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ABSTRACT

Although kidney transplantation is the best treatment option for end stage kidney disease, it is still asso-
ciated with long-term graft failure. One of the greater challenges for transplant professionals is the ability
to identify grafts with a high risk of failure before initial decline of eGFR with irreversible graft changes.
Transplantation medicine is facing an emerging need for novel disease end point-specific biomarkers, with
practical application in preventive screening, early diagnostic, and improved prognostic and therapeutic
utility. The aim of our review was to evaluate the clinical application of urinary proteomics in kidney
transplant recipients at risk for any type of future graft failure.
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INTRODUCTION

End-stage renal disease (ESRD) is an ir-
reversible deterioration of renal function where
continuing life without renal replacement ther-
apy (RRT), including hemodialysis, peritoneal
dialysis, or transplantation could not be possible.
Kidney transplantation is widely accepted as an
optimal, cost-effective treatment which improves
the quality of life, and prolongs the survival of
the patients. throughout reduced risk for devel-
oping cardiovascular complications, morbidity
and mortality. [1]

Despite improvement in short-term out-
comes, long-term graft survival rates remain
suboptimal. The clinical biomarkers currently

in use - serum creatinine and increased urine
protein load, or proteinuria - cannot determine
early causes of allograft dysfunction in a timely
manner and only reflect non-specific and late
organ injury. [2]

Interest in proteinuria as a marker for de-
tection of kidney transplant dysfunction was ini-
tiated in the early beginnings of kidney trans-
plantation. [3] A number of published studies
reported urine total protein excretion correlated
independently with the patient’s death, allograft
failure, and cardiovascular morbidity and mor-
tality after transplantation. [4—6]
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BIOPSY OR “LIQUID BIOPSY”

Early detection of the causes of graft dys-
function and consequent graft loss is important.
The current modality for definitive diagnosis of
graft abnormalities is the graft biopsy. [7] Hence,
kidney biopsy is considered the gold standard for
the diagnosis of kidney diseases. Even though
the procedure is safe, some risk of performing it
on a sole transplanted kidney is always possible.
The fear and discomfort of patients after kidney
biopsy or eventual delay in the procedure perfor-
mance could impact early diagnosis of the graft
dysfunction and any related therapeutic strategy.
[8,9]

Thus, modern medicine faces an urgent
need for a new diagnostic tool, one that is non-in-
vasive and provides screening, early diagnostics,
and accurate therapeutic approaches. The new era
of biomarkers may provide a better understand-
ing not only of the pathological processes but
also for normal biological function and approach-
es to modern follow up of pharmaceutical treat-
ment. The definition of Biomarkers is provided
by the Biomarkers Definition Working Group.
[10] In kidney transplantation, the most appropri-
ated sample besides those from a biopsy is urine.
Urine provides adequate sources for biomarker
discovery. The word “Proteomics” was used to
obtain a quantitative description of protein ex-
pression and its changes under the influence of
a biological process, disease or drug treatment.
High-throughput methods were used for quanti-
tative analysis. [11]

Proteomics can contribute to the clarifica-
tion of proteome of different cell types, tissue or a
specific parts of the tissue, and disclose proteome
changes in biologic fluids (e. g. urinary or plasma
proteome). Proteins and peptides within a specif-
ic body unit comprise a specific cell and tissue
proteome, one that is also prone to changes over
the time in response to various conditions. [12]

Urine represents a modified ultrafiltrate of
plasma, with lower protein concentration at ap-
proximately 1000-fold times more when com-
pared to plasma. But urinary proteins and peptides
are less complex and have a higher stability when
compared with plasma proteins. [13] In healthy
individuals, about 70% of the urinary proteome
originates from the kidney and the urinary tract,
whereas the remaining 30% represent proteins

filtered by the glomerulus. [14] The urinary pro-
teome consists of extensive information about the
kidney, and assessment of the urinary proteom-
ics could be considered as ‘liquid biopsy’. [15]
Analyzing the urinary proteomes today is a com-
monly used tool in the field of research, as well
as in the transition process in the implementation
of clinical practice. The modern high throughput
technologies offer assessment of thousands of
peptides and proteins in the urine sample within
a short time.

