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Introduction: Evidence indicate that adiponectin may exert pro-inflammatory effects on 
inflammatory cells. We have found that adiponectin knockout decreased inflammatory reaction 
and tubular damage in the ischemia-reperfusion kidney in APN-knockout mice. Globular 
adiponectin and full-length adiponectin (g-APN and f-APN) were used in this study to investi
gate the effects of adiponectin on proinflammatory cytokines production and migration in Raw 
264.7 cells.
Methods: Proinflammatory cytokines production was detected by real-time RT-PCR. NF- 
kappaB activation was interrupted through Ad-DN-IκBα or SN-50 to confirm how g-APN 
induces proinflammatory cytokines production. The siRNA against AdipoR1 and AdipoR2 
was investigated to uncover the signaling pathway that may involve in NF-kappaB activation 
and migration in Raw 264.7 cells.
Results: g-APN, not f-APN, was found triggering the production of inflammatory cytokine 
MIP-2, IL-6, TNFα, and MCP-1 in Raw 264.7 cells. NF-kappaB Inhibition by Ad-DN-IκBα 
expression or cell-permeable NF-κB inhibitor SN-50 could decrease NF-kappaB nuclear 
translocation and subsequently decrease inflammatory cytokine expression triggered by 
globular ANP. However, AdipoR1 and AdipoR2 were not found involved in NF-kappaB 
activation in this study. Full-length APN, not g-APN, was involved in the promotion of 
macrophage migration. The migration induced by full-length APN could be inhibited by 
knockdown of AdipoR1 expression with siRNA. The migration effect could also be inhibited 
by PI3Kγ inhibitor, AS-605240.
Discussion: These results suggested that full-length adiponectin increases macrophage 
migration through Adiponectin-AdipoR1-PI3Kgamma signaling pathway. However, NF-κB 
activation induced by g-APN in this study was independent of AdipoR1 or AdipoR2. The 
exact signaling pathway of NF-κB activation by adiponectin should be further studied to find 
a new anti-inflammatory target.
Keywords: adiponectin, macrophages, inflammation, migration, cytokine

Introduction
Adiponectin is well known as a beneficial adipokine that could increase insulin 
sensitization and display anti-inflammatory, anti-atherogenic, and anti-diabetic 
effects.1–3 The metabolism effects may involve in the activation of the cell surface 
receptors, AdipoR1 and AdipoR2, to enhance oxidation of fatty acid and uptake of 
glucose in muscle and decrease gluconeogenesis in the liver.4–6 Adiponectin’s anti- 
atherogenic effects are associated with its anti-inflammation.7,8 Piccio et al reported 
that adiponectin deficient mice displayed worse myelin-immunized inflammation 

Correspondence: Xiaogao Jin; Yanlin Wang  
Email jinxiaogao@yahoo.com; 
yanlwang@uchc.edu

submit your manuscript | www.dovepress.com Journal of Inflammation Research 2021:14 981–993                                                          981

http://doi.org/10.2147/JIR.S292137 

DovePress © 2021 Jin and Wang. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms. 
php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the 

work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Journal of Inflammation Research                                                         Dovepress
open access to scientific and medical research

Open Access Full Text Article

Jo
ur

na
l o

f I
nf

la
m

m
at

io
n 

R
es

ea
rc

h 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

mailto:jinxiaogao@yahoo.com
mailto:yanlwang@uchc.edu
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php
http://www.dovepress.com


and damage in the central nerve system than wild-type 
mice. Another study showed the multiple sclerosis model 
could be improved by globular adiponectin treatment.9 

Adiponectin administration increased expression of anti- 
inflammatory factor eNOS and IL-10, reduced mRNA 
expression of pro-inflammatory cytokines, such as TNFα, 
vascular cell adhesion molecule-1 (VCAM-1), and IL-6.2 

It was reported that adiponectin could effectively inhibit 
NF-κB activation including translocation of NF-κB from 
the cytoplasm to nucleus.1 Furthermore, it was found that 
adiponectin enhanced the clearance of apoptotic debris to 
decrease inflammation.10 Recent studies also demonstrated 
that APN decreased macrophage transformation from M1 
to M2 to reduce inflammation reaction.11,12

