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ADERENZA TERAPEUTICA: definizione

LU'aderenza terapeutica nel paziente trapiantato renale € misurata su vari livelli e comprende uno spettro di

comportamenti che vanno dai cambiamenti dello stile di vita all’assiduita nei controlli medici e laboratoristici,

oltre che nell’assunzione dei numerosi farmaci.

ADERENZA

e Comportamento del paziente che rispetta |la prescrizione medica circa I'assunzione terapeutica secondo
i dosaggi e i tempi indicati

PERSISTENZA

e Esprime la durata e |la coerenza dello specifico comportamento «aderente» del paziente.



ADERENZA TERAPEUTICA: Ia non compliance

Tre differenti profili di non compliance tra i pazienti portatori di trapianto:

* “Accidental noncompliers” (47%): nel caso di dimenticanza occasionale nell’assunzione della terapia

* “Invulnerables” (28%): pazienti che ritengono di non aver bisogno di assumere regolarmente la terapia

* “Decisive noncompliers” (25%): quelli che decidono autonomamente sull’assunzione regolare della
terapia.

! -~ —
Rapisarda et al., GIN Anno 21 n. 1, 2004/pp. 51-56



Prevention and Management of DKD

* The management of diabetes mellitus hinges on “five carriages”:

— health education
— diet

— exercise

— weight control
— drug treatment

* Non-pharmacological measures are critical to the early stages of
diabetes mellitus, but people often ignore the importance of non-
pharmacological measures

Mechanistic Insight and Management of Diabetic Nephropathy:
Recent Progress and Future Perspective
Rui Xue et al
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Systems biology of personalized nutrition
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Personalized (Micro)nutrient Recommendations
related to systems flexibility

low grade
Liver L inflammation
Choline, canitine |
vitD, VitE, Mg,
Catechins? w-3 fatty acid, flavonoids,

curcuminoids

Vasculature Pancreas

vitC, K, cocoa flavanols, Leucine, vitK, vitD, Mg
NO-producing nutrients,

lycopene



FETAL PROGRAMMING

« Process whereby exposure to an environmental stimulus
in utero or during early postnatal life can induce structural
and functional changes in a developing

organism »

Nat. Rev. Nephrol. 11, 135-149 {2015)



Low birth weight increases risk for ESRD...

Cumulative risk of ESRD

JAm Soc Nephrod 19: 151-157, 2008, doi: 10.1681/ASN, 2007020252
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Chronic Kidney Impairment:
a fetal onset

‘ Higher risk of
‘ (early) CKD
High blood
‘ pressure
Limited sodium
‘ excretion
Reduced
r Surface Area
LNN



Table 1. Experimental models and mechanisms of reduced nephron number

Experimental Model Proposed Mechanism of Nephron Number Reduction

Maternal low-protein diet 1 apoptosis in metanephros and postnatal kidney
Altered gene expression in developing kidney
Altered gene methylation
| placental 11-BHSD2 expression
Maternal vitamin A restriction | branching of ureteric bud
? maintenance of spatial orientation of vascular developrment
| c-ret expression
Maternal iron restriction ? reduced oxygen delivery
? altered glucocorticoid responsiveness
? altered micronutrient availability
Gestational glucocorticoid exposure 1 fetal glucocorticoid exposure
? enhanced tissue maturation
1 glucocorticoid receptor expression
1 1e- and B-ATPase expression
| renal and adrenal 11-8HSD2 expression
Uterine artery ligation/embolization 1 proapoptotic gene exprassion
| antiapoptaotic gene expression
Altered gene methylation
Altered renin-angiotensin gene expression
Maternal diabetes/hyperglycemia | 1GF-11/mannose-6-phosphate receptor expression
Altered IGF-11 activity/bioavailability
Activation of NF-«B

Gestational drug exposure

VV ¥V VYV ¥

gentamicin | branching morphogenesis
B lactams 1 mesenchymal apoptosis
cyclosporine Arrest of nephron formation
ethanol ? via reduced vitamin A levels

COX2 inhibitors Affects prostaglandins




Maternal Diet and LBW/LNN

< Micronutrients reduction (enzymatic co-factors
in cells sinthesis)

»» Protein reduction
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Maternal Diet : Proteins

Low Protein Intake =) jncreased apoptosis

Aberrant Gene Expression
(i.e. TGFpB1 upregulation)

l

Reduced Nephron Number




Maternal Diet : Micronutrients

* Vit A deficiency

. Fetal Low VitA intake
. ‘.II] CZU HBU O
- T AAA A, VITAMIN l
' G i A J 20% reduction

in rats
nephron number




Maternal Diet : Micronutrients

VitA deficiency alterates branching morphogenesis

Renewal/maintenance
Progenitors cells

Ureteric Bud

Inhibition of branching morphogencsis

‘ All-trans
retinoic acid

Dichotomous branching

Mesenchymal to epithelial conversion
Renal vescicle

Cap mesenchyme

/ Metanephric mesenchyme

Nat, Rev, Nephrol. 11, 135-149 (2015) Nutrients 2015, 7, 1881-1905




Maternal Diet : Micronutrients

Iron deficiency:
* LBW
* LNN

 High Blood Pressure (HBP)

Zinc deficiency: increased oxidative stress

T uta . LNN
|1 * Reducted Kidney function

Nutrients 2015, 7, 1881-1905



EPIGENETIC CHANGES
and
RENAL PROGRAMMING

Micronutrients - structural components of
enzymes modifing DNA and Histone

Micronutrients restriction—> possible epigenetic
changes cause
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Horm Mol Biol Clin Invest 2014; 18(2): 63-77



Contents lists available at ScienceDirect

The International Journal of Biochemistry
& Cell Biology

journal homepage: www.elsevier.com/locate/biocel

Stefanie Stangenberg?, Long T. Nguyen ™, Hui-€hermr"1brahim Al-Odat?”,
Murray C. Killingsworth ¢, Martin E. Gosnell“, Ayad G. Anwer®, Ewa M. Goldys®,
Carol A. Pollock*, Sonia Saad -~

The Inrernational foimal of Blochemisiry & Cell Blology 64 [2015) B1-590



Maternal Smoke Habit
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Maternal Smoke Habit

Evidences...
*¢*» Abnormal structure

Control

SE

Fig. 7. Electron microscopic detection of mitochondria in offspring renal proximal tubular cells from control and smoke-exposed mothers at day 1, day 20 and week 13,
Normal looking (long filamentous) mitochondria are shown in offspring kidney from control mothers at day 1, day 20 and week 13 and in kidneys from SE mothers at day
20. White arrows show enlarged (circular shaped) mitechondnia and black arrows show increased number of small punctate mitochondria at day 1 and week 13 in offspring
kidney from SE mothers, Insets in the far left comer: high magnification view of mitochondria. Scale bar = 10,000 nm.



