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Quines són les noves vies 
d’exploració de la importància 

de les toxines urèmiques? 
On behalf of the  
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Seminars in Dialysis 22:329-333, 2009 

The uraemic syndrome is attributed to the 
progressive retention of a large number of 
compounds, which under normal conditions 
are excreted by the kidneys (« uraemic 
retention solutes »), which when they 
interact negatively with biologic functions 
are called « uraemic toxins ». 



Review on uremic toxins: Classification, concentration, and 
interindividual variability 

Kidney International, Vol. 63 (2003), pp. 1934–1943 

RAYMOND VANHOLDER, et al 

EUTox data base  
(http://www.nephro-leipzig.de/eutoxdb/index.php) 
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Complexity of uraemic toxicity and 
uraemic toxin research 

Highly divers group of uraemic retention solutes 

Post-translational modifications by exposure to the uraemic milieu 

Wide variety of affected cell systems 

Blood cells (leukocytes and monocytes, but also platelets) 

Endothelial cells 

Cells of a variety of different systems 
(nervous system, heart, renal tissue, joints and bones, …) 



Different aspects of the 
uraemic syndrome  
 
and  
 
Participation of different 
uraemic retention solutes 



Water Soluble Compounds: 
 
 
 
 

Urea 



Van Helmont (1577 – 1644), 
Alchimist 
Painting by Mary Beale (c1674) 

Jean Baptiste van Helmont, a Brussels born chemist and physician, was the 
founder of the iatrochemical school which looked to chemical explanations 
of vital phenomena. He was a man of great intellectual curiosity and studied 
philosophy at Louvain. His description of the salt of urine is the first 
evidence of the urinary content of urea. 



“salt of urine that never occurs outside man’s 
body which is bred in the course of digestion 
from a substance not a salt”.  
“It differs from sea-salt, also present in urine, by 
remaining unchanged in its course through the 
body and on putrefaction of urine”.  
 
“The sea-salt in its cooling, adheres to a wooden 
vessel even while it is separated from saltpeter, 
but the salt of urine grows together in the bottom 
of the liquor”. 
 
Van Helmont JB. Van Helmont's Works. 
Translated into English by J Chandler. London : 
L. Lloyd, 1664. 

Description of physico-chemical 
characteristics of urinary UREA 

History	  of	  Urea	  



Urea is the diamide carbonic acid (H2NCONH2) 

Discovered in urine as a salt different from the sea salt in 1727 (Hermann 
Boerhaave., Leyden, The Netherlands) 

Purified by FOURCROIY and VAUQUELIN and further by F William Prout 

FOURCROY and VAUQUELIN Annales du Museum d’Histoire Naturelle. T. 11. cah: 63. 226 (180 8) 
PROUT, W., Med. Chir. Transactions, 7, 527 (1817) [reprinted in Thomson's Annals of Philosophy, 11, 352 
(1818); Ann. chim. phys., /2/, 10, 369 (1817). 
Bérard, M J E, Annal Chim. Phys., 5, 290 (1817) 

Contribution	  from	  chemistry:	  



Friedrich Wöhler 

Cyanic acid UREA Ammonium 

WOOHLER F: Über küdnstlische Bildung des Harnstoffs. Annalen des 
Physics und Chemie, tome 12, 253, 1828.  
 
French translation in Ann Chimie et Physique, 1828, tome 37, pp. 330—
334 



Friedrich Wöhler 

Cyanic acid UREA Ammonium 

“I can make urea without needing a 
kidney of man or dog. The 
ammonium salt of cyanic acid is 
UREA” 

Letter to Berzelius in Stockholm, 1828 

Origin of organic chemistry, since it was the first report showing that urea can be 
synthesized outside the body with inorganic substances 



Urea,	  a	  uraemic	  toxin?	  

