
INTRODUCTION
With improvements in immunosup-

pression, the incidence of acute rejection
in renal transplant recipients has progres-
sively decreased (1). Although long-term
allograft survival is improving, late graft
loss from chronic allograft nephropathy
(CAN) remains a significant clinical prob-
lem. CAN remains the most common
cause, after death, of late renal allograft
loss (2). Thus, identification of markers
associated with, or predictive of, CAN
should prove clinically useful.

To determine the relative contributions
of host and donor factors in the develop-
ment of CAN, and the potential for their
modification by therapeutic interven-

tions, a prospective quantitative evalua-
tion of renal allograft injury is required.
Unfortunately, such studies have been
limited by the lack of suitably sensitive
assessments of early renal allograft injury.

This problem arises because renal in-
jury is detected clinically as a rise in
serum creatinine and the onset of protein-
uria (3,4). However, a rise in serum crea-
tinine is a late sign of renal injury because
compensatory mechanisms within the
kidney can maintain glomerular filtration
rate (GFR) despite progressive structural
injury (5–7). The ability to detect CAN is
limited by the fact that biopsies usually
are not performed unless there has been
an elevation in serum creatinine (3,5–7).

The ability to detect CAN is limited by
the fact that biopsies usually are not per-
formed unless there has been a reduction
in creatinine clearance (3,5–7). Further,
the diagnosis of CAN according to Banff
criteria lacks the sensitivity to detect
renal injury as it relies on a semiquantita-
tive assessment of renal fibrosis. There-
fore, there is a need to identify alternative
methods to detect early renal injury that
can be used to describe key determinants
of long-term graft function.

There is accumulating evidence that
non-invasive immunological monitoring
may be useful in the early period after
renal transplant (8–11), particularly with
regard to predicting the presence of acute
rejection. It is less clear whether CAN is
also associated with consistent changes in
peripheral blood or urine cells.

It is becoming increasingly clear that
the response of the renal allograft to in-
jury, namely glomerulosclerosis and
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Non-invasive monitoring may be useful after kidney transplantation (KT), particularly for predicting acute rejection (AR). It is less
clear whether chronic allograft nephropathy (CAN) is also associated with changes in urine cells. To identify non-invasive mark-
ers of allograft function in kidney transplant patients (KTP), mRNA levels of AGT, TGF-β1, EGFR, IFN-γ, TSP-1, and IL-10 in urine (Ur)
samples were studied using QRT-PCR. Ninety-five KTP and 111 Ur samples were evaluated. Patients (Pts) were divided as, within
six months (N = 31), and with more than six months post-KT (N = 64). KTP with more than six months post-KT were classified as KTP
with stable kidney function (SKF) (N = 32), KTP with SKF (creatinine < 2 mg/dL) and proteinuria > 500 mg/24 h (N = 18), and KTP
with biopsy proven CAN (N = 14). F-test was used to test for equality of variances between groups. IL-10 mRNA was decreased in
Ur samples from KTP with less than six months post-KT (P = 0.005). For KTR groups with more than six months post-KT, AGT and EGFR
mRNA were statistically different among KTP with SKF, KTP with SKF and proteinuria, and CAN Pts (P = 0.003, and P = 0.01), with KTP
with SKF having higher mean expression. TSP-1 mRNA levels also were significantly different among these three groups (P = 0.04),
with higher expression observed in CAN Pts. Using the random forest algorithm, AGT, EGFR, and TGF-β1 were identified as predic-
tors of CAN, SKF, SKF with proteinuria. A characteristic pattern of mRNA levels in the different KTP groups was observed indicating
that the mRNA levels in Ur cells might reflect allograft function.
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interstitial fibrosis, is the same whatever
the etiology of the renal injury (12). Fur-
ther, cross sectional studies of renal tissue
in patients with established CAN have
suggested that the development of
glomerulosclerosis and interstitial fibrosis
is mediated by the enhanced expression
of the profibrotic growth factor, trans-
forming growth factor-β (TGF-β) (13–17).
Primary regulation of TGF-β activity is
controlled by cleavage of the latent TGF-β
precursor. Thrombospondin, a disulfide
linked trimer produced by connective tis-
sue, is considered to be an important reg-
ulator of TGF-β activity in vivo (18).

We recently examined the global tran-
script profiles using kidney biopsies of
transplant patients with CAN to elucidate
the molecular signature present in CAN
(19). TGF-β1, EGFR (epidermal growth
factor receptor) and AGT (angiotensino-
gen) were found to be some of the differ-
entially expressed genes in CAN (19).

