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Molecular mechanism of insulin resistance
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3#* Abstract

Type 2 diabetes is of particular importance as one of the main causes of cardiovascular diseases,
renal dysfunction and their related mortality. Two main characteristics of the disease are insulin
secretion defects and insulin resistance. It seems that insulin resistance is a key trigger in the
pathogenesis of the disease. It is reasonable to think about how to-prevent the incidence of type 2
diabetes, reduce its severity and morbidity and to postpone the disease onset by studying the
molecular mechanism of insulin resistance in order to inhibit or reduce the driving proteins behind
insulin resistance and to find appropriate therapeutic approaches especially based on RNAs
regulating gene expression.

This review focuses on recent published-molecular findings about occurrence of insulin
resistance using genetic databases such as KEGG GENES and OMIM to introduce the trigger
mechanism of type 2 diabetes.

Keywords: Insulin Resistance, Type 2 Diabetes Mellitus, Molecular Medicine

Corresponding Address: Mohammad Reza Sarookhani, Department of Laboratory Sciences, School of Paramedical
Sciences, Qazvin University of Medical Sciences, Shahid Bahonar Blvd., Qazvin, Iran

Email: mrsarookhani@gqums.ac.ir

Tel: +98-28-33336001

Received: 26 Dec 2013

Accepted: 11 May 2014


www.sid.ir

G aa /NFAY (3 5 )3TV g 53 )0 osled comdomn Jl o533 (S ke o5 cale does OA

il & Cuaglia 3loxy] JS)90 S

*

sk N
obdle glust 353

*%
Syl L) dese i

-
Cwgd f 2y

9 (Sbjy pole olStily (JoSlge 5 Jobu lidiod S po (JoSlge (S sl (soomiils
O (S pole oSy (JoSge 5 ok ClaiS 3 pe (559)iSgm Lol

Ol oy by pole Ly (cwlich yug g yloliwl s

SYASXYYYS e o) il o alile] pole 09,5 ¢ Sibslpm 03NS (38 (Sbj pole oSl (yiml dged ol ¢yrg38 1 ghumo ka5 o al
Email: mrsarookhani@qums.ac.ir

AVIYIVY i b pdy 2o,

AV/V [0 sl g

daS> H

0355 52 (Sloag Coganl Sl dagsl 51 (26 e g Sye 5 £5ilS 5 (g0 —olB Slacsilon Jelse B lel ST S gy 90 55 >
otalS Ly slee polaite d ol gasl o Cnglie sl (J5S0g0 muunilSo (3:35 gy 2 b Casl bt oyl ol A8l 2l5i5 ke s 0AS ]
By g cdl 0 oo oS las GLRNA ab b (ogas 4 Sloyd caulie (sla)lS ol (gej9m &) Cunglio yow 035 iy Slcon
ol 3 aSS bl 00w dlie ol 53 sl moMe jg o il Gagw b ol Lo)lse g s LialS e g9 cubd ¢ )low 9
s o Shon g oS5 LMl (gLacSTl J sl 5 clyal 4 cosglimedBiolis,) SisKe dej > o pitie JsSgo (slaadly
Do 43035 93 g5 cobd (6l 00T il 3 yme 4 OMIM 3 KEGG

550 (S5 099 €55 snle Cold (gl @ Cuoslie 10198

4o Mo 585 (youkeo YWo 4 S5 VoV Jlo y> il
Feo) Jlo as Cad 4S5 0008 ()55 90 98 cobd
Do o 03] [yt g Cuwl ALl Iol38l Mo ya B dga>
Sy yabee YES 513l VeY o Boae opl &S
w5 s,
DA 93 95 old foym )3 o NS o ek
Olise 4t el pice) (gl 4 anglin o 3
it 5 (5 P95 2 (gl s
9 £55 ol sl Julse (ol Pl (g
Slospla > pal Jdd 4 gl 4 Caoglio 1l a5 le
(dges] B S5 b 5eSan Gl S (g
"aggargn plo b b5 5 (Sdpbe sl plo
ol s MBS 2 gl 4y Cuoglio susy o i 4y

doddo ¥
d95co Sl o sl p3 Cebd gand LRIEI L
5 =hiclen ol Jolse 5l (o plsis 0 gyl 0]
Olge do op s el ke, Sh e 9 Sy
Sl 9 5 S5 g5 4 Bb sus (gl cpFpls
| ionls 09,5 ol 32 g5 s g
il Falite laas 0 b Jaexe yob 4y oS Cowl bn IS
5] (gl G (glacdl 1) Cpdgus] 4 Caoglie
e 5915 Ay li 8l g gl 85 5
cwliol 5y Slas Jds au b M| ) (\ij)-”%"u;"
L gl e (392 (BB 9 ol SSb sl S5k

