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also serves as a component of the extracellular matrix.
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HepG2 cells stably transfected with cDNA-encoding
ingle fibrinogen chains overexpress fibrinogen and
ave increased (4-fold) secretion of apolipoprotein B.
verexpression of fibrinogen does not affect the secre-

ion of three representative acute-phase proteins but
auses a small increase in albumin secretion. En-
anced apolipoprotein B secretion is due to less intra-
ellular degradation and not to increased expression.
he increased secretion of apolipoprotein B is inde-
endent of the acute-phase response, since stimula-
ion of fibrinogen gene expression by interleukin 6 did
ot affect secretion. HepG2 cells overexpressing fi-
rinogen chains had increased 3-hydroxy-3-methyl-
lutaryl coenzyme A reductase mRNA levels, en-
anced cholesterol production but normal levels of
riglyceride and phospholipid synthesis and of sterol
esponse binding proteins. These results, that associ-
te overexpression of fibrinogen with enhance apoli-
oprotein B secretion, may be significant since epide-
iological studies indicate that elevated levels of
brinogen and lipids are independent risk factors in
oronary artery disease. © 2000 Academic Press

Key Words: fibrinogen; apoB; cholesterol; secretion;
roteolysis.

Fibrinogen is an acute-phase plasma glycoprotein
ith diverse physiological functions, although its pri-
ary role is in the final stages of blood coagulation
hen it forms a fibrin clot and promotes platelet ag-
regation. Fibrinogen also, directly and indirectly, par-
icipates in a number of other biological processes such
s wound healing, development of blood vessels and

Abbreviations used: HMG-CoA, 3-hydroxy-3-methylglutaryl coen-
yme A; ApoB, apolipoprotein B; LDL, low density lipoprotein;
LDL, very low density lipoprotein; IL-6, interleukin 6; SREBP,
terol responsive element binding protein; ER, endoplasmic reticu-
um; SDS–PAGE, sodium dodecyl sulfate–polyacrylamide gel elec-
rophoresis; BSA, bovine serum albumin; DTT, dithiothreitol.

1 Some of these results were presented in abstract form at the
nnual Meeting of the American Society for Biochemistry and Mo-

ecular Biology, May 1998.
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his topic has been reviewed (1, 2). Apolipoprotein B
apoB) is a large (540 kDa) protein that is the principal
tructural protein in human LDL and VLDL particles.
poB, an amphipathic protein, assembles lipids in the

iver and intestine and the resulting lipoprotein parti-
les are secreted (3, 4). A number of epidemiological
tudies have shown that elevated plasma levels of fi-
rinogen and LDL-cholesterol are associated with an
ncreased risk for coronary artery disease (5–7). How-
ver, the reasons for the correlation of elevated plasma
brinogen levels and vascular disease are not known.
ecent studies with transgenic mice indicate that an
levated level of plasma fibrinogen, by itself, may not
nduce coronary artery disease (8).

Fibrinogen (340-kDa), a dimer composed of 2 pairs of
on-identical polypeptide chains, Aa, Bb and g, is
ainly expressed in hepatocytes and reaches wide-

anging values, with a mean average of about 2.5
g/ml in the plasma of normal healthy adults. Fibrin-

gen is part of a subset of hepatic proteins whose
xpression and secretion may be increased, 2- to 10-
old, in response to tissue injury or inflammation (9).
hus the expression of fibrinogen is regulated at both
he basal or constitutive level and as a member of the
amily of acute-phase proteins. In the acute phase re-
ponse, expression of fibrinogen, together with that of
-reactive protein, a1-antitrypsin, a1-antichymotryp-
in, a2-macroglobulin, haptoglobulin, a1-acid glycopro-
ein and the third-factor of complement, is elevated
hile those of albumin and transferrin may remain
naffected or decrease (10). Classified as a class II
eactant, fibrinogen gene expression during the acute
hase response is mainly mediated by interleukin 6
IL-6) and by glucocorticoids (11–13). IL-6 acts on the
ak-STAT signaling pathway to phosphorylate, and
ctivate, STAT-3, a transcription factor, that binds to a
onsensus sequence in the promoter region of all three
brinogen genes (14, 15). In contrast to the other co-
gulation proteins, fibrinogen is expressed at relatively
igh levels under normal basal conditions and there
ay be different mechanisms for regulating the consti-
0006-291X/00 $35.00
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tutive expression of the three fibrinogen genes. For
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xample, HepG2 cells, a human hepatocellular carci-
oma cell line, has surplus intracellular Aa and g and
maller amounts of Bb chains. The different amounts
f intracellular fibrinogen chains could be due to a
ombination of different rates of expression and intra-
ellular degradation (16–19). In HepG2 cells, over-
xpression of any one fibrinogen gene, elicited by trans-
ection, leads to the concurrent up-regulation of the
ther 2 genes, suggesting coordinate gene expression
20, 21). However, the molecular basis of this coordi-
ated expression is not understood. Characterization
f the promoter regions of the three fibrinogen has not
hown striking homology, suggesting that the genes
ay be independently expressed. The three fibrinogen

