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Mogensen CE. In the Kidney and Hypertension in Diabetes Mellitus 2004
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YnepyAukaipia: KUpPIOGC NAPAYOVTAC

Gruden G, Viberti G. In Joslin’s Diabetes Mellitus 2005
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ZNHAVTIKN HEIi®OoN TS auEnong Tou
HEoayyeEiou 10 €T HETA anNO HETAHOOXEUON
NaykKkpeaTog o€ acBeveic pe A Tunou 1

Diabetologia (2008) 51:1347-1355
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Kidney Int 69:907-912, 2006
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GLUT-1: u@nAnNG OUYYEVEIAG HETAPOPEAG

Michaelis constant (Km) — 2 mmol/L

O1 GLUT-1 yAukolopeTagopeic exovrag xapnAn Km (oraBepa
Michaelis — 2 mmol/L) eicayouv Tn YAUKOZN EvOOKUTTAPIA AKOMA
KAl KATW ano (PUOIOAOYIKEG OUYKEVTPWOEIG YAUKOZNG.

H €i00380G TNG YAUKOZNG EVTOC TWV CNEIPANATIKOV KUTTAPWV Eivdal
aveEapTnTn ano Tov BaOUO TNG unepyAukaipiag kail ennpealeral

KUPI®WG ano Tov apifpo Towv GLUT-1 YAUKOCOHETAPOPEWV NOU
BpiokovTdl oTNV ENIPAVEIA TOUG.

To eningdo TNG EKPPAONC TOUC OTNV ENIPAVEIA TOV
KUTTApwV kKaBopilel kal Tnv €i0o0d0 TNG YAUKOZNG

Am J Physiol 270:G541-G553, 1996



Apa HANWCG N UNEPYA Hia O&v €ival ikavn va
NPOKAAECEI 1Ikn BAAGPBnN ;




H yAukodn disyeipel Tnv Ekppaon Tov GLUT1
oTa HECAYYEIAKA KUTTApa
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Diabetes 46:1030-9,1997



H unepyAukaipia npoayel Tov
HETABOAIOHO TG YAUKOCNG
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ROS: PARP gvepyonoinon —> GAPDH avaoToAn

Nucleus

Mitochondria

Pharmacological Research 2005;52:60-71
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Described by Louis Camille Maillard in 1912

Diabetes Care 29:1420-1432, 2006
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ZXNHATIOHNOG AGES
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AGEs

BAdanTouv Ta KUTTAPA HE 3 NNXAVIOHOUG




0do0i AGEs
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Diabetes 2005;54:1615-1625



Mn evlupaTikn YAukoluAimon Tou b-FGF
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KuTTapokivVEG kKal KUTTAPIKaG CUHMBapAaTa nou
oxeTifovral g AGE R evepyonoinon RAGE

VCAM-1 1 Endothelial cells
ICAM-1 1 Endothelial cells
E-selectin T Endothelial cells
PDGF 1 Pancreatic cancer cells
eNOS | Endothelial cells
Tissue factor Endothelal cells
TGE-B 1 Mesangial cells, proximal tubular cells, vascular
smooth muscle cells, macrophages
TNF-a 1 Endothelial cells, mesangial cells, mononuclear
macrophages
IGF-1 1 Mesangial cells
MCP-1 1 Mesangial cells, endothelial cells
CTGF 1 Fibroblasts, mesangial cells
IL-6 1 Endothelial cells
PAI-T T Endothelial cells
RAGE 1 Mesangial cells, endothelial cells. podocytes
VEGF 1 Podocytes, endothelial cells, mesangial cells
ANG II-dependent cell Vascular smooth muscle cells
activation T
Type IV collagen Mesangial cells
expression |
Fibronectin 1 Mesangial cells

Cell cycle progression |,  Fibroblasts, mesangial cells

Am ] Physiol Renal Physiol 289:645-659, 2005
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TeAIKa NPOIOVTA NPOXWPNHEVNG
vyAukoluAiwong kail d1iaBnTikn vepponadeia

Induction of cytokines and growth factors|including

TGF-p1, CTGF, VEGF, IGF-1, PDGF
TNF-a, IL-1B, IL-6

_ — AilaBnTikn
Induction of oxidative stress =
Nepponabeia

Extracellular matrix (ECM)
Intermolecular and intramolecu
Disruption of cell-matrix and
Increased ECM synthesis
Tubuloepithelial-mesenchymal transdifferentiation

