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Obezite - Lipotoksisite

Overnutrition

* Adiposit hipertrofisi ve
hiperplazisi
* Instlinin HSL ve ATGL

baskilayici etkisine duyarlilik
azalir

* Yag dokusundan serbest yag
asidi cikisi artar

* |skelet kasi-karaciger-pankreas

Wigger D, Cellular Signalling 2021;82: 109959
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Seramid — insilin Direnci



Seramid - instilin Direnci

Wigger D, Cellular Signalling 2021;82: 109959




Seramid — Beta Hucresi
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Dolasimdaki Seramid - Insiilin Direnci

* Meikle ve ark (Avustralya)
* n=640
* Seramid — APG pozitif korele

Dolasimdaki lerin
Tip 2 diyabet ortaya cikmadan 9 yil

kadar 6nce diyabeti gliclu bir sekilde
ongordurdigu gosterilmistir

* Herr ve ark (Cin)
* n=2302
* Seramid — HOMA-IR pozitif korele
* Lemaitra ve ark (ABD)
* n=2086
e C16:0 ve C18:0 seramidler - HOMA-IR pozitif korele

Summers Scott A, Nat Metab 2019;1:1051-58
Wigger L, Cell Rep 2017;18:2269-79




Doku Seramid - Instilin Direnci

* Yki-Javinen ve ekibil
* n=125 hepatik biyopsi
e C16:0, C18:0, C20:0, C22:0, C24:1 seramid tiirleri —ID ile korele
* Hepatik TG ve VA'dan bagimsiz olarak

* Adipoz doku? ve iskelet kasinda3 da seramid — ID korele

1. Luukkonen PK, J Hepatol 2016;64:1167-75
2. Kolak M, Diabetes 2007;56:1960-68
3. Coen PM, Obesity, 2013; 21:2362-71




Seramid Yolagina Yonelik Tedaviler



Seramid Yolagina Yonelik Tedaviler

* Seramid sentez inhibisyonu
 Serin palmitoil transferaz (SPT)

* Seramid sentataz (SerS)
e Dihidroseramid desattiraz-1 (DES1)

* Seramid yikiminda rol alan enzimlerin aktivasyonu
* Asid seramidaz

Chauras ia B, Annu Rev Physiol 2021;83:303-30




Seramid Yolagina Yonelik Tedaviler

* Seramid sentez inhibisyonu
 Serin palmitoil transferaz (SPT)

Chauras ia B, Annu Rev Physiol 2021;83:303-30




Serin Palmitoil Transferaz (SPT) Inhibitorleri

De novo biosynthesis

Palmitate + serine * Myriocin
l’ = Myriocin, Cycloserin * irreversible SPT inh
3-Ketosphinganine * YYD /fruktozla beslenen/leptin- farelerde
os | ID 6nler ya da dizeltir
o Fingadios * Beta hlicre yetmezligini dnler
CERS1-6 l, ¢ Cycloserin
Dihydroceramide * SPT inh
DES1/2 1 * Diyabetik ratlarda
Ceramide e Beta hlicre yetmezligini onler
Gucosylceramide/ \Sphingosine

Holland WL, Cell Metab, 2007;5:167-79
Shimabukuro M, PNAS 1998;95:2498-502




Seramid Yolagina Yonelik Tedaviler

* Seramid sentez inhibisyonu

* Seramid sentataz (SerS)