enes however have many cis-acting elements in com-
on (14, 22–27). In addition to these identified regu-

atory elements, there may be a number of other, yet
nidentified, factors that are involved in regulating
ranscription of the three genes.

Epidemiological evidences support a direct correla-
ion between certain polymorphisms in the 59 flanking
egion of the Bb gene and elevated circulating fibrino-
en levels (28–30). A transactivation protein complex
hat associates with the Bb gene promoter containing
he 2455G/A polymorphism and affects transcription of
he Bb gene has been described (31) and 2455G/A and

2854G/A polymorphisms show increased basal rates of
xpression of the Bb fibrinogen chain (32). These rela-
ively common Bb chain polymorphisms are associated
ith increased levels of plasma fibrinogen (33).
Regulation of apoB secretion is mostly a post-

ranscriptional event brought about by proteolytic deg-
adation of unassembled apolipoprotein. The translo-
ation of apoB and the availability of lipid substrates
re two important factors in regulation of apoB secre-
ion. Both translocation and lipid addition require the
resence of microsomal triglyceride transfer protein
MTP) in the ER and increased supplies of lipid can
nhibit the degradation of translocation-arrested apoB
34–37). In absence of either sufficient lipid (38, 39) or

TP (34–36), apoB translocation and lipoprotein as-
embly are blocked and the unassembled apoB is rap-
dly degraded by a ubiquitin-dependent proteasome
athway (40–42). Thus, synthesis of lipid is one of the
mportant regulatory steps in apoB secretion. VLDL is
ich in neutral lipids, mainly triacylglycerol, choles-
erol and cholesterol esters. Hepatic cholesterol level is
ontrolled through feedback mechanisms that endog-
nously regulate 2 enzymes, HMG-CoA synthase and
MG-CoA reductase, in the mevalonate pathway and
y regulating the expression of LDL receptors which
re involved in the uptake of exogenous cholesterol
43). Enzymes and receptors involved in synthesis and
ptake of cholesterol and fatty acid are regulated by
he sterol responsive element binding protein (SREBP)
amily of transcription factors which emanate from an
378
eolysis. This topic has been reviewed (44).
In this study we show that transfection of HepG2

ells with cDNA that causes overexpression of fibrino-
en is accompanied by increased apoB secretion. En-
anced apoB secretion is due to inhibition of apoB
egradation, which may be promoted by increased cho-
esterol synthesis. This finding may be significant
iven the epidemiological data, which indicate that
levated plasma levels of fibrinogen and cholesterol are
ndependent risk factors in coronary artery disease.

ATERIALS AND METHODS

Antibodies. A rabbit polyclonal antibody that recognizes the 3
omponent chains of fibrinogen was purchased from Dako Corp (Car-
enteria, CA). Also purchased from Dako Corp. were rabbit poly-
lonal antibodies to human albumin, a1-antichymotrypsin and a2-
acroglobulin. Polyclonal rabbit antibody to human apoB was

btained from Calbiochem (La Jolla, CA) and a goat antiserum to
1-antitrypsin was from ICN (Costa Mesa, CA). A rabbit polyclonal
ntibody to the precursor (p125) and mature forms (p68) of SREBP-1
nd a goat polyclonal IgG to SREBP-2 were obtained from Santa
ruz Biotechnology Inc. (Santa Cruz, CA). The rabbit anti-
ngiotensinogen serum (45) was a generous gift from Drs. X.
eunemaitre and J. Celerier.