While traditional proteomic methods ana-
lyze at the rate of only one protein at a time, re-
cent advances facilitate the comparison of the
expression of multiple proteins simultaneously.
[16] Disparity to proteinuria, smaller genomic
peptides and protein chains ranging from 1000 -
20,000 Da present in urine are not detectable by
using a standard biochemical test for urinary pro-
tein in clinical laboratories. The concentration of
these urinary proteomes could be 1000 times low-
er, therefore requiring special techniques for de-
tection. Proteomic investigators have numerous
techniques to facilitate human proteome studies,
including standard gels, such as one-dimensional
gel electrophoresis and two-dimensional gel elec-
trophoresis, as well as non-gel based methods us-
ing mass spectrometry [like matrix-assisted laser
ionization (MALDI)]; liquid chromatography
mass spectrometry (LC-MS); and surface-en-
hanced laser ionization with time-of-flight mass
spectrometry (SELDI-TOF-MS). [17]

PROTEOMIC ANALYSIS - A DIAG-
NOSTIC TOOL IN KIDNEY TRANS-
PLANTATION

Proteomic urine analysis could predict the
diagnosis of renal transplant early on and could
impact graft function and survival in the long
term. Urinary proteome in transplant recipients
could differentiate stable graft function from acute
tubulointerstitial rejection (AR), urinary tract in-
fection (UTTI), acute tubular necrosis (ATN), calci-
neurin inhibitor (CNI) toxicity, Chronic allograft
dysfunction (CAD) and transplant glomerulopa-
thy (TG). [18]

Solid organ transplantation between non-
HLA identical individuals provoke a stimulus for
alloimmune responses. Over time, immunosup-
pressive drugs have become effective at inhibiting
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the transplant recipient’s immune response. After
the introduction of immunosuppression, acute re-
jection rates have declined from nearly 100% in
the initial era of organ transplantation to approx-
imately 10% currently, and there have been dra-
matic improvements in the 1-year graft survival
rate. [19] Acute rejection has the potential to sig-
nificantly affect graft survival, and it is a reason
for unexplained graft dysfunction in transplant
recipients. [20]

As our understanding of alloimmune re-
sponse has evolved, the classification of clinical
acute rejection episodes was established. Initial-
ly described as “steroid responsive” and “‘steroid
non-responsive,” as acute rejection is now broad-
ly defined as either “T cell mediated” or “antibody
mediated,” respectively. The major immunologic
risk factors for graft survival at the time of trans-
plantation have been attributed to factors such as
overall level of anti-HLA sensitization (panel re-
active antibody - PRA), repeat transplant, black
race, and recipient age. [21]

A study with 526 kidney transplant recip-
ients evaluated traditional risk factors showing
pre-transplant donor-specific antibodies (DSA) and
HLA A/B/DR mismatch are the main predictors of
antibody-mediated rejection and T cell-mediated
rejection, respectively. [21 ]The PRA and repeated
transplantation had no predictive effect. [22]

Still, the gold standard for diagnosis of acute
rejection in kidney transplant recipients is the kid-
ney biopsy. Allograft histology is interpreted us-
ing Banff classification for allograft pathology and
over time has undergone extensive revision. While
diagnostic criteria for T cell mediated rejection
have been minimally changed, the classification
for humoral rejection was firstly recognized in the
early 2000’s and continues to evolve. [23]

PROTEOMICS
INACUTE REJECTION

At present, several urine biomarkers have
been studied for detection of allograft injury, in-
cluding CXCL9, CXCL10, CCL2, NGAL, IL-18,
cystatin C, KIM-1 and Tim-3. [24] The recent
results of the Clinical Trials in Organ Transplan-
tation-01 (CTOT-01 trial). CTOT-01 was a multi-
center observational study defining biomarkers in
280 adults and pediatric kidney transplant recipi-
ents. The aim of the study was to compare and val-

idate urinary mRNAs and proteins as biomarkers
in order to diagnose biopsy-proven acute rejection
(AR) and to divide the patients into groups based
on their risk for developing AR or allograft dys-
function. Among markers tested for diagnosing
AR, urinary CXCL9, mRNA, and CXCL9 protein
were the most reliable ones. Low urinary CXCL9
protein 6 months posttransplant was observed in
stable allograft recipients with stable allograft
function between 6 and 24 months. Whereas if
urinary CXCL9 was absent at 6 months posttrans-
plant, this was defined as a subgroup at low risk
for initial immune injury. [25]

