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COMPARATIVE EFFECTIVENESS OF RENIN-ANGIOTENSIN SYSTEM INHIBITORS AND 
CALCIUM CHANNEL BLOCKERS IN INDIVIDUALS WITH ADVANCED CHRONIC KIDNEY 
DISEASE: A NATIONWIDE COHORT STUDY 
Edouard L. Fu1, BSc, Catherine M. Clase2, MB MSc, Marie Evans3, MD, PhD, Bengt Lindholm3, 
MD, PhD Joris I. Rotmans4, MD, PhD, Merel van Diepen1, PhD, Friedo W. Dekker1, PhD, Juan-
Jesus Carrero5, PharmD, PhD 
1 Department of Clinical Epidemiology, Leiden University Medical Center, The Netherlands 
2 Department of Medicine and Health Research Methods, Evidence and Impact, McMaster University, 
Canada 
3 Department of Clinical Science, Intervention and Technology, Karolinska Institutet, Sweden 
4 Department of Internal Medicine, Leiden University Medical Center, The Netherlands 
5 Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Sweden 
 
Background: There is a lack of data that could help to guide the choice of antihypertensive agents in 
patients with advanced chronic kidney disease (CKD). We evaluated whether initiating treatment with 
a renin-angiotensin system inhibitor (RASi) is superior to calcium channel blockers (CCB) in 
preventing mortality, major adverse cardiovascular events (MACE) or kidney replacement therapy 
(KRT) in patients with advanced CKD.  
Methods: Observational study from the Swedish Renal Register, 2007-2017. We identified all 
nephrologist-referred patients in Sweden who initiated RASi or CCB treatment and had non-dialysis 
dependent advanced CKD (eGFR <30 ml/min/1.73m2). The associations between RASi vs CCB 
initiation, mortality, MACE and KRT were assessed by Cox regression. Analyses were adjusted with 
propensity score weighting for a wide range of confounders, including demographics, blood pressure, 
laboratory measures, comorbidities and medications. As a positive control we evaluated new use of 
the same drugs in patients with CKD G3 (N = 2608; eGFR between 30-60 ml/min/1.73m2). 
Furthermore subgroup, as-treated and competing risk analyses were performed.  
Results: The propensity-score weighted cohort included 2479 RASi and 2327 CCB initiators who 
were well-matched for baseline confounders (all standardized differences <0.1). Median follow-up was 
4.1 years, with a maximum follow-up of over 10 years. Compared to CCB, initiation of RASi was 
associated with a similar risk of mortality (adjusted HR 0.94; 95% CI 0.85-1.03) and MACE (0.99; 0.87-
1.13), but with a lower risk of KRT (0.87; 0.78-0.98). Results were consistent across subgroups, in as-
treated analyses and after accounting for the competing risk of death. In the control cohort of patients 
with CKD G3, initiation of RASi (versus CCB) was associated with lower KRT risk (adjusted HR 0.67; 
0.47-0.96), and similar risk of mortality (0.91; 0.76-1.08) and MACE (1.06; 0.82-1.35). 
 
Conclusion: Compared with CCB, initiation of RASi in patients with advanced CKD was associated 
with a lower risk of KRT, but no different risk of mortality or MACE.  
 
 
Figure: Number of events, incidence rates and adjusted hazard ratios for KRT according to subgroups 
of age, sex, diabetes, albumin-to-creatinine ratio (ACR), heart failure, systolic blood pressure and 
eGFR. 
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RENAL AMYLOIDOSIS: VALIDATION OF A PROPOSED HISTOLOGICAL SCORING SYSTEM IN 

AN INDEPENDENT COHORT 

 

J.J. Hoelbeek1, J. Kers1, E.J. Steenbergen2, J.J.T.H. Roelofs1, S. Florquin1 

 

1Department of Pathology, Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands 

2Department of Pathology, Radboud University Nijmegen Medical Center (RUNMC), Radboud 

University Nijmegen, Nijmegen, The Netherlands 

 

Background In systemic amyloidosis, the kidney is frequently affected and renal involvement has 

major impact on survival. Renal involvement is clinically characterized by decreased estimated 

glomerular filtration rate (eGFR) and proteinuria. The two most common renal amyloidosis types are 

light chain related amyloidosis (AL) and serum amyloid A (AA) amyloidosis. Standardized 

histopathological scoring of amyloid deposits is crucial to assess disease progression. Therefore, we 

aimed to validate the proposed scoring system from Rubinstein et.al. (1) in an independent patient 

cohort.   

Methods We attempt to reproduce the scoring system, consisting of an Amyloid Score (AS) and a 

Composite Scarring Injury Score (CSIS), in a multicenter AL and AA case series. Additionally, we 

analyzed all renal amyloidosis kidney biopsies performed in the Netherlands between 1993 and 2012.  

Results Similar to the original study, AS and CSIS correlated to eGFR (r:-0.45, p=0.0061 and r:-0.60, 

p<0.0001, respectively), but not to proteinuria at diagnosis. Furthermore, AS, but not CSIS, was 

associated with renal outcome. The scoring system was not reproducible in AA patients. The median 

incidence rate (IR) for renal amyloidosis in the Netherlands was 2.3 per million population per year 

(pmp/y) and increased during the study period.  

Conclusion In our AL case series and the original study, AS and CSIS were correlated to eGFR, but 

not to proteinuria and AS correlated with renal outcome. Overall, we regard this scoring system 

competent for standardized histopathological assessment of amyloid deposits burden and thereby 

disease advancement in renal biopsies.  

 

1. Rubinstein S, Cornell RF, Du L, et al.; Novel pathologic scoring tools predict end-stage kidney 
disease in light chain (AL) amyloidosis. Amyloid 2017; 24(3):205-211. 
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ENDOGLIN PROMOTES INTERSTITIAL FIBROSIS IN CHRONIC KIDNEY DISEASES  

Gerrits T, Berkhoff GML, Brouwer IJ, Bruijn JA, Baelde JJ and Scharpfenecker M. 

Leiden University Medical Centre, Department of pathology 

Background  

Tubulointerstitial fibrosis is a common process leading to chronic renal damage. It is characterized by 

extracellular matrix (ECM) deposition and pathological scar formation driven by transforming growth 

factor beta (TGF-ɓ). Inhibiting excessive ECM production could be a strategy to reduce the functional 

decline of the kidney and thereby the progression towards end-stage renal disease. Endoglin, a co-

receptor of the TGF-ɓ-receptor, could be an interesting target to inhibit fibrosis formation.  

Methods 

Biopsies of patients with kidney diseases characterized by interstitial fibrosis, such as focal segmental 

glomerular sclerosis (FSGS; n=48), diabetic nephropathy (DN; n=11) and chronic allograft dysfunction 

(CAD; n=43) were selected; healthy kidneys were used as controls (n=8). Sections were stained for 

endoglin and the positively-stained area was measured. DN and CAD sequential sections were stained 

for Sirius Red, a marker for interstitial fibrosis. Endoglin mRNA expression in whole kidney tissue of 

another DN cohort (n=23) was measured with qPCR; healthy kidneys were used as controls (n=12). 

Lastly, collagen type I production was measured with western blot in TGF-ɓ stimulated lentivirally 

transduced fibroblasts that were either wild type or knock down for endoglin.  

Results 

Endoglin was increased in the interstitium of patients with FSGS, DN and chronic allograft dysfunction 

compared to controls (p<0.001). The endoglin-positive area colocalized with the Sirius Red-positive 

area. qPCR showed upregulation of endoglin mRNA in patients with DN compared to healthy controls 

(p<0.05). The western blot analysis demonstrated that collagen type I production after TGF-ɓ 

stimulation was less upregulated in the endoglin knockdown fibroblasts compared to wild type 

fibroblasts.    

Conclusion 

We show that endoglin is overexpressed in different patient cohorts with interstitial kidney fibrosis and 

that it colocalizes with Sirius Red-positive areas. We also show that lowering endoglin levels reduces 

TGF-ɓ-induced collagen type I production. These results suggest that endoglin could be a potential 

target reduce the development of fibrosis. This offers an interesting opportunity to treat patients with 

declining renal function.  
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Reducing inpatient admissions by ambulating care for patients with acute kidney injury 
 
Mahdi Salih1, Nicholas Annear1, Emily Day1, Joe Wang2, Elham Asgari3, Joao Albuquerque1, 
Stephan Brincat1 
 

1. Departments of Acute Medicine & Nephrology, St Georgeôs University Hospitals NHS 
Foundation Trust, London, United Kingdom  

2. Department of Nephrology, Epsom & St Helier, London, United Kingdom, 
3. Department of Nephrology, Guyôs & St Thomasô Hospital NHS Foundation Trust, London, 

United Kingdom 
 
Background: 
Acute kidney injury (AKI) constitutes up to 25% of all hospital admissions. It is under-recognised and 
inappropriately managed in 50% of cases. The majority of cases are never seen by a consultant 
nephrologist [NCEPOD 2009, NICE 2013]. We have set up an AKI clinic to provide prompt access to 
specialist advice, investigation and intervention in an outpatient setting. The clinic also aims to reduce 
unnecessary admissions and decrease length of stay of patients with AKI. 
 
Methods: 
We present outcome data for patients attending the AKI clinic between October 2012 - October 2015. 
Information was obtained from clinic letters and discharge summaries of patients first attending the 
AKI clinic between October 2012 to October 2015. Referrals were made from General Practitioners 
(GP), the A&E department and the Acute Medical Unit (AMU). 
 
Results: 
Data was collected for 347 non-consecutive patient episodes, with 266 unique patients (139 male, 
mean age 71 years). The majority of referred patients had AKI (79%), with the rest having newly-
diagnosed CKD. Within the AKI group, most cases were mild (i.e. stage 1). Pre-existing CKD was 
highly prevalent in our cohort (90%). Out of the 183 patients with AKI, 163 patients improved after 
intervention, 14 progressed in their CKD stage and 9 progressed to end stage renal failure. The 
availability of this clinic resulted in 143 admission avoidances and 3 patients needing admission. 
 
Conclusion: 
These 3-year follow up data show that the AKI clinic can avoid unnecessary admissions and reduce 
length of stay of patients. To our knowledge, this is the first report of a dedicated AKI clinic, managing 
AKI patients in an outpatient setting. This reduces the on-going pressure on Emergency Department 
and Acute Medicine services. 
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TITLE: ESTIMATING KIDNEY FUNCTIONING WITH CKD-EPI IS SUB-OPTIMAL FOR 

EMERGENCY DEPARTMENT PATIENTS 

Authors: 

M.S.A. Niemantsverdriet1, 3*, T.T. Pieters2*, I.E. Hofer1, M.C. Verhaar2, W.W. van Solinge1, W.M. Tiel 

Groenestege1, S. Haitjema1, M.B. Rookmaker2  

* Contributed equally 

Affiliation: 

1 Centraal Diagnostisch Laboratorium, Universitair Medisch Centrum Utrecht, Universiteit Utrecht, 

Utrecht, Nederland 

2 Department of Nephrology and Hypertension, UMC Utrecht, Heidelberglaan 100, 3584CX Utrecht, 

Utrecht University, Netherlands 

3 SkylineDx, Lichtenauerlaan 40, 3062 ME Rotterdam 

Background 

Estimating renal function in patients who visit the emergency department (ED) is important for 

diagnosing kidney disease, drug dosing, and clinical management. Renal function is generally 

assessed by calculating the estimated Glomerular Filtration Rate (eGFR) with formulas such as the 

CKD-EPI. These formulas were developed in patients with a stable serum creatinine concentration. In 

the ED however, serum creatinine is often not in steady-state, which may lead to a biased eGFR. In 

this paper, we explore the extent of this problem by assessing the frequency of non-steady-state 

serum creatinine in patients that present at the ED. 

Methods 

We retrospectively included 70,606 unique adult (Ó18 years) patients from the Utrecht Patient-

Orientated Database with a total of 123,409 ED-visits at the UMC Utrecht between 2011-2019. When 

available, creatinine measurements were extracted from the last known visit to the hospital in the last 

year (baseline), during presentation at the ED and all subsequent measurements in the following 24 

hours. Relative differences were calculated using the natural logarithm and are depicted as log 

percent changes (L%). Significant fluctuation in creatinine was defined as exceeding the combined 

biological (5.95%) and analytical variation (2.17%), or Reference Change Value (RCV, often called 

critical difference). CKD categories were defined by the most recent eGFR-based KDIGO criteria. 

Results 

Of all the measurements during presentation at the ED, 16,239 (34%) had a significant change in 

creatinine compared to baseline; 6,308 (13%) had a significant decrease (mean change -28.6 µmol/L, 

relative change -25 L%) and 9,921 (21%) showed an increase (mean change 47.3 µmol/L, relative 

change +35 L%). Of all subsequent measurements after ED presentation, 6,609 (34%) had a 

significant change within 24 hours after the first measurement; 4,463 (23%) had a significant decrease 

and 1,599 (8.1%) had a significant rise. In total, 4,573 (23%) had a switch in CKD category from 

presentation at the ED and the subsequent measurement (mean time between measurements 

15.5±5.3 hours). 

Conclusion 

One out of three patients had fluctuating serum creatinine during presentation at the ED. Of these 

patients, 23% had a switch in CKD stadium between the subsequent measurements at ED visit and 

during admission. The automatically calculated eGFR by CKD-EPI at the ED should be interpreted 

with caution when assessing kidney function and considering drug dosing. 
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Title: A Plasma Creatinine- and Urea-Based Equation to Estimate Glomerular Filtration Rate in Rats 

Authors: Tobias T. Pieters*, Paul J. Besseling*, Isabel T.N. Nguyen, Petra M. de Bree, Nel Willekes, Adele 

H. Dijk, Maarten B. Rookmaaker, Karin G. Gerritsen, Marianne C. Verhaar, Hendrik Gremmels, Jaap A. 

Joles 

* Contributed equally 

Nephrology and Hypertension, University Medical Center Utrecht, Utrecht, the Netherlands. 

Background 

Monitoring renal function is a vital part of kidney research involving rats. Measurement of Glomerular 

Filtration Rate (GFR) with an exogenous filtration marker, the gold standard is laborious and does not 

easily allow serial measurements. The plasma concentration of endogenous filtration markers creatinine 

and urea are often used as surrogate, although their correlation with GFR has not been thoroughly 

investigated in a large cohort of rats. The goal of this paper was to develop an eGFR equation to estimate 

GFR in rats. 

Methods 

We used an in-house collected database of 753 rat experiments with gold-standard GFR measurement 

(inulin clearance, mGFR) and extracted coupled plasma creatinine, plasma urea, weight, gender, and 

strain (Lewis, Fawn-Hooded, Sprague-Dawley, Wistar). The database was divided in a 3/2 ratio in a 

development (n=469) and validation dataset (n=284). We developed the equation with least-squares 

regression in the development cohort and validated it in the validation cohort. We fitted a linear spline 

with one knot to best fit the relation between plasma creatinine and mGFR. Subsequently, we measured 

plasma cystatin C in a random subset (n=242) to test its added value to the model. All variables were 

transformed using the natural logarithm to either account for the first-order elimination of filtration 

markers or homogenize residuals.  

Results 

All parameters that were included during model development correlated significantly to mGFR (weight, 

R2=0.043; creatinine, R2=0.755; urea, R2=0.575; strain, R2=0.051; all p<0.001). The relationship between 

creatinine and mGFR was best estimated with a piece-wise linear spline (knot at 47 µmol/L). Using linear 

regression, we developed the following equations in the development cohort: 

Plasma creatinine (µmol/L)        Equation  

<47    ὩὋὊὙρςσφzὡ Ȣ ὅz Ȣ Ὗz Ȣ  

Ó47    ὩὋὊὙςπσψςὡz Ȣ ὅz Ȣ Ὗz Ȣ  

eGFR= estimated Glomerular Filtration Rate (µL/min), W= weight (gram), C=creatinine concentration 

(µmol/L), and U=urea concentration (mmol/L). 

Subsequent evaluation in the validation cohort yielded similar precision and accuracy (R2=0.856, 

p30=65%) as in the development cohort (R2=0.792, p30=70%). Inclusion of gender and strain in the model 

did not increase precision and accuracy. 



Although plasma cystatin C correlated significantly with mGFR (R2=0.242,p<0.001), it did not significantly 

add predictive power to the model (R2-change=0.0004, p=0.64), and was therefore not measured in the 

entire dataset, and not included in the model. 

Conclusion: 

We are the first to developed an equation to estimate GFR in several rat strains from body weight, 

plasma creatinine and plasma urea. This equation enables less labour intensive and less invasive way to 

repetitively determine GFR in rats, and may even reduce the number of animals needed. 
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Pre-implantation genetic testing for monogenic kidney disease: twenty-five-year experience in 

the Netherlands 

Rozemarijn Snoek R1, Marijn F. Stokman1, Klaske D. Lichtenbelt1, Cindy E. Simcox2, Teodora C. van 

Tilborg2, Aimée D.C. Paulussen6, Jos C.M.F. Dreesen6, Franka van Reekum4, A. Titia Lely3, Nine 

V.A.M. Knoers1,5, Christine E.M. de Die-Smulders6, Albertien M. van Eerde1  

1. Department of Genetics, University Medical Center Utrecht, The Netherlands 

2. Department of Fertility, University Medical Center Utrecht, The Netherlands 

3. Department of Obstetrics, University Medical Center Utrecht, The Netherlands 

4. Department of Nephrology, University Medical Center Utrecht, The Netherlands 

5. Department of Genetics, University Medical Center Groningen, The Netherlands 

6. Department of Clinical Genetics, Maastricht University Medical Center+, The Netherlands 

 
Background  
Due to the fast-paced developments in human genetics, a genetic cause can now be identified for an 
increasing number of pediatric and adult-onset kidney diseases. A monogenic kidney disease (MKD) 
can impact prognostication and therapy decisions. It also provides patients with options regarding 
family planning such as preimplantation genetic testing (PGT), a reproductive technology that helps 
prospective parents prevent passing on a disease-causing mutation to their offspring.  
There are limited reports on PGT for MKD and most are focused on severe pediatric-onset diseases. 
The Dutch system of insurance reimbursement and nationwide regulation is unique, and it has allowed 
the Netherlands to be one of a handful of countries where couples have the option to choose PGT for 
MKD, including adult-onset forms of kidney disease. Here we provide the 25-year Dutch experience 
with PGT for MKD. 
 
Methods  
We performed a retrospective cohort study of all couples counselled on PGT for MKD in the Maastricht 
University Medical Center+, the expert centre where all Dutch single cell genetic testing on embryos is 
performed, from January 1995 until June 2019. 
 
Results  
99 couples were counseled for PGT, of which currently 15% is waiting for the genetic test to be 
validated. In the early years of PGT for MKD, referrals were incidental and only for couples at risk for 
offspring with paediatric-onset disease. From 2009 onwards, the number of referrals has steadily 
increased as has the number of couples referred for adult-onset MKD. Overall, the most frequent 
indications for referral for PGT were ADPKD (37%), X-linked Alport syndrome (25%) and ARPKD 
(9%). 
After counselling, 36% of n=99 couples started PGT treatment. In total n=80 cycles with oocyte 
retrieval were performed (median 2 cycles [range 1-4]). These cycles led to a median of n=10 embryos 
(range 2-31) suitable for biopsy and a median of n=3 embryos (range 1-14) being genetically 
unaffected. Seventy-five percent (n=) of couples achieved at least one live birth.  
Of n=99, 48% did not proceed with PGT, for various personal and technical reasons. Major reasons 
for opting out of PGT were that prospective parents did not want to wait for the lengthy PGT procedure 
(9%) or had a wish for natural conception with prenatal genetic testing (11%). Live birth rate was 40% 
(n=19) in the non-PGT group, with notably a similar duration to a live birth as the PGT group (2 years, 
range 0-5 years). 
 
Conclusion  
We provide the largest overview to date of the indications, uptake and results of PGT for MKD. 
Referrals for PGT, including adult-onset disease, have increased steadily over the past decade. PGT 
has favorable outcomes, with 75% of couples having at least one live birth, though this is likely due to 
our small sample size. Genetic and reproductive counseling, including information on PGT, should be 
provided to all patients and prospective parents from families with MKD to enable informed decision 
making. 
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UNRAVELLING THE ROLE OF NEUTROPHILS AND NETS IN PATIENTS WITH SHIGA TOXIN 

PRODUCING ESCHERICHIA COLI HEMOLYTIC UREMIC SYNDROME  

Wouter J.C. Feitz1,2,* , S. Suntharalingham2, * , Nicole C.A.J. van de Kar1 , N. Palaniyar3 , 

Lambert P.J.W. van den Heuvel1 , Christoph Licht2,4  

*both authors contributed equally to the study  

1. Department of Pediatric Nephrology, Amalia Childrenôs Hospital, Radboud Institute for Molecular Life 

Sciences, Radboudumc, Nijmegen, The Netherlands 2. Cell Biology Program, Research Institute, The 

Hospital for Sick Children, Toronto, ON, Canada 3. Department of Biochemistry, University of Toronto, 

Toronto, ON, Canada 4. Division of Nephrology, The Hospital for Sick Children, Toronto, ON, Canada  

BACKGROUND The Hemolytic Uremic Syndrome (HUS) is a thrombotic microangiopathy 

characterized by hemolytic anemia, thrombocytopenia and acute renal failure. In children, HUS is 

mainly caused by infections with Shiga toxin (Stx) producing Escherichia coli (STEC-HUS) causing 

damage of the vascular endothelium. Growing evidence shows towards a role for neutrophils in the 

pathogenesis of STECHUS, however the exact role and interaction with Stx is still not completely 

understood. In this study, we hypothesized that neutrophil activation ï in particular the formation of 

neutrophil extracellular traps (NETs) ï is directly triggered by Shiga toxin type 2a (Stx2a) and plays a 

critical role in the pathogenesis of STEC-HUS. 

METHODS Freshly isolated neutrophils were stimulated with 1.0 ï 0.01 ug/ml Stx2a over a time period 

of 8 hours. The activation marker CD11b was studied by immunofluorescence microscopy (IF) and the 

release of NETs was determined by Sytox green in combination with IF. DHR-123 and Mitosox assays 

were used to study the involvement of general ROS and mitochondrial ROS to gain more knowledge 

about the involvement of the NOX-dependent and NOX-independent pathway. Second, we isolated 

fresh neutrophils from STEC-HUS patients (N=3) in the acute and recovery phase of disease. We 

studied the release of NETs by Sytox green and IF. This time, multiple pathways were studied with the 

use of ROS assays in combination with different agonists.  

RESULTS In our study setup, we found that: 1) Neutrophils upregulate the expression of CD11b after 

Stx2a stimulation in vitro. 2) Neutrophils release 4.8 times more DNA after treatment with 1.0 ug/ml 

Stx2a for 8 hours. 3) Neutrophils produce 1.6 times more cytosolic ROS after treatment with 1.0 ug/ml 

Stx2a for 90 minutes. 4) Neutrophils release NETs by the NOX-dependent pathway after stimulation 

with 0,01-1 ug/ml Stx2a in a dose-dependent matter shown by IF. 5) Neutrophils from patients in the 

acute phase of STEC-HUS release 2.1 times less DNA by the NOX-dependent pathway compared to 

healthy donor neutrophils. 6) Neutrophils from patients in the acute phase of STEC-HUS show 2.4 

times less production of ROS by the NOX-dependent pathway. 7) Neutrophils isolated from STEC-

HUS in both the acute and recovery phase of disease are more prone to undergo spontaneous 

NETosis compared to healthy donor neutrophils.  

CONCLUSION Here, we showed the direct activation of neutrophils by Stx2a and studied the NOX-

dependent and NOX-independent pathway involved in the release of NETs triggered by Stx2a. It has 

been published that NETs attract platelets to form clots. Thrombus formation is one of the main causes 

of kidney failure in patients with STEC-HUS. More research about the interaction between different 

players like NETs and platelets would give more knowledge about the underlying pathophysiology 

involved in STEC-HUS. 
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IMPROVING SHARED DECISION MAKING FOR END-STAGE RENAL DISEASE PATIENTS IN THE 

NETHERLANDS  

Anita van Eck van der Sluijs1 , Aase T. Riemann1 , Karen Prantl2 , Anna A. Bonenkamp3 , Brigit C. 

van Jaarsveld3,4 and Alferso C. Abrahams1  

1 University Medical Center Utrecht, Department of Nephrology and Hypertension, Utrecht, the 

Netherlands 2 Dutch Kidney Patients Association (NVN), Bussum, the Netherlands 3 Amsterdam 

University Medical Centers, VU University, Department of Nephrology, Amsterdam, the Netherlands 4 

Diapriva Dialysis Center, Amsterdam, the Netherlands  

Background Annually, more than 2000 end-stage renal disease (ESRD) patients in the Netherlands 

receive education regarding renal replacement therapies (RRT). Ideally, this choice is made during a 

process of Shared Decision Making (SDM). Since 2017, three SDM decision aids are available: 3 Good 

Questions, Option Grids and Dutch Kidney Guide. However, it is unknown whether the decision aids 

are sufficiently implemented in daily practice. Therefore, we evaluated SDM and developed a 

workshop to train centres how to implement the decision aids.  