Chauras ia B, Annu Rev Physiol 2021;83:303-30




Seramid Sentataz (SerS) Inhibitorleri

De novo biosynthesis

Palmitate + serine

SPT l,

3-Ketosphinganine

KDSR l

Sphinganine

Seramid Sentetaz 1-6 l F— Fumonisin:Pan CERS
PO53:CERS1

Dihydroceramide

DES1/2 l,

Ceramide

/\

Glucosylceramide

Sphingosine

e SerS1- kas dokusunda- C18seramid

* SerS1 delesyonu
* |ID dizelme

Turpin Nolan SM, Cell Rep 2019;26:1-10
Turner N, Nar Commun 2018;9:3165




Seramid Sentataz (SerS) Inhibitorleri

* SerS6- C16 seramid - hepatik ID
* Adipoz dokuda SerS6 delesyonu

* mitokondriyal beta oksidasyonda diizelme
* obezitede azalma

* Hepatik SerS6 delesyonu
* obezitede azalma

* glukoz intoleransi ve ID de dlzelme

Turpin SM, Cell Metab. 2014;20:678-86
Raichur S, Mol Metab. 2019;21:36-50




Seramid Yolagina Yonelik Tedaviler

* Seramid sentez inhibisyonu

e Dihidroseramid desattiraz-1 (DES1)

Chauras ia B, Annu Rev Physiol 2021;83:303-30



Dihidroseramid desatiiraz-1 (DES1) Inhibitdrleri

De novo biosynthesis

Palmitate + serine

SPT l,

3-Ketosphinganine
KDSR l,
Sphinganine
CERS1-6 1

Dihydroceramide

@ l [— Fenretinide

Ceramide

/\

Glucosylceramide Sphingosine

* Fenretinide
* YYD beslenen farelerde ID de
dizelme
* Degs 1 ablasyonu
* Hepatosteatoz ve ID de duzelme

Bikman BT. J Biol Chem 2012;287:17426-37
Chaurasia B. Science 2019;365:386-92




Fenretinide — Faz 2

U.S. National Library of Medicine

ClinicalTrials.gov

A Randomized, D

ilacin son kullanma

e tarihi gecmis olmasi ve

starting in the future.)
First Posted @ : October 19, 2007

gelecekte yeniden
ENEINERIENTRLE

sonlandiriimistir

Results First Posted @ : February 10, 2021
Last Update Posted @ : February 10, 2021

Arms and Interventions Go to EI
Am @ Intervention/treatment &
Experimental: A Drug: Fenretinide

Subjects in this cohort will be given Fenretinide = 200 mg/day

Placebo Comparator: B Drug: Placebo
Subjects in this cohort will be given placebo. 2 capsules/day
Outcome Measures Goto EI

reason the randomization code has not been broken and the data has not been analyzed and there
is no way to report the outcome measures.

Secondary Outcome Measures € -

1. Assessment of the Biochemical Response in Cholesterol, Glucose and Related Blood Tests.
[ Time Frame: 30 days |

This study was terminated due to expired drug with possibility of re-starting in the future. For this
reason the randomization code has not been broken and the data has not been analyzed and
there is no way to report the outcome measures.




Seramid Yolagina Yonelik Tedaviler

* Seramid yikiminda rol alan enzimlerin aktivasyonu

e Asid seramidaz

Chauras ia B, Annu Rev Physiol 2021;83:303-30




Asid Seramidaz Aktivasyonu

De novo biosynthesis

Palmitate + serine

o | * YYD beslenen farelerde Asid

S seramidaz aktivasyonu
KDSR l * hepatosteatozda,
Sphinganine * adiposit morfolojisinde

CERS1-6 l

* insulin duyarliiginda duzelme
Dihydroceramide

DES1/2 l

Ceramide

/ \ASAH] TOverexpression

Glucosylceramide Sphingosine
Xia JY, Cell Metab 2015;26:1-10




Seramid Yolagina Yonelik Tedaviler

De novo biosynthesis
Palmitate + serine
SPT l — Myriocin
3-Ketosphinganine
KDSR l
Sphinganine