) vz
P el e (20l (Blo ol 4 2295 L
S 89 3l Ol 99 £95 Cabd E58g Sy 29 L]


www.sid.ir

04

O‘)&A}@}bﬂﬁfﬁ..ﬂ\{@jﬁa :bﬁ»\éﬂyw&

= - o)
; i ro | ,:"_] _c-:z_] p i
QUT4 . l{\ ¥ ./
':\ PR B am =
\ /—J, J < =K
ASlen IL ; o .‘_\..‘ ;
Glucose utilization | Protein synthesis l

2 gl (90,98 (Sl paanno ) SIS
Sux gedl

(gl (gey9p Ba ool > S5 Gl

Jolw y3 3545 0 plosl GLUT4 (g0 8 8L lawes
055 GLUTA (Lo J5-Sgn 3090 s 05 5,05
L jgaze el bz )3 (ool sla oS
ol e Ole (s09j98l ©yge & sl yob 4
O Masadl g ey 3 Y5y P Jelss 5 38
GLUTA 153 (55l cslaJsSess iyl oy JUid
g Jite Joho (lowdly Lid v 4 (058 )90 &
o Lgs 315 5 i ot B i o i
O—S J= L e wshia 8 S WS
PIP2 . (PI3K) I LM jLis Y- il jon) g wd
4 |, (Phosphatidylinositol 4 , 5 bisphosphate)
(Phosphatidylinositol 3,4,5 trisphosphate) PIP3

5 65 g sladauly 9 08 o s
AKT , (Phosohoinositide - dependent) PDK1
Rab - GTPase) AS160, (Protein kinase B)

oS5 L ol e 3 e oS e b
o=l 3 0aS eS8 sl oSdge Sl plS o (oo
O dlyghud LBl S5 ()low 9 50 Ll so pme
Jols o 4 GLUT4 iz )38l el AS160
€5 Olee b o8l alae > oS Jls 5 0o
ot i oo bl Gl o 00 i

sor M =B Jle Yo BV e Clelony opl g0l pads
0F 90 b S 98U ed 00 dbml 93 g8 Culid wDle
50 b (il 3 (58 0f ook Sl g Lo
oo Lol JolS bl Ll wsloas asslios Lo
el o Jds clayy ol oamis oluwls
il g Qi (jSl5 cal Sls Jlasl ¢ pdgul
sbags ader jl (2 sladobw b g 0 sl
035 390> b el 2 Ptigy o slod &4y s Mo
Mloads adlis bagpo pdoud] 4 Cowlus ool b o3
Ol 4 Colus (50 bl )3 masdy90 s oy 45
il 38> ol Jlo ol Vs e Sl
plagl 51 (slodsss 30 el & Cuoglio sy JsSUse
Jolge disej 5 o0 plitia (slaedl cp Sl 4SS L L
adoya sl plgie 4 gl 4 Cunglio sloml )3 5
5972 090 Ji3Ed (Byme 4 g3 £ Cobd (6 low Sl

Do By oy oyl

g, 9 dlge *
e adlan Ly siopllas (65950 (g3 2l 5
9 lew dloul anls 15 WSy sla 5 g g9 ol
I\ ERC I Lﬁ‘jd)l.oﬁ o 3 miRNA gt
s dusie (J9SUge 5 (Si) SNl sl

