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Abstract

Currently, a non-invasive method to estimate the degree of interstitial fibrosis (IF) in chronic kidney disease is not available
in routine. The aim of our study was to evaluate the diagnostic performance of the measurement of urinary low molecular
weight (LMW) protein concentrations as a method to determine the extent of IF. The urines specimen from 162 consecutive
patients who underwent renal biopsy were used in the analysis. Numerical quantification software based on the colorimetric
analysis of fibrous areas was used to assess the percentage IF. Total proteinuria, albuminuria, and the urinary levels of retinol
binding protein (RBP), alphal-microglobulin (1MG), beta 2-microglobulin (32MG), transferrin, and IgG immunoglobulins
were measured. There was a significant correlation between the degree of IF and the RBP/creatinine (creat) ratio (R2: 0.11,
p<<0.0001). IF was associated to a lesser extent with urinary f2MG and a1MG; however, there was no association with total
proteinuria or high molecular weight (HMW) proteinuria. The correlation between IF and RBP/creat remained significant
after adjustment to the estimated glomerular filtration rate, age, body mass index, a1MG, and B2MG. The specificity of the
test for diagnosing a fibrosis score of >25% of the parenchyma was 95% when using a threshold of 20 mg/g creat. In
conclusion, RBP appears to be a quantitative and non-invasive marker for the independent prediction of the extent of
kidney IF. Because methods for the measurement of urinary RBP are available in most clinical chemistry departments, RBP
measurement is appealing for implementation in the routine care of patients with chronic kidney disease.
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In this study, we have hypothesized that IF (independent of the
cause) promotes a defect in the proximal reabsorption of LMW
proteins and that the urinary concentration of these proteins is an
indication of the extent of kidney fibrosis. To test this hypothesis,
we measured the urinary concentration of LMW proteins (retinol-
binding protein, RBP; B2-microglobulin, B2MG; and o1-micro-
globulin, a1MG), HMW proteins (albumin, Alb; transferrin, TRF;
and immunoglobulins G, IgG), and total proteins in 189
consecutive patients who underwent a kidney biopsy. Next, we
measured the strength of the association between these proteins
and the percentage IF, measured using a color segmentation
image analysis technique. Our data indicated that the urinary
concentration of LMW proteins was positively correlated with the
degree of IF, and urinary RBP was independently associated with
the extent of IF in CKD patients.

Introduction

Kidney disease evolution invariably lead to interstitial fibrosis
(IF), which is the main factor contributing to kidney structural
deterioration and loss of function [1,2], and its extent is positively
correlated with adverse outcomes [3,4,5,6]. Therefore, IF may be
may be considered a surrogate marker and its evaluation is of
important prognostic value

The development of non-invasive biomarkers of kidney status
and outcome is challenging but can result in individualized
therapies for patients with chronic kidney disease (CKD) [7,8].
Although experimental and clinical evidence has contributed
greatly to our knowledge of the pathophysiological role of the
various molecular components of proteinuria in the progression of
chronic kidney injury, namely, inflammation, tubular atrophy
(TA), and IF, none of the urinary markers used routinely in clinical
chemistry has been investigated as a predictor of the extent of IF
[9,10]. Regardless, current evidence indicates that low molecular

Methods

weight (LMW) and/or high molecular weight (HMW) proteinuria
could serve as a non-invasive marker of kidney histological damage
and may predict kidney survival in specific patients, including
kidney transplant recipients (KTRs) and CKD patients [11,12,13]
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Patient population

Between March 2012 and March 2013, 189 consecutive
patients who were referred to the Nephrology Department at
the Georges Pompidou European Hospital (Paris, Irance) for
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kidney biopsy were evaluated for potential inclusion in the study.
Indications for biopsy were estimated GFR<60 ml/min and/or
proteinuria>0.5 g/1. Kidney biopsies were not performed for the
purpose of this non interventional study, but only for patient care.
We excluded from the study all patients with acute kidney injury
and KTRs. At the time of biopsy, urine and blood samples were
collected for routine clinical chemistry analyses and stored at
—80°C.. Detailed information regarding the clinical, medical,
demographic, biological, and histological status of the patients was
collected using an information-based data warehouse [14].
Analysis were performed anonymously. Paris Descartes University
ethics comity (Comité de Protection des Personnes/Patients
Protection Comity, representative: Dr Marie-France Mamzer)
approved this observational study. Research was not performed
out of France. Participants provided written consents, and the
ethic committee approved this consent procedure. There is no
difference in the distribution of histological diagnoses compared
with the previous year (2011-2012), which confirms that this study
is observational. The prevalence of glomerular diseases was 55%
in 2012-2013 compared with 51% in 2011-2012; the prevalence
of tubular and interstitial diseases was 22% in 2012-2013
compared with 25% in 2011-2012; the prevalence of vascular
diseases was 16% in 2012-2013 compared with 15% in 2011—
2012.

