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Glomerular filtration barrier structure



 I podociti sono cellule presenti nel rene, più precisamente nel nefrone a livello 
del corpuscolo renale (di Malpighi), dove vanno ad abbracciare con numerosi 
prolunga menti ( processi maggiori ), al pari dei tentacoli di una piovra, i capillari 
glomerulari, affiancandosi agli analoghi processi dei podociti adiacenti.

 Diversi meccanismi patogenetici hanno linee convergenti in quanto il 
riarrangiamento del citoscheletro di actina del podocita è stato identificato 
come un denominatore comune di una varietà di disturbi glomerulari . 

 Il setaccio molecolare formato dalla barriera di filtrazione glomerulare non è 
una struttura statica. In effetti, lo strato di podociti può essere considerato  
come una rete particolarmente dinamica di cellule interagenti,che contengono 
un apparato contrattile a base di actina. 

 Sembra probabile che la capacità dei podociti di percepire e adattarsi 
continuamente ai cambiamenti ambientali sia fondamentale per preservare la 
permselettività glomerulare. Il danno sul podocita genera  riorganizzazione del 
diaframma a fessura e della struttura del processo peducellare.



Molecular overview of the slit-diaphragm and 
podocyte cell-matrix interactions



Urinary proteomics



Le scienze omiche
Genomica

Trascrittomica

Proteomica

Metabolomica

Fenotipo 



Schema of translation of urinary proteomics into clinical practice



Characterization of Diabetic Nephropathy by Urinary Proteomic 
Analysis: Identification of a Processed Ubiquitin Form as a Differentially 

Excreted Protein in Diabetic Nephropathy Patients
Hassan Dihazi  et al.  Clinical Chemistry 2007; 53: 1636-1645 

Ubiquitin degradation assay

In summary, in this pilot study we identified 3 different proteins that were differentially excreted in the urine 
of diabetic nephropathy patients compared with the other groups. A processed form of ubiquitin with m/z 
6188 was missed in the urine of diabetic nephropathy patients. 
This ubiquitin form could be used as a prognosis marker for DM-NP. Quantification of this protein 
during the progressive disease course in the DM-NP patients will give interesting information on 
the development of the diseases and serve as a good marker for prognosis. 



Eur Heart J, ehad115, https://doi.org/10.1093/eurheartj/ehad115

The content of this slide may be subject to copyright: please see the slide notes for details.

ARIC, Atherosclerosis Risk in Communities; CRIC, Chronic Renal Insufficiency 
Cohort; CKD, chronic kidney ...

https://doi.org/10.1093/eurheartj/ehad115




Risonanza magnetica a diffusione 
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Educazione della 
madre ad una vita 
sana ( corretta 
alimentazione)
Cura pre-concezionale
Cura pre-natale
Identificare madri e 
bambini a rischio di 
MRC, MCV, Diabete

Annotare il peso 
alla nascita, epoca 
gestazionale,diabe
te madre, pre-
eclampsia
Ottimizzare la 
nutrizione
Allattamento al 
seno

Alimentazione
Esercizio fisico
Educazione

Stile di vita 
salutare

Corretta nutrizione (poco sale. 
non diete iperproteiche, 
preferire vegetali, ecc.)
Evitare obesità
Esercizio fisico regolare
Evitare farmaci nefrotossici e 
fumo di sigarette
Limitare alcol

Screening per MRC, DM, MCV
Diagnosi precoce 

Vita fetale        neonato    infante       bimbo      bambino        adulto    anziano

La prevenzione primaria 
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La prevenzione primaria nelle varie epoche della vita 



Sindrome di Alport
Ematuria, sordità, lenticono

COL4A5/4/3
Cr X e Cr 2

XL,AR,AD
Collageno membrana 

basale

Fechtner Syndrome
Trombocitopenia, anomalie piastriniche 
inclusioni leucocitarie

MYH9
Cr 22

AD
Collageno membrana 

basale

BFH/TBMD
Ematuria 

COL4A4
Cr 2

AD
Collageno membrana 

basale

Nail Patella Syndrome
Ipoplasia unghie, rotula, proteinuria, ematuria

LMX 1B
Cr 9

AD
Fattore di trascrizione

Sindrome nefrosica congenita (Tipo finlandese) NPSH1
Cr 19

Ar
Nefrina 

Sindrome nefrosica resistente agli steroidi NPHS2
Cr 1

Ar
Podocina

Glomerulosclerosi focale segmentaria familiare
FSGS

ACTN4
Cr 19

AD
Alfa Actina 4

Glomerulopatie Genetiche 



Rene Policistico dell’adulto PKD1.2
Cr 16 e Cr 4

AD
Policistina 1 e 2

Rene Policistico Infantile PKHD1
Cr 6

AR

Sclerosi Tuberosa
Adenoma sebaceo, epilessia, 
Ritardo mentale, angiolipomi 
renali

