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Diabetic kidney disease

Hou G et al. Immune inflammation and metabolic interactions in the pathogenesis of diabetic nephropathy. Front Endocrinol (Lausanne).
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* MNpwiuog pnyaviouog BAaBNC:

Auvénuévn emavappodnon
Na+/yAukolng oto EEZ (SGLT2)

* @ NaCl otn macula densa

* Alatapayxn tubuloglomerular
feedback

* AyyeloSla0TOAN Mpocaywyou

* Evboomelpapatiki umtEptaon

Comprehensive Clinical Nephrology 5th edition



OCelOWTLKO OTPEC

MtoyovoplLo:

Keviplkoc malktng

Yrieprapaywyn ROS

Atatapaxn Autapwyv oEEwV

oéeidwon
‘Evbdela ATP

Amontwon

>

'l Miochoncral
Fusion

MENY
wne (da
OPAY

J%Tm ~

Biogeness

%%«:9/

Mitochondrial '
Fission

DRPY
m MFF
I FIS
- LY

C-la

|

{
Apaptosts T

y -
o .

Annexin ¥V

Bax

8c-2 S . g

Catpase 30 V" SNE.

Cytachome C
mPTP l

Mnochondnial ‘
Function

I
[ ]
a4vm MiMo

3 X3

Oxidatrve

L]

)

Autophagy ‘
(Maophagy)

LC3
1 LC3-N/LC3H
PINK)
Y @ Parkin
s TOM20
TIM23

J

|
}

Renal Parameters
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/ Diabetic milieu ,":
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’ r » Reactive oxygen species | / : T call Mast call
KevTplKOL pnXovIoLoL: )7 BT

|

]

I

* NF-kB activation &‘

NLRP3 inflammasome

Kidney injury o
M C P_ 1 s Cy!okmes and
Monccyte Chemokines
N Recruitmeant lnllammatory NE- Mg
T N F -Q Hyperglycamia - \ —> pr Baems g Release of
MCP-1/CSE-1 o g DAMPs
" A | .
=]
Activation of PRRs/

ICAM-1 VCAM-1 0
o !

IL-1B8 / IL-6 i e

Q

< @« < < @ e d .

Cell surface receptor ~ Adhesion Diabetic
L Endothelial colls molecules nephropathy
8 b
Renal tissue 3 -9 1 I I l I
Posicnad Mesengial Podocyte GBM Epithelial Interstitial
- hypertrophy effacement thickening cell damage fibrosis

lnltammalory\
cytokinas

Kadnwmpry

Chen J, et al. Immune responses in diabetic nephropathy: Pathogenic mechanisms and therapeutic target. Front Immunol. 2022 Aug 15;13:958790.
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Cytokines Cell Source Cell Target Funclions
‘ @ Monacytes, macrophages, fibroblasts epithelial cells, T cells, B cells, endothelial cells  Costimulatory molecule activation, acute
endothelial cells, astrocytes phase reactants
IL-2 T cells, WK cells T cells, B cells, monocytes Cirowth and activation
— T cells, macrophages, fibroblasts T cells, B cells Costimulatory maolecule activation, acute
phase reactants
IL-10 T cells Macrophages, T cels Inhibits AP activity and cytokine
production
— Monocytes, ma:mphaﬂ;cl... T cells, proximal tubualar cells T cells, NK cdls Costimulatory molecale activation, acute
phase reactants
THF-a h{a:mp]uﬁu, monacytes, T cells T cells, B cells, endothelial cells  Costimulatory molecule activation, acute
phase reactants
TGE-f Macrophages, T cells Macrophages, T cels Inhibits activation and growth
IFN-y T cells, MK cells Momocytes, macrophages, Activation increased class 1 and I1 MHC
endothelial cells

Adhesion molecules Gene Family Funclions

HCAM-1 Immunoglobulin superfamily Adhesion, rolling and crawling of leukocyte

BCAM-2 Immunoglobulin superfamily Crawling of leukocyte and initiation of diapedesis

VCAM-1 Immunoglobulin superfamily Adhesion, rolling and crawling of leukocyte

ESAM Immunoglobulin superfamily Increased endotheBal permeability and initiation of dixpedesis

Chen J, et al. Immune responses in diabetic nephropathy: Pathogenic mechanisms and therapeutic target. Front Immunol. 2022 Aug 15;13:958790.
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AGEs Hyperglycemia Angnlofo-anélAn I.l.
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Diabetic nephropathyDN)

JAK/STAT onpatod0oTikO povomatL

NF-KB onpotod0otiko povomart

Chen J, et al. Immune responses in diabetic nephropathy: Pathogenic mechanisms and therapeutic target. Front Immunol. 2022 Aug 15;13:958790.



