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SERUM AND URINARY BIOMARKERS DETERMINATION 
AND THEIR SIGNIFICANCE IN DIAGNOSIS OF KIDNEY DISEASES 

ODRE\IVANJE BIOMARKERA U SERUMU I MOKRA]I 
I NJIHOV ZNA^AJ U DIJAGNOSTICI BOLESTI BUBREGA
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Kratak sadr`aj: Zbog neprekidnog porasta broja boles ni -
ka koji se le~e nekom od metoda za zamenu rada bubrega
i visokog prate}eg kardiovaskularnog morbiditeta i morta li -
teta, hroni~ne bolesti bubrega (HBB) predstavljaju zdrav -
stveni problem {irom sveta. Jedini pravilan pristup ovom
problemu je prevencija i rano le~enje HBB. S druge strane,
uprkos napretku u le~enju, akutno o{te }enje bubrega
(AOB) i dalje je pra}eno visokim morbi ditetom i mortali -
tetom bolesnika. Nedostatak ranih pokazatelja za AOB i
nedovoljno brzo zapo~i njanje le~enja predstavljaju va`ne
uzroke. Zbog svega navedenog postoji potreba za uvo|e -
njem ranih pokazatelja o{te}enja bubrega, tzv. biomarkera
(proteini i drugi molekuli u serumu i mokra}i), koji }e po -
mo}i u dijagnostici i prognozi bolesti i pra}enju toka bolesti
u slu~ajevima primene lekova za usporavanje progresije
bolesti bubrega. Pored odre|ivanja kreatinina u serumu,
po ka zatelji AOB se mogu otkriti u plazmi (neutrophil gela -
tinase-associated lipocalin-NGAL i cistatin C) i u mokra}i
(NGAL, kidney injury molecule-1= KIM-1, interleukin-18,
cistatin C, alfa1-mikroglobulin, Fetuin-A, Gro-alfa, i me -
prin). Pokazatelji HBB su sli~ni biomarkeri u serumu i urinu
(NGAL, asimetri~ni dimetilarginin, protein koji se vezuje za
masne kiseline). Povi{ena koncentracija TGF-b1 u plazmi i
urinu mogla bi da bude odgovorna za razvoj fibroze u tubu -
lointersticijumu tokom HBB, {to ukazuje i na mogu}e tera -
pijsko dejstvo. Tako|e, da bi se razlikovala infekcija donjih
izvodnih puteva i pijelonefritisa uvedeni su kao dobri poka -
zatelji interleukin-6 i prokalcitonin. Bilo bi korisno odre diti
senzitivnost i specifi~nost navedenih biomarkera kao i njihovu
upotrebljivost u klini~koj praksi u ve}im studijama. 

Klju~ne re~i: hroni~ne bolesti bubrega, akutno o{te}enje
bubrega, biomarkeri u serumu i urinu

Introduction

Chronic kidney disease (CKD) is a worldwide
public health problem with an increasing incidence
and prevalence, poor outcome and high treatment
costs. Due to the asymptomatic nature of the disease,

Summary: Chronic kidney disease (CKD) is becoming a
major public health problem worldwide due to the epidemic
increase of patients on renal replacement therapy and their
high cardiovascular morbidity and mortality. The only
effective approach to this problem is prevention and early
detection of CKD. In addition, despite significant impro ve -
ments in therapeutics, the mortality and morbidity associated
with acute kidney injury (AKI) remain high. A major reason
for this is the lack of early markers for AKI, and hence an
unacceptable delay in initiating therapy. Therefore, there is a
pressing need to develop biomarkers (proteins and other
molecules in the blood or urine) for renal disease, which
might assist in diagnosis and prognosis and might provide
endpoints for clinical trials of drugs designed to slow the pro -
gression of renal insufficiency. Besides serum creatinine,
promising novel biomarkers for AKI include a plasma panel
(neutrophil gelatinase-associated lipocalin-NGAL and
cystatin C) and a urine panel (NGAL, kidney injury molecule-
1, interleukin-18, cystatin C, alpha1-microglobulin, Fetuin-A,
Gro-alpha, and meprin). For CKD, these include a similar
plasma panel and a urine panel (NGAL, asymmetric dime -
thyl arginine, and liver-type fatty acid-binding protein). Incre -
ased plasma and urinary TGF-b1 levels might contribute to
the development of chronic tubulointerstitial disease, indi -
cating the possible therapeutic implications. Furthermore, to
differentiate lower urinary tract infection and pyelonephritis
interleukin-6 and serum procalcitonin levels were intro -
duced. It will be important in future studies to validate the
sensitivity and specificity of these biomarker panels in clinical
samples from large cohorts and in multiple clinical situations. 
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CKD is frequently detected in its advanced stage,
resulting in lost opportunities for influencing on the
course and outcome of the disease. On the other
hand, as acute kidney injury (AKI) is characterized by
high mortality despite the permanent improvement of
AKI treatment, the investigations of methods that
could have beneficial effects on AKI outcome
continue. Progression of AKI to CKD and CKD itself
to renal failure or other adverse outcomes could be
prevented or delayed through its early detection and
treatment (1, 2).  

Wide range of insults including infections,
toxins, ischaemia, hypertension, genetic or metabolic
disorders, autoimmune diseases or allograft rejection
can cause kidney damage. The effects of these insults
may induce AKI, which is clinically defined as a
sudden reduction in renal function or urine output
(3), or they may induce CKD, in which kidney struc -
tural or functional alterations persist for at least 3
months (4). Biological markers (biomarkers) which
identify normal or pathogenic processes are a
valuable tool for determining a patient’s condition.

Biomarkers can be used to assess a predisposition
towards an illness or detect biological abnormalities,
but are more often used to diagnose and measure a
pathological condition, to evaluate reaction to
particular therapy or to make a prognosis about the
disease. Recent studies indicated that particular
biomarkers could be used as predictors of AKI, pro -
gression of CKD and cardiovascular events. There -
fore, the investigation of diagnostic and prognostic
value of well-known and new biomarkers for kidney
disease is the focus of interest. 

The characteristics of a biomarker need to be
carefully considered before its potential usefulness
can be determined. Some important criteria for
selecting renal biomarkers are listed in Table I. Ideally,
these biomarkers should be obtainable by procedures
which are either non-invasive or have minimal effects
on patients (routine blood and urine collections).
Consequently, large efforts have been made to
identify reliable biomarkers of renal injury in serum,
plasma and urine.