Growing evidence for an indirect toxicity 



H2N-CO-NH2      ⇆  NCO-
  +  NH+

4 

UREA Cyanic acid Ammonium 

Spontaneous generation of Cyanate from UREA at equilibrium 

Isocyanic acid reaction with free aminoacids and lysine residues of proteins 
irreversibly forming e-carbamoyl lysine 



BRIEF COMMUNICATION 
J Am Soc Nephrol 21:1852-57, 2010 
Apostolov et al Chronic Uremia Stimulates LDL 

Carbamylation and Atherosclerosis 

Methods and groups of mice 

CRF 

Uni-Nephrectomy  

Chow / High-Fat Diet  
 (HFD) 

Urea Consuming (+UC) 
(20 mg/mL supplemented 
Urea in the drinking water) 

Non-Urea Consuming (-UC) Chow / High-Fat Diet  
 (HFD) 

Diet Urea level 



BRIEF COMMUNICATION 
J Am Soc Nephrol 21:1852-57, 2010 
Apostolov et al Chronic Uremia Stimulates LDL 

Carbamylation and Atherosclerosis 

Figure 3. CRF (A) and UC (B and C) mice develop atherosclerotic plaques and lipid 
deposits in aortas as detected by Sudan IV en face staining: measurements (A and B) and 
representative images (C). *P  0.05 compared with sham-operated mice 
fed with HFD. #P  0.05 compared with UC control mice fed with HFD. 

Aortic atherosclerotic lesions develop in CRF mice and in 
non CRF mice supplemented with Urea 

(both fed with High Fat Diet) 



Carbamylation of Serum Albumin as a Risk Factor for Mortality in 
Patients with Kidney Failure 

DOI: 10.1126/scitranslmed.3005218 
Sci Transl Med 5, 175ra29 (2013) 

Anders H. Berg et al. 

Injection of cyanate increases 
carbamylated albumin concentration 
in mice 

Feeding urea also increases 
carbamylated albumin concentration 
in mice 

C57BL/6J mice (N= 6) 
 male 10-week-old 

Given low / normal protein diet for 15 days 

± Cyanate injection 

± Urea feeding 



Carbamylation of Serum Albumin as a Risk Factor for Mortality in 
Patients with Kidney Failure 

DOI: 10.1126/scitranslmed.3005218 
Sci Transl Med 5, 175ra29 (2013) 

Anders H. Berg et al. 

Fig. 2. Average carbamylated albumin values in uremic and non-uremic patients. (A) Average %C-Alb values in non-uremic subjects (n 
= 20) and in patients with stage 3 or 4 CKD (n = 122) and ArMORR HD subjects (n = 187). (B) Average %C-Alb in ArMORR  survivors 
who lived longer than 12 months (n = 106) and in ArMORR cases who died during the 12-month study period (n = 81). Individual %C-
Alb values for each group are shown in table S2. Data are expressed as average carbamylated albumin as a percentage of total; error 
bars, 95% confidence intervals (CIs) of the mean; Student’s t test P values are shown. 

Carbamylated albumin increases in CKD and dialysis 

Carbamylated albumin is a risk factor for mortality 



A 
B 
C 

Carbamylation of Serum Albumin as a Risk Factor for Mortality in 
Patients with Kidney Failure 

DOI: 10.1126/scitranslmed.3005218 
Sci Transl Med 5, 175ra29 (2013) 

Anders H. Berg et al. 

Kaplan-Meier curve estimates of the incidence of all-cause mortality in ESRD patients. 
Subjects were categorized into lower (A), middle (B), and upper © tertiles according to 
serum %C-Alb values measured at the outset of the study.  Twelve-month survival rates in 
4D study subjects (modified from AH Berg et al, Sci Transl Med 5:175ra29 (2013)) 



Urea – induced ROS generation causes insulin 
resistance in mice with chronic renal failure 

D’Apolito Maria et al 

J. Clin. Invest. 120:203–213 (2010). doi:10.1172/JCI37672 

Urea causes decreased insulin sensitivity in differentiated 3T3L1 adipocytes. (A) Effect of urea on insulin-
stimulated glucose uptake in differentiated 3T3L1 cells. (B) Immunoblot analysis of insulin-induced 
phosphorylation of IRS-1 tyrosine and Ser636 in urea-treated  T3L1 cells and controls. (C) Immunoblot 
analysis of insulin-induced AKT phosphorylation in urea-treated 3T3L1 cells and their controls. Maximum 
levels of IRS-1 and AKT phosphorylation are shown as 100% in bar graphs.IP, immunoprecipitation. n = 
5; *P < 0.01 compared with controls. Data represent mean ± SEM. 