Transfection and selection of stable cell lines. HepG2 cells were
ransfected by the calcium precipitation method with an expression
ector (pRSVNeo) which contains full-length Aa, Bb or g cDNA and
geneticin resistant gene. The control cells were transfected with

he same expression vector, lacking cDNA. The vectors and proce-
ures have been previously described (20, 21). Stable cell lines were
elected with 0.6 mg/ml geneticin. The amount of fibrinogen pro-
uced by the selected cell lines was measured by metabolically la-
eling the cells with L-[35S]methionine (NEN, Boston, MA) for 2 h
nd determining the amount of radioactive fibrinogen secreted into
he medium. The cells transfected with fibrinogen cDNA are termed
a-HepG2, Bb-HepG2 and g-HepG2 cells and the control cells Neo-
epG2.

Metabolic labeling and isolation of fibrinogen, apoB, and other
ecreted proteins. Aa-HepG2, Bb-HepG2, g-HepG2 and Neo-HepG2
ells were incubated for 2 h at 37°C in methionine-free minimal
ssential medium containing approximately 500 mCi/ml of
-[35S]methionine. The incubation media was collected and the ra-
ioactivity in total trichloroacetic acid insoluble proteins and in
pecific secreted proteins was determined. Secreted proteins were
solated, as previously described from the incubation media by im-

unoprecipitation (17, 18), separated on sodium dodecyl sulfate–
olyacrylamide gel electrophoresis (SDS–PAGE), detected by auto-
adiography and the relative amounts measured by densitometry.
In some cases the HepG2 cells were pulse-labeled with

-[35S]methionine for 15 min as described above and then “chase”
ncubated by first washing with phosphate-buffered saline and then
ncubating for 2 h at 37°C with 20 mM L-methionine in minimal
ssential medium. Secreted and retained apoB were isolated sepa-
ately from the medium and from the cell lysate. When determining
poB synthesis, the cells were pulse-labeled for 15 min with
-[35S]methionine and intracellular apoB was isolated from the cell
ysate. For a time course of apoB secretion, HepG2 cells were pulse-
abeled for 15 min with [35S]methionine and then chase incubated for
eriods up to 2 h. At the end of each chase period the incubation
edium was collected and replaced with fresh medium. ApoB was

solated by immunoprecipitation from the collected medium.

Treatment with interleukin-6. Bb-HepG2, and Neo-HepG2 cells
ere preincubated for 16 h with, or without, 10 ng/ml IL-6 purchased



from Gibco Life Technologies (Gaithersburg, MD). The cells were
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hen incubated for 2 h with L-[35S]methionine, as described above,
gain without or with 10 ng/ml IL-6.

Northern blot analysis. Total RNA was isolated from Neo-HepG2
nd Bb-HepG2 cells and 10 mg RNA was separated by electrophore-
is on 0.8% agarose gels. The RNA was transferred to nylon mem-
rane and hybridized with the appropriate 32P-labeled cDNA. Hu-
an apoB and HMG-CoA reductase cDNA probes were obtained

rom the American Type Culture collection (Rockville, MD) and
-actin cDNA was purchased from Clontech (Palo Alto, CA).

Western blot of SREBP. Total proteins from Neo- and Bb-HepG2
ells, separated by SDS–PAGE, were electroblotted onto nitrocellu-
ose membranes. The nonspecific binding sites of the membranes
ere blocked using 7% BSA, followed by addition of the polyclonal

abbit antibodies to SREBP-1or SREBP-2. The amount of primary
ntibody bound to the proteins was detected using an Immun-star
hemiluminescence kit.

Determination of lipid biosynthesis. Neo- and Bb-HepG2 cells
ere incubated in serum-containing medium with 5 mCi/ml [3H]ac-
tate for 2 h. Lipids were extracted from the cells with chloroform/
ethanol (2:1 v/v), and separated on silica gel thin layer chromatog-

aphy (TLC) plates. The lipids were identified with iodine vapor and
he spots on the TLC plates were cut and radioactivity determined.

