e

)

0 [NaveAAVvIO
> UVEDPIO

Neppoloyiag

Mcfou 2026 i =V
=evoBorsio Astir-Egnatio AAEE&IM@ p@u 'emn!

WWW.27PSN.GR y ST
T Te

AvoOOAOYIKEG DIATAPAXEG OTN
O1aBnTIKA ve@poTtTadsia

["ewpylog AIoUAIOG
ExA. Etrikoupog KaBnyntic Al



OPIZMOZz

AlaBnTIKA VE@EPIKN VOO 0G: AEITOUPYIKEC KOl IOTOAOYIKEG AAAOIWOEIC TWV VEQPPWYV AOYW TNG
uTTapéng 2A

2TadI0KA augavopevn AeukwuaToupia, au¢non apXika Tou eGFR Kal 0Tn ouvéXeia EAATTwonN
MEXP!I TZXNN

Mn-trpwreivoupiki AlaBnTik Ne@pikil N6ocog (NPDKD): EAGTTwon Tou eGFR Xwpig
AeukwpaToupia (kupiwg otov ZATl, GAAN TTaBo@uaololoyia;)



EMNIAHMIOAOIIA

US Renal System Annual Data Report: AN aitio yia 10 47,1% €vragnc oc EK
China Kidney Disease Network: AN aiTio yia 10 26,7% 1ng XNN

Figure 1.1 Prevalence of CKD in U.S. adults

Overall Age Sex Race/Ethnicity WDEWEEN Hypertension  Cardiovascular Disease  Obesity Figure 1.6 Prevalence of diabetes mellitus by CKD status in U.S. adults
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Current and Projected Cases of Diabetes by Region
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KAINIKH EIKONA

60% KAaoikry AN: Aeukwpuartoupia > 1yp/24wpo, augnuévo NEYEBOC VEPPWV YIa TOV
GFR, Ttapouadia 3 ox1 ap@IBANOTPOEIOOTTABEIOG

13% Mn TUTTIKI) €IKOVA, KUPIWG JE TN MOPPN IOXAIMIKAGC VEQPOTTAOEIOC

27% [Mapouaia GAANG veppoTTabeiag o€ cuvutTapen Je ZA

2YXNA: ETrei0601a un avaotpéwigng ONB petd atd xopriynon MZA®, orjyn, kartatrAngia

AlaBnTIKA veppotradeia xwpig diaBRTtn!



KAaoIKA TTOpOUCiaon

Stages of DN | Renal hypertrophy Incipient DN Overt DN ESRD

Increased kidney and

Structures glomerular size F:A:::;:;:m::;f‘t?::s i Glo
GBM thickness U['yf!j:l.iiw
GFR Increased 20-50% Turn to normal Declined i
BP Normal

VEARS —
O (Diagnosis) 5 15
ALBUMINURIA CATEGORIES IN CKD
ACR (approximate equivalent)
Category AER (mg/24 h) (mg/mmol) (mg/qg) Terms
Al <30 <3 <30 Normal to mildly increased
A2 30-300 3-30 30-300 Moderately increased®

A3 >300 >30 >300 Severely increased”




loTOAOYIKEG OAAOIWOEIG
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. Mesangial
Arteriole || f/ Efferent artgnple hypertrophy and
hyalinosis [} vasoconstriction ECM deposition
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fibrosis
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Nicholson RJ, Front Endocrinol (Lausanne). 2021 Jan 28;11:622692.



NMNaBoyévela d1aBNTIKAG vEPPOTTADEIOG
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Metabolic
disturbances

O ROS
O AGEs

Hemodynamic
mediators

Q Histone

Gut © Angiotensin I
microbiome @ Aldosterone
changes © Endothelins

* TNF-a +SAA * TGF-B
«IL-1 * MCP-1 « Fibronectin
«IL-16 * MMP-9 « Collagen-1
*IL-18 * ICAM-1 * PAI-1
CTGF

methylation
or acetylation l

o Inflammatory factors @ Fibrotic factors PFeed

Diabetes

Inflammation
and fibrosis

besity, hypertension, APOL 1 genotype, concurrent CKDs

€& MR —)
overactivation

proinflammatory and
profibrotic factor
production

OROS O AGEsandSAA
Autocrine/paracrine :
receptor binding to: !

* RAGE
*TLR4

-forward cycle of

Metabolic Hemodynamic Inflammation
: disturbances mediators and fibrosis
4 4 4

© Extracellular matrix expansion
O Cellular hypertrophy and proliferation

l

© Glomerulosclerosis

© Tubulointerstitial inflammation
and fibrosis

age onset and progression

Tuttle KR, Kidney Int. 2022 Aug;102(2):248-260.