Clinical chemistry analyses

The urine protein measurements were performed at the Clinical
Chemistry Department of the European Georges Pompidou
Hospital. The urinary total protein concentration was quantified
by measuring pyrogallol red at 600/800 nm absorbance (urinary
CSF protein assay, Beckman Coulter), and the Alb concentration
was measured by immunoturbidimetry analysis (DIAgAM assay,
Beckman Coulter) using a Beckman Coulter AU680 analyzer. The
urinary levels of alMG, B2MG, TRF, RBP, and IgG were
measured using a Siemens BN II nephelometer Analyzer II and
kits from Siemens. Values considered normal were as follows:
alMG<15 mg/L;  B2MG<350 pg/L; RBP<0.5 mg/L;
TRF<2.2 mg/L, IgG<3.6 g/L, and AIb<<20 mg/L [15,16].
The urine samples were alkalinized prior to measuring the
B2MG level. The urine protein concentrations were corrected for
creatinine levels, which were measured using a colorimetric assay
(modified kinetic Jaffe method) on a Beckman Coulter DXC
analyzer (serum) or a Beckman Coulter AU680 analyzer (urine).
The glomerular filtration rate (eGFR) was estimated using the
modification of the diet in renal disease (MDRD) formula [17].

Automated measurement of interstitial fibrosis

Masson’s trichrome-stained kidney sections were analyzed using
color segmentation image analysis software for the quantification
of IF [18]. An image of the cortical section of each kidney biopsy
was captured using the Hamamatsu slide scanner, Nanozoomer
with an objective 20x, NA=0.75, and a Hamamatsu 3-CCD
camera. The cortex areas of the biopsy were analyzed, whereas the
medulla was excluded from analysis. The images were analyzed
using color segmentation image analysis software that automati-
cally extracts the green color areas characteristic of II; the renal
capsule, tubular basement membranes, glomeruli, and vessel were
automatically excluded from the analysis. The method for fibrosis
quantification has been developed in details elsewhere. Briefly, the
protocol for quantification consists of two steps: (1) segmentation
to extract green areas and the biopsy area; (2) postprocessing to
compute the IF index. The postprocess to compute the IF index is
based on the exclusion of non-fibrotic areas. In order to keep only
the II area, the following regions are automatically detected and
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excluded from analysis. The index of the IF surface is defined as
the ratio between the IF surface area and the total surface of the
cortex area in the biopsy. More technical details can be found in
[18] and particularly in the supplemental part (http://links.Iww.
com/TP/A493).

Statistical analysis

The results were expressed as the frequencies and percentages
for the categorical variables and as the mean = SEM for the
continuous variables. Associations between the clinical and
biological features of the patients were tested using the Student
T test, Mann-Whitney test or through the estimation of the
Pearson correlation coefficient (Pearson coefficient = \s“"RZ), where
appropriate. The variables correlating with the extent of IF by
univariate analysis were included in a multivariate linear
regression model. The variables correlating with the extent of IIF
by univariate analysis were included in a multivariate linear
regression model. To check that despite this overlap RBP can help
mmprove the prediction of fibrosis, we fitted and compared two
linear models, one including known predicting factors alone
(aIMG, B2MG and DFG) and one including both these factors
and RBP. The two models were compared based on a Likelihood
ratio test, where the deviance follows a Chi-square distribution
with number of degrees equal to the difference of included
variables in the two nested models. A backward stepwise linear
regression analysis was used to identify the clinical factors
independently associated with the extent of the IF. Power
calculation is not necessary, because our principal objective was
not to compare two groups of patients towards an end point to test
the null hypothesis, with an alpha and beta risk. Rather, we
performed uni and multivariate linear regression analysis; and we
evaluated the performance of a diagnostic biomarker. The
statistical analyses were performed using the R framework
(http://www.R-project.org/).

