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Abstract
Background: Various cytokines and other compounds are produced in human adipose tissue and
might have functions in the adipose tissue. They might be involved in complications associated with
obesity and diabetes. Recently, interleukin-8 (IL-8) has been shown to be produced and released
from human adipose tissue and/or adipocytes, suggesting IL-8 involvement in some obesity-related
health complications. Therefore, we found it of interest to investigate whether IL-8 is involved in
the insulin action in human adipocytes.

Methods: The IL-8 levels in the medium were measured using ELISA. The IL-8 mRNA expression
was analyzed using Northern blot analysis. The phosphorylation of Akt was analyzed using Western
blot analysis. Furthermore, we examined the effect of IL-8 on the phosphorylation of Akt induced
by insulin.

Results: The level of IL-8 in the medium and the IL-8 mRNA expression after stimulation with
either TNF-α, IL-1β, or CRP was significantly enhanced in human adipocytes. It is particularly
interesting that IL-8 per se also enhanced IL-8 mRNA expression. The IL-8 induced-IL-8 mRNA
expression was inhibited by PD98059 (a MEK inhibitor) or SB203580 (a p38 MAPK inhibitor). The
IL-8 inhibited insulin-induced Akt phosphorylation. The inhibitory effect of IL-8 was eliminated by
either PD 98059 or SB203580.

Conclusion: These data suggest that IL-8 is a main adipocytokine producing insulin resistance via
the inhibition of insulin-induced Akt phosphorylation in adipocytes. The attenuation of IL-8 action
might be a target for prevention of diabetes and its complications.

Background
Insulin resistance is defined as the impaired ability of tar-
get tissues of fat, liver, and muscle to show various meta-

bolic effects of insulin, including glucose uptake [1]. It is
probably caused by defects in the insulin signal transduc-
tion pathways [2,3]. Insulin resistance is central to the
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pathophysiology of metabolic syndrome because it is
associated with type 2 diabetes, hypertension, and dyslip-
idemia. In that state, the risk for cardiovascular diseases is
increased [4]. Although the molecular mechanisms lead-
ing to development of insulin resistance are not fully
understood, an association appears to exist between insu-
lin resistance and the accumulation of abdominal visceral
fat.

Adipocytes synthesize and secrete a variety of bioactive
proteins in addition to their role in fat storage. During the
development of obesity and type 2 diabetes these cells
increase in size and number and their metabolic activity is
dramatically altered. It is conceivable that some adi-
pocyte-derived factors underlie the association of insulin
resistance and increased risk for coronary heart disease
[5]. Tumor necrosis factor-α (TNF-α) is also elevated in
obesity and may contribute to many aspects of adipose tis-
sue biology including development of insulin resistance
and abnormalities in lipid metabolism. Hotamisligil et al.
have reported that TNF-α inhibits the phosphorylation of
Akt by insulin [6]. Insulin action is the consequence of
insulin binding to its plasma membrane receptor and is
transmitted through the cell by a series of protein-protein
interactions such as insulin receptor substrates 1 and 2
(IRS-1 and IRS-2), phosphatidyl- inositol-3 (PI3)-kinase,
and protein kinase (PK) B/Akt. Activation of PKB/Akt is a
key step for initiating several of insulin's metabolic effects,
including glucose uptake and GLUT-4 translocation [7,8].
Hill et al. reported that microinjection of a PKB/Akt sub-
strate peptide or an antibody to PKB/Akt inhibited the
effect of insulin-stimulated GLUT-4 translocation in adi-
pocytes [9]. Therefore, it is conceivable that inhibition of
insulin-induced Akt activation is reflected in insulin resist-
ant states. Hauner et al. also have reported that TNF-α
down-regulates the insulin-sensitive glucose transporter
GLUT-4, consequently decreasing glucose uptake in adi-
pocytes [10].

Recently, it was reported that TNF-α stimulates the IL-8
production in human adipocytes [11]. In fact, IL-8, a
chemokines, is known to activate neutrophils. However,
little evidence is available to describe the role of IL-8 in
adipocytes, obesity, and the development of insulin resist-
ance.

In the present study, we show that the IL-8 production in
human adipocytes is enhanced by inflammatory sub-
stances such as TNF-α, IL-1β, and CRP, and we examined
the effect of IL-8 on insulin-induced Akt phosphorylation
in adipocytes.

