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Abstract 

Recruitment and polarization of classically activated (M1) macrophages within adipose tissue contribute to 
chronic low-grade inflammation in obesity. Adipose tissue precursor cells exhibit the capacity to develop 
macrophage-like characteristics and adipocyte-derived miR27a is known to promote reprogramming of 
somatic cells. It was unknown whether exogenous addition of miR27a promote the development of 
macrophage-like characteristics of adipose precursor cells. We examined macrophage surface antigen, 
phagocytosis and migration ability in 3T3-L1 preadipocytes transfected with miR27a mimics. Transfection of 
3T3-L1 preadipocytes with miR27a mimics increased phagocytosis and migration and increased the number of 
cells expressing the macrophage makers F4/80 and MHC compared to controls. M2 and CD206 macrophage 
markers were unaltered. In addition, transfection of 3T3-L1 preadipocytes with miR27a mimics reduced PPARγ 
expression, activated NF-κB and promoted secretion of the inflammatory cytokines MCP-1, TNF-α and IL-1β 
compared to controls. The level of anti-inflammatory factors Arg-1, IL-10, Ym1 and Fizz1 were unaltered. 
Secretion of miR27a was increased in conditioned medium prepared from palmitic acid-treated differentiated 
3T3-L1 adipocytes compared to controls. Incubation of 3T3-L1 preadipocytes with this conditioned medium 
increased phagocytosis and migration compared to controls. Finally, conditioned medium prepared from 
differentiated 3T3-L1 adipocytes transfection with miR27a inhibitors reduced phagocytosis and migration in 
3T3-L1 preadipocytes compared to controls. The data indicate that PPARγ agonists may reverse the activation 
of NF-κB pathway mediated by miR27a overexpression and reduce phagocytosis and migration of adipose 
precursor cells. In addition, miR27a may promote the development of macrophage-like characteristics in 
3T3-L1 preadipocytes. 
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Introduction 
Adipose tissue serves not only as an energy 

storage and endocrine organ but additionally as a 
source of regional immune cells. During the 
development of obesity macrophages accumulate 
within adipose tissue. This immune steady-state 
disorder is considered an initial key factor in the 
development of obesity-induced insulin resistance[1].  

Adipose tissue macrophages are derived both 
locally and through chemotactic migration[2,3]. Local 

adipocyte progenitor cells may be reprogrammed into 
macrophage-like cells or present macrophage-like 
characteristics[4]. In addition, preadipocytes have the 
capacity to develop phagocytic and antimicrobial 
abilities subsequent to cell-to-cell contact with 
peritoneal macrophages or with a broad spectrum of 
functional Toll-like receptors[5-11]. Previously we 
demonstrated that adipose tissue from obese 
individuals secreted miR27a and that adipocyte cell 
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derived miR27a induced insulin resistance in skeletal 
muscle[12]. In addition, adipose cell derived miR27a 
induced activation of macrophages in insulin resistant 
high fat diet fed obese mice through inhibition of 
PPARγ[13]. The above studies indicate that during the 
process of conversion to mature adipocytes, adipose 
precursor cells may produce cells with functional 
macrophage-like characteristics. However, it was 
unknown whether secreted factors from adipose 
tissue may be involved in adipose precursor cell 
differentiation into macrophage-like cells. 

In the present study, we examined phagocytosis, 
migration ability and expression of the macrophage 
markers F4/80, MHC and CD206 in 3T3-L1 
preadipocytes transfected with miR27a mimics. In 
addition, expression of PPARγ, activation of NF-κB 
and secretion of proinflammatory and 
anti-inflammatory cytokines were examined in these 
cells. Expression of NF-κB and phagocytosis and 
migration ability of adipose precursor cells were 
examined after PPARγ activation. Finally, we 
examined phagocytosis and migration ability of 
3T3-L1 preadipocytes cultured with conditional 
medium from palmitic acid (PA)-treated 
differentiated adipocytes. Our results suggested that 
miR27a promotes the development of macrophage- 
like characteristics in 3T3-L1 preadipocytes. 

