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Background: Sequestosome 1/p62 is a scaffolding protein that plays a critical role in receptor-mediated signal transduction.
Results: p62 interacts with IRS-1 to enhance the Akt phosphorylation, GLUT4 translocation, and glucose uptake upon insulin
stimulation.
Conclusion: p62 participates in IRS-1 insulin signaling.
Significance: p62 plays a role in insulin-signaling, which provides a potential mechanism for its connection to type 2 diabetes.

Defects in the insulin-signaling pathway may lead to the
development of skeletal muscle insulin resistance, which is one
of the earliest abnormalities detected in individuals with the
metabolic syndrome and predisposes them to develop type 2
diabetes. Previous studies have shown that deletion of the
mouse sequestosome1/p62gene results inmature-onset obesity
that progresses to insulin and leptin resistance and, ultimately,
type 2 diabetes. Sequestosome 1/p62 is involved in receptor-
mediated signal transduction and functions as an intracellular
signal modulator or adaptor protein. Insulin receptor sub-
strate-1 (IRS-1) plays a central role in transducing the insulin
signal via phosphorylation, protein-protein interactions, and
proteinmodifications.Mapping studies demonstrated that the
SH2 domain at the amino terminus of sequestosome 1/p62
interacts with IRS-1 upon insulin stimulation. Further, IRS-1
interacts with p62 through its YMXMmotifs at Tyr-608, Tyr-
628, and/or Tyr-658 in a manner similar to its interaction
with p85 of phosphoinositol 3-kinase. Overexpression of p62
increased phosphorylation of Akt, GLUT4 translocation, and
glucose uptake, providing evidence that p62 participates in
the insulin-signaling pathway through its interactions with
IRS-1.

Insulin is central to regulating glucose uptake in skeletal
muscle, and skeletal muscle insulin resistance is a key contrib-
utor to the etiology of type 2 diabetes. The intracellular action
of insulin is mediated by modification of the activity and sub-
cellular localization of regulatory proteins and enzymes
through protein-protein interactions and protein phosphory-
lation. Abnormalities in insulin signaling, which is crucial for a
wide variety of biological processes in skeletalmuscle,may con-
tribute to the development of obesity and type 2 diabetes (1).
After insulin binds to the insulin receptor (IR)2 on the cell sur-

face, the receptor undergoes autophosphorylation at several
tyrosine residues and becomes active (2). The activated IR then
phosphorylates tyrosine residues on intracellular substrates
such as the insulin receptor substrate (IRS) family proteins,
IRS-1–IRS-4. Research has focused on insulin receptor sub-
strate-1 (IRS-1) as a locus for insulin resistance because of its
central role in the insulin-signaling cascade. A pleckstrin
homology domain located at the amino terminus of IRS-1 is
involved in its coupling to the insulin receptor (3, 4). Adjacent
to the pleckstrin homology domain, the phosphotyrosine bind-
ing domain interacts directly with the phosphorylated NPXY
motif of the �-subunit of insulin and insulin-like growth factor
receptors (4, 5). The carboxyl-terminal tail of IRS-1 contains
severalphosphotyrosine(YXXM)motifs thatareautophosphor-
ylated by the insulin receptor and serve as docking sites for Src
homology-2 (SH2) domain-containing proteins. These include
enzymes such as phosphatidylinositol (PI) 3-kinase, Grb-2,
SHP-2, Fyn, andNck, and docking with IRS-1 leads to a cascade
of several intracellular signals (6, 7).
Protein kinase B (Akt) is an important component of the

signaling cascade and is downstream of PI 3-kinase. Phosphoi-
nositide-dependent kinase 1 (PDK1) phosphorylates and acti-
vates several kinases including Akt and atypical protein kinase
C � (PKC�). Akt can also be phosphorylated by mammalian
target of rapamycin (mTOR) bound to its regulatory protein,
rictor (8). The activated Akt enters into the cytoplasm,
where it phosphorylates and inactivates glycogen synthase
kinase 3 (GSK3). In addition, the activated Akt phosphory-
lates its substrate proteins, such as AS160, and promotes
GLUT4 translocation to the membrane, leading to enhanced
glucose uptake.
Sequestosome 1/p62 is an intracellular signal modulator or

