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INTRODUCTION

Kidney transplantation is the organ transplant 
of  a kidney into a patient with end-stage 
renal disease (ESRD). Renal allograft has 
significantly improved the survival of  
patients with ESRD. Renal allograft is 
typically classified as deceased-donor or 
living-donor transplantation depending on 
the source of  the donor organ.[1] According 
to the Organ Procurement and Transplant 
Network (OPTN) records, nearly 85,000 
candidates were on the waiting list for kidney 
transplantation in 2010, and ≈17,700 kidney 
transplantations (including 828 kidney-
pancreas transplantations) were performed.
[2] The data from the United States Renal 
Data System (USRDS) shows that currently 
approximately one in three donations is 
from a live donor. The other donations of  
organs are used clinically for renal allograft 
obtained from the deceased donors. Despite 
advances in medicine and technology, and 
increased awareness of  organ donation and 
transplantation, the gap between supply and 
demand continues to widen. In the United 
States, 17,000 kidney transplantations were 
done in 2014, but at least five-fold more 

patients are on the waiting list, and each day 
12 people die while waiting for a life-saving 
kidney transplant.[2] Therefore, alternatives 
to human kidney transplants from living or 
deceased donors are thus urgently needed. 
In addition, the donor and recipient should 
be ABO blood group and cross match (HLA 
antigen) compatible.[3] If  a potential living 
donor is incompatible with the recipient, the 
donor could be exchanged for a compatible 
kidney.[4] Kidney exchange, also known as 
“kidney paired donation” or “chains”, has 
recently gained popularity, over the past 
few years. The reasons why kidneys fail 
over time after transplantations has been 
reported in recent years. On the other hand, 
transplant rejections still exist between supply 
and demand in the same ABO blood and 
compatible HLA antigen group. A transplant 
rejection occurs when the transplanted tissue 
is rejected by the recipient’s immune system, 
which destroys the transplanted tissue.[5-7]  
Avoiding rejection by strict medication 
adherence is of  utmost importance to avoid 
failure of  the kidney transplant. Therefore, 
effective monitoring for complications of  
kidney transplantation depends on frequent 
invasive or non-invasive procedures.

Address for Correspondence: 
Dr. Tianfu Wu, PhD,
Department of Biomedical Engineering,
University of Houston,
3605 Cullen BLVD, Houston,
TX 77204-5060, USA
Email: twu13@central.uh.edu

Access this article online

Website:  
www.intern-med.com

DOI:  
10.1515/jtim-2016-0032

Quick Response Code:

Review Article

ABSTRACT
There is a high risk for the survival of patients with an end-stage renal disease for kidney 
transplantation. To avoid rejection by strict medication adherence is of utmost importance to 
avoid the failure of a kidney transplant. It is imperative to develop non-invasive biomarkers 
to assess immunity risk, and to ultimately provide guidance for therapeutic decision-making 
following kidney transplantation. Urine biomarkers may represent the promising non-invasive 
tools that will help in predicting risk or success rates of kidney transplantations. Furthermore, 
composite urinary biomarkers or urinary biomarker panel array might be critical in improving 
the sensitivity and specificity in reflecting various risks of kidney failure during transplantation. 
This review primarily focuses on the role of such biomarkers in predicting chronic kidney 
disease (CKD) progression and/or cardiovascular disease (CVD) risk in renal allograft.
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A biomarker is defined as a “cellular, biochemical or molecular 
alteration in cells, tissues or fluids that can be measured and 
evaluated to indicate normal biological processes, pathogenic 
processes, or pharmacological responses to a therapeutic 
intervention.[8] The serum creatinine is a poor marker of  early 
renal dysfunction, because the serum concentration is greatly 
influenced by numerous non-renal factors (such as body 
weight, race, age, gender, total body volume, drugs, muscle 
metabolism, and protein intake).[9] Urine biomarker plays 
a crucial role to diagnose transplant rejection that occurs 
when the transplanted tissue is rejected by the recipient’s 
immune system.

