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Background: 
Recent data suggest that AKI to CKD progression may be driven by cellular senescence evolving from 
prolonged DNA damage response following oxidative stress. Connective tissue growth factor (CTGF 
or CCN2) is a major contributor to CKD development and was found to aggravate DNA damage and 
the subsequent DNA damage response (DDR)-Cellular Senescence-Fibrosis sequence following renal 
ischemia reperfusion injury (IRI) (see other abstract submitted in tandem). Here, we investigated the 
impact of CTGF inhibition on the immediate (4 hours) and early (3 days) response of the kidney to IRI. 
 
Methods: 
We induced AKI by bilateral IRI in wild type and conditional CTGF-KO mice and euthanized the mice 4 
hours and 3 days after reperfusion. We performed full transcriptome RNA sequencing at 4 hours to 
identify major dysregulated pathways and validated the findings by qPCR and IHC at 4hours and 3 
days.  
 
Results: 
IRI resulted in upregulation of CTGF 4 hours and 3 days after reperfusion (Figure 1A,C). Four hours 
after reperfusion, CTGF-dependent differentially regulated genes were enriched in multiple signaling 
pathways related to oxidative stress and DNA damage. Consistently, decreased staining for γH2AX 
and p-p53 (Figure 1B) indicated reduced DNA damage and DNA damage response in tubular 
epithelial cells of CTGF-KO mice, although decline in kidney function, acute tubular damage score, 
and KIM1- and NGAL expression were not different.  
Three days after IRI, oxidative stress response markers (4HNE and nitrotyrosine, and Nrf2 target 
genes HMOX1 and NQO1), tubular DDR markers (γH2AX-, p-p53, p21), and anti-apoptotic factors 
(Bcl-xL, HMGB1) were less elevated in CTGF-KO than in wild type mice.  
 
Conclusions: 
Together, our observations suggest that CTGF inhibition might mitigate AKI to CKD progression by 
reducing oxidative stress induced DNA damage and the subsequent DDR-cellular senescence-fibrosis 
sequence response. 
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Background: 
Chronic allograft dysfunction with progressive fibrosis of unknown cause remains a major issue after 
kidney transplantation, characterized by renal ischemia-reperfusion injury (IRI). One hypothesis is that 
”spontaneous” progressive tubulointerstitial fibrosis following IRI may be driven by cellular senescence 
evolving from a prolonged, unresolved DNA damage response (DDR). Connective tissue growth factor 
(CTGF or CCN2), an established biomarker and mediator of kidney allograft fibrosis, is also involved in 
senescence associated pathways.  
 
Methods: 
To investigate the relation between CTGF and cellular senescence, we assessed the relation between 
CTGF expression, renal function and senescence in kidney allograft biopsies taken for CAD or for 
delayed graft function (DGF) with no apparent findings upon biopsy other than tubulointersitial fibrosis 
or IRI, respectively. In addition, we evaluated kidney function, tubular damage, tubulointersitial fibrosis, 
and senescence markers in wild type (WT) and conditional full CTGF knockout (KO) mice euthanized 
6 weeks and 3 days after having been subjected to bilateral experimental IRI.    
 
Results: 
In human kidney allograft biopsies, we found an increase over time of tubular CTGF and DDR marker 
expression. Both in early and late phase biopsies, CTGF co-localized with DDR. Additionally, in 
chronic dysfunction biopsies, CTGF and DDR correlated with loss of kidney function. Consistently, 
CTGF KO mice developed less cellular senescence and tubulointersitial fibrosis in the late phase, i.e. 
6 weeks after IRI. Of note, in the early phase, 3 days after IRI, tubular damage morphology, and the 
kidney expression levels of tubular injury markers (KIM1 and NGAL), and regeneration factor SOX9 
were all not different in CTGF KO-, as compared to WT mice. However, tubular DDR markers and 
plasma urea were less elevated in CTGF KO- than in WT mice.  
 