9(Online Mendelian Inheritance in Man) OMIM
{Kyoto Encyclopedia of Genes and Genomes) KEGG
5 FJeNge Lol 5 (Suij badlas (lo bls)
e (Job eliie 3 (el 4 Caoglie fo e
gl 41 Cuaglia 3loxsl (S350 S BroumlSa
GLUT4 JeSgo JL—81 g ki j5 JWi—B!
8l aw ydaumsl = (Glucose transporter type 4)
> Gl Sl eMace S o spS el ) Baa
052258 (Jelw (19)> Slwsply e V JSB 0S4

a3 o iuled B cdl jo 1) oyl gud!


www.sid.ir

S aa /NFAY (3 5 )3TV g 53 ()0 osled comdomn Sl o533 (S ke o5 cale domes &

MTOR yiind ydnsd JUd g dy 325 ¢ ot >
dasuie — (Mammalian target of rampamycine)
9 2 ©8k el a3 Slas 0kl ol
liel 3) Shoe L olyon 45 Cunla o2 ol gilie
92 &9 ubd (lol a2)le 93 Wl SSL by sy S5l
M e

gemmno O JLsd aslodly lis 8 slaadllas
03 S Snled ywo 4 S MTOR (g5LiS 59,0
Moyl 4 wilgs o ‘cwl oy 9 s claply
alyeeud L mTOR " JH o O gudl 4y Cooglio
O gl (Slyimage sl 59y d9290 Sl 35
&l (Insulin receptor substrate 1) IRS-1 L,
ol 9 38550 IRS-1 3y, | AKT 5 PIBK gl Jls
b ol 90)92 (Splie clld a2l JoSdge 90
(Moae ool s ol Mg o b
b &) dlde 9 48 CBL ) 5 oad od (A5 5 (22
Sy oy Ay o e 0wy LSl 4
S6K1 L, u’_:l)>| s e ymTOR i
» (Ribosomal protein S6 kinase beta 1)
sob 4 baglas cpl g aily 2VU oly Jusislaglse
Cuaglio b basye (Bl 4 2Ae ) @bl b (S
M7 0 )los US5) ailond Mo g &

mmux/ PEK
- oo
it [ LY~y /' — T
4 oLUTE TSC1-2
=y -z_'#‘ Il

- Rheb

™
.mk\‘l”’“ dt } * a5 Angal g ded

[ 0y i — [ mron | == 32

st 3ol 5 sk JySlge (ot Y IS
DASJS)LQA a0 9 Bad ha.ﬁb 2 O*‘S*‘*" Q C}wsﬁo
Sl

e

ol odaliie 93 g4 Cubd 4 Mie 01,8l > GLUT4
Lol s 3525 (a3 (s ol o ol
30l asly nlS b e & o Ji] e
sn sl 5 Lo Jslo 3] e 3 (oo <l
Jole o JUsd 4y PIBK )b ¢ Sl eMas
Racl iy GEF ols 5 &gy oy
(Ras-related C3 botulinum toxin substrate 1)
2 45 bl o (Rho odlgils Soo8 <WGTPase)

U5 5 o e 5 o Sl 551 358 S
ol b U559 ,Sun (ggm jl3yh s> GLUT4

L JsSSjg olyen olie ¥ &9y o PIP3 L GLUT4
(Vesicle-associated membrane protein 2) VAMP2
) Jolw il & Jlcbly Jlasl sil,3 b st ol
JUs] 155 oa e 3 0l 3 a7 i plo
Loy 515 Qi g Jobo g 4 GLUT4
e 1y gl (1909 3o Coled 3 9 3 1,8
Juasl ool gl Mae Jslw ja Racl dgg .08
P asb Racl by 886 oS SMac .l (5950
Jsl donts )3 g At Jobo Sl 8T Tk <
sl s s oy i s dtenly GLUTA
GLUT4 55 552935 yomo Lol " .3ss o Cigio
Sglite (22 Sl ob )3 gl 325k jl o S0
N-WASP 4 TC10 (sla &gy ¢ oy <8l 5o .l
5 (Neural wiskott-aldrich syndrome protein)
Gy ) GLUT4 Jlasl g J&5 o Racl gls 4 o048
O 3l 590 ey WAy 8 d Jelw cdSwl o8]
2 0SS )b (il 1 Sa o > el & Cans
Al el 1l Jobo s & 3555 (lSl oo
Al 5090 B Cdb ) pgus] 4 Cuoglie s