ESULTS

ncreased Secretion of Fibrinogen and ApoB, but Not
of Acute-Phase Proteins, by HepG2 Cells
Transfected with Fibrinogen cDNA

Control (Neo-HepG2) cells and those transfected
ith a single fibrinogen chain cDNA (Aa-HepG2, Bb-
epG2 and g-HepG2) were metabolically labeled for
h with L-[35S]methionine and the amount of radioac-

ive fibrinogen and apoB secreted into the incubation
edia was measured. As previously reported, HepG2

ells transfected with any one of the fibrinogen chain
DNAs resulted in an increased synthesis and secre-
ion of fibrinogen and Bb-HepG2 cells secreted more
brinogen than Aa-HepG2 and g-HepG2 cells (20, 21)
see Fig. 1, lanes 1 and 2). All of the transfected cells
hat overexpressed fibrinogen secreted more apoB than
he control Neo-HepG2 cells (Fig. 1, lanes 3 and 4).

Since Bb-HepG2 cells were more effective than Aa-
epG2 and g-HepG2 cells in overexpressing fibrinogen,

ubsequent experiments were only performed with Bb-
epG2 cells. The amount of 3 representative acute-phase
roteins (a1-antitrypsin, a1-antichymotrypsin, and a2-
acroglobulin) secreted into the medium was measured.
lso determined was the secretion of angiotensinogen,
hich differs from the other acute-phase protein in that it

s a class I reactant protein and its expression is affected
y NFkB (46). Compared to the control Neo-HepG2 cells,
here was no difference in the amounts of a1-antitrypsin,
1-antichymotrypsin and a2-macroglobulin secreted by
b-HepG2 cells but there was a small, 1.3-fold, increase

n the amount of albumin secreted (Fig. 2). There was no
ifference in the amount of angiotensinogen secreted by
eo- and Bb-HepG2 cells (data not shown).
To exclude the possibility that the correlation be-

ween enhanced fibrinogen expression and increased
379
poB secretion is due to an artifact of transfection, or
as due to selection of a special cell line, we measured
1 different clones which were transfected with Bb
DNA, each of which over-expressed fibrinogen. All 11
f the clonal cell lines that over-expressed fibrinogen
xhibited enhanced secretion of apoB, when compared
o 3 control clones and to the pool of HepG2 cells
ransfected with the empty vector. Some Hep-G2 cells
ransfected with Bb cDNA did not over-express fibrin-
gen and these cells did not have enhanced secretion of
poB. Thus the correlation of enhanced fibrinogen ex-
ression and increased apoB secretion is specific and
eproducible in 11 different clones. These data demon-
trate that increased fibrinogen levels in HepG2 cells,
licited by over-expression of a single fibrinogen chain,
s associated with enhanced apoB secretion.

nhanced Synthesis of Fibrinogen, Elicited by
Interleukin-6, Does Not Affect apoB Secretion

Fibrinogen is an acute-phase protein and the synthe-
is of its 3 component chains is induced by IL-6. To
etermine if stimulation of fibrinogen synthesis, as

FIG. 1. Increased apoB secretion accompanies overexpression of
brinogen. Neo-HepG2, Aa-HepG2, Bb-HepG2, and g-HepG2 cells
ere metabolically labeled with L-[35S]methionine for 2 h and se-

reted radioactive fibrinogen and apoB were isolated from the incu-
ation medium by immunoprecipitation and reduced SDS–PAGE.
adioactivity was detected by autoradiography and the areas con-

aining the fibrinogen chains and apoB are shown. The top panels
ompare Neo-HepG2 and Bb-HepG2 cells; the middle panels com-
are Neo- and Aa-HepG2 cells, and the bottom panels compare Neo-
nd g-HepG2 cells. Lanes 1 and 2 show the component chains of
ecreted fibrinogen and lanes 3 and 4 show secreted apoB. Lanes 1
nd 3 are from Neo-HepG2 cells and lanes 2 and 4 are from HepG2
ells overexpressing fibrinogen.
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art of the acute-phase response, also increases apoB
ecretion, both Neo-HepG2 and Bb-HepG2 cells were
reated with IL-6 and the amount of secreted fibrino-
en and apoB determined.
Treatment of both Neo-HepG2 and Bb-HepG2 cells
ith IL-6 resulted in increased secretion of fibrinogen.

