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Abstract—The purpose of the present study was to examine changes in preadipocytes following the coculture of
preadipocytes and adipocytes and the effects on the secretion of adipocytes and macrophages following induction of inflam-
mation and insulin resistance. Mature adipocytes and RAW264.7 macrophages were treated with lipopolysaccharide and
insulin to establish models of inflammation and insulin resistance, respectively. The mRNA expression levels of IL-6, MCP-
1, and TNF-a in all adipocyte treatment groups were significantly greater compared with the control, and that of
adiponectin was less (P < 0.05). In the RAW264.7 macrophages, the mRNA expression levels of IL-6 and TNF-o were
greater than those in the control group (P < 0.05). Moreover, the results of this study confirmed that adipocytes and
macrophages increased the secretion of inflammatory factors under conditions of induced inflammation and insulin resist-
ance. In addition, 3T3-L1 adipocytes inhibited the proliferation and differentiation of preadipocytes when cocultured with
adipocytes under conditions of inflammation and/or insulin resistance, and the phenotype of preadipocytes did not change.
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Obesity, hyperlipidemia, hypertension, insulin
resistance, diabetes, and metabolic syndrome can cause
chronic inflammation and metabolic disarray, and all are
risk factors of atherosclerosis [1-7]. In mammals, adipose
tissue (body fat) consists of two main types, brown and

Abbreviations: C/EBP, CCAAT-enhancer-binding protein;
DAPI, 4',6-diamidino-2-phenylindole; IBMX, 3-isobutyl-1-
methylxanthine; IL-6, interleukin-6; IR, insulin resistance;
MCP-1, monocyte chemotactic protein-1; MTT, methyl thia-
zolyl tetrazolium; PBS, phosphate-buffered saline; PID, post-
induction day; PPARy, peroxisome proliferator-activated
receptor gamma; Pref-1, preadipocyte differentiation factor 1;
RT-qPCR, real-time quantitative polymerase chain reaction;
TNF-a, tumor necrosis factor-alpha.

* To whom correspondence should be addressed.

white. Brown fat generates body heat in newborns and in
hibernating animals, while the principle purpose of white
fat in healthy animals is energy storage. White adipose
can be further divided into subcutaneous adipose, which
is responsible for weight gain [8], while visceral adipose
tissue is the last of the energy reserves and secretes a vari-
ety of hormones and cytokines such as tumor necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6), monocyte
chemotactic protein-1 (MCP-1), resistin, and adipo-
nectin. For this reason, adipocytes have recently become
recognized as endocrine cells [9]. Under disease condi-
tions such as obesity, atherosclerosis, insulin resistance,
diabetes, and others, adipocytes begin forming endocrine
disorders leading to endocrine, autocrine, and paracrine
dysfunction [10-12]. Inflammation and metabolic disor-
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ders lead to the activation of endocrine hormones and
cytokine secretion, which can progress to a variety of
metabolic abnormalities and is closely related to the
development of coronary atherosclerosis [9, 13-19].
When coculturing macrophages and preadipocytes from
C57B6J mice, Charriere et al. found that preadipocytes
are transformed into macrophage precursors [20]. Given
all these described features, insulin resistance and a
chronic inflammatory state are risk factors for the devel-
opment of coronary heart disease. Thus, it is necessary to
examine the changes in preadipocytes following the
coculture of preadipocytes and adipocytes and its effects
on the secretion of adipocytes and macrophages following
induction of inflammation and insulin resistance. In this
study, we used RAW264.7 macrophages and 3T3-L1
preadipocytes to explore the possible pathogenesis of the
development of coronary heart disease.

