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ABSTRACT

The effects of individual fatty acids, differing in their degree of unsaturation(18:0. 18 © 1,
18: 2 and 18 : 3) on the biosynthesis and sceretion of dpolipoprotcin and lipids were invcstiga-
ted in Hep-G2 cells. Synthesis of apolipoprotcin was measured by the incorporation of *H-
leucine into apolipoprotein(d</1.21g/ml) and synthesis of lipids was measurcd by the incorpora-
tion of *H-glycerol and “C-acetate into various lipid classes. Inclusion of 1.0mM of each fatty
acids into the culture medium significantly increased the synthesis of total apolipoprotein and
Apo B(p<{0.035). Howcver, addition of fatty acid did not affect the synthesis of cellular and
medium protein. Among different fatty acids tested, olcic acid had the greatest effect on Apo
B synthesis. While sicaric, linoleic and linolenic acid. all had similar effects. The sccretion
of triglyceride into the medium markedly increased in all {atty acid groups being 5—6 times
over the albumin control. The triglyceride secretion was the highest in the oleic acid group.
The secretion of phospholipid and cholesterol also increased with triglyceride outpul. A positive
relationship existed between the outpul of lipoprotein-triglyceride and Apo B. Since the synthcsis
of Apo B was significantly increascd when various fatty acids werce included into the culture
medium, part of the apparently stimulaled synthesis of the apolipoprotein may be in responsc
1o the increased formation and secrelion of lipoprotein lipids.
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Introduction

The major biosynthetic sites of lipoprotein arc
the liver and intcstine!’. Hepatic synthesis and
secrction of lipoprotein are complex process
which proceeds through several major biosynthe-

Arcepted | Ocwober 17, 1993
"B ATHAE AR J2AT dTLEREH
A7 ARE AAVRE.

tic pathways that require the synthesis of lipids
(triglyceride. phospholipid and cholesterol) and
apolipoprotein constitucnts®® . Becausc of the es-
sential role of apolipoprotein in the formation
of the nascent very low density lipoprotein
(VLDL) particles, the synthesis and secretion of
the VLDL apolipoprolcins are coordinately regu-
lated with VLDL lipids™®. The obligatory role
of apolipoprotein for the lipoprotein secretion is

- 910 —



Ryowon Choue - Byung Hee - Ston Cho

recognized by the experiments in which an inhi-
bition of protein synthesis limits the rate ol VLDL
secretion”’®

The intracellular concentration of newly esteri-
fied triglyceride as well as other lipid metabolites
is an important determinant of apolipoprotein re-
lease and possibly synthesis‘;). Moreover, the che-
ruical structure of triglyceride fatty acids that arc
derived (rom saturated or unsaturated fatty acids
may modulate the secretion of apolipoprotcin'?’
Then, we can speculate that individual fatty acids
could regulate apolipoprotein synthesis differen-
tly. In contrast to the well cstablished effects of
fatty acids on the secretory rates of lipids, the
role of fatty acids in the regulation of apolipopro-
tcin sccretion is controversial''"'®

The secrction of lipoprotein may vary quantita-
tively depcnding on the amount and types of cel-
lular lipid synthesized in the liver'™'® However,
it has not been determined if alterations in the
ratc of hepatic lipid secrction are accompanied
by parallel altcrations in the release of apolipop-
rotcins. Furthermore. it is not clear if individual
fatty acids have a differential effect on apolipop-
rotcin concentration. The purpose of the present
study is 1) to study the differential ellccts of indi-
vidual fatty acids on the synthesis and secretion
of apolipoprotein and lipoprotein lipids. 2) to
examinc the newly synthesized apolipoprotein
components under a basal culture condition,

using Hep-G2 cell line,
Materials and Methods

1. Cell Cultures

The established Hep-G2 cell line, derived from
human liver tumor cells, was obtained from Ame-
rican Type Culture Collection(ATCC. Rockvill.
ML). The cells were grown in Dulbecco’s Modi-
fied Eagle’s Medium(DMEM) supplemented

=9I

with 10% (v/v) fetal bovine scrum, penicillin(100
units/ml) and streptomycin(100pg/ml). Stock cu-
ltures were maintained in T-25 flask at 37C under
a humidified atmospherc 0of 95% air and 5% CQ,.
The culture medium was changed cvery third day.

When cells were grown to 70—80% confluency,
fresh cultures were initiated as described below.
The growth medium was removed and the cells
were washed twice with Ca?™ —, Mg? T -frec Bala-
nced Hank's Salt Solution. The cells were then
trypsinized with trypsin(2.5¢/L) —EDTA(Ig/L)
solution followed by incubation at 37C. The cell,
suspended with complete medium, were mixed
vigorously io dispersc and an aliquot of the suspe-
nsion(2.2X10° cells/T-25 flask) was seeded into
T-25 flasks.

The cells reached conlluence on the sixth day
afler sccding. The cultures then maintained a si-
milar number of cclls, approximately 11.5X109
cells per T-25 culture flask, for 5 additional days.
In all cxperiments, cells were used on the sixth
or scventh day of culture by which time a dense

monolayer was formed.

