AINOTOEIKOTNTA Kal B-KUTTAPO
KaAAionn KoTtoa
EvOokpivoAoyoc




“The trend In the life expectancy of
humans during the past thousand
years has been characterized by a

slow, steady increase....Unless
effective population-level interventions
to reduce obesity and chronic disease

FATE associated with It are developed, the
steady rise In life expectancy observed
— IN the modern era may seon come to

an end and the youth of today may,
on average, live less healthy and
possibly even shorter lives than their

parents™.

Olshansky SJ et al. A potential decline in life expectancy in the United
States in the 215t century. NEJM. 2005;352(11):1138-1145.
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MeTaBoAIoOG AIMOUC

1. AimoAvorn — d01acnacn TPIYAUKEPIOIWY. GE
eAeUBEpPa A\inapa ogea free. fatty acids (FFA)

2. FFA peTragepovTal GTO aijia CUVOEDEUEVA E
aABoupivn

3. FFA peTa@epovTal EVOOKUTTAPIA Kal
£l0€PXOVTAl OTA UITOXOVOPIa

4. B-0EEIOWON [-oxidation NEPIKOATEI 2 ATOMA
avBpaka kal onuIoupyei acetyl CoA

5. acetyl CoA €I0ep)ETAl OTOV. KUKAO TOU Kreb'’s



Evookpiviko wopay®yo Tov
MTOOOVE 1GTOV

Autocrine End .
Paracrine ndocrine

/ Leptin

., ?TNFo
?IL-6

Sex steroids

Adipsin/ASP <— ( _ \ Glucocorticoids
2TNFo/IL-6/Leptin <«

\ ?Angiotensin
Renin—Angiotensin r'd \\

system Adipose tissue ?PAI-1

Steroid hormones ?Adiponectin

2AdipoQ

trends in Endocrinology and Metabolism

TEM 2000: 11 (8): 327-32




AEV €Lval OA0 1010,

i

‘MeyaAa
IVOOUAIVO -Mikpd
avToxd . IVGOUAIVOEUQicH
nra

\___/




QuaoioAoyia Kal Trafo@uaoioAoyia TG AITTopubuIoNng

Normal liporeguation

+{ACC +CPT-1
¢ FAS tACO

B Abnormal liporeguation due to lack of leptin action
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AlapepioparoTroinon Tou AITroug o€ uyii dTopa

Lean Condition
Tissues

Mild insuli
resistance

Normal




AlauepiopaToTToinon Tou AiTroug

Visceral

B

Tissues

Metabolic

Lean Condition
Tissues

Insulin
Resistance




>UCOWPEUON AIMOUC OTO EEWKPIVEC MAYKPEAC

Lean 20 weeks - Fatty 14 weels




» Lipotoxicity » Lipoapoptosis

» Lipoadaptation

» Adipotoxicity » Lipid partitioning



AINOTOEIKOTNTA-OPIGLOG

To KaTaoTPOPIKO PAIVOLEVO TNG EKTOMNG
UNEPOCUOCWPEUCNC OPACTIKWV HOPIWV AINOUC € JN-
AINWOEIC 1I0TOUC

erucic
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arachidonic linoleic linolenic




Hyperglycaemia

TLibonsis

Abdominal obesity
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— | | Lipid clearance

T NEFA
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TTRL
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Lipid accumulation

1 Beta-cell function ?

 Glucose uptake

TEGP
T VLDL production

1 Diastolic function

ncreased NEFA, triacylglycerol and TRL plasma levels induce adipose tissue expansion, but may also lead to intraorgan fat accumulation in thel
pancreas, skeletal muscle, liver and heart muscle. Although clear associations are described between fat accumulation and organ dysfunction for,
skeletal muscle, liver and the heart, this is at present unclear for the pancreas. EGP, endogenous glucose production; NEFA, nonesterified fatty acn:ls ~

G, triacylglycerol; TRL, triglyceride-rich lipoproteins.




» Diabetes Care. 2010 Mar;33(3):658-60.
Epub 2009 Dec 15.

» Lipotoxicity and decreased islet graft
survival.

plleitae CB; Bermetul K, Tharavanij I, Cure P,
LatrelalV, Bergaren PO, Ricordi €,
Alejandro R.

» Diabetes Research Institute, Miami, Florida,
USA.
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Adapted from Saltiel AR, Olefsky JM. Diabetes 1996;45:1661-1669.



