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Montréal, QC, Canada

ABSTRACT Little is known about the regulation of apolipoprotein (apo) C-I production by human adipocytes. The
aim of the present study, therefore, was to investigate the effect of different tissue culture conditions on the
synthesis and secretion of apoC-I and apoE in human SW872 liposarcoma cells. After 3–4 d in culture (0.5 � 106

cells/well, DMEM/F-12 medium with 10% fetal calf serum), cells reached confluence and became growth arrested.
The molar ratio of apoE:apoC-I in the cell was 8.9 � 0.6 and in the medium was 6.6 � 0.5. After 17 d in culture,
SW872 cells contained significantly more cholesterol (100%) and triglyceride (3-fold) and secreted more apoC-I [4
vs. 17 d: 0.11 � 0.01 vs. 0.23 � 0.01 pmol/(106 cells � 24 h), P � 0.001] and apoE [0.7 � 0.1 vs. 3.1 � 0.3 pmol/(106

cells � 24 h), P � 0.001]. Cellular apoC-I increased 7-fold and apoE increased 16-fold. Cell maturation was
associated with significantly higher levels of apoE mRNA but not apoC-I mRNA. Increases in cell lipids, apoC-I, and
apoE were not dependent on the presence of extracellular lipids because similar changes occurred in cells
incubated with lipoprotein-deficient serum or in cells incubated without serum. Treatment (7 d) of cells during
maturation with insulin (10 or 1000 nmol/L) significantly reduced the secretion of apoC-I and apoE. These results
demonstrate that in maturing SW872 cells, cholesterol and triglyceride accumulation in the presence or absence
of extracellular lipids, is associated with increased apoC-I and apoE production. Furthermore, apoC-I and apoE
production are differentially regulated at the transcriptional level, and long-term treatment with insulin has an
inhibitory rather than stimulatory effect on apoC-I and apoE production. J. Nutr. 134: 2935–2941, 2004.
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Adipose tissue is not simply a depot of fat, but is an
endocrine organ capable of secreting proteins that can affect
whole-body metabolism and homeostasis (1). Several of these
proteins [e.g., adiponectin, leptin, plasminogen activator in-
hibitor-1, apolipoprotein (apo)3 E and apoC-I] have been
implicated in the etiology of insulin resistance and atheroscle-
rosis, and may be responsible for the direct link between
increased adiposity and cardiovascular disease (2,3).

ApoE and apoC-I are proteins that play a central role in
regulating plasma lipid metabolism (4,5). ApoE mediates the
uptake of triglyceride-rich lipoproteins (TRL) by hepatic re-
ceptors (6), whereas apoC-I has an inhibitory effect (7). The
genes for these proteins are adjacent to each other on chro-
mosome 19 within a 45-kb cluster containing the pseudo
apoC-I, apoC-IV, and apoC-II genes (8). The majority of
plasma apoE and apoC-I is made by the liver. However, a

number of tissues are able to produce these proteins, e.g., the
brain, spleen, lung, adrenals, ovary, kidney, and muscle (9–
11). Adipose tissue also has the capacity to synthesize apoE
and apoC-I. Zechner et al. (12) showed that differentiated
mouse 3T3-L1 adipocytes and human adipose tissue biopsies
contain apoE mRNA, and they both synthesize and secrete
apoE. In 3T3-L1 cells, apoE is expressed in a differentiation-
dependent manner; its regulation is related to intracellular free
cholesterol levels. Lafitte et al. (13) demonstrated that the
nuclear receptors, liver X receptor (LXR)� and LXR�, and
their oxysterol ligands are key regulators of adipocyte apoE
expression through their interaction with conserved LXR re-
sponse elements present in multi-enhancer regions ME.1 and
ME.2 of the apoE/CI gene cluster.

