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Abstract
KRAS, KRYSTYNA M., DOROTHY B. HAUSMAN,
AND ROY J. MARTIN. Tumor necrosis factor-a stimulates
cell proliferation in adipose tissue derived stromal-vascular
cell culture: promotion of adipose tissue expansion by para-
crine growth factors.Obes Res.2000;8:186–193.
Objective: Elevated levels of tumor necrosis factor-a
(TNF-a) protein and mRNA have been reported in adipose
tissue from obese humans and rodents. However, TNF-a
has catabolic and antiadipogenic effects on adipocytes. Ad-
dressing this paradox, we tested the hypothesis that paracrine
levels of TNF-a, alone or together with insulin-like growth
factor-I (IGF-I), support preadipocyte development.
Research Methods and Procedures:Cultured stromal-vas-
cular cells from rat inguinal fat depots were exposed to
serum-free media containing insulin and 0.2 nM TNF-a, 2.0
nM TNF-a, or 0.2 nM TNF-a 1 1.0 nM IGF-I at different
times during 7 days of culture.
Results:TNF-a inhibited adipocyte differentiation as indi-
cated by a reduction in both immunocytochemical reactivity
for the preadipocyte-specific antigen (AD3; early differentia-
tion marker) and glycerol-3-phosphate dehydrogenase activity
(late differentiation marker). Early exposure (Days 1 through 3
of culture) to 0.2 nM TNF-a did not have a long term effect on
inhibiting differentiation. Continuous exposure to 0.2 nM
TNF-a from Days 1 through 7 of culture resulted in a 75%
increase in cell number from control. There was a synergistic

effect of 0.2 nM TNF-a 1 1 nM IGF-I on increasing cell
number by Day 7 of culture to levels greater than those
observed with either treatment applied alone.
Discussion: These data suggest that paracrine levels (0.2
nM) of TNF-a alone or in combination with IGF-I may
support adipose tissue development by increasing the total
number of stromal-vascular and/or uncommitted cells
within the tissue. These cells may then be recruited to
become preadipocytes or may alternatively serve as infra-
structure to support adipose tissue growth.
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Introduction
Research has shown that adipocyte-derived paracrine fac-

tors can affect adipose tissue development (1–4). Identifi-
cation and elucidation of the mechanisms by which these
paracrine factors affect adiposity may lead to potential
targets for therapeutic intervention in the development of
obesity. Tumor necrosis factor-a (TNF-a), a cytokine, is
synthesized by and secreted from adipose tissue (5) and its
expression and production increases with increasing adipo-
cyte size (6). An association between TNF-a and fat cell
size has been described in several models of obesity. In
humans, fat tissue from obese subjects secreted 2-fold more
TNF-a than did that of lean controls (7). In diet-induced
obese rats, adipose tissue TNF-a activity was positively
correlated with adiposity (8). Furthermore, adipose tissue-
derived TNF-a activity is elevated in older rats in relation to
adipose cell size (6). Elevated levels of TNF-a may be
associated with the development of secondary metabolic
complications in obese individuals. There is a large body of
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evidence supporting a role of TNF-a in promoting insulin
resistance during the development of obesity (5,7,9–14).

However, TNF-a has also been well characterized for its
catabolic and antiadipogenic effects on adipocytes (9,15–
17). It is thus a paradox that TNF-a, which is a strong
antiadipogenic cytokine, would be high in the obese state.
Previous research examining the effect of TNF-a on adi-
pose tissue development focused primarily on very high
levels of the cytokine (5 to 50 nM TNF-a). Those levels
better represent septic or bacterial infection situations not
physiological levels in adipose tissues of healthy animals
(18,19). It is possible that the in vivo role of TNF-a on
adipose tissue development may have been masked in these
studies through the use of supraphysiological levels of the
cytokine. Furthermore, in vitro studies typically examine
specific factors in isolation; whereas in vivo multiple para-
crine factors would interact to produce the observed cellular
response. Insulin-like growth factor-I (IGF-I) is another
cytokine that is produced in adipocytes (20–21) and may act
as a paracrine factor for adipose tissue growth. IGF-I recep-
tors have been detected in both preadipocytes and stromal-
vascular (S-V) cells (22). The addition of IGF-I to preadi-
pocyte cell lines and primary cultures induced both
mitogenic and differentiation responses (22–25). Whether
IGF-I stimulates differentiation or proliferation may be de-
pendent upon the presence or absence of other growth
factors such as TNF-a. Likewise, the specific response(s) of
developing preadipocytes to TNF-a may be influenced by
the presence of other paracrine factors such as IGF-I.