Materials and Methods 
Cell culture 

3T3-L1 preadipocytes (ATTC, USA) were 
cultured in Dulbecco’s modified Eagle’s medium 
(DMEM) and 10% bovine calf serum (Gibco, USA) in 
an atmosphere of 5% CO2 at 37°C. For differentiation 
studies, 3T3-L1 cells were incubated with DMEM 
containing 10% FBS, 1 μM dexamethasone (Sigma, 
USA), 0.5 mM IBMX (Sigma, USA) and 10 μg/ml 
insulin or in DMEM containing 10% FBS and 10 
μg/ml insulin or DMEM containing 10% FBS. Cell 
culture medium was changed every two days until 
the 8-10th day.  

Transfection of 3T3-L1 preadipocytes with 
MiR27a mimics  

MiR27a mimics were transfected into 3T3-L1 
preadipocytes cells using Lipofectamine 2000 
(Invitrogen, USA) as per the manufacturer’s 
instructions. MiR27a mimics (GenePharma, USA) 
were diluted in DEPC-treated water to a final 
concentration of 20 μM then mixed with transfection 
reagent in medium, 1:1 ratio, the final transfection 
concentration of miR27a was 50 pmol/ml. The 
suspension was incubated for 20 min at room 
temperature. The transfection cocktail was then 

added in a dropwise manner to cells that had reached 
60-70% confluence. Cells were then incubated in 5% 
FBS optimal DMEM with transfection mixture for 24 
h, 48 h, 72 h. In other studies cells were treated with 20 
μM rosiglitazone for a further 48 h after miR27a was 
overexpressed. In some experiments, miR27a 
inhibitors (GenePharma, USA) were diluted in 
DEPC-treated water to a final concentration of 20 μM 
and cells were then transfected as described above. 

Incubation of 3T3-L1 preadipocytes with 
conditional medium  

Culture medium obtained from differentiated 
3T3-L1 cells incubated for 48 h with no additions was 
defined as the control medium (con). Culture medium 
obtained from differentiated 3T3-L1 cells incubated 
for 48 h with no additions but then subsequently 
supplemented with exogenous 0.3 mM PA was 
defined as the conditional medium 1 (CM1). Culture 
medium obtained from differentiated 3T3-L1 cells 
incubated with 0.3 mM phosphatidic acid (PA) for 48 
h was defined as the conditional medium 2 (CM2). 
Culture medium obtained from differentiated 3T3-L1 
cells incubated with 0.3 mM PA for 48 h but then 
subsequently supplemented with exogenous miR27a 
inhibitor was defined as conditional medium 3 (CM3). 
The conditional medium were removed and mixed 
with an equal volume of DMEM medium (containing 
10% FBS). 3T3-L1 preadipocyte cells were then 
incubated with the various conditional medium for 48 
h prior to examination of phagocytosis and migration 
as described below. 

Real-time qPCR 
Total RNA from cells was extracted with Trizol 

reagent (Invitrogen, USA) or from conditioned 
medium by RNA extraction kit (Qiagen, USA) 
according to the manufacturer's instructions. After 
quantification, cDNA was synthesized using a reverse 
transcription kit (Transgen Biotech, China). Real-time 
qPCR reaction was performed with cDNA 
synthesized from 1 μg total RNA and miR27a primers 
(RiboBio, China). The relative abundance of mRNAs 
was standardized with U6 (RiboBio, China) or 
miR156a (RiboBio, China) as reference control. PCR 
primers used for mRNA quantitation are indicated in 
Table 1 and the expression levels relative to control 
were determined by calculating 2−ΔΔCT.  

 

Table 1. Primer sequences 

Target 
gene 

Forward sense Reverse sense 

miR27a TGCGCTTCACAGTGGCTAAGT CCAGTGCAGGGTCCGAGGTATT 
miR156a GCGGCGGTGACAGAAGAGAGT CCAGTGCAGGGTCCGAGGTATT 
U6 CGCTTCGGCAGCACATATAC  AAATATGGAACGCTTCACGA 
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Neutral red phagocytosis assay 
3T3-L1 preadipocytes cells were suspended in 

DMEM and adjusted to 1×105 cells/ml and 500 μl of 
cell suspension seeded in 24-well plates. After 12 h 
culture, the cells were transfected with miR27a 
mimics for 24, 48 or 72 h. In other studies cells were 
treated with 20 μM rosiglitazone for a further 48 h 
after miR27a was overexpressed. Subsequent to 
incubation, the supernatant was discarded and 500 μl 
of 0.1% neutral red solution (Sigma, USA), prepared 
in physiological saline and filtered, was added to each 
well. Cells were then incubated at 37°C in 5% CO2 for 
1 h and the neutral red solution removed. Cells were 
then washed 3 times with pre-warmed PBS. 200 μl of 
cell-lysis solution (0.1 M acetic acid:ethanol, 1:1 v/v) 
was added to each well. After overnight storage at 4oC 
the absorbance at 540 nm was measured (3 replicates 
in each experiment group). In some experiments, 
preadipocytes were incubated for 48 h with either 
control (con) or CM1 or CM2 or CM3 medium and 
phagocytosis determined as above.  