TSC1
Cr 9

AD
Amartina 

Von Hippel Lindau
Emangioblastomi, 
feocromocitoma, 
Carcinoma renale

VHL
Cr 3

AD
Tumor suppressor

Malattia Cistica Midollare NPHP1
Cr 2

Ar
Nefrocistina 

Nefronoftsi giovanile NPHP2
Cr 9

AD

Nefronoftsi adolescenziale NPHP3
Cr 3

AD

Malattie cistiche renali





Diagramma raffigurante le vie putative up- o down-regulated nella malattia 
del rene policistico e il razionale per il trattamento con antagonisti del 
recettore V2, somatostatina, triptolide; tirosina chinasi, src, MEK, TNF, 
mTOR o inibitori CDK; metformina e inibitori CFTR o KCa3.1



Ma genetica a parte, come mai alcuni 
di noi sono più propensi a sviluppare 
una malattia renale o una patologia 
cardiovascolare ?



Time, October 4, 2010

THE INFLUENCE OF OUR LIFE AS A FETUS



La prevenzione primaria non inizia in età adulta !!!



Dick
Fan
Vikse
Lackland

Total

Author Gender

M/F
M/F
M/F
M/F

1.62
1.56
2.00
1.40

1.58

1 2 110.50.2

RISK OF ESRD
Odd Ratio

Country

Canada
USA
Norway
USA

LOW BIRTH WEIGHT INCREASES THE RISK OF ESRD
Meta-analysis of 31 cohort or case-control studies including over 2 million individuals

Low Birth Weight ( 2500g) is associated with 70 % greater 
risk of CKD in later life compared to normal birth weight 
                             
CKD defined as: albuminuria, eGFR 60ml/min/1.73m2 or ESRD

White  et al, Am J Kidney Dis, 2009



RISK OF ANY RENAL DISEASE ACCORDING TO BIRTH WEIGHT AND 
GESTATIONAL AGE

20,431 men and women born during 1924-1944 in the Helsinki Birth Cohort 
Study

Osmond et al., 2016

Hazard Ratio 

< 2.0
   2.5
   3.0
   3.5
   4.0
   4.5
> 4.5

Birth weight (kg) 1.6 
1.3
1.2 
1.0 
0.9 
0.7 
0.4 

< 33
34-36
37-38
39-40
> 41

Gestational age at delivery 
(completed weeks)

2.6 
1.0 
0.7 
1.0 
1.0 
1.0 



Regression coefficient predicts a gain of 257,426 glomeruli per kg increase in birth weight

Hughson et al., Kidney Int, 2003

NEPHRON NUMBER CORRELATES WITH BIRTH WEIGHT IN 
HUMANS

r=0.423, 
p=0.0012

Autopsy kidneys from 37 African Americans and 19 Caucasians including infants, children and 
adults
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La prevenzione nelle varie epoche della vita



Prevenzione primaria in tema di Malattia Renale Cronica

Oltre 800 milioni di individui 
nel mondo hanno una  certa 
forma di Malattia Renale

La Malattia Renale spesso non 
presenta sintomi sino allo stadio 
avanzato di malattia



PROIEZIONE DEL NUMERO DI PAZIENTI CHE AVRANNO 
NECESSITA’ DI DIALISI 

2030
5.4 millioni2021

3.1 millioni

Lancet 2021



         Impatto socio-economico delle malattie renali

 6.5 milioni di europei hanno una MRC

 Spese sostenute per la MRC: € 27 miliardi per anno

 546,000 pazienti richiedono RRT

 Carenza di organi per il trapianto

 16-18% di mortalità annua per i pazienti in dialisi cronica



Regions and countries where chronic kidney disease is in the top 10 causes of years 
of life lost in 2013



Solo attraverso 
la prevenzione
delle malattie 
renali possiamo 
sperare in un 
mondo

“senza dialisi”



•I calcoli renali;
•La pielonefrite;
•La glomerulonefrite;
•La sindrome nefrosica;
•La nefropatia diabetica;
•Il rene policistico;
•L'idronefrosi;
•L'insufficienza renale acuta 
•La malattia renale cronica
•Il tumore al rene.