Conclusion: 
Together, our observations indicate that near total deletion of CTGF can mitigate IRI-induced acute 
renal failure, DNA damage, and the subsequent DDR-Senescence-Fibrosis sequence. Thus, targeting 
CTGF might help to protect the kidney from post-IRI chronic kidney allograft dysfunction. 
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Introduction: Systemic Lupus Erythematosus (SLE) is an autoimmune disease characterized by 
autoantibodies against chromatin. Extracellular chromatin is present in SLE patients, which may be a 
result of an aberrant apoptosis and/or neutrophil extracellular trap (NET) formation, and/or insufficient 
clearance of apoptotic material or NETs. Previously, we showed that peripheral blood mononuclear 
cells (PBMCs) derived from lupus mice were far more sensitive to apoptotic microparticles (MPs) than 
those from controls. Recently, the concept of trained immunity was described, in which innate immune 
cells after an initial stimulus show an increased response upon encountering a subsequent stimulus. 
Trained immunity is associated with epigenetic changes such as increased trimethylation of lysine 4 in 
histone H3 (H3K4Me3). We hypothesized that sources of nuclear antigens in SLE, including MPs and 
NETs, can induce trained autoimmunity. 
 
Methods: PBMCs and monocytes were isolated from SLE patients in remission (SLE; n=23) or healthy 
controls (HC; n=23). Immunophenotyping of blood cells, ex vivo stimulation, RNA-seq, and ChIP-seq 
analyses were performed. Monocytes from HCs were treated with different stimuli (untrained, heat-
killed C. albicans, MPs, NETs) in vitro for 24 hours. After a resting period of 5 days, cells were re-
stimulated with different TLR agonists, and subsequently, IL-6 and TNF-α levels were measured by 
ELISA. 
 
Results: SLE PBMCs displayed a higher pro-inflammatory cytokine production upon TLR stimulation 
than HC PBMCs. Increased pro-inflammatory cytokine response was associated with an increased 
presence of the histone mark H3K4Me3 in SLE monocytes compared to HC monocytes. RNA-seq 
analysis revealed an increased expression of MTORC1 and TNF-α signaling pathways in SLE 
monocytes compared to HC monocytes. NETs and MPs induced training in HC monocytes. 
 
Conclusion: Our hypothesis is supported by the data that revealed that functional and epigenetic 
reprogramming associated with trained immunity is present in SLE patients. In particular MPs and 
NETs present in the extracellular space and the circulation of SLE patients can induce trained 
immunity. Trained autoimmunity may contribute to the development of autoimmunity but may also 
underly the explosive disease flares, like lupus nephritis, in SLE patients. 
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Background: Tissue sodium accumulation plays an important role in sodium homeostasis. During 
high sodium diet, negatively charged glycosaminoglycans (GAGs) facilitate extracellular sodium 

accumulation in various tissues. Patients with Hereditary Multiple Exostosis (HME) have a 
heterozygous loss of function mutation in one of two genes involved in heparan sulfate (HS) synthesis. 
HME patients may therefore respond differently to high sodium conditions with regard to sodium and 
water homeostasis. 

Methods: We performed a randomized cross-over study in 7 male HME patients and 12 healthy 
controls, matched for age, body mass index, blood pressure and renal function. All subjects followed 
both an 8-day low sodium diet (LSD, <50mmol/d) and high sodium diet (HSD, >200mmol/d) in 
randomized order. After each diet, blood and urine samples were collected. Also, body fluid 
compartments measurements were performed by using the distribution curve of iohexol and 125I-
albumin. 

Results: After LSD, body fluid volume distribution over total body water (TBW) was equal (Fig 1a). 
HSD resulted in a different distribution between groups (Fig 1b), while absolute TBW increase was not 
different (1.4 L vs 1.5 L, p=0.91). HME patients showed 3.9% ICFV expansion without concurrent 
changes in plasma effective osmolality (269.3 vs 272.1 mmol/L, p=0.18). Whereas, in healthy controls, 
23.0% IFV expansion was accompanied by increased plasma effective osmolality (267.9 vs 273.6 
mmol/L, p<0.01). HSD-induced changes in HS excretion were associated with ICFV change in healthy 
controls (Fig 1c).   

