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Introduccio

*Malaltia renal = 40% DM1 1 DM2
*Malaltia renal cronica estadiatge 3/4 = 40% DM (Espanya)
*Nefropatia diabetica 1* causa de MRCT

—Catalunya 22% 1T (RMRC 2014)

—Hspanya 22% T

—USA 50%

Martinez-Castelao A et al. BMC Nephrology 2011
RMRC 2014



Introduccio
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Historia Natural de la Nefropatia Diabeética

Hiperfiltration microalbuminuria macroalbuminuria CKD and ESRD
UAER< 30* P
GFR> 120 UAER 30-300 *

A

150"

120

. | T | |

Class | Class lla Class lib Class Il Class IV

Evolution of histological lesions of diabetic nephropathy
— | |

Espinell E. J. Clin. Med. 2015
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Classificacid Clinica Nefropatia Diabética

The Stages 1n Diabetic Renal Disease: With Emphasis on
the Stage of Incipient Diabetic Nephropathy

Hipertrofia e

hiperfiltracié glomerular
J

N\

Lesions glomerulars
sense albuminuria

Nefropatia diabética
incipient

Nefropatia diabética
establerta

MRCT

Mogensen CA et al. Diabetes 1983



Classificacido Histologica Nefropatia Diabética

Lesions Glomerulars

Esclerosis Glomerular

Tervaert TW et al. JASN 2010



Classificacio Histologica Nefropatia Diabética

Lesions intersticials | vasculars

Lesio Criteri Puntuacioé
Lesions intersticials
= Fibrosi intersticial i atrofia No IFTA 0
tubular (IFTA) <25% 1
25-50% 2
>50% 3
= Inflamacid intersticial Absent 0
Infiltracié nomes arees IFTA 1
Infiltraci6 en arees sense IFTA 2
Lesions vasculars
= Hialinosi arteriolar Absent 0
1 area hialinosi arteriolar 1
> 1 area hialinosi arteriolar 2
= Vasosgrans | -=--- Si/no
= Arteriosclerosis (puntuacié | No eixamplament intima 0
pitjor arteria) Eixamplament intima < mitja 1
Eixamplament intima > mitja 2

M ks’ kR
Fibrosi Intersticial

Tervaert TW et al. JASN 2010




Classificacio Histologica Nefropatia Diabética

Factores predictivos de nefropatia no diabética en pacientes
diabéticos. Utilidad de la biopsia renal

Sheila Bermejo?®, Maria José Soler®*, Javier Gimeno?, Clara Barrios?, Eva Rodriguez?,
Sergi Mojal® y Julio Pascual“

& Servicio de Nefrologia, Hospital del Mar, REDINREN RD12/0021/0024, Barcelona, Espaiia
b Servicio de Anatomia Patologica, Hospital del Mar, REDINREN RD12/0021/0024, Barcelona, Espafia

£ Fundacién IMIM, Hospital del Mar, REDINREN RD12/0021/0024, Barcelona, Espafia -
P P NEFROLOGIA 2016;36(5):535-544

C

1,0 4 —|

0,8 - p = 0,004

Proteinuria

g 0,6 - =™ < 3,5 gri24h > 3,5 gri24h
2
=
@
S g4
o)

0,2

0,0 -

Anos hasta inicio de TRS

<3,5gn24h 17 16 16 16 16
=3 5gr2sh 24 13 13 13 13




Index

1. Introduccid
2. Historia Natural de la Nefropatia Diabetica

3. Classtficaci6 de la Nefropatia Diabetica

A. Clinica

B. Histologica

4. Fisiopatologia de la ND

A. Vies Senyalitzacid classiques

B. Noves vies implicades en la ND

5. Conclusions



Fisiopatologia de la Nefropatia Diabética

Factors de creixement

1




PA. Sistema Renina Angiotensina

» El Sistema Renina
Angiotensina (RAS) es una
cascada hormonal que
regula la pressio arterial i el
balan¢ hidric (Peach MJ, et al.
Physiol Rev. 1977).

» SRA es un regulador de la

funcio renal i CV (Roscioni SS,
et al. Nat Rev Nephrol. 2014).

» SRA classic.