Reduced metalloprotease activity

teractions

Disruption of vasorelaxation

Genotoxicity

American Journal of Therapeutics 12:562-572, 2005
J Clin Endocrinol Metab 93(4):1143-1152, 2008



AGEs: gvepyonoinon TnG, EEapTWHEVNG
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MeTaBoAikoi 000l ungpyAukaipikngG BAaBng
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Evepyonoinon PKC
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J Clin Invest 1997;100:115-126, Science 1996;272:728-731, Circulation 2000;101:676-681,
Diabetes 1993;42:118-126, Contrib Nephrol 1996;118:180-187, Pharmacological Research 2007;55:498-510.
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http://upload.wikimedia.org/wikipedia/commons/2/29/Signal_transduction_v1.png�

Protein kinase C orn d1aBnTIkn ve@ponadsia
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Diabetologia 52:765-775,2009 , J Clin Invest 1997;100:115-126,

Science 1996;272:728-731, Circulation 2000;101:676-681, Diabetes 1993;42:118-126,
Contrib Nephrol 1996;118:180-187, Pharmacological Research 2007;55:498-510.



Protein kinase C orn d1aBnTIkn ve@ponadsia

Hyperglycemia

'

ROS /7 DAG / AGEs

I

PKCa PKCe PKCB

e N\

GTGF_@ ] VEGF/NVEGF-R
I l MNephrin
Collagen IV,
fibronectin l HPSG (perlecan)
| l
]Albuminuriai'
Glomerulosclerosis proteinuria
\ Tubulointerstitial /
fibrosis

Diabetologia (2009) 52:765-775



Au&EnHEVN HETAYypaA®Pn TOU YOVISIOU TNCG
protein kinase C-B o€ di1aBnTikn vegppondadeia
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0d0c¢ eEolapivng
kKal nPpWTEivikn O-yAukoluAiwon
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MepIkEG ano TIC NPWTEIVEC nou O-GlcNAcylated

\firal proteins

J Biol Chem. 275(38):29179-82, 2000
Nature 446: 1017-1022, 2007



O-GIcNAc yAukoluAimon: onHa HETAPOPAC TV
KUTTAPONAAOHATIK®OV NPWTEIVOV HECA OTOV NUpRva?

i Phosphorylation | O-N-Acetylglucosaminylation

=
PO, . 4 O-GhcNAC

ADP  ATP UDP-GicNAc UDP

Seior{ Thir | Tyr .::\'H'_,\_ Jj \\':h‘_ :.;"::‘ Ser|Thr
N i :‘
6/-‘ - ... ::__, - \_':_ ":' ".._,.-T\'.T:‘.I
Pi
'-\\ . .-':.

Cytosol

333999999999999993 3
;222%%%%%%%%%%%%% . i

The International Journal of Biochemistry & Cell Biology 37 (2005) 765-774
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YnepyAukaipia: XTunnua otov nupnva !
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 TGF-b1, VEGF |

ICAM1, CCL2, MCP-1 CTGF, PDGF
Thrombospondin Osteopontin
PAI-1 Fibronectin

Extracellular matrix production, inflammation and
glomerulosclerosis




H unepyAukaigia au&avel Tnv evOOVEPPIKN
napaymwyn TnG ayyeiotevoivng 11
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Am ] Physiol Renal Physiol 294: F830-F839, 2008,Exp Biol Med 233:1035-1043, 2008, Pharmacol Rev 59:251-287,
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H unepyAukaildia npokKaAEgi EvEpyonoinon ToUu TONIKOU
OUOTRAHATOC AYYEIOTEVOIVNC OTA NodokuTTapa
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Am ] Physiol Renal Physiol 294: F830-F839, 2008



ZNUarTodoTec odoi TNG AyyeloTevoivng 1|
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Am ] Physiol Renal Physiol 290: F762-F768, 2006
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MeTapBoAikoi 000l naBoyeveong
d1aBnTIKNG veEpponadelag

Hyperglycemia

. . — activation of PKC, Polyol and
A 11 ROS . i
ngiotensin D Sm— hexosamine pathways, AGEs formation

Proinflammatory cytokines (IL-1, IL-6, TNFa)
Growth factors (TGF-b, VEGF, CTGF)