Urea decreases Glucose transport 



Middle mol wt compounds: 
 
 
 
 

2 microglobulin 



First report involving amyloid 
deposits in dialysis patients 

La Nouvelle Presse Médicale,  
31 mai 1980, 9 N°24 

Elapsed time from dialysis onset = 116 months  
 
Bilateral 
 
Associated to Scapulo-humeral periarthritis 

Study involving 230 dialysis patients. 
 
Carpal Tunnel Syndrome = 9 patients 





Gorevic et al PNAS 1986 Argilés et al Néphrologie 1987 

2m from amyloid deposits 
consists of more acidic isoforms 



Cleavage hypothesis 

Kidney International, 36:675—681, 1989 



Sequencing of the more acidic isoforms of 2m  
found an intact N-terminus 
 
Argilés et al Nephrol Dial Transpl 7:1106-10, 1992 



14 kDa 

Western blotting analysis of the 2D-SDS-PAGE 
using anti 2 microglobulin Ab 

pH 4 6 

2-microglobulin from amyloid fibrils consists of a 
variety of isoforms with lower pI 

Argilés et al, Kidney Int, 1995 

Sequencing of the more acidic isforms 2 microglobulin 
from amyloid deposits revealed an intact N-terminus 



2-microglobulin  modified with advanced glycation 
end products is a major component of 
hemodialysis-associated amyloidosis 

Miyata et al, J Clin Invest 1993 

Western blotting of 2D-gels 
A 

B 

amyloid fibril proteins 

amyloid fibril proteins 
+ 

"normal" b2-microglobulin 

acidic 2-m is recognised  
by anti-AGEP Ab 

glucose incubation of normal 2-m 
modifies the protein which 
migrates to the acidic 2-m region  



Receptor for advanced glycation end products on  
human synovial fibroblasts: role in the pathogenesis of 

dialysis-related amyloidosis 

Hou FF et al J Am Soc Nephrol 13:1296-306, 2002 
medium HSA 

AGE-HSA AGE-B2M 
B2M 

Monocyte chemoatractant protein 1: synthesis and protein level 



2-microglobulin induces MMP-1 but not TIMP-1 expression in  
human synovial fibroblasts 
 SHARON M. MOE, GURINDER K.  SINGH, and ANNA  M. BAILEY 

Kidney International, Vol. 57 (2000), pp. 2023-2034 

Native 2-m increases 
collagenase synthesis by 
synovial fibroblasts by 48 
hours 

AGEP - 2-m does not 
have this effect 

MMP-1 : matrix 
metalloproteinase - 1 
interstitial collagenase 
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Kidney International, Vol. 39 (1991), pp. 1012—1019 

Treatment with cellulosic membranes is associated with a higher  incidence of bone cysts"

Effect of dialysis membrane and patient's age on signs of 
dialysis-related amyloidosis 
C. VAN YPERSELE DE STRIHOU, M JADOUL, J MALGHEM, B. MALDAGUE, J. 
JAMART, and the Working party on dialysis amyloidosis 

Fig. 5. Kaplan-Meier survival curves without carpal 
tunnel syndrome (A) or without amyloid bone cysts 
(B) in patients treated exclusively with either AN69 
(—) or cellulosic membranes (). Survival without 
amyloid bone cysts is significantly different for the 2 
groups. 



2-microglobulin associated amyloidosis: a vanishing 
complication of  long-term hemodialysis? 
S. SCHWALBE, HOLZHAUER M, SCHAEFFER J. et al 

Kidney International, Vol. 52 (1997), pp. 1077-83 

Study of the prevalence of 2m amyloidosis 

Comparison 1988 versus 1996 in a single unit 
Randomly included patients matched for time in dialysis and age 

Decrease of 80% in 2m amyloidosis prevalence 
« Increased removal of 2m is unlikely to account for 
this phenomenon. Rather other factors, for example, 
dialysate composition and purity, may be involved ».  