Donoghue M, et al. Circ Res. 2000
Crackower et al. Nature 2002

ANGIOTENSINOGEN (AGT)

ANGI (1-10)

ANGII (1-8) | ——

'

ANGIII (2-8) NEP

ANGIV (3-8)

ANG (1-9)

ACE
CATHEPSIN G NEP ACE
CHYMASE
ACE?2

ANG (1-7)

ACE

ANG (1-5)

mmmmmxmmm P

» Vasoconstriction

*+ Hypertrophy

* Fibrosis and inflammation

* Proliferation

* MMP activation

» NADPH Oxidase activation=> ROS
production

+ Aldosterone secretion

+ Pituitary gland stimulation

*  Production of extracellular matrix




PA. Sistema Renina Angiotensina

» El Sistema Renina
Angiotensina (RAS) es una
cascada hormonal que
regula la pressio arterial i el
balan¢ hidric (Peach MJ, et al.
Physiol Rev. 1977).

» SRA es un regulador de la

funcio renal i CV (Roscioni SS,
et al. Nat Rev Nephrol. 2014).

» SRA classic.

» SRA no-classic/actual.

Donoghue M, et al. Circ Res. 2000
Crackower et al. Nature 2002

ANGIOTENSINOGEN (AGT)

ANGI (1-10)

ANGII (1-8)

ACE
CATHEPSIN G NEP ACE
CHYMASE
ACE2 .

ANG (1-9)

'

ANGIII (2-8) NEP

ANGIV (3-8)

ANG (1-7)

ACE

ANG (1-5)

mmmmlo(xmm(xm vasr [Hh

+ Pituitary gland stimulation
*  Production of extracellular matrix

» Vasoconstriction

*+ Hypertrophy

* Fibrosis and inflammation

* Proliferation

* MMP activation

» NADPH Oxidase activation=> ROS
production

+ Aldosterone secretion

* Vasodilation

» Vascular protection
+ Antifibrotic actions
« Antiproliferative

actions

* Reduction in pro-

inflammatory
cytokines




PA. Sistema Renina Angiotensina
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Clotet S et al. AJPR 2016
Anguiano L et al. Nephrol Dial Transplant 2015



PA. Sistema Renina Angiotensina

IECAs

_-© Camgs AR ~ MasR

ARAIl [

Rieray Soler. Avances Nefropatia Diabética 2011



PA. Antialdosteronics

fﬁ Zili‘;rdmas pequeno= mayor Spironolactone Eplerenone Finerenone
Mineralocorticoid 24 99() 18

receptor

Glucocorticoid 2400 22.000 >10.000
receptor

Androgen receptor 77 21,200 >10.000
Progesterone 740 31,200 >10.000
receptor




PA. Antialdosteronics

FIDELIO/FIGARO

2 Recruiting Efficacy and Safety of Finerenone in Subjects With Type 2 Diabetes Mellitus and Diabetic Kidney Disease
Condition: Diabetic Kidney Disease
Interventions: Drug: Finerenone (BAY94-8862); Drug: Placebo

UACR 30 -299 mg/g. High albuminuria. RD.
UACR2 300 mg/g. Very high Albuminuria.

3 Recruiting Efficacy and Safety of Finerenone in Subjects With Type 2 Diabetes Mellitus and the Clinical Diagnosis of Diabetic
Kidney Disease
Condition: Diabetic Kidney Disease

Interventions: Drug: Finerenone (BAY94-8862); Drug: Placebo

FG 25-90 ml/min UACR 30 -299 mg/g. High albuminuria.
FG 2 60 ml/min UACR2 300 mg/g. Very high Albuminuria.



PA. Endotelina-1

Efferent arteriole
(ETA and ETa)

Afferent arteriole
(ETx and ETs)

Proximal tubule (ow
expression ETa and ETe)

Glomerulus
(ETa and ETr)

Cortical collecting

duct (E1w)
Podocytes
(ETa>>ETn) Mesangial cells
(ETp and ETr)
Thick Outer medullary
ascending collecting duct
limb (€18 (ETn)
Thin
descen- I dull
ding limb e Weannd
{low expression Thin collecting duct
ETa and ETr) : (ETe>>ETA)
ascending -