Growing number of potential renal biomarkers in
the serum and urine of patients and animal models of
kidney disease have been identified. Many of these are
still awaiting further testing and clinical validation. It is
becoming clear, however that these renal bio mar kers
can be grouped into different categories (Table II),
which represent different types of renal injury. These
categories are discussed individually below. 

Biomarkers of renal function

Blood urea nitrogen (BUN) and creatinine clear -
 ance are routinely established biomarkers of renal
function. Both urea and creatinine are products of
protein metabolism which are cleared almost entirely
by the kidneys. BUN is routinely measured in serum,
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Table I Preferred Characteristics of a Renal Biomarker.

It can be measured easily, accurately and repro ducibly
It can sensitively indicate renal injury or the kidney
response to treatment
It provides useful and cost-effective clinical information
which is easy to interpret
It gives information which is additive to that of
conventional clinical factors
It can identify or differentiate specific types of renal
injury or kidney disease
It is applicable across a variety of populations (race,
gender, age, etc.)
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Table II Renal Biomarker Categories.



however, its levels are affected by non-renal influ -
ences such as protein intake, dehydration, liver
function, gastrointestinal bleeding and steroid use
(5). In addition, BUN assays often underestimate
renal function due to interfering chromogens.
Creatinine levels in serum and urine can be measured
by a variety of assays (Jaffe rate reaction, creatininase
method, HPLC method), but are most commonly
assessed by the Jaffe rate reaction, which is cheap
and easy to perform. However, HPLC is the most
sensitive method for assessing creatinine levels and is
not affected by chromogen interference (6). Crea -
tinine levels are also affected by non-renal influences
such as muscle mass, age, gender and liver function
(5). Creatinine clearance is one of the most common
assessments of renal function, but it lacks sensitivity
when renal impairment is mild and can be affected by
tubular secretion of creatinine when the glomerular
filtration rate is declining.

Cystatin-C has recently emerged as a reliable
alternative biomarker of renal function. It is a cysteine
protease inhibitor which is constantly produced by
nucleated cells and released into the blood, where it
is normally reabsorbed and catabolised by kidney
tubules without re-entering the blood stream (8).
Serum levels of cystatin-C can currently be measured
by immunonephelometry or ELISA and are affected
by steroid use or thyroid dysfunction (8). Cystatin-C is
particularly sensitive at detecting changes in kidney
function when renal impairment is mild (9), and is
better than creatinine for assessment of acute kidney
injury due to its shorter half-life (10). In 85 patients at
high risk to develop AKI in the ICU, a 50% increase
in serum cystatin C predicted AKI one to two days
before serum creatinine with AUC of 0.97 and 0.82
respectively (10), and was moderately good predic -
ting the need for renal replacement therapy one day
later with an AUC of 0.75 (11). However, like other
functional markers, cystatin C cannot differentiate
among different causes of AKI or CKD. 

Some other potential biomarkers of renal
function are also worthy of note. Uric acid is normally
excreted through the kidney but circulating levels
increase during renal impairment in CKD. Animal
model studies have shown that hyperuricaemia
activates the renin angiotensin system (RAS), induces
oxidative stress and reduces renal function (12).
Increased levels of serum uric acid have been
detected in patients with CKD by colorimetric assay
and predict a greater risk of end stage renal disease
(ESRD) (12). Urinary levels of angiotensinogen
detected by ELISA have been reported to be a specific
index of the intrarenal RAS and correlate with blood
pressure and glomerular filtration rate in CKD (13).
Therefore, urine angiotensinogen appears to be a
potential biomarker of renal function in kidney
diseases which are dependent on hypertension. 

The fractional excretion of magnesium (FE Mg)
is considered to be a measure of tubular function

because tubules normally reabsorb magnesium
filtered by glomeruli (9). Levels of magnesium can be
measured in serum and urine by atomic absorption
spectroscopy. Elevations in the FE Mg are thought to
indicate the loss of peritubular capillary flow resulting
from tubulointerstitial damage (9).

Biomarkers of renal oxidative stress

Oxidative stress is known to play a pathological
role in animal models of CKD (15). Increased
oxidative stress is also present in patients with
moderate to severe CKD (16). Some serum and urine
biomarkers have been shown to reliably measure the
level of renal oxidative stress in patients and animal
models. During oxidative stress, oxidized guanine in
cellular DNA is spliced out by DNA repair enzymes,
releasing a metabolically stable product 8-hydroxy-2-
deoxyguanosine (8-OH-dG) into the urine. Increased
levels of 8-OH-dG can be detected in urine by ELISA
during CKD (17). Peroxidation of lipids also occurs
during oxidative stress, resulting in the formation of
8(F2a)-isoprostane and 4-hydroxy-2-nonenal. Levels
of 8-isoprostane and 4-hydroxy-2-nonenal can be
measured in serum or urine by ELISA or HPLC and
are elevated in CKD (18–20). In addition, renal
oxidative stress produces peroxynitrite which nitrates
protein tyrosine residues to form stable 3-nitrotyrosine
(3-NT) peptides. A recent study has indicated that
levels of 3-NT peptides can now be accurately mea -
sured in serum or urine using liquid chromatography
and mass spectroscopy, which may prove to be useful
for assessing both oxidative and nitrosative stress in
kidney disease (21).

Advanced glycation end products (AGEs) are
proteins modified by oxidative stress which accu -
mulate in the blood of diabetic and uremic patients.
These circulating AGEs can deposit in the kidney and
cause cellular dysfunction and renal damage. Ele -
vated serum and urine levels of the AGE pentosidine
can be detected by HPLC or ELISA and help to
predict the development of diabetic nephropathy
(20). In addition, plasma levels of pentosidine have
been shown to increase with loss of residual renal
function in patients on peritoneal dialysis and to
decrease with patients recovering renal function after
transplantation (22, 23).

Biomarkers of kidney structural 
and cellular injury

The excretion rate of albumin is the most
commonly used biomarker of renal injury. Albumin is
the most abundant protein in the circulation and
during normal kidney function very little intact
albumin is excreted by the kidney (<30 mg/day in
humans). However, following renal injury, glomerular
filtration of albumin is increased and the reabsorption
and degradation of albumin by tubules is decreased,
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resulting in increased levels of intact albumin in the
urine. Patient albuminuria is usually classified by
ranges of severity, which are: microalbuminuria (30–
300 mg/day), macroalbuminuria (300 mg – 3 g/day)
and nephritic range proteinuria (>3.5 g/day). 