Conclusion: HME patients, characterized by defective HS, show distinct body fluid composition and 
altered osmoregulation after HSD when compared to controls. The incapacity to expand IFV may 
reflect reduced extracellular sodium accumulation with reduced commensurate water retention. As a 
consequence, water shifts to the ICFV after hypertonic stress, indicating disturbed maintenance of a 
stable milieu intérieur. Our results underscore that intact HS synthesis is crucial for sodium 
homeostasis and fluid balance.   
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Background: 
Autosomal dominant polycystic kidney disease is a hereditary kidney disease with a prevalence of 1 in 
2500 individuals. Majority of the patients (85%) carry a mutation in the PKD1 gene leading to the 
formation of cysts early in life. The disease has a mild lag-phase for several decades, followed by rapid 
cyst expansion, leading to end stage renal disease at middle age. Using inducible Pkd1-deletion mice, 
we previously showed that cysts themselves contribute to the formation of new cysts, leading to a 
phenomenon that we called the ‘cystic snowball effect’. However, it is unknown how cysts exert these 
cystogenic effects on surrounding tissue. We hypothesize that alterations in the signaling pathways and 
inflammation around initial cysts might play a role in the cystic snowball effect. Aim of this research is 
to characterize molecular alterations in tissue surrounding initial cysts. 

Methods: 
Kidney-specific deletion of Pkd1 gene was induced in mice and cyst formation was monitored by MRI 
monthly. At the mild cystic phase of the disease kidneys were collected. Laser capture microdissection 
(LCM) was used to isolate specific areas from frozen kidney sections. LCM was guided by IHC staining 
of F4/80 macrophage marker to distinguish between areas with and without inflammation. Cystic and 
non-cystic areas with and without inflammation were compared to wild type. Based on pathway 
analyses performed in  early and moderate PKD, expression levels of several chemokine, growth factor, 
metabolism, and cell cycle related genes were investigated by RT-qPCR. 

Results: 
Expression levels of the studied chemokine and growth factors were increased in F4/80 positive areas 
compared to F4/80 negative areas, and to wild type. F4/80 expression correlated with Igf1 and Cdk1, 
whereas genes involved in the regulation of IGF-signaling (Igfr1, Igfbp3, Igfbp4, Igfbp5, Irs1 and Irs2) 
and fatty acid metabolism (Mogat2 and Echdc1) correlated negatively. Altered expression of Csf1, Mrc1, 
Tgfbi, Ccl2, Cd74, Ccl5, Il1b, Lcn2, Igf1r, Igfbp4, Pappa and Cdk1 was also seen in non-cystic areas 
with low F4/80 expression compared to wild type. 

Conclusion: 
We show altered expression of several chemokines, growth factors, cell cycle and metabolism related 
genes in tissue surrounding cysts, but also in non-cystic areas. F4/80 expression correlated with the 
expression of inflammatory factors, cell cycle and cell growth related genes, suggesting that cell growth 
signaling co-occurs with inflammation around initial cysts. Increased expression of genes in non-cystic 
areas with low inflammation, points to early alterations in tissue before cyst formation. Factors with 
altered expression in both cystic and non-cystic areas will be prioritized for further research.  
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Background: Predominant features of severe dengue virus infection are endothelial dysfunction, and 

thrombocytopenia as a result of platelet activation. It is well established that heparanase, the 

endothelial glycocalyx degrading enzyme, plays a major role in various diseases with vascular 

leakage. It is yet to be elucidated whether heparanase activity plays a major role in dengue-associated 

plasma leakage. Moreover, the major source of heparanase secretion and activation in dengue 

remains elusive. Since relatively high amount of heparanase is stored in platelets, we postulate that 

heparanase released by activated platelets contributes to the development of plasma leakage in 

dengue virus infection. 

Methods: Heparanase activity (plasma and urine), and heparan sulfate and syndecan-1 (plasma 

levels) were measured from dengue patients with plasma leakage in acute phase (n=30), during 

course of disease (n=10) and in convalescent phase (n=25). Associations with clinical parameters and 

plasma leakage markers were also explored. Platelets from healthy donors were stimulated with 

dengue non-structural protein-1 and thrombin to evaluate heparanase release and activity ex vivo. 

Results: Heparanase activity was elevated in acute dengue and normalized during convalescence. 

Similarly, glycocalyx components, such as heparan sulfate and syndecan-1, were increased in acute 

dengue and restored during convalescence. Increased heparanase activity correlated with parameters 

of disease severity and endothelial dysfunction markers, as well as clinical markers of plasma leakage 

such as ascites, hematocrit concentration and gall-bladder wall thickening. Notably, platelet number 



inversely correlated with heparanase activity. Ex vivo incubation of platelets with thrombin or dengue 

virus-2-derived non-structural protein 1 revealed that only thrombin induced release of heparanase. 