The study by Sidgel et al. matched urine
samples of 396 kidney transplant recipients with
renal allograft biopsy. Centralized and blinded
histology data from paired graft biopsies was used
to classify urine samples into diagnostic catego-
ries of acute rejection (AR), chronic allograft ne-
phropathy (CAN), BK virus nephritis, and stable
graft. A total of 245 urine samples were analyzed
and 35 proteins identified for their ability to di-
vide the 3 major transplant injury clinical groups:
apanel of 11 urinary peptides for AR (93% AUC),
12 urinary peptides for CAN (99% AUC), and
12 urinary peptides for BK virus nephritis (83%
AUC). [26]

Mertens et al. performed a multicenter
case-control study to identify a urinary biomarker
for antibody mediated rejection (AMR) in a train-
ing cohort (n=249) and an independent, prospective
multicenter cohort study for validation (n=391).
Concomitant biopsies to classify the samples ac-
cording to the Banff classification were used. The
primary endpoint of the study was the diagnostic
accuracy of the urinary biomarker for AMR in the
validation cohort. The study identified a set of 10
urinary proteins which accurately discriminated
patients with (n=60) and without (n=189) AMR in
the training cohort with an area under the curve
(AUC) of 0.98 (95% CI, 0.96-1.00). The negative
predictive value of the 10-protein marker set for
exclusion of AMR was 0.99, and the positive pre-
dictive value was 0.33. [27]

URINARY PROTEOMICS IN
CHRONIC ALLOGRAFT NE-
PHROPATHY (DYSFUNCTION)

Despite improvements in immunosuppres-
sive therapy in solid organ transplantation, long-
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term allograft survival remains as low as 50%.
CAN is the major cause of late graft loss. The
generic term CAN was described in Banff's 2007
classification in favor of 'interstitial fibrosis and
tubular atrophy without evidence of any specific
etiology'. [28]

The process is progressive and time-de-
pendent. The early phase of tubulointerstitial
damage occurs soon after transplantation as a
result of ischemia-reperfusion injury, acute tu-
bular necrosis and acute rejection. Subsequently,
cellular infiltration and alloimmune injury with
microvascular and glomerular abnormalities
immune-mediated fibrointimal vascular hyper-
plasia, transplant glomerulopathy and capillary
injury and calcineurin toxicity provoke a patho-
logic mechanism and lead to progressive damage
of the transplanted kidney. Once the causes and
exact mechanisms of injury are elucidated, tar-
geted strategies to prevent the progression and
chronic damage may become available. [29]

Among the general population, progres-
sive CKD is generally perceived in later stages
by a continuous decline in glomerular filtration
and the presence of albuminuria or proteinuria. A
classifier based on 273 urinary peptides, termed
as CKD273 is well suited for the early detection
of CKD and for prognosis of progression. [30,
31]1PRIORITY, a multicentric intervention study,
including diabetic patients without CKD, used
CKD273 to identify those individuals who show
molecular signs of diabetic nephropathy, based
on the positive scoring of the CKD273 classifi-
er. In a group of individuals with type 2 diabetes
and normoalbuminuria, a high-risk score from
the urinary proteomic classifier CKD273 was
associated with an increased risk of progression
to microalbuminuria over a median of 2-5 years,
independent of clinical characteristics. [32]

Recently, 52 living donor kidney recipients
with a long term follow up were urine sampled at
month 24 after transplantation and analyzed for
the patient’s peptide profiles with the CKD273
classifier which showed a significant positive
correlation with serum creatinine at every time
point with a maximum at month 48 (r=0.51,
p=0.0002). A moderate inverse correlation was
observed for the percentage of annual change
(slope) in the glomerular filtration rate (r=-0.29,
p=0.05). Using the composite endpoint graft
loss and death within the next six years from
proteomic analysis as a classification criterion,
receiver operating characteristics (ROC) anal-

ysis revealed an area under the curve value for
CKD273 of 0.89 which was superior to that of
0.67 for the Nankivell eGFR calculation. Hence,
the stratification of patients by CKD273 revealed
a hazard ratio of 16.5 with a 95% CI from 2.5 to
109.9 for the prevalence of graft loss in case of
CKD273 positivity [33].