Maternal Smoke Habit

...Evidences

** Abnormal amount of mtDNA copies
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Fig. 6. Mitochondrial DNA copy number shown by the ratio of mitochondrial-encoded COX1 to nuclear-encoded cyclophilin A in offspring renal DNA from control and smoke-
exposed mothers at postnatal day 1, day 20 and week 13. Results are expressed as fold increase £ SEM, n=4; *P<0.05 vs. control using non-parametric Mann-Whitney U

test.

*** Increased density

*** Increased mitophagy



Maternal Smoke Habit

Consequences...

OR SMOKING HABIT

Risk factors (Aldo, etc) /

/_’ Mitochondnal Dysfunﬂhnn‘\
Wi

Inhibition of Mitochondrial Oxidative Stress

enzyme activity

: 1

PODOCYTE INJURY

— MIDNA damage

Fig. 1k Schemotic representation of the relatonships
pmamg =k facters, mitechondnal dysfunctien (mato-
chondmal oxpdstive stress, maDMA damgee, and mato-
chondral eneymatic activity decrease), and podecyie
Irjury.

Am S Physiol Benal Phyvsiod 305: F320-F331, 2013,

ALBUMINURIA = CKD onset = CKD accelerated progression



EPIGENETIC CHANGES
and
RENAL PROGRAMMING

EPIGENETIC MECHANISMS:
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Fromtiers in Physiology | Gastroantestina]l Scoences
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Microbiota
The collection of microbial

organisms from a defined
environment, such as a

human gut.

Microbiome
The collection of genes that
are harboured by microbiota.

MMetagemomics

The study of the collective
Senome of Mcroorganismis
from an environmssnt. SkEotoun
memEgenomics refers to the

appreach of shearing DA thak
havwe besn extracted from the
ermyironment and s=squencing
the =mall fragm=nt=



Oral microbiota:

Viable counts T

Porphyromonas gingivalis ?
Aggregatibacter actinomycetemcomitans T

Candida ?

Placental microbiota:

Presence of aerobic and >
anaerobic bacteria

Gut microbiota:
Actinobacteria ?
Proteobacteria T
Faecalibacterium ‘
a-diversity |

B-diversity t

Vaginal microbiota:

Lactobacillus T
a-diversity |
B-diversity l

Stability 1 S Frontiers in Microbiology, 1 July 2016|Volume?7
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Leading Edge

Metagenomics and Personalized Medicine

Herbert W. Virgin-* and John A. Todd2*

I Each step influenced by metagenomic interactions

Infections, autoantigens

Parental genotype, environment, fetal-maternal interactions, epigenetic effects

|

Immune tolerance
Regulated inflammation
Treg network

Health

Infant
] 1
Establish normal viral, Failure to establish normal viral,
arasitic, and bacterial parasitic, and bacterial
microbiome and metagenome microbiome and metagenome
Normal immune system Inflammation &

autoimmunity-prone
immunity system

7 Virus
Bacteria & o Environmental
Scians N1 F over cofactors

Microbial products
autoantigens

™S

Type 1 Crohn’s
diabetes disease

Other diseases

Cell 147, September 30, 2011




The Microbiota and Diseases

Inflammatory bowel
diseases

=
o -

diabetes

acne

Antibiotic-associated
diarrhea

Autoimmune diseases (multiple sclerosis, lupus,

CKD VD rheumatoid arthritis)

cancer

Obesity
[ =

Asthmal/allergies




"TLR5-mediated sensing of gut microbiota is necessary
for antibody responses to seasonal influenza
vaccination”*

Intestinal microbes enhance the ability of the flu
vaccine to "take”

Weaker flu vaccine response in germ-free mice or
mice treated with antibiotics

*J.Z. Oh et al., Immunity, doi:10.1016/j.immuni.2014.08.009, 2014.



Microbial colonization of the infant GI tract

"The microbes that colonize mucosal tissues after
birth play a pivotal role in shaping the
development of the host Immune system”

Ash & Mueller, Science 2016:352:531



The Microbiome in Early Life*

* The human is a "majority microbial superorganism”

* Proper seeding of the microbiome at birth is essential for protection
from type 1 diabetes and from infectious diseases

* Urgent need to protect microbiota from environmental hazards

*RR Dietert, Birth Defects Research Part B: Developmental and
Reproductive Toxicology 101(4), 333-340, Aug. 2014



A. Changes associated with mode of birth £
(vaginal vs. C-section)

Prevotella f
Lactobacillus T
Propionibacterium |
Corynebacterium ‘
Enterobacteriaceae |

Streptococcus ‘

Earlier colonization of Bacteroidetes
Antibiotic resistance bacterial genes ‘ S i

Resemblence to mother’s gut microbiotaf
Viable counts 1

B-diversity {

B. Changes associated with feeding
(breast milk vs. formula)

Bacteroides fragilis *
Bifidobacterium infantis T
Sneathia ?
Staphylococcus |
a-diversity ‘

Frontiers in Microbiology, 1 July 2016 |Volume?



Microbiota of the breastfed infant

Lactobacillus Bifidobacterium



Breastfed infant
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Principal Component Analysis (PCA) reveals distinct separation between serum and urine
metabolomic profiles from breast-fed (green), formula-fed (red) infant rhesus monkeys, as well
as measurements collected at birth (blue, assigned to formula-fed, yellow assigned to breast-
fed) infant rhesus monkeys. (A) Serum NMR data collected from infants from week 2 of life
onward for breast-fed (n = 27), formula-fed (n = 30), as well as serum collected from birth
infants (n =9) (R2X =0.67; Q2 = 0.29). (B) Urine NMR data collected from infants from week 1 of
life onward for breast-fed (n = 54) and formula-fed (n = 57) infants; as well as urine collected
from birth infants (n = 8) (R2X = 0.48; Q2 = 0.22). In both score plots, the confidence interval is

defined by the Hotelling’s T2 ellipse (95% confidence interval).

O’Sullivan et al., 2013



F lla Alistipes ;
BE Mimws :I Bacteroidetes EU :| Bacteroidetes

u Mylanibacter m Bacteroides

B Acetitomaculum

| Acetitomaculum .
) ) L ¥ Faecalibacterium e
W Faecalibacterium | Firmicutes —— Firmicutes
Subdaligranulum Subdeligranulum
Others Others

Pie charts of median values of bacterial genera present in fecal samples of Burkinabe
(BF) and EU children (>3%) found by RDP classifier v. 2.1. Rings represent
corresponding phylum (Bacteroidetes in green and Firmicutes in red) for each of the
most frequently represented genera.

De Filippo et al., 2010




Antibiotics and Microbiota



Gut Microbes Protect from
Food Allergies*™

18% increase in food allergies among children in the United

States between 1997 and 2007

— Life-threatening anaphylactic response to foods

Antibiotic treatments can disrupt gut bacteria

Mucosa-associated Clostridia protect from food allergies

— Regulate epithelial permeability to food allergens

Clostridia probiotics may work as treatment plan



Disrupted Gut Bacteria Lead to Obesity*

Control Disrupted microbiota
— low-dose
_ﬁ) penicilin \_ 3
Normal l
microbiota '
development

*LM Cox et al., Cell 158, 705—-721, August 14, 2014



Antibiotics Cause Obesity*

e Obese and lean humans differ in microbiota

* In humans, antibiotics early in life are associated with
increased risk of being overweight later in childhood

* Antibiotics are used in farm animals to promote growth

*LM Cox et al., Cell 158, 705—-721, August 14, 2014.



