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Differentiation and characterization of human
facial subcutaneous adipocytes

Su-Hyoun Chon and Apostolos Pappas*

Johnson & Johnson Consumer Companies, Inc.; Skillman, NJ USA
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Abbreviations: CD, control differentiated; CDR, control differentiated plus rosiglitazone; FDR, false discovery rate; HOX,
homeobox; PCA, principal component analysis; PPAR, peroxisome proliferating activated receptor; qPCR, quantitative polymerase

chain reaction; UD, undifferentiated

Aging is associated with the loss of facial subcutaneous fat and with increased abdominal subcutaneous fat. Site
specific differences in adipocyte phenotype and/or gene expression may play a role in these age-related changes. In
this study, we isolated and characterized human facial preadipocytes and investigated distinct metabolic properties
such as a differentiation pattern in relation to abdominal preadipocytes. Subcutaneous preadipocytes were isolated
from human facial and abdominal skin and cultured in the presence of differentiation factors including rosiglitazone, a
known peroxisome proliferator-activated receptor gamma (PPAR-g) agonist, isobutyl-methyl xanthine (IBMX) and
insulin. Differentiation was characterized microscopically and by quantitative real-time PCR. Unexpected superior
adipogenic capacity of facial preadipocytes was observed; more facial preadipocytes differentiated in response to
rosiglitazone than abdominal preadipocytes and facial preadipocytes retained their ability to differentiate through
passage 11 compared with passage 5 for abdominal preadipocytes. Experiments confirmed a reduced lipolysis
response in facial versus abdominal adipocytes after exposure to isoproterenol, which was consistent with the reduced
b2-adrenergic receptor expression by 60% in the facial cells. The expression of other lipid metabolic gene markers was
similar in both facial and abdominal adipocytes with the exception of b3-adrenergic receptor which was only found in
abdominal adipose tissue. Gene profiling, by microarray analysis, identified that several HOX genes are robustly
reduced in facial adipocytes compared to abdominal adipocytes, suggesting different characteristics between the 2 fat
depots. These differences may have implications for development of treatments for facial fat loss during aging.

Introduction

Facial fat loss is a common manifestation of aging.1,2 Autolo-
gous fat grafting has become popular to restore facial volume loss
in addition to other facial fillers2 and the enrichment of
adipocyte-derived stem/stromal cells (ASC) in fat grafting has
been actively considered.3,4 Factors that induce endogenous facial
preadipocyte differentiation may eventually work to reverse facial
fat loss and potentially be considered as alternative treatments to
facial fillers. The development of such technologies will lead to
novel powerful anti-aging tools to target the recessed hypodermis.
Nevertheless, facial fat cell isolation and characterization has
never been attempted therefore, we do not know if facial adipo-
cyte differentiation is inhibited by factors induced by aging or
whether certain pathways fundamental for adipocyte differentia-
tion are lost.

Preadipocytes are composing 15-50% of cells in adipose tis-
sues where they mainly reside although small portions are coming
from circulating pool.5 They tend to populate in the vascular
smooth muscle cells and pericytes compartment of the adipose

vasculature, but not in the vasculature of other tissues.6 As
known, the main function of preadipocytes is producing mature
fat cells, so to deposit excessive energy source to benign storage
format in our body. Fat cell differentiation is initiated by several
signaling cascades activated by fatty acids and glucocorticoids.5

PPARg and C/EBP-a are the key transcription factors governing
the adipogenesis process.5 The capability of proliferation and dif-
ferentiation of preadipocytes has known to be reduced with aging
and this reduction is more profound in subcutaneous fat region
than omental depot.7 The decreased expression of PPARg and
C/EBP-a in preadipocytes from old subjects has been reported as
one of the underlying mechanism.7,8 Also increased inflamma-
tion and insulin resistance in preadipocytes from old animals
have been observed and suggested as a mechanistic understanding
for the reduced lipogenic activities in preadipocytes from aged
subjects.7,8 The rate of these changes in fat cells seems to be dif-
ferent in various depots, contributing metabolic complication
and redistribution of body fat during aging.5,7 Preadipocytes
from various body sites possess depot-specific characteristics.9

