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SRAFESMRE L ANEHBE (EE ; THEGHER)

L H

OB

(FEF0 53 € 10 A 31 B

AR O—IE, 50 EEAELELARE (FBR52 4 10 B, ®R). % 10 BEFER
BE{Lsns (BS3ESA. BH), £ 11 DEEEESSE (BNBES A, R

THRRLIE.

R, SEREEORELBL ) KEH & ORARK
KoL TiRiho g ) REAS LS BEREY RE
B (low density lipoprotein, LDL) »s &R BE{L.D
BRECEELREL2H LTV ABENEHOMES T &
> THAshTELY., —F. Miller oAMFOH
H&EY #EB (high density lipoprotein, HDL) =
LRFo—NEEarzFo— -7t ORIICE
oMM Ach, HDLAMKRMIDIFADaLZFR
— LRI B L TV A ATRE A HEY L T Bk,
HDL ®HiBhRE/L/ER o oV TEbkS 2 & 2K
WERaht, Lh» L, HDL 04ERTORES &
CEOREMIC >V TRAELESE N,

HDL &% L Tt Radding 5MIFzx5 1 2%
HWt'C-leucine @ ) REE~NOEDIAH % & L
TWAMY, EE, [FEREEFRA L THDL 0 &%
BT a2HFENTELTHEVS AT WA Uk
L. FEREIERETIFEBORE—M, T1hb
bEFREMRIAD 7 -~~~ AlRE0RB,IIEE L L
D' xS KR L b DERIATIRE S R L A
TOEALKSD, K 135BMEEVEREE b
HDL X 3 7REHTH % Apo A-1 DAL 7 #
OBFEL XU OBERBLFERT 2 C3LENLE
Ao, T TEERERMIcb n BETRELE
BREFVELTHRES - FITHBOYRBEBERES
Bl . T OEERFEEEEERVCHDL iz o
Ehd7HEEH Apo Al DAY WTHRE L.

HEELUF®
. WEEHRESEES Lo HEEIK-> VT
(Fig.1)

24 BB R % @ Sprague-Dawley S » b (A&
250 ~ 300g) 2~ v p ¥ & — A (Nembutal
sodium, Abott Lab.) BB T IcBRIE L .FAlR & v 0.05
%37 4+ —+¥(Type II,Worthington Biochem.
Corp.)% & Krebs-Henseleit bicarbonate buffer
(KHB) TlF%##id 3 Berry & Friend oK%
HE U o O N TIF R 21T~ 0.
D KHB & 55 L 5% C0:/95 % 0: DREHN AT
fafn L, 37°C pHT7.4 i 3% L. Millipore filter

Isolation and Culture of
Aduit Rat Hepatocytes

Sprague- Dawley rats, mate, BW. 250-300 ¢

Live ; perfusia
min ousw Coll agenase
¥ tree Krebs-Henselert bic.
bﬂulnHH equilibra xmw 02 cozl

Cell Inoculation

25-3 %108
in 2.5ml of culture mecdia

Culture dishes (d160 mm)

Collagen (calf skin) coated

fmn CaCly 23 mM Culture at 31°C

under 5% CO 5~ 95 % Air

mince in cold culture medium Change culture media
hiltration { 90mesh sitk filter )

Cell suspension Change culture media
centrfugation, 400 rpm, 2 min 24he 13t day

discard supernate

' " Change culture media

resuspend cell pellet

24hr 2nd day

2%

Change culture media

Hepatocytes in culture medium 2he 3rd day

<ount cell number

Fig. 1. Isolation and culture of adult rat liver
parenchymal cells.

Synthesis of HDL; (or Apo A-I) by rat hepatocytes in primary monolayer culture.

Shiro Yamada, M. D. The Second Department of Internal Medicine (Director ;

Prof. R.

Takeda), School of Medicine, Kanazawa University.
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(pore size : 0.22um, Millipore Ltd.) THEE®ME L
RODEER L FERN0 %5 5+ - Hick
hfbLclF 25 » rIEER L DBH L, &K
HI/WOs/BAzeee (International Scientific Ind.)
THIEEEHL 90 £ » v 2 DB 7 4 VS — 1T
BL . KRR 400rpm 2 SHREEL, BRERY K
L, 40 ~70 nl 0 FEBHBROREREIES. O
BRI~ ) v T —THRE L, FERE
R MERICTHAT S, #2.5~3 x 10°Bo %
HHlaEEIb > T2 5 — 4 (Type IV, calf skin,
Sigma Chem. Co.) 23— 5 4 v 7 L7283 (&
#% 60mm, Falcon Co.) #FwvT ™ 2.5 nl o HI/
WOs/BAzooo 1, 37°C T&®IEL 7= 5 % CO./95 % air
OEMETICHERLEAT 5. K I E 4 RERRE.
woT 20 Bk, LI 24 BB ;L. s
DBERT X TEBNEZUET TR -7. UTOXR
RE 24 RStk o BE R AT MM % B O RERESEHY AR (ke
MIRRET 21T - 7.

2. EEERIFEEMOERN, £/ beiEgco

nT

1) BREERE

24, 48, B LU T2 KRB OFMIE I > LTk
PRSI TSR R T - . &5 4 %
glutar aldehyde, 1 % osmium tetraoxide iz T [&
. Karnovsky's lead hydroxide stEE L 7. 24
Refelth O BB AT MARE o0 MRS % H 37 HU-11B EF 8
WS TEIEL.