Hussein et al. performed study with 75 par-
ticipants divided into three groups: Group 1: 25
patients with CAN, Group 2: 25 stable allograft
function and a third group of 25 healthy control
subjects, matched for age and sex. Urine samples
were collected and analyzed using MALDI-TOF
MS. Five peaks represented the proteomic pro-
file that differentiates between the CAN patients
and the control group with a sensitivity rate of
100% and a specificity rate of 100%, and the five
peaks also differentiate between the transplant
patients with normal renal functions and the con-
trol groups with a sensitivity rate of 96.8% and a
specificity rate of 95.5%. [34]

O'Riordan presented a study of urinary
proteome from 75 renal transplant recipients
and 20 healthy volunteers. The study analyzed
via surface-enhanced laser desorption and ion-
ization (SELDI) MS. Several urinary proteins
associated with advanced CAN were identified
including al-microglobulin, B2-microglobulin,
prealbumin, and endorepellin, the antiangiogen-
ic C-terminal fragment of perlecan. [35]

The study performed by Cassidy et al. in-
cluded 34 renal transplant patients with histo-
logically proven CAN and 36 renal transplant
patients with normal renal function. The study
described the novel biomarker pattern with the
potential to separate renal transplant recipients
with CAN from those with normal renal func-
tion. The study also confirmed the importance
of B2 microglobulin as a biomarker. Significant-
ly higher urinary concentrations of neutrophil
gelatinase-associated lipocalin, clusterin, and
kidney injury biomarker 1 were found in patients
with CAN compared to those with normal kid-
ney function. [36]

Tetaz et al. performed a study to evalu-
ate predictive values of urinary proteomics for
CAN. Twenty-nine urinary samples were col-
lected over three months, post-transplant, and
analyzed by SELDI-TOF technology. CAN was
confirmed by allograft biopsy at One year after
transplantation with increased level of serum cre-
atinine. Here, 18 biomarkers were predictive of
CAN occurrence. The biomarker with the high-
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est diagnostic performance was a protein of 8860
Da with a sensitivity rate of 93% and a specific-
ity rate of 65%. The combination of these bio-
markers in two multivariate analyses improved
the diagnostic potential of CAN. Significance
of these biomarkers and a decisional algorithm
constituted of 3 proteins was confirmed among
an independent cohort of patients with undeter-
mined CAN status one-year post-transplant. [37]

URINARY PROTEOMICS
IN CALCINEURIN TOXICITY (CNIT)

The calcineurin inhibitors (CNI) play an
important role in organ transplantation, includ-
ing Cyclosporin (CsA) and tacrolimus (TAC)
in the current clinical use. Both drugs differ in
their molecular structure and intracellular bind-
ing characteristics, but have immunosuppressive
properties which inhibit a calcium- and calm-
odulin-dependent phosphatase protein or cal-
cineurin. CsA binds to cyclophilin, while TAC
binds to FKBP12 (originally designated FK506)
and functions as a more potent immunosuppres-
sant. CNI nephrotoxicity in long term use in kid-
ney transplant recipients has been described and
associated with a lack of improvement in kidney
allograft survival over the years. Nephrotoxicity
has been described as ‘universal', even in grafts
with excellent function. Acute CsA nephrotoxic-
ity is a reversible process which reduces or ceas-
es CsA therapy. But chronic CsA nephrotoxicity
presents itself clinically as glomerulosclerosis,
tubulointerstitial fibrosis and tubular atrophy.
[38] Early detection of the potential nephrotoxic-
ity and changes in immunosuppressive protocols
give rise to the importance of finding non-inva-
sive biomarkers that can be attributed to long-
term graft survival.