Fluorescence microspheres phagocytosis assay 
Fluorescent microspheres (Invitrogen, USA) 

were activated in 1% BSA with 80-100w ultrasound 
for 5 min, then incubated at 37°C for 30 min. 3T3-L1 
preadipocytes (2×105 cells) were plated to each well of 
a 6-well plate. After culturing for 12 h, the cells were 
then transfected with miR27a mimics for 48 h. The 
supernatant was then removed and cells were 
incubated at 37°C for 1 h with fluorescent 
microspheres (cells:fluorescent microspheres, 1:21 
ratio). Following incubation, the supernatant was 
removed and the cells washed 3 times with pre-cooled 
PBS. Cells were collected, centrifuged at 1,500 rpm for 
10 min, resuspended in 350 μl of PBS, and then 
examined by flow cytometry (BD Accuri® C6). Mock 
transfected 3T3-L1 preadipocytes incubated with 
fluorescent microspheres as above were used as 
control. Wells without beads served as the negative 
control.  

Cell surface marker detection 
3T3-L1 preadipocytes cells were transfected with 

miR27a mimics for 48 h then washed 3 times with 
pre-warmed PBS and collected into tubes. The 
suspension was centrifuged at 1,500 rpm for 10 min 
and the cell pellet resuspended in 100 μl of PBS. 1 μl of 
F4/80, MHC or CD206 antibody (Biolegend, USA) per 
1×106cells were added and the suspension incubated 
for 20 min at 4oC. After washing once with pre-cooled 
PBS the suspension was centrifuged at 1,500 rpm for 
10 min and the pellet resuspended in 100 μl of PBS. 
Cells were then examined by flow cytometry (BD 
Accuri® C6). Mock transfected 3T3-L1 preadipocytes 

labeled with antibody as above were used as control. 
In Figure 2 and Figure 3, 3T3-L1 cells incubated in the 
absence of antibody are shown as the negative 
control. 

Cell migration assay in Transwell® plates 
3T3-L1 preadipocytes cells were transfected with 

miR27a mimics for 48 h. In other studies cells were 
treated with 20 μM rosiglitazone for a further 48 h 
after miR27a was overexpressed. In the conditioned 
medium (CM) intervention groups, preadipocytes 
were incubated for 48 h with either control (con) or 
CM1 or CM2 or CM3 medium as prepared above. 
Cells were then seeded in the upper chamber of 
Transwell® plates (Corning, USA) at a concentration 
of 1×105 cells/dish. The seeding volume was 100 μl. 
600 μl of medium containing 10% fetal bovine serum 
was added to the lower chamber. The plates were 
then incubated for up to 10 h. Subsequent to 
incubation, cells were fixed with absolute methanol 
and then stained for 20 min with crystal violet. Cell 
counting was conducted using a light microscope. The 
number of cells in five fields were determined. 

Inflammatory marker determination 
3T3-L1 preadipocytes cells were transfected plus 

or minus miR27a mimics for 48 h and aliquots were 
collected from the medium and the inflammatory 
markers MCP-1, TNF-α, IL-1β and the 
anti-inflammatory cytokines Arg-1, IL-10, Ym1 and 
Fizz1 were measured using ELISA (R&D, USA) as per 
the manufacturer’s instructions.  