CERS1-6 l = Fumonisin:Pan CERS
P0O53:CERS1

Dihydroceramide

DES1/2 l = Fenretinide

Ceramide

/ \ASAH1 TOverexpression

Glucosylceramide Sphingosine

* Insulin Direnci

* Tip 2 DM

* Hepatosteatoz
* Obezite

* Ateroskleroz

* Hipertansiyon

* Kardiyomiyopati

Chaurasia B, Annu Rev Physiol 2021;83:303-30




Sfingozin Kinaz 1/2 - Insulin Direnci

Serine + Palmitoyl-coA

De Novo Biosynthesis Pathway

SPT @ Condensation

3-Ketodihydrosphingosine

KDSR @ Reduction

Dihydrosphingosine

CerS @ Aevilation

Dihydroceramide

DEGS H Desaturation

S

Phosphoethanolamine

SPGLI1 ﬁ Iysis

Sphingosine 1-phosphate

SphK
Phosphorylation
(SphK1
& SphK2)
Sphingosine |

CDase Deacylation

y

Kemuped onoqeie)

4

| Glycosphingolipids

Sphingomyelin | Acylceramide

Qi Yanfei, Frontiers in Endocrinologyi Feb 2021




Sfingozin Kinaz 1/2 - Insulin Direnci

* SphK1
* sagkalim, hc proliferasyonu
e Kas ve adipoz dokuda ID de dizelme
* Hepatik TAG sentezini arttirir
* Glukoz metabolizmasina etki yok

* SphK2
* Apopitozis
* Major hepatik izoform
* Hepatik ID de dizelme
» Kas ve adipoz dokuda celiskili

~ Pancreas Skeletal muscle

SphK1 §

/N

B-cell failure Insulin Resistance

N\

Adlpose tissue l Liver

Qi Yanfei, Frontiers in Endocrinologyi Feb 2021




Sfingozin Kinaz 1/2 - Insulin Direnci

Serine + Palmitoyl-coA

De Novo Biosynthesis Pathway

SPT @ Condensation

3-Ketodihydrosphingosine

KDSR @ Reduction

Dihydrosphingosine

CerS @ Aevilation

Dihydroceramide

DEGS H Desaturation

/ Phosphoethanolamine
Sphingosine 1-phosphate

Phosphorylation
(SphK1
& SphK?2)
I Sphingosine I

CDase Deacylation /

—

Glycosphingolipids

Sphingomyelin

Acylceramide

Kemiped anoqere)

Qi Yanfei, Frontiers in Endocrinologyi Feb 2021




The sphingosine-1-phosphate receptor modulator,
FTY720, prevents the incidence of diabetes

in Spontaneously Diabetic Torii rats

Kazuma Kobayashi®2 (@ | Tomohiko Sasase!® | Yukihito Ishii' | Yoshiaki Katsuda® |

Katsuhiro Miyajima® | Takahisa Yamada® | Takeshi Ohta*

FTY720, S1P modilatori
YYD ile beslenen fareler
(0.3 mg/kg p.o.) po, 12 hafta
Beta hc rejenerasyonunda
diizelme
Glukoz intoleransinda diizelme
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/ N T

Sphingosine
ceramidase kinase Sohi .
: . " INgOoSine-
Ceramide > Sphingosine ¢ > P h & ;
ceramide S1p 1-phosphate
synthase phosphatase

Sphingosine-1-phosphate

Ceramide
Associated Diseases
T2DM induced Insulin Resistance Inflammatory Bowel Disease
Non-Alcoholic Fatty Liver Disease Traumatic Brain Injury

Alzheimer’s Disease Cancer



DAG — Instilin Direnci



DAG-Kas Dokusunda Insiilin Direnci

;9 * Kas dokusunda PKC-6 fosfotidil
| S inozitol bagimli kinaz (PDK1)
PPPPP Gucone s fosforilasyonu ile Akt/PKB
R aktivasyonunu inhibe eder.
Lpolysis 1 * Ayrica PI3K aktivitesini inhibe
B&Od¢ \ ot cyines ederek insilin direncine yol acar
A

Wigger D, Cellular Signalling 2021;82: 109959




Intramuskdler DAG — Instlin Direnci lliskisi
Gosterilemeyen Calismalar

ilk Yazar vil

DAG Olg¢iim Yéntemi

Coen

De La Maza

Perreault

Bak

Sogaard

2013

2015

2018

2018

2019

HPLC-MS/MS

LC-MS/MS

HPLC-MS

Non-targeted gas

Obez ve Lean ID olan kadinlarda total DAG
benzer

Saghkh sedanter kadinlarda DAG obezite, ID ve
yasla iliskili degil

Total DAG dizeyleri Tip2DM ve atletlerde benzer.

