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GÉNÉRALITÉS

MW : 66.5 kDa

Demi-vie : 21 jours

Monomère hydrosoluble

Synthèse hépatique

Protéine majoritaire du plasma
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LA PRESSION OSMOTIQUE COLLOÏDE
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PRINCIPALES MOLÉCULES TRANSPORTÉES

Ghuman et al, JMB, 2005
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ALBUMINE ET DIALYSE

Kalanthar-Zadeh et al, NDT, 2005
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Fig. 1. Hazard ratio of all-cause mortality over 2 years (July 2001–June 2003). Left panel: conventional Cox analysis based on the baseline
serum albumin at the beginning of the cohort. Right panel: time-dependent Cox analysis based on time-varying serum albumin with up to
eight serum albumin concentrations for eight calendar quarters for each patient. Note that all laboratory values, Kt/V, nPNA and BMI,
are also quarterly varying in the time-dependent model.
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Fig. 2. Hazard ratio of cardiovascular mortality over 2 years (July 2001–June 2003). Left panel: conventional Cox analysis based on the
baseline serum albumin at the beginning of the cohort. Right panel: time-dependent Cox analysis based on time-varying serum albumin
with up to eight serum albumin concentrations for eight calendar quarters for each patient. Note that all laboratory values, Kt/V, nPNA
and BMI, are also quarterly varying in the time-dependent model.

Table 4. Categories of changes in serum albumin during the first 6 months in 30 827 MHD patients who survived and remained in the
cohort through the first 6 months of the 2 year cohort

Direction of change Categories of
albumin change

Group size Percentage
of total

Baseline serum
albumin
(mean±SD)

Decrease !"0.3 g/dl 1876 6% 3.8±0.4
>"0.3 and !"0.02 g/dl 2284 7% 3.9±0.4
>"0.2 and !"0.1 g/dl 3926 13% 3.9±0.3

No change (stable) >"0.1 and <þ0.1 g/dl 14 514 47% 3.9±0.3
Increase !þ0.1 and <0.2 g/dl 4209 14% 3.8±0.3

!þ0.2 and <0.3 g/dl 2378 8% 3.7±0.3
!þ0.3 g/dl 1640 5% 3.4±0.4
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Fig. 1. Hazard ratio of all-cause mortality over 2 years (July 2001–June 2003). Left panel: conventional Cox analysis based on the baseline
serum albumin at the beginning of the cohort. Right panel: time-dependent Cox analysis based on time-varying serum albumin with up to
eight serum albumin concentrations for eight calendar quarters for each patient. Note that all laboratory values, Kt/V, nPNA and BMI,
are also quarterly varying in the time-dependent model.

Serum Albumin at Baseline (g/dL)

>= 4
.4

4.2–4.39

4.0–4.19

3.8–3.99

3.6–3.79

3.4–3.59

3.2–3.39

3.0–3.19
<3.0

>= 4
.4

4.2–4.39

4.0–4.19

3.8–3.99

3.6–3.79

3.4–3.59

3.2–3.39

3.0–3.19
<3.0

C
V

 D
ea

th
 H

az
ar

d 
R

at
io

0.2

0.3

0.4

0.5
0.6
0.7
0.8
0.9

2

3

4

5

1

Time-Varying Serum Albumin (g/dL)

C
V

 D
ea

th
 H

az
ar

d 
R

at
io

0.2

0.3

0.4

0.5
0.6
0.7
0.8
0.9

2

3

4

5

1

Unadjusted
Case-mix
MICS 

Unadjusted
Case-mix
MICS 

Based on quarterly varying serum
albumin (up to 8 albumin values per

patient over 2 yrs)

Based on one single serum 
albumin at the start of the 

2-yr cohort

Fig. 2. Hazard ratio of cardiovascular mortality over 2 years (July 2001–June 2003). Left panel: conventional Cox analysis based on the
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with up to eight serum albumin concentrations for eight calendar quarters for each patient. Note that all laboratory values, Kt/V, nPNA
and BMI, are also quarterly varying in the time-dependent model.
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ALBUMINE ET DIALYSE

Amaral et al, CJASN, 2008

Albumine au début de la dialyse, cohorte d’adolescents (12-18 ans)

and one had a serum albumin drop from 3.5 to 4.0 g/dl to
!3.5/3.2 g/dl. Among the patients who had repeated measures
and were hospitalized, 18 (10%) had persistently low serum
albumin and there was no detectable difference by !2 analysis

between patients who had constant serum albumin levels ver-
sus increased versus decreased levels.

