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Abstract: Background: The aim of this study was to explore the effects of irisin on human visceral adipose tissue and 
adipocytes functions. Methods: Fresh human visceral white adipose tissues derived from 11 donors were used to 
examine the effects of irisin on browning, adipogenesis and osteogenesis gene expression, and anti-inflammatory 
properties. Preadipocytes were also used to examine the effects of irisin on mitochondrial respiration, adipogenic 
differentiation, and osteogenic differentiation. Key results: Irisin significantly increased cellular mitochondrial en-
ergy metabolism in differentiated visceral adipocytes. Irisin also increased mRNA levels of transcriptional regulators 
of brite/beige adipocytes (UCP-1, PGC1α, PRDM16, TMEM26, and CD137) in subcutaneous white adipose tissue 
but not in visceral/brown adipose tissue or their derived mature adipocytes. In parallel, irisin increased the protein 
levels of UCP-1 in subcutaneous white adipose tissue, but had no effect on the expression of this protein in vis-
ceral white adipose tissue and perirenal brown adipose tissue. However, irisin inhibited adipogenic differentiation, 
promoted osteogenic differentiation in visceral adipocytes, down-regulated adipogenesis, and upregulated osteo-
genesis genes expression in visceral fat tissue. Moreover, administration of irisin reduced the expression of proin-
flammatory marker mRNAs in both visceral and subcutaneous white adipose tissue. Conclusions: Our data suggest 
that (1) irisin may increase mitochondrial respiration and glycolysis in visceral adipocytes by a UCP-1 independent 
pathway; (2) irisin promotes anti-inflammatory activity on fat tissue. 
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Introduction

Obesity, a major global epidemic, has become 
a worldwide health problem due to sedentary 
lifestyles and the enhanced supply of high calo-
rie food [1]. Many lines of evidence have estab-
lished that the accumulation of visceral white 
adipose tissue (vcWAT) is more pathogenic 
than subcutaneous white adipose tissue (sc- 
WAT), as the former carries greater risk of 
developing obesity, cardiovascular events, ath-
erosclerosis, hypertension, and increases the 
risk of type 2 diabetes and other metabolic dis-
eases [2-4]. Unfortunately, accumulating evi-

dence shows that different approaches to wei- 
ght loss (e.g., lifestyle modification, weight loss 
agents, bariatric surgery, or exercise) have rela-
tively limited effects on the reduction of vcWAT 
compared with scWAT [2, 5]. 

Over the past years, a number of studies have 
demonstrated that ‘brite’ fat cells within white 
adipose depots are able to switch from energy 
storage to energy dissipation, thereby enhanc-
ing whole-body energy expenditure [6-8]. These 
studies suggested that these ‘brite’ cells have 
therapeutic potential for fighting metabolic  
and obesity related diseases. Moreover, sever-
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al lines of evidence indicate that mature white 
human adipocytes have the capacity to acquire 
brown-like features that induces a more oxida-
tive phenotype (transdifferentiation to ‘brite’ 
fat cells) in vivo [9, 10]. 

Irisin was identified as an exercise-induced 
myokine in early 2012 [11]. Existing research 
shows that exercise upregulates the expression 
of peroxisome proliferator-activated receptor-γ 
coactivator 1α (PGC-1α), which may trigger a 
proteolytic cleavage of fibronectin type III do- 
main containing 5 (FNDC5) to produce irisin. 
Irisin subsequently circulates to fat tissue whe- 
re it can induce the transition of white fat to 
brown fat [11]. However, the proteolytic enzyme 
that cleaves irisin from FNDC5 has yet to be 
identified [12]. Our previous research shows 
that irisin can induce the browning of subcuta-
neous adipocytes by increasing the uncoupling 
protein 1 (UCP-1), and that this effect is proba-
bly mediated by activating the ERK and p38 
MAPK signaling pathways [13]. Due to its effect 
of increasing adaptive thermogenesis, irisin 
might exhibit antiobesity or antidiabetic effects. 