2. Preparation of Fatty Acid/Albumin Comple-
Xes

A latty acid/albumin complex solution was pre-
pared under aseptic condition. Twenty pmoles of
a fatty acid sodiuvm salt(18 20, 181 1, 181 2 and
181 3) and Sumoles(300mg) of essentially fatty
acid-free bovine serum albumin were dissolved
in DMEM culture medium(pH 74). The molar
ratio of fatty acid to albumin was kept at 4 to
1(1.0mM of latty acid/0.25 mM of albumin). The
latty acid/albumin complex solution was optically
clear and was prepared fresh just prior to the cx-

periment.

3. Incorporation of *H-Leucine into Apolipopro-
tein

To cach culture Mask was added : 2.5ml of se-
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rum-free, leucine-frce DMEM containing 1 nM
of individual fatty acid/albumin complexes, or 0.
25mM of albumin alone as a coutrol and 5pCi
of L-4, 5-*H-lcucine (1.64pCi/mg cell protein). The
cells werc then incubated for 4h at 37C. Alier
4% incubation, the cells were harvested by trypsi-
nization. The incorporation of radioactive leucine
into the cellular protcins was estimaled after the
precipitation of an aliquot of cell suspension with
10% (v/v) trichloroacetic acid in the presence of
excess unlabeled leucine. The radioactivity was
determined using Bio-Safe 11 scintillation coun-
ting cocktail(Res. Products Internationai Corp.)
by Liquid Scintillation Spectrometry(Beckman,
LS. 2800).

4, Sodium Dodecyl Sulfate-Polyacryl Gel Elect-
rophoresis (SDS-PAGE)

SDS-PAGE was performed using a vertical slab

gcl apparatus, utilizing the discontinuous sysicm

17 For the scparation of

described by Laemmli
apolipoproteins, linear gradient gels(4—-22%)
were used. The apolipoproteins were identified
by comparison of their apparent molecular wei-
chts with those of the protein standards that were
electrophoresed under identical condition. After
electrophorcsis, the gels were stained for 4h in
methanol/acetic  acid/water(50 © 10 1 40. v/v/v)
containing 0.125% Commassie brilliant bluc R-
250 and then were destained in a methanol-acetic
acid solution. The gels were dried in a Biogelwrap
gel drying system(Bio Design Inc. NY) and the
bands containing apolipoproteins were exciscd.
The radioactivity of each apolipoproteins was
measured after mixing the samples with Bio-Safc
1T scintillation counting cocktail. Radioactivity
was determined in a Beckman Scintillation Spect-

rophotometer with 65% cfficiency.

5. Incorporation of *H-Glycerol into Triglyceride
and Phospholipid

To each culture flask was added : 2.5ml of se-
rum-tree DMEM medium containing 1.0mM of
various fatty acid/albumin complexes or 0.25mM
of albumin alone as a control and YH-elycerol (0.2
nM, specific activity 0.32pCi/nM). The cell me-
dium and sonicated cell suspension were extrac-
ted twice with 5 volumes of chloroform/mcthanol
(271, v/) according to the method of Folch et
al'® Extracted lipid materials were separated into
classes on glass [iber paper impregnated with sili-
cic acid(Geiman Instrument Co.. Ann Arbor,
MI), as described previously by Cho!® using a
solvent system of petrolcum cther © dicthyl © ace-
tic acid(85:15:

cach class of lipids was counted in a Beckman

1, v/v/v). The radioactivity of

Scintillation Spectrophotometer using scintilla-
tion cocktail containing 0.5% PPO and 003%
dimethyl POPOP,

6. Statistical Analysis

Statistics and dala compilation were conducted
using the Statistical Package for the Social Scie-
nce(SPSS, 1984) program at the University of Illi-
nois al Urbana-Champaign. The Student’s t-1est
was performed to comparc the means between

cach groups.
Resutls

1. Effect of Fatty Acids on the Synthesis of Cellu-
lar and Medium Protein

Inclusion of 181 0, 18 2 1,18 I 2 and 18 I 3 into
the medium significantly increased the incorpora-
tion of *H-lcucine into the total medium apolipo-
proteins(lipoprotein fraction, d<1.21g/m1) (Table
1). Among tested fatty acids, oleic acid had the
greatest effect on apolipoprotein secretion, while
stearic, linoleic and linolenic acid, all had similar
effect. The incorporation of *H-lcucine into cellu-
lar and medium protein(d>>121g/ml) was not
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Table 1. Effect of indvidual fatty acids on the incorporation of ®H-leucine into the cellular and medium

proteins

Incubation conditions

Control 18:0 1801 18:2 18:3
dpmX 10~ ¥mg protein/4 h
3H-leucine in
170 £14.4 176 +15.2 178 *£12.0 172 £ 146 170 £13.7
cell prot.
*H-leucine in
50 + 5.0 52 £ 6.6 54 + 53 52 & 8.2 50 £ 5.9
d>>1.21g/ml
*H-leucine in
1.8+ 0.1 2.1+ 0.2 2.4+ 014 2.1+ 0.1¢ 2.1% 029

d<71.21g/ml

Monolayer of Hep-G2 cells were incubaicd with *H-leucine in the presence or absence of 1.0mM of individual

farty acids and the incorporation of *H-leucine into the specified protein fractions was determined as described

in Materials and Methods.

