
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Effluent biomarkers in peritoneal dialysis: A captivating symphony from the
peritoneal membrane

Lopes Barreto, D.

Publication date
2014

Link to publication

Citation for published version (APA):
Lopes Barreto, D. (2014). Effluent biomarkers in peritoneal dialysis: A captivating symphony
from the peritoneal membrane. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/effluent-biomarkers-in-peritoneal-dialysis-a-captivating-symphony-from-the-peritoneal-membrane(63309ecf-5fb4-476a-ad61-803bf99afb15).html


C
H

A
PT

ER 2
Part I   |   Fundamentals



effluent BIomarker dIscovery In PerItoneal dIalysIs:
the ‘omIcs’ era

Deirisa Lopes Barreto & Dirk G. Struijk

Submitted for publication



   

 36 

SUMMARY 
 

Peritoneal dialysate is composed of several proteins and metabolites, which modifies 

accordingly due to intra-peritoneal events. To date, peritoneal dialysate biomarker 

discovery is evolving with a holistic perspective. The rise of suffix -omics technologies in 

peritoneal dialysis (PD) introduced a more exploratory approach for the identification of 

candidate dialysate biomarkers. The application of genomics, metabolomics and 

proteomics with the peritoneal dialysate as biospecimen is however still in its infancy. 

The emerging field of high-throughput laboratory techniques as tools for dialysate 

biomarker discovery is presented in this review. Furthermore, methodological 

considerations for conducting omics-based PD research and the current developments 

with regard to the usage of these disciplines are addressed. 
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INTRODUCTION 

The field of omics is expanding at a rapid pace as novel instruments for biological marker 

(biomarker) discovery and unraveling pathophysiological mechanisms. Within peritoneal 

dialysis (PD) the use of high-throughput technologies is still in its infancy. Especially the 

peritoneal dialysate as biospecimen, which contains a variety of proteins either due to 

transperitoneal transport or local production, has not yet been explored extensively. 

Before the rise of suffix -omics technologies, dialysate biomarker discovery in PD was 

merely based on hypothesis-driven research. Even though this is still valid within these 

translational scientific disciplines, at present the discovery of dialysate biomarkers is 

evolving with a more global and exploratory perspective.     

Numerous biomarker consortia, working groups and scientists contributed to the 

diversity of existing biomarker definitions with different classifications and applications.1-5 

Overall the essence of molecular biomarkers is to provide non-invasive, cost-effective 

tools for screening or diagnostic purposes and disease prognosis and surveillance. 

Additionally, molecular biomarkers may also be intended to assess therapeutic 

responsiveness or offer novel intervention strategies.1     

The efficacy of PD is highly dependent on the biological condition of the 

peritoneal membrane. Continuously, its functionality can be monitored by peritoneal 

permeability tests6 whereas, the progression of morphological modifications remain 

unrevealed because no serial peritoneal biopsies can be performed. More importantly, the 

functionality of the peritoneal membrane is not inherent to the observed morphologic 

modifications. Thus, more emphasis is placed on potential markers that are present in the 

peritoneal dialysate and mirror the integrity of peritoneal tissues.     

The application of high-throughput laboratory techniques offers a great 

opportunity to gain insight in the peritoneal alterations that occur over time due to PD 

treatment and identify clinically relevant dialysate substances that may serve as 

biomarkers. The vast majority of high dimensional methodologies applied to the 

peritoneal dialysate consist of genomics, metabolomics and proteomics. Previous reviews 

have acknowledged the potential use of proteomics for dialysate biomarker discovery and 

elucidation of pathophysiological processes of the peritoneal membrane.7,8 The present 

review highlights the evolving landscape of omics, in which the human peritoneal 

dialysate is regarded as central specimen. Methodological considerations in dialysate 

biomarker discovery are provided and an overview is given to illustrate the application 

and progression of omics conducted research within PD. 
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METHODOLOGICAL CONSIDERATIONS 

The peritoneal dialysate is easily accessible and acquisition of the dialysate sample 

usually occurs after a pre-defined dwell or if possible after a standardized peritoneal 

function test. The high sensitivity of omics technologies requires stringent conditions and 

therefore methodological precautions must be undertaken on laboratory technical level, 

appropriate selection of study design and population as well as data analysis.  

 

Analytical features 

In biomarker discovery studies three main phases are encountered, which might alter 

research findings and thwart the interpretation of the acquired data: pre-analytical, 

analytical and post-analytical.         