Association of Antibiotics in Infancy With Early
Childhood Obesity*

* 69% of children were exposed to antibiotics before end of first
year

* This increase was associated with increased risk to obesity,
with broad spectrum antibiotics having a more significant role

 Asthma and wheezing also predicted obesity

*L. Charles Bailey et al., JAMA Pediatr. Published online September 29, 2014



Deshpande G, Rao S and Patole S:

Updated Meta-analysis of Probiotics for Preventing
Necrotizing Enterocolitis In Preterm Neonates

Pediatrics 2010; 125:921-930

11 RCT analyzed, N=2176 infants
(4 RCT had NEC or NEC and death as primary outcomes)



Effect of probiotics on NEC

Review: Probictics for prevention of necrotizing enterocoltis
Comparison. 01 NEC
QOutcome: 01 Definte NEC
Study Prohiotic no probiotic RR (fixed) Weight RR (fixed)
or sub-category niN niN 895% Cl % 95% Cl
Kitajima 1997 0/45 0/46 Not estimable
Dani 2002 4/295 8/2%0 —— 11.15 0.49 [0.15, 1.61]
Costalos 2003 5/51 6/36 —— 9.72 0.59 [0.19, 1.78]
Bin Nun 2005 1/72 10/73 # 18.73 0.10 [0.01, 0.77]
Lin 2005 2/180 10187 _— 13.56 0.21 [0.05, 0.94]
Manzoni 2006 1/39 3/41 l 4.04 0.35 [0.04, 3.23]
Mohan 2006 2/21 1/17 & 1.53 1.62 [D.16, 16.37]
Stratiki 2007 0/38 3/31 4 n 5.31 0.1z [0.01, 2.19]
Lin 2008 4,217 147217 e 19.35 0.29 [0.10, 0.85]
Samanta 2008 5/91 15/95 —l— 20.29 0.35 [0.13, 0.92]
Rouge 2009 2/458 1/49 - 1.32 2.18 10.20, 28.21)
Total (95% CI) 1094 1082 3 100.00 0.35 [0.23, 0.55)
Total events: 26 (Probictic), 71 (no probictic)
Test for heterogeneity: Chi? =7 66, df =9 (P =057),F=0%
Test for overall effect: Z = 4.64 (P < 0.00001)

oM 01 1 10 100

Favors treatment  Favors control

Deshpande, G. et al. Pediatrics 2010;125:921-930

Copvrioght ©2010 American Academyv of Pediatrics



Effect of probiotics on all-cause mortality

Review: Probictics for prevention of necrotizing enterocoltis

Comparison:; 03 Mortality

Outcome: 01 All cause mortality

Stucly Probiotic No probiotic RR (fixed) Weight RR (fixed)

or sub-category n niN 95% Cl % 95% Cl
Kitajima 1997 0/45 2/46 —= 2.85 0.z20 [0.01, 4.14]
Dani 2002 12/295 227290 i 25.59 0.54 [0.27, 1.06]
Bin Nun 2005 3/72 9/73 4 7 10.31 0.34 [0.10, 1.20]
Lin 2005 7/180 20/187 i 2Z2.63 0.36 [0.16, 0.84]
Manzoni 2006 5/39 6/41 = 6.75 0.88 [0.29, 2.64]
Stratiki 2007 1/38 1/31 4 & P 1.27 0.82 [0.05, 12.52]
Lin 2008 2/217 9/217 4 - 10.38 g.2¢ [0.05, 1.02)
Samanta 2008 4/91 14/95 ¥ 15.80 0.30 [0.10, 0.87]
Rouge 2009 Z2/45 4/49 & 4.42 0.54 [0.10, 2.83]
Total (95% CI) 1022 1029 i 100.00 0.42 [0.29, 0.62]
Total events: 36 (Probictic), 87 (No probictic)

Test for heterogeneity: Chi? =4.01, df =8 (P =0.86), F = 0%

Test for overall effect: Z=4.49 (P < 0.00001)

01 02 05 1 2 5 10
Favors treatment  Favors control

Deshpande, G. et al. Pediatrics 2010;125:921-930 ,

Copvrioght ©2010 American Academyv of Pediatrics



L’asse intestino-rene nella MRC

PERDITA DELLA CAPACITA DEPURATIVA DEI RENI

ACCUMULO DI SOSTANZE PROVENIENTI DAL
METABOLISMO UMANO

ACCUMULO DI SOSTANZE PROVENIENTI DAL

METABOLISMO BATTERICO INTESTINALE

NECESSITA DI UN TRATTAMENTO
SOSTITUTIVO




MALATTIA RENALE CRONICA (MRC):
CARATTERISTICHE

Alterazione dell’omeostasi proteica ed energetica
Aumentato catabolismo proteico

Squilibrio acido-base

Disfunzioni ormonali

L’assorbimento gastrointestinale dei nutrienti diventa anomalo, a causa dell’'uremia che
distrugge l’integrita della barriera intestinale

Soprattutto nelle fasi avanzate di MRC, si assiste spesso a perdita di tessuto muscolare ed
adiposo, con instaurarsi di uno stato di malnutrizione proteico-calorica (PEW)

Nutritional Management of Chronic Kidney Disease. Kalantar-Zadeh K, Fouque D. N Engl J Med. 2017



I CARDINI DELLA TERAPIA
DIETETICO-NUTRIZIONALE NELLA
MRC

. Restrizione proteica, piu stringente nelle fasi piu avanzate (0.8 — 0.6 fino a 0.3 g/kg)

. Restrizione sodio

. Restrizione potassio in caso di iperkalemia e nella MRC avanzata

. Restrizione fosforo, soprattutto come additivo

. Elevato intake calorico in associazione a restrizione proteica per prevenire PEW
. Supplementazione con vit.D in caso di carenza

. Necessita di supplementazione o adeguamento nutrizionale per frequenti carenze di Fe, Zn, Cu, Se

Nutritional Management of Chronic Kidney Disease. Kalantar-Zadeh K, Fouque D. N Engl J Med. 2017



I BENEFICI COMBINATI DELLA DIETA IPOPROTEICA ED IPOSODICA SULLA PROGRESSIONE
DELLA MRC

-

—
PRECLOMERULAR i CLOMERULSUS ) POSTCGLOMERULAR
EFFECTS ; i EFFECTS

{

[ |

Vasoconstriction

arteriole

Nutritional Management of Chronic Kidney Disease. Kalantar-Zadeh K, Fouque D. N Engl J Med. 2017




Uremia, dieta e disbiosi del microbiota

Intestinal
dysbiosis

Decreased \
"\, saccarolytic /
\, bacteria /

protein ) bioo »{ of proteolytic
digestion/ ! 2 o ea— i ' ) ; bacteria

» ' Proliferation \

UREMIC TOXINS

Ramezani et al. Role of the Gut Microbiome in Uremia: A Potential Therapeutic Target- AJKD, 2016



I1 microbiota intestinale

L’insieme dei batteri che colonizzano il nostro intestino
é definito
MICROBIOTA

W suo ruolo

Digestione di alcuni alimenti f@.} €
Assorbimento di nutrimenti [ .
Sistema immunitario 'P#g%*}\
Mantenimento di uno stato di benessere \\, =
generale [ .
Produzione di metaboliti -0
potenzialmente tossici m\wm



THE IMPORTANCE OF UREMIC TOXINS

====—=rms= =

Dr W. |]. KOLFF

Besides indoxyl still other putrefaction products of the
_ intestine may increase in the blood in renal insufficency (sic).
I H KOK N.V. KAMPEN (HOLLAND) They are phenoles, cresoles, aromatic oxyacids, and other
aromatic substances.