Results

Characteristics of CKD patients

Of the 189 patients who entered the study between March 2012
and March 2013, 27 were excluded because of the absence of an
analyzable histological sample (less than 10 glomeruli). The
demographic and medical characteristics of the remaining 162
patients are listed in Table 1. Importantly, approximately half of
the patient population was not of Caucasian origin. The vast
majority of the kidney disease etiologies were of glomerular origin,
which may explain the high mean level of proteinuria (2.3 g/L).
Advanced kidney disease was common; more than 50% of the
patients exhibited an eGFR <30 ml/min (Fig. 1A). The patients
with glomerular disease exhibited better renal function compared
to those with tubulo-intertitial or vascular nephropathy (Fig. 1B).

LMW proteinuria but not HMW proteinuria is associated
with low eGFR

We characterized the proteinuria expression patterns in the 162
CKD patients. The LMW proteins strongly correlated with each
other but not with the HMW proteins and total proteinuria
(Fig. 2A and B, Table 2, Fig. S1A-C). As expected, HMW
proteinuria was significantly higher in patients with glomerular
disease compared to patients with tubular and vascular diseases
(Fig. 2C, Fig. S1D), whereas LMW proteinuria was higher in
patients with tubular disease compared to patients with vascular
and glomerular diseases (Fig. 2D, Fig. S1E and F). Although a
higher IgG concentration was expected in patients with glomer-
ular disease (Fig. 2E), IgG concentration surprisingly did not
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Figure 1. Distribution of estimated glomerular filtration rates.
A. Histogram showing the distribution of the study population
according to the eGFR level at inclusion. B. Histogram showing eGFR
values according to the type of kidney disease. eGFR is expressed as the
mean * sem. *p<0.05, **p<<0.01, ***p<<0.001 compared to glomerular
disease using Student’s T test; the Mann-Whitney test was used for the
glomerular vs. comparison with non-specific lesions. Glom: glomerular
diseases; Tub-Int: tubular and/or interstitial diseases; Vasc: vascular
diseases; Non-spe: non-specific.
doi:10.1371/journal.pone.0084708.g001

discriminate a particular group of diseases. Total proteinuria was
only weakly higher in the patients with glomerular disease than in
patients with the other diseases (p =0.046) (Fig. S1G).

The distribution of proteinuria according to the eGFR levels
was analyzed. LMW proteinuria was significantly higher among
the patients with a mean eGFR value <30 ml/min (Fig. 3A, Fig.
S2A and B) compared to the patients with eGFR values >30 ml/
min, whereas HMW and total proteinuria were not significantly
different among the eGFR groups (Fig. 3B and C, Fig. S2C and
D). These data indicated that LMW proteinuria but not total or
HMW proteinuria was a characteristic of patients with low eGFR
in this CKD population.

The extent of IF is correlated with a lower eGFR

We next analyzed the characteristic features of IF in the CKD
patients. As proof of the deleterious effect of interstitial fibrosis in
CKD, we determined that the extent of IF was negatively
associated with the ¢GFR (R?=0.24, p<0.0001) (Fig. 4A,
Table 2), and that this correlation was highly significant for
glomerular disease but not for tubular or vascular diseases
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Table 1. Baseline characteristics of the study cohort (n=162).
Demographics

Age (years) 52.6+18.2

Gender (male) 88 (54)

Caucasian patients 86 (53)

Body Mass Index (kg/m?) 254+48
Hypertension 79 (48)
Hyperlipidemia* 37 (22)

Diabetes 17 (10)

Cancer** 25 (15)

Etiology of CKD

FSGS/minimal changes disease 23 (14)
ANCA-mediated vasculitidis 15 (9)

IgA nephropathy 14 (8.5)

Primary Glomerulonephritis 14 (8.5)

Lupus 11 (6.5)

Diabetes 10 (6)
Tubule-interstitial nephropathy 10 (6)

Hypertensive nephropathy 10 (6)

Non specific*** 10 (6)

Myeloma cast nephropathy 9 (5.5)

Other 36 (22)
Medications

ACEI/ARB 69 (43)

Diuretics 27 (17)

Beta blockers 19 (12)

Calcium Channel Inhibitors 37 (23)

Others 74

Clinical Chemistry

Serum creatinine (mg/dl) 2.08+1.45

eGFR (ml/min/1.73 m?) 47.4+333
Proteinuria (g/1) 23+27
Albuminuria (g/1) 1.3*+24

Continuous variables are expressed as the mean * sem; categorical variables
are expressed as n (%).