Immunoblot analysis 
Proteins were extracted from cell lysates 

following the manufacturer's protocols (Beyotime, 
China). Protein concentration was quantified using 
the BCA protein assay kit (Thermo Fisher Scientific, 
USA) and 30 μg protein was separated in a 12% SDS 
polyacrylamide gel and electro transferred onto 
polyvinylidene difluoride (PVDF) membranes 
(Bio-Rad, USA). Membranes were blocked with 5% 
(w/v) BSA for 2 h at room temperature and then 
incubated with primary antibodies with light shaking 
overnight at 4°C. Primary antibodies against PPARγ, 
NF-κB, pNF-κB, IκBα and GAPDH (abcam) were 
diluted to a ratio of 1:1000 in TBST buffer. The 
membranes were washed 3 times for 5 min each with 
10 ml of TBST (10 mM Tris–HCl, 150 mM NaCl and 
0.1% (v/v) Tween-20) and then incubated with 
secondary antibody at room temperature for 2 h. 
Secondary antibodies goat anti-rabbit or goat 
anti-mouse (Proteintech, USA) were diluted to a ratio 
of 1:5000 in TBST buffer. The membrane was 
incubated in Western ECL substrate (Thermo fisher or 
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Proteintech, USA) and exposed to Tanon imager, 
using Quantity One software for image analyses. 

Statistical analysis 
All the data are presented as mean±SEM. 

Student's t-test or one-way AVONA was used for the 
determination of statistical significance. The level of 
significance was defined as p<0.05. 

Results 
Phagocytic activity is increased in miR27a 
transfected 3T3-L1 preadipocytes  

The ability to phagocytose particles is a 
nonspecific immune function of macrophages. To 
investigate whether miR27a promoted phagocytic 
activity in 3T3-L1 preadipocyte cells, phagocytosis of 
neutral red or fluorescent microspheres were 
determined in cells transfected with or without 
miR27a mimics. Transfection of cells with miR27a 
mimics resulted in an approximately 210-fold 
(p<0.001) increase in cellular miR27a by 24 h of 
transfection compared to controls and the levels 
remained elevated for up to 72 h (Figure 1A, 1B). 
Phagocytosis of neutral red was elevated 52% 
(p<0.001) by 48 h post-transfection with miR27a 
mimics compared to control (Figure 1C). In addition, 
phagocytosis of microspheres was increased 2.1-fold 
(p<0.01) by 48 h post-transfection with miR27a 
mimics compared to control (Figure 1D, 1E). Thus, 

expression of miR27a mimics in 3T3-L1 preadipocyte 
cells promotes phagocytosis. 

Expression of macrophage antigen F4/80, 
MHC and CD206 in miR27a transfected 
3T3-L1 preadipocytes 

To determine if miR27a expression promoted 
macrophage-like characteristics in 3T3-L1 
preadipocyte cells, cells were transfected with or 
without miR27a mimics and the number of F4/80 
(marker of macrophages and macrophage-like cells), 
MHC (surface-specific antigen of M1 macrophages) 
and CD206 (surface-specific antigen of M2 
macrophages) positive cells determined using flow 
cytometry. Transfection of 3T3-L1 preadipocyte cells 
with miR27a mimics resulted in a 38% (p<0.05) 
increase in F4/80 positive cells (Figure 2). MHC and 
F4/80 double staining indicated that 92% (p<0.05) of 
F4/80 positive cell express MHC compared to control 
(Figure 3A/B), but the CD206 and F4/80 double 
staining was unaltered (Figure 3C/D). 

Cell migration is enhanced in miR27a 
transfected 3T3-L1 preadipocytes 

Inflammatory cells including macrophages 
exhibit the ability to migrate. To determine if miR27a 
expression promoted migration of 3T3-L1 
preadipocytes, cells were transfected with or without 
miR27a and migration in Transwell® plates 
determined.There are about 30% (p<0.001) increase in 

 

 
Figure 1. miR27a promotes phagocytosis in 3T3-L1 preadipocytes. A. Transfection efficiency of miR27a in control (con) and miR27a mimic (miR27a(+)) incubated cells. Red 
fluorescence was the miR-27a transfected in cells. B. Relative expression of miR27a in control (con) and miR27a mimic (miR27a(+)) incubated cells. Data are shown as the mean 
±SEM, n=6, ***p<0.001 compared to control. C. Phagocytic activity in control (con) and cells transfected with miR27a mimic for up to 72 h. n=5, ***p<0.001 compared to 
control. D. and E. Phagocytic activity in control (con) and cells transfected with miR27a mimic (miR27a(+)) using flow cytometry. n=3, **p<0.01, compared to control. 
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migration of 3T3-L1 preadipocytes was observed as 
early as 6 h in miR27a mimics transfected cells 
compared to control (Figure 4A, 4B). Thus, miR27a 
transfection of 3T3-L1 preadipocytes enhances cell 
migration.  