The classification of uremic toxins

Small water-soluble solutes Protein-h

Asymmetric dimethylarginine
Benzylalcohol
3-Guanidinopropionic acid
-Lipotropin

Creatinine

Cytidine

Guanidine

Guanidinoacetic acid
Guanidinosuccinic acid
Hypoxanthine
Malondialdehyde
Methylguanidine
Myoinositol

Orotic acid

Orotidine

Oxalate

Pseudouridine

Symmetric dimethylarginine
Urea

Uric acid

Xanthine

*CMPF is carboxy-methyl-propyl-furanpropionic acid

3-Deoxyglucosone
CMPF*
Fructoselysine
Glyoxal

Hippuric acid
Homocysteine
Hydroquinone
Indole-2-acetic acid

Indoxyl sulfate

~ Kinurenine
Kynurenic acid
Methylglyoxal

= ysine

P-cresol
~Pentosidine
Phenol
P-OHhippuric acid
Quinolinic acid

Spermine

€L

Eurcpean Uremic Toxin
Work Group of the ESAD

cules

Adrenomedullin

Atrial natriuretic peptide
B,-Microglobulin
3-Endorphin
Cholecystokinin

Clara cell protein
Complement factor D
Cystatin C

Degranulation inhibiting protein |
Delta-sleep-inducing peptide
Endothelin

Hyaluronic acid

Interleukin 1

Interleukin 6

Kappa-ig light chain
Lambda-Ig light chain

Leptin
Methionine-enkepahlin
Spermidine Neuropeptide Y

Parathyroid hormone

Retinol binding protein
Tumor necrosis factor alpha

Vanholder R. et al., Kidney Int 2003



The Colon: An Overlooked Site for Therapeutics in
Dialysis Patients

Ruben Poesen, Bjdm Meijers, and Pieter Evenepoel

Division of Nephrology . Department of Microblology and Immunology .. University Hospitals Leuven, Leuven,
Belgiurm

“Prokinetics (loxotives)
l TAntibiolics, probiolics l

Right Colon | Left Colon

L bdoiasi oo MICROBIOME EcREYONeY.

*High dietory fiber/low {animol} 3

protein (“Mediterranean”) diet |

“Prebuolics _
*a-glucosidase inhibitors

SCFA'S Tyrosine Tryptophan
p-Cresol indole ——y *adsorbants

J -

p-Cresyl sulfate —'—mdoxyl sulfate

|
v )\ v

4 ®

Cardiovascular disease Renal disease Bone disease

Seminars in Dialysis 2013
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Average number of spaciea’class

clinical investigation http:/ fwww kidney-intemational.org

& 2012 International Society of Nephrology

Chronic kidney disease alters intestinal
microbial flora

Nosratola D. Vaziri', Jakk Wong?®, Madeleine Pahl’, Yvette M. Piceno?, Jun Yuan', Todd Z. DeSantis>,
Zhenmin Ni', Tien-Hung Nguyen”® and Gary L. Andersen”

"Division of Nephrology and Hypertension, UC Irvine Medical Center, Irvine, California, USA; “Center for Environmental Biotechnology,
Lawrence Berkeley National Laboratory, Berkeley, California, USA and ISecond Genome, San Bruno, California, USA

B0.0 -

s00. e e Atotal of 190 bacterial OTUs were increased in
2 — G patients with ESRD, including some from the
o) - - :::;.m.gs major bacterial phyla Firmicutes (especially
o Y subphylum Clostridia), Actinobacteria, and
s~ = I Proteobacteria (primarily
200 Spirochatos Gammaproteobacteria).
ool - -emwcesces  These phyla are also associated with other
- ; = =T chronic and common diseases.
| = e
D e

CTL ' CRF



clinical investigation http:/ fwww kidney-intemational.org

& 2012 International Society of Nephrology

Chronic kidney disease alters intestinal
microbial flora

Nosratola D. Vaziri', Jakk Wong?, Madeleine Pahl’, Yvette M. Piceno”, Jun Yuan', Todd Z. DeSantis",
Zhenmin Ni', Tien-Hung Nguyen”® and Gary L. Andersen”

"Division of Nephrology and Hypertension, UC Irvine Medical Center, Irvine, California, USA; “Center for Environmental Biotechnology,
Lawrence Berkeley National Laboratory, Berkeley, California, USA and ISecond Genome, San Bruno, California, USA

ESRD significantly modifies the composition of

ﬁ?l r:?l gut microbiome in humans

The presence of an equally significant difference in the
intestinal microbial flora between the uremic and control
rats, which were otherwise identical, helped to

substantiate the impact of uremia per se on the
composition of the gut microbial flora

s bl=s B

chronic renal Healthy
failure rats controls



Original Report: Patient-Oriented, Translational Research

Americunljc}umd of
Nephrology Am J Nephrol 2014:39:230237 Receivec: anuary 3, 2015
. ccepted: January 24, 2014
DOI: 10.1159/000360010 Published online: March 8, 2014

Expansion of Urease- and Uricase-Containing,
Indole- and p-Cresol-Forming and Contraction
of Short-Chain Fatty Acid-Producing Intestinal
Microbiota in ESRD

Jakk Wong? Yvette M. Piceno? Todd Z. DeSantis®? Madeleine Pahlc
Gary L. Andersen? Nosratola D. Vaziri©

Table 3. Bacterial families with members containing urease, uricase, tryptophanase, and p-cresol-producing enzymes which were more
abundant in the ESRD group, and the bacterial families with members possessing phosphotransbutyrylase and butyrate kinase which

were less abundant in ESRD patients compared to healthy control group

Enzyme name Matched families

(Urease Alteromonadaceae, Cellulomonadaceae, Clostridiaceae, Dermabacteraceae, Enterobacteriaceae, \
Halomonadaceae, Methylococcaceae, Micrococcaceae, Moraxellaceae, Polyangiaceae,
Pseudomonadaceae, and Xanthomonadaceae

Uricase Cellulomonadaceae, Dermabacteraceae, Micrococcaceae, Polyangiaceae, and Xanthomonadaceae)
Tryptophanase Clostridiaceae, Enterobacteriaceae, and Verrucomicrobiaceae
\E—Cresol production enzymes Clostridiaceae, and Enterobacteriaceae g