*Hyperlipidemia: total cholesterol >200 mg/dl and/orTriglycerides >200 mg/
dl, and/or LDL cholesterol>130 mg/dl.

**Cancer: Multiple myemoma (=13), Urogenital (=7), Breast (=2), Lung (=1).
***Non specific: no diagnosis, moderate interstitial fibrosis and/or
glomerulosclerosis.

doi:10.1371/journal.pone.0084708.t001

(Fig. 4B-D). There was no difference in the IF percentages
between the types of nephropathies even though, as expected, the
IF percentage in the normal biopsies was significantly lower
(Fig. 4E). These results indicated that in our population, the
extent of IF was correlated significantly with a low eGFR, at least
in patients with glomerular disease.

LMW proteinuria but not HMW proteinuria is correlated
with higher IF

We next examined the association between LMW proteinuria
and the extent of IF. The univariate analysis indicated that LMW
proteinuria but not HMW or total proteinuria correlated
significantly with the extent of IF; RBP (R?=0.11, p<<0.0001);
aIMG (R*=0.08, p=0.0004); and B2MG (R*=0.03, p=0.02)
(Fig. 5, Table 2, Fig. S3). This association was significant in
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Figure 2. Expression patterns of proteinuria. A, B. Best-fit slope of the linear regression between RBP and 2MG (A) and RBP and Alb (B). C, D,
E. Histogram showing Alb (A), RBP (B), and IgG (C) values according to the type of kidney disease. Protein concentrations are expressed as the mean
* sem. **p<0.01, ***p<<0.001 compared to glomerular disease using Student’s T test; the Mann-Whitney test was used for the glomerular vs.
comparison with non-specific lesions. Glom: glomerular diseases; Tub-Int: tubular and/or interstitial diseases; Vasc: vascular diseases; Non-spe: non-

specific.
doi:10.1371/journal.pone.0084708.g002
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Table 2. Summary of correlative data.

Covariate R? p
Retinol Binding Protein

B2MG 0.42 <0.0001
a1MG 0.66 <0.0001
Proteinuria 0.02 0.07
TRF 0.006 03
Albuminuria 0.0008 0.8
Fibrosis (glomerular diseases) 0.18 0.001
Fibrosis (tubule and interstitial diseases) 0.1 0.2
Fibrosis (vascular diseases) 0.008 0.5
eGFR

Fibrosis (glomerular) 0.26 <0.0001
Fibrosis (vascular) 0.05 0.2
Fibrosis (tubule and interstitial diseases) 0.001 0.5
Fibrosis

RBP 0.11 <0.0001
aTMG 0.08 0.0004
B2MG 0.03 0.03
TRF 0.01 0.2
Proteinuria 0.007 0.2

19G 0.002 0.5
Albuminuria 0.0002 0.8
doi:10.1371/journal.pone.0084708.t002

patients with glomerular disease (R*=0.11, p =0.001) but not in
patients with tubule-interstitial disease (R®=0.10, p=0.06) or
vascular disease (R*=0.08, p=0.1) despite a clear trend (Fig. S4).

Of the LMW proteins, RBP was the better predictor of IF;
therefore, we performed a multivariate analysis to test whether this
association was independent of other parameters. Given that
aIMG, B2MG, and eGFR were correlated with the extent of IF,
indicating that a portion of the information generated by RBP
may also be provided by a1 MG, B2MG, and eGFR, we fitted and
compared two linear models, one including a1MG, B2MG, and
eGFR and the other including these factors plus RBP. The two
models were compared based on a likelihood ratio test in which
the deviance follows a Chi-square distribution with the number of
degrees equal to the difference of the variables included in the two
nested models. The multiple linear regression analysis indicated
that the model with RBP was significantly better than the model
without RBP (p=0.03), demonstrating that RBP was indepen-
dently correlated with the extent of IF.