ApoC-I is a 57-amino acid protein (6.613 kDa) which, like
apoE, regulates both systemic and cellular lipid metabolism
(5,7). In vitro experiments demonstrated that apoC-I has the
capacity to activate lecithin:cholesterol acyltransferase
(LCAT), inhibit lipoprotein lipase, hepatic lipase, and phos-
pholipase A2, and inhibit cholesterol ester transfer protein
(CETP) activity. ApoC-I also inhibits the binding and/or
uptake of triglyceride emulsions or VLDL by the LDL receptor,
the LDL-like receptor protein (LRP) and the VLDL receptor
(5,7). In mice, overexpression of human apoC-I leads to ele-
vated plasma cholesterol and triglyceride concentrations, im-
paired hepatic uptake of VLDL particles, reduced whole-body

1 Supported by an operating grant from the Canadian Institutes of Health
Research (MOP-14684) and a CIHR/Pfizer Rx&D Investigator Salary Award to
J.S.C. (DSC-64146). The financial support of Pfizer Canada to J.D. is also grate-
fully acknowledged.

2 To whom correspondence should be addressed. E-mail: cohnj@ircm.qc.ca.
3 Abbreviations used: apo, apolipoprotein; CETP, cholesterol ester transfer

protein; FCS, fetal calf serum; LCAT, lecithin cholesterol acyltransferase; LPDS,
lipoprotein-deficient serum; LPL, lipoprotein lipase; LRP, LDL-like receptor pro-
tein; LXR, liver X receptor; PPAR, peroxisome proliferator-activated receptor;
TRL, triglyceride-rich lipoprotein(s).

0022-3166/04 $8.00 © 2004 American Society for Nutritional Sciences.
Manuscript received 17 June 2004. Initial review completed 29 June 2004. Revision accepted 17 August 2004.

2935

D
ow

nloaded from
 https://academ

ic.oup.com
/jn/article/134/11/2935/4688483 by guest on 16 August 2022



nonesterified fatty acid uptake, and impaired uptake of fatty
acids by adipose tissue (14–17).

In view of the aforementioned evidence that apoC-I plays
an important role in regulating fatty acid uptake by adipose
tissue, and given the lack of information pertaining to apoC-I
production by adipocytes, we conducted the present study in
which we investigated the effect of different tissue culture
conditions on the synthesis and secretion of apoC-I and apoE
by SW872 liposarcoma cells. The human liposarcoma SW872
cell line was used in previous studies as a human adipocyte cell
model (18–20). Compared with mouse 3T3-L1 adipocytes,
SW872 cells have the advantage of being of human origin and
of not requiring an incubation cocktail (e.g., dexamethasone,
insulin, and isobutylmethylxanthine) to differentiate into ma-
ture adipocytes. SW872 cells, when initially plated, have an
immature adipocyte phenotype, and they constitutively ex-
press important adipocyte genes such as peroxisome prolifera-
tor-activated receptor (PPAR)�, PPAR�, LRP, lipoprotein
lipase (LPL), CETP, CD36, and adipsin (20).

MATERIALS AND METHODS

Materials. Human SW872 liposarcoma cells were obtained from
the American Type Culture Collection. High-glucose DMEM was
purchased from GIBCO. Fetal calf serum (FCS), dexamethasone, and
bovine insulin were purchased from Sigma (St-Louis, MO). Bovine
lipoprotein-deficient serum (LPDS) was obtained by ultracentrifuga-
tion at density 1.25 kg/L using solid KBr. LPDS was dialyzed against
physiological saline (0.15 mol/L) and stored at 4°C.