The present study examined the effects of low levels of
TNF-a on early and late differentiation of preadipocytes
and total cell proliferation in a primary S-V culture system.
The interaction of IGF-I and TNF-a on adipocyte develop-
ment was also examined. We report that low levels of
TNF-a stimulate proliferation of adipose tissue-derived
S-V cells and acts synergistically with IGF-I to further
stimulate proliferation.

Materials and Methods
Cell Culture Techniques

Inguinal fat pads were excised aseptically from pentobar-
bital-anesthetized, male Sprague-Dawley rats (80 to 100 g
body weight). Adipose tissues from two rats were pooled,
and S-V cells and preadipocytes were isolated as described
(26). Briefly, tissues were minced and incubated with 5
mL/g tissue of digestion buffer (0.1 M 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid [HEPES] with 3.2 mg/mL
collagenase). Undigested tissue was removed by filtering
through 240- and 20-mm nylon mesh. Filtered cells were
resuspended in Dulbecco’s modified Eagle’s medium
(DMEM)/F-12 Ham’s medium (containing 50 mg/L genta-
micin sulfate, 50 mg/L cephalothin, and 2.5 mg/L ampho-
tericin B) and centrifuged at 600g for 10 min to separate the

fat cells from the pelleted S-V cells. Aliquots of S-V cells
were stained with Rappaport’s stain and counted on a he-
mocytometer. Cells were seeded on 35-mm dishes with 2
mL of plating medium (DMEM/F12 Ham’s medium, anti-
biotics, 10% fetal bovine serum) at a density of 13 104

cells/cm2. Cells were cultured at 37 °C in a humidified 5%
CO2 atmosphere. After 24 hours of plating, medium was
removed and DMEM/F-12 Ham’s with antibiotics was ap-
plied for 2 hours to rinse residual plating medium. Upon
rinsing, cells were exposed to treatment media, which con-
tained DMEM/F-12, antibiotics as listed previously, 2 nM
thyroxine (Sigma Chemical Co., St. Louis, MO) and vary-
ing levels of TNF-a and/or IGF-I. In Experiments 1 and 2,
control and all treatments also contained 100 nM insulin, 60
ng/mL transferrin, and 60 pg/mL sodium selenite (ITS, Sig-
ma). In Experiment 3, control and all treatments also contained
1 nM insulin, 0.6 ng/mL transferrin, and 0.6 pg/mL sodium
selenite (ITS, Sigma). Recombinant rat TNF-a was purchased
from Genzyme (Cambridge, MA). Recombinant human IGF-I
was purchased from Bachem (Torrence, CA). Fresh treatment
media were applied every 2 days.

Early Differentiation Assay
Preadipocytes were identified by immunocytochemistry

with an antiadipocyte monoclonal antibody, AD3, which rec-
ognizes a cell surface antigen that is expressed before overt
preadipocyte differentiation in both porcine (27) and rat (28)
primary cultures. At Days 3 and 7 of the experiment, dishes
were fixed in 4% paraformaldehyde then exposed to 1% hy-
drogen peroxide. Cells were rinsed with 0.1 M phosphate-
buffered saline after all steps. Cells were incubated in a hu-
midity chamber with a 1:100 dilution of the AD-3 monoclonal
antibody (27), then incubated with biotinylated goat anti-
rabbit/mouse IgG followed by ExtrAvidin-Peroxidase, and fi-
nally exposed to AEC (3-amino-9-ethyl-carbazole) peroxidase
substrate (Sigma). AD-3-positive cells were quantified by im-
age analysis (see below).

Late Differentiation Assay
Briefly, cultures were homogenized by sonic dismember-

ment in 1.0 mL of ice-cold sucrose buffer. Measurements of
glycerol-3-phosphate dehydrogenase activity (GPDH; EC
1.1.1.8) were made using the methods of Wise and Green
(29), as modified by Ramsay et al. (26). One unit of activity
corresponds to oxidation of 1 nmol NADH/min/mg of pro-
tein. Soluble protein concentrations of homogenates were
determined using protein assay (Bio-Rad, Melville, NY).
Oil Red-O was used to stain additional culture dishes for the
presence of lipid-filled cells (30) and dishes were counter-
stained with Harris hematoxylin.