Obez +/- baslangic ve 72 saat aclik sonrasi 1,2

Chromatography-MS ve LC-MS  DAG ve 1,3 DAG benzer. IS azalmasina ragmen

TLC

DAG duzeyleri stabil.

Farkl yas ve egzersiz gruplarinda ID ile total ve
bazi spesifik DAG tirleri arasinda iliski yok

Jayasinghe SU, Trends in Endocrinology & Metabolism, September 2019, Vol. 30, No. 9




Intramuskdler DAG — Instlin Direnci lliskisi
Gosterilebilen Calismalar

. L _

Bergman 2012 HPLC-MS Membran DAG ve di-C18:0 iS ile negatif
korele
Sitozolik DAG ile korelasyon yok

Jocken 2013 TLC Total ve membran DAG Tip2DM de
yuksek. Sitozolik DAG duzeyleri benzer.
Satire membran DAG duzeyleri IS ile
negatif korele.

Nowotny 2013 LC-MS/MS Lipid infUzyonu ile akut ID gelistirilmis.
Total, sitozolik ve membran DAG dizeyleri
artmis. Sadece sitozolik DAG IS ile negatif
korele.

Jayasinghe SU, Trends in Endocrinology & Metabolism, September 2019, Vol. 30, No. 9




DAG-Hepatik Insilin Direnci

* Obez ratlarda 1,2 DAG x1.8

* Diyabetik olmayan obez bireylerde
* total hepatik DAG — ID gliclu korele

* Rodent Calismalarinda intrahepatik DAG azaltilinca ylksek yagl

beslenme ile iliskili hepatik ID azalmis

Petersen MaxC, Trends Pharmacol Sci 2017;38:649-65




DAG-Hepatik Insilin Direnci

——

O Glucose

Glycogen synthesis

e Karacigerde PKCe insulin
reseptorinde Thr1160 fosforilasyonu

* PKCe KO fareler hepatik ID den
korunmus

Wigger D, Cellular Signalling 2021;82: 109959




DAG-Hepatik Insilin Direnci

INSULIN-SENSITIVE INSULIN-RESISTANT

Insulin receptor Insulin receptor

* Plazma membran 1,2 DAG

karacigerde PKCe aktivasyonuna
neden olmakta

Hepatocyte

Lyu Kun, Cell Metabolism, 2020;32:654-64




DAG Yolagina Yonelik Tedaviler



Gliserol 3P Acil Transferaz (GPAT) - Instilin Direnci

B-oxidation

GPAT2

- S

Lipid
Droplet

Acyl-CoA pool
G3P

GPAT3

LPA
GPAT4

AGPAT

Lipin

DGAT
Endoplasmic reticulum

4——  |nvolved

Acyl-CoA pool

* GPAT1 ve 4 hepatik glukoz ve
lipid homeostazina etkili

* GPAT3 adipoz doku, TAG sentezi

Sokolowska E et al. Frontiers in Endocrinology, 2019;10:577
Yu et al. Nutrition and Diabetes (2018) 8:34




Gliserol 3P Acil Gransferaz (GPAT) - Insulin Direnci

Acyl-CoA (C18:0, C18:1, C16:0...)

lycerol 3-P
Glycero \{ l GPAT,

glycerol-3-phosphate acyltranserase

Lysophosphatidic Acid

AcyiCon \ AGPAT,

¥ lysophosphatidic acid acyltransferase

Phosphatidic Acid

PAP,
v phosphatidate phosphohydrolase

Acyl-CoA DAG
\i (diacylglycerol)

DGAT,
diacylglycerol acetyltransferase

TAG Phospholipids
(triacylglycerol) (PC, PE, PS, etc.)