Yyéon HETACY gvocONoloc 6TV LVGOVALVY] KOl
rertovpyiog P kuttapov: feedback loop

Non-diabetic
Curve

0 <

Diabetes

Insulin Sensitivity

Modified from Bergman RN. Diabetes 1989;38:1512-1527.



Koabng to f-,f"Jrrrlr)J OVETOPKEL,
DITEPPAIVOLY. THV TOPOY DY r]/ EK

Type 2
diabetes
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H ovcAcitovpyio Tov [ KOTTOPOL TPONYEITOL TG
OLOTOPOLYNG GTNV. VO TS YAVKOLNG GE AITOLO DYNAOD

700 KIVOUVOL
2] PCOS
5004 |GTe N 75th
AlIRglucose |
(pM) 400 Former O \ _
GDMs ¢ Relatives -
f Type 2 DM

300 e c

| Older -7 25th
200 = Subjects

| 5th
1001 Type 2 DM

"\ 0 1 2 3 4 5 6 7
Insulin Sensitivity Index (S, x 10 min-t/pM)

Kahn SE, et al. Diabetes 1993;42(11):1663-72.



H oveAcitovpyios Tov B KOTTOPOL TPONYEITOL TGS OLOTOPOYNG
OTNV. WO TGS YAVKOLNG 6€ cuyyeVEIS 1ov Pabpov acOevov
ue 2A tOmon 2

» Alukprtég peTpnoseis evaisOnoiog otnyv
LVGOVAIVY] Kol AstTovpyioag Tov B
KUTTAPOV 6€ 0pad0 ovyyevay 1ov fadpov
ac0cvav pe XA tomov 2 amé 3
OLOPOPETIKES OLKOYEVELEG.

»Ta aropa peretOnkayv o0tav to eninedo,
YAVKOLN G VNG TELOS TAV PUGLOAOYIKG Kol
TOPOVGLUCAV EVPELN OLOKVUAVOT] GE
ocikteg evarodnoiog oty wveovrivy (S))
Kot eminédmv yAvkoing (AIRglucose).
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»Otov e€eTdoTnKAY KOt 01 0V0
TOPANETPOL 0TTOOELYONKE OTL KATOLO0L
ElYav oNUAVTIKN EKTTOON 6T1| AELTOVPYIO
TOV f KVTTAPOV KOl ETOUEVOS O UAVTIKG,

Insulin Sensitivity Index (x10°min"/pM)  ICEEEEEAERATE TL AL O REL




ZNHAVTIKOTEPEC AVATOHIKEC OECEIC TNG OpACHC TWV
EMPBEBAIVMUEVOWV KAl SUVNTIK®OV NAOOYEVETIK®WV
NOAUHOPQPICH®WV O0TO ZA2.

" TSPANS/LGRS
CDC123'CAMKID
CDKNZA/B




IOaveES aTieg TNG OVETOPKELNG
TOV [ KVTTAPOV 6T0 XA TUTOV 2

» ECovrtAnon 170V P KUTTAPOV A0Y® CVEUEVDY
EKKPITIKOV 0TOITIGEMY GE OVTIGTUGT] GTNV
LVGOVALVI]

COUNDIKDTTOPOVIC DG [EV

_AGTELOIG VI B0 61]
URSVKOTOSUKOTI|T0))

SISOV ADROGT &
~ _/\_w,ru-ruiuzé-r'fyrff- IFSVKOMTOTOSTRO T 00!
» Evomro0eon opvAogtoong
» Meioon s nocos 1oV f KuTtopyv

Adapted from Kahn SE. J Clin Endocrinol Metab 2001;86(9):4047-4058.
Adapted from Kahn SE. Int J Clin Pract Suppl 2001;(123):13-18.

Adapted from Bonner-Weir S. Diabetes 2001;50(suppl):1:S20-S24.

Adapted from Bonner-Weir S. Trends Endocrinol Metab 2000;11(9):375-378.



