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SUMMARY : Lipoprotein deficient serum has been shown to enhance lipid synthesis
in cultured normal human skin fibroblasts incubated 1in the presence of
oleate-albumin. The factor responsible is nondialyzable and trypsin sensitive.
The stimulation is proportional to the concentration of lipoprotein deficient serum
in the media and is present at all oleate concentrations and incubation times
assayed. The protein has been partially purified by column chromatography to yield
a Peak Il fraction whicn stimulates triglyceride synthesis in both fibroblasts and
isolated nhuman adipocytes. The stimulation is dependent on the concentration of
protein fraction and increases to an apparent saturation Tlevel of 200% in
fibroblasts. Triglyceride synthesis, however, increases to a much greater extent
in adipocytes and did not demonstrate saturation at the maximum Peak II protein
concentration assayed. These results suggest that human serum contains a protein
which stimulates fatty acid uptake and esterification by adipose tissue. © 1987

Academic Press, Inc.

Chylomicrons transport dietary fatty acids as triglyceride from the intestine,
through plasma, either to tissues such as skeletal or cardiac muscles where the
fatty acids are consumed to generate energy, or to adipose tissue, where they are
stored as triglyceriaes. This process of energy storage consists of two principé\
steps: first, the triglycerides must be hydrolyzed in plasma, and second, the FFA
thus liberated must enter the cell, be activated, and then coupled in a tightly
linked sequence to glycerol-phosphate with the end product being triglyceride. The

process is complex, and except for its initial steps, not well understood. Entry
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Abbreviations used: FFA, Free Fatty Acid; LDL apoB, Low Density Lipoprotein
apoprotein B; LPD Serum, Lipoprotein Deficient Serum; PBS, Phosphate Buffered Saline.
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of fatty acids into cells is usually thought to occur by passive diffusion (1,2),
although more recently evidence for a transport mediated process has also been
reported (3,4,5). As well, one or more fatty acid binding proteins may also be
involved in intracellular fatty acid transport (6,7). Accordingly we have examined
fatty acid incorporation into cellular triglyceride with particular regard to the

potential role plasma proteins may play in this process.

MATERIALS AND METHODS

Subjects: Plasma samples were obtained from 6 male control subjects, all of whom
fiad pTasma 1ipids and lipoprotein 1ipids within the normal range as defined by the
Lipid Research Clinic survey (8); all also had a plasma LDL apoB<120 mg/dl. Their
average age was 43 * 6 years (29-65 years). Plasma cholesterol and triglyceride
were measured enzymatically (Beckman Instruments Company, California) and LDL and
HDL cholesterol by the methods of the Lipid Research Clinic., LDL apoB was measured
by radial immunodiffusion (9). All subjects had forearm skin biopsies from which
fibroblasts were cultured. Adipocytes were obtained from 5 patients undergoing
elective abdominal surgery; all 5 patients were normolipidemic, and all had normal
LDL apoB levels. Their average age was 43 t 6 years (27-6U years).

Measurement of Lipid Synthesis in Cultured Skin Fibroblasts: Fibroblasts were
maintained in tagle's Minimum Etssential Medium suppleménted with 10% fetal cailf
serum and 100 [U/ml of penicillin streptomycin and were used between passages 5 and
15. Prior to experiments, cells were dissociated in 0.25% trypsin and plated into
60 mm dishes at a concentration of 1x10° cells/dish in 2.0 ml media. On day 6, the
medium was changed to a preincubation serum free medium consisting of 1:1
Dulbecco's MEM and Ham's F12 supplemented with idinsulin, biotin, calcium
pantothenate, transferrin, triiodotnyronine and hydrocortisone {10). To this was
added either 1.25 mg/ml fatty acid free human serum albumin (Sigma Chemicals) or
2.5 mg/ml human LPD serum. LPD serum was defined as the serum fraction with a
density greater than 1.21 gm/ml where Tlipoproteins had been removed by
ultracentrifugation. All serum used had normal levels of lipids and LDL apoB as
defined above. LPD serum was then respun, defibrinated,dialyzed and adjusted to 50
mg protein/ml. FFA concentration in LPD serum was measured enzymatically (Wako
Chemical, Japan) and the amount corrected for in all experiments.

