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Structural alterations of the peritoneum associated 
with membrane failure  

1. -  Increase  of  ECM and fibrosis  
 
2. - Increase  of  the  number of  
peritoneal  capillaries  and 
vasculopathy  
 
3.- Loss of  mesothelial  cells  
monolayer  (Mesothelial  to  
Mesenchymal Transition :  MMT ) 

 



* Acute: Peritonitis (IL - 6) 

* Chronic: Composition of PD fluids ( IL - 17) 



Epithelial to Mesenchymal Transition (EMT) of MCs (MMT) in  

PD-induced Peritoneal Fibrosis  

ÅThe EMT of  mesothelial  cells (Mesothelial  to  Mesenchymal Transition,  MMT)  (in 
vivo and in vitro)  was first  described  in a landmark paper published in 2003 : 
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Expression of IL -17 in the peritoneum of PD Patients  

 Kidney Int. 2014 Aug;86(2):303-315. 



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  
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Potential therapeutic interventions on MMT to prevent/reverse 
membrane failure  



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

Animal Models in PD 
 
 



1. -  Adenovirus -derived expression vectors  

(Adv-TGFb1; Adv-ET1; Adv-Grem1).  
*Group of Peter Margetts:  

McMaster University, Canada . 

 

 
2.-Chlorhexidine gluconate (0.1%)  
* Widely employed: Very aggressive , strong fibrosis  

and angiogenesis in few days .  

 

3.- Glucose Degradation Products (GDPs):  
Methylglyoxal (MGO), Formaldehyde (FA),  

3,4-Dideoxyglucosone (3,4 DGE)  

 

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

PET 



PDF Exposure in Rats: Effect of BMP -7 

Fibrosis  

CD31(Endothelialcells) ED2 (ActivatedMacrophages)
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PDF Exposure in Rats: Effect of BMP-7

Angiogenesis

CONTROL PDF PDF+ BMP-7

Angiogenesis/Inflammation  

We detected an immune 
response against rhBMP -7, which 

may neutralize part of its 
effects  



PDF Exposure in Rats: Effect of BMP- 7 

EMT in vivo  
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Peritoneal Dialysis/Exposure in UREMIC Rats (Catheter)  
Dr. van den Born and Dr. Beelen (Vrije Universiteit, Amsterdam, The Netherlands)  

5/6 Nephrectomy  



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 . 

Uremia and PD fluid exposure result in pathological alterations of the 
peritoneum in rats  

Fibrosis  





Potential therapeutic interventions on MMT to prevent/reverse 
membrane failure  





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 

PDF 



(PDF) 

Genetically Modified Mice:  
          
  CD69 KO 
  Cav1 KO 
  Cre/lox (Lineage tracing)  
    

Peritoneal Dialysis Model in Mice. Subcutaneous 

1 or 2 

Up to 
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Peritoneal Dialysis Model in Mice. Subcutaneous 

MMT  



PDF Exposure in Mice: Effect of Low GDPs Fluids  

FIBROSIS 



TGFb 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 
by dialysis fluid exposure in mice.   

Loureiro et al . J Am Soc Nephrol 22: 1682–1695, 2011 
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TGFb blocking peptides ameliorate peritoneal angiogenesis induced by 
dialysis fluid exposure in mice.   

Loureiro et al . J Am Soc Nephr 22: 2011. 1682–1695 



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

Loureiro et al . J Am Soc Nephrol 22: 1682–1695, 2011 
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The existence and relevance of the epithelial to mesenchymal transition 
of the mesothelial cells (MMT) has been challenged  
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- 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? 

Å Yes 
Å No 

https://manage.eventmobi.com/en/ars/results/question/14514/377852/f1c239447c2856ba0aeffbe121fbfd27/ 
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Potential therapeutic interventions on MMT to prevent/reverse 
membrane failure (TARGETING TH17)  



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

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



Pharmacological agents modulating MMT in mouse PD model  

*Tamoxifen (Mod. estrogen receptor) Loureiro et al. PLoS One. 2013 Apr23;8(4):e61165.  

 
*Paricalcitol (Vit. D agonist)              González-Mateo et al.  PLoS One. 2014 Oct 3;9(10):e108477.    

 
*Rapamycin (Inh. mTOR )                                  González-Mateo et al. Biomed Res Int. 2015;2015:989560.   

 
*Rosiglitazone (PPAR-ǿ agonist)        Sandoval et al. Lab Invest. 2010 Oct;90(10):1517 -32.  
 