Current Medicinal Chemistry 16:997-1016,2009



AAANAenidpaon HETAEU HETABOAIK®WYV, AIHOOUVAMIK®YV,
EVOOKUTTAPIWV KAl AUENTIKWV NAPAYOVTWV

| HYPERGLYCEMIA |

1 l

METABOLIC FACTORS HEMODYNAMIC FACTORS
AGEs, AR/polyols AnglI/RAS, ET, NO

GROWTH FACTORS/CYTOKINES INTRACELLULAR FACTORS
TGF-B, CTGF, GH, IGF, VEGF, PDCF DAG-PKC, NFxB, MAPK

DIABETIC KIDNEY DISEASE

Endocrine Reviews 25:971-1010, 2004



H unepyAukaipia ano povn TnG €V ApkKei yia Tnv
EMPavion TnG d1aBnTIKNG vegppondadeiag

High levels of glucose
{hyperghycemia)

Glucose




H enintwon Tng AN au&averal kata Tn diapKeia
TOV NPOWTWV 20-25 Xpovwv ano TNV evapén Tou
d1aBNATN KAl oTn CUVEXEIa pndevideTal
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DURATION OF IDDM (yeors)

60—

Movo 1o 30%6-40%b6
TOV acBevwv pe ZA O0a
avantuU&el TeAika AN
Kal paAiora
aveEapTnTa TnNG

45 50

AGE AT DIAGNOSIS OF IDDM
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o= 15-20 yeors
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The Am J Med 1985 May;78(5):785-94.



AlaBnTiKoi HE OIKOYEVEIAKO 10TOPIKO €iTE AN, €iTe AY, cite KAN
EMPavViI(OUV CUXVOTEPA VEPPIKEC ENINAOKEC, OE OXECN HE TOUG
31aBnNTIKOUG HE ApVNTIKO OIKOYEVEIAKO ICTOPIKO

90% -
80% -
70%
60% 1
50% 1
40% 1
30% 1
20% 1
10% 1
OOA;;

ESRD affected

ESRD relative No ESRD

Kidney Int 41:719-722, 1992, Diabetologia 39:940-945,1996, Am J Kidney Dis 25:710-713, 1995



EniAoyn yovidimVv NouU EVEXOVTdl OTHV

naBoyeveia Tng AN

ZneIpayaTikin
Bacikn pgpppavn,
HECAyYyEIaka
KUTTApq,

PUOuION Al kai
ouoTnua
PEVIUNG-

AayYEIOTEVGIVNG

MeTaypa@ikoi
napayovTeg

MeTaBoAIoHOG
NPOTEIVOV
AHIVOEEWV-
NOUKAEIKGOV
o§Emv

MMP9, NPHS1, HSPG2, SELL,
CNDP1, LAMNA, ELMO1

ACE, ANP, AGT

AKR1B1, GFPT2, SLC2A1, AGE

CCRS5, IL1, IL6, IL1RN,
TGFBR, RANTES

APOE

NOS3, ENPP1, MNnSOD

PPARG, TSC22, PRKCB,
BDKRB2

P22phox, SLC12A3




MExpl oNHEPA dev Exel TauToNOINOEi €va HOVO yovidio HE
kKaOopIioTIKA €Nidpaocn oTnv egPpavion TnG vooou, aAAa pia
noikiAia ano NoAupopPPICHOUC O€ d1Iagpopa yovidia, HE HIKPOTEPN
OHWG eNidpaon

Me Ta unapyxovra epyaAscia, SUOTUXWG BEV EXOUHE KATAPEPEI va
avakaAUWoOUHE TNV K®OJIKoONoINHEVN EKEiIV NAnpoopia Tou
YOVIOIWHATOG Nou odnyei Hia HeEPida diaBnTiIKwVv acOevwv oTn
VEPPIKN aveENAapKeia




NapayovTteg kKivouvou gppavionc XNN oTov ZA

Microalbuminuria
(N events = T56)

Macroalbuminuria
(N events = 219)

Creatinine clearance

=60 ml/min per 1.73 m*

(N events = 584)

Doubling of

plasma creatinine
(N events = 58)