CEVETIKOI TTOPAYOVTES

[ToAupop@iouoi yovidiwv TTpodiaBéTouv oTnv avaTtrtuen kai emodegivwon tng ANN

2A tUTTOU I
» Meratpemmikd évluuo ayyelotevaoivng, DD + ID polymorphism ACE gene 2>
AN, Aeukwpatoupia, XNN
» YTtrodoxeic TnG ayyelotrevoivng I, (GABRR1, GLRA3, ERBB4)
» KuTttapokiveg
> [pwrteiveg oXeTICOUEVEC JE METARBOAIOUO YAUKOLNG, AITTIdiWV

2A t0TTOUL |
» [laxuoapkia, AucAimodaipia, AY
> Neiroupyia TwV pUBUIOTIKWY T AEPPOKUTTAPWV

Zeng WL, Nefrologia (Engl Ed). 2022 Jul-Aug;42(4):415-431
van Zuydam NR, Diabetes. 2018 Jul;67(7):1414-1427
Sandholm N, J Am Soc Nephrol. 2017 Feb;28(2):557-574



The tubular hypothesis of nephron filtration and diabetic kidney disease

- » Hyperglycaemia
(—J * Environmental factors?
Low salt intake « Genetic and/or
epigenetic factors?

S R e e——————— | == Tubular growth

B T Proximal tubular
s reabsorption of
 glucose

T Proximal tubular

A
Senescence-like
phenotype

Inflammation,
hypoxia or fibrosis

Tubulointerstitial

T Transport work load damage

and O, consumption

reabsorption of
NaCl and fluid

T Filtration of .
oo Tb ' lo 'l" . tubulotoxic factors, AKI and impaired :‘zg/(:::-'a
ubuloglomerular ¢ - .
lfeedbagk including albumin recovery apoptosis
Glomerular hyperfiltration Renal failure
Early changes of , Late consequences of
diabetic kidney disease diabetic kidney disease

Vallon V, Nat Rev Nephrol. 2020 Jun;16(6):317-336.



a Diabetic kidney disease

AI|J06UVG|JIKOi nqpq’vov-rgg TREEMGR L2, > T Angiotensin
iyl om |
* [lpooTavoeldn, NO, IGF, VEGF-A Maculs XY TGrowth factors,
i i i T csa w /| inflammation, fibrosis,
Ayyel001a00TOAN TTpOCAaywYoU =2 JEiwan TNG capillary | SRS 07
avTioTaong e 7 T |
Sered -\ Y e
’ ’ ’ and NaCl X { s : B medullary shunting
. Ayyaomvgwn, syéo@n)uvag -> ayyeloouoTraon AL N |
atmmaywyou - au¢non GFR | Hypoxia
, , , , e ;\: .l THIF1q — HiFla
e ToTmKA aTTEAEUBEPWAN KUTOKIVWV, QUENTIKWYV hypertrophy . ——=/ e
mmapayoviwy, (GLUT-1, TGF-1, VEGF) -2 T lero,
J oy y v aematocrit
[Mapaywyn TTPWTEIVWV TNG ECWKUTTAPIAC .
ouagiag, yeoayyelakn utreptrAacia, TrTaxuvon BM @ TNat/k: —> LPO,
[ hda ATPase
TNa —e——b TNa* P PUmP .
— TRPF—TO, deliver
. 4 r (SGLT2) 2 Y
« Au¢non avéoqmlpapanmg TTieong, TGlucose ——= — o
AeukwpaToupia i

DeFronzo, R.A., Nat Rev Nephrol 17, 319-334 (2021)



MeTaoAIkoi TTaOPAYOVTEG
* Mn €¢aptnon TnG TPOCANWNS YAUKOZNG atrd TNV IVOOUAivn OTO
oTrEipapa

» EvepyoTtroinon 1nG TTaBoyeveTiKAG 000U TNG TTOAUOANG — COpPRITOAN —
WOHWTIKN BAGBN, AGES, 0CEIOWTIKO OTPEC

« AUCNoN evOOKUTTAPIKAG TTAPAYWYNGS TTPOdPOUWY OToIXEiwV Twv AGES
« AUCNON TNG EKPPACNC TwV UTTOdoXEWV Twv AGES

« Evepyotroinon 1ng 0dou 1n¢ Ecooapivng (hexosamine pathway)

