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Identification of a novel hepatokine that causes insulinresistance
and diabetic vascular complications
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We identified a gene encoding selenoprotein P (SeP), the hepatic expression levels of which
were positively correlated with insulin resistance and hyperglycemia in patients with type
2 diabetes. SeP caused insulin resistance, at least partly, by inactivating AMPK both in

vitro and in vivo.

SRR
(SBRLL - )
R IR & @

2008 “FE 1,100, 000 330, 000 1,430, 000
2009 4B 1,200, 000 360, 000 , 560, 000
2010 4FRE 1, 200, 000 360, 000 , 560, 000

E

R
Ak 3, 500, 000 1,050, 000 4,550, 000

R4y 8T« EHSET
BFE D5 EL « fH « WESREERES: « T
F—U— R X — AR



1. WY W DT 5

VT4, 2 BUBEPRYE - IERHEIX, AR A R L -

PRI , SN SRR IR 72 L2 A

FRERNICBWNTE Xy FU—27 % F

L TRIET 2 Z &k S T& 7z, e

THIFE, B - EA - IFER#E ORI L
L INHOZRTEKRC LY BETR

BaeZA4 Iy 7l bsds & THEK
DOMEFMEEHERF L TV D,
2. OB

AW TIX, 2 BUBERIF I K O A\ O I fik

WCRBLT 5385 1D SAGE, DNA chip fi##r
S FRUTIgE kA LE L LT, BV T
77 A > P(selenoprotein P; SeP)% [F7E L.
Z DRERE A fRIT LT,

3. WD Ik

2 BURE R B 5 4 L W& 5 4 DORFl#IC
VDR EELL 1% SAGE V5% VW CTELIEMIC
Rt U, BEIRISEAE T 1.5 0L BB TS
D55WH Ny a— RiB{E1 63 FE, FBUK
T 8B T 114 F%[FE L=, DNA chip ik
ZHWT IS OB OB L~
LBFOIRYE RERE LR, HEET
FKEBEN N a—RA 7 5 FIETEHME L
A A Y RS MEFRECMCR AP D B s
15 A [FE L7z,

GRRBRBHIAIC B 72 > CIXBEET D MBS
Ba0OFELZT, FREHTIE BRIRIE ®ITE
A LIRSS 0 BLRE LTz,

4. WFFERCR

1. FRE(ET-ZEEAMCR & AITFIE L, 2ol
A% 12057 IAEE & EICMEE L7k L
J7aTA P (SeP) #FER LT,

2. 2UMEIRIEE T LEIMKKAY~ 7 A, OLET
FZ v FTlX, IFSePigfs ¥, MLHSeP 4 o

NI ER LTz,

3. 2RUBEPRIF A 314 C i P SePHE FE & I
L7 S, MoFEfE, HbAlcfE & A B 72 1EHM
B2 RO T,

4. CB7TBL=~ 7 AT 1mg/kgDAEHISeP % Rij % 5-
T 5 & BEAMS0DHE O MFEEITKIL. 8
fFIZEHL (p=0.001) | MEFEANA R
U AL 143043 O MURERE T 21350 10%)8
55 L7z,

5. ZOVURADIFERHTA AU Rl
Akt U B KITIEGES L Tue,

6. SeP/ w77 U MvUAIKE, HERE
MBEHEBEIIEE THo2, FBLO
A A AMER TIEmERE, 1A
U S MEII R TH o T2,

7. SeP/ v 7T U R~ UADATE B TIEA
YAV R LA R TS
—OFr U b TUE LT,

8. HATIECHTHiZSeP# > /32710 1 g/mLTC1
2IFHIRTALE T 2 & A AU R &
%insulin receptor, IRS-2, Akt®D VU
BRALIZZ N ENHIA0% 2B L, B8
H~OFERHIERIB0% 300 L 7=,

9. SeP# HAHHE TIXAMPK®D U > fiR{L & ACCD
U e EES L, £ O Tl THIE S 4
% e Wiz BEE & =7 F¥ (PPAR-alpha,
Cpt—1, Acadl) DFEHLH T L7z,