Order Order Order
Variable entered  HR (9% CI) P entered  HR (95% CI) P entered  HR (95% CI) P entered HR (95% CI) P
Age at diagnosis
(per 5 years) — 1.01 (0.97-1.06) 0.58 — 102 (0.94-1.12) 0.59 — 215(198-234)  <0.0001 091(0.77-1.07)  0.25
Sex (male) — 1.18 (1.01-1.39) 0.041 — 1.47 (1.06-2.02) 0.020 —  0.550(0.424-0.715) <0.0001 0.87 (0.51-1.48)  0.61
Ethnicity — — — — — — — — — — —
White Caucasian — 1 — — 1 — — 1 — 1 —
Afro-Caribbean — 1.21 (0.89-1.65) 0.22 — 1.05 (0.59-1.86) 0.87 — 1.26 (0.91-1.76) 0.17 0.40(0.10-1.68) 0.21
Indian Asian — 2.02 (1.59-2.60)  <0.0001 — 2,07 (L36-3.15) 0.00066 — 1.93 (1.38-2.72) 0.00015 151 (0.59-3.90) 039
Urinary albumin
(per 20 mg) 3 1004 (L002-1.007) 0.00066 1  L009(L005-1.012) =0.0001 5  1.009(L002-1015)  0.0075 — —
Plasma creatinine
(per 10 pmol/T) — — — 8 1087 (LO05-L175) 0.038 2 1.34 (1.28-1.40)  <0.0001 — —
Smoking status (ever) 9 1.20 (1.01-1.42) 0.036 7 1.25 (1.03-1.52) 0.022 — —
Waist (cm) 7 1010(1.004-1.016) 000042 4  1016(1.006-1.026) 0.0019 1 0.95 (0.94-0.96)  =0.0001 - —
Height (em) — — & 1.05 (1.036-1.072) <0.0001 — —
Systolic blood pressure
(per 10 mmHg) 1 115 (1.11-1.20) __<0.0001 2 1.15(1.07-1.24) 0.00019 4 1107 (1.06-1.16) 0.000012 1.39(1.23-1.57) <0.0001
ALC (%) 6 1.08 (1.03-1.12) 000031 6 1.10 (1.02-1.18) 0.011 — — — — —
LDL cholesterol
(mmolT) — — — 7 117 (1.02-1.33) 0.022 — — - - —
HDL cholesterol
(mmolT) — — — — — — — — - 278 (LO1-7.68) 0.049
Plasma triglycerides
(mmol/Ty* 2 1.09 (1.04-1.14)  <0.0001 2 L15(1.09-1.21)  <0.0001 — — — — —
White cell count (10°1) 5 1.06 (1.02-1.10) 0.0012 — — — — — — - —
Previous retinopathy 8 1.25 (1.05-1.49) 0.012 — — — T 1265 (L020-1544) 0.032 — -
Previous sensory
neuropathy — — — — — — — — — 1.84 (1.03-3.30)  0.039
Previous CVD 4 146 (1.23-1.73)  <0.0001 ] 1.58 (1.16-2.15) 0.0041 — — — — —

Diabetes 55:1832-1839, 2006



Napayovtecg kKivouvou egpaviong XNN orov ZA

the Swedish National Diabetes Register (NDR)

Albuminuria Glomerular filtration rate Creatinine clearance
(Micro- or macroalbuminuria) (MDRD) <60 mL/min/1.73 m’ (Cockeroft-Gault ) <60 mL/min
Wald X? OR Wald X? OR Wald X

Variables OR (95% CI) (order)  P-value (95% Cl) (order)  P-value (95% CI) (order)  P-value
Systolic blood 1.25 (1.15-1.37) 27.0(1) <0.001 1.18(1.06-1.31) 88(6) 0.003
pressure (mmHg)
HbAlc (DCCT, %)
Age (years) 127 (116-140) 26.13) <0.001" 200 (175=228) 101(1) <0001 4.6 (3.38-5.38) 151 (1)  <0.001
Female sex 0.65 (0.55-0.79) 205 (5) <0.001 403 (297=548)" J95(4) <0000 6.23 (4.08-9.52) 71.5(3) <0.001
Smoker (%) 150 (1.21-1.86) 13.7(6) <0.001
BMI (kg/m?) LI3(1.04 124) 74 (7)  0.0064 L19(106 1.33) 91(5) " 00026 0.34(0.27-042) 105(2) <0.001
Triglycerides (mmol/L) LI2(102 1.22) S8 (8)  0.016 L200(E07 1.34) 103 (2) 00003 1.39 (1.19-1.61) 179 (5) <0.001
HDL choleserol (mmol/L) | 090 (0:82-0.99)  40/4) 045
Creatinine (umol/L) 2.11 (1.80-2.46) 869 (3) <0.001 2.05(1.65-2.55) 41.8(4) <0.001
Pulse pressure (mmHg) 1.31 (1.09-1.58) 84 (6) (0.004