L-6 however had no effect on the secretion of apoB
ither by Neo-HepG2 or by Bb-HepG2 cells (Fig. 3).

verexpression of Fibrinogen Leads to Increased
Secretion, Not Expression, of ApoB

Expression of apoB by Neo-HepG2 and Bb-HepG2
ells was measured by determining mRNA levels
y Northern blots and determining initial protein
ynthesis, utilizing a 15-min pulse-incubation with
-[35S]methionine. Northern blot analysis of apoB
RNA indicated that there was no difference in the
RNA levels of Neo-HepG2 and Bb-HepG2 cells. Fig-
re 4 shows an autoradiogram of the Northern blots for
poB and actin. Measurements of the densities of the
poB bands, normalized for equal amounts of actin,

FIG. 2. Secretion of fibrinogen, apoB, albumin, and three acute
abeled as described in the legend to Fig. 1. Secreted proteins w
utoradiography, and quantified by densitometry. Values represent t
roup of cells.

FIG. 3. IL-6 increases fibrinogen secretion but does not affect
poB. Neo-HepG2 and Bb-HepG2 cells were preincubated with or
ithout 10 ng/ml of IL-6 for 16 h prior to a 2-h incubation with
-[35S]methionine also in the presence or absence of IL-6. Secreted
poB and fibrinogen were determined as in Fig. 1. Autoradiograms
re shown. Lanes 1–4 contain fibrinogen and lanes 5–8 apoB. Lanes
, 2, 5, and 6 are from Neo-HepG2 and lanes 3, 4, 7,and 8 are from
b-HepG2 cells. IL-6 treated cells are in lanes 2, 4, 6, and 8.
380
howed near equal levels of apoB mRNA in Neo-HepG2
nd Bb-HepG2 cells.
ApoB is an unusually large protein and after 15 min

f pulse-incubation with L-[35S]methionine there is a
ixture of complete and incomplete chains detected

ntracellularly. Because of this, isolated radioactive
poB migrates as a streak on SDS–PAGE. There was
ittle or no difference, in the amounts of apoB synthe-
ized by Neo-HepG2 and Bb-HepG2 cells (Fig. 5A,
anes 1 and 2). Because of streaking it is difficult to
uantitate the amounts by densitometry, but measure-
ents of the amount of radioactive protein isolated by

mmunoprecipitation with antibody to apoB confirmed
hat there was no difference.

Although both Neo-and Bb-HepG2 cells synthesize
qual amounts of apoB after 15 min, there was a large
ifference in the amount of apoB secreted after a 2-h
hase incubation. The Bb-HepG2 cells secreted 3-times
ore apoB than the Neo-HepG2 cells (Fig. 5A, lanes 3

nd 4). Quantitation of the amount of radioactive apoB

ase proteins. Neo-HepG2 and Bb-HepG2 cells were metabolically
e isolated by immunoprecipitation and SDS–PAGE, detected by
means 6 SD of protein intensity from 3 different cell clones in each

FIG. 4. Northern blot analysis of apoB. Total RNA of Neo- and
b-HepG2 cells was analyzed for apoB mRNA by Northern blot. As
control the amount of actin mRNA was also determined. The upper
utoradiogram shows the amount of apoB and the lower panel the
mount of actin.
-ph
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ynthesized at the end of the 15 min pulse period and
hat recovered intracellularly and secreted at the end
f the 2-h chase period, showed that, as has been noted
y others (47), the large majority of nascent apoB is
egraded intracellularly and not secreted. In Neo-Hep
2 cells 86% of apoB was proteolytically degraded com-
ared to 78% in Bb-Hep G2 cells. Because normally a
arge percent of apoB is not secreted, the relatively
mall percent inhibition of degradation that occurs in
b Hep G2 cells is reflected as a large percent increase

n the amount of apoB secreted.
A time course of secretion, in which the incubation
edia were collected and replaced with fresh media at

et intervals, demonstrated that there was about a 40
in intracellular transit time for apoB, with maximum

ecretion occurring between 60 and 90 min. After 2 h of
hase, secretion of pulse-labeled apoB had nearly
eased (Fig. 5B). The time course of secretion of Bb-
epG2 and Neo-HepG2 cells were similar, except that

he Bb-HepG2 cells secreted more apoB at all times.
Degradation of apoB occurs through the ubiquitin-

roteasome pathway (40–42). To determine if direct
nhibition of degradation with a specific inhibitor of the
roteasome system affects apoB secretion in both Bb-
epG2 and Neo-HepG2 cells; the cells were treated
ith MG132 for 4 h and apoB secretion was deter-
ined. Both Bb- and Neo-HepG2 cells, treated with
G132, secreted more apoB than untreated cells indi-

ating that inhibition of degradation, by itself, is suffi-
ient to allow undegraded apoB to be secreted (Fig. 6).