* FSG67 — GPAT inhibitori

e Obezitede diizelme
 Glukoz intoleransinda diizelme
e |Insiulin sensitivitesinde diizelme

Kuhajda FP, et al. Am J Physiol Regul Integr Comp Physiol. 2011 Jul;301(1):R116-30
Yu et al. Nutrition and Diabetes (2018) 8:34




Diacil Gliserol Kinaz

e DAG - fosfatidik asit

e DGK aktivitesinde
azalma— DAG |

Typel o, B,v
Typell 8,1, «x
Type Il €
TypelV

Q{pe Vv 0

Massart J, Trends in Endocrinology & Metabolism, September 2019, Vol. 30, No. 9




DGK 8 — Kas Dokusunda Instilin Direnci

DGK 6 iskelet kasinda
Tip 2 DM de DGK 6 gen ekspresyonu azalmis

7 S — DGK & akt azalma - iD
Hyperglycemia < : ey
Hyperlipidemia Insulin | *~ Glucose
s 0 0
00 °

©

DGKe or DGKT delesyonu iskelet kasinda —
Insiilin sensitivitesinde diizelme

Massart J, Trends in Endocrinology & Metabolism, September 2019, Vol. 30, No. 9




DGKB — Hepatik Insulin Direnci

* DGKO delesyonu - : Spesifik DG!(. -
» Hepatik DAG ' izoformlarinin aktivitesini

modiile eden yeni
- molekiller

* PKCe fosforilasyonu '

Zang J, Mol Med Rep.,2018;17:2169-2176




Diacilgliserol Acil Transferaz (DGAT) — Insulin Direnci

* DGAT1 inhibisyonu

* obez farelerde — leptin ve insulin
sensitivitesinde dizelme

e KC KO — hepatosteatozda duzelme
* beta hc - antiapopitotik etki

Typelll ¢

TypelV (v -fEEa

leev 0

Huang JS, Acta Pharmacologica Sinica 2020, 0:1-8
Liu L,J Clin Invest. 2007 Jun;117(6):1679-89




DGAT1 Inhibitorleri

Faz 2 Kardiyovaskuler risk
Tip 2 DM
NAYKC
LCQ'QOB, Faz 1 Hiperlipoproteinemi
(Novartis)
Faz 3 Familyal Silomikronemi Sendromu
PF-04620110 Faz 1 Tip 2 DM
(Pfizer) Obezite
Toplu
AZD-7687 Faz 1 Tip 2 DM
(Astra Zeneca) Obezite
Toplu
A-922500, Preklinik Calismalar

Compound 5
Compound 6........



DIABETES/METABOLISM RESEARCH AND REVIEWS
Diaberes Metab Res Rev 2015; 31: 734-744

Published online 17 June 2015 in Wiley Online Library (wileyonlinelibrary.com) DOI: 10.1002/dmrr.2662

Effect of pioglitazone on plasma ceramides in adults

with metabolic syndrome

RESEARCH ARTICLE -

* n=42, Metabolik Send.
* n= 23 pioglitazon (45 mg/giin)
* n=19 plasebo

* 6 ay

* C18:0, C20:0, C24:1, DHC18:0,
DHC24:1, HexoCer16:0,
HexoCer18:0, HexoCer22:0,
HexoCer24:1 duzeylerinde
azalma

500.0 4

ma ceramides (ng/ml

plas

=2E00.0

Total HexoCer

=567

TTHH

0.03

0.00D00T




Am J Phyvsiol Endocrinel Metab 315 E163-E173, 2018,
First published Apal 10, 2018: doi: 10,1152/ ajpendo 0023201 8.