For example, peroxisome proliferator-activated receptor gamma
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(PPAR-g) agonists induced more lipid droplets and glycerol 3-
phosphate dehydrogenase enzymatic activity in subcutaneous
preadipocytes compared with omental preadipocytes. Impor-
tantly, this difference was observed despite similar levels of
expression of the PPAR-g protein.10 Also it has been shown that
insulin mediated antilipolytic activity is higher in the subcutane-
ous compared to visceral depot. On the other hand catechol-
amine induced lipolytic activities were lower in subcutaneous
than visceral region.11-13 Interestingly, the lipolytic rates from
the subcutaneous tissue and from different body parts were also
varied. For example, abdominal subcutaneous fat tissue has
higher lipolytic rate than femoral/gluteal region.14 In addition to
heterogeneous metabolic activities, many researchers have
reported a distinct gene expression profile among different fat
depots.15,16 For example, Gesta et.al have shown the difference
in gene expression pattern between visceral and subcutaneous fat
cells (mature adipocytes as well as preadipocytes) from mice and
human by microarray analysis, and found that developmental

genes such as homeobox (HOX) genes are one of the most pro-
foundly changed, suggesting a new function of these genes in
body fat distribution.16 Among the genes that posses a metabolic
involvement, phospholipase A2, group 2A (PLA2G2A), fibro-
blast growth factor 10 (FGF10) and insulin –like growth factor
binding protein 5 (IGFBP5) were found to be regulated depot
specifically between abdominal compared to gluteal fat.15 Differ-
ential fatty acid composition was also reported, showing abdomi-
nal fat tissue has more saturated fatty acids than gluteal region.15

In this study, we undertook for the first time the isolation, cul-
ture, characterization, and induced differentiation in vitro of
facial preadipocytes obtained from face lift surgery. The focus
was to identify possible differences of the facial preadipocytes in
differentiation pattern and metabolic properties in relation to
abdominal preadipocytes isolated from the adjacent to the dermis
subcutaneous layer.

Results

Culture and differentiation of facial
preadipocytes

Rosiglitazone markedly increased the
degree of adipocyte differentiation by day
15 of culture (Fig. 1) of both facial and
abdominal cells compared with control
differentiated (CD) media alone. In addi-
tion, more facial preadipocytes (3 different
preparations) exhibited differentiated
characteristics (lipid droplets, Oil Red O
accumulation) in the presence of control dif-
ferentiation media plus rosiglitazone (CDR)
than any of the abdominal preadipocyte
preparations.

The ability to differentiate was main-
tained through multiple passages longer in
facial preadipocytes than abdominal preadi-
pocytes. Figure 2 demonstrates that facial
adipocytes could be induced to differentiate
though passage 5, whereas abdominal prea-
dipocytes did not fully differentiate beyond
passage 5. Consequently, it was determined
that facial preadipocytes may be induced to
differentiate at a passage greater than 10.
The morphological and molecular character-
istics at passage 11 were similar to those after
the third passage (Fig. 3A). Differentiated
cells are identified by the large intracellular
lipid droplets, as opposed to undifferenti-
ated (UD) cells that have no lipid droplets;
as also shown (Fig. 3A).

In Figure 3B, quantitative polymerase
chain reaction (qPCR) analysis demon-
strated that the expression of the major adi-
pocyte markers (fatty acid binding protein 4
FABP4, PPAR-g, and fatty acid synthase

Figure 1. Facial preadipocytes are more responsive to rosiglitazone-containing differentiation
compositions, relative to abdominal preadipocytes. Human facial and abdominal preadipocytes
in control media (CD; insulin, dexamethasone, and IBMX), or CD plus 10 mM rosiglitazone (CDR).
Lipid droplets are shown by Oil Red O staining. Microscopic images of the cells were taken on
day 14 after plating. The pictures are representative of 3 individual experiments. DEX, dexameth-
asone; INS, insulin.
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[FAS] [glucose transporter 4 (GLUT4), G-protein coupled
receptor 81 (GPR81), leptin, and adiponectin not shown]) are
similarly and significantly induced during differentiation of both
facial and abdominal preadipocytes. The late-passage (passage
11) facial preadipocytes did not have significantly different
expression levels of the adipogenic or the lipolytic genes tested
(more than 20 genes, data not shown), compared to those of dif-
ferentiated early-passage (passage 3-5) abdominal cells.