2) BRI L B T F AR

UBMEEROBBITHK % 10mM lactate
(lithium salt, Calbiochem, Co.), ImM pyruvate
(Sigma Chem. Co.) ¥ & 08 2.6uM glucagon (Lilly
Res. Lab.) 2&¢& KHB thT 37°C, 5 % C0:/95 % air
DEETIce v~ 4 v +a~x—%— (Bellco
Glass Inc.) AL T 2BMES v £ 2 ~x— p L, A
Uy sl E Ntz 4L 3 — 2 % hexokinase 8 &
U glucose-6-phosphate dehydrogenase (Boeh-
ringer Manheim Biochem.) % f\\ - BEREE I Tl
EBLRY. 0 HBERE LT ILh T VDB EL Y
Fa~N— b LHEEFRE» S 2Y a— 5 Y HMEOR
s nf 7 v o ERERMEL, COEEELIV
TEOWEWEREEE R L. B Lowry 505
Bk ERBL A HBAEALLOD SV -2
nM/mg cell protein (/hr) & LCEHEL 1.

3 ) dexamethasone (DXM) Iz & 2 tyrosine am-

inotransferase (TAT) 7E#mDRY
53 24 BRAAH 0 BB B T ARG 4 AL & ik T I

., BE 107°M DXM 0% % HI/WOs/BAsoge M
T 6 BRI 37°C, 5% C02/95 % air DKM Fic & L
#Bar @ TAT JE#:% Spencer & Gelharter & DK
ETHMEL, DXMELEHVESHTEEL N
ROIFiaM O TAT EHE B L. BB RE
¥k 37°C, 1 43F 2 Inmole © p-hydroxy-phenyl
pyruvate DA E ST 2BRE % ImU & L, f‘AE
HEmgdhith OBZREE L TEBLE.

4) ERBMET 3 / B, a-aminoisobutyric acid
(AIB) oimpafsisn%

HE 2 REROFMIC>\WT, a-(1 -"*C)-AIB
(New England Nuclear Corp.) #*H:&iEdicini ,
R I 24 BERIEMIMIAA O AIB BREFLARIE L,
REIFAIED 7 3/ B % Kletzen & 0HHE'c
BE-THELA. F1-DXMOTI /Bt RIET
HELWRET % 0 107°M DXM %5k dic inz 5
BRic AIB LA RIE LB & s L#- . = o AIB BEEL:

(AIB distribution ratio) ##H4 2=»oMElEN
water space (ZIER#ME T K » $#, 3-0-methyl '“C-
glucose (New England Nuclear Corp.) % KHB th
A HaPA © methylglucose MEAFREEICZL
fefEd 5, 2.455ul/mg cell protein & EHEx N1z

(Fig.2 )'®.

5) MEIFMMIC LB T LT VAR

24 etk o R EATII & b BB h s & R Sy ik X
NBETNT & UBEEREBICAELL. 18
BAKEER cycloheximide (Sigma Chem. Co.) %
EERPIIL, BEFERO T LT I v AR
ZREBERS L. 77 v ORIEIZIE Laurell ©
SERMREETKTE "o R BEERE L.
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Fig.2. The uptake of “C-methylglucose by
adult rat hepatocytes in culture for 24 hours.
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Lo be 7T vHKIES v be TAT T Y
(Fraction V. fatty acid free, Sigma Chem. Co.)
4mg %%/ ® Freund's complete adjuvant (Difco.
Lab.Inc.) & &b FREEN 1 BMBIc4~50
RETICLICLVBOh. LhL, Zofikidsh
BRI BEROERTHE2 o v e TLT IV ESLR
BT3Bz TFHyy - 77 s (Pentex Fraction
V, fatty acid free, Miles Lab. Inc.) & iBF# L9 3
CERLODBINBREL. Ty b-TA7 I vicxtd 24

ROGTE 2 FERRL 1.
3. HEEIFMMIcE 3 HDL: #7213 Apo Al 0 &
Rico>0WT
1) % » bi0# HDL: 538k (Figd ) B L UHS »
+ HDLs fudk o ERK,
24 KR % @ Sprague-Dawley 5 » b (#) @
BEERAEIR & DBRIML, 4°ClcTHELDEEL 22MFE I
KBr /0%, EEd=1.110 g/m ic HEL.
105,000 x g, 22 Bf1E.L L 72 L B0k tube slicer %
BWTTE%22HL, CoSEic KBr 2z, #F%
d=1.210 g/mlicHHFELL. &5 105.000 x g 44
BREELOZTY, EBTLUHLEEE 1.110 <d <
1.210 g/nl®> HDL; SE %58 L 1. T OSEFO 7
W7 I VvOREEBRSLDICHEE d = 1.210g/nl D
NaCl e KBriBic THBELEZEVE LKL, 4CTIKE
@K, £/13 3mM EDTA % & ¢ 0.154M NaCl
(PHT.5) KW L THERETV, 538 L5« + HDLs
% Freund’s complete adjuvant &BFfI(1 : 1 v/v)
LOB1EHDL: oEHRE L T 2mg R AEEAIK
BE5 L, ABRCOFMc R DFRLOBOLA S »
b HDL: R RIME %18/ .
2) #i5 » b HDL: M 04REIC> W T

RAT PLASMA

d=1.110 g/ml
105,000 x g
for 22 hours

[

TOP FRACTION
d¢1.110 g/ml

BOTTOM FRACTION

d=1.210 g/ml
105,000 x g
for 44 hours

I |

TOP FRACTION BOTTOM FRACTION
1.110 <d <1.210 g/ml d>1.210 g/ml

HDL3

Fig. 3. Isolation of high density lipoprotein (HDL,)

by ultracentrifugation.

