Established in 1871

Swiss Medical Weekly

Formerly: Schweizerische Medizinische Wochenschrift

An open access, online journal * www.smw.ch

Review article: Biomedical intelligence | Published 11 May 2017 | doi:10.4414/smw.2017.14442

Cite this as: Swiss Med Wkly. 2017;147:w14442

Diagnosis and assessment of renal fibrosis:

the state of the art

Lena Berchtold®®, Iris Friedli¢, Jean-Paul Vallée¢, Solange Moll¢, Pierre-Yves Martin®, Sophie de Seigneux?

2 Service of Internal Medicine, Department of Internal Medicine, University Hospital of Geneva, Switzerland
b Service of Nephrology, Department of Internal Medicine Specialties, University Hospital of Geneva, Switzerland.
¢ Service of Radiology, Department of Radiology and Medical Informatics, University Hospital of Geneva, Switzer-

land.

4 Institute of Clinical Pathology, University Hospital Geneva, Switzerland

Summary

Chronic kidney disease (CKD) is defined as an alteration
of kidney function and/or structure lasting for more
than 3 months and is a major public health issue. Histo-
logically, the severity of CKD correlates with the magni-
tude of kidney cortical interstitial fibrosis. Estimation of
kidney fibrosis is crucial to assess prognosis and guide
therapy in both native and allograft kidneys. Biopsy is
currently the gold standard for assessing fibrosis with
histological techniques. Although this procedure has be-
come safer over recent years, complications and limita-
tions remain. Given these restrictions, new, noninvasive
techniques are necessary for the evaluation and follow-
up of CKD patients. Radiological methods such as ultra-
sound and magnetic resonance imaging are emerging
for assessment kidney fibrosis. These two techniques
have advantages but also limitations. In addition to radi-
ological assessment of fibrosis, urinary and plasma bi-
omarkers are being developed and tested as predictive
tools for histological lesions in the kidney. This article re-
views the current evidence for these novel techniques in
the evaluation of kidney interstitial fibrosis.

Key words: kidney fibrosis; biomarkers; chronic kidney
disease; MRI; histology

Abbreviations

ADC: apparent diffusion coefficient
BMP-7: bone morphogenetic protein-7
CCL2: chemokine (C-C motif) ligand 2
CKD: chronic kidney disease

eGFR: estimated glomerular filtration rate
MCP1: monocyte chemoattractant protein-1
MDA: malondialdehyde

MicroRNA: microribonucleic acid

MMP: matrix metalloproteinase

MRI: magnetic resonance imaging

PIIINP: procollagen type Ill amino-terminal propeptide
RBP: retinol binding protein

TGF-beta: transforming growth factor beta
TIMP: tissue inhibitor of metalloproteinase
TNF-alpha: tumour necrosis factor-alpha
VDBP: vitamin D binding protein

Introduction

Chronic kidney disease (CKD) is defined as an al-
teration of kidney function and/or structure lasting
for more than 3 months. It is a major public health
issue since it affects 11% of the US and Swiss pop-
ulations [1, 2]. CKD is also recognised as a condi-
tion that increases cardiovascular disease risk and is
associated with a significant increase in mortality
compared with the general population [3]. Fibrosis
is the hallmark of CKD and the severity of CKD
usually correlates with the magnitude of kidney cor-
tical fibrosis.