On day 14 or 15 after beginning the treatment with CDR
media, preadipocyte cultures became fully differentiated adipo-
cytes, as determined by morphological and adipocyte marker
gene expression (FABP4, GLUT4, and PPAR-g). To test the
functional response of these cells, passage 3-5 facial and abdomi-
nal preadipocytes were treated with 2 mM of isoproterenol, a b2-
adrenergic receptor agonist (Fig. 4). After 4 hours, glycerol
release was 2 fold greater in abdominal than facial adipocytes.
After 1 week of exposure to isoproterenol, differentiated facial
adipocytes retained more number of fat cells with larger size than
abdominally derived cells. Microscopic examination revealed
more lipid droplets of greater diameter in the facial cells than in
the abdominal adipocytes.

An array of genes associated with lipolysis was then tested to
examine the possible differences in expression levels between
facial and abdominal cells (Data not shown). From the 25 genes
tested, only the expression of the b2-adrenergic receptor was sig-
nificantly different (reduced by 60%) between facial and the
abdominal adipocytes (Fig. 4B), which was consistent with and
supportive of our findings from the isoproterenol challenge.

The differences noted above in expression of the b2-adrener-
gic receptors in differentiated preadipocytes from abdominal
and facial sources were identified using cultured adipocytes. To
determine whether the differences in gene expression observed
between these tissues sites existed in vivo, we examined
lipid metabolic gene expression using tissue obtained from

Figure 2. Facial preadipocytes retain their
ability to differentiate through later subpas-
sages than abdominal preadipocytes. Human
facial and abdominal preadipocytes at the
indicated subpassages were induced to dif-
ferentiate by CDR. Images of the cells were
taken on day 14 after plating. The pictures
are representative of 3 individual experi-
ments. CDR, control differentiation media C
10 mM rosiglitazone; P, passage number.

Figure 3. Morphology and gene expression of adipogenic markers in
facial and abdominal preadipocytes. Facial and abdominal preadipocytes
were grown for 14 d in the CD media or CDR media. (A) Images are rep-
resentative of four individual experiments. (B) Gene expression was eval-
uated by qPCR and normalized by expression of the RPL13A gene. UD,
undifferentiated (cultured in growth medium); CD, control differentia-
tion; CDR, CD C 10 mM rosiglitazone; FABP4, fatty acid binding protein 4;
FAS, fatty acid synthase; P, passage number; PPAR-g, peroxisome prolif-
erator-activated receptor gamma; qPCR, quantitative polymerase chain
reaction.
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age-matched individuals (45-60 y old) undergoing either facelift
or abdominoplasty. Most gene markers were expressed at similar
levels in tissues from both sites. As shown in Figure 5A, signifi-
cantly less expression of FAS, CPT2 and GLUT4 in facial versus
abdominal adipose tissue was observed. Although b2-adrenergic
receptor expression levels were lower in facial versus abdominal
adipose tissue, the difference was not significant. The expression
the b3-adrenergic receptor was detected in abdominal adipose tis-
sue, but was completely undetectable in the facial adipose tissue
(Fig. 5B).

Microarray analysis was performed to identify any genes that
are distinctly regulated in facial and abdominal preadipocytes dif-
ferentiated in vitro. Depot specific patterns of gene expression
were observed by principle component analysis (PCA). Abdomi-
nal samples were separated by facial samples in general, based on
the overall expression profiles (Fig. 6A). Total 283 probes differ-
entially regulated between the 2 depots were identified as
described in Figure 6B. 126 probe sets were significantly down-
regulated in facial fat as compared to abdominal fat, with fold
change not less than 2 and the overall FDR less than 0.05. Using
the same criteria, 157 probe sets were significantly up-regulated
in facial fat as compared to abdominal fat (Fig. 6B). The detail
expression profiles of these 283 probe sets were illustrated in

heatmap Figure 6B. The lists of top 10 genes regulated differen-
tially were summarized in Table 1.