Chronic
Hyperglycemia

Oxidative Phosphorylation
Sorbitol Metabolism

Hexosamine Metabolism i

PKC Activation by DAG ‘ HOS
Enediol Formation

Methyglyoxal & Glycation

Dxfdative stress

Low capacity of antioxidant enzymes
= Superoxide dismutases
- Catalase
= Glutathione peroxidase

tbeta-cell dysfunction
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EcovtAnen tov B KuTTopov:
TPOYLOTIKOTHTO 1] M0bog 777

» H avrioracn ornVv. IVGOUAIVA Eival GUXVO (AIVOEVO
aAAd OV avanTueoouyV. XA OAOI 0GOI THV. ENPAviCouy
(m.x. maxucapkor)

» O1 mapaTnPnoEIG ano TOUC Pima OEiXVouV: OTi N

AEITOUPYIA TOU B KUTTAPOU GE ULYIN AdToua au&éaveral
kaBw¢ UEIWVETAl N Eualicbnoia oTnV IVGOUAIVA

» [leipauarikn APOKANGH AVTIOTACNC OTNV. IVOOUAIVI UE
VIKOTIVIKO OEU OUVOOEUETAl UE MIA avaAoyn auénon
OTn AEITOUPYIA TOU B KUTTAPOU MOU EKONAWVETAI UE
au&énon EKKPICNG IVOOUAIVNG Kal EAATTWON OThV.
napaywyn npoIvVOOUAIVAG



["AvkoTocikoTnTa : Evpriposor I VILro

Meimen e EKKPIGTS IVGOVAIVIIG GE OAN TO!
EXKPITOY YO EpeDiGOTO LETH 00 EKOEGT [3
KOTTOPIKDV. GELPMOV. 1) VIGLOIMV GE CVENUEVES
CVYKEVIPWOGELS YAVKOLNGC

In Vitro, to cvéEnpevo eximedn YAVKOLNG GUCYETIGTIKOY
LLE LEIMGT TNG EKPPOCTIC TOV. YOVIOI®Y IVGOVATVIG KOl
PDX-1, MafA (yovioio vevbBova yior tTnv puouten tov
TOAAQTAOGIOGILOD TOV [3 KLTTAPOV) KAOME Ko e
OENGN TG TOTTMGTG TOV. P KLTTOUP®V. (LECH
yovioiwv Bad, Bid kot Bik ko IL-13).



Normal insulin
gene expression
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AINOTOEIKOTNTA

Increased calorie intake
...... -

Reduced energy expenditure .,
* GEMES +

.. - ENVIRONMENT
[ Positive net energy balance ]

- v
Bl Increasing ADIPOCYTE
Wl riglyceride stores and
b insulin resistance
Farttv acid “spiflover” fram
adipase to non-adipase fissue

Triglveeride
accumulation in non-adipose tissues

Lipaparealein fof Lipaprorein far

dafivery dalivery O
MUSCLE —— LIVER *V PANCREAS
Impadred muscle glucose P=cell hyperfunction |

Incrensed VILIEL progiection
Impaired hepatic glucose melabolism
Hedeced insulin clearance

fi=cell dysfunction

e labu] s
fi=cell damage




ATTOTOCIKOTNTOL

» O1 0pOGEIS TOV. ATOPAOV. OCEMV. 6TO B KOTTOPO!
VOl GUVOETEC KOl GLVOVOCOVV. TOAAOTTAEG
QUEGES LETOUPOATKES ETIOPAGELG OTTMS KO
TPOTTOTOINGT TG EKPPOGTC YOVIOIMV, LIE
OTTOTEAEGLOL TOU OLOUPOPETIKA OTTOTELEG LLOITOL GTTV
EKKPION TNG WGOVAIVIG OWVOAOYOL LE TO YPOVO
ekbeonc In Vitro.

» D€ KOTOOTOOT GTEPNGNG TPOPNC TO ATTOP0 OCEN
TOICOVV GMUOVTIKO POAO GT OLOTHPNGT] TNG
BaGIKNG EKKPIGNG IVGOVAIVIG



ATTOTOCIKOTNTOL

> Ocela avcnon N peimen e cvykevipmonc FEAS
OOMYEL GE EVIGYLON 1] ECOGHEVNGT WV TIGTOLY O TG
YAVKOLOEEUPTMIEVIG EKKPIGNG VGOVAIVIG IN VIVO.

» To cOVOLO TOV OTTOTEAEGUATOVY 07T0 IN VILro ko In VIVO
LEAETEC OETYVEL OTL M ¥POVIL, EkDEcN TV P KLTTAPOV GE
avcnueva FEAS oonyetl o€ ecacbevnon e
YAVKOCOECUPTMUEVNG EKKPIGNG IVGOVAIVIG, EIOTKO OTOW
CUVEKTILOTOL LE TV EKKPLOT KoL 1] Evoicbneio oty
VGODLAIV.

