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Lot

E€eAkTika 6ev uTtapyouv drakptltol vedpikol N kapdlokol uTtodoxelg
yla tTnv dtatripnon tou 6paocTtikol KUKAOPOPOoUVTOC OYKOU TIAACHOTOC.

H kowvn nmapouoia

Ang [I-AT1R/AT2R Augnuevo odelog emiBiwong o
AANSootepovnc—MR-ENaC, — ouvOnkeg adpudatwong &
ApywiwvoBalonpeooivnc—V1a/V2 METABOANG TG WOUWTIKAG Ttieong &

SGLT2 , NHE, AQPs , GLP1R dTwxou evepyeLaka TEPLBAAAOVTOG

Brenner et al NEJM 2001
Bakris et al NEJM 2021
Pitt et al NEJM 2021
Perkovic et al NEJM 2019
Perkovic et al NEJM 2025
EMPA-Kidney NEJM 2022
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Evolution of the Renin-Angiotensin System (RAS/RAAS) and the Transition from Water to Land

~ 550 Mya ~ 520 Mya ® ~450 Mya @ ~420-400 Mya @ ~390-360 Mya @ ~320 Mya onward ¢ ~0.15 Mya
‘ ' Primitive chordates / g 5 | | ; ; | :
tunicates Amthi?us /  Cartilaginous . Bony fish , Ea:;lr)‘!1 tt:‘t.r;:::s / : ::dptlg(::r/ I::::l":;?: . Homo sapiens
! . ' 101 !
EVO'Uti on Of First important precursor c‘:::::’ a': : s | fish Most major RAAS cc?mponents | P )
components appear, I A present: | Mas receptor appears i it
the renin- especially ACE, ACE2, Appearance of an - Angiotensinogen Porii k. A £, NI {  Atnthetony by : regulation maintained
. i AT1/AT2, MR present; i tetrapod divergence .
. . and (pro)renin receptor ancestral " (AGT) appears : ! through evolution
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L ‘*’ The major burst of RAAS innovation (~420-360 Mya) coincides with the evolutionary transition from aquatic to amphibious/terrestrial life. \

Fournier et al 2012 J Mol Med



Evolution of the Mineralocorticoid Receptor (MR)

"
@ Cyclostomes @ Cartilaginous fishes =~ @ Ray-finned fishes | @ Lobe-finned fish/ @ Tetrapods / amniotes @ Homo sapiens
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MR evolved from an ancestral corticoid receptor; receptor divergence began in cartilaginous fishes,
while aldosterone selectivity emerged later in lungfish and terrestrial vertebrates.

Baker et al 2017 J Endocrinol



Evolution of GLP1R

@ 2 (3] (4] (5) (6 (7] (8] Mammalian
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Irwin D 2021 Front Endocr



Evolution of SLCS transporters

1. EVOLUTIONARY TIMELINE

Pre-Bilateria Early Bilateria Deuterostomes Vertebrates Mammals
>800 ~700-600 ~600-500 ~500-450 ~200
Million years ago Million years ago Million years ago Million years ago Million years ago-present

— . @ - @ . o . @

T L h s - an_,ﬂ‘

. \ ( \ 7 '
SLC5 absent in SLC5 appears in - SLCS retained in all SLCS5 conserved SLC5 family
Archaea and the last common major Bilaterian lineages throughout the evolution maintained in
Eubacteria. ancestor of Bilateria. | (deuterostomes and of vertebrates. mammals.
L protostomes).

Hoglund et al 2010 Mol Biol Evol



~700-600

Million years ago

Evolution of SLC5 transporters

-a?u-—aﬁn Evolution of GLP1R

e ~0.15 Mya | Evolution of the Renin-Angiotensin System (RAS/RAAS) and the Transition from Water to Land

Homo sapiens

Evolution of the Mineralocorticoid Receptor (MR)
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H dapuokoAoyLk) OTOXeELON oUXVA aeVOUVETOL
o€ Kowvouc kapdLakouc / vedplkouc umtodoyeic n

KoL LETABOALKEC 060UC
* Genotype Tissue Expression (GTEX) Project

&= GTEX

The Adult GTEx project is a comprehensive resource of WG5S,
RNA-5eq, and QTL data from samples collected from 54 non-
diseased tissue sites across ~1000 adult individuals.