Neotepol unyaviopol

EMITENETIKOI . microRNAs
MeBuliwon DNA * miR-21
* Tpomormnoinon LoTovwv * miR-192
e  MeTaBOAK UVAN  miR-293

KYTTAPIKH THPAN2H E—— ENTEPIKO MIKPOBIQOMA

e SASP ¢dawvotumnog g
* [poivwTtikA onuotoddtnon -k + . « AvoBiwon




ErtiyeveTtikol

‘ . Diabetic .
w m) Diabetes = Nephtopathy ey ‘
«METABOAIKH MNHMH » \
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Non-coding RNA Regulation

Non-coding RNA:
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KwOLKomoLouv
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Nl .
miRNA protein

Li X, et al. Epigenetics in the pathogenesis of diabetic nephropathy. Acta Biochim Biophys Sin (Shanghai). 2022 Jan 25;54(2):163-172.



MIRNAS

* Non-coding RNAs

* PuBuilouv yoviblokn Ekbpoon LECW

ETUYEVETLKWV UNXOAVIOUWV

— miR-29¢c

T TGFR =

TGFB
—
hyperglycemia

L PTEN
T Akt

t Thickening of glomerular
membrane
T Fibronectin expression

TERK 1 ECM accumulation
TPI3K 1t Collagen expression—s
T Mesangial hypertrophy

Modulation
of PI3K 1 Spry1
DMNA MTase

+ mi-200blc
T TGFR | ZEB1
t COL4a1
T COL1a2

1 ZEB1/2
+ SIP1

= miR-21 —

1 SMAD7
T TORC1

s MiR-192 —r

T Tubulointerstital fibrosis
T Fibronectin expression

MicroRNAs Expression Targets Functions
in DN

miR-21 Up-regulated MMPI/TIMPI, Smad7, PPAR- Increasing fibrosis and inflammation

MR- 233 Up-regulated Ubsquitin editor AZ0 Macrophage activation and renal tubulomterstitial
inflammation

miR-20b Down-regulated  Kruppel-like family gene, TXNIP, Increasing renal inflammatory

IL-8 response

miR-19b-3p Up-regulated SOCS-1 gene M1 macrophage activation and renal tubulointerstitial
inflammation

miR-29b Down-regulated  Spl gene and T-bet gene Increasing microalbuminuria, renal fibrosis, and inflammation

miR-29¢ Up-regulated Sprouty homolog 1 inducing apoptosis and increasing fibronectin synthesis in
podocytes

miR-27a Up-regulated Nrf2/Keapl pathway Increasing Inflammation and oxidative stress

miR-31 Down-regulated  E-selectin Increasing inflammation and interaction between leukocytes and
endothelial cells

miR-124 Up-regulated Integrin o3 Damaging podocytic adhesive
capacity

miR-93 Down-regulated  Vascular endothelial growth factor A Increasing microalbuminuria and Jeading to thrombotic glomerular injury

miR-192 Up-regulated E-box repressors{SEFI and SIP1) Increaseing renal fibrosis and proteinuria |

miR-195 Up-regulated SIRT1 Reducing the apoptosis of renal mesangial cells

miR-200a Down-regulated  TGF-fi2 Reducing Renal Fibrogenesis

miR-802 Up-regulated NF-xB-repressing factor NF-kB activation and renal inflammatory
response

miR-455-3p Down-regulated  Rho-associated coidled coil-containing  Reducing glomerular hypertrophy, mesangial amplification, and renal

protein kinase 2 fibrosis

miR-374a Down-regulated MCP-1 Reducing renal inflammatory
response

miR-544 Down-regulated  Fatty aad synthase Reducing glomerulosclerosis and renal inflammatson

miR- 346 Down-regulated  Smad3/4 Reducing renal fibrosis

miR-451 Down-regulated LMP7, PSMDI1, NF-xB Promoting the expression of pro-inflammatory molecules and proliferation
of mesangial cells, resulting in glomerular injury

miR-19%-3p Down-regulated  Inhibitor kappa B kinase Reducing high glucose-induced apoptosis
and inflammation

miR-377 Up-regulated PAK], SODI1/2 Increasing fibronectin production and inflammation