MATERIALS AND METHODS

Experimental materials, essential drugs, and
reagents. The murine preadipocyte (3T3-L1, GNM25)
and macrophage (RAW264.7, TCM13) cell lines were
purchased from the Shanghai Chinese Academy of
Sciences Cell Bank. The cells were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) contain-
ing 10% fetal bovine serum (FBS), 100 ug/ml penicillin,
and streptomycin at 37°C in a 5% CO, saturated incuba-
tor. DMEM (12800017), FBS (10099141), and 0.25%
trypsin (25200056) were purchased from Gibco (USA).
Lipopolysaccharide (1.2880), insulin (1342106), dexa-
methasone (D4902), 3-isobutyl-1-methylxanthine
(IBMX, 17018), 4',6-diamidino-2-phenylindole (DAPI,
D9542), penicillin (P3032), streptomycin (S9137), and
the dye oil red O (O1391) were from Sigma (USA); and
mouse monoclonal antibodies (KP1) to CD68, ab955,
F4/80 (rat monoclonal, ab6640), and Mac-1 (rat mono-
clonal, ab1211) were from Abcam (UK). The transwell
chambers (3380) were purchased from Corning (USA),
and the Trizol (10296010) and reverse transcriptase Kits
(12574018) were from Invitrogen (USA). The polymerase
chain reaction (PCR) amplification reagents kit (Tap
enzyme, 10x PCR buffer, MgCl,, and dNTP, RR037A)
was purchased from Takara (Japan).

Recovery and culture with 3T3-L1 preadipocytes and
RAW264.7 macrophage cells. The 3T3-L1 preadipocytes
were seeded in 6-well plates at a density of 8000 cells/cm?
and cultured according to standard conditions. Briefly,
the cells were grown in 5% CO, in DMEM containing
10% FBS, 2 mM L-glutamine, and a 1% penicillin-strep-
tomycin mixture. Two days after the cells reached conflu-
ency, the cells were induced to differentiate in high-glu-
cose DMEM containing 10% FBS, 10 mg/liter insulin,
0.5 mM IBMX, and 1 pM dexamethasone for 2 days.
Fresh medium containing only insulin was changed every
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2 days. Post-induction at day (PID) 0 refers to
preadipocytes prior to induction. When 90% of the
adipocytes presented the phenotype following PID 8, all
analyses were conducted. RAW264.7 macrophage cells
were seeded onto 6-well plates at a density of 8000
cells/cm? and cultured according to standard conditions.

Establishing inflammation and insulin resistance mod-
els in 3T3-L1 adipocytes. Prior to the assays, 3T3-L1
adipocytes were washed and maintained overnight in
DMEM without FBS. Assays were conducted both under
basal conditions and after stimulation with lipopolysac-
charide (1 pg/ml, 18 h) [21] and/or insulin (1.7 pM,
18 h) [22] on differentiated cells. The concentrations and
incubation times used were similar to those used in other
experimental models [21, 22].

Cell treatment groups. Four treatment groups of
3T3-L1 adipocytes were created: A-1, the negative con-
trol (treated with an equivalent amount of phosphate-
buffered saline, PBS); A-2, (insulin-resistance, treated
with insulin, 1.7 uM, 18 h); A-3, inflammation (treated
with lipopolysaccharide, 1 pg/ml, 18 h); and A-4,
inflammation + insulin resistance (treated with
lipopolysaccharide, 1 pg/ml, 18 h + insulin, 1.7 uM,
18 h). Four treatment groups of RAW264.7 macrophages
were created using the same culture conditions and cell
treatments as for the adipocytes as follows: B-1, negative
control (treated with an equivalent amount of PBS); B-2,
insulin-resistance; B-3, inflammation; B-4, inflamma-
tion + insulin resistance. Four treatment groups were also
created with RAW264.7 macrophages and 3T3-L1
preadipocytes cocultured in transwell chambers. The
RAW264.7 macrophages in the upper chamber and 3T3-
L1 preadipocytes in the lower chamber were divided into
C-1 to C-4 groups and were cultured for 48 h. The C-1 to
C-4 groups in the lower chamber underwent routine test-
ing and induction of differentiation. (Both RAW264.7
macrophages and 3T3-L1 preadipocytes were detected at
the same order of magnitude.)