P EiS e s @bisl g5 posad 4 (Bl - Sl
P S 9 ol LS Yl 93 58 ol @ LM
30505 Jlas 99 £ cobd & sl 318l

P Pl pie g (oS5 4l 3 ogad 4 (g 8L
R e Sl (grelineST (R3Sl 6551 ol
(Y).a)b Odamil 4 Cuoglin Dbl )d  coudianno


www.sid.ir

4

O‘)&mﬁ}@jbﬂﬁfﬁ..ﬂ\{@jﬁa :W\éﬂyw&

g s ) gl o atly 5515 Conliol Ol
C LS 89 9 L5 € 5lS 0aSgn plojen culled
Lids € 5L’ (9 ol o dy 457 39 o LS
IS s C LS g it Sl slop 552!
e Cumbgn 33 (pdguil 020 S (gDl johnd laal
01555 9yt oD ygiund o] (tlj3l g ol
5 OERl ) (9052 (Bloyply e 22 ET) (g
RKESER F N PO I PSPPSR
g IL-6 alex il yols (claplSgudl — 1 w5 gu
o gl 4 Cunglin joy 50 B > 4 35 TNFa
&iloly b JsSIse ol My sy liesloss
INK b5 ola J9Sge 095 (Slwply (sl e
(IxB kinase) IKK 4 (Nterminal kinase C-Jun)
sl il b 4l e TKK ¢ INK .S o Jlub |,
oeli8l 3k L IRS-T (s (9ol 50
4 Cangliie INOS b el slaj 5l (aginy
ST adgi 50 dNOS colled .ais sl 1) guadl
Dy Yol Co gt (S gy JUb Olinie 5 ()59
OAed Jise Sel G S (S 9 595 S
L 02,5 s Gl 5l oyl (Ll ot
ol & L95 e AKT, IRS-1, PIBK e Mz i
» 5 Jsko e 4 GLUTA Jlash o8 s JsSJso
ol JS5) At s Lo 15 L ol
lpag, s TNFa 5 116 i 5550 50 4l
2y 3929

-(ROCK: Rho-associated protein kinase) ;lS Rho
o dly GLajlST 89 L (2w dajlus” Rho
Ras 4 aiuuly S glsan auwd & siwa GTP
5 S Rho (Lo (oo bl Spde st
sialS 4 o] jialS a8 956 4 9,05 dgg IRS-1
el 3 PBK cld ials coles 15 o IRS-1 i
P ROCK 5 BGis L ogd oo yowe dlae g oy
IRS-1 cpjops (b abygind )3 ST s a4 hse
Mosgsiee sboul Gy ot JS 53 oyl 4 Cuoglio

IRS-1 Jg-SJ50 ;3 V)2V Cambgo (o dizol Sl

5 3k sbplas 4S5 3 SOKT JoSdge un lgic 4
MR a5 3)50 Golow cnl Sloyd g (areitd )l (lgie
e 9 et b wlgie Sl oy ol s 5
80 5 ol 4 ogerse Jlasl b gl 0355 oy
4 Canglie b bl 4 05,5 (G5US (2598 Culled
590 S35 S WLl Loy 81008 S g

HMGA g9y Jole gyl 5 (yok] C LS
(High mobilitygroup protein with AT-hook)

SPI o, Slas )d Cudg o Ca cly
CEBP 4 (Specificity protein 1)

Y909y 59y (CCAAT enhancer-binding protein)
Obs 9 L caled 50 9 99500 gl 03,5 05
(Jolis o )3 ol jods LS 5 gl 005,8
Bran R (w3l 2pgl 0 2y 1) (igay9m 4 Cunglie
gl & atusly AKT-PKC cullab ons glusl e
3 9 el e GlaljBl eel g A8 oo idgie
Mg (e o sbo S 3> JyyudlS oo
Sao YL Byns Judd 4 ilodlhy Lis baaslllas
F aile Sl e JUsb celaa sl o ynyy
) 6l plgis @ & <(HNE) JUg onS5)00
P e b mulad (B o2 (sl
WHgd oo oo 55 o8 3l (SHas by sl
st Ohlo 9 gl 4 Cuoglio b 53 (e
" sn3 oo Lt Ty (gl sine by 5 s oo (2138
2y Shos ialS 4y wlgi o Sl oz sl YL (e
re o GHde JBld 7 5o I 5 T1 LS oS
) gl (0290 &2 Cuoglio 393 a5 2 57