However, several studies demonstrated that adiponectin 
may play pro-inflammatory roles in the patients who have 
autoimmune diseases.1,2,13–15 In the patients with chronic 
kidney disease, rheumatoid arthritis, and inflammatory 
bowel disease, the increased adiponectin serum level was 
accompanied by worse inflammation severity and patholo
gical progression.2,16,17 From an in vitro experiment, T cells 
incubated with adiponectin could increase production of 
interferon gamma and IL-6 through activation of the p38- 
STAT4-T-bet signaling pathway, and adiponectin treatment 
promoted a pro-inflammatory response in macrophage.13 

We had also discovered that APN participated in kidney 
damage after ischemia and reperfusion by enhancing the 
infiltration and activation of inflammatory cells.18 We found 
that adiponectin increased the pro-inflammatory factor by 
activation of the inflammatory cells through NF-κB during 
kidney ischemia and reperfusion damage. And adiponectin 
increased the migration of macrophages by activation of PI3 

K. Therefore, adiponectin may have both pro-inflammatory 
and anti-inflammatory effects.

Some papers contributed the dual effects of adiponec
tin on inflammation to its different isoforms or concentra
tions or timing effects.19–22 Adiponectin isoforms 
including different oligomer isoforms (containing three 
major isoforms: LMW trimer, MMW hexamer, and 
HMW), full-length, and proteolytic production-globular 
adiponectin.1 The full-length APN was found to decrease 
inflammation reaction in macrophage, but globular adipo
nectin showed increasing inflammation reaction in macro
phage by activation of NF-κB.1,23–25

At present, it is still unknown how full-length adipo
nectin and globular adiponectin affect migration and 
inflammatory reaction in inflammatory cells. So, we used 
full-length and globular adiponectin (f-APN and g-APN) 

to investigate how adiponectin affects the production of 
cytokines and migration in macrophage, the center point in 
the innate immune system. The mRNA expression of pro- 
inflammation cytokines and migration will be measured 
in vitro in Raw cells to uncover the underlying mechanism 
involving in the AdipoR1 and AdipoR2.

Materials and Methods
Cell Culture
Mouse macrophage Raw 264.7 cells were obtained commer
cially from the American Type Culture Collection and cul
tured in a 75-cm2 tissue culture flask in Dulbecco’s Modified 
Eagle’s medium (DMEM) (GibcoBRL, USA) containing 
10% fetal bovine serum (FBS, Invitrogen, USA) and 100 
Units/mL penicillin G sodium and 100 mg/mL streptomycin 
sulfate. Raw 264.7 cells were used for treatment or transfer 
for culture until growing to 80% confluence.

Adiponectin Treatment
Both full-length and globular adiponectin were purchased 
from R&D Systems (Minneapolis, MN, USA). Cell suspen
sion was ready by a concentration of 1×105 cells/mL in 
culture medium contained 10% FBS. 1 mL cell suspension 
was added to each well of 12-well plate. The Raw cells were 
ready for study until confluence to 70%. The Raw cells were 
starved with 1% FBS medium for 12 hours before treatment. 
Then, full-length or global Adiponectin was added in the 
corresponding well and incubate for desired time.

Quantitative Real-Time Reverse 
Transcriptase PCR
Total RNA from the cells was extracted using TRIzol 
reagent (Invitrogen, Carlsbad, CA). The RNA (1 μg) from 
each sample was reverse transcribed with SuperScript II 
reverse transcriptase. IQ SYBR green supermix reagent 
(Bio-Rad, Hercules, CA) was used to run Realtime PCR 
with a Bio-Rad real-time PCR. 2−DDCt was calculated to 
quantify gene expression. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) level was used to normalize the 
expression levels of the target genes. The primer sequences 
were listed here (Table 1).

Immunohistochemistry
Immunohistochemical staining was done on cells. At first, 
the slides were blocked with 5% normal serum, and then 
the primary antibodies were incubated with the slides 
overnight. After washing three times, slides were 
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incubated with the secondary antibodies and ABC solution 
using the ABC kit (Vector Laboratories). Slides were then 
stained with a diaminobenzidine solution. Nuclei were 
stained by hematoxylin. The images from these slides 
were analyzed by NIS Element software (Nikon 
Instruments, Melville, NY) in the Nikon microscope 
image system (Nikon Instruments).