Multivariate Analysis: Survival
Cox proportional hazard regression models were constructed

with adjustment for the aforementioned covariates. The full
model with all covariates demonstrated decreased risk for
death (hazard ratio [HR] 0.43; 95% confidence interval [CI] 0.19
to 0.96) for patients with serum albumin "4.0/3.7 g/dl versus
patients with serum albumin !3.5/3.2 g/dl. Test of trend
showed a 33% decrease in risk for death as serum albumin
grouping increased from !3.5/3.2 to "4.0/3.7 g/dl (HR 0.67;
95% CI 0.46 to 0.97). By Cox modeling, the only covariate that
was independently associated with risk for death in both crude
and adjusted models was mean hemoglobin; there was a 60%
decreased risk for death for hemoglobin "11 versus !11 g/dl
(HR 0.40; 95% CI 0.20 to 0.78). Mean dialysis vintage was also
associated with differential risk for mortality; for those who
were on dialysis "180 d, mortality risk was more than two-fold
higher (HR 2.26; 95% CI 1.11 to 4.59; Table 3).

Because there were multiple covariates and only 50 deaths,
we constructed several different models (Table 4). Because

Figure 2. Kaplan-Meier survival curve by serum albumin cate-
gories.

Table 3. Cox proportional hazard: Crude and adjusted risks for mortality for each covariate, including mean
serum albumin !3.5/3.2 versus "3.5/3.2 and !4.0/3/7 versus "4.0/3.7 g/dl, n " 675a

Covariates HR, Crude (95% CI) HR, Adjusted (95% CI)

Serum albumin "3.5/3.2 and ! 4.0/3/7
versus !3.5/3.2 g/dl

0.66 (0.33 to 1.33) 0.74 (0.35 to 1.60)

Serum albumin "4.0/3.7 versus !3.5/3.2 g/dl 0.42 (0.20 to 0.89)b 0.43 (0.19 to 0.96)b

Age (yr) 1.11 (0.91 to 1.34) 1.16 (0.94 to 1.43)
White race 1.21 (0.70 to 2.11) 1.30 (0.69 to 2.45)
Male gender 1.00 (0.58 to 1.71) 1.03 (0.57 to 1.87)
Hispanic ethnicity 1.06 (0.55 to 2.03) 1.29 (0.60 to 2.74)
Nephrotic syndrome/FSGS 0.57 (0.25 to 1.34) 0.56 (0.22 to 1.41)
HD access type: catheter 1.23 (0.77 to 1.98) 1.23 (0.73 to 2.07)
Mean hemoglobin "11 versus ! 11 g/dl 0.40 (0.22 to 0.71)b 0.40 (0.20 to 0.78)b

Mean serum ferritin (ng/ml)
100 to 500 Reference Reference
!100 0.89 (0.43 to 1.84) 0.86 (0.38 to 1.96)
#500 1.49 (0.76 to 2.92) 1.37 (0.70 to 2.69)

Mean BMI-for-age percentile
5th through 85th Reference Reference
!5th 1.90 (0.92 to 3.92) 2.05 (0.98 to 4.31)
"85th through 95th 0.59 (0.18 to 1.95) 0.55 (0.15 to 2.01)
"95th 1.50 (0.70 to 3.25) 1.54 (0.67 to 3.51)

Mean spKt/V "1.2 versus !1.2 1.08 (0.60 to 1.98) 0.97 (0.50 to 1.86)
Mean dialysis vintage "180 versus !180 d 1.29 (0.71 to 2.36) 2.26 (1.11 to 4.59)b