Nephrol Dial Transplant (2010) 1 of 8



NapayovTteg kKivouvou gppavionc XNN oTov ZA
the Japan Diabetes Clinical Data Management study (JDDM15)

Micro/macroalbuminuria versus

eGFR <60 versus 260 (1'eference) normoalbuminuria (reference)
OR (95% CI) P-value OR (95% CI) P-value
Age (per years) 1.08 (1.06—1.10) 0.000 1.01 (1.00-1.02) 0.170
Male 0.89 (0.68-1.17) 0.386 1.31 (1.09-1.57) 0.004
BMI (per kg/m?) 1.03 (0.99-1.06) 0.078 1.06 (1.03-1.08) 0.000
Duration of diabetes (per years) [.02 (1.00-1.03)  0.037 1.00 (0.99-1.02) 0.504
A1C (per %) 0.79 (0.70-0.89) U 000 1.26 (1.16-1.36) 0.000
Hypertension [.46 (1.16-1.86) 0.002 2.12 (1.77-2.53) 0.000
Hyperlipidaemia .47 (1.15-1.86)  0.002 1.09 (0.91-1.31) 0.338
Smoking versus never 0.77 (0.62-0.97) 0.030 1.16 (0.95-1.42) 0.158
CVD 1.87(1.37-2.55)  0.000 1.69 (1.29-2.29) 0.000
Retinopathy versus none
simple 1.47 (1.11-1.91) 0.151 2.10 (1.72-2.56) 0.000
proliferative 2.11 (1.46-3.05) 0.000 3.72 (2.79-4.96) 0.000
Neuropathy (%) 1.17(0.92-1.56)  0.174 1.45(1.18-1.79)  0.000
Nephropathy versus normoalbuminuria N.A. N.A.
Microalbuminuria 1.01 (0.83-1.43) 0.506
Macroalbuminuria 3.56 (4.00-7.76) 0.000
eGFR <60 versus >60 N.A. N.A. 1.91 (1.52-2.40) 0.000

Nephrol Dial Transplant (2009) 24: 1212-1219



Aptnpiakn YnEpTaon
YnepAimdaipia : .

. Fevetikn NMNpodiaBeon

Mayxuoapkia

Kanviopa

High levels of glucose
{hyperghycemia)

AwaBnTikn NegpponaBeia




Hypertension RAS stimulation Hyperglycemia Hyperinsulinemia Obesity

Chronic hypoxia

AGEs Oxidative Nitrosative Mitochondria Endoplasmic
(carbonyl stress) stress stress dysfunction reticulum
stress
[
PARP Polyol pathway Protein kinase C Inflammatory cell Apoptosis Biomolecules:
activation activation infiltration PAI-1
TGF-p
CTGF
Adiponectin

Free iron deposition

Fenton reaction

'

Hydroxy! radicals

Nat. Rev. Nephrol. 6, 83-95 (2010)



Yno&ia orn AiaBnmikn NegpponaOeia

Efferent @ Peritubular capillary plexus
arteriole -

AUEnon ayyeslorevoivng II,
Meimon NO

Meimon NEPICWANVAPIAK®OV
TPIXOEIOWV AOY® ONEIPAHATIK®OV
Kdl AYYEIGK®OV dAACIDOCEWV

AvTioTAOUIOTIKR aUEnon TovV
OWANVApPIaK®V avaykwv o€ 02 Aoyw
HEIWONG TOU ApIOHOU TOV VEPPRV®OV

Avaipia

Nat. Rev. Nephrol. 6, 83-95 (2010)



H uno&ia odnyei o€ auéEnuevn napaywyn ROS

ﬂADH — Rotenone Mitochondrion \

DPI Ubiquinone
I Antimy:;:in A I o,
UbiquTnol Ubisemiquinone < Hypox‘a
o, H,0 Superoxide
\J ¢ Mn_son/
Cytochrome & cuty &= o1 €—Fos
Oxidase
\ H,0 €—— H,O,
GPX L
I_
Cytosol |
DIDS
a DFO

Pl-3 Kinase/Phosphatase

HIF-1o Stabilization

J Biol Chem. 2000 Aug 18;275(33):25130-8



YnepyAukaipia - ApTnpiakn unépraon — NMaxuvoapkia — YnepAimdaipia - Kanviopa

Y ‘1‘
. - activation of PKC, Polyol and
Angiotensin 11 . ’ ]
hexosamine pathways, AGEs formation

Proinflammatory cytokines (IL-1, IL-6, TNFa)
Growth factors (TGF-b, VEGF, CTGF)

I ECM deposition Mesangial Expansion
Podocyte structural and functional changes




NMpoooxn !!!