Chen J, et al. Front Immunol. 2022 Aug 15;13:958790.



EvtepLKo pkpoPlwpa

AvoBiwon

* Bacteroidetes
* Proteobacteria
* Fusobacteria

e Actinobacteria
 Hungatella

* Escherichia

e Lactobacillus

Zhao H et al. The roles of gut microbiota and its metabolites in diabetic nephropathy.

Front Microbiol. 2023 Jul 27;14:1207132.
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Key Diagnostic Features of Diabetic Nephropathy

Mesangial expansion, may be nodular or diffuse
Afferent and efferent arteriolar hyaline
Glomerular basement membrane thickening
No immune complexes

Diabetes Care 2017;40(Suppl. 1):588-598

Comprehensive Clinical Nephrology, 5" Edition
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OEPATEVTLKN TPOOEYVYLON

Lipid management Additional
risk factor
control
” O\
o @t
Glycemic Blood
control pressure control
~
e
>
GLP-1RA Antiplatelet therapies ns-MRA
(T2D) (ASCVD) (T2D)

drugs with
heart and

Metformin SGLT2 inhibitor RAS blockade Statin

(T20) (T20) {HTN)
."..
Aty @
o 0
Diet Exercise Smoking cessation

Diabetes with CKD

Weight
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RAAS inhibition
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Ao to RAAS blockade otn vea emoyn

NEA ENOXH
=3 =X

e AvtibAeypovwdelg

* AVTLVWTLIKEC

* JTOXEUUEVEC

ATl ins I SGLT2 ehbaters W GLP-! Agonests W oo Decocs WA B €sconens Astagonats

Oepareieg

Sawaf H, Thomas G, et al Therapeutic Advances in Diabetic Nephropathy. J Clin Med. 2022 Jan 13;11(2):378.



Atovac RAAS
_—

MEAETH OEPATEIA “

\ Anglotensinogen
‘ — Renin —1 ACEA

CGS Captopril  Captopril vs 48% ORI J
placebo 1 e h
Angeotensin il
RENAAL losartanvs  16% }
placebo e —
Anqidten‘sm il
rece|ptor
IDNT Irbesartanvs  20% vs | | | [ |
amlodipine vs placebo o ’k'_”"‘"l & s
X T X -~
placebo 23% vs ‘ ;
am IOd | p | ne sm::ts:tr::;de Posterior pltuitary Interstitusm Adrenal cortex Kidney
Vasoconstriction ADH Increased inflammation Aldosterone H,;0 & Na*
and fibrosis reabsorption

Sawaf H, Thomas G, et al Therapeutic Advances in Diabetic Nephropathy. J Clin Med. 2022 Jan 13;11(2):378.
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EMPA-REG OUTCOME Empa vs placebo i e . e o

CANVAS Cana vs placebo

CREDENCE Cana vs placebo

DECLARE-TIMI Dapa vs placebo

DAPA-CKD Dapa vs placebo

EMPEROR-reduced Empa vs placebo

EMPA-KIDNEY Empa vs placebo

Sawaf H, Thomas G, et al Therapeutic Advances in Diabetic Nephropathy. J Clin Med. 2022 Jan 13;11(2):378.



GLP-1 receptor agonists

MEAETH OEPATEIA 2 g

LEADER Lira vs pl ' L Cels
SUSTAIN Sema vs pl o 31& 9 -
AWARD 7 Dula vs ins glargine Glﬂ' el o
REWIND Dula vs pl Yy _4.
agoaista .
FLOW Semi vs pl o
| ' | | l
l , ’ ~z- ..r/ .j @ ’{’\bj),- y. *{ ’
H VEd)pLKn Voooq ntav o€ Pancreas Stomach CNS Imerstitum® Kby
OAe¢ ekto¢ Tt FLOW | | l | |
beuTEPOYEVEG KATAANKTLKE rysclpste g s otk o R B e

onueio

Sawaf H, Thomas G, et al Therapeutic Advances in Diabetic Nephropathy. J Clin Med. 2022 Jan 13;11(2):378.