Mean ESRD duration (yr)
!2 Reference Reference
2 to 5 0.86 (0.44 to 1.69) 0.81 (0.42 to 1.57)
"5 0.70 (0.34 to 1.43) 0.60 (0.28 to 1.27)

PD exposure 0.96 (0.34 to 2.72) 1.12 (0.38 to 3.35)
aCI, confidence interval; HR, hazard ratio; PD, peritoneal dialysis.
bP ! 0.05

762 Clinical Journal of the American Society of Nephrology Clin J Am Soc Nephrol 3: 759-767, 2008
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ALBUMINE ET DIALYSE

Locatelli et al, JASN, 2009

tients at risk for worse outcome, defined by
serum albumin !4 g/dl according to our
initial study design. The RR reduction of
mortality in this patient population, after
adjustment for confounding factors, was
37%.

The total number of deaths observed in
this study was 162, 132 of them in the stra-
tum with serum albumin !4 g/dl. The re-
sulting mortality rate of 8.2% is lower than
that reported from registries1 or in the pa-
tient cohort of the worldwide observational
Dialysis Outcomes and Practice Patterns
Study (DOPPS), possibly as a result of a dif-
ferent comorbidity profile as found in a
preliminary analysis comparing the popu-
lation of our study with a population of in-
cident patients from the DOPPS.13,14

During the course of the MPO study, the
impact of high-flux dialysis on mortality
was addressed in a number of epidemio-
logic studies and in one randomized clinical
trial.7 In an analysis of a sample of the US
Renal Data System registry including nearly
14,000 HD patients, the effects of reuse
practice and type of dialyzer membranes
were addressed. A specific analysis includ-
ing only synthetic membranes revealed the
RR for mortality to be 24% higher in pa-
tients treated with low-flux than in those
treated with high-flux membranes.15 Simi-
larly, a reduction of the RR for mortality by
38% in the patients on high-flux dialysis
versus those on low-flux dialysis was found
in a European observational cohort of 650
patients.16 In contrast to these two studies,
the HEMO study was a prospective, ran-
domized, controlled clinical trial published
while our study was ongoing.7 This land-
mark study had a two-factorial design with
membrane flux and dialysis dosage as ap-
plied interventions. In the primary analysis
of the HEMO study, no significant effect of
membrane flux on outcome was demon-
strated.

This is in line with the results of our
study taking the entire patient cohort into
account, although the two studies have
some substantial differences in the study
design and patient population. The MPO
study addressed a single intervention,
namely membrane flux, while maintaining
a minimum dialysis dosage throughout the
study. Whereas the HEMO study included
prevalent patients who were on dialysis an

Figure 3. Kaplan-Meier survival curves for the population of patients with serum
albumin !4 g/dl (Log-rank test P ! 0.032).

Figure 4. Kaplan-Meier survival curves for the subpopulation of patients with diabe-
tes (Log-rank test P ! 0.039).

Table 4. Cox regression analysis of mortalitya

Parameter RR for Death (95% CI) P

High-flux membrane (versus low-flux) 0.76 (0.56 to 1.04) 0.0910
Age (per 1-yr increment) 1.04 (1.02 to 1.06) 0.0010
Gender (male versus female) 0.80 (0.57 to 1.13) 0.2110
Diabetes (presence versus absence) 1.97 (1.43 to 2.72) "0.0001
Charlson comorbidity index (per 1-U increment) 1.18 (1.08 to 1.29) 0.0004
Vascular access (catheter versus fistula) 1.26 (0.82 to 1.93) 0.2840
aCharlson comorbidity index was considered excluding diabetes.