Albuminuria is commonly used as an early
marker of renal injury because it often precedes a
decline in renal function. However, it cannot distin -
guish different types of proteinuric kidney disease and
has a limited ability to predict disease progression and
determine therapeutic efficacy. Albuminuria is
commonly measured by immunological techniques,
which include: immunonephelometry, immunotur bi -
dimetry, radioimmunoassay and ELISA (24). These
techniques are good for assessing albumin excretion
which is distinctly higher than normal. However, newer
HPLC based methods (Accumin Test) can iden tify both
immunoreactive and nonimmuno reactive albumin
providing greater sensitivity than conventional immu -
nological methods for distin guis hing microalbuminuria
from normal albumin excre tion (25, 26). 

Podocyte injury is a feature of many kidney
diseases which is postulated to increase glomerular
filtration of albumin. Severely damaged podocytes
can detach from the glomerular basement membrane
and be collected in the urine sediment. Analysis of the
urine sediment by quantitative PCR or ELISA can
determine mRNA or protein levels of podocyte-spe -
cific molecules (eg. nephrin, podocin, podocalyxin) as
markers of podocyte injury. Increased urine sediment
levels of nephrin and podocin have been detected in
patients with diabetic nephropathy and active lupus
nephritis (27, 28). Similarly, increased levels of
podocalyxin have been found in the urine sediment of
patients with IgA nephropathy, lupus nephritis and
post-streptococcal glomerulonephritis (29). 

Sensitive markers of tubular injury have been
identified in acute and chronic kidney diseases. N-ace -
tyl-beta-D-glucosaminidase (NAG) is a proximal tubular
lysosomal enzyme which is released during damage to
proximal tubules. Increased urine levels of NAG can be
detected by enzymatic assay in kidney diseases which
involve tubulointerstitial damage (30, 31).

Kidney injury molecule-1 (KIM-1) is a trans -
membrane protein which is expressed on the luminal
surface of proximal tubules during injury after
ischemic and nephrotoxic injury. Increased urine
levels of KIM-1 can be detected by ELISA, microbead-
assay or immunochromatographic dipstick in patients
with tubulointerstitial damage and correlate with
renal expression (31–33). In a preliminary study of 40
patients, only 9 of which had AKI, urinary KIM-1
could distinguish ischemic ATN from pre-renal
azotemia and CKD. It was not detected in contrast
nephropathy (34). In a modestly larger unpublished
study of 67 subjects presented at ASN in 2005, KIM-
1 could distinguish AKI from CKD and normal with an
AUC of 0.94 (35). In 47 patients undergoing abdo -
minal aortic aneurysm repair, KIM-1 increased 12 hrs

after surgery but well before serum creatinine, and
also modestly predicted the need for dialysis even
after adjustment for disease severity and gender (36,
37). 

Liver type-fatty acid binding protein (L-FABP) is a
marker which is shed by proximal tubular cells in
response to hypoxia from decreased peritubular
capillary flow. Urine levels of L-FABP are a sensitive
indicator of acute and chronic tubulointerstitial injury
(38, 39). In chronic kidney diseases, increasing urine
levels of L-FABP correlate with declining renal func -
tion (39). In an animal model of cisplatin-induced
AKI, there was increased shedding of urinary L-FABP
within the first 24 hours, whereas a rise in serum
creatinine was not detectable until after 72 hours of
cisplatin treatment (40). In a study involving living-
related kidney transplant patients immediately after
reperfusion of their transplanted organs, a significant
direct correlation was found between urinary L-FABP
level and both peritubular capillary blood flow and the
ischemic time of the transplanted kidney (41). 

L-FABP expression and urinary excretion are
also increased in the setting of CKD. In subjects with
nondiabetic CKD, urine L-FABP levels correlated with
urine protein and serum creatinine levels. Notably, 
L-FABP levels were significantly higher in the group of
patients who progressed to more severe disease (42).
Additional studies are needed to demonstrate
LFABP’s ability to predict CKD and its progression in
cohorts with CKD of multiple etiologies. 

Neutrophil gelatinase associated lipocalin
(NGAL), also known as lipocalin-2, is an iron-trans -
porting protein which is almost entirely reabsorbed by
tubules in the normal kidney. NGAL levels in the urine
increase following acute nephrotoxic and ischaemic
insults, indicating defects in proximal tubular reab -
sorption and the distal nephron (43). Urine levels of
NGAL can be measured by ELISA and are a very
sensitive marker of acute kidney injury which can
increase up to 1000-fold in patients (44). Urinary
NGAL has also been used as a triaging tool to
randomize patients with AKI to treatment (45). In
addition, serum and urine NGAL levels have been
found to be independent risk markers of CKD (46).
Rise in serum NGAL was observed as early as 2 hours
after PCI and lasted up to 4 hours. Urine NGAL
increased after 4 hours and remained significantly
elevated in comparison to baseline even 48 hours
after PCI without changes in serum creatinine (47).
Additionally, in a prospective study of children recei -
ving cardiopulmonary bypass, urinary NGAL levels
greater than 50 mg/L 2 hours after surgery had 100%
sensitivity and 98% specificity for the sub sequent
diagnosis of AKI (48). These findings were confirmed
in a prospective study of adults who had cardiac
surgery, in whom the urinary NGAL level increased
rapidly after surgery (postoperative AUC, 74% at 3
hours and 80% at 18 hours (49).
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Biomarkers of immune 
responses within the kidney

Molecular components of humoral immunity (eg.
immunoglobulin, complement components) and
cellular immunity (eg. chemokines, leukocyte adhe sion
molecules, proinflammatory cytokines and their soluble
receptors) are known to play significant roles in the
development of renal inflammation. The serum or
urine levels of these molecules can be detected by
ELISAs and some have been shown to be sensitive
markers of the immune response in the injured kidney.