Recent technological advances have resulted in the 
identification of  a growing number of  potential renal 
biomarkers in the urine of  patients and animal models of  
kidney diseases.[10] Many of  these are still awaiting further 
testing and clinical validation. However, it is becoming clear 
that these renal biomarkers can be grouped into different 
categories. SG Coca et al. performed a systematic review 
of  publications that evaluated the accuracy and reliability 
of  the serum and urinary biomarkers in human subjects, 
when used for the diagnosis of  established acute kidney 
injury (AKI) or early AKI, or to stratify risk of  patients 
with AKI.[11] The results of  their studies indicated that 
urine neutrophil gelatinase-associated lipocalin (NGAL), 
kidney injury molecule-1 (KIM-1), interleukin-18 (IL-
18), glutathione-S-transferase (GST), N-acetyl-β-D-
glucosaminidase (NAG), alpha-1 microglobulin (α-1-M), 
matrix metalloproteinase-9 (MMP-9), N-acetyl-β-D-
glucosaminidase (NAG) and sodium hydrogen exchanger 
3 (NHE3). The performance of  these biomarkers was 
the best for the differential diagnosis of  established AKI. 
Published data from the studies of  serum and urinary 
biomarkers suggested that these biomarkers may have great 
potential to advance the fields of  kidney transplantation. 
Many researchers discovered and redefined a serial of  
cytokines to influence the rate of  renal survival after 
kidney allograft. Kim et  al.[12] summarized that several 
urine biomarkers have been correlated with allograft injury, 
including NGAL, IL-18, cystatin C and KIM-1. So far, non-
invasive biomarkers are still urgently needed to assess the 
immune risk, and ultimately to guide therapeutic decision-
making following a kidney transplantation.

Herein we are summarizing the reported urinary biomarkers 
which might have great potential in predicating the risk of  
renal allograft.

LIVER FATTY ACID BINDING 
PROTEIN

The liver fatty acid binding proteins (LFABP) are a family 
of  transport proteins for fatty acids and other lipophilic 

substances. The urinary liver-type fatty acid–binding 
protein is a proximal tubular injury candidate biomarker for 
early detection of  acute kidney injury (AKI), with variable 
performance characteristics depending on the clinical 
settings. LFABP[13] were identified as putative rejection 
biomarkers. Among the markers tested for diagnosing 
acute rejection (AR), urinary CXCL9 mRNA and CXCL9 
protein were the most robust[14] markers.

CHEMOKINE LIGAND 9

Chemokine ligand 9 (CXCL9) is a small mediator belonging 
to the CXC chemokine family that is also known as 
Monokine induced by gamma interferon (MIG). CXCL9 
is a T-cell chemoattractant that is induced by IFN-γ. It 
is closely related to two other CXC chemokines called 
CXCL10 and CXCL11, whose genes are located near the 
gene for CXCL9 on human chromosome[15].The mechanism 
study revealed that the T cell-attracting chemokines CXCL9 
and CXCL10 induced by doxorubicin accounted for the 
recruitment of  T cells to tumors, and the tumor-specific 
up-regulation of  IFNγ, following IL-12 signaling initiate 
the positive feedback to stimulate T cell proliferation. The 
approach of  IL-12 plus doxorubicin followed by murine 
T cell and human TIL infusion yielded striking response 
in murine models.[16]

TISSUE INHIBITOR 
METALLOPROTEINASE-2 AND 
INSULIN-LIKE GROWTH FACTOR-
BINDING PROTEIN 7

Tissue inhibitor metalloproteinase-2 (TIMP-2) is a human 
gene, thought to be a metastasis suppressor. The insulin-
like growth factor-binding protein 7 (IGFBP7) is a protein 
that is encoded by the IGFBP7 gene in humans. The major 
function of  this protein is to regulate the availability of  
insulin-like growth factors (IGFs) in tissue as well as in 
modulating IGF binding to its receptors. The combination 
of  urinary TIMP-2 and IGFBP7 serves as a sensitive 
and specific biomarker to predict AKI early after cardiac 
surgery and to predict renal recovery[17]. Urinary TIMP-2 
and IGFBP7 were identified as patients at risk for imminent 
AKI[18].