MRAS

MEAETH ANOTEAEZMATA
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Sawaf H, Thomas G, et al Therapeutic Advances in Diabetic Nephropathy. J Clin Med. 2022 Jan 13;11(2):378.




MEeAOVTIKEC BEPATIEVTIKEC OTPATNYLIKEC

ANTIOAETMONQAEIZ ANTIINQTIKEZ
* NLRP3 inhibitors
* CCR2/CCRS5 antagonists
e ET receptor antagonists * CTGF blockade

* TGF-B inhibitors

METABOAIKEZ ANATENNHTIKH IATPIKH

* mitochondrial-targeted agents e stem cells

* AMPK activators * exosomes




>TOYeUOVTAC TN PAEYLLOV

Target Metabolism H Hypertension i Inflammatory-related signaling
. . Lack of clinical trials data
GLP1RA }—i(Glucose |+ —{ SGLT21) ! Angiotensin Il t [ Bardoxolone sGC Targeting
G- | = ) () (=)
; Endothelin )--—{ETaRA] |
- D))
reabsorption by
proximal tubules amoeﬂ N:Q' m"““'w"
Inhibition of metsbolic (« Inhibition of NFxB/ i
pathways: : inflammatory t '
* Lowering glucose levels i | * JAK/STAT inhibition '
« AGE diminution i | * Proinflammatory gene ;
' expression downregulation :
i | *Inhibition of oxidative stress '
J/ i | » Modulation of macrophage ;
Inhibition of \ J
proinflammatory pathways
Modulation of
macrophage responses

( Preciinical evidence of anti-inflammatory effects |

4 A4

[ e J

Reduction in urinary levels of proinflammatory factors

Rayego-Mateos S, et al. Targeting inflammation to treat diabetic kidney disease: the road to 2030. Kidney Int. 2023 Feb;103(2):282-296.




Anti-TNFa

Infliximab

 TNFa inhibitor SKF86002 |, emineda TNFa oto omeipapa & BeAtiwvel tn vedpLkn
Aettoupyia otn ANN.

NevroéudiAivn (PTX):

* AvaotoAn ekppaong TNFa & dpaoctnprotntac IL-1, IL-6, VCAM-I, ICAM-I.
* Melwwvel Tnv npwTteivoupia & amokablotd tov ppayuo dinbnong

* PREDIAN

* Drug repositioning




TGFP

* loxupoc napayovtag nouv odnyel otnv lvwon
MeAatovivn

* AvaotéAAel TLR4 & TGFB/Smad3 onuatodotikd povoratia
e BeAtiwon dAeypovnc, peiwon Asukwpoatouplog, mpootaoia ToSOKUTTAPWV.
ZLtayAuttivn

* AvaoTéAAeL To onpatodoTiko povoratt TGFB/Smad3
e BeAtwwvel vedpikn Asttoupyla
Dencichine

* Mn MPWTIEIVLKO apLvoly
* Panax notoginseng

o l unepyAukaiwuia, T €upeoca tnv anodounon twv ECM,  tnv onuatodotnon TGFB/Smad3 oto
omelpapa



MCP-1

Avtaywviotec MCP-1: { onuatodotikd povormatia mou SLeyeipouv 0EELOWTLKO
OTPEC Kal PAgypovn

Breviscapine

* Erigeron breviscapus

* Epupeoa | mpwieivoupia

Triptolide

PuBuitet Th1/Th2, | ékppaon MCP-1, avaoteAAel S11Onon Mo
CCR2i & MCP-1/CCL2i = npokAwiKo otadlo




Avaotoleic NF-Kb

OswolloAvedlovec (PPAR- y)-ZaABadLovn

e AvaotéAAouv To onpatodotiko povomatt NF-kB

TOKOTPLEVOAN
* AvaotéAel NFkB, TNFa, TGF

BAY 110782 (animal model)
e Apeon avootoAry NF-Kb/8wtn0Ononc pue pakpodaya, MCP-1, kat IL




