K %

FAL (B 5y BF)

¥R E

ARG 08 i

ARG OB

547 0 30 R

MXEEER

| ER

1l (%)

el KBS 1615 %

L2654 3H 220

EMPETAY SAHBFEER
FAHABORE 1LY

Suppression of AMP kinase activity in skeletal muscle improves
metabolic abnormalitie$ of streptozotocin~induced

insulin—-deficient diabetes mellitus in mice.
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Type 1 diabetes mellitus (TIDM) is caused by a consequence of pancreatic B-cell
destruction leading to insulin deficiency, a defect that causes hyperglycemia,
ketoacidosis, high plasma fatty acid level and cachexia. Cachexia includes atrophy of
white adipose tissue and skeletal muscle, leading to a deadly condition. At present,
insulin is only assumed to reverse this lethal catabolic syndrome. However, even with
insulin therapy, patients with T1DM suffer secondary complications such as heart
disease, nephropathy and hypertension. Furthermore, long-term insulin treatment
underlies the increased ectopic lipid deposition in nonadipose tissues and incidence of
coronary artery disease in more than 90% of the TIDM patients after the age of 55
years, probably because of the insulin’s lipogenic and cholesterogenic actions.
Moreover, intensive insulin therapy significantly increases risk for hypoglycemia, an
event that is disabling and can even be fatal. Thus, despite the profound
diabetes-improving and life-saving effects of insulin therapies, additional T1DM
therapies are required.

AMPK (AMP-activated protein kinase) is a serine/threonine kinase activated in
response to increasing intracellular (AMP and ADP)/ATP ratio. AMPK is a
heterotrimeric complex comprising of a catalytic a-subunit and regulatory B- and y-
subunits. Activation of AMPK promotes catabolic processes producing ATP such as
mitochondrial biogenesis, fatty acid oxidation and glucose utilization, and it inhibits
anabolic pathways consuming ATP such as protein synthesis. AMPK has been shown to
stimulate fatty acid oxidation via direct phosphorylation (8er79) of acetyl-CoA
carboxylase (ACC) and suppression of its activity. Suppression of ACC activity
decreases: production of malonyl-CoA, an allosteric inhibitor of carnitine
palmitoyltransferase 1 (CPT1) that transports free fatty acids from cytosol to
mitochondrion, leading to fatty acid oxidation. AMPK also activates PGC-la
(Peroxisome proliferator-activated receptor'y coactivator la), a transcription co-factor
for mitochondrion-related gene expressions, via nicotinamide
phosphoribosyltransferase (NAMPT) and SIRT1 (sirtuin-1: a NAD*-dependent
deacetylase)-dependent pathway. Moreover, AMPK inhibits protein synthesis via
directly phosphorylating TSC2 (tuberous sclerosis protein 2) and thereby inhibiting
mTOR (mammalian target of rapamaicin} and S6K (p70 S6 kinase) signaling pathway.
Furthermore, AMPK directly phosphorylates ULK1 (unc-51-like kinase 1), and
increases the expression of LC3-II (microtubule-associated protein light chain 3-1I), an
executive factor of autophagy, and induces autophagy.

In the present study, the author explored the role of AMPK in skeletal muscle
in metabolic changes in STZ-induced insulin-deficient diabetes mellitus (IDDM) in
mice. The author speculated that insulin deficiency and decreased glucose utilization

in skeletal muscle activates AMPK in the tissue. Activated AMPK may promote the
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catabolic process in skeletal muscle in STZ-induced IDDM by stimulating suppression
of protein synthesis and enhancing proteolysis in the tissue. Furthermore, activation
of AMPK contributes to fatty acid oxidation in skeletal muscle in STZ-induced IDDM.
The author found that STZ-induced IDDM activates AMPK and its signaling pathways
in skeletal muscle. Surprisingly, inhibition of AMPK activation in skeletal muscle in
STZ-induced IDDM by expressing dominant-negative AMPK (DN-AMPK) in the tissue
preferentially, improved metabolic changes in 8TZ-induced IDDM mice; STZ treated
DN-AMPK expressing mice significantly improved hyperglycemia and decreased
plasma concentrations of free fatty acids, ketone bodies, and gluconeogenic hormones
such as epinephrine, norepinephrine and corticosterone, although plasma insulin level
remains low. Moreover, STZ-treated DN'AMPK_ expressing mice increased amount of
adipose tissues, skeletal muscle, and body weight, and increased survival rate.
STZ-treated DN-AMPK expressing mice also recovered plasma concentration of leptin
that stimulates glucose utilization in muscle and reverses the impaired whole body
glucose metabolism in STZ-induced as well as spontaneously occurred IDDM.
§TZ-induced IDDM mice increased UCP1 (uncoupling protein 1) expression and
decreased expression of lipogenic enzymes in WAT. However those returned to the
control levels in STZ-treated DN-AMPK expressing mice.