Inflammatory signaling and cytokine secretion 
is increased in miR27a transfected 3T3-L1 
preadipocytes 

To determine if miR27a expression in 3T3-L1 
preadipocytes modulates secretion of proinflam-
matory and anti-inflammatory cytokines, the level of 
MCP-1, TNF-α, IL-1β, Arg-1, IL-10, Ym1 and Fizz1 
were determined in the culture medium of cells 
transfected with or without miR27a mimics. The level 
of MCP-1, TNF-α and IL-1β were increased 17% 
(p<0.05), 13% (p<0.05) and 10% (p<0.01), respectively, 
in the supernatant of 3T3-L1 preadipocytes 
transfected with miR27a mimics compared to control 
(Figure 5A/B/C). In contrast, expression of the M2 
polarization cytokine Arg-1, IL-10, Ym1 and Fizz1 
were unaltered in the supernatant of 3T3-L1 

preadipocytes transfected with miR27a mimics 
compared to control (Figure 5D/E/F/G). Thus, 
miR27a expression in 3T3-L1 preadipocytes increases 
secretion of inflammatory cytokines into the medium. 

The expression of TNF-α, IL-1β and MCP-1 are 
regulated by the proinflammatory transcription 
factor, NF-κB. Activation of the nuclear receptor 
PPARγ is known to suppress NF-κB activity and 
activation and IκBα degradation results in NF-κB 
inactivation. To determine if miR27a expression in 
3T3-L1 preadipocytes modulates inflammatory 
signaling the level of PPARγ, NF-κB, pNF-κB, and 
IκBα were determined in cells transfected with or 
without miR27a mimics. PPARγ expression in miR27a 
transfected 3T3-L1 preadipocytes was decreased 66% 
(p<0.01) compared to control (Figure 5H, 5I). In 
addition, expression of IκBα was decreased 34% 
(p<0.05) in miR27a transfected cells compared to 
control. In contrast, expression of p-NF-κB was 
increased 3.1-fold (p<0.05) in miR27a transfected 
3T3-L1 preadipocytes compared to control. The total 
level of NF-κB was unaltered. Thus, miR27a 

 
Figure 2. miR27a influences expression of the macrophage cell surface marker. A. Cell surface F4/80 expression in control (A04 con) and miR27a mimic (A07 27a overexpress) 
incubated cells. Negative control (A01 negative). B. Relative F4/80 level in control (con) and miR27a mimic (miR27a(+)) incubated cells. C. Cell surface MHC expression in 
control (B05 con) and miR27a mimic (B02 27a overexpress) incubated cells. Negative control (A01 negative). D. Relative MHC level in control (con) and miR27a mimic 
(miR27a(+)) incubated cells. E. Cell surface CD206 expression in control (B07 con) and miR27a mimic (C07 27a overexpress) incubated cells. Negative control (A02 negative). 
F. Relative CD206 level in control (con) and miR27a mimic (miR27a(+)) incubated cells. 
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expression in 3T3-L1 preadipocytes promotes 
proinflammatory signaling. 

PPARγ activation inhibits phagocytic and 
migration activity and inflammatory pathway 
protein expression in miR27a transfected 
3T3-L1 preadipocytes 

To further confirm the roles of PPARγ and 
NF-κB in miR27a regulated phagocytosis and 
migration ability, 3T3-L1 preadipocytes cells were 

treated with or without rosiglitazone (20 μM) for 48 h 
after miR27a mimics transfection. At 6 h, a 38% 
(p<0.001) decrease in migration of 3T3-L1 
preadipocytes was observed in rosiglitazone treated 
cells compared to miR27a transfected cells. (Figure 
6A, 6B). After 48 h, phagocytosis of neutral red was 
reduced 17% (p<0.001) in miR27a transfected cells 
treated with rosiglitazone compared to miR27a 
transfected cells (Figure 6C). PPARγ and IκBα 
expression were increased 1.53-fold (p<0.001) and 

 

 
Figure 3. Transfection of 3T3-L1 preadipocyte cells with miR27a mimics increases the number of F4/80 positive cells expressing MHC. A. Cell surface MHC expression in 
control (B07 con) and miR27a mimic (B02 miR27a overexpressing) incubated cells. Negative control (A01 negative). B. Relative MHC level of F4/80 positive cells in control (con) 
and miR27a mimic (miR27a(+)) incubated cells. C. Cell surface CD206 expression in control (B07 con) and miR27a mimic (C07 miR27a overexpress) incubated cells. Negative 
control (A02 negative). D. Relative CD206 level of F4/80 positive cells in control (con) and miR27a mimic (miR27a(+)) incubated cells. n=3, *p<0.05, compared to control. 