Anguiano L et al. J Clin Med 2015



PA. Endotelina-1

ET-1

///\

ETa

ETe

= Vasoconsiriction

= Blood Mow reduction

Activation of NF-kB

N

Inereased glomerular
permeability to albumin

Inereased intracellular
Cal+ levels

N{-mediated vasodilation

- Inhihition Na+-K+ ATPase activity
- Activation NHE3

- WO production

= Inhibition sodium
reabsorption

- Enhacement NOS
achivily

= Activation N
pathway
= Inhibition Na+
Trans port

Anguiano L et al. J Clin Med 2015




PA. Endotelina-1

ERA class Trade Name Code Chemical Relative
name class ET,/ET,
selectivity
Dzl imixed)| Traclesr® | Bosentan Bo47-0203 | Pyrimidine- X
ET /ETg-Ra sulfonamide
= dual ERA
Enrasentan SB217242 Carboxylic 110X
i
Velein® | Tezosentan | Ro61-0612 | Pyrimidine- X
sulfonamide
Selective Ambrisentan | LU-208075 Propanocic acid | b )
ET,-Ra BSF-208075 260 X
= ERA-A
Xinlay® | Atrasentan ABRT-627 Carboxylic | Bl X
A-T4T62T acud
A-127722
Avosenlan SPPE0I Pyrimidine- 30 - 600 X
sulfonamide
BMS-193884 | Biphenyl 13333 X
sulfonamide
Clazosentan | AXV-034343 | Pyrinudine- [0 X
WiL-588 sulfonamide
Ro6l-17490
Dargsentan LU-135252 Propanoic acid | b
BSF-135252 130 X
Edonentan BMS207040 | Biphenyl a0 D00 X
sulfonamide
S-0039 MNon-peptidic 1000 X
Thelin® | Siwxsentan | TBC1 1251 Heteroaryl f 500 X
(ET 1 sulfonamide
TBC 3711 Carboxamide 44 ) X
Y WSOE Ethene Bla X

sulfonamide

Award AS

. AJPRP 2011



PA. Endotelina-1

Finalizacion: Nov 2018

FG 25-75 ml/min
UACR2300 mg/g

SONAR
1 Recruiting Study Of Diabetic Nephropathy With Atrasentan
Condition: Diabetic Nephropathy
Interventions: Drug: Atrasentan; Drug: Placebo
Double Blind Treatment Period
(Estimated 425 Events)
Atrasentan 0.75 mg QD (1574 subjects) .
i Run-In Period 2 weeks if zarg:'cl:iACR !
Screening - uction
receiving max tolerated SWeek | . .
Period labeled dose of RAS Enitment Placebo QD (1574 subjects) » | Follow-up
g g P Atrasentan 0.75 mg QD (500 subjects) Period
Afrasenta : » | 45D
(pto 14 Run-In Period 4 to 12 weeks Dr.?:'sse;\gn R >| o0
if not receivi tolerated a |y
Days) ! "ﬂﬁ;:ﬁ'ggs";?; ;:Sra ® Placebo QD (500 subjects) .
T T 'y

| 1 I L ‘ | | |
| | I b I | Pl ‘ | | |

st 2 R R. R Ré RS R6  E{Eppagsps Rendomizaton 11 A Final Tx F

Af?er;T; Period
Visit

(T48)



Fisiopatologia de la Nefropatia Diabética

Factors de creixement

1




Metabolics. Glucosa

Pacients DM 1 (n=8)

Glomerular Basement Membrane (nm)

Mesangial Fractional Volume
[=]

0 N 10 anos

-4 13
0.00 ] . . ’ . 0.00 . r -
Base 5 10 Base 5 10
Line Years Years Line Years Years

Fioretto P. NEJM 1998



Metabolics. Glucosa

Filtrat Glomerular Albuminuria
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Mesangial B oms
LaﬂastagaGroup

Riera M. PLOS ONE 2014

‘Control Diabetic-l-lNS



Metabolics. Glucosa

Nous mecanismes

Proximal Distal  Collecting

Glomerulus Tubule Tubule Duct

| Loop Increased

of glucose
@ excretion




Metabolics. Glicocalix

» 80% heparina/20%
dermatan sulfato

» Restaura MBG

» Restaura cargas anionicas

» Disminuye: TGFp y
deposito colageno IV

Loss of glycocalyx

Sulodexide

Breyer MD. Nature Reviews 2016



Metabolics. Glicocalix.