Explore >

* Human Protein Expression

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee .
Search for specific genes/proteins or explo e different resources The GTEX CONSORTIUM 2020 SC|ence



RENAAL Study: Cardio Renal Protection through
AT1R blockade
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Brenner et al NEJM 2001
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looppomnia AT1R / AT2R: ano tn BAGBn otnv Kapdiovedpikn nmpootacia

« ¥ S

MPIN TH ©EPANEIA

Emikpatnon BAGBng

META TH ©EPATEIA

Anokataotaon Looppomiag

-

BAGBn o€ vedpo kat kapdia

e Qo ® """"" >
AT1R AT2R
Ayyewoougtodrj Katakpamnon  Ofedwtiké  Mpoivewtikd Meiwon ayyeloouomaong, - < NO / cGMP Kahotepn Kuttapwr;  Kapbioveppuxiy
vatpiou oTpeg onpatodétnon vatpiou, o§etbwrikol oTpeg, Evioxuon npootatevtikmv pikpokukhodopia  Tpootagia wélea

HOVOTIATIOV Kat HiKpoKukAodopiag

¢PAeypoviig Kat ivwong
.

ew’ H kapdionpootacia twv ACEi/ARB b¢v eival povo afterload reduction

Eivat kat emavagopa g tooppomiag AT1R / AT2R péoa otov vedpd kat otnv kapdlayyelakn HikpokukAogopia




C|GARO / FIDELIO STUDY: Cardio — Renal
orotection of finerenone

Finerenone Placebo Finerenone Placebo

Outcome (N=2833) (N=2841) (N=2833) (N=2841) Hazard Ratio (95% Cl) P Value
no. of patients with no. of patients with event
event (%) per 100 patient-yr
Primary composite outcome 504 (17.8) 600 (21.1) 7.59 9.08 —m— 0.82 (0.73-0.93)  0.001
Kidney failure 208 (7.3) 235 (8.3) 2.99 3.39 — 0.87 (0.72-1.05)  —
End-stage kidney disease 119 (4.2) 139 (4.9) 1.60 1.87 ' O i 0.86 (0.67-1.10) —
Sustained decrease in eGFR 167 (5.9) 199 (7.0) 2.40 2.87 —— 0.82 (0.67-1.01) —
to <15 ml/min/1.73 m?
Sustained decrease of =40% in eGFR 479 (16.9) 577 (20.3) 7.21 8.73 —il— 0.81 (0.72-0.92) —

IVI R from baseline

Finerenone  Placebo Finerenone  Placebo
Outcome (N=3686) (N=3666) (N=3686) (N=3666) Hazard Ratio (95% Cl) P Value
no. of patients with event
no. of patients with event (%) per 100 patient-yr

Primary composite outcome 458 (12.4) 519 (14.2) 3.87 4.45 i—l—i: 0.87 (0.76-0.98) 0.03
Death from cardiovascular causes 194 (5.3) 214 (5.8) 1.56 1.74 ——— 0.90 (0.74-1.09) —
Nonfatal myocardial infarction 103 (2.8) 102 (2.8) 0.85 0.85 l—-.—l 0.99 (0.76-1.31) —
Nonfatal stroke 108 (2.9) 111 (3.0) 0.89 0.92 — 0.97 (0.74-1.26) -
Hospitalization for heart failure 117(3.2) 163 (4.4) 0.96 1.36 — 0.71 (0.56-0.90) =