All determinations were performed on fractions of cells and medium and represent the meanz standard

error(n=6).

Values bearing superscripts a and b within a column are significantly different at p<{0.05.

Table 2. Effect of individual fatty acids on the incorporation of 3H-leucine nto the various apolipopro-

teins
Incubation conditions
Control 18:0 18 .1 13:2 1873
dpm/mg cell protein/4 h
Apo B 951+ 33 1048 £ 66+ 1187+ g4 1096+ 73 10724 624
Apo E 249+ 17 258+ 16 2521 26 2481 15 257+ 27
Apo A-1 414143 405+ 25 417X 58 424+ 24 415+ 29
Apo C 38L 2 59+ 3 41+ 3 58+ 3 39+ 4

Monolayer of Hep-G2 cells were incubated with *H-leucdine in the presence or absence of 1.0mM of individual

fawy acids and the incorporation of *H-leucine into various apolipoproteins was determined as described in
\ P polipop

Matetials and Methods.

All determinations were performed on fractions of cclls and medium and represent the meanz standard

error(n==6).

Values bearing superscripts a and b within a column are significantly different ar p<{0.05.

affected by the inclusion of individual fatty acids
in the culture medium. Furthermore, therc were
no significant differences among the individual
fatty acids tested.

2. Effect of Fatty Acids on the Synthesis of Va-
rious Apolipoproteins

As shown in Table 2, apo B was the major apo-

liporotein secreted by the cells incubated in the

basal medium. Apo B comprised 57% of the total

apolipoproteins followed by apo A-I(25% of the

total), apo E(15% of the total) and apo C(2%
of the total). The proportion of apolipoproteins
secreted by the cells incubated with individual
fatty acids remained the same as for the control,
with apo B being the greatest, followed in order
by apo A-l, apo E and apo C.

The inclusion of 1.0mM of individual fatty
acids in the medium significantly increased the
3H-leucine incorporation into secreted apo B co-
mpared 10 the control(p<C0.05). Among the fatty
acids tested, oleic acid incubation resulted in the
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st active incorporation of *H-lcucine into — Top (4%5)
most active 1nc rpomflon s} cucine into apo Qg Jeme— Hr ;” ) ” AW;
B. The other fatty acids also had a stimulatory -

\ N . 205 K e
effect on the "H-leucine incorporation into apo
B but to an extent that was significantly less than = 116 € Jm— -
. . .. 974 K e @
for oleic acid. There was no significant change
in the *H-leucinc incorporation into apo C, E 66 K Jom= o e (3 o e
and A-T with any fatty acid.
. 45 K Jm-— —
3. Apolipoprotein Profiles of Hep-G2 Cells
The apoliporpotcin profile of lipoproteins after 20K T T o TEEEITT WE
4h incubation with individual fatty acids was de- e = — Apo A
termined by SDS-PAGE and thc results are
5 : . . . . st e e Apo C
shown in Fig. 1. The identification of the major
apolipoproteins was based on protein standards
. ——— Battorn (22%)
elcctrophoresed in the same system. As shown . , 2 ; .
in Fig. 1, the newly secreted VLDL contained apo Fig. 1. The apalipoprgtein ;_J_roﬁleshéf HeE—GZ cell. Hep-
B, C. E and A-I. The major apolipoprotein consti- G2 cells were incubated in serurn-free, leucine-

free medium containing 1.0mM of individual fa-
tty acids and “H-leucine(lanes 1, 2, 4 and 5).
rent molccular weight of the apolipoprotein was The radiolabeled apolipoproteins were analyzed
unaflected by incubation with fatty acid, as evide- by SDS-PAGE. The samples were as follows }
lane 1, 2. 4 and 5 represent 18:0, 18: 1,
18: 2 and 18 : 3. respectvely. The molecular
4. Effect of Fatty Acids on the Synthesis and Sec- weight markers(lane 3) are myosin(205 K),
beta-galactosidase(116 K) phosphorylase(97.4
K). boving alburmin(66 K), egg albumin(45 K)
and carbonic anhydrase(29 K).

tuent of the VLDL particlc was apo B. The appa-

nced by their migration on the gel

retion of Triglyceride
Table 3 and Fig. 2 show the effect of 18:0,

Table 3. Effect of ndmvdual fatty acids on the incorporation of *H-glycerol into cellular and medium tnglyce-

nde
Incubatior conditions “Hrglycerol incorporation -
Cellular TG? Medium TG
dpmX 10~ %mg prot/4 b dpm/mg prov/4 h
Control” 19+ 2 202+ 34

18.0 213+ 222 944+ 637
1801 205+ 242 1299+ 172
18:2 175% 20 1156+ 1172
18:8 165+ 252 993+ g7

Hep-G2 cells were incubated for 4 h at 37T in 2.5ml of serum-free DMEM medium containing 1.0mM
of individual fary acids complexed to albumin(4 2 1) or albumin(0.25mM) alone as control and 0.2nM of
3H-glycerol(S.A. 0.52pCi/nM). The incorporation of *H-glycerol into triglyceride was determined as described
in Materials and Methods.

