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To develop a system for studying the regulation of adipose tissue lipoprotein lipase
(LPL) in human cells, we isolated cells from the stromalvascular fraction of human
adipose tissue and propagated them in tissue culture. These cells were cultured in
medium containing fetal bovine, horse, or human sera In the absence or presence of
amlnoglycoslde antibiotics. After the cells had been at confluence for at least 1 week,
they were exposed to medium containing insulin, 3-lsobutyl-l-methylxanthlne (IBMX),
and dexamethasone, in an attempt to Induce differentiation Into cells which produce
LPL. Stromal cells In 62 cultures from 20 subjects were monitored for any LPL activity
secreted into the culture medium. In addition, cultures were assayed for activity
releasable with heparin, and extractable from cell digests In nonionlc detergent. Upon
reaching confluence, the human adipose tissue stromal cells began to accumulate
lipid droplets. However, no consistent LPL activity was measured in the culture medi-
um or after exposure to heparin. Five cultures contained a minimal amount of deter-
gent extractable hydrolytlc activity. In contrast, cultures of rat stromal cells not ex-
posed to Insulin, IBMX, and dexamethasone, contained assayable LPL in the culture
medium (3.3 ±1 .6 nEq/mln/ml) and In the heparin-releasable fraction (1.7 ± 0.5 nEq/
mln/106cells). Thus, human adipose tissue stromal cells do not represent a useful
system for studying the regulation of LPL. Although these cells accumulate some
lipid, the absence of measurable LPL suggests that complete differentiation has not
yet occurred. (Arteriosclerosis 4:232-237, May/June 1984)

A dipose tissue lipoprotein lipase (LPL) is synthe-
sized in adipocytes, then secreted and trans-

ported to the capillary endothelium where it hy-
drolyzes the triglyceride core of very low density
lipoproteins and chylomicrons to monoacylglycerol
and free fatty acids (FFA).1 These released FFA are
then taken up by adipocytes, reesterified, and stored
as triglyceride. Although de novo fatty acid biosyn-
thesis occurs in human adipocytes, LPL-directed
triglyceride hydrolysis is the predominant pathway
for supplying the adipocyte with FFA for triglyceride
storage.2'3

The regulation of LPL has been difficult to under-
stand, and much effort has been focused on devel-
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oping a system in which LPL is produced by adipo-
cyte precursors in tissue culture. Upon reaching
confluence, stromal cells from ob17 mice4 and 3T3-L1
cells5 produce LPL and show some degree of hor-
monal responsiveness.48"8 LPL activity has also
been measured in stromal cells isolated from rat epi-
didymal fat pads.9 In each system, the development
of LPL activity occurs early in the process of differen-
tiation and precedes or parallels the accumulation of
large amounts of cellular lipid.56'10"12 Factors that
increase adipose tissue stromal cell triglyceride con-
tent, such as insulin and stimulators of cyclic AMP
accumulation, also accelerate the appearance of
LPL activity.6'ia 13 The growth of human adipocyte
precursors in tissue culture has been described by
several investigators.14"16 As in rat stromal cells,
these cells initially resemble fibroblasts, but begin to
accumulate lipid droplets upon reaching confluence.
In addition, human adipose stromal cells have re-
portedly contained LPL activity.16

In the present study, we describe the propagation
in culture of stromal cells from rat and human adi-
pose tissue and our attempts to induce their differen-
tiation into cells that produce LPL. Although these
cells accumulated lipid droplets, the human stromal
cells failed to secrete or produce cellular LPL activity.
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Methods

Preparation of Human Adipose Tissue Stromal
Cells

Omental and/or subcutaneous adipose tissue was
obtained from 20 healthy subjects undergoing elec-
tive abdominal surgery for nonmalignant conditions.
This method for obtaining adipose tissue was ap-
proved by the Human Subjects Committee at the
University of Colorado Health Sciences Center, and
the patients gave informed consent. The surgical
procedures were a cholecystectomy in eight cases,
hysterectomy or other gynecologic surgery in eight
cases, vagotomy and antrectomy in two cases, and
aortofemoral bypass in one case. One subject (Table

1, Number 12) was a Type II diabetic receiving an
oral hypoglycemic agent, and another subject (Num-
ber 20) was a nondiabetic but was receiving insulin-
containing parenteral hyperalimentation solutions
preoperatively. In addition, one subject was taking a
thiazide diuretic (Subject 18) and another, a beta-
adrenergic blocking drug (Subject 16). The other 16
subjects were taking no drugs known to affect LPL or
lipid metabolism. All patients fasted for 8 to 14 hours
before surgery and were intravenously hydrated dur-
ing surgery.

