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ABSTRACT

The traditional chronic kidney disease (CKD) biomarkers (eGFR based on serum creatinine, sex and 
age and albuminuria) cannot predict a patient’s individual risk for developing progressive CKD. For this 
reason, it is necessary to identify novel CKD biomarkers that will be able to predict which patients are 
prone to develop progressive disease and discriminate between disease processes in different parts of the 
nephron (glomeruli or tubules).
A good biomarker should change before or simultaneously with lesion development and its changes should 
correlate strongly with lesion development. Also, there should be a close relationship between severity of 
injury and amount of detectable biomarker and its levels should decrease with diminishing injury.
Among the large number of molecules under investigation, we have reviewed the most promising ones: 
NGAL and KIM-1, MCP-1, MMP-9, clusterin, MMP-9, TIMP-1, Procollagen I alpha 1 and suPAR. All 
these, have been studied as biomarkers for prediction of CKD progression in cohorts of patients with 
chronic kidney disease of different stages and various aetiologies (proteinuric and non-proteinuric, glo-
merulonephritides, diabetic, hypertensive and polycystic kidney disease). There is evidence that these 
molecules could be useful as biomarkers for progressive chronic kidney disease, however, the available 
data are not enough to draw final conclusions. Further studies with large cohorts and long follow-up are 
required to identify appropriate biomarkers, that will be able to accurately and reliably define the risk for 
progressive chronic kidney disease.
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BIOMARKERS IN PROGRESSIVE CHRONIC KIDNEY DISEASE.  
STILL A LONG WAY TO GO

Biomarkers have served as a useful tool in 
risk stratification, diagnosis and treatment follow 
up of many disease processes for many years. The 
term “biomarker” however first emerged in 1989, 
when it was defined as a “measurable and quanti-
fiable biological parameter” [1]. Twelve years later 
the concept of biomarkers evolves further through 

a second definition provided by an NIH work-
ing group report. According to that, a biomarker 
is defined as “a characteristic that is objectively 
measured and evaluated as an indicator of normal 
biological processes, pathogenic processes, or phar-
macologic responses to a therapeutic intervention” 
[2]. Biomarkers in nephrology have been attracting 
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a great deal of attention over the last years due to 
the constant increase in the prevalence of chronic 
kidney disease (CKD) [3].  

Biomarkers could be of use in various aspects 
of clinical and research activity, as so far it is not 
possible to accurately assess which patients are 
more likely to develop CKD. The main risk factors 
for renal disease are hypertension, diabetes and 
older age (Figure 1). However none of these exhibit 
adequate sensitivity or specificity for future renal 
disease to allow us to estimate a person’s individual 
risk for future development of CKD. A potential 
biomarker, that is able to predict which patients 
are more prone to progressive kidney disease in 
the future, will enable us to target the population 
most likely to benefit from aggressive treatment 
and novel therapeutic options. Renal glomeruli and 
renal tubules both participate in advanced kidney 
disease. However there are kidney diseases, where 
the initial insult is primarily glomerular and vice 
versa. Availability of biomarkers that measure and 

quantify glomerular and tubular damage in any giv-
en time would provide a useful insight in the patho-
physiology of different renal diseases. Furthermore, 
this would be a very useful tool in the development 
of novel treatments, since the involved areas of the 
nephron would be more accurately localized, letting 
us know exactly where our treatment efforts should 
be directed (Figure 2). 

Potentially more than one biomarker could be 
identified, each one with a different utility; a bio-
marker could provide information about a patient’s 
individual risk to develop CKD, before kidney dis-
ease actually ensues. Secondly, it could serve as a 
marker of damage for specific areas of the nephron 
e.g. glomeruli or tubules. Moreover, a biomarker 
could provide insight on the patient’s response to 
treatment. 

The aim of this review is not to cover every 
potential biomarker investigated. Our aim is rather 
to focus on the most promising biomarkers for CKD 
under study.

Fig. 1. Pathway of chronic kidney disease (CKD) development and proposed risk assessment. Predisposing 
factors can detect candidate patients who are prone to CKD which can then be early identified by kidney inju-
ry biomarkers early before the increase of loss of glomerular filtration markers (GFR) like serum creatinine.