Methods In 12 centres, the degree of SDM experienced by ESRD patients was measured with the 

SDM-Q-9 and collaboRATE questionnaires. Furthermore, SDM awareness and use of the decision aids 

by healthcare professionals was explored. Finally, we provided a 2-hour workshop with information 

regarding SDM and the decision aids.  

Results In the 12 centres (2 academic, 10 non-academic), 176 patients completed the questionnaires; 

73% found the general impression of the received information (very) good, 84% found the total 

number of consults good, and 86% found the received amount of information good. On a scale from 

0ς100 (higher score is better SDM) the mean SDM-Q-9 score was 75±22 and the collaboRATE score 

86±14. Overall, no significant difference between centres in both scores was found. When centres 

with the worst SDM-Q-9 score (77), only 50% of worst scoring centres used the decision aids (Option 

Grids and Kidney Guide) compared to 100% of best scoring centres. The majority of worst scoring 

centres started at an eGFR between 20ς30 ml/min/1.73 m2 , while best scoring centres all started 

between 15ς20 ml/min/1.73 m2 . In addition, best scoring centres provided information about all 

treatment modalities, including nocturnal haemodialysis and conservative treatment, and more often 

provided information at home. A total of 117 healthcare professionals (27% physicians, 8% physician 

assistants, 38% nurses, 14% social workers, 13% other) completed the questionnaire; 81% found the 

general impression of the education process (very) good, 80% found the total number of consults 

good, and 56% found the amount of provided information good, while 28% found it too much. SDM 

was applied according to 56% of professionals, however only 28% used the 3 Good Questions, 31ς

33% the Option Grids, and 51% the Kidney Guide. Subsequently, 10 centres participated in the 

workshop which was appreciated with a 7.5±0.4.  

Conclusion Although patients and healthcare professionals are fairly satisfied with the RRT 

information and degree of SDM, the use of decision aids by professionals is limited. A workshop 

introducing the decision aids was developed to train centres how to implement them. When 

optimizing SDM for ESRD patients in the Netherlands, attention should be paid to providing 



information about all treatment options, and providing information at home to patients with an eGFR 

between 15ς20 ml/min/1.73 m2 . 
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APPLICATION OF CELL PENETRATING PEPTIDE CROTAMINE AS A NON-VIRAL SIRNA 
DELIVERY VECTOR IN HUMAN RENAL TUBULAR EPITHELIAL CELLS 

 
Joana DôArc Campeiro1,2, Wendy Dam1, Mirian A.F. Hayashi2, Jacob van den Born1 

 
1Department of Nephrology, University Medical Center Groningen, University of Groningen, Groningen, 
The Netherlands; 
2Departamento de Farmacologia, Escola Paulista de Medicina (EPM), Universidade Federal de São 
Paulo (UNIFESP), São Paulo, Brazil. 

 
Background 
Activated proximal tubular epithelial cells (PTECs) play a crucial role in progressive tubulointerstitial 
fibrosis in native and transplanted kidneys. Previous studies showed that syndecan-1, a major epithelial 
heparan sulfate proteoglycan (HSPG), serves as a docking platform for properdin in the apical 
membranes of PTEC activating the complement system via the alternative pathway, which might play a 
role in proteinuric renal damage. Active targeting of PTECs by non-viral gene delivery vectors aiming to 
influence the expression of syndecan-1 might be useful to slow down the properdin binding and 
consequently the alternative pathway activation during proteinuria. However, no clinical therapies that 
specifically target PTECs are available at present. The cell penetrating peptide crotamine is able to form 
complexes with nucleic acid molecules and deliver cargo into the nucleus which enable its use as a non-
viral gene delivery vector. After intraperitoneal (ip) injection in mice, crotamine accumulates mainly in 
the kidney brush border zone of PTECs, and its presence inside these cells was demonstrated by us. 

 
Methods 
Native and chemically synthesized crotamine were compared for GFP plasmid DNA transfection 
efficiency both in vitro and in vivo. The ability of crotamine to form complexes with siRNA was evaluated 
with a gel shift assay, and the efficiency to down regulate the syndecan-1 expression in PTECs in vitro 
was assessed by FACS and qRT-PCR after transfection mediated by siRNA/crotamine complexes. 

 
Results 
We demonstrated herein that comparable to native crotamine, the synthetic peptide is able to efficiently 
transfect PTECs with green fluorescent protein (GFP) reporter gene in vitro. Ip administration of 
crotamine-DNA nanocomplexes in mice showed GFP expression specifically in proximal tubule cells. 
The formation of complex of crotamine with siRNA molecules was demonstrated here, and we showed 
that this complex formation is time- and crotamine/siRNA ratio-dependent. The internalization by the 
cells is influenced by the maintenance of the positive net charge of the complex and  cell cycle. The in 
vitro delivery of siRNA targeting human syndecan-1 in PTECs with a reduced expression of this 
proteoglycan by up to 85% in both mRNA and protein level after 96 h of transfection was demonstrated 
here. 

 
Conclusion 
This study shows for the first time the use of crotamine as a non-viral nanocarrier for delivery of siRNA, 
with successfull reduction of the expression of syndecan-1 in human PTECs. We suggest crotamine as 
a prototypic example of the next generation kidney specific non-viral vector for gene delivery with 
potential to be used to modulate aberrant gene expression in kidney PTECs, as for instance, in 

complement-associated renal diseases. 
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ESPECIALLY HYPOKALEMIA IS A RISK FACTOR FOR ALL-CAUSE MORTALITY IN INCIDENT 
HEMODIALYSIS PATIENTS 
 
Esther N.M. de Rooij (1,2); Friedo W. Dekker (1); Saskia Le Cessie (1); Johan W. de Fijter (2); 
Ellen K. Hoogeveen (1,2); for the Netherlands Cooperative Study on the Adequacy of Dialysis-2 
(NECOSAD) Study Group 
 
(1) Department of Clinical Epidemiology, Leiden University Medical Center, Leiden, Netherlands;  
(2) Department of Nephrology, Leiden University Medical Center, Leiden, Netherlands 
 
Background. Both hypo- and hyperkalemia can potentially induce fatal cardiac arrhythmias in the 
general population. However, little is known about the effect of potassium as a modifiable risk factor in 
hemodialysis (HD) patients. Therefore, we investigated the relation between serum potassium level 
and all-cause mortality in incident HD patients and whether there is an optimum serum potassium level 
to pursue. 
 
Methods. All incident HD patients (>18 y) from the Netherlands Cooperative Study on the Adequacy 
of Dialysis (NECOSAD), a prospective multi-center cohort study, were included. These patients were 
followed from the start of their first dialysis treatment until death, transplantation or a maximum of 2 
years. Serum potassium levels were obtained at fixed 6-month time intervals and divided into six 
categories: Ò 4.0, > 4.0 - Ò 4.5, > 4.5 - Ò 5.0, > 5.0 - Ò 5.5 (reference), > 5.5 - Ò 6.0 and > 6.0 mmol/L. 
Using a Cox proportional-hazards model with serum potassium category as a time-dependent 
variable, hazard ratios (HR) for all-cause mortality were calculated, adjusted for baseline age, sex, 
current smoking, diabetes and residual kidney function. 
 
Results. In total, 1278 HD patients were included. At baseline, mean (±SD) age was 64 (±14) years, 
60% were men, 23% were current smokers, 21% had diabetes and the median (interquartile range) 
residual kidney function was 3.0 (1.5-4.8) ml/min/1.73m2. Mean (±SD) serum potassium level was 4.8 
(±0.8) mmol/L. The prevalence of the six potassium categories was: 10%, 19%, 26%, 22%, 15% and 
8%, respectively. A total of 298 (23%) deaths was observed during 2 years of follow-up. After 
multivariable adjustment the HR (95% CI) for any death according to the six potassium categories 
were: 2.5 (1.5-4.3), 1.9 (1.2-3.0), 1.6 (1.0-2.5), 1 (reference), 1.3 (0.8-2.2) and 1.7 (1.0-3.0). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion. We found a U-shaped relation between serum potassium and all-cause mortality in 
incident hemodialysis patients. Especially, low serum potassium was a 2.5-fold stronger risk factor for 
all-cause mortality compared to normal serum potassium. Our results indicate an optimum serum 
potassium level between 5.0 - 5.5 mmol/L, emphasizing that potassium lowering therapy should be 
used with caution in hemodialysis patients.  
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CKD@WERK, EEN MULTIMETHODE ONDERZOEK NAAR DE IMPACT VAN CKD OP WERK 

Annemieke Visser, 1 Sijrike van der Mei,1  Manna Alma, 1 Ron Gansevoort,2  

 

1 AfdelingToegepast Gezondheidsonderzoek, Universitair Medisch Centrum Groningen, 

Rijksuniversiteit Groningen  

2 Afdeling Nefrologie, Universitair Medisch Centrum Groningen,  

 

 

Inleiding. Duurzaam participeren in werk is voor nierpatiënten een uitdaging. Een nierziekte gaat 

gepaard met lichamelijke klachten en beperkingen in het dagelijks leven. Zelfs al bij matig nierfalen 

meldt een deel van de patiënten zich ziek en zal uiteindelijk niet weer aan het werk gaan. Een ander 

deel weet echter wel aan het werk te blijven. Waarom het sommige patiënten wel lukt om aan het werk 

te blijven en anderen juist niet, is niet precies bekend. Het onderzoek CKD@Werk biedt inzicht in de 

mate waarin patiënten in staat zijn te participeren in werk en de factoren die hierin mogelijk een 

bevorderende dan wel belemmerende rol hebben gespeeld.  

Methoden. Via interviews met 27 patiënten met chronische nierschade stadium 3b-5 en drie 

focusgroepen/telefonische interviews (n=30) met nefrologen, verpleegkundig specialisten, 

maatschappelijk werkers en arbo-professionals is inzicht verkregen in de ervaringen van genoemde 

groepen met de arbeidsparticipatie en beïnvloedende factoren. Aanvullend is een vragenlijststudie 

(n=634) uitgevoerd waarin de gevonden factoren onder een grote groep nierpatiënten (n=634) zijn 

geverifieerd. 

Resultaten. Factoren die volgens patiënten en zorgverleners een belangrijke rol spelen bij de 

arbeidsparticipatie zijn het type behandeling (dialyse versus transplantatie), wachttijd voor 

transplantatie, vermoeidheidsklachten en de variatie in ernst van de klachten per dag (goede en 

slechte dagen). Andere beïnvloedende factoren zijn het kunnen accepteren van de ziekte en de 

beperkingen, het type werk (fysieke versus mentale belasting), mogelijkheden voor 

werkaanpassingen, de waarde van werk, werkplezier, als wel een positieve en coöperatieve houding 

naar collegaôs en werkgever. Zorgverleners benoemen een belangrijk verschil in attitude tussen 

patiënten voor wie werk van grote waarde is en patiënten die bewust kiezen voor kwaliteit van leven 

en familie. Bijna twee derde van de nierpatiënten die heeft deelgenomen aan de vragenlijststudie 

heeft een betaalde baan van minimaal een uur in de week. Van deze groep werkt 44% parttime. Van 

de patiënten die werken is bijna een derde gedeeltelijk arbeidsongeschikt verklaard of (langdurig) 

afwezig in verband met ziekte. De helft van de werkenden ervaren beperkingen in functioneren op het 

werk en een derde werkt minder uren door de nierziekte. Patiënten met betaald werk zijn jonger, vaker 

man en hoger opgeleid. Transplantatiepatiënten hebben een beter werkvermogen dan predialyse- en 

dialysepatiënten. 

Conclusie. De mogelijkheden van patiënten om te participeren in werk is een complex samenspel van 

medische, persoonlijke en werkgerelateerde factoren. Bij het onderzoeken van de arbeidsparticipatie 

is het van belang niet alleen naar de feitelijke arbeidsparticipatie te kijken, maar ook naar het 

ziekteverzuim (absenteeism) en de arbeidsproductiviteit (presenteeism). Op basis van de informatie 

verzameld in de huidige studie wordt in een vervolgstudie (BAAN) een aanbod ontwikkeld waarmee 

nierpatiënten kunnen worden ondersteund om duurzaam te participeren.  
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DIALYSE DICHTBIJ, LESSEN NA 3 JAAR 

José Koemeester, Linda Verhoeve, Dianet 

1. Inleiding  

In Nederland worden ongeveer 300 patiënten behandeld met hemodialyse in de thuissituatie (THD). 

THD wordt traditioneel door de patiënt zelfstandig, met hulp van partner of solo uitgevoerd. In andere 

gevallen kan een dialyseverpleegkundige ondersteuning bieden. Deze vorm van ondersteuning is niet 

rendabel en door de bestaande personeelsschaarste maatschappelijk niet meer houdbaar. Dianet 

heeft in 2015 de eerste dialysehubs gerealiseerd in samenwerking met een zorginstelling en biedt 

hiermee de mogelijkheid om bewoners en omwonenden dichtbij huis thuishemodialyse aan te bieden.  

2. Resultaten 

Op dit moment zijn er 6 dialysehubs actief in samenwerking met een contractziekenhuis. Vanaf 2015 

zijn processen verfijnd en risicoôs in kaart gebracht. Er is nagenoeg een continue bezetting van 

beschikbare plaatsen in de hubs. Soms is er, bijvoorbeeld bij shuntproblemen, een korte 

terugplaatsing naar het centrum nodig. De eerste 3 dialysehubs werden gerealiseerd binnen een 

verzorgingshuis, de andere dialysehubs werden geopend binnen zorginstellingen zoals een 

blindeninstituut en een psychiatrisch verpleeghuis. Het blijkt dat de dialysehubs voorzien in een 

behoefte. Patiënten hoeven niet meer naar een dialysecentrum en kunnen dichtbij huis terecht én 

kwetsbare patiënten dialyseren in een rustige prikkelarme omgeving. Eén van onze hubs is gebouwd 

in een revalidatiecentrum, waar patiënten gedurende hun revalidatie kunnen dialyseren. Om op deze 

dialysehub leegstand te voorkomen wordt er standaard één chronische dialysepatiënt gedialyseerd 

zodat er altijd personeel is ingeroosterd om een revalidatiepatiënt direct te kunnen behandelen. 

3. Methoden 

In het aanloopproces voor een nieuwe dialysehub wordt er een werkgroep geformeerd. De afdeling 

Kwaliteit en Veiligheid begeleidt en bewaakt het proces. Er wordt altijd gestart met een Preventieve 

Risico Inventarisatie (PRI) om beheersmaatregelen in kaart te brengen en deze te vertalen naar 

samenwerkingsafspraken. Bij kwetsbare patiënten is het kunnen beschikken over ondersteuning bij 

een calamiteit, een zogenaamde achterwacht, essentieel. In geval van nood kan een achterwacht 

assisteren, hulp inroepen of 112 bellen.  

4. Conclusie  

Eind 2019 heeft Dianet zes dialysehubs gerealiseerd en een schat aan ervaring opgebouwd. De inzet 

van dialyseverpleegkundigen in een dialysehub is rendabel en een dialysehub biedt aan patiënten in 

de buurt een goed alternatief voor thuishemodialyse: dialyse dichtbij huis. Het draagvlak binnen 

zorginstellingen is groot, zij ervaren wat de impact van dialyse is op het leven van een dialysepatiënt. 

Het is een veilige vorm van dialyse. Elke dialysehub biedt rondom de start weer nieuwe uitdagingen 

die in de werkprocessen worden verankerd. Door het uitvoeren van een jaarlijkse audit is er bewaking 

van kwaliteit en veiligheid. Voor de Zorgverzekeraar levert een dialysehub forse besparingen op. Er is 

sprake van het éénmalig aanpassen van een dialyseruimte waar meerdere patiënten gebruik van 

kunnen maken en taxikosten gaan fors omlaag.  
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BEVORDEREN VAN DUURZAME ARBEIDSPARTICIPATIE BIJ NIERPATIENTEN.  

H. de Vries, Interne Geneeskunde, onderafdeling Nefrologie, Universitair Medisch Centrum Groningen  

K. Rustema, Medisch Maatschappelijk Werk, Universitair Medisch Centrum Groningen S.F. van der 

Mei, Gezondheidswetenschappen, Toegepast Gezondheidsonderzoek, Universitair Medisch Centrum 

Groningen  

R.T. Gansevoort, Interne Geneeskunde, onderafdeling Nefrologie, Universitair Medisch Centrum 

Groningen  

A. Visser, Gezondheidswetenschappen, Toegepast Gezondheidsonderzoek, Universitair Medisch 

Centrum Groningen  

Inleiding  

Werk geeft betekenis en structuur aan het leven van mensen en een goede arbeidsparticipatie kan 

de gezondheid en kwaliteit van leven bevorderen. Het vermogen om te werken wordt bij veel 

nierpatiënten beperkt door fysieke klachten en de behandeling, met als risico langdurig 

ziekteverzuim, uitval en inkomensverlies. Nierpatiënten geven aan dat de begeleiding bij aan het 

werk blijven te wensen over laat. Het doel van het project is om arbeidsgerichte zorg voor 

nierpatiënten te ontwikkelen (BAAN). Het betreft nierpatiënten in alle stadia van ziekte, ook bij 

dialyse en transplantatie. BAAN beoogt een cultuur te creëren waarin het belang van arbeidsgerichte 

medische zorg door curatieve professionals, waaronder nefrologen, verpleegkundigen en 

maatschappelijk werkers, wordt gezien en waar aandacht voor werk een vanzelfsprekend deel van de 

zorg in het ziekenhuis wordt.  

Methoden  

Voor het uitvoeren van BAAN wordt gebruik gemaakt van de Adapted Intervention Mapping (AIM) 

methode. Dit is een systematische manier om in co-creatie met alle belanghebbenden een 

theoretisch en empirisch onderbouwd BAAN-aanbod te ontwikkelen. Volgens de principes van 

participatief actie onderzoek wordt het BAAN-aanbod ontwikkeld door met patiënten, curatieve en 

Arbogerelateerde professionals samen te werken, kennis uit te wisselen en onderzoek uit te voeren. 

Deze participatie van, en samenwerking met, alle belanghebbenden vergroot de kans op een aanbod 

dat passend, uitvoerbaar en effectief is. Het huidige project wordt gesubsidieerd door ZonMW en is 

een vervolg op een lopende wetenschappelijke studie (CKD@Werk). Het project maakt gebruik van 

bestaande kŜƴƴƛǎ Ŝƴ ΨōŜǎǘ ǇǊŀŎǘƛŎŜΩ Ǿŀƴǳƛǘ ƻƴŘŜǊȊƻŜƪ ōƛƧ ŀƴŘŜǊŜ ƎǊƻŜǇŜƴ ŎƘǊƻƴƛǎŎƘ ȊƛŜƪŜƴ Ŝƴ Ǿŀƴǳƛǘ 

nefrologische en Arbogerelateerde beroepsverenigingen en kennisinstellingen.  

Resultaten  

Dit project zal resulteren in een concreet, praktisch en uitvoerbaar BAAN-aanbod waarmee de 

arbeidsgerichte medische zorg in het UMCG kan worden vormgegeven. BAAN zal concrete adviezen 

bevatten, evenals hulpmiddelen waarmee patiënten vroegtijdig in het ziekteproces en op maat 

kunnen worden ondersteund om regie te nemen bij het duurzaam participeren in werk. BAAN zal ook 

adviezen opleveren voor professionals in het ziekenhuis bij het opstellen en uitvoeren van 

arbeidsgerichte zorg voor patiënten met een nierziekte of het verwijzen van patiënten naar 

gespecialiseerde Arbogerelateerde zorg.  

 



Conclusie  

Effectieve interventies om arbeidsparticipatie van patiënten met een nierziekte te vergroten zijn tot 

op heden nauwelijks voor handen. Dit project levert een concreet aanbod op waarmee de 

arbeidsparticipatie van nierpatiënten kan worden vergroot. Het levert ook kennis op over de 

uitvoerbaarheid en het nut van BAAN voor de implementatie in het UMCG. Hiermee wordt de kans 

op een succesvolle implementatie zowel in het UMCG als in andere ziekenhuizen vergroot. 
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Say NO to podocyte injury: An (e)NOS-NO-sGC-cGMP-TRPC6 pathway as putative 

novel treatment target 

 

Daan C. ôt Hart, Johan van der Vlag and Tom Nijenhuis 

 

Department of Nephrology, Radboud Institute for Molecular Life Sciences (RIMLS), Radboud 

University Medical Center, Nijmegen, the Netherlands 

 

Objective: Increased expression and activity of the Ca2+-channel transient receptor potential 

channel 6 (TRPC6) is associated with the pathogenesis of focal segmental glomerulosclerosis, 

but therapeutic strategies to target TRPC6 are currently still lacking. It has been previously 

shown that nitric oxide (NO) plays a pivotal role in the regulation of glomerular 

haemodynamics and consequently kidney function. Little is known, however, about the local 

effects of glomerular-derived nitric oxide on podocytes. We investigated the hypothesis that 

nitric oxide produced by glomerular endothelial cells, prevents podocytes against injury by 

inhibiting  deleterious TRPC6-mediated signalling via stimulation of soluble guanylate 

cyclase (sGC) en production of cyclic guanosine monophosphate (cGMP). Moreover, we 

studied the therapeutic potential of the market approved sGC stimulator Riociguat to prevent 

podocyte injury.  

Methods: In vitro experiments were performed using conditionally immortalized human 

glomerular endothelial cells and podocytes. Nitric oxide production was visualized using 

DAF-FM diacetate and Ca2+  influx with Fura-2 AM. Podocyte injury was induced using 

adriamycin for 24hrs, with or without co-exposure to the nitric oxide-donor SNAP or sGC 

stimulator Riociguat. 

Results: In this study we show that both glomerular endothelial cells and podocytes express 

nitric oxide producing enzymes and produce nitric oxide. In addition, nitric oxide and 

Riociguat stimulated cGMP synthesis in podocytes, decreased adriamycin-induced TRPC6 

overexpression in podocytes, inhibited the elevated TRPC6-mediated Ca2+  influx in injured 

podocytes and prevented podocyte injury. These effects were blocked by the sGC inhibitor 

ODQ. Accordingly, eNOS KO mice showed enhanced glomerular TRPC6 expression 

compared to WT C57BL/6J mice upon induction of podocyte injury in the adriamycin-

induced nephropathy model. 

Conclusion: In conclusion, nitric oxide might indeed function as a protective paracrine factor 

in the glomerulus by preventing podocyte injury. Furthermore, market approved drugs 

targeting soluble guanylate cyclase, e.g. Riociguat, might hold therapeutic potential in the 

treatment of glomerular diseases by inhibiting deleterious TRPC6-mediated signalling in 

podocytes.  
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Exploring the effects of CYP3A5 and ABCB1 genetic variations in functional differences, 

tacrolimus metabolism and CTGF production in human proximal tubule cells 

 

Noel Knops 1,2, Yasaman Ramazani 2 (co-first) , Jetty De Loor 3, Roel Goldschmeding 4, Tri 

Nguyen 4, Bert P. van den Heuvel 2, Elena Levtchenko 1,2, Dirk J. Kuypers 3 

1UZ Leuven, pediatric nephrology and solid organ transplantation, Leuven, Belgium, 2KU 

Leuven, pediatric nephrology, Leuven, Belgium, 3 UZ Leuven and KU Leuven, nephrology and 

renal transplantation, Leuven, Belgium, 4 Department of pathology, university medical center 

Utrecht, the Netherlands 

 

Objectives: The mechanisms of calcineurin inhibitor nephrotoxicity (interstitial fibrosis and 

hyalinosis), is largely unknown. The interplay between CYP3A5 enzymes and the P-

glycoprotein (P-gp) pump is important for tacrolimus (tac) metabolism and toxicity. There is a 

large genetic variation in the genes encoding CYP3A5 and P-gp. Our objectives are two-fold: 

1) exploring the tacrolimus-induced profibrotic signature of the only cells in the kidney 

responsible for tacrolimus metabolism, the proximal tubule cells 2) exploring the underlying 

mechanisms for the (differential) genetic-dependent tacrolimus-induced profibrotic responses. 

Methods: Eleven clones of conditionally immortalized PTC (ciPTC) from donor kidneys with 

different combinations of CYP3A5 (rs776746) and ABCB1(rs1045642) genotypes were 

incubated with vehicle, 50 ng/mL and 300 ng/mL tac (tissue range) for 72 h. qRT-PCR and 

western blot were performed for CYP3A5, ABCB1 (gene encoding P-gp) and connective 

tissue growth factor (CTGF) expression. Functional CYP3A5 expression was assessed by 

differential midazolam hydroxylation using LC-MS and P-gp activity by calcein efflux. 

Quantitative tacrolimus and tacrolimus metabolite analysis was performed by HPLC. 

Immunohistochemical measurement of CTGF expression in protocol biopsies was performed 

blindly by two pathologists.  