adaptor protein that plays a major role in receptor-mediated
signal transduction. A highly conserved cytosolic 62-kDa pro-
tein, p62 functions as a scaffolding protein that interacts with
the atypical PKCs (PKC� and PKC�/�) in several signaling path-
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independent ligand of the SH2 domain of p56lck (10). The
domain structure of p62 includes an ubiquitin-like domain
(UBL) at its amino terminus (11), and within this UBL domain,
there are an SH2 binding domain and an acidic interaction
domain that bind the atypical PKC (9, 12). Other downstream
p62 motifs include a ZZ finger, a binding site for the RING
finger protein tumor necrosis factor (TNF) receptor-associated
factor 6 (TRAF6), two peptide sequences rich in proline, glu-
tamic acid, serine, and threonine (PEST sequences), an LC3-
interacting region (13), and a ubiquitin-associated (UBA)
domain (11) at the carboxyl terminus. These domains enable
p62 to interact with target proteins and to serve as a scaffolding
protein (14, 15). p62 is required for shuttling the microtubule-
binding protein Tau for proteasomal degradation (16), and dis-
ruption of the p62 gene in mice results in an Alzheimer disease
phenotype (17). In addition, targeted deletion of themouse p62
gene results in obesity that progresses to insulin resistance as
well as type 2 diabetes (18, 19). Deletion of p62 also leads to
leptin resistance, another feature associated with these meta-
bolic disorders (18).
In the present study, we observed that sequestosome 1/p62

interacts with IRS-1 upon insulin stimulation. Results showed
that the interaction ismediated through the SH2 domain of p62
and the YXXMmotif of IRS-1, a motif that is also necessary for
its interaction with PI 3-kinase. Herein, we demonstrate that
p62 participates in insulin signaling.

EXPERIMENTAL PROCEDURES

Antibodies and Reagents—Anti-IRS1 was purchased from
Millipore, Temecula, CA; anti-p62, anti-V5, anti-HA, anti-
Myc, anti-GLUT4, and anti-N-cadherin were obtained from
SantaCruz Biotechnology, Santa Cruz, CA. Phospho-Akt (Thr-
308 and Ser-473) and total Akt antibody were purchased from
Cell Signaling Technology (Danvers, MA). Anti-rabbit IgG and
anti-mouse IgG-HRP linked secondary antibody were fromGE
Healthcare UK Ltd., and enhanced chemiluminescence (ECL)
was from Thermo Scientific. Protein A-Sepharose beads, anti-
�-tubulin antibody, and all other reagents were obtained from
Sigma-Aldrich.
Cell Culture—Parental L6 cells were maintained in DMEM

medium (Invitrogen), and Chinese hamster ovary (CHO) cells
overexpressing the human IR (CHO/IR) were grown in Ham’s
F-12 nutrient mixture (Invitrogen) supplemented with 10%
fetal bovine serum and penicillin/streptomycin in a humidified
atmosphere containing 5% CO2 and95% air at 37 °C. L6 myo-
blasts were cultured in DMEM medium (changed daily) con-
taining 2% fetal bovine serum and penicillin/streptomycin for 7
days to promote differentiation into myotubes. CHO/IR cells
were transfected using the cationic lipid method with Lipo-
fectamineTM 2000 transfection reagent (Invitrogen). The cells
were deprived of serum in culture medium for 4 h at 37 °C
before cell lysis.
Immunoprecipitation and Western Blotting Analysis—Cells

were stimulated with or without insulin (100 nM) for 15 min at
37 °C. The cells were lysed with Triton lysis buffer (50 mM

HEPES (pH 7.6), 150 mM NaCl, 20 mM sodium pyrophosphate,
10 mM NaF, 20 mM �-glycerophosphate, 1% Triton, 1 mM

Na3VO4, 1 mM phenylmethylsulfonyl fluoride, and 10 �g/ml

leupeptin and aprotinin). Protein was estimated by the Brad-
ford procedure (Bio-Rad) using bovine serum albumin (Sigma-
Aldrich) as a standard. Cell lysates (1 mg) were diluted in lysis
buffer and incubatedwith 4�g of primary antibody. The immu-
noprecipitates were collected with protein A-Sepharose beads
overnight at 4 °C and then washed three times with phosphate-
buffered saline (PBS). Samples were boiled in sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) sam-
ple buffer; proteins were resolved on 10% SDS-PAGE, trans-
ferred to nitrocellulose membranes (Bio-Rad), and analyzed by
Western blotting with the appropriate antibodies, and immune
complexes were detected by chemiluminescence.
GST Pulldown Assay—GST-p62 in glutathione-agarose

beadswas prepared from a single colony ofEscherichia coli cells
as described previously (20). The L6 myotubes were treated