The pre-analytical phase evolves sample handling and has a direct influence on 

the accuracy and reproducibility. This is especially of importance when investigating the 

proteome, metabolites or candidate dialysate biomarkers, which are influenced by 

structural peritoneal membrane modifications over time. DNA extraction and genotyping 

from frozen peritoneal dialysate samples up to seven years at -20°C indicated no 

influence of storage duration.9 However, it is not known whether long-term storage of the 

dialysate at lower temperatures is superior to temperatures of at least -20°C. Besides, the 

stability of metabolites and proteins present in peritoneal dialysate and the effect of 

repeated freeze-thaw cycles have not been investigated yet. To preserve the quality of the 

dialysate and reduce the amount of variability due to incorrect or unbalanced sample 

handling, standardized operating procedures (SOP) are needed. Included elements in a 

SOP for local or multi-center biorepositories, should at least cover the amount and 

volume of aliquots, storage conditions e.g. minimal temperature of -20°C, mechanical 

freezer or directly frozen by liquid nitrogen and the necessity to document the number of 

freeze-thaw cycles. From the omics studies in PD only some of the articles provided 

detailed information on sample collection and archiving comprising momentum of 

dialysate withdrawal, storage temperature and time frame of sample processing. We 

would like to stress that for comparability and assessment of study quality, reporting this 

information is essential.         

Intra-analytical inaccuracies may contribute to random or systematic errors 

whereas incorrect post-analytical inferences may lead to differential misclassification bias. 

Recently a methodological article proposed an optimal high-resolution dialysate protein 
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separation technique by two-dimensional electrophoresis intended for proteomic 

analysis.10 The authors investigated five precipitation methods followed by constraining 

abundant proteins of the peritoneal dialysate. Such attempts are in favor of reducing 

sample preparation heterogeneity and enhance critical appraisal of the used high-

throughput methodologies across studies analyzing the peritoneal dialysate. In the 

validation phase of biomarker discovery by means of enzyme-linked immunosorbent 

assays or western blots one could reduce intra- and inter-variability by even distribution 

of the study groups within and throughout batches.  

 

Study designs and data analysis 

The majority of the omics studies with the peritoneal dialysate have a cross-sectional 

design. Generally, in these studies the profiles of PD patients with the characteristic or 

clinical endpoint of interest are compared to PD patients with a stable condition. Omics 

studies have to be well designed, especially with regard to the study subjects where one 

should strive for a homogeneous population, as the peritoneal metabolome and proteome 

of PD patients are likely to be susceptive to posttranslational modifications due to patient-

related and external factors. Therefore, the selection of patients as well as a priori 

specification of a validation subset is of similar or even of greater importance when 

compared to other epidemiologic studies. Unfortunately, often clinical and demographic 

data of the study population or independent validation sample is lacking in omics-

conducted PD research. The sparse number of cohort and nested case-control studies is 

presumably the result of impracticable specimen collection or cost-related. This is 

however a great loss, as the presence of a local biological bank with repetitive dialysate 

specimens would enable trend analyses.      

The interpretation of omics derived findings usually requires the use 

bioinformatics or the application of molecular epidemiology. In general, the sample sizes 

of the current omics studies in PD are limited. However, omics studies generates 

enormous amount of data that are subjective to false positive or negative results when not 

handled as appropriate. Therefore, correction for multiple comparisons or adjustments 

with regard to p-value thresholds should be applied.  

 

CURRENT DEVELOPMENTS 

For peritoneal dialysate biomarker discovery, proteomics is the main applied high-

throughput technology followed by genomics and metabolomics. These fields have the 

2

Part I   |   Fundamentals



   

 38 

 

METHODOLOGICAL CONSIDERATIONS 

The peritoneal dialysate is easily accessible and acquisition of the dialysate sample 

usually occurs after a pre-defined dwell or if possible after a standardized peritoneal 

function test. The high sensitivity of omics technologies requires stringent conditions and 

therefore methodological precautions must be undertaken on laboratory technical level, 

appropriate selection of study design and population as well as data analysis.  

 

Analytical features 

In biomarker discovery studies three main phases are encountered, which might alter 

research findings and thwart the interpretation of the acquired data: pre-analytical, 

analytical and post-analytical.         