Quantitative Analysis of Stained Culture Dishes
Cell counting was done using Image Pro Plus software

(Media Cybernetics, Silver Springs, MD) and a camera
(CCD-72; Dage-MT1, Michigan City, IN). Cells were quan-
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tified under 103 magnification, with the pixel size on the
video screen set at 6.63 5.3 mm and the gray values set
between 0 (black) and 256 (white). AD3-stained dishes
were analyzed at a threshold that delineated the reaction
product. Total object count (AD3-reactive cells) in three
fields (one field5 1 mm2) per dish were determined and
averaged. The dishes were subsequently counterstained
with hematoxylin and quantified for total cell number at a
size threshold that delineated nuclei. Total object count
(nuclei) in three fields (one field5 1 mm2) per dish were
determined and averaged. Data were expressed as number
of preadipocytes or total cells/unit area (field).

Cell Death
Media were collected from cell plates at several time

points following exposure to treatment and sonicated. Lac-
tate dehydrogenase activity (EC 1.1.1.2.7) of the media was
measured spectrophotometrically (Sigma kit DG1340-K).

Statistical Analysis
All data were expressed as least-square means6 SEM.

All experiments were replicated at least three times. One-
way ANOVA was used to determine significant effects of
treatment (SuperANOVA program; Abacus Concepts, Inc.,
Berkeley, CA). Differences were accepted as significant at
the level ofp , 0.05.

Results
Experiment 1

The effect of physiological levels of TNF-a on preadi-
pocyte development were examined. First, the effect of
exposure to either 0.2 nM TNF-a (low TNF-a) or 2.0 nM
TNF-a (high TNF-a) on early differentiation was examined
in serum-free cultures containing 100 nM insulin, condi-
tions optimal for inducing cell differentiation. Exposure to
either level of TNF-a for 2 days immediately after plating
(Days 1 through 3 of culture) suppressed early differentia-
tion as indicated by a significant reduction in preadipocyte
number (AD3-positive cells; Figure 1). Coincidentally, ex-
posure to low TNF-a treatment for 2 days also resulted in a
consistent and significant increase in overall cell number.
This occurred despite the fact that culture conditions had
been optimized for differentiation rather than proliferation.
In contrast, high TNF-a treatment for 2 days resulted in
either a significantly lower total cell number than control
(Figure 1) or no difference from control (replicate experi-
ments, data not shown). There were no treatment differ-
ences in lactate dehydrogenase activity of the culture media
(data not shown). Thus, the lower total cell number of the
high TNF-a-treated cultures was not likely due to necrosis
or apoptosis.

Experiment 2
To determine the effect of exposure time, cell cultures

were exposed to low or high TNF-a either continuously

(Days 1 through 7), early (Days 1 through 3), or late (Days
3 through 5) in culture. When not exposed to TNF-a,
cultures were maintained on serum-free medium containing
100 nM insulin (see Materials and Methods). Control cul-
tures were maintained throughout the experiment on serum-
free medium containing 100 nM insulin. Continuous expo-
sure of cell cultures to TNF-a suppressed preadipocyte
development to less than 30% of control by Day 7, regard-
less of the level of TNF-a used (p , 0.05; Figure 2).
Exposure to low TNF-a early in culture suppressed preadi-
pocyte development to 75% of control; however, high
TNF-a exposure early in culture had a greater, lasting
inhibitory effect on early differentiation (15% of control).
Preadipocyte development was not affected by either low
or high TNF-a when exposed between Days 3 and 5 of
culture only.

GPDH activity was used as an indicator of adipocyte late
differentiation. Continuous treatment with TNF-a, regard-
less of level, inhibited late differentiation to 5% of the
activity of control cells at Day 7 (Figure 3). A significant
difference in GPDH activity between low and high TNF-a
treatment was only seen with early exposure (p , 0.05).
Cells exposed early in culture to low or high TNF-a had
75% or 30% of GPDH activity, respectively, as did control
cells. This parallels a greater rebound in preadipocyte num-