In addition, recent studies have been
advocated to dissect the role of cytokines
in allograft rejection and long-term allo-
graft outcomes. For example, there is evi-
dence showing that the ratio of IFN-
γ/IL-10 producing might be a tool to
discriminate between non-rejecting pa-
tients and rejecting patients (20). On the
other hand, Th2-derived cytokines for
example, IL-10, TGF-β (involved in im-
munologic tolerance, either as growth
factors for regulatory T-cell populations
or as direct mediators of their regulatory
functions), also are involved in chronic
rejection process (20).

Although many cytokines can be mea-
sured in the urine at protein level, most
of them are produced locally, exert ef-
fects within renal parenchyma, and are
not excreted in the urine to any apprecia-
ble extent. It follows that the cytokine
gene expression in urinary sediment at
mRNA level would be a relevant marker
of kidney diseases. In fact, many renal
diseases, such as kidney allograft rejec-
tion, often are characterized by the infil-
tration of inflammatory cells, which pro-
duce a variety of cytokines, growth
factors, chemokines, and other mediators
of inflammation (8,10,11). We hypothe-

size that by measuring the gene expres-
sion of cytokines, growth factors, and
growth factor receptors in urinary sedi-
ment, the extent of the renal damage can
be evaluated and non-invasive surrogate
markers of renal inflammation and fibro-
sis might be discovered.

In the present study, we evaluated the
gene expression levels of a set of markers
in urine samples of kidney transplant re-
cipients with different post-transplanta-
tion times as a tool for non-invasive
monitoring of graft function.

PATIENTS AND METHODS

Patients
Ninety-five kidney transplant patients

(KTP) and 111 urine samples were evalu-
ated. The KTP were divided as within
six months (N = 31), and with more than
six months post-KT (N = 64). In addi-
tion, KTP with more than six months
post-KT were classified as KTP with sta-
ble kidney function (SKF) (defined by a
creatinine level < 2 mg/dL) (N = 32),
KTP with SKF (creatinine < 2 mg/dL)
and proteinuria > 500 mg/24 h (N = 18),
and KTP with biopsy proven CAN (N =
14). Gene expression levels of TGF-β1,
EGFR, AGT, IFN-γ, thrombospondin-1
(TSP-1), and IL-10 were evaluated in
urine samples of KTP using real time
PCR Analysis (QRT-PCR). All biopsies
were evaluated according to the Banff
criteria (21). Variables included in the
analysis, in addition to the gene expres-
sion levels, were patient age, acute rejec-
tion (AR), delayed graft function (DGF),
cold ischemia time, warm ischemia time,
cytomegalovirus (CMV), BK virus, and
donor type (living or deceased donor).

Urine Samples
Urine (about 50 mL) from the KTP was

allocated into 50 mL sterile conical tubes
within two hours of post-collection. For
patients with CAN, urine samples were
collected at the time of biopsy. The tubes
were centrifuged at 2,000g at room tem-
perature for 20 min, and the super-
natants were discarded. The pellets were
re-suspended in 1 mL of phosphate

buffered saline (PBS), transferred to cry-
otubes, then centrifuged at 16,000g for 5
min at room temperature. Supernatants
were discarded. RNAlater (200 mL)
(Ambion, Applied Biosystems, Foster
City, California, USA) was added to the
cryotube containing the urine cell pellet,
then mixed and centrifuged at 16,000g
for 30 s at room temperature prior to
snap freezing and storage at –70° C.
Isolation of RNA from urine pellets was
performed using RNeasy kit (Qiagen,
Valencia, California, USA) according to
the manufacturer’s recommendations.
The purity of the RNA preparations was
tested by the 260/280 nm ratios.

Real Time PCR Analysis (QRT-PCR)
QRT-PCR was carried out for TGF-β1,

EGFR, AGT, IFN-γ, TSP-1, and IL-10
genes in RNA from the urine samples,
using pre-designed primer and probe sets
from the Assays-on-Demand Genomic
Assays (Applied Biosystems). Each assay
consisted of two unlabeled PCR primers
and an FAM dye-labeled TaqMan MGB
probe. The endogenous control, β-2-
microglobulin (B2M), was detected with
a VIC dye-labeled TaqMan MGB probe
(Human B2M (β-2-microglobulin) En-
dogenous Control, VIC/TAMRA Probe,
Primer Limited, Applied Biosystems).
Total RNA from each sample was sub-
jected to reverse transcription using Taq-
Man Reverse Transcription Reagents (Ap-
plied Biosystems) according to the
manufacturer’s protocol. Real-time PCR
reactions were carried out in a 25μL reac-
tion mixture using an ABI Prism 7700 se-
quence detection system (Applied Bio-
systems). All amplifications were carried
out in duplicate and threshold cycle (Ct)
scores were averaged for calculations of
relative expression values. The Ct scores
for genes of interest were normalized
against Ct scores for the corresponding
B2M control. Relative expression was de-
termined by the following calculation
where the amount of target is normalized
to an endogenous reference (B2M RNA)
and relative to an arbitrary calibrator (the
reference class of patients used in the
comparison)(22): Relative Expression =
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2-ΔΔCt, where ΔΔCt = (ΔCt of experimental
group) – (ΔCt of calibrator group).