RESEARCH ARTICLE ' Mitochondria Dysfunction in Aging and Metabolic Diseases

Pioglitazone improves hepatic mitochondrial function in a mouse model of
nonalcoholic steatohepatitis

)
3

:

* Yuksek fruktozla beslenen,

NAYKH+, fareler

Total DAGs
(pmoles g liver prntein"
2 B

B

Pioglitazon 10 mg/kg, 20 hf e wen
* KC DAG ve seramid (C22:1, & -

C23:0) duizeylerinde azalma

Total Ceramides
(pmoles g liver pmtein'*j

PIO

C TFD




The effect of high fat diet and

metformin treatment on liver lipids

accumulation and theirimpact on
gt Ay insulin action

Lo T e )
Polulished ouline: 08 May 2018 Piotr Zabielski*Z, Hady Razak Hady®, Marta Chacinska®*, Kamila Roszczyc*, Jan Gorski®® &

Agnieszka U. Blachnio-Zabielska®"
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Metformin treatment affects adipocytokines secretion and lipid
composition in adipose tissues of diet-induced insulin resistant rats

Stawomir Grycel , Adam R. Markowski , Hady Razak Hady ,
Piotr Zabielski , lwona Kojta , Monika Imierska , Jan Gorski ,
Agnieszka U. Blachnio-Zabielska

Nutrition (2019), doi: https://doi.org/10.1016/j.nut.2019.01.019

* Kontrol/YYD/YYD+metformin

e Metformin ile

Visseral ve Subkutan yag dokuda
total seramid ve DAG duzeyleri
azalmistir

Total Ceramide

v 4 BHFD
BHFD/Mat

Viscers fat

Total DAG




Effect of metformin on bioactive lipid
metabolism in insulin-resistant muscle

Piotr Zabielski'z, Marta Chacinska2?, Karol Charkiewicz?4, Marcin BaranowskiZ,
Jan Gorskiz and Agnieszka U Blachnio-Zabielska*

dowrrral of Endocrinalfogy
(2017) 233, 329340

* Kontrol/YYD/YYD+metformin
* Metformin ile

e Kasta total - C16 seramid ve
DAG diizeylerinde azalma

* SPT ekspresyonunda azalma
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Journal of 5 Kalavalapalli et al, Exenatide improves hepatic 241:3 293-305
Enduﬂrinnlﬂgy lipid metabolism

RESEARCH

Impact of exenatide on mitochondrial
lipid metabolism in mice with
nonalcoholic steatohepatitis

* Yuksek fruktozla beslenen,
NAYKH+, fareler

* Kontrol/YYD/YYD+egzenatid

* KC total DAG ve seramid (C22:1,
C23:0) diizeylerinde azalma

Total DAGs

(umoles g liver protein™)

Total Ceramides
(umoles g liver protein™)

200 0.032
0.003
o p=0.003
100 4 —%_ i
R
50 -
= Sha
0
TFD Exe
0.03
2.0 - 0.02 -
- ’~
1.5 - % 2
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The GLP-1R agonist liraglutide limits hepatic i)
lipotoxicity and inflammatory response in mice
fed a methionine-choline deficient diet

LE)

EMMANUEL SOMM', SOPHIE A. MONTANDON', URSULA LOIZIDES-MANGOLD, NADIA GAIA,
VLADIMIR LAZAREVIC, CLAUDIO DE VITO, ELODIE PERROUD,

o

MCD

Osmotic
pumps

3 weeks ﬂ

4 weeks

Chow diet

Chow diet + NaCl

MCD diet

MCD diet + NaCl

MARIE-LUCE BOCHATON-PIALLAT, CHARNA DIBNER, JACQUES SCHRENZEL, and C57BLIG mice —— MCDILira
FRANCOIS R. JORNAYVAZ Diet-induced Treatment
Transiati liver defects
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