DeFronzo, R.A., Nat Rev Nephrol 17, 319-334 (2021)



TeAIKA TTPOIOVTA TTPOXWPNMEVNG MN-EVCUMIKAG YAUKOCUAIWwONG
(Advanced Glycation End Products — AGES)

[MpoidvTta un-evCUPIKAS YAUKOCUAIWONC NITTIOIWY, VOUKAEIVIKWYV OCEWV, TTPWTEIVWV
(KoAAayOvo, Aapivivn, TOUTTOUAIVN, JueAivn, C3, PA, Ivwdoyovo)

Apaon Twv AGEs o€ KUTTOPIKO £TTITTE®O0 Kl O€ ETTITTEDO I0TWV
MeTaBOAEC OTNV £KPpaon YovIdiwv
TpoTtrotroinon EVOOKUTTOPIKWY TTPWTEIVWIV
TpoT1ToTT0iNON OTOIXEIWV TNG ECWKUTTAPIAC OUCTiag
AucA&iToupyia evdoBnAiou

Augnon €kepaoncg uttodoxéwv AGEs



AvoooAOYIKOi unxaviouoi Disbetic milleu

» AGE-RAGE

oTnVv €§€AIGN TG ANN +Oxidative stress
*Angiotensin |

H xaunAou BaBuou xpovia Npag JAKSTAT  Nef2

@Aeypovr ouvdEsTal Aueca Pe TNV - okinase

TTAXUOaPKia Kal TNV avTiotaon

i Adhesion molecules
OTNV IVOOUAIVN.

*VCAM1
Nucleus *ICAM1
EVV*:V"‘IQ GVO’O'IG | Pro-inflammatory cytokines
E1d1kn avogia Transcription ':t'é

*TNF-a
f TGF-B

Macrophage infiltration and progression of DKD

Matoba K, Int J Mol Sci. 2019 Jul 10;20(14):3393.



AvoooAoyikoi ynxaviouoi — Eyyeving Avooia

ESWKUTTAPIKOI UTTODOXEIG
DAMPs, HSPs, AGEs, HMGB1, fibronectin
ICAM1, VCAM1
Patterns recognition receptors (PRRs), TLRs
EvOoKuTTOapIKOi UTTODOXEIG
Nucleotide binding oligomerization domain (NOD)
signalsomes, inflamasomes
NOD-like receptors (NLRsS)
MovoTtrdTtia KUTTapIKAG onuarodoTnong (Signaling pathways)
P38 mitogen-activated protein kinase
JAK-STAT pathway
TNF-a signaling pathway
Evepyotroinon CUMTTANPWHATOG
KAQOIKI) 000G, 000G AEKTIVNG

Flyvbjerg A. Nat Rev Nephrol. 2017 May;13(5):311-318



Y1trodoxeig Twv AGES

T RAGESs o¢ evd0o0nAiakd KUTTOPA TOU
veppPOU

T

NADPH oxidase Protein Kinases
\ / oxidative stress —» transcfiption factors
(such as NFxB)
TNF-kB
' / cell activation:
, XA TNF-«, IL-6,
T Exgppaon ICAM, VCAM : | IL-1, VCAM-1,

\ ICAM-1, IGF-1

! eNOS, TTGF-B1, TPAI, TevdobnAivn
T TNF-a, IL-1, IL-6
AuZnon ayyelakng dlaTePATOTNTAG



2TOV AvOpwrTro...

Aclohoynon Twv TNF-a ota oupa, TNFR1, TNFR2 otov 0p6 o€ aocBeveic pe diaBnTikn
VEQPOTTAOEIQ

Urinary TNF-a: onuavTikd gynAdTepo o€ 2A ye HETPIa Kal ooBapr AcukwuaToupia
Serum TNFR1, TNFR2: au¢nuéva yovo o€ Bapia AeukwuaTtoupia

Totrik evOoVvePpPIKN evepyoTroinon Tou TNF-a TTponyeital TN CUCTNMATIKAG
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Lampropoulou IT, Clin Immunol. 2020 Jun;215:108423.



