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HRVFEFTIVPCKT v b5 OFAIEE e
Mg B b NI FOEYFERERE ORET
— AT B & OV B R R (R TSR LT —

R KRR LRI A7 A B G e
(IR, @ HEE )
(EFE  Arif%e #0)
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B U UFIEFRBEOL 5N, SEIROREIRIE 2 M E T 5 G R EEER Th b, REROH - LET
VEE L TEHEHERT (polycystic kidney, PCK) 7 v MASRAH &7z, KRIFZETIE, PCKT v MIFAINRS 1 il % Bk
L TRE R 21T, RHfao e et Lz, PCKS v F O & BMIRINICT 5 4+ — Yok L, ITEER
FRICHBONZBEERDPSFRARMER 5L, A IWMas5—4 220 LB, %L 2 ONFNIREHEN 5
T bE Y= MR A IR LR TR S, KA E DT — 42 S0 SRR L TSR L, [
ROBADGWIFNLE LM BHEL 2. PCKS v MERITFRIBY LEMIIZ, I5—% > %L LCHEOMILE % T
L, TOBHERIIBEFEAORIANALN, SO RELEMRAOKEN L —H—THoH 4 M rI7F L 78L
y—INFINETARTFY—CORENFASLN, BFLZMRE LToOBE 2 GHEL TV, &8, wdiHe LTHYE:
Sprague-Dawley %7 v b (Crj:CD) @il & MFANE Rz flla 4 MBI Wl LA, 35 —4 %0 LI2BIFAPCKT
v MR LRI o RN R 23T D, CrCD T v P DTTERBICHRTHIC, PCKTF v » T FAIEAY LR
M ORIFREATUHEL T2, DNATA 207 LA #HOTPCK T v b EFAEIF IR LI 354F 2 SHET- O 58 4
Crj:CD 7 » P EJLB Lok, LR BEEF (epidermal growth factor) 2B 2 MUIBHAGH & & b % {23 A MEKS
(mitogen-activated protein/extracellular signal-regulated protein kinase kinase 5) @ mRNA 7 & TSI SN % #0005 2 T E 2
PR F (transforming growth factor, TGF)- 3 335 X U'TGE- 2 I IS5 D mRNADRBBILEATA S N7z, LU0, 5,
PCK 7 v M T, BEF L~ TOMBBERERE QAN HED < FFRIRE LR o S8 Bl 283 PSR o 58 4 12 1
HLTwa EEZ LN

Key words PCKrat, biliary epithelial cells, culture, DNA microarray, signal transduction

v rOBEER, HICHIBEESCFNESER I, ESK
(ductal plate) EMEENZ 2 Y v MEGKEEEHT 2 ZEEO -
EHEFELVEETIEELZON TV A, FHRMEEE
(fibrocystic disease of the liver) 1ZNE% bz dIfa 3 & UVrdsfs 4o
MO BRI % B L T 2HEEBT, BEK (ductal plate) ©
FERVET) X TORFIIENVETELEL SN TENID,
fA% 257 (ductal plate malformation) & b EEERTVWED, =0
IFRAEERECBTA2RENDERL LT, FFRESE 0L 5,
GHIROBRIBEA BB ET 2100 H, &5 MRS S
B OBFEE M LT 2 KM #E (congenital
hepatic fibrosis, CHF) 75 ) ¥, Zh 5138 gt kit 48 {E
EXzRd. 74, A0 0HHL VI CHF Tld = 2B
FREELEEEESEEBERAE (autosomal recessive
polycystic kidney disease) # & 5.

ST, b MEEOFHRETMHTAIIHY, #AEFVE

TR 144 1 152, FRi144E3 A 5 HSH

WEHGCIZERPLBONAHERIIEHTH L. FEMERE
THRBT ABM L L CCETBL/6J-cpk/+ 7 7 ATe &, W{oh
OFEDH AV, TSI SR BN ORI ICFIRE
N, FREOCRES L OBIEEME V20, e
FUEE LTIEAVLER TV AL, Sk, e, o
IR CHF & v o - FFUHESE N RE % 53 09 12 BB 2884
ETNVE A BV, RS ITIEESREOR IR IZowT
RIEFRHLEHPEHEINT NS,