FIGURE 1. Insulin-dependent interaction between p62 and IRS-1. A, L6
myotubes were serum-starved for 4 h and either left untreated or stimulated
with insulin (100 nM) for 15 min at 37 °C. One mg of lysate protein was immu-
noprecipitated (IP) with IRS-1 antibody and Western blotted with antibodies
against IRS-1 or p62, n � 3. The lanes labeled Input indicate crude lysate. B, the
above lysates were also immunoprecipitated with anti-p62 and Western blot-
ted with IRS-1 and p62 antibody. C, L6 myotubes (400 �g) stimulated with or
without insulin were interacted with an equivalent amount of GST-p62 in a
pulldown assay. The association of IRS-1 was determined by Western blotting
with IRS-1 and GST antibody. D, CHO/IR cells were transfected with V5-IRS-1
and Myc-p62 and stimulated with or without insulin for 15 min. The cells were
lysed, immunoprecipitated with V5 antibody, and immunoblotted with IRS-1
and Myc antibody. Lysates were Western blotted with anti-Myc to assess the
expression of the p62 plasmid. Experiments were replicated three times with
similar results.
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with or without 100 nM insulin for 15 min. GST-p62 protein in
beads was blocked for 1 h at 4 °C with 0.5% BSA in PBS, and the
beads were washed with binding buffer (20 mm Tris, 100 mm
NaCl, 2 mm EDTA, 0.1% Triton X-100, 2 mm dithiothreitol,
0.05% BSA, and 5% glycerol). Five �g of GST-p62 was added to
the L6myotube lysates (400�g), and the samplesweremixed by
rotation for 90min at 4 °C andwashedwith 2.5mMTris, 2.5mM

EDTA, 250 mM NaCl, 0.1% Triton X-100, and 10% glycerol.
SDS-PAGE sample buffer was added, and the samples were
boiled for analysis (14).
Membrane Fractionation—CHO/IR cells were transfected

with Myc-p62 or a full-length antisense construct of p62
(ASp62) and serum-starved. The cells were treated with or
without 100 nM insulin for 20min, and cytosolic andmembrane
fractions were isolated using the ProteoExtract kit (Calbi-
ochem) according to the manufacturer’s standard protocol.
Deoxyglucose Transport Assay—CHO/IR cells were trans-

fected withMyc-tagged p62 (OEp62), ASp62, or p62�SH2. The
transfected cells were treatedwith orwithout 100 nM insulin for
20 min. 2-Deoxyglucose uptake was assayed in CHO cells as
described previously (21–23).

RESULTS AND DISCUSSION

Insulin Induces the Interaction of Sequestosome 1/p62 with
IRS-1—IRS-1 interacts with several SH2 domain-containing
proteins such as PI 3-kinase, Grb-2, SHP-2, Fyn, and Nck (24–
26). We sought to investigate whether IRS-1 interacts with p62
upon insulin stimulation. L6 myotubes were serum-starved for
4 h and treated with or without insulin (100 nM) for 15 min at
37 °C. The cells were lysed with Triton lysis buffer and immu-
noprecipitated with anti-IRS-1 or anti-p62 antibody andWest-
ern blotted with anti-IRS-1 and anti-p62 antibody. Results
showed that p62 interacts with IRS-1 upon insulin stimulation
(Fig. 1,A and B). To further support the co-interaction of IRS-1
with p62, GST-p62 pulldown assay was also carried out in L6
myotubes. In the absence of insulin, cells did not exhibit any
detectable IRS-1-p62 complex formation. However, stimula-
tion with insulin induced IRS-1 association with p62 (Fig. 1C),
which coincided with the coimmunoprecipitation results. In
addition, CHO/IR cells were transfected with V5-IRS-1 and
Myc-p62. The cells were stimulated with or without insulin for
15 min as shown in Fig. 1D. The cells were lysed, and V5 was
immunoprecipitated, which was followed by Western blotting

