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ABSTRACT

We compared the effects of two different systems of collagen matrix protein application on the survi-
val and the biological functions of cultured primary hepatocytes. The rat liver primary hepatocytes
were grown for approximately 40 days in vitro either on single collagen gel or between collagen sand-
wich gels. The morphological changes were observed for this culture period. While the hepatocytes
grown on single gel began to die around at 7 days of culture, the cells grown between collagen gels still
maintained their viability and began to die after 15 days. As markers for liver hepatic functions, we de-
termined the biochemical activities of hepatocytes such as the secretions of albumin, fibronectin, fibrino-
gen, urea, and the reduction of secreted ammonia. We found that the rat hepatocytes cultured between
collagen gels maintained fairly good biochemical functions than the hepatocytes cultured on single gel
did. Therefore, the application of an extracellular matrix protein, collagen, in sandwich form was con-
firmed as a better choice for maintaining the functional hepatocytes culture for long term in vitro.
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At FAALY o] 87|E, XY AMATE F7)
71 71, 283 A9 dF THRZ7| Ax 2 o]
Alg QT N Fofl g AT Feide]
AET 53] A2 wikAdTE B Zhas 3
Aol H47bsd Ve e SRR B AWt
FREHT Ak(2). o]HT A=g g@e &
vitrool| A ZHAE vk AEFFH diabse #4
FEH9 FAFY FT Fo gtz & &
t}. In vitroo| A ZFAZ] dxjufokA] odubz el
) wljeok 7)<l polystyrene dishe}| 4= monolayer
2 H4skA) ool ofzl 7pl dhabr)sol 2~3
2 FA43 Zagd. gl 7429 monolayer
HAE YA plastic dish FHe|| rat tail colla-
gen, floating collagen gelg #7}8AY nylon
mesh$lsll collagen gel& &3t wbEo] o]&
Ha Sloh(3, 4). oj23 uES XY AEF
& o8 FAAA FAe Fiid, T2 XY &
A 24, Al 3k 7)a oA 9 UE AR §
A7t o] &= A5, 6). 7R 7HA
Z2] A7) wieks Ad ohekd wWyEe] o]4EHx
et 2 o2 F %9 collagen Apole] 7P ZE
sandwich e 2 wfoksl= vy, xR 4 L3t
ZHAA L9 co-culturedls BlY, complex extra
cellular matrixt} 328 5o MRz AIzte] H
7}, dimethyl sulfoxide(DMSQ) 5& o|43}= u}
Yol EEHATH(7-10). ol WHEFT AE}
A E2] 7jA (extracellular matrix, ECM)7}+9] Ab
Zabgo] o8] 7k MESAH FAlo A 37
Agg dhs Ao v e, AEzYr|Ae] 7H4)
Zo Az YA AEF =-sH, A +
3} Ao Fojgitl= BT e} AT e7|AE of
B3ko] ZHAZ O A7) kol i A7} o] Fox]
I QH(8, 11). &3] F 29 collagen Ale]o] 7F
AEZFE sandwich e wjoksle A9 M E7}
in vivo Arele} f-AFSHAl actin filaments7F 34,
FA e e dEujeke] A$E= wHArEq
stress fiber7} FA =] AAHoZ Aze7|A9] 3
A4 wid F27F HAE wfokel Adst dkg
o]A 4 dgo] BaEe] ck(8). olgh HHstE
fatste 7)Eto 2= cytoskeletal  filaments7}
liver-specific gene?] AALE sl Az S &y
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A E. (hepatic parenchymal cells)
o 22 % Wplee BYa BAZY Lya)
(albumin), Zo]e 24 El (fibronectin), FxgxA
(fibronogen) &9 A4ts} Eu|7)% 282 2.4 A
s R Yol AAT 5% EAs T )
+ H3E 2AE  ode Az EAYE 4
szt stgon o]F VMo E TR I F4 o
w3to] = Az ¥4 9 o ZF4u)Es
937] Y AFE FszA At ol SldA
HA AT He HAEY AR Fa3k dgke
u] X & extracelluar matrix protein® g uH8jz Z
A& T wiokg-7|o A dAbujok(primary cell
culture) & A7t FxstHA ZHAZ 2] 7)Fd] o
g wzkg BAskdd). 53] A9 HAEE T 39
hydrated collagen matrix $|el|4] wjeksle 92
wfoF(single gel) %9 ZHEZE F F9 hy
drated collagen matrix A}o]o] sandwich e &
ifeFats B3 wioky (sandwich gel)oll <& A4
Al 743t vikd 3A1F FZA ZH 2} ARt
3t A4S ATse ASE vl £A45e] A E
o AEFY 77 £ 7159 fA oS 51&3
ol wief AlaEle] gl 9fgk 7pikg vwlElstual
stalch. 2 A} in vitrool A dxjeleke 7 H 2
AL W& o2l 74 A} 715o] & uljok
e MR Ao B wlokd e AR AsRdg
Hs &40 R A7 fA5Es AL FEsA).
9 Z2AE 7R B dFHeAde Ezujokye
2 A EE A ddlo] s AjRo] el
o] F=E o] THAEL FAlol} E3}oll fgkg ulX
£ AE $2)3}7) 98} Liang3}t Pardee Soi o))
23 % differential display method(DD-PCR)4
< FHIAA(12). o] 7|EE o|83ly A 25
FHoz fx8 A #dd mRNAE £:lstz
Al QIAFE EEg A3 | EBoldql HEd
o2 2 Bo]d fHAAEHA FodtA &
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|7 )% rat asialoglycoprotein receptor(13)3}
4T Ao AZE A7 HI(EE 24
)& B3t EAF el