The browning effects of irisin in subcutaneous 
white tissue from both mice and humans have 
been clearly documented [11, 14]. However, 
the effects of irisin on visceral fat remain poorly 
understood. Furthermore, adipocytes derived 
from obese individuals express the high levels 
of many inflammatory mediators as obesity 
causes a chronic low-grade inflammatory state. 
Compared with scWAT, vcWAT is more infiltrated 
with inflammatory and immune cells, such as 
macrophages, which are an important source 
of inflammatory cytokines (e.g., tumor necrosis 
factor TNF-α and IL-6) [15, 16]. Therefore, the 
reduction of vcWAT could play a pivotal role in 
the treatment of metabolic diseases and obesi-
ty-induced inflammation.

In this study, we systematically examined the 
effects of irisin on browning in human primary 
mature visceral adipocytes and fresh human 
vcWAT. We observed that irisin increased mito-
chondrial metabolism of human visceral adipo-
cytes that was independent of the expression 
of UCP-1 protein. Moreover, the p38 and ERK 
signaling was not activated by irisin, sharply dif-
ferent with those previously observed in subcu-
taneous fat. Additionally, we observed that iri-
sin inhibited adipogenesis during differentia-
tion, leading to the suppression of new adipo-
cytes formation, while promoting osteogenic 

differentiation. Furthermore, our study demon-
strated that irisin significantly downregulates 
the expression of proinflammatory cytokines  
in fresh human vcWAT and scWAT fragments. 
Overall, our research provided further insights 
into the mechanisms of irisin’s action on hu- 
man visceral adipose tissue and its derived 
adipocytes.

Methods

Primary human vcWAT and scWAT collection

Visceral adipose tissue samples (omental) 
were obtained from 9 female and 2 male 
donors, subcutaneous adipose tissue sampl- 
es (breast) from 3 female and 2 male donors, 
and perirenal brown adipose tissue (BAT) from 
2 female and 2 male donors (without known 
infection) through the University of Florida, 
Department of Pathology Grossing Room. The 
UF Institutional Review Board approved these 
studies. Visceral adipose tissue samples were 
obtained from donors receiving abdominal sur-
gery. Subcutaneous adipose tissue samples 
were obtained from donors undergoing breast 
reduction surgery for cosmetic reasons. Perire- 
nal brown fat donors underwent nephrectomy 
due to renal cell carcinoma. The use of human 
material conforms to the principles outlined in 
the Declaration of Helsinki. Fat tissues were 
processed within 6 hours after collection. 

Adipose tissue processing 

Preadipocytes from human vcWAT, scWAT, and 
perirenal BAT were isolated and expanded as 
described previously [13]. Briefly, adipose tis-
sues were minced into small fragments and 
placed in DMEM/F12 medium with 10% fetal 
bovine serum and 100 U/mL penicillin-strep- 
tomycin overnight to restore quiescence. Pre- 
adipocytes (adipose tissue stromal cells) were 
obtained from mature adipocytes by ceiling cul-
ture or were placed directly in flasks for tissue 
culture. Preadipocytes were cultured and differ-
entiated following our published protocol [13]. 
Fully differentiated adipocytes or cultured adi-
pose tissue fragments were treated with or 
without irisin (50 nM) for the indicated time.

Differentiation of human preadipocytes into 
mature adipocytes and osteoblasts

Human visceral preadipocytes were cultured in 
6-well plates until confluent and then induced 
with adipogenic or osteogenic differentiation 
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medium for 14 or 21 days as described previ-
ously [13], adding fresh medium every third 
day. To demonstrate the effect of irisin in adi- 
pogenesis or osteogenesis, the cells were tre- 
ated with or without irisin (50 nM) throughout 
the differentiation period. Adipogenic and os- 
teogenic differentiation was confirmed by oil 
red O and Alizarin red staining and evaluated by 
light microscopy [17, 18]. 