Protein Extraction from Nuclear and 
Cytoplasm
Buffer A (10 mM HEPES, 1.5 mM MgCl2, 10 mM KCl, 0.5 
mM DTT, 0.05% NP40 (or 0.05% Igepal or Tergitol) pH 7.9) 
500 μL containing the cocktail of usual inhibitors was com
bined with the Raw cell dish on ice. Then, the cells lysis was 
put on ice for 10 min. The cell lysis was centrifuged at 4°C by 
3000 rpm for 10 min. The supernatant of the cell lysis was 
sucked as cytoplasm extraction and the precipitation was kept 
as nuclear extraction for further study (which did not have large 
plasma membrane pieces, DNA, nucleoli). The precipitation 
was resuspended in 374 μL of buffer B (5 mM HEPES, 1.5 
mM MgCl2, 0.2 mM EDTA, 0.5 mM DTT, 26% glycerol (v/ 
v), pH 7.9) and 26 μL of 4.6 M NaCl to give 300mM NaCl 
(high salt helps lyse membranes and forces DNA into solu
tion). The Homogenized sample was put on ice for 30 min. The 
sample was Centrifuged at 24,000 g for 20 min at 4°C. The 
supernatant of the sample containing nuclear protein was ali
quoted for the next study. The supernatant 10 μL was used for 
Bradford assay and stored at −70°C.

Cell-Permeable NF-Kappa B Inhibitor 
SN-50 Treatment
Raw cells with a concentration of 1×106/L was seeded on 
a 6-well plate and incubated in a culture incubator until 70% 
confluence. Raw cells were starved for 12 hours before the 
treatment. SN-50 or SN-50M (used as a control) was added to 
each well by a final concentration of 25 μg/mL. And Raw cells 
were incubated for 20–30 min. Next, g-APN was added by 
a final concentration of 5 μg/mL and incubated with the Raw 

cells for 6 hours. The medium was removed and Trazol was 
added to extract total RNA .

Transfection of Raw Cells with 
Adenovirus
Raw cells with a concentration of 1×106/L were seeded on 
a 6-well plate and incubated in a culture incubator until 70% 
confluence. The vector was thawed on ice and kept on ice 
during the duration of the experiment. The culture medium 
was replaced with a 1 mL medium containing 1% FBS, and 
then the virus was added by an MOI of 50. The media was 
replaced after 8–12 hours infection with a new medium with 
1% FBS. The transfected Raw cells were continuing to culture 
another 24 h until 80% transfection rate through watching the 
fluorescence GFP. And then full-long APN or g-APN was 
added to the wells at the final concentration of 5μg for 6 
hours. Finally, the cells were harvested for extraction of total 
RNA for RT and Real-time PCR.

Western Blot Analysis
Proteins were extracted using RIPA buffer containing cocktail 
proteinase inhibitors. The protein concentration was quantified 
with a Bio-Rad protein assay. The same amounts of protein 
were run on SDS-polyacrylamide gels in Tris/SDS buffer 
system, and then transferred into nitrocellulose membranes. 
The membranes and the primary antibodies were incubated 
together overnight, and then incubated with a fluorescence- 
conjugated secondary antibody. The proteins expression was 
analyzed using an Odyssey (LI-COR Bioscience, Lincoln, NE) 
IR scanner, and signal intensities of the protein expression 
were quantified using NIH Image/J software (National 
Institutes of Health, Bethesda, MD).

Transfection of SiRNA
For each transfection, siRNA 3 μL was diluted into 100 μL 
siRNA Transfection Medium (sc-36868). And then siRNA 
Transfection Reagent 6 μL (sc-29528) was added into 100 μL 
siRNA Transfection Medium. The combined solution in the 

Table 1 The Primers of the Target Genes

Gene Name Forward Primer Reverse Primer

Adiponectin 5ʹ-GCAGAGATGGCACTCCTGGA-3’ 5ʹ-CCCTTCAGCTCCTGTCATTCC-3’
IL-6 5ʹ-AGGATACCACTCCCAACAGACCTG-3’ 5ʹ-CTGCAAGTGCATCATCGTTGTTCA-3’

TNFa 5ʹ-CATGAGCACAGAAAGCATGATCCG-3’ 5ʹ-AAGCAGGAATGAGAAGAGGCTGAG-3’

MCP-1 5ʹ-TCACCTGCTGCTACTCATTCACCA-3’ 5ʹ-TACAGCTTCTTTGGGACACCTGCT-3’
MIP-2 5ʹ-AAAGTTTGCCTTGACCCTGAAGCC-3’ 5ʹ-TCCAGGTCAGTTAGCCTTGCCTTT-3’

GAPDH 5ʹ-CCAATGTGTCCGTCGCGTGGATCT-3’ 5ʹ-GTTGAAGTCGCAGGAGACAACC-3’
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tube was mixed gently and incubated for 35 minutes at room 
temperature. 0.8 mL siRNA Transfection Medium was added 
to each tube containing the siRNA. Finally, the transfection 
reagent mixture was prepared for transfection.