Finally, we analyzed the efficiency of testing urinary RBP levels
for diagnosing the extent of IF. RBP/creat ratio has a high
specificity in detecting cases with >25% fibrosis (the median value
of fibrosis in our cohort, which also correlates with an altered
prognosis in numerous settings, including chronic allograft
nephropathy and chronic kidney diseases [4,5,6]; Recipient-
Operating  Characteristic ROC  curve area 0.7,
p=0.0003) indicates a high specificity in detecting cases with
>25% fibrosis. For example, an RBP/creat ratio above 20 mg/g
predicted a fibrosis score > 25% with a specificity of 95% but with
a sensitivity of 20%. The likelihood ratio of this cutoft is 4, which
indicates that a patients with a RBP ratio>20 mg/g is 4 times
more likely to have >25% fibrosis. This observation indicated that
a high concentration of urinary RBP was associated the extent of

curve
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IF in non-selected CKD patients, with very few false positives;
however, a normal or low value did not exclude the presence of IF.

Discussion

In this study, we demonstrated that the concentration of LMW
proteins but not total or HMW proteins was positively associated
with the degree of IF and altered renal function. The RBP/creat
ratio was independently correlated with the extent of IF and could
be useful for predicting renal fibrosis with a high specificity,
especially in patients with glomerular diseases. To our knowledge,
this study is the first to demonstrate a significant correlation
between urinary RBP and kidney IF in a prospective and non-
selected population of CKD patients. Given that the extent of
fibrosis correlates with adverse outcomes, a non-invasive diagnosis
of the extent of interstitial fibrosis is usefull tool for the
management of CKD patients, both in terms of prognosis and
therapeutic and nephroprotective strategies.

eGIR is a good predictor of fibrosis. The ROC curves of the
two predictors are similar in terms of diagnostic performance, and
the addition of RBP to eGFR does not increase the performance of
the prediction (not shown). This raises the question of the
prognostic value of RBP of the decline of renal function, which
remains to be examined. Our results suggest that IF promotes loss
of function and eGFR decline, and IF promotes tubular
dysfunction and RBP loss. This point is supported but the results
of the regression analysis indicating that RBP and GFR correlate
with IF, and that RBP is independent of GFR.

The proposed rationale for the detection of increased LMW
protein concentrations in the urine from patients with extended
fibrosis of the kidneys is based on the hypothesis that IF is
frequently associated with TA, leading to the defective proximal
reabsorption of physiologically filtered LMW. Any increase in the
urinary excretion of B2MG or RBP is highly specific for tubular
disease, whereas the increased excretion of a1 MG is observed in
glomerular proteinuria [19,20]. This non-specific degenerative
tubulopathy associated indirectly with LMW output and extended
urinalysis (including glucosuria or aminoaciduria) could be used to
confirm this hypothesis. There is indirect evidence to support this
concept. For example, the reduction in the maximal reabsorption
rate of filtered phosphates, which are reabsorbed mainly by the
proximal tubules and are excreted in excess urine in cases of
proximal tubulopathy, is proportional to the reduction in eGFR
[21]. The concept that tubular dysfunction is related to IF is also
supported by the recent demonstration of a strong correlation
between RBP and Banff classification scores and TA in a series of
KTRs; the protein measurements correlated with the interstitial
Banff scores at the one-year biopsy [22]. However, for reasons that
are unclear, the LMW and HMW protein levels observed in the
study correlated strongly with each other and with graft function,
histology, and survival; associations that were not observed in our
study.

An advantage of our study is that the large panel of proteins
tested in our center used validated methods used routinely in
clinical chemistry laboratories, and the cost was relatively low
(7 USD per RBP measurement). In comparison, the cost of a
urinary electrophoretic profile is 10.5 USD and an albuminuria
measurement is 3 USD. Importantly, the performance of these
methods has been validated, including the interlaboratory
reproducibility of the tests, and the practical outcome is that
almost all clinicians can evaluate the extent of IF in CKD patients
through measuring the RBP concentration [23,24]. To date, few
non-invasive markers of the extent of kidney fibrosis have been
tested, including polypeptide-like urinary procollagen III amino-
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terminal propetide (PIIINP) [10]. PIIINP levels have been
correlated with the extent of kidney fibrosis; however, the
association has not been tested using a multivariate analysis.
Moreover, PIIINP analysis is not performed routinely, and the
interlaboratory reproducibility of the test is unknown [10].
Regardless, together with our study, these studies demonstrated
that non-invasive markers are associated with the extent of IF,
which can be evaluated using the robust and reproducible method
of color segmentation image analysis. This computerized method
for IF quantification has been validated both in KTR [25] and
CKD patients [10], and the results are predictive of renal
prognosis.