®ohftis » + HDLs i (Anti-rat HDL:) 0%
BAEHEN® 2120, COFHDL MEE 5 5 Mg
LOBBELECTAMLULBELRE Y REQ (very
low density lipoprotein VLDL, d < 1.008 g/nl)
BLUELEY #EH (LDL,, 1.019 < d < 1.050g/
ml) % 1% agarose %\ T Ouchterlony o % i
BEck o L.

& 6iT, TOHS v b HDL: 7S HDLs % ¥kt
BLTFhO7TREQICNT 2 REEHEEMAET 2
MERR L., THbE, BELECIDESNES
v b HDLs & Scanu @ HEE iz, 24/ — e x
Fl -7V TELMAEL Apo HDL: 2181, o
Apo HDL; % Sephadex G-100 (Pharmacia Fine
Chem.Inc) A5 L e 02257 4 —(H344
4% :2.5%x90cm)ic&n, 8M urea 2% 0.01M
Tris buffer (pH8.0) THEH L., BHBEOEHES
280nm OWHETRIE L. B/ 4 — v 13 peak
L T&&0Mo3 EERKL, & peak XD %
Alaupovic 5 DHFE Nt T M urea 2 &4 T
% polyacrylamide gel electrophoresis (PAGE) iz
THEEL - (Figd ). %&b polyacrylamide gel %
W 2DEL, 7Ho— 2 o F¥LITHEDAL, Iy
b HDL; [/ & i ic L D RISS &, WEho
7 # EEKEE I RS s h s hBHEL
7.

3) 5 v MEEEIFMMIC X 3 HDL: %7212 Apo A-
Io&KIz>wT

HEARBRON AL FERETEREL, 20
BTN D ST T 20 BRI A 651) , 7 D EKIRICH

LN

05

04

ABSORBANCE
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2 2 2
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Fig. 4. Gel filtration of totally delipidized rat HDL,
(Apo HDL,) on column of Sephadex G-100. The
insert shows polyacrylamidegel electrophoretic
patterns of Apo HDL, (the left), peak I, II and
.
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WTLUTORFEITE » 1. HEEKAED 2000 x g
T 15 afEOL. EEL RS gEL, LEE
ultrafiltration (Amicon PM10, Amicon Co.) T#
10f5IcBREL /. C OBl AR Wt H HDL: In
BLOGERILE 1% 7 #o— 2% Mk GfiEE
B R ESKEIE TR L.

£ 7— N LIciEEk L HDL: 4 (1.110 < d
< 1.210 g/ml) % BHROBELEEICTSHEEL , Scanu
OFETE2EE L7 Apo HDL: % 8M urea 2 A W
279%PAGE icTHT L 12,

2 &

1. EERBACOWT

1) s O RS RESMIc > W

B 24 BB ORI BE D A - Al DS E v iz
gL UHREERRL (Figs). £ oMb i
EEFEGEOM SIEEL 2 & V- o ENEF
FEHETHRICEES A, EMAEROY ra v K
V7, TAVER, HEE L CEENGE, S Sl
MgZEHMEaoMBBEEL L CHERBEshTVL i
(Figh). ETHEMET cHBESn s — v~k
LM O 1 BT TH - 1. 72 48, T2 BR% DK
EMFIDTEES 24 BRI OMBIE B L 5 21 &<
HREshTw,

2) 7SRO WT (FigT)

EEUBEHOIFEBO 7 VAT VEETTO
10mM lactate & ImM pyruvate 5 @ 4 b a — 2
it 384nmoles/mg cell protein/hr T& - fz. L
HBL., CORBZET ToOREMIEIBRES 3
A, 2 vy shictiE i s v a— 20—k
TV a-Fraicl 230280 EELI 5N, T
DEBER D INA T EDH L v 2=} L

Fig.5. Light microscopic photograph of adult rat
hepatocytes in primary monolayer culture 24
hours postinoculation (x 200).

il B s hi- s v o - 2BEHIEL, £
Nva—- B ZF|XEOBFERETEHRLL. Ch
& 0 24 BEREEEEAFARES © pyruvate, lactate » 5 &
Lo — Z¥i4EREI: 179.5 nmoles/mg cell protein/hr
TH-7c. UL, B 48 BM%OFM T3 B

Fig. 6. Electron micrograph of cultured rat hepa-
tocytes 24 hours postinoculation (x 31250).

Day 1 Day 2

900

=

800F
700F
600
500¢

¥

400
300
200¢
100§

l

T

Glucose Production
nmoles/mg Cell Protein

Hours Hours

Fig. 7. Gluconeogenesis by rat liver parenchymal
cells in culture for 24 and 48 hours. Cultured
hepatocytes were incubated in Krebs Henseleit
bicarbonate buffer (pH 7.4) containing 2,6 M
gluicagon with (@——@) or without 10mM
lactate and 1mM pyruvate (O------ o).
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HERBLEDLONEL T,

3) DXMic &3 TAT HFEic>wT (Figd)

B A RS O IT MR (BEEE 1 R) £ 10°M
DXM % NA - BBKhT, & 56 BREEEE R
R BEA O TATEEERAELL. DXMIZ &2
TAT %# 3 43.8mU/mg cell protein TH b, ¥R
LT 4 EoRREEsEb S hic. o TAT
RO L~ IEE ) BE (5 48 k) oRikaic
BLTbHEEATV AN, B3 HEOEEHETYE
=1, OHBD TATHEL~Lo#H30 %icE TET
L. LirL.cODXMic &3 BEORS IHEEES
AEOFEEIcBVWT b BEEs N .