SUNMICRO/SUNMACRO
7 Completed  Effect of Sulodexide in Early Diabetic Nephropathy VCr1,5-3mg/dl
. i i H Cr 1,3-3 mg/dl
Condition: Diabetic Nephropathy VUACR 35 200 e/
Intervention: Drug: Sulodexide HUACR 45-200 mg/g
o Terminated Effect of Sulodexide in Overt Diabetic Nephropathy V Cr1,5-3mg/dl
Condition: Diabetic Nephropathy H Cr1,3-3 mg/dl
V UACR=2650 mg/g
Intervention: Drug: Sulodexide HUACR=900 mg/g

Sulodexide for Kidney Protection in Type 2 Diabetes Patients
With Microalbuminuria: A Randomized Controlled Trial

Edmund J. Lewis, MD," Julia B. Lewis, MD,? Tom Greene, PhD,?
Lawrence G. Hunsicker, MD,? Tomas Beri, MD,® Marc A. Pohl, MD,?
Dick de Zeeuw, MD, PhD,” Hiddo Lambers Heerspink, PhD,” Richard D. Rohde, BS,*®
Robert C. Atkins, MD,° Anne T. Reutens, MD,° David K. Packham, MD,™ and
Itamar Raz, MD,"" on behalf of the Collaborative Study Group*
Am J Kidney Dis. 58(5):729-736. © 2011

Sulodexide Fails to Demonstrate Renoprotection in
Overt Type 2 Diabetic Nephropathy

David K. Packham,*" Rory Wolfe,¥ Anne T. Reutens,*® Tomas Berl,!

Hiddo Lambers Heerspink,'n Richard Rohde,** Sara Ivory,tJuIia Lewis, T Itamar Raz,**
Thomas B. Wiegmann,§§ Juliana C.N. Chan ! Dick de Zeeuw," Edmund J. Lewis, 1"
and Robert C. Atkins,¥ for the Collaborative Study Grour

JAm Soc Nephrol 23: 123-130, 2012.



Metabolics. Proteina-cinasa C

Mecanismes d acci6 de la Proteina-cinasa C

Gboxistaurim)

Nefropatia Diabética



Metabolics. Poteina-cinasa C

ROBUXISTAURINA

2 Completed Protein Kinase C (PKC) Inhibitor-Diabetic Retinopathy Phase 3 Study
Has Resuits Condition: Diabetic Retinopathy

Interventions: Drug: ruboxistaurin; Drug: placebo

8 Completed The Effect of LY333531 on Protein in the Urine in Patients With Type 2 Diabetes
Condition: Diabetic Nephropathy

Intervention: Drug: LY333531

Kidney Outcomes in Long-Term Studies of Ruboxistaurin for
Diabetic Eye Disease

Katherine R. Tuttle,* Janst B. McGill,' Douglas . Haney,! Toni E. Lin !

Pamela W. Anderson;t for the PEC-DRES, PKC-DMES, and PEC-DRS 2 Study Groups
*Providence Medics! Research Center and University of Washington School of Medicine, Spokane, Washingfor;
*Department of Medicine, Washington University, 5t Louis, Missowrt: ard #Lilly Resesrch Laboratories, Eli Lilly and
Comparzy, [rdisnapolis, Indimes

Cltn [ Am Soc Nepiral 2: 631536, 2007,



Metabolics. Estrés Oxidatiu

ANTIOXIDANTS. BARDOXOLONA

Proteasome

Chen J. Diabetes Metab J 2015



Metabolics. Estrés Oxidatiu

BEACON

7 Terminated Bardoxolone Methyl Evaluation in Patients With Chronic Kidney Disease and Type 2 Diabetes
Conditions: Renal Insufficiency, Chronic; Diabetes Mellitus, Type 2

Interventions: Drug: Placebo; Drug: Bardoxolone Methyl: 20 mg

Bardoxolone Methyl in Type 2 Diabetes
and Stage 4 Chronic Kidney Disease

FG 15 -29 ml/min
Dick de Zeeuw, M.D., Ph.D., Tadao Akizawa, M.D., Ph.D.,

Paul Audhya, M.D., M.B.A_, George L. Bakris, M.D., Melanie Chin, Ph.D.,
Heidi Christ-Schmidt, M.S.E., Angie Goldsberry, M.S., Mark Houser, M.D.,

Melissa Krauth, M.B.A., Hiddo J. Lambers Heerspink, Pharm.D., Ph.D.,

John ). McMurray, M.D., Colin ). Meyer, M.D., Hans-Henrik Parving, M.D., D.M.Sc.,

Giuseppe Remuzzi, M.D., Robert D. Toto, M.D., Nosratola D. Vaziri, M.D.,

Christoph Wanner, M.D., Janet Wittes, Ph.D., Danielle Wrolstad, M.S.,
and Glenn M. Chertow, M.D., M.P.H., for the BEACON Trial Investigators*

N Engl ] Med 2013;369:2492-503.