RNA Levels of HMG-CoA Reductase in Neo- and
Bb-HepG2 Cells

Regulation of apoB secretion is influenced by the
vailability of lipids destined to be secreted as compo-
ents of LDL and VLDL particles. HMG-CoA synthase
nd HMG-CoA reductase are 2 key enzymes that are

FIG. 5. Overexpression of fibrinogen affects the secretion but n
ulse-labeled for 15 min with L-[35S]methionine and chase incubated
fter 2 h chase are shown in lanes 1 and 2 and lanes 5 and 6, respect
and 4. Lanes 1, 3, and 5 are from Neo-HepG2 and lanes 2, 4, and 6

ncubated as described above. At the indicated chase times, the med
381
ensitive to feedback mechanisms regulating choles-
erol synthesis via the mevalonate pathway (43). We
hose to determine the mRNA levels of HMG-CoA re-
uctase in Neo- and Bb-HepG2 cells as an index of
holesterol synthesis. Northern blot analysis showed
hat Bb-HepG2 cells had 3 times more HMG-CoA re-
uctase mRNA than Neo-HepG2 cells (Fig. 7).

verexpression of Fibrinogen Bb Chain Increases the
Synthesis of Cholesterol Lipid but Does Not Affect
Sterol Response Element Binding Protein Levels

Since the cellular levels of mature SREBP-1 and
REBP-2 influence the expression of the mRNA encod-

ng HMG-CoA reductase (43), we measured SREBP-1
nd SREBP-2 by Western immunoblotting. Protein
ractions from Neo- and Bb-HepG2 cells were ana-
yzed. There was no difference in the amounts of the
25-kDa precursor or of the 68 kDa matures SREBP-1
resent in Bb-HepG2 and Neo HepG2 cells. An anti-
ody to SREBP-2, with epitope mapping at the amino
erminus of SREBP-2, also did not show any difference
n the amounts of SREBP-2 (data not shown).

he initial synthesis of apoB. In A, Neo- and Bb-HepG2 cells were
r 2 h. The amounts of radioactive intracellular apoB at 15 min and
ly. ApoB secreted into the medium after 2-h chase is shown in lanes
m Bb-HepG2 cells. In B, Neo- and Bb-HepG2 cells were pulse-chase

was collected and replaced with fresh medium.

FIG. 6. MG132 enhances apoB secretion. Neo- and Bb-HepG2
ells were pretreated with or without MG132 for 2 h prior to a 2-h
ncubation with L-[35S]methionine, also in the presence or absence of

G132. Lanes 1, 2, 5, and 6 (1) contained MG132 and lanes 3, 4, 7,
nd 8 (2) did not. Lanes 1, 2, 3, and 4 are from Neo-HepG2 and lanes
, 6, 7, and 8 are from Bb-HepG2 cells.
ot t
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To determine lipid synthesis, Bb-HepG2 and Neo-
epG2 cells were incubated with [3H]acetate for 2 h
nd radioactivity in various lipid fractions was deter-
ined (Fig. 8). Compared with Neo-HepG2 cells, Bb-
epG2 cells synthesized 3 times more cholesterol and
.6 fold more cholesterol esters. However, there were
o significant difference in the synthesis of triglycer-

des and phospholipids.

ISCUSSION

Elevated blood levels of fibrinogen are correlated
ith several risk factors for coronary artery disease,

ncluding LDL cholesterol (5–7, 48, 49). ApoB is the
rincipal structural protein in LDL and its secretion is
egulated by intracellular proteolysis, which depends
n the availability of lipids destined to be secreted.
roteolysis of nascent apoB and unassembled fibrino-
en chains (19) is mediated by the cytosolic ubiquitin-
roteasome system (41, 42). Hepatic cholesterol syn-
hesis is balanced by the supply of external cholesterol,
btained through the LDL receptor, and by compensa-
ory synthesis, through the mevalonate pathway. The
xpression of both LDL receptor and of at least 2 key
egulatory enzymes in the mevalonate pathway, HMG-
oA reductase and HMG-CoA synthase, are in turn