Results: 1) ciPTC, produce CTGF, a clinically relevant profibrotic protein, when exposed to 

increasing concentration of tacrolimus in a dose-dependent manner. This increase is 

significantly higher in ciPTC with CYP3A5 *1 ABCB1 3435 TT genotype. 2) increasing 

concentration of tacrolimus, decreases the function of CYP3A5 and P-gp without altering 

their expression. 3) P-gp activity is significantly higher in carriers of ABCB1 3435 TT vs 

CC/CT. 4) Proximal tubule cells carrying CYP3A5*1 allele, metabolize tacrolimus faster than 

the carriers of the *3/*3  allele with a preferential generation of 13-O-demethyl (M1). 5) 

ciPTC with CYP3A5 *1 ABCB1 3435 TT genotype has significantly higher production of M1 

compared to other genetic combinations. 6) Staining in protocol biopsies, in a 2-year follow-

up period, demonstrates a higher CTGF accumulation in donor kidneys with ABCB1 3435 TT 

allele vs the CC/CT. 

Conclusions: We show for the first time, the direct genetic-dependent profibrotic effect of 

tacrolimus in a novel human PTC model incorporating the genetic variation in CYP3A5 and 

ABCB1. The increase of CTGF in PTC in cells with the highest M1 production and altered P-

gp activity, is suggestive for a genetic-dependent interplay of tacrolimus metabolism/efflux in 

fibrotic processes and long-term kidney function.  
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TIGIT identifies a subset of highly polyfunctional donor-specific memory CD4+ T cells 

which decrease after kidney transplantation 

Amy C.J. van der List, Nicolle H.R. Litjens, Mariska Klepper and Michiel G.H. Betjes 

Erasmus MC, University Medical Center, Dept. of Internal Medicine, section Nephrology and 

Transplantation, Rotterdam, The Netherlands 

Objective: The progressive decline in acute rejection risk in the years following a kidney 

transplantation (KT) is associated with T lymphocyte donor-specific hypo-responsiveness 

(DSH). In this study, we evaluated whether exhaustion of donor-specific T cells contributes to 

DSH in stable kidney transplant recipients.  

Methods: Peripheral blood mononuclear cells (PBMCs) of stable kidney transplant recipients 

(N=18) before and 3-5 years after KT were stimulated with CD3 negative donor cells for 18-

24 hours. Donor-specific T lymphocytes were identified at the single-cell level by CD137 

(marker for antigen-specific T cells) and characterized for multiple exhaustion markers by 

multi-parameter flow cytometry followed by unsupervised clustering by the dimensionality 

reduction technique, Flow Self-Organizing Map (FlowSOM). The FlowSOM clusters with a 

differential abundance in cells of a particular expression profile prior to versus 3-5 years after 

KT were identified using the statistical method, edgeR via diffcyt. 

Results: No increase in donor-specific T cells with an exhausted phenotype were observed 3-

5 years post KT. Instead, a significant decrease in abundance of donor-specific CD137+ 

CD4+ T cells expressing the co-inhibitory receptor T cell immunoglobulin and ITIM domain 

(TIGIT) was detected post transplantation. Detailed characterization of these cells revealed a 

predominant central as well as effector memory phenotype and high potential to produce 

multiple cytokines when compared to donor-specific CD137+ CD4+ T cells not expressing 

TIGIT.  

Conclusion: Unbiased multiparameter analysis at the single cell level identified TIGIT as a 

marker for a subset of polyfunctional donor-specific memory CD4+ T cells which decrease 3-

5 years post transplantation in stable kidney transplant patients, irrespective of age. To the 

best of our knowledge, this is the first report identifying a subset of TIGIT-expressing donor-

specific CD4+ T cells associated with lowered long-term risk for acute rejection. 
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Dissecting the contribution of obesity and severe hypertension on progression of 

cardiorenal syndrome in female ZSF1 rats 

 

Isabel T.N. Nguyen, Jaap A. Joles, Marianne C. Verhaar 

 

Department of Nephrology and Hypertension, University Medical Center Utrecht, the 

Netherlands 

 

Objective: Obesity and hypertension are highly prevalent in patients with chronic kidney 

disease and heart failure (HF) and often exist together. More insight in how these 

comorbidities contribute to disease progression is required to understand pathophysiology of 

cardiorenal syndrome. Therefore, our aim is to dissect the separate contribution of obesity and 

worsening hypertension on progression of cardiorenal syndrome in female ZSF1 rats, a 

hypertensive strain. Based on our previous observations in male ZSF1 rats (Brandt et al. J Cell 

Mol Med. 2019;23:6666-78), we hypothesize that obesity has a more profound effect on 

functional progression of cardiorenal syndrome while hypertension mainly affects fibrosis and 

inflammation in female obese ZSF1 rats.  

Methods: Renal and cardiac function were assessed biweekly in lean and obese female ZSF1 

rats from 12 to 26 weeks of age by urine collection via metabolic cages, plasma collection and 

echocardiography, respectively. From 19 weeks of age, rats were either implanted with a 

deoxycorticosterone acetate (DOCA) pellets and fed a high salt diet (6% NaCl) or with a 

placebo pellet and fed a normal salt diet. At 26 weeks of age, terminal glomerular filtration 

rate (GFR), effective renal plasma flow (ERPF) and sodium reabsorption efficiency (sodium 

reabsorbed per oxygen consumed; TNa/QO2) were assessed under isoflurane. Data were 

corrected for body weight. Renal and cardiac sections were processed for histological 

analysis.  

Results: Obese female rats, both placebo and DOCA+ high salt, were about twice as heavy as 

lean female rats. Obese placebo versus lean rats showed lower GFR, TNa/QO2 and increased 

E/eô, the latter is indicative of HF with preserved ejection fraction. No significant differences 

were observed in systolic blood pressure, proteinuria, ejection fraction and left ventricular 

mass index in placebo obese versus lean rats. DOCA+ high salt markedly increased systolic 

blood pressure in obese but not lean rats even though both obese and lean rats showed much 

higher natriuresis compared to placebo rats. Additionally, DOCA+high salt diet increased 

proteinuria in obese but not lean rats. Cardiac fibrosis was present in obese rats, but was not 

further aggravated by DOCA+ high salt. However, glomerulosclerosis was markedly 

increased by DOCA+high salt in obese but not lean rats. Glomerular and cardiac sections 

stained for macrophages (ED1) and T-cells (CD3) were not different between lean and obese 

placebo rats. DOCA+ high salt increased the number of macrophages in heart, but not kidney 

of obese ZSF1 rats. 

Conclusion: Our results indicate that metabolic (obesity-related) derangements in female 

ZSF1 rats have a profound effect on the development of renal and cardiac dysfunction and 

damage. Worsening of hypertension, via DOCA+ high salt diet, increased proteinuria but did 

not further affect renal and cardiac function in obese female rats. However, 

glomerulosclerosis and cardiac inflammation were aggravated by DOCA+ high salt. Our 

findings suggest that without addressing metabolic risk factors treating hypertension will not 

provide adequate protection in the cardiorenal syndrome. 

  



O5. 

 

Is there a need for routine nephrectomy in asymptomatic patients with ADPKD in the 

work-up for a kidney transplantation? 

 

I.W. Koorevaar1; E. Meijer1; S.P. Berger1; F.D. Inkelaar1; M.R. Jansen1; A.M. Leliveld2; S.J. 

Lohuis1; J.S. Sanders1; P.E. van de Streek1; R.T. Gansevoort1; N.F. Casteleijn2 

 

Dept. Nephrology1 and Urology2, UMC Groningen, The Netherlands  

 

Objective: In some patients with autosomal dominant polycystic kidney disease (ADPKD) 

one or both native kidneys are removed in the work-up for a kidney transplantation. There is 

no consensus in which patients nephrectomy should be performed. Some, especially US based 

centers, advocate to routinely perform a (bilateral) nephrectomy to prevent complications 

associated with the native polycystic kidneys in the post-transplantation period. In the UMC 

Groningen a restrictive approach is pursued. A nephrectomy is only performed in case of 

serious volume related complaints, lack of space for the allograft, recurrent cyst infections, 

persistent cyst bleedings or chronic invalidating pain. We analyzed in a retrospective study 

whether this approach is justified. 

Methods: All patients Ó18 years with ADPKD who received a kidney transplantation in the 

UMC Groningen between January 2000 and December 2018 were reviewed. Data was 

collected on incidence, timing, indication and complications of nephrectomy, as well as on 

kidney transplantation procedure, graft function and mortality. Patients were subdivided into 

three groups: no nephrectomy (no-Nx), nephrectomy performed before (pre-Tx) or after 

kidney transplantation (post-Tx). Patients were followed for at least 18 months after 

transplantation.  

Results: 391 ADPKD patients were included, mean age at transplantation was 54±9 years, 

and 55.2% was male. A nephrectomy was performed pre-Tx in 114 patients (29.2%). Only 30 

patients (7.7%) needed a nephrectomy post-Tx, of which 10 were contralateral nephrectomies 

in patients who also had a nephrectomy pre-Tx. More male patients underwent a nephrectomy 

compared to women (65.7% vs. 34.3%, p=0.003). In case of a post-Tx nephrectomy, the 

median time of intervention after transplantation was 4.4 years. Nephrectomies pre-Tx were 

mostly performed because of a lack of space (53.6%) or recurrent renal cyst infection 

(30.4%), whereas post-Tx this was done most often due to recurrent renal cyst infection 

(54.3%) or severe pain (25.7%). Procedure time of the nephrectomy was slightly longer when 

performed post-Tx (3.1 hours post-Tx vs. 2.6 hours pre-Tx, p=0.052). However, the median 

length of hospital admission was significantly shorter in these patients (6.0 days post-Tx vs. 

10.0 days pre-Tx, p<0.001). Surgery related complication rates did not differ between both 

groups (37.7% pre-Tx vs. 27.0% post-Tx, p=0.3). Overall, trombo-embolic event, e.g. shunt 

occlusion, hemorrhage, hypotension and hernia cicatricalis were observed most frequently. 

Eleven (6.0%) patients were rehospitalized after surgery and no nephrectomy-related death 

were observed. In addition, there was no difference in 10-year patient survival (74.4% pre-Tx 

vs. 80.7% post-Tx vs. 67.6% no-Nx, p=0.4), as well as in 10-year death-censored graft 

survival (84.4% pre-Tx vs. 85.5% post-Tx vs. 90.0% no-Nx, p=0.9). 

Conclusion: This study indicates that only a minority of ADPKD patients need a native 

nephrectomy in the work-up for a kidney transplant. With a restrictive nephrectomy policy, 

only few patients need a nephrectomy after kidney transplantation for indications not to be 

foreseen before the transplantation. Nephrectomy is a relatively safe procedure, even when 

performed in transplanted ADPKD patients where it did not lead to more complications, graft 
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01: 

ȸ-BLOCKERS ARE ASSOCIATED WITH REDUCED MORTALITY IN PATIENTS WITH HEART 
FAILURE WITH REDUCED EJECTION FRACTION AND ADVANCED CHRONIC KIDNEY 
DISEASE: A COHORT STUDY  
Edouard L. Fu1, BSc, Alicia Uijl2,3, MSc, Friedo W. Dekker1, PhD, Lars H. Lund3, MD PhD, 
Gianluigi Savarese3, MD PhD, Juan J. Carrero4, PharmD, PhD 
1 Department of Clinical Epidemiology, Leiden University Medical Center, The Netherlands 
2 Julius Center for Health Sciences and Primary Care, University Medical Center Utrecht, The 
Netherlands 
3 Division of Cardiology, Department of Medicine, Karolinska Institutet, Sweden 
4 Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Sweden 
 
Background: Beta-blockers reduce mortality and morbidity in patients with heart failure (HF) with 

reduced ejection fraction (HFrEF). However, patients with advanced chronic kidney disease (CKD) 

were underrepresented in landmark trials. We evaluated if beta-blockers are associated with improved 

survival in patients with HFrEF and advanced CKD.  

Methods: We identified 3906 persons with an ejection fraction <40% and advanced CKD (eGFR <30 

mL/min/1.73m2) enrolled in the Swedish Heart Failure Registry during 2001-2016. The associations 

between beta-blocker use, 5-year all-cause mortality, and the composite of time to cardiovascular (CV) 

mortality/first HF hospitalization were assessed by multivariable Cox regression. Analyses were 

adjusted for 36 variables, including demographics, laboratory measures, comorbidities, medication 

use, medical procedures, and socioeconomic status. To assess consistency, the same analyses were 

performed in a positive control cohort of 12,673 patients with moderate CKD (eGFR <60-30 

mL/min/1.73m2). 

Results: The majority (89%) of individuals with HFrEF and advanced CKD received treatment with 

beta-blockers. Median (IQR) age was 81 (74-86) years, 36% were women and median eGFR was 26 

(20-28) mL/min/173m2. During 5 years of follow-up, 2086 (53.4%) individuals had a subsequent HF 

hospitalization, and 2954 (75.6%) individuals died, of which 2089 (70.1%) due to cardiovascular 

causes. Beta-blocker use was associated with a significant reduction in 5-year all-cause mortality 

[adjusted hazard ratio (HR) 0.86; 95% confidence interval (CI) 0.76-0.96)] and CV mortality/HF 

hospitalization (HR 0.87; 95% CI 0.77-0.98). The magnitude of the associations between beta-blocker 

use and outcomes was similar to that observed for HFrEF patients with mild/moderate CKD, with 

adjusted HRs for all-cause mortality and CV mortality/HF hospitalization of 0.85 (95% CI 0.78-0.91) 

and 0.88 (95% CI 0.82-0.96), respectively.  

Conclusion: Despite lack of trial evidence, the use of beta-blockers in patients with HFrEF and 

advanced CKD was high in routine Swedish care, and was independently associated with reduced 

mortality to the same degree as HFrEF with moderate CKD.  
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Phase 1/2 Study of Lumasiran, Investigational RNAi Therapeutic, in Patients 
with Primary Hyperoxaluria Type 1 

 
Y. Frishberg1, G. Deschênes2, J. Groothoff 3, S. Hulton4, D. Magen5, J. 
Harambat6, B. Hoppe7, W. Van't Hoff8, D. Milliner9, J. Lieske9, P. Haslett10, S. 
Talamudupula10, D. Erbe10, T. Mcgregor10, P. Cochat11 
 
1Shaare Zedek Medical Center, Jerusalem - Israel, 2Hospital Robert Debre, Paris - 
France, 3Amsterdam UMC, Amsterdam - Netherlands, 4Birmingham Childrens' 
Hospital, Birmingham - United Kingdom, 5Rambam Health Care Campus, Haifa - 
Israel, 6Bordeaux University Hospital, Bordeaux - France, 7University Hospital 
Bonn, Bonn-Germany, 8Great Ormond Street Hospital, London - United Kingdom, 
9Mayo Clinic, Rochester - United States, 10Alnylam Pharmaceuticals, Cambridge - 
United States, 11Université Claude Bernard, Lyon - France 

 
Background: PH1 is a rare recessive disorder characterized by persistent hepatic 
overproduction of oxalate. Oxalate crystalizes with calcium and leads to recurrent 
urolithiasis, nephrocalcinosis, progressive renal failure, and multiorgan damage 
from systemic oxalosis. Lumasiran is an investigational RNAi therapeutic 
specifically designed to decrease oxalate production. The objective is to present final 
results from the Phase 1/2 study of lumasiran. 

 
Methods: This is a Phase 1/2 randomized, placebo-controlled, single-blind, multicenter 
trial, evaluating subcutaneously administered lumasiran, in patients with PH1 Ó6 years 
old, urinary oxalate (UOx) Ó0.7mmol/1.73m2/day, and eGFR >45mL/min/1.73m2. 
Patients received either 3 doses of 1mg/kg or 3mg/kg monthly or 2 doses of 3mg/kg 
every 3 months. One patient in each cohort was randomized to placebo and received 
lumasiran following unblinding. Endpoints include safety and change in 24-hour UOx. 

 
Results: Patients (N=20) had mean age 14.9 years (range: 6ï43); mean baseline 
UOx 1.69mmol/1.73m2/day (range 0.83ï2.97). Interim results showed lumasiran 
was well tolerated, with no discontinuations or drug-related serious adverse events. 
Adverse events (AEs) were reported in 3/3 patients on placebo, 19/20 patients after 
lumasiran. The majority of AEs were mild or moderate in severity and unrelated to 
study drug. Mean maximal reduction in UOx was 75% (range: 43-87%); mean 
reduction 28 days post last dose of lumasiran was 66%. All patients achieved a UOx 
level Ò1.5x upper limit of normal (0.69) and 13/20 patients achieved a UOx level 
within normal limits (Ò0.46). Among patients receiving 3mg/kg doses of lumasiran, 
10/12 achieved a UOx level within normal limits. All patients enrolled in an open-
label extension study for long-term dosing. 

 
Conclusion:  In this Phase 1/2 study, lumasiran demonstrated an acceptable safety 
profile and clinically significant UOx reduction in patients with PH1. A Phase 3 program 
evaluating efficacy and safety of lumasiran in patients with PH1 is ongoing. 

 

 

 

 

 

 

 

 



03: 

TRANSPLANTATION OUTCOMES IN PATIENTS WITH PRIMARY HYPEROXALURIA TYPE I: 
RESULTS OF THE OXALEUROPE DATABASE 

 
E. L. Metry1, S. F. Garrelfs1, G. Rumsby2, B.B. Beck3, M.J.S. Oosterveld1, , P. Cochat4, E. Salido5, 

G. W. Lipkin6, B. Hoppe7, S. Hulton8, L. Collard9, G. Mandrile10, N. Mohebbi11, L. Prikhodina12, R. 

Topaloglu13, J. Bacchetta4, M. J. Kemper14,15, J. Oh14, C. F. Franssen16, J.W. Groothoff1 on behalf 

of the OxalEurope consortium18 

 
Background: 
Primary Hyperoxaluria (PH) type I is a rare inborn error of glyoxylate metabolism characterized by an 
increased endogenous oxalate production, which leads to renal stone formation, nephrocalcinosis and 
ultimately renal failure. While there are new promising treatments on the horizon, organ 
transplantation remains the only definitive solution for patients with PH. For most patients a combined 
liver- and kidney transplantation (CLKT) is recommended, but there is an ongoing debate regarding 
the merits of a sequential liver-kidney transplantation (SLKT) and the use of isolated kidney 
transplantation (KTx) for patients who respond well to pyridoxine. Data on long-term outcome, 
treatment policies and associations between possible predicting factors (e.g. plasma oxalate) and 
outcome are missing.  
 
Methods:  
We retrospectively collected data from the OxalEurope registry, which now contains data on more than 
1100 PH1 patients from 23 European countries. OxalEurope is an international, European network of 
specialists involved in the treatment and research of PH. For this study data of nine European 
countries were included. PH1 patients were selected based on transplant status (e.g. kidney, liver or 
both).  
  
Preliminary results:   
We have analyzed data on 308 transplantations in 222 PH1 patients, some additional data will be 
added soon. In most cases, the first transplant was a CLKT (n = 113), followed by an isolated KTx (n = 
81), a SLKT (n = 22) and a pre-emptive liver transplant (n = 6). Transplantation took place between 
1974 and 2019. Median (range) age at time of transplantation was 16.5 years (0.6 ï 69.6). A second 
transplant was needed in 70 cases, most often an isolated kidney transplant (n = 34). Median duration 
of follow up was 7,0 years. Five-year patient survival and kidney graft survival were 79% and 76%, 
respectively, for SLKT, 79% and 63% for CLKT and 78% and 27% for isolated KTx. Ten-year kidney 
graft survival rates were 53% for CLKT and 13% for isolated kidney transplants. Overall, kidney graft 
survival was superior in patients who received a CLKT compared to isolated kidney recipients (p < 
0.001). Differences between a combined and sequential procedure were not statistically significant (p 
= 0.699). Separate analyses in pyridoxine responsive patients yielded a similar kidney graft survival in 
CLKT and isolated KTx (p = 0.694) with a trend of better patient survival in isolated kidney recipients.  
 
Conclusion:  
Our results showed that liver-kidney transplantation remains the transplantation modality of choice in 
pyridoxine unresponsive PH1 patients with severe renal failure. We found no apparent advantage of 
SLKT over CLKT with respect to outcome. In pyridoxine responsive PH1 patients with renal failure, a 
solitary KTx seems a save option. Data analysis of the complete dataset will be completed before the 
congress, including the association between possible predicting factors and the occurrence of kidney 
graft failure.  
 

1. Department of Pediatric Nephrology, Emma Childrenôs Hospital, Amsterdam UMC, University 
of Amsterdam, Amsterdam, The Netherlands 

2. Department of Clinical Biochemistry, University College London Hospitals, London W1T 4EU, 
UK 

3. Institute of Human Genetics, Center for Molecular Medicine Cologne (CMMC), and Center for 
Rare and hereditary Kidney Disease (ZSEN) Cologne, University Hospital of Cologne, 
Cologne, Germany 

4. Department of Pediatric Nephrology, Hospices Civils de Lyon and University de Lyon, Lyon, 
France 



5. Department of Pathology, Centre for Biomedical Research on Rare Diseases (CIBERER) 
Hospital Universitario Canarias, Universidad La Laguna, Tenerife, Spain. 

6. Department of Nephrology, University Hospitals Birmingham NHS Foundation Trust, 
Birmingham, UK. 

7. Department of Pediatric Nephrology, Childrenôs Hospital of the University of Bonn, Bonn, 
Germany 

8. Department of Nephrology, Birmingham Childrenôs Hospital NHS Foundation Trust, 
Birmingham, UK 

9. Department of Pediatric Nephrology, CHU Liège, 4000 Liège, Belgium. 
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12. Department of Inherited and Acquired Kidney Diseases, Research Clinical Institute for 

Pediatrics, Pirogov Russian National Research Medical University, Moscow, Russia. 
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Turkey 
14. University Children's Hospital, Pediatric Nephrology, University Medical Center Hamburg-

Eppendorf, Hamburg, Germany 
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CLASSICAL PATHWAY ACTIVATION IN A PATIENT WITH LIGHT CHAIN 

DEPOSITION DISEASE AND ANGIOEDEMA 

Kathleen Claes1, Michel Delforge2, Hanna Peeters1, Thea van der Velden3, Joop 

Goertz4, Bert van den Heuvel3,4,5, Elena Volokhina3,4  

1Departments of Nephrology and 2Hematology, University Hospitals Leuven, 

Belgium; 3Department of Pediatrics and 4Laboratory Medicine, Radboud university medical 

center, Nijmegen, The Netherlands; 5 Department of Pediatric Nephrology and Department of 

Growth and Regeneration, University Hospitals Leuven, Belgium. 

Introduction:  B-cell lymphoproliferative disorders are often associated with acquired 

angioedema (AAE). In particular, paraproteins have been suggested to play a role in 

pathogenesis via activation of classical pathway (CP) and depletion of C1 inhibitor. Serum 

analyses of C1 inhibitor and C4 are important in the diagnosis of AAE. Here we describe a male 

patient with light chain deposition disease (LCDD), renal insufficiency and angioedema. Initial 

laboratory workup revealed increased concentrations of monoclonal serum IgG lambda (20 g/L; 

normal 8 Ȥ 16), lambda free light chains (196 mg/L; normal 10 Ȥ 34) and normal functional and 

quantitative testing of C1 inhibitor. C1 inhibitor complex was not increased (22 CAU/mL; 

normal <56), however C4d (430 CAU/mL; normal <164) and other complement activation 

markers (C3bBbP (31 CAU/mL; normal <15), C3bc (31 CAU/mL; normal <12) and sC5b-9 

(2.0 CAU/mL; normal <0.5)) were strongly elevated. We further investigated whether 

paraprotein could have caused CP activation in this patient, despite conflicting results of C1 

inhibitor and C4d and downstream markers.  

Results: We purified paraprotein-containing immunoglobulin (Ig) fraction from patient plasma 

using Protein A/G column. When incubated with normal human serum (NHS), Ig from the 

patient induced a profound time-dependent generation of both C1 inhibitor complex and C4d, 

while these markers in NHS and NHS supplemented with Ig from pooled normal plasma did 

not increase. Furthermore, generation of alternative pathway markers C3bBbP, C3bc and sC5b-

9 in the presence of patient Igs was also more pronounced. 

Conclusion: Our results indicate that paraprotein in the LCDD patient with angioedema causes 

activation of CP. This may lead to the local C1 inhibitor consumption which was not reflected 

in initial laboratory workup  and via this way contribute to AAE and possibly renal damage in 

this patient. Analysis of purified Ig may provide evidence for the role of paraproteinemia in 

pathogenesis of AAE with initially normal C1 inhibitor tests and facilitate choice of treatment. 
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SP1. 

