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Salicylate Enhances Insulin Signaling by Preventing Ser731 Phosphorylation
of Insulin Receptor Substrate 1

Yong Hee Lee”
Department of Biochemistry, College of Medicine, Chungbuk National University, Cheongju, Chungbuk 361-763, Korea

Abstract — Salicylate (SA) was shown to alleviate insulin resistance. Here, we showed that SA inhibited Ser731 phos-
phorylation of insulin receptor substrate 1 (IRS1) and S6 kinase activation, and enhanced tyrosine phosphorylation of IRS1
in response to insulin or amino acid. Experiments using a cJun N-terminal kinase (JNK)-deficient cell and an IRS1 JNK-bind-
ing mutant showed that JNK is not required for Ser731 phosphorylation. A two-week treatment of obese mice with SA
resulted in decreased Ser731 phosphorylation and enhanced insulin signaling. These results suggest that SA enhances insu-
lin signaling by inhibiting Ser731 phosphorylation of IRSI.
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IRS19] Q4kg} Bo2] galli= akshe ARz}t 1 opu] Ak
= X3k B4 peptides E7)O] FAFsto] Alxshlt
(Covance, Denver, PA, USA). Anti-phosphotyrosine(PY-20)
antibody= Transduction Laboratories*H(Lexington, KY, USA)
oA 13514 17, phospho-Akt, phospho-p70S6K, phospho-
4EBP-12} hemagglutinin(HA) antibody 52 5+ Cell Signaling
TechnologyAH(Danvers, MA, USA)olA FJ3lt) Qade
Roche*F(Indianapolis, IN, USA), 222413} rapamycin 52| °F
&2 SigmarHSt. Louis, MO, USA)IA F-135Itt
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NaCl, 1% NP-40, 5mM EDTA, 10mM NaE 50 mM B-
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Fig. 1 — Modulation of serine 731 phosphorylation of IRS1. (A) CHO™S! cells were treated with insulin or anisomycin for 30 min or indicated
times. Immunoprecipitates of IRS1 were analyzed by immunoblotting with antibodies against phospho-serine731 or total IRS1. (B)
CHO™MRSL ¢ells were pre-treated with LY294002, PD98059 or rapamycin for 30 min prior to stimulation of cells with insulin or

anisomycin for 30 min and then phosphorylation was analyzed as above. (C) CH

O™IRSL cells were serum-starved for 24 h, placed in

DPBS with or without 5 mM SA for 2 h, and stimulated with 1X amino acid or 100 nM insulin for 15 min. Immunoprecipitates of IRS1
were analyzed by immunoblotting with the indicated antibodies.
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Fig. 2 — Salicylate increases the insulin-induced tyrosine phos-
phorylation of IRS1. CHO™®S! cells were treated with
5mM SA for 2 h prior to stimulation with 10 nM insulin for
the indicated times. Immunoprecipitates of IRS1 or total
cell lysates were analyzed by immunoblotting with the
indicated antibodies.
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o] INK A% F-915 HPA71H INK7F A3sH4] %8k IRS1
AJBD mutantZ W5 4= 9119 o] mutantoll X% wildtypedt
Ak AER e Al|731 Qs B QITHFig. 3B). <)
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Fig. 3 —JNK is not required for Ser731 phosphorylation of IRS1.
(A) wildtype (WT) or JNK1 and JNK2 double knockout
(NK1&27) mouse embryonic fibroblast cells were in-
cubated in serum-free media for 4 h before 15 min stimula-
tion with 10 nM insulin. Immunoprecipitates of IRS1 were
analyzed by immunoblotting with anti-phospho-Ser731
(pS307) or anti-IRS1 (IRS1) antibodies. (B) CHO™ cells
were transfected with plasmids expressing a HA-tagged
wildtype IRS1, a mutant IRS1 with Ser731 changed to Ala
(S731A), or a mutant IRS1 with leucines at positions 856
and 858 changed to glycines (AJBD). Cells were stimulated
with 10nM insulin for the indicated times and im-
munoprecipitates of IRS1 using HA tag antibody were
analyzed by immunoblotting with the indicated antibodies.
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Fig. 4 — Salicylate improves insulin signaling by inhibiting Ser731
phosphorylation of IRS1 in mice. C57BL/6 mice were fed
with high fat diets for 8 weeks, treated with saline or
salicylate at the concentration of 120 mg/kg/day using
osmotic pumps and fed with high fat diets for 14 days.
Liver tissues were removed following 5 min stimulation
with 5 U insulin or saline. Immunoprecipitates of IRS1 or
total tissue lysates were analyzed with the indicated
antibodies.
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