Metabolics. Estrés Oxidatiu

BEACON

B Death from Cardiovascular Causes
0.259 Hazard ratio, 1.44 (35% Cl, 0.80-2.59) 1 This portion of the figure
P=0.23 ! based on <20% of patients
g 0207 i
2 :
1
& o015 !
® !
s 1
£ 010 i
1
! Bardoxolone methyl
E 0.05 : =thy
g—_ﬁ i Placebo
0.00 I T T T T T T T . T T 1
0 4 g 12 16 24 32 40 48 56 B4 72
Weeks since Randomization
Mo. at Risk
Bardoxolone methyl 1088 1082 1055 991 916 770 590 450 315 144 18 0
Placebo 1097 1096 1081 1010 230 786 622 464 340 156 23 0
C ESRD
0359 Hazard ratio, 0.82 (95% CI, 0.55-1.24) i This portion of the figure
P=0.35 ! based on <20% of patients
8 0207 i
= 1
[ 1
3 !
£ 0154 !
‘s |
£ i
'g 0.10 : Placebo
3 1
o 005 | Bardaxolone methyl
1
!
0.00 T T T T T T T T * T T 1
0 4 g 12 16 24 iz 40 48 56 b4 72
Weoks since Randomization
Mo. at Risk
Bardoxolone rne‘th}'| 1088 1077 1050 982 204 756 571 429 297 137 16 0
Placebo 1097 1055 1076 1004 922 T6E 596 439 EYE:S 142 19 (i}

Para PREMATURAMENTE.
Mas mortalidad CV.
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Factors de creixement
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Fisiopatologia de la Nefropatia Diabeética

DEPOSIT
MATRIU
7

), T ALTERACIONS
% NI s HEMODINAMIQUES
% :
ACTIVACIO/PRO- 7
LIFERACIO FIBROSI LESIO

FIBROBLASTS | DEPLECIO
CEL.LULAR RENAL
INFLAMACIO }%
INMUNITARI @ :
CEL.LULAR ESTRES
o 4 OXIDATIU

°d

Adaptat Brenneman J. Bioorganic & Medicinal
Chemistry Letters 2016



Fisiopatologia de la Nefropatia Diabética

/" Alt. metabolica ) {HIPERGLICEMIA}

primaria l
\
Mitiancers PDG CITOQUINES QUIMIOCINES  IL1g ANG-II
sec (]) adaris ALDOSTERONA ENDOTELINA  XANTINO-OXIDASA
INTEGRINA«VE3
N Y
(" )
Senyals
NFx8 NOX1/4 JAK/STAT ASK-1 FOSFODIESTERA
- y
Processos ) )
patogenics [ FIBROSI € INFLAMACIO ¢«—— LESIO CEL. RENAL ]

Adaptat. Perez —Gomez MV et al. J. Clin. Med. 2015



Fisiopatologia de la Nefropatia Diabética

ANTIFIBROSI I REGENERACIO

RAAS inhibition
Bardoxolone

Tubular epithelium

TGF—[i Emtlbc:d:,ur
Pirfenidone
Anti-integrin avp6
GTGF antlbody

Fibrocyte ©
Regular
' vessel
' Dysfunctlonal

vessel ZaS : hrombospondin
~ RAAS inhibition
Statins
Bardoxolone
PDES inhibitor
OX1 or NOX4 inhibito

~ Extracellular matrix //

Tampe D. Nat. Rev. Nephrol 2014



Fisiopatologia de la Nefropatia Diabética

REGENERACIO. TERAPIA CEL.LULAR (mesenchymal stem cells)

14 Completed Safety and Efficacy of Mesenchymal Precursor Cells in Diabetic Nephropathy

Conditions: Diabetic Nephropathy; Type 2 Diabetes

Intervention: Biological: Mesenchymal Precursor Cells (MPCs)