1) Values are mean® standard error of mean for three scparate experiments, wriplicate flasks of cells for

cach incubation conditon.

2) Abbreviation : TG="Triglyceride

Values bearing superscripts a and b within a column are significantly different at p<<0.05.
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Fig. 2. Effect of indvdual fatty acids on the synthesis and secretion of tnglycende and phophohpid. This figure

has been constiuted from Table 3. 4

182 1,18 © 2 and 18 © 3 on the cellular triglyceride
synthesis and secretion as lipoprotein into the
medium. In preliminary experiments, more than
95% of the *H-triglyceride sccreted into the me-
dinim was isolated in a fraction having a density
of less than 1,006g/ml. Therefore, the *H-triglyce-
ride isolated from the medium was relerred 1o
as VLDL triglyceride sccretion. The inclusion of
1.0mM of individual fatty acids stimulatcd both
*H-triglyceride synthesis and sceretion by 10- and
54-fold, respectively. Stearic and oleic acid had
the greatest effect on the synthesis of cellular trigl-
yeeride. Linoleic and linolenic acid had a lesser
effect on triglyceride synthesis compared to the
stearic and olcic acid groups(p<C0.05).

The sccretion of triglyceride was signifiantly hi-
gher for the unsaturated fatty acid group than

for the saturated fatty acid. Olcic and linoleic acid
had the highest effect on the stimulation of trigly-
ceride sceretion. Although the cellular triglyceride
synthesis was the greatest with stearic acid, the
triglyceride sccretion into the medium was the
lowest with this fatty acid.

5. Effect of Faity Acids on the Synthesis and Sec-
retion of phospholipid
In addition to the stimulation of *H-tryglyceride
synthesis and secretion, inclusion of LOmM of
fatty acid in the medium significantly increased
*H-phospholipid synthesis by 2.1 fold(p<{0.05)
(Table 4). The increased cellular phospholipid
synthests led to an increased lipoprotein phos-
pholipid secretion into the medium by an average

ol 2.3-fold compared to the control. Among the
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Table 4. Effect of indwdual fatty acids on the incorporation of *H-glycerol into cellular and medium phospholi-

pid

*H-glycerol incorporation

Incubation conditions

Cellular PL?

Medium TG

dpmX10~%mg prov4 h

dpm/mg prot/4 h

Control? 19.2% 1.7 124+ 11
18:0 408+ 5.8° 291+ 24*
181 41,7+ 5.9 328+ 262
18:2 39.8+ 3.3 289+ 197
18:3 36.9% 3.02 246+ 28

Hep-G2 cells were incubated for 4 h at 87C in 2.5ml of serum-free DMEM imedium containing 1.0mM
of individual faty adds complexed to albumin(4 1 1) or albumin(0.25mM) alonc as control and 0.2nM of
*H-glycerol(S.A. 0.32uCi/nM). The incorporation of *H-glycerol into phospholipids was determined as described

in Materials and Methods.

1) Values are meanz standard error of mean for three separate experiments, tiplicate flasks of cells for

cach incubation condition.
2) Abbreviation . TG= Phospholipid

Values bearing superscripts a and b within a column arc significandy different ar p<0.05.

Table 5. Effect of individual fatty acids on the incorporation of '“C-acetate nto ceflular and medium choleste-

rol

C-acetatc incorporation

Incubation conditions

Cellular chol.2?

Medium chol

dpmX10~3%/mg provd h

dpm/mg prov4 h

Conurol! 20.5+ 2.7 409+ 58
13:0 31.83+4.7% 568+ 687
181 29.6 0.7 525+ 684
18:2 28.2+ 2.3 530+ 442
18138 27 44 1.0 476+ 384

Hep-G2 cells were incubated for 4 b at 37T in 2.5ml of scrum-frec DMEM containing 1.0mM fatty acid
complexed to albumin(4 : 1) or albumin(0.25mM) alone as control and 0.1mM of C-acetate(S.A. 2.5uCi/nM).
The incorporation of "C-acetate into cholesterol was determined as described in Materials and Methods.