 
Figure 4. miR27a enhances 3T3-L1 preadipocytes cell migration. A. Cells were cultured on Transwell® plates and incubated in the absence (con) or presence of miR27a mimic 
(miR27a(+)) for up to 10 h and stained with crystal violet. (100 x magnification). A relative micrograph is depicted. B: The number of migrating cells. n=3, ***p<0.001, compared 
to control. 
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47% (p<0.01), respectively, in rosiglitazone treated 
miR27a mimic transfected 3T3-L1 preadipocytes 
compared to only miR27a transfected 3T3-L1 
preadipocytes. In contrast, expression of p-NF-κB was 
decreased 5.0-fold (p<0.001) in rosiglitazone treated 
3T3-L1 preadipocytes compared to miR27a 
transfected 3T3-L1 preadipocytes (Figure 6D, 6E). 
These results indicate that PPARγ is a downstream 
target of miR27a and its activation inhibits the 
development of macrophage-like characteristics in 
3T3-L1 preadipocytes via the NF-κB pathway. 

MiR27a derived from PA-treated adipocytes 
promotes phagocytic activity and migration of 
3T3-L1 preadipocytes 

We previously demonstrated that addition of PA 
promotes hypertrophy in adipocytes and that miR27a 
may be derived from hypertrophic adipocytes in the 
obese state[12]. To determine the direct effect of 
adipocyte derived miR27a on the development of 
macrophage characteristics in 3T3-L1 preadipocyte 
cells, 3T3-L1 preadipocytes were incubated for 48 h 
with conditional medium prepared from 

differentiated 3T3-L1 adipocytes incubated under 
various conditions (con, CM1, CM2 and CM3) and 
phagocytosis and cell migration were subsequently 
examined. Secretion of miR27a into the medium was 
increased 2.3-fold (p<0.05) in culture medium from 
differentated adipocytes treated with PA (CM2) 
compared to control (Figure 7A). In contrast, secretion 
of miR27a into the medium was decreased 98.5% 
(p<0.001) in culture medium from differentated 
adipocytes treated with PA and with miR27a inhibitor 
(CM3) compared to control. Phagocytosis of neutral 
red was increased 13% (p<0.001) in CM2 incubated 
cells compared to control (Figure 7B). In contrast, 
phagocytosis of neutral red was decreased 9.1% in 
CM3 incubated cells compared to control. 
Phagocytosis did not differ between cells incubated 
with either CM1 or control medium indicating that 
the presence of PA itself in the medium did not 
indirectly affect phagocytosis. Cell migration was 
increased 24.5% (p<0.001) in CM2 incubated cells 
compared to control (Figure 7C, 7D). In contrast, cell 
migration was decreased 18.9% in CM3 incubated 
cells compared to control. Cell migration did not 

 
Figure 5. miR27a enhances secretion of inflammatory factors and modulates inflammatory signaling in 3T3-L1 preadipocytes. The level of TNFα (A), MCP-1 (B), IL-1 (C), Arg-1 
(D), IL-10 (E), Ym1 (F) and Fizz1 (G) in control (con) and miR27a mimic (miR27a(+)) incubated cells. n=6, *p<0.05,**p<0.01, compared to control. H. Western blot analysis of 
PPARγ, NF-κB, p-NF-κB and IκBα in control (con) and miR27a mimic (miR27a(+)) incubated cells. A representative blot is depicted. I. Relative protein expression of PPARγ, 
NF-κB, p-NF-κB and IκBα in control (con) and miR27a mimic (miR27a(+)) incubated cells. n=3, *p<0.05,**p<0.01, compared to control. 
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differ between cells incubated with either CM1 or 
control medium indicating that the presence of PA 
itself in the medium did not indirectly affect cell 
migration. Thus, miR27a derived from hypertropic 
adipocytes promotes phagocytic activity and 
migration of 3T3-L1 preadipocytes. 