Real-time quantitative polymerase chain reaction
(RT-qPCR) detection of gene expression. Total RNA was
extracted from the RAW264.7 macrophages and 3T3-L1
preadipocytes stored in liquid nitrogen using TRIzol
reagent (Invitrogen, USA) following the manufacturer’s
instructions. Reverse transcription reactions were con-
ducted using a Transcriptor First Strand cDNA Synthesis
Kit (Roche, USA). The oligonucleotide primer
sequences were designed by Premier Primer 5.0 software
as shown in Table 1, and -actin was used as the internal
control. The synthesized first-strand cDNA samples were
subjected to RT-qPCR with SYBR Green PCR Master
Mix (Toyobo Bio-Technology, China), and PCR was per-
formed using an ABI Prism 7700 Sequence Detector
(Applied Biosystems, Japan). The abundance of each
gene product was calculated using regression analyses
against a standard curve generated by 2-fold serial dilu-
tions of positive PCR controls for each gene. The
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Table 1. Real-time quantitative RT-PCR primers

665

Gene Accession number Primer Amplicon size, bp

B-Actin NM_007393.3 forward 5'-CCGTGAAAAGATGACCCAG-3' 249
reverse 5'-TAGCCACGCTCGGTCAGG-3'

Adiponectin® NM_009605 forward 5'-CTGGAGAGAAGGGAGAGAAAGG-3' 156
reverse 5'-CTGAGCGATACACATAAGCGG-3'

TNF-a? NM_013693.2 forward 5'-CGGGCAGGTCTACTTTGGAG-3' 230
reverse 5'-CAGGTCACTGTCCCAGCATC-3'

IL-6° NM_031168.1 forward 5'-CCACGGCCTTCCCTACTTC-3' 133
reverse 5'-CTCATTTCCACGATTTCCCAG-3'

MCP-1¢ NM_011333.3 forward 5'-GTGCTGACCCCAAGAAGGA-3' 186
reverse 5S'-GAGGTGGTTGTGGAAAAGG-3'

Pref-1° L12721.1 forward 5'-TGCACACCTGGGTTCTCTGG-3' 182
reverse 5'-CTGTTGGTTGCGGCTACGAT-3'

C/EBP-of NM_007678 forward 5'-AGGGTCTCAGTTCCACGCC-3' 237
reverse 5'-CAAGGGGAAGCCCAGCCTATA-3'

PPAR-y# NM_001127330.1 | forward 5'-TAGATGACAGCGACTTGGCAATAT-3' 210
reverse 5'-GAATGTCTTCAATGGGCTTCACA -3'

Note: a) adiponectin; b) tumor necrosis factor-alpha; c) interleukin-6; d) monocyte chemotactic factor 1; e) preadipocyte differentiation factor 1;
f) CCAAT enhancer binding protein alpha; g) peroxisome proliferator-activated receptor gamma.

adiponectin, TNF-a, IL-6, MCP-1, preadipocyte differ-
entiation factor 1 (Pref-1), CCAAT-enhancer-binding
protein (C/EBP) o, and PPAR-y values were normalized
against 3-actin for each sample. The mRNA quantifica-
tion was performed in triplicate for each well and in three
wells for each experimental condition. The integrity of
the PCR products was confirmed using dissociation curve
analyses with 2.0 software (Applied Biosystems).

Methyl thiazolyl tetrazolium (MTT) assay for prolif-
eration of cocultured 3T3-L1 preadipocytes. The C-1 to
C-4 treatment groups were tested using an MTT assay. In
a dark room, 20 ul of MTT solution was added to each
well containing cells, the cells were incubated for 4 h, the
supernatant was discarded, and then 150 ul of dimethyl
sulfoxide was added to each well. The culture plate was
then placed in a shaker and transferred to a microplate
reader to measure the absorbance at 490 nm (Table 2).