1) The data represent the meanz standard error of mean lor three separate experiments, triplicate flasks

of cells for each incubation.
2) Abbreviation : Chol.= Cholesterol

Values bearing superseripts a and b within a column are significantdy different at p=<70.05.

fatty acids tested. therc werc no significani differe-
nces in the incorporation of *H-glycerol into cel-
lular phospholipid. The sccretion of *H-phospho-
lipid was similar vader the influcnce of 18 © 0,
18 1 1 and 18 : 2, but was significantly lower with
1873,

6. Effect of Fatty Acids on the Synthesis and Sec-
retion of Cholesterol

Table 5 shows the cffect of individual fatty acids
on the incorporation of "“C-acetatc into ccllular
cholesterol and lipoprotein cholesterol secreted
into the mediuom. Inclusion of individual fatty
acids in the cell culture medium significantly sti-
mulated the incorporation of *C-acetate into cel-
lular and lipoprotein cholesterol compared to the
control(p<(0.05). The incorporation of “C-ace-
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Fig. 3. Relative percentage of total cholesterol. triglyce-
nde, phospholipid and protein of lipoproteins se-
creted by Hep-G2 cells after 4 h incubation with
1.0 mM of individual fatty acid/albumin comple-
xes and albumin(0.26mM) alone for a control.

tate into cellular cholesterol was similar under
the influcnce of 1810, 18 ¢ 1 and 18 © 2, but was
significantly lower with 18 I 3. No significant dif-
ference was observed for '“C-labeled lipoprotein
cholesterol secretion into the medium among the
diffcrent fatty acids tested.

The VLDL secreted by cells incubated with in-
dividual fatty acids has different ratio of apolipo-
protein to each lipid classes(Fig. 3). Saturated
fatty acid has a lower percentage of triglyceride
and higher percentage of cholesterol and phos-
pholipid.

Discussion

The human hepatoma cell line, Hep-G2 cells,
has been shown to express many functions attri-
buted to the normal human hepatocyte®>14). The
present study also demonstrates that Hep-G2 cells
actively synthesize and secrete apolipoproteins
(apo B. C, E and A-D) and lipoprotein lipids (TG,
PL, C). Furthermore, the responsiveness of Hep-
G2 cells to fatty acids documented in the present
study provides further evidence for the uscfulness
of this cell line in studying the regulation of hepa-
tic lipoprotein metabolism.

The inclusion of fatty acids stimulated the sec-
retion of apolipoprotein, especially apo B. This
elevated apo B sccretion in the presence of fatty
acids has also been observed in other studies
using perfused rat liver and cultured rat hepatoc-
yie! 1020 Farty acids with a chain-length greater
than 16 have been shown to be more effective
in apo B synthesis in the rat liver2"??. The results
of this study found that all 18-carbon fatty acids
tested, incrcased the incorporation of *H-leucine
into apo B secrcted into the medinm.

Apo B was the major apolipoprotein in the cul-
ture medium, followed in order of decreasing con-
centration by, apo A-I, E and apo C. Thus the
composition of apolipoproteins in the culturc me-
dium differed from that in plasma where apo
A-T is the major apolipoprotein?®. In addition.
there was a higher content of apo E in the culture
medium(15% ) when compared to the plasma(3.5
%)), These differences could be explained by
the intcstinal contribution of apolipoproteins A-
I and AL in vivo and a different residence time
of apolipoproteins in the plasma®®. 1

Apo C has been shown to be acquired by VLDL
after hepatic secretion2®. This suggests an indepe-
ndence of apo C from VLDL formation and scc-
retion, As shown in Table 2, the synthesis of apo
C was not affected by the presence of fatty acids
which increased VLDL secretion into the me-
dium. The association of apo C with VLDL may
be related to the size or lipid composition of the
VLDL particle, this may then result in the repor-
ted modulation of VLDL catabolism by thesc
apolipoproteins®”.

The inclusion of fatty acids in the medium also
stimulated the synthesis of triglyceride. The net
increase in hepatocyte triglyceride synthesis was
dependent on the fatty acid concentration in the
medium(data is not shown). These results sup-

port the conclusion drawn {rom an earlier in vivo
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study?® that high scrum frec fatty acid levels can
directly contribute to development of fatty liver.
The stimulation of triglyceride synthesis by indi-
vidual unsaturated fatty acids was closely correla-
ted to the increased secretion of lipoprotein-trigly-
ceride(Table 3). Examination of the data indica-
tes an inverse relationship between the number
of carbon-carbon double bonds and the ability
to stimulate triglyceride synthesis or secretion of
these three 18-carbon fatty acids tested. Similar
findings have also been reported in rat hepatocy-
tes® and perfused rat liver'®.

It is noteworthy that the triglyceride secretion
into the medium was the lowest with stearic acid,
although cellular triglyceride synthesis was the
highest with this fatty acid. This lower rate of
triglyceride secretion could be explained by the
fact that the apparent Michaclis constant(Km)
{for the overall sequence of reactions leading to
the secretion of triglyceride is larger for stearic
acid than for oleic or linoleic acid'?. It also could
be explained by the fact that maximal rates of
triglyceride secretion in the presence of stearic
acid occurs only when the metabolic pool reaches
an appropriate concentration. Reduced triglyce-
ride sceretion in the presence of stearic acid was
also rcported by Kohout et al®.

In agreement with others?®3". linolcnic acid
had a smaller effect on triglyceride synthesis and
secretion compared to the other fatty acids tested.
This suggests that a possible mcchanism by which
n3 polyunsaturates lower triglyceride level in pla-
sma may be due to an inhibition ol triglyceride
synthesis in the liver, thereby reducing the trigly-
ceride content in VLDL secretion.