Cell culture. SW872 cells were cultured in high-glucose DMEM
supplemented with NaHCO3 (3.7 g/L), 100 �mol/L nonessential
amino acids, 50 kU/L penicillin, 50 mg/L streptomycin, and 10%
FBS, in a humidified incubator (37°C, 5% CO2). Media were re-
placed every 2–3 d. Cells (0.5 � 106) were seeded into 6-well plates
containing 2 mL of medium. Maturation of SW872 cells was studied
by allowing cells to grow for a maximum of 19 d. Media were changed
every 48 h and analyses were conducted at 4, 10, and 17 d. Cells
reached 100% confluence after 4 d. At each time point, media were
removed and cells were washed twice with PBS before further ma-
nipulation. Cell maturation was studied in the absence of lipoproteins
by incubating cells with 10% LPDS (100 �mol/L nonessential amino
acids, 50 kU/L penicillin, 50 mg/L streptomycin). Cells were also
studied in the absence of serum, whereby the medium was supple-
mented with a growth-promoting cocktail containing 15 mmol/L
NaHCO3, 15 mmol/L Hepes, 33 �mol/L biotin, 17 �mol/L panto-
thenate, 0.2 nmol/L triiodothyronine, 1.25 �mol/L bovine insulin,
0.1 mmol/L NaOH, 0.1 �mol/L dexamethasone, 100 �mol/L nones-
sential amino acids, 50 kU/L penicillin and 50 mg/L streptomycin
(individual components from Sigma Chemical). To study the effect of
insulin, cells were grown for 7 d postconfluence in FCS-containing
medium, washed with PBS, and incubated with either 0, 10, or 1000
nmol/L bovine insulin–supplemented medium (10% FCS) for a sub-
sequent 7 d.

Cells analysis. Cells were washed with PBS, and total cellular
lipids were extracted using three 1-h incubations with 1.0 mL hexane/
isopropanol (3:2, v:v). Solvent extracts were centrifuged (10 min at
2000 � g), and supernatants were transferred and dried under nitro-
gen. Total cholesterol and triglyceride were quantified by enzymatic
reaction using reagents from Roche Diagnostics (Indianapolis, IN).
Cellular lipid accumulation was also monitored microscopically after
lipid staining with Oil Red O (21). Media were collected and apoli-
poproteins were quantified by a sandwich ELISA (22,23) using goat
anti-human polyclonal antibodies obtained from Biodesign Interna-
tional and horseradish peroxidase–conjugated goat anti-human anti-
bodies obtained from Academy Bio-Medical Company. ELISAs were
specific for human apolipoproteins, and zero values were obtained
when fresh media containing bovine serum were assayed. ApoC-I and
apoE detected in cell media therefore represented a measure of
secreted apolipoprotein. Re-uptake of human apolipoproteins was
negligible because the media contained an excess of bovine apoC-I

and apoE provided by the FCS. To quantify cellular apolipoproteins,
SW872 cells were washed with PBS, harvested, and dissolved in a
lysis buffer (50 mmol/L TRIS-Base, 150 mmol/L KCl and 1% Tween).
Cellular apolipoproteins were then quantified by ELISA. To measure
total cell proteins, cells were washed with PBS and solubilized using
0.1 mol/L NaOH. Total cell proteins were quantified according to
Lowry et al. (24), using bovine serum albumin as a standard. RNA
was extracted according to the manufacturer’s instructions with
Trizol obtained from Invitrogen and then quantified using a spectro-
photometer. A reverse transcriptase reaction was then carried out and
the resultant cDNA was amplified using real-time PCR with the
SYBR green mastermix purchased from Qiagen and analyzed with
Mx4000 software. S14 (used as a standard), apoC-I, apoE, PPAR�,
PPAR�, and PPAR� primers were designed using the Primer 3
software (25) and were made by Invitrogen.

Statistics. Values in the text are means � SEM. One-way
ANOVA was performed using SigmaStat 2.0 (Jandel). Data that were
not normally distributed were analyzed nonparametrically using
Kruskal-Wallis 1-way ANOVA on ranks. Post-hoc multiple compar-
ison tests included Tukey’s test (parametric) or Dunn’s method (non-
parametric). Differences were considered significant at P � 0.05.

RESULTS

Human SW872 cells were cultured in the presence of 10%
FCS, and cell maturation was monitored for 17 d. When first
plated, the cells were elongated and fibroblastic in appearance.
After several days in culture, they became more rounded. At
100% confluence, they became growth arrested, as evidenced
by a plateau (3–4 d after plating) in the number of cells per
dish (Fig. 1A). Cellular protein increased gradually with time
(Fig. 1B). Cells became vacuolized and Oil Red O staining
provided evidence of lipid accumulation (data not shown).
Seventeen days after plating, cells contained �100% more
cholesterol and 3 times more triglyceride than when they
reached confluence at d 4 (Fig. 1C).