Methods
Cell culture
Human adipocyte culture. Cryopreserved human subcuta-
neous preadipocytes derived from human adipose tissue
were obtained (together with culture media) from Cam-
brex Bio Science, Walkersville, Inc. The cells were cultured
with preadipocyte growth medium (PGM) containing
10% FCS, 2 mM L-glutamine, 100 units/ml penicillin and
100 μg/ml streptomycin to reach confluence. Then, cells
were differentiated into mature adipocytes by incubation
with adipocyte differentiation medium containing 10 μg/
ml insulin, 1 μM dexamethasone, 200 μM indomethacin
and 500 μM isobutylmethylxanthine.

Measurement of IL-8 in the media
Mature adipocytes were stimulated using either TNF-α, IL-
1β, or CRP for 18 h. For measurement of IL-8 release from
adipocytes in the medium, the media were collected. Then
the concentrations of IL-8 in the media were measured by
enzyme linked immunosorbent assay (ELISA) [12].

Northern blot analysis
Northern blot analysis was performed according to the
method described previously [13]. Briefly, mature adi-
pocytes were stimulated by either TNF-α, IL-1β, CRP, or
IL-8 for 18 h. Then RNA from the adipocytes was extracted
using ISOGEN (Nippon Gene, Japan). A digoxigenin-
labeled probe for human IL-8 cDNA with dUTP by the
random priming method (Roche Diagnostics Co.) was
used for hybridization. The intensity of the bands was
analyzed using NIH image.

Western blot analysis
The phosphorylation of Akt (Thr 308) was analysed by a
non-radioactive method using a commercial kit (New
England Biolabs Inc. and Cell Signaling). Briefly, after pre-
treatment of mature adipocytes with IL-8 for the indicated
period, cells were stimulated with insulin for 10 min.
Then, cell lysates were prepared using lysis buffer. The cell
lysates were loaded on sodium dodecyl sulphate (SDS)-
polyacrylamide gel electrophoresis (PAGE), transferred
onto a membrane (Millipore). The following antibodies
were used: phospho-specific Akt (Thr308) antibody, Akt
antibody (Cell Signaling), and an anti-rabbit secondary
antibody conjugated to horseradish peroxidase (Amer-
sham). The intensity of the bands was analysed by NIH
image.

Data analysis
Data are presented as the mean ± s.d. Statistical analyses
were performed using ANOVA, followed by Scheffe's t-
test. A value of P < 0.05 was considered significant.

Results
First, we examined the IL-8 release in the media using

TNF-α, IL-1β, or CRP in human adipocytes. The IL-8
release in the media was increased in a time-dependent
Page 2 of 6
(page number not for citation purposes)



Journal of Inflammation 2009, 6:25 http://www.journal-inflammation.com/content/6/1/25

Page 3 of 6
(page number not for citation purposes)

IL-8 mRNA expression induced by IL-8 in human adipocytesFigure 1
IL-8 mRNA expression induced by IL-8 in human adipocytes. Human adipocytes were stimulated with IL-8 (50 nM or 
100 nM) for 18 h (A). The IL-8 mRNA expression was analyzed by Northern blot. For the experiments with inhibitors (B), 
0.1% DMSO was added as vehicle control, and PD98059 (50 μM) or SB203580 (50 μM) was added 2 h before stimulation with 
IL-8 (100 nM). The intensity of the IL-8 mRNA band was corrected with that of the 18s rRNA band. The data are representa-
tive of three different experiments (Means ± SD). * p < 0.01 vs. control # p < 0.05 vs. IL-8 50 nM.
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Effect of IL-8 on phosphorylation of Akt in human adipocytesFigure 2
Effect of IL-8 on phosphorylation of Akt in human adipocytes. After treatment with IL-8 (100 nM) for the indicated 
period (A), human adipocytes were stimulated with insulin (100 nM) for 10 min. The phosphorylation of Akt induced by insulin 
(100 nM) was analyzed by Western blot. For the experiments with inhibitors (B), 0.1% DMSO was added as vehicle control, 
and PD98059 (50 μM) or SB203580 (50 μM) was added 2 h before stimulation with insulin (100 nM). The data are representa-
tive of three different experiments (Means ± SD). * P < 0.01, ** P < 0.05
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manner in all stimulators, although it was less by CRP
than by TNF-α and IL-1β (data not shown). The IL-8
mRNA expression was clearly enhanced by either TNF-α,
IL-1β, or CRP (data not shown). It is particularly interest-
ing that, as presented in Fig. 1A, IL-8 per se also enhanced
the IL-8 mRNA expression in human adipocytes. Those
data suggest that inflammatory substances act on adi-
pocytes to stimulate IL-8 production in humans. Fig. 1B
shows that the IL-8 mRNA expression in human adi-
pocytes by IL-8 was inhibited by PD98059 (a MEK inhib-
itor) or SB203580 (a p38 MAPK inhibitor). The IL-8 per se
also activated the phosphorylation of ERK and p38 MAPK
(data not shown).