The Raw cells in a 6-well plate with 70% confluence were 
washed one time using 2 mL of siRNA transfection medium 
(sc-36868). And then the medium was aspirated immediately 
for the next step. For each well, a 1-mL transfection reagent 
mixture was added for transfection. The cells were incubated 
for 5–7 hours at 37°C in a CO2 incubator. Next, a normal 
growth medium 1 mL containing 20% FBS and antibiotics 
were put into each well. If there is a toxicity sign showing in 
the Raw cells, the transfection mixture can be removed and 
replaced with a normal growth medium. The cells will be 
incubated for additional 18–24 hours for the next experiment.

Migration Assay
The migration assay was detected by CytoSelect™ 96-Well 
Cell Migration Assay (3 µm, Fluorometric Format) (Cell 
Biolabs, Inc. San Diego, USA). A cell suspension containing 
1 x 106 cells/mL in DMEM with 0.1% BSA were prepared for 

the membrane chamber. The inhibitor was added directly to 
the cell suspension. The membrane chamber was placed back 
into the feeder tray containing adiponectin and incubated for 6 
hours. The cells migrated from the top side of the membrane 
chamber were lysed using cell detachment solution. The 
detachment solution was incubated with Lysis Buffer/ 
CyQuant® GR dye solution. The fluorescence was read with 
a fluorescence plate reader at 485 nm/520 nm.

Statistical Analysis
Data presented in this study are described as mean ± SEM. 
Group analysis was performed using one-way ANOVA fol
lowed by Turkey’s post hoc test. P < 0.05 was considered as 
significant difference.

Results
g-APN, Not f-APN, Increased 
Pro-Inflammatory Cytokines Expression 
in Macrophages
To determine if APN induces pro-inflammatory cytokine 
production, Raw 264.7 cells were incubated with g-APN 
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Figure 1 G-APN induced the mRNA expression inflammatory cytokines MIP-2, TNFα, MCP-1, and IL-6in Raw 264.7 cells (A-D). **Compared with 0 h, P<0.01; 
##Compared with 24 h, P<0.01; ++Compared to 3 and 6 h, P<0.01, each group n=6.
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or f-APN at 5μg/mL for 0, 3, 6, 12 and 24 hours. The real-time 
RT-PCR results showed that g-APN significantly increased 
mRNA expression of MIP-2, TNFα, IL-6, and MCP-1 
(Figure 1A–D). But f-APN showed no effect on the produc
tion of these pro-inflammatory cytokines (Figure 2A–D).

g-APN Promoted NF-κB Nuclear 
Translocation in Macrophages
We explored the possible mechanisms through which g-APN 
increases the production of inflammatory cytokines. Because 
NF-κB plays as a critic regulator on inflammation, we try to 
figure out if NF-κB mediates the effect of g-APN on inflam
matory cytokine production. Immunohistochemistry results 
revealed that g-APN enhanced NF-κB (p65) translocation 
from cytoplasm to nucleus in Raw 264.7 cells (Figure 3A). 
Western Blot results showed that g-APN increased NF-kappa 
B (P65) presentation in the nucleus (Lamin A/C, nuclear 

mark) (Figure 3B and C). There is no difference in NF- 
kappa B expression in the cytoplasm between vehicle and 
g-APN (Figure 3B and D). These data suggested that g-APN 
could promote NF-kappa B translocation from cytoplasm to 
nucleus and then activate NF-κB.

Interruption of NF-Kappa B Activation 
Decreased the g-APN-Induced NF-κB 
Translocation and Pro-Inflammatory 
Cytokines Production in Raw 264.7 Cells
To confirm that the NF-κB is involved in the effects of 
g-APN on Raw 264.7 cells, the adenovirus carrying 
domain negative IκBα (Ad-DN-IκBα) was used to 
block the nuclear translocation of NF-κB. Figure 4A 
indicates that Ad-DN-IκBα was successfully introduced 
into the Raw 264.7 cells. Western Blot results showed 

