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Adapted in part from ‘European training and research in Peritoneal Dialysis: 
scientifi c objectives, training, implementation and impact of the program’. 
T.L Foster1, E. Ferrantelli1, T. van Wier-van der Schaaf1, R.H.J. Beelen1.

1 Department of Molecular Cell Biology and Immunology, VU University Medical 
Center (VUmc), Amsterdam, The Netherlands. J Ren Care 2014, 40-34-39

Chapter 1

General Introduction
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1. P��������� D�������:
A���������, ����������� ��� ����������������
Renal Replacement Therapy (RRT) is necessary for the survival of pati ents with End 
Stage Renal Disease (ESRD), someti mes prior to kidney transplantati on in other 
cases as long-term treatment in pati ents where kidney transplantati on is not an 
opti on. Peritoneal dialysis (PD) and haemodialysis (HD) are life-saving RRTs for 
more than 200,000 pati ents with ESRD in Europe. The prevalence of people on RRT 
across Europe increased by 3.3 % from 2011 to 2012 to reach 716.7 per million 
populati on 1, 2. In Europe RRT consumes 2% of overall healthcare expenses for only 
0.1% of the populati on. The total esti mated cost of RRT across Europe is €15 billion 
per year. Moreover, besides to RRT costs there are also additi onal healthcare costs 
to treat complicati ons such as transportati on to and from the clinic.
Although long-term morbidity and mortality are similar between PD and HD, there is 
an early pati ent survival advantage for home-based PD 3. Furthermore, a number of 
studies have shown that pati ents on PD have a bett er quality of life than pati ents on 
hospital-based HD 4. PD is an eff ecti ve treatment for a wide range of pati ents from 
children to the elderly and is a more cost eff ecti ve therapy compared to hospital-
based HD 3, 5. Nevertheless, only one out of 10 pati ents on dialysis is treated with PD 
in Europe. This compares unfavourably with the much higher percentage of pati ents 
on PD in other parts of the world e.g. Canada, Australia and Hong Kong 6. The latt er 
suggests that there is a general underuti lisati on of PD in Europe which in part can 
be explained by an increased applicati on of kidney transplantati on, the introducti on 
of nocturnal HD 7, 8 and for other non-scienti fi c factors such as the lack of clinical PD 
experience and knowledge of PD by nephrologists 9. 
PD is a pati ent performed therapy in which PD fl uid (PDF) is exchanged in and 
out of the peritoneal cavity several ti mes a day or overnight, using the peritoneal 
membrane for the conti nuous clearance of uremic toxins and excessive water. 
Major improvements in pati ent outcomes in PD have been achieved but additi onal 
scienti fi c understanding and applicati on into therapeuti c alternati ves are required. 
PD therapy, although performing excellent dialysis and removal of solutes, gives a 
set of specifi c challenges to the peritoneal membrane especially when this therapy 
is applied over many years.
The major limitati on of prolonged PD treatment remains its repeated exposure to 
high glucose containing PDFs. This will result in toxic and infl ammatory insults to 
the cells of the peritoneum that lead both to peritoneal membrane damage and 
suscepti bility to infecti on, partly due to inhibiti on of peritoneal host defenses aft er 
microbial exposure. Peritoneal membrane failure, especially when characterized by 
limited ultrafi ltrati on capacity, is detrimental for PD treatment and is a complicati on 
that can lead to withdrawal from the therapy and in excepti onal cases to death as 
a result of fl uid overload. Other complicati ons associated with the high volumes of 
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fl uid insti lled into the peritoneum are lower back pain and hernia or leaking fl uid due 
to high pressure within the abdomen. In the past decade numerous att empts were 
made to improve PD therapy, by developing more biocompati ble fl uids such as non-
glucose based PDFs, but sti ll PDFs induce pathological changes to the peritoneal 
membrane and inhibit peritoneal host defenses in the long run. 
In additi on, there are no established biomarkers (biological characteristi cs) that 
would allow ti mely identi fi cati on of pati ents who are at risk of peritoneal membrane 
damage or infecti ous complicati ons, early in the course of their PD treatment. Early 
identi fi cati on of those pati ents at risk, may allow individually tailored, specifi c and 
novel therapeuti c inventi ons in order to increase treatment and pati ent survival on PD.