Next, we examined the effect of IL-8 on the action of insu-
lin in human adipocytes. Fig. 2A shows that the phospho-
rylation of Akt by insulin was diminished through
pretreatment with IL-8 in a time-dependent manner. Fig.
2B shows that the inhibitory effect of IL-8 on Akt phos-
phorylation by insulin was eliminated by either PD 98059
or SB203580. Those data suggest that IL-8 inhibits the
insulin signal pathway via the ERK pathway and p38 MAP
kinase pathway.

Discussion
In the present study, we demonstrate for the first time that
IL-8 per se enhanced the IL-8 mRNA expression in human
adipocytes and show that IL-8 has an inhibitory effect on
the Akt phosphorylation induced by insulin.

Actually, IL-8 is a monomeric polypeptide and a well-
studied member of the CXC chemokine family, which
plays a crucial role in the recruitment of neutrophils and
lymphocytes into tissues [14]. In fact, IL-8 is produced by
a variety of cells including human adipocytes [11], fre-
quently in response to inflammatory stimuli such as IL-1,
or TNF-α [14]. Here, we also observed that TNF-α, IL-1β,
and CRP enhanced IL-8 production in human adipocytes.
It is particularly interesting that IL-8 per se also enhanced
the IL-8 mRNA expression in human adipocytes. Recently,
adipocytes have been reported to express the main recep-
tor for IL-8, CXCR 1, and CXCR 2 [11]. We observed that
PD98059 or SB203580 inhibited the IL-8 induced IL-8
mRNA expression. Taken together, our data suggest that
inflammatory stimulations may create a vicious circle of
IL-8 production in human adipocytes via ERK pathway
and/or p38 MAPK pathway.

In the initiation and maintenance of inflammatory reac-
tions in the adipose tissue, IL-8 plays an important role in
the recruitment of neutrophils, lymphocytes, and mono-
cytes. However, the biological/pathological role of IL-8
expression in adipocytes and adipose tissue is not fully
understood [14]. We inferred that IL-8 itself might affect
insulin sensitivity in adipocytes. To test that possibility,

we examined the effect of IL-8 on the insulin-induced Akt
phosphorylation in fully differentiated human adi-
pocytes. Here, we observed that the insulin-induced Akt
phosphorylation was clearly diminished by IL-8; it was
abrogated by PD98059 or SB203580. Harmon et al.
reported that PD98059 does not affect the activation of
Akt induced by insulin [15]. Hernandez et al. have sug-
gested that ERK and p38 MAPK could be major factors in
TNF-α-induced insulin resistance in brown adipocytes
[16]. Those findings indicate that ERK pathway might not
be necessary for insulin-induced Akt phosphorylation,
but might be an important pathway for inhibition of
inflammatory cytokine for insulin-induced Akt phospho-
rylation. Our data also suggest that IL-8 might promote
insulin resistance in human differentiated adipocytes in
the situation of exposure to IL-8 via the ERK pathway and/
or p38 MAPK pathway. Taken together, these findings
support the notion that IL-8 might have important roles
in adipocyte physiology other than inflammatory cell
recruitment.

In conclusion, our data suggest that IL-8 is a main adi-
pocytokine producing insulin resistance via the inhibition
of insulin-induced Akt phosphorylation in human adi-
pocytes, and the attenuation of IL-8 production and/or
action may be a target for the prevention of diabetes and
its complications.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
CK carried out the experiments, analyzed the data and
contributed in the drafting of the manuscript. SA aided in
cell culture, and western blotting. MI, MI, IU, KY, KT, and
MK contributed in the editing of the manuscript. MU con-
ceived and designed of the study and supervised the
project and drafted of the manuscript. All authors read
and approved the final manuscript.