Oa neémel va TovioOel 0TL TOAAEG ATO TIG TAQATIQTTELG IOV
avadpe@Onkav exovv mEokveL ATO HeAETES MELQAUATOLWWV
KAl paAiota in vitro kat dev exovv emuPeParwOet oe
avOQwmoves. AQa OPeIAOVUE VA TUAOTE LOLALTEQR TIQOTEKTLKOL
oTn eEaywyn a0PaAlwv OCUVUTEQATUATWV.

Diabetes 57:1439-1445, 2008



dappaka,uno avantuén, via Tnv
AQvTIMETONION TNG O1aBNTIKAG VEPpPpoNAdelIag

Inhibits TGF-p-stimulated production of
sMP-534 — | ECMin fibroblasts by inhibition of p38
MAP kinase signaling

FG-3019 > | Blockade of CTGF

imatinib (STI.571) —» | T¥rosine kinase inhibitor that inhibits

PDGF receptor

Ruboxistaurin

» | PKC-J isoform inhibitor

Alagebrium  ——— | Putative AGE cross-link breaker

> GAG

Endothelin antagonist

Inhibitor of the ADAM-10
metalloprotease enzyme, MWP-1

Anti-helminthic, reduces interstitial

Sulodexide
kR 101
Avosentan >
SPP 301
XL784 >
sparing
Pirfenidone >
TTPA0O0
TTPASS

fibrosis and glomerulosclerosis

v

RAGE antagonists

Expert Opin. Emerging Drugs 13:447-463, 2008

Fundamental & Clinical Pharmacology 22:231-240, 2008
Diabetes research and clinical practice 8:270-74, 2008






Median Percent of Population

EniTeu&én npoodou oTnVv eEEAIEN

Crude and Age-Adjusted Incidence of ESRD Related
Prevalence of Diabetes in the General Popuhtion to Diabetes Mellitus (ESRD'DM) United States, 1980-2006
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Seminars in Dialysis, 23: 129-133, 2010.



EMOETIKN AQVTIHETONION
TNG UNEPYAUKAIHIAG,

apTnPIaKnG UNEPTAONG

Kal TNG unepAimidaipiag

Standards of Medical Care in Diabetes—2010, Diabetes Care 33, 2010



Cell membranga

BERRRA R R R RPN R R RN R R R RN RN RN R R R AR R AR R R RN R RN R RN R R R RN R R R R RN RN RN RN R R R RN RPN RN R RN R R RN R R RN RN RN R RN R

Cytoplasm
Proteasome
Hypoxia
NO, ROS
Chelator Inhibition
Cobalt chioride = - L &
2-0xoglutarate derivative / Degradation
TMB008 or TMB0B9 - j
;';# r'; ;..-"f ';"
DEI ascorbate, Stimulation ;;" “1-..,'1

2-oxoglutarate, Fet ———

S
““““

Hynrﬂx)rlated
HIF-a

VEGF, Glut-1, Epo

Nat. Rev. Nephrol. 6, 83-95 (2010)



J Am Soc Nephrol 20: 1877-1887, 2009




lahla/2 (PHD INA polymerase Cell growth
FKBP38 (PHDZ2
Degradation Inflammation
Activit [
///f/l Oxygen sensor / Angiogenesis
Hypoxia \ / = / (PHD2)
Expression . rE._II-l.g?eluE // e Erythropoiesis
(PHDED?-IT% PHD3 | g Kidney (PHD2)
y HIE2a F1 Liver (PHD1/PHD3)
Fe2+ ¥ o 4
Ascorbate |——»| |. C;E Egsm 4 % \\ Hypoxic
2-0xoglutarate P / tc;;elflg rEe
S % HIF-3a =
-Cytoplasm \ Adipogenesis
ROS : "Nucleus [
Nitric oxide | Activity \\|

Apoptosis
Oxidative stress

Nat. Rev. Nephrol. 6, 83-95 (2010)




Nat. Rev. Nephrol. 6, 83-95 (2010)
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