A A5 9 by

|2} Alo}

YA L dapulek(primary cell culture)& $7
MR 2= 10% fetal bovine serum(FBS)e} £
dulbecco’s modified eagle medium(DMEM)d]
glucagon(10 ng/mL), insulin(10  pg/mL),
hydrocortisone(107"M)-& #7}5ted Al4-3513ich.

#FF ol (perfusion buffer)& 154 mM sodium
chloride, 5.6 mM potassium chloride, 5.5 mM glu-
cose, 25 mM sodium bicarbonate, 20 mM N-(2-
hydroxyethyl) piperazine -N° -2- ethanesulfonic
acid(HEPES), pH 7.4& =+Eo] A2-3141 1, hanks’
balanced salt solution(1X HBSS)& 138 mM so-
dium chloride, 5.4 mM potassium chloride, 0.33
mM sodium phosphate, 0.33 mM potassium phos-
phate, 0.8 mM magnesium sulfate, 5.6 mM glu-
cose, pH 7.4 9HEo] AH&3}4iT).

UM EY 22

DAZEE ZFA 200~250gY Sprague-Dawley
7] 7bell4] Seglen(14)3} Aiken 5(15)9) E2tdl
B Zr g o|4she perfusion whel ojsi4 &
&eth(16). #= pentobarbital(5 mg/100g body
weight)  u}# A7) & EA 9| cannulag AF3h
o] 1 mM ethylenediaminetetraacetic acid(EDTA)
Z 383 AHA 200 mLE 25 mL/ming] £ 8
BaA AL, BFHAL silicone tubings E3sHH A
90% CO,8+ 10% 0,2 =3 (equilibration) 4] 7] 2,
Zeb87)oA] 37CE REE 3& 5 7o Z Fof7t
A sk, BHAE 25 £3417 & 5 mM calel-
um chloride® #%3 0.05% Z2Hd Eshas
(Sigma Collagenase Type IV) 200 mL& Az}
E4A7c). ol ko] $Eo] 227 AHFE A
& FaAg 4 9ot FHF(Perfusion) 7} Evtd 7+
o il o] ice-cold perfusion bufferd] o A ZE
22jg £ & o4 (nylon mesh)el] oJz}3tod 4
zgde molr}, o] A ELHE table top centri-
fuge(Beckman GS-6R, US.A)elA 50xg2 5
271 gAREste] HZES FFEdch AEES
12.5 mLe #FAe] AHFF4]21 £ percoll 10.8
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mL= 1.2 mLe] HBSS(10X) $<-& 43& percoll
Lo Yol HELAE 9of 500xgE 5T YAE
2j3lo} F2)® MM EES 343t DMEM iz 2
5 o A &S ATH(17). Al -3 A X trypan blue
2 Jaste] AE AZTE A

ZME st W el 24

AZE 10% FBS¢ 32F(insulin 10 pg/mL,
glucagon 10 ng/mL, hydrocortisone 107'M)e]
71l DMEMeR o] 848t 60X 15 mm F2}Al
A wjoF £-7)(gel dish; Nunc, 2lcm?) o] HES%
7t 2x10° mLo] A Eehodch 2oHA 4e £
2 4 24(10X DMEM, pH 7.4¢ 1.11 mg/
mlL 52 @E Fehd £9S 1192 oA A
2) 1 mLE 60-mm AZ wick Hrld] n2A A
5 37TAlA 17 o3& uhx|sle] A3} (gela-
tion)7} doj}=E=E d9dct(single gel). Sandwich
systemdl B2 ok single gelg 37C9 5%
CO, Fe Wkl 4 S5E Wt 5 A A
29 1 mLg AZslel § Brjsteick. old =
wjofoll & vzl FHA FebAl Ag ZAIAFA w)
kA AAol & FHa 37TCeA 3087 A5k
A F A vlekl s Arbsiglch. AT w1t T
o} 7+A|Z o] ¥HefA el W3}E inverted phase pho-
tomicroscope(Leitz, Germany)& #&s}gich. =
& ol5Eae AT Ased 3 wden $ag
A o] F AR A E FEte] £4 A7hA|
4°Co BHE F ARg-Esc)