 

CRISPR-Cas9-based endogenous loci tagging of nephronophthisis gene NPHP5 (IQCB1) 

to study its specific interactome in high resolution 

 

Ideke J.C. Lamers1,2, Filine van den Bosch1,2, Kim Klarenaar1,2, Lisa Elze1,2, Marius 

Ueffing3, Karsten Boldt3, Ronald Roepman1,2 

 

1. Department of Human Genetics, Radboud University Medical Center, Nijmegen, The 

Netherlands; 2. Radboud Institute for Molecular Life Sciences, Radboud University Medical 

Center, Nijmegen, The Netherlands; 3. Center of Ophthalmology, Institute for Ophthalmic 

Research, University of Tübingen, Tübingen, Germany 

 

Objective: Mutations in NPHP5/IQCB1 cause hereditary cystic kidney disease or 

nephronophthisis (NPHP), a ciliopathy that results in End Stage Renal Disease (ESRD) early 

in life. A cure does not exist besides kidney transplantation, and the molecular mechanism of 

NPHP is still debated. Studying the protein-protein interaction network of NPHP proteins as 

IQCB1 will provide mechanistic insights that are essential for therapy development. Although 

several proteins were found to interact with IQCB1, these affinity studies were likely 

compromised by artificial IQCB1 overexpression that could dramatically affect protein 

complex stoichiometry, structure, and function. This conceptual limitation has rendered a 

detailed function of IQCB1 elusive to date. We hypothesize that affinity proteomics of 

epitope tagged endogenous IQCB1 using CRISPR-Cas9 technology, would yield more 

accurate data on the IQCB1 protein complex constitution and is therefore indispensable to 

understand the associated disease mechanisms and identify therapeutic targets. 

Methods: In this study, we deployed CRISPR-Cas9 mediated Homology Directed Repair 

(HDR) of the IQCB1 locus, to fuse it in-frame with a fragment encoding the miniTurboID 

proximity labeling tag. This enabled proximity proteomics followed by mass spectrometry, as 

well as epitope tag-directed immunocytochemistry in HEK293T cells. Comparison to several 

Tandem Affinity Proteomics (TAP) datasets of both transiently and stably expressed IQCB1 

in HEK293T cells pinpoints the specific IQCB1 interactome and demonstrates the power of 

this novel endogenous tagging approach. 

Results: The endogenously expressed miniTurboID-tagged IQCB1 protein shows a 

considerably lower expression level and exclusive localization at the centrosomes and ciliary 

basal bodies. This is comparable to antibody-based localizations and very different from 

transient IQCB1 overexpression, that results in a near ubiquitous distribution throughout the 

cytosol. The MiniTurboID-proximity labeling dataset of endogenously tagged IQCB1 

demonstrates an enhanced detection of bona fide interactions compared to transient- or stable 

overexpression datasets generated with TAP. 

Conclusion: Ectopic overexpression of IQCB1 disperses its cellular localization and perturbs 

its molecular interaction pattern in cultured mammalian cells. Utilizing endogenous loci 

tagging in cell models of renal ciliopathies will provide much more accurate and powerful 

tools to study the specific molecular mechanisms of disease that will support NPHP-therapy 

development. 

  



SP2. 

 

A novel method for multiplex quantitation of kidney injury biomarkers  

T.T. van Duijl,  L.R. Ruhaak, N.P.M. Smit, C.M. Cobbaert 

 

Department of Clinical Chemistry and Laboratory Medicine, Leiden University Medical 

Center, Leiden, The Netherlands 

 

Objective: Acute Kidney Injury (AKI) contributes to patient morbidity and mortality and 

requires stringent patient monitoring. Previously, four main unmet clinical needs in clinical 

care pathways were identified among clinicians: (1) early diagnosis of in-hospital AKI  in 

medical and surgical patients, (2) risk stratification for kidney injury prior to a scheduled 

intervention, (3) diagnosis of intrinsic kidney injury in patients treated with potentially 

nephrotoxic compounds and (4) diagnosis of the onset and recovery of intrinsic kidney injury 

in patients with a chronic kidney disease or a kidney transplant. To target these unmet clinical 

needs, a biomarker panel was composed for early kidney injury diagnosis with sensitivity 

towards the aetiology of injury. We here aim to develop and validate an analytical method for 

multiplex quantitation of kidney injury biomarkers in urine. 

Methods: Spot urines from healthy donors were collected, deidentified, centrifuged and 

stored at -80ęC until analysis. Target proteins were immunocaptured from 150 ÕL urine, 

denatured, reduced, alkylated and enzymatically digested into peptides prior to liquid 

chromatography coupled to mass spectrometry (LC-MS) analysis. Stable-isotope labelled 

peptides were added as internal standard and calibrators were developed to obtain results in 

nmol/L. The instrument and assay performance were monitored by system suitability testing 

and quality controls (QCs).   

Results: The kidney injury biomarkers KIM-1, NGAL, TIMP-2, IGFB7, CXCL9, TGF-ɓ1 

and kidney tissue-enriched proteins nephrin (glomeruli), SLC22A2, cubilin (proximal 

tubules), calbindin (distal tubules) and Tamm-Horsfall glycoprotein (Loop of Henle) were 

included in the method. The within- and between-run analytical CVs were <7% and carryover 

was <1%. The combination of immunocapture with LC-MS resulted in analytical linearity (r 

Ó 0.97) and an excellent signal to noise ratio (>100). The total analytical quantitation range 

was 0.05 ï 30 nmol/L (± 1 ï 700 ɛg/L).   

Conclusion: We here present an analytical method for robust and multiplex quantitation of 

kidney injury biomarkers and kidney-tissue enriched proteins in urine. We now aim to 

establish reference values of the here proposed biomarkers in healthy individuals and evaluate 

the clinical performance of this biomarker panel in diverse patient populations. This multiplex 

laboratory developed test may enable early and specific diagnosis of kidney injury. 

  



SP3. 

 

Diagnosis of AKI  using Iohexol in critically ill children and neonates: preliminary 

results of  the HERO study 

NJL Smeets1, E Teunissen1, E Teesselink1, DE Linders1, C Tondel2, R ter Heine3, A van 

Heijst4, MF Schreuder5, SN de Wildt1,6 

 

1: Department of Pharmacology & Toxicology, Radboudumc, Nijmegen, The Netherlands; 2: 

Department of Pediatrics, Haukeland University Hospital, Bergen, Norway; 3: Department of 

Pharmacy, Radboudumc, Radboud Institute for Health Sciences, Nijmegen, The Netherlands.; 

4: Department of Neonatology, Amalia Children's Hospital, Radboud Institute for Health 

Sciences, Radboudumc, Nijmegen, Netherlands.; 5: Radboud Institute for Molecular Life 

Sciences, Department of Pediatric Nephrology, Radboudumc Amalia Children's Hospital, 

Nijmegen, the Netherlands; 6: Intensive Care & Department of Pediatric Surgery, Erasmus 

MC Sophia Children's Hospital, Rotterdam, The Netherlands. 

 

Objective: Up to 35% of all children admitted to the paediatric or neonatal intensive care unit 

will develop acute kidney injury (AKI) within the first week after admission. AKI is 

associated with a poor outcome, including an increased risk of mortality which emphasizes 

the importance of an early diagnosis. However, this prevalence is based on estimation of 

glomerular filtration rate (eGFR), based on serum creatinine, which is known to be inaccurate 

and may reflect an overestimation of GFR in this population.  Iohexol is an exogenous marker 

that can be used to accurately measure GFR. Based on findings in critically ill adults, we 

aimed to test our hypothesis that AKI prevalence will be higher in critically ill children when 

using measured GFR (mGFR) based on iohexol clearance, than eGFR based on serum 

creatinine and to attest agreement between methods.  

Methods: Paediatric and term-born neonatal Intensive Care Unit (ICU) patients aged 0-18 

years with at least one failing organ (PELOD-II -score Ó1) were included. mGFR was 

calculated using a two or three-point plasma disappearance curve after single injection of 

iohexol; the number of sampling points was depended on body weight. In parallel, the 

endogenous marker serum creatinine was determined. eGFR was calculated using the bedside 

Schwartz equation (40*height(cm)/serum creatinine(µmol/L). Patients were diagnosed with 

AKI when creatinine values were greater than mean age specific reference values +1SD. For 

eGFR and mGFR, AKI was diagnosed when values were above 150% of median age specific 

reference values. Agreement between methods was determined using Cohenôs Kappa and 

Bland Altman plots. 

Results: Forty patients, 19 neonates (median age 2 (range 1-21) days) and 21 children 8 (0-

17) years old, with a median PELOD-II -score of 5 (2-8) were included. For 38 patients mGFR 

could be calculated. AKI frequently occurs at the PICU and NICU with prevalences varying 

between 5 and 48% depending on the method used (table 1). There was moderate agreement 

between diagnosis of AKI using mGFR versus eGFR (Kappa 0.593) and creatinine (Kappa 

0.567). 

Bland Altman plots show 

substantial agreement between eGFR 

and mGFR when eGFR-values are 

below 70 ml/min/1.73m2. At higher 

values, the inaccuracy of GFR 

estimates increased.  

Conclusion: Our preliminary data do 

not support our hypothesis that more patients will be diagnosed with AKI using iohexol based 

Marker  PICU NICU Total 

Creatinine 47.7 21.1 34.2 

eGFR (bedside 

equation) 

47.4 5.3 26.3 

mGFR (iohexol 

based) 

42.1 10.5 26.3 

Table 1: Prevalence of AKI based on different markers (%) 



mGFR. The greater agreement between eGFR and mGFR in the lower than the higher GFR 

ranges was surprising and not well understood. These data are now being further explored in a 

larger patient cohort. 
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Acute Kidney Injury in Covid -19: An Intriguing Combination of Extreme Sodium 

Retention and Proximal Tubular Damage 

 

Ties IJzermans, MD1, Tim Frenzel, MD2, Henk W. van Hamersvelt, MD PhD1 
 

1Departments of Nephrology and 2Intensive Care Medicine, Radboud University Medical 

Centre, Nijmegen, the Netherlands. 

 

Objective: COVID-19 caused by SARS-CoV-2 induces AKI in a substantial proportion of 

the patients admitted to the ICU. However published reports on the type and cause of renal 

manifestations vary highly. During the SARS-CoV-2 epidemic in the Netherlands we aimed 

to shed light on the cause of the AKI in a cohort of unselected patients with SARS-CoV-2 

induced AKI in our ICU.   

Methods: From March 1st up till April 30th we prospectively and systematically collected 

blood and urine samples in SARS-CoV-2 patients at the time that they developed AKI on the 

ICU and during follow-up until discharge from the hospital. Furthermore, in four out of eight 

SARS-CoV-2 patients who died on our ICU, we were able to perform postmortem kidney 

biopsies that enabled us to correlate our clinical findings to pathological data.  

Results: In a total of 20 SARS-COV-2 patients who developed AKI during admission on our 

ICU, we observed often extreme sodium retention (median fractional sodium excretion of 

0.43% (0.18 ï 0.79%)) and consequently frequently encountered hyperkalemia (>5.5 mmol/L 

in 6 patients) disproportional to the degree of renal insufficiency. Of note, alfa1-

microglobulin to creatinine ratio, a marker for tubular injury, was also significantly and 

markedly elevated in all patients (median 220 (99 ï 401) mg/10 mmol). Postmortem kidney 

biopsies showed extensive proximal tubular damage without evidence of any significant 

kidney injury otherwise. 

Conclusion: In SARS-CoV-2 patients developing AKI during admission on the ICU, we 

observed a remarkable and typical combination of often severe sodium retention, very high 

urinary excretion of alfa1-microglobulin, and pronounced proximal tubular damage in 

postmortem kidney biopsies. This combination of findings might be explained by severe 

vasoconstriction in afferent glomerular arterioles as a consequence of the protrombotic 

environment and endothelial damage in severe cases of Covid-19. 
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Objective: Patients with cardiovascular disease (CVD) are at increased risk of developing 

chronic kidney disease and end-stage kidney disease (ESKD). Insights in the incidence and the 

role of modifiable risk factors for ESKD may provide means for ESKD prevention in patients 

with various locations of CVD. Therefore, the objective of this study was to determine 

incidence of ESKD in patients with clinically manifest CVD and to assess the relation 

between risk of ESKD and modifiable risk factors for kidney disease in this high-risk 

population. 

Methods: We included 8402 patients from the ongoing prospective UCC-SMART cohort 

(1996 ï 2018) with stable clinically manifest CVD. Incidence rates (IR) for ESKD were 

determined and presented after stratification according to vascular disease location. Cox 

proportional hazard models were used to assess the risk of ESKD for every determinant 

adjusted for confounders. 

Results: A total of 65 events of ESKD were observed in 75,131 person-years (median follow-

up 8.6 years, IQR 4.7-12.8). The overall IR of ESKD was 0.9/1000 person-years. The IR was 

lower in patients with only cerebrovascular (IR 0.6/1000 person-years) or only coronary artery 

disease (IR 0.6/1000 person-years), and higher in patients with peripheral artery disease (IR 

1.2/1000 person-years) or polyvascular disease (IR 1.8/1000 person-years). Current smoking 

(HR 1.87; 95%CI 1.10-3.19), presence of type 2 diabetes (HR 1.81; 95%CI 1.05-3.14), higher 

systolic blood pressure (HR 1.37; 95%CI 1.24-1.52 per 10 mmHg), lower estimated glomerular 

filtration rate (eGFR) (HR 0.36; 95%CI 0.31-0.42 per 10 mL/min/1.73m2) and higher urine 

albumin/creatinine ratio (uACR) (HR 1.20; 95%CI 1.16-1.24 per 10 mg/mmol) were associated 

with an elevated risk of ESKD. Body mass index (HR 1.17; 95%CI 0.85-1.60 per 5 kg/m2), 

waist circumference (HR 1.12, 95%CI 1.00-1.25), non-HDL-cholesterol (HR 1.12; 95%CI 

0.94-1.34) and exercise (HR 1.00, 95%CI 0.93-1.07 per 10 MET hours per week) were not 

associated with risk of ESKD.  

Conclusions: The incidence of ESKD in patients with vascular disease varies according to 

vascular disease location and is higher in patients with peripheral artery disease or polyvascular 

disease. Risk factors for development of ESKD include the modifiable risk factors smoking, 

type 2 diabetes, low eGFR, high uACR and systolic hypertension highlighting the importance 

and possibility of ESKD prevention in patients with stable clinical manifest vascular disease. 
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Background & Aims:  Observational studies have shown associations of magnesium with 

risk for several clinical outcomes in chronic kidney disease (CKD) of variable magnitude. The 

aim of this review is to provide a systematic overview and meta-analysis of longitudinal 

studies assessing the association of plasma magnesium concentration with clinically relevant 

outcomes in adult patients with chronic kidney disease, with a minimal follow-up of 6 

months. Primary outcomes of interest were all-cause mortality, cardiovascular mortality, 

cardiovascular events, sudden death and hospitalisation.  

Methods: The electronic databases PubMed, Embase and The Cochrane Library were 

searched using terms relating to plasma magnesium and CKD patients, and two authors 

independently selected eligible studies. Study quality was assessed according to the 

Newcastle-Ottawa Scale. Results of studies with a comparable magnesium exposure and 

outcome measure, were pooled using a random-effects meta-regression analysis.  

Results: The search yielded 5641 records of which 27 studies, involving 336272 patients, met 

the eligibility criteria. Finally, 16 studies could be included in the meta-analysis. Higher 

magnesium was associated with a lower risk for all-cause mortality (HR 0.90 [0.86-0.94] per 

0.1 mmol/L increase of magnesium) and cardiovascular mortality and events (HR 0.83 [0.73-

0.94] per .1 mmol/L).  

Conclusions: Magnesium concentration is inversely associated with all-cause mortality and 

cardiovascular mortality and events. Therefore, increasing magnesium may improve risk in 

patients with chronic kidney disease. This meta-analysis forms a firm base for future 

prospective trials to test whether increasing plasma magnesium, indeed has beneficial effects 

on clinical outcomes.  
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Objective: Unilateral ureteropelvic junction obstruction (UPJO) is a frequent birth defect 

which can lead to long term kidney injury. However, there is no reliable way to predict the 

risk of kidney injury in children with UPJO. Compensatory hypertrophy is a mechanism 

commonly observed in children with a solitary functioning kidney which seems associated 

with a lower risk of kidney injury in these patients. Although it is likely that compensatory 

hypertrophy also occurs in UPJO, it is unknown whether the amount of hypertrophy is 

associated with the amount of function loss in the affected kidney. Therefore, we set out to 

study the relationship between split kidney function (SF) and contralateral kidney length in 

patients with an UPJO at two moments in time, being at initial presentation and end of follow-

up. 

Methods: We retrospectively analysed renograms and ultrasounds from children with an 

UPJO who participated in the AGORA data- and biobank. Data on SF from renograms and 

kidney length from ultrasound were extracted from electronic patient records. Pearsonôs 

correlation coefficients between SF and age corrected length of the unaffected kidney were 

calculated at initial presentation and at end of follow-up. Multivariable logistic regression 

analyses were performed with length of the unaffected kidney as outcome to identify other 

associated factors.  

Results: A total of 102 children were analysed. There was no correlation between SF and 

kidney length at initial presentation (r=0.11). However, in patients with more severe unilateral 

function loss (SF<30%), there was correlation with initial kidney length (r=0.40). Correlation 

was stronger with kidney length at end of follow-up (0.44 and 0.55, respectively). Besides SF, 

age and birth weight were significant determinants of the length of the unaffected kidney. Due 

to a limited number of patients with kidney injury during follow-up, no valid conclusions 

about the risk of kidney injury could be drawn from this study.  

Conclusions: Compensatory hypertrophy of the unaffected kidney can occur at an early stage 

in children with unilateral UPJO and a severe kidney function loss. In children with mild 

kidney function loss, hypertrophy occurs mainly at a later stage during follow-up. When the 

implications of compensatory hypertrophy are better known, this could help predicting the 

individual risk of kidney injury in children with UPJO.     
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Objective: Currently, over 6200 end-stage kidney disease (ESKD) patients in the Netherlands 

are treated with dialysis, either in hospital with haemodialysis (ICHD) or at home, where the 

majority is treated with peritoneal dialysis (PD). ESKD and dialysis treatment are associated 

with high morbidity, frequently resulting in hospitalisation. However, studies comparing 

hospitalisation between different dialysis modalities report conflicting results and no studies 

in Dutch dialysis patients have been conducted. Therefore, the aim of this study was to 

compare hospitalisation between PD and ICHD patients in the Netherlands. 

Methods: The Dutch nOcturnal and hoME dialysis Study To Improve Clinical Outcomes 

(DOMESTICO) retrospectively collected hospitalisation data of ESKD patients who started 

dialysis treatment between 2012 and 2017. Eligible patients were patients with a minimum 

dialysis treatment duration of 3 months. Groups were defined based on the dialysis modality 

(i.e. PD or ICHD) 3 months after dialysis initiation. Primary outcome was hospitalisation rate. 

Secondary outcomes were time to first hospitalisation and length of hospitalisation. Groups 

were compared with an independent samples t-test or MannïWhitney U test, where 

appropriate. Time to first hospitalisation was analysed with Cox regression analysis with 

adjustment for potential confounders.  

Results: In total, 252 PD and 443 ICHD patients from 31 Dutch dialysis centres were 

included. Baseline characteristics of the groups were comparable, apart from a lower dialysis 

vintage and a slightly lower comorbidity score in the PD group. Median dialysis duration of 

PD and ICHD patients was 19.1 [IQR 10.4 ï 30.5] and 23.6 [11.7 ï 38.6] months, 

respectively. For PD patients, median hospitalisation rate was 1.0 [0 ï 2.2] times per patient-

year with a median hospitalisation duration of 5.0 [0 ï 15.7] days per patient-year, while for 

ICHD patients hospitalisation rate was 0.5 [0 ï 1.8] times per patient-year with a median 

hospitalisation duration of 2.1 [0 ï 11.1] days per patient-year. All differences between PD 

and ICHD were statistically significant. Cox regression analysis showed a significant 

difference in time to first hospitalisation with an adjusted hazard ratio of 1.44 (95% CI 1.18 - 

1.75) for PD patients compared to ICHD patients. 

Conclusion: PD was associated with a higher hospitalisation rate, longer hospitalisation 

duration, and shorter time to first hospitalisation compared to ICHD. Further research is being 

done into the cause of these hospitalisations. 
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Objective: Dialysis patients are often prescribed a large number of medications to improve 

metabolic control and manage co-existing comorbidities. However, studies have shown that 

these medications could also detrimentally affect their health-related quality of life (HRQoL). 

Therefore, this study aims to provide insight in the associations between the number of 

medications and different aspects of HRQoL in dialysis patients. 

Methods: A cross-sectional study was conducted among dialysis patients from seven Dutch 

dialysis centres, both academic and non-academic, as part of the prospective DOMESTICO 

study, three months after initiation of dialysis. The number of medications was obtained from 

electronic patient records. Primary outcomes were Physical Component Summary (PCS) 

score and Mental Component Summary (MCS) score (range 0-100), measured by Short-Form 

12. Secondary outcomes were number of symptoms (range 0-30) and self-rated health (range 

0-100) measured by Dialysis Symptoms Index and visual analogue scale of the EuroQol-5D-

5L, respectively. Data were analysed using linear regression and adjusted for possible 

confounders, including comorbidity. If assumptions of linearity were violated, participants 

were categorised in tertiles according to their number of medications. 

Results: A total of 162 participants were included. Mean age of participants was 59.4 ± 16.5 

years, 35% were female, and 80% underwent haemodialysis. The mean number of 

medications was 12.2 ± 4.5. Mean PCS and MCS were 36.5 ± 10.2 and 46.8 ± 10.0, 

respectively. The mean number of symptoms was 12.1 ± 6.7 and mean self-rated health 60.8 ± 

20.7. In adjusted analyses, PCS was 0.59 point lower (p<0.01) and self-rated health 1.47 point 

lower (p<0.01) for each medication. MCS score was 4.91 point lower (p=0.01) and number of 

symptoms 4.06 higher (p<0.01) for participants in the highest tertile of number of medications 

compared to the lowest tertile.   

Conclusion: After adjustment for comorbidity and other confounders, a higher number of 

medications was associated with lower PCS, MCS, and self-rated health in dialysis patients 

and more symptoms. This suggests that it may be relevant to weigh expected therapeutic 

benefits of medication against their possible harmful effects on HRQoL. 
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Objective: The coronavirus disease 2019 (COVID-19) pandemic has a major impact 

worldwide, including the Netherlands. Studies have shown increased stress, anxiety and 

depression levels among different populations during the COVID-19 pandemic. The effect of 

COVID-19 on the mental health of patients with chronic conditions has been investigated in 

several studies. However, data on the impact of the COVID-19 pandemic on the mental health 

of dialysis patients are lacking. The aim of this study is to investigate the effects of the 

COVID-19 pandemic on the mental health of dialysis patients in the Netherlands. 

Methods: Patient Reported Outcome Measures from the ongoing prospective DOMESTICO 

study were used to compare the mental health of dialysis patients before and during the 

COVID-19 pandemic. February 27th to July 1st was established as the period during the 

COVID-19 pandemic. Patients who filled in a questionnaire during the pandemic and six to 

three months prior were included in this study. To evaluate the mental health status, we used 

the Mental Component Summary (MCS) score measured by the Short Form 12 (SF-12) and 7 

mental-health related symptoms of the Dialysis Symptom Index (DSI). Data were analyzed 

using longitudinal linear regression with adjustment for possible confounders, including 

comorbidity. A Chi-square test was used to compare the presence of mental-health related 

symptoms during the COVID-19 pandemic with the period prior to COVID-19. 

Results: A total of 177 patients were included; mean age of the study population was 64.9 ± 

11.5 years and the majority was male (63%). The mean MCS score prior to COVID-19 was 

48.1 ± 10.2, and 49.0 ± 10.0 during the COVID-19 pandemic. The adjusted mean MCS score 

was 0.8 point (95% CI -0.8 ï 2.4, p-value 0.3) higher during the COVID-19 pandemic than 

during the period prior to the COVID-19 pandemic. Furthermore, no difference in the 

presence of the following mental-health related symptoms was found during the COVID-19 

pandemic: feeling anxious, feeling sad, feeling nervous, worrying, tiredness, trouble staying 

asleep and trouble falling asleep. However, patients did comment on the questionnaire that 

they experienced feelings of isolation, feelings of fear to contract the virus and that they 

needed more help from caregivers.  

Conclusion: The mental health of dialysis patients appears to be unaffected by the COVID-19 

pandemic. However, the COVID-19 period could also be too short to have any effect on 

mental health and the MCS score might not be sensitive enough to detect differences in time. 

A possible explanation for our findings could also be that dialysis patients already have a lot 

to endure which allows them to be able to deal better with such situations. 
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Introduction 

The vasopressin V2 receptor antagonist tolvaptan is the first drug that was proven to ameliorate 

kidney function decline in ADPKD. Blockade of the vasopressin V2 receptor, however, also results in 

nephrogenic diabetes insipidus (NDI), limiting its clinical use. Hydrochlorothiazide (HCT) is an 

established treatment in NDI, but has never been tested in combination with with tolvaptan. 