Bilt, HARF ¥ =R - )= EET 5 Sprague-Dawley
FIv b CrifCDF v F) a0 =0 ERETERB LY
FEARRE DL MIRE R TERERIY (it iyl
ZxRT) AARM &N, Katsuyama & W2 L ) S RUBRE
{polycystic kidney, PCK) 7 v » &F5 L THE S 172, Sanzen
L5PIPCK T v F ORI 2 FIALERSM SiEL, A7
2B 2 FRBEEOERIES %Y, SEHROERIET, L

Abbreviations : BECs, biliary epithelial cells; Cdk, cyclin-dependent protein kinase; CHF, congenital hepatic
fibrosis; CK7, Cytokeratin 7; EGF, epidermal growth factor; ERK, extracellular signal-regulated protein kinase; GGT,
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b EEARIET 4 MR LR 25— > r b e ALz 12
R4 7T 7L — MIBEL @X10°E/ 7 =), BEERT
37°C, SUMIEHT ADE&MTIZTI ARG L. BERTHR
? LIRS 10 % FR R R V= ) S CHIG) = ARTHIE %
a5—F AN EEELR. H2ERE R E LRI HEO
W Las—2rr e o VLS, HEBAAE
IV TH 3mm B EMHRIC LT, & 51210 % P ik
RN P T—BMEELE. Mo T 7 ¢ 2 AMET
v, REREZEM L, HEEREBIUT LI T Y F (pH2.5)
Pt 5970 THIELT .
If. PCKS v hiEsATAIRE £ AR O REMRIIEFER
B
PCKT v FBLUNERT v b O¥EEFARIBE LR
T, LFIRT RSN SEMHET 21To 7o, —kiifke LT,
4 b5 F 7 (CK?) $ifk (DAKO, Glostrup, Denmark),
fly -7y INVFTrARTFF—+E (y-glutamyl
transpeptidase, GGT) #ifk (2 AE /34 4, WE) BL Y
A 2 F CHE (DAKO) = Rv7s (3R1).

y -glutamyl transpeptidase; HBSS(-), Hank’s balanced salt solution without Ca and Mg; MAP, mitogen-activated
protein; MEK, MAP/ERK kinase; PCK, polycystic kidney; TGF, transforming growth factor
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Table 1. Antibodies used in this study

Type of Optimal

Antibodies used Clone Source antibodies dilution
Primary antibodies against

Cytokeratin 7 OV-TL 12/30 DAKO Monoclonal 1: 100

y -glutamyl transpeptidase 5B9 Cosmo-Bio Monoclonal 1: 50

Vimentin V9 DAKO Monoclonal 1: 50
Secondary antibody against

Mouse IgG Serotec Polyclonal Neat

BEKIITT -2 a— MERECLERAREL M
, aF~-Fra— EHINRN-HFTA (FEX-7TF1},
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Fig. 1. Primary culture of hiliary epithelial cells (BECs) of the
intrahepatic large bile duct derived from a PCK rat at 2 days.
(A) BECs (arrows) are spreading from the explant (e) with
epithelial cell sheet appearance on collagen gel. (Phase
contrast microscope, bar =250 zm). (B) BECs form
epithelial cell sheet (arrows), though the stromal cells
(arrowheads) are proliferating radially from the explant (e).
The spreading speed of the BECs is faster and wider than that
of the stromal cells. Thus, the isolation of epithelial cell sheet
is available for subculturing. (Phase contrast microscope,
bar =125 pm).
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Fig. 2. Biliary epithelial cells (BECs) derived from a PCK rat
cultured on collagen gel for 3 days. The cultured epithelial
layer is monolayer and the BECs are low columnar. The oval
or flattened nuclei in the BECs are mainly situated at basal
side on the collagen gel (C). (HE stain). Insert: The apical
surface of the cultured epithelial layer is positive for acid
glycoprotein. (arrows, Alcian blue pH2.5 stain). Bar = 20 pm.
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Fig.3. Confocal immunocytochemistry of cultured biliary
epithelial cells (BECs) derived from a PCK rat. BECs react
with antibodies against cytokeratin 7 (A) and y -glutamyl
transpeptidase (B), but no staining is detected for vimentin
(©). Bar=10 xym.
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Fig. 4. Growth curves of biliary epithelial cells (BECs) derived
from a control rat (O) and from a PCK rat (@). BECs were
plated on collagen gels at 4 X 10° cells/35 mm dish. Cells
were harvested at 24, 48, 72, 96, and 144 hrs and counted using
a hemacytometer. Results shown represent the average of
three dishes for each time point, and the growth rate of
cultured BECs derived from a PCK rat is higher than that from
a control rat.
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Table 2. Comparison of the doubling time and the plating