CHEMOKINE LIGAND 2

Chemokine ligand 2 (CCL2) is a small cytokine that belongs 
to the CC chemokine family. CCL2 recruits monocytes, 
memory T cells, and dendritic cells to the sites of  
inflammation produced by either tissue injury or infection.[19]  
The advancing age of  renal transplant recipients (RTRs) 
correlates with the increasing CCL2 concentrations, which 
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is reflected in the smoldering inflammation and alterations 
in MMPs/TIMPs profiles, especially with increased plasma 
MMP-2 and urine TIMP-1 concentrations. The advanced 
age of  renal transplant recipients has a negative impact 
on kidney allograft survival through impaired extracellular 
matrix degradation by the matrix metalloproteinases/tissue 
inhibitors of  metalloproteinases (MMPs/TIMPs) system.[20]

CYSTATIN C

Urinary cystatin C is mainly used as a biomarker of  kidney 
function. The use of  cystatin C alone, or in combination 
with creatinine, strengthens the association between eGFR 
and the risk of  death and end-stage renal disease across 
diverse populations.[21] The renal transplant recipients 
and most of  the cystatin C-based equations showed 
improvements in 30% and 50% accuracy compared with 
the creatinine-based MDRD equation. The cystatin C-based 
equations may offer an advantage over the MDRD equation 
in kidney transplant recipients.[22] The elevated levels of  
urinary CYSC are associated with interstitial fibrosis and 
tubular atrophy in renal transplant recipients, and may 
become a useful tool for monitoring kidney allografts.[23]

T-CELL IMMUNOGLOBULIN DOMAIN

The T-cell immunoglobulin domain (TIM3), an immune 
checkpoint, is a Th1-specific cell surface protein that 
regulates macrophage activation and enhances the severity 
of  experimental autoimmune encephalomyelitis (EAE) 
in mice. Tim-3, a novel member of  the Tim family of  
molecules, is the first molecule identified to be specifically 
expressed on terminally differentiated CD4+ Th1 but not 
on Th2 cells.[24] Galectin-9, a physiological ligand of  Tim-
3, bounding to Tim-3 on Th1 and Th17 cells, induces cell 
apoptosis and/or suppresses cell differentiation. And the 
activation of  the Tim-3–Galectin-9 pathway attenuates 
cytotoxicity and prolongs the survival of  organ allografts 
in mice.[24] 

MATRIX METALLOPROTEINASE-7

Matrilysin, also known as matrix metalloproteinase-7 
(MMP-7), is an enzyme in humans that is encoded by 
the MMP7 gene. Levels of  circulating MMPs and TIMPs 
fluctuate in SLE, and increased MMP-2, MMP-3, MMP-
7, TIMP-1 and TIMP-2 probably reflect an aggravated 

Table 1: Studies of urine biomarkers for diagnosis of established AKI after renal allograft

Biomarker Comments Prognosis Reference

L-FABP Urinary L-FABP level reflected renal 
functional deterioration referencing to inulin 
clearance; an advance-warning reporter of 
AKI when used in point-of-care at bedside.

Effective for the early detection and 
prognosis of several acute kidney 
diseases[27]

Yao Xu[28]; Michael R. 
Bennett[13]

CXCL9/CXCL10 Urinary CXCL9 promising for clinical 
decision-making following kidney 
transplantation

Noninvasive biomarkers to screen for 
subclinical tubulitis[29]

Hricik DE[14]; 
Rabant M[30]; Paola 
Romagnani[31]

[TIMP-2 ]* [IGFBP7] Combination of urinary TIMP-2 and urinary 
IGFBP7 may be important for clinical 
adjudication of AKI and risk of kidney 
failure

Identified patients at risk for imminent 
AKI based on levels of urinary [TIMP-2] * 
[IGFBP7][18]

Kathleen D. Liu[32]; 
Melanie Meersch[17]

CCL2 Levels of CCL2 at 1 month after 
transplantation were associated with 
moderate interstitial fibrosis and tubular 
atrophy at 6 months on protocol biopsy.