Conclusion: Taken together, our findings suggest that the increase of heparanase activity in dengue 
patients is associated with endothelial glycocalyx degradation and plasma leakage, which might be 

mediated by thrombin-induced platelet activation. 
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Background Lupus nephritis (LN) is a serious manifestation of systemic lupus erythematosus (SLE), 
a severe auto-immune disease. Despite therapeutic improvements, LN still results in renal failure in 
10-20% of patients. Macrophages are frequently found in kidney biopsies of lupus nephritis patients, 
but the pathophysiological role of the macrophage in LN is complicated and still remains unknown. 
Macrophages are heterogenic cells and are therefore classified in a spectrum ranging from pro-
inflammatory (M1) to anti-inflammatory (M2) phenotypes. The aim of this study was to determine 
whether macrophage markers in kidney biopsies are associated with renal outcomes in LN patients. 
We hypothesized that an increase of M1 or a decrease of M2a (tissue remodeling) or M2c 
(phagocytic) in renal biopsies would predict poor prognosis. 
 
Methods We performed a retrospective cohort study of LN patients who underwent a kidney biopsy in 
the Amsterdam UMC between 2010 and 2018. Baseline kidney biopsies were studied for histological 
injury and LN classification and stained for surface markers by immunohistochemistry. Intraglomerular 
area positively stained for macrophage markers CD68, CD163 (M2c), CD206 (M2a) and/or HLA-dr 
(M1) was semi-automatically quantified (using Fiji software).  

Results 32 patients were included of whom 56% had a kidney biopsy classified as proliferative LN. 
Patients were 34±2 years old, had a mean eGFR of 78±7, had mixed ethnicity (47% black skin color) 
and 72% was female. Most patients (63%) were treated with mycophenolate mofetil after diagnosis. 
Upon light microscopy, 8.5±3.0% of glomeruli were crescentic, the mean NIH activity index was 
4.3±0.8 and mean chronicity index was 1.9±0.3. CD163 and HLA-dr were associated with 
intraglomerular CD68 expression (Spearman r=0.69, P= 0.002 and r=0.45, P=0.014, respectively). 
HLA-dr expression did not show association with clinical or histological disease markers. Spearman’s 
rho showed that CD68 and CD163 expression were both positively associated with glomerular 
crescents (r=0.399 and r= 0.646), NIH activity index (r=0.638 and r=0.729), erythrocyturia (r=0.455 
and r= 0.637) and a decrease in serum creatinine three months after renal biopsy (r=0.529 and 
r=0.568).  

Conclusion Renal CD68 and CD163 expression are both associated with inflammatory lesions such 
as crescent formation, as well as recovery of renal function after induction therapy. Therefore, while 
intraglomerular M2c infiltration is a marker of acute renal injury in LN, it may also be a promising 
biomarker for renal function improvement later on, since anti-inflammatory macrophages recruited to 
inflamed kidneys may contribute to clearance of immune complexes. M2 polarization as potential LN 
therapy could be an interesting focus for further research. 
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Background: Ischemia-reperfusion injury (IRI), which inevitably occurs in kidney transplantation, 
causes the release of danger-associated molecular patterns (DAMPs) that induce an innate immune 
response. IRI, and the innate immune response it evokes, is associated with later occurrence of acute 
rejection, de novo autoantibody formation, and chronic rejection. How the ischemia induced 
inflammatory response relates to these long-term immunological effects is poorly understood. We 
hypothesize that DAMPs can induce trained immunity and thereby affect long-term allograft survival. 
Trained immunity is a new immunological concept in which innate immune cells develop a prolonged 
memory in response to an initial stimulus, reprogramming cells for a stronger inflammatory response to 
future stimuli. 
 
Methods: Trained immunity experiments were performed on peripheral blood mononuclear cells 
(PBMCs) isolated from healthy controls. Cells were stimulated for 24 hours (training stimulus), after 
which cells were washed and rested for 5 days and restimulated on day 6 with lipopolysaccharide (LPS). 
IL-6 was measured in the supernatant by ELISA (Fig. 1A). First, DAMPs (vimentin, ATP, C1q, HMGB1, 
histones) were examined for their ability to induce trained immunity. Second, sera of 96 renal transplant 
patients obtained one week after transplantation, which likely contains a mixture of DAMPs, were tested 
for their ability to induce trained immunity. RPMI and heat-killed C. albicans served as negative and 
positive controls, respectively. 
 