0

0.2

0.4

0.6

0.8

1

1.2

0h 3h 6h 12h 24h

IL
-6

 m
R

N
A

 (
F

o
ld

) 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0h 3h 6h 12h 24h

T
N

F
α

m
R

N
A

 (
F

o
ld

)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0h 3h 6h 12h 24h

M
IP

-2
 m

R
N

A
 (

F
o

ld
)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0h 3h 6h 12h 24h

M
C

P
- 1

 m
R

N
A

 (
F

o
ld

)
A B

C D

Figure 2 F-APN showed no effect on the production of inflammatory cytokine MIP-2, TNFα, MCP-1, and IL-6 (A–D) in Raw 264.7 cells, each group n=6.
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A

B

C

D

Figure 3 G-APN enhanced NF-kappa B nuclear translocation of in Raw 246.7 cells. A, the representative figures indicated the expression of NF-kappa B P65 in the Raw 246.7 treated by 
5 μg/mL g-APN for 30 min. B, Western blot results show NF-kappa B in nuclear (Lamin A/C, Nuclear Mark as internal control) and cytoplasm (beta-actin as internal control in cytoplasm) 
in Raw 246.7 cells treated with g-APN. C, group analysis of the NF-kappa B expression in the nucleus. D, group analysis of the NF-kappa B expression in the cytoplasm. **Compared to 
vehicle, P<0.01, each group n=6.

A

B

C

D

Figure 4 Ad-DN-IκBα blocked g-APN-induced NF-kappa B activation in Raw 264.7 cells. A showed Ad-DN- IκBα was successfully infected into the cells. B, Western Blot 
showed that Ad-DN-IκBα inhibited NF-kappa B activation which triggered by g-APN. C. Group analysis indicated that the quantity of NF-kappa B presented in nucleus. D, 
Group analysis indicated that the quantity of NF-kappa B presented in cytoplasm. **Compared with vehicle in Ad-GFP cells, P<0.01; ##Compared with vehicle in Ad-DN- 
IκBα cells; each group n=6.
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the NF-κB translocation from cytoplasm to nucleus was 
blocked after the transfection (Figure 4B–D). The pro- 
inflammatory cytokines productions were also blocked 
after transfection of Ad-DN-IκBα into Raw cells 
(Figure 5A–D). NF-κB inhibitor SN-50 was also used 
to decrease NF-kappa B activity in Raw cells. The pro
ductions of IL-6, TNFα, MIP-2, and MCP-1 were also 
decreased, but not blocked completely, after SN-50 
administration (Figure 6A–D). The results demonstrated 
that g-APN induced production of the pro-inflammatory 
cytokines through NF-κB activation in Raw 264.7 cells.

g-APN Induced Cytokines Production 
without Depending on the AdipoR1 and 
AdipoR2 in Raw 264.7 Cells
To determine if g-APN acted on AdipoR1 or AdipoR2 
to induce production of pro-inflammatory cytokines 
in vitro, the siRNA specific to AdipoR1 or AdipoR2 
was used to knock down expression of AdipoR1 or R2 
on the membrane of Raw 264.7 cells. Knock-down 

AdipoR1 or R2 did not affect the expression of IL-6, 
MIP-2, TNFα and MCP-1 mRNA after g-APN treatment 
(Figures 7 and 8).

f-APN, Not g-APN, Promoted the 
Migration of Raw 264.7 Cells Through 
AdipoR1-PI3kγ
We have found that f-APN was incubated with Raw 
264.7 cells for 6 hours and promoted their migration, 
which could be blocked by knocking down 
Adiponectin Receptor1 (Figure 9A–B). The PI3Kγ inhi
bitor, AS-605240, could block Raw 264.7 cells migra
tion in presence of f-APN (Figure 9C). g-APN had no 
effect on Raw 264.7 cell migration (Figure 9D). These 
data suggested that f-APN induced macrophages migra
tion through activation AdipoR1-PI3Kγ signaling path
way. Decreasing expression of AdipoR2 by siRNA has 
no effects on the f-APN-induced migration of Raw 
cells (Figure 10).