FIGURE 2. p62 interacts with IRS-1 through its SH2 domain. A, domain structures of full-length p62 and p62 mutants (�UBA, �N-term, and �SH2) were used
to map the interaction with IRS-1. N, N terminus; AID, acidic interaction domain; LIR, LC3-interacting region; C, C terminus. B, CHO/IR cells were transfected with
IRS-1 and wild-type Myc-tagged p62, �UBA, �N-term, or HA-p62�SH2 domain. The cells were stimulated with insulin (100 nM) for 15 min and lysed in Triton
lysis buffer. The cell lysates were immunoprecipitated (IP) with anti-V5 followed by Western blotting with anti-IRS-1 and anti-Myc/HA. The lysates were also
blotted with anti-Myc/HA to verify the expression of the p62 constructs. Experiments were replicated three times with similar results.
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with IRS-1 and Myc antibody. IRS-1 interacted with p62 on
insulin stimulation in overexpressed cells (Fig. 1D). The lysates
were Western blotted with Myc antibody to confirm the expres-
sion of p62. Taken together, these results provide evidence for the
formation of an IRS-1-p62 complex upon insulin stimulation.
SH2 Domain of p62 Is Essential for Interaction with IRS-1—

p62 is a scaffolding protein that interacts with several different
proteins (27).We next set out to examine which domain of p62
was involved in the interaction with IRS-1. Several p62 trun-
cated constructs such as Myc-tagged p62�N-term, Myc-
p62�C-term, and HA-p62�SH2 domain were used to map the
site of the interaction as shown in Fig. 2A. CHO/IR cells were
transfected with full-length IRS-1 and p62 truncated con-
structs. The cells were stimulated with insulin, and the interac-
tion was determined by coimmunoprecipitation of V5 tag of
IRS-1 and Western blotted with IRS-1 and Myc/HA antibody.
Interestingly, the C-terminal truncated p62 that lacks the UBA
domain still interacted with p62. However, the N-terminal
truncated p62 (�UBL, �SH2, �ZZ) and the p62 with the SH2
domain deleted did not interact with IRS-1 (Fig. 2B). These
results suggested that the SH2 domain of p62 is required for the
interaction with IRS-1.
Mapping the Interaction of IRS-1 with p62—IRS-1 contains

several phosphotyrosine (YXXM) motifs at its carboxyl termi-

nus that serve as docking sites for several proteins (Fig. 3A) (15).
Therefore, we hypothesized that IRS-1 might also interact with
the p62 through its YXXM motif. To determine specifically
whether YXXMmotifs may be involved in the interaction with
p62, IRS-1 mutants in which 18 tyrosine residues (Tyr-147,
-426, -460, -526, -578, -608, -628, -658, -727, -745, -746, -895,
-939, -987, -999, -1010, -1172, and -1222) were all substituted
with phenylalanine (F18), as well as 3YMXM (with only three
phosphorylation sites: Tyr-608, Tyr-628, and Tyr-658) and
YCT (with only two phosphorylation sites: Tyr-1172 and Tyr-
1222) were examined. The three tyrosine sites in IRS-1
3YMXM are located in the middle of the IRS-1 protein and
share a common sequence (YMXMSP).When phosphorylated,
Tyr-608 and Tyr-628 (and, perhaps, Tyr-658) bind the p85 reg-
ulatory subunit (28, 29). Tyr-1172 and Tyr-1222 sites are
located in the C terminus of IRS-1 and are known to be acti-
vated by phosphorylation to form the binding sites for SHP-2
and Fyn (30–32). To examine the site of the interaction
between IRS-1 and p62, wild-type IRS-1 or its mutants, F18,
3YMXM, or YCT, were each transfected together with Myc-
tagged p62 in CHO cells that overexpressed the insulin recep-
tor. The transfected cells were stimulated with insulin, Myc-
tagged p62was immunoprecipitated, andWestern blotting was
performed to detect IRS-1 and p62. The wild-type IRS-1 and