References
1. Reaven GM: Pathophysiology of insulin resistance in human

disease.  Physiol Rev 1995, 75:473-486.
2. Holman GD, Kasuga M: From receptor to transporter: insulin

signalling to glucose transport.  Diabetologia 1997, 40:991-1003.
3. Kellerer M, Lammers R, Haring HU: Insulin signal transduction:

possible mechanisms for insulin resistance.  Exp Clin Endocrinol
Diabetes 1999, 107:97-106.

4. Pratley RE, Weyer C: The role of impaired early insulin secre-
tion in the pathogenesis of Type II diabetes mellitus.  Diabet-
ologia 2001, 44:929-945.

5. Matsuzawa Y, Shimomura I, Kihara S, Funahashi T: Importance of
adipocytokines in obesity-related diseases.  Horm Res 2003,
60(Suppl 3):56-59.

6. Hotamisligil GS, Shargill NS, Spiegelman BM: Adipose expression of
tumor necrosis factor-alpha: direct role in obesity-linked
insulin resistance.  Science 1993, 259:87-91.

7. Okada T, Kawano Y, Sakakibara T, Hazeki O, Ui M: Essential role
of phosphatidylinositol 3-kinase in insulin induced glucose
transport and antilipolysis in rat adipocytes. Studies with a
Page 5 of 6
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7624391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7624391
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9300235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9300235
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10320048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10320048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11484070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11484070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14671398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14671398
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7678183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7678183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7678183
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8106400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8106400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8106400


Journal of Inflammation 2009, 6:25 http://www.journal-inflammation.com/content/6/1/25
Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

selective inhibitor wortmannin.  J Biol Chem 1994,
269:3568-3573.

8. Kohn AD, Summers SA, Birnbaum MJ, Roth RA: Expression of a
constitutively active Akt Ser/Thr kinase in 3T3-L1 adi-
pocytes stimulates glucose uptake and glucose transporter 4
translocation.  J Biol Chem 1996, 271:31372-31378.

9. Hill MM, Clark SF, Tucker DF, Birnbaum MJ, James DE, Macaulay SL:
A role for protein kinase B beta/Akt2 in insulin-stimulated
GLUT-4 translocation in adipocytes.  Mol Cell Biol 1999,
19:7771-7781.

10. Hauner H, Petruschke T, Russ M, Rohrig K, Eckel J: Effects of
tumour necrosis factor alpha (TNF alpha) on glucose trans-
port and lipid metabolism of newly differentiated human fat
cells in cell culture.  Diabetologia 1995, 38:764-771.

11. Gerhardt CC, Romero IA, Cancello R, Camoin L, Strosberg AD:
Chemokines control fat accumulation and leptin secretion
by cultured human adipocytes.  Mol Cell Endocrinol 2001,
175:81-92.

12. Takata M, Urakaze M, Temaru R, Yamazaki K, Nakamura N, Nobata
Y, Kishida M, Sato A, Kobayashi M: Pravastatin suppresses the
interleukin-8 production induced by thrombin in human aor-
tic endothelial cells cultured with high glucose by inhibiting
the p44/42 mitogen activated protein kinase.  Br J Pharmacol
2001, 134:753-762.

13. Temaru R, Urakaze M, Satou A, Yamazaki K, Nakamura N, Kobayashi
M: High glucose enhances the gene expression of interleukin-
8 in human endothelial cells, but not in smooth muscle cells:
possible role of interleukin-8 in diabetic macroangiopathy.
Diabetologia 1997, 40:610-613.

14. Mackay CR: Chemokines: immunology's high impact factors.
Nat Immunol 2001, 2:95-101.

15. Harmon AW, Paul DS, Patel YM: MEK inhibitors impair insulin-
stimulated glucose uptake in 3T3-L1 adipocytes.  Am J Physiol
Endocrinol Metab 2004, 287:E758-66. 287

16. Hernandez R, Teruel T, de Alvaro C, Lorenzo M: Rosiglitazone
ameliorates insulin resistance in brown adipocytes of Wistar
rats by impairing TNF-alpha induction of p38 and p42/p44
mitogen-activated protein kinases.  Diabetologia 2004,
47:1615-2447.
Page 6 of 6
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8106400
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8940145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8940145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8940145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10523666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10523666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10523666
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7556976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7556976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7556976
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11325518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11325518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11325518
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11606315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11606315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11606315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9165232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9165232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11175800
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15172888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15172888
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15365619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15365619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15365619
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Cell culture
	Measurement of IL-8 in the media
	Northern blot analysis
	Western blot analysis
	Data analysis

	Results
	Discussion
	Competing interests
	Authors' contributions
	References