Results: We observed that HMGB1 and histones enhance the cytokine response after LPS 
restimulation, while vimentin, ATP and C1q suppress the cytokine response (Fig. 1B). Patient serum 
obtained one week after transplantation also showed a variable response. Sera induced or suppressed 
trained immunity (Fig. 1C). In a Kaplan-Meier survival analysis we observed a marked difference in the 
long-term death-censored graft survival between the tertials of serum-induced trained immunity (Fig. 
1D). 
 
Conclusion: Depending on the type of DAMP, trained immunity can be induced or suppressed. Whether 
trained immunity is induced or suppressed by patient serum obtained shortly after transplantation is 
predictive of long-term graft survival. This identifies trained immunity as a novel and relevant 
immunological mechanism in renal transplantation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: DAMPs and human serum, and the relation with trained immunity 
(A) Schematic representation of the trained immunity assay 
(B) PBMCs stimulated DAMPs show either enhanced or suppressed cytokine response 
(C) Patient serum obtained one week after transplantation shows an enhanced or suppressed immune 
response 
(D) Kaplan-Meier survival analysis of serum-induced trained immunity and death-censored graft survival 
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Background: Chronic Transplant Dysfunction (CTD) is associated with increased PCSK9 and 

dyslipidemia. We recently showed increased PCSK9–syndecan-1 interaction in renal condition. 

Treatment with heparin(oids) might be a therapeutic option to improve dyslipidemia and CTD. We 

investigated the effects of (non-)anticoagulant heparin(oids) on serum lipids, syndecan-1 and PCSK9 

levels and CTD development. 

Methods: Kidney allotransplantation was performed from female Dark Agouti to male Wistar Furth 

recipients. Transplanted rats received daily subcutaneous injections of saline, unfractionated heparin, 

RO-heparin or NAc-heparin (2mg heparin(oid)/kg BW)  until sacrifice after 9 weeks of treatment.   

Results: Saline-treated recipients developed hypertension, proteinuria, and loss of creatinine 

clearance, (all p<0.05 compared to baseline), along with glomerulosclerosis and arterial neointima 

formation. Saline-treated recipients showed significant increase in plasma TGs (p<0.05), borderline 

increase in non-HDLc/HDLc (p=0.051), ̴10-fold increase in serum syndecan-1 (p<0.05), without 

significant increase in serum PCSK9 level at 8 weeks compared to baseline. Heparin and non-

anticoagulant RO-heparin administration in transplanted rats completely prevented increase in TGs 

compared to saline treated recipients at 8 weeks (both p<0.05). Heparin(oids) treatment did not 

influence serum TC, plasma syndecan-1 and PCSK9 levels, creatinine clearance, proteinuria, 

glomerulosclerosis and arterial neointima formation, 8 weeks after transplantation.  Combining all  

groups, increased syndecan-1 shedding was associated with TC (r=0.5; p=0.03) and with 

glomerulosclerosis (r=0.53; p=0.021), whereas non-HDLc/HDLc ratio associated with neointima score 

in the transplanted kidneys (r=0.65; p<0.001). 



Conclusion: Prevention of triglyceridemia by (non)anticoagulant heparin(oid) did  neither influence 

PCSK9/syndecan-1, nor precluded CTD, which did however associated with shedding of lipoprotein 