A B

C
D

Figure 5 Ad-DN- IκBα decreased the expression of IL-6, MCP-1, MIP-2 and TNFα (A–D) in presence of g-APN in Raw 264.7 cells. **Compared with vehicle in Ad-GFP 
cells, P<0.01; ##Compared with vehicle in Ad-DN-IκBα cells; ++Compared with g-APN in Ad-DN-IκBα cells, P<0.01, each group n=6.
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Discussion
The aim of our study was to determine the effects of 
adiponectin on proinflammatory cytokine production and 
migration in Raw 264.7 cells and dissect out the under
lying mechanisms. We have found that pro-inflammatory 
cytokine production decreased in the ischemia-reperfusion 
kidney in adiponectin-knockout mice.18 In this study, a 
mouse macrophage cell line, Raw 264.7 cell, was used to 
test the effects of adiponectin on proinflammatory cytokine 
production and migrtion. We found that pro-inflammatory 
cytokine mRNA expression, including IL-6, TNFα, MIP- 
2, and MCP-1, increased and reached a peak about 3–6 
h after administration of globular APN. The pro- 
inflammatory effects lasted for 24 hours after incubating 
with globular APN for 3 h. However, full-length adipo
nectin showed no effect on inflammatory cytokine produc
tion in Raw 264.7 cells.

To study the mechanism of how g-APN stimulated 
inflammatory cytokines mRNA expression, NF-kappa B, 
the master regulator of inflammation, was chosen in this 

study. We found that NF-κB unit P65 was translocated 
from the cytoplasm to the nucleus in Raw cells after g-APN 
administration. Western Blot was used to detect the levels of 
P65 in nucleus and cytoplasm to confirm if the NF-κB was 
activated by g-APN. Nuclear protein extraction was con
firmed by the nuclear protein marker Lamin A/C. Our results 
indicated that nuclear  P65 increased significantly in the Raw 
cells after g-APN treatment. The results suggested that 
g-APN could activate NF-κB by translocation of NF-κB 
from the cytoplasm to the nucleus.

To further determine if NF-kappa B activation is - respon
sible for the expression of inflammatory cytokines, the ade
novirus carrying domain negative IκBα (Ad-DN-IκBα) and 
NF-kappa B inhibitor SN-50 were used in our study. Raw cell 
was transfected by adenovirus carrying Ad-DN-IκBα or Ad- 
GFP. The protein expression level of DN-IκBα increased 
significantly comparing to Ad-GFP, which indicate that Ad- 
DN-IκBα was successfully transfected in Raw cells. Our 
results showed that NF-kappa B was accumulated in the 
cytoplasm and could not enter the nucleus after blockage of 

A

B

C

D

Figure 6 SN-50 inhibited g-APN-induced cytokines production in Raw 264.7 cells. Figures showed that SN-50 inhibited the expression of IL-6, MIP-2, MCP-1, and TNFα (A–D) 
in the presence of g-APN in Raw 264.7 cells. **Compared with vehicle in the presence of SN-50M, P<0.01; ##Compared with vehicle in the presence of SN-50M; ++Compared 
with g-APN in the presence of SN-50, P<0.01, each group n=6.
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NF-κB translocation by Ad-DN-IκBα. Consequently, the 
inflammatory cytokine expression induced by g-APN was 
blocked after blockage of NF-κB activation. However, NF- 
κB inhibitor SN-50 could only partly inhibit g-APN-induced 
NF-κB activation. Our findings indicated that g-ANP stimu
lated pro-inflammatory cytokines expression in Raw cells 
through NF-κB activation.

Interestingly, we found that g-APN still activated 
NF-kappa B after interrupting AdipoR1 or AdipoR2 
expression by siRNA. These results indicate that the 
effect of g-APN on proinflammatory cytokine produc
tion in Raw 264.7 macrophages is not mediated by 
AdipoR1 or AdipoR2. it is not clear how NF-kappa 
B was activated by g-APN in this study. According to 
the published studies, we speculate three possibilities. 
First, g-APN should still activate NF-κB through 
adipoR1 or AdipoR2. We might get a negative result 
because AdipoR1 and AdipoR2 were not decreased 
enough by the low-efficiency siRNA interruption to 
block the effect of g-APN on NF-kappaB activation in 
this study. Second, g-APN could activate NF-kappa 
B through T-cadherin other than AdipoR1 or 

AdipoR2.1 It was reported that cellular migration and 
proliferation were influenced by T-cadherin deficiency 
through inhibition of adiponectin.26,27 Third, g-APN 
could activate NF-kappaB through other signaling path
way. For example, acid-sensing ion channels and Na+/ 
Ca2+ exchangers were reported involving in the activa
tion of macrophages in a chronic low adiponectin 
concentration.21,29 Therefore, further studies should be 
done to figure out how NF-kappa B was activated by 
g-APN in Raw 264.7 cells.