Cell maturation was associated with a significant increase
in cellular levels of PPAR�/� mRNA (Fig. 2A). Neither
PPAR� nor PPAR� mRNA levels increased significantly with
time, although PPAR� mRNA levels were already elevated in
confluent cells at 4 d. This was consistent with the fact that
SW872 cells resemble differentiated adipocytes and express
other functionally important adipocyte genes including LRP,
LPL, CETP, and CD36 (20). At d 17, SW872 cells had
significantly higher LRP mRNA levels (0.46 � 0.05 vs. 0.19
� 0.03, P � 0.001) and higher LPL mRNA levels (0.05
� 0.01 vs. 0.04 � 0.01, P � 0.01) compared with d 4. Cellular
levels of apoE mRNA increased significantly during cell mat-
uration; however, levels of apoC-I mRNA decreased signifi-
cantly (Fig. 2B).

Levels of both apoC-I and apoE were higher in the medium
than in cells. Both cellular and medium levels of apoC-I (Fig.
3A) and apoE (Fig. 3B) increased significantly during cell
maturation. From d 4 to 17, cellular apoC-I and apoE in-
creased 7- and 16-fold, whereas medium apoC-I and apoE
increased 2- and 4-fold, respectively. At d 4, the molar ratio of
apoE:apoC-I in the cell was 8.9 � 0.6 and in the medium, 6.6
� 0.5. At d 17, the molar ratio of apoE:apoC-I in the cell was
21.6 � 2.6 (P � 0.001), and in the medium, 13.3 � 1.6 (P
� 0.001). SW872 cells therefore contained and secreted more
apoE than apoC-I. SW872 cells secreted 6–7 molecules of
apoE for each molecule of apoC-I at 100% confluence (i.e., d
4) and secreted 13–14 molecules of apoE for each molecule of
apoC-I after 17 d in culture.

To determine the extent to which lipoproteins in the
medium were able to affect the production of apoC-I and apoE
during maturation of SW872 cells, experiments were carried
out in which cells were grown in the presence of 10% FCS or
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in the presence of 10% FCS devoid of lipoproteins (i.e., in
10% lipoprotein-deficient serum, LPDS). As demonstrated
before (Fig. 1–3), maturation in the presence of 10% FCS was
associated with an increase in cellular lipids (Fig. 4A), an

increase in apoE mRNA but not apoC-I mRNA (Fig. 4B), and
significant increases in both cellular and medium apoC-I (Fig.
4C) and apoE levels (Fig. 4D). Cellular triglyceride and apoE
mRNA levels were lower in LPDS-incubated cells; however,
this was not associated with any reduction in levels of apoC-I
or apoE compared with FCS-incubated cells.

In view of the small effect of the absence of lipoprotein
lipids in the medium on apoC-I and apoE production during
SW872 maturation, an experiment was carried out with se-
rum-free medium containing a cocktail of compounds (i.e.,
insulin, dexamethasone, triiodothyronine, biotin, and panto-
thenate) designed to promote the maturation of SW872 cells
and also the production of apoC-I and apoE. The cells accu-
mulated both triglyceride and cholesterol (Fig. 5A). At 100%
confluence (d 4), they contained levels of triglyceride and
cholesterol similar to those of SW872 cells incubated in me-
dium containing 10% FCS (Fig. 1C). At d 10 and 17, how-
ever, they contained 4 and 7 times more triglyceride, respec-
tively, and also slightly more cholesterol than cells in standard
medium. The lipid accumulation was associated with an in-
crease in apoE mRNA, although not apoC-I mRNA (Fig. 5B).
The increase in cellular apoE mRNA with growth-promoting
medium was �3 times greater than that occurring with stan-
dard medium (Fig 5B). Cellular and medium apoC-I and apoE
increased significantly (Fig. 5C and D), and this increase was