Discussion 
Chronic inflammation plays a key role in the 

development of obesity-induced insulin resistance 
and macrophage accumulation and infiltration in 
adipose tissue may contribute significantly to this 
process[1]. It was previously demonstrated that local 
progenitor cells can be reprogrammed into 
macrophage-like cells and present macrophage-like 
characteristics[4]. Hence, development of 
macrophage-like characteristics in adipose precursor 

cells may promote chronic inflammation in adipose 
tissue. We previously demonstrated that adipose 
derived miR27a is a key regulator of macrophage 
polarization and recruitment in the process of adipose 
tissue chronic inflammation[13]. In the current study, 
we demonstrated that miR27a plays an important role 
in the process of adipose precursor cells presentation 
of macrophage-like characteristics. The principal 
findings of our study are 1. miR27a promotes 
macrophage-like characteristics in 3T3-L1 
preadipocytes; 2. miR27a promotes inflammatory 
signaling and proinflammatory cytokine secretion in 
3T3-L1 preadipocytes and, 3. miR27a derived from 
PA-treated hypertrophic adipocytes may contribute to 
the promotion of macrophage-like characteristics of 
preadipocytes.  

 
Figure 6. The PPARγ agonist rosiglitazone inhibits phagocytic and migration ability and inflammatory pathway protein expression in miR27a transfected 3T3-L1 preadipocytes. 
A. Cells were cultured on Transwell® plates and incubated in the absence (con) or presence of miR27a mimic (miR27a(+)) or plus or minus 20 μM rosiglitazone after miR27a 
overexpression for up to 10 h and stained with crystal violet. (100 x magnification). A representative micrograph is depicted. B. The number of migrating cells. Control (con), cells 
transfected with miR27a mimic or cells transfected with miR27a mimic treated with 20 μM rosiglitazone n=3, ***p<0.001, compared to control. ###p<0.001, compared to miR27a 
transfected cells. C. Phagocytic activity in control (con) or cells transfected with miR27a mimic or cells transfected with miR27a mimic plus 20 μM rosiglitazone. n=5, ***p<0.001 
compared to control. ###p<0.001, compared to miR27a transfected cells. D. Western blot analysis of PPARγ, NF-κB, p-NF-κB and IκBα in control (con) and miR27a mimic 
treated cells (miR27a(+)) incubated plus or minus 20 μM rosiglitazone. A representative blot is depicted. E. Relative protein expression of PPARγ, NF-κB, p-NF-κB and IκBα in 
control (con) and miR27a mimic (miR27a(+)) treated cells or miR27a mimic treated cells (miR27a(+)) incubated plus 20 μM rosiglitazone. n=3, *p<0.05,**p<0.01, compared to 
control.. ##p<0.01, ###p<0.001, compared to miR27a transfected cells. 
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Figure 7. miR27a derived from hypertropic adipocytes promotes phagocytic activity and migration of 3T3-L1 preadipocytes. A. Relative level of miR27a in control (con) or CM2 
or CM3 medium. n=3, *p<0.05, compared to control. B. Phagocytic activity in 3T3-L1 preadipocytes incubated with control (con) or CM1 or CM2 or CM3 medium. n=3, 
***p<0.001, compared to control. C. Cells cultured on transwell plates and incubated in the presence of control (con) or CM1 or CM2 or CM3 medium and then stained with 
crystal violet. (100 x magnification). A relative micrograph is depicted. D. The number of migrating cells from C. n=3, ***p<0.001, compared to control. 

 
A previous study had indicated that 

preadipocytes may function as macrophage-like cells 
and raised the possibility of a potential direct 
involvement of adipose tissue in inflammatory 
processes[5]. In addition, it was shown that 
preadipocytes exhibit functional features of 
macrophages, including phagocytosis and 
anti-microbial activity, suggesting that preadipocyte 
cells with macrophage activity may play a role in the 
inflammatory process or immune response[6]. 
However, the regulatory factors involved in this 
process are unknown. MicroRNAs are a family of 
non-coding small molecule RNAs containing 
approximately 20 nucleotides and have the ability to 
reduce mRNA levels and alter protein expression[14, 

15]. Previous studies have identified a number of 
miRNAs are correlated with the preadipocyte 
phenotype including miR-27, miR-125b or 
miR-199a[16-18]. These miRNAs are involved in 
regulating preadipocyte differentiation. In addition, 
miRNAs may modulate somatic macrophage 
transformation. However, the impact of miRNAs in 
the development macrophage-like changes in fat 
precursor cells had not been reported. More 
interestingly, in the blood of obese individuals 
miR27a is significantly elevated and miR27a is known 
to activate type M1 macrophages and promote 
inflammation[19, 20-22]. In addition, miR27a may play a 
regulatory role in stem cell and adipocyte 

differentiation. To our knowledge, no study had 
investigated whether miR27a could regulate the 
development of macrophage-like characteristics of 
adipose precursor cells. 