Avaotoleic JAK-STAT

Baricitinib

* ExkAektikoc avaotoAeac JAKL /JAK2
« J npwrteivouplag oe peleteg paong 2

Paeoniflorin

 P. Lactiflora

« | dwodopuliwon JAK2/STAT3

Ruxolitinib Mpoodatn €ykplon amo FDA yia kAwvikn xpnon
Tofacitinib




NLRP3 inflammasome inhibitors

MCC950

BeAtwwvel tnv PAAPN TwV TOSOKUTTAPWYV HECW AVAOTOANC cuoowpeuonc Auttdiwv,ROS,
gVeEpyoToinong p65

CY-09

MrmAokapel tnv evepyormoinon tou NLRP3 inflammasome

Oridonin

R. Rubescens

Tranilast

MeAétec daonc 1




2>TOYEUON HLTOXOVOPLWY

Avtioéeldwtikd mitochondria-
targeted

* MitoQ (mitogquinone)

* Elamipretide

« CoQl0

MuoxovépLokol puBULOTEG
*AMP-activated protein kinase activators
PPARy

AvaoTtoAeic oxdong ptoxovdpiwv
Mitophagy enhancers
Natural products

DopUOKEUTIKA aAywyn
e SGLT2i

* @GLP1 Ras
* MRASs

*selonsertib: paong 2 peAetecg mou dlakomnkav
**Eppeon otoxevon peow sGC



FMT (fecal microbiota transplantation)

ol R 39"\#\5)- ,L

0 Pathogens
Inflammation § -
A
N AR

"
2
E ol
2
Ko
e
o
Diabetic nephropathy
by, i , = - =
(*) N\ - : E \
s mancincion §% s\ niae
5/ 3 0 p-cresol
! Hemodynamics ' : 1\ SCFAs
¢ = 4 H,S

insulin g :
resistance 0

i BAs

Chu C,et al. Research progress of gut microbiome and diabetic nephropathy. Front Med (Lausanne). 2024 Dec 13;11:1490314.



MeoegyyuaTIKO KUTTOpO

¥ o = 0000

Revascularization Protect podocyte
Regulatory T cell

o
Macrophage

—> %

Dendritic cell

pigteigrgogey le
/7
MSCs ,.
B cell

TXNIP .
L \ /
4
(ROS, X
NK cell
TXNIP-
‘Q I l i i Anti-inflammation
Antioxidant

stress c(o
¢Co
0

Islet Islet cells Insulin
Reduce blood sugar level

Xu N. et al. Therapeutic role of mesenchymal stem cells (MSCs) in diabetic kidney disease (DKD). Endocr J. 2022 Oct 28;69(10):1159-1172.



Table 1| Ongoing dinical trals of drugs potentially targeting inflammatory pathways as well as interventions using cell the mpy