FIGURE 3. IRS-1 interacts with p62 through its YXXM motif. A, schematic representation of IRS-1 showing the various tyrosine residues. N, N terminus; PH,
pleckstrin homology domain; PTB, phosphotyrosine binding domain; C, C terminus. B, CHO/IR cells were expressed with wild-type IRS-1 and the mutants F18,
3YMXM, or YCT along with Myc-tagged p62. The cells were serum-starved and stimulated with insulin (100 nM) for 15 min. p62 was immunoprecipitated (IP)
using Myc antibody and Western blotted for IRS-1 and p62. C, CHO/IR cells were transfected with Myc-p62 along with wild-type IRS-1 or 3YF mutant and treated
with insulin for 15 min. The co-interaction of p62 and IRS-1 was determined by immunoprecipitation with anti-Myc and Western blotting for anti-IRS-1 and
anti-Myc. The lysates were Western blotted with anti-IRS-1 to verify the expression of the constructs. Experiments were replicated three times with similar
results.
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3YXXMmutant protein interacted with p62, whereas the IRS-1
F18 and YCTmutants did not interact with p62 (Fig. 3B). Thus,
IRS-1 YCT, with Tyr-1172 and Tyr-1222 that were previously
shown to be the binding sites for SHP-2 and Fyn, does not
participate in the interaction with p62. However, IRS-1
3YXXM, which retains only the three YMXMSP motifs at Tyr-
608, Tyr-628, and Tyr-658, is involved in the interaction with

p62. This interaction of IRS-1 with p62 may be similar to its
interaction with p85. However, this does not rule out the pos-
sibility that other tyrosine residues of the YXXMmotif may be
involved in the IRS-1/p62 interaction. To confirm the involve-
ment of YXXMmotifs only at positions Tyr-608, Tyr-628, and
Tyr-658, we mutated these three tyrosine amino acids to phe-
nylalanine in the full-length IRS-1 plasmid (IRS-1 3YF) (Gen-
Script, Piscataway, NJ). CHO/IR cells were transfected with
wild-type IRS-1 or the mutants IRS-1 3YF along with Myc-
tagged p62 and were stimulated with insulin. The Myc-tagged
p62 was immunoprecipitated, and Western blotting was per-
formed to detect IRS-1 and p62. Thewild-type IRS-1 was found
associated with p62, whereas the IRS-1 3YF mutant did not
interact with p62 (Fig. 3C). The lysates were alsoWestern blot-
ted with anti-IRS-1 to check the expression of IRS-1 plasmids.
These data suggested that YXXM motifs at positions Tyr-608,
Tyr-628, and Tyr-658 are required for IRS-1 to interact with
p62.
p62 Influences the Insulin Receptor Signaling—Because p62

interacts with IRS-1 on insulin stimulation, we sought to inves-
tigate whether p62 may affect insulin receptor signaling.
CHO/IR cells were transfected with OEp62 or ASp62, which
has been shown to deplete the levels of p62 upon transfection
(33, 34). As control, the expression level of p62 was examined
employing equal protein concentrations of whole cell lysates
(Fig. 4A). The level of p62 expression increased in cells trans-
fected with Myc-tagged p62 (third and fourth lanes) and was
notably decreased in cells transfected with ASp62 (fifth and
sixth lanes).
To examine the effect of p62 on Akt phosphorylation, the

transfected cells were treated with or without insulin and
immunoblotted for phospho and total Akt. Overexpression of
p62 enhanced the phosphorylation of Akt at Thr-308 and Ser-
473 on insulin treatment. However, the reduction of p62 with
the antisense construct decreased the phosphorylation of Akt
when compared with either the control cells or those overex-
pressing p62 (Fig. 4B). TRAF6was found to be a direct ubiquitin
ligase (E3) for Akt and essential for Akt ubiquitination and
phosphorylation (35). The activity of TRAF6 is regulated by its
polyubiquitination and oligomerization (36, 37). p62 is found to
interact with TRAF6 (33) and is known to induce polyubiquiti-

FIGURE 4. p62 influences insulin receptor signaling. A, CHO/IR cells were
transfected with either Myc-tagged p62 or ASp62. The transfected cells were
treated with or without insulin (100 nM) for 15 min at 37 °C. Lysates from
control and transfected cells were Western blotted with p62. B, the above
lysates (A) were immunoblotted for phospho-Akt Thr-308 (p-Akt (T308)) and
phospho-Akt Ser-473 (p-Akt (S473)) and total Akt (Akt). C, the transfected cells
from above (A) were incubated in the presence or absence of insulin for 20
min, fractionated into membrane and cytosolic fractions, and Western blot-
ted with GLUT4, �-tubulin, and N-cadherin. The lysates were immunoblotted
for total GLUT4. D, OEp62, ASp62, or p62�SH2 mutants were expressed in
CHO/IR cells, cells were stimulated in the presence or absence of 100 nM

insulin for 20 min, and the rates of 2-deoxy-D-[3H]glucose uptake were deter-
mined. Each bar in the graph indicates the -fold change relative to the control
cells unstimulated with insulin, which was taken to be 1. Differences from the
control value treated with insulin and other groups are statistically significant
(*, p � 0.001). Error bars indicate S.D.