Figure 1. The effect of TNF-a on preadipocyte and total cell
number at Day 3 of culture. After 24 hours of plating, S-V cells
were exposed to serum-free media containing 100 nM insulin (ITS,
see Materials and Methods) supplemented with 0.2 nM TNF-a
(Low TNF-a), 2.0 nM TNF (High TNF-a), or without TNF-a
(Control) for 2 days (Days 1 through 3 of culture). Preadipocytes
were identified by immunocytochemistry for the presence of AD3.
Total cell number was quantified using image analysis. Data are
expressed as the number of preadipocytes or total cells per unit
area (1 mm2). Values represent least-squares mean6 SEM and are
representative of at least three experiments. Means within a cell
type with different superscripts represent significant effects (p ,
0.05) of TNF-a treatment.
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ber upon removal of low TNF-a. A 50% decrease in GPDH
activity from control was seen when cells were exposed to
either low or high TNF-a between Days 3 and 5 of culture.
Oil Red-O staining also indicated decreased number and
size of lipid droplets in all TNF-a-treated cells compared to
control cells (data not shown).

Total cell number was significantly increased from con-
trol with continuous, low TNF-a treatment but unchanged
with continuous exposure to high TNF-a treatment (Figure
4). There was a 75% increase above control when cultures
were treated with low TNF-a continuously for 6 days (Days
1 through 7 of culture). There were no significant differ-
ences in total cell number from control with exposure to
either low or high TNF-a for 2 days only early or late in
culture. The effect of various TNF-a doses on cellular
proliferation was also determined through concomitant ex-
posure of the cells to TNF-a and [3H]thymidine during the
exponential growth phase of primary culture. Either 2 or 4
days of exposure to 0.02 or 0.2 nM TNF-a resulted in a
significant increase (p , 0.02) in [3H]thymidine incorpora-
tion into the total cell pellet (data not shown). In contrast,

lower (0.002 nM) and higher (2.0 nM) doses of TNF-a had
no effect on [3H]thymidine incorporation.

Experiment 3
IGF-I stimulates proliferation and differentiation in sev-

eral cell types. Experiments were therefore done to test the
possibility of a synergistic relationship between TNF-a and
IGF-I in primary preadipocyte cell culture. In these studies,
all treatments contained only 1 nM insulin (see Materials
and Methods) as opposed to 100 nM insulin used in the
previous experiment. Because insulin is a stimulator of
adipocyte development, a low level of insulin was used to
allow for the examination of IGF-I effects on early differ-
entiation and total cell proliferation, without the overriding
influence of insulin. Quantification of differentiation and
cell number was made after 6 days of treatment. At 1 nM,
IGF-I did not stimulate preadipocyte development above
control levels (Figure 5A) nor did this level of IGF-I over-
come the inhibition of early differentiation induced by 0.2
nM TNF-a (IGF-I 1 TNF-a). However, when applied
together, TNF-a and IGF-I were synergistic in promoting
total cell proliferation whereby a 2-fold increase in cell
number above control values was observed in cultures
treated with IGF-I1 TNF-a (Figure 5B) (p , 0.05).

Figure 2. Early differentiation of S-V cells to preadipocytes as
affected by TNF-a exposure at 7 days of culture. After 24 hours of
plating, S-V cells were exposed to serum-free media containing
100 nM insulin (ITS, see Materials and Methods) supplemented
with 0.2 nM TNF-a (Low TNF-a), 2.0 nM TNF-a (High TNF-a),
or without TNF-a (Control) for up to 6 days. Cultures were treated
with either low or high TNF-a continuously (Days 1 through 7),
early (Days 1 through 3), or late (Days 3 through 5) in culture.
When not exposed to TNF-a treatment, cultures were maintained
on control medium. Preadipocytes were identified by immunocy-
tochemistry for the presence of AD3. Data are expressed as num-
ber of preadipocytes/unit area (1 mm2). Values represent least-
squares mean6 SEM and are representative of at least three
experiments. Means with different superscripts represent signifi-
cant effects (p , 0.05) of TNF-a treatment.