Kidney fibrosis is characterised by increased syn-
thesis and deposition of extracellular matrix compo-
nents within the tubulointerstitial space (interstitial
fibrosis) and glomeruli (glomerulosclerosis). Tubu-
lar atrophy often goes with interstitial fibrosis. Cor-
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tical interstitial fibrosis is better correlated with re-
nal function loss than is glomerulosclerosis, and is
a process common to a wide variety of kidney inju-
ries [4]. The emergence of renal fibrosis is the con-
sequence of maladaptive wound-healing processes
after an injury [5]. Interstitial fibrosis remains the
main factor contributing to kidney structural deteri-
oration and loss of function. Therefore it is a crucial
target for therapies since a wide variety of diseases
converge into this single process [6]. The pathogen-
esis of fibrosis is very complex, and as yet not com-
pletely understood. It will not be detailed here but
has been reviewed in depth elsewhere [7].
Evaluation of interstitial fibrosis is crucial to the as-
sessment of prognosis and to guide therapy for most
kidney diseases. However, how best to measure Kid-
ney fibrosis remains uncertain. Therefore, new ap-
proaches that allow a more accurate and reproduci-
ble assessment of renal interstitial fibrosis are re-
quired. Here, we review recent advances in the di-
agnosis and follow-up of renal fibrosis.

Clinical aspects

The histopathological findings associated with
CKD are glomerulosclerosis, tubulointerstitial fi-
brosis and inflammation with loss of renal paren-
chyma characterised by tubular atrophy, capillary
loss and podocyte depletion.

Renal interstitial fibrosis correlates with and pre-
dicts renal function loss in all experimental models
of CKD [4]. In addition, the presence of interstitial
inflammation in combination with kidney fibrosis is
associated to an increased risk of kidney function
decline in the long term [8-10]. Several studies have
demonstrated that quantification of interstitial fibro-
sis and inflammation gives a more accurate progno-
sis of renal outcome in renal allografts [11] and na-
tive kidney diseases [12—-14], including in lupus and
immunoglobulin (Ig) A nephropathies.

Currently, several research protocols are aiming at
reverting fibrosis, in both animals and human stud-
ies [15-20]. Although spontaneous regression of fi-
brosis has been documented in some renal patholo-
gies [21], worsening of renal fibrosis is usually ob-
served together with deterioration of kidney func-
tion [13]. The follow-up of fibrosis is therefore im-
portant for evaluation of the spontaneous evolution
of CKD, and for the assessment of response to spe-
cific therapies, including emerging drugs [6, 18,
22].
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Histopathological assessment

Kidney fibrosis and inflammation are currently be-
ing evaluated by means of needle core biopsy fol-
lowed by histopathological assessment. Percutane-
ous kidney biopsies are usually performed with ul-
trasonic guidance under local anaesthesia. After a
renal biopsy, patients are observed on bed rest for a
few hours to watch for possible complications (see
below).

Kidney biopsy has several limitations. This proce-
dure has become safer over recent years; however,
complications still occur, including minor and ma-
jor bleedings, pain, arteriovenous fistulas and
perirenal soft tissue infections. These may lead to
prolonged hospitalisation, loss of renal function and
even death [23, 24]. Furthermore, the financial cost
of the procedure is significant. In addition, the
amount of tissue obtained from a needle core biopsy
on some occasions may not be sufficient to assess
the severity of a disease. Histological changes are
usually scored semiquantitatively, with an element
of subjectivity. Objective quantitative parameters
such as Sirius red staining coupled with morpho-
metric analysis are rarely used routinely [6]. The
time needed for tissue preparation before examina-
tion may also be a limitation in some urgent circum-
stances, and serial kidney biopsies are difficult. Fi-
nally, one of the main intrinsic limitations to the as-
sessment of fibrosis via biopsy is the sampling bias
related to the technique.

Routine histological evaluation of a renal biopsy in-
volves examination of the tissue under light, immu-
nofluorescence, and electron microscopy. Conven-
tional histological stains such as haematoxylin and
eosin, periodic acid Schiff, silver methenamine and
trichrome are routinely used (fig. 1). Fibrosis quan-
tification by visual assessment of trichrome-stained
slides is the standard practice in most pathology de-
partments [25]. There are some limitations to this
technique, since it has been reported to be only mod-
erately reproducible [26]. Part of the poor reproduc-
ibility arises from subjective scores assigned by
pathologists, whereas Masson trichrome may not be
sensitive for mild fibrosis [26, 27]. Sirius red,
viewed in both polarised and unpolarised light, may
be used for fibrosis assessment [28].