FG 20-50 ml/min
UACR 31-2999 mg/g

Allogeneic Mesenchymal Precursor Cells (MPC) in Diabetic Nephropathy:
A Randomized, Placebo-controlled, Dose Escalation Study

David K. Packham, MD *P#, [an R. Fraser, MD €, Peter G. Kerr, MBBS %€, Karen R. Segal, PhD f

2 Melbourne Renal Research Group, Melbourne, Victoria, Australia

EBioMedicine 12 (2016) 263-269



Fisiopatologia de la Nefropatia Diabética

REGENERACIO. TERAPIA CEL.LULAR (mesenchymal stem cells)

Assessed for eligibility

(n=57)
Screen failed: not randomized (n=27)
» [Did not meet eligibility critenia (n=28)
» VWithdrew consent {(n=1)
Randomized
{n=30 )
Placebo MPC 150 x 10° MPC 300 x 10°
{n=10 treated) {n=10 treated) {(n=10 treated)
Completed study Completed study Completed study
{n=10) {n=10) {n=10)

Included in anahysis
(n=10)

Included in anahy=i=
{n=10)

Included in anahysis

(n=10)




Fisiopatologia de la Nefropatia Diabética

REGENERACIO. TERAPIA CEL.LULAR (mesenchymal stem cells)

Placebo (n=10) MPC 150M (n=10) MPC 300M (n=10)
8 8 8
6 6 6
4 4 4

eGFR Change from baseline LSM (ml/min/1.73 m?

.t} 12 24 3 48 60 0 12 24 36 48 60 0 12 24 36 48 60
Time (Week) Time (Week) Time (Week)

Packham DK. EbioMedicine 2016
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Fisiopatologia de la Nefropatia Diabeética

ACTIVACIO DEL COMPLEMENT. LECTINA UNIO MANOSA.

[

TGIuc nse

C3 C5 Ch5
| BL@ cnnvertas.e E3h convertase *

Glycated ca rb:}hyd rate

1 Mitochondrion TRDS DNA damage i
TGlucose )= g &F :

Nucleus
- - @) oD

o
]
L

(Polyol
pathway)
@LACGlucnsamme 6-p j————>{ UDP-GlcNaC
(Hexosamine
pathway)

@Glycerald eh}rde—E—FD—"' —'*(T{I—Glyceml—l:’)_‘ —
(PKC pathway)

Flyvbjerg P . Nat. Rev. Nephrol 2017



Fisiopatologia de la Nefropatia Diabética

Baseline MBL (ug/l)

6000 +
5000 +
4000 +
3000 +
2000 +
1000 +

ACTIVACIO DEL COMPLEMENT. LECTINA UNIO MANOSA.

Pacients DM 1

p=0.007

1395 g/l

Non progressors
(n=195)

2232 ugll

Progressors
(n=75)

Cumulative incidence of
microalbuminuria (%)

50 - p=0.003
40 MBL = 1597 ugil
3‘“ -
§ T MBL = 1597 pail
qu
10 o
0 : 1 | .
0 5 10 15 20 25

Duration of diabetes (years)

Hovind P. Diabetes 2005



Fisiopatologia de la Nefropatia Diabética

Serum levels of MBL({ug/L)

ACTIVACIO DEL COMPLEMENT. LECTINA UNIO MANOSA.

Pacients DM 2

Patients with T2DM
5000.00-
@ Z=11.755, P<0.0001 Indictor: DN Multivariate Analysis
u— T OR ® 95% C1* P
MBL 1.001 1.001-1.002 <0.0001
3000.00 MBL(>2950ug/L) 7.55 3.44-19.04 <0.0001
Male sex 1.15 1.06-1.29 0.009
HbA1c 1.05 1.01-1.16 < 0.001
2000.00 Hs-CRP 1.08 1.03-1.18 < 0.001
= Creatinine 1.31 1.10-1.48 0.003
=E Z=14.578, P<0.0001 i
—_— Systolic BP 1.16 1.05-1.36 0.009
Factors de Risc de ND
007 Z=14.433, P<0.0001
T T T
Patients with _ Patients with DN Normal cases (N=100)
normml_l:é:g;nurla (N=242)

Guan LZ. PLOS ONE 2015
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VIA DE LES UBIQUITINES

leiqu itin | L h‘lqllllll"l 2 Ubiquitin proteasome system
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