Importantly, this combination could cause electrolyte disturbances, and HCT treatment could 

theoretically increase vasopressin, which might accelerate ADPKD disease progression. Recently, 

metformin has been shown to ameliorate aquaresis in an animal model of NDI, but has never been 

investigated for this indication in humans. We aimed to investigate efficacy and safety of 

hydrochlorothiazide and metformin treatment to ameliorate the aquaretic side-effects of tolvaptan.  

Methods 

This is an investigator driven, double-blind, randomized, controlled cross-over trial. ADPKD patients 

were eligible for inclusion if they were 18-55 years of age, had an eGFR Ó 30 mL/min/1.73m2 and were 

treated with a stable dose of tolvaptan. Patients were treated for three 2-week periods with HCT 25 mg 

(12.5 mg in the first week) , metformin 2000 mg (1000 mg in the first week) or placebo (half dose in the 

first week), in random order. Primary outcome was change in 24-hour urine volume (average of 2 

collections) compared to baseline. Key secondary outcomes were measured GFR (mGFR), plasma 

copeptin (the stable precursor of vasopressin), quality of life and electrolytes. 

Results 

All 13 patients that were included were able to complete every treatment period in the trial. Their mean 

age was 45±8 years, 54% was female and mGFR was 55±11 mL/min/1.73m2 (Table).  At baseline 

urine volume was 6.9±1.4 L/24h. On HCT treatment urine volume decreased with -25±13% (p<0.001) 

and on metformin with -22±10% (p<0.001). Metformin treatment induced no change in mGFR and 

copeptin compared to baseline. During HCT treatment however, both mGFR and copeptin were lower 

(p=0.002 and p=0.001, respectively). There were no adverse events that required dose reductions. 

Quality of life was found to be equal on metformin and borderline better (p=0.06) on HCT treatment 

when compared to tolvaptan only. Plasma sodium was similar during all three treatment periods. 

Plasma potassium was significantly lower during HCT treatment (p=0.01), but in only three cases mild 

hypokalemia was noted (plasma potassium 3.0-3.5 mmol/L). 

Conclusion 

This is the first study to show that metformin can ameliorate aquaresis in NDI, and that HCT improves 

tolvaptan-caused NDI. Both treatments were well tolerated and safe during short-term use. The fact 

that copeptin is not increased suggests that these treatments will not negatively impact renoprotection 

by tolvaptan. These data provide an evidence base to test metformin and especially HCT in a real life 

setting to improve aquaresis and tolerability in patients with tolvaptan induced NDI. 
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Introduction Predicting disease progression in autosomal dominant polycystic kidney disease 

(ADPKD) patients poses a challenge, especially in early stage disease when renal function is not yet 

affected. The ongoing cyst growth causes the urine concentrating capacity to decrease from early on 

in the disease. We therefore hypothesized that the urine-to-plasma urea ratio (UPU ratio), which is 

assumed to be surrogate for maximal urine concentrating capacity, can be used as marker to predict 

disease progression in ADPKD.  

Methods The UPU ratio was calculated by dividing urea concentration in a fasting morning spot urine 

sample by plasma urea concentration adjusted for plasma creatinine concentration. First, we validated 

the UPU ratio in 30 ADPKD patients who underwent a prolonged water deprivation test to measure the 

maximal urine concentrating capacity. Thereafter, the association of the UPU ratio with renal outcome 

was evaluated in 583 ADPKD patients participating in the DIPAK observational cohort (inclusion 

criteria: age>18 years, eGFR >15 mL/min/1.73m2, no concomitant diseases affecting eGFR, without 

V2 receptor antagonist prescription).  

Results In the water deprivation test participants (n=30), the UPU ratio was strongly correlated with 

maximal urine concentrating capacity (R = 0.67, p<0.001). This association remained significant after 

correcting for sex, age, height adjusted total kidney volume (htTKV) and eGFR (st. ɓ = 0.53, p = 

0.007). In these subjects maximal urine concentrating capacity as well as UPU ratio were associated 

with the rate of eGFR decline during a median follow-up of 6.3 yr (12 eGFR assessments per patient) 

assessed using linear mixed modeling, also when corrected for sex, baseline age and eGFR (ɓ = 

0.009, p = 0.04, and ɓ = 5.56, p<0.001, resp.). We subsequently corroborated in the larger DIPAK 

observational cohort (n=583, 58% female, mean age 47 yr median eGFR 60 mL/min/1.73m2 and 

htTKV 898 ml/m), that the UPU ratio was significantly associated with rate of eGFR decline during a 

median follow-up of 4.0 yr (6 eGFR assessments per patient): ɓ = 0.23, p = 0.005. This association 

remained significant when corrected for sex, baseline age and eGFR (ɓ =  0.32, p<0.001) and even 

when additionally corrected for Mayo class, PDK mutation and copeptin (ɓ = 0.40, p <0.001). Stepwise 

backward multivariate regression analysis resulted in a final model including the UPU ratio, PKD 

mutation, Mayo Class and copeptin. Cox survival analysis showed that a lower baseline UPU ratio 

(indicating less urine concentrating capacity) was significantly associated with a higher risk to develop 

the combined renal endpoint of incidence of start of kidney replacement therapy, eGFR <15 

mL/min/1.73m2 or eGFR decrease >40% during follow-up (adjusted Hazard Ratio per SD = 1.39, p = 

0.007). Limiting the aforementioned analyses to the subgroup of patients with relative early stage 



disease (n=122, age <40 yr and eGFR >60 mL/min/1.73m2) rendered essentially similar results, with 

an adjusted ɓ for UPU ratio in the final model of 0.33 (p = 0.04). In this subgroup with a limited number 

of events (N=10), Cox survival analysis did not reach formal significance (adjusted HR per SD: 2.67, p 

= 0.055).    

Conclusion The UPU ratio, which is calculated from routine laboratory measurements, predicts renal 

prognosis in ADPKD in addition to other, more laborious to measure and expensive risk markers. 

Notably, this marker of urine concentrating capacity also shows promise in early-stage disease. 
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Background:   Recently, we performed a large randomized-controlled trial to assess the effects of 
the somatostatin analogue lanreotide on kidney function and kidney and liver volume in autosomal 

dominant polycystic kidney disease (ADPKD), the DIPAK-1 trial. Lanreotide had no effect on rate of 
kidney function decline, but slowed kidney and especially liver growth and is used for this indication in 

clinical practice1,2. A higher incidence of gallstones has been suggested with lanreotide use, but the 

exact size and implications of this problem are unknown. Therefore, we systematically studied the 
incidence of gallstones with lanreotide in ADPKD patients.  

 
Method: In the DIPAK-1 trial,  305 ADPKD patients (age 18-60 years and eGFR 30-60 ml/1.73m2/min) 

were randomized to lanreotide or standard of care. MRIs were performed at baseline and end of study 

(120 weeks). For this post-hoc study, patients with a medical history of cholecystectomy (n= 7) or 
absence of a MRI at the end of study (n=2 8) were excluded. For the remaining study population 

(n=270), all MRIs were assessed for presence of gallstones by two trained investigators blinded for 
study treatment and study period and in case of disagree ing results, an abdominal radiologist was 

consulted for a final assessment. For patients with gallstones additional follow up after the en d of the 
trial was obtained. 

 

Results:  In 2 baseline and 8 end-of -study MRIs, it was not possible to identify the gal lbladder, due 
to multiple adjacent liver cysts.  Of the remaining 260 patients (age 48.5 years, female 49.6%, eGFR 

50.0 ml/min/1.73m 2), 14 patients (5,4%) had gallstones at baseline, of whom 5 were randomized to 
lanreotide and 9 to standard care. At the end  of study, 32 patients (12,3%) had gallstones, of whom 

21 patients had received lanreotide and 11 standard care. During the 120 week lasti ng study, new 

gallstones occurred in 17 out of 128 patients receiving lanreotide (13.3%) and 3 out of 132 patients 
receiving standard care (2.3%), rendering an adjus ted Odds Ratio for gallstone formation with 

lanreotide use of 6.9 (95% Confidence Interval 1.9-24.7) p<0.005). The only other significant risk 
factor for gallstone formation was female gender (OR 3.5, CI 1.2 -10.6, p<0.05). Age, body -mass-

index and importantly liver volume were not associated with gallstone formation.  

Of the 32 patients with gal lstones at the end of study, seven experienced gallstone-associated 
complications. Three experienced a biliary pancreatitis (1 during and 2 after the study). Another  one 

had signs of a chronic pancreatitis as accidental finding on imaging during the study,  without having 
had symptoms. Furthermore, another 3 patients underwent a cholecystectomy for symptomatic 

gallstones after the study. Importantly, all patients with gallstone-associated complications were part 
of the subgroup of patients that developed de novo gallstones during lanreotide use in the study.  

 

Conclusion:  Lanreotide increases the risk of gallstone formation in ADPKD sevenfold. Gallstones were 
associated with severe complications, most occurring after the end of the trial. The benefit of 

somatostatin analogues to reduce kidney and liver size in ADPKD should therefore be weighed against 
the higher incidence of these adverse events, and patients and doctors should be aware of the risk of 

(symptomatic) gallstones with use of these drugs.   

 
Refere nces:  

1. Meijer et al, JAMA 2018;320:2010-2019 
2. Van Aerts et al, Gastreoenterology 2019;157:481-491 
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Background: Renovascular hypertension in children is a rare disease, with an estimated incidence of 30 

patients per year in the Netherlands. Stroke, cardiac failure and chronic kidney disease are common 

complications due to our limited understanding of the disease, a disease with a notoriously difficult 

diagnostic work-up and treatment. Large studies are needed to guide clinicians in choosing the best 

diagnostic trajectory for these children. The aim of this study was to investigate the value of exome 

sequencing in finding genetic contributors in children with renovascular hypertension.  

 

Methods: In a large cohort of 37 unrelated children from a single tertiary referral center in London, exome 

sequencing was performed. We assessed variants in recognized and suspected disease genes and 

searched for novel ones with a gene-based variant-burden analysis. 

 

Results: We identified (likely) pathogenic variants in seven patients. Five of these were in recognized 

associated disease genes (three pathogenic variants in NF1 consistent with neurofibromatosis type 1, 

one in ELN consistent with abnormal elastin production, and a deletion of chromosome 7q11.23, 

consistent with Williams Syndrome). In two other patients, (likely) pathogenic variants were found in 

putative renovascular hypertension genes (SMAD6 and GLA). Finding these variants in a vasculopathy 

gene and the Fabry disease gene, respectively, has implications for genetic counseling and treatment 

decisions in these patients. Ten additional patients carried variants of uncertain significance (VUS) in 

known (n=4) or putative (n=6) renovascular hypertension disease genes. Rare variant burden analysis 

yielded no further candidate genes.  

 

Conclusion: Recognized genetic contributors could be identified in 5 out of 37 children (14%) with 

renovascular hypertension, and included germline mutations in NF1, ELN and a deletion of 7q11.23. An 

additional 12 children (32%) had potentially causal variants identified. The study suggests that non-

genetic factors or mosaic mutations may play a larger role in the etiology of pediatric renovascular 

hypertension than genetic factors, and touches upon the benefits of centralizing the diagnostic work-up 

for this difficult disease. 
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Background 
Parathyroid hormone (PTH) is a key regulator of bone turnover. PTH can be oxidized in vivo, which 
impacts biological activity. Variable PTH oxidation may be hypothesized to contribute to the rather 
poor correlation of PTH with indices of bone turnover. Non-oxidized PTH may better reflect the 
hormonal function than currently measured intact PTH (iPTH). Therefore, we investigated whether n-
oxPTH would be superior compared to iPTH as indicator of bone turnover in ESRD. 
 
Methods 
Thirty patients with a wide range of bone turnover, as assessed by bone histomorphometry (BHM), 
were selected from an ongoing, prospective observational study in patients with ESRD 
(NCT01886950), that underwent bone biopsy. Both iPTH (Cobas, Roche Diagnostics, Rotkreuz, 
Switzerland) and n-oxPTH (A1112; Immundiagnostik AG, Bensheim, Germany) and in addition bone 
turnover markers (bone-specific alkaline phosphatase (BSAP), P1NP and tartrate-resistant acid 
phosphatase 5b (TRAP5b)) were assessed in blood samples taken at the time of the bone biopsy. 
Descriptive statistics, Pearson correlation, regression analysis and ROC curves were used to assess 
the discriminative ability of n-oxPTH vs iPTH to detect bone turnover. 
 
Results 
n-oxPTH and iPTH were strongly correlated (r=0.96; p<0.001) and n-oxPTH values were on average 
87% lower than iPTH values. Bone turnover, assessed by BHM (both static and dynamic measures) 
were strongly correlated with n-oxPTH and iPTH, e.g. bone formation rate r=0.65; p<0.001 and r=0.69; 
p<0.001, respectively. Bone turnover markers (BSAP, P1NP and TRAP5b) were also strongly and 
similarly associated with n-oxPTH and iPTH. The AUROC values for discriminating between low/non-
low turnover for n-oxPTH and iPTH were 0.81; p<0.01 and 0.86; p<0.01, respectively (Figure 1A). For 
high/non-high turnover the AUROC was 0.88; p<0.01 and 0.90; p<0.01, respectively (Figure 1B). 
 
Conclusions 
n-oxPTH was not superior compared to iPTH in discriminating between high/non-high and low/non-low 
turnover and also showed no stronger correlation to biomarkers of bone turnover. Therefore, we 
conclude that there is no added value of n-oxPTH for evaluating bone disease in ESRD patients 
receiving dialysis, using the currently available method. Since this method cannot distinguish partially 
form completely oxidized PTH, we cannot definitely rule out the possibility that oxidation of PTH has 
impact on bone turnover. 
 
Figure 1. 
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Background 
Alport syndrome (AS) is caused by mutations in the COL4A3-5 genes. X-linked AS (XLAS), due to 
mutations in COL4A5, is present in 65%, making it a predominantly male disease. XLAS carrier females 
can show a phenotype, 12% reaches end-stage renal disease (ESRD) at the age of 40 years, though 
disease severity is variable. Of the remaining patients, 15% have autosomal recessive (ARAS) and 20% 
dominant (ADAS) disease. 
In general, chronic kidney disease (CKD) increases the risk of pregnancy complications, e.g. 
preeclampsia, fetal growth restriction and (temporary) renal function decline. Reports on pregnancy 
outcomes in AS women are anecdotal, making pre-pregnancy counselling imprecise. Here, we present 
the first data of the largest case series on this topic to date (óALPART studyô), which soon will include 
data of ~120 pregnancies from 15 centers worldwide. 
  
Methods 
We performed a retrospective cohort study of women with pathogenic mutations in COL4A3-5 who have 
been pregnant at least once. Data was retrieved from the patientsô files in three Dutch tertiary centers 
(UMCU, UMCG and AMC). We compared the pregnancy outcomes to a cohort of n=457 Italian patients 
weighed for CKD stage (Piccoli et al., 2015) and the perinatal registry in the Netherlands (n=159,924, 
2018). 
 
Results 
Table 1 shows data on the first 32 pregnancies from 18 women included in the ALPART study. Sixty-
nine percent (n=9) of the pregnancies started in CKD stage 1 and 31% (n=4) in stage 2. As for 
genotypes, 65% (n=11) had XLAS, 24% (n=4) ARAS, 12% (n=2) ADAS.  
Compared to the Italian general CKD population more women had a CKD stage shift, doubling of 
proteinuria and/or new-onset hypertension. Regarding fetal outcome, more babies were small for 
gestation age (SGA), though prematurity and NICU rates were lower. Notably, the prematurity and NICU 
admission prevalence were not significantly different in the general Dutch population. 
 
Table 1 - Maternal and fetal pregnancy outcomes of n=32 pregnancies (in n=18 women) with 
pathogenic mutations in COL4A3-5 compared to the matched Italian CKD stage 1-2 population 
and compared the general Dutch population.   

 Alport (%) (n / n reported 
in medical file) 

CKD stage 1 and 2 
(% out of n=457)  

General Dutch population 
(% out of n=159,924) 

Maternal outcomes during pregnancy    

CKD stage shift 36% (n= 4/11)  9%**  NR 

New onset or doubling of proteinuria 67% (n=6/9) 26%**  NR 

New-onset of hypertension 
(>140/>90mmHg)  

35% (n=7/20) 11%***  5%***  

Pre-eclampsia* 31% (n=9/29) NR 0.5%***  

Fetal outcomes    

Preterm delivery (<37 weeks GA) 13% (n=4/32) 32%*  7% (NS)   

SGA (birth weight <p10) 28% (n=9/32) 15%*  10%***  

Low Apgar score (<7 after 5 minutes) 0%   (n=0/29) NR 2% (NS)  

NICU admission (>48 hours) 0%   (n=0/29) 16%*  3% (NS)  

* = p < 0.05, ** p < 0.01, *** p < 0.001, statistical test: chi-square, CKD = chronic kidney disease, GA = gestational age, NICU = 
neonatal intensive care unit, NR = not reported, NS = not significant, SGA = small for gestational age, *pre-eclampsia defined as 



new onset of hypertension after gestational age >20 weeks and proteinuria of >0.3g/24u or according to the new ACOG 
definition (January, 2019).   

 
Conclusion 
AS women more often have renal function decline during pregnancy compared to the Italian general 
CKD stage 1-2 population. SGA was more frequent than in other CKD patients, despite lower 
prematurity rates. One should note that our retrospective population consists of genetically diagnosed 
AS women, likely resulting in an overrepresentation of patients with a clinical phenotype (e.g. diagnosed 
with CKD or with clinically relevant hematuria). The ALPART study will allow for more tailored pre-
pregnancy counselling of women with AS in CKD stage 1-2. 
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Background: Reports suggest a role of endothelial dysfunction and loss of endothelial barrier 

function in COVID-19, in particular in the lung and the kidney. It is well established that the 

endothelial glycocalyx-degrading enzyme heparanase contributes to vascular leakage and 

inflammation. It is also known that low molecular weight heparins (LMWH) serve as an 

inhibitor of heparanase. We hypothesize that heparanase contributes to the pathogenesis of 

COVID-19, and that heparanase may be inhibited by LMWH.  

Methods: Heparanase activity and heparan sulfate levels were measured in plasma of healthy 

controls (n=10) and COVID-19 patients (n=48) using specific ELISA-based assays. In vitro 

inhibition of recombinant heparanase was determined in a specific ELISA. Clinical laboratory 

values were routinely determined in the diagnostic laboratory facilities. 

Results: Plasma heparanase (HPSE) activity and heparan sulfate (HS) levels were 

significantly elevated in COVID-19 patients (see figure below). Heparanase activity was 

associated with disease severity, thereby including the need for intensive care, lactate 

dehydrogenase levels, as a measure of tissue injury, and creatinine levels, as a measure of 

renal function, Use of prophylactic LMWH in non-ICU patients was associated with a 

reduced heparanase activity.  

Conclusion: Since there is no other clinically applied heparanase inhibitor currently 

available, therapeutic treatment of COVID-19 patients with LMWH should be explored in 

future clinical studies. Notably, in addition to inhibition of heparanase, LMWH may target 

other non-anticoagulant inflammatory processes in patients with COVID-19.  

 

 

 



Figure 1. Plasma heparanase (HPSE) activity and heparan sulfate (HS) levels are 

significantly increased in COVID-19 patients. 
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Objective: Several studies have shown that during high Na+ diet (HSD), Na+ content of the 

skin increases. Nuclear factor of activated T cells 5 (NFAT5) is a hypertonicity driven 

transcription factor responsive to environmental osmotic changes. Sulfated 

glycosaminoglycans (GAGs) have been suggested to neutralize Na+-induced hypertonic 

effects by facilitating a dynamic non-osmotic Na+ storage compartment. Patients with 

diabetes mellitus type 1 (DM1) and hereditary multiple exostoses (HME) display decreased 

GAG sulfation. We questioned whether these patients show distinct cellular osmoregulatory 

responses to a HSD. 

Methods: We performed an experimental randomized cross-over study in 8 DM1, 7 HME, 

and 12 healthy males with similar age, BMI and eGFR. All subjects followed both an 8-day 

low Na+ diet (<50mmol/d) and a HSD (>200mmol/d) in randomized order, separated by a 7-

to-10-day washout period. After each diet, blood samples and skin biopsies were obtained. 

With immunohistochemistry, skin NFAT5 expression and GAG sulfation patterns were semi-

quantitatively analyzed by researchers blinded for diet status. 

Results: HSD increased dermal NFAT5 expression in controls, whereas in DM1 and HME no 

changes were observed (Fig 1A). In controls, HSD also increased the amount of higher 

sulfated heparan sulfate domains in the dermis (Fig 1B). Including both diets, NFAT5 and 

higher sulfated heparan sulfate domains showed a positive correlation (r=0.56, p=0.004) in 

healthy controls, but not in DM1 and HME. During HSD, dermal NFAT5 expression and 

plasma osmolality were negatively correlated in controls (Fig 1C).  

Conclusion: In response to HSD, healthy males showed a hypertonicity-driven response in 

skin tissue with increased expression of higher sulfated heparan sulfate domains and NFAT5. 

No hypertonicity-driven changes could be observed in the skin of patients with disturbed 

GAGs. In healthy subjects during HSD, increased dermal NFAT5 was associated with lower 

plasma osmolality, suggesting interstitial hypertonicity and increased Na+ accumulation. Our 

study suggests that intact GAGs seems important for the skin interstitium to increase 

hypertonicity and respond to HSD by increasing Na+-buffering capacity. These results 

underline the importance of intact GAG metabolism in non-osmotic Na+ buffering in humans.    
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Objective: In clinical practice, individual sodium (Na+) intake is estimated by measuring Na+ 

excretion in one 24-h urine collection (UC), whereas long-term Na+ balance studies indicate 

that 7 consecutive 24-h UCs may be needed. In this study, we investigate whether the use of 

repeated spot UCs is an appropriate alternative for multiple 24-h UCs to estimate Na+ intake. 

Methods: We performed a post-hoc analysis of a metabolic ward study in 8 healthy male 

adults who consumed a 7-d diet with a fixed amount of 200 mmol/d Na+. Urine was collected 

in 4 daily intervals (7-13h, 13-19h, 19-23h and 23-7h). After reaching steady state, we 

estimated Na+ intake by single and repeated 24-h UCs and repeated spot UCs, using the 

Kawasaki formula with measured 24-h urine creatinine excretion.  

Results: At day 5, mean 24-h Na+ excretion matched intake, indicating that steady state was 

achieved (Fig 1A). Mean absolute differences (ȹ) between measured Na+ intake and 3-d spot 

UC estimates were 18.8 (SD 14.6), 32.3 (SD 18.7), 74.6 (SD 30.0) and 28.2 (SD 19.8) mmol 

for interval 7-13h, 13-19h, 19-23h and 23-7h, respectively (Fig 1B). With the exception of 

samples collected between 19-23h, Na+ intake estimates by 3-d spot UCs did not significantly 

differ from Na+ intake estimates by single (ȹ 29.8 mmol; SD 23.9) and three 24-h UCs (ȹ 

22.9 mmol; SD 11.4). 

Conclusion: In this 7-d Na+ balance study, repeated spot UCs performed similar to a single 

and repeated 24-h UCs in estimating Na+ intake. Adequately powered studies need to confirm 

whether repeated spot UCs are an accurate and low burden alternative to 24-h UCs. 

 

 
 

Figure 1. (A) Mean 24-h Na+ excretion during 7-d diet. (B) Comparison of the performance 

of three consecutive spot UCs (blue), single 24-h UC (green) and three consecutive 24-h UCs 

(red) for estimating Na+ intake (200 mmol/d). Absolute differences between estimated and 

measured Na+ intake. Data are mean and SD.  
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Background. Recent advances in human stem cell-derived kidney organoid models have opened new 

avenues to accurately model podocytopathies in 3D in vitro. The aim of this study is to develop and 

characterize human induced pluripotent stem cells (iPSC)-derived 3D kidney organoids as a first step 

in modeling idiopathic nephrotic syndrome-in-a-dish.   

Methods and Results. Human skin fibroblasts (wildtype) were successfully reprogrammed into iPSC. 

Cells were differentiated into the ureteric bud and metanephric mesenchyme lineage in 2D for 7 days. 

At day 7, both lineages were merged and 3D organoids were differentiated using a TranswellTM air-liquid 

interface for an additional 18 days using an optimized protocol. Gene expression analysis and 

immunocytochemistry showed clear nephrin, podocin, synaptopodin, Wilmôs tumor-1 and collagen IV 

expression in podocytes, surrounded by numerous CD31-positive endothelial capillaries. Electron 

microscopy (EM) and immuno-EM confirmed the presence of slit diaphragms and expression of nephrin 

in podocytes and CD31 in endothelial capillaries, respectively. RNA sequencing showed superior 

expression of podocyte specific markers (NPHS1, NPHS2, WT1, MAFB, SYNPO, PODXL, PLA2R1, 

NHERF2, EMP2) in organoids as compared to 2D conditionally immortalized podocytes. Using podocyte 

exact morphology measurement procedure (PEMP) filtration slits could be clearly detected in organoids. 