Quantification by use of morphometric techniques
of staining such as trichrome, polarised and unpo-
larised Sirius red and immunohistochemistry (colla-
gen 1) has been developed with various results
[29-32]. Correlation between specific stains and es-
timated glomerular filtration rate (eGFR) remains
variable. More complex and objective techniques
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are being tested, with for example the use of acom-  Altogether, there is a lack of standardised assess-
bination of different colourations [33]. Currently, ment of interstitial fibrosis by pathologists, and
the closest correlation to eGFR, best efficiency and  morphometric methods are scarcely used routinely.
best reproducibility are still with trichrome-stained  Current assessment relies mainly on visual assess-
and collagen Il morphometry as shown by Farriset  ment of trichrome staining, a method that, although
al., whereas unpolarised Sirius red also appears val-  validated, is still subject to the interpretation of the
uable [33]. A combination of whole section imaging  pathologist involved. Given these limitations, alt-
and automated image analysis with Sirius red polar-  hough biopsy is currently the gold standard for the
isation seems to be complementary to Masson tri-  diagnosis of kidney fibrosis, new noninvasive tech-
chrome [34]. nigues might help in the evaluation and follow-up
of CKD patients.

A Radiological assessment

There is no recognised radiological method to as-
sess kidney interstitial fibrosis, unlike other organs
such as the liver [35, 36].

Ultrasound

Ultrasound has shown some promising results in
providing a noninvasive means of measuring renal
o cortical stiffness resulting from pathological dam-
. age. Shear wave velocity imaging [37—42], transient
elastography [43-46], real-time elastography [47],
Doppler sonography [48, 49] and ultrasound corti-
comedullary strain [47, 48], among others, appear
partially relevant in measuring renal cortical fibro-
sis. However, results are heterogeneous, with posi-
tive and negative studies. Furthermore, these meth-
ods are strongly dependent on external factors, such
as blood pressure, kidney weight, body weight and
the applied transducer force, not to mention also
' high intra- and interobserver variability.
The use of ultrasound in the assessment of renal in-
' terstitial fibrosis appears promising. However, its
main limitation is the heterogeneity of renal paren-
chyma for elastography evaluation as well as the
depth of native kidneys. This technique is therefore
interesting but currently not as reliable as for the
liver.

Magnetic resonance imaging

Magnetic resonance imaging (MRI), with use of
various sequences including T1 mapping, blood ox-
ygenation level dependent and diffusion-weighted
imaging, is emerging as a promising non-invasive
tool to assess kidney interstitial fibrosis.

$4 T1 mapping creates a parametric map where each
& pixel represents the T1 spin-lattice relaxation time
of the probed tissue. T1 relaxation time varies de-
pending on the tissue physiopathology status, such
as inflammation, oedema, fat or fibrosis. The vast

Figure 1: Examples of commonly used stains for histological .. . X ..
assessment of renal interstitial fibrosis. (A) Trichrome. (B) Sir- majority of native T1 mapping appllcatlons are re-

jus red. (C) Silver methanamine. lated to cardiac fibrosis, with increased T1 values
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Figure 2: Repre-
sentative biopsy
and magnetic res-
onance images
from patients.
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parent diffusion
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recorded in diffuse myocardial fibrosis [50]. In the
kidney, small animal studies have found increased
T1 values in mice models of acute kidney injury
[51] and of renal transplantation [52]. Similar asso-
ciations were measured in human kidney: cortical
T1 was negatively correlated with renal function in
native and transplanted kidneys, suggesting that this
sequence could be used to assess kidney interstitial
fibrosis [53, 54]. Nevertheless, a strong correlation
with fibrosis has not been confirmed by other stud-
ies, and T1 may rather be a marker of inflammation
or vascularisation changes [55].