Interestingly, the majority of the downregulated genes in facial
or in other words the significantly upregulated genes in abdominal
compared to facial adipocytes, were the HOX transcription fac-
tors, which have been reported to differ in other depot compari-
sons, for example, abdominal vs. gluteal regions.15 A significant
change of almost 9 fold up regulation in the facial adipocytes is
also registered for the DIO2 gene (deiodinase, iodothryonine,
type II), which is a marker of brown adipocytes.17,18

Discussion

This is the first report describing the isolation, characteriza-
tion, and culture of human facial preadipocytes. Although cul-
tured facial and abdominal preadipocytes differentiate into
adipocytes by the same lipogenic stimuli, they exhibit 2 clear dif-
ferences. First, a higher proportion of facial cells differentiate, as
determined by morphologic examination and lipid droplet quan-
titation. In addition, facial cells retain their ability to differentiate
through more subpassages than abdominally derived cells. This is

Figure 4. b-adrenergic receptor
expression and responsiveness to
isoproterenol in differentiated
facial and abdominal preadipo-
cytes. On day 14, cultures
remained untreated (CDR) or
were incubated with 10 mM iso-
proterenol (CDRC IPTL) for up to
one week. (A) Acute glycerol
release after 5 hour isoproterenol
treatment (2 mM). Data repre-
sented as mean § SEM. Abdomi-
nal cells, n D 5 donors and facial
cells, n D 7 donors. *Student t
test P < 0.05. (B) Representative
image of facial and abdominal
adipocytes before and after 1
week of isoproterenol exposure.
(C) After 1 week of isoproterenol
treatment, the expression of lipid
metabolic genes was evaluated
by qPCR analysis and was nor-
malized by expression of the
RPL13A gene. Abdominal cells,
n D 6 donors and facial cells, n D
4 donors. CD, control differentia-
tion; CDR, CD C 10 mM rosiglita-
zone; ADRB2, b2-adrenergic
receptor. Passages 2 until 6 were
used for abdominal cells and pas-
sages 3 untill 11 were used for
facial cells.
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of prime interest since abdominal preadipocytes have not been
shown to fully differentiate in culture beyond 5 passages.19,20

The apparent difference between abdominal and facial cells or
freshly isolated adipose tissues was in the expression of b-adrener-
gic receptor. Functionally, this was observed as a reduced lipo-
lytic response to isoproterenol in facial adipocytes. A speculative
explanation for such a site specific difference might be that fat
depots from the abdominal area may be more sensitive to lipo-
lytic stimuli, as they originate in the abdomen, which is used for
fat storage. In addition, facial preadipocytes are more often
exposed to the cold or UV radiation, which may certainly have
an indirect effect on the volume loss, as cold exposure could
potentially induce some of the metabolic aspects of beige or
brown adipose tissue, such as mitochondria accumulation and
production of mitochondrial uncoupling protein.21 Our micro-
array analysis has demonstrated an increased »9 fold expression
of DIO2 gene in facial adipocytes, which may support this idea

since it is one of the profound markers of brown adipocytes. 17,18

There is some additional evidence that differential expression of
DIO2 in subjects with Familial partial lipidistrophy (FPLD2)
had higher levels of mRNA expression in the thigh than in the
abdomen Subcutaneous abdominal tissue, which is another man-
ifestation of a depot specific regulation.22

In support of the UV radiation concept, our laboratory has
reported that UV exposure can also lead to a cascade of reactions
responsible for facial fat loss.23,24

This work demonstrates that the greater responsiveness of
facial preadipocytes to rosiglitazone could potentially be
explained either by the absence of the natural PPAR-g agonist in
facial subcutaneous tissue or by the presence of an antagonist or
inhibitor of lipogenesis. Since addition of rosiglitazone can fully
restore the differentiation on the facial preadipocytes, strategies
to compensate for facial fat loss by subcutaneous injection of
such PPAR-g agonist, could be less painful and more efficient
than a fat transplant. Future studies will also investigate the insu-
lin sensitivity of these cells that are currently addressed, since the
facial fat cells are much more responsive to an agent as rosiglita-
zone than the abdominal fat cells. One of the major effects of the
PPAR-g activation by rosiglitazone involves increased insulin
sensitivity.