In the study by Carreras-Planella, urine
had been collected from kidney transplant pa-
tients who were treated with CNI and the pa-
tients were then divided into 3 groups (one group
of patients who had normal kidney function; one
group with CNIT, and one which presented in-
terstitial fibrosis and tubular atrophy). The uri-
nary biomarker — urinary extracellular vesicles
(uEV) — were developed and the proteome was
analyzed to gain insight into the changes associ-
ated with CNIT. Members of the uroplakin and
plakin families were described and significantly

upregulated in the CNIT group. This single pilot
study presented the potential of uEV as a source
of non-invasive protein biomarkers for detection
and monitoring of renal alteration associated
with CNIT. [39]

Neutrophil gelatinase-associated lipocalin
(NGAL) and kidney injury molecule 1 (KIM-
1) are noninvasive urinary biomarkers that are
believed to be highly sensitive to CNI-induced
AKI. [40, 41] Both biomarkers are synthesized
in the proximal and distal tubules, and may be
well associated with renal vasoconstriction and
the interstitial fibrosis caused by CNI-induced
nephrotoxicity. Results from a clinical study
showed that NGAL staining contributed to the
classification of renal damage after kidney trans-
plantation and could predict the development of
AKI approximately 2 days before a rise in serum
creatinine. [42]

NGAL plays an important role in the early
prediction of acute tubular necrosis in the gen-
eral population and this is clinically expressed
via a high mortality rate, especially in patients
requiring renal replacement therapy (RRT). Ear-
ly, post-transplantation, acute kidney injury can
result from acute tubular necrosis (ATN) fol-
lowed by a delayed graft function (DGF), acute
rejection (AR) or drug toxicity (e. g. calcineurin
inhibitor) as the leading causes of AKI. [43]

The identification of biomarkers NGAL
and IL-18 in the urine of kidney transplant re-
cipients have been predictive for delayed graft
function. IL-18 is more specific to ischemic AKI,
separately from nephrotoxicity, CKD or urinary
tract infections. The published data may suggest
the novel biomarkers NGAL, IL-18, and KIM-1
are considered urinary biomarkers of AKI. [44]
On the other hand, NGAL is an extracellular 25-
kDa ligand-binding protein, as well as the ear-
liest induced protein in a kidney suffering from
ischemic or nephrotoxic damage. With its small
molecular size and stable structure resistant to
degradation, NGAL can be excreted and detected
in urine in the very early stages of kidney injury.
The concentration is significantly higher in pa-
tients with tubulitis or other tubular pathologies,
and it could also be associated with subclinical
tubulitis in the early months following kidney
transplantation. [45]

Urine biomarker analysis using SEL-
DI-TOF-MS in renal transplant recipients with
ATN showed also small proteins such as NGAL,
KIM-1, and sodium-transporter-at-apical-mem-
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brane (NaHE-3). Tubular biomarkers like ade-
nosine-deaminase and carbonic-anhydrase-en-
zyme, retinol-binding-protein and alpha-1-mi-
croglobulin were also included in this group of
proteomes. [46]

URINARY PROTEOMICS
IN TRANSPLANT
GLOMERULOPATHY (TG)

Transplant glomerulopathy (TG) is a ma-
jor cause of chronic graft dysfunction that does
not have an effective therapy. It is defined as a
unique pathologic condition limited to kidney
allografts. Histopathological examination con-
sidered duplication of the basement membranes
in the absence of an immune complex mediated
glomerulonephritis and thrombotic microangi-
opathy. [47]

Although the histological definition of TG
is well characterized, the pathophysiological
pathways leading to TG development are still
poorly understood. Patients with a TG as a his-
tological diagnosis, may have nephrotic range
proteinuria and/or hypertension and/or kidney
graft function deterioration at clinical presenta-
tion. The development of TG is associated with
poor kidney graft outcomes. A number of asso-
ciated factors for the development of TG include
age, presence of antibodies directed towards
HLA molecules especially class II donor specific
antibodies (DSA), hepatitis C positive serology
(HCV), and acute rejection beyond 3 months
post-Tx. De novo DSA presence has been identi-
fied in younger recipients and associated to non-
compliance to immunosuppressive therapy, and
may result in chronic antibody mediated, humor-
al injury with the development of TG. [48]