Omental and/or subcutaneous adipose tissue was
excised; was immediately placed into sterile, iced,
PBS containing 1.0 mM CaCI2; and was processed
within 2 hours. With the method of Rodbell,17 the

Table 1. LPL Activity Before and After Induction of Differentiation

Subiect
(age/sex)

1
2
3
4
5
6
7
8
9

10
11
12

13

14

15

16

17
18
19

20

25
40
21
43
56
45
52
24
30
22
28
64

29

37

18

27

20
46
30

48

F
F
F
F
F
M
M
F
F
F
M
M

F

F

F

F

F
F
M

M

%ldeal
weight

132
100
100
100
109
124
112
131
139
95
90

109

100

125

100

104

91
121
133

88

Culture
conditions

FBS/PS
FBS/PS
FBS/PS
FBS/PS
FBS/PS
FBS/PS
FBS/PS
FBS/PS
FBS/PS
FBS/PS
FBS/PS
FBS/PS
HS/C
HUS/C
FBS/C
HS/C
HUS/C
FBS/C
HS/C
HUS/C
FBS/C
HS/C
HUS/C
FBS/C
HS/C
HUS/C
HS/C
HUS/C
FBS/C
HS/C
HUS/C
FBS/C
HS/C

(n)

(2)
(2)
(7)
(2)
(3)
(1)
d)
(1)
(6)
(D
(1)
(2)
(2)
(2)
(1)
(D
(2)
(D
0)
0)
(3)
(3)
(3)
(2)
(2)
(2)
0)
(D
(1)
(1)
(1)
0)
(1)

Before
CM

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.09*t
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
0.15
0.11
ND
ND
ND

CM

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.22*t
ND
ND
ND
ND
ND

0.12f
ND
ND

0.09*t
ND
ND
ND
ND
ND
ND
ND
ND
ND

0.23t

After

HR

ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

EXT

ND
0.07*
ND
ND
ND
0.18
ND
ND

0.08*
ND
ND
ND

0.06*
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND

LPL activity was measured before and after differentiation with insulin, IBMX, and dexamethasone (see
Methods). CM = culture medium activity (nEq/min/ml); HR = heparin-releasable activity (nEq/min/106

cells); EXT = extractable activity (nEq/min/10* cells); ND = not detectable; FBS = fetal bovine serum;
HS = horse serum; HUS = human serum; PS = penicillin 100 (units/ml) plus streptomycin
and C = cephalothin (100 ^g/ml).

*Only one culture contained measurable activity.
fActivity not found in all measurements.
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tissue was divided into 2 to 3 g pieces, which were
minced and transferred to a plastic flask containing 7
ml of 2 mg/ml collagenase II (Worthington Biochemi-
cals, Freehold, New Jersey) and Krebs Ringer-bicar-
bonate buffer with 3 mM glucose and 4% BSA. In
some experiments (Subjects 2 and 3), a more gentle
digestion was accomplished using 2 mg/ml of colla-
genase type R (Calbiochem-Behring Corporation,
La Jolla, California). In most instances, the tissue
was digested for 60 to 90 minutes at 37°C to liberate
most of the stromal cells. The stromal cells from Sub-
jects 12 and 14, however, were obtained after a 15-
minute collagenase digestion. The suspension was
then passed through a 250^ pore nylon mesh, and
Medium 199 (Gibco Laboratories, Grand Island,
New York) containing 10% heat-inactivated whole
fetal bovine serum (Reheis Company, New York,
New York), penicillin (100 units/ml, Gibco), and
streptomycin (100 /xg/ml, Gibco) was added to the
filtrate. The medium below the adipocytes, contain-
ing the putative adipocyte precursors, was removed
and centrifuged. The cell pellet was then washed
once and resuspended in 4 ml of the above medium
containing either penicillin-streptomycin or cepha-
lothin (100 /ig/ml, Squibb, Princeton, New Jersey)
and plated in 25 cm2 flasks (Corning Glass Corpora-
tion, Corning, New York). The size of the cell inocu-
lum varied depending on the degree of digestion and
the amount and cellularity of the adipose tissue. In
some instances, cells were plated at near confluent
density. The cultures were incubated at 37°C in a
humid 5% CO2, 95% air environment. The medium
was changed every 2 to 3 days, and serial passage
was accomplished by a brief exposure to 0.25% tryp-
sin with 0.01% EDTA, with the flasks split three from
one. The counting of trypsinized cells was performed
with a hemocytometer. The staining of cells in the
monolayer was accomplished using oil red 0 and
hematoxylin after fixing cells in Bouin's fixative.