CLINICAL RESEARCHwww.jasn.org

J Am Soc Nephrol 20: 645–654, 2009 HD Membranes and Survival 649
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Le ratio HNA/HMA est augmenté en dialyse

Watanabe, J Pharm Science, 2017
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La forme HNA-2 irréversible est augmentée en dialyse
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Les formes glyquées et carbonylées de l’albumine sont augmentées en dialyse

Mera et al, Hypertension Research, 2006
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La carbam(o)ylation
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Berg, SciTransl Med, 2013

La forme carbamylée est augmentée en dialyse
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La forme carbamylée est détectable sur l’électrophorèse 

Delanghe, Electrophoresis, 2017
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La glycation et la carbonylation modifient la pression oncotique exercée par l’albumine

Michelis et al , Plos One, 2016
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Fasano et al, IUBMB Life, 2005 Florens et al, Biochimie, 2017
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Les principales molécules

Ghuman et al, JMB, 2005
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La glycation diminue la liaison du glicazide sur le site I

Z ̇urawska-Płaksej et al , Spectrochimica Acta Par A, 2018
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Mera et al, BBRC, 2005

Altération de la liaison surtout sur le sites de Sudlow II
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Erill et al, Clin PharmacolTheraph, 1980

L’albumine carbamylée à des fonctions de liaisons perturbées
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Dengler et al, Eur J Clin Pharmacol, 1992

L’albumine du dialysé présente moins de site disponibles sur le site II
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Mera et al, BBRC, 2005

HD-Albumine

L’albumine du dialysé tamponne moins bien les agressions oxydatives
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Mera et al, Hypertension Research, 2006

L’albumine du dialysé induit la formation de ROS par les neutrophiles
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Gross et al, Am J Physiol, 2011

Les formes carbamylée et glyquée sont néphrotoxiques

with unmodified albumin, lipid-depleted albumin, or fatty
acid-containing albumin, respectively. There was no difference
between the tubular epithelial cells of animals injected with
saline, unmodified albumin, fatty acid-containing albumin, or
lipid-depleted albumin.

The expression of NF-!B in the surrounding interstitial
space was higher in the group injected with carbamylated and
glycated albumin compared with the control group and the
group injected with unmodified albumin (see Fig. 3).

More intense staining for EGF and endothelin-1 was also
seen in the tubular epithelial and interstitial cells of animals
injected with carbamylated albumin compared with the other
groups.

In animals injected with carbamylated albumin, staining of
tubular epithelial cells for IL-8 was significantly more intense
compared with the other experimental groups.

In the tubular epithelial cells, staining for clusterin was
significantly more pronounced in animals injected with car-
bamylated albumin and tended to be higher in animals injected
with glycated albumin. Tubular staining with tubulin showed
significantly increased expression in all modified albumin
intervention groups compared with control and unmodified
albumin.

Interstitial "-smooth muscle actin staining was significantly
elevated in AGE- and carbamylated albumin compared with
the other groups (see Fig. 5).

Staining for cathepsin was significantly more pronounced in
animals injected with carbamylated albumin compared with all
other experimental groups.

RT-PCR of Fibronectin and TGF-!

Fibronectin expression was significantly increased (P #
0.05) by semiquantitative RT-PCR in the kidneys of animals
injected with glycated albumin (score 3.9 $ 1.67) compared
with animals injected with carbamylated albumin (1.125 $
0.24), unmodified albumin (1.3 $ 0.54), lipid-depleted albu-
min (1.7 $ 0.56), enriched albumin (1.2 $ 1.08), or saline
(1.6 $ 0.76).

TGF-% expression was significantly increased (P # 0.05) by
semiquantitative RT-PCR in the kidneys of animals treated
with glycated (3.1 $ 0.8) and carbamylated albumin (2.8 $
0.9) compared with animals injected with high-dose albumin
(1.53 $ 0.7), lipid-depleted albumin (1.29 $ 0.87), and fatty
acid-containing albumin (1.2 $ 0.8) or saline (1.48 $ 0.5).

Western Blotting (Collagen I, TGF-!, and Fibronectin)

Western blotting probed with collagen I gave a clear band at
the expected molecular sizes (&130 kDa). Western blotting

Fig. 3. Immunohistological staining for
NF-!B (magnification '40). A: control ani-
mal with saline ip: no expression of NF-!B.
B–D: marked expression of NF-!B (protein
level) in animals with ip injection of glycated
albumin (B) and carbamylated albumin (C)
but not in animals after ip injection of lipid-
depleted albumin (D).