uHol 5t £

ZHAZY Fad A7 shtal oA &
) 759 AE2A vkl Yo ¥Rl &
A5 oot S AHE wix AEd
£ejgh #of ¢Hal(Cappel 55952)3% ]9 o
o wis| #Zg goat-anti-mouse-lgG #A
(Cappel 55727)& o]&3}lo] enzyme-linked Im-
munosorbent assays(ELISA) sbe 2 EA& 4
th(16). ¥Rl FAE 1 pg/mLe FEE coating
buffere] 348 <t} 96-well plate(NUNC-
Immuno Plate, Maxisorp, Newbury Park, CA)
9] gk welled 100p14 o] 4CollA 16~18A)17%F
ol ukg-A1A plates] ZAE F2A12 £ 0.5%(v/
v) Tween 20& 53 PBST(Phosphate buff-
ered saline plus 0.5% Tween)2 3¥ A A&},
Blocking &89] 3% 7}# al(casein)-& Z+ wellol
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100 p14 o} 302 <k w5271 PBSTZ 34
ARsech. SHWZT O WAsh PBSE A3t
Hool, pyrizrozs 22RU A3 L
S 27t 0.03 pg/ml~2 pg/mle] =42 A3}
AL st DAS Wepds PES gofos
18002 3AMEke wellol] 100 pl® Hlete] 14
4 5 W49 the o PBSTS Asstsit
o}7]e] x| otHwule] o3t peroxidase-conjugated
sheep IgG 100 pl& 1 A7+ Eb Az} wkeA]7] &
PBSTZ Al &3dt2 0.4 mg/mL o-phenylenediamine
3} 0.012%(v/v) hydrogen peroxideE 83 cit-
rate buffer(25 mM citrate, 50 mM phosphate, pH
5005 ol Aeold 1035 HaA 7S, o 3
<29 2.5 N sulfuric acidE 100 gL o] vk
€ AAA)F] )2 ELISA reader(Titertek Multi-
skan MCC/340, Labsystems, Finland)& A}&-3}
o} 492nmelld FHEE A A. A9 FE
z+zhe] ELISA platedl}4 & standard curve
ol4}o) ZAsHslch.
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To|= 2UEln} TEale SEAY

Holrzuels Auslede] S5 24 99
&#2l ELISA 493} 548 whyo 8 24319
t}. so]nFdEe v ZXHO rat fibronectin
(Chemicon, FC0Q17), goat- anti-rat fibronectin
antibody9} anti fibronectin sheep IgG-HRP con-
jugate(Biogenesis) 52 AR dgor, muax
Ao =x =X pat flbrmogen(Slgma F6755)&
ghdo g, ?{}%l],_ goat-anti-rat fibrinogen(Cappel
# 55731), Z8]1 goat-anti-rat fibrinogen-HRP
conjugate(Nordic Immunology, 4572) 5& AH&-
sto] xshoint.

oot otgL|of sSTEX
BH‘*EI ZHAZANM ALY S =E5HE
st 2484 $HFY Rl REisx %
Astich 48417 2HAC R wjA] A A w
A odo} THAZY Wik ATbe] 2 24
w9} rRujole] FE WSS SAssch
g2 (Urea) 529 24L& olba|okol 4 Fq&
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Fig. 1. Inverted phase photomicrographs of the cultures of hepatic parenchymal celis(PC) isolated from
rat liver. Panel A. Single gel (a~d): 1 days (a); 3 days (b); 7 days (c); 10 days (d) after seeding. Panel
B. Sandwich gel (a~f):2 days (a); 10 days (b); 15 days (c); 23 days (d); 27 days (e); 30 days (f) after
seeding. Type I (mononuclear) (open arrow) and type II (binuclear) PC (arrowhead) isolated by
percoll gradient centrifugation were identified. Original Magnification 320X.

assay kits(urease- indophenol method) & &%
Sty 7 AZEE AT 0.02mL e wjopol
2.0mL2] urease 4(0.68 U/mL)ol| 41 &
sho] 37C A4 BEE WHAIT Fol HA|HO.
% NaOCD)E& 2.0 mL# o t}A] 37Col4 10&
Eok wke A7) 1AL ool wiAE HjEFo R
A4 560 nmell A SHEE Sshotch, ol e
Z2AHe ol 45}y ofef Aol thslste] AAbE 2
& Ashic.
S2Ar(mg/mL) = (FAAFFE/EE4F
) x TN F A% (30 mg/mL)