Fig. 2. Kidney injury biomarkers originating along the glomeruli, the tubules and the interstitium.
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CONVENTIONAL  
AND EMERGING BIOMARKERS

Conventional biomarkers for CKD mainly 
include estimated glomerular filtration rate (eGFR) 
based on serum creatinine and calculated by several 
formulas (e.g. CKD-EPI) and albuminuria. Howev-
er, eGFR and albuminuria are only modestly useful 
as risk predictors and in addition, albuminuria has 
significant limitations, including regression either 
spontaneously or after therapy while it is not un-
common for fast CKD progression to occur without 
high grade albuminuria.

There are four major characteristics of a good 
predictive biomarker; namely, that (1) biomarker 
changes occur before or in concert with lesion devel-
opment, (2) biomarker changes are strongly correlated 
with lesion development, (3) there is a close relation-
ship between the amount of observable injury and the 
amount of detectable biomarker, and (4) biomarker 
concentrations decrease with diminishing injury [4].

Transforming growth factor-Beta-1 (TGF-β1), 
alpha-smooth muscle actin (alpha- SMA) and trans-
glutaminase type-2 (TG2) have been subjects of 
previous investigation concerning CKD biomarkers 
besides the traditional ones. TGF-β1, a fibrogenic 
growth factor, was studied in a cohort of 40 patients 
with glomerulonephritis and its interstitial expres-
sion correlated with the severity of tubular atrophy, 
interstitial fibrosis and serum creatinine, while its 
glomerular expression was related to the degree of 
glomerulosclerosis [5]. TGF-β1 also seemed to be 
of prognostic significance in an another study that 
included patients with crescentic nephritis, since 
patients who failed to respond to immunosuppres-
sion exhibited significantly higher urinary levels of 
TGF-β1 [6]. TG2 is a protein that interferes with the 
homeostasis of extracellular matrix and thus takes 
part in the process of renal scaring. A study from 
2012 showed increased TG2 expression in kidney 
biopsies of patients with membranous nephropathy 
compared to controls and this expression correlated 
with  the degree of interstitial fibrosis and glomer-
ulosclerosis. The most important finding, however, 
was that patients who developed severe interstitial 
fibrosis over the disease course had increased expres-
sion of TG2 at diagnosis [7]. Additionally, interstitial 
staining of alpha-SMA, the characteristic marker of 
myofibroblasts, could also discriminate progressors 
from non-progressors in a cohort of patients with 
IgA nephropathy [8]. Nevertheless, all the aforemen-
tioned biomarkers were validated mainly in kidney 

biopsy cohorts, restricting their utility only in those 
patients with an indication for kidney biopsy, which 
represent merely a small fraction of patients with 
CKD. 

Herein, we highlight the next generation of 
emerging biomarkers detected in urine and serum 
that have been associated with CKD progression 
and validated in multiple cohorts.

KIDNEY INJURY MOLECULE-1 (KIM-
1) AND NEUTROPHIL GELATINASE 
ASSOCIATED LIPOCALIN (NGAL)

KIM-1 is encoded by the HAVCR1 gene 
and it is a type l transmembrane glycoprotein. 
It consists of an extracellular immunoglobu-
lin-like domain, a transmembrane and an in-
tracellular domain [9, 10]. In humans two ho-
mologs of the protein are encountered, named 
KIM-1a and KIM-1b. KIM-1b is the type locat-
ed in the kidney [6, 11, 12]. KIM-1 is found in 
low levels in normal kidneys, however, shortly 
after various types of renal tubular injury, such 
as ischemia-reperfusion injury and drug related 
renal toxicity [5, 13], an increase in its renal ex-
pression occurs. 