Fig. 2. Expression of immunohistological staining against advanced glycation
end products (AGE). AGE-albumin-loaded animals showed an increased
expression compared with all other intervention groups. *P # 0.0001 vs. saline
control, unmodified albumin, carbamylated albumin, lipid-depleted, and fatty
acid-containing albumin.

Translational Physiology

F481GLYCATED AND CARBAMYLATED ALBUMIN ARE MORE NEPHROTOXIC

AJP-Renal Physiol • VOL 301 • SEPTEMBER 2011 • www.ajprenal.org
Downloaded from www.physiology.org/journal/ajprenal by ${individualUser.givenNames} ${individualUser.surname} (195.254.160.198) on October 20, 2018.

Copyright © 2011 American Physiological Society. All rights reserved.

probed with TGF-! gave a clear signal at 12.5 kDa, and
fibronectin at the expected sizes (200 kDa) (see Fig. 6).

Nonradioactive In Situ Hybridization of Axolotl Fibronectin
and TGF-!1

The expression of fibronectin mRNA was significantly higher
(P " 0.05) in tubular epithelial cells of animals injected with
glycated albumin (2.07 # 0.56) and carbamylated albumin
(1.56 # 0.58) compared with animals injected with saline (0.25 #
0.04), high-dose albumin (0.4 # 0.2), lipid-depleted albumin
(1.27 # 0.47), and fatty acid-containing albumin (0.9 # 0.47).

The expression of TGF-!1 mRNA was significantly higher
(P " 0.05) in tubular epithelial cells of animals injected with
glycated albumin (0.53 # 0.08) or carbamylated albumin
(0.4 # 0.26) compared with animals injected with saline (0 #
0), high-dose albumin (0.06 # 0.18), fatty acid-containing
albumin (0.2 # 0.03), and lipid-depleted albumin (0.1 # 0.02).

DISCUSSION

The above findings were obtained using light microscopy,
immunohistology, and RT- PCR. Using peritubular fibrosis as
a readout, they confirm the working hypothesis that intraperi-
toneal injection of endotoxin-free glycated or carbamylated
albumin causes more intense tubuloepithelial and interstitial
lesions than unmodified albumin and fatty acid- containing or
lipid-depleted albumin preparations. Furthermore, the study
supports the hypothesis that albumin modified by glycation or
carbamylation is strikingly “nephrotoxic.” This conclusion is
in excellent agreement with the observation of the limited
nephrotoxicity of unmodified albuminuria in minimal change
glomerulonephritis (35) and particularly the unique familiar
nephropathy Imerslund Gräsbeck syndrome, where selective
albuminuria for decades fails to cause deterioration of renal
function or advanced renal lesions (35).

It is remarkable that in a cold-blooded animal, albumin
injection into the peritoneum causes such fast-appearing im-
pressive pathology of tubular epithelial cells and peritubular
fibrosis after no fewer than 10 days. Such lesions were found
selectively in the epithelial cells of the open tubuli draining the
peritoneal cavity and the surrounding interstitium.

The present study documents that these pathologies are
mediated by upregulation of factors involved in the AGE-
NF-$B pathway; remarkably, such pathology was seen not
only after exposure to glycated but also after exposure to
carbamylated albumin. Furthermore, exposure to glycated as
well as carbamylated albumin upregulated factors known to be
involved, among others, in the genesis of interstitial fibrosis,
e.g., PDGF, TGF-!, EGF, and ET-1. Chronic kidney disease
with resulting increased fibrosis, regardless of the etiology of
the disease, is associated with increased expression of growth

Fig. 5. Expression of immunohistological staining against %-smooth muscle
actin (SMA). Either AGE-albumin- or carbamlyated albumin-loaded animals
showed an increased expression compared with the other intervention groups.
*P " 0.002 vs. saline control, unmodified albumin, lipid-depleted, and fatty
acid-containing albumin.

Fig. 4. Immunohistological staining with
transforming growth factor (TGF)-! (magni-
fication &40). A: control animal with saline
ip: no expression of TGF-!. B–D: marked
expression of TGF-! (protein level) in ani-
mals with ip injection of glycated albumin
(B) and carbamylated albumin (C) but not in
animals after ip injection of lipid-depleted
albumin (D).
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