The pre-analytical phase evolves sample handling and has a direct influence on 

the accuracy and reproducibility. This is especially of importance when investigating the 

proteome, metabolites or candidate dialysate biomarkers, which are influenced by 

structural peritoneal membrane modifications over time. DNA extraction and genotyping 

from frozen peritoneal dialysate samples up to seven years at -20°C indicated no 

influence of storage duration.9 However, it is not known whether long-term storage of the 

dialysate at lower temperatures is superior to temperatures of at least -20°C. Besides, the 

stability of metabolites and proteins present in peritoneal dialysate and the effect of 

repeated freeze-thaw cycles have not been investigated yet. To preserve the quality of the 

dialysate and reduce the amount of variability due to incorrect or unbalanced sample 

handling, standardized operating procedures (SOP) are needed. Included elements in a 

SOP for local or multi-center biorepositories, should at least cover the amount and 

volume of aliquots, storage conditions e.g. minimal temperature of -20°C, mechanical 

freezer or directly frozen by liquid nitrogen and the necessity to document the number of 

freeze-thaw cycles. From the omics studies in PD only some of the articles provided 

detailed information on sample collection and archiving comprising momentum of 

dialysate withdrawal, storage temperature and time frame of sample processing. We 

would like to stress that for comparability and assessment of study quality, reporting this 

information is essential.         

Intra-analytical inaccuracies may contribute to random or systematic errors 

whereas incorrect post-analytical inferences may lead to differential misclassification bias. 

Recently a methodological article proposed an optimal high-resolution dialysate protein 

   

 39 

separation technique by two-dimensional electrophoresis intended for proteomic 

analysis.10 The authors investigated five precipitation methods followed by constraining 

abundant proteins of the peritoneal dialysate. Such attempts are in favor of reducing 

sample preparation heterogeneity and enhance critical appraisal of the used high-

throughput methodologies across studies analyzing the peritoneal dialysate. In the 

validation phase of biomarker discovery by means of enzyme-linked immunosorbent 

assays or western blots one could reduce intra- and inter-variability by even distribution 

of the study groups within and throughout batches.  

 

Study designs and data analysis 

The majority of the omics studies with the peritoneal dialysate have a cross-sectional 

design. Generally, in these studies the profiles of PD patients with the characteristic or 

clinical endpoint of interest are compared to PD patients with a stable condition. Omics 

studies have to be well designed, especially with regard to the study subjects where one 

should strive for a homogeneous population, as the peritoneal metabolome and proteome 

of PD patients are likely to be susceptive to posttranslational modifications due to patient-

related and external factors. Therefore, the selection of patients as well as a priori 

specification of a validation subset is of similar or even of greater importance when 

compared to other epidemiologic studies. Unfortunately, often clinical and demographic 

data of the study population or independent validation sample is lacking in omics-

conducted PD research. The sparse number of cohort and nested case-control studies is 

presumably the result of impracticable specimen collection or cost-related. This is 

however a great loss, as the presence of a local biological bank with repetitive dialysate 

specimens would enable trend analyses.      

The interpretation of omics derived findings usually requires the use 

bioinformatics or the application of molecular epidemiology. In general, the sample sizes 

of the current omics studies in PD are limited. However, omics studies generates 

enormous amount of data that are subjective to false positive or negative results when not 

handled as appropriate. Therefore, correction for multiple comparisons or adjustments 

with regard to p-value thresholds should be applied.  

 

CURRENT DEVELOPMENTS 

For peritoneal dialysate biomarker discovery, proteomics is the main applied high-

throughput technology followed by genomics and metabolomics. These fields have the 

2

eFFluent BIomarker dIscovery In Pd



   

 40 

potential to elucidate underlying molecular mechanisms that are involved in the 

pathophysiology of the peritoneum. Moreover, they can empirically provide novel 

diagnostic and therapeutic biomarkers based on genome, metabolite or protein profiles of 

PD patients. Even though, the number of studies is still modest a summary is given on the 

recent developments and main findings. 

 

Proteomics              

In nephrology proteomics is merely applied on plasma, serum and urinary samples or 

renal tissue. The number of proteomics studies with the peritoneal dialysate as sample 

type is rising and investigations have been executed from various perspectives other than 

the identification of novel biomarkers for peritoneal dialysis. The main obstacle for the 

discovery of dialysate biomarkers includes the dynamic range in proteomic analyses.   

Uremia in itself is suggested to alter the functional and structural organization of 

the peritoneal membrane. Therefore, the effect of an uremic environment was 

investigated by proteomic analysis in chronic kidney disease patients (stage five) versus 

patients with normal renal function.11 A number of protein alterations were found 

including elevated levels of VEGF-A.        