» Eivor mBovo 1o dTopo ynAoD Kivovvou yiol XA THIov

2 V0O, EIVOL 710 EVOAMTO OTIC MITOTOSIKEG OPOGELS GTO D
KOTTOPO.
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GLUCOSE
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Insulin
Resistance

Excessive
Glucose
Production

[FAUKOAINOTOEIKOTNTA

Increased
Mass

|
AdiposeTissue

Diabetes
Complications

Altered
Secretion
Cell Death

Altered
Blood Flow and
Contractility




[FAUKOAINOTOEIKOTNTA

» 'EKKPION IVGOUAIVAC
» EK(pPacn YovIOIou IVGOUAIVIGC
» KutnapikoG Bavaroc



'EkKpIon IVOOUAIVIG

TAYKOZH

» H opaon twv

Mupooctagpuhikéd

L C F l N S Eivq I Znuatodooia AcCoA/Ca** AvardnpupaTxi/Engarododia Ambioy

XPOVOEEAPTWIEVN
» LCFAS evioxuouy
Tn OpAoH)
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'EKkpIon IVGOUAIVINC

» [aparerapevn ekBeon B
KUTTapwy. o€ LCFAS in
vitro au&avel Tn Bacikn
EKKPION IVOOUAIVNG Kal
LEIVEl TRV GSIS

» H auénon tnc Bacikng
EKKPIONG YIVETAl NECW
£UaIoBNTOMOINCNG 0T
yAuko(n

.f'-
/ e a ALetvl CoA Leucine
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‘Ekkpion IvooUAIVNG: GPR40

"Good Cop"

2 B

Insulin
Resistance
Beta-cell
Beta-cell
|l compensation
Hyperinsulinemia  Inpsulin 4
secretion




‘Ekkpion IVOOUAIVNG: UCP-2

GK

» UCPS: JEIMVOUV TN (“T” e —iat i
HETAPBOAIKN ww% %
ANOTEAECATIKOTNTA o
UEGW OIaYXWPIGHOU *j
TNGC OEEIOWONC TOU o T g o~

‘ : .E; TCA
U”OO_rp(l)IJGTOC; drio TI’] C 1 hm ‘_ATPI* 5 (Cycle/
v Channel ~ ADP N // e
oUvBean ATP | -




‘Ekkpion IVOOUAIVNG: UCP-2

» AUEnon TNG ekppacnc UCP-2 ora B-kuTTapa
OIdTAPACCEl TV, IVGOUAIVIKI EKKPIOH

» UCP-2KO (wa exouv auénueva enineda IVOOUAIVAG Kal
NPOOTACIA ano XA

» Auénuevn UCP-2 ekppacn GE VNOIOIA JETA AMO OIaITa
nmAoucia o€ AINOC 1 ekBeon B-KUTTAPWY. in Vitro

» 10 OAEIKO OEU EVEPYOMOIEI TOV. MPowBnTn Tou UCP-2
yovioiou Jeow SREBP1c e INS-1 kUTTapa

» Nnoidia ano UCP-2KO (wa exouv. IpooTacia amo
AINOTOEIKOTNTA



IHopoymyn eérev0epoy pLr@Y 0SVYOVOV KOT
™y wopoymyn ATP

¥ Aty
H+

ATP
synthase UcpP

'S B P

ATP

NATURE 2001;414 :813-20



Plasma FFA t Cradative capacity | =

\

_ ]"-"['ltEH:hI:I-T.IﬂI'I:ﬂJ FA
FA anion export )} = accumulation t

= ROS t

Lipid peroxidation }

export of peroxides |

Peroxides accumulation f

|

Mitochondnal damage t




'EkkpIon IVOOUAIVNC: EVOOKUTTAPIOG
LETABOAIOUOG XOANOTEPOANC

» B-cell specific KO ABCAL (avadpopn pon
YOANOTEPOANC)= au&nueva eVOoKUTTAPIA
eNINEOA XOANOTEPOANG= UEIWUEVN EKKPION
IVOOUAIVNC

» BAABN o€ eninEdO EEWKUTTWONG



>UVBEON IVGOUAIVNG: AIaX®WPIGHOC
OPACNC ANNAapwV. OEEWV

» >UVBeON KepapioiwV. (Ceramides)