) 1S syl oy yeslyos by 05 o
a5 4 —(@PKC) JLSud! C 508 cpadig y—s
gl ey Cunglie g ooy 5T 51 o ol oo o) 0
Al 3y ol bl sl s sl Lawgs o &)

39


www.sid.ir

S aa /NFAY (3 5 )3TV g 53 ()0 osled comdomn Sl o533 (S ke o5 cale domes At

S9-S0 s S 25 (gl g e o
2 o Sl cln diel laswl o blS
el 5 SSL B sla sl plod s sl Jsh
9 2 E3b pled oyl jgtwgiST )3 )55
el s Jlte lgie & T se 5 csMloges
9 J8 allo Ve 093 Gy 95 obd & Mie D131 (g,
L wglate miRNA VWY olas o g)lon pMe jl an
e oy il dmr g JS &5 A8 )15 S8 sladiges

%) Gsls Olis Mice ol 3l as Ve 0 1) Jalate ol

1 S Ao g Cou
aS a8 lLamiRNA L bLs)l olwls
) 99 95 <ol oliilen o Jidd 9 e oy
og e 15 sl ppe s (b Jlas 5l a8 o J S
g9 <ol 2licsslen yre (139 9 oo CELS
Sl L spSday by, plwlid i ol e
SLamiRNA 385 (3yme (piman djlues jlgon
wrmad 4 Gl ) eaiSdilie lagf L by
oml slide jw lgss an) gl 4 Cuoglio sl
claalis ylge )y gl 5l ool Blg o (5 )low

L Hlsisl (gylon 348 Lasedd ()

o eSS Lo (B &S il @ a2y
ol o)Ll b Baa cdl 4 (sade il 5l atmiRNA
dA_Jf dumlRNA )l oalawl [ ul9—’u—‘° o

JmSole ca ) pales il b Gl slaysy,

™ cils aye s o Sy

:&' o #*
1. Keshavarz B, Ziaece A, Javadi A, et al.
Comparison of insulin secretion and
resistance in patients with acute coronary
syndrome. JQUMS 2008; 12 (3): 7-14 [In
Persian]
2. Vinciguerra F, Baratta R, Farina MG, et al.
Very severely obese patients have a high

=0l a9 UL (g sla S9N
e (§3Sboly (ool adS oo i dljshud
OS9 Cnlnlin 09800 Cmie gl Slyply
4 e ol SodiiS)les (p Pt e 4 bajllans
Soilland il 4 S gla gy 55 il e lod
LAR 4(Protein-tyrosin-phosphatase 1B) PTP1B
sL=e » (Leukocyte antigen-related protein)
e sl 5 A8 )5 gl 00 yS LS culled
s PTPIB "™ il o o)Ll gl 3509 on
g a b o ili8l ply do b sobsolydl s s LAR
5 L) Y Gla s g alas <8l
Slou! s wdl dl Caglie alae § S (o ity 0
Wl 28 ' s L)l sl s
Swpla s dgde 048 oo lgis 4y SHIP
Cmlody ola 4 Sl dlas 5 4553 (9090
Ay g Mk polio A8 4 SHIP 036 Juo sl yige
Ol sl s oS WGl glalasMe LB Camwlus pdgul
IRS-PI3K-AKT po 3l pdous! Sloyple 5,Sles
L SHIP sy ooyl 4 09 oo yomio diae g 05 )0
ploolly 593 (g5l go cJld PIP3 0 Jo )L g
PTEN (u
3 (Phosphatase and tensin homologe)
b jlae 4 pme ol 5l 9 Cowl PIBK oSl

3431 )l?ﬁj}" wd 25 o

53100 92092 el
g9 cobd b o Lalen g mIRNA i - MIRNA
A 9 ad wpn Voo ¥ Jlw 0 )L (s 9
Sl (5 lols Nz 5 o L D 4 duo 0