To explore the mechanism by which suppression of AMPK activation in skeletal
muscle improved “lipoatrophy” in STZ-induced IDDM, The author examined the
expression of myokines that affect adipocyte metabolism. Interleukin-6 (IL-6) is
released from skeletal muscle and stimulates lipolysis in adipose tissue. A novel
myokine, irisin, induces the expression of thermogenic protein UCPI1 in white
adipocytes. The author found that both Il.-6 and irisin increased the e;ipreséion mn
skeletal muscle and plasma concentration in STZ-induced IDDM mice, and those are
returned to the control levels in DN-AMPK expressing mice. Moreolver, infusion by
osmotic minipump of leptin or neutral antibody for IL-6 improved the metabolic
changes in STZ-induced IDDM mice, similar to those in STZ-treated DN-AMPK
expressing mice. These results thus unveil a key role for muscle AMPK in metabolic
abnormities in STZ-induced IDDM, and important role of organ networks in whole

body metabolic regulation.

— 261 —



ML X OFEFROESE

KICIE, A > RV 2 KZBIFER IR O 148 5 % 1 i 1% W @ AMP-activated protein kinase
(AMPK)MIHZE R BB EB W IRBM Ay PV - REBETHEH I EEHLMILELDT
HH,

BIHBEEREE, A RA) P RZBPERBICBITAMHAEO AMPK O BB 2 W LT3 H
BT, A ML RS b (ST EMEIERE < v 2 QR BE &5 AMPK @
BHFNTOWTP AT, STZREHEMERRF~ U R, BBHICEWT AMPK BEMILL, %
D F H @ acetyl-CoA carboxylase @ U B b b EH L CTwik, % 7., nicotinamide
phosphoribosyltransferase % sirtuin-1 O FE M b L FA L . peroxisome proliferator-activated
receptor v coactivator- ta HIEM(E L Ty 2, & LI, tuberous sclerosis protein 2 1234 3 U
>k kA5 LU mTOR (mammalian target of rapamycin) > 2 A OME B 2= » Tuvi,
FDH &, BV ALz ¥ ) D unc-51-like kinase 1 U CER{L B L OB Atg8
OWFHLEFR T2 7D 1 2 Tdh % LCI (microtubule-associated protein light chain 324 — b
7B HE RSN TTELLCNORBRBEAH LT, 2ok dic, BiIBER STZ &
WHRERF~ U AOFHHICBV T, AMPK IEMELIC D IEIFEEM L, S b N 7H
W#EFORB LR, # 3 7UAEROME, BLBA— 77— PO& T T ABEKE
LLTwnwadz L RnwiELk, _

FUOE B E . BRI B dominant negative-AMPK $ <~ 7 A (DN-AMPK)iZ STZ %
BHLTA A o REBPERFTEBIER AL, A 2 Y HBECHLH LM
o, BREC L SEmMNE, SIEGBMAE, &7 b dhErgBEL, s rzexz Y
v, LR TV, anFaiRFas EORRERERALECOLPREGIETTSHZ
EEFER UL, &bIC, STZ#E DN-AMPK #H~ o Akk, NV a— AR, BEA
MBI UL ECEBARMKBICIBONT, A AV UBREMTCHBICLPDLY, ¥
Na—AROEEAH B EHE LT, MEX T, STZ 5 DN-AMPK R 8~ v A0, Bk
Bk L UMMM EAS ML T, FEBOBEFEICHM S, EFERbMNLE, £,
IR IR o Bmic v, A TORBHSRET ZENREALTY - VLPF oo
REEEE GBI LT e, STZ HMMRERFE~ v Ak, BB CIRIBFIE &g 5
ITE A4 M uncoupling protein 1 (UCPD@REE N LA L. B8N & 5l B M8 5 1 0 BB
B LTWEN, STZH S DN-AMPK B+ 7 A CIHEWN VR_ALTH o,

AL, HRGAMPKOEMZMET 5 2 LIc &k o TSTZB kA v X ) v REW
BRBEBABHERPUET I A=A LA2B{5 -0, EHMBICERST A

“myokine” OB AW ~To, STZHEHEIRF~ v ROFBHCIE, AL SZWLENIE
Wi#A#E TN 43k % BT D “myokine” T B interleukin-6 (1L-6), 33 I O & B W A
T B W CUCPIO BB A FZH 4 DM “myokine” Dirisin® FEHWMA LA L, MLAIL-636 &
Cirisin® S WM L Tz, LU, STZHR 5 DN-AMPKE B+ & A CRLIEH L ~L & ¢
HLTWh, BB, AREF A v 2R ZTEHCTUTF U H B0V RIL-6D T ik %
STZRE M IR R ~ 7 A2l E Lk A, uhs 2 ) U EREHETHDIZE
i b, MLBHE R X CHEREIR I B S STZHR 5 DN-AMPKRH -~ 7 X & [ L~ ¢
B L TwWio, FEHl L CBEWHHEMAERSBEEL i,

BEo L, BEER, fix OEEEN, 2FEABFEOFELRANT, 120 UK
ZHRRERFEORMAFICIHAOAMPKAS RE L BB AR TEY, £ A2 ) »REBBE

- 262 —



RO KRBT E ST - B RBEORBME Y N BEETHH I L EEYL
Too ARIFEIZBHKBOAMPKO B L OVEHE - BIHEMSNHRA Y NV -2 0BHEEZH LI
Lk ic@hieMETSH ) AROLBIBORBERTLLOLELBAD o T,
KRB IMEE LCHAANEER LTV 2 b0 L BEERSICBNTLA—HKTH

Eahi,

— 263 —