LE MALATTIE RENALI 



PERL and CKD-FIX

Urate lowering in 
CKD

RACE

Correction factor 
in eGFR

equation comes 
under scrutiny

ISCHEMIA - CKD

Optimal medical 
management is 
sufficient in CAD

COVID-19

And its impact on 
the Lidney

FIDELIO 

Finrenone in DKD

PEXIVAS

PLEX and 
glucorticoids
In severe AAV

KIDNEY FIBROSIS

Origin of 
miofibroblasts

STARRT  AKI

Early versus late 
dialysis in AKI 

SuPAR

Predict AKI in 
Cocid-19

DAPA-CKD

Dapaglifozin in 
diabetic and non 

diabetic CKD

Principali studi con novità nel 2020



SSaSS trial

Potassium salt in HTN 
reduced stroke and 

mortality

AUTORA TRIAL

Vaclosporin in Lupus 
Nephritis

FIGARO

Cardiovascular otcomes 
of Finrenone in DKD

SUCCESSFUL PIG 
KIDNEY 

TRASPLANTED

 into  humans

CLICK TRIAL

Chlortalidone reduces 
BP

In CKD

FLOZIN

In IgA subgroups
In DAPA-CKD

NEW eGFR EQUATIONS

Removal of Race in eCGR

KDIGO UPDATE

In 
Glomerulonephritis

Principali studi con novità nel 2021



EMPA-KIDNEY

Flozins in progressive 
CKD

ANTI-NEPHRIN 
ANTIBODIES

In MCD

STOP ACEi

RAS inhibition in 
advanced CKD

XENO PIG KIDNEY

In decent humans

CAR T

In Lupus

Testing 2

Steroids in IgA

DELIVER

Flozins in HFpEF

CHAP

BP target in Pregnancy

Principali studi con novità nel 2022





SGLT2

SGLT1

Afferent 
Arteriolar tone
vasodilation

Diabetic Patient

 Juxtaglomerular
Apparatus

Elevated
GFR 

Altered TGF secretion
↑ glomerular filtration

↓ Na+

Dense Macula

SGLT2

SGLT1

Afferent
Arteriolar tone
vasoconstricted

Diabetic patient + SGLT2i

 Juxtaglomerular
Apparatus

Normalized 
GFR 

↑ Na+

Dense Macula

Glycosuria
Natruria

Restored TGF secretion
↓ glomerular filtration

Glucose Na+

↑ Angiotensin II:

↑ Na+ Reabsorption

↑ SGLT2:
↑Reabsorption 

Na/Glucose

↓ Angiotensina II:

↓Na+ Reabsorption

SGLT2i:
↓Reabsorption 

Na/Glucose

Na+

2Cl-
K+

Dense
Macula

Lumen
tubular

Cells
mesangial
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Afferent

ATP
Na+

K+

ADOA1 ADP

V
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o
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Mechanisms of action of SGLT2 inhibitors and their beneficial effects on the 
cardiorenal axis

Gronda E , Lopaschuk GD, Arduini A,  Santoro A, et al. Can J Physiol Pharmacol
2022 Feb;100(2):93-106 



4304 participants with an estimated 
glomerular filtration rate (GFR) of 25 to 75 ml 
per minute per 1.73 m2 of body-surface area 
and a urinary albumin-to-creatinine ratio of 
200 to 5000 to receive dapagliflozin (10 mg 
once daily) or placebo. The primary outcome 
was a composite of a sustained decline in the 
estimated GFR of at least 50%, end-stage 
kidney disease, or death from renal or 
cardiovascular causes

Among patients with chronic kidney disease, 
regardless of the presence or absence
of diabetes, the risk of a composite of a 
sustained decline in the estimated GFR of
at least 50%, end-stage kidney disease, or 
death from renal or cardiovascular causes
was significantly lower with dapagliflozin than 
with placebo.





Classification of stem cells based on differentiation potential. TSCs, totipotent 
stem cells; ESCs, embryonic stem cells; iPSCs, induced pluripotent cells; MSCs, 
mesenchymal stem cells; HSCs, hematopoietic stem cells; NSCs, neural stem 
cells; RSPCs, renal stem/progenitor cells

Stem cells: a potential treatment option for 
kidney diseases. 
Liu et al. Stem Cell Research & Therapy (2020) 
11:249



The diverse mechanism of MSCs in the treatment of 
kidney diseases



 Mineralocorticoid receptor antagonists comparison, 
structure, chemistry, distribution, and receptors 

affinity.