Cliri ez ITriial weporw Key outomme
identifier Comnditions | ey esniti o Derwg targ et [T Phases Enrallment Completion date
Small molecules
MHCTO4881 123 (B SER15 0P lace b Them baxane Synthaie UACK 43 1100 Junee 15, 2023
inhibibor Sunorrilsoane wospbod
Ibchonr
MCTIS550443 (B Bardosobons e thyl|Place bo M2 sctivatd eGFR or Kidinesy 3 1323 May 2024
il ure
MCTO4 750577 (B Othes Bl 635509 |Placeba MO-independent 360 activatar UACK 2 233 December 28, 2022
T 7 55545 Dok Roflumilas jPlace b [Pheeapiheeies 1eras o4 inhibitor LA OR, elFR, ubdor-1 3 a8 July 10, 2031
MCTOS 147 194 (1< Trimetaridine Faty acd oxidation inhibinor UACK 2 150 December 31, 2023
NCTOS 362474 Dok Miontejukan Leukomions: recepior antagonist  UACHR 3 20 Jureee 20004
T4 387 448 KD GFE-887]Place o TRPCS cation channed inhibitor UPCR, UACK 2 125 August 2022
fireciuedies DR
Mab
MCTO4 1 70543 oHD Tomxakimal (WE D3 504) |Placebe | Dapagliflain Anti-IL-33 UACHE 2 565  Aprl 10, 2023
MHCTO44 19457 [ CSL3a6)Place b Anti-VEGF-B UACK 2 1100 Oerober X122
MHCTOS 314231 Proteinuria Gefurulimab (ALN17.20) Com plement 5 inhibiors Phanm acokinstics, 1 12 March 3 2023
fincludes DKD) salety
Cell ¢ hver gy
MNCTO2585622 oHD M= ructiy mal stmimal cells |Place ba Salety 142 48 luly 2022
MCTOE 1255329 [ Human wnbilical oond mesendy mal stem cells Safety Early 1 15 Sepember 1, 2024
MCTO42 16849 (B Human wmbilical cond mesendy mal sem UACK 142 54 July 1, 2022
oo llsfS Aline
MNCTI2835574 (B Renal autlegows ool therapy (REACT™) eGFR 2 83 May 2028
HCTOS 270956 [ Renal audosgows ool therapy (REACT™ Safety 2 10 December 2022
MCTO4869 751 oHD Alloge e adipose—dedved mesendwmal Salety 1 40 May 2027
At oodls —sangle infushon Al oope neic sdipod e-de rved
s enachyrmal stem colls—2 infusions
MCTO3840343 oHD AvElogos adipose-deiived mesenchy mal Salety 1 30 Decermber 2025
atem tromal codls lowes dose |Autodogoud
adipere-derved medenchymal femfaromal cell
higher dogs
MCTO4990427 KD CLES 201 Salety 1 L Felbreary 15 2023
ireciiustes

Rayego-Mateos S, et al. Targeting inflammation to treat diabetic kidney disease: the road to 2030. Kidney Int. 2023 Feb;103(2):282-296.
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Rayego-Mateos S, et al. Targeting inflammation to treat diabetic kidney disease: the road to 2030. Kidney Int. 2023 Feb;103(2):282-296.

Tarpst Dg Class ChmcalTnals gov | Phase | Eorollment | RCT stafs Tnchesion criferia Pnmery DED  chmeal | DED chmeal
Tdentifier eFR UACE (mg'g) | endpomt development development
(ol 'l 73 status 2016 stats
Iy B
Chemobine T hemo kine recepiors
CCRE wihibitor Ilacimon Emall KCTO1447147 11 i Completad =I5 1003000 Aldbuniinusria Active Dhscontmied
(CCXK140B) molecule
CCL2 inhibiter Emapticap pegol | Spiegelmer MHCTO1547897 I 6 Coangleted LY =100 Albummmusia | Active Discontined
(MOX-E36)
Anb-CCRE MLH1202 Mdab FOTO24 10885 II 156 Withdrarm 2035 =300 TUACE. Discontumed Dhsconfimued
CCRYCCRS FF-AG3ELT Zmall WCTOLT 120461 II I Completed 20-T5 =300 Alnmnuns Duscontumsed Thzcontumed
Antagomst molecule
CCRMCCRS BMS-E13 160 Emall NCTO1T529485 11 &0 Complated - 206-3500 Albrninuris Disconfirmed Dhzconfimed
inhibiter milecils
Cviokines
Anh-IL-1f Gy ok Zumalk Mak 201 3-003610- 11 170 Termisted 20-60 2300 1z FR Discontitned Dhscontined
4144
Anh-TGF- Fepixnehart Mak KCTRIT7498] Ln 61 Complet=d <00 =40H) Albnmmura | Active Dhsconfimed
aveniregrlin (LY3016859)
Intracellular enzvmes
Phosphodiestesasza- CTP-499 Emall NCTO1487 109 11 170 Completed o limit 005000 Albnnineria Active THseotinmied
4 (FDE-4) mhabator minleculs
MAPIES (ASE1) | Selonsentib [GS- | Small NCTO2177786, | I 334310 | Comgpletad 15-58, 2060 > 150VG00¥** | eGFR Active Discoutizned
4957h minlecule TR0 6] 65
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Designing future RCT of therapy targeting inflammation
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