T o alo &
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o

Ao} 5 o}AbA| ool 4] 318} assay kits
(Indophenol method) & o]-&3te] &Aslgict. 7
AZPEE ol wlz] | mLel| AlghdAjeR(e 2wl
EE) 4.0 mLE A& 3 daldeste] 4 45
2.0 mLol| v 2]ek A(phenol 40 g/L)+ 2.0 mL
ulal2)ek B(NaOH 35.6 g/L)+= 1.0 mL, 28 A2k
C(10% NaOCl 30 ml/L)E 2.0 mL& dojA 37
Coll A 20% FoF Wh-3-A17) o} 630 nmel| A4 wieF

& Yz2Fo s 3t FHEE SAHsch SA
EAE s ofl Al “H°J3}°4 gzZo}l FEE
A Akshoich.
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type 119 AAAHZE(parenchymal cell)Se] #3
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bl 3—315]% Ao 2 oA QIoh(7). Fig. 19 A
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Fig. 2. Albumin secretion rate of rat hepatocytes
grown in the two culture systems. Closed
circles represent data obtained for the
sandwich culture and open circles repre-
sent data obtained for the single gel cul-
ture. Albumin secretion rate was higher
for the sandwich system compared to the
one for single gel culture until the end of
40 days culture period.
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Fig. 3. Fibronectin secretion rate of rat hepatocy-
tes. Closed circles represent data obtained
for the sandwich culture and open circles
represent data obtained for the single gel
culture. Fibronectin secretion rate was sig-
nificantly higher for the sandwich system
compared to the one for single gel culture
until the 30 days culture period.
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Fig. 4. Fibrinogen secretion rate of rat hepatocy-
tes. Closed circles represent data obtained
for the sandwich culture and open circles
represent data obtained for the single gel
culture. Fibrinogen secretion rate was sig-
nificantly higher for the sandwich system
compared to the one for single gel culture
between 14 days and 24 days culture peri-
od.
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Fig. 5. Urea secretion rate determined from col-
lected culture medium by enzymatic assay.
Closed circles represent data obtained for
the sandwich culture and open circles rep-
resent data obtained for the single gel cul-
ture. Urea secretion rate was significantly
higher for the sandwich system compared
to the one for single gel culture until the
30 days culture period.

A3 AEHA odstedt 2 F ge oko] A4ts]7]
AAs A 1904 Huelee] 3Esb HuAE
dehdlenl, 2 F opa] FAs ok Aie
Ach(Fig. 4). vbwde] h3ufjoko = A wjok7|7bel
AA FmeixAlo] e M| ooreh.

meha] RAZS] A 4 W Bl ool
sandwich ¥o] g&ujoks 243l AR} H4
o g AV FAET e & F U
t}. o] Aste 7FAZ7} in vive Aejell X E 3244
4 B0 o BRe) 02 el AEss
ECMol| oja) S&) &l Arefs} 8|28 A% 1 7]
ol o A2 §Xd & U&E AR

S |z

Q4 MasT ke Lol MHs AN

7.}412% BshE, A4, ofu|xil 5o tjile|
AyHoz Bojas) HAZE SolHel mid o
FEUol} 242 BBIE 24 Hol2o] o]
Fig. 5ol 2.0 uls} 2o] 27] 1592
SaANRe S wek Aol B o
o2 7FAdHAE Bk ojle T oufok A|xE
AF BF A E7}L i vitrool A2} wljekol] &3]
dwl, go|lp2 ey suaeA &
ke 75 ulAe SR 24
ABeel m|Als ol o 2 g AAlEle e
5l ool A
st

2 &
1P
e
n

Hi o2 torr fo o> fo
N
N
N,
fn
[o3
-0,
(o]
0,

=
OO
i
r\l
2
I
(e}
ko
>
o=
ox ©
ofr
rlo
o}l
a4
o,
-3



460

.8

¢X-2 2

0.4

(ug/mi/day)

021

Ammonia Secretion Rate

0.0
0

0 20 30 w0
Days in Culture

Fig. 6. Ammonia concentration determined from
collected culture medium by enzymatic
assay. Closed circles represent data ob-
tained for the sandwich culture and open
circles represent data obtained for the sin-
gle gel culture. Ammonia secretion rate
was significantly lower for the sandwich
system compared to the one for single gel
culture until the 18 days culture period.
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