1.1. Causes of PD-induced peritoneal changes
Long term PD treatment can lead to several morphological and functi onal 
alterati ons of the peritoneal membrane as a consequence of repeated exposure 
to PDF, eventually leading to PD technique failure. Although the pathogenesis 
of the peritoneal membrane failure is not fully understood, peritoneal damage 
and its subsequent change in morphology, mainly consists of events as epithelial 
to mesenchymal transiti on (EMT) and angiogenesis 10,11. The progressive loss of 
mesothelium and development of intersti ti al fi brosis occurring during EMT are early 
events which cause other abnormaliti es such as peritoneal thickening, oxidati ve 
stress, chronic infl ammati on and extensive fi brosis 12. On the other hand, alterati ons 
in the peritoneal membrane functi onality are represented by loss of ultrafi ltrati on 
(UF) capacity due to peritoneal thickening and changes in the transport status 13.  
Moreover, bacterial peritoniti s is a complicati on, and in rare cases it can even lead to 
encapsulati ng peritoneal sclerosis (EPS) 14, 15.
On a molecular level, the expression of several important cytokines are altered 
in peritoneal effl  uents of pati ents undergoing long term PDF exposure. The main 
cytokines driving angiogenesis and fi brosis in response to PDFs are, respecti vely, 
vascular endothelial growth factor (VEGF) and transforming growth factor β 1 
(TGFβ) 16,17. It has been suggested that glucose degradati on products (GDPs) and 
advanced glycati on end products (AGEs) are responsible for the upregulati on of 
both cytokines expression as well as for the depositi on of collagen and laminin in 
the peritoneal membrane 18,19,20. Moreover, TGF-β but also VEGF clearly play a key 
intermediary role in the EMT process. It seems that a kind of positi ve feedback loop 
exists where TGFβ enhances the producti on of extracellular matrix macromolecules 
(ECM) like collagen, laminin and fi bronecti n resulti ng in further new vessel 
formati on 21, 22.

1.2 Cells contributi ng to peritoneal ti ssue remodelling
Peritoneal ti ssue remodeling occurring during PD resembles a chronic low grade of 
infl ammati on. Diff erent cells types are involved in this process including mesothelial 
and endothelial cells, (myo)fi broblast, peritoneal macrophages and mast cells 23. 
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The main role is played by mesothelial cells (MCs) which, when acti vated, produce 
angiogeneti c and fi broti c factors such as VEGF, TGFβ, fi broblast growth factor 2 
(FGF2) and hyaluronic acid (HA) 24. MCs also contribute to leukocytes recruitment 
by secreti ng prostaglandins and cytokines 25, 26. Moreover, they undergo EMT 22, 27, 28 
and when dediff erenti ated, they can even acquire (myo)fi broblast characteristi cs, a 
process altering the structure of the peritoneal membrane.
Besides MCs, also endothelial cells (EC) get acti vated during PDF exposure 
producing more IL-8 and MCP-1 29 and as a consequence of that, rolling, adhesion 
and extravasati on of leukocytes are enhanced  30, 31 (see chapter 4).
Macrophages are the predominant cell types in the dialysates collected from PD 
pati ents 32. Their number increases in the peritoneum due to the recruitment of 