FIGURE 1 Number of cells per dish at different time-points (panel
A), cellular protein/dish (panel B), and cellular lipid (panel C) during the
time course of maturation of SW872 liposarcoma cells. At d 0, cells
were plated into 6-well tissue culture plates (0.5 � 106 cells / well) and
allowed to grow in the presence of DMEM/F-12 (3:1, v:v) and 10% FCS.
The medium was changed every 48 h. Cells reached confluence after
3–4 d in culture and became growth arrested. Values are means
� SEM, n � 3 (A and B) or 5 (C). Means for a variable without a common
letter differ (P � 0.05), by one-way ANOVA and the post-hoc Tukey’s
test.

FIGURE 2 Change in cellular PPAR (panel A) and apolipoprotein
(panel B) mRNA levels during maturation of SW872 cells over 4, 10, or
17 d . Levels of mRNA were quantitated by real-time RT-PCR and were
expressed relative to S14 mRNA. Results are means � SEM, n � 6.
Means for a variable without a common letter differ (P � 0.05), by
one-way ANOVA and the post-hoc Dunn’s test.
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also greater in magnitude than that observed in the presence
of FCS-containing medium (Fig. 3A and B).

Because the maturation-promoting medium (described
above) contained a large amount of insulin, experiments were
carried out to investigate the effect of insulin alone on SW872
apoC-I and apoE production (Fig. 6). Insulin at concentra-
tions of 10 and 1000 nmol/L in medium containing 10% FCS
did not affect apoE mRNA, but the higher concentration
reduced apoC-I mRNA levels (Fig. 6A). This was associated
with a significant decrease in medium apoC-I and apoE (Fig 6B
and C), with no difference in cellular apoC-I and a small 20%
decrease in cellular apoE in incubations with 1000 nmol/L
insulin (Fig. 6B).

DISCUSSION

The results of the present study showed that both apoC-I
and apoE are synthesized and secreted by SW872 cells. At
confluence, after 3 to 4 d in culture, cells contained �1
molecule of apoC-I for every 9 molecules of apoE, and the

medium contained �1 molecule of apoC-I for every 7 mole-
cules of apoE. When SW872 cells were allowed to mature for
17 d in culture in the presence of 10% FCS, cellular lipid
accumulation (100% increase in cholesterol, 3-fold increase in
triglyceride) was associated with a significant increase in both
cellular and medium levels of apoC-I and apoE. Increase in the
synthesis and secretion of apoE was greater than that of apoC-I
(Fig. 3) and after 17 d in culture, the molar ratio of apoE:
apoC-I in the cell was 21.6 � 2.6 and in the medium was 13.3
� 1.6. Similar changes were observed when cells were incu-
bated with lipoprotein-deficient serum (Fig. 4) or when cells
were incubated without serum (Fig. 5), demonstrating that
increased production of both apoC-I and apoE was closely
linked to the accumulation of cellular cholesterol and triglyc-
eride, independent of the presence or absence of lipid in the
medium.