The inclusion of fatty acids also stimulated
phospholipid synthesis and secretion(Table 4).
Thesc findings, along with the previously discus-
sed finding that fatty acids increase the synthesis
of triglyceride, suggest that the secretion of trigly-

ceride and phospholipid may be coupled. This
may partly explain the development of fatty liver
in response to cholinc deficiency or choline ana-
logue supplementation®?_ If phospholipid re-
quired for the sceretion of VLDL and is not avai-
lable, then triglycride will accumulate in the liver.

The addition of fatty acids to the culture me-
dium had a significant effect on the synthesis and
secretion of cholestercl(Table 5). The degree of
stimulation was dependent on the amount of exo-
genous fatty acid available. Previous research3>)3)
has shown that incrcased triglyceride secretion,
induced by increased fatty acid availability, sti-
mulated HMG-Co A reductase activity. Tt is
known that the stimulating effect of excessive {ree
fatty acid on cholesterol synthesis contributes to
an increase in the size of the cholesterol ester
storage pool in the liver’”. The intracellular ratio
of free to esterified cholesterol decreascs in the
presence of cxcess free fatty acids®.

VLDL secreted by cells incubated with satura-
ted fatty acid has a lower percentage of triglyce-
ride and a higher percentage of cholesterol and
phospholipid®¥®). A similar effect was observed
in this experiment(Fig. 3). It has been known
that as the proportion of phospholipid and chole-
sterol relative to triglyceride increases there is a
decrease in the size of the lipoprotein particles!?’
39, Smaller lipoprotein particles are known to be
more dense’®’. These observation may have phy-
siological conscquences for the body. The more
dense VLDL produced in the presence of satura-
ted fatty acid are metabolized in the blood more
slowly. This will result in a longer retcntion time
for these particles and thercfore, an elevated cho-
lesterol level in the blood.

The current study demonstrates that the increa-
sed secretion of iriglyceride induced by fatty acid
is accompanied by an increased apolipoprotein
secretion. This suggests that the increased availa-
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bility of fatty acid to the liver may require an
increased apo B secrction to transport the elevated
lipids as VLDL particles. In contrast to the mar-
ked enhancement of triglyceride secretion to the
medium(5.4-fold), the addition of individual [atty
acids resulted in only small to moderate, but stati-
stically significant increases in the concentration
of apo B(1.2-fold). These results for triglyceride
and apo B suggest that the induction of the syn-
thesis for neutral lipids and apolipoprotcins is
not enhanced 1o the same degree. It appcars that
the fatty acid induced change in the composition
of VLDL particles is a consequence of the asso-
ciation of apolipoprotein with larger, triglyceride-
rich lipoproteins. These particles contain a higher
ratio of triglyceride to apo B than the correspon-
ding particles isolated from basal medium. When
considered in conjunction with an increase in the
triglyceride/apo B ratio in the medium, the pre-
sent finding seems to suggest that in Hep-G2 cells
the VLDL apolipoproteins are assembled into the
secretory vesicles with variable amounts of lipid.

Conclusions

The liver is a mjor site for the synthesis of the
plasma lipoprbteins and plasma lipid concentra-
tion is strongly influenced by the quantity and
composition of fats in the diet. However direct
studies of the regulation of lipoprotein synthesis
and secretion by human liver using individual
fatty acids are lacking. On the basis of the present
study, il appears that apolipoproiein releasc and
possibly synthesis might be modulated by the int-
racellular concentration of newly esterified trigly-
ceride and/or some other lipid metabolites which
could be affected by the structure of fatty acids
included in the medium. A positive relationship
existed between the secretion of lipoprotein-trigly-
ceride and Apo B. Therefore, part of the apparent

stimulated synthesis of the apolipoprotein may
be in rcsponse to the increased formation and
secretion of lipoprotein lipid.

Literature cited

1) Wong L, Piano RM. Biogenesis of very-low density
lipoproteins in rat liver © Intracellular distribution
of apolipoprotein B, Eur J Biochem 164 © 357-367,
1087 '

2) Dolphin PJ. Lipoprotein metabolism and the role
of apolipoproteins as metabolic programmers. Carn
J Biochem 63 . 850-869, 1985

3) Dashti K. McConathy WJ, Ontko JA. Production
of apolipoproteins E and A-I by rat hepatocytes
in primary culture. Biochim Biophys Acla 618 :
347-358, 1980

4) Dashti K, Wolfbaure G. Secretion of lipids, apoli-
poproteins and lipoproteins by human cell line,
Hep-G2 : Effects of oleic acid and insulin. J Lipid
Res 28 © 432-436, 1987

5) Ellsworth JL, Erickson SK, Cooper AD. Very low
and low density lipoprotein synthesis and secre-
tion by the human hepatoma cell line Hep-G2 !
Effects of free fatly acid. J Lipid Res 27 . 858-874,
1986 '

6) Davis RA, Boogaerts JR. Intrahepatic assembly
of very low density lipoproteins . Effects of fatty
acids on triglycerol and apolipoprotein synthesis.
J Biol Chem 257 : 10908-10913, 1982