» H O0pacn 1ou naApITikou ora enineda mRNA
IVGOUAIVAG OIa(POPONOIEITAl N0 AUTH TNGC
VYAUKOCNG E aneuBeiac avaoToAr Tou
VAUKOCOEEAPTWHEVOU MPOWBNTH TOU YOVIOIOU
oTa B-KUTTApa= MEIWON TNE OECUEUTIKNG
IkavoTnTac PDX-1 (UETATOMICH GTOV
nupnva), MafA (ekppacn)



Normal insulin
gene expression
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LT Mitochomdril RO8 o rermctocts mege
Macromaolecule Damage
Indirect

T Oxidative E_trﬂs_s )

T p38 MAPK
<1 UNKISAPK

. T Cytokines
- T Sorbitol T Prostanoids

? ? —
' Insulin Re;;ta_ncé | B-Cell Dysfunction [L-




H nalo tov f Kuttapmv etval OUVOULKN Kot
TPOCUPUOCETOL OTIS LETAPOMKES OVAYKES 0TN
OLapPKELD TNS CoMg

Replication

EXPANSION fum

Neogenesm

Klwvika povo n Asttovpyio TOV f KUTTAPOV NTOPEL VO,
netpnOet.

Adapted from Vinik A et al. Diabetes Rev 1996;4(2):235-63;
Bonner-Weir S. Trends Endocrinol Metab 2000 11(9):375-378



B-Cell Deficit and Increased Cell Apoptosis in
Humans With Type 2 Diabetes

Alexandra E. Butler,1 Juliette Janson,2 Susan Bonner-Weir,3 Robert Ritzel,1
Robert A. Rizza,4 and Peter C. Butlerl

DIABETES, VOL. 52, JANUARY 2003
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Amontmon : Evooxurtoaptor Lopto wov

LETOOIO0VY 6T LTor DoVATOU.

Death TRAIL FasL TNF-o Apo-3L ? UV, glucocorticoids ER stress

Sig;ms l l l l l BAX —>|F— gg:i

Death DR4,5  ESENNEISNEGENIES DR 4
receptors

* ' Cyie Caz

Apaf-1 release

Adaptors

\

1st-level
caspases - Caspase-12
(activators)

\

2nd-level

caspases Caspases-3,6, 78 Perforin/granzyme B
(effectors) <

NATURE 2001;414 ' 792-8




AnonTwon B-KutTtapou: In vitro

» AIGYWPICHOG OPACNC AIMAPWY. OEEWV.

» [TOAUGKOPECTA MPOCTATEUOUY, KOPECUEVA
NPOAYOUV. TNV. ANONT®WOoN

» >XNUATIONOC KEPAMIDIWY, OEEIOWTIKO OTPEC,
ER oTpeC, (PAEYUOVWOEIC MAPAYOVTEC



ANTAIMOKPIXH TON B-KYTTAPQN
2TO MPOKAAOYMENO AITIO E.A.O XTPEX TOY
ENAOITAAXMATIKOY AIKTYOY

ER CHAPERONES

BCL-2 —» f ? Apoptosis




AnonTwon B-kuTTapou: In vitro
AUGKOAN EpUNVEIa

» AIAQOPETIKN EUAIOONCIA KUTTAPIKWY. GEIPWY. OE
AINOTOEIKOTNTA

» AIAPOPEG avaloya e TO EI00C

» AIGPOPETIKEC MEPIEKTIKOTATEG AINAPWY. OEEWV. OF
OIA(POPETIKA NEIpANATA

» H GuykeVTpwon TwV. AINapwy. 0EEWV. OTO
nepIBAAOV TOU B-KUTTAPOU £EAPTATAI AMO MOAAOUG
napayovTeC (nx AINonPWTEIVIKN AInAcn)



Glucose

L-type Ca?*-channel

Insulin*-




(EAa@pa) YriepyAukaipia Ynephimbapia
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ARONTWOoN B-KuTTapou: In vivo
/DF fa/fa rats

» Auénuevn Nimoyeveon Kal
evanoBeon TG ora vnoiola

» 10X auénon o GPAT

» H AemTivn npoayel CPT-1 kai
ueIwvel GPAT, ACC

» Obese ZDF fa/fa rats [E !
UMEPEK(PPAOT) TOU UMOO0XEA §
TNC AEATIVAGC= avacTpodr]