Mitochondrial bioenergetics analysis

Preadipocytes derived from visceral, subcuta-
neous, and brown adipose tissues were fully 
differentiated into mature adipocytes in adipo-
genic differentiation medium for 14 days, and 
then seeded into XF96 Microplates (15,000 
cells/well) for 3-4 days in the absence or pres-
ence of 50 nM irisin. Mitochondrial respira- 
tion analyses were performed using a Seahor- 
se Bioscience XF96 Extracellular Flux Analy- 
zer (Seahorse Bioscience, USA), which enables 
real-time, simultaneous measurement of oxy-
gen consumption rate (OCR) and extracellular 
acidification rates (ECAR) [19].

RNA isolation and quantitative real-time PCR 
(qRT-PCR)

Total RNA was extracted from cultured cells 
and adipose tissue using Trizol reagent (Invi- 
trogen, Carlsbad, CA). Reverse transcription of 

Anti-β-actin (A5316, Sigma-Aldrich) was em- 
ployed as a loading control. For ICC analysis, 
adipocytes were fixed with 4% paraformalde-
hyde for 10 min, and blocked in the presence  
of hydrogen peroxide. Then cells were incubat-
ed overnight with anti-UCP-1 antibody (1:500). 
Horseradish peroxidase-conjugated secondary 
antibody was used for ICC [13].

Statistical analysis

Results are presented as mean ± SEM of at 
least three independent experiments. Each 
experiment was conducted in triplicate. Sta- 
tistical significance among multiple groups was 
analyzed using Prism 7 software by one-way 
ANOVA followed by post-hoc Dunnett’s test, 
while Student’s t-test was applied for statisti- 
cal analysis of two classes of data. P<0.05 was 
considered significant.

Results

Irisin increases mitochondrial respiration in 
human visceral adipocytes 

To examine the effects of irisin on thermogen-
esis in mature adipocytes derived from vcWAT, 
we measured mitochondrial respiration. Figure 
1A, 1B show that irisin markedly increased 
mitochondrial OCR and ECAR in differentiated 
visceral adipocytes after 4-day treatment. The 

Table 1. Primer sequences for qRT-PCR
Gene Forward Primer Reverse Primer
β-actin GACCTCTATGCCAACACAGT AGTACTTGCGCTCAGGAGGA
UCP-1 TAAAAACAGAAGGGCGGATG GTGGGTTGCCCAATGAATAC
PGC-1α GCTTTCTGGGTGGACTCAAGT GAGGGCAATCCGTCTTCATCC
PRDM16 AGGACATTGAGCCAGGTGAG GCTTGGACTGGAAGAGTTCG
CD137 TCTCCGCAGATCATCTCCTT CTTCTGGAAATCGGCAGCTA
TMEM26 GGCTTCTTGAATTGCACCAT ATGGAGTCCCAATGTCCAAA
ADIPOQ ATGACCAGGAAACCACGACT CACCGATGTCTCCCTTAGGA
CEBPB GACAAGCACAGCGACGAGTA AGCTGCTCCACCTTCTTCTG
PPARR GGCTTCATGACAAGGGAGTTTC AACTCAAACTTGGGCTCCATAA
RUNX GTGGACGAGGCAAGAGTTTCA CATCAAGCTTCTGTCTGTGCC
OSTERIX GTCCTATGGCGGGGAGGACTGG TGGCAGCTGCAAGCTCTCTGTA
OPN GTGGTGATCTAGTGGTGCCAAG AGGCACCGGCCATGTGGCTAT
HSL CTTCATGTCGCCGCTGCTGG CGGATGCGCTCCACGCACAG
ATGL CAGCATCTGCCAGTACCTGGTG AGGCCACGTTGGTGCAGAAGA
IL-10 CATCGATTTCTTCCCTGTGAA TCTTGGAGCTTATTAAAGGCAT
IL-6 ATGCAATAACCACCCCTGAC GAGGTGCCCATGCTACATTT
TNFα CCCAGGGACCTCTCTCTAATC ATGGGCTACAGGCTTGTCACT
MCP-1 TCCCAAAGAAGCTGTGATCTTC AGTGAGTGTTCAAGTCTTCGGA
MIP-1α GAATCATGCAGGTCTCCACTG CTCTAGGTCGCTGACATATTTC

2 µg total RNA was performed 
with the cDNA Reverse Tran- 
scription Kit (Promega) accord-
ing to the manufacturer’s pro- 
tocols. The 2-ΔΔCt method was 
used to calculate the relative 
gene expression normalized to 
β-actin. All measurements were 
performed at least three times. 
Primer sequences are available 
in Table 1.