Noninvasive identification of patients 
with or at risk for interstitial fibrosis and 
inflammation

Ho, Julie[33]; 
Mazanowska O.[20]

Cystatin C Combination of graft damage biomarkers 
outperformed serum creatinine in the early 
diagnosis of delayed graft function, and the 
best performance was achieved by a triple-
marker approach, using serum creatinine, 
malondialdehyde and Cystatin C.

The most accurate biomarker for AKI 
after renal allograft based on Le Bricon 
equation[22]

Fonseca Isabel[34]

Tim-3 Allograft survival in recipients treated with 
anti-Tim-3 monoclonal antibody or anti-
Gal-9 mAb was significantly shorter than 
that in control recipients.[35] 

TIM-3 rises as a biomarker for diagnosis 
acute cellular rejection.[36] 

Yuanxing Liu[24]

MMP-7 Urinary MMP7:Cr improves the overall 
diagnostic performance of urinary 
CXCL10:Cr for distinguishing normal 
histology from subclinical and clinical 
inflammation/injury, but not subclinical 
inflammation alone.

MMP7 levels in collagen remodeling 
reflect acute rejection; the detection of 
corresponding proteolytic degradation 
products in urine provides a noninvasive 
diagnostic approach.[37]

Ho J[33];
Ling XB[37]
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inflammatory process, whereas lower concentrations of  
MMP-9 can result from the accumulation of  MMPs in 
the inflamed blood vessels and tissues.[25] Three eighth of  
urinary MMPs/TIMPs were significantly higher during 
subclinical tubulitis. Extracellular matrix remodeling is 
most active during acute tubulo-interstitial inflammation.[26] 

PROSPECTS AND FUTURE 
DIRECTIONS

Early detection of  renal damage is of  utmost clinical 
relevance to prevent acute renal failure after kidney 
transplantation [38] However, the standard clinical tests for 
detection of  kidney injury are insensitive and could detect 
only advanced stages of  injury. It is inspiring that a variety 
of  urinary biomarkers is currently under evaluation to 
identify biomarkers for early detection of  kidney injury.[39] 
In addition, several urinary biomarkers may help to 
recognize impaired renal function at an earlier stage, to 
identify the mechanisms involved in AKI and to improve 
prognostication. The value of  the assays has been validated 
as a means of  reducing the need for kidney transplant 
biopsy and applying biopsy in a more targeted manner.[40] 

Together, the previous findings have provided solid 
foundation for future work aimed at improving kidney 
transplant outcomes through biomarker-guided decision-
making.[41] The development of  novel biomarkers and 
detection technologies may lead to the creation of  multiplex 
assays, which allows for the measurement of  multiple 
specific biomarkers simultaneously in the same analyte. 
Such assays may prove useful for determining the nature 
of  renal injury or the stage of  disease in patients.[42] Novel 
multiplex technologies such as Biomarker Panel Array 
(BPA) may provide a new perspective for diagnosis and 
prognosis of  renal rejection after kidney transplantation; 
more importantly, these technologies could significantly 
improve the sensitivity and specificity in reflecting the 
clinical manifestations. It is important to note that the 
advancement of  proteomics technologies may become a 
critical drive for the discovery of  novel urinary biomarkers 
which could specifically and accurately reflect underlying 
molecular events of  allograft rejection. The validation and 
assessment of  the performance of  urinary biomarkers for 
allograft rejection remains a significant, costly, and high-risk 
undertaking process.[26]
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