Figure 1. Overview of morphological alterati ons of the peritoneal membrane as a consequence of 
repeated exposure to PDF. List of potenti al biomarkers playing a role in these processes. Figure adapt-
ed from Lopes Barreto et al. 2013. Abbreviati ons: Ca125, cancer anti gen 125, EMT, epithelial-to-mes-
enchimal-transiti on, GDPs, glucose degradati on products, HA, hyaluronic acid, ICAM-1, intracellular 
adhesion molecule-1, IL-, interleukin-, MCP-1, monocyte chemoatt ractant protein-1 MMP-2, matrix 
metalloprotease-2, TGFβ, transforming growth factor-β, TNFα, tumor necrosis factor-α, VCAM-1, vas-
cular cell adhesion molecule-1, VEGF, vascular endothelial growth factor.
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monocytes from the blood during PD 32, 33. When acti vated macrophages secrete 
prostaglandins E2, Interleukin (IL) -1β, IL-6, IL-8, tumor necrosis factor α (TNFα) 
and monocyte chemoatt ractant protein 1 (MCP-1), all pro-infl ammatory cytokines 
driving peritoneal infl ammati on 26, 34.  Recently it was shown that in PD M2 
macrophages dominate over M1 macrophages, which may drive EMT 35. This point 
of the macrophage subtypes balance is further investi gated in chapter 6. 
The number of mast cells, which are usually present in the normal peritoneum, 
increases upon infl ammati on. These cells can induce angiogenesis by producing 
pro-angiogeneti c factors such as VEGF, FGF-2, TGFβ, TNFα and IL-8 36, 37. Although 
the role of several cell types and cytokines has been studied, the immunological 
mechanisms underlying PD-induced peritoneal fi brosis remain largely unknown. 
Only recently it has been shown, that also T cells, in parti cular, T helper 17 cells 
(Th17) might play a crucial role in peritoneal damage 38. In chapter 5 is demonstrated 
that the leukocyte anti gen CD69, a C-type lecti n disulfi de–linked homodimer and a 
member of the natural killer receptor family specifi cally expressed on Tregs 39, 40 
and leukocytes of chronic infl ammatory infi ltrates 41, 42, controls ti ssue fi brosis 
by regulati ng Th17-mediated infl ammati on during PD. In additi on, it has been 
demonstrated in experimental model that pharmacological treatments modulati ng 
Th17 response ameliorated peritoneal fi brosis and preserved membrane functi on 43, 44. 
In line with these results, our fi ndings in the uremic mouse model have also shown 
involvement of Th17 pathway in the preventi on of PD-induced peritoneal and 
angiogenesis45 (chapter 3). 