Phosphotransbutyrylase Lactobacillaceae, and Prevotellaceae

| S—

Butyrate kinase! Lactobacillaceae, and Prevotellaceae




IgA Nephropathy and Microbiome

ENROLLED 90 pt (45 P and 45 NP) and 45 healthy controls

ANALYZED 32 IgAN patients (16 P and 16 NP) and 16 healthy controls

RESULTS OPEN G ACCESS Freely available online @ PLOS | one

Microbiota and Metabolome Associated with

o - ®
‘@ -PLOS Immunoglobulin A Nephropathy (IgAN) Cromark
* ONE Maria De Angelis'*, Eustacchio Montemurno®, Maria Piccolo’, Lucia Vannini®, Gabriella Lauriero?,
A peer-reviewed, open access journal Valentina Maranzano?, Giorgia Gozzi®, Diana Serrazanetti®, Giuseppe Dalfino?, Marco Gobbetti’,

Loreto Gesualdo®

1 Deparntment of Soil Plant and Food Scences, University of Barl Aldo Moro, Barl Rtaly, 2 Department of Emergency and Organ Transplantation, Nephrology Unit -
University of Bari Aldo Moro, Bari, italy, 3 Department of Agricultural and Food Sciences, University of Bologna, Sologna, italy, 4 Inter-departmental Centre for Industrial
Agri-Food Research, University of Cesena, Cesena, italy

Z - Microb Ecol (2015) 70-557—565
M 1C robxal Lx'f.": 0. xfnn;suu:u.ox 505929
Ecology HOST MICROBE INTERACTIONS

Salivary Microbiota Associated with Immunoglobulin
A Nephropathy
Maria Piccolo - Maria De Angelis - Gabriella Lauriero -

Eustacchio Montemurno - Raffaella Di Cagno -
Loreto Gesualdo - Marco Gobbetti
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LO STATO DEL MICROBIOTA NELLA CKD

TNFa, IL=1§, |IL=S,
IL-12, IFNy and ot
pre=inflammatory
cytokines

Ramezani et al. The Gut Microbiome, Kidney Disease, and Targeted Interventions - JASN 2014



Il microbiota disbiotico nella CKD:
una bomba tossica

Macrophage — Foam cell Atherosclerosis
Gut microbiota Colonocyte i gicl:eTac‘id synthesis
A\ 0peo
00> 07
A WOXN
0 Jg° = y%
Bacterial fermentation
cmulm% LCiver Circulation

Progression of Kidney Disease
Renal tubular cell T Nephrotoxicity

T Inflammation
T Tubulointerstitial fibrosis

Tryptophan —» Indole

L-Tyrosine —# p-Cresol —
Urea —» Ammonia

Threonine —» H.S —

Inflammatory cytokines/
Profibrotic molecules

©
Bacterial/lLPS
ﬂ , ‘% Q‘y translocation

T Chronic inflammation
T Mortality

Ramezani et al. Role of the Gut Microbiome in Uremia: A Potential Therapeutic Target- AJKD, 2016



Il microbiota interagisce con I’organismo attraverso i suoi metaboliti

| microorganismi intestinali non sono ospiti passivi, ma dirigono alcune funzioni fisiologiche dell’'uomo
il microbiota produce sostanze che non agiscono solo localmente, ma possono essere assorbite dal
circolo ed influenzare salute e funzione di organi anche lontani

Putrefazione
proteolitica

Fermentazione
saccarolitica

Batteri Proteolitici

Qrrrnnn

Batteri Saccarolitici



Gli acidi grassi a catena corta SCFA

Derivati dalla fermentazione
saccarolitica: acetato, propionato, butirrato

* Azione trofica per I'epitelio colon
* Azione endocrina a livello locale e sistemico (omeostasi
glicidica e lipidica)

Toward the comprehensive understanding of the gut ecosystem via metabolomics-based integrated omics approach, Wanping et al. Semin Immunopathol 2014
Building a Beneficial Microbiome from Birth. Castanys-Munoz E et al. Adv Nutr. 2016



Gli SCFA regolano I'immunita
a livello intestinale

 Effetto antinflammatorio tramite il signaling di GPR43 nelle cellule immuni (es.
neutrofili)

* Induzione epigenetica del differenziamento di linfociti Treg: soppressione risposta
immune ed allergica, locale e sistemica
* Upregolazione della funzione di barriera intestinale: azione antinfiammatoria

sistemica
SCFA SCFA
‘ | Antimicrobial l
- 1gA mucin peptides APGPIOSE ..*
GPR43 GPR4n1 GPR109a T T Tight junction T - T proliferation
=3 u (-
® _ - @ &= > <= ® @& - @ L — ) ) [ ) ® T - O O
® o tumor
€ ® Las B cell & i L 2 lHDAc

macrophage DC " inhibition
Za——m s Neutrophil ’ — \ - ::' T cell
- > - = ‘\\77 o 77//1
- =5 - = =
{9’:9,- / = L] 5 1O
> «» - = 2 Aldh1a
P aNE =1L S, e

i ()

.- - - 4
- e =
Inflammation \ T e
— K - ) ® o ® IL-10
Dl ThA1 ® e*
Treg

Sun M et al. Microbiota metabolite short chain fatty acids, GPCR, and inflammatory bowel diseases, J Gastroenterol 2016
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Toward the comprehensive understanding of the gut ecosystem via metabolomics-based integrated omics approach, Wanping et al. Semin Immunopathol 2014

Le tossine prodotte dal microbiota: pCS, IS, TMAO

Microbiota
intestinale

SO,H

p-cresolo solfato
(PCS)

CH,

I ose
N

H

indossile solfato (IS)

e Colina
* Fosfatidilcolina
e Carnitina

PATOLOGIA

[ T\

Entrano in CIRCOLO
e si legano
allALBUMINA ‘
(95-98%) x rﬁ

rene

cuore

endotelio

Heart and vessels
Atherosclerosis

T All cause mortality

T MACE

Renal impairment
Renal lesions

T MACE

T All cause mortality

i ————ajuge N

High-fat diet

Dietary intake of
phosphatidylcholine

= Modifies composition
= Affects gene richness

v
Metabolizm
T Endotoxaemia

T Intestinal permeability

T Insulin resistance

T Steatosis

T Adipose tissue inflammation
—~ Obesity




Uremia, dieta e disbiosi del microbiota

Intestinal
dysbiosis

Decreased \
"\, saccarolytic /
\, bacteria /

protein ) bioo »{ of proteolytic
digestion/ ! 2 o ea— i ' ) ; bacteria

» ' Proliferation \

UREMIC TOXINS

Ramezani et al. Role of the Gut Microbiome in Uremia: A Potential Therapeutic Target- AJKD, 2016



Il microbiota: un fattore di rischio modificabile non tradizionale

- nutrients Fﬁu\nfy

Article
Non-Traditional Aspects of Renal Diets: Focus on
Fiber, Alkali and Vitamin K1 Intake