Urine excretion of immunoglobulins can predict
the development of immune-mediated kidney diseases.
The fractional excretion of IgG has been shown to
predict the progression of primary FSGS and the
response of this disease to treatment (50). Similarly,
urine levels of IgA can be an indicator of the severity of
renal damage in IgA nephropathy and are known to
correlate with proteinuria, serum creatinine and
glomerulosclerosis in this disease (51). In comparison,
urine levels of IgM are a strong predictor of disease
progression for patients with anti-nuclear cytoplasmic
antibody (ANCA)-associated vasculitis (52). Further -
more, because IgM has a high molecular weight 
(600 kDa) and is usually not filtered by healthy glo -
meruli, its levels in urine are a stronger predictor of
ESRD than the more readily filtered albumin (68 kDa)
in a number of glomerular diseases (53). However,
these filtration properties of IgM suggest that it is better
associated with advanced glomerular injury and is not
a specific or sensitive marker of early renal damage.

Levels of complement C3d, C4d and com ple -
ment factor H have been identified as potential bio -
markers of complement-mediated injury in renal
diseases. Increased urine levels of C3d are found in
tubulointerstitial nephritis, membranous nephropathy
and non-membraneous glomerular diseases (54). In
patients with glomerular diseases, the urine excretion
of C3d correlates with the progression or remission of
proteinuria and is independent of the underlying
glomerular disease (55). A study has also shown that
serum C4d and urine C3d correlate with moderate to
severe disease activity in lupus nephritis (56). In
addition, urine levels of factor H (a regulator of the
alternative pathway of complement) are elevated in
patients with IgA nephropathy and idiopathic
membranous nephropathy and are associated with
disease activity (56, 57).

During a renal inflammatory response, leuko -
cytes are recruited into the kidney by chemokines.
The urine levels of some chemokines increase with
the development of renal inflammation and correlate
with kidney leukocyte numbers. Monocyte chemo -
attractant protein-1 (MCP-1), also known as CC-che -
mokine ligand 2 (CCL2), is considered to be the most
potent chemokine for recruiting mono cyte/macro -
phages. It is expressed by many cell types in diseased
kidneys, but is produced mostly by glomerular and
tubular epithelial cells (58). Urine levels of MCP-1

correlate with kidney MCP-1 expression and inter -
stitial macrophage accumulation in lupus nephritis
and diabetic nephropathy (59, 60). Interferon-
inducible protein 10 (IP-10), also known as CXC-che -
mokine ligand 10 (CXCL10), is produced by many
renal cell types and is a soluble chemoattractant for
activated T-cells. Urine IP-10 levels are increased in
patients with diabetic nephropathy and renal allograft
rejection (61, 62). In addition, urine levels of IP-10
correlate with the incidence of renal allograft rejec -
tion and predict allograft function (63). CXC-che mo -
kine ligand 16 (CXCL16) is another chemo attractant
for activated T-cells which correlates with T-cell accu -
mulation in acute and chronic renal dise a ses.
Transmembrane CXCL16 is present on glo me rular
and tubular cells during injury and is re leased after
proteolytic cleavage by metallopro teinases. Urine
levels of soluble CXCL16 are increased in patients
with lupus nephritis or renal allograft rejection (64,
65). Macrophage migration inhibitory factor (MIF) is a
molecule which is produced at sites of inflammation
and inhibits further macrophage migration in res -
ponse to chemokines, thereby allo wing macro phages
to accumulate at the inflam matory site. MIF can also
enhance the activity of macrophages and T cells at
sites of injury. Increasing levels of MIF in urine
correlate with kidney leukocyte accumulation and the
severity of renal damage in proliferative forms of
glomerulonephritis (66). In addition, elevated MIF
levels in urine can predict epi sodes of acute renal
allograft rejection and discri minate from cyclosporine
nephrotoxicity (67). 

There are also other proinflammatory mediators
that can identify inflammation in the injured kidney.
Vascular cell adhesion molecule-1 (VCAM-1) is
expressed by renal vessels and some kidney cells
during renal inflammation and facilitates transen -
dothelial leukocyte migration. Some of this VCAM-1
is enzymatically cleaved and excreted into the urine.
Urine levels of soluble VCAM-1 are elevated during
active periods of ANCA vasculitis and lupus nephritis
(64, 68), and are useful for determining the severity
and type of renal allograft rejection (69). 

Interleukin-18 (IL-18) is a proinflammatory
cytokine which is produced by leukocytes, vessels and
kidney tubules. During acute renal injury, there is a
substantial increase in IL-18 production by tubules.
Elevated urine levels of IL-18 are a relatively sensitive
and specific marker of ATN and delayed graft func -
tion in the post-ischaemic kidney (70). Urine levels
also correlate with disease activity in idiopathic 
nep hritic syndrome (71). 

Tumour necrosis factor receptor-1 (TNFR1) is
one of the major receptors for the proinflammatory
cytokine TNF-a, which is expressed on infiltrating
leukocytes and some resident kidney cells during
renal inflammation. The soluble form of TNFR1 is
more stable and easier to detect in serum and urine
than TNF-a and it can serve as a surrogate marker of
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TNF-a activity in kidney disease. Serum and urine
levels of soluble TNFR1 are increased during acute
and chronic renal inflammation and correlate with the
progression of acute renal failure, lupus nephritis and
diabetic nephropathy (61, 64, 72). 

Another recent inclusion to this family of
biomarkers is soluble human leukocyte antigen
(sHLA)-DR. Urine levels of sHLA-DR are a sensitive
and highly specific marker of acute renal allograft
rejection, which can be detected up to 5 days before
the clinical signs of acute cellular or vascular rejection
are evident (73).

Biomarkers of renal fibrosis

The development of renal fibrosis is dependent
on excessive production of profibrotic growth factors
and extracellular matrix which can be detected in
urine by ELISA. Transforming growth factor-b1 (TGF-
b1) and connective tissue growth factor (CTGF) are
two of the major growth factors which promote renal
fibrosis. Urine levels of TGF-b1 and CTGF increase
with the progression of chronic kidney diseases
(74–76).  Some profibrotic molecules which are in   -
duced by TGF-b1, such as TGF-b inducible gene H3
(big-H3) and plasminogen activator inhibitor-1 
(PAI-1), are also detectable in urine and can act as
surrogate markers of renal TGF-b1 activity. Urine
levels of ig-H3 are about approximately 1000 times
greater than TGF-b1 in diabetic patients and can be
detected before the onset of albuminuria (77),
indicating that big-H3 is an early and sensitive marker
of renal fibrosis during diabetes. In the small study of
Djukanovic and coworkers, plasma and urine TGF-b1
levels were measured in patients in the early stage of
Balkan endemic nephropathy (BEN) and in those with
manifested BEN and compared with the levels in
patients with primary GN and healthy subjects.
Median plasma TGF-b1 concentration was similar in
all examined groups but the greatest range of
individual plasma TGF-b1 levels was found in BEN
patients. Urinary TGF-b1 excretion was significantly
higher in both BEN groups and the GN group than in
healthy controls, suggesting a role for TGF-b1 in the
initial events related to development of interstitial
fibrosis (78). 