4) “C-AIB o HifafE#XIc > W T

BRI O SIAEAE % 7 § / BOBBEE £ 18
fEE L TRE L & B 4 R o T VW IR
Rt 7 /B AIB OMIBaR~DIRDIAS, BLUZ
D7y EEECRET DXM OS> WTHRE L
}o. BB OEBRE & bic AIB th (AIB distri-
bution ratio) ®_EH, b bHIEARAD AIB OB
vALOEmMMSHEES 7z (Figd). DXM o AlIB L)
BT ARAB IR I HIRETRIRLSED S
N, GEEORICENE A - L AEEREOERIC

Day 1 Day 2 Day 3
50y
c 4or
@
<
Q.
= 30F
[&]
oo
E
S 20
£
|..-
<
- 10§
L [ - W— " — e —
0 0 6 0 6 0 6
Hours

Fig. 8. Induction of tyrosine aminotransferase
activity by dexamethasone in cultured rat
hepatocytes 24, 48 and 72 hours postinocul-

ation. Hepatocytes were cultured with
(8——®) or without 10 *M dexamethasone
(0O——0).

SR AIBIRMBICH T L, 248EMI#243 115
&K 20 % OEME &1 .

5) 7T I vEARIZOWT

Kk 24 BRI OO T LT L Y ABIE D LT A
Uy shiNfifah S ERSME N T LT L v B
Laurell D BN GBEERKEEIC CTERLRFL
tz. Figl0 x5 v + ¢« 77 ¢ v (Fraction V, fatty
acid free, Sigma Chem. Co.) DIEHEEER L 5L 5 » b o
TLT L AL DERMGEE R IKENIC L 2B
B, 0Wbwaar, N OFEETLT Y VBEL
OBFEERL7Z O THEDOEIC IEEOEHBGRH
BAvont (r=10.999).

BETMEEO 7L 7 v AR Figll o< B
SEbiEHBMIKENL, 2077 v &RR
1.56 ug/mgcell protein/hr T - 1= —H, &K
fic cycloheximide & MIA 72 EBR T BRI M
377 vEREELICHEES hic (Figll).

2. IEEFHWBICLS HDL 713 Apo A1 D&

57

1) $15 » ~ HDL; MiE 04E%

5y b IME» SHELNEIC LD DEEL - HDL: 2%
RicHFELTEONLITS » F HDL: M &, HED
ik AEELIZS o b o Y KERLE VLDL d <
1.006 g/ml ), LDL2 (1.019 < d < 1.050 g/ml) & DR
IR RERISERE T (Fig12), 3 » + HDLs ic#L

- o
S A N

4C.AIB Distribution Ratio
- ~n w E-3 (3] (=] -4 (-] [3-1

1 3 12 24
Hours

Fig. 9. The cultured hepstocytes were incubated
in the media containing *C-e-aminoisobutyric
acid (AIB) with (0—©) or without 105 M
dexamethasone (@ —@).
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30
y = 1.040X + 3599
r = 0999
€ 20
E
z
oo
T
I
3
%
g 10}
0

5 0 1520 25
Albumin (ug/ml)

Fig. 10. Linear relationship between rocket height
(mm) and albumin concentration (¢ g/ml). Typical
rockets are illustrated.

40

301

20}F

Albumin Synthesis ug/mg Cell Proten

0 P . -

01 3 6 12 24
Hours

Fig. 11. Time course of albumin synthesis by
cultured rat hepatocytes 24 hours postinoculation
(O- ©).  Albumin synthesis was completely
blocked by cycloheximide (o ------ D).

TO AW GBI BRETRT 5 < &S REBRK
BE:cHR s n (Figl2). £/, Z O HDLs M
B39 be 7V 7 vOMBRERTHEZ Y Ve T
TIvEDMic b RERISERES Eh - 12,

&5IZ,5 » b Apo HDL; # Sephadex G-100 # 5
LAesOT LSS 7 44—k HLTESRE
peak]] © PAGE TR Apo A-1 #d, i
peakll icid Apo A- I, Apo C &L#Es h 3 Kik
WlirmEREsn. peak [ 121 Apo E B & U

14 Rat VLDL
25 LDL
36  HDLg

Anti Rat HDL3

Rat HDL3

Anti Rat HDLg

Fig. 12. Anti-rat HDL, reacted with HDL,, and
did not react with VLDL and LDL, by immu-
nodiffusion (top) and immunoelectrophoresis
(bottom).

Apo A-l D # ) = — L& h 5 ekEhE 45 PAGE i
THEshi. & opeak [, IBLUTNDPAGE v
AR 2 AEIL, THO -2 e FLCHEHHAZL
HDL; & AR - REikiEc L v RFEME
75, Apo A-1BICDA—F L - REIL K BSFR &
nto 7R EARF L BEERIESED S iih - 12
(Fig.13).

IhoDERLD, BOW/AILS » » HDL [
(18 &b Apo B Apo C, Apo A- T & BAREXRIE
EREE. Apo Al T EMNMELE L
1.