Bakris et al NEJM 2021
Pitt et al NEJM 2021
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O unodoxéac petaAlokoptikoedwv (MR): ané tov veppod atn ouotnpatiki micon Kat ivwon
O MR 6pa otov aldosterone-sensitive distal nephron aAAd kat otnv Kapdid kat ota ayyeia

Aldosterone

0 (}8” 0 l v
Cﬁgﬁ MR

( A
MR =
systemic pressure-
fibrosis receptor

‘OxL HOvO VEQPIKOG 1y
kapdiakoc umodoxéac,
aAAG ouUOTNHATIKOC
puBpLoTAG Tieong,
QAEYHOVAG Kal ivwong
N J

() KAWviKO pfjvupa: o MR ouvdést tv Katakpdtnon vatpiou Kat Ty uteppoptwon Gykou ‘ e MRA therapy targets both

HE TN QAEyHOVI, TV iveon Kal TRV KapdlovePpikn avadiapdppwaon. volume and fibrosis pathways




B Death from Cardiovascular Causes

Placebo

Hazard ratio, 0.62 (95% Cl, 0.49-0.77)

P<0.001 Empagliflozin

Patients with Event (%)
e
1

4
. 3
SGLT2I
2
14
0+ T T T T T T T ]
0 6 12 18 24 30 36 42 48
Month
No. at Risk
Empagliﬂozin 4687 4651 4608 4556 4128 3079 2617 1722 414
Placebo 2333 2303 2280 2243 2012 1503 1281 325 177

Zinman et al 2015 NEJM
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SGLT2 avaotoAeic: maboduaioloyikoi punxaviopoi kapdlovedppikng pootaciag

‘Epdaon otoug dpecoug kat EUUECOUG UNXAVIOMOUG TIOU GTOXeUOUV TV taBoduacioloyia tng kapdlaknig averdpketag kat tg XNN

1. NEOPQONAZ - MTPQTOIENHZ APAZH 2. KENTPIKOI MA©O®YZIOAOrIKOI MHXANIZMOI 3. KAINIKEZ ZYNEMEIEZ KAPAIONE®PIKOY A=ZONA

[ Eyyug cwAnvapio (S1/52) ] 7 S ~ -~ =
) A. lovikr) opotoctacn B. Mitoxovdpraxr / ApoSUVAHIKES KOl VEDPIKEG CUVETIELEG
AvactoAn SGLT2 EVEPYELOKR Asttoupyia
4 NHE-1
Na* ., mily 5 . , ;
SGLT2 +:'\ o U iioeponaottinn N 1 ATP / evepyeraxs anédoon NatptoUpnon / wopwtik dloupnon
¥ 1? J kuttapomhaopatiké Ca?* T proxovdpuaki avarvon *  bykog kat oupddpnon
U\—/\/\/\/ L 1 proxovdplaké Ca?* T AMPK g « | albuminuria
A ¥, Encvappéiiien « EmBpdduvon eENEnc XNN
; yAukddng kat Na Kevtpikoi
E l naBoguoioloyikoi b =
: 1 napoxry NaCl 7 otoxoL 'S ~
‘---- ot maculadensa SGLT2 Kapdiakn maBoductoloyia
l ‘ avaoto}\x-:lg
, ( : * | preload / afterload
Arokatdaotaon ? C. O&e1dwtiko stress D. EvéoBnAwakn /
tubuloglomerular feedback \ ko dpAeypovi ayyelaki Asttoupyia * { duopevrig avadlapdpdwon
V ROS .— N 4 ayysioxdhaon o 1 voonheies yia
b oo sicn ¥ NE1D oo e apbia avendprea
urtepdOnon ; ; o A {
I wwukr onuatodémon 4 evdoBnhiakr SucAettoupyia Kapdovedppikn mpootacia
v N 2 N J . J

/ Ot SGLT2 avaoctoAeig dev pouv povo peow yAukoloupiag: otoxeUouv Bactkoug punxaviopous tng kapdlovedpikng mabodpucioloyiag:
lovIKN ducppuBuion, evepyelako EAAelpPa, oEEIdWTIKO stress, PAEyHOV Kal OTIEPAPATIKY uTtepSOnon.