The majority of proteomics research is aimed at the characterization and 

profiling of the peritoneal dialysate in order to identify potential biomarkers. This 

discovery-based approach has been adapted in the peritoneal dialysate of adult12,13 as 

well as pediatric14 PD patients. These studies indicated that the dialysate of PD patients is 

merely from systematic origin and reflects extracellular proteins. Characterization of the 

dialysate has also been performed with regard to diabetic PD patients15,16 and before and 

after a peritonitis episode.17,18 Up to 41 proteins were identified with shared alterations in 

haptoglobulin expression. Validation by western blots was performed within the same 

study populations.      

The effect of glucose indicated an increased appearance of advanced 

glycosylation end products when patients were infused with higher percentages of 

glucose-based dialysis solutions.19 Additionally, a number of non-redundant proteins 

including cystatine C, collagen, fibronectin, matrix metalloproteinase-2, plasminogen and 

vitronectin were identified.13,19  

Finally, comparative analyses of the dialysate of PD patients with different 

peritoneal transport status have been studied as well.20,21 In both studies the authors found 

increased protein losses for PD patients with a fast transport status as compared to 
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patients characterized by slow peritoneal transport rates. The external validation by 

enzyme-linked immunosorbent assays confirmed elevated levels of complement 4A and 

immunoglobulin G in the fast transporters.21       

The heterogeneity in study populations and practical laboratory techniques 

contributes to the variety of identified proteins and complexes inferences throughout 

studies. 

 

Genomics and metabolomics        

Genomic biomarkers have not yet been identified, but intriguing single nucleotide 

polymorphisms have been found in the C/C genotype on the IL-6 -174G/C loci.22 A 

significant increased risk for mortality was associated with this IL-6 gene variant in 

patients who survived PD treatment over a period of at least two years. Albeit, external 

cohorts were defined to authenticate these findings, further validation is necessary. 

Polymorphisms in the promotor region of vascular endothelial growth factor (VEGF) have 

also been associated with an increased risk for mortality.23    

The GLOBAL Fluid Study group recently published a proof-of-principle study in 

which an attempt was made to identify metabolic profiles specific for PD patients who 

developed EPS.24 As no previous study investigated metabolites within the peritoneal 

dialysate, this study secondly aimed to provide optimal strategies for analyzing the 

metabolome alongside the identification of differences in dialysate composition. The 

authors found that the peritoneal dialysate consists grossly of low molecular weight 

metabolites. Moreover, prior to the diagnosis of EPS, modifications in several amino and 

short-chain fatty acids and its derivates were present. The above-mentioned studies 

demonstrate the capability and importance of longitudinal (multi-center) study cohorts 

containing dialysate specimens.  

 

FUTURE PERSPECTIVES 

PD treatment induces a complex and multi-factorial pathogenesis of the peritoneal 

membrane. The deficiency of this non-defined common pathway contributes to the 

difficulties in dialysate biomarker discovery. These challenges can possibly be overcome 

with the unbiased field of omics technologies, where associations between clinical and 

expression data from confirmatory investigations can lead to the perception of underlying 

biological processes preceding peritoneal injury and novel biomarker identification. It is 

doubtful that an individual biomarker possesses the ability to mirror or predict all of these 
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processes. More likely is that a synergism of dialysate biomarkers will eventually be 

identified in order to predict clinically relevant PD outcomes. Thus, large multicenter 

biobanks with preferably longitudinal data would contribute significantly to the discovery 

of novel dialysate biomarkers and their validation.       

The number of omics-based research in PD is still limited and the early phase of 

high-throughput technologies warrants standardization and calibration. Essential in the 

conductance of omics studies is systematic collection and storage of peritoneal dialysate. 

To date the absence of longitudinal dialysate biobanks might have prevented the analysis 

of modifications in proteomic profiles over time. However, longitudinal multicenter 

studies such as the GLOBAL Fluid Study or within center biobanks will hopefully bridge 

this gap. Furthermore, collaborations are necessary to facilitate independent replication 

and validation of candidate dialysate biomarkers.      

In summary, dialysate biomarker discovery is moving towards system biology 

where a holistic approach may eventually lead to personalized-guided medicine within 

PD. Nevertheless, the challenge remains and the actual application and implementation 

of omics discovered dialysate biomarkers is a process that may encompass decades.   
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