Serum  -2 Microglobulin Levels Predict Mortality in 
Dialysis Patients: Results of the HEMO Study 

Alfred K Cheung et al 

J Am Soc Nephrol 17: 546-555, 2006 

Residual function reduction is associated with an increase in serum 2m 

Increased serum 2m is associated with an increase in mortality 



Effect of Online Hemodiafiltration on All-Cause 
Mortality and Cardiovascular Outcomes 

Muriel P.C. Grooteman,*† Marinus A. van den Dorpel,‡ Michiel L. Bots,§ E. Lars Penne,*| 

Neelke C. van der Weerd,* Albert H.A. Mazairac,| Claire H. den Hoedt,‡| Ingeborg van der 
Tweel,§ Renée Lévesque,¶ Menso J. Nubé,*† Piet M. ter Wee,*† and Peter J. Blankestijn,| 

for the CONTRAST Investigators 

J Am Soc Nephrol 23: 1087–1096, 2012. doi: 10.1681/ASN.2011121140 

OL-HDF significantly decreased serum level of 2µ "

Survival was similar in low Flux HD and in OL - HDF 

NS NS 



Protein bound uraemic 
retention solutes: 
 
 
 

Indoxyl Sulfate 
P-cresyl sulfate 



The Uremic Toxicity of Indoxyl Sulfate and p-Cresyl 
Sulfate: A Systematic Review 

BRIEF REVIEW J Am Soc Nephrol 25: 1897- 1907, 2014. 

Raymond Vanholder et al 

We conclude that our systematic 
approach allowed the retrieval of 
methodologically correct studies 
unbiased by erroneous conditions related 
to albumin binding. 
 
Our data seem to confirm the toxicity of 
indoxyl sulfate and p-cresyl sulfate and 
support their roles in vascular and renal 
disease progression. 



Pavel A. Aronov et al. JASN 22:1769-76, 2011 

©2011 by American Society of Nephrology 

Colonic Contribution to Uremic Solutes 

Indoxyl Sulfate and Paracresyl Sulfate are not anymore increased in 
dialysis patients having had a colectomy. 
 
Methylamine (MMA) and Dimethylamine (DMA) are still increased in 
patients having had a colectomy. 

CLINICAL RESEARCH 



Intestinal Microbial Metabolism of Phosphatidylcholine 
and Cardiovascular Risk 

W.H. Wilson Tang, M.D., Zeneng Wang, Ph.D., Bruce S. Levison, Ph.D., Robert A. Koeth, B.S., Earl B. Britt, M.D., 
Xiaoming Fu, M.S., Yuping Wu, Ph.D., and Stanley L. Hazen, M.D., Ph.D. 

Figure 1 (facing page). Effects of a Phosphatidylcholine Challenge and 
Administration of Antibiotics on Mean Levels of Trimethylamine-N-
Oxide (TMAO) and Its d9 Isotopologue (d9-TMAO). 
All 40 study participants underwent the first dietary phosphatidylcholine 
challenge (visit 1), which consisted of the ingestion of deuterium-labeled 
phosphatidylcholine (d9-phosphatidylcholine) and two hard-boiled eggs. Six 
participants then received broad-spectrum antibiotics for 1 week, followed by 
a second phosphatidylcholine challenge (visit 2). These same participants 
returned again at least 1 month after discontinuing the antibiotics for a third 
challenge (visit 3). Shown are the results of assays for TMAO (Panel A) and 
d9-TMAO (Panel B) after the phosphatidylcholine challenge, before and after 
the administration of antibiotics, with the intensity of stableisotope- dilution 
assays measured by means of highperformance liquid chromatography with 
online electrospray ionization tandem mass spectrometry. The arrows 
indicate retention time where authentic isotope-labeled TMAO standards 
elute. Also shown are the plasma levels of TMAO (Panel C) and d9-TMAO 
(Panel D) at each visit. The plasma levels of TMAO were markedly 
suppressed after the administration of antibiotics and subsequently 
reappeared after the cessation of antibiotics, indicating that the production of 
TMAO from dietary phosphatidylcholine is dependent on metabolism by the 
intestinal microbiota. 