AvanAnpwparikri/ZnpatoSooia Amdiwv

B-o€eidwaon

TOU OlaBnTIkoU (aivoTunou |




AitroatroTrTwon o€ B-kuTTapa amrod ZDF rats

Lipoapoptotic Pathway

Serine-palmitoyl
transferase
I'G‘Cycloserine
Dihydrosphingosine

? Membrane i -O—Fianonisin B, ? Lipid
Disruption Dihydroceramide Peroxidation

(Detergent)
CCERAMIDE>

NFxB
4iNOS I'e' Aminoguanidine

Nicotinamide




ANOnTwWon B-KUTTApoU

» AvaoToAn CPT-1 au&avel TV, anonTwon ano AAAMITIKO
LECW KEPAUIOIWV.
» AN\nAenidpacn CPT-1 kai Bel-2

> 2E xapn)\a enineda YAUKolnG, Ta FAs mpoayouv CPT-1
Kal JEIWVOUV ACC= auEnusvn O&EIOWoN )\lnapoov
OEEWV= AUUVTIKOG UNXaviGUOoG NpooTaciac ano
AIMOANONTWON

» malonylCoA kal FFAFaCoAs GUVEPYIKA MPOANONTWTIKA
ONUATa GUVOEOVTAC YAUKOAIMOTOEIKOTNTA E
KUTTApIko Bavaro



" TAYKOZH snssprq PPAR-yQ m -
MaAovuA-CoA
= —

FAYKOZH
. DAG/PL

Oé&cidwon/
A s P =
PPAR-a * eTnconee ['EKkpion oouhivig:
. B-O&eidwon




Genetic predisposition

Lean phenotype henotype
IGT, IFG

Elevated FFA

Oxidative stress Cellular lipid Initial glucolipoadaptation
and glucotoxicity synthesis and (increased FA usage)

glucolipotoxicity
Hyperglycemia

Glucolipotoxicity
Glucotoxicity

/

Progressive beta-cell failure
and type 2 diabetes




» Diabet Med. 2010 Nov;27(11):1312-7-

» Regression to normoglycaemia by,
fenofibrate In pre-diabetic subjects
complicated with hypertriglyceridaemia:
a prospective randomized controlled trial.

p\Van @, Wang k, Wanglk, Guan @, LY, Wand
C, Feng lt;, Gae G, Gao l, Zhae J.
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©<1aloANIOIVEDIOVEG: KATEUBUVOUV TO
AIOC 0T CWOTH Tou BEon

» BeATiwoN TNC EKKPITIKNC 1IKAVOTNTAC TOU -
KUTTApOU

» AlaTNpNoN TNC KUTTApIkNG padac Pe Peiwon
anonTwonc Kai d1IaTAPNON VEOYEVEDNC OF
ZDF rats ka1 og aMa (wika povteAa 2A2

» & avBpwnouc TZDs anokabioTouv TNV
KUTTApIkN Asiroupyia (???uada) ekToc ano
TNV €UAICONCIA oTNV IVOOUAIVN



TZTs

» PPARY umepexouv. TwV. PPARaG GT0 BB-
KUTTApo

» 'EkBeON B-KUTTAPOU OE MPOOOEUTIKA
AUEAVOEVEG CUYKEVTPWOEIG FFA LEIWVEN THV.
ekppaocn PPARY kal TAUTOXPOVA TNV
EKKPION Kal mapaywyn IVOGOUAIVAC

» H Po@y)um(ovn avacrrps(pal OAd Ta
avVWTEPW KAl LEIWVEI DEIKTEG KUTTAPIKNG
ANOMTWONG



Mnxaviouoi dpaong TZT oto B-KUTTAPO

Indirect effects

! Lipotoxicity \
I Glucose toxicity

i

V TNFa
T Adiponectin

Direct effects via PPARYy

B-cell mass
T B-cell proliferation
\ B-cell apoptosis
T Positive influence
on morphology of islets
! Insulin resistance:
T glucose uptake,
T insulin signalling

T Insulin synthesis

T Insulin secretion

T Improvement of insulin
secretion pattern
Pro-insulin




Apaceig Twyv aywvioTwyv GLP-1 oTto B-KUTTOPO

Key
f ‘ Arrows indicate effect of GLP-1

-cell proliferation -cell apoptosis
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B-cell regeneration and increased mass




Enhanced Signaling Downstream of Ribonucleic Acid-Activated Protein Kinase-
Like Endoplasmic Reticulum Kinase Potentiates Lipotoxic Endoplasmic Reticulum
Stress in Human Islets
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“Well, heaven knows what it is or where it came
from—just get rid of it! But save that cheese first.”
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