Western blot and immunocyto-
chemistry (ICC) analysis

For immunoblotting analysis, 
10-40 μg of protein were load- 
ed onto 12% SDS-PAGE gels 
and transferred onto PVDF me- 
mbranes. Anti-Phospho-ERK1/2 
(#9101, Cell Signaling), anti-Ph- 
ospho-p38MAPK (#9211, Cell 
Signaling) and anti-UCP-1 (AB- 
155117, Abcam) antibodies we- 
re used for western blotting. 
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increased OCR of irisin-treated adipocytes were 
observed in both basal conditions and after 
adding the uncoupling agent carbonyl cyanide 
4-(trifluoromethoxy) phenylhydrazone (FCCP). 

CD137 and TMEM26 (Figure S1A, S1B). Irisin 
treatment did not affect the expression of 
UCP-1 protein in vcWAT and perirenal BAT, 
although it was significantly up-regulated in 

Increased mitochondrial respira-
tion was also observed in irisin-
treated brown and subcutane-
ous adipocytes (Figure 1C, 1D). 
Moreover, the expression of ge- 
nes (HSL and ATGL) encoding 
proteins involved in lipid metab-
olism were also increased in iri-
sin-treated mature visceral adi-
pocytes (Figure 1E). These re- 
sults demonstrate that irisin can 
increase cellular thermogenesis 
and lipolysis in mature visceral 
adipocytes.

Irisin has no browning effects 
on human vcWAT or vcWAT-
derived mature adipocytes

Irisin treatment is known to 
induce the browning of subcuta-
neous white adipocytes and in- 
crease the ability to dissipate 
energy by UCP-1-mediated ther-
mogenesis [13]. To investigate 
potential depot differences in re- 
sponsiveness to irisin, we com- 
pared the browning effect of iri-
sin on vcWAT, scWAT, and BAT. 
Figure 2A shows that irisin insig-
nificantly increased the expres-
sion of UCP-1, PRDM16, CD137, 
and PGC1α genes in vcWAT from 
most donors (#1, 2, 4, 7, 9, 10, 
and 11); donors #3, 6, and 8 
showed <2-fold upregulation. In 
contrast, irisin treated scWAT 
(donors #12 and 13) showed a 
>10-fold increase. Incubation of 
irisin with perirenal BAT also had 
no effect on the expression of 
browning genes (Figure 2B). Fur- 
thermore, the basal expression 
levels of brite-specific genes 
(TMEM26 and CD137) in vcWAT 
were highly variable, and there 
was no obvious positive correla-
tion between irisin-stimulated 
UCP-1 and PRDM16 expression 
and basal expression levels of 