The S3 segment of the proximal tubule has 
been identified as the site of KIM-1 expression 
after kidney injury [14]. The membrane bound 
domain of KIM-1 is separated from the cell sur-
face into the extracellular space as well as the 
urine. This metalloproteinase-dependent pro-
cess, results in the appearance of a 90 kDa pep-
tide in the urine [15, 16]. Therefore urinary lev-
els of KIM-1 rise after renal tubular injury and 
besides increased shedding, this probably has to 
do with upregulated intrarenal synthesis [17, 18, 
19]. The exact role of KIM-1 remains to be iden-
tified. The use of KIM-1 as a potential biomarker 
for timely recognition of renal tubular injury is 
now recognized, especially since its expression 
correlates with the degree of interstitial fibrosis 
and inflammation of the affected kidney [5, 20, 
21, 22]. Apart from its pathophysiological roles, 
the main characteristics of KIM-1 that make it 
an attractive biomarker are the following: it is 
absent from the normal kidney, it is abundantly 
and persistently expressed in the injured kidney 
throughout the course from injury to recovery 
and the detectable soluble ectodomain measured 
in urine is stable at room temperature [16, 24]. 
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NGAL, also known as siderocalin, lipoca-
lin-2 or lipocalin is encountered in various lo-
cations in the human body. The main sights of 
its expression are white blood cells, the loop of 
Henle and the collecting ducts [23, 24]. It is en-
coded in the Lcn2 gene [25] and its production is 
triggered by tissue injury. It exhibits anti-bacte-
rial properties through iron-scavenging process-
es [26, 27] and its expression after activation 
of the epidermal growth factor receptor results 
in increased cell proliferation, cytogenesis and 
damage to the kidney [28]. NGAL seems to have 
a beneficial impact on acute kidney injury but in 
CKD it may participate into mechanisms of its 
progression [25].

KIM-1 as a potential biomarker for the 
identification of patients at risk for progression 
of CKD has been investigated in various popu-
lations. In a large cohort (N=1472) of the RE-
GARDS study [25] including patients with eG-
FR<60ml/min and albuminuria (ACR>30mg/g), 
urine NGAL and KIM-1 concentrations were 
associated with all-cause mortality and progres-
sion to ESRD. Furthermore, urine KIM-1 corre-
lation to ESRD remained statistically significant 
even after adjustment for eGFR [29]. Seibert 
et al, prospectively studied the use of urinary 
NGAL and KIM-1 as prognostic biomarkers in a 
stable CKD population (N= 143), including pa-
tients with diabetic and hypertensive nephropa-
thy, autosomal dominant polycystic kidney dis-
ease and glomerulonephritis/vasculitis. None of 
the two biomarkers achieved to predict ΔeGFR 
and ΔACR for a follow-up period of 37 months. 
However a significant association with ΔeGFR 
was found in the glomerulonephritis/vasculitis 
subgroup [30]. A study from China examined the 
association of KIM-1 with renal lesions and renal 
outcomes in lupus nephritis patients and iden-
tified the combination of uNGAL and uKIM-1 
as an independent risk factor for renal outcomes 
[31]. Another large (N=1982) prospective study 
from England, including patients with CKD 
stage 3 and 4, evaluated baseline blood levels of 
KIM-1 and NGAL as potential markers for the 
identification of patients at risk for progression. 
Whereas both NGAL and KIM-1 were found to 
be independently associated with a greater risk 
for ESRD (HR 1.25; 95% CI, 1.10 - 1.43 and HR 
1.35; 95% CI, 1.14 - 1.59, respectively), their 
addition to the initial risk model did not signifi-
cantly improve model discrimination or risk re-
classification [32]. KIM-1 has also been studied 
in patients with diabetic nephropathy. Normoal-

buminuric and microalbuminuric patients with 
type 2 diabetes seem to exhibit higher uKIM-
1 levels [33] and serum and urine KIM-1 lev-
els are high among rapid progressors [34, 35]. 
Moreover macroalbuminuric patients with type 
II diabetes who progress to serious CKD have 
significantly higher levels of urine KIM-1, but 
KIM-1 could not predict progression to ESRD 
independently from albuminuria [36].

In a study by Smith et al. [37]  with 158 
CKD stage 3 or 4 patients, measurement of uri-
nary NGAL improved the ability to predict the 
deterioration of renal function. Specifically, 
urine NGAL to creatinine ratio was found to cor-
relate well with risk of death and progression to 
dialysis. Apart from urinary NGAL, blood lev-
els of NGAL seem to be of significance as well. 
In a study of 96 adult patients over a period of 
18.5 months by Bolignano et al. Patients with 
serum NGAL more than 435ng/ml exhibited sig-
nificantly worse renal survival than those with 
levels below 435ng/ml. Urinary levels of NGAL 
correlated with progression of kidney disease as 
well [38]. NGAL has also been studied in chil-
dren populations as a CKD biomarker. In a study 
including 45 children with CKD of various stag-
es, plasma NGAL exhibited inverse association 
with GFR and performed better than cystatin C 
when GFR dropped below 30ml/min [39].