On day 7, [14C] oleate (52.6 mCi/mmol New England Nuclear) was evaporated to
dryness, resuspended in a solution of 10mM sodium oleate complexed to albumin (11)
(molar ratio 6:1), and added to cells at the required concentration. In some
instances, D- [6-3H(N)J]-glucose (33.2 Ci/mmol, New England Nuclear) was also used
as a tracer. Qleate incorporation into lipids was measured following incubation in
a 5% COp humid incubator usually for four hours. The cells were then washed,
harvested by scraping, collected 1in PBS buffer, counted, and extracted in
chloroform: methanol: 1N HCL (20:10:0.25). Lipid extracts were separated by thin
layer chromatography on Silica Gel G plates in hexane: etner: acetic acid (75:25:1)
along with standards and visualized in diodine vapour, recovery was 95% complete.
The spots were scraped and counted in a liquid scintillation counter. Results were
expressed per mg cell protein as measured by a modified Lowry assay (12).

In experiments using partially purified serum fractions, cells were prepared
as described but the preincubation serum free medium consisted of 1:1 Dulbecco's
MEM and Ham's £12 plus hormone supplement but without either LPD serum or albumin.
The next day, 10 uM [14C] oleic acid and specified amounts of the protein fraction
wEre added. After 4 hours, the cells were harvested and analyzed as described
above,

Adipocytes: Fresh adipose tissue was obtained from subcutaneous tissue of patients
undergoing abdominal surgery. The tissue (2g to 6g) was cleaned, washed, minced,
and digested in Kreb's bicarbonate buffer supplemented with glucose, albumin and
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collagenase type II (Sigma Chemicals, Missouri) (2 ug/ml, 10 mg/g of tissue) for 1
hour (13). Following this, cells were filtered,washed by centrifugation and
counted in a Neubauer counting chamber. Aliquots (usually 100 ul) of 1 x 106 cells
were incubatea for 2 hours in 1 ml Krebs bicarbonate buffer supplemented with 10 uM
labelled sodium oleate, 2mM glucose and 2.5 ug/ml insulin in a 5% C02:95% Oy
atmosphere at 37°C. The protein fraction was added at tne specified
concentration. Following incubation, 1lipids were extracted with 3 ml
isopropanol:heptane (1:1), washed with 2 wml Isopropanol:heptane: 0.025% KOH
(4:1:3), separated by thin layer chromatography, and counted. Results are
expressed per mg cell protein.

Serum Fractionation: Serum was fractionated first by affinity chromatography on an
AffigeT BTue {150-300 u) column (Bio-Rad laboratories, California) at 1lg serum
protein/100 ml gel equilibrated in 0.02 M phosphate buffer pH 7.1. The bound peak
was eluted with 3M NaCl in 0.02M phosphate pH 7.1, concentrated in 50% PEG and
dialyzed against 0.02M phosphate buffer. This fraction was then applied to a
Sephadex G75 (40-120 p)column (Pharmacia, Sweden) equilibrated in the same buffer
from which two peaks emerged with activity confined to the second peak. This was
subsequently concentrated and again dialyzed against 0.02M phosphate buffer.

RESULTS

We first examined the effect of medium composition on oleate incorporation
into total 1lipids in fibroblasts. The data are shown in Figure 1. Albumin
concentration in the medium was maintained constant at 1.25 mg/ml while the non
albumin protein in LPD serum was increased successively from 0 to 1.25 mg/mi. Note
that oleate incorporation into total iipid was a linear function of non-albumin LPD
serum protein, increasing from 7.5 to 21.6 nmoles oleate/mg cell protein over this
range. On the other hand, LPD serum pretreated with trypsin did not stimulate

oleate incorporation into lipids whereas dialyzed LPD serum did.

nmoles oleate/mg cell protein

O T T T 1
0 0.5 1.0 1.5
non-albumin LPD serum protein (mg/ml)

FIGURE 1. Stimulation by LPD serum of oleate incorporation into fibroblast lipids.
Cells (in Triplicate) were incubated for & hours in the presence of 1increasing
amounts of LPU serum supplemented with human albumin (to a total concentration of
1.25 mg/ml albumin) and 100 um [14C] oleate complexed to albumin (specific activity
948 dpm/nmole). Results are expressed as the average nmoles oleate incorporated
into total lipid per mg of cell protein.
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TABLE I. LIPID SYNTHESIS IN FIBROBLASTS: LPD SERUM VS NON-LPD SERUM

TRIGLYCERIDE PHOSPHOLIPID TOTAL LIPID
LPD serum 170 £ 16 56 £ 9 230 t 24
No LPD serum 100 £ 1V bl £ 9 170 £ 16
b .025 PNS p .05

Fibroblasts from 5 different cell lines were incubated (in duplicate) for 24
hours in the presence of 100 um 14C oleate complexed to albumin (specific activity
923 dpm/nmole) plus 1.25 mg/ml albumin, with or without 1.25 mg/ml of non-albumin
LPD serum. Results are expressed as average t SEM nmoles oleate incorporated per
1ipid per mg cell protein.