Zechner et al. (12) showed previously that differentiation of
mouse 3T3-L1 preadipocytes into mature adipocytes results in
increased production of apoE. More recently, gene chip exper-
iments showed that apoC-I expression is also significantly
increased during adipocyte differentiation (26,27). The
present results extend these observations by showing that
human SW872 cells, which already display a differentiated
adipocytic phenotype, i.e., they express measurable amounts of
PPAR� mRNA (Fig. 2) and other adipocytic genes in the
basal state (20), increase their apoE production as they accu-
mulate lipid. Cell maturation is also associated with an in-
crease in synthesis and secretion of apoC-I, independent of
any additional increase in PPAR� mRNA (Fig. 2). These data
suggest that increased apoC-I and apoE production is not only
a feature of adipocyte differentiation, but is a characteristic of
the transformation of SW872 cells from immature to mature
adipocytes. ApoC-I and/or apoE may play an important role in
the regulation of adipocyte lipid accumulation, consistent with
their documented effects on lipid uptake and/or efflux in other
cell types. For example, apoC-I is an inhibitor of lipoprotein
receptors of the LDL-receptor family (5,7), and has an inhib-
itory effect on the tissue uptake of FFA (16,17). ApoE might
be important in regulating receptor-mediated uptake of adipo-
cyte lipid (4), as supported by the observation that adipose
tissue mass is significantly reduced in obese ob/ob mice that are
also made deficient in apoE (28). ApoE can also stimulate
LRP-mediated selective uptake of HDL cholesteryl esters by
adipocytes (20). On the other hand, newly synthesized endog-
enous apoE mediates cholesterol efflux from macrophages
(29,30), and it is possible that apoE plays a similar role in
maturing adipocytes. Clearly, these different possibilities can
only be substantiated by future experiments.

The apoC-I and apoE genes are adjacent to each other on
the same chromosome (8) and are regulated by common
control regions (13,31,32). Thus, apoC-I and apoE gene ex-
pression in the liver is driven by 2 enhancer regions, hepatic
control regions (HCR) 1 and 2, which are �9 and �20 kb,
respectively, downstream of the apoC-I gene (32,33). Macro-
phage and adipose tissue apoC-I and apoE gene expression is in
turn directed by 2 multienhancer regions (ME.1 and ME.2)
that are situated on either side of the apoC-I gene (34).
Furthermore, 2 LXR response elements located within ME.1
and ME.2 appear to be responsible for the induction of mac-
rophage apoC-I and apoE gene expression by ligands for LXR
and retinoid X receptor (35). On the basis of these results, we
initially hypothesized that any change in the level of apoC-I
mRNA would be mimicked by a similar change in apoE
mRNA. Furthermore, we expected that changes in apoC-I or
apoE mass in maturing SW872 cells would be mimicked by
similar changes in mRNA levels. In fact, parallel changes in

FIGURE 3 Effect of SW872 cell maturation on cellular and me-
dium apoC-I (panel A) and apoE levels (panel B). Apolipoproteins were
measured by ELISA in cells dissolved in lysis buffer or in medium
recovered from cells after 48 h of incubation. Results are means
� SEM, n � 6. Means for a variable without a common letter differ (P
� 0.05), by one-way ANOVA and the post-hoc Dunn’s test.
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apoC-I and apoE mRNA were not observed in either the
maturation experiments or those with insulin. Increased levels
of apoE mRNA, but not apoC-I mRNA, were consistently

observed in cells incubated in the presence or absence of
extracellular lipids (Fig. 2B and 5B), whereas insulin treatment
was associated with a decrease in apoC-I mRNA, but not apoE

FIGURE 4 Cellular triglyceride
and cholesterol levels (panel A), apoC-I
and apoE mRNA levels as determined
by real-time RT-PCR and expressed
relative to S14 mRNA (panel B), cellular
and medium apoC-I levels as deter-
mined by ELISA (panel C), and cellular
and medium apoE levels (panel D) dur-
ing SW872 cell maturation and apoC-I
and apoE production in the presence
or absence of serum lipoproteins. Cells
were plated into 6-well tissue culture
plates (0.5 � 106 cells/well) in the pres-
ence of DMEM/F-12 (3:1, v:v) and 10%
FCS. At 100% confluence (d 4), cells
were allowed to continue to mature in
the presence of 10% FCS or in the
presence of 10% LPDS. Cells and me-
dia were harvested 13 d after reaching
confluence (i.e., at d 17). Results are
means � SEM, n � 6. Means for a
variable without a common letter differ
(P � 0.05), by one-way ANOVA and the
post-hoc Tukey’s test.