MONOCYTE CHEMOATTRACTANT 
PROTEIN 1 (MCP-1)

MCP-1 belongs to the family of the C-C 
chemokines and is was the first member of the 
family ever identified in humans [40]. Its gene 
resides in chromosome 17, it serves as a strong 
chemotactic factor for monocytes and its molec-
ular weight is 13 kDa [41]. The production of 
MCP-1 takes place in a wide range of cell types 
[42] and it may be the consequence of stimu-
lation by oxidative stress, cytokines, or growth 
factors; nonetheless monocytes/macrophages 
are the major site of origin of MCP-1 [43]. 

In the kidneys, MCP-1 is mainly produced 
by tubular epithelial cells and it is implicated 
in the development of interstitial inflammation 
and fibrosis, a process invariably present in all 
types of renal disease [44]. Urinary excretion of 
MCP-1 has been studied as a potential predictor 
of the degree of kidney fibrosis in IgA nephrop-
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and increased urinary levels have been reported 
after renal ischemia or exposure to various neph-
rotoxins, presumed to represent damage to the 
proximal and distal tubules [53, 54].

Urine CLU is increased in acute kidney 
injury in both human patients of different ages 
[55, 56] and rats [57] in experimental mod-
els, where it performs best in the acute injury 
phase. More importantly, in these studies urine 
CLU outperformed urinary albumin as a mark-
er of kidney injury. Moreover, baseline CLU 
concentration has the potential advantage of 
predicting the loss of residual renal function 
in CKD-Vd patients treated with peritoneal 
dialysis, independent of the peritoneal dialy-
sis solution used [58]. These findings become 
even more important as baseline albuminuria in 
most cases cannot predict residual renal func-
tion decline in CKD-Vd as opposed in patients 
with other grades of CKD [59, 60]. In patients 
with diabetes, urine CLU shows a positive 
correlation with the annual rate of decline of 
eGFR. In a prospective study of 159 patients 
with type 2 diabetes urine CLU correlated with 
the development of CKD 3 or greater and the 
progression of albuminuria. Moreover, in this 
study, urine CLU showed a significant correla-
tion with other urine tubular damage markers 
like KIM-1, LFABP and NGAL [61]. Despite 
these promising results, in another study in pa-
tients with diabetes, urine CLU showed a low-
er overall sensitivity and specificity in com-
parison to urinary NGAL in predicting diabet-
ic kidney disease, although urinary levels of 
CLU were significantly higher in patients with 
established diabetic kidney disease [62]. Over-
all, urine CLU is a reliable candidate for CKD 
validation with the prospective of predicting 
CKD progression.

MAMMALIAN MATRIX METALLO-
PROTEINASES-9 (MMP-9)

There are 25 members of reported MMPs 
[63] which are important key regulators of extra-
cellular matrix (ECM) turnover by remodelling 
and degrading ECM components. MMPs are 
endogenously inhibited by the tissue inhibitors 
of metalloproteinases (TIMPs: TIMP1–4). All 
TIMPs inhibit pro and active MMPs with rela-
tively low selectivity. 