P 35 Lol 5 (65 e (sBMIRNA
LA Jsb b So 8 slRNA I glaswy lamiR
Sl 1) posi dod VL5 ) g diwnd 1 55ilSe5 VY
G ) oy o3 ¥e ol il lag ] s o
95 adiols ey 59) (it adal (sl
Sy 1S 58 (a2 e L MRNA

(Sl JolSS el (65905 25 3130 (51 mIRNA


www.sid.ir

4

O‘)&A}@}bﬂﬁfﬁ..ﬂ\{@jﬁa :bﬁ»\éﬂyw&

prevalence of type 2 diabetes mellitus and
cardiovascular disease. Acta Diabetol 2013
Jun; 50 (3): 443-9

3. Honardoost M, Sarookhani MR, Arefian E,
Soleimani M. Insulin Resistance Associated
Genes and miRNAs. Appl Biochem
Biotechnol. 2014 Jul 2. [Epub ahead of print]
PMID: 24984602

4. Gharavi A, Haja Agha Mohammadi AA,
Ziace A, et al. Investigation of insulin
resistance in patients with liver cirrhosis and
its relationship with severity of disease.
JQUMS 2009; 14: 20-5 [In Persian]

5. Watanabe RM. The genetics of insulin
resistance: Where's Waldo? Curr Diab Rep
2010 Dec; 10 (6): 476-84

6. Guay C, Roggli E, Nesca V, Jacovetti C,
Regazzi R. Diabetes mellitus, a microRNA-
related disease? Transl Res. 2011 Apr; 157
(4): 253-64

7. Schafer SA, Machicao F, Fritsche A, et al.
New type 2 diabetes risk genes provide new
insights in insulin secretion mechanisms.
Diabetes Res Clin Pract 2011 Aug;93 Suppl
1: S9-24

8. Rathmann W, Giani G. Global prevalence
of diabetes: estimates for' the year 2000 and
projections for 2030. Diabetes Care 2004 Oct;
27 (10): 2568-9

9. Dunmore SJ, Brown JE. The role of
adipokines in beta-cell failure of type 2
diabetes. J Endocrinol 2013 Jan 2; 216 (1):
T37-45

10. Shulman GI. Cellular mechanisms of
insulin resistance. J Clin Invest 2000 Jul; 106
(2): 171-6

11. Balamatsias D, Kong AM, Waters JE, et
al. Identification of P-Rex1 as a novel Racl-
guanine nucleotide exchange factor (GEF)
that promotes actin remodeling and GLUT4
protein trafficking in adipocytes. J Biol Chem

2011 Dec 16; 286 (50): 43229-40

12. Samuel VT, Shulman GI. Mechanisms for
insulin resistance: common threads and
missing links. Cell 2012 Mar 2; 148 (5): 852-
71

13. Guthrie RM. Evolving therapeutic options
for type 2 diabetes mellitus: an overview.
Postgrad Med 2012 Nov;124 (6): 82-9

14. Schwenk RW, Angin Y, Steinbusch LK,
et al. Overexpression of vesicle-associated
membrane protein (VAMP) 3, but not
VAMP2, protects glucose transporter
(GLUT) 4 protein translocation in an in vitro
model of cardiac insulin resistance. J Biol
Chem 2012 Oct 26; 287 (44): 37530-9

15. Chiu TT, Patel N, Shaw AE, et al.
Arp2/3- and cofilin-coordinated  actin
dynamics is required for insulin-mediated
GLUTH4 translocation to the surface of muscle
cells. Mol Biol Cell 2010 Oct 15; 21 (20):
3529-39

16. Pandey AK, Agarwal P, Kaur K, Datta M.
MicroRNAs in diabetes: tiny players in big
disease. Cell Physiol Biochem 2009; 23 (4-6):
221-32

17. Rao X, Zhong J, Xu X, et al. Exercise
Protects  against  diet-induced  insulin
resistance through downregulation of protein
kinase CB in mice. PLoS One 2013 Dec 9; 8
(12): e81364

18. Bhattacharya S, Dey D, Roy SS.
Molecular mechanism of insulin resistance. J
Biosci 2007 Mar; 32 (2): 405-13

19. Khamzina L, Veilleux A, Bergeron S,
Marette A. Increased activation of the
mammalian target of rapamycin pathway in
liver and skeletal muscle of obese rats:
possible involvement in obesity-linked
insulin resistance. Endocrinology 2005 Mar;
146 (3): 1473-81