Adamasco Cupisti L+ (Claudia D'Alessandro !, Loreto Gesualdo 2, Carmela Cosola 2,
Maurizio Gallieni 3, Maria Francesca Egidi ' and Maria Fusaro #

LARN NKF
General Population {stagfi{—]g ND) HD» PD
Fiber 12.6-16.7 g/ 1000 kcal | 20-30 g/ day 20-25 g/day 20-25 g/ day
Vitamin K 3’5_545]9:;?_;5 i;ﬁlgﬁgf}f‘}’ I 90-120 pg/day (10 mg/ day with antibiotic therapy)
— svp/dey | Umieduls  Upwarolglim s 4e/deysdm

['-.-'Iag:nesium 240 mg .-"cla].-r Mot available 200—300 g .-"::laj.-r Mot available




| benefici di fibra + restrizione proteica nella CKD

1. Potere alcalinizzante: bicarbonati

e -
%
ND j
- _{l'\ ){_) 10 O 10 20 10 an {.{)
mEg/day
Il prac [T near

PRAL Potential Renal Acid Load, NEAP Net Endogenous Acid Production

Cupisti et al. Non-Traditional Aspects of Renal Diets Focus on Fiber, Alkali and Vitamin K1 Intake - Nutrients 2017



| benefici di fibra + restrizione proteica nella CKD

Nephrol Dial Transplant (2017} 1-10
doi: 10,1093 /ndt/gfx203 n

Meplirology Dialysis Transplantation

Nutritional therapy reduces protein carbamylation through urea
lowering in chronic kidney disease

Biagio R. Di lorio', Stefania Marzocco”, Antonio Bellasi®, Emanuele De Simone®, Fabrizio Dal Piaz’,
Maria Teresa Rocchetti’, Carmela Cosola®, Lucia Di Micco' and Loreto Gesualdo®

Table 1. Antropometric, clinical and biochemical data of patients according to each nutritional intervention

Free Diet (FD) Mediterranean Diet (MD) Very low protein diet (VLPD)

plus Ketoanalogues
Urea, mg/dl 175X13 13726~ GBEEX 18" <0001
Glycemia, mg/dl 11330 112328 108232 0579
Uricemia, mg/dL 59x2.1 2.5*1.6 51*1.3 0492

MNa, mmol/L 140+2 140 +2 138+ 3~ <0001

2. Bassa biodisponibilita fosfato (fitati)



| benefici di fibra + restrizione proteica nella CKD

3. Contrasto disbiosi intestinale

. 11 e
§ >
] ]
= o
s o
g * A
TABLE 4 Pyrosequencing data summary™ -
Avg ¥ Avg %% P value E 9
Organism Family or species Hs" HSB* HS5/HSB _'.; g
Firmicutes Clostridiacene 5.26 8.08 0.019 =
Eubacteriaceae 8.827 5.135 0.229 @ 8 N i |
Ruminococoacene 31.55 23.37 0023 FPlacebo PCS FFB
Fusobacteria Fusobacteriaceae 3.06 1.85 0.019 Treatment
Firmicutes Clostridium orbiscindens 0.22 0.68 0.045
Clostridium sp. 245 4.69 0.048
Roseburia hominis 0.01 0.12 0.047
Faecalibacterium prauswnirzii 12.27 &.08 0.004
Faecalibacteriurm sp. 11.29 6.32 0.0la
Ruminococcus sp. 5.60 8.82 0047
Dialister invisus n.52 0.13 0034
Fusobacteria Fusobacterium sp. 3.06 1.85 0019
@ Each healthy subject was analyzed before (HS) and after (HSB) 2 months of diet
intervention with 100 g/day of durum wheat and whole-grain barley pasta containing
3% (wtfwt) B-glucans.
& Avg %, relative abundance of predominant bacterial taxa, showing significant (P =
0.05) differences between fecal samples for HS and HSB.

Ramnani et al. Prebiotic effect of fruit and vegetable shots containing Jerusalem artichoke inulin: a human intervention study - British Journal of Nutrition 2010
De Angelis et al. Effect of Whole-Grain Barley on the Human Fecal Microbiota and Metabolome - AEM 2015



| benefici di fibra + restrizione proteica nella CKD

L] N\

4. Aumento SCFA e riduzione permeabilita
intestinale

C

Lactulosed!Mannitol

r
T
|
|

E
LaiMa ratlo
i

&
=]
T
!
|
|

—_  bemakbode ";'P
HSB hemiethl atcobol HS ﬁ

acid

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Canonical axis 1
Total Variance 84.7%

Russo et al. Inulin-enriched pasta improves intestinal permeability and modifies the circulating levels of zonulin and glucagon-like peptide 2 in healthy young volunteers - Nutrition Research 2012
De Angelis et al. Effect of Whole-Grain Barley on the Human Fecal Microbiota and Metabolome - AEM 2015



| benefici di fibra + restrizione proteica nella CKD

5. Riduzione tossine uremiche

A

>
8

=0.031 p-Cresyl sulfate
6—
= 4 .
E N\ =3
‘ B s E 5|
g 20 . E s g 2 _
£y J\\_\‘L‘\ 10 4
:
o_.
@10 - . 5
o
.-_———-‘ LPD VLPD P . .
(o] 4 ] ! Q«Q <V
Before After & &
SYN SN
Baseline (n — 22) Intervention (n = 22)° Pvalue
Serum/plasma
Creatinine® I:]'.I'I{_.t dl— 'y &80 (2.05) B4R (1.87) 0.2
Urea® (mg di—1) 126.5 (36.0) 119.3 (37.7) 0.03
p-cresyl sulfate (i) 204.5 (157.3-333.3) I70L0 (12602801 ) 0.0l
Indoxyl sulfate (i) 111.1 {(F1.3—-1T72.1) 1052 (77.5-167.3) 0.4
Total solute remowal
Urea® (g week—1) 1074 (31.5) Q7.3 (30.1) 0.1
p-cresyl sulfate (pmol week—1) 20009 (1317.9-2558.9) 12B2.7 (992. 82501 ._8) 00Dy
Indoxyl sulfate (jLmol week—!) 1247 % (211.6-1270.1) 1296.3 (B37.7—1970.1) 0.9

Mejiers et al. - p-Cresyl sulfate serum concentrations in haemodialysis patients are reduced by the prebiotic oligofructose-enriched inulin - NDT 2010

Nakabayashi et al - Effects of synbiotic treatment on serum level of p-cresol in haemodialysis patients a preliminary study - NDT 2011

Di lorio et al. - Very Low Protein Diet Reduces Indoxyl Sulfate Levels in Chronic Kidney Disease - Blood Purif 2013

Cosola et al. - Beta-Glucans Supplementation Associates with Reduction in P-Cresyl Sulfate Levels and Improved Endothelial Vascular Reactivity in Healthy Individuals - PlosONE 2017



| benefici di fibra + restrizione proteica nella CKD

6. Aumento transito: effetto benefico su riduzione
composti azotati e creatinina

30 LDBunlim LPD (& Pectin + LPD B Gum Arabic +LP'I:-‘-—|

25

15

10

Serum Creatinine (mg/dL)
I—B’
Z L]
Nitrogen Content (mg +kg'=d")
) th

NN

T Total Stool Solids

Bazeling Coarrbral 2T W

= Significant decline in serum creatinine compared to baseline [P< 05]).
"FRaseline n=13; Caontraln=11; 2WTn=12;4WTn=13
WT = Weeks Treabtmeant