Preliminary results show that the filtration slit density (FSD) of the developing podocyte foot processes 

was approximately 2.4 ± 0.25 µm/µm2 in some areas of the organoid and can now be compared with 

the FSD of podocytes of human, rat and mice which is around 3 and 4 µm/µm2. Protamine sulphate-

induced injury in organoids showed clear podocyte cytoskeleton rearrangements and the induction of 

pNPHS1-1176 protein expression. The induced podocyte injury was rescued by heparin, illustrating 

functional 3D podocytes. The protamine sulphate effect was podocyte specific as proximal tubules were 

not affected, as confirmed by EM. Organoids exposed to active FSGS plasma for 36h showed 

cytoskeleton rearrangements in podocytes and increased CXCL-12 gene and protein expression, a 

chemokine associated with kidney injury and its endogenous mRNA transcripts were confirmed in 

podocytes using RNAscope. Effects caused by FSGS plasma could be partially reversed using 

prednisolone treatment.  

Conclusion. We successfully developed human iPSC-derived kidney organoids that will serve as a state-

of-the-art tool to accurately study podocytopathies in a dish.  
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Background. ANCA-associated glomerulonephritis (AGN) presents as rapidly progressive 

glomerulonephritis with high rates of end-stage kidney disease, morbidity and mortality. Therefore, 

early recognition of AGN is paramount for treatment and prognosis. Recognizing ongoing or relapsing 

AGN can be impaired by sustained urinary abnormalities, in particular when repeat biopsies are 

omitted. Frequently, conventional biomarkers used to detect active AGN are insufficient. Recently, 

usCD163 (i.e. a marker of macrophage activation) has been shown to reflect active AGN, although 

robust data on its clinical application are lacking. We analyzed the value of usCD163 in comparison to 

kidney tissue samples, i.e. the gold standard, to detect active AGN. 

Methods. Patients presenting with suspected active AGN who underwent a kidney biopsy and whose 

kidney tissue and 24-hour urine samples were available, were included. Kidney biopsies were scored 

for disease activity. Kidney tissue sections were stained for CD163 and scored on a 0-3 scale. CD163 

was analyzed by ELISA in urine and corrected for creatinine excretion. Furthermore, 24-hour urine 

samples were analyzed at time of stable remission. 

Results. Ninety-one patients with 125 biopsies were included. Sixty-five (52%) biopsies were de novo 

biopsies, whereas sixty (48%) were repeat biopsies. usCD163 levels were higher with active ANCA 

GN (n=109; median 524 [159 ï 1,414]) as compared to those with no active lesions (n=16; median 0 

[0 ï 0] ng/mmol; P<0.0001). usCD163 levels were higher in more active kidney biopsies, i.e. 

crescentic, mixed and sclerotic type AGN, as compared to minimally active kidney biopsies, i.e. focal 

type AGN, and/or biopsies without activity, (Kruskal-Wallis, P<0.0001). Furthermore, a positive 

correlation was found between crescentic glomeruli and usCD163 (Spearmanôs ɟ=0.72, P<0.0001), 

which was reflected by positive CD163 staining in glomerular areas showing AGN lesions (n=47, 

active areas of glomeruli vs. unaffected areas of glomeruli, (median) 2.20 vs. 0.19, P<0.0001). 

Matched samples during active AGN and at the time of stable clinical remission showed a decrease in 

usCD163 after treatment (n=29, active AGN vs. remission, (median) 377 vs. 0 ng/mmol, Wilcoxon-

signed rank, P<0.0001). usCD163ôs sensitivity and specificity to detect active AGN in relapsing 

patients were 94% and 91%, respectively, which outperformed conventional AGN biomarkers (e.g. 

creatinine, hematuria, proteinuria). Consequentially, positive and negative likelihood ratios were 

superior at 46.6 and 0.29, respectively.  

Conclusion. usCD163 is associated with both de novo and relapsing active AGN. usCD163 correlates 

with disease activity on kidney tissue samples and decreases after treatment. Furthermore, it is 

superior to conventional biomarkers in detecting relapsing AGN. Therefore, implementing usCD163 in 

the follow-up of AGN patients can prevent repeat biopsies and guide therapy. 
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Background: Purinergic signaling results from binding of extracellular ATP and its hydrolysis 
products to P1 or P2 receptors. Extracellular vesicles (EVs) released by renal epithelial cells 
can be transported along the nephron and interact with cells in downstream segments. This 
way they mediate the transmission of information between cells and different nephron 
segments. Although the modulation of extracellular ATP levels and purinergic signaling by EVs 
has been described in extrarenal tissues, it is not known if a similar process takes place in the 
kidney. 
The aim of this work was to investigate the effect of EVs from human proximal (HK2) and 
human collecting duct (HCD) cells on extracellular ATP levels and on the expression of the 
epithelial sodium channel (ENaC) as a gene associated to purinergic regulation in the collecting 
duct.  
Methods: EVs were isolated by ultracentrifugation and characterized by electron microscopy, 
nanoparticle tracking-analysis (NTA) and immunoblotting. Extracellular ATP and gene 
expression were evaluated by chemiluminescence and RT-qPCR, respectively. Dependence of 
the observed changes in extracellular ATP levels on the cellular EV uptake and on the activity 
of the ectonucleotidase ENTPD1 were studied by using the inhibitors dynasore (80 M˃) and 
POM1 (25 ˃ M), respectively. The effect of fluid-shear-stress (i.e. flow) on EV release was 
addressed by culturing cells in microfluidic devices followed by NTA of flow-through fractions. 
Results: HK2 cells were incubated with HK2 EVs (i.e. proximal EVs on proximal cells). HCD cells 
were incubated with HK2 EVs (i.e. proximal EVs on collecting duct cells) and with HCD EVs (i.e. 
collecting duct EVs on collecting duct cells). HK2 EVs added to HCD cells increased extracellular 
ATP (+25%, dependent on EV uptake by the target cells). This same treatment also led to a 
downregulation of ENTPD1 expression (-22%). Prevention of the effects on ATP by co-
incubation with POM1 also suggest ENTPD1 involvement. Conversely, EVs from HCD cells 
decreased extracellular ATP in HCD cells (-40%, independent of the EV uptake by the target 
cells), probably attributed to ATP hydrolysis by HCD vesicles. Differential proteomics of HK2 
and HCD EVs identified the protein 14-3-3 as a potential responsible for the ATPase activity 
exhibited by EVs from HCDs. While HK2 EVs decreased EhNaC mRNA expression (- 26%), this 
was up-regulated by HCD EVs (+46%). -ɹS-ATP and apyrase mimicked the effects of HK2 and 
HCD vesicles on hENaC, respectively, supporting an inverse association between extracellular 
ATP and hENaC expression. Finally, release of EVs by HCD cells was flow-dependent, whereas 
EV release by HK2 cells remained flow-insensitive.  
Conclusions: EVs from proximal and collecting duct cells modulate extracellular ATP and 
purinergic signalling in HCD cells, leading to changes in hENaC expression. We also showed an 
effect of fluid-shear stress on EVs release by HCD cells.  
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Long Non-Coding RNA MALAT1 Mediates Endothelial-to-Mesenchymal Transition and Kidney 
Fibrosis 
 
A.J. van Zonneveld1, Yu Wah Au1, A. Lafzi2, W. Stam1, J.M.G.J. Duijs1, A. Koudijs1, E. Lievers1, 
T.J. Rabelink1, H. Kazan2 and. R. Bijkerk1 
 
1Department of Internal Medicine (Nephrology) and the Einthoven Laboratory for Vascular and 
Regenerative Medicine, Leiden University Medical Center, Leiden, the Netherlands. 2Department 
of Computer Engineering, Antalya International University, Antalya, Turkey. 
 
Background 
Chronic kidney disease associates with the development of interstitial fibrosis characterized by a loss of 
the microvasculature and myofibroblast formation. Endothelial cells (ECs) are important for maintaining 
a healthy microvasculature while ECs also provide a potential source for myofibroblasts through 
endothelial-to-mesenchymal transition (EndoMT). Here, we aimed to identify a role for long non-coding 
RNAs (lncRNAs), novel central post-transcriptional regulators, in ECs in the development of kidney 
fibrosis. 
  
Methods 
We used VE-cadherin-ERT2;tdTomato mice to label and trace endothelial cells. We applied both the 
ischemia-reperfusion injury (IRI) and unilateral urethral obstruction (UUO) models followed by FACS 
sorting of the tomato-positive cells from healthy and diseased kidneys. Subsequently, we isolated RNA 
from these cells and profiled for lncRNAs, which identified the conserved MALAT1 as a potential key 
mediator of kidney fibrosis. Functional in vitro and in vivo studies were performed to assess the role of 
MALAT1 in kidney fibrosis. 
 
Results 
Upon kidney injury, we observed substantial co-localization of VE-cadherin-derived tomato positive 
signal with a-SMA staining, indicating that a significant portion (~15-20%) of myofibroblasts originated 
from ECs. We confirmed that ECs acquired a myofibroblast phenotype by using qPCR on FACS sorted 
tomato-positive cells showing reduced expression of EC markers CD31 and VE-cadherin while 
myofibroblast markers Ŭ-SMA and col1Ŭ1 increased. In UUO and IRI, we found 586 and 416 lncRNAs 
to be differentially expressed (>2-fold, p<0.05) in the VE-cadherin-derived tomato-positive cells, 
respectively. Using bioinformatics analyses to determine transcription factor motif-enrichment amongst 
differentially expressed lncRNAs we found strong enrichment for HMGA1 binding sites. Using ChIP-seq, 
we confirmed this enrichment of HMGA1 binding sites in the promoters of differentially regulated 
lncRNA, including MALAT1. In vitro, we demonstrated that MALAT1 disrupts EC homeostasis, as 
silencing MALAT1 resulted in increased barrier function, less leakage and less EndoMT. In vivo, we 
found that gapmer-mediated knockdown of MALAT1 abrogated kidney fibrosis. Lastly, we found both 
renal and circulating MALAT1 levels to be increased in CKD patients compared to healthy controls. 
 
Conclusion 
We demonstrated that MALAT1 is important for endothelial cell function and may provide novel 
strategies to counteract the development of kidney fibrosis. 
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KIDNEY TUBULOIDS ACCURATELY MODEL NEPHROPATHIC CYSTINOSIS AND ALLOW 

SCREENING FOR EFFECTIVE NOVEL THERAPIES 

F.A. Yousef Yengej1,2 #, A. Jamalpoor3 #, M.B. Rookmaaker2, C.M.E. Ammerlaan1,2, E.A. Zaal4, C.R 

Berkers4,5, R. Masereeuw3, M.J. Janssen3, H. Clevers1 and M.C. Verhaar2.  

1 Hubrecht Institute ï Royal Netherlands Academy of Arts and Sciences, Utrecht, the Netherlands 

2 Department of Nephrology and Hypertension, University Medical Center Utrecht, the Netherlands  

3 Division of Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, the 

Netherlands 

4 Division of Cell Biology, Metabolism and Cancer, Department of Biomolecular Health Sciences, 

Faculty of Veterinary Medicine, Utrecht University, the Netherlands 

5 Biomolecular Mass Spectrometry and Proteomics, Bijvoet Center for Biomolecular Research, 

Utrecht University, the Netherlands 

# Equal contribution 

Background 

Nephropathic cystinosis is a rare disease caused by a CTNS mutation that leads to lysosomal 

accumulation of cystine. This results in other abnormalities, such as oxidative stress and accumulation 

of alfa-ketoglutarate (aKG) in patient cells and serum. Interestingly, high aKG levels were linked to 

abnormal autophagy and tubular dysfunction in cystinotic cell lines (unpublished data). Cystinosis 

causes progressive damage to multiple organs, including the kidneys. Although current treatment with 

cysteamine reduces cystine levels and delays disease progression, patients often acquire end-stage 

kidney disease before adulthood. Therefore, improved therapies are urgently needed. Adult stem cell-

derived kidney tubuloids were successfully used before to model genetic, infectious and malignant 

kidney disease and to screen for therapeutic efficacy (Schutgens et al. Nat Biotechnol. 2019). Here, we 

studied the potential of tubuloids to model the metabolic disease cystinosis and to evaluate the efficacy 

of a novel drug combination.    

Methods 

Tubuloids were grown from primary renal cells from the urine of two pediatric cystinosis patients and 

compared with tubuloids from two healthy controls. Tubuloid composition was investigated using 

quantitative polymerase chain reaction and immunocytochemistry. To study the effect of cysteamine 

and/or compound 3 (C3), a large scale metabolic screen was performed using liquid chromatography-

mass spectrometry. Tubuloid viability upon treatment with increasing doses of C3 was studied by 

measuring ATP levels. 

Results 

Urine-derived cystinotic tubuloids consisted of kidney cells (PAX8+, p63-) and not urothelium (PAX8-, 

p63+). Both cystinotic and healthy tubuloids contained proximal tubule, loop of Henle, distal tubule and 

collecting duct epithelium. Patient tubuloids showed highly increased cystine concentrations compared 

to controls (1.25 vs. 0.15 nmol/mg protein, p<0.05), a hallmark of the disease. Although cysteamine 

restored cystine levels to those in controls, it failed to normalize other metabolic abnormalities, including 

aKG accumulation. However, the novel combination of cysteamine with C3 more potently lowered 

cystine and restored aKG levels in organoids (p<0.05). Finally, the dose C3 used did not compromise 

the viability of cystinotic tubuloids in an in vitro nephrotoxicity assay.  

Conclusion 

Tubuloids accurately model cystinosis and allow high-throughput in vitro screening for treatment efficacy 

in a personalized fashion. Moreover, tubuloids confirm that the combination of cysteamine and C3 is 

more effective in normalizing the metabolic abnormalities in cystinosis than cysteamine alone. This novel 



intervention holds promise to improve the prognosis of cystinosic patients and these results warrant 

preliminary in vivo studies.  
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Who regenerates the kidney?  

Characterization of a scattered proximal tubular cell population 

 

Jennifer Eymael1, Laura Miesen1, Valerie Villacorta Monge1, Vicky Luna Velez2, Jelmer Dijkstra2, 
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Jitske Jansen1, Michiel Vermeulen2, Jack Wetzels4, Johan van der Vlag4, Bart Smeets1 

1 Department of Pathology, Radboud University Medical Center, Nijmegen, The Netherlands 

2 Department of Molecular Biology, Radboud Institute for Molecular Life Science, Nijmegen, The 

Netherlands 

3 Department of Pharmacology and Toxicology, Radboud Institute for Molecular Life Science, 
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4 Department of Nephrology, Radboud University Medical Center, Nijmegen, The Netherlands 

 

Objective. Scattered tubular cells (STC) are a phenotypically distinct cell population within the 

proximal tubule. The origin and the role of STC in the kidney has been controversial, as it is still 

debated if STC are progenitor cells, dedifferentiated proximal tubular epithelial cells or growth arrested 

cells resulting from impaired cell regeneration This study aims to characterize STC in human kidneys, 

to identify a possible role in proximal tubular regeneration and to shed more light on the ongoing 

debate concerning the origin of STCs. 

Methods and Results. The distribution of STC was studied in consecutive sections stained against 

aquaporin 1 (AQP1, PTEC marker) and vimentin (STC marker). Analysis of the sections revealed that 

the distribution in the tubuli was not random but revealed a preferential location of STC at the inside 

bends of proximal tubuli. The number of STC in human kidneys in relation to age was analyzed using 

immunofluorescence labelling for AQP1 and phosphofructokinase (PFKP, STC marker) in 44 

postmortem renal cortical tissues (age 0-14), 29 biopsies from kidney donors (age 23-76) and 30 

tissues from tumor nephrectomy (age 48-85). Analysis of the staining using ImageJ (FIJI) showed that 

STC number increases with age (R2=0,553). We examined whether STC represent a population of 

growth arrested cells by the analysis of well-known senescence markers (i.e.p53 and p16 expression, 

lamin-B1 degradation and by ß-galactosidase activity). Although, senescence was detected in atrophic 

tubuli, the STC were not positive for the markers. Culture of FACS sorted STC (CD13, CD133 and 

CD24 positive) and PTEC (CD13 positive) showed a high growth rate for STC, with a population 

doubling time of 25±6 hours. In contrast, the proximal tubular cells did not grow when seeded at 

similar low densities (2000 cells/cm2). RNA sequencing and single cell RNA sequencing of the FACS 

sorted cells revealed a strong difference in the transcriptome of PTEC and STC.  In addition, the single 

cell RNA sequencing, of RNA isolated from STC, identified different subpopulations within the STC 

population.  

Conclusion. Our findings argue against the hypothesis that STCs are a fixed progenitor population 

within the proximal tubule and strengthen the hypothesis that STCs derive from a population of injured 

proximal tubular epithelial cells as their number increases with increasing age. Furthermore, STC are 

not growth arrested as they are negative for senescence markers and show a high growth rate in vitro. 

We postulate that STC in human kidneys can be used to study the injury induced phenotypic changes 

of PTEC that play a role in proximal tubule regeneration. 
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2D-CULTURED KIDNEY TUBULOIDS IN MULTIORGAN-ON-A-CHIP MODELS TO STUDY 

SYSTEMIC EFFECTS IN KIDNEY DISEASES IN VITRO 

VVT Nguyen, FA Yousef Yengej, MB Rookmaaker, MC Verhaar and BWM van Balkom 

Department of Nephrology and Hypertension, Utrecht Medical Center, Utrecht, The Netherlands 
 

Background 

The medical and scientific community is facing the enormous challenge to deal with the accelerating 

incidence of age- and Western life style-related diseases such as diabetes, atherosclerosis, and related 

renal diseases. These systemic diseases require complex models to investigate disease mechanisms 

and develop novel therapies, and thus it appears inevitable to use animal experiments. However, recent 

developments in microfluidics and 2D/3D (stem) cell- and organoid biology now allow to model organ 

combinations in ñMulti-Organ-on-a-Chipò (MOC) systems. Using MOC systems, valuable information 

about disease mechanisms, organ-organ-interactions and potential therapeutic effects, and side-effects, 

can be obtained in vitro. MOC systems are considered superior to traditional in vitro models and have 

potential to replace animal experiments in future. We developed MOC models combining the 2D-

cultured kidney tubuloids with relevant organs such as the heart and liver. Using these models, we are 

able to study complex organ-organ interactions in healthy and disease-mimicking conditions, as well as 

the (side-) effects of potential therapeutic interventions.  

 

Methods 

 

Inside the MOC system from TissUse GmbH, which circulates 150ï180 ɛl fluid in a microfluidic channel 

system connecting two culture compartments, kidney tubuloid cells were cultured in 2D on a semi-

permeable membrane insert separating the urine compartment from the microfluidic circuit. This kidney 

component was combined with adult stem cell-derived liver organoids or iPSC-derived cardiomyocytes 

and exposed to dynamic culture conditions for up to two weeks, after which barrier integrity and transport 

function were assessed using trans-epithelial electric resistance (TEER) and inulin-FITC diffusion 

analysis and fluorescein transport assays, respectively. 

  

Results 

Under static conditions, the 2D-grown tubuloid cells, the kidney component of the MOC system, create 

a leak-tight barrier, as demonstrated by TEER (>1000 Ohm/cm2) and inulin-FITC diffusion (<1% 

diffusion rate) assays and immunostaining for the tight junction protein ZO-1. Quantitative PCR assays 

demonstrated the expression of the typical proximal tubule transporter proteins OCT2, SGLT2 and 

GLUT2, demonstrated to be functional as assessed by fluorescein transport- and inhibition assays. 

Combined with other cardiomyocyte constructs or liver organoids, the 2D kidney tubuloid cells, 

cardiomyocytes and liver organoids, retained a stable function up to 10 days in the MOC system.  

Conclusion   

We have successfully established a MOC system which contains a renal component based on 2D-

cultured renal tubuloids. In this system, the interaction of the kidney with other organs can be studied. 

In the future, we will develop kidney disease-on-a-chip models to investigate complex organ-organ 

interactions and pseudo-systemic effects of potential therapeutics.  
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RETROSPECTIVE ANALYSIS OF COMPLEMENT BIOMARKER PROFILES IN PEDIATRIC 

PATIENTS WITH C3 GLOMERULOPATHY  
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Wijnsma1, Joanna A.E. van Wijk3, Antonia H. Bouts3, Valentina Gracchi4, Flore Horuz5, Mandy 
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Nijmegen, The Netherlands; 3Department of Pediatric Nephrology, Emma Childrenôs Hospital, 
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Nephrology, Beatrix Childrenôs Hospital, University of Groningen, Groningen, The Netherlands; 
5Department of Pediatric Nephrology, Academic Medical Center Maastricht, Maastricht, The 
Netherlands; 6Department of Pediatric Nephrology, Wilhelmina Childrenôs Hospital, University Medical 
Center Utrecht, Utrecht, The Netherlands; 7Department of Pediatric Nephrology, Sophia Childrenôs 
Hospital, Erasmus Medical Center, Rotterdam, The Netherlands; 8Department of Pediatrics/Pediatric 
Nephrology and Department of Development and Regeneration, University Hospitals Leuven, Leuven, 
Belgium.  
 
Background 
C3 glomerulopathy (C3G) is a rare severe renal disorder caused by a dysregulated complement 
alternative pathway (AP). Based on the electron microscopy pattern of the glomerular C3 deposits, 
C3G can be classified as dense deposit disease (DDD) or C3 glomerulonephritis (C3GN). 
Understanding the pathogenesis of C3G led to novel therapeutic opportunities to target the AP. 
Further characterization of the AP dysregulation in patients has thus become very important. To 
determine and characterize the spectrum of C3G in the pediatric population, a retrospective cohort 
study has been performed in five tertiary medical centers in the Netherlands. In addition to the clinical 
and basic laboratory investigations performed previously, we have now analyzed the complement 
biomarker profiles in these patients using newly available specialized complement assays.  
 
Methods 
C3 levels were retrieved from the patient files. From the 29 patients included in the pediatric C3G 
cohort, for 28 patients (18 DDD, 10 C3GN) material was available for one or more of the following 
specialized complement assessments. The complement activation markers C3bBbP (properdin-
stabilized C3 convertase), C3bc (C3 activation products), TCC (terminal complement complex), 
complement component C5, the positive regulator properdin, and the negative complement regulators 
Factor H (FH) and Factor I were measured using sandwich ELISA. Convertase activity assays were 
used to detect the presence of C3 nephritic factors and C4 nephritic factors, which are autoantibodies 
prolonging the activity of the AP and classical pathway convertases, respectively. ELISA was used to 
screen for FH autoantibodies.  
 
Results 
C3 nephritic factors were found in 20/27 patients (12/17 DDD, 8/10 C3GN), of which one patient was 
also positive for C4 nephritic factors, and two for FH autoantibodies. At presentation, C3 levels were 
decreased in 21/25 patients, indicating complement consumption. In the acute phase, levels of the 
complement activation markers C3bBbP, C3bc, and TCC were elevated in 4/7, 3/7, and 7/7 patients, 
respectively. In addition, C5 levels were decreased in 6/10 patients. At last follow-up, C3 levels 
remained below control range in 9/16 patients. At this moment, mixed model analysis is being 
performed to investigate if the complement biomarker profiles differ between the DDD and C3GN 
diagnosis group.  
 
Conclusion 
The majority of pediatric patients with C3G show signs of complement activation in their blood in the 
acute phase. Given the rarity and heterogeneity of the disease spectrum, prospective and longitudinal 
studies will be needed to robustly investigate the complement profiles over time in C3G. This will lead 
to a better understanding of the role of the AP in different C3G patient groups and can aid in the 
development and monitoring of novel complement-directed treatment strategies in the near future. 
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LOSS OF GLOMERULAR THROMBOMODULIN EXPRESSION IS ASSOCIATED WITH 

GLOMERULAR MACROPHAGE ACCUMULATION IN PATIENTS WITH DIABETES 

CCL van Aanhold,1 M Bos,1 IM Bajema,1 JA Bruijn,1 HJ Baelde1 

1Department of Pathology, Leiden University Medical Center, Leiden, the Netherlands. 

 

Background: Thrombomodulin is an endothelial surface protein that is of pivotal importance in the 

maintenance of vascular homeostasis by regulating coagulation, inflammation and apoptosis. Loss of 

thrombomodulin function disrupts glomerular crosstalk in diabetic mice, resulting in aggravated 

diabetic nephropathy (DN). Furthermore, treatment with thrombomodulin protects diabetic mice from 

developing DN by suppressing glomerular inflammation, implicating thrombomodulin as a potential 

therapeutic target in DN. The aim of this study was to investigate the role of glomerular 

thrombomodulin in patients with DN. 

 

Methods: Thrombomodulin staining was measured in an autopsy cohort including 94 DN patients, 57 

diabetic patients without DN and 38 controls, and was compared to the number of glomerular CD68-

positive cells. Thrombomodulin mRNA expression was measured in microdissected glomeruli obtained 

from 24 DN patients and 13 controls. Finally, thrombomodulin levels were measured in diabetic apoE-/- 

mice with restored glycocalyx dimensions following treatment with the selective ETAR antagonist 

atrasentan.  