clearance receptor syndecan-1 and unfavorable cholesterol profile. 
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Background: Mutations in PKD1 account for most cases of autosomal dominant polycystic kidney 
disease (ADPKD), the most common inherited renal disease, which is characterized by fluid-filled 
cysts. Compared with patients harboring a PKD1 truncating mutation, patients with a PKD1 missense 
mutation, which represent 40% of the patient population, typically have a better renal survival. It is 
hypothesized that this slower disease progression might be due to the missense mutation causing a 
misfolded PKD1 protein (PC-1) that traffics less towards its final destination at the cilia and at cell-cell 
and cell-matrix contact sites, rather than a complete absence of PC-1. Several Pkd1-mutant mouse 
models have been created based on gene-disrupting truncating mutations and these models are 
frequently used for testing drug efficacy. However, to better reflect the different patient phenotypes, 
additional unique Pkd1-mouse models with different disease severities and phenotypes need to be 
generated, characterized and implemented for drug testing. We created a novel Pkd1-mutant mouse 
model harboring the missense mutation p.C214S located in the WSC domain of PC-1. This mutation 
was selected based on the prediction that loss of this specific cysteine would cause a trafficking 
mutant PC-1. 
Methods: CRISPR/Cas9 based genome editing was used to introduce the p.C214S mutation in the 
Pkd1 gene of mouse embryonic stem cells. The two best homozygous clones were injected into 
mouse blastocysts to create chimeric mice. In parallel, stable renal cell lines were made harboring the 
mutated PC-1 or the wildtype protein to study the cellular localization. To this aim, a plasmid 
expressing the human PKD1 sequence flanked by two fluorescent tags was modified by introducing 
either the selected p.C214S mutation or the p.C210G mutation, which served as a positive control 
known to affect the trafficking of PC-1.  
Results: Chimeric pups are born with severely enlarged kidneys and do not survive past 2 weeks. 
Genotyping revealed around 50% chimerism in the kidneys of these pups. HE staining showed 
massive cysts throughout the entire kidney. In vitro immunofluorescent labelling of the ER and Golgi 
in renal cell lines showed that PC-1 containing either p.C214S or p.C210G traffics significantly less 
from the ER towards the Golgi, when compared to wildtype PC-1. 
Conclusion: The p.C214S mutation in Pkd1 causes severe PKD and is embryonically lethal in mice. 
This is most likely due to a trafficking defect of PC-1 in combination with a folding defect of the WSC 
domain. This model is not suitable for drug testing; however, it can be used as an embryonic model 
for severe PKD.  
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ABSTRACT: 
 
Background: Chronic kidney disease (CKD) predisposes to salt-sensitive hypertension and hyperkalemia. 
This suggests alterations in tubular sodium and potassium handling, but how CKD disturbs this is 
incompletely known. Here, we hypothesize that CKD increases sodium reabsorption and impairs potassium 
secretion.   
 
Methods: CKD was induced by surgical 5/6th nephrectomy in Sprague-Dawley rats. Subsequently we used 
diuretic testing as a functional measure of sodium and potassium transport activity. CKD and sham-operated 
rats (n = 8/group) first received vehicle and then a single dose of furosemide (6 mg/kg i.p.), 
hydrochlorothiazide (HCTZ, 30 mg/kg i.p.), or amiloride (0.6 mg/kg i.p.). The natriuretic and kaliuretic 
responses were calculated from 6-hour excretions (diuretic minus vehicle) and expressed as ΔUNa and 
ΔUK, respectively. Furthermore, the response in whole-blood potassium levels was studied after a 3-h 
potassium deficient diet, high KCl diet or high KCitrate diet after overnight fasting.  
 
Results: As expected, all three diuretics increased natriuresis in CKD and sham rats. A trend towards a 
greater natriuretic response in CKD than sham rats was observed after furosemide (ΔUNa 3.8 ± 1.0 vs. 2.9 ± 
0.8 µmol/gBW, P = 0.06), while no differences were observed with HCTZ (ΔUNa 1.9 ± 0.9 vs. 2.0 ± 0.5 
µmol/gBW, P = 0.7) or amiloride (ΔUNa 2.0 ± 1.2 vs. 1.7 ± 0.9 µmol/gBW, P = 0.5). In CKD rats the kaliuretic 
response to furosemide (ΔUK 0.2 ± 0.3 vs. 0.4 ± 0.3 µmol/gBW, P = 0.1) and HCTZ (ΔUK - 0.2 ± 0.8 vs. 0.8 
± 0.5 µmol/gBW; P = 0.01) was lower than in sham rats, although this only reached significance for the latter. 
Amiloride produced a similar potassium-sparing response in CKD (ΔUK -0.7 ± 0.8 µmol/gBW) and in sham 
rats (-0.5 ± 0.5 µmol/gBW, P = 0.7). Both the high KCl and high KCitrate diet caused significantly higher 
whole-blood potassium concentrations in CKD rats (5.0 ± 0.5 and 5.3 ± 0.4 mmol/l) compared to sham rats 
(4.0 ± 0.1 and 4.2 ± 0.3 mmol/L, P < 0.01 for both). The potassium-deficient diet caused a trend towards a 
lower whole-blood potassium concentration in the CKD rats compared to the sham rats (3.6 ± 0.3 vs. 3.9 ± 
0.2 mmol/L, P = 0.06).  
 