Test for differentiation of cocultured 3T3-L1
preadipocytes. The culture medium was discarded from

the culture plates, the cells were washed gently with PBS
three times, then 4% paraformaldehyde was added, and
the cells were incubated at room temperature for 1 h.
Next, the fixative was discarded, 2 ml of oil red O solu-
tion was added, and the mixture was incubated at 37°C
for approximately 2 h. (The oil red O solution was made
by dissolving 0.42 g of oil red O in 120 ml of iso-
propanol, and the solution was allowed to stand
overnight at room temperature before filtering off the
undissolved dye. The filtrate was then collected, 90 ml of
double-distilled water was added, the resultant mixture
was filtered after standing overnight at 4°C to fully dis-
solve, and it was set aside for further testing.) Finally, the
cells were observed under an inverted microscope (IX73,
Olympus, Japan), showing cytoplasmic lipid droplets
stained red. The 100% isopropanol extracts of the oil red
O-stained cells were analyzed by a microplate reader
(168-1130; Bio-Rad, USA) for absorbance at 490 nm
(Table 3).

Table 2. MTT assay for proliferation of cocultured 3T3-L1 preadipocytes

C-1: PBS control

C-2: insulin resistance

C-4: inflammation +
insulin resistance

C-3: inflammation

OD.99 1 0.962 + 0.135

0.756 + 0.132*

0.634 + 0.123* 0.527 £ 0.126"*

Note: ODyg um» Optical density at 490 nm; ODygg y: X £ 53 *P < 0.05; *P < 0.01.
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Table 3. Test for differentiation of cocultured 3T3-L1 preadipocytes — oil red O staining

C-1: PBS control

C-2: insulin resistance

C-4: inflammation +
insulin resistance

C-3: inflammation

ODi0 0.931 +0.392

0.735 £ 0.254*

0.538 + 0.314* 0.289 £ 0.213%*

Note: ODyg um» Optical density at 490 nm; ODygg ym: X £ 53 *P < 0.05; *P < 0.01.

Immunofluorescence staining of cocultured 3T3-L1
preadipocytes. Adipose cells were added to the upper
portion of a transwell chamber, while preadipocytes were
added to the lower portion, and both were cultured for
24 h. The media were changed 12 h after the addition of
1 pg/ml DAPI. Then, the 3T3-L1 preadipocytes were
washed once with PBS and fixed with 4% paraformalde-
hyde for 20 min at room temperature. The cells were

rinsed with PBS at room temperature three times for
5 min each, and then placed at room temperature with
PBS containing 10% FBS for 30 min. Next, the cells
were warmed at 37°C for 30 min with the specific primary
antibody in 0.1% Tween-20 in PBS at room temperature,
and then the cells were rinsed three times for 5 min each.
A DyLight488-conjugated goat anti-mouse IgG anti-
body (A23210 Abbkine, USA) [23] was added, and the

Fig. 1. Comparison of morphological changes during 3T3-L1 preadipocyte cell differentiation. a) Cell morphology before differentiation
(Trypan blue staining). b) Induction of differentiation after 2 days, showing lipid droplets generated in the cytoplasm (oil red O staining). c¢)
Induction of differentiation at 4 days, showing an increase in lipid droplets compared with the cytoplasm (oil red O staining). d) Induction of
differentiation at 8 days, showing a large number of lipid droplets in the cytoplasm (oil red O staining).
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cells were warmed at 37°C for 30 min. The cells were
then placed in a solution containing 0.1% Tween-20 in
PBS at room temperature and again rinsed three times
for 5 min each. Finally, the cells were observed under a
fluorescence microscope (IX83; Olympus, Japan) with
the appropriate excitation band, and photos were record-
ed.

Statistical analyses. Data are presented as means =
standard deviation for each experimental condition.
Differences between groups were evaluated using a non-
independent 7-test and analysis of variance. A P value <
0.05 was used to determine statistical significance. All sta-
tistical analyses were performed using the SPSS12.0 sta-
tistical package.