athy patients. In this particular study, 58 pa-
tients were included and urine levels of MCP-1 
along with those of EGF, IL-6 and TGFβ1 were 
found to provide significant additional non-in-
vasive information that significantly improved 
the prediction of the extent of interstitial fibro-
sis [45].  Moreover, MCP-1 has been studied in 
patients with other types of primary GN as well 
[46,47]. A study of 58 patients with primary GN 
of various types showed that urine EGF/MCP-
1 ratio, but not MCP-1 urine levels alone, was 
independently associated with interstitial fibro-
sis/tubular atrophy (IFTA) severity [39], where-
as urinary excretion of MCP-1 normalized for 
urine creatinine was associated with active tub-
ulointerstitial inflammation in another cohort of 
32 patients with primary GN [40]. Additionally, 
higher pre-donation levels of MCP-1 in the urine 
of 634 living kidney donors were correlated to 
increased IFTA [48]. In kidney transplantation, 
MCP-1 has been exhibited to be of value in the 
prediction of development of chronic allograft 
nephropathy in two studies from a Canadian 
center. In 111 kidney transplant recipients, uri-
nary levels of MCP-1, 6 months after surgery, 
were able to independently predict IFTA devel-
opment or inflammation 24 months after surgery 
[49, 50]. Finally, urinary levels of MCP-1 were 
measured in 43 patients with diabetes type 1 
and diabetic nephropathy, defined as eGFR<60 
ml/min and albuminuria>300mg/24h, and com-
pared to a control group of patients with diabe-
tes type 1 without evidence of kidney disease in 
a cross-sectional study. Patients with albuminu-
ria and reduced eGFR had significantly higher 
urinary levels of MCP-1 compared to controls, a 
finding that supports the concept that tubuloint-
erstitial damage is a key component of diabetic 
nephropathy [51]. 

CLUSTERIN (CLU) 

CLU is a 75 kD-disulfide-linked heterodi-
meric glycoprotein with multiple biologic func-
tions involving cell adhesion, apoptosis, DNA re-
pair, tissue remodelling and membrane recycling. 
CLU protein is highly expressed by the TGF-β 
signalling pathway in renal tubular epithelia after 
renal injury and can be deposited in the kidney as 
a component of immune deposits [52]. Its molec-
ular size prevents its filtration in the kidney (that 
is, urinary levels are specific to kidney injury), 
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Ten members of MMPs (MMP-1, 2, 3, 9, 
13, 14, 24, 25, 27, 28) are expressed in the kid-
ney. In experimental models of kidney fibrosis, 
MMP-9 is produced from mesangial, glomerular, 
epithelial and endothelial cells, fibroblasts and 
macrophages in the kidney [64]. Renal MMP-9 
is at low levels in the absence of pathology while 
advancing age causes decreased MMP-9 and in-
creased TIMP-1 expression, which contributes to 
the decline in collagen degradation [65]. MMP-9 
processes a variety of ECM substrates such as 
collagens, elastin, fibronectin and others; non-
ECM substrates and even other MMPs (MMP-2 
and MMP-13) and itself. 

MMP-9 is elevated in a variety of kidney dis-
ease models and in humans, including patients with 
IgAN, Henoch-Schönlein nephritis (HSN), non-
IgA mesangial proliferative glomerulonephritis, 
lupus nephritis, and Alport syndrome [66]. In ad-
dition, MMP-9 is co-localized in scattered neutro-
phils within diseased glomeruli in acute post-strep-
tococcal glomerulonephritis [59]. In children with 
HSN, urinary MMP-9 levels are found significantly 
higher in comparison to controls and patients with 
just Henoch-Schönlein purpura [67]. In another 
study in children with CKD, urinary MMP-9 levels 
were significantly higher in comparison to con-
trols, though, despite that, this study was not able 
to prospectively show a correlation of this finding 
with progressive CKD [68]. Moreover, in a study 
of patients with type 2 diabetes, urinary MMP-9 
was significantly increased in both non- and albu-
minuric patients in comparison to normal controls. 
Additionally, MMP-9 was positively correlated to 
HbA1c levels, indicating an association with those 
patients with uncontrolled diabetes who are also in 
increased risk for developing diabetic nephropathy 
[69]. Concerning urinary MMP-9 levels in glomer-
ulonephritides, in 32 patients with ANCA associ-
ated vasculitis, urinary MMP-9 was not higher in 
comparison to controls although urinary MMP-9 
activity was significantly elevated and MMP-9 
glomerular expression correlated positively with 
fibrinoid necrosis and cellular crescents [70]. In pa-
tients with minimal change disease urinary MMP-9 
was not elevated in comparison to controls, but on 
the contrary in focal segmental glomerulosclerosis 
urinary MMP-9 was significantly increased [71] 
and correlated with NGAL urine excretion. 