Conclusion: Experimental CKD increases per-nephron sodium reabsorption in all distal nephron segments 
and impairs kaliuresis. The impaired thiazide-induced kaliuretic response points towards a role for the distal 
convoluted tubule in reducing potassium secretion in CKD. These alterations in sodium and potassium 
handling may explain the tendency towards salt-sensitive hypertension and hyperkalemia in CKD.   
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GLOMERULOSCLEROSIS 

S. T. Veissi MSc1, B. Smeets PhD2, J.A.E. van Wijk MD, PhD3, F. Veltkamp4, R. Classens1, T. van 
der Velden1, A. Jeronimus-Klaasen1, W. Morello5, G. Montini5, A.H. M. Bouts4, L.P. W. J. van den 
Heuvel PhD1,6,7, M.F. Schreuder MD, PhD1 
 

1 Department of Pediatric Nephrology, Amalia Children's Hospital, Radboud university medical center, 
Radboud Institute for Molecular Life Sciences, Nijmegen, The Netherlands. 2 Department of Pathology, 
Radboud university medical center, Radboud Institute for Molecular Life Sciences, Nijmegen, The 
Netherlands. 3 Department of Pediatric Nephrology, Amsterdam University Medical Center, Amsterdam, 
The Netherlands. 4  Department of Pediatric Nephrology, Amsterdam UMC, University of Amsterdam, 
Amsterdam, The Netherlands. 5 Department of Pediatric Nephrology, Dialysis and Transplant Unit, 
Foundation IRCCS Cà Granda, IRCCS Ospedale Maggiore Policlinico, Milan, Italy.6 Department of 
Laboratory Medicine, Radboud university medical center, Radboud Institute for Molecular Life Sciences 
Nijmegen, The Netherlands. 7Department of Development and Regeneration, University Hospital 
Leuven, Leuven, Belgium. 
 
Background 
Circulating permeability factors (CPFs) involved in the pathogenesis of idiopathic focal segmental 
glomerulosclerosis (FSGS) can lead to early recurrence of FSGS and kidney failure after transplantation. 
Identification of FSGS patients with CPFs is clinically important as it can predict treatment response and 
prognosis. Currently, kidney biopsy is the gold standard diagnosis. Therefore, there is an increased 
demand for diagnostic assays to determine the presence of CPFs in the sera of FSGS patients. Using 
conditionally immortalized human podocytes  as a substrate, we aim to demonstrate the presence of 
plasma-derived CPFs using series of in vitro assays. 

Methods 
Podocytes and primary glomerular endothelial cells (GMVECs) were incubated with plasma from  biopsy 
proven FSGS patients in relapse and remission as well as from steroid-resistant nephrotic syndrome 
(SRNS), minimal change NS (MCNS), membranous nephropathy (MN), a non-renal control patient, and 
healthy controls. Cell viability, podocyte actin cytoskeleton architecture,  and reactive oxygen species 
(ROS) formation in the presence or absence of ROS scavenger, dimethylthiourea, were investigated by 
CCK-8 assay, immunofluorescence staining, and CM-H2DCFDA probing, respectively. 
 
Results 
We show that plasma of patients with FSGS causes a series of events in podocytes but not in endothelial 
cells. These events include actin cytoskeleton rearrangement, excessive formation of ROS, ER stress 
and eventually also cell death. These effects were solely observed in response to plasma of relapse 
FSGS patients, but not in response to plasma of kidney patients with SRNS, MCNS, MN and healthy 
controls. The co-presence of dimethylthiourea, abolished these effects. 
 
Conclusion 
Altogether, we provide a panel of assays to measure podocyte injury and predict the presence of CPFs 
in FSGS plasma, providing a new framework for monitoring CPF activity that can be used for diagnostics 
or disease monitoring purposes. Moreover, our findings suggest that the inhibition of ROS formation or 
facilitating rapid ROS scavenging may exert beneficial effects in FSGS patients. 
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Background: Measurement of podocyte-specific mRNA (mainly NPHS2) in patients’ urine samples has 
been proposed as a non-invasive tool to monitor podocyte loss in patients with glomerular disease, 
and may have prognostic value. In our hospital, we routinely measure timed urinary excretion of high- 
and low-molecular weight proteins as prognostic markers in patients with membranous nephropathy 
(MN). Here, we investigated the relationship between NPHS2-mRNA and high- and low-molecular 
weight proteins in urine samples of patients with MN.  