10. ¥5HiSeP ¥ /37 % CHTBL~ 7 A IR
532 & HIEIZI 1T 5 AMPKIs K OMCC
DY ARGITAEIET LT,

1. fEFIEWRIAMPKE 2 — K357 7 /) v A
Jb A Z Y S T HARBAE T, SeP# BT
KDALY ARBUET R LT,

12. SeP#G-#lfd Tk, AMPK U > g {b 2 AT
W27 aTrA 753 AT 7 X —F20((P
P2C) D& /X7 FEBLDN U L Tz,

LAk 2 HURERRIE B IR O O FE ) FE B s

FREHT B IRE LT~ A > 'L



J7aTA 2Pk, —EIC AMP ¥ —BiE M
O EN LT, 2FDOA A SAPEE

RIS, 2D LI,

EAFEIRAE TR E

U7 RS . BEPRIE O REIC ARl & L TR S
T 5 AREMEEZ IR T 5,

L1, SeP ZEIRDFE L MREMAT, SeP
BAR T O 7 1T — 2 — AT H B R B H B
fr%@ﬁ@@i SeP PEAEAMHIEIT 2 HHMD A7

—= 7,

WM ERE T v & A ROMENL &

J|

%%%%6%%’%%‘3%%& %,

TSRO A wa—
Ingain nce APOC-1a 4hFor01 Other Factars?
(-—- i Ragats
W( Phosshosglalies .
¥ Asows e Type 2 Diabetic

gandant
Miharsm J Fasty Acid § Ouidation hrarpraduction Liver

\ Skeletal Muscle

(..--.w)

5. FleREinLE

CMERsRmSC) (B 22 1)
1.

Misu H, Takamura T, et al.: A
liver-derived secretory protein,
selenoprotein p, causes insulin
resistance. Cell Metab 12:483-495, 2010,
G

Hamaguchi E, Takamura T, et al.:
Histological course of nonalcoholic fatty
liver disease in Japanese patients: tight
glycemic control, rather than weight
reduction, ameliorates liver fibrosis.
Diabetes Care 33:284-286, 2010, i H
Ootsuji H, Honda M, Kaneko S, Usui S,
Okajima M, Okada H, Sakai,

Takamura T, et al.: Altered hepatic
gene expression profiles associated with
myocardial ischemia. Cire Cardiovasc
Genet 3:68-77, 2010, i

Komura T, Sakai Y, Honda M,
Takamura T, Matsushima K, Kaneko S:
CD14+ monocytes are vulnerable and
functionally impaired under
endoplasmic reticulum stress in
patients with type 2 diabetes. Diabetes
59:634-643, 2010, AHE

Nakamura S, Takamura T, et al.:
Palmitate induces insulin resistance in
HA4ITIEC3 hepatocytes through reactive
produced by
Chem

oxygen species
mitochondria. dJ Biol
284:14809-14818, 2009, Z i
Ando H, Takamura T, et al.: The
hepatic circadian clock is preserved in
a lipid-induced mouse model of
non-alcoholic steatohepatitis. Biochem
Biophys Res Commun 380:684-688,
2009, AFA

Ando H, Ushijima K, Yanagihara H,
Hayashi Y, Takamura T, et al.: Clock
gene expression in the liver and
adipose tissues of non-obese type 2
diabetic Goto-Kakizaki rats. Clin Exp
Hypertens 31:201-207, 2009, ##:
Ando H, Takamura T, et al.: Clock gene
expression in peripheral leucocytes of
patients with type 2 diabetes.
Diabetologia 52:329-335, 2009, Z#HifT
Uno M, Kurita S, Misu H, Ando H, Ota
T, Matsuzawa-Nagata N, Kita Y,
Nabemoto S, Akahori H, Zen Y,
Nakanuma Y, Kaneko S, Takamura T:

Tranilast, an antifibrogenic agent,



10.

11.

12.

13.

14.

15.

ameliorates a dietary rat model of
nonalcoholic steatohepatitis.
Hepatology 48:109-118, 2008, ##t

Takeshita Y, Takamura T, et al.: Cross
talk of tumor necrosis factor-alpha and
the renin-angiotensin system in tumor
necrosis factor-alpha-induced

plasminogen  activator  inhibitor-1
production from hepatocytes. Eur J
Pharmacol 579:426-432, 2008, 7wt

Takamura T, et al: Obesity

Upregulates Genes Involved in
Oxidative Phosphorylation in Livers of
Diabetic Patients. Obesity (Silver
Spring), 2008, A

Sakurai M, Takamura T, et al.: BMI
may be better than waist
circumference for defining metabolic
Japanese

Diabetes Care 31:e12, 2008, &3t

syndrome  in women.
Matsuzawa-Nagata N, Takamura T, et
al.: Increased oxidative stress precedes

the onset of high-fat diet-induced

insulin  resistance and  obesity.
Metabolism 57:1071-1077, 2008, ##i
A

Kurita S, Takamura T, et al:

Olmesartan ameliorates a dietary rat
model of non-alcoholic steatohepatitis
through its pleiotropic effects. Eur J
Pharmacol 588:316-324, 2008, 7t

Kazama Y, Takamura T, et al.: New
insulin sensitivity index from the oral
glucose tolerance test. Diabetes Res

Clin Pract 79:24-30, 2008, #iiA

(Fa¥ER) (29 1)

1.

B OB An—x= A SR EET 2

HUBEPRIS DR 7. 5 52 BElAbRES
BAERFHRRS, ©RKFHBREEE
A—sb. &RA, AL 2011423 A 13
H

BB RN OIEDSER S 5
2TRUBEIRIF DT RE. 55 45 BIBEIRIRF DE
A, f@h, 201142 7 18 A

Misu H, Ishikura K, Takayama H,
Hayashi H, Ota T, Kaneko S,
Takamura T: Keystone Symposia -
Obesity, Keystone Resort, Keystone,
Colorado, USA, 201141 A 16 H
Takamura T, et al.: Proteasome
dysfunction in obesity contributes to
ER stress, enhanced autophagy and
insulin resistance in type 2 diabetic
liver. Keystone Symposia - Type 2
Diabetes, Insulin Resistance and
Metabolic  Dysfunction,
Resort, Keystone, Colorado, USA, 2011
F1H15H

Takamura T, Kaneko S: Nutrition and

Keystone

fitness for prevention / treatment of
NAFLD / NASH. The 9th Single Topic
Conference NASH 2010, 77> K7V
v ART VEE, Il B, 2010 4E
11 A 19 H

B R An—x A VU TRER T
CBT DA 2 VREOHY 7. B
25 Bl A AMERFREIHEZRRR TV
FartIf—, Obifld—/b K,
%4, 2010 4510 A 23 H

OtaT, Kitade H, Sawamoto K, Inoue
H, Takamura T, et al.. CCR5 Promotes
Adipose Tissue Inflammation and
Whole-Body Insulin Resistance. 8th
Federation

International Diabetes

Western Pacific Region Congress, —



10.

11.

12.

13.

frERd (K24 —) , BEXCO, Busan,
Korea, 2010 4~ 10 H 19 H

OBk T T TR RIEA T
2 BUBE R 99 @ ¥ A HY IR I Bk g . Bio
Japan 2010 F#EB. /N7 4 Ak,
My, #2711, 2010429 A 30 H
Otoda T , Misu H, Kurita S,
Yamamoto M, Ota T, Shima K, Iseki S,
Murata S, Tanaka K, Kaneko S,
Takamura T. Proteasome dysfunction
contributes to endoplasmic reticulum
stress and insulin resistance in type 2
diabetic liver. 55 46 EIRKMBERIF R
# (EASD), , — & (KA ¥—)
“Massan”
centre, Stockholm, Sweden, 2010 4E 9
H 23 H

Takamura T : Molecular pathology

conference and exhibition

underlying insulin resistance in type 2

diabetic liver. Symposium at

Kangwon National University

“Integrative approaches in the battle
HFFEME, Kangwon

against diabetes”

National  University, @ Chuncheon,
Korea, 201049 A 9 H

BB, MEMX, &8
Molecular  pathology  underlying

insulin resistance in type 2 diabetic

liver. % 53 [B] H ABERIARFEER N
BL JURVTL, RTNTT T ¢

T, R [, 2010 455 A 29
H

Bk BERIEERRIE & U CIRIIF &
EOMA D2 5 44 BEFERRFEDE
B BERE. KREBESES KB,
KB, 201043 H 6 H

Takamura T, et al.: Clinical and mo

lecular pathology of type 2 diabetic 1

14.

15.

16.

17.

18.

iver. The 15th Korea-Japan Symposi
um on Diabetes Mellitus, > AR U
2, International Convention Center,
Jeju, Jeju island, Korea, 2009411
H20H
HORRL, BRI, &FE— o 2 UM
PRI EE OFife & RILr Y R LB T
FED AR B R . 55528 B ARERIR
ZPRERFMER VUORTY T A KK
ERRSES Y —a A YR T VKR,
KBri, KB, 2009455 22 H
HORRL  BEIRIAE & TR S DR L
L COIET v a— AERRIITERF R B, 8
52[E] A APER R ERXFRFAWNES HE
. KRERSEY - ) — e b
AT IVRER, KB, KB, 20094E5H 2
4H
Takamura T, et al.: Identification of a
redox-associated hepatokine that
contributes to systemic insulin
resistance. Keystone Symposia on
Molecular and Cellular Biology 2009 -
Type 2 diabtes and insulin resistance
—fxEE (AN A #—) . Fairmont Banff
Springs, Banff, Alberta, Canada, 2009
F1H23H
Takamura T, et al.: Role of
mitochondria-derived reactive oxygen
species in fat-induced insulin
resistance in liver. 44th Annual
meeting of European Association for
the Study of Diabetes (EASD) — %7
# (ARA%—) .Nuova Fiera di Roma
conference and exhibition centre, Rome,
Italy, 20084-9H 8 H
Molecular

Toshinari Takamura:

mechanisms underlying fat-induced

The

insulin resistance in the liver



17th Korean Diabetes Association
Workshop & 2008
Symposium #H£FiE{#E. Grand Hilton
Seoul Hotel, Seoul, Korea,. 2008 4= 8 H
23 H

Summer

NG ELD)

1. Bk B FRIpS « IET B 2B 5
BARFREIE SFNEER., PR
w., s % (W) Annual Review
2011 BEGRHG - AR - N S E
EX2SW- 9 2011  ppl13-120

2. B Bk, &7E— s E LT
DD 54T WK, Bk
3, BVERRTE, T Annual

Review 2009 JH{kzs ToEZHE K
#2009  ppld8-156
3. IARMSC, BBk IEMERERRSA v

AN TFNMREIIGE R D5 e %
O HEZ, AR, &
ARE—ER, WHTEZ (W) o RESiF
B8 BIEMERESE v 7 L L ER{E A b
A, APRRASTEIR R, TEER - (R
I b L Ry 7 AFIEERE & i

B OB — FEA R
2009 pp212-217
4. B Bk BB BTRER

DFERIFS - -
Hx- AARERIR KB

W - IREAFE O
2008 pp33-37

(PE2E A PEME)

OiRERE. G2 145)

PR FER B B R e oW & 2 R D
2 BUBE R F 72 13 A PR E 02 W £ 72 iR
PEA~DOFIH
I
e
MERIZE - ENLRFE NEBIRK Y

Tk, e EERES, &

FERE e

Fr . 2008-526853
HHFEAEH B @ 2008/12/15
EWNAL ORI : [EN

AR HH RO T E I EE R 5O
WA A Y ARBUESGEA

FEAFE B B, &FE—. K. KHE
il A AR SC, SREAE—RR, TR
MERIZE - ENERTFE NIRRT

FEH : FFRE

FH 1 2008-274758

HHFEAE A H @ 2008/10/24

EWNSL ORI [EAN

(Z Dfh)
R LR —
7238 Web site

http://teamichiken. w3. kanazawa—-u. ac. jp/

index. html

WF%E58 Facebook Fan Page
https://www. facebook. com/TakamuraLlab
NPO # A Team DIiET (F—L XA Ty |)
http://www. teamdiet. jp/

Team DiET Facebook Fan Page

http://www. facebook. com/pages/Team—DiET
/157807097607098
BIRRFE M BT (5
P FRIE =7 5

http://www. m—kanazawa. jp/index. html

—PEL) EE

6. WFICHHRK

(1) BrFeR R

o f2R% (TAKAMURA  TOSHINARI)
BRKF: - EFR - R
FFE# & - 00324111