20. Tremblay F, Gagnon A, Veilleux A, et al.


www.sid.ir

S aa /NFAY (3 5 )3TV g 53 ()0 osled comdomn Sl o533 (S ke o5 cale domes 5F

Activation of the mammalian target of
rapamycin pathway acutely inhibits insulin
signaling to Akt and glucose transport in 3T3-
L1 and human adipocytes. Endocrinology
2005 Mar; 146 (3): 1328-37

21. Bae EJ, Xu J, Oh DY, et al. Liver-specific
p70 S6 kinase depletion protects against
hepatic steatosis and systemic insulin
resistance. J Biol Chem 2012 May 25; 287
(22): 18769-80

22. Veilleux A, Houde VP, Bellmann K,
Marette A. Chronic inhibition of the
mTORC1/S6K1 pathway increases insulin-
induced PI3K activity but inhibits Akt2 and
glucose transport stimulation in 3T3-Ll1
adipocytes. Mol Endocrinol 2010 Apr; 24 (4):
766-78

23. Zhang J, Gao Z, Yin J, et al. S6K directly
phosphorylates IRS-1 on Ser-270 to promote
insulin response to TNF-(alpha) signaling
through IKK2. J Biol Chem 2008 Dec 19;
283 (51): 35375-82

24. Toledo K, Aranda M, Asenjo S, et al.
Unsaturated fatty acids and insulin resistance
in childhood obesity. J Pediatr Endocrinol
Metab 2014 May 1; 27 (5-6): 503-10

25. Ingram KH, Hill H, Moellering DR, et al.
Skeletal muscle lipid peroxidation and insulin
resistance in _humans.. J Clin Endocrinol
Metab 2012 Jul; 97 (7): E1182-6

26. Choi K, Kim YB. Molecular mechanism
of insulin resistance in obesity and type 2
diabetes. Korean J Intern Med 2010 Jun; 25
(2): 119-29

27. Shinozaki S, Choi CS, Shimizu N, et al.
Liver-specific inducible nitric-oxide synthase
expression is sufficient to cause hepatic
insulin resistance and mild hyperglycemia in
mice. J Biol Chem 2011 Oct 7; 286 (40):
34959-75

28. Li H, Lee J, He C, et al. Suppression of
the mTORCI1/STAT3/Notchl pathway by
activated AMPK prevents hepatic insulin
resistance induced by excess amino acids.
Am J Physiol Endocrinol Metab 2014 Jan 15;
306 (2): E197-209

29. Tsou RC, Bence KK. The genetics of
PTPN1 and obesity: insights from mouse
models of tissue-specific PTP1B deficiency. J
Obes 2012; 2012: 926857

30. Tsou RC, Bence KK. Central regulation
of  metabolism by protein tyrosine
phosphatases. Front Neurosci 2013 Jan 7; 6:
192

31. Esguerra JL; Bolmeson C, Cilio CM,
Eliasson L. Differential glucose-regulation of
microRNAs in' pancreatic islets type 2
diabetes model Goto-Kakizaki rat. PLoS One
2011 Apr7; 6 (4): 18613

32. Arefian E, Kiani J, Soleimani M, et al.
Analysis of microRNA signatures using size-
coded ligation-mediated PCR. Nucleic Acids
Res 2011 Jul; 39 (12): ¢80

33. Herrera BM, Lockstone HE, Taylor JM,
et al. Global microRNA expression profiles in
insulin target tissues in a spontaneous rat
model of type 2 diabetes. Diabetologia 2010
Jun; 53 (6): 1099-109

34. Frohnert BI, Bernlohr DA. Protein
carbonylation, mitochondrial dysfunction,
and insulin resistance. Adv Nutr 2013 Mar 1;
4 (2): 157-63

35. Matthews L, Berry A, Ohanian V, et al.
Caveolin mediates rapid glucocorticoid
effects and couples glucocorticoid action to
the antiproliferative program. Mol Endocrinol
2008 Jun; 22 (6): 1320-30


www.sid.ir