FIGURE 5. Model depicting the role of p62 in insulin signaling. p62 inter-
acts with IRS-1 on insulin stimulation and leads to Akt activation, GLUT4 trans-
location, and glucose uptake. Effect of p62 on Akt phosphorylation (indicated
by circled P) may involve other proteins such as TRAF6 (35, 38).
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nation, and oligomerization of TRAF6 thereby enhances the E3
ubiquitin ligase activity of TRAF6 (38). Depletion of p62 blocks
TRAF6 polyubiquitination and activation, which would inhibit
the Akt ubiquitination and phosphorylation. This might
explain the reduction in the phosphorylation of Akt on deple-
tion of p62 shown in Fig. 4B. Efforts are underway to examine
the effect of p62 on Akt ubiquitination.
As Akt phosphorylation regulates GLUT4 translocation (39,

40), we tested whether p62 influenced membrane recruitment
of GLUT4. We isolated the cytoplasmic and membrane frac-
tions from control, cells transfected with antisense p62, and
cells overexpressing p62. The membrane-to-cytoplasmic dis-
tribution of the GLUT4 was examined by Western blotting
analysis. In control and p62-overexpressing cells, insulin stim-
ulation translocated the GLUT4 from the cytosol to the mem-
brane fractions, whereas in ASp62-transfected cells, the
GLUT4 translocation to the membrane was impaired (Fig. 4C).
The purity of the fractions was verified by blotting with marker
antibodies such as�-tubulin andN-cadherin.We hypothesized
that the overexpression of p62 would increase the glucose
uptake. To test this, we used CHO/IR cells transfected with
OEp62 or ASp62mutant stimulated in the presence or absence
of insulin for 20 min. We also overexpressed the �SH2 domain
of p62, which lacks the SH2 domain that is necessary to interact
with IRS-1. The cells were incubated with 2-deoxy-D-[3H]glu-
cose, and the uptake of glucose was measured. We found that
the overexpression of p62 displayed a 0.8-fold increase in glu-
cose uptake when compared with the control cells on insulin
treatment. Reduction of p62 decreased the glucose uptake 0.6-
fold, and p62�SH2 mutant decreased the glucose uptake by
0.7-fold when compared with control upon insulin stimulation
(Fig. 4D). These results indicate that the ability of p62 to regu-
late glucose uptake is dependent upon its interaction with
IRS-1. Together, these findings reveal that p62 may play an
important role in insulin receptor signaling.
Our findings support a model where the interaction of p62

with IRS-1 regulates Akt phosphorylation, GLUT4 transloca-
tion to the membrane, and glucose uptake (Fig. 5). Results of
coimmunoprecipitation and GST pulldown experiments con-
firm the interaction of p62with IRS-1 upon insulin stimulation.
The interaction between p62 and IRS-1 ismediated through the
SH2 domain of p62 and YXXMmotifs at Tyr-608, Tyr-628, and
Tyr-658 of IRS-1. The interaction site is similar to that of the
p85 subunit of PI 3-kinase and IRS-1 (28, 29).
Insulin plays a major role in the disposal of glucose from the

plasma following a meal. Insulin stimulation leads to the acti-
vation of PI 3-kinase, which is essential forAkt phosphorylation
and downstream signaling. Insulin drives the translocation of
GLUT4 into the plasmamembrane (39, 40), thereby increasing
glucose uptake into tissues and restoring glucose levels. Previ-
ous studies (18) have shown that p62 knock-out mice develop
mature-onset obesity and insulin resistance. It has been dem-
onstrated that p62 influences insulin signaling and may play a
role in insulin resistance. Indeed, insulin injection in p62-de-
leted young nonobesemice did not impair the activation of Akt
in muscle and fat tissue (18). However, in obese p62 knock-out
mice, the phosphorylation of Akt was impaired in muscle and
fat but not in liver (18).Our results reveal that overexpression of

p62 increased the phosphorylation of Akt, GLUT4 transloca-
tion and glucose uptake on insulin stimulation. Depletion of
p62 by use of the antisense p62 construct has been shown to
abrogate the insulin signaling. Together, these findings reveal
that interaction of p62 with IRS-1 links p62 and the insulin-
signaling pathway.
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