Methods: We included 35 patients with MN. Timed urinary measurement of proteins was performed as 
described by Branten et al. (JASN 2005). NPHS2-mRNA was measured in urinary pellets as described 
by Wickman et al. (JASN 2013). Normal values of urinary NPHS2-mRNA were obtained in spot urine 
samples of 19 healthy controls. 

Results: Clinical characteristics and results of urinary measurement are shown in Table 1. Mean 
urinary NPHS2-mRNA/creatinine ratio (UPodCR) was 64 fold higher in patients with MN versus 
healthy controls. UPodCR showed weak but significant correlations with urinary IgG excretion and 
proteinuria selectivity index, but not with total proteinuria, eGFR and tubular damage markers (Table 
1). 

Conclusion: Urinary excretion of NPHS2-mRNA correlated significantly with protein markers of 
glomerular damage in patients with MN. However, correlations were weak. Prospective studies are 
needed to evaluate if urinary NPHS2-mRNA excretion holds independent prognostic value. 

  



Table 1. Characteristics of patients with membranous nephropathy (N=35) 

  

Characteristic  Correlations with UPod 
M/F 28/7  

Age (yr)  67 (51-71)  

Serum creatinine (µmol/L)  102 (82-124) 0.02 (0.37) 

eGFR ± SD (ml/min/1.73m2) 63 (49-90) -0.03 (0.29) 

Selectivity index (%) 19.8 (12.7-23.2) 0.12 (0.05) 

UAlb (g/g creat)  3.0 (2.2-5.1) 0.02 (0.47) 

UIgG (mg/g creat)  143.2 (74.3-332.0) 0.14 (0.03) 

Ualpha-1m (mg/g creat)  45.7 (25.3-67.6) 0.03 (0.32) 

Ubeta-2m (mg/g creat)  1.6 (0.3-4.0) 0.07 (0.14) 

UPod (ng/g creat)  4.4e-4 (1.6e-4-1.6e-3)  

Continuous variables are expressed as Median (interquartile range). Correlations are expressed in Spearman’s R2 (p-value).  

UAlb = Urinary albumin, UPod = Urinary NPHS2 mRNA. 
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Background: 
Both hypophosphatemia and hypoalbuminemia are established risk factors for mortality in 
hemodialysis (HD) patients. Evidence indicates that higher variability of serum phosphate (P) is 
associated with higher risk of mortality. However, little is known about to what extent of this 
association is influenced by other risk factors, most importantly nutritional or inflammatory state. The 
aim of this study was to analyze the variability of serum P with all-cause mortality taking into account 
the interaction with the levels of albumin (Alb)  
 
Methods:  
All adult incident HD patients treated in Fresenius Medical Care North America (FMCNA) clinics 
between 01/2010 and 10/2018 were included. Serum P and Alb levels were averaged from month 1 to 
6 after the start of dialysis (baseline). Baseline variability of P was described by coefficient of variation 
(CV). All-cause mortality was recorded between months 7 and 18. Cox proportional hazards models 
with spline terms were applied to explore the association between variability of P and Alb and all-
cause mortality. Additionally, tensor product smoothing splines were computed to study the 
interactions of Alb and P variability and their associations with outcomes respectively.   
 
Results:  
We enrolled 353,142 patients. The average age was 62.7 years, 58% were male, 64% were diabetic. 
Baseline P was 4.98 mg/dL, median serum P CV was 0.19. Baseline Alb was 3.61 g/dL. While we 
studied the joint effect of P variability with Alb on outcome, the association between P variability and 
outcomes appeared to be predominant in patients with low serum Alb levels (Fig. 1).  
 
Conclusion:  
Higher P variability is associated with adverse outcomes but predominantly in patients with 
hypoalbuminemia. This suggests a major role for malnutrition and/or inflammation as explanatory 
factors for the association between P variability in outcome. A high P variability in this patient group 
can be interpreted as an additional risk factor. When studying the relation between the variability of a 
single parameter with outcome, the possible underlying role of “third factors” should be explored, for 
which the methodology used in this abstract might provide an example. 
 
Figure:  
 
Fig. 1 Risk of death across levels of serum albumin and coefficient of variation of serum phosphate. 
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