We observed that RBP correlated with IF in sthe group of
patients with glomerular disease but not in the patients with
tubular or vascular disease. Despite this clear trend, the lack of a
positive correlation in these two disease categories may be
explained by the relatively low size of these subgroups of patients

PLOS ONE | www.plosone.org 6

compared with the glomerular disease subgroup. Additionally, this
finding may indicate that the tubule-interstitial injury induced by
proteinuria secondary to glomerular disease impedes LMW
reabsorption to a greater extent than in primitive tubulo-interstitial
diseases. Recently, the effect of LMW proteinuria on the prognosis
of glomerular disease was highlighted in a study of membranous
nephropathy, demonstrating that LMW proteinuria is associated
with the progression of kidney dysfunction[11].

Another intriguing finding was the pattern of urinary IgG
expression, which, in contrast to previous studies in KTRs and
membranous nephropathies [11,22], was not associated with any
relevant variable in our study. More importantly, the mean
concentration of IgG did not differ between etiologic groups,
suggesting that despite the high MW of IgG (160 kD), the loss of
glomerular permeability does not always result in IgG proteinuria.
Our findings are corroborated by the normal IgG excretion rate
demonstrated in a series of patients with membranous nephrop-
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between RBP (A) and Alb (B) and extent of fibrosis extent.
doi:10.1371/journal.pone.0084708.9005

athy [11]. The possibility of IgG or IgM being produced locally in
the interstitium and secreted in the urine has been raised by a
number of authors [22]; however, this phenomenon has not been
demonstrated. Overall, our study challenged the usefulness of
assaying urinary IgG levels in terms of characterizing the type of
nephropathy and for purposes of identifying markers of tubulo-
interstitial injury.

TA has not been evaluated in this study because to our
knowledge, there is no validated automatized method for TA
quantification in kidney tissue, and there is a need for tools
providing continuous values of TA rather that semi-quantitative
score. The only validated system of TA scoring is the Banff system,
which is widely used, but with numerous limitations, and provides
validated information in kidney transplant patients only. There is
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Figure S1 Distribution of proteinuria in the 162 CKD
patients. A B,C. Best-fit slope of linear regression between
olMG and RBP (A), TRF and RBP (B), and proteinuria and RBP
(C). D, E, F, G. Histograms showing TRF (D), «1MG (E), B2MG
(F) and total proteinuria (G) values according to the type of kidney
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Figure S2 Distribution of proteinuria according to
estimated glomerular filtration rates. Histograms showing
alMG (A), B2MG (B), IgG (C) and TRF (D) values according to
the type of kidney disease. Protein concentrations expressed as
mean=*sem. *p<0.05, **p<<0.01, **p<<0.001, as compared to
eGFR <30 ml/min.
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Figure S3 Correlation between proteinuria and the
extent of interstitial fibrosis. Best-fit slopes of linear
regression between olMG (A), p2MG (B), TRF (C), IgG (D),
and proteinuria (E) and the extent of interstitial fibrosis.

(EPS)

Figure S4 Correlation between proteinuria and the
extent of interstitial fibrosis according to the type of
nephropathy. Best-fit slope of linear regression between fibrosis
extent and RBP according to the type of nephropathy: glomerular
(A), tubular (B), and vascular (C).

(EPS)

Author Contributions

Conceived and designed the experiments: NP ET AK. Performed the
experiments: SC JFC MV PA CL VMY JCOM DNM PB. Analyzed the
data: NP AK. Contributed reagents/materials/analysis tools: SC JFC CL
VMY JCOM DNM PB. Wrote the paper: NP.

4. Cattran DC, Coppo R, Cook HT, Feechally J, Roberts IS, et al. (2009) The
Oxford classification of IgA nephropathy: rationale, clinicopathological
correlations, and classification. Kidney Int 76: 534-545.

. Farris AB, Adams CD, Brousaides N, Della Pelle PA, Collins AB, et al. (2011)
Morphometric and visual evaluation of fibrosis in renal biopsies. ] Am Soc
Nephrol 22: 176-186.

&

January 2014 | Volume 9 | Issue 1 | e84708



. Hertig A, Anglicheau D, Verine ], Pallet N, Touzot M, et al. (2008) Early

epithelial phenotypic changes predict graft fibrosis. ] Am Soc Nephrol 19: 1584~
1591.

. Weiss RH, Kim K (2011) Metabolomics in the study of kidney diseases. Nat Rev

Nephrol 8: 22-33.