2) HEENTMMIAO HDLs £7: 1 Apo Al 0 &Rk IC
20T

5 o MiTHIKE % 20 BRI A L . T OBEEK A 10
RS L . I HDLs &% AW TR Efmat £ 17
18- . IBEEEE N & 10 HDL, 7 & o Bl (3 RABR S
EF SR s h i (Figld) #, BB KE
HETOUBROBHE ILHNBO 5 » + HDL; & OfFic
HOoNZMBROBHEL IBHTEN S (Figld). &
OEEILBERIARC LD ARENS 5 b e TV
TR, HERERD Y e TAT L v EDRERIL
EFBAS IR, FhER LS5 » b HDL: M1
TEORRME L D EL CHEEFERIC L ARSWE
t- Apo A-l L DRIBIERREEZ St

HE&AT MR 20 BRI R 2 7 - v LRI
& 043t f- HDLs 53 ( 1.110 < d < 1.210 g/nl)
25e2ls L T8 Apo HDL: @ PAGE 23l o 5
» M%E Apo HDLs ® PAGE & &L 7. MR 5
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Anti HDL3

Fig.13. Double immunodiffusion analyses of peak
I from Sephadex G-100 column chromatography
of Apo HDL,, with antirat HDL,.

RatHDL3

Anti rat HDL3

Cong. Culture Medium (1)

1,4 Rat Albumin
25 Rat HDLj3

3,6 Conc.Culture Medium (1)
Anti rat HDL3

Fig. 14. Immunoelectrophoresis and double immu-
nodiffusion of concentrated culture media with
anti rat HDL, The culture media in which rat
hepatocytes were cultured for 20 hours were
concentrated by ultrafiltration.

» M7 Apo HDL: o0& 7 # EHOBEE it —H L
7o hk@EhE (£ & LT Apo A-1B LU Apo C) SEEERK
L b 4#E L 7 Apo HDL: © PAGE THE s h
(Fig.15).

% g
1. H#T v FFRRONKEBERE

A. Cuit. Med. (1)
ApoHDL;4

B.Rat ApoHDL,

Fig. 15. Seven percent polyacrylamide gel electro-
phoresis of totally delipidized HDL, (Apo HDL,)
obtained from culture media (A) and rat serum
(B). Apo A-l band is indicated by an arrow.

1) FfElasgsEkic> 0w T

W Usichihiznd , FREE O RBER IR
k. FFEEFREED 529 1 2 5 4 2R % o (2 TR
Bagk' 21eiE hs e R S AL ) REERBOW
wkE LT, BE, FERELHV - EBRBESEE
ENTLAEYY UL, [FERECHF 25 4 2ETR
) #EARBOWFE LT MEORE—, iRk
WMETH B s —~—AlAOEBNREATES, Tk
BRYATHBEESEERE LB LA RVESEbbE )Y
REOARMERTTAICIRELNERREEL LN
3. IO T R IE— I imla B A LE—
DEUTORBIREES B L 5 2 55, ' C-methyl
glucose MEL Y A& D IR, &, FERIFME L ik
BEE GBS MBI ABEESBES N, Alaok
AR B A lEEEISRE AT R Lo
MEEEDBEBER DicA vy st LT vE
DEMARSE STV A, T o EEITmias: i 5
3L O RMORRICIAE Y L EL LN
i,

BERiFma s RBABERCHBL LS T 3Hs
131932 % Gey it L 3 EEEEHEEOBMECILE
2% Lpl, fEREELELT, Chang o & MTHRE
BV, IR B R RO WEsE LT L
L, Chdis? Lo EERFMEEe LR
BHREEAMERE L TV 3 & IR EA M, E¥ BT
RIS RIS 3 N TR L TV B FHERaSE RO
B RBEECHSATVE, S0y, EEEOR
BT ORI I IR S IR i R S 1T
W3, LhL, FIRERETS-TH, 7 » MERHF




5 o b EERFHREIC £ 2 HDL; D& 765

2T %384 glucose 6-phosphate dehydroge-
nase 7E IR IG R a-fetoprotein d &EE o ¢,
B 5 b IFRL S S b R B RERS WS &
nTWwa . R, Jeejeebohy s |3 MET St &k % A
W, BET o MTHERCET 28 v v O RS RE
LTwAh, KEOMa% ER S E#RET 2 5%
LLTOEMES A5, A%, [FHINE L IMERER & &
213 ) MR E O REREIE - & 0, RN
EHWCEET A L FIEEBNRELEL NG, T
niEEERMORBE L b, FHIEE® >0
Pseudopodia JERX DR & RIS N 3.

PE&o, iR#S o bIFHEO MR BEEEREEEC
hE THRRTELEEREOREEZRHT VD 2FHE%E
HATWALEEZLNS.

2) IFimfadEEEic > v

WEEMIE OB ik, o545+ €, TN
D=2 y—-EP M) T v EOMREEUERRICLS
FERENERIICHV SN TV A0, & ORERSM
RO EE LB F L C BT 328, Thoo
EANEREOREITIBHOTEELEZ oD . EHIG,
HAHKNC & Berry & Friend o ' ic L TR -
EHasFF—-E0EERVCE T VO ¥— BEE
ALwhH e oRBE R EH L. KETREE
250 ~ 300g @ Sprague Dawley O BE## 5 » + FF &
0. 8~ 10 x 10° BOFEEME%E BB 2 E.
WEETH & EMROITMKOEERIL 0.2 % trypan
blue ic & ZIEGEERS 95 ~ 98 B L RIF R R R
sfife. BEFERMEEIC L ABEIC T b EEL XU
BOMBEN L CEEs TV, £/, lactate,
pyruvate » 5 DA LB HON, s -~ D
BAG1%BLUTTHD, REldEhd THET NEHF
REMMEgE L2 SNt