Bliss et al. Supplementation with gum arabic fiber increases fecal nitrogen excretion and lowers serum urea nitrogen concentration in chronic renal failure patients consuming a low-protein diet - Am J Clin
Nutr 1996

Salmean et al. Foods With Added Fiber Lower Serum Creatinine Levels in Patients With Chronic Kidney Disease — J Renal Nutr 2013



Costipazione e CKD

| CLINICAL EPIDEMIOLOGY | WwWwW.jasn.org

Constipation and Incident CKD

Keiichi Sumida,*™*5 Miklos Z. Molnar,*! Praveen K. Potukuchi,* Fridtjof Thomas,"
Jun Ling Lu,* Kunihiro Matsushita,” Kunihiro Yamagata;* Kamyar Kalantar-Zadeh,** and
Csaba P. Kovesdy*™"

By constipation severity

b
1.00 LR Moderate/Severe
“Constipation status and severity &
. . . o Y 0.804 ——
associate with higher risk of % |
incident CKD and ESRD and with £ oce| |
progressive eGFR decline, £
. . 2  0.404
independent of known risk & °° |
factors” §  o0.20-
=
o
0.00
0 1 2 3 4 5 6

Follow-up time (years)



The Colon: An Overlooked Site for Therapeutics in

Ruben Poesen, Bjom

Dialysis Patients

Meijers, and Pieter Evenepoel

Division of Nephrology . Department of Microblology and Immunology .. University Hospitals Leuven, Leuven,

Belgiurm

“Prokinetics (loxotives)
l TAntibiolics, probiolics l

Right Colon | Left Colon

Lcadocaci MICROBIOME i

*High dietory fiber/low {animol}
protein (“Mediterronean”) diet
*Prebiotics

*a-glucosidase inhibitors

+—

SCFA'S Tyrosne Tryptophan
\ Vv oo—
«It is generally accepted that the most p'c"f mdi‘e i | i
important regulator of bacterial metabolism, p-Cresyl sulfate indoxyl sulfate
besides colonic transit time, is nutrient —I—
availability and especially the ratio of available v v ¥
carbohydrate to nitrogen”

B 9 .
"}'/

Cardiovascular disease Renal disecase Bone disease

Seminars in Dialysis 2013



58° CONGRESSO
NAZIONALE Dieta Mediterranea e Dieta

SOCIETA ITALIANA DI NEFROLOGIA

RIMINI 4-7 OTTOBRE 2017 Fortemente Ipoproteica con alfa-
KA riducono le tossine uremiche
LA DIETA FORTEMENTE IPOPROTEICA SUPPLEMENTATA CON

CHETOACIDI E LA DIETA MEDITERRANEA RIDUCONO | LIVELLI intestinali
SIERICI DI INDOSSILE SOLFATO E P-CRESOLO SOLFATO: QUALI |
BENEFICI NEI PAZIENTI CON MALATTIA RENALE CRONICA?

Maria Teresa Rocchetti, Carmela Cosola, Ighli di Bari, Lucia Di Micco,
Emanuele De Simone, Eustacchio Montemurno, Giuseppe Dalfino,
Loreto Gesualdo, Biagio Di lorio

58° CONGRESSO NAZIONALE—-SOCIETA ITALIANA DI NEFROLOGIA
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| benefici di fibra + restrizione proteica nella CKD

Cosola et al - PlosONE 2017

Cupisti et al - Nutrients 2017

Di lorio et al - NDT 2017

De Angelis et al - AEM 2015

Di lorio et al - Blood Purif 2013
Salmean et al - J Renal Nutr 2013
Russo et al - Nutrition Research 2012
Nakabayashi et al - NDT 2011
Mejiers et al - NDT 2010

Ramnani et al - British Journal of Nutrition 2010
Bliss et al - Am J Clin Nutr 1996

1. Potere alcalinizzante: apporto bicarbonati

2. Bassa biodisponibilita fosfato (fitati)

3. Contrasto disbiosi intestinale

4. Aumento SCFA e riduzione permeabilita intestinale
5. Riduzione tossine uremiche

6. Miglioramento transito intestinale: effetto benefico su
riduzione composti azotati e creatinina



Gestione nutrizionale della MRC: focus su proteine, sale e fibre

1. Restrizione proteica
2. Restrizione sale
3. Apporto fibra solubile

CKD NUTRITIONAL MANAGEMENT —.,-—-\ Nitric Oxide
@{@ A (NO)
Salt and protein reduction
Blood
pressure

Vegetables for NO production
Gut microbiota saccharolytic modulation i é

s PCS, IS,
%- TMAO, IAA * ’ Gut-Kidney
‘ Z ; 1 I , 3 Axis

Y

Microbiota metabolites: Pivotal players of cardiovascular damage in chronic kidney disease. Cosola C, Rocchetti MT, Cupisti A, Gesualdo L. Pharmacol Res. 2018



“The nutritional management of CKD should be redesigned and include the new findings from research on the intrinsic plasticity

of the microbiota and its metabolites in response to food intake. The need is felt to integrate the classical salt and protein
restriction approach for CKD patients with foods that enhance intestinal wellness”

CKD CKD Nutritional Management

. O\ - J Salt and protein restriction -
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Microbiota metabolites: Pivotal players of cardiovascular damage in chronic kidney disease. Cosola C, Rocchetti MT, Cupisti A, Gesualdo L. Pharmacol Res. 2018



GUT-BRAIN AXIS IN CKD

Gut-Brain axis Gut-Heart axis

.... sadedatsadadedsadadadssosnda .0.0.0. f. fsadadistondadadeadadadadsadAadadadsaDAad ettt aNaDLdsada .....%

Enhanced ROS production
Pro-inflammatory cytokines production

- KYNURENINES Leukocyte activation

(TRYPTOPHAN METABOLITES) Myocytes hypertrophy
Cardiac fibrosis

RAAS activation

3 Depre_s-smn = Increased CV risk
- Cognitive dynsfunction

Cosola et al. Microbiota Issue In CKD: How Promising Are Gut-targeted Approaches? Journal of Nephrology 2018



R. Gabbignelli, E. Damiani / Journal of Nutritional Biochemistry 57 (2018) 1-13

Pro-inflammatorydiet

!

Anti-inflammatory diet

i

Normal gut microbiota

= @@ |

Vagus nerve

— I IL-4, IL-10 1 -

IR . 1 TNF-a, INF-y, IL-6, IL-1 I —

Fig. 2. Simplified scheme on how diet modifies cytokine production by gut microbiota and its connection with neuroinflammation.SCFAs: short-chain fatty acids.