RESULTS

Morphological changes during 3T3-L1 preadipocytes
differentiation. 3T3-L1 preadipocytes presented a typical
spindle shape, and no lipid droplets were present in the
cytoplasm. Their morphology was similar to that of
fibroblasts (Fig. la, trypan blue staining). Oil red O
staining showed the induction of differentiation within
PID 2 as small cytoplasmic lipid droplets appeared (Fig.
1b). On PID 4, the cells became large compared with the
previously round shape, and the size of the cytoplasmic
lipid droplets began to increase (Fig. 1c). By PID 8§, they
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Fig. 2. Results of 3T3-L1 adipocyte RT-qPCR (groups A-1, A-2,
A-3, and A-4; * P < 0.05, “ P < 0.01). A-1, PBS control; A-2,
insulin resistance; A-3, inflammation; A-4, inflammation +
insulin resistance. Compared with the A-1 control group, IL-6,
MCP-1, and TNF-a mRNA expression levels of the other groups
were significantly increased (P < 0.05), and adiponectin mRNA
decreased (P < 0.05). In the A-4 inflammation + insulin resist-
ance group, expression levels of adiponectin, 1L-6, MCP-1, and
TNF-o mRNA were significantly changed (P < 0.01).
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Fig. 3. Results of RAW264.7 macrophage RT-qPCR (groups B-
1, B-2, B-3, and B-4; * P < 0.05, * P < 0.01). B-1, PBS control;
B-2, insulin resistance; B-3, inflammation; B-4, inflammation +
insulin resistance. The B-2, B-3, and B-4 RAW264.7
macrophage groups in the presence of lipopolysaccharide and
high insulin led to enhanced mRNA expressions of 1L-6 and
TNF-a (P <0.05). In the B-4 insulin resistance + inflammation
group, the changes in the expression levels of 1L-6 and TNF-a
mRNA were more significant than those of the other treatment
groups (P < 0.01). These results indicate that during inflamma-
tion, insulin resistance can promote RAW264.7 macrophages to
secrete more inflammatory cytokines.

had become large round cells, with an even greater
increase in the accumulation of cytoplasmic lipid
droplets (Fig. 1d).

3T3-L1 adipocyte RT-qPCR. Compared with the A-
1 control group, IL-6, MCP-1, and TNF-a mRNA
expression levels of the other groups were significantly
greater (P < 0.05), and adiponectin mRNA was less (P <
0.05). The greatest difference in the mRNA levels of
adiponectin, IL-6, MCP-1, and TNF-a was between the
A-4 inflammation + insulin resistance group and the A-1
control group (P < 0.01) (Fig. 2).

RAW264.7 macrophage RT-qPCR. In the B-2, B-3,
and B-4 RAW264.7 macrophage groups, treatment with
lipopolysaccharide and high insulin led to increased
mRNA levels of IL-6 and TNF-a (P < 0.05). These
changes were especially significant in the B-4 insulin
resistance + inflammation group (P < 0.01), indicating
that under conditions of inflammation, insulin resistance
promotes RAW264.7 macrophages to secrete more
inflammatory cytokines (Fig. 3).

Proliferation and differentiation following coculture of
3T3-L1 preadipocytes. As revealed in the MTT assay, pro-
liferation of the 3T3-L1 preadipocytes in the insulin
resistance, inflammation, and inflammation + insulin
resistance groups was inhibited compared to that of the
PBS control group (P < 0.05; Table 2). The 3T3-LI
preadipocyte differentiation and maturation also played
an inhibitory role (induction following 8 days; P < 0.05;
Table 2). Differentiation and maturation were also inhib-
ited in these groups. The 3T3-L1 adipose cell and intra-
cellular lipid droplet size were reduced, and the cells had
not significantly matured (Fig. 4).
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Fig. 4. Induction of 3T3-L1 preadipocytes after 8 days (oil red-O staining). a) C-1, PBS (control) group; b) C-2, insulin resistance group; c)
C-3, inflammation group; d) C-4, inflammation + insulin resistance group. (Compared with the C-1 control group, the sizes of 3T3-L1 adi-
pose cells and intracellular lipid droplets were smaller in the other groups, and the cells did not significantly differentiate.)

