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Structural-alterations of the peritoneum associated
with membrane failure

Normal peritoneum Peritoneum during early PD Peritoneum during long-term PD

Glucose (AGEs, GDPs)

1.- Increase of ECM and fibrosis

Mechanical injury
Hemoperitoneum
Peritonitis

2.-Increase of the number of
peritoneal capillaries and
vasculopathy

3.- Loss  of mesothelial cells
monolayer (Mesothelial to
Mesenchymal Transition : MMT)




Peritoneal Inflammation/Fibrosis

* Acute: Peritonitis (IL 0))
* Chronic: Composition of PD fluids ( EL-17)

Peritoneal cavity under PD.
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Epithelial to Mesenchymal Transition (EMT) of MCs (MMT) in

PD-induced Peritoneal Fibrosis

AThe EMT of mesothelial cells (Mesothelial to Mesenchymal Transition, MMT) (in
vivo and in vitro) wasfirst described in a landmark paper published in 2003 :

Peritoneal Dialysis and Epithelial-to-
Mesenchymal Transition of Mesothelial Cells

Cabrera, Ph.D

N Engl J Med 2003




Expression of IL -17 in the peritoneum of PD Patients

http://www kidney-international.org basic research
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IL-17A is a novel player in dialysis-induced peritoneal
damage

Raquel Rodrigues-Diez', Luiz S. Aroeira®®, Macarena Orejudo?, M-Auxiliadora Bajo?,

José Jiménez Heffernan®, Radl R. Rodr?guest\'ezw, Sandra Rayego#\fnateost Alberto Ortiz?,

Guadalupe Gonzalez-Mateo?, Manuel Lépez-Cabrera®, Rafael Selgas?, Jesus Egido® and Marta Ruiz-Ortega’
Cellular Biology in Renal Diseases Laboratory, lIS-Fundacion Jiménez Diaz/Universidad Autonoma Madrid, Madrid, Spain; 2Division of
Nephrology, Hospital Universitario La Paz- IdiPAZ, Madrid, Spain; *Servicio de Anatomia Patoldgica, Hospital de la Princesa, Madrid,

Spain; *CIBERDEM (Biomedical Research Centre in Diabetes and Associated Metabolic Disorders), Division of Nephrology and
Hypertension, lIS-Fundacicn Jiménez Diaz/Universidad Autonoma Madrid, Madrid, Spain and *Centro de Biologia Molecular-Severo

Ocnon LA, Madnd span Kidney Int. 2014 Aug;86(2):303-315.

IL-17A protein levels (n-fold)

0.05 oA

IL1-7A-stained area vs. total area %

Control PD patient

Predialysis




Myofibroblasts and infiltrating
Inflammatory cells are considered the
main responsibles of structural and
functional alterations of the peritoneum
during PD



Inflammation and MMT establish a positive feedback loop
during injury and repair responses

Inflammation/MMT
Locp

| Peritoneal fibrosis |




PPAR-y agonists

COX2 inhibitors

VDR agonists

RAAS inhibitors
Low-GDP PD solutions

High glucose (AGEs/GDPs)
Low pH

Mechanical injury
Angiotensin Il
Inflammation:

. Th17/Treg imbalance
. TGF-B, IL-1, TNF-a

. Peritonitis

. Hemoperitoneum

BMP-7
Tamoxifen

TAK1 inhibitors
ERK1/2 inhibitors

Potential therapeutic interventions on MMT to prevent/reverse
membrane failure

BMP-7
Tamoxifen

TAK1 inhibitors
ERK1/2 inhibitors
TGF-B1 blocking
Rapamycin

CBR1 antagonists
AT1 blocking
NF-kB inhibitors
Notch inhibitors
JNK inhibitors

Anti-VEGF Abs
Anti-NRP1 Abs
Tamoxifen




Animal Models in PD

Rodent Models (Rat or Mouse) to study the
pathophysiology of the peritoneum in response
to injuries and to test therapeutic approaches




Rat and mouse models: Direct i.p. injections

1.- Adenovirus -derived expression vectors
(Adv-TGFbl; Adv-ET1; Adv-Greml).