Renal blood oxygenation level dependent (BOLD)
MRI (T2* sequence) allows probing renal tissue ox-
ygenation in different pathophysiological condi-
tions [56]. In mice, changes of renal T2* were asso-
ciated with the severity of acute kidney injury and
interstitial fibrosis [57]. In human, the effective

transverse relaxation time T2* values of BOLD-
MRI correlated with renal function, but not with his-
tology in diabetic nephropathy, suggesting that
other factors than kidney fibrosis, such as impair-
ment of oxygenation, could contribute to image
modifications in this MRI sequence [58].

Diffusion-weighted imaging (DWI) is another se-
guence investigated for quantification of interstitial
fibrosis. DWI is sensitive to Brownian motion of
water molecules within a given tissue. Currently
DWI1 is quantified as the apparent diffusion coeffi-
cient (ADC). The emerging importance of ADC
values for monitoring renal fibrosis was first vali-
dated in a small animal model of unilateral ureteral
obstruction [59]. In CKD patients, a significant de-
crease of ADC was related to increased interstitial
fibrosis obtained histopathologically in different
studies [58, 60, 61]. Zhao et al. demonstrated that
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cortical and medullary ADC values correlated with
interstitial fibrosis, as assessed with histology, in
native kidney disease [61]. The major limitations of
renal diffusion MRI in clinical practice are the ab-
sence of a standardised protocol, artefact linked to
image acquisition [62] and large interindividual var-
iation of ADC values due to intrinsic factors, such
hydration status, and extrinsic factors such as mag-
netic field strength, MR sequence type, MRI manu-
facturer.

Currently, sequence optimisation is performed to
overcome these limitations and decrease diffusion
MRI variability. For example, we recently opti-
mised diffusion MRI sequences for the kidney in
healthy volunteers. We could demonstrate that a
novel sequence (called RESOLVE) largely im-
proved kidney image resolution in healthy volun-
teers [63]. This enhanced image resolution allowed
better differentiation of the cortex from the medulla,
and correction of absolute cortical ADC values to
medullary values by deriving the difference be-
tween cortical and medullary ADC (delta ADC).
This correction based on the delta ADC signifi-
cantly decreased interindividual variability and im-
proved discrimination for cortical fibrosis in pa-
tients [64]. Delta ADC correlated well with fibrosis
in both experimental models of fibrosis in animals
and Kidney allograft recipients undergoing biopsies
(R?=0.64, p <0.001) [64]. Extensive (>40%) fibro-
sis could be identified by negative delta ADC values
(ADC values higher in the medulla than the cortex)
(fig. 2). Although more work is needed to validate
this index before application in the clinical setting,
this study presents encouraging results for diffusion
MRI as a novel tool for kidney fibrosis evaluation.
Altogether, MRI is a promising tool to evaluate kid-
ney fibrosis. However, the methods remain to be
confirmed by larger scale studies [65], because of
the absence of consensus regarding MRI protocols,
absence of reference values and the presence of ar-
tefacts, including respiratory motion and image dis-
tortion [62]. MRI, in particular with diffusion se-
guences, is one of the most promising tools to eval-
uate kidney fibrosis, but its use in the clinical setting
still requires adaptation.

Biomarkers of kidney fibrosis

Several plasma or urinary biomarkers are currently
being evaluated as indicators of fibrosis. The fol-
lowing list is not exhaustive, but includes some of
the most promising markers to date. We have cho-
sen to classify them according to their biological
function.

Swiss Med Wkly. 2017;147:w14442

Profibrotic and structural proteins

Renal fibrosis is characterised by the accumulation
of an excessive amount of extracellular matrix.
Type 11 collagen is part of this extracellular matrix.
It is synthesised as procollagen and the amino-ter-
minal propeptide is cleaved during deposition. This
procollagen type Il amino-terminal propeptide
(PITINP) is then released from the extracellular ma-
trix into the blood and urine. The urinary
PIIINP/creatinine ratio was shown to be closely cor-
related with the extent of interstitial fibrosis in bi-
opsies from CKD [66] and kidney allograft patients
[67]. Circulating procollagen Il correlated with in-
terstitial fibrosis in 40 patients with subacute and
chronic nephropathies [68]. Theses markers may be
useful indicators of the extent of renal fibrosis. In
the study by Ix et al., urine PHHINP was also associ-
ated with CKD progression and incident end-stage
renal disease. These results suggest that higher urine
and/or plasma PIHIINP levels are associated (inde-
pendently of eGFR) with interstitial fibrosis, CKD
progression, risk of end-stage renal disease and
death [69].