. Cravedi P, Ruggenenti P, Remuzzi G (2012) Proteinuria should be used as a

surrogate in CKD. Nat Rev Nephrol 8: 301-306.

. Mirkovic K, Doorenbos CR, Dam WA, Lambers Heerspink HJ, Slagman MC,

et al. (2013) Urinary vitamin D binding protein: a potential novel marker of
renal interstitial inflammation and fibrosis. PLoS One 8: ¢55887.

. Ghoul BE, Squalli T, Servais A, Elie C, Meas-Yedid V, et al. (2010) Urinary

procollagen III aminoterminal propeptide (PIIINP): a fibrotest for the
nephrologist. Clin J Am Soc Nephrol 5: 205-210.

. van den Brand JA, Hofstra JM, Wetzels JF (2011) Low-molecular-weight

proteins as prognostic markers in idiopathic membranous nephropathy.
Clin J Am Soc Nephrol 6: 2846-2853.

. Halimi JM, Matthias B, Al-Najjar A, Laouad I, Chatelet V, et al. (2007)

Respective predictive role of urinary albumin excretion and nonalbumin
proteinuria on graft loss and death in renal transplant recipients. Am J Transplant
7:2775-2781.

. Amer H, Fidler ME, Myslak M, Morales P, Kremers WK, et al. (2007)

Proteinuria after kidney transplantation, relationship to allograft histology and
survival. Am J Transplant 7: 2748-2756.

. Post AR, Kurc T, Cholleti S, Gao J, Lin X, et al. (2013) The Analytic

Information Warehouse (AIW): A platform for analytics using electronic health
record data. ] Biomed Inform 46: 410-424.

. Dati F, Schumann G, Thomas L, Aguzzi F, Baudner S, et al. (1996) Consensus

of a group of professional societies and diagnostic companies on guidelines for
interim reference ranges for 14 proteins in serum based on the standardization
against the IFCC/BCR/CAP Reference Material (CRM 470). International
Federation of Clinical Chemistry. Community Bureau of Reference of the

PLOS ONE | www.plosone.org

20.

21.

22.

Urinary RBP and Kidney Fibrosis

Commission of the European Communities. College of American Pathologists.
Eur J Clin Chem Clin Biochem 34: 517-520.

Gressner A, Thomas L (1995) Proteinstoffwechel; Greiling H, Gressner A,
editors. Stuttgart; New York: Schattauer. 225 p.

. Levey AS, Greene T, Beck GJ, Caggiula AW, Kusek JW, et al. (1999) Dietary

protein restriction and the progression of chronic renal disease: what have all of
the results of the MDRD study shown? Modification of Diet in Renal Disease
Study group. J Am Soc Nephrol 10: 2426-2439.

Servais A, Meas-Yedid V, Buchler M, Morelon E, Olivo-Marin JC, et al. (2007)
Quantification of interstitial fibrosis by image analysis on routine renal biopsy in
patients receiving cyclosporine. Transplantation 84: 1595-1601.

. Tomlinson PA (1992) Low molecular weight proteins in children with renal

disease. Pediatr Nephrol 6: 565-571.

Kirsztajn GM, Nishida SK, Silva MS, Ajzen H, Moura LA, et al. (2002) Urinary
retinol-binding protein as a prognostic marker in glomerulopathies. Nephron 90:
424-431.

Iwasawa H, Nakao T, Matsumoto H, Okada T, Nagaoka Y, et al. (2013)
Phosphate handling by end-stage kidneys and benefits of residual renal function
on phosphate removal in patients on haemodialysis. Nephrology (Carlton) 18:
285-291.

Amer H, Lieske JC, Rule AD, Kremers WK, Larson TS, et al. (2013) Urine high
and low molecular weight proteins one-year post-kidney transplant: relationship
to histology and graft survival. Am J Transplant 13: 676-684.

. Twyman SJ, Overton J, Rowe DJ (2000) Measurement of urinary retinol binding

protein by immunonephelometry. Clin Chim Acta 297: 155-161.

. Parviainen MT, Ylitalo P (1983) Immunonephelometric determination of

retinol-binding protein in serum and urine. Clin Chem 29: 853-856.

. Meas-Yedid V, Servais A, Noel LH, Panterne C, Landais P, et al. (2011) New

computerized color image analysis for the quantification of interstitial fibrosis in
renal transplantation. Transplantation 92: 890-899.

January 2014 | Volume 9 | Issue 1 | e84708