*Grawp off FateeMrgejests:
McMasterUnihieesisytye dwdala.

2.-Chlorhexidine gluconate (0.1%)
*Wiidkdjyemmpyet: Venyoaggeessiee, strongfifitosisis
and angiogenesis in few days.

3.- Glucose Degradation Products (GDPs):

MetthydriypomblMEE0) FEmaldelyyel 6RA),
3,4-Dideoxygjluicesone (3 4 DEE)

4.- PD Solutions: Low GDPs vs Classic Fluids.




Disadvanteges: Direct i.p. injections

Repetitive puncture of the peritoneal wall with
a needle:

- REPEATED Peritoneal damage
- Bleeding
- Blind: visceral puncture

- Complicated for long -term experiments




Peritoneal Dialysis: Patients




Peritoneal Dialysis (Exposure) Model in Rats (Catheter)

Dr. van den Born and Dr. Beelen (Vrije Universiteit, Amsterdam, The Netherlands)




PDF Exposure in Rats: Effect of BMP -7

Angiogenesis/Inflammation

Fibrosis
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PDF Exposure in Rats: Effect of

BMP- 7

=
]
&
@
@
o
c
£
©
S
o
X
g
o

Control

_—ey

EMT formation

% p=0.0043

PDF + BMP-7

EMT in vivo
PDF
B

Cytokeratin cells/field

PDF + BMP-7

5 10 15 20
Submesothelial thickness (um)

25




Peritoneal Dialysis/Exposure in UREMIC' Rats (Catheter)

Dr. van den Born and Dr. Beelen (Vrije Universiteit, Amsterdam, The Netherlands)

MMephrol Dial Transplant {2005) 20: 13501361

doi: 101093 /ndt/ gfh i35 Neph l:O'Og_V

Advance Acccss publication 19 April 2005 D‘lﬂl SIS

Ovriginal Article Transplantation

Immunopathological changes in a uraemic rat
model for peritoneal dialysis

Mohammad Zareie!, An S. De Vriese®, Liesbeth H. P. Hekking', Piet M. ter Wee?,
Casper G. Schallowijk®, Bas A. J. Drieslwongl, Inge L. Schadee-Eestermans',
Robert H. J. Beelen', Norbert Lameire” and Jacob van den Born'
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Uremia and PD fluid exposure result in pathological alterations of the
peritoneum In rats

Fibrosis

Table 3. Morphometric parameters of peritoneal tissues

UfPD

Mast cells/mm®
Mesentery

Blood vesselk/om™
Mast cells/mm™

Thickness of mesante ic ECM (microns)

Liver
uPo (=] Mesothelial cells/mm® 1300 (1200-1500)4 1300 (1200-1400F Q00 (700-900) Q00 {B0O0-1 100F

Data are expressed as medians with mterquartile ranges.

U
ab

WPD u c

Both uraemia and PD fluid exposure result in pathological alterations of the peritoneum. However, uraemia did
not induce major additive effects to PD fluid -induced injury . These results substantially contribute to the
understanding of the pathobiology of the peritoneum under PD conditions .



Review Article

Bioincompatible Impact of Different Peritoneal Dialysis
Fluid Components and Therapeutic Interventions as Tested in
a Rat Peritoneal Dialysis Model

Andrea W. D. Stavenuiter,! Karima Farhat,2 Margot N. Schilte,!  3AGE-Hindawi Access in Research
International Journal of Mephrology

Piet M. ter Wee,? and Robert H. J. Beelen' Volume 2011, Article ID 742196, 5 pages
iz 10440 fr4x1%

Tasre I: The degree of contribution by extrinsic (catheter, uremia) and intrinsic (fluid) factors on the peritoneum in rats.

Peritoneal changes i Extrinsic factors _ . . ) ] Intrinsic factors )
Catheter (Lactate) Buffer Buffer + Glucose Buffer + Glucose + GDP

Ultrafiltration failure

Angiogenesis

Fibrosis

Mesothelial regeneration

Effluent cell number

Omental mast cells

Omental milky spots

GDP = ghicose degradation products.

Peritoneal changes are scored from no (=), weak {+), and moderate (+) to very strong alterations (++) compared to control rats.




Potential therapeutic interventions on MMT to prevent/reverse
membrane failure

BMP-7

High glucose (AGEs/GDPs) Tamoxifen

Low pH TAK1 inhibitors
PPAR-y agonists Mechanical injury ERK1/2 inhibitors
COX2 inhibitors Angiotensin Il TGF-B1 blocking
VDR agonists Inflammation: Rapamycin

RAAS inhibitors . Th17/Treg imbalance CBR1 antagonists
Low-GDP PD solutions TGF-B, IL-1, TNF-a AT1 blocking
Peritonitis NF-kB inhibitors
Hemoperitoneum Notch inhibitors
JNK inhibitors

BB Anti-VEGF Abs

Tamoxifen 1
TAK1 inhibitors Anti-NRP1 Abs
Tamoxifen

ERK1/2 inhibitors
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The dipeptide alanyl-glutamine ameliorates @mm
peritoneal fibrosis and attenuates IL-17 dependent
pathways during peritoneal dialysis

Evelina Ferrantelli', Georgios Liappas’, Marc Vila Cuenca', Eelco D. Keuning', Thomas L. Foster’,
Marc G. Vervioet”, Manuel Lopéz-Cabrera” and Robert HJ. Beelen'
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Kidney International, Vol. 67 (2005), pp. 2021-20371

am

Functional and molecular characterization of a peritoneal

dialysis model in the C57BL/6J mouse

JIE NI, YVETTE CNOPS, HUGUETTE DEBAIX, ISABELLE BOISDE, JEAN-MARC VERBAVATZ,
and OLIVIER DEVUYST

Division of Nephrology, Université Catholique de Louvain Medical School, Brussels, Belgium; and SBFM, CEA Saclay,
Gif-sur-Yvette, France

Since the body size of a species is no longer a limiting factor in
the performance of in vivo studies related to peritoneal
dialysis, it has been considered that mice, particularly once
they have been genetically modified, could provide an
attractive tool to investigate the molecular mechanisms
operating in the peritoneal membrane.



Peritoneal Dialysis Model in Mice ( Open System )




Peritoneal Dialysis Model in Mice. Subcutaneous
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Peritoneal Dialysis Model in Mice. Subcutaneous

subcutaneous
injection port

Recovery
from

surgery
—_— lor 2 daily instillation of PDS

' i.p. catheter

Sample
collection
/;r Upto 40
Peritoneal
catheter
insertion

Genetically Modified Mice:

CD69 KO
Cavl KO
Crel/lox (Lineage tracing)




Peritoneal Dialysis Model in Mice. Subcutaneous

MMT vs Thickness
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PDF Exposure in Mice: Effect of Low GDPs Fluids
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TGFDb Is considered the master molecule In
PD-induced fibrosis and membrane failure
and Is also a key inducer of MMT



TGFb blocking peptides ameliorate peritoneal fibrosis and UFF induced

Submesothelial thickness (um)

# *x & # p=0.0004
202.2 + 39.34 * p=0.01 01
& p=0.0048

*
89.29 + 20.86 &

! 70.08 + 15.43

Figure 1

by dialysis fluid exposure in mice.

# p=0.0002 @ p=0.0006

>

* p=0.0152 $ p=0.0003
#Q@ $

1.93+008 & P=0.0007
& @

126+009 * $

# &* 1.01+0.10
0.58 + 0.16 ?

£
4]
£
3
o
>
o
2
[
>
o
(%]
D
o

Loureiro et al . 3 Am Soc Nephrol 22: 1682—-1695, 2011



TGFb blocking peptides ameliorate peritoneal angiogenesis induced by
dialysis fluid exposure in mice.

Control Angiogenesis
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TGFDb blocking peptides exerted a major effect on the Cyto/FSP -1
(MMT -derived) subpopulation

PDF+P17 PDF+P144

fibroblasts / field
fibroblasts / field

fibroblasts / field

@ Only FSP1
O Cyto/FSP1
B CD45/FSP1
0O CD31/FSP1

Lourelro et al . J Am Soc Nephrol 22: 1682—-1695, 2011



The existence and relevance of the epithelial to mesenchymal transition
of the mesothelial cells (MMT) has been challenged

>
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Lineage Tracing Reveals Distinctive Fates for

Mesothelial Cells and Submesothelial Fibroblasts
during Peritoneal Injury

¥i-Ting Chen,*™ Yu-Ting Chang,* Szu-Yu Pan,” Yu-Hsiang Chou,*" Fan-Chi Chang,*"
Pei-Ying Yeh,* Yuan-Hung Liu,® Wen-Chih Chiang,” Yung-Ming Chen,” Kwan-Dun Wu,"
Tun-Jun Tsai,” Jeremy 5. Duffield,! and Shuei-Liong Lin*"




To To

1.- During the last years the relevance of the epithelial to
mesenchymal transition (EMT) of the mesothelial cells has
been challenged. Do you think that EMT is a key process in
peritoneal alteration during PD?

Yes

No
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Potential therapeutic interventions on MMT to prevent/reverse
membrane failure (TARGETING TH17)

PPAR-y agonists

COX2 inhibitors

VDR agonists

RAAS inhibitors
Low-GDP PD solutions

High glucose (AGEs/GDPs)
Low pH

Mechanical injury
Angiotensin Il
Inflammation:

| Th17/Tregimbalance

TGF-B, IL-1, TNF-a
. Peritonitis
L] Hemoperitoneum

BMP-7
Tamoxifen

TAK1 inhibitors
ERK1/2 inhibitors

BMP-7
Tamoxifen

TAK1 inhibitors
ERK1/2 inhibitors
TGF-B1 blocking
Rapamycin

CBR1 antagonists
AT1 blocking
NF-kB inhibitors
Notch inhibitors
JNK inhibitors

Anti-VEGF Abs
Anti-NRP1 Abs
Tamoxifen




Neutralization of IL -17A diminishes PDF-induced peritoneal fibrosis

PDF-treated 30 days
Saline 30 days Mouse IgG Anti-IL-17A

PDF-treated

i- IL-17A  Mouse IgG
—_—

e-stained area va
area (n-fold)

Saline Mouse IgG  Anti-IL-17A
PDF-treated

1]

mANA expression levels
Protein levels (n-fold)

Mouss IgG  AntiL- Saline Mouse IgG  Anti-IL-17A
PDF-traated 30 day T PDFmoated

Rodriguez-Diez et al., Kidney Int. 2014 Aug;86(2):303-15.



Pharmacological agents modulating MMT in mouse PD model

*Tamoxifen (Mod. estrogen receptor)  Loureiroetal. PLoS One. 2013 Apr23:8(4):e61165.
*Paricalcitol (Vit. D agonist) Gonzélez-Mateo et al. PLoS One. 2014 Oct 3;9(10):e108477.
*Rapamycin (Inh. MTOR, Gonzélez-Mateo et al. Biomed Res Int. 2015;2015:989560.
*Rosiglitazone (PPAR-g a g 0 N i Sndova)etal. Lab Invest. 2010 Oct:90(10):1517 -32.
*Nebi vo Jadrdnergic(blﬁ'bker) Liappas et al. Oncotarget. 2016 May 24;7(21):30133 -46.
*Bosentan (Inh. ET -1 receptors) Busnadiego et al. J Am Soc Nephrol. 2015 Jan:26(1):173 -82

*Macitentan (Inh. ET -1 receptorsS)  susnadiegoetal. J Am Soc Nephrol. 2015 Jan;26(1):173 -82



Peritoneal Dialysis/Exposure in UREMIC mice (Catheter)

Hindawi Publishing Carporation
BicMled Besearch International

Volime 2015, Article ID 106902, 7 pages
http/dx.dod org10.1155/201 5/ 106202

Hindawi

Research Article
A Novel Mouse Model of Peritoneal Dialysis: Combination of
Uraemia and Long-Term Exposure to PD Fluid

5/6 Nephrectomy
E. Ferrantelli,” G. Liﬂppas,l E. D. Keuning,' M. Vila Cuenca,' G. Gonzilez-Mateo,?

M. Verkaik,® M. Lépez-Cabrera,” and R. H. I. Beelen'
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Uremia result in pathological alterations (Fibrosis) of the
peritoneum in mice
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Immune-Regulatory Molecule CD69 Controls
Peritoneal Fibrosis

Georgios Liappas,* Guadalupe Tirma Gonzélez-Mateo,* Raquel Sanchez-Diaz,”

Juan José Lazcano,” Sandra Lasarte,’ Adela Matesanz-Marin,T Rafal Zur

Evelina Ferrantelli,® Laura Garcia Ramirez,! Abelardo Aguilera,! Elena Fernandez-Ruiz,!
Robert H.). Beelen,® Rafael Selgas,” Francisco Sanchez-Madrid,™* Filar Martin,” and
Manuel Lopez-Cabrera® J Am Soc Nephrol. 2016 Dec;27(12):3561-3576.
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We show that uremia contributes modestly to fibroproliferative response of the peritoneum and that CD69 also
modulates the inflammation under the uremic status.
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The dipeptide alanyl-glutamine ameliorates @cwm
peritoneal fibrosis and attenuates IL-17 dependent
pathways during peritoneal dialysis

Evelina Ferrantelli', Georgios Liappas’, Marc Vila Cuenca’, Eelco D. Keuning', Thomas L. Foster’,
Marc G. Vervloet”, Manuel Lopéz-Cabrera® and Robert HJ. Beelen'
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Catheter insertion causes a - localized fibroproliferative response
of the peritoneum in mice

* PD Catheter Increases Leukocyte Recruitment in the Mouse Parietal Peritoneum Microcirculation and Causes Fibrosis.

Perit Dial Int. 2016 Jan-Feb;36(1):7-15.

* Peritoneal inflammation after twenty-week exposure to dialysis solution: effect of solution versus catheter-foreign body reaction.
Perit Dial Int. 2010 May-Jun;30(3):284-93.

subcutaneous

A Our experience: Silicone catheter ?/"
/

catheter

Recovery
from
surgery
Catheter lateral —_— daily instillation of PDS
Sample
collection

/'_7 40

Near catheter Far from catheter

Contra Lateral Control




CONCLUSIONS

The GOLD-STANDART to study the peritoneal pathophysiology is
the peritoneal biopsy from PD patients .

Nowadays, there is no perfect animal PD model. Nevertheless,
existing animal models (rodents) have been very useful to
understand the mechanisms implicated in peritoneal response to
injury .

Animal models have been very useful for the pre-clinical testing of
novel PD fluids and for the design of therapeutic strategies to
preserve peritoneal membrane during PD fluid exposure.

We propose that MMT or MMT -promoting stimuli could become
therapeutic targets In peritoneal dialysis-induced fibrosis and
membrane failure







Pharmacological modulation of Th17/Treg balance

/ mTOR

\/ mTOR inhibitor
(rapamycin)

STAT3 Ii PPARy agonist

/ (rosiglitazone)

RORyt ‘ - - -
=27 VitaminD agonist

11.-23 /\ (paricalcitol)
\ PGE2 |——  Cox-2 inhibitors

(celecoxib)




Paricalcitol reduces peritoneal membrane fibrosis and ultrafiltration
failure in mice exposed to PDF

Paricalcitol
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Gonzalez-Mateo et al., (2014). PLoS ONE 9(10): e108477.



Paricalcitol down -regulates IL -17 production
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Gonzalez-Mateo et al., (2014). PLoS ONE 9(10): e108477.



Subpopulations of activated fibroblasts in response to PD

Cytokeratin
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Exposure to PD fluid in mice increases Th17, but not Thl and Th2,
hallmark -cytokine levels.

Peritoneal Tissue
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Sheep PD model
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Rabbit PD model
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