egulated by a family of transcription factors, SREBPs,
hat emanate from an ER membrane protein by sterol-
egulated proteolysis (44). Our studies show that in-
reased fibrinogen production, in HepG2 cells, elicited
y transfection of fibrinogen cDNA, but not by the
cute-phase response, increases cholesterol lipid syn-
hesis and apoB secretion. Although the SREBPs are
ssential transcription factors necessary for activation
f HMG CoA reductase expression, there was no de-
ectable increase in the amount of these proteins
resent in Bb-HepG2 cells, suggesting that co-
egulatory factors may be primarily affected.

The role of hepatic free and esterified cholesterol in
nfluencing degradation, assembly and secretion of
poB-containing lipoproteins, is controversial. ApoB

FIG. 7. Expression of HMG-CoA reductase. Total RNA was an-
lyzed for mRNA levels of HMG-CoA reductase and actin by North-
rn blot analysis. 32P-labeled probes for HMG-CoA reductase and
ctin were used. Autoradiograms are shown. The upper panel shows
MG-CoA reductase and the lower panel shows actin.
382
54–56) by the rate of cholesterol synthesis and ester-
fication. However, several studies with HepG2 cells
rgue against the regulation of apoB secretion by the
vailability of free cholesterol and/or cholesterol esters
57–59). A recent study has shown that proteasome
egradation of translocation-arrested apoB can be reg-
lated by a sterol-sensitive polyubiquitin conjugation
tep (37). Our studies are complementary, showing
hat Bb-HepG2 cells have increased cholesterol syn-
hesis and that degradation of apoB, via the ubiquitin-
roteasome pathway, is inhibited.
The association of increased fibrinogen expression

nd enhanced apoB secretion is not due to the selec-
ion, by chance, of a cell line that over secretes apoB,
ince 11 different clones, all of which over-expressed
brinogen, had enhanced apoB secretion. Also, cell

ines that were derived from cells transfected with the
ame expression vector containing Bb cDNA, but did
ot over-express fibrinogen, did not have enhanced
poB secretion. Further evidence against the notion
hat the increased apoB secretion is a transfection
rtifact is that others have transfected HepG2 cells
ith an expression vector containing a cDNA different

o fibrinogen, a minigene for apolipoprotein(a), and
hose stably transfected HepG2 cells did not exhibit
ncreased secretion of apoB (60).

Fibrinogen expression is regulated at different two
evels. At the level of constitutive or basal expression
nd during the acute-phase response, principally in-
uced by IL-6 and glucocorticoids, when there is a
oordinate enhanced expression of the 3 genes. In-
reased fibrinogen production, caused by IL-6, did not
ffect apoB secretion clearly showing that increased
brinogen expression, as part of the acute phase re-

FIG. 8. Lipid biosynthesis. Neo- and Bb-HepG2 cells were incu-
ated with [3H]acetate (5 mCi/ml) for 2 h. Radiolabeled lipids were
xtracted with chloroform/methanol, and cholesterol ester (CE), cho-
esterol (C), triglyceride (TG), and phospholipids (PL) were separated
y TLC plates and quantitated by determining radioactivity. Values
epresent the means 6 SD of triplicate plates of cells.



sponse, does not cause enhanced apoB secretion. On
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he other hand, transfection with Bb cDNA did not
ffect other acute-phase proteins, as determined by
easuring secretion of a1-antichymotrypsin, a1-

ntitrypsin and a2-macroglobulin. Earlier studies also
howed that over-expression of fibrinogen did not in-
rease the amounts of C-reactive protein secreted (20,
1). Thus, under these experimental conditions, apoB
ecretion is enhanced primarily due to increased ex-
ression of basal levels of fibrinogen brought about by
ransfection of individual fibrinogen cDNAs. Increased
asal expression of fibrinogen, reflected in elevated
lasma fibrinogen levels, has been documented in some
enetic variants of fibrinogen which have polymor-
hisms in the promoter region of the Bb gene (30, 32,
1). Thus, although basal over-expression of fibrino-
en, caused by transfection, is not a physiological event
his procedure may expose underlying mechanisms
hat are normally in play, perhaps at a lower level, in
enetic variations that affects basal expression of fi-
rinogen.
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