Intestinal Microbial Metabolism of Phosphatidylcholine 
and Cardiovascular Risk 

W.H. Wilson Tang, M.D., Zeneng Wang, Ph.D., Bruce S. Levison, Ph.D., Robert A. Koeth, B.S., Earl B. Britt, M.D., 
Xiaoming Fu, M.S., Yuping Wu, Ph.D., and Stanley L. Hazen, M.D., Ph.D. 

trimethylamine-N-oxide (TMAO) 
Figure 3. Pathways Linking Dietary 
Phosphatidylcholine, Intestinal Microbiota, 
and Incident Adverse Cardiovascular Events. 
Ingested phosphatidylcholine (lecithin), the major 
dietary source of total choline, is acted on by 
intestinal lipases to form a variety of metabolic 
products, including the choline-containing nutrients 
glycerophosphocholine, phosphocholine, and 
choline. Choline-containing nutrients that reach the 
cecum and large bowel may serve as fuel for 
intestinal microbiota (gut flora), producing 
trimethylamine (TMA). TMA is rapidly further 
oxidized to trimethylamine-N-oxide (TMAO) by 
hepatic flavin-containing monooxygenases 
(FMOs). TMAO enhances the accumulation of 
cholesterol in macrophages, the accumulation of 
foam cells in artery walls, and atherosclerosis,7 all 
factors that are associated with an increased risk 
of heart attack, stroke, and death. Choline can also 
be oxidized to betaine in both the liver and kidneys. 
20 Dietary betaine can serve as a substrate for 
bacteria to form TMA21 and presumably TMAO. 



Pavel A. Aronov et al. JASN 22:1769-76, 2011 

©2011 by American Society of Nephrology 

Colonic Contribution to Uremic Solutes 

Figure 1. Clustering identified the six patients with colectomies 
and the nine patients with intact colons as belonging to different 
groups. Unsupervised hierarchical clustering was performed on 
the distances calculated from the sum of the squared differences 
between the log-transformed amplitudes of 1055 features 
detected 
by MS in predialysis plasma samples from the 15 hemodialysis 
patients. Distances along the vertical axis provide an 
index of the aggregate differences in feature amplitudes between 
individual patients and groups of patients. 

CLINICAL RESEARCH 

•  1055  compounds identified 
that differentiate colectomised 
from non-colectomised dialysis 
patients  

•  27  compounds were 
statistically in lower 
concentration in colectomised 
dialysis patients  

•  1028  compounds putatively 
uraemic retention solutes are 
not from colonic origin showing 
that microbiota’s role might not 
be the most important factor in 
uraemic toxicity. 

•  It is not a “single solute 
problem”, it is much more 
complex 



  
European Uremic Toxin WG of 
ESAO, endorsed by ERA-EDTA 

Gambro, Fresenius, Bayer, B BRAUN, Vifor-Pharma 

 
 
28 Senior academia members (map)  

 from  
26 European research groups 
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EUTox Members 

EUTOX working group 
ERA - EDTA London 2015 
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MEMBERS OF THE EUTox GROUP 

Website: http://uremic-toxins.org/ 



Felluns, Catalunya Nord 
Mirant el Canigó 



BRIEF COMMUNICATION 
J Am Soc Nephrol 21:1852-57, 2010 
Apostolov et al Chronic Uremia Stimulates LDL 

Carbamylation and Atherosclerosis 

Figure 3. Staining of atherosclerotic plaques and lipid deposits in 
ascending aortas by Oil red O (D–F) and their quantification in CRF (D) and UC (E and F) 
mice fed with HFD.*P  0.05 compared with sham-operated mice fed with HFD. #P  0.05 
compared with UC control mice fed with HFD. 

Lipid deposits increase in Aortas from in CRF mice and 
from non CRF mice supplemented with Urea 



Human aortic endothelial 
cells (HAECs) were 
incubated with HDL isolated 
from children with CKD 
(HDLCKD) and from healthy 
children (HDLHealthy) to 
measure endothelial 
properties of HDL. HDLHealthy 
increased endothelial NO 
production, but HDLCKD 
substantially inhibited 
endothelial NO production 
(A), promoted basal 
endothelial production of SO 
radicals (B), increased 
VCAM-1 production (C) and 
reduced reverse cholesterol 
transport capacity (D). 

HDL in Children with CKD Promotes Endothelial 
Dysfunction and an Abnormal Vascular Phenotype 

CLINICAL RESEARCH J Am Soc Nephrol 25: 2658–2668, 2014. 

Rukshana Shroff et al 

The beneficial effects of HDL cholesterol are reversed by CKD 