7) Davis RA, Engelhorn SC, Weinstein DB, Steinberg
D. Very low density lipoprotein secretion by cul-
tured rat hepatocytes ° Inhibition by albumin and
other macromolecule. | Biol Chem 255 1 2039-20
45, 1980

8) Alcindor LG, Infante B, Soler-Argilaga C, Paison-
nier A, Polonovske J, Caroli J. Induction of the
hepatic synthesis of beta-lipoproteins by high con-
centration of fatty acids . Effects of actinomycin
D. Biochim Biophys Acta 210 | 483-486, 1970

9) Kohout M, Kohoutova B, Heimberg M. The effects
of chain length and degree of unsaturation of the
fatty acid substrate on the output of triglyceride
by the liver. Biochim Biophys Acta 210 © 177-179,

- 919 —



10)

~

11

12)

13)

14)

15

e

16)

17)

18)

19)

20)

Elfect of Fatty Acids on Apolipoprotein Synthesis

1970

Salam WH, Wilcox HG, Heimberg M. Stimulation
by oleic acid of incorporation of L-[4, 5-H] leu-
cine into very low density lipoprotein apoprotein
by isolated perfused rat liver. Biochem Biophys
Commun 132 . 28-34, 1985

Petershurg SJ, Madeley A, Robinson DS, A study
of the interrelationship between the triacylglyce-
rol and protein components of very-low-density
lipoproteins using the perfused rat liver. Biochem
J 150 : 315-321, 1975

Wilcox HG, Dunn GD, Heimberg M. Effects of
several common long chain fatty acids on the pro-
perties and lipid composition of the very low den-
sity lipoprotein secreted by the perfused rat liver.
Biochim Biophys Acta 398 . 39-54, 1975

Kohout M, Kohoutova B, Heimberg M. The regu-
lation of hepatic triglyceride metabolism by free
fatty acids. J Biol Chem 246 . h067-5074, 1972
Rash JM, Rothblat GH, Sparks CE. Lipoprotein
apolipoprotein synthesis by human hepatoma cells
in culture, Biochim Biophys Acta 661 . 294-208,
1981

Heimberg M, Wilcox HG. The effect of palmitic
acid and oleic acid on the properties and composi-
tion of the very low density lipoprotein secreted
by the liver. J Biol Chem 247 : 875-880, 1972
Bell-Quint J, Forte T. Time related changes in
the synthesis and secretion of very low density,
low density and high density lipoproteins cultured
rat hepatocytes. Biochim Biophys Acta 663 © 83-98,
1981

Laemmli UK. Cleavage of structural proteins du-
ring the assembly of the head of bacteriophage
Ty Naiure 227 © 680-685, 1970

Folch J, Lees M, Stanley GHS. A simple method
for the isolation and purification of total lipids
from aniaml tissues. f Biol Chem 226 . 497-509,
1957

Cho BHS, Kummerow FA. Fatty acid incorpora-
tion into cholesteryl ester-and phospholipid by ar-
terial subcellular fractions of swine. Proc Soc Exp
Biol Med 155 : 8-12, 1977

Ruderman NB, Richards KC, Valles de Bourges

— 920 —

21)

22)

23)

24)

25)

26)

27

28)

29)

300

V. Regulation of production and release of lipop-
rotein by the perfused rat liver. J Lipid Res 9 °

613-619, 1968

Petit D, Raisonnier A, Amit N, Infante R. Lack
of induction of VLDL apoprotein synthesis by me-
dium chain fatty acids in the isolated rat liver.
Ann Nutr Metad 26 : 279-286, 1982

Patsch W, Tamai T, Schonfeld G. Effect of fatty
acids on lipid and apoprotein secretion and asso-
ciation in hepatocyte cultures. J Clin Invest 72 .

371-378, 1983

Alaupovic P. Serum apolipoprotein profiles of dys-
lipoproteinemias. In © Dietary fats and health. Pe-
rkins EG, Visek WJ]. pp574-597, American Qil
Chemists’ Society, Champaign, IL, 1983

Sparks CE, Hnatiuk O, Marsh JB. Very low den-
sity lipoprotein synthesis and secretion in Hep-
G2 cells. Can J Biochem 57 . 786-790, 1982

Wu AL, Windmueller HG. Relative contribution
by liver and intestine to individual plasma apoli-
poproteins in the rat. J Bio Chem 254  7316-7322,
1979

Windler E, Chao YS, Havel R]. Regulation of the
hepatic uptake of triglyceride-rich lipoproteins in
the rat. Opposing effects of homologous apolipop-
rotein E and individual C apoproteins. J Biol Chem
255 * 8303-8307, 1980

Wilecox HG, Heimberg M. Secretion and uptake
of nascent hepatic very low density lipoprotein
by perfused livers from fed and fasted rats. J Lipid
Res 28 [ 351-360, 1987

Feigelson EB, Piaff WW, Karmen A, Steingerg
D. The role of plasma free fatty acids in develop-
ment of fatty liver. J Clin Invest 40 : 2171-2180,
1961