Preparation of Rat Adipose Tissue Stromal Cells

After an overnight fast, male Sprague-Dawley rats
weighing 140 to 225 g were sacrificed and the epidi-
dymal fat pads were rapidly excised. Preadipocytes
were then prepared and cultured in Medium 199 con-
taining 5% fetal bovine serum, penicillin, and strepto-
mycin, as described for human adipose tissue.

Differentiation of Human Adipose Tissue
Stromal Cells

Only primary, first, or second passage cultures
were used for differentiation. When the cells reached
confluence, the culture medium was changed to one
(described in Table 1) that contained either 10% fetal
bovine serum, 10% horse serum (Flow Labs,
Inglewood, California) or 10% human serum (pooled
from five fasting, healthy men). The stromal cells
were cultured in this medium for 7 to 10 days. The
culture medium was then removed and replaced with
fresh serum-containing medium, as described

above, to which had been added crystalline porcine
insulin (1 /^.g/ml, a gift from Ron Chance, Eli Lilly
Company, Indianapolis, Indiana); 3-isobutyl-1-meth-
ylxanthine (IBMX, 0.5 mM, Aldrich Chemical Com-
pany, Milwaukee, Wisconsin); and dexamethasone
(0.25 fiM, Sigma Chemical Company, St. Louis, Mis-
souri). Cells were exposed to this medium for 48 to
72 hours as described previously.18 Thereafter, the
cells were again maintained in Medium 199 with 10%
fetal bovine, horse, or human serum.

Measurement of LPL Activity

LPL activity was assayed in cultured stromal cells
as activity which was: 1) secreted into the culture
medium (CM); 2) released by heparin (HR); and 3)
cellular activity extractable (EXT) in deoxycholate
and detergent by a modification of the method of
Iverius.19 The incubation medium of the cultured cells
(3.5 ml volume) was assayed for LPL weekly when
lipid droplets first appeared. After exposure to the
differentiating medium described above, the culture
medium was again assayed weekly, and after 4 to 6
weeks, the measurement of heparin-releasable and
cellular-extractable activity was carried out. Heparin
(Upjohn, Kalamazoo, Michigan, beef lung) in a final
concentration of 13.5 /xg/ml, was added to the cul-
ture medium; after a 45-minute incubation at 37°C,
an aliquot of medium was assayed. The cells were
then washed and removed from the flask by either
trypsinization or scraping. After the cells were
washed again, they were transferred to a microho-
mogenizer, where they were disrupted in the pres-
ence of 0.2 ml of a solution containing 0.2 M Tris (pH
8.2), 0.73% sucrose, 1.0% BSA, 0.5% deoxycholate
(Sigma), 0.02% Nonidet P^ (neutral detergent, Sig-
ma), and 125 /xg/ml of heparin. After adding 0.5 ml of
Tris-sucrose-BSA buffer, the suspension was centri-
fuged at 2000 g for 30 minutes, and the middle layer,
containing solubilized LPL activity, was assayed.

The determination of LPL activity was carried out
using a modification of the technique previously used
for 3T3-L1 cells.7 The substrate was prepared using
5 mg of unlabeled triolein (Sigma), 4 /xCi of glycerol
tri-1-'4C-oleate (Amersham, Arlington Heights, Illi-
nois) and 0.25 mg phosphatidylcholine (Applied Sci-
ence Labs, Incorporated, State College, Pennsylva-
nia). This was emulsified by adding a mixture of 10%
fatty acid-poor BSA (Miles Laboratories, Elkhart, In-
diana), normal human serum, 2 M Tris-HCI buffer
(pH 8.2), and distilled water (4:3:5:9.5) followed by
100 seconds of sonication (10 seconds on, then 10
seconds off, for 10 cycles) at 4°C using a Branson
cell disruptor 200 model (Heat Systems-Ultrasonic,
Incorporated, Plainview, New York).