Statistical Analysis
Descriptive statistics for continuous

variables such as age and RT-PCR results
(mean, median, standard deviation, min-
imum, and maximum) were reported,
stratified by more than six months and
less than six months. An F-test was used
to test for equality of variances between
the two groups. Variables with signifi-
cantly different variances in the two
groups were then compared using a two-
sample t-test using Satterthwaite’s ad-
justment to the degrees; otherwise, a
two-sample t-test was applied. Frequen-
cies and percents were reported for cate-
gorical variables such as occurrence of
acute rejection, presence of BK, and
donor type (deceased donor/living
donor). Examining the resulting P value
from Fisher’s exact test assessed the sig-
nificance of categorical variables.

The dataset was then restricted to pa-
tients more than six months. Continu-
ous and categorical variables were com-
pared among the following three
groups: normal functioning kidney, nor-
mal functioning kidney with protein-
uria, and CAN. For continuous vari-
ables, a one-way analysis of the
variance model was fit and an F-test
was used to determine whether there
was a significant difference among the
three groups. Fisher’s exact test was
used in assessing the significance of the
categorical variables.

RESULTS

Patients
This was a cross-sectional study of pa-

tients attending the Transplant Clinic at
the Hume-Lee Transplant Center, Vir-
ginia Commonwealth University (VCU).
Informed consent was obtained from all
the subjects. The Western Institutional
Review Board (WIRB) approved the
study protocol.

Ninety-five patients were studied, 41
females/54 males, with a mean age of
43.0 ± 13.8 years old. The post-KT time
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Table 1. Urinary levels of gene expression for the studied genes in kidney transplant
patients.

< 6 months > 6 months
post-transplantation post-transplantation P value

AGT 0.08
N 31 64
Mean 5.23 10.09
Median 1 5.28
Std. Dev. 11.15 13
(Minimum, Maximum) (0.0005, 55.7) (0.054, 64.0)

EGFR 0.16
N 31 64
Mean 6.38 10.63
Median 1.62 5.28
Std. Dev. 14.19 13.58
(Minimum, Maximum) (0.287, 68.594) (0.054, 64.0)

IFN-γ 0.42a

N 28 63
Mean 6.15 11.49
Median 1.16 1
Std. Dev. 20.89 42.46
(Minimum, Maximum) (0.011, 111.43) (0.002, 315.17)

IL10 0.005a

N 30 64
Mean 0.86 18.61
Median 0.13 3.59
Std. Dev. 2.71 48.83
(Minimum, Maximum) (0.001, 14.93) (0.041, 337.79)

TGF-β1 0.26a

N 31 64
Mean 1.37 11.15
Median 0.5 1.52
Std. Dev. 2.73 68.37
(Minimum, Maximum) (0.006, 14.93) (0.134, 548.748)

TSP-1 0.99a

N 31 64
Mean 5.48 5.52
Median 0.47 1.036
Std. Dev. 26.29 15.51
(Minimum, Maximum) (0.033, 147.033) (0.001, 103.968)

aIndicates a significant difference between variances noted via F-test; Satterthwaite’s
approximation to the degrees of freedom used in t-test.

Table 2. mRNA levels of IL-10 and IFN-γ between KTP with less than six months post-KT with
and without acute rejection.

KTP with < 6 months KTP with < 6 months
Gene post-Tx with acute rejection post-Tx without acute rejection P values a

IL-10 0.35 ± 0.45 2.92 ± 5.95 0.036
IFN-γ 23.39 ± 49.23 2.40 ± 3.59 0.039

aValues expressed as mRNA specific gene/B2M fold change when compared with
normal urine.
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Figure 1. A-Two variable importance measures for each predictor covariate from the random forest classification predicting < six months
or ≥ six months. The mean decrease in accuracy (left panel) and mean decrease in Gini impurity (right panel). B-Box plots of the log2 RT-
PCR expression for EGFR, AGT, IL10, and TGF-β1 displayed by < six months versus ≥ six months post-transplant.



was 38.2 ± 48.9 month, range = 1–280
months. Immunosuppression consisted
of either a cyclosporine-based or
tacrolimus-based regimen.