Figure 1. Effects of irisin on adipocytes mitochondrial respiration and 
lipid metabolism. Fully differentiated mature adipocytes from vcWAT (A, 
B), perirenal BAT (C), or scWAT (D) were incubated with or without irisin 
(50 nM) for 4 days. Oligomycin and FCCP were added at the indicated 
points to determining uncoupled and maximal mitochondrial respiration, 
respectively. Effects of irisin on cellular OCR and ECAR were measured 
using an XF96 Extracellular Flux Analyzer. Experimental treatments were 
performed with 6 technical replicates and 4 biological replicates. (E) The 
mRNA levels of adipocytes metabolism related genes in human visceral 
adipocytes were measured by qRT-PCR. Data are expressed as mean ± 
SEM; *P<0.05, **P<0.01, ***P<0.001 and ****P<0.0001 statistical 
differenced compared to control.
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Figure 2. The browning effect of irisin in human adipose tissue and differentiated mature adipocytes from vcWAT. 
mRNA expression of brown/brite related genes UCP-1, PGC1α, CD137 and PRDM16 in human vcWAT (donors #1-
11), scWAT (donors #12-13) (A), and BAT (donors #14-16) (B) after incubate with or without irisin (50 nM) for 4 days. 
(C) UCP-1 protein expression in response to 4 days irisin stimulation in three different adipose tissue were detected 
by western blotting. (D) Perirenal BAT, vcWAT, or scWAT were treated with or without irisin (50 nM) for 15, 30, or 60 
min, respectively. Levels of P-ERK and P-p38 were assessed by western blotting. (E) mRNA levels of brown/brite 
related genes in differentiated mature visceral adipocytes after incubate with or without irisin (50 nM) for 4 days. (F) 
UCP-1 protein expression was detected by immunocytochemistry (ICC) in vcWAT and scWAT derived mature adipo-
cytes. Data are expressed as mean ± SEM; *P<0.05, **P<0.01 and ***P<0.001 statistical differenced compared 
to control.
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Figure 3. The effect of irisin on adipogenic differentiation. A. The human vis-
ceral preadipocytes were induced to adipogenic differentiation with or with-
out irisin (50 nM) for 18 days. Cells were stained with Oil Red O to visualize 
lipid droplets (left); mature adipocytes were calculated as percentage of 
control (right). B. Expression of adipogenic genes (CEBPB and ADIPOQ) and 
browning genes (PGC1α and PRDM16) in differentiated adipocytes were 
determined by qRT-PCR. C. mRNA expression levels of adipogenic genes 
(PPARR and ADIPOQ) were measured in vcWAT after 4 days of irisin (50 nM) 
treatment. Data are expressed as mean ± SEM; *P<0.05, **P<0.01 and 
***P<0.001 statistical differenced compared to control.

scWAT (Figure 2C). Our previous studies show 
that irisin exerts its browning effects in hu- 
man subcutaneous fat tissue through ERK  
and p38 activation. Indeed, as shown in Figure 
2D, phosphorylation of p38 (P-p38) and ERK 
(P-ERK) in human scWAT was enhanced by tre- 
ating with irisin for 60 min. However, no phos-
phorylation of ERK and P38 were observed in 
vcWAT and perirenal BAT.

We further examined the expression of brown-
ing related genes (UCP-1, PGC1α, CD137, and 

PRDM16) in human visceral 
adipocytes. Figure 2E shows 
that except for a slight increase 
in a few samples, irisin treat-
ment did not affect the tran-
scription of these genes. Mo- 
reover, the expression of gen-
eral adipose genes (PPARR, 
CEBPB, and ADIPOQ) were 
upregulated after adipogenic 
differentiation, but showed no 
difference in the differentia-
tion groups treated with or wi- 
thout irisin (Figure S2). As sh- 
own in Figure 2F, expression  
of UCP-1 protein increased ro- 
bustly in irisin-treated subcuta-
neous adipocytes, but not in 
irisin-treated visceral adipo-
cytes. Lower or absent beige 
gene expression in human vis-
ceral adipocytes or vcWAT may 
account for the modest res- 
ponse of these adipocytes to 
irisin. 

Irisin inhibits adipogenic dif-
ferentiation and promotes 
osteogenic differentiation in 
human visceral adipocytes

Our previous work indicates 
that irisin markedly reduces 
adipogenic differentiation of 
human subcutaneous adipo-
cytes. Therefore, we further 
examined whether irisin has 
the same effect on human vis-
ceral adipocytes. As shown in 
Figure 3A, mature adipocytes 
accumulation was reduced by 
20-60% in the presence of iri-

sin vs. medium alone after 18 days of differen-
tiation, and expression of adipose genes CEB- 
PB and ADIPOQ were also reduced (Figure 3B). 
Interestingly, expression of browning related 
genes (PRDM16 and PGC1a) was also signifi-
cantly reduced (Figure 3B), despite no brown-
ing effects observed on irisin-treated vcWAT 
fragments (Figure 2). The reduced adipose 
genes expression was obtained from fresh vis-
ceral and subcutaneous fat tissue after iris- 
in treatment for 4 days (Figures 3C and S3A). 
Collectively, our results demonstrated that iri-
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Figure 4. The effect of irisin on osteogenic differentiation. (A) The human visceral 
preadipocytes were induced to osteogenic differentiation with or without irisin 
(50 nM) for 21 days, as evidenced by mineral deposition highlighted by Alizarin 
Red staining. (B) mRNA expression levels of RUNX, OSTERIX and OPN genes were 
measured in fully differentiated visceral adipocytes (21 days) and (C) in vcWAT 
after 4 days treatment with irisin directly. Data are expressed as mean ± SEM; * 
P<0.05, **P<0.01 and ***P<0.001 statistical differenced compared to control.

sin exerts an inhibitory effect on human viscer-
al-derived preadipocytes adipogenesis.