Figure 3. GPDH activity of adipocytes as affected by TNF-a
exposure. After 24 hours of plating, S-V cells were exposed to
serum-free media containing 100 nM insulin (ITS, see Materials
and Methods) supplemented with 0.2 nM TNF-a (Low TNF-a),
2.0 nM TNF-a (High TNF-a), or without TNF-a (Control) for up
to 6 days. Cultures were treated with either low or high TNF-a
continuously (Days 1 through 7), early (Days 1 through 3), or late
(Days 3 through 5) in culture. When not exposed to TNF-a
treatment, cultures were maintained on control medium. Values
represent least-squares mean6 SEM and are representative of at
least three experiments. Means with different superscripts repre-
sent significant effects (p , 0.05) of TNF-a treatment.
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Discussion
These results are the first to demonstrate a growth-pro-

moting effect of TNF-a in adipose tissue-derived S-V cell
culture. This paper also reports the effect of physiological
levels of TNF-a on early differentiation of preadipocytes.
TNF-a was shown to be a potent stimulator of proliferation
in adipose tissue-derived primary S-V culture. Treatment of
S-V cells with 0.2 nM TNF-a and 100 nM insulin resulted
in an approximate 75% increase in total cell number from
control. Furthermore, the addition of IGF-I with TNF-a had
a synergistic effect on enhancing cell proliferation, approx-
imately doubling cell number from control by Day 7 of
culture. These results also show that TNF-a at the levels
tested here is a potent inhibitor of early preadipocyte dif-
ferentiation. Cultures exposed early (Days 1 through 3) to
physiological levels of TNF-a (0.2 nM) were able to par-
tially rebound in terms of preadipocyte number and differ-
entiation activity upon TNF-a removal, whereas exposure
to supraphysiological levels of TNF-a (2.0 nM) early (Days
1 through 3) in culture resulted in long-term suppression of
preadipocyte development.

The studies reported here show that TNF-a is an inhibitor
of early differentiation of preadipocytes. Use of the AD3
monoclonal antibody enabled the identification and quanti-
fication of preadipocytes before overt differentiation to adi-
pocytes occurred. Inhibition of early differentiation was
dependent upon level and time of exposure to TNF-a.
Continuous exposure to either 0.2 or 2.0 nM TNF-a pre-
vented early differentiation. However, transient exposure of
cells to low levels (0.2 nM) of TNF-a for 2 days early in
culture did not prevent preadipocyte differentiation once

Figure 4. Total cell number in cultures as affected by TNF-a
exposure. After 24 hours of plating, S-V cells were exposed to
serum-free media containing 100 nM insulin (ITS, see Materials
and Methods) supplemented with 0.2 nM TNF-a (Low TNF-a),
2.0 nM TNF-a (High TNF-a), or without TNF-a (Control) for up
to 6 days. Cultures were treated with either low or high TNF-a
continuously (Days 1 through 7), early (Days 1 through 3), or late
(Days 3 through 5) in culture. When not exposed to TNF-a
treatment, cultures were maintained on control medium. Total cell
number was quantified using image analysis. Data are expressed as
number of total cells/unit area (1 mm2). Values represent least-
squares mean6 SEM and are representative of at least three
experiments. Means with different superscripts represent signifi-
cant effects of treatment (p , 0.05). Figure 5. (A) Early differentiation of S-V cells to preadipocytes

as affected by TNF-a and IGF-I exposure. (B) Total cell number
in cultures as affected by TNF-a and IGF-I exposure. After 24
hours of plating, S-V cells were exposed to serum-free media
containing 1 nM insulin (ITS, see Materials and Methods) supple-
mented with 0.2 nM TNF-a (TNF), with 1.0 nM IGF-I (IGF), or
with both 1.0 nM IGF-I and 0.2 nM TNF-a (IGF 1 TNF) for 6
days. Control treatment received only 1 nM insulin. Preadipocytes
were identified by immunocytochemistry for the presence of AD3.
Total cell number was quantified using image analysis. Data are
expressed as number of preadipocytes or total cells/unit area (1
mm2). Values represent least-squares mean6 SEM and are rep-
resentative of at least three experiments. Means with different
superscripts represent significant effects of treatment (p , 0.05).
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TNF-a treatment was removed. This rebound of early dif-
ferentiation was not seen with high TNF-a treatment. All
cultures were maintained on serum-free media containing
100 nM insulin with or without TNF-a. TNF-a has been
implicated in promoting insulin resistance (5,9–14). Insulin
has adipogenic activity by stimulating differentiation and
accelerating lipid accumulation (31). The inhibition of early
and late differentiation by TNF-a suggests that there might
have been insulin insensitivity and that the duration of
insensitivity was dependent upon the concentration and time
of exposure to TNF-a. Treatment of cells with TNF-a early
in culture had a greater effect on preadipocyte development
then did treatment applied late in culture. This is supported
by previous observations that early differentiation of prea-
dipocytes primarily occurs within 2 days after plating (32).