In order to improve long term allograft sur-
vival there is a need for noninvasive biomark-
ers for cABMR that might facilitate screening
and earlier diagnosis. In a case-controlled study,
urine samples of 24 pediatric renal transplant re-
cipients with cABMR have been matched with
36 pediatric patients without cABMR. Proteom-
ics have been analyzed using capillary electro-
phoresis and mass spectrometry (CE-MS). The
authors found the proteomic classifier estab-
lished and validated in this study as a useful di-
agnostic tool which can identify children with
cABMR after kidney transplantation in order to

detect candidates for early graft biopsy, thereby
avoiding unnecessary biopsies. In addition, new
biomarkers were supposed to contribute to the
intensification of immunosuppressive treatment
should the findings be confirmed as with DSA
positive patients. [49]

Another study identified potential proteom-
ic biomarkers for chronic active antibody-medi-
ated rejection (CAMR) in kidney transplant re-
cipients. Among 385 KTRs enrolled in a multi-
center study, 26 kidney transplant recipients had
biopsy-proven CAMR, 57 with long-term graft
survival (LGS), and 10 rejection-free matched
KTRs. A proteomic approach was employed
to measure urinary extracellular vesicle (uUEV)
changes in KTRs. The authors identified and val-
idated six proteomic biomarkers to distinguish
CAMR from LGS and clarified one CAMR-spe-
cific proteomic biomarker to distinguish rejec-
tion-free KTRs. Nevertheless, further clinical
studies are warranted before the novel urinary
proteomic biomarkers can be applied in clinical
use for early diagnosis and monitoring of the
clinical response to the treatment of CAMR. [50]

URINARY PROTEOMICS
IN BK VIRUS NEPHROPATHY

The virulence and significance of the BK
virus (BKV) in healthy individuals is not well
understood, but in immunocompromised pa-
tients, including solid organ allograft recipients
and bone marrow transplant patients, it has been
recognized as a major pathogenic virus lead-
ing to allograft loss. Most adults become sero-
positive at four years of age, and a majority of
them develop antibodies. Hence, at initiation of
the immunosuppressive therapy, immediately
after renal transplantation, the latent polyoma-
virus can be reactivated in the kidney, causing
lytic damage of renal tubular epithelial cells,
further resulting in an inflammatory interstitial
nephropathy, associated with functional impair-
ment due to tubular fibrosis and atrophy. [51] A
considerable number of kidney transplant recip-
ients experience clinically significant BKV as-
sociated nephropathy (BKVAN). According to
the published data, viruria have been reported in
30-60%, viremia in 10-30%, and BKVAN in up
to 10%. In absence of a BKV specific antiviral
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therapy, the transplant clinicians reduce immu-
nosuppressive drugs. [52]

Early detection of patients with increased
risk of BKVAN is important in improving kid-
ney allograft outcome. Current guidelines rec-
ommend regular observation for BKV reactiva-
tion through the detection of infected urothelial
cells in urine (decoy cells) or viral nucleic acid
in urine or blood. These methods do not have any
sensitivity for early detection, and non-invasive
techniques for this purpose are yet deficient. Uri-
nary proteomics is a promising tool in BKV ne-
phropathy differentiation and treatment.

The discovery-phase biomarker develop-
ment study has examined the possibility of de-
veloping a noninvasive method to differentiate
BKVAN from AR. Using Surface-enhanced la-
ser desorption/ionization (SELDI) time-of-flight
mass spectrometry analysis, the authors com-
pared urine samples of 21 patients with BK-
VAN, 28 patients with AR (Banff Ia to 1Ib), and
29 patients with stable graft function. SELDI
analysis confirmed proteomic profiles that were
significantly different in the BKVAN group ver-
sus the AR and stable transplant groups. It was
concluded that urinary proteomic analysis may
propose a noninvasive method that can distin-
guish BKVAN from AR in clinical practice. The
identification of an individual proteomic profile
can improve the clinical screening method. [53]

Another study reported a mass spectrom-
etry (MS)-based method for the detection of
BKYV derived proteins isolated from urine sam-
ples. Peptides detected by MS derived from Viral
Protein 1 (VP1) allowed differentiation between
different subtypes. The association has been ob-
served between higher decoy cell numbers and
the presence of the VP1 subtype Ib-2. The results
of the analysis supported the hypothesis that cer-
tain viral subtypes may be associated with more
severe BKVAN. [54]

Further clinical studies for urinary pro-
teomics which include a higher number of pa-
tients are warranted to confirm the initial pub-
lished data and to develop noninvasive methods
for BKVAN diagnostics.