We next evaluated the effects of irisin on osteo-
blast differentiation in vitro. Exposure to irisin 
during the entire differentiation procedure ac- 
celerated osteoblast differentiation by incre- 
asing mineralization and upregulating the ex- 
pression of several osteogenic marker genes, 
including RUNX2, OSTERIX, and OSTEOPONTIN 
(OPN) (Figure 4A, 4B). Similar results were 
obtained in fresh visceral and subcutaneous 
fat tissue under the same treatment (Figures 
4C and S3B).

Irisin reduces the expression of pro-inflamma-
tory cytokines and upregulates an anti-inflam-
matory cytokine

Previous studies revealed that irisin decreases 
the expression and secretion of pro-inflamma-

tory markers in LPS-ac- 
tivated macrophages or 
LPS-activated undifferen-
tiated or differentiated 
3T3 cells [20, 21]. There- 
fore, we further explored 
the anti-inflammatory ef- 
fect of irisin on human vi- 
sceral adipose tissue. Co- 
mpared with primary whi- 
te adipocytes, scWAT and 
vcWAT fragments closely 
represent native fat tis-
sue. As shown in Figure 
5A and 5B, irisin reduced 
the expression of TNF-α, 
IL-6, MCP-1α, and MIP-1α 
while enhancing the ex- 
pression of IL-10 in fresh 
visceral and subcutane-
ous fat tissue. These re- 
sults suggested that ir- 
isin has anti-inflammato-
ry properties in human 
white adipose tissue.

Discussion

Irisin, an exercise induc- 
ed 112 amino acid pep-
tide cleaved from FNDC5, 
is thought to induce the 
“browning” of white adi-
pose tissue, increasing 

total body energy expenditure by enhancing 
UCP-1-mediated thermogenesis. Irisin is emer- 
ging as a promising therapeutic target for the 
treatment of metabolic diseases. However, its 
browning effects in human visceral adipose tis-
sue are controversial [11, 22, 23], and the  
function of irisin in human cells remains  
incompletely validated. To this end, we exam-
ined the effect of irisin on human visceral fat 
and summarized all our data on the effects of 
irisin in three different types of human fat in 
Table 2.

We found that the expression of UCP-1 and 
other brown-related genes were enhanced in 
human scWAT fragments, while there was no 
obvious change in vcWAT and perirenal BAT 
after irisin treatment. These effects also were 
observed in irisin treated mature human  
adipocytes. Moreover, we examined the level of 
UCP-1 protein expression in seven human 
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Figure 5. The effect of irisin on inflammation. (A) Human vcWAT and (B) scWAT 
were treated with or without irisin (50 nM) for 4 days, and the mRNA expression 
of pro-inflammatory (IL-6, TNFα, MCP-1, and MIP-1α) and anti-inflammatory (IL-
10) genes were determined by qRT-PCR. Data are expressed as mean ± SEM; 
*P<0.05, **P<0.01 and ***P<0.001 statistical differenced compared to con- 
trol.

vcWAT samples with or without irisin stimula-
tion, and only very faint protein bands were 
detected. Some samples had no detectable 
UCP-1 protein even under extreme exposure. 
These results suggested that the expression of 
UCP-1 is insensitive to irisin in human vcWAT. 

not observe the irisin-induced activation of ERK 
and p38 MAPK in vcWAT. 