Periostin is an extracellular protein highly ex-
pressed during development and is overexpressed in
various experimental types of CKD, where it ap-
pears to play an important profibrotic role [70]. In
murine models, inhibition of periostin expression
protected against the development of renal inflam-
mation and fibrosis [71]. Tissue levels of periostin
may correlate with kidney disease severity and
might be used as an early marker of injury [72].
More recently, urinary periostin levels were shown
to be elevated in chronic allograft nephropathy [73].
This protein may therefore emerge as a good predic-
tor of fibrosis.

Transforming growth factor beta (TGF-beta) is a
profibrotic cytokine central to the pathogenesis of
kidney fibrosis [3, 74]. BMP-7 (bone morphoge-
netic protein-7) is a natural antagonist to TGF-betal
with antifibrotic and anti-inflammatory properties.
BMP-7 is being evaluated in mice for treatment of
kidney fibrosis [75, 76]. None of these cytokines
has been clearly demonstrated to correlate with the
extent of kidney fibrosis. However, urinary TGF-
betal increased in diabetic nephropathy and in
membranous glomerulonephritis and was related to
disease severity [77, 78]. Serum TGF-betal also in-
creases in African-American subjects with end-
stage kidney disease [79]. Finally, Wong and al.
showed recently that the levels of circulating active
TGF-betal or BMP-7 and their ratio were good pre-
dictors of renal function evolution in diabetic pa-
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tients [80]. Adding these two biomarkers to the con-
ventional predictors (urinary albumin-to-creatinine
ratio, eGFR and clinical factors) provided a higher
predictive value for predefined renal endpoints. Al-
together, although more studies are needed and his-
tological correlations are lacking, these two factors
may be useful in assessing the risk of renal disease
progression.

Proinflammatory and oxidative markers

There is a link between macrophage infiltration and
excessive extracellular matrix protein deposition.
Chemokine (C-C motif) ligand 2 (CCL2), also
called monocyte chemoattractant  protein-1
(MCP1), is a receptor chemokine with chemoat-
tractant properties for monocytes/macrophages and
other inflammatory cells [81]. The majority of clin-
ical studies have investigated its potential role as bi-
omarker in renal allografts. Urinary CCL2 was
tested in a multicentre cohort at 6 months after
transplantation and was an independent predictor
for the development of interstitial fibrosis at 24
months [82-84].

Renal cells produce matrix metalloproteinases
(MMPs) which are secreted zinc-dependent endo-
peptidases that play a role in extracellular matrix re-
modelling. MMPs are important in the initiation of
fibrogenesis in various organs, including the kid-
ney. Moreover, MMPs are regulated by endogenous
inhibitors known as tissue inhibitors of metallopro-
teinase (TIMPs), and dysregulation of the
MMP/TIMP system is an additional contributor to
the formation of interstitial fibrosis [85]. Observa-
tion shows that MMP-7 levels were elevated in se-
rum and biopsies from patients with interstitial fi-
brosis [86]. Another study showed that proMMP-9
intragraft expression correlated with fibrotic
change, whereas circulating proMMP2 and MMP9
did not differ between allograft patients with and
without interstitial fibrosis [87]. MMP-2 expression
decreased while TIMP-1 and serum creatinine in-
creased with the rise of interstitial fibrosis grade in
kidney transplant recipients [88]. However, in 40 al-
lograft patients, urinary/serum MMPs/TIMPs did
not clearly correlate with interstitial fibrosis [89].
Finally, in a recent study of 102 CKD patients, uri-
nary MMP-7 levels were elevated as compared with
control subjects and did correlate with kidney fibro-
sis [90].