CONCLUSION

Implementation of proteomics analysis in
the field of kidney transplantation opens new ap-

proaches for prognosis and early accurate diag-
nostics in order to reduce risk factors for allograft
failure such as acute rejection, calcineurin toxic-
ity, and chronic allograft nephropathy. The main
advantage of urine as a source of biomarkers for
detection of allograft dysfunction, is that it is a
fluid readily available as a non-invasive sample,
and it provides sustainable information. The fu-
ture clinical application of urinary biomarkers is
expected not only to improve early diagnosis but
also to replace some invasive diagnostics, espe-
cially in kidney diseases with a single function-
ing kidney.

Unfortunately, none of the identified bio-
markers have made their transition into the rou-
tine clinical practice, and contemporary medi-
cine is still waiting for the practical application
of the ideal biomarker. Current analysis suggests
that instead of one single biomarker, a combina-
tion of proteomic classifiers could better reflect
different biological and pathophysiological pro-
cess in the field of organ transplantation, and it
holds great promise and potential for highly en-
hanced diagnosis and care of transplant patients
in the future.
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Pe3ume

YPUHAPHHU NPOTEOMUIU BO BYBPE/KHATA TPAHCIIVIAHTALIUJA

TI'oune CniacoBcku’, Upena PamoadoBa-bynuterux!, Jlaga Tpajuecka', Camo loxues?,
Oausep Crankos’, Corup Craspuauc’, Cxengep Canan’, Kouo Jumurposcku’, ’Kusko Ilonos*

! Karenpa 3a Hedpornoruja, Menunuucku ¢axyaret, Yausepsuter C. Kupun u Meronyj, Cromje, PC
Makenonuja

2 Karenpa 3a yponoruja, Meauuuucku ¢daxynret, Yausepsurer CB. Kupun u Meroauj, Cromje, PC
Maxkenonuja

3 nctutyT 3a Tpancdysuona meauiuna, Ckornje, PC Makenonuja
* MakezioHCKa akajieMuja Ha HaykuTe U ymetHocTuTe Ckorje, PC Makenonwuja

Wako TpancimanTanmjata Ha OyOpe3uTe e HajmoOpara omnimja 3a TpeTMaH Ha OyOpekHara 0oJecT
BO KpacH CTaJMyM, Taa, Celak, ¢ MOoBp3aHa Co JOJITOPOYHO OTKaxyBawme Ha rpadrot. Exen on morose-
MUTE MPETU3BUIN 32 TPOPECHOHANIINTE BO TPAHCIDIAHTAIMjaTa € CIIOCOOHOCTA Jla ce WACHTH(UKyBaaT
rpadTOBUTE CO BUCOK PU3HUK OJ1 HEYCIEX MpeJT MPBUUHOTO onarame Ha eGFR co HemoBpaTHN MpOMEeHH Ha
rpadrot. TpaHcIIaHTanuCcKaTa METUIIHA CE€ COOYyBa co oTpeda 3a HOBM OMoMapkepu criennuGuaHu 3a
KpajHHOT CTaIUyM Ha OoJyiecTa, CO MPAKTUYHA MPUMEHA BO IPEBEHTUBHUOT CKPUHUHT, paHaTa JujarHoc-
THKa U TIoo0peHara MpOorHOCTHYKA U TepaneBTcka KopucT. [{enrta Ha HammoT Tpya Oerie aa ce mporeHn
KIMHUYKATa TPUMEHA Ha YPUHAPHUTE MTPOTCOMUIIM Kaj MPUMATENINTE Ha TPAHCIUIAHTUPaH OyOper, Kou ce
M3JIOKEHH HAa PU3UK 32 CEKAKOB BUJI JICH HEYCIEX Ha rpadToT.

Kayunu 360poBu: TpaHCIIaHTallM]a Ha OyOper, MpOTeOMUKa, XpOHHYHA He(poraruja Ha ajorpadr