TNF-a is an inhibitor of late differentiation of adipocytes
(33). Suppression of late differentiation has been reported
using 10- to 20-fold higher levels of TNF-a (17,34) than
those used in the experiments reported here. The low levels
of TNF-a (0.2 nM) used in the present study also prevented
late differentiation of adipocytes. Late exposure of cells to
TNF-a resulted in decreased GPDH activity without a
change in preadipocyte number from control cells. Others
have also reported an antiadipogenic effect of TNF-a on fat
cells without the complete reversion to preadipocytes (35)
by means of decreasing expression of lipogenic enzymes
and increasing lipolysis (15, 36, 37)

Low levels of TNF-a stimulated an increase in total cell
number suggesting an effect on increasing cell proliferation.
Several fibroblast cell lines, including BALB/c 3T3 (38)
and 3T3-L1 (39) have been shown to be responsive to the
proliferative action of TNF-a. IGF-I is a known stimulator
of proliferation in a variety of cell types (22–25) as is
TNF-a (40). The addition of IGF-I to 0.2 nM TNF-a
treatment significantly increased proliferation above that
observed with the control or with either cytokine treatment
alone. This is not surprising as synergy between TNF-a and
other growth factors has been previously reported (38). For
example, TNF-a was synergistic with epidermal growth
factor and platelet-derived growth factor in stimulating
DNA synthesis in fibroblasts (38).

The specific cell type undergoing proliferation as a result
of the TNF-a/IGF-I treatment is unknown. The preadipo-
cyte/stromal cell primary culture used in this study con-
tained a heterogeneous population of cells. The cell pellet
from which these cultures were plated contained a variety of
cell types, including endothelial cells, fibroblasts, macro-
phages, and pericytes in addition to preadipocytes (41). An
increase in one or more of these cell types could be respon-
sible for the increase in total cell number that was observed
with TNF-a or TNF-a 1 IGF-I treatment. Microvascular
endothelial cells represent a major component of the S-V
cell population. However, as propagation of endothelial
cells requires the continued presence of serum (42,43), it is

unlikely that the conditions in our serum-free culture system
were favorable for the proliferation of these cells. An in-
crease in fibroblasts could also account for the increase in
total cell number with TNF-a or TNF-a 1 IGF-I treatment.
Preliminary evidence indicates robust fibronectin and tro-
pomyosin staining in cultures treated for 2 days with 0.2 nM
TNF-a (D. Hausman, unpublished observations). Further
studies are required to verify the effects of low dose TNF-a
treatment on the proliferation of specific cell types within
this culture system.

Adipose depot expansion may occur by adipocyte hyper-
plasia, hypertrophy, or both (44). Faust (45) suggested that
adipose cells reaching a critical size will trigger the events
that result in the proliferation of adipocytes. Kanarek and
Orthen-Gambeill (46) reported an increase in mean fat cell
size before the onset of adipocyte hyperplasia in diet-in-
duced obese rats. TNF-a expression and production in-
creases with increasing fat cell size (6). IGF-I production
may also correspond to fat cell size. Marques et al. (47)
have shown increased total content of IGF-I in adipose
tissue from high-fat diet-induced obese rats. Adipose tissue
levels of TNF-a and IGF-I are higher with obesity, but these
paracrine factors have seemingly opposing effects on adi-
pose tissue development. IGF-I induced both mitogenic and
differentiation responses in preadipocyte cultures (22–25),
whereas TNF-a inhibits the expression of adipogenic en-
zymes (6, 16, 35). Based on the results presented here, it is
hypothesized that TNF-a may also be permissive for adi-
pose tissue expansion, whereby its production increases
when existing fat cells reach a critical size. Because it is a
very potent inhibitor of differentiation, TNF-a may act to
drive cells into a mitogenic program directly or by other
mechanisms such as increasing growth factor responsive-
ness. IGF-I, produced in response to enlarging fat cells, may
act synergistically with TNF-a to further enhance prolifer-
ation. The net result would be an expansion of the cell pool
whereby these cells may then be recruited to become adi-
pocytes or may alternatively serve as infrastructure to sup-
port adipose tissue growth.
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