TISSUE INHIBITOR OF METALLO-
PROTEINASES - 1 

The amount of interstitial fibrosis and glo-
merular sclerosis is the result of a balance be-
tween synthesis and degradation of collagens in 
the kidney. The breakdown of collagen is affected 
by MMPs that in turn are influenced by TIMPs. 
The process may thereby be modulated at several 
points, each of which may affect the final out-
come of the fibrous process in the kidney [72]. 
TIMPs are endogenous, specific inhibitors that 
bind and inhibit MMPs. Four TIMPs (TIMP-1–4) 
have been identified in vertebrates while TIMP-1, 
-2, and -3 are all expressed in the kidney. TIMPs 
inhibit all MMPs, except TIMP-1, which does not 
inhibit MMP-14, -16, or -24 [73] .

TIMP-1 expression is universally upregu-
lated in experimental kidney diseases along with 
increased interstitial fibrosis [81, 74, 75]. This 
pattern is also prominent in patients suffering 
from various acute or chronic conditions and 
CKD of various aetiology. Concerning acute 
conditions, urinary TIMP-1 concentration is 
primarily a marker of early kidney function in 
patients with kidney transplantation. As shown 
in a prospective cohort of 87 patients with kidney 
transplantation, urine TIMP-1 was increased on 
day 1 post surgery and values at 3 months were 
negatively correlated with creatinine clearance 
2 years after transplantation [76]. Concern-
ing CKD, almost three decades ago, increased 
TIMP-1 and -2 expression was found to be as-
sociated with glomerulosclerosis in humans [77] 
while urinary levels of TIMP-1 were increased 
in patients with CKD [78]. In another observa-
tional study of children with steroid dependent 
and steroid resistant nephrotic syndrome, uri-
nary TIMP-1 levels were significantly higher in 
comparison to controls. Moreover, patients with 
steroid resistant forms of nephrotic syndrome 
had higher urinary TIMP-1/creatinine ratios as 
compared with steroid dependent patients [79]. 
Finally, in a study of 35 diabetic patients, TIMP-
1 expression was elevated in serum and urine 
with urinary TIMP-1 levels correlating with in-
creased urine albumin [80].
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PROCOLLAGEN I ALPHA 1 

Renal fibrosis is the final common pathway 
of virtually all kidney diseases leading to chronic 
renal failure. Production and deposition of a large 
amount of ECM components are major cellular 
events of tubulointerstitial fibrosis in both animals 
and humans. Collagen type I, as well as fibronectin 
and type III collagens, are known as interstitial ma-
trix components [81]. Collagen I is composed of 
two a1 chains and one a2 chain and is synthesized 
as a procollagen molecule [82]. Kidney fibrosis 
is partly attributed to an imbalance of collagen 
metabolism constituted of increased synthesis but 
also inhibition of breakdown. Interstitial fibrosis is 
mostly consisted of collagen-type-I-alpha-1 (co-
l1a1) while the glomerular and vascular lesions 
are composed of collagen III and IV [83, 84].

There are only scarce data on the role and 
correlation of procollagen I alpha 1 in the progres-
sion of CKD. In experimental models of kidney 
fibrosis, as in cyclosporine treated rodents, both 
procollagen alpha 1 mRNA levels and protein are 
significantly over expressed in the renal cortex 
in comparison to controls [85]. This finding is 
also confirmed in cultured proximal tubular cells 
and tubulointerstitial fibroblasts where cyclospo-
rine can inhibit cell proliferation and stimulate 
procollagen alpha 1 transcription and synthesis 
[86]. Moreover, the increased expression and 
deposition of collagen type I alpha 1 in intersti-
tial kidney fibrosis can be attributed to increased 
expression of procollagen-n-proteinase as it has 
been shown in the spontaneously hypertensive 
rat [87]. High levels of urinary procollagen type 
I have been associated with both cardiovascular 
disease and death in kidney transplant recipients 
[88]. Despite that, the importance of procollagen 
I alpha 1 excretion in urine as a marker of kidney 
disease progression has not been yet thoroughly 
evaluated in long prospective large cohorts of 
patients with CKD. 