Following incubation of 0.15 ml of enzyme with
0.05 ml of substrate for 45 minutes, the reaction was
stopped with 3.25 ml of Belfrage and Vaughn extrac-
tion mixture.20 Fatty acids were extracted for 10 min-
utes on an Eberbach Corporation (Ann Arbor, Michi-
gan) shaker and the samples were then centrifuged
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at 2000 g for 20 minutes at 4°C. An aliquot of the
upper phase was placed into scintillation vials con-
taining 3.0 ml of Aquasol (New England Nuclear,
Boston, Massachusetts) and the samples were
counted in a liquid scintillation counter. Cell counts,
which were performed in representative flasks, were
0.945 ± 0.06 x 106 cells per flask (mean ± SEM,
n = 3).

Because of random variability in background activ-
ity, very low levels of LPL activity (less than 25 cpm
above background) could not be reliably ascer-
tained. Thus, values of less than 0.06 nEq FFA/min/
ml for culture medium, 0.11 nEq FFA/min/106 cells
for heparin releasable activity, and 0.04 nEq FFA/
min/106 cells for extractable activity, were below the
sensitivity of the assay. Each LPL assay included
samples from rat adipocytes, human adipocytes, or
human postheparin plasma to serve as positive
controls.

Results

Baseline information on the subjects from whom
adipose tissue stromal cells were prepared is shown
in Table 1. The subjects' mean age was 35 years;
their mean percentage of ideal body weight21 was
110%; 13 of 20 subjects were less than 120% of ideal
body weight. Stromal cells were prepared from om-
ental adipose tissue from all subjects except Sub-
jects 8 and 12 (from whom only subcutaneous fat
was available); cells were obtained from both omen-
tal and subcutaneous fat in Subjects 1 and 4.

The stromal cells isolated from the adipose tissue
grew rapidly and were morphologically similar to fi-
broblasts, although slightly rounder. One culture
each from two patients contained some cells with the
morphologic appearance of endothelium. Cultures of
cells in the primary culture, first, or second passage
were kept at confluence for 1 to 5 weeks. During this
time, approximately 25% of the cells began to accu-
mulate perinuclear lipid droplets, which stained posi-
tively with oil red 0. After exposure to medium con-
taining insulin, dexamethasone, and IBMX, these
lipid droplets became larger and in a few instances
the cells detached from the culture flask. When this
occurred, these cells were centrifuged and returned
to the culture flask with each medium change.

Lipoprotein lipase was assayed in the medium
weekly when perinuclear fat first appeared in the
initial cultures, and weekly after exposure to insulin,
dexamethasone, and IBMX until cell harvest. In cells
cultured in medium containing 10% fetal bovine se-
rum, penicillin, and streptomycin (Subjects 1 through
11), there was no detectable LPL activity in the cul-
ture medium (CM). Consequently, these cultures
were exposed to heparin and then harvested to
measure any cellular activity being secreted. No HR
activity was detected, and only three cultures con-
tained very small amounts of EXT activity (Table 1).

Adipose tissue stromal cells represent a variety of
cell types.22 Since the adipocyte-precursor fraction
of adipose stromal cells may be reduced by the isola-

tion procedure, different isolation and culture tech-
niques were used. Stromal cells from Subjects 12
and 14 were isolated after a collagenase digestion of
only 15 minutes. In addition, a different type of colla-
genase was used for the tissues from Subjects 2 and
3 to produce a slower digestion (see Methods). The
stromal cells isolated by these techniques contained
no more LPL than those isolated by the standard
technique. Furthermore, the primary cultures from
Subjects 17-20 were plated at near-confluent densi-
ty to minimize any overgrowth of the cultures by con-
taminating non-adipocyte-precursor cells. As shown
in Table 1, no consistent LPL activity was detected in
these cultures.