Finrenone : significant systolic BP reduction at highest dosage; greater protection from 
cardiac and renal injury and structural remodeling; strongher inhibition of renal 
expression of pro-inflammatory and pro-fibrotic markers. 





1854: The Scientific Basis for Dialysis

Script of Graham´s Bakerian Lecture, 1854

Thomas Graham

1805 - 1869 “... might be 
applied to 
medicine ...”



I Progressi in dialisi

1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

Trasporto

diffusivo

Primo 
anticoagulante 

(Irudina)

Prima dialisi

nell’animale

Prima 

Dialisi , 
uomo

Primo 
paziente 
in dialisi 
cronica Primo 

programma 
di

Dialisi 
cronica

Primo dializzatore

High flux e 
macchina relativa

Macchina a sinsle pass 
dialyzers

EPO

 

Polysulfone

Eparina come 
prodotto di estrazione 

animale

Monitoring 
&Biofedback



Pathway for production and clearance of protein-bound indoxyl sulfate (IS), p-cresyl sulphate 
(PCS), p-cresyl glucuronide (pCG) and hippuric acid (HA) toxins from the body. 





Major topics still debated

Organisation

Dehospitalisation

Peritoneal Dialysis Home Hemodialysis

Vascular access

Anticoagulation

Green dialysis

Usability

Sensors and biofeedback
Computer Assisted Renal Care

(Artificial Intelligence)

Technology



Home Hemodialysis

TABLO – Outset Medical

Quanta SC+ SAM - Spectral

DIMI - Infomed
System One - Nxstage

Dharma - Duomedica

IN-Cen-
ter HD; 
89.4%

PD; 
10.0%

Home 
HD; 
0.6%

Percentage distribution of dialysis pts

1 2 3 4 5 6 7

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Source: USRDS 2018/2017/2016/2015

Physidia

…………



Vascular access

The Human Acellular 
Vessels is a tissue 
engineered vessel 
replacing the traditional 
grafts in HD patients.

Vascular access ports

Is the buttonhole techniques still a valid alternatives? 

Biolink (3)LifeSite (2)Dialock (1)

Canaud B. et al, Nephrol Dial Transplant, 1999, 14: 692–698 
Beathard G.A. et al, Kidney International, 2000, 58: 2221–2227 
Prosl F. et al, Blood Purif 2013; 35: 72–76 

Humacyl by Humacyte 



Vascular Access Care

Vascular access surveillance
Parametri Methods

Physical examination
• Inspection
• Finger palpation
• Sound

Pressurre Surveillance
• Intra Access pressure
• Static Venous Pressure
• Dynamic Venous Pressure

Recirculation
• Ultrasound dilution
• Thermodilution

Flows Methods

• Duplex Doppler Ultrasound
• Variable Flow Doppler Ultrasound
• Ultrasound Dilution Transonic
• Opto-dilution
• Urea Dilution
• Magnetic Resonance Angiography
• Glucose Pump Infusion Technique
• Differential Conductivity
• In-line Dialysance
• In-line Termodilution

Am J Kidney Dis, 2006, 48 (S1) :S1-S322

Real time assessment

Time series analysis



Anticoagulation: is zero-heparin hemodialysis still a goal?

Caruana et al, Kidney Int, 1987, 31, 1351-1355

Dialysis technique:
1. Citrate, Predilution
2. Oral anticoagulation

Membrane biocompatibility
1. Coating
2. New Polymers

Tubing Systems:
1. Geometry
2. Volumes 
3. Fluid-dynamics
4. Coating 
5. Polymers 



Anticoagulation: dialysis techniques

PRO
• No new technique translated 

from CRRT
• Encouraging preliminary results 

of safety and effectiveness

Singer et al, Can J of Kidney Health and Dis, 2016, 3, 22

Prospective, observational trial in 75 HD patients

CONS
• Perceived as more complex
• Lack of dedicated surveillance software into 

haemodialysis machines
• Few concentrate formulations Ca2+-free
• Lack of large, long term clinical trials on safety
• Recently some concerns about Citrate 

containing dialysate safety (France, Dec 2018)

Citrate Intermittent Dialysis:



Anticoagulation: dialysis techniques

Oral anticoagulation

PRO
• Heparin-free dialysis
• No anticoagulation at all

CONS
• No clinical evidence
• Only a suggestive hypothesis

Abra G et al, Hemodialysis Int, 2018, 22, A27

Prospective, observational trial in 8 HD patients
Warfarin or Apixaban 

• 2 / 47 session complicated by dialyzer clotting
• Post HD hemostasis:
• 9.51 min in Hep-free vs 9.91 min standard HD



Anticoagulation: membrane biocompatibility

Koga et al, Artificial Organs 2018, 42(9):E246–E258 



Anticoagulation: membrane biocompatibility

Pilot, prospective, multi-center, randomized clinical trial on safety and efficacy of HydrolinkTM 
NV vs polysulfone 

Coated membranes

Modified membrane 
polymers

1

2

Ronco et al, Int J Art Org, 2017, 40 (5), 234-239

N=19

Stepwise hep reduction No inferiority on biocompatibility

Wenten et al, J Membrane Science and Research, 2016, 278-89



Membrane functionalization

Permeability1

Adsorption2

Trombogenicity3

Antioxidant4

Antibacterial properties5

Drug release6

 Hydrophilicity
(e.g adding sulfonate groups)

Heparin immobilization
(via chemical amination)

via covalent immobilization

Heparin mimic sites
(sulfonate citric chitosan)

Heparin-like polymer
(sulfonate dhydroxypropyl chitosan)

Radu, Polymers, 2022, 14, 1130.

Hydroxypropyl chitosan

 Platelet adhesion

LDL adsorption

a-lipoid acid
Resveratrol
Silibilin

Nanofunctionalization
(Addition of nanoparticles, SiO2)

Sp
ec

tr
u

m
 o

f 
im

p
ro

ve
d
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h

ar
ac

te
ri

sti
cs

TiO2-graphene oxide

Novel frontiers of research



Example of polysulfone functionalization

Huang XJ, Acta Biomater, 2010, 6, 1099 - 1106

Heparin Covalent Immobilization
(anticoagulant and LDL adsorption)

Qi X, Mate Sci & Engineer, 2021, 123

Addition of Resveratrol to pure PSF @ different levels

Resveratrol: plant-based extracted antioxidant

DPPH: 2,2 DyPhenyl-1-PicrylHydrazyl 



Green dialysis

1. Water

2. Electricity

High Dialysis Efficiency

120 L / sessionBetter outcomes

High Water Consumption

1. High  Efficiency Water Treatment Plants (WTP)

2. Adsorption as removal mechanism

Technology improvement into
Machine: heat recovery

Water Treatment Plant



Computer 
Assisted 
Dialysis Care

Data storage from departmentsShare data knowledge

Data mining

Reporting



DATA Data model Cognitive model 
of reality

Cognitive 
interpretation

Human expert
Machine learning 

Interpretation 
tools

Model adaptation

Data adaptation



Artificial Intelligence in CKD

First  introduction in HD field
Prescription

Monitoring

Control

Prediction

AI

Distributed sensing
Distributed intelligence
Distributed control

Short-term

Long-term
Short-term

Long-term

Intra session events

Clinical outcomes
(Mortality, CV events)

Intra session A.E.
Hypotension

Intra session

Long-term Optimal ESA dose

HD set-up

Hoeso M, Kidney Dis, 2018, 4, 1-9 

Martinez JM, Comp. Meth Prog Biomed, 2014

Kanda E, PLosOne, 2020 

Mambelli E, IJAO, 2022
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Tanta tecnologia tra le novità  in Nefrologia !!!





With different mechanisms, the SGLT2i acts in the same direction. By antagonizing the tubular reabsorption of glucose and Na+, 

the SGLT2i maintain the concentration of those molecules in the glomerular filtrate and counteract the production of renin at the 

level of the dense macula in which the absorption of Na+ and the production of adenosine are activated [36, 37]. 

The analysis of the neurohormonal and receptor network is involved in the management of the intra-renal Na+ of the 

neurohormonal response and, therefore, of the intra-glomerular filtering pressure and the Na+ retention. The beneficial 

consequences of the action of SGLT2i have been observed in the largely controlled processes conducted in subjects with T2DM. 

In these studies, the reduction of the initial filtering pressure led to a replacement of the filter, but below if stabilization is 

observed and, in some cases, a detail of the recovery, the improvement is also proven inversely proportional to the degree of renal 

impairment before -existent [37]. Furthermore, the reduced glucose reabsorption in the proximal tubules (due to both decreased 

glucose levels and SGLT2 inhibition) could result in a decrease in proximal tubular cells inflammation and fibrosis [38]
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