3) IFmlaE&LHIco WL

B S o bFMRO MR EEEETE, BEETE
COMREICL L OREFIC >V TRFANLE S
TE S M AR L TV i, B
Fa o e E~O &R (plating efficiency :
PE)2MM& € 270010, v VIBRIMAESHHE i 1
R’z hTwa. Lh LERKGRICNA S0 MED
MEORBADEE I FBT, HoAREOHNE ¢
) REARBERN T A ICEMA S halERD Y
FEROPBEBEHLALVWEELZONL. CORY
Bonney Stk b VWO TV A M8 %K
HI/WOs/BAzo0o®3 % 55 | MR & L, IFHERD @ #0481
BIERa TV 5 Leibovitz-15*", # £ ¢ Ham F-
129 st & LLBEMRET Lt 7282, BB 24 BERI

% Leibovitz 15, Ham F-12 iz 10 % v v iR L&
(Internationl Scientific Ind.)% M. LUk £ MR EE
&4 3 Lin & Snodgrass @ FE'MicfE, W B AT 8
%t L. 37°C. 5 % C0./95 % aird KM T i iF
kA& Lo, Leibovitz-15 3 4% bicarbonate
buffer TEBHSIHEG\ 123, 28mM HEPES (N-2- Hy-
droxyethyl piperazine-N-2-Ethenesulfonic acid,
Sigma Chem. Co) #MA fz. £/, WFhol Bk
1o b IEYHE & L T Gentamicin (50ug/ ml, Sche-
ring Corp.) & 104 . 24 Wffith o 55 &% 1T M % K5
T A RV TSRS 21T » 2. Ham F-12
b R RERCEEDEEMRERF ZHBEES L
IFla o BIBEEASEL  BH T Ky PEMBES O
fz. CZhicx LT, Leibovitz-15, HI/WO0s/BAzooo
T (AR o PR BRIR 3 %2 A e A o BB AR TR
N, iz HI/WOs/BAsoos DISEITMRIE S H © 2
o EESHE S N, 2050 PE, H— 4
faEE, MEOMMEEES L HFshTVw 2%, &L
REHET 1 7 BRAIB DIREBME, oy 7I 0
ERFIL>WTORED S & HI/WO0s/BAzece D 1% 2
e L TOBRMENERIN, AERTRLUBEEK
& LT HI/WOs/BAzooo 2 {ER L 1.

HI/WOs/BAazooo (&, 1972 # Morrison & Jenkin
» mouse L cell @& o - ¥ ic Waymouth MB
752/1 2HEAE LT, £ 4B (Smg/l) BLUY
ve 773 v(200mg/L)EMAKRBLELDTS
Y. COHBKROBERELT, BBES VI -2
(5000mg/L) #BATWAN, COEBE sV a— 2
BB D 7Y -4 Y SRADEIL . £ OFR,
il o autophagocytosis % Bk L #0¥a o 1 40 £ &
L BT AFRAMEBEEL ONT LAY,

PE £i#fin&s ¥ 57254, Bissell 5135 » +IF%2F
HEAUBRL, 2 0ROBEFEHAVTVE. L L,
COHETETLT I Y EHOE TP, DNA &ERD
b0, T HRIGEENMES EEREIRECH 2
LEEAHOELRBLTVWEY,. 20kpEER.
Lin & Snodgrass O HE"ICHEL TS e 25 — &
v (calf skin collagen) 2 a—5 4 v s Lik7 35 2 F
g 2 IEHRMAERLIZECA, o537 VUBLEVE
&0 1.5~ 25D PE OBEMAMED & iz

REAANE & R B OBGRIC oW T, EMBIROE
SHETICO N, HERROREE L b0, BBk
B ATREMICRD L. SRS REOES HiY
TieoN, BREEHERLOBD O COL DR H
J CHEB AT LD, HIarFROBENBC 51
HweEEZ oK. 3TC, BELK 5 % C0/95 % air
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24 ~ (8RGO AT R AEKIC BT 5 LB O B8R
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4 BRI R LD, . TLT L YOARB LU
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cycloheximide % B &g IcINZ i, E&EEFO
TAT I NP ELSICAIES N EEREL D, EEK
ROFLT S v FESHICEEIFEEICEIITFLLS
B Dbshi-bDEEZ SN,

DE#dF e, BMFREEK H/W0s/BAow
T, 24 FRIEER L RS v MRS 13 R AR
Kb, Fra—-28MWM, 2Fo 4 Fick 3 TAT &Hil,
T yERE, BREWITEIELS JGERL TV 3.
Bz, R 24 ~ (8B E TORFMERIE, 73 BO
EROES S b, AROMMEBHEEL X CHERLTL
ZEMER SN

2. BHLEUREA (HDL:) DAH

1) HDL O HBRE(LIERIc> W T

EE, ) REAEEHREEE OBEL RS 3
togmluwEz L LT, HDL oHERE/LERD
HHEMEA Miller S & » TREYS A, T hidET

Z3ZLOHMENBRVT L 3. Frémingham
study®®, Troms¢ study® EDE3FEET & HDL.
2L RFE - VEHBREEOREHE L Oy
OHEMESHES hTv 3%, —%, I HDL ogung
RS o ) REQME TR EBREENDEL, ¢
BREGEBEV L OMEL™, & 50, KBIIREBTH
Fo%e bR BV o EER TR, @0

LDL OB DAAMHDL it kDHE S W2 T 28
EL KBIREEL D 2L 2 7 0 — LD HDL ~OBF
M HDL 0BEO FRIc>h T 357%, RN, 3
U, EERMIEHED 5 b HDL o HiBIRE(L/E B 245
xhTwa. LiL, HDL o Bk EIL/E B o &
% HDL o RRB#BEE > W TR KR RBEOAHE
<. BEHEEORHILIF LY HDLOEL 3 7 #
£H. Apo Al BIFCRIbah, = 0B cllano
SA VY- LABNEELREEZELTWAELETTRHY
%LT% 7“;13)58]59).