2. A��������� P��������� D�������: 
�� ����� ������, �� ���� ������ ������ ��� �������� ������

2.1 In vitro models 
In order to study the eff ects of PD and associated peritoneal infl ammati on on the 
peritoneal cells, a large number of in vitro studies have been performed 46,47,48. In 
vitro studies are perfectly suitable to study cytotoxicity caused by dialysis fl uid and 
they off er the opportunity to focus on the eff ects of individual components of these 
fl uids on cellular responses. Furthermore, they allow the identi fi cati on of cytokines 
and growth factors produced upon PD fl uid exposure. Recently, in vitro models have 
been applied to investi gate the senescence-associated proteome in mesothelial cells 
49,50, the eff ect of diff erently sterilized PD fl uids on mesothelial stress responses 51,
and the contributi on of mesothelial-to-mesenchymal transiti on to peritoneal 
fi broblast expansion 52.
These studies, although highly intricate and detailed, are limited in order to study 
the long term eff ects of PD fl uids. Moreover, they do not fully refl ect the dynamic 
situati on in PD pati ents where more cell types interact in the pathophysiological 
changes of the peritoneal membrane. 
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2.2 In vivo models
When considering an in vivo model system there are many factors, which may 
contribute and need to be taken into account. Therefore, several in vivo models 
have been developed which have examined many diff erent variables within both 
uremic and not uremic setti  ngs, using diff ering animal species (rabbit, rat, mouse), 
methods of fl uid insti llati on (injecti on or catheterisati on), length of experiments 
(hours to months) and the amount of fl uid insti lled. Animal PD models can be used 
to study the long term eff ects of PD fl uids on the peritoneal permeability 53, 54, the 
peritoneal membrane and mesothelium morphology 55, 56, cellular compositi on of 
peritoneal cavity 57 and functi onal capacity of peritoneal cells 58.
In the last decade diff erent animal models for PD fl uid exposure have been 
mainly performed in rats 59,60,. The model used at the VUmc Amsterdam is world-
renowned in PD research and it has been used extensively to study the eff ects 
of PD exposure on the peritoneal cavity, including studies that look at diff erent 
anti -infl ammatory interventi ons, for example heparins, proteins, bio-compati ble 
PD fl uids 61,23,62 and Vitamin D receptor acti vati on under paricalcitol treatment 63. 
These rat models, together with the fi rst established mouse PD exposure model 
by González-Mateo et al 64 have been used to introduce more biocompati ble 
PD fl uids into the market and have allowed to identi fy important biomarkers 
driving peritoneal infl ammatory mechanisms. To more closely mimic the pati ent 
conditi ons our group recently induced uremia in both the rat 65 and the mouse 
model 66 and combined it with a long-term PD exposure. Thus, the novel uremic 
mouse model presented in chapter 2 was used to elucidate the protecti ve role of 
Alanyl Glutamine (Ala-Gln) additi on to conventi onal PD fl uid against PD-related 
fi brosis and angiogenesis. The molecular mechanisms of Ala-Gln protecti ve eff ect 
is presented in chapter 3 45

.

2.3 Clinical trials
Pre-clinical research using cell cultures, biochemistry and animal model testi ng can 
only result in suggested therapies that need to be tested for their safety or effi  cacy. 
Pre-clinical research needs to be supported by clinical trials, to provide ulti mate 
proof of clinical effi  cacy. 
Clinical studies are mandatory to identi fy the right PD modality, to study 
biocompati bility of new PD soluti ons or new strategies to prevent PD-related 
peritoneal changes such as the additi on of new components to the PD fl uids already 
used in the clinic. 
Multi centre studies such as the Euro-Balance67 Trial, the balANZ68 trial and many 
others have allowed the comparison of diff erent PD soluti ons and provided results 
having important implicati ons on the existi ng clinical practi se guidelines 69, 70,71,72. 
In this thesis chapters 7 and 8 describe the conversion to a bicarbonate/lactate 
buff ered with neutral pH and low GDPs in a 2 years randomized clinical trial. 
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3. S��������� �� ������� PD-������� ���������� �������

3.1 Need of biomarkers 
In the past decades, evaluati on of peritoneal membrane status in pati ents on long-
term peritoneal dialysis has mainly focused on functi onality of solute transport.
In PD treatment however there is an unmet need for high sensiti ve and specifi c 
biomarkers to identi fy pati ents with high risk to develop PD-related complicati ons. 
These biomarkers could guide personalized interventi ons and diagnosis thus 
improving clinical outcomes. 
By defi niti on a biomarker is an objecti vely measured characteristi c of a normal or 
pathological biologic process 73. Alterati on in local or systemic levels of a biomarker 
usually indicates an infl ammatory event or a disease status. Nevertheless, this 
change could be consequence of increased producti on or defecti ve clearance of 
that parti cular molecule or simply it could refl ect changes in distributi on or even 
leakage between diff erent compartments. Moreover, a biomarker can be predicti ve, 
diagnosti c or a good tool for disease monitoring, alone or most of the ti me 
together with others forming a panel of markers useful to guide clinical decisions. 
Identi fi cati on of a valid biomarker is not easy and its interpretati on is frequently 
cumbersome, and requiring careful preclinical and clinical validati on 74.
The identi fi cati on of biomarkers in PD is usually related to the pathology of the 
peritoneal membrane. Some serum biomarkers such us albumin have been 
suggested as indicator of comorbid disease in PD pati ents 75 but this is likely not 
so specifi c. More studies focused on biomarkers indicati ve of the peritoneal 
membrane’s local integrity and peritoneal infecti on rather than on the systemic 
eff ect of PD treatment. 
Several effl  uent biomarkers have already been identi fi ed in PD. Among those for 
example, Cancer anti gen 125 (CA125) and Interleukin-6 (IL-6) respecti vely markers 
for mesothelial cell mass and infl ammati on, have been indicated as good markers 
for the follow-up of PD pati ents in many in vitro and in vivo studies. Nevertheless, 
their use in clinical decisions is sti ll limited for lack of specifi city and sensiti vity. 
This also applies for other candidate biomarkers of peritoneal connecti ve ti ssue 
turnover (HA), angiogenesis (VEGF) and fi brosis (TGFβ, TNFα) 76. In additi on, studies 
comparing the levels of these markers in a long-term-follow up are oft en not 
available in PD pati ents. Thus, further investi gati ons are needed in order to confi rm 
the role of these factors in the predicti on of PD technique survival.
Nowadays, transcriptomics and proteomics represent new promising tools for the 
identi fi cati on of novel biomarkers in PD. In this thesis (chapter 8) we used glycomics 
as a novel and att racti ve approach for biomarker identi fi cati on and we showed that 
changes in the glycosylati on profi le correlates with PD-related complicati on such as 
peritoniti s, infl ammati on and mesothelial loss. 
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3.2 Biocompati bility aspects of PD fl uids 
Standard PD fl uids contain glucose as osmoti c agent, lactate as buff er and sodium, 
chloride, potassium and calcium in diff erent concentrati ons in order to maintain 
electrolyte balance. Formati on of glucose degradati on products (GDPs) is a 
consequence of the heat-sterilizati on process of glucose-based dialysis fl uids. The 
high content of GDPs, together with the low pH and the presence of lactate have 
been described as the main responsible factors driving the morphological and 
structural changes of the peritoneal membrane upon PD long term exposure 23. 
During PD treatment, the peritoneal membrane is conti nuously exposed to 
unphysiological glucose concentrati ons, a situati on that closely resembles that 
one found during diabetes mellitus. Glucose induces up-regulati on of several 
proteins such as adhesion molecules and growth factors in both mesothelial and 
endothelial cells 77,78,79. Moreover, besides being cytotoxic, high concentrati on 
glucose is absorbed into the circulati on causing systemic consequences as obesity, 
diabetes and hyperlipidemia 80. In additi on, GDPs too can have a direct cytotoxic 
eff ect on cells by inducing EMT 81,82 or act indirectly via the generati on of AGEs 83, 84.
AGEs are end product compounds formed through a series of non-enzymati c 
reacti ons ending with the last and irreversible step of oxidati ons to a divers class of 
compounds of which only a few have been described so far 85. AGEs might contribute 
to endothelial dysfuncti on and atherosclerosis by binding to specifi c receptors and 
causing producti on of infl ammatory cytokines and growth factors 86,87,88

Glucose degradati on and thus GDPs rate formati on during heat sterilizati on depends 
on pH. Low pH (between 5.2 and 5.5) is applied to prevent glucose caramelizati on. It 
reduces glycosilati on and GDPs formati on. On the other hand, several independent 
studies have shown that the combinati on of acidic pH with lactate severely impairs 
peritoneal mesothelial cells functi on and have proved the bioincopati bility of acidic 
PDFs 89-93.
In the last decades more biocompati ble PDFs have been developed and brought 
into clinical practi ce. These glucose-containing soluti ons are sterilized in a diff erent 
way than by using heat, or glucose is substi tuted by alternati ve osmoti c agents as 
icodextrin or amino-acids. Moreover, the amount of GDPs has been lowered and 
more physiological pH has been introduced94. In order to prevent GDPs formati on, 
two chamber-bags dialysis soluti ons have been developed allowing sterilizati on of 
glucose to be performed in an acidic environment (pH 3) and separated from other 
soluti on components. The introducti on of neutral pH and parti cularly bicarbonate/
lactate-buff ered soluti ons appeared to off er advantages in terms of peritoneal 
membrane preservati on, peritoneal homeostasis control and AGEs formati on 95,67. 
Diff erent soluti ons with diff erent combinati ons of buff ers and pH are currently 
available in the market. One of these is the combinati on of 25mmol/l bicarbonate 
with 15mmol/l lactate at neutral pH in a glucose based low GDPs content PD soluti on 
(Physioneal®, Baxter Healthcare BV), which is currently being used in clinical PD 
treatment. Previous studies within our group have analyzed the eff ect of this 