Y1rodoxeic TpoOKOAANONG
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Okada S, Diabetes. 2003 Oct;52(10):2586-93



High Glucose

p38-MAPK pathway AGEs AGEs, TNFa, ANG Il
AT
\TXNIPT \/ 2‘3:‘991.0'
YtrepyAukaipia — IL-1R, TNF-aR, RAGE l /

— augnon Tou Apoptosis-Signal regulating Kinase 1

\

— gvepyoTtroinon Tou p38-MAPK

— ATTOTITWON, PAEYPOVH), ivwon HS: TRX Ee]
AvacToAf] ASK-1, p38-MAPK | e
[MeipapaTiKEG HEAETEG: [TovIDIOKA EAAEIYN
PappakeuTikr) avaoToAn he ASK1 Inhibitor (‘p38/NK signaling |
i ot
Apoptosis | | Inflammation | | Fibrosis

L ]

} PAeyuovn, ivwon
| yakpo@aya

Progression of Diabetic Nephropathy

Tesch GH, Am J Physiol Renal Physiol. 2016 Aug 1;311(2):F373-81.



DM + NOX

O p6AoG TWV HOKPOPAYWYV A ApoE

2 € TTEIpAMATIKA povtéAa AN

Week 22

Ytrepoxn Twv M1 pe rpo@Aeyuovwdn ¢aivoTutio =2
Aeukwpartoupia, ivwon, XNN

JM403

[MeIpAUATIKEC MEAETEC:

Week 26

* AvaoToAn Twv M1 pe aipivn =2 peiwon pecoAapntwy
PAEYHOVNC, BEATIWON IOTOAOYIKWY KOl KAIVIKWV C
EUPNUATWY

Week 22

» Toll-like receptor-2 knock-out - avaoTpEPel TOV
@AIVOTUTIO TWV JHOKPOPAYWYV KAl TTPOAAMPBAVEI TIG I
BAGBEC TWV TTODOKUTTAPWYV

Week 26

« AvaoToAn Tou monocyte chemotactic protein-1
(MCP-1) - avaoTtpo®r TnG BAABNG otn pepBpavn,
ueiwon IL-10

. &,
¢ 0N
¥

Tian S, Macrophage (Houst). 2015;2(1):e679.
Boels MGS, Am J Pathol. 2017 Nov;187(11):2430-2440.



Satirapoj et al. BMC Nephrology (2018) 19:246
https://doi.org/10.1186/512882-018-1043-x

BMC Nephrology

RESEARCH ARTICLE Open Access

Urinary epidermal growth factor, monocyte L
chemoattractant protein-1 or their ratio as
predictors for rapid loss of renal function in

type 2 diabetic patients with diabetic

kidney disease

Bancha Satirapoj', Rattanawan Dispan’, Piyanuch Radinahamed? and Chagriya Kitiyakara® ®

Kaplan-Meier survival estimates
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Satirapoj B, BMC Nephrol. 2018 Sep 21;19(1):246.
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Nephrol Dial Transplant (2016) 0: 1-8
doi: 10.1093/ndt/gfw260 n

Original Article
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Macrophages in diabetic nephropathy in patients with type 2

diabetes ([ v
DN class
Celine Q.F. Klessens', Malu Zandbergenl, Ron Wolterbeek?, Jan A. Bruijnl, Ton J. Rabelink®, . 51 .
Ingeborg M. Bajema' and Daphne H.T. IJpelaar’ %
lDepartment of Pathology, Leiden University Medical Center, Leiden, The Netherlands, ZDcpartmcnt of Statistics, Leiden University Medical !‘ 10 < o
Center, Leiden, The Netherlands and JDcpartmcnt of Nephrology, Leiden University Medical Center, Leiden, The Netherlands g .
[ |
’ - 1 .
= i H - :
Table 3. Correlation between clinical parameters and interstitial CD68™ 8 0 I ' ! I -1
macmphages | Ila [[[5] n )
DN class
B
p* P-value 15 -
GFR stage 0.302 0.009" i . -
Serum creatinine (pmol/L) 0.317 0.006° H = . I
Presence of albuminuria 0.292 0.03" { . |
Microalbuminuria and macroalbuminuria 0.293 0.03° s | 1
HbAlc —0.266 0.14 g - i
Diabetes duration —0.051 0.72 Y o i -
RAAS blockers 0.255 0.046" Conbed Mok -
Oral diabetic medication -0.129 0.32

Klessens CQF, \Nephrol Dial Transplant. 2017 Aug 1;32(8):1322-1329.



d

Percentage of cases with

Evepyotroinocn CUUTTANPWHATOG

EvamréBeon C4d kal C5b-9 oe otmreipduara (pe IgM!)
2UOXETION ME BaputnTa OTTEIPAPMATOOKARPUVONG

ATtToKA£IONOG UTTOOOXEWYV TOU C3, C5:
JAEUKWPaTOUPIA, JECAYYEIOKN UTTEPTTAATIQ, ivwon

100- [ Living donors
F=.01 < 100, Bl Diabetic Nephropathy
9 90 S P=.017
O ap] 22 g0l mm P=.002 P=.001
o 70 =
= 50l 2 P =.392
o ® 3 601 —_—
3 504 el
o 40 G S
3 30 g 5 401
o S £
g 20 = o
S 10 S o 201
o [
0 | la b 1 % a . , I_I :
Class of diabetic nephropathy IgM C1q MBL C4d  Cb5b-9

Bus P, Kidney Int Rep. 2017 Oct 16;3(2):302-313.