It will be interesting to further explore the relationship of
facial preadipocytes to their mesenchymal progenitors in a fol-
low-up study. So far, both subcutaneous preadipocyte cell prepa-
rations were found to express the major mesenchymal stem cell
markers (CD10, CD44, CD73, CD105, unpublished data).
Future studies could address the loss of the expression of these
genes in relation to subpassages in facial and abdominal
preadipocytes.

One of the limitations of our study is related to the fact that
the tissues derived from facelifts are very small in size and they
often are depleted of the subcutaneous fat, due primarily to both
surgical protocol and the nature of aged skin. Although we used
published methods to isolate subcutaneous white adipo-
cytes.,23,25 the isolation procedure could potentially contain vari-
ous mesenchymal cell types and adipose progenitors at various
levels of lineage progression. Because most of the cultured cells
exhibited a high degree of differentiation in the presence of rosi-
glitazone, we concluded that the preadipocytes isolated were
committed unipotent post-mitotic adipose progenitors or even
unipotent adipose progenitors. At this time it is unclear whether
we also isolated resident multipotent mesenchymal stem cells, or
adipose stem cells with high proliferative potential that could
undergo terminal adipose differentiation in vitro.

The distinct regulation of HOX (homeobox) genes
expression in facial adipocytes is an intriguing observation.
Despite that none has previously attempted to isolate and
characterize facial preadipocytes, many others have identified
depot specific HOX genes expression pattern in different
adipose sites,26-28, suggesting their potential function driving
a distinct depot characteristics. The HOX network are tran-
scriptional factors, comprised of 39 genes regulating develop-
mental process during embryogenesis, but also plays an
important role in metabolic, somatic and congenital
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Figure 5. Expression of adipocyte markers in facial and abdominal sub-
cutaneous fat tissues. mRNA was isolated immediately following tissue
harvest from females 50–60 years of age. Gene expression was evaluated
by qPCR analysis; expression of fat cell markers was normalized by
expression of the RPL13A gene (mean § SEM). (A) Gene expression pat-
tern in freshly harvested adipose tissues(n D 4 donors per group).
(B) b3-adrenergic receptor expression in facial (n D 5 donors) and
abdominal (n D 10 donors) tissues. *P < 0.05 versus abdominal cells.
BLD, below limit of detection; CPT2, carnitine palmitoyltransferase 2;
FABP4, fatty acid binding protein 4; FAS, fatty acid synthase; GLUT4, glu-
cose transporter 4; GPR81, G-protein coupled receptor 8; PPAR-a, peroxi-
some proliferator-activated receptor a; PPAR-g, peroxisome proliferator-
activated receptor gamma; TNF-a, tumor necrosis factor a.
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Table 1. Genes differentially regulated in facial adipocytes compared to abdominal adipocytes

Fold Change Gene Symbol Description

Downregulated in Facial vs Abdominal
¡55.12 HOXC10 homeobox C10
¡33.78 HOXA10 homeobox A10
¡31.85 HOXA9 homeobox A9
¡25.78 HOXA7 homeobox A7
¡10.27 GPRC5A G protein-coupled receptor, family C, group 5, member A
¡9.93 HOXA10 homeobox A10
¡9.68 TMEM132C transmembrane protein 132C
¡9.36 HOXA9 homeobox A9
¡9.01 HOXA3 homeobox A3
¡7.84 PARP8 poly (ADP-ribose) polymerase family, member 8

Upregulated in Facial vs Abdominal

16.7 SLITRK1 SLIT and NTRK-like family, member 1
9.4 EGFL6 EGF-like-domain, multiple 6
8.9 DIO2 deiodinase, iodothyronine, type II
8.6 MOXD1 monooxygenase, DBH-like 1
8.3 NPNT nephronectin
7.4 GPM6B glycoprotein M6B
6.2 THSD4 thrombospondin, type I
6.2 PAX3 paired box 3
6.0 PLCXD3 phosphatidylinositol-specific phospholipase C, X domain containing 3
5.9 EVI1 ecotropic viral integration site 1