Collagen type IV is a major component of kidney
extracellular matrix which is increased during the pro -
gression of renal fibrosis. Urine excretion of collagen
IV is elevated in patients with IgA nephropathy and
diabetic nephropathy and correlates with declining
renal function (79, 80).

Identifying kidney diseases 
with proteomics

Recent advances in proteomic analysis incorpo -
rating mass spectrometry have led to the identi fi -
cation of novel biomarkers of kidney injury in urine,

which include: 1) intact or fragmented proteins that
are selectively increased or decreased in kidney
disease; 2) protein patterns which are indicators of
specific types of kidney disease; and 3) protein
patterns which can predict the progression of acute or
chronic kidney diseases. Proteomic studies of patient
urine have identified exosomal fetuin-A as an early
biomarker of acute kidney injury (81), cleaved forms
of b2-microglobulin as markers of acute renal
allograft rejection (82), and a ubiquitin fusion protein
(UbA52) as a potential specific marker of diabetic
nephropathy (83). Other researchers have focused on
urine proteomic patterns as a means to predict the
progression of kidney diseases with high sensitivity
and high specificity. A urinary polypeptide pattern has
been shown to distinguish IgA nephropathy from
normal controls (90% specificity) and from patients
with membranous nephropathy, minimal change
disease, focal segmental glomerulosclerosis or
diabetic nephropathy (100% specificity) (84). Another
urine proteomic study found that two proteins in a
mass spectrometer signature can distinguish active
and inactive lupus nephritis with 92% specificity (85).
In addition, a clinical analysis has identified a 12 peak
proteomic mass spectrometer signature that can
predict cases of diabetic nephropathy in 74% of type
2 diabetic patients before the onset of albuminuria
(86). Similarly, a more complex panel of 65 bio -
markers has been shown to predict the development
of diabetic nephropathy in patients with albuminuria
(97% sensitivity) and differentiate from other chronic
renal diseases (91% specificity) (87). 

Conclusion

Recent advancements in molecular analysis
have resulted in the identification of a wide range of
potential serum and urine biomarkers for assessing
renal function and injury and predicting the develop -
ment of kidney disease. Many of these biomarkers
can be grouped according to their association with a
particular type of injury (eg. podocyte or tubular
injury) or a mechanism of damage (eg. oxidative
stress, inflammation, fibrosis). 

There is growing evidence from small clinical
studies that the progression of kidney diseases may
be predicted by evaluating a combination of serum
and urine biomarkers together with other risk factors
such as age and hypertension. In the future, this ana -
lysis process may also include urine proteomic
patterns and genetic biomarkers. However, larger
clinical studies will be required to compare panels of
biomarkers and achieve agreement on which
combination offers the most useful and cost-effective
clinical information.

Conflict of interest statement

The authors stated that there are no conflicts of
interest regarding the publication of this article.

J Med Biochem 2010; 29 (4) 293



References

1. Locatelli F, Vecchio LD, Pozzoni P. The importance of
early detection of chronic kidney disease. Nephrol Dial
Transplant 2002; 17: 2–7. 

2. Ruggenenti P, Schieppati A, Remuzzi G. Progression,
remission, regression of chronic renal diseases. Lancet
2001; 357: 1601–8.

3. Srisawat N, Hoste EE, Kellum JA. Modern classification
of acute kidney injury. Blood Purif 2010; 29: 300–7.

4. NKF. K/DOQI clinical practice guidelines for chronic
kidney disease: evaluation, classification, and stratifi -
cation. Am J Kidney Dis 2002; 39: S1-266.

5. Waikar SS, Bonventre JV. Can we rely on blood urea
nitrogen as a biomarker to determine when to initiate
dialysis? Clin J Am Soc Nephrol 2006; 1: 903–4.

6. Schwartz GJ, Kwong T, Erway B, Warady B, Sokoll L,
Hellerstein S, et al. Validation of creatinine assays
utilizing HPLC and IDMS traceable standards in sera of
children. Pediatr Nephrol 2009; 24: 113–19.

7. Rule AD. Understanding estimated glomerular filtration
rate: implications for identifying chronic kidney disease.
Curr Opin Nephrol Hypertens 2007; 16: 242–9.

8. Curhan G. Cystatin C: a marker of renal function or
something more? Clin Chem 2005; 51: 293–4. 

9. Mussap M, Dalla Vestra M, Fioretto P, Saller A,
Varagnolo M, Nosadini R, et al. Cystatin C is a more
sensitive marker than creatinine for the estimation of
GFR in type 2 diabetic patients. Kidney Int 2002; 61:
1453–61.

10. Herget-Rosenthal S, Marggraf G, Husing J, Goring F,
Pietruck F, Janssen O, Philipp T, Kribben A. Early
detection of acute renal failure by serum cystatin C.
Kidney Int 2004; 66: 1115–22.

11. Herget-Rosenthal S, Poppen D, Husing J, Marggraf G,
Pietruck F, Jakob HG, Philipp T, Kribben A. Prognostic
value of tubular proteinuria and enzymuria in
nonoliguric acute tubular necrosis. Clin Chem 2004;
50: 552–8.

12. Feig DI. Uric acid: a novel mediator and marker of risk
in chronic kidney disease? Curr Opin Nephrol Hyper -
tens 2009; 18: 526–30.

13. Urushihara M, Kondo S, Kagami S, Kobori H. Urinary
Angiotensinogen Accurately Reflects Intrarenal Renin-
Angiotensin System Activity. Am J Nephrol 2010; 31:
318–25.

14. Deekajorndech T. A biomarker for detecting early tu bu -
lo interstitial disease and ischemia in glomerulo ne -
 phropathy. Ren Fail 2007; 29: 1013–17.

15. DeRubertis FR, Craven PA, Melhem MF. Acceleration of
diabetic renal injury in the superoxide dismutase
knockout mouse: effects of tempol. Metabolism 2007;
56: 1256–64.