FIGURE 5 Effect of serum-free
medium supplemented with a growth-
promoting cocktail on cellular triglyc-
eride and cholesterol levels (panel A),
apoC-I and apoE mRNA levels ex-
pressed relative to S14 mRNA (panel
B), and cellular and medium apoC-I
(panel C) and apoE levels (panel D)
during SW872 cell maturation. Cells
were plated into 6-well tissue culture
plates (0.5 � 106 cells / well) in the
presence of DMEM/F-12 (3:1, v:v) con-
taining 1.25 �mol/L insulin, 0.1 �mol/L
dexamethasone, 0.2 nmol/L triiodothy-
ronine, 33 �mol/L biotin, and 17
�mol/L pantothenate. Cells and media
were harvested 4, 10, and 17 d after
plating. In panel A, values are means of
2 dishes at each time point. In panels
B, C and D, values are means � SEM,
n � 6. Means for a variable without a
common letter differ (P � 0.05), by
one-way ANOVA and the post-hoc
Tukey’s test.
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mRNA (Fig. 6A). These data provide clear evidence for dif-
ferential regulation of the apoC-I and apoE genes in SW872
cells, and suggest the presence of regulatory elements in the
apoE/apoC-I/apoC-II gene cluster that are specific for individ-
ual apolipoproteins. At the same time, our data suggest that
the production of these apolipoproteins was regulated post-
transcriptionally, as evidenced by the increase in apoC-I pro-
tein in the absence of increased apoC-I mRNA during matu-
ration (e.g., Fig. 5), and the decrease in secreted apoE in the
absence of any change in apoE mRNA during insulin treat-

ment (Fig. 6). This is consistent with the post-transcriptional
regulation of apoC-I and apoE production in human HepG2
cells (36,37) and of apoE production in macrophages (38,39).
Post-translational degradation of apoC-I and apoE by specific
proteases has been shown to occur in hepatocytes and macro-
phages (36); however, it remains to be determined whether
similar proteases are responsible for regulating levels of apoC-I
and apoE secretion in human adipocytes.

Insulin stimulates the uptake of glucose and FFA by adipose
tissue. It can increase LPL activity, induce the translocation of
fatty acid transport proteins to the surface of adipocytes, and
stimulate adipocyte lipid accumulation (40,41). In view of the
relation observed between lipid accumulation and increased
apoC-I and apoE production in SW872 cells during matura-
tion, we expected that insulin treatment would further stim-
ulate apoC-I and apoE production. Surprisingly, however,
long-term incubation of cells with insulin caused a decrease in
apoC-I and apoE secretion, concomitant with a decrease in
apoC-I mRNA, although not apoE mRNA (Fig. 6). These
data suggest that insulin by itself does not induce transcription
of the apoC-I or apoE gene in adipocytes, in agreement with
results obtained with cultured rat hepatocytes (42) and human
hepatoma cells (43,44), in which insulin had no effect on apoE
mRNA levels, but a small and reproducible lowering effect on
apoE secretion. From these results, it can also be deduced that
the ability of the serum-free, growth-promoting medium to
increase apoE and apoC-I production in SW872 cells (Fig. 5)
was probably not a direct consequence of its high insulin
concentration (1.25 �mol/L).

In conclusion, the results of the present study demonstrate
that SW872 liposarcoma cells synthesize and secrete both
apoC-I and apoE. When these cells are incubated for an
extended period of time in the presence of 10% FCS, they
accumulate cholesterol and triglyceride, and produce signifi-
cantly increased amounts of these apolipoproteins. Lipid ac-
cumulation and increased apoC-I and apoE production can
also occur over time in the absence of extracellular lipids. In
addition, evidence was obtained for the differential regulation
of apoC-I and apoE production at the transcriptional as well as
the post-transcriptional level, and long-term insulin treatment
had an inhibitory rather than a stimulatory effect on apoC-I
and apoE production. These results suggest that apoC-I and
apoE play a role in the maturation of human adipocytes and
may be important in mediating or regulating cell lipid accu-
mulation. Further work is required to define this regulatory
function and determine whether these apolipoproteins are
essential for adipocyte maturation.
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