To determine whether other culture conditions
would stimulate production of LPL, cells were cul-
tured in either 10% horse serum or 10% human se-
rum containing cephalothin, as well as in 10% fetal
bovine serum containing cephalothin (Subjects 12
through 20). As shown in Table 1, only small
amounts of inconsistent LPL activity were measured
in a few cultures. In addition, 4 weeks after exposure
to insulin, IBMX, and dexamethasone, no cultures
contained HR activity, and only two contained very
small amounts of EXT activity.

Stromal cells from rat epididymal fat pads were
cultured in Medium 199 with 5% fetal bovine serum
using a similar method. These cells, however, were
not exposed to insulin, IBMX, and dexamethasone.
Upon reaching confluence, these cells began to ac-
cumulate lipid at the same time as they secreted
LPL. After 1 to 3 weeks of additional culture, CM
activity was 3.3 ± 1.6 nEq/min/ml (mean ± SEM, n =
7) and HR was 1.7 ± 0.5 nEq/min/106 cells (n = 6).
When these cells were kept at confluence for up to 6
weeks after plating, they continued to produce easily
measurable CM activity (Figure 1). Thus, stromal
cells from rat adipose tissue produce and secrete

10

E
—.
c
E

IXI
c

O

Confluence

0 2 4 6
Time (weeks)

Figure 1. Culture medium LPL in rat adipose tissue
stromal cells. Cells were grown to confluence and main-
tained with Medium 199 containing 5% fetal bovine serum.
LPL was assayed in an aliquot of culture medium 1 hour
after a medium change in cells cultured for up to 6 weeks
after plating. Data are expressed as means ± SEM of tripli-
cate flasks of a representative experiment.

D
ow

nloaded from
 http://ahajournals.org by on M

ay 16, 2023



236 ARTERIOSCLEROSIS VOL. 4, No 3, MAY/JUNE 1984

large amounts of LPL, in contrast to similarly derived
cells from human adipose tissue.

Discussion

Adipocytes have long been regarded as terminally
differentiated cells, which are formed from undefined
precursor cells. To understand the cell biology of
these adipocyte precursors, numerous studies have
focused attention on the cultured fibroblastic cells
isolated from the stromal-vascular fraction of adi-
pose tissue (for reviews, see references 22-24). Al-
though these cultures represent a heterogeneous
population of cell types, morphologic and enzymatic
changes suggest that some cells can differentiate
into adipocytes. Exactly which cells possess this po-
tential is unclear, and much emphasis has been
placed on the accumulation of cellular lipid by some
of these cells in culture.

Stromal-vascular cells isolated from mouse6 and
rat911 adipose tissue have reportedly accumulated
lipid and produced LPL. In these studies, LPL has
been recognized as an early marker of adipocyte
conversion, often preceding the accumulation of cel-
lular lipid. In addition, parallel increases in cellular
lipid and LPL were observed in 3T3-L1 cells and rat
stromal cells with the addition of insulin, IBMX, and
dexamethasone.1013182S LPL plays a central role in
adipose tissue metabolism;1 thus, cultured adipocyte
precursors display this enzyme early in differenti-
ation.

Fibroblastic cells from the stromal-vascular frac-
tion of human adipose tissue grow rapidly to conflu-
ence and also accumulate lipid droplets.14"16 LPL ac-
tivity was reported in one of these studies,16 although
the amount of hydrolytic activity present was only 1.6
nEq/30 min/mg protein (0.03 nEq/min/106 cells). This
very small amount of activity is below the sensitivity
of our assay and is much less activity than demon-
strated in other adipose tissue stromal cell prepara-
t i ons . 4 5 8 9 "

The present study was undertaken in the search
for an in vitro system to study the regulation of LPL in
human cells. LPL activity was monitored in 62 cul-
tures of human adipose tissue stromal cells from 20
subjects, both before and after exposure to insulin,
IBMX, and dexamethasone. HR activity, which rep-
resents a functional and regulatable activity in other
systems,*-*•x was not found in any of the cultures. In
contrast, stromal cells from rat adipose tissue pro-
duced easily measurable quantities of HR activity. In
addition, HR LPL was detected without difficulty in
3T3-L1 cells27 and human adipose tissue pieces26 in
previous studies from our laboratory. Thus, the in-
ability to detect HR activity in human adipose tissue
stromal cells was not due to inadequacies in the
assay.