RENE ED INVECCHIAMENTO

* Inflammaging

* Declino della funzione renale in una percentuale rilevante della popolazione, anche a
causa dell’aumentata incidenza di ipertensione e diabete

* Disbiosi del microbiota, con perdita di ricchezza e diversita di specie

* Riduzione della produzione renale di Klotho

Inflammageing: chronic inflammation in ageing, cardiovascular disease, and
frailty. Ferrucci L, Fabbri E. Nat Rev Cardiol. 2018

Molecular mechanisms of renal aging. Schmitt et al. Kidney Int. 2017

Gut Microbial Changes, Interactions, and Their Implications on Human Lifecycle:
An Ageing Perspective. Vemuri et al. Biomed Res Int. 2018

Klotho, phosphate and inflammation/ageing in chronic kidney disease. Izquierdo
et al. Nephrol Dial Transplant. 2012




Inflammaaging

|| Physiological aging | | Oxdative stress | | DNA damage _ | || Mitochondial injury | |

l \ l / Post-operative stress, inflammation,
: s ~ antibody mediated Rejection,
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Ferenbach, D. A. Nat. Rev. Nephrol. 11 (2015)




KLOTHO: una molecola anti-aging

Proteina anti-senescenza

Prodotta principalmente nel rene e secreta nel
sangue

| suoi livelli correlano con la funzione renale
Altre funzioni: protezione del sistema
cardiovascolare e nervoso centrale, regolazione
del’omeostasi elettrolitica, dell’infiammazione
e dello stress ossidativo

IS e PCS prodotte dal microbiota riducono Ila
produzione renale di Klotho Klotho, the Holy Grail of the kidney: from salt sensitivity to chronic kidney disease.

Kalaitzidis et al. Int Urol Nephrol 2016

Klotho, phosphate and inflammation/ageing in chronic kidney disease. Izquierdo et al.
Nephrol Dial Transplant. 2012

Suppression of Klotho expression by protein-bound uremic toxins is associated with
increased DNA methyltransferase expression and DNA hypermethylation. Sun et al.
Kidney Int. 2012




AGING, CKD AND MICROBIOTA: ARE THEY CONNECTED?

KLOTHO

%>

Tossine uremiche



Complement is bad for aging

Complement system, a critical pillor of innate immunity, leads to aging-related diseases such as Alzheimer
disease, or Age-Related Macular Degeneration (AMD)

Complement C1q Activates Canonical
Wnt Signaling and Promotes
Aging-Related Phenotypes

Atsuhiko T. Naito, Tomokazu Sumida, Seitaro Nomura, Mei-Lan Liu, Tomoaki H - A 'S MISEACE
Taku Sakai, Akihito Hashimoto, ¥Yurina Hara, lppei Shimizu, Weidong Zhu, Harn/ RESEARCH ARTICLE ALZHEIMER'S DISEASE
Hiroshi Akazrawa, Toru Oka, Jong-Kook Lee, Tohru Minamino, Toshio Nagai, K

e — Complement C3 deficiency protects against
neurodegeneration in aged plaque-rich APP/PS1 mice

Qiaogiao Shi'2, Saba Chowdhury', Rong Ma', Kevin X. Le'!, Soyon Hong??, Barbara .J. Caldarone®*, Beth Stevens®? and Cyn...
+ See all authors and affiliations

Nancy R. Gough, Science Signaling 2012) (Naito AT et al. Cell. (2012) (Flight, Monica Hoyos, Avoiding bad complement in Alzheimer’s disease, Nature Reviews Neuroscience, 2009) (Gemenetzi, M, Eye, 2015) (Liu F,
Neurovirol. 2014)(Pelchen-Matthews A, AIDS 2018).



AKI and CKD are not separate entities:
a continuum of disease

Injury

(T AKI AKD ( ) CKD |
| | | T o
02 7 90 180
(48h)

Days post injury

CKD is defined by the persistence of kidney disease for a period of >90 day;

AKD describes acute or subacute damage and/or loss of kidney function for a duration of between 7 and
90 days after exposure to an AKl initiating event;

Patients who suffer AKD with pre-existing CKD are probably at high-risk of kidney disease progression

Adapted from Chawla, L. S. et al. Nat. Rev. Nephrol. 2017



Klotho modulation in AKI

Induction of

‘6’ ischemia Reperfusion
et I ! —

Large White Pigs To 30 min o
(e perarour) Sacrifice

Castellano G, Intini A et al. Am J Transplant. 2016




Cbha induced premature senescence in Tubular
Epithelial Cells

Basal Cbha 3h+24h C5a 3h+48h

Castellano G, et al. Manuscript in preparation
n=3, *p<0.05, t-test




C5a mediated the increase of SASP

(Senescence-Associated Secretory Phenotype)
in TEC

IL-6 MCP-1 CTGF
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n=3, * *p<0,001, *p<0,05 vs basal, t-test



DNA methylation
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P (phosphorylation (promoters, enhancers)
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FS. Peters, Clinical Potential of DNA Methylation in Organ Transplantation, Journal of Heart and Lung Transplantation, 2016

L. Heylen, The Emerging Role of DNA Methylation in Kidney Transplantation: A Perspective, AJT 2016



C5a induces significant alterations in methylation profile

*HYPOMETHYLATION of 144 21 ) i log10(combinedRank) .
sites ) 5 .

*HYPERMETHYLATION of 24 ®
sites
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proteins site

Histone H3K9 MCP-1, db/db mice kidney; Advanced diabetic [32—34]
lysine ICAM-1, Akita mice renal cortex, MCs glomerulosclerosis;
andVCAM-1; inflammation
TXNIP
H3K9/14 TNF-a, COX- Human blood monocytes; rat Inflammation; [30, 31, 35,
2; VSMCs; MMCs, db/db mice increased miR-192 36, 38, 39]
MCP-1, IL-6; glomeruli; RMCs; STZ- expression;
PAI-1, p21; induced mice hypertrophy, fibrosis
RAGE;
CTGF, FN
H3K18 MCP-1, Akita mice renal cortex, MCs Advanced diabetic [33]
ICAM-1, and glomerulosclerosis;
VCAM-1 inflammation
H3K23 db/db mice kidney Advanced diabetic [32, 33]

glomerulosclerosis

Histone Acetylation and Its Modifiers in the Pathogenesis of Diabetic Nephropathy
Xiaoxia Li et al 2016



FUTURE GOALS:

EPIGENETIC CHANGES
and
RENAL PROGRAMMING

* Epigenetic modification as diagnostic tools in detection of renal

impairment increased risk

* Epigenetic modification as target of epigenetic-based therapy



Birth Practices in Modern Society are
Changing the Course of Human Disease
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MICRGBIRTH
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REVEALING THE MICROSCOPIC EVENTS DURING CHILDBIRTH
THAT COULD HOLD THE KEY TO THE FUTURE OF HUMANITY




Intestino, rene e dieta nella malattia renale cronica
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Montemurno, Cosola, Gesualdo et al. What would you like to eat, mr. CKD microbiota? A Mediterranean Diet, please! - Kidney Blood Press Res, 2014



Feed your

microbiota
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