U 720 YR B O IZHT Connective
growth factor (CTGF) Hiik, Hi7 4 7275~
(FN) $ifA7% % 100 580 % 40 xl BNnL € 37°C 30
SRS YTz, ) ERIERET (PBS) THafk, FITC
BRI~ 7 A 1gG Pifk 200 fEAEHUE % 40 p] OGS &
720 U PBS TUEHHOBRBDEHAMEIC THBAL 72,

TagMan & PCR

R T B EHA S & W E RIS T AR EG
L. —80°C ¥ BREE 12 PR F7 L 720 % D2 RNeasy kit
(Qiagen) %#JH\>T RNA Zfiili L. Yeast (RNA &H
RNase free 2584 7K1 T 10 ng/ e WZEAHTL 726

—J5 . primer/probe [Z DWW TIZLLFO b D2 L
2o CTGF forward primer: 5-TGTGTGACGAGC
CCAAGGA-3 CTGF reverse primer : 5- GGACCAGGC
AGTTGGCTCTA-3 CTGF TagMan
[6FAM]CTTACCGACTGGAAGACACGTTTGGCC-
¥

EN forward primer : 5-TTGAGGAGCATGGTTTT
AGGAGA-3 FN reverse primer: 5-TGGCCTATG
CCTTACGGG-3¥ FN TagMan probe: 5-[6FAM]
CACCGCCCACAAGGGCCA[TAMRA]-3

50 w1 O RGP IC RNA > 7113 10ng & 9.
forward & reverse primer %% 0.3 mmol/L & 0.9
mmmol/l THEE L1z, KIEE 7 77 A F$LD One step

tissue

probe : 5'-

2

Boats BSE

RT-PCR Master Mix Reagent kit 2T 1 A7 v 7
TITolze Mg stage 1: 48°C 3043, stage?2:
95°C 1043 stage3: 95°C 15Fp & 60°C 1 3% 1 YA 7
NWELTEH 60V A Z VKIS TRT & Lz,

& xR

HETERHR

Fig. 2 ICHEIEIR ORGSR 2R3 fiﬁifﬂ%%“ 7 LU CIH
FN RSN 2 & L3RR S ., RFB i3 LLC-
PKIIZ &> TERICERA LY A TAU% LN
HHL 72,

HE $81C & 3B E%TES

Fig. 3 1% 14 HEEZ K X 720 L T RFBESEE L 728K
V=) VEESR HERE LR TH S, mT & 518

x 107 cells

1 2 3 4 5 6 2 3 B 10

day

Fig.2 Proliferative curve of LLC-PK1 cultured in RFB

X 400

Diameter 2001 m
Pore size 50 m

X 800

Fig.3 H.E. stain of LLC-PKI cultured in RFB using a microcarrier
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Fig.4 A. Immunofluorescence detection of CTGF on LLC-PK1 cultured in RFB under various conditions.
B. Immunofluorescence detection of FN on LLC-PK1 cultured in RFB under various conditions.
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Fig.5 Quantification of mRNA expression of CTGF and FN in LLC-PK 1 by Tagman real time PCR under several conditions.
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In vitro analytic model of diabetes mellitus glomerulonephropathy
using a bioartificial column
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Kentaro KUZUOKA, Shinichiro TAIRA, Osamu KONNNO
Isao AKASHI, Yuhki NAKAMURA, Kohichirou HAMA
Hitoshi IWAMOTO, Tatsuto ASHIZAWA, Naoto MATSUNO
Takeshi NAGAO

Fifth Department of Surgery, Tokyo Medical University

Abstract

We established an in vitro analytic model for diabetes mellitus glomerulonephropathy (DMGN) using a radial flow
bioreactor (RFB). The RFB, which is a carrier-filled type bioreactor, was used for 3-dimensional perfusion culture of
LLC-PK1, which is porcine proximal renal tubular cell line. We succeeded in culturing LLC-PK1 in the RFB for 14 days.
Immunofluorescence assay demonstrated enhancement of staining for not only FN (fibronectin) but also CTGF (connective
tissue growth factor), which is extracellular matrix (ECM), under conditions of high glucose levels and low oxygenation, but
enhancement was not attained under conditions of high glucose level alone. These results suggested that the presence of both
high glucose levels and low oxygenation are important environmental of conditions in the development of DMGN.

{Key words> Redial Flow Bioreactor, CTGF, FN
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