Adiponectin is the richest adipokines produced by adi
pose tissue. It amounts to around 0.1% total serum pro
teins. Most adiponectin presents in the serum as an 
oligomer, including low molecular weight (LMW), med
ium molecular weight (MMW), and high molecular weight 
(HMW).3 Among them, HMW is considered as the most 
biologically active. Serum adiponectin concentration 
ranges widely in healthy adults. McEntegart et al had 
reported that the median of adiponectin in healthy adults 
was 9.8 μg/mL with a range from 2.5 to 16.8 μg/mL (9.8 
(2.5–16.8)).30 However, the adiponectin concentration in 
the patients with coronary artery disease was 22.5 

A B

C D

Figure 7 Knock-down AdipoR1 did not affected the expression of cytokines in presence of g-APN. Knockdown of AdipoR1 had no effect on the expression of MCP-1, MIP- 
2,TNFα, and IL-6(A–D) in presence of g-APN in Raw 264.7 cells. **Compared with vehicle of CTL siRNA and AdipoR1siRNA, P<0.01, each group n=6.
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(10.2–37.2) μg/mL in heart failure and cachexia patients, 
7.1 (0.5–16.6) μg/mL in the heart failure patients with no- 
cachexia, and 7.0 (0.4–10.7) in the heart failure patients 
under control.30 It suggested that high adiponectin concen
tration was coming with cachexia in coronary artery dis
ease. Monda et al found that adiponectin concentration 
mean in people with obesity was 10.8 μg/mL with 
a standard deviation of 1.2 (10.8±1.2), which could be 
increased to 25.55±1.3 μg/mL by a very low-calorie keto
genic diet.3 From the above evidences, it is suggested that 
the functions of adiponectin are closely associated with its 
concentrations. Moreover, Negoro et al found that low 
adiponectin concentration is responsible for the systemic 
inflammation in adiponectin anti-sense transgenic mice.21 

They found that low concentration adiponectin could facil
itate the production of proinflammatory, such as IL-6 and 
TNFα from macrophage by increasing intracellular cal
cium concentration through expression of acid-sensing 
ion channels and Na+/Ca2+ exchangers. The dose of 

5 μg/mL in this study may be a low concentration in 
mice according to the published evidence.22 A higher 
dose may get a totally different result in macrophage 
activation. So, one dose of g-APN and f-APN (5 μg/mL) 
is not enough to display the functions range of adiponec
tin. Considering the concentration varied widely in phy
siological and pathological situations, a further study is 
necessary to clarify the effects of different adiponectin 
concentrations on proinflammatory cytokine production 
and migration in macrophages.

In summary, our results indicated that globular adiponec
tin could stimulate proinflammatory cytokine production in 
macrophages through NF-kappaB activation which was 
independent of AdipoR1 or AdipoR2, and full-length 
Adiponectin could promote macrophage migration through 
AdipoR1-PI3Kγ signaling pathway. The exact signaling 
pathway for NF-kappaB activation should be further inves
tigated to find a new therapeutic target against inflammation 
in the future.

A

B

C

D

Figure 8 Knock-down AdipoR2 had no effect on the expression of cytokines in presence of g-APN. Knockdown of AdipoR1 had no effect on the expression ofMCP-1, MIP- 
2, TNFα, and IL-6 (A–D) in presence of g-APN in Raw 264.7 cells. **Compared with vehicle of CTL siRNA and AdipoR2siRNA, P<0.01, each group n=6.
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A B

C D

Figure 9 F-APN-induced migration was mediated by AdipoR1-PI3Kgamma signaling pathway. A showed AdipoR1 mRNA was knocked down by the siRNA specific to 
AdipoR1. B indicated knocking down of AdipoR1 blocked the migration induced by f-APN. C showed that PI3Kgamma inhibitor AS-605240 blocked the migration in 
presence of f-APN. D indicated that g-APN had no effect on the migration in vitro. **Compared with vehicle of control (CTL) siRNA and AdipoR1 siRNA, P<0.01, each 
group n=6.

A B

Figure 10 Knock-down AdipoR2 had no effect on f-APN induced migration in Raw cells. A showed that AdipoR2 mRNA was decreased by siRNA. B showing knocking 
down of AdipoR2 had no effect on the migration in presence of f-APN in Raw 264.7 cells. **Compared with vehicle of control (CTL) siRNA and AdipoR2 siRNA, P<0.01 
each group n=6.
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