The current data lead us to propose the follow-
ing model: (i) Irisin may exert differential effects 
depending on the location/type of the adipose 

BAT from perirenal fat has 
the high basal levels of 
UCP-1 protein, so its regu-
lation appears irisin-inde-
pendent. Notably, irisin 
increased mitochondrial 
metabolism in all th- 
ree types of adipose tis-
sue-derived primary cul-
tured adipocytes. This is 
surprising as the thermo-
genic capability of brown 
fat is mediated mainly  
by mitochondrial protein 
UCP-1, which uncouples 
the electron transport ch- 
ain from energy produc-
tion, resulting in the re- 
lease of energy as heat. 
The reasons that the fat 
depot specificity action of 
irisin on UCP-1 did not tr- 
anslate into its differenc-
es in mitochondrial respi-
ration are unknown, but 
might involve interactions 
with other factors modu-
lating the complex mito-
chondrial biogenesis pro- 
gram. 

Wu et al. reported th- 
at CD137-high-expressing 
cellular populations have 
preferential sensitivity to 
the browning effects of iri-
sin [6]. However, our stu- 
dies indicated that the 
CD137 and TMEM26 ba- 
sal expression levels had 
no correlation with the iri-
sin-stimulated UCP-1 or 
PRDM16 expression in vc- 
WAT. In addition, we previ-
ously demonstrated that 
the browning effect of iri-
sin is mediated by the 
p38/ERK MAPK pathways 
[13]. In this study, we did 
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tissue; (ii) Subcutaneous adipocytes are more 
likely to undergo browning than visceral adipo-
cytes because subcutaneous adipocytes are 
smaller and have a greater potential to diffe- 
rentiate (Table 3) [24]; (iii) Adipocytes derived 
from different progenitor cells exhibit different 
gene expression patterns and respond differ-
ently to irisin [25]; (iv) An irisin-induced thermo-
genic gene program is mediated by signaling 
through αV/β5 integrin [26], and the expressi- 
on of this receptor may differ between various 
types of adipocytes; (v) The effect of irisin on 
cellular oxidative metabolism in visceral and 
brown adipocytes may impact a UCP-1-inde- 
pendent pathway. Other mitochondrial inner 
membrane anion carrier proteins may also 
mediate uncoupling, such as adenine nucleo-
tide translocator, ANT1 [27].

We found that irisin inhibited lipid accumulati- 
on by reducing the expression of adipogenic 
genes (CEBPB and ADIPOQ) during vcWAT de- 
rived preadipocytes differentiation. Moreover, 
the expression levels of browning-related gen- 
es (PGC1α and PRDM16) were also lowered, 
when irisin was present during the entire dif-
ferentiation period (18 days, Figure 3B), in con-
trast to the effects of irisin on fresh vcWAT frag-

ments (Figure 2). The possible explanation for 
the differential actions of irisin on vc-preadipo-
cytes and mature vc-adipose tissue could be 
due to the epigenetic reprogramming of preadi-
pocytes during the de-differentiation/re-differ-
entiation process, and the loss of adipose tis-
sue native 3D structure. Adipose tissue expan-
sion is characterized initially by adipocytes 
hypertrophy, followed by an increased number 
of adipocytes [28]. To evaluate the effect of iri-
sin on adipose tissue, human white adipose tis-
sue derived from subcutaneous and visceral 
depots were exposed to irisin. We found that 
the expression levels of several adipogenic 
genes (PPARR and ADIPOQ) were reduced in 
both types of fat tissues. Furthermore, irisin 
can increase gene expression of HSL and ATGL, 
which encode proteins involved in lipid metabo-
lism. These studies demonstrate the potential 
effect of irisin to counter obesity by suppress-
ing new adipocytes formation and increasing 
the metabolic rate in mature adipocytes. 

Exercise has widely been recognized to benefit 
metabolic and skeletal health [29]. Irisin is a 
myokine produced by skeletal muscle in re- 
sponse to exercise that enhances bone forma-
tion and helps prevent fractures [30, 31]. It also 

Table 2. Effect of irisin on different types of adipocytes
Subcutaneous Visceral Brown

Expression of browning gene Increase No effect No effect

Thermogenesis Increase Increase Increase

Adipogenic differentiation Inhibit Inhibit ND

Osteogenic differentiation Promote Promote ND

Activation of p38/ERK signaling pathway Yes No No

Inflammatory cytokines Decrease pro-inflammation cytokines expres-
sion; Increase anti-inflammatory cytokines 
expression

Decrease pro-inflammation cytokines 
expression; Increase anti-inflammatory 
cytokines expression

ND

Abbreviations: ND, not done.