Compared with the C-1 control group, the expres-
sion levels of Pref-1 mRNA in the C-2, C-3, and C-4
groups were increased to varying degrees, while those of
PPARy and C/EBPa were decreased (Fig. 5). In each
case, the difference was significant (P < 0.05), indicating
that under conditions of induced inflammation and
insulin resistance, the differentiation of 3T3-L1
preadipocytes to adipocytes was inhibited.

Immunofluorescence following coculture with 3T3-L1
cells. Immunofluorescence labeling of 3T3-L1 pre-
adipocytes in groups C-1 to C-4 failed to reveal the pres-
ence of CD68, F4/80, or Mac-1, suggesting that none of
these cells acquired this phenotype (data not shown).

DISCUSSION

Visceral adipose tissue is the last of the energy
reserves and secretes a variety of hormones and cytokines

such as TNF-a, IL-6, MCP-1, resistin, and adiponectin.
For this reason, the adipocyte or fat cell has recently
become recognized as an endocrine cell [24]. During
inflammation and in metabolic disorders, endocrine hor-
mones activate cytokines, potentially causing a variety of
metabolic abnormalities including obesity, diabetes, car-
diovascular disease, and metabolic syndrome [25-29]. In
the present study, the 3T3-L1 adipocyte cell line was used
to analyze induced inflammation, insulin resistance, and
insulin resistance plus inflammation in adipocytes, and
the mRNA expressions of the cytokines adiponectin,
TNF-a, IL-6, and MCP-1 under these conditions were
measured. We found that in each of the treatment groups
(induced inflammation, insulin resistance, and insulin
resistance + inflammation), the mRNA expression of the
antiinflammatory factor adiponectin was significantly
reduced, while those of the inflammatory cytokines
TNF-a, IL-6, and MCP-1 were significantly increased
compared to the untreated controls. Thus, inflammation
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and insulin resistance in adipocytes leads to endocrine
disruption, and antiinflammatory cytokines decrease the
secretion of inflammatory cytokines and increase local
adipose tissue inflammation.

Preadipocytes play a role in various regulatory factors
through the activation of multiple genes associated with
adipocytes. They also coordinate these genes under the
control of a complex physiological process of biochemical
differentiation before turning into mature adipocytes [30-
32]. As revealed in the MTT assay, proliferation of the
3T3-L1 preadipocytes in the insulin resistance, inflamma-
tion, and inflammation + insulin resistance groups was
inhibited compared to that of the PBS control group. This
result indicates that the mature fat cells can significantly
affect adipocyte proliferation and differentiation under
conditions of inflammation or insulin resistance, especial-
ly under both inflammation and insulin resistance condi-
tions. Through the regulation of acetyl-coenzyme A car-
boxylase, fatty acid synthase hormone-sensitive lipase,
and other gene expressions via PPARY, leptin is inhibited
and energy intake increases, forming adipose cells [33,
34]. By regulating the key enzyme in the transcription fac-
tor, C/EBPa, the expression of adipocyte cell protein
affects the differentiation process [35]. The role of the
C/EBP family of transcription factors in adipose cell dif-
ferentiation has been confirmed [36]. The expressions of
C/EBPB and C/EBPS temporarily increase during the
initial stage of adipocyte differentiation [37]. Together,
they promote the expression of PPARy and C/EBPa,
which control and promote adipocyte cell differentiation
to the terminal stage [35]. Hormone-induced mediators
express PPARy and C/EBPa., thereby regulating adipose
cell differentiation and gene expression, which allows adi-
pose cells to produce a characteristic phenotype [37].
PPARy and C/EBPa synergistically promote adipose cell
differentiation.