Uthman et al 2018 Frontiers Physiol



Major Kidney Disease Events
(Median follow-up, 3.4 yr)

GLP1RA
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(5.8 events per
100 patient-yr)

N
-~
c
)
.9
Q2
;
)
Q.
—
O
Q
o
)
ey
c
Q
O
p
Q
Q.

Semaglutide Placebo

Perkovic et al 2025NEJM
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GLP-1 receptor agonists: molecular metabolic actions

e B-CELL METABOLIC RESCUE E

GLP-1R SIGNALING

( 1 Insulin gene N
Class B 1 Adenylate —>| 1camp Bl CREB> — transcription
GPCR e cyclase
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; B p T GLUT2 expression/ o, g
o 1—’ Glucose sensitivity OnO J
A b
0-/6-CELL CROSSTALK @) PERIPHERAL METABOLIC EFFECTS
: 1—: °°° T Somatostatin @ ﬁ T Insulin sensitivity
<@ . = OBESITY / GUT-BRAIN AXIS A\ @ ({/ GLUT4-mediated glucose uptake
(Gfl-:::ﬂ a-cell Q inhibition)_ /. PBecell T Satiety, 4 Appetite <A in muscle/adipose
%o :— —————— T POMC/CART @ | Delayed gastric " ‘1. Hepatic gluconeogenesis
J Glucagon 0secretlon gty )
: ¢ S RP l Postprardial " .L Hepatic glucose output
GLP-1(9-36) = Gij) = | — | > ]Gl % 9 glucose ~00
229 Q @ ju v se::eatig:: Hypothalamus ' excursions ( (.’ ! T Improved lipid metabolism
L Secretory granule undocking /) N . k ot )
J HbA, / CTB) | Body J Hepatic glucose 1 B-cell Impr-oved )
Ic ) ) ’ cardiometabolic
Glucose weight production survival profile

Zheng et al 2024 Sig Transduct Target Ther
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Aiktuo ENaC kat NHE: and to ve@piko 0wAnvaplo oto ayyeio Kat tnv Kkapdid

1. SCNN1A / ENaC

‘Evtovo owAnvaplako onua

E}\yyﬁg A~ Anw owAnvapto /
CWANVaplo /4 S A aBpotloTikd cwAnvaplo
(1 A’ J (4/7
) 7 ENaC
1/
Y4 S
1 | !]mﬂ
“\ “( Na*
IT 1+ Na*
W )

(O (@ =
evdoBio aptnpieg
Ayyelakn duokapyia

Salt-sensitive hypertension

®Aeypovi

2. NHE3 vs NHE1

{c N

NHE3 - veppog

NHE1 - kapdia

Zxedov mavrayol mapwv
pH/Na+ regulator

Kupiapxog proximal
tubular exchanger

Ischemia-reperfusion
biology

Electroneutral Na+
absorption

BaBua e€eAikikn
§ datipnon Hypertrophy
)‘4@ ‘EK@paon Kat o€ .
teleost kidney HF remodeling
N A N

3. Acttoupyikn oUykAton pe RAAS / MR / SGLT2

Na*
handling
A

AyYELaKog

T0vVog

( B
AT1R + proximal . NHE3
?] tubular @oprtio >
S
N 7
. + '3
MR / ENaC Na KOTt:leatnon
datovag * QYYELOKN
duohettoupyia
—
~ 4
* TIELPAPATIKA
— SiapecoAapnon
péow NHE1
h J * KapSlaKeg
peTaBohkés embpaoelg

N
R/

Kapdiakd

Remodeling
stress

To diktuo ENaC/NHE ouvbéer T veppikn petagopd Na* pe ayyeiakn duokapyia, kapdiakn avadiapdppwon kat kapdiove@pikn naboguatodoyia.
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