 

Results: Glomerular thrombomodulin expression was decreased at the protein level in patients with 

diabetes with and without DN compared to control (p<0.05). The loss of glomerular thrombomodulin 

expression was strongly associated with an increased number of glomerular macrophages in patients 

with diabetes with and without DN (p<0.001). Glomerular thrombomodulin mRNA expression was 

increased in DN compared to control (p<0.01). Treatment with atrasentan restored thrombomodulin 

expression in diabetic mice to levels observed in nondiabetic mice (p<0.01). 

 

Conclusion: Glomerular thrombomodulin expression is decreased at the protein level, but increased 

at the mRNA level in patients with DN. Thrombomodulin is likely cleaved in the diabetic milieu, which 

is compensated by increased transcription levels. Furthermore, decreased glomerular thrombomodulin 

expression is strongly associated with increased macrophage influx in patients with diabetes both with 

and without DN. We speculate that the loss of thrombomodulin serves as an early proinflammatory hit 

in the pathogenesis of DN. Restoring glomerular thrombomodulin expression with ETAR blockers may 

be a promising treatment option for patients at risk of developing DN. 
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Carnosine regulates glomerular hemodynamics through afferent tone in BTBR 
ob/ob diabetic mice 

 
Angelica Rodriguez-Nino1, Thomas Albrecht2, Benito A. Yard2 and Jacob van den Born1 
 
1Department of Nephrology, University Medical Center, 9713 GZ Groningen, The Netherlands, 2Vth 
Department of Medicine, Medical Faculty Mannheim of the University of Heidelberg, 68167    Mannheim, 
Germany.  

 
Background 
Glomerular hyperfiltration is considered one of the key events in the development of diabetic 
nephropathy and is associated with progression to albuminuria and abnormalities in renal 
hemodynamics. The latter favors an increased renal blood flow and intraglomerular pressure 
presumably due to changes in the afferent- and efferent arteriolar resistance. Previous studies have 
shown that carnosine, a dipeptide with anti-glycating and antioxidating properties, is reno-protective in 
rodent models of Type 1 and Type 2 diabetes. As such, carnosine supplementation improves glucose 
metabolism and attenuates albuminuria in the BTBR ob/ob mice, a model of advanced-obesity related 
diabetes. Tissue histology revealed that carnosine administration significantly restored glomerular 
ultrastructure, glomerular hypertrophy and glomerular size. Since these carnosine-associated renal 
morphological changes are compatible with a decreased glomerular hyperfiltration and intraglomerular 
pressure we aimed to assess whether carnosine supplementation influences the renal hemodynamics 
through changes in the afferent and efferent arteriolar tone. 
 
 
Methods 
Afferent and efferent arterioles in kidney tissue from non-diabetic BTBRwt/wt mice (n=7), diabetic 
BTBRob/ob mice (n=13) and diabetic BTBRob/ob mice fed with carnosine (n=13) were identified by renin / 
alpha smooth muscle actin double immunostaining, allowing identification of afferent (double positive) 
and efferent arterioles (renin negative). The lumen area of the afferent and efferent arterioles was 
quantified by imageJ. Expression of proteins sensitive to changes in intraglomerular pressure i.e. 
nephrin was also assessed by immunostaining.  
 
 
Results 
The lumen of the afferent arterioles in diabetic BTBRob/ob mice was significantly larger in comparison to 
the ones in non-diabetic BTBRwt/wt mice (0.44±0.06 vs 0.35±0.08 a.u.; p=0.03). A trend towards a 
normalization of the afferent lumen area was observed in diabetic BTBRob/ob mice that were orally 
supplemented with carnosine (0.36±0.04 vs 0.44±0.06 a.u.; p=0.08; treated vs untreated BTBRob/ob 
mice). The lumen area of the efferent arterioles was similar among the three study groups (0.46 vs 0.45 
vs 0.41 p=0.5) (wt, ob/ob, ob/ob fed with carnosine). A trend towards reduced nephrin 
expression/glomerulus was observed in ob/ob mice versus wt (20% ±9.2 versus 27% ± 7.4; p=0.23). 
Carnosine feeding appeared to increase nephrin expression/glomerulus but this difference did not reach 
statistical difference (24.1% ±9.0 versus 20% ±9.2 p= 0.48) (ob/ob fed with carnosine vs ob/ob). 

 
Conclusion 
These results suggest that carnosine feeding might affect renal hemodynamics. Carnosine effects on 

intraglomerular pressure are primarily due to changes in the afferent rather than the efferent arteriole 

tone. 
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COMPARATIVE EFFECTIVENESS OF RENIN-ANGIOTENSIN SYSTEM INHIBITORS AND 
CALCIUM CHANNEL BLOCKERS IN INDIVIDUALS WITH ADVANCED CHRONIC KIDNEY 
DISEASE: A NATIONWIDE COHORT STUDY 
Edouard L. Fu1, BSc, Catherine M. Clase2, MB MSc, Marie Evans3, MD, PhD, Bengt Lindholm3, 
MD, PhD Joris I. Rotmans4, MD, PhD, Merel van Diepen1, PhD, Friedo W. Dekker1, PhD, Juan-
Jesus Carrero5, PharmD, PhD 
1 Department of Clinical Epidemiology, Leiden University Medical Center, The Netherlands 
2 Department of Medicine and Health Research Methods, Evidence and Impact, McMaster University, 
Canada 
3 Department of Clinical Science, Intervention and Technology, Karolinska Institutet, Sweden 
4 Department of Internal Medicine, Leiden University Medical Center, The Netherlands 
5 Department of Medical Epidemiology and Biostatistics, Karolinska Institutet, Sweden 
 
Background: There is a lack of data that could help to guide the choice of antihypertensive agents in 
patients with advanced chronic kidney disease (CKD). We evaluated whether initiating treatment with 
a renin-angiotensin system inhibitor (RASi) is superior to calcium channel blockers (CCB) in 
preventing mortality, major adverse cardiovascular events (MACE) or kidney replacement therapy 
(KRT) in patients with advanced CKD.  
Methods: Observational study from the Swedish Renal Register, 2007-2017. We identified all 
nephrologist-referred patients in Sweden who initiated RASi or CCB treatment and had non-dialysis 
dependent advanced CKD (eGFR <30 ml/min/1.73m2). The associations between RASi vs CCB 
initiation, mortality, MACE and KRT were assessed by Cox regression. Analyses were adjusted with 
propensity score weighting for a wide range of confounders, including demographics, blood pressure, 
laboratory measures, comorbidities and medications. As a positive control we evaluated new use of 
the same drugs in patients with CKD G3 (N = 2608; eGFR between 30-60 ml/min/1.73m2). 
Furthermore subgroup, as-treated and competing risk analyses were performed.  
Results: The propensity-score weighted cohort included 2479 RASi and 2327 CCB initiators who 
were well-matched for baseline confounders (all standardized differences <0.1). Median follow-up was 
4.1 years, with a maximum follow-up of over 10 years. Compared to CCB, initiation of RASi was 
associated with a similar risk of mortality (adjusted HR 0.94; 95% CI 0.85-1.03) and MACE (0.99; 0.87-
1.13), but with a lower risk of KRT (0.87; 0.78-0.98). Results were consistent across subgroups, in as-
treated analyses and after accounting for the competing risk of death. In the control cohort of patients 
with CKD G3, initiation of RASi (versus CCB) was associated with lower KRT risk (adjusted HR 0.67; 
0.47-0.96), and similar risk of mortality (0.91; 0.76-1.08) and MACE (1.06; 0.82-1.35). 
 
Conclusion: Compared with CCB, initiation of RASi in patients with advanced CKD was associated 
with a lower risk of KRT, but no different risk of mortality or MACE.  
 
 
Figure: Number of events, incidence rates and adjusted hazard ratios for KRT according to subgroups 
of age, sex, diabetes, albumin-to-creatinine ratio (ACR), heart failure, systolic blood pressure and 
eGFR. 
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RENAL AMYLOIDOSIS: VALIDATION OF A PROPOSED HISTOLOGICAL SCORING SYSTEM IN 

AN INDEPENDENT COHORT 

 

J.J. Hoelbeek1, J. Kers1, E.J. Steenbergen2, J.J.T.H. Roelofs1, S. Florquin1 

 

1Department of Pathology, Amsterdam UMC, University of Amsterdam, Amsterdam, The Netherlands 

2Department of Pathology, Radboud University Nijmegen Medical Center (RUNMC), Radboud 

University Nijmegen, Nijmegen, The Netherlands 

 

Background In systemic amyloidosis, the kidney is frequently affected and renal involvement has 

major impact on survival. Renal involvement is clinically characterized by decreased estimated 

glomerular filtration rate (eGFR) and proteinuria. The two most common renal amyloidosis types are 

light chain related amyloidosis (AL) and serum amyloid A (AA) amyloidosis. Standardized 

histopathological scoring of amyloid deposits is crucial to assess disease progression. Therefore, we 

aimed to validate the proposed scoring system from Rubinstein et.al. (1) in an independent patient 

cohort.   

Methods We attempt to reproduce the scoring system, consisting of an Amyloid Score (AS) and a 

Composite Scarring Injury Score (CSIS), in a multicenter AL and AA case series. Additionally, we 

analyzed all renal amyloidosis kidney biopsies performed in the Netherlands between 1993 and 2012.  

Results Similar to the original study, AS and CSIS correlated to eGFR (r:-0.45, p=0.0061 and r:-0.60, 

p<0.0001, respectively), but not to proteinuria at diagnosis. Furthermore, AS, but not CSIS, was 

associated with renal outcome. The scoring system was not reproducible in AA patients. The median 

incidence rate (IR) for renal amyloidosis in the Netherlands was 2.3 per million population per year 

(pmp/y) and increased during the study period.  

Conclusion In our AL case series and the original study, AS and CSIS were correlated to eGFR, but 

not to proteinuria and AS correlated with renal outcome. Overall, we regard this scoring system 

competent for standardized histopathological assessment of amyloid deposits burden and thereby 

disease advancement in renal biopsies.  

 

1. Rubinstein S, Cornell RF, Du L, et al.; Novel pathologic scoring tools predict end-stage kidney 
disease in light chain (AL) amyloidosis. Amyloid 2017; 24(3):205-211. 
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Background  

Tubulointerstitial fibrosis is a common process leading to chronic renal damage. It is characterized by 

extracellular matrix (ECM) deposition and pathological scar formation driven by transforming growth 

factor beta (TGF-ɓ). Inhibiting excessive ECM production could be a strategy to reduce the functional 

decline of the kidney and thereby the progression towards end-stage renal disease. Endoglin, a co-

receptor of the TGF-ɓ-receptor, could be an interesting target to inhibit fibrosis formation.  

Methods 

Biopsies of patients with kidney diseases characterized by interstitial fibrosis, such as focal segmental 

glomerular sclerosis (FSGS; n=48), diabetic nephropathy (DN; n=11) and chronic allograft dysfunction 

(CAD; n=43) were selected; healthy kidneys were used as controls (n=8). Sections were stained for 

endoglin and the positively-stained area was measured. DN and CAD sequential sections were stained 

for Sirius Red, a marker for interstitial fibrosis. Endoglin mRNA expression in whole kidney tissue of 

another DN cohort (n=23) was measured with qPCR; healthy kidneys were used as controls (n=12). 

Lastly, collagen type I production was measured with western blot in TGF-ɓ stimulated lentivirally 

transduced fibroblasts that were either wild type or knock down for endoglin.  

Results 

Endoglin was increased in the interstitium of patients with FSGS, DN and chronic allograft dysfunction 

compared to controls (p<0.001). The endoglin-positive area colocalized with the Sirius Red-positive 

area. qPCR showed upregulation of endoglin mRNA in patients with DN compared to healthy controls 

(p<0.05). The western blot analysis demonstrated that collagen type I production after TGF-ɓ 

stimulation was less upregulated in the endoglin knockdown fibroblasts compared to wild type 

fibroblasts.    

Conclusion 

We show that endoglin is overexpressed in different patient cohorts with interstitial kidney fibrosis and 

that it colocalizes with Sirius Red-positive areas. We also show that lowering endoglin levels reduces 

TGF-ɓ-induced collagen type I production. These results suggest that endoglin could be a potential 

target reduce the development of fibrosis. This offers an interesting opportunity to treat patients with 

declining renal function.  
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Background: 
Acute kidney injury (AKI) constitutes up to 25% of all hospital admissions. It is under-recognised and 
inappropriately managed in 50% of cases. The majority of cases are never seen by a consultant 
nephrologist [NCEPOD 2009, NICE 2013]. We have set up an AKI clinic to provide prompt access to 
specialist advice, investigation and intervention in an outpatient setting. The clinic also aims to reduce 
unnecessary admissions and decrease length of stay of patients with AKI. 
 
Methods: 
We present outcome data for patients attending the AKI clinic between October 2012 - October 2015. 
Information was obtained from clinic letters and discharge summaries of patients first attending the 
AKI clinic between October 2012 to October 2015. Referrals were made from General Practitioners 
(GP), the A&E department and the Acute Medical Unit (AMU). 
 
Results: 
Data was collected for 347 non-consecutive patient episodes, with 266 unique patients (139 male, 
mean age 71 years). The majority of referred patients had AKI (79%), with the rest having newly-
diagnosed CKD. Within the AKI group, most cases were mild (i.e. stage 1). Pre-existing CKD was 
highly prevalent in our cohort (90%). Out of the 183 patients with AKI, 163 patients improved after 
intervention, 14 progressed in their CKD stage and 9 progressed to end stage renal failure. The 
availability of this clinic resulted in 143 admission avoidances and 3 patients needing admission. 
 
Conclusion: 
These 3-year follow up data show that the AKI clinic can avoid unnecessary admissions and reduce 
length of stay of patients. To our knowledge, this is the first report of a dedicated AKI clinic, managing 
AKI patients in an outpatient setting. This reduces the on-going pressure on Emergency Department 
and Acute Medicine services. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



05: 
 
TITLE: ESTIMATING KIDNEY FUNCTIONING WITH CKD-EPI IS SUB-OPTIMAL FOR 

EMERGENCY DEPARTMENT PATIENTS 

Authors: 

M.S.A. Niemantsverdriet1, 3*, T.T. Pieters2*, I.E. Hofer1, M.C. Verhaar2, W.W. van Solinge1, W.M. Tiel 

Groenestege1, S. Haitjema1, M.B. Rookmaker2  

* Contributed equally 

Affiliation: 

1 Centraal Diagnostisch Laboratorium, Universitair Medisch Centrum Utrecht, Universiteit Utrecht, 

Utrecht, Nederland 

2 Department of Nephrology and Hypertension, UMC Utrecht, Heidelberglaan 100, 3584CX Utrecht, 

Utrecht University, Netherlands 

3 SkylineDx, Lichtenauerlaan 40, 3062 ME Rotterdam 

Background 

Estimating renal function in patients who visit the emergency department (ED) is important for 

diagnosing kidney disease, drug dosing, and clinical management. Renal function is generally 

assessed by calculating the estimated Glomerular Filtration Rate (eGFR) with formulas such as the 

CKD-EPI. These formulas were developed in patients with a stable serum creatinine concentration. In 

the ED however, serum creatinine is often not in steady-state, which may lead to a biased eGFR. In 

this paper, we explore the extent of this problem by assessing the frequency of non-steady-state 

serum creatinine in patients that present at the ED. 

Methods 

We retrospectively included 70,606 unique adult (Ó18 years) patients from the Utrecht Patient-

Orientated Database with a total of 123,409 ED-visits at the UMC Utrecht between 2011-2019. When 

available, creatinine measurements were extracted from the last known visit to the hospital in the last 

year (baseline), during presentation at the ED and all subsequent measurements in the following 24 

hours. Relative differences were calculated using the natural logarithm and are depicted as log 

percent changes (L%). Significant fluctuation in creatinine was defined as exceeding the combined 

biological (5.95%) and analytical variation (2.17%), or Reference Change Value (RCV, often called 

critical difference). CKD categories were defined by the most recent eGFR-based KDIGO criteria. 

Results 

Of all the measurements during presentation at the ED, 16,239 (34%) had a significant change in 

creatinine compared to baseline; 6,308 (13%) had a significant decrease (mean change -28.6 µmol/L, 

relative change -25 L%) and 9,921 (21%) showed an increase (mean change 47.3 µmol/L, relative 

change +35 L%). Of all subsequent measurements after ED presentation, 6,609 (34%) had a 

significant change within 24 hours after the first measurement; 4,463 (23%) had a significant decrease 

and 1,599 (8.1%) had a significant rise. In total, 4,573 (23%) had a switch in CKD category from 

presentation at the ED and the subsequent measurement (mean time between measurements 

15.5±5.3 hours). 

Conclusion 

One out of three patients had fluctuating serum creatinine during presentation at the ED. Of these 

patients, 23% had a switch in CKD stadium between the subsequent measurements at ED visit and 

during admission. The automatically calculated eGFR by CKD-EPI at the ED should be interpreted 

with caution when assessing kidney function and considering drug dosing. 
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Background 

Monitoring renal function is a vital part of kidney research involving rats. Measurement of Glomerular 

Filtration Rate (GFR) with an exogenous filtration marker, the gold standard is laborious and does not 

easily allow serial measurements. The plasma concentration of endogenous filtration markers creatinine 

and urea are often used as surrogate, although their correlation with GFR has not been thoroughly 

investigated in a large cohort of rats. The goal of this paper was to develop an eGFR equation to estimate 

GFR in rats. 

Methods 

We used an in-house collected database of 753 rat experiments with gold-standard GFR measurement 

(inulin clearance, mGFR) and extracted coupled plasma creatinine, plasma urea, weight, gender, and 

strain (Lewis, Fawn-Hooded, Sprague-Dawley, Wistar). The database was divided in a 3/2 ratio in a 

development (n=469) and validation dataset (n=284). We developed the equation with least-squares 

regression in the development cohort and validated it in the validation cohort. We fitted a linear spline 

with one knot to best fit the relation between plasma creatinine and mGFR. Subsequently, we measured 

plasma cystatin C in a random subset (n=242) to test its added value to the model. All variables were 

transformed using the natural logarithm to either account for the first-order elimination of filtration 

markers or homogenize residuals.  

Results 

All parameters that were included during model development correlated significantly to mGFR (weight, 

R2=0.043; creatinine, R2=0.755; urea, R2=0.575; strain, R2=0.051; all p<0.001). The relationship between 

creatinine and mGFR was best estimated with a piece-wise linear spline (knot at 47 µmol/L). Using linear 

regression, we developed the following equations in the development cohort: 

Plasma creatinine (µmol/L)        Equation  

<47    ὩὋὊὙρςσφzὡ Ȣ ὅz Ȣ Ὗz Ȣ  

Ó47    ὩὋὊὙςπσψςὡz Ȣ ὅz Ȣ Ὗz Ȣ  

eGFR= estimated Glomerular Filtration Rate (µL/min), W= weight (gram), C=creatinine concentration 

(µmol/L), and U=urea concentration (mmol/L). 

Subsequent evaluation in the validation cohort yielded similar precision and accuracy (R2=0.856, 

p30=65%) as in the development cohort (R2=0.792, p30=70%). Inclusion of gender and strain in the model 

did not increase precision and accuracy. 



Although plasma cystatin C correlated significantly with mGFR (R2=0.242,p<0.001), it did not significantly 

add predictive power to the model (R2-change=0.0004, p=0.64), and was therefore not measured in the 

entire dataset, and not included in the model. 

Conclusion: 

We are the first to developed an equation to estimate GFR in several rat strains from body weight, 

plasma creatinine and plasma urea. This equation enables less labour intensive and less invasive way to 

repetitively determine GFR in rats, and may even reduce the number of animals needed. 
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Background  
Due to the fast-paced developments in human genetics, a genetic cause can now be identified for an 
increasing number of pediatric and adult-onset kidney diseases. A monogenic kidney disease (MKD) 
can impact prognostication and therapy decisions. It also provides patients with options regarding 
family planning such as preimplantation genetic testing (PGT), a reproductive technology that helps 
prospective parents prevent passing on a disease-causing mutation to their offspring.  
There are limited reports on PGT for MKD and most are focused on severe pediatric-onset diseases. 
The Dutch system of insurance reimbursement and nationwide regulation is unique, and it has allowed 
the Netherlands to be one of a handful of countries where couples have the option to choose PGT for 
MKD, including adult-onset forms of kidney disease. Here we provide the 25-year Dutch experience 
with PGT for MKD. 
 
Methods  
We performed a retrospective cohort study of all couples counselled on PGT for MKD in the Maastricht 
University Medical Center+, the expert centre where all Dutch single cell genetic testing on embryos is 
performed, from January 1995 until June 2019. 
 
Results  
99 couples were counseled for PGT, of which currently 15% is waiting for the genetic test to be 
validated. In the early years of PGT for MKD, referrals were incidental and only for couples at risk for 
offspring with paediatric-onset disease. From 2009 onwards, the number of referrals has steadily 
increased as has the number of couples referred for adult-onset MKD. Overall, the most frequent 
indications for referral for PGT were ADPKD (37%), X-linked Alport syndrome (25%) and ARPKD 
(9%). 
After counselling, 36% of n=99 couples started PGT treatment. In total n=80 cycles with oocyte 
retrieval were performed (median 2 cycles [range 1-4]). These cycles led to a median of n=10 embryos 
(range 2-31) suitable for biopsy and a median of n=3 embryos (range 1-14) being genetically 
unaffected. Seventy-five percent (n=) of couples achieved at least one live birth.  
Of n=99, 48% did not proceed with PGT, for various personal and technical reasons. Major reasons 
for opting out of PGT were that prospective parents did not want to wait for the lengthy PGT procedure 
(9%) or had a wish for natural conception with prenatal genetic testing (11%). Live birth rate was 40% 
(n=19) in the non-PGT group, with notably a similar duration to a live birth as the PGT group (2 years, 
range 0-5 years). 
 
Conclusion  
We provide the largest overview to date of the indications, uptake and results of PGT for MKD. 
Referrals for PGT, including adult-onset disease, have increased steadily over the past decade. PGT 
has favorable outcomes, with 75% of couples having at least one live birth, though this is likely due to 
our small sample size. Genetic and reproductive counseling, including information on PGT, should be 
provided to all patients and prospective parents from families with MKD to enable informed decision 
making. 
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BACKGROUND The Hemolytic Uremic Syndrome (HUS) is a thrombotic microangiopathy 

characterized by hemolytic anemia, thrombocytopenia and acute renal failure. In children, HUS is 

mainly caused by infections with Shiga toxin (Stx) producing Escherichia coli (STEC-HUS) causing 

damage of the vascular endothelium. Growing evidence shows towards a role for neutrophils in the 

pathogenesis of STECHUS, however the exact role and interaction with Stx is still not completely 

understood. In this study, we hypothesized that neutrophil activation ï in particular the formation of 

neutrophil extracellular traps (NETs) ï is directly triggered by Shiga toxin type 2a (Stx2a) and plays a 

critical role in the pathogenesis of STEC-HUS. 

METHODS Freshly isolated neutrophils were stimulated with 1.0 ï 0.01 ug/ml Stx2a over a time period 

of 8 hours. The activation marker CD11b was studied by immunofluorescence microscopy (IF) and the 

release of NETs was determined by Sytox green in combination with IF. DHR-123 and Mitosox assays 

were used to study the involvement of general ROS and mitochondrial ROS to gain more knowledge 

about the involvement of the NOX-dependent and NOX-independent pathway. Second, we isolated 

fresh neutrophils from STEC-HUS patients (N=3) in the acute and recovery phase of disease. We 

studied the release of NETs by Sytox green and IF. This time, multiple pathways were studied with the 

use of ROS assays in combination with different agonists.  

RESULTS In our study setup, we found that: 1) Neutrophils upregulate the expression of CD11b after 

Stx2a stimulation in vitro. 2) Neutrophils release 4.8 times more DNA after treatment with 1.0 ug/ml 

Stx2a for 8 hours. 3) Neutrophils produce 1.6 times more cytosolic ROS after treatment with 1.0 ug/ml 

Stx2a for 90 minutes. 4) Neutrophils release NETs by the NOX-dependent pathway after stimulation 

with 0,01-1 ug/ml Stx2a in a dose-dependent matter shown by IF. 5) Neutrophils from patients in the 

acute phase of STEC-HUS release 2.1 times less DNA by the NOX-dependent pathway compared to 

healthy donor neutrophils. 6) Neutrophils from patients in the acute phase of STEC-HUS show 2.4 

times less production of ROS by the NOX-dependent pathway. 7) Neutrophils isolated from STEC-

HUS in both the acute and recovery phase of disease are more prone to undergo spontaneous 

NETosis compared to healthy donor neutrophils.  