41[e], HDL o &Rk, i Apo A-1iciEH L&D
ERRRAER L oE s o M IFEREEETIL, £
OAHICEL TR AL 1.

2)HDLB LU 7HREFICDWT

EHLE ) REQ (HDL) &id, @M% /idk bolM
BEGmMELSEELECTHEENE Y £81
T, ZOEEIR, 1.063 <d < 1.210 g/nl & B
ATw3a®, o, CONBEREE 1.063 <d<
1.110 g/ml @ HDL,, 1.110 < d < 1.210 g/nl ©
HDL; o R E o4 s AT v 38, HDL itio ¥
#&EHQ VLDL, LDL - Ek, 158 « EOHEAKTS
D, ) VIEE, EHEESLCzzFARoL 27—
L, P YR N, TEEHSFTNAEAE, B
FUDBOBEEL OBRshTWEY, 2oinfio
Y REH LIS, HDL G oeE, #ik, K& s S0y
—T. T 5&05H « £8 bEEMICELL Y&
EROESGELEL SN B, T O polydispersity,
heterogeneity 24 OBELEI L b HEE i)
FEAOHS (J b5 VLDL, LDL, HDL )D& T
13, ) REARBORELEBRT 3 ICERESTHS
T EERL, ) REARYPIE FOREEBR
HEH-Twi, L L, Alaupovic 513 ) #HH
OHEB LUBEEHEET 2 L0RR Y #EATOT
REEATHBELT, )V #EQToOL 7 REAEHIT
L., Z0#tmEs L UMESE LD, Apo A, B C D
E L& L% BiF, 85w HDLf1k Y Apo F
#5, Oloffson b ic & b DEHEx A TLE?. 0%
Mo ®HEM I Apo Al A lecithin-cholesterol
acyltransferase (LCAT) #IEM L & & 2 Hae'" 4 H
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L. Apo C-1, C- I # lipoprotein lipase (LPL) % /&
HAEL T2, 52 Apo C- TI7®, Apo E™ #$ LPL i&#

2MEIT 2 ELCOERNEBERIVEMT STV S,

F012%. ) REEARBOBE1F Alaupovic 50
184 5 family concept D& IcE S #H o haHE
BEELWEER G, BEHLCOELHESVT
FRETR G, EELI.

3) 5 v MEFETFHMO HDL; £/ 13 Apo A1 O
BRRICDOWT

5 v ~ Apo A-1M/EFE 20 BeRREN S » TR
I L o RERIE & ORI IR ST e
SikBhikd & ORI EE I L DR E n .

% HFRER A 20 BRRAEE L B, O BB
i THEEL 72 Apo HDL: 2 PAGE o T4 L, %8
®5 v b7 Apo HDL; & 4 2 &, RIEBBEO
LLWHDLs =7 % ¢ FEkEIH (E& L T Apo A-L,
Apo C) EHE S Ll

PlEo#Rr o FH IS o r O HIREETE
& b HDLs #7113 Apo A- I &S ash T 3
HAGFAL 2.

HDL & &i%ic>\WTld, Marsh 8 X 0'®  Felker
b5 o b FdEREEEFIA LIFTo HDL &5 %
ELTWA. LhL, ok s E@ERKdIcHiks
iz HDL tho 7 # £ A ORI M 4 HDL th o 7 #
B0 EIREILY, ApoEXETEL L A Apo
AlEBHTHTELTHEELTVWE. TRICHLT,
Noel & OEBEDIFHERER T C-Valine 0 7 ® & H
DR DA &% BE L HE"TE, Apo Al ~D
ROABN Apo EANDEIDAAL DB VWEREL T
B o IOTEREFIAL, BT /2 BO
Apo A-1 BLU Apo E~OMDIAZ I I3FEL ED 1S
W&T 3 Windmueller & 0#&%Y, BEGKHR O —
EE2ATWIEL, &7, Nakaya &3 7 S iTER ER®
&0 EREROEEd > 1.210 g/nl43EHIC Apo
AIBELBEHETIELEHEL, TREQONEBIR
TAIH I L 7o alREM 2R L T W 3°.

—FH. BECL v ARENS Apo Al IKBELT b %
DEET 298 » Ec d < 1.006 g/ml & ¢ 3
Imaizumi & O|E et LT, Wic d > 1.063g/ nl
KEET B5E4 5 Glickman 5OH T T 2 B EHM b
AU ChoolgTAKRS NG Apo Al &, IFTARK
SN 5 Apo A-1 &L o RBEBEES, BMBIFEIC>WTIE
BEE -1 RBATH 3. #+, HDL, VLDL tho
Apo CitBIL T, BIEBETCOAMREENT. &
LAFTABE NG EELASATLEY. L L, HT
A& Nt Apo C (3 VLDL & LTHMENE O M,

HDL & LTz hamh, & 5IX8is hi: Apo
CHENLHIcLTHET VLDL %\ L chylomic-
ron DEICHAAEN L DHRIF M B,

FEZS, IFHBsrEK D Apo HDL; ® PAGE 27
T, HAMS Apo C LEE S A kEEE2E», BT
Apo CHEE S, HDL & LTI L b &SI X h
rEEHRELLL. LAL,FTa&Rs i HDL ho
Apo C & Apo A-l & 0 BRI KEIS O Rt &
DHELTHNNIE S » FOEHDL; 2 AL T
Apo CHEFBWLEZ o h, CDHI-OVWTIREI
BRESQLELEZ St

4) 15 » ~ HDL; fiEic> W

5y NI HDL: 2 RFic il L 18 5 7= 1 0 7§
&, fiRE LTHYWE HDL: D& B i Apo AL A-
OI,CLC-II,C-M,DE&ELERshTWwa
Benle 0T #HEHICHT AHEEELTV 30
TRREVHEVSEMAES, LbL, SEEALL
f5 » + HDLs #& & VLDL, LDL & o RSl $a 5 Kt
DEDONT, Apo Biodd 2R b i T &,
Sephadex G-100 54 s u= p 557 4 —THEEL
fopeak I, Mic&% h 5 Apo E, Apo A-TI. Apo D,
Apo C LDOBMIBERIEA#RE LW &, peak [
O Apo A-l oL ToARBLBENERS WL E
E&Lb, Apo A-licxtd 2BERNHEMELEL SN
1.