Plasma levels of tumour necrosis factor alpha (TNF-
alpha) increase during CKD. This biomarker is a
proinflammatory mediator, which binds to soluble
TNF receptors. The TNF receptor is a biomarker of
inflammation in kidney disease. A high level of

Swiss Med Wkly. 2017;147:w14442

TNF receptor correlated with renal function decline
in patients with type 1 and type 2 diabetes mellitus
[91, 92]. In CKD, higher levels of TNF receptor
were independently associated with faster rates of
kidney function decline [93]. More recently,
Sodona et al. have shown that, in IgA nephropathy,
patients in the highest tertile of serum TNF receptor
levels displayed more severe renal interstitial fibro-
sis than did those in the lowest or second tertiles
[94].

Filtered proteins

Vitamin D binding protein (VDBP) transports vita-
min D metabolites through the circulation. VDBP is
filtered by the glomerulus and subsequently taken
up by proximal tubular cells through receptor-medi-
ated endocytosis. Since receptor-mediated uptake of
proteins is energy-consuming, tubular injury may
result in urinary VDBP (uVDBP) loss [95].
Mirkovic et al. investigated the value of uVDBP as
a marker of tubulointerstitial inflammation and fi-
brosis in adriamycin rats, and of renal damage in hu-
mans. In rats, uVDBP was associated, inde-
pendently of albuminuria, with macrophage accu-
mulation and collagen I11 expression in the interstit-
ium. In humans, uVDBP increased in albuminuric
compared to normoalbuminuric subjects. Moreover,
uVDBP was associated with tubular and inflamma-
tory damage markers (kidney injury molecule-1,
beta2-microglobulin, cystatin C, MCP-1 and neu-
trophil  gelatinase-associated lipocalin) inde-
pendently of albuminuria [96].

Urinary excretion of retinol binding protein (RBP)
is a sensitive marker of allograft fibrosis and can
predict long-term graft loss independent of histol-
ogy and urinary albumin. Indeed, the urinary protein
profile correlated significantly with Banff scores (i,
t, ci, ct) in 221 individuals 1 year after renal trans-
plantation [97]. In 162 CKD patients, there was a
significant correlation between the degree of inter-
stitial fibrosis and the RBP/creatinine ratio. This
correlation remained significant after adjustment for
the estimated glomerular filtration rate, age, body
mass index, alphal-microglobulin, beta 2-micro-
globulin [98]. Thus, measurement of urinary VDBP
and RBP may offer a potential for non-invasive
evaluation of fibrosis.

Microribonucleic acids

MicroRNAs are a class of noncoding RNA that play
a critical role in various cellular and physiological
processes by modulating the degradation of messen-
ger RNAs, therefore altering their expression levels
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Table 1: Urinary and serum biomarkers of interstitial kidney fibrosis.
Biomarker Source Key point Ref
Profibrotic and PIIINP Blood Positive association with fibrosis Ghoul et al [62], Teppo et al [63],
structural pro- Urine and CKD progression Soylemezuglu et al [64], Ix et al [65]
teins
Periostin Urine Association with eGFR Guerrot et al [66], Mael-Ainin et al
[67] Sen et al [68] Satirapoj et al [69]
TGF-beta Blood Association with renal function. Basile et al [70] Wang et al [71]
BMP-7 Urine Prediction of function evolution Wang et al [72] Sato et al [73] Hon-
kanen et al [74] Suthanthiran et al
[75] Wong et al [76]
CCL2 Urine Predictor of fibrosis progression | Carretal [77] Ho et al [78] Ho et al
and eGFR decline in kidney allograft | [79] Hirt-Minkowski et al [80]
MMPs Blood Higher serum MMP7 with fibrosis Tan et al [81] Rodder et al [82] Racca
et al [83] Yan et al [84] Hirt-Min-
kowski [85] Zhou [86]
TNF receptor | Blood Higher TNF receptor associated to | Niewczas et al [87] Gohda et al [88]
more extensive fibrosis and renal | Tonelli et al [89] Carlsson et al [90]
function decline
Filtered proteins | VDBP Urine Correlation to collagen deposition | Doorenbos et al [91] Mirkovic et al
in rats. Association to albuminuria | [92]
and tubular damage markers in hu-
mans
RBP Urine Higher urinary RBP is associated to | Amer et al [93] Pellet et al [94]
fibrosis in CKD and kidney allo-
grafts
miRNAs miRNAs Urine High serum miR-21 and urinary miR- | Maluf et al [102] Anglicheau et al
Blood 29 are associated to fibrosis but | [103] Lv et al [104] Glowacki et al
some are influence by renal func- | [105] Neal et al [106]
tion. Results to follow
BMP = bone morphogenetic protein; CCL2 = chemokine (C-C motif) ligand 2; CKD = chronic kidney disease; miRNAs = microribonucleic acids;
MMPs = matrix metalloproteinases; PIIINP = procollagen type Il amino-terminal propeptide; RBP = retinol binding protein; TGF = transfor-
ming growth factor; TIMPs = tissue inhibitors of metalloproteinases; TNF = tumour necrosis factor; VDBP = vitamin D binding protein