O pOAOG TWV HOOTOKUTTAPWYV

[MiI6ava oupBaAAouv oTn dilapecoocwAnvapiakn BAGRN
(Trapaywyn Tputtaocng, xupaong, TGF-B, TNF-a)

80 aobeveic e Broywia kai AN o€ diapopa otadia, 16
UYIEIG

Karavoun Kupiwg oTo SIANECO XWPO, aucnon

TTUKVOTNTAG KAl OTTOKOKKIiWOoNG ME TNV TTPO0J0 TNG
vOOOou

2uoxETion TrukvoTnTag KAI pe KAIVIKA Kal EpyaocTnpIoka
gupnuara

Tommkn TTapaywyn TGF-B, TNF-a, pevivng
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Zheng JM, Diabetologia. 2012 Mar;55(3):801-11.



EmiktnTn Avocia — T
Agp@okKUTTOpPO

* Augnuévn TTapoucia o€ VEQPIKO
10TO AN - CUOXETION UE TOTTIKNA
(PAEYHOVI Kal KAIVIKA JE ETTITTEDQ
AEUKWMATOUPIOC

* AU&non 1600 CD4+ ka1 CD8+

« AU¢non Tou TrpocdEéTn CD80 oTa
TTOOOKUTTAPO

« Meiwon twv CD4+FoxP3+,
mMOAVWG TTPOCTATEUTIKA dpAaon

CIM CDs
d"‘ . " : . ;.' ..k'. .;.‘
R M N
0550 ) " . paet
.l‘ ’ .t‘..l .. ~a .
\ .Pr Yol LA .
o~ ‘al K N » .
A : AR | '
W \" A r .{'M .?. ot
" Ll N go " > 7 Y
"‘\ :’ " !‘f' g V ';. 4
. . ‘<¢ .. wh ‘ A
' {
& =5
‘t/_.'

e
r
}}’, 9
b

! 2 - .
¥
’ Y
~



Alatapayxn avaAoyiwyv Thl/Th2/Thl7/Treg

Th1l cells, Ta otToia EvepyoTTOIOUV TA HOKPOPAYQ

MEOW TTapaywyng IFN-y kal TTpodyouyv TNV
KUTTAPIKA avoaid

Th17 cells TTpo@Aeypovwdn dpdon

Treg cells avtipAeyuovwdn dpaocTtnEIdTNTA,
KATaoToAn TnG dpdong Thl, Th2, Thl7

1Th1/Tregs, 1Th17/Tregs
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Zhang C, Hum Immunol. 2014 Apr;75(4):289-96



B Asp@okUTTOpPO

« [lapaywyn avTiICWPATWY £VAvTl VEO-QVTIYOVWYV: 0EEIDWHEVN
LDL (oxLDL), AGE-LDL, AGE—-albumin, AGE-Ig

* Anuioupyia aVOOOOUUTTAEYUATWYV

« Evepyotroinon cupdtTTANPWUATOC

Glomerulus |
Podocyte minne
T complexes and

Evarmréfeon 1gG utrodnAwWVEl aVOOOCUNTTAEYUATIKA VOOO complement
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« Au¢non Twv CD4+CD28- kai Twv CD8+CD28- kuttdpwyv o€ aoBeveic e XNN kar 2A
* AuCnuEVOoC KivOuvog aBnpwudaTwong, KapdlayyEIaKwy VOO MATWY

2UOXETION ME TN HOKPOOYYEIOTTABEIO TOU 2A?
Emidpaon otnv avamruén ANN?

Sampani E, Int J Mol Sci. 2021 Mar 15;22(6):2975.



PAeypovil otTn AN: OgpaTTEUTIKOG OTOXOG

H aywyn pye SGLT-2 peiwoe onUavTIKA Ta €TTITTEdQ HECOAARBNTWY TNG
PAEYUOVNC O€ oUYKPION JE TNV YAIMETTIPION

2UOXETION ETITTEOWYV HE HeETABOAR oTov eGFR Kal TN AsukwpaToupia
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