efficiency between biliary epithelial cells (BECs) derived Fig. 6. C'omparl‘so.n of §p0t Slz? of the g.enes 1nc1udfng
from a control rat and from a PCK rat cytosolic thymidine kinase, mitogen-activated protein/
extracellular signalregulated protein kinase kinase (MEK) 5,
Doubling time Plating efficiency transforming growth factor (TGF)- 3 3, TGF- 2 receptor type [,
Origin (hr) (%) and junD on DNA microarray analysis between biliary
epithelial cells derived from a control rat and from a PCK rat.
Control rat 77 52
PCK rat 23 53

Doubling time was calculated from growth curve of BECs.
Plating efficiency was calculated from the number of cells at

24 hrs after seeding.
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Fig. 5. Scatter plot on DNA microarray analysis between biliary epithelial cells (BECs) derived from a control rat and from a PCK rat.
Solid line indicates y = x, where « is intensity of fluorescence in BECs derived from a control rat and y is that from a PCK rat.
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Table 3. The genes differentially over- or under-expressed in biliary epithelial cells derived from a PCK rat using DNA microarray analysis

GenBank Ratio of normal
Gene name Classification accession No. rat to PCK rat
Over-expressed genes encoding
Glycine transporter Symporter MB88595 12.03
ADP-ribosylation factor 2 Intracellular transducer L12381 5.36
Cationic amino acid transporter 3 Symporter ABO000113 5.19
Potassium channel RCK4, subunit ‘Voltage-gated ion channel X16002 4.39
Calcium channel 3 subunit-3 Voltage-gated ion channel M88751 4.05
Fibroblast growth factor 2 Growth factor M?22427 3.42
JunD Oncogene D26307 3.07
TGF- 23 Growth factor U03491 2.65
Inhibitor of DNA binding 1 Transcription activator D10862 2.65
Cytosolic thymidine kinase Nucleotide metabolism M22642 2.50
Synaptobrevin 2 Trafficking protein M24105 2.49
Tripeptidylpeptidase I Aminopeptidase U50194 2.30
MEKS5 Intracellular kinase network member U37462 2.20
TGF- 3 receptor type I Growth factor receptor L26110 2.19
Adipocyte fatty acid-binding protein Trafficking protein U75581 2.18
G protein, ¥ -5 subunit G protein M95780 2.12
ADP-ribosylation factor 3 Intracellular transducer L12382 2.06
Acetylcholine receptor ;3 -subunit Neurotransmitter receptor X74833 2.03
Under-expressed genes encoding
Calpactin I Complex lipid metabolism M19967 0.31
Plasma glutathione peroxidase precursor Enzyme involved in protein turnover D00680 0.40
Rab-11A G protein M75153 0.41