SUPAR IN PROGRESSIVE  
CHRONIC KIDNEY DISEASE

uPAR is a glycosyl-phosphatidyl-inositol 
(GPI)-anchored three-domain protein that has been 

shown to be a proteinase receptor for urokinase,  
but is also involved in other non-proteolytic path-
ways. It has been shown that uPAR is expressed 
in various cells and in the kidney its expression 
has been detected in tubular epithelial cells and 
podocytes. uPAR can be released from the plas-
ma membrane as a soluble molecule (suPAR) by 
cleavage of the GPI anchor [89]. Elevated serum 
levels of suPAR have been reported under vari-
ous disease conditions while in kidney diseases, 
Wei et al. [90] described that the serum levels of 
suPAR were elevated in 70% of FSGS patients 
and that the suPAR levels in FSGS patients were 
significantly higher than those in patients with 
other glomerulonephritides. In this study it was 
also demonstrated that circulating suPAR activat-
ed podocyte β3 integrin, suggesting that suPAR 
might play a causal role in primary FSGS. 

High plasma levels of suPAR in patients 
with normal kidney function have been associated 
with deterioration of kidney function [91]. In a 
study of 3682 patients the annual change of eGFR 
was -4.2 ml/min in the highest quartile of plasma 
suPAR levels in comparison to -0.9 ml/min in 
the lowest quartile. The most striking finding of 
this study was that this suPAR related decline in 
eGFR was higher in patients with a normal eGFR 
at baseline [74]. In another study of two unrelated 
cohorts of patients, it was shown that the decline 
in kidney function in high risk African American 
adult patients, that was attributed to APOL1 G1 
and G2 gene variants, depended on high plasma 
suPAR levels [92]. This finding was ascribed to 
a synergistic mechanism due to high affinity pro-
tein-protein interaction of suPAR and APOL1 G1 
or G2 risk variants proteins that leads to αvβ3 in-
tegrin activation on podocytes [75]. When suPAR 
was compared to other cardiovascular disease bio-
markers like high sensitivity CRP, troponin-I and 
heat shock protein 70, only suPAR was associated 
with future eGFR decline [93]. Nevertheless, in 
a cohort of patients with IgA nephropathy higher 
plasma suPAR levels were not correlated to a poor 
renal outcome although they were positively asso-
ciated with proteinuria [94]. On the other hand, in 
a large cohort of Chinese patients with CKD due 
to glomerulonephritis, suPAR levels in the upper 
tertile were independently associated with an in-
creased risk of progression to ESRD [95]. Finally, 
suPAR levels are higher in patients with type 1 
diabetes and are associated with higher degrees 
of albuminuria in these patients [96].
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CKD273 

Urinary proteomics have also been utilized 
in the pursuit of earlier detection and risk strati-
fication of CKD patients. CKD273 is a classifier 
that represents the combination of 273 urine pep-
tides measured by coupled-mass spectrometry and 
found to differ significantly between patients with 
CKD of different causes and normal controls in 
a study from 2010 [97, 98]. CKD273 has since 
been validated in numerous studies. CKD273 is 
able to predict onset of diabetic nephropathy better 
than albuminuria [99] and is also able to foresee 
worsening of albuminuria in a study including 88 
patients over a 3 year follow up period [100]. It is 
also worth mentioning that CKD273 seems to be 
able to provide information about which patients 
will not develop CKD over time, as exhibited in 
a prospective study with 53 patients by Argiles 
et al, where patients with CKD273<55 did not 
reach end stage renal disease or die during the 
follow up period [101]. Moreover, the predictive 
advantage of CKD273 over albuminuria was also 
shown in a cohort of 2672 patients with CKD 
of different stages. These patients were divided 
according to baseline eGFR, and CKD273 and 
albuminuria were used to identify “progressors” 
(eGFR loss > 5 ml/min/1.73m2/year). Whereas 
albuminuria prevailed in patients with advanced 
CKD, CKD273 exhibited significantly better per-
formance in patients with early stages of CKD, 
a group where intervention is more likely to be 
beneficial [102]. Finally, CKD273 seems to be an 
efficient predictor of future kidney function dete-
rioration in diabetics that develop CKD without 
the presence of remarkable albuminuria, a group 
of patients that has largely increased over the last 
decades [103, 104] .