Thesis_Evelina_160718_version_3.indd   17 26-8-2016   17:01:15



18

soluti on in both animal and clinical studies. Although those data indicated bett er 
preservati on of normal peritoneal morphologic features upon bicarbonate/lactate 
soluti on, fi ndings regarding peritoneal acti vati on and infl ammatory markers were 
sti ll controversial and someti mes additi onal mechanisms remained unexplained 29,70.
A comparison between this soluti on and a conventi onal PD fl uid (Dianeal®, Baxter 
Healthcare BV) has been performed in the recently developed uremic mouse PD 
model (chapter 6) and most importantly in PD pati ents (chapter 7).

3.3 Therapeuti c interventi ons
A diff erent strategy to prevent or at least reduce the deleterious eff ects of PD 
exposure on the peritoneal cavity might be the additi on of anti -infl ammatory 
compounds to the conventi onal PD fl uids currently available on the market. PDFs 
have been supplemented with diff erent new generati on compounds as reviewed 
by Farhat et al 96

.
Pharmacologic interventi ons against AGEs have been studied by using peroxisome 
proliferator-acti vated receptor (PPARG) agonists which have been shown to 
have a glucose-lowering eff ects and anti -infl ammatory properti es. The use of 
those compounds (Rosiglitazone, Benfoti amine, Aminoguanidine, Alagebrium,  
Zopolrestat, Pyridoxamine) caused less peritoneal damage during PD but no 
benefi cial clinical eff ect for PD pati ents has been proven 43, 97,96

. 
Angiotensin II is an important factor in the development of renal fi brosis probably 
mediated by TGFβ1 98,99

. In vitro and in vivo animal data about the use of angiotensin 
converti ng enzyme (ACE) inhibitors (captopril and enalapril) showed improved 
ultrafi ltrati on and less fi brosis but there are not enough data available to use them 
in the clinic for this indicati on 100,101,102, 103. 
Also agents targeti ng the peritoneal fi brinolyti c system have been tested. Thus 
the additi on of stati ns to conventi onal PD soluti ons might represent a mechanism 
for removing fi brin depositi on in the peritoneal membrane and thereby reversing 
peritoneal thickening 104,105,106. It has been indeed reported that beside to be designed 
to lower cholesterol levels, stati ns increase the synthesis of the fi brinolyti c enzyme 
ti ssue type plasminogen acti vator and decrease plasminogen acti vator inhibitor 
type 1 in human peritoneal MCs 107.
Prostaglandins play an important role in the process of intersti ti al fi brosis, alterati on 
of the mesothelial layer, and new vessel formati on in PD. For these reasons the 
eff ect of agents targeti ng prostaglandins such as Celecoxib have been studied 108,109. 
Clinical studies are needed to study effi  cacy and safety of both stati ns and 
prostaglandins use in PD pati ents.
Other two compounds BMP-7 and suniti nib have been tested previously within our 
group in animal PD models. It has been shown that BMP-7 has a protecti ve role 
against EMT and fi brosis 61. Suniti nib 110 inhibits VEGF and platelet-derived growth 
factor pathways that regulate new vessel formati on representi ng one of the major 
causes of ultrafi ltrati on failure. These two compounds however, have never been 
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used in human PD since the fi rst one did not show any eff ect on infl ammatory 
responses and the second could cause defects in wound healing and ti ssue repair 
where VEGF is the main factor involved.
Recently the projects of our group explored two additi onal compounds as anti -
infl ammatory therapies: Vitamin D receptor acti vators and Alanine-Glutamine 
dipepti de. Vitamin D3 has anti -infl ammatory, anti -angiogenic and anti -proliferati ve 
eff ects and it showed a protecti ve role in peritoneal remodelling during PD 63, 111, 112.
Ala-Gln, a dipepti de used in the parenteral nutriti on, represents at the moment a 
novel anti -infl ammatory therapy able to prevent from PD induced peritoneal fi brosis 
and angiogenesis. In this regard chapter 3 shows that Ala-Gln supplementati on of a 
conventi onal PD fl uid protect against peritoneal fi brosis via the regulati on of IL-17 
pathways in both the uremic rat and mouse PD models 45.
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4. A�� ��� ������� �� ��� ������

Long term exposure to PDFs is associated with increased rate of peritoniti s and 
morphological as well as functi onal changes in the peritoneal membrane leading to 
ultrafi ltrati on failure. PD-related peritoneal changes need to be prevented to avoid 
or at least delay treatment failure. As a result, pati ents will be able to undergo PD 
treatment for a prolonged period.
Therefore, the fi nal aim of this thesis was to test new anti -infl ammatory drugs 
and identi fy new relevant candidate biomarkers of peritoneal infl ammati on and 
fi brosis achieving personalized diagnosis and interventi ons thus improving clinical 
outcomes.
In chapter 2 we developed a novel uremic mouse PD model allowing to perform 
long term exposure studies where the clinical situati on could be closely mimicked 
by the combinati on of uremia and PD treatment.
In chapters 3 and 4 this mouse model was used to investi gate the eff ect of new 
compounds added to the conventi onal PD fl uids currently used in the clinic. In 
this regards a protecti ve role of Ala-Gln dipepti de against peritoneal fi brosis and 
angiogenesis was demonstrated in chapter 3. This study also confi rmed the recently 
identi fi ed role of IL-17 as candidate biomarker of peritoneal fi brosis. Moreover, in 
chapter 4 the eff ect of Ala-Gln on rolling and adhesion was investi gated.
In the same line in chapter 5 we demonstrated that the CD69 lecti n expressed in 
Tregs and leukocytes of infl ammatory infi ltrates negati vely controls ti ssue fi brosis 
by regulati ng Th17-mediated infl ammati on in both the mouse PD model and in PD 
pati ents.
In chapter 6 the uremic mouse model was used to compare bicarbonate/lactate 
soluti ons with neutral pH and low GDPs versus lactate and high GDPs content 
PDFs. Exposure to the fi rst treatment resulted in a less harmful eff ect in terms of 
peritoneal membrane deteriorati on when compared to the latt er while it increased 
recruitment of pro-infl ammatory cytokines and macrophages.
Chapter 7 showed the results of a 2 year multi -center randomized clinical trial in 
which CAPD pati ents underwent conventi onal or neutral pH and low-GDP regimens. 
In this study renal residual functi on (RRF), ultrafi ltrati on (UF) and peritoniti s 
incidence were measured. In additi on, surrogate systemic markers of infl ammati on 
and local markers for the health and viability of the peritoneal membrane were 
analysed.
A novel approach for biomarker identi fi cati on was used in chapter 8 where the 
correlati on between changes in the glycosylati on profi le and the expression of 
putati ve markers for PD-related peritoniti s, mesothelial loss and infl ammati on in 
bot serum and peritoneal effl  uents has been studied.
Finally, in chapter 9 our data from chapter 3-8 are discussed and we come to fi nal 
conclusions. Moreover, indicati ons for future directi ons in PD research are given.
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