Figure 6. Depot specific gene expression profile in human facial vs abdominal adipocytes by Microarray analysis. (A) PCA analysis demonstrated a dis-
tinct gene expression pattern between 2 depots (Abdominal; n D 5, Facial; n D 4). (B) Heat-map illustration showing identified 283 probes differentially
regulated between 2 depots. 126 probe sets were significantly down-regulated in facial fat as compared to abdominal fat. 157 probe sets were signifi-
cantly up-regulated in facial fat cells as compared to abdominal fat cells.
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functions in adults.26 Potential interaction of this molecular
network and human adipogenesis has been suggested by
Cantile et. al.26 Recently, Gehrke et. al. suggested epigenetic
regulation, in particular, DNA methylation of HOX genes
as a mechanism that explains how this transcriptional factors
exhibit such a distinct depot specific expression pattern.15 A
strong correlation between HOX gene expression and body
fat mass has been observed. 16,26 Dankel et. al. found that
the profound fat loss via bariatric surgery significantly upre-
gulated the HOX gene expression in the abdominal subcuta-
neous adipose from the obese patient.29 The mechanistic
understanding of how the HOX network controls adipogene-
sis needs to be investigated in depth.

Fat and volume loss in the aging face can induce gravimetrical
sagging, less firm dermis, and possibly wrinkled epidermis. The
lack of significant differences in many lipid-processing genes
between facial and abdominal adipocytes may indicate that the
different responses observed between these cells might also be
maintained by the presence of an inhibitor of lipogenesis in facial
cells or by the absence of an endogenous activator (eg PPAR-g
agonist). The induction of subcutaneous facial adipocyte differ-
entiation could potentially result in an improvement of facial
contour, as well as a reduction of the appearance of skin defect
around the same area. Therefore, characterization and better
understanding of facial adipocytes could be useful in developing
treatments for facial fat loss during aging.

Materials and Methods

Chemicals
Adipocyte tissue culture media (DMEM:F12 and antibiotics)

and serum were from Life Technologies (Grand Island, NY).
Fatty acid standards, Glycerol Determination Kit, Krebs-
Ringer–bicarbonate buffer, glucose, collagenase, Medium 199,
dexamethasone, insulin, and Oil Red O were purchased from
Sigma-Aldrich (St. Louis, MO). Rosiglitazone and isobutylme-
thylxanthine (IBMX) were purchased from Cayman Chemicals
(Ann Arbor, MI). Organic solvents were of high-performance
liquid chromatography grade from Fisher (Pittsburgh, PA).

Preparation and culture of primary preadipocytes
Human primary preadipocytes from facial and abdominal

sources, obtained with informed consent from a plastic surgery
clinic. The subcutaneous fat tissue adjacent to the dermis was
used only for the isolation of the preadipocytes and for both
abdominal and facial skin specimens. The cells were isolated and
cultured as previously described.23,25 Tissue was obtained from
four different donors for facial adipocytes and 5 different donors
for abdominal adipocytes. All donors were females, age 45–60 y
and the abdominal tissues were from individuals with BMI
higher than 25. Briefly, individual donor samples from abdomi-
nal or facial operations were subjected to enzymatic digestion in
Krebs-Ringer–bicarbonate buffer (pH 7.4) containing 6 mM
glucose and 2 mg/ml collagenase for 30 minutes. The tissue
digest was passed through a sterile, 230-micron stainless steel

tissue sieve (Cellector, Bellco Glass Inc., Vineland, NJ) into a
50-ml sterile, plastic test tube. Undigested stromal-vascular tissue
trapped on the sieve was discarded. The infranatant containing
the preadipocyte fraction was collected, passed into another ster-
ile tube, and the collagenase neutralized with an equal volume of
growth medium containing Medium 199, 10% heat-inactivated
fetal calf serum, and 1% antibiotic-antimycotic. After centrifuga-
tion, the pellet was resuspended in the above described growth
medium, filtered, transferred to a sterile tissue culture flask, and
maintained in an incubator at 37�C, 5% CO2. Cell attachment
was allowed for 16–20 hours, after which floating cells were
removed by aspiration, followed by addition of fresh growth
medium. Cells were grown to > 80% confluence in growth
medium and passaged at least twice before use.