We next examined the effect of oleate concentration on fibroblast 1ipid syn-
thesis over a 4 houfrtime period. Oleate (bound to albumin) was increased syste-
matically from 25 uM to 300 uM; but at each point, albumin concentration was the
same in both the LPD serum and non-LPD serum (albumin only) samples. LPD serum
protein was maintained at 1.25 mg/ml. FFA uptake and incorporation into 1lipids
increased as the concentration of oleate in the medium increased. However at each
point, oleate incorporation into ceil lipid was significantiy nigher in the LPD
serum medium (data not shown). Similarly, at all incubation times examined up to
30 hours, the difference between LPD serum and non-LPD serum medium was maintained

(data not shown).

The effect of LPD serum on synthesis of different lipid c¢lasses is shown in
Table I. Cultured skin fibroblasts from 5 normals were incubated in duplicate for
24 hours at a concentration of 100 uM oleate and 1.25 mg/ml albumin with and with-
out 1.25 mg/ml non-albumin LPD serum. Note that triglyceride synthesis was on
average 85% higher in the presence of LPD serum (p ¢ .05) but there was no
significant difference in phospholipid synthesis where triglyceride ana
phospholipid synthesis consituted 94% of oleate incorporation. Additional
experiments using [3H] glucose as a concurrent tracer confirmed that most of the
triglyceride was being synthesized from glycerol-3-phosphate basea on the close
agreement between the observed ratio of 14C oleate acid: 3H glucose in triglyceride

of 4.9, compared to the theoretical ratio of 6.0.
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The possibility that triglyceride hydrolysis was diminished in the LPD serum
enriched medium was also examined. In these experiments, cells were preincubated
with 100 uM [14C] oleate with 1.25 mg/ml albumin for 24 hours and then incubated in
either 1.25 mg/ml albumin or 1.25 mg/ml albumin + 1.25 ml1/ml non-albumin LPD serum
media and the release of labelled fatty acid observed for 2 hours. During this
time, there was no significant difference in FFA release (19.1% % 2.2 vs 19.6% t
1.8 pNS). Further experiments using labelled glucose also showed that there was no
difference in total cellular uptake of glucose between cells incubated in albumin -
only media or cells incubated 1in albumin-LPD serum media eliminating the
possibility that differences in glycerolipid synthesis might be due to such a
phenomenon (910 * 70 with LPD serum vs 800 + 115 without LPD serum, nmoles
glucose/mg cell protein, pNS). Similarly this effect cannot be attributed to a
different rate of cell growth since the level of [3H] thymidine incorporation into

cells was the same.

As outlined in the methods, serum was fractionated by being passed first
through an Affi-Gel Blue column and then a Sephadex G 75 column. Lipid syntnesis
stimulating activity was confined to the second peak eluted from the Sephadex G 75
column and this fraction contains multiple bands when analyzed by SDS-poly-
acrylamide gel electrophoresis by the methoc of Laemmli (14). However reaction of
this fraction with antialpumin antipbody {sehring Diagnostic, W. Germany) was
negative. Stimulatory activity in this peak II fraction was demonstrateq
with both fibroblasts and adipocytes (figures 2 and 3). In figure 2, fibroblasts
preincubated for 24 hours in serum free medium were then incubated for 4 hours with
10 puM oleate with peak II protein present in concentrations varying from 0 to 6
ug/ml. Note that triglyceride synthesis rises rapidly to an apparent maximum of
200%. In figure 3, isolated human adipocytes were incubated for 2 hours in the
presence of 10 uM oleate and varying concentrations of the peak II protein
fraction. Throughout the range examined, from 0 to 30 ug/ml of peak II protein
fraction, triglyceride synthesis rose linearly. At the maximum concentration
assayed the total increase was 300%. No significant incorporation of the tracer

into phospholipid or cholesterol ester was observed however,
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FIGURE 2. Effect of the Peak II serum protein fraction on triglyceride synthesis
in fibroblasts.