CONCLUSION

We have reviewed nine of the most prom-
ising CKD biomarkers and all of them exhibit al-
tered levels in the serum or urine in the presence 
of various kidney diseases, reduced eGFR and 
albuminuria. However, their utility as markers 
for risk of CKD progression is a completely dif-
ferent case. There are no data to support the use 
of Procollagen I alpha 1 and MMP-9 as markers 
of future progression of kidney disease. TIMP 

and MCP-1 on the other hand, two proteins asso-
ciated with interstitial inflammation and fibrosis, 
have exhibited value as prognostic biomarkers in 
cohorts of patients with IgAN (MCP-1) and in 
kidney transplant recipients (MCP-1 and TIMP). 
KIM-1 and NGAL are the most studied mol-
ecules and there are numerous studies linking 
them to deterioration of renal function. Howev-
er, there is conflicting evidence, and even in cas-
es that an association was seen, their use did not 
manage to improve model discrimination or risk 
reclassification. SuPAR is a promising molecule 
as well, especially, because its value was evident 
mainly in patients with normal renal function, 
the group of patients most suitable for interven-
tion. To conclude, although there are molecules 
with promising results that warrant further in-
vestigation, by no means is there enough evi-
dence to allow us to foresee displacement of the 
traditional biomarkers in the immediate future. 
CKD is not one disease but rather the common 
result of diverse disease processes that at times 
occur simultaneously, and no individual bio-
marker seems to invariably participate in all of 
them. This weakness of any separate biomarker 
could be the cause behind the impressive results 
achieved by CKD273, a tool encompassing nu-
merous peptides that cover the entire spectrum 
of diverse pathophysiological pathways taking 
place in the kidneys. In any case, the increasing 
burden of CKD in our societies makes it imper-
ative to carry on the effort to identify novel bio-
markers in nephrology and data so far allow us 
to anticipate the emergence of them in the future.
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Резиме

БИОМАРКЕРИ КАЈ ПРОГРЕСИВНА ХРОНИЧНА БУБРЕЖНА БОЛЕСТ.  
ПРЕТСТОИ УШТЕ РАБОТА

Теодорос Нтриниас, Мариос Папасотириу, Ламприни Мпалта, Димитра Калавризиоти, 
Сотириос Вамвакас, Евангелос Папахристу, Димитриос С. Гуменос

Оддел за нефрологија и бубрежна трансплантација, Универзитетска болница Патра, Патра, Грција 

Традиционалните биомаркери за хронична бубрежна болест (ХББ) (eGFR заснован на 
серумски креатинин, пол и возраст и албуминурија) не можат да го предвидат индивидуалниот 
ризик на пациентот за развивање прогресивна ХББ. Поради ова, неопходно е да се идентифи-
куваат нови биомаркери за ХББ, кои ќе можат да предвидат кои пациенти се склони да развијат 
прогресивна болест и да прават разлика меѓу процесите на болеста во различни делови на 
нефронот (гломерули или тубули).

Добриот биомаркер треба да се промени пред или истовремено со развојот на лезиите и 
неговите промени треба да бидат во силна корелација со развојот на лезиите. Исто така, треба 
да постои тесна врска меѓу сериозноста на повредата и количината на забележлив биомаркер, 
а неговите нивоа треба да се намалат со намалувањето на повредата.

Од големиот број молекули што се испитуваат, ги прегледавме најперспективните: NGAL 
и KIM-1, MCP-1, MMP-9, кластерин, MMP-9, TIMP-1, Procollagen I alpha 1 и suPAR. Сите овие 
се изучувани како биомаркери за предвидување на прогресијата на ХББ кај групи пациенти 
со хронична бубрежна болест од различни фази и разни етиологии (протеинурични и непро-
теинтриурни, гломерулонефритиди, дијабетични, хипертензивни и полицистични заболувања 
на бубрезите). Постојат докази дека овие молекули можат да бидат корисни како биомаркери 
за прогресивна хронична бубрежна болест, меѓутоа, достапните податоци не се доволни за да 
се извлечат конечни заклучоци. Потребни се дополнителни студии со големи групи и долго 
следење за да се идентификуваат соодветни биомаркери што ќе можат точно и сигурно да го 
дефинираат ризикот за прогресивната хронична бубрежна болест.

Клучни зборови: хронична бубрежна болест, биомаркери, интерстицијална фиброза