) REFHFO T REARKEEL ) —HBEDITE
D, FEELTOTRERB OENS B 120,
RS LTHA LA HDL hod ~RTo 7 *ERICH
LT, MEBECHESEESA DY TREY. $1-,
Bl Y #ER (FTRHLLTREHR) &, BUEOD
VREAERRICREL 2EA, EEINIHEORE
FHICENS B b HEYsATL S,

ZOH 5 v + HDL, M7 & 45 L - ik & Ofic
e S otk iRE . MHBD 5 o M HDL: & ok
BIROBEE S B —B L Eh - &l >\WTiE, 1T
BickoAfans ) #EQ A OBSNHEDE, U
WHANEEERENL ) REHOBE TV LR O
EDLHEEZ LN,

5 o bEEITAE VY, 22 =9 b ) OFHERE
HEEZHOCVLDL 0&f4s#s LS4 3 & 2
W BEE T, HEFEREFEL HDL 04>
TOHREFEFDRBEY BHORETH2. TDLD
EREEAREFIE L) #EARBOERRURE
DEYRFLE y OREERIT 2 TR THAIE
KERREEL ot
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Abstract

It is indicated that the liver plays an important role in lipoprotein metabolism.
Recently the relationship between low plasma concentrations of high density
lipoprotein (HDL) and coronary heart disease has been reported. The purpose of the
present study was to investigate lipoprotein synthesis, especially HDL: or Apo A-I,using
a primary culture system of rat liver parenchymal cells. The cell culture system has
several advantages such as cell homogeneity and the possibility of longer incubation
than the liver perfusion system that has been used by other investigators.

Isolation of rat liver parenchymal cells was performed according to the method of
Berry and Friend with some modfications. Isolated hepatocytes (approximately 3.0
millions cells) in 2.5 ml of serum free culture media, HI/WOs/BAa, were inoculated in
tissue culture dishes. These dishes were placed in a humidified incubator at 37°C under
5% CO,/95% air. All procedures for isolation and culture of liver cells were carried out
under aseptic conditions.

Metabolic functions of cultured hepatocytes 24 hours postinoculation were
summarized as follows : 1. Gluconeogenesis from 1mM pyruvate and 10 mM lacatate
was 179.5 nmoles/mg cell protein/hour. 2. Induction of tyrosine aminotransferase
activity (TAT) by dexamethasone was 43.8 mU/mg cell protein. This enzyme activity
was assayed by the method of Spencer and Gelharter. 3. To evaluate the integrity of the
plasma membrane, membrane transport of nonmetabolizable amino acid was studied.
The distribution ratio of '*C-a-aminoisobutyric acid (AIB) was 9.5. 4. Albumin synthesis
by liver parenchymal cells was 1.56 ug/mg cell protein/hour. Albumin was measured
by quantitative electroimmunoassay according to the Laurell’s method.

And also, morphological examination by light and electron microscope showed that
integrity cultured cells was maintained in serum free culture media, HI/WOs/BAzw, at
least 24 hours after cell inoculation.

Rat HDL; (1.110<d < 1.210 g/ml) was isolated by sequential ultracentrifugation.
Anti-rat HDL; serum was prepared by immunizing rabbits with repeated intraperitoneal
injections of equal volumes of rat HDL: and Freund’s complete adjuvant. Anti-rat HDLs
reacted only with HDLs, did not react with very low dencity lipoprotein (VLDL : d<
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1.006 g/ml) and low density lipoprotein (LDL. : 1.019 < d < 1.050 g/ml). Totally
delipidized rat HDL,;, Apo HDL,, was analyzed by column chromatography of Sephadex
G-100 in 0.01 M Trisbuffer, pH 8.0 with 8 M urea. Apo HDL; was separated into three
peaks, peak I, I and Il. Anti-rat HDL; reacted with peak II (mainly containig Apo A-I)
and did not react with peak I and peak @I which contained Apo A-I, C, D, and E.
Therefore, this anti-rat HDL; had the monospecific antigenesity against Apo A-l.

The pooled culture media in which rat liver parenchymal cells were cultured for 20
hours were concentrated approximately 10 times by ultrafiltration. Single precipitin
line was observed by immunodiffusion and immunoelectrophosis between anti-rat HDL,
serum (anti-rat Apo A-I) and concentrated culture media. HDL; was fractionated from
pooled culture media by ultracentrifugation. Total delipidized HDL; fractions were
analyzed by 7% PAGE with 8 M urea. Apo A-1 and Apo C peptides were observed on
PAGE, and the PAGE pattern of Apo HDL; from culture media was identical to the
pattern of rat serum Apo HDLs.

This culture system of rat liver parenchymal cells can be utilized for the study of
rat lipoproteins metabolism and possible regulation by hormones and other agents.