[99]. MicroRNAs may play a key pathogenic role
in kidney disease progression [100]. Some in vitro
and in vivo models have shown a role of microRNA
in the development and progression of diabetic
nephropathy, as well as in other models of experi-
mental CKD [101-103]. Urinary microRNAs may
be considered noninvasive biomarkers for monitor-
ing the progression of renal damage [104]. Mu-
thukumar et al. have validated urinary microRNAs
as diagnostic and prognostic biomarkers of acute
cellular rejection, interstitial fibrosis and tubular at-
rophy [105]. Moreover, urine microRNA profiling
was identified as a potential tool for monitoring
graft function and anticipating progression to
chronic allograft dysfunction in kidney transplant
[106, 107]. MicroRNA-29c urinary levels corre-

lated with glomerular filtration rate and tubulointer-
stitial fibrosis in 32 CKD patients and could predict
the degree of tubulointerstitial fibrosis with area un-
der the curve of 0.883 [108]. Furthermore, circulat-
ing microRNA-21 levels are associated with renal
fibrosis in mice with unilateral ureteral obstruction
and in transplant recipients [109].

Urinary miRNA may represent a promising novel
noninvasive biomarker of renal fibrosis and a poten-
tial therapeutic approach to suppress renal fibrosis.
Some limitations remain, because even if mi-
croRNAs appear stable in body fluids, a recent
study suggested that circulating levels of some mi-
croRNAs are reduced in patients with severe kidney
failure [110]. These very promising markers need to
be better validated in clinical studies.
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In summary, both plasma and urinary biomarkers to
evaluate renal fibrosis are emerging. Several mark-

ers show great promise, among which urinary mi-
croRNAs and procollagens are probably the most
studied and validated (table 1).

Kidney

Fibrosis

Gold standard

Histological assessment

Figure 3: Kidney fibrosis is currently evaluated by histological assessment. Novel tools such as biomarkers or MRI are emerging.
The place of these tools in the assessment process has yet to be determined as compared with the gold standard.

Conclusion

In recent years, several novel tools for the diagnosis
of renal fibrosis have been identified. With advanc-
ing ultrasound and MRI techniques and emergence
of urine and serum biomarkers, noninvasive moni-
toring of renal disease processes may become feasi-
ble in the near future (fig. 3). Early noninvasive
markers identifying patients at highest risk of fibro-
sis would be useful to stratify patients for more or
less intensive monitoring or therapy. Of importance,
even if kidney biopsy remains the gold standard to
diagnose kidney disease and to determine its sever-
ity, these tools could avoid unnecessary biopsies in
the case of extensive fibrosis. However, because de-
clining kidney function may modify biomarker ex-
pression, reproducibility and prospective valida-
tions remain major challenges for the future.
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