Table 3. Histological characteristics of subcutaneous and visceral fat
Subcutaneous Visceral

Location Back and anterior abdominal wall Mesentery and omentum

Ratio of all body fat 80% 10-20%

Fat cell size Small Large

Insulin resistant More sensitive to insulin More resistant to insulin

Glucose uptake Lower compared with Visceral fat Higher rate of insulin-stimulated Glucose uptake

FFA and TG uptake Higher Lower

Lipolysis Lower Higher

Metabolism risks Lower Higher

Inflammatory cytokines production Little More infiltrated with inflammatory cells and is more capable of generat-
ing pro-inflammatory factors

Abbreviations: FFA, free fat acid; TG, triglycerides.
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promotes osteogenesis during subcutaneous 
fat derived preadipocytes differentiation [13]. 
We found a similar promotes osteogenesis 
effect of irisin on visceral fat derived preadipo-
cytes, although preadipocytes derived from 
vcWAT have less differentiating capacity than 
those derived from scWAT. In addition, expres-
sion of mRNAs encoding osteoblast transcrip-
tional regulators (OPN and RUNX2) were also 
induced in irisin treated fresh visceral and sub-
cutaneous fat tissue.

Obesity causes a chronic low-grade inflamma-
tory state accompanied by pro-inflammatory 
macrophage infiltration into white adipose tis-
sue, that is associated with the development of 
insulin resistance, and increased the risk of 
cardiovascular disease [32]. Accumulation of 
subcutaneous and visceral adipose tissue is 
thought to promote the development of obe- 
sity-related mild inflammation [33]. Recently, 
Agnieszka Irena Mazur-Bialy et al. showed that 
irisin can decrease the expression of inflamma-
tory markers in LPS-activated macrophages, 
and that this effect is mediated by inhibition  
of the TLR4/MyD88 signaling pathway [20]. 
Another study found that irisin can alleviate the 
inflammation in adipocytes by inhibiting phos-
phorylation and activation of nuclear factor 
kappa B (NFκB) [21]. Irisin also induced the 
phenotypic switching of adipose tissue macro-
phages from an M1-like (pro-inflammatory) to 
an M2-like (anti-inflammatory) phenotype [21, 
34]. We show here that irisin reduced the 
expression of a number of proinflammatory 
cytokine genes (TNF-α, IL-6, MCP-1, and MIP-
1α) and increased the expression of the anti-
inflammatory cytokine gene (IL-10) in both 
vcWAT and scWAT. Further mechanistic studies 
of the effects of irisin on inflammation and 
macrophage function are needed to provide 
additional insights, potentially leading to future 
therapeutic use of irisin as an anti-inflamma- 
tory. 
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Figure S1. Correlation of baseline brown gene expression with irisin-mediated browning responsiveness in vcWAT. A. 
Basal levels of brite-specific genes CD137 and TMEM26 transcripts in fresh human vcWAT, donors #1-9. B. Correla-
tion between basal brite-specific gene expression and levels of irisin-induced UCP1 and PRDM16.
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Figure S2. Adipogenic differentiation gene expression. Preadipocytes differentiation to adipocytes, then treat with 
or without irisin (50 nM) for 4 days. The expression of general adipogenic genes (ADIPOQ, PPARR, and CEBPB) were 
determined by qRT-PCR. Data are expressed as mean ± SEM; *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 
vs. control.

Figure S3. Adipogenic and osteogenic gene expression in scWAT. (A) Expression of adipogenic genes (ADIPOQ and 
CEBPB) and (B) osteogenic genes (RUNX2 and OPN) in human scWAT treated with or without irisin (50 nM) for 4 
days. Data are expressed as mean ± SEM; *P<0.05, **P<0.01 vs. control.