Several cultures transiently contained CM activity,
although the amount of activity was barely distin-
guishable from the background, and was consider-
ably less than the activity found in the medium of

stromal cells from rat adipose tissue (Figure 1). The
lack of CM activity could have been due to the tran-
sient half-life of LPL (estimated at 60 minutes for rat
adipose tissue LPL28). However, we have recently
determined that the medium of cultured, isolated hu-
man adipocytes contains LPL in a concentration of
2.3 ± 0.3 nEq/min/106 cells at 24 hours (mean ±
SEM, n = 24) and the half-life of this secreted enzyme
is 74 minutes (unpublished data). Thus, the consis-
tent presence of CM activity in rat adipose stromal
cells and human adipocytes suggests that these
cells can continuously produce LPL. This feature is
clearly lacking in cultured human adipose stromal
cells.

Five cultures of human cells contained EXT activ-
ity. The amount of EXT in the present study, howev-
er, is miniscule compared to that found in monocyte-
derived macrophages19 and, in our laboratory, in
cultured isolated rat adipocytes29 (7.7 ± 0.9 nEq/
min/106 cells) and human adipocytes (1.2 ± 0.2
nEq/min/106 cells, mean ± SEM, respectively, un-
published data) by the same assay. Together, these
data suggest that human adipose tissue stromal
cells are not a useful system for studying LPL regula-
tion.

The lack of LPL activity in these cultures could
have been due to an inability to induce adipocyte-
precursor differentiation, or an inability to isolate suf-
ficient numbers of the putative human preadipocyte
from adipose tissue. To test the latter hypothesis, we
used a variety of techniques for a less vigorous di-
gestion. In addition, the stromal fraction of adipose
tissue digests was plated at near confluent density to
prevent any overgrowth of preadipocytes by other
fibroblastoid cells. These manipulations caused no
change in cell morphology, and no significant LPL
was detected. In contrast, all cultures of stromal cells
from rat adipose tissue produced LPL after use of
similar digestion techniques.

In addition to culturing cells with fetal bovine se-
rum, we maintained 24 cultures with horse or human
serum. Since penicillin-streptomycin has reportedly
inhibited LPL in rat adipose tissue stromal cells,30

and impaired protein synthesis31 and cell growth32 in
other culture systems, cells were also cultured in
medium containing cephalothin. No induction of LPL
was detected using these culture conditions.

Our data do not clearly demonstrate why we were
unable to measure LPL in human adipose stromal
cells. The stromal fraction of adipose tissue from
other systems24 has yielded cultures containing a
limited number of cells susceptible to adipose con-
version. Although some human adipose tissue stro-
mal cells accumulated lipid droplets, these cells were
not necessarily adipocyte precursors. Adult human
adipose tissue may contain only a small number of
these cells, analogous to the decrease in preadipo-
cytes in the adipose tissue of older rats.33 Alternati-
vely, human adipocyte precursors may have require-
ments for induction of differentiation that are quite
different from that of rat preadipocytes.

D
ow

nloaded from
 http://ahajournals.org by on M

ay 16, 2023



LPL IN ADIPOSE STROMAL CELLS Kern and Eckel 237

Previous studies2313 have suggested that the
FFA substrate for adipocyte triglyceride accumula-
tion is largely the result of LPL-mediated triglyceride
hydrolysis. The induction of differentiation, therefore,
would be expected to yield parallel increases in adi-
pose tissue stromal cell lipid accumulation and LPL
activity, as in other systems. Because of the lack of
LPL activity in human adipose tissue stromal cells in
these experiments, other mechanisms for the small
amount of lipid accumulation must be considered.
De novo fatty acid biosynthesis may occur in any cell
type and has been described in adipose tissue.2334

This process may be responsible for the fat droplets
observed in human adipose tissue stromal cells.
However, these non-LPL-mediated mechanisms for
triglyceride accumulation play only a minor role in
normal adipocyte function. Thus, morphologic
changes in human adipose tissue stromal cells, in
the absence of LPL activity, should be interpreted
with caution, and not used as a definitive marker for
differentiation.
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