Fibroblasts from 5 aifferent cell lines {in d Ticate) were incubated for 4 hours
in albumin-free medium containing 10 M [14C] oleate (specific activity 9.9
dpm/pmole) and increasing amounts of the Peak 1I serum protein fraction. Results
are expressed as average * SEM nmoles oleate 1ncorporated into triglyceride per mg
of cell protein .

FIGURE 3. Effect of the Peak II serum protein fraction on triglyceride synthesis
in adipocytes. IsoTated adipocytes were incubated (in duplicate) for 2 hours 1in
albumin-free buffer containing 10 uM [ 14C] oleate (specific activity 183 dpm/pmole)

and increasing amounts of the Peak II serum protein fraction. Results are
expressed as average nmoles oleate incorporated into triglyceride per mg of cell
protein.

DISCUSSION

The present experiments demonstrate the presence of a protein fraction in
plasma which can stimulate the uptake and incorporation of extracellular free fatty
acids into cellular trigliycerides. Tne fraction is albumin free and the activity
nondialyzable but sensitive to trypsin. The protein has been partially purified
and shown to be active with both cultured skin fibroblasts and adipocytes. The
degree of stimulation is concentration dependent with an upper limit evident in
fibroblasts but not demonstrated in adipocytes. Its effect is entirely due to
changes in synthesis since hydrolysis was unaffected.

Synthesis of adipocyte triglyceride is a complex process in which substrate
must first enter the cell, be activated, and then coupled in a series of tightly
linked reactions to form glycerolipids. Studies of this process have focused most
intensively on the enzymes themselves with opinion still divided over which step or
steps are rate limiting. However given the present results, substrate delivery to

the enzyme may be an important regulatory step. This may involve mechanisms for
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fatty acid transport across the plasma membrane (1-5) or within the cell itself.

(6,7). Cytosol has previously been shown to contain one or more proteins that can
stimulate acylation reactions though they have not all been characterized, nor has
their mechanism of action been elucidated in detail (15,16). It is certainly
possible, however, that the plasma protein fraction we have identified contains one
of these. The importance of the present report, we believe, lies in the fact that,
to our knowledge, it is the first demonstration of a human plasma protein component
which can markedly stimulate intracellular triglyceride synthesis. This effect was
evident in fibroblasts but far more pronounced in adipocytes, a difference which
raises the possibility that it may be of physiological significance, and perhaps,
even of relevance to the clinical problem of obesity. C(learly however before these
hypotheses can be tested or the protein's mechanism of action elucidated, complete

purification must be achieved.

ACKNOWLEDGMENTS
This research was supported by Clinical Research Grant 6-315, March of Dimes Defect
Foundation and the Medical Research Council of Canada (MA 5480) and the following
U.S. Public Health Service grants from the National Institutes of Health: HL 31497;

HL 18574.

REFERENCES

1. DeGrella RF, Light RJ (1980) J Biol Chem 255, 9739-9745.

2. Noy N, Donnely J, Zakim D (1986) Biochemistry 25, 2013-2021. :

3.  Hutter JF, Piper HM, Spiechermann PG (1984) Basic Res Cardiol 179, 274-282.

4., Abumrad NA, Park JH, Park CR (1984) J Biol Chem 256, 8948-8953,

5. Stremmel W, Strohmeyer G, Borchard F, Kockwa S, Berk PD (1985) Proc Natl Acad
Sci USA 82, 4-8.

6. Dempsey ME, McCoy KE, Baker HN, Dimitriadou-Vafiadiou A, Zorsbach T, Howard JB
(1981) J Biol Chem 256, 1867-1873.

7.  Ockner RK, Manning JA (1982) J Biol Chem 257, 7872-7878.

8. The Lipid Research Clinics Program Prevalence Study {1879) Circulation 60,
427. -

9.  Sniderman AD, Teng B, Jerry M. (1975) J Lipid Res 16, 465-467.

10. Amorosa L, Khachadurian A, Harris J, Schneider™ S, Fung C {1984} Biochem
Biophys Acta 792, 192-197.

11. Van Harken DP, Dixon CW, Heimberg M (1969) J Biol chem 244, 2278-2285.

12. Methods in Enzymology (1981) 72, 296-298. -

13. Jamdar SC, Osborne LJ, Zeigier JA (1981) Biochem J 194, 293-298.

i4. Laemmli UK (1970} Nature 227, 680-685. -

15. 0'Doherty RJ, Kuksis A (1975) FEBS Lett 60,256-258.

16. Roncari DAK, Mack EYW (1981) Can J Biochem 59, 944-950.

100