No significant differences were found
in age, gender, post-transplantation
time, and creatinine levels between KTP
with stable kidney function, with and
without proteinuria. The proteinuria
levels were significantly different over-
all, with class comparisons revealing a
significant difference between the KTP
patients with stable kidney function
with and without proteinuria [(means ±
SD): 258.8 ± 158.9 compared with 2098 ±
670.7 mg/24 h, P < 0.0001; respectively].
The proteinuria level for the CAN
group was 2712 ± 1632 mg/24 h. The
creatinine levels were significantly dif-
ferent when comparing the three groups
(P = 0.005). There were no significant
differences between KTP with stable
kidney function, with and without pro-
teinuria, when considering cyclosporine
levels (P = 0.7), mismatch HLA (P =
0.28), cold ischemia time (P = 0.32), and
rejection episodes (P = 0.5).

CAN was defined as having plasma
creatinine > 2.0 mg/dL, persistent pro-
teinuria, and typical biopsy findings.
Glomerular changes, interstitial fibrosis,
tubular atrophy, and vascular changes
were graded on a scale from 0 to 3.
Among the 14 allograft biopsies from the
patients of the CAN Group, three biop-
sies were graded as CAN grade 3; seven
were graded as CAN grade 2, and four
as CAN grade 1.

QRT-PCR Results
The 2-ΔΔCt method was used to calculate

fold changes in the expression levels of
the genes of interest compared with one
of the normal urine samples. The 
2-ΔΔCt method assumes that the efficien-
cies for the endogenous control amplicon
(B2M) and the gene of interest amplicon
are the same. Efficiencies were deter-
mined for the amplicons B2M, TGF-β1,
EGFR, and TSP-1 on 1:5 dilution series.

The slopes of Ct/log dilution plots for
the reactions were –2.98, –3.02, –3.18, and
–3.08, respectively; thus, all amplicons
amplify with similar efficiencies.

TGF-ββ1, EGFR, AGT, IFN-γγ, TSP-1, and
IL-10 mRNA Levels in Urine Samples

mRNA levels comparisons between
KTP with less and more than six
months post-KT. IL-10 mRNA levels
were decreased in KTP with less than six
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Figure 2. Receiver operating characteristic curves (ROC) for the better predictors. For each
gene ROC analysis predicting < six months versus ≥ six months was performed. Afterward,
the area under the ROC curve was estimated, A- AGT (AUC = 0.74); B- IL-10 (AUC = 0.91).

Table 3. Receiver operator characteristic
(ROC) analysis predicting < six months
versus ≥six months post-KT.

Gene AUCa 95% CI

AGT 0.7399 (0.62, 0.86)
EGFR 0.7021 (0.59, 0.82)
IFN-γ 0.5522 (0.42, 0.68)
IL10 0.9096 (0.84, 0.98)
TGF-β 0.7379 (0.63, 0.85)
TSPD1 0.6983 (0.59, 0.81)

aAUC: Area under the curve



months post-KT (P = 0.005) (Table 1).
From the comparison of the expression
levels of the studied genes among KTP
with less than six months post-KT that
presented at least one acute rejection
episode vs. KTP with less than six
months post-KT without acute rejection
episodes, we observed that IL-10 and
IFN-γ were statistically significantly dif-
ferentially expressed (2.92 ± 5.95 com-
pared with 0.35 ± 0.45 mRNA IL-10/B2M
fold change; P = 0.036; 23.39 ± 49.23 vs.
2.40 ± 3.59 mRNA IFN-γ/B2M fold
change, P = 0.039, respectively) (Table 2).

The random forest algorithm consisting
of 2,500 classification trees was used to
classify patients into one of two groups,
more than six months post-KT vs. less
than six months post-KT, using all vari-
ables. The unbiased estimate of general-
ization error, estimated using the out-of-
bag observations, was 13.2%. Variable
importance measures, assessed by mean
decrease in accuracy and mean decrease
in the Gini criterion, were subsequently
clustered into K = two groups, based on
the theoretical construct that one set of
variables are important for discriminating

the two groups, and the other set of vari-
ables are “noise” covariates. Variables
found to be important markers of more
than six months vs. less than six months
were IL10, EGFR, AGT, and TGF-β1. Box
plots of the log2 expression for these
genes are displayed by group (Figure 1).

For each gene, a nonparametric receiver
operator characteristic (ROC) analysis
predicting less than six months vs. within
six months was performed. For each gene,
the area under the curve (AUC) and its
associated 95% confidence interval (CI)
were reported (Table 3). Also for the bet-
ter predictor genes the ROC curve was
graphically displayed (Figure 2).

mRNA levels comparisons among sub-
groups of KTP with more than six
months post-KT. Among the different
KTP groups with more than six months
post-KT, mRNA levels of AGT EGFR,
and TSP-1 were different among KTP
with SKF, KTP with SKF and proteinuria,
and CAN patients (P = 0.003, P = 0.01,
and P = 0.04; respectively) with KTP
with SKF