16. Oberg BP, McMenamin E, Lucas FL, McMonagle E,
Morrow J, Ikizler TA, et al.  Increased prevalence of oxi -
dant stress and inflammation in patients with moderate
to severe chronic kidney disease. Kidney Int 2004; 65:
1009–16.

17. Dincer Y, Sekercioglu N, Pekpak M, Gunes KN, Akcay
T. Assessment of DNA oxidation and antioxidant activity
in hypertensive patients with chronic kidney disease.
Ren Fail 2008; 30: 1006–11.

18. Dounousi E, Papavasiliou E, Makedou A, Ioannou K,
Katopodis KP, Tselepis A, et al. Oxidative stress is
progressively enhanced with advancing stages of CKD.
Am J Kidney Dis 2006; 48: 752–60.

19. Nakamura N, Kumasaka R, Osawa H, Yamabe H,
Shirato K, Fujita T, et al. Effects of eicosapentaenoic
acids on oxidative stress and plasma fatty acid
composition in patients with lupus nephritis. In Vivo
2005; 19: 879–82.

20. Calabrese V, Mancuso C, Sapienza M, Puleo E, Calafato
S, Cornelius C, et al. Oxidative stress and cellular stress
response in diabetic nephropathy. Cell Stress Chape -
rones 2007; 12: 299–306.

21. Radabaugh MR, Nemirovskiy OV, Misko TP, Aggarwal P,
Mathews WR. Immunoaffinity liquid chromatography-
tandem mass spectrometry detection of nitrotyrosine in
biological fluids: development of a clinically translatable
biomarker. Anal Biochem 2008; 380: 68–76.

22. Furuya R, Kumagai H, Odamaki M, Takahashi M,
Miyaki A, Hishida A. Impact of residual renal function
on plasma levels of advanced oxidation protein
products and pentosidine in peritoneal dialysis patients.
Nephron Clin Pract 2009; 112: c255–61.

23. ^olak E, Majki}-Singh N. The effect of hyperglycemia
and oxidative stress on the development and progress
of vascular complications in type 2 diabetes. Journal of
Medical Biochemistry 2009; 28: 63–71.

24. Polkinghorne KR. Detection and measurement of
urinary protein. Curr Opin Nephrol Hypertens 2006;
15: 625–30.

25. Comper WD, Osicka TM, Clark M, MacIsaac RJ,
Jerums G. Earlier detection of  microalbuminuria in
diabetic patients using a new urinary albumin assay.
Kidney Int 2004; 65: 1850–5.

26. Magliano DJ, Polkinghorne KR, Barr EL, Su Q,
Chadban SJ, Zimmet PZ, et al. HPLC-detected albu -
minuria predicts mortality. J Am Soc Nephrol 2007; 18:
3171–6.

27. Wang G, Lai FM, Lai KB, Chow KM, Li KT, Szeto CC.
Messenger RNA expression of podocyte-associated
molecules in the urinary sediment of patients with
diabetic nephropathy. Nephron Clin Pract 2007; 106:
c169–79.

28. Wang G, Lai FM, Tam LS, Li KM, Lai KB, Chow KM, et
al. Messenger RNA expression of podocyte-associated
molecules in urinary sediment of patients with lupus
nephritis. J Rheumatol 2007; 34: 2358–64.

29. Kanno K, Kawachi H, Uchida Y, Hara M, Shimizu F,
Uchiyama M. Urinary sediment podocalyxin in children
with glomerular diseases. Nephron Clin Pract 2003;
95: c91–9.

30. Bazzi C, Petrini C, Rizza V, Arrigo G, Napodano P, Papa -
rella M, et al. Urinary N-acetyl-betaglucosaminidase

294 Le`ai}: Serum and urinary biomarkers determination



excretion is a marker of tubular cell dysfunction and a
predictor of outcome in primary glomerulonephritis.
Nephrol Dial Transplant 2002; 17: 1890–6.

31. Han WK, Waikar SS, Johnson A, Betensky RA, Dent CL,
Devarajan P, et al. Urinary biomarkers in the early
diagnosis of acute kidney injury. Kidney Int 2008; 73:
863–9.

32. Van Timmeren MM, Van den Heuvel MC, Bailly V,
Bakker SJ, Van Goor H, Stegeman CA. Tubular kidney
injury molecule-1 (KIM-1) in human renal disease. J
Pathol 2007; 212: 209–17.

33. Vaidya VS, Ford GM, Waikar SS, Wang Y, Clement MB,
Ramirez V, et al. A rapid urine test for early detection of
kidney injury. Kidney Int 2009; 76: 108–14.

34. Han WK, Bailly V, Abichandani R, Thadhani R,
Bonventre JV. Kidney Injury Molecule-1 (KIM-1): a
novel biomarker for human renal proximal tubule injury.
Kidney Int 2002; 62: 237–44.

35. Simi}-Ogrizovi} S. The importance of KIM-1 deter mi -
nation in tissue and urine of patients with different
kidney diseases. Journal of Medical Biochemistry 2010;
29: 304–9. 

36. Liangos O, Han WK, Wald R, Perianayagam MC, Bala -
krishnan VS, MacKinnon RW, Warner K, Symes JF, Li L,
Kouznetsov A, Pereira BJG, Bonventre JV, Jaber BL.
Urinary Kidney Injury Molecule-1 (KIM-1) and N-
Acetyl(b)-D-Glucosaminidase (NAG) Levels in Patients
Undergoing Cardiac Surgery with Cardiopulmonary
Bypass (CPB). J Am Soc Nephrol 2005; 16: 318A.

37. Liangos O, Han WK, Wald R, Perianayagam MC, Bala -
krishnan VS, MacKinnon RW, Li L, Pereira BJG, Bon -
ventre JV, Jaber BL. Urinary Kidney Injury Molecule-1
Levels Are Associated with Renal Replacement Therapy
(RRT) and Death in Acute Renal Failure (ARF). J Am
Soc Nephrol 2005; 16: 318A. 

38. Portilla D, Dent C, Sugaya T, Nagothu KK, Kundi I,
Moore P, et al. Liver fatty acid-binding protein as a
biomarker of acute kidney injury after cardiac surgery.
Kidney Int 2008; 73: 465–72.

39. Kamijo A, Sugaya T, Hikawa A, Yamanouchi M, Hirata
Y, Ishimitsu T, et al. Clinical evaluation of urinary
excretion of liver-type fatty acid-binding protein as a
marker for the monitoring of chronic kidney disease: a
multicenter trial. J Lab Clin Med 2005; 145: 125–33.