DFER, PCK7 v MERIFABEE LEHRICBWTHES v b
LD EHPTTEL TV A mRNAIX18FEHEA SN, PCKT v M/
T v PEOKREVIEIZ, 7)Y b AR—F —, ADP
VR NMERTF2, EEET7 I /EBEFNS X AR—-F5—3, NaF
¥ 74Nty PRCK4, CaF ¥ RNV R347 2=y b
RHESEMB R ERF (fibroblast growth factor, FGF) 2, JunD,
DNARAHERT 1, BEEHKRZERT (transforming growth
factor, TGF)-33, MiEEFI I3+ —-¥, ¥y+7+7
L¥r2, MIRTFFIVARTFY—EI, w4 ¥ x i
{bZH (mitogen-activated protein, MAP) /a4t 7+ L4l
774 &+ —+t (extracellular signal-regulated protein
kinase, ERK) %7 —+¥ (MAP/ERK kinase, MEK) 5, TGF-8
I BISEAR G, RFHEENHSEEEGED, GEHy ¥ 722y
F, ADPURYVMEEF3 LT EF LI ) VSR Ep
721y b&3I—- FTA5mRNATH -7z (%S, E5, 6). —7H,
PCKZ v MEEFMEE LEMRICBVCHET v b L) FRE
BEFG LTV B mRNAESFEHEA L, PCKS v M/ITBRT »
FEONEVIBIZANSZF 2, BRES VY FF+ o ~bt
F 2 ¥ UREEA%L 5 U Rab-11A% 2 — ¥+ 5 mRNATaH -
7= (#3).
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b e & BECEERETT RE 2 IO RRSE L Mifatk & i+ 2 2 L %
B9, ¥ 0> Katayanagi 5 W D J7E % F W TIFH RS Bk
Tam B, REREERAL. KEOMHFHIE, TBEH & NI
FAANEIEE S L N AR IR LTE 4 » 5 IRELE
M %E BT 5 2 SR L, 4 S QNS LIz Al & ME
Mlana 5 —4 2L LTORREE M2 FI1 L TREL
A O A E BT 2 2 AR HTH D, KIFETIEIO
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MAKERT AT EATERLPCKS v MEEEIFHBE LM
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MEBRELZ. £, MRMMEEEL B LR, PCK7 2
N REAERT AR LR AL T IS IR R O SE MR AT A b, HERERS
HHATELTVD Z EPFENT. RIBHMILE0912 PCKT
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v b FRIBE M, RS v MIFRIRE LML
CTHGEMED < — A —TH 5 Ki-67 2 BHEICHRBT 5 Z £ aF
WEENTVDEY, fEoT, REENBS L TEKRNTORE»
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(cyclin-dependent protein kinase, Cdk) #&#IZ L 5 HE A E
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— L ZAFMTLETCLHN®, TGR 3 KFUEDTF -2
ZZ1: JunD - FosB#¢> AP-1 (activated protein-1) #&%5HF-%°
FERLTWA I EFREESATVWE™, PCK7 v I TiX,
TUNEL (terminal deoxynucleotidyl transferase (TdT)-mediated
deoxyuridine triphosphate (dUTP) nick-end labeling) %% M\
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Abstract

Caroli’s disease is an autosomal recessive inherited disease characterized by multiple and segmental saccular dilatations of
the intrahepatic bile ducts. We have previously reported the polycystic kidney (PCK) rat, a novel animal model of Caroli’s
disease. In this study, the intrahepatic biliary epithelial cells (BECs) derived from a PCK rat were isolated and cultured, and
were characterized biologically. The fragments of intrahepatic large bile duct were cut from the biliary tree after collagenase
perfusion via the portal vein of the liver, and were cultured as explants on type I collagen gel. BECs spread from these
explants with epithelial cell sheet appearance. Areas of this sheet composed of intrahepatic BECs alone were cut and placed
on other collagen gels as subcultures. This allowed us to isolate intrahepatic BECs derived from a PCK rat without
mesenchymal cell contamination. Cultured BECs derived from a PCK rat maintained phenotype as BEC; they were composed
of a monolayer of epithelial cells and expressed acid glycoprotein on the apical cell surface on collagen gel, and expressed bile
duct epithelial specific markers including cytokeratin 7 and y -glutamyl transpeptidase. In the same manner, control BECs
derived from a Crj:CD rat were also isolated and cultured. BECs derived from a PCK rat displayed a shorter doubling time of
23 hours compared with that of 77 hours for BECs derived from a Crj:CD rat; proliferation activity of the former was higher
than that of the latter. On DNA microarray analysis, mRNA encoding mitogen activated protein/extracellular signal-regulated
protein kinase kinase (MEK) 5, which is one of the signal transducers related to epidermal growth factor (EGF)-induced cell
proliferation, was over-expressed in the BECs derived from a PCK rat. Simultaneously, mRNA encoding transforming
growth factor (TGF)- 3 3 and TGF- 3 receptor type I, which are related to cell growth inhibition, were also over-expressed in
these cells. From these results, the high proliferation activity of BECs based on the imbalance between expressions of cell
proliferation related genes and cell growth inhibition related genes might contribute to the multiple and segmental cystic
dilatation of the intrahepatic bile duct in the PCK rat.