The Pref-1 gene encodes a 385-amino acid trans-
membrane protein, which is expressed prior to adipose
cell differentiation. Pref-1 can maintain the undifferenti-
ated state of 3T3-L1 preadipocytes if Pref-1 inhibits the
differentiation of adipose cells [38-40]. We found that
when preadipocytes were cocultured with adipocytes,
Pref-1 mRNA expression levels increased and C/EBPa
and PPARy mRNA levels decreased under conditions of
inflammation or insulin resistance, especially under both
inflammation and insulin resistance conditions. These
results indicate that changes occurred between Pref-1,
C/EBPa, PPARy, and inflammatory factors, which is
consistent with Castro-Munozledo’s [41] study. Thus,
TNF-a can directly inhibit the expression of C/EBPa
and PPARY and produce an inhibitory effect on adipocyte
cell differentiation [41]. As adipocytes can secrete a vari-
ety of inflammatory cytokines under conditions of
inflammation or insulin resistance, especially under both
inflammation and insulin resistance conditions, it is
unclear which one plays the major role. Further external
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Fig. 5. Results of RT-qPCR (groups C-1, C-2, C-3, C-4; * P<
0.05). C-1, PBS control; C-2, insulin resistance; C-3, inflamma-
tion; C-4, inflammation + insulin resistance. With the C-1 con-
trol group, the expression levels of Pref-1 mRNA remaining in
each group increased to varying degrees, and the expression levels
of PPARy and C/EBPa. mRNA decreased. There was a statisti-
cally significant difference (P < 0.05), indicating that when cells
are cultured under conditions of inflammation and insulin resist-
ance with 3T3-L1 adipose cells, differentiation from 3T3-LlI
preadipocytes to adipocytes is inhibited.

validation studies are needed to determine the specific
mechanism.

The mRNA expression levels of IL-6 and TNF-a
were greater than those in the control group in the
RAW264.7 macrophages (P < 0.05). Macrophages are a
plastic and pluripotent cell population, both in vivo and in
vitro, under the different influences of the microenviron-
ment and function [42, 43]. There are two types of
macrophages in adipose tissue. The first activates M1-
type macrophages, and the other is the fat tissue itself
containing the M2 macrophage alternative for the activa-
tion of macrophages [44, 45]. A large number of
macrophages are involved in obesity and insulin resist-
ance in adipose tissue [44]. It has been reported that
macrophage infiltration in visceral adipose tissue is signif-
icantly greater than that in subcutaneous fat [46, 47].
Cousin et al. [48] found that preadipocytes have functions
similar to macrophages. They combined macrophages
and preadipocytes in vitro and found that some character-
istics of preadipocytes are similar to the macrophage phe-
notype (CD86", F4/80, Mac-1, CD45", CD80"). This
result implies that macrophages promote phenotypic
changes through secreting cytokines, including inflam-
matory cytokines. Given that adipocytes secrete more
inflammatory cytokines under inflammation and/or
insulin resistance conditions like macrophages, we cocul-
tured preadipocytes and adipocytes. However, this study
found no conversion of adipocytes to a preadipocyte phe-
notype during inflammation and insulin resistance condi-
tions. Therefore, other mechanisms may be involved in
the phenotype change. Whether the environment of the
body can cause a phenotypic transformation by
adipocytes requires further study.
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Under conditions of induced inflammation and

insulin resistance, 3T3-L1 adipocytes decreased the
mRNA expression levels of adiponectin and increased
those of TNF-a, IL-6, and MCP-1. Under the same
conditions, TNF-a and IL-6 mRNA expression levels
were increased in RAW264.7 macrophages. Mature 3T3-
L1 adipocytes inhibited the proliferation and differentia-
tion of 3T3-L1 preadipocytes, but the transwell chamber
assays did not cause phenotypic changes in the 3T3-L1
preadipocytes.
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