40. Negishi K, Noiri E, Sugaya T, et al. A role of liver fatty
acid binding protein in cisplatin-induced acute renal
failure. Kidney Int 2007; 72: 348–58.

41. Yamamoto T, Noiri E, Ono Y, et al. Renal L-type fatty
acid-binding protein in acute ischemic injury. J Am Soc
Nephrol 2007; 18: 2894–902.

42. Kamijo A, Sugaya T, Hikawa A, et al. Urinary liver-type
fatty acid binding protein as a useful biomarker in
chronic kidney disease. Mol Cell Biochem 2006; 284:
175–82.

43. Mishra J, Ma Q, Prada A, Mitsnefes M, Zahedi K, Yang
J, et al. Identification of neutrophil gelatinase-
associated lipocalin as a novel early urinary biomarker
for ischemic renal injury. J Am Soc Nephrol 2003; 14:
2534–43.

44. Mori K, Nakao K. Neutrophil gelatinase-associated
lipo  calin as the real-time indicator of active kidney
damage. Kidney Int 2007; 71: 967–70.

45. Pickering JW, Endre ZH. Secondary prevention of acute
kidney injury. Curr Opin Crit Care 2009; 15: 488–97.

46. Bolignano D, Lacquaniti A, Coppolino G, Donato V,
Campo S, Fazio MR, et al. Neutrophil gelatinase-
associated lipocalin (NGAL) and progression of chronic
kidney disease. Clin J Am Soc Nephrol 2009; 4:
337–44.

47. Bachorzewska-Gajewska H, Poniatowski B, Dobrzycki
S. NGAL (neutrophil gelatinase-associated lipocalin)
and L-FABP after percutaneous coronary interventions
due to unstable angina in patients with normal serum
creatinine. Advances in Medical Sciences 2009; 54:
221–4.

48. Schmidt-Ott KM, Mori K, Li JY, Kalandadze A, Cohen
DJ, Devarajan P, et al. Dual action of neutrophil gela -
tinase-associated lipocalin. J Am Soc Nephrol 2007;
18: 407–13.

49. Wagener G, Jan M, Kim M, Mori K, Barasch JM, Sladen
RN, et al. Association between increases in urinary
neutrophil gelatinase-associated lipocalin and acute
renal dysfunction after adult cardiac surgery. Anesthe -
siology 2006; 105: 485–91.

50. Bazzi C, Petrini C, Rizza V, Napodano P, Paparella M,
Arrigo G, et al. Fractional excretion of IgG predicts
renal outcome and response to therapy in primary focal
segmental glomerulosclerosis: a pilot study. Am J
Kidney Dis 2003; 41: 328–35.

51. Tan Y, Zhang JJ, Liu G, Zhang H, Zhao MH. The level
of urinary secretory immunoglobulin A (sIgA) of
patients with IgA nephropathy is elevated and
associated with pathological phenotypes. Clin Exp
Immunol 2009; 156: 111–16.

52. Bakoush O, Segelmark M, Torffvit O, Ohlsson S, Tencer
J. Urine IgM excretion predicts outcome in ANCA-
associated renal vasculitis. Nephrol Dial Transplant
2006; 21: 1263–9.

53. Bakoush O, Torffvit O, Rippe B, Tencer J. Renal function
in proteinuric glomerular diseases correlates to the
changes in urine IgM excretion but not to the changes
in the degree of albuminuria. Clin Nephrol 2003; 59:
345–52.

54. Branten AJ, Kock-Jansen M, Klasen IS, Wetzels JF.
Urinary excretion of complement C3d in patients with
renal diseases. Eur J Clin Invest 2003; 33: 449–56.

55.  Manzi S, Rairie JE, Carpenter AB, Kelly RH, Jagarlapudi
SP, Sereika SM, et al. Sensitivity and specificity of
plasma and urine complement split products as
indicators of lupus disease activity. Arthritis Rheum
1996; 39: 1178–88.

56. Zhang JJ, Jiang L, Liu G, Wang SX, Zou WZ, Zhang H,
et al. Levels of urinary complement factor H in patients
with IgA nephropathy are closely associated with
disease activity. Scand J Immunol 2009; 69: 457–64.

57. Endo M, Fuke Y, Tamano M, Hidaka M, Ohsawa I,
Fujita T, et al. Glomerular deposition and urinary
excretion of complement factor H in idiopathic

J Med Biochem 2010; 29 (4) 295



membranous nephropathy. Nephron Clin Pract 2004;
97: c147–53.

58. Chow FY, Nikolic-Paterson DJ, Ozols E, Atkins RC,
Rollin BJ, Tesch GH. Monocyte chemoattractant
protein-1 promotes the development of diabetic renal
injury in streptozotocin treated mice. Kidney Int 2006;
69: 73–80.

59. Rovin BH, Song H, Birmingham DJ, Hebert LA, Yu CY,
Nagaraja HN. Urine chemokines as biomarkers of
human systemic lupus erythematosus activity. J Am Soc
Nephrol 2005; 16: 467–73.

60. Wada T, Furuichi K, Sakai N, Iwata Y, Yoshimoto K,
Shimizu M, et al. Up-regulation of monocyte
chemoattractant protein-1 in tubulointerstitial lesions of
human diabetic nephropathy. Kidney Int 2000; 58:
1492–9.

61. Niewczas MA, Ficociello LH, Johnson AC, Walker W,
Rosolowsky ET, Roshan B, et al. Serum concentrations
of markers of TNFalpha and Fas-mediated pathways
and renal function in nonproteinuric patients with type
1 diabetes. Clin J Am Soc Nephrol 2009; 4: 62–70. 

62. Hu H, Aizenstein BD, Puchalski A, Burmania JA,
Hamawy MM, Knechtle SJ. Elevation of CXCR3-
binding chemokines in urine indicates acute renal-
allograft dysfunction. Am J Transplant 2004; 4: 432–7. 

63. Matz M, Beyer J, Wunsch D, Mashreghi MF, Seiler M,
Pratschke J, et al. Early post-transplant urinary IP-10
expression after kidney transplantation is predictive of
short- and long-term graft function. Kidney Int 2006;
69: 1683–90. 