CONCLUSION Here, we showed the direct activation of neutrophils by Stx2a and studied the NOX-

dependent and NOX-independent pathway involved in the release of NETs triggered by Stx2a. It has 

been published that NETs attract platelets to form clots. Thrombus formation is one of the main causes 

of kidney failure in patients with STEC-HUS. More research about the interaction between different 

players like NETs and platelets would give more knowledge about the underlying pathophysiology 

involved in STEC-HUS. 
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Background Annually, more than 2000 end-stage renal disease (ESRD) patients in the Netherlands 

receive education regarding renal replacement therapies (RRT). Ideally, this choice is made during a 

process of Shared Decision Making (SDM). Since 2017, three SDM decision aids are available: 3 Good 

Questions, Option Grids and Dutch Kidney Guide. However, it is unknown whether the decision aids 

are sufficiently implemented in daily practice. Therefore, we evaluated SDM and developed a 

workshop to train centres how to implement the decision aids.  

Methods In 12 centres, the degree of SDM experienced by ESRD patients was measured with the 

SDM-Q-9 and collaboRATE questionnaires. Furthermore, SDM awareness and use of the decision aids 

by healthcare professionals was explored. Finally, we provided a 2-hour workshop with information 

regarding SDM and the decision aids.  

Results In the 12 centres (2 academic, 10 non-academic), 176 patients completed the questionnaires; 

73% found the general impression of the received information (very) good, 84% found the total 

number of consults good, and 86% found the received amount of information good. On a scale from 

0ς100 (higher score is better SDM) the mean SDM-Q-9 score was 75±22 and the collaboRATE score 

86±14. Overall, no significant difference between centres in both scores was found. When centres 

with the worst SDM-Q-9 score (77), only 50% of worst scoring centres used the decision aids (Option 

Grids and Kidney Guide) compared to 100% of best scoring centres. The majority of worst scoring 

centres started at an eGFR between 20ς30 ml/min/1.73 m2 , while best scoring centres all started 

between 15ς20 ml/min/1.73 m2 . In addition, best scoring centres provided information about all 

treatment modalities, including nocturnal haemodialysis and conservative treatment, and more often 

provided information at home. A total of 117 healthcare professionals (27% physicians, 8% physician 

assistants, 38% nurses, 14% social workers, 13% other) completed the questionnaire; 81% found the 

general impression of the education process (very) good, 80% found the total number of consults 

good, and 56% found the amount of provided information good, while 28% found it too much. SDM 

was applied according to 56% of professionals, however only 28% used the 3 Good Questions, 31ς

33% the Option Grids, and 51% the Kidney Guide. Subsequently, 10 centres participated in the 

workshop which was appreciated with a 7.5±0.4.  

Conclusion Although patients and healthcare professionals are fairly satisfied with the RRT 

information and degree of SDM, the use of decision aids by professionals is limited. A workshop 

introducing the decision aids was developed to train centres how to implement them. When 

optimizing SDM for ESRD patients in the Netherlands, attention should be paid to providing 



information about all treatment options, and providing information at home to patients with an eGFR 

between 15ς20 ml/min/1.73 m2 . 
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Background 
Activated proximal tubular epithelial cells (PTECs) play a crucial role in progressive tubulointerstitial 
fibrosis in native and transplanted kidneys. Previous studies showed that syndecan-1, a major epithelial 
heparan sulfate proteoglycan (HSPG), serves as a docking platform for properdin in the apical 
membranes of PTEC activating the complement system via the alternative pathway, which might play a 
role in proteinuric renal damage. Active targeting of PTECs by non-viral gene delivery vectors aiming to 
influence the expression of syndecan-1 might be useful to slow down the properdin binding and 
consequently the alternative pathway activation during proteinuria. However, no clinical therapies that 
specifically target PTECs are available at present. The cell penetrating peptide crotamine is able to form 
complexes with nucleic acid molecules and deliver cargo into the nucleus which enable its use as a non-
viral gene delivery vector. After intraperitoneal (ip) injection in mice, crotamine accumulates mainly in 
the kidney brush border zone of PTECs, and its presence inside these cells was demonstrated by us. 

 
Methods 
Native and chemically synthesized crotamine were compared for GFP plasmid DNA transfection 
efficiency both in vitro and in vivo. The ability of crotamine to form complexes with siRNA was evaluated 
with a gel shift assay, and the efficiency to down regulate the syndecan-1 expression in PTECs in vitro 
was assessed by FACS and qRT-PCR after transfection mediated by siRNA/crotamine complexes. 

 
Results 
We demonstrated herein that comparable to native crotamine, the synthetic peptide is able to efficiently 
transfect PTECs with green fluorescent protein (GFP) reporter gene in vitro. Ip administration of 
crotamine-DNA nanocomplexes in mice showed GFP expression specifically in proximal tubule cells. 
The formation of complex of crotamine with siRNA molecules was demonstrated here, and we showed 
that this complex formation is time- and crotamine/siRNA ratio-dependent. The internalization by the 
cells is influenced by the maintenance of the positive net charge of the complex and  cell cycle. The in 
vitro delivery of siRNA targeting human syndecan-1 in PTECs with a reduced expression of this 
proteoglycan by up to 85% in both mRNA and protein level after 96 h of transfection was demonstrated 
here. 

 
Conclusion 
This study shows for the first time the use of crotamine as a non-viral nanocarrier for delivery of siRNA, 
with successfull reduction of the expression of syndecan-1 in human PTECs. We suggest crotamine as 
a prototypic example of the next generation kidney specific non-viral vector for gene delivery with 
potential to be used to modulate aberrant gene expression in kidney PTECs, as for instance, in 

complement-associated renal diseases. 
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Background. Both hypo- and hyperkalemia can potentially induce fatal cardiac arrhythmias in the 
general population. However, little is known about the effect of potassium as a modifiable risk factor in 
hemodialysis (HD) patients. Therefore, we investigated the relation between serum potassium level 
and all-cause mortality in incident HD patients and whether there is an optimum serum potassium level 
to pursue. 
 
Methods. All incident HD patients (>18 y) from the Netherlands Cooperative Study on the Adequacy 
of Dialysis (NECOSAD), a prospective multi-center cohort study, were included. These patients were 
followed from the start of their first dialysis treatment until death, transplantation or a maximum of 2 
years. Serum potassium levels were obtained at fixed 6-month time intervals and divided into six 
categories: Ò 4.0, > 4.0 - Ò 4.5, > 4.5 - Ò 5.0, > 5.0 - Ò 5.5 (reference), > 5.5 - Ò 6.0 and > 6.0 mmol/L. 
Using a Cox proportional-hazards model with serum potassium category as a time-dependent 
variable, hazard ratios (HR) for all-cause mortality were calculated, adjusted for baseline age, sex, 
current smoking, diabetes and residual kidney function. 
 
Results. In total, 1278 HD patients were included. At baseline, mean (±SD) age was 64 (±14) years, 
60% were men, 23% were current smokers, 21% had diabetes and the median (interquartile range) 
residual kidney function was 3.0 (1.5-4.8) ml/min/1.73m2. Mean (±SD) serum potassium level was 4.8 
(±0.8) mmol/L. The prevalence of the six potassium categories was: 10%, 19%, 26%, 22%, 15% and 
8%, respectively. A total of 298 (23%) deaths was observed during 2 years of follow-up. After 
multivariable adjustment the HR (95% CI) for any death according to the six potassium categories 
were: 2.5 (1.5-4.3), 1.9 (1.2-3.0), 1.6 (1.0-2.5), 1 (reference), 1.3 (0.8-2.2) and 1.7 (1.0-3.0). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion. We found a U-shaped relation between serum potassium and all-cause mortality in 
incident hemodialysis patients. Especially, low serum potassium was a 2.5-fold stronger risk factor for 
all-cause mortality compared to normal serum potassium. Our results indicate an optimum serum 
potassium level between 5.0 - 5.5 mmol/L, emphasizing that potassium lowering therapy should be 
used with caution in hemodialysis patients.  
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Background: Patients with chronic kidney disease (CKD) have a 3- to 30-fold increased mortality risk 

and more than half of all deaths are of cardiovascular origin. The CKD-related mineral and bone 

disorders (CKD-MBD) with abnormal calcium and phosphate metabolism, secondary 

hyperparathyroidism and vitamin D deficiency precipitate an elevated vascular calcification and 

arterial stiffness. Serum FGF23 and arterial stiffness are both associated with increased 

cardiovascular risk. Previous small observational studies found conflicting results regarding the 

association between FGF23, klotho and vascular stiffness. The aim of this study is to evaluate if 

serum FGF 23 and Klotho are related to arterial stiffness measured by a carotid-femoral PWV in 

patients with chronic kidney disease stage 3a-5D. 

  

Methods: In this prospective, single-center, cross-sectional, observational cohort of 80 patients with 

CKD stages 3a-5D, hormones influencing mineral-bone homeostasis (including FGF23, Klotho and 

vitamin D), together with routine biochemistry, were compared with arterial stiffness (measured by 

pulse wave velocity (PWV)).  

  

Results: Eighty patients with CKD (mean estimated glomerular filtration rate (eGFR) 18,7  ± 7,62 

ml/min/1.73m2 and 16 controls (spouses and partners) (mean eGFR 66,5 ± 21,20) completed the 

study. There were no differences in age, gender and BMI between the groups. FGF23 was higher in 

patients with CKD compared to the controls (283,90  (67,79 ς 5500) vs. 75,50 (46,82 ς 715,50)). Pulse 

wave velocity was higher in patients with CKD (13,8 (5,3 ς 29,85) vs. 12,80 (8,35 ς 21,00)). With 

lineair regression, FGF23 was a significant predictor for the measured PWV (F-test = 5,75, p = 0,005) 

  

Conclusion: We found a significant association found between serum FGF23 and arterial stiffness. 

Further research is needed to explain this relationship and to explore the relevance of this 

association for treatment options. 
 
Dit kan niet en is een gevolg van gebruik van statistische analyse die normale verdeling van de resultaten 
veronderstelt. Graag niet-parametrische statistiek gebruiken 
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Background Long term graft survival remains a major challenge in renal transplantation. B-cells are 

regarded key players in development of chronic allograft injury, but recently also their tolerogenic 

properties were recognized. We hypothesize that tertiairy lymphoid organs (TLO), described in 

chronically rejected allografts, might provide the micro-environment required for B-cell polarization. As 

a first step, we aimed to analyze the occurrence of B-cell aggregates in protocollar renal biopsies and 

relate this to graft function and survival.  

Methods We evaluated B-cell aggregate presence (Ó30 CD20+ cells) in available protocollar renal 

biopsies with Ó7 glomeruli taken 6 and 12 months after transplantation (T6 and T12), during a clinical 

trial comparing cyclosporine and tacrolimus [1]. Patients with T6 and T12 biopsies without aggregates 

were used as controls. For assessment of renal function, estimated Glomerular Filtration Rate (eGFR) 

expressed as mL/min/1.73m2 was computed using the MDRD formula. 

Results We reviewed 31 T6 and 28 T12 biopsies from 21 patients. Six (19%) of T6 and 4 (14%) of T12 

biopsies contained B-cell aggregates. Seven patients had at least one biopsy showing aggregates, of 

which three patients showed aggregates in both T6 and T12. Patients with T6 aggregates had a 

median eGFR at biopsy of 54 (IQR 37 ï 73) compared to 49 (45 ï 63) for controls (p= 0.9). The 

ȹeGFR (T12-T6) for patients with T6 aggregates shows a median numerical difference of -2 (-17 ï 9) 

compared to -3 (-8 ï 7) for controls (p= 0.6). Aggregate incidence was higher in the cyclosporine (7/13 

patients) than in the tacrolimus treatment group (0/8 patients) (p=0.02). There were more patients with 

at least one episode of rejection (at any time point) in the group with aggregates (5/7 patients) 

compared to controls (2/14 patients) (p= 0.02). The Kaplan-Meier analyses comparing patients with T6 

aggregates to controls and patients with T12 aggregates to controls show no difference in survival (p= 

0.4 and p= 0.7, respectively). 

Conclusion In this renal transplant trial, B-cell aggregates were more frequent in cyclosporine 

compared to tacrolimus-treated patients and there was a higher incidence of rejection in patients with 

aggregates compared to controls. Despite this subtle indication of a detrimental effect of aggregates 

on the renal allograft, we were unable to confirm this in renal allograft function or outcome analysis. 

Possibly our analyses were underpowered due to our limited sample size. Validation of these results in 

a larger, preferably independent cohort, and immunophenotyping of aggregates are needed.   

1. Rowshani, A.T., et al., No difference in degree of interstitial Sirius red-stained area in serial 
biopsies from area under concentration-over-time curves-guided cyclosporine versus 
tacrolimus-treated renal transplant recipients at one year. J Am Soc Nephrol, 2006. 17(1): p. 
305-12. 
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Background 
Treatment with hvHDF is associated with a better survival than sHD. The underlying mechanism may 
depend on a more stable intradialytic blood pressure (BP) and hence less tissue damage. Previous 
studies have shown that low dialysate t has been associated with a relatively stable intradialytic BP. 
Yet, during cHD and hvHDF patients may encounter thermal discomfort due to cooled dialysate or a 
high substitution volume in the efferent line at room t. In this study we compared body t and its 
perceptual thermal sensations during all 4 modalities. 
 
Methods 
20 Chronic HD patients were included in a cross-over randomized fashion. Intradialytic t patterns and 
their perception were studied during sHD (dialysate 36,5°), cHD (dialysate 35,5°), lvHDF (dialysate 
36,5°, convection volume (CV)15L/session) and hvHDF (dialysate 36,5°, CV Ó23 L/session). 
Tympanic t was assessed 5' before and after dialysis. Thermal perception was measured before and 
after 1 and 3hr with the Visual Analogue Scale Thermal Perception (VAS-TP), which represents actual 
thermal sensations on a continuous line. 
 
 
 

          
                         Fig.1 
 
Results 
The rate of change in body t was different between cHD and the other modalities (p for interaction 
<0.0005). Body t did not change during cHD (-0.02ęC in 4 hr, 95% CI -0.14 to 0.10, p= .68), whereas it 
increased significantly in all other modalities (0.36ęC in 4 hr, 95% CI 0.26-0.45, p <0.0005). 
Furthermore, the change in t sensation was significantly different for cHD when compared to the other 
modalities (p for interaction=0.008, fig 1). During cHD, patients perceived more cold sensations (-0.71 
points on the VAS-TP scale, 95% CI -1.14 to -0.28, p=0.002) whereas this remained unaltered in the 
other  modalities (0.04 points on the VAS-TP scale, 95% CI -0.22 to 0.30, p=0.77). The effect on VAS-
TP was independent of body t. 
 
Conclusion  
From this analysis it appears that 1) while body t remained unchanged during cHD, it increased during 
the other modalities 2) while cold sensations increased during cHD, thermal sensations remained 
unchanged during the other modalities 3) hence, body t and its thermal sensations do not change in 
parallel during different dialysis modalities. 
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Background 
Idiopathic nephrotic syndrome (INS) is a rare disease with an estimated incidence of 60 newly 
diagnosed cases per year in the Netherlands. Recent research has shown that adding levamisole to 
corticosteroids in patients with frequent relapses significantly reduces the number of relapses and 
improves the relapse-free survival rate. Levamisole is an anthelminthic drug with immunomodulatory 
effects. It has, compared to other steroid-sparing drugs, relatively few side effects. In children with a 
first episode of INS, adding levamisole to initial treatment with steroids has never been studied. We 
hypothesise that adding levamisole to standard treatment with corticosteroids reduces the number of 
relapses in 12 months after first presentation. Additionally, the cumulative steroid dose will be reduced, 
while the time to first relapse increases, and the quality of life improves.  
 
Methods 
To investigate the efficacy and safety of adjuvant levamisole to standard therapy in children with a first 
episode of INS on the prevention of relapses in the first 12 months, we have conducted an 
international, double blind, placebo-controlled randomised trial in 19 participating hospital in the 
Netherland (n=14) and Belgium (n=5). Patients with first onset INS, aged 2-16 years, who achieve 
remission after 4 weeks of steroid therapy will be asked for informed consent. Participants will be 
randomised in a 1:1 ratio to either levamisole (2.5 mg/kg on alternate days) or placebo, added to 
prednisolone treatment for a total of 24 weeks. Follow-up of patients will be 2 years after first 
presentation. Additionally, quality of life-questionnaires will be filled in and extra blood will be collected 
to establish a biobank and to investigate the immunologic features of INS and levamisole. The study 
protocol was approved by the Medical Ethical Committee and competent authority of both countries.  
 
Results 
Since the start of the study in April 2018, all participating centres have now been initiated. A total of 23 
patients have been included in the study and have been randomised. There has been 1 drop-out, 
none of the patients has been lost to follow-up. So far, relapse occurred in 9 patients, necessitating 
ending study treatment prematurely in 5 patients. No serious adverse events have been reported. 
Inclusion of patients will continue until May 2021.  
 
Conclusion 
Relapse rates of INS in children are high and require further treatment with steroids, causing long-term 
side-effects as osteoporosis, weight gain, growth impairment and hypertension. Preventing relapses 
by adding levamisole can decrease the burden of disease and improve quality of life. Worldwide, the 
LEARNS study is one of the few randomised controlled trials for the first episode of INS in children. 
However, including patients appears to be challenging despite all efforts. Additionally, incidence of INS 
in the Netherlands may be fluctuating, leading to fewer new onset INS patients per year. 
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Background 
Prednisolone is the cornerstone of the treatment of idiopathic nephrotic syndrome (INS) in children. 
However, in 80% of the patients, relapses of INS occur. Relapses require further treatment with 
steroids leading to toxicity. Levamisole is a steroid-sparing drug for the prevention of relapses, 
however, this has never been studied in children with a first episode of INS. In an international 
randomised controlled trial, the efficacy and safety of additional levamisole to prednisolone to prevent 
relapses in children with a first episode of INS will be investigated. Additionally, extra blood and saliva 
samples will be collected to assess the pharmacokinetics (PK) and pharmacodynamics (PD) of 
levamisole and prednisolone as well as to investigate the feasibility of measuring levamisole 
concentrations in saliva. We present preliminary results of the PK/PD-substudy in a well-defined 
cohort of children (age 2-16 years) with first onset INS.  
 
Methods 
Participants were randomly allocated to levamisole (2.5 mg/kg every other day) or placebo added to 
standard prednisolone therapy (18-week tapering schedule) for a total of 24 weeks. Saliva samples 
were collected at week 4 (prednisolone only) and week 8 (prednisolone + levamisole/placebo) after 
first presentation. Plasma samples were collected at week 8 and week 20 (levamisole/placebo only). 
At each visit, samples were collected at 5 different time points: before, and 2, 4, 6, and 8 hours after 
intake of medication. Total drug concentrations were measured using tandem liquid chromatography-
mass spectrometry (LC-MS/MS), which has been validated for EDTA-plasma and saliva previously.   
 
Results 
In total, 172 samples from 16 patients have been analysed. Median total concentration (range) in 
plasma and saliva for levamisole and prednisolone were plotted (see Figure). Saliva-to-plasma ratios 
in levamisole and prednisolone ranged from 0-37.16 and 0-0.44, respectively.  
 
Conclusion 
LC-MS/MS is a highly sensitive technique to measure drug concentrations. This is the first study that 
shows that levamisole can be measured in saliva, with acceptable (small range) saliva-to-plasma 
ratios except for trough concentrations. However, further population PK- and PD-modelling needs to 
be done to draw any conclusions on feasibility. Final modelling for levamisole and prednisolone is 
expected after inclusions have finished and all samples have been analysed. 
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Background 
Previous studies showed that health-related quality of life (HRQoL) is decreased in patients with 
chronic kidney disease (CKD), even in children who received a kidney transplantation. To measure 
HRQoL, generic and disease-specific patient-reported outcome measures (PROMs) can be used. In 
2011, the KLIK PROM (www.hetklikt.nu) portal was implemented in our hospital to identify, monitor 
and discuss psychosocial problems and HRQOL in daily nephrological clinical practice. Patients Ó8 
years of age complete the PROMs themselves (self-report). If younger, parents complete the PROMs 
on their behalf (proxy-report). Results are discussed with the patient and paediatrician during 
consultation. In this study, we will demonstrate the implementation of the KLIK portal in the department 
of paediatric nephrology and discuss the findings of prospectively collected data of children with CKD 
from clinical practice.  
 
Methods 
Patients from the department of paediatric nephrology and their parents were invited for registration at 
the KLIK PROM portal and informed consent for the use of the data for scientific purposes was asked. 
After registration, patients/parents receive a notification by email 14 days prior to their next visit to the 
hospital to complete the PROMs. In our clinic, three different PROMs were used: PedsQL Generic, 
PedsQL Transplantation, and TAPQOL. The first completed PROM (all CKD patients) and the PROM 
completed before and at 1 year after transplantation were used for analysis (paired t-test). Overall 
HRQoL-scores (0-100, higher scores indicate better HRQoL) were compared with norm-scores from 
the general population (PedsQL Generic) (t-test or Mann-Whitney).  
 
Results 
A total of 138 patients were invited for registration, of which 117 (85%) registered on the website, and 
104 (89%) patients completed at least one PROM. Data from 83 patients (80%) who gave informed 
consent were used for analysis. Overall PedsQL-scores in CKD patients for all age groups were 
significantly lower than in the general population (p<0.001), specifically in the subdomains physical 
(p<0.001) and school (p=0.007). Of 11 patients who underwent kidney transplantation, PROMs before 
and after transplantation were available. The mean difference in overall HRQoL scores before and 
after was 4.50 and 14.5 for TAPQOL (p=0.07) and PedsQL (p=0.02), respectively.   
 
Conclusion 
The implementation of the KLIK PROM portal in daily clinical practice was successful: 104 out of 138 
invited patients completed at least one PROM. Our findings showed that HRQoL in children with CKD 
is lower than in the general population. More importantly, we were able to show improvement in 
HRQoL after kidney transplantation, however, the number of patients was small. By using KLIK, 
PROMs can be completed conveniently at home by parents and/or patients. Results are fed back 
during hospital visits, psychosocial problems can be easily identified, and if needed, adequate 
intervention can be provided. 
 

 

 

 

http://www.hetklikt.nu/
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Background: Approximately 60% of the kidney patients on dialysis are not waitlisted for kidney 
transplantation. An unknown part of them might as well be eligible for kidney transplantation but has 
never been screened for it. Further disparities in access to kidney transplantation are suggested in 
literature like for older patients and patients with a migration background. Moreover, pre-emptive 
transplantation was announced as a quality indicator of best practice in renal replacement therapy. In 
practice it is unclear if the bigger part of those patients who are eligible indeed merely have the 
opportunity to be transplanted pre-emptively. The present qualitative study aims to explore factors 
influencing access to kidney transplantation from different stakeholdersô perspectives.  

Methods: Factors on different organizational levels will be investigated by analyzing interviews held 
with various stakeholders involved in the access to transplantation, namely, pre- and post-
transplantation patients, renal nurses, social workers, nephrologists, health insurers and policy 
makers. These stakeholders will be approached for focus group or individual interviews nationwide in 
different settings (e.g. community centers, transplant centers, general hospitals, conference venues, 
governmental agencies). The interviews will be audio-recorded and transcribed verbatim. This 
qualitative data will be analyzed according the principles of Grounded Theory.  

Procedure: Participants will be interviewed in three phases about their perceptions, opinions and 
attitudes on access to kidney transplantation. The topic list for the interviews contains the following 
domains: clinical, psychological, ethical, social, economic and policy regarding the access to kidney 
transplantation. In a first phase, stakeholder group perspectives will be explored through individual 
(mostly) in-depth and focus group interviews. In a second phase, focus groups will be held in which 
participants will be confronted with other stakeholders´ perspectives. Assessing these reactions and 
opinions will lead to a more complete model of the contributing factors, and will also show barriers in 
the transplantation trajectory related to interaction between stakeholders. Finally, in the third phase, 
stakeholders will be invited to focus group discussions for suggesting solutions to overcome barriers 
and giving input how to promote facilitators found in the second phase for improving access to 
transplantation.  

Towards Solutions: The final goal is to present a report with national policy recommendations 
pointing towards a more optimal access to kidney transplantation in The Netherlands. 
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Background 
Renal disease can pose a big burden on quality of life. Insight in etiology is important for personalized 
treatment and prevention. A substantial part of adult onset renal disease has an undiscovered 
monogenic cause. For end-stage renal disease the prevalence of a monogenic cause is expected to 
be at least 10-20%, depending on age of onset. The timely awareness of a potential genetic etiology in 
kidney disease patients has profound implications for diagnosis and subsequent care pathways, for 
family members (e.g. in presymptomatic testing and family donation) and for options regarding 
establishing a family (e.g. preimplantation genetic diagnosis). The GeNepher Data- and Biobank will 
facilitate further exploration of known and new genetic causes of renal disease.  
 
Methods 
In a concerted effort we will set-up the GeNepher Data- and Biobank. Patients with known and 
suspected hereditary renal disease are eligible for inclusion. Patient groups that will be addressed for 
inclusion are shown in figure 1. Informed consent will cover consent for use of already available 
medical data (including genetic results), consent for use of available DNA / sequencing data for add-
on analyses and in selected cases consent for additional blood sampling, skin biopsy or urine 
collection. The Dutch Kidney Patients Association is involved to add patientôs perspective.  
 

 