Spady DK, Woollett LA. Interaction of dietary sa-
turated and polyunsaturated triglycerides in regu-
lating the processes that determine plasma low
density lipoprotein concentrations in the rat..J Li-
pid Res 31 1809-1819, 1990

Grundy SM. Effects of fatty acids on lipoprotein
metabolism in Man. In : Health effects of polyun-
saturated fatty acids in seafoods. Simopoulos AP,
Kifer RR, Martin RE. pp153-171, Academic Press



31)

32)

33)

34)

35)

Ryowon Choue * Byung Hee * Simon Cho

Inc, Orlando, 1986

Marsh JB, Topping DL, Nestel PF. Comparative
effects of fish oil and carbohydrate on plasma li-
pids and hepatic activities of phosphatide phos-
phohydrolase, diacylglycerol acyltransferase and
neutral lipase activities in the rats. Biochim Bio-
bhys Acta 922 . 239-243, 1987

Lombardi B, Ani P, Schlunk FF. Choline deficie-
ney fatty liver © Impaired release of hepatic trigly-
ceride. J Lipid Rés 9 . 437-446, 1968

Kushwaha RP, Jensen LS. Effect of choline defi-
ciency on utilization of labeled precursors of cho-
line and turnover of choline in the liver of nature
Japanese Quail, J Nutr 105 : 226-232, 1975
Pelech SL, Pritchard PH, Brindley DN, Vance DE.
Fatty acids promote translocation of ATP . Phos-
phocholine dytidylyltransferase to the endoplsmic
synthesis. | Bio Chem 258 . 6782-6788, 1983
Brown MS, Dana SE, Goldstein JL. Regulation
of 3-hydroxy-3-methylglutary coenzyme A reduc-

36)

3N

38)

39)

- 921 —

tase activity in cultured human fibroblasts. J Bio
Chem 249 © 789-796, 1974

Goh EH, Heimberg M. Effects of free fatty acids
on activity of hepati¢ microsomal 3-hydroxy-3-me-
thylglutaryl coenzyme A reductase and on secre-
tion of triglyceride and cholesterol by liver. J Biol
Chem 252 . 2822-2826, 1979

Goh EH, Heimberg M. Stimulation hepatic choles-
terol hiosynthesis by oleic acid. Biochem Biophys
Res Commun 55 : 382-388, 1973

Wilcox HG, Dunn GD, Heimberg M. Effects of
a mixture of a saturated with an unsaturated fatty
acid on secretion of the very low denstiy lipopro-
tein by the liver., Biochem Biophys Res Commun
73 . 733-740, 1976

Heimberg M, Wilcox HG. The effects of palmitic
and oleic acids on the properties and composition
of the very low density lipoproteins secreted by
the liver. J Biol Chem 247 @ 875-880, 1972



Lffect of Fauy Adds on Apolipoprotein Synthesis

==
=

==

Ho
Bt

2 ulAto] Hep-G2 Cell Lineol] 4] Apolipoprotein?}
A9 4 g Fuldl v)xe dF

= o 9%z W Y
AFen 4G g
Department of Food Science, University of Illinois at Urbana-Champaign, US.A

Stearic acid(18 © 0), olcic acid(18 1), linolric acid(13 © 2), L&) I linolenic acid(18 © 3)E Hep-G2
(‘(‘ll v okalol 715l o} X TH ““,?—:Mapohpoprotem)-bl A2 A (lipoprotein) 9] 374 2 FH]o) o]
AR B GFE ZNSAT, Howined A5 HEATIIY TUE %@ sl
SH-glycerol® YC-acetate 2 wriglyceride, phospholipid 22131 cholesterol?] 3-8 &4 3G} zhzte
24t 1.0mME vkl ol @rlale] wl g A wal oFEA T A apo B A °] r—] A 31A
F7hE e e vt Aot uirey Fof wuld e HaEv) Tk 48 AE
oleic add7} apo B 434 714 & 43S v o o2 A E e S 450E &) 7} el =
C31"”"351'(})>0 05). Apo E, apo A-l, apo C& §/d-& A4t Hrtollofsl] FFE EAgsto At

Fof) whEtA s £-2]2 ) e wa] ool wdt o] 5 AWHEE miglyceride, phospholipid, choles-
tt‘rolc’] FAm oo @A Z27HE JeERd G (p<0.0D). At SR whal AH FA44 v
dge oA ew vtz velgen d¥3 APt T ooleic acdst A4 2 943E WAL R apo
o M FGgn fA5 ARE el 53 F5F A2 o)F AHEE F stearic acidE
wre] Aol 7k & AL v o 1) (secretion) ol & 7HE A& A3bg vehj o 2 g3
HRBAZ Ve e ANE dold ATE R A2 #H]9} Apolipoprotein #4
| MR positivedt FBEA 7 YEld o ol AWt @otE Axdle] =2 22 F miglycer-
dieE VLDLY Hefz EM3luz} ape BY Ao 74 Ao Ag €t

ZAC}O] ¢ faity acid - apolipoprotein « *H-leucine - lipoprotein - Hep-G2 cell.

— 922 —