64. Wu T, Xie C, Wang HW, Zhou XJ, Schwartz N, Calixto
S, et al. Elevated urinary VCAM-1, P-selectin, soluble
TNF receptor-1, and CXC chemokine ligand 16 in
multiple murine lupus strains and human lupus
nephritis. J Immunol 2007; 179: 7166–75.

65. Schramme A, Abdel-Bakky MS, Gutwein P, Obermuller
N, Baer PC, Hauser IA, et al. Characterization of
CXCL16 and ADAM10 in the normal and transplanted
kidney. Kidney Int 2008; 74: 328–38.

66. Brown FG, Nikolic-Paterson DJ, Hill PA, Isbel NM,
Dowling J, Metz CM, et al. Urine macrophage
migration inhibitory factor reflects the severity of renal
injury in human glomerulonephritis. J Am Soc Nephrol
2002; 13 Suppl 1: S7–13. 

67. Brown FG, Nikoli}-Paterson DJ, Chadban SJ, Dowling J,
Jose M, Metz CN, et al. Urine macrophage migration
inhibitory factor concentrations as a diagnostic tool in
human renal allograft rejection. Transplantation 2001;
71: 1777–83. 

68. Tesar V, Masek Z, Rychlik I, Merta M, Bartunkova J,
Stejskalova A, et al. Cytokines and adhesion molecules
in renal vasculitis and lupus nephritis. Nephrol Dial
Transplant 1998; 13: 1662–7. 

69. Lederer SR, Friedrich N, Regenbogen C, Getto R,
Toepfer M, Sitter T. Non-invasive monitoring of renal
transplant recipients: urinary excretion of soluble
adhesion molecules and of the complement split
product C4d. Nephron Clin Pract 2003; 94: c19–26. 

70. Parikh CR, Jani A, Mishra J, Ma Q, Kelly C, Barasch J,

et al. Urine NGAL and IL-18 are predictive biomarkers
for delayed graft function following kidney trans plan -
tation. Am J Transplant. 2006; 6: 1639–45.

71. Kilis-Pstrusinska K, Medynska A, Zwolinska D, Wawro
A. Interleukin-18 in urine and serum of children with
idiopathic nephrotic syndrome. Kidney Blood Press Res
2008; 31: 122–6. 

72. Iglesias J, Marik PE, Levine JS. Elevated serum levels of
the type I and type II receptors for tumor necrosis
factor-alpha as predictive factors for ARF in patients
with septic shock. Am J Kidney Dis 2003; 41: 62–75. 

73. Ting YT, Coates PT, Marti HP, Dunn AC, Parker RM,
Pickering JW, et al. Urinary soluble HLADR is a poten -
tial biomarker for acute renal transplant rejection.
Trans plantation 2010; 89: 1071–8.

74. Tsakas S, Goumenos DS. Accurate measurement and
clinical significance of urinary transforming growth
factor-beta1. Am J Nephrol 2006; 26: 186–93. 

75. Cheng O, Thuillier R, Sampson E, Schultz G, Ruiz P,
Zhang X, et al. Connective tissue growth factor is a
biomarker and mediator of kidney allograft fibrosis. Am
J Transplant 2006; 6: 2292–306. 

76. Gilbert RE, Akdeniz A, Weitz S, Usinger WR, Molineaux
C, Jones SE, et al. Urinary connective tissue growth
factor excretion in patients with type 1 diabetes and
nephropathy. Diabetes Care 2003; 26: 2632–6. 

77. Cha DR, Kim IS, Kang YS, Han SY, Han KH, Shin C, et
al. Urinary concentration of transforming growth factor-
beta-inducible gene-h3(beta ig-h3) in patients with
Type 2 diabetes mellitus. Diabet Med 2005; 22:
14–20.

78. \ukanovi} Lj, Le`ai} V, Miljkovi} \, Mom~ilovi} M,
Bukvi} D, Mari} I, et al. Transforming growth factor-b1
in Balkan endemic nephropathy. Nephron Clin Pract
2009; 111 (2): c127–32

79. Io H, Hamada C, Fukui M, Horikoshi S, Tomino Y.
Relationship between levels of urinary type IV collagen
and renal injuries in patients with IgA nephropathy. J
Clin Lab Anal 2004; 18: 14–8.

80. Cohen MP, Lautenslager GT, Shearman CW. Increased
urinary type IV collagen marks the development of
glomerular pathology in diabetic d/db mice.
Metabolism 2001; 50: 1435–40.

81. Zhou H, Pisitkun T, Aponte A, Yuen PS, Hoffert JD,
Yasuda H, et al. Exosomal Fetuin-A identified by pro -
teomics: a novel urinary biomarker for detecting acute
kidney injury. Kidney Int 2006; 70: 1847–57. 

82. Schaub S, Wilkins JA, Antonovici M, Krokhin O, Weiler
T, Rush D, et al. Proteomic-based identification of
cleaved urinary beta2-microglobulin as a potential
marker for acute tubular injury in renal allografts. Am J
Transplant 2005; 5: 729–38.

83. Dihazi H, Muller GA, Lindner S, Meyer M, Asif AR,
Oellerich M, et al. Characterization of diabetic nephro -
pathy by urinary proteomic analysis: identification of a
processed ubiquitin form as a differentially excreted
protein in diabetic nephropathy patients. Clin Chem
2007; 53: 1636–45.

296 Le`ai}: Serum and urinary biomarkers determination



84. Haubitz M, Wittke S, Weissinger EM, Walden M, Rup -
precht HD, Floege J, et al. Urine protein patterns can
serve as diagnostic tools in patients with IgA
nephropathy. Kidney Int 2005; 67: 2313–20.

85. Mosley K, Tam FW, Edwards RJ, Crozier J, Pusey CD,
Lightstone L. Urinary proteomic profiles distinguish
between active and inactive lupus nephritis. Rheuma -
tology (Oxford) 2006; 45: 1497–504. 

86. Otu HH, Can H, Spentzos D, Nelson RG, Hanson RL,
Looker HC, et al. Prediction of diabetic nephropathy
using urine proteomic profiling 10 years prior to
development of nephropathy. Diabetes Care 2007; 30:
638–43. 

87. Rossing K, Mischak H, Dakna M, Zurbig P, Novak J,
Julian BA, et al. Urinary proteomics in diabetes and
CKD. J Am Soc Nephrol 2008; 19: 1283–90.

J Med Biochem 2010; 29 (4) 297

Received: July 27, 2010

Accepted: August 20, 2010