Macrophages exhibit phagocytic capacity and 
the ability to migrate and secret inflammatory factors 
involved in the immune response[23-26]. In addition, 
macrophages classically express multiple surface 
antigens such as F4/80, MHC and CD206 [27-29]. F4/80 
is a common marker of macrophages and 
macrophage-like cells, MHC is a surface marker of M1 
phenotype and CD206 is a surface marker of M2 
phenotype. Our results demonstrated that both 
phagocytic and migratory capacity of adipose tissue 
precursor cells are significantly enhanced by miR27a 
expression. Consistent with a previous study[7], F4/80 
shown to be expressed on the plasma membrane of 
3T3 preadipocyte cells. In addition, we observed that 
expression of miR27a increased the number of F4/80 
and MHC positive cells. These data clearly indicate 
that miR27a may promote adipose precursor cells to 
present macrophage-like characteristics. Our study is 
the first to demonstrate that miR27a may serve as a 
mediator for promoting the development of 
macrophage-like characteristics of 3T3-L1 
preadipocyte cells.  

Bioinformatic analysis had indicated that 
downstream targets of miR27a may be associated 
with the inflammatory response of PPAR family 
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members[14, 30]. We previously observed that 
upregulation of miR27a inhibited transcriptional 
regulation and protein expression of PPARγ in 
mice[16]. Since PPARγ binds to NF-κB directly, it is 
possible that miR27a might activate NF-κB activity to 
regulate the expression of inflammatory factors. In the 
process of adipogenesis, expression of miR27a was 
shown to be decreased when PPARγ was 
up-regulated[31, 32]. PPARγ is a highly expressed 
peroxisome proliferator-activated receptor family 
subtype and directly binds to NF-κB and inhibits the 
binding of NF-κB to other target genes. Therefore, 
inhibition of PPARγ might promote the activation of 
NF-κB. IκBα is degraded upon NF-κB translocation 
into the nucleus to regulate the expression of 
inflammatory factors such as TNFα[33, 34]. Activation of 
these signaling proteins promote the secretion of early 
proinflammatory cytokines such as TNFα, IL-1β and 
MCP1[35-37]. We observed that expression of miR27a in 
3T3 preadipocyte cells activated the inflammatory 
signaling pathway and increased proinflammatory 
cytokine secretion. These data further support a role 
for miR27a in the development of macrophage-like 
characteristics of preadipocytes. In addition, we 
observed that PPARγ activation with rosiglitazone 
inhibited the development of macrophage-like 
characteristics in 3T3-L1 preadipocytes via the NF-κB 
pathway further indicating that PPARγ is a 
downstream target of miR27a.  

Our previous study showed that miR27a is 
mainly secreted by adipocytes under obese conditions 
and is capable of regulating insulin resistance in 
skeletal muscle[12]. Whether local adipose tissue 
secreted miR27a promotes macrophage-like 
development of adipose precursor cells was 
unknown. In the current study, we cultured 3T3-L1 
preadipocytes with conditional medium derived from 
differentiated adipocytes incubated with PA with or 
without miR27a knockdown. The presence of PA in 
the medium promoted differentiated adipocytes to 
secrete miR27a. In addition, phagocytosis and 
migration ability increased significantly after 
culturing cells in conditioned medium containing 
miR27a secreted from PA treated differentiated 
adipocytes. In contrast, knockdown of miR27a in 
adipocytes reduced phagocytosis and migration 
ability. Thus, miR27a secreted from mature 
hypertrophic adipocytes may be a key factor in 
promoting macrophage-like characteristics of 
preadipocytes. 

In conclusion, miR27a derived from PA-treated 
hypertrophic adipocytes may promote the 
development of macrophage-like characteristics in 
preadipocytes. Since macrophages play a key role in 
promoting inflammation, miR27a may serve as a 

potential target for obesity-induced metabolic 
disorders and local inflammation. Hence, modulation 
of miR27a expression through an RNA-based 
treatment may provide a novel therapy for obesity 
triggered insulin resistance and Type 2 diabetes. 
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