Differentiation of primary preadipocytes
Cell differentiation was induced using a control differentia-

tion (CD) media containing insulin (100 nM), dexamethasone
(1 mM), and IBMX (250 mM), or CD C rosiglitazone (10 mM;
CDR) media. CD or CDR media were added to the cultures
24 hours after the cells were seeded. The media was changed 3 d
later and supplemented with fresh preparations CD or CDR
media. After day 7 in culture, IBMX and rosiglitazone were
removed from the culture media, and the cells cultured for 5-10
d more for observation of lipid droplet formation, which is indic-
ative of the cells’ ability to differentiate. Images of cultured cells
and their produced lipid droplets were acquired by an inverted
microscope on days 12 and 15 of the culture.

Isoproterenol stimulation took place on day 15 and day 21.
On day 15, a 2 mM of final concentration isoproterenol was
added in the media (total of 1 ml) and 100 ml of media were
removed after 1, 2, and 4 hours. For the longer term studies,
2 mM isoproterenol was maintained in the media until assay on
day 21. The glycerol released into the media was monitored with
an enzymatic assay (Sigma-Aldrich catalog number FG0100).

Oil Red O assay
Oil Red O (ORO) staining was used to image lipid accumula-

tion in differentiated preadipocytes. Preadipocytes were seeded
into a 24-well plate (75–80 £ 104 cells per well) and treated as
described above. On day 15 of the culture, the plates were
removed from the incubator and the cells were rinsed with 1 ml
of phosphate-buffered saline. The cells were fixed by the addition
of 0.5 ml of 10% formaldehyde (buffered formalin solution).
The plates were incubated at room temperature for 20 minutes.

ORO working solution was prepared immediately prior to the
assay by adding 6 ml of stock solution (0.5% w/v in isopropanol)
to 4 ml of ddH2O, and then filtering through a Whatman Grade
No. One filter paper. After removal of buffered formalin, ORO
working solution (0.5 mL) was added to each well. The plate
then was incubated in the dark at room temperature for 1 hour.
Subsequently, the wells were rinsed with 2£2 ml of phosphate-
buffered saline to remove excess extracellular ORO.

www.tandfonline.com 19Adipocyte



Quantitative real-time PCR
Relative gene expression in adipocytes was analyzed by quanti-

tative real-time PCR (SYBR� Green method). Total RNA was
extracted using a Qiagen RNeasy Kit (Qiagen, Valencia, CA)
along with DNase 1 treatment to minimize genomic DNA con-
tamination. RNA quality was assessed by 2100 Bioanalyzer
(Agilent, Santa Clara, CA) and reverse transcription was per-
formed using 200 ng of total RNA, using a High-Capacity
cDNA Kit (Applied Biosystems, Foster City, CA) in a total vol-
ume of 20 ml. All qPCR primers and SYBR Green Master Mix
were purchased from (Qiagen, Valencia, CA) and each reaction
contained 5 ng of cDNA, 1 ml of primer, and 12.5 ml of SYBR
Green Master Mix in a total volume of 25 ml. The qPCR reac-
tion was performed using an Applied Biosystems 7300 instru-
ment. Relative quantification of expression was calculated using
the comparative CT method normalized to RPL13A.

Data analysis
All studies were performed on cells between passage 3–5,

unless otherwise stated. Differences of means between facial and
abdominal cells for various endpoints were tested using student
t-tests.

Microarray analysis
Preadipocytes were isolated from human abdominal and facial

region (n D 5 and 4 repectively) and differentiated in vitro as
described above. Cells were harvested for total RNA isolation fol-
lowed by 14 d of differentiation. Total RNA was extracted using
a Qiagen RNeasy Kit (Qiagen, Valencia, CA) along with DNase
1 treatment. RNA quality was assessed by 2100 Bioanalyzer
(Agilent, Santa Clara, CA). Samples were hybridized to

Affymetrix Human HT Plus2PM 16 array. To identify differen-
tial gene expression between abdominal and facial adipocytes,
data were analyzed using Welch’s t test. Differentially expressed
probe sets were selected by both fold change (>D 2) and associ-
ated P-value (<0.05). In addition, false discovery rate (FDR) of
selected probe sets was evaluated by comparing the number of
selected probes in observed dataset with the number of selected
probes in permutated data sets.
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