*Nebivolol  (Ǿ1-adrenergic blocker)   Liappas et al.  Oncotarget. 2016 May 24;7(21):30133 -46. 

 
*Bosentan (Inh. ET -1 receptors)   
 
*Macitentan (Inh. ET -1 receptors)  

Busnadiego et al.  J Am Soc Nephrol. 2015 Jan;26(1):173 -82    

Busnadiego et al.  J Am Soc Nephrol. 2015 Jan;26(1):173 -82    



Peritoneal Dialysis/Exposure in UREMIC mice (Catheter)  

5/6 Nephrectomy  



Uremia result in pathological alterations (Fibrosis) of the 
peritoneum in mice  



J Am Soc Nephrol. 2016 Dec;27(12):3561-3576.  

We show that uremia contributes modestly to fibroproliferative response of the peritoneum and that CD69 also 
modulates the inflammation under the uremic status.  





Å Our experience: Silicone catheter  

Control 

Catheter insertion causes a localized  fibroproliferative response 
of the peritoneum in mice  



CONCLUSIONS  

 
1. The GOLD-STANDART  to  study  the  peritoneal  pathophysiology  is 

the  peritoneal  biopsy from  PD patients . 
 

2. 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 . 
 

3. 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 .  
 

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



Thank you 



Pharmacological modulation of Th17/Treg balance  



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

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



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

Paricalcitol down -regulates IL -17 production  



Subpopulations of activated fibroblasts in response to PD  

Loureiro et al . J Am Soc Nephrol 22: 1682–1695, 2011 
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Fibroblasts MMT Fibrocytes EndMT 



Exposure to PD fluid in mice increases Th17, but not Th1 and Th2, 
hallmark -cytokine levels.  

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

PD Effluent 
Peritoneal Tissue 

Peritoneal Tissue 



Perit Dial Int. 2006 Sep -Oct;26(5):598.  
CAPD in sheep following bilateral nephrectomy.  
Barrell GK, McFarlane RG, Slow S, Vasudevamurthy MK, McGregor DO.  
 

Å òchronicó model: 14 days 
Å 4 sheep: 1 euthanized 24h after nephrectomy because of catheter failure, another one died     
only 2 sheep left  
Å plasma creatinine, urea & glucose increased  
Å hematocrit & plasma albumin decreased  
Å peripheral and pulmonary edema: conducts to severe dyspnea  
 
Both works: Standard 47 cm universal double cuff Tenckhoff PD  
    silicone rubber catheter  

Perit  Dial Int. 1996 Mar -Apr;16(2):163 -71. 
Reduced lymphatic drainage of dialysate  from the peritoneal cavity during acute peritonitis in 
sheep.  
Rodela H, Yuan ZY, Hay JB, Oreopoulos DG, Johnston MG. 
•Acute model: 6h  
•peritonitis increase ultrafiltration volume, unlike in humans, where it decrease  



Peritoneal Dialysis International, 1998; Vol. 18, pp 610 -619  
BIOCOMPATIBILITY OF A PERITONEAL DIALYSIS SOLUTION WITH AMINO ACIDS:  
HISTOLOGICAL EVALUATION IN THE RABBIT  
Garosi G, Gaggiotti  E, Monaci G, Brardi  S, Di Paolo N. 
 
-Double cuff Tenckhoff  PD silicone catheter  
-  60 days treatment  
- 4/24 excluded, different reasons: removal & laceration of the catheter, peritonitis, unknown causes.  

Peritoneal Dialysis  International, 1991; Vol. 12, pp. 281-286  
Bicarbonate versus Lactate - Based CAPD fluids: A Biocompatibility Study in Rabbits  
Hans T. Schambye, Per Flesner , Regitze  B. Pedersen, Michael Hardt -Madsen,  
John Chemnitz, Hanne K. Christensen , Ann Detmer , Fritz B. Pedersen. 
 
   - Modified single cuff Tenckhoff  PD silicone catheter  
   - 4 weeks 
 
 

Y tube & application of the catheter ( PDI, 1991; 12, 281-286)  

Peritoneal Dialysis International, 1998; Vol. 19, pp. 56 ð64  
The Standard Peritoneal permeability analysis in the rabbit: a longitudinal model for PD  
Zweers M, Douma C, de Waart D, van der Wardt A, Ho-dac-Pannekeet MM, Krediet RT, G. Struijk D  

https://www.ncbi.nlm.nih.gov/pubmed/24397197
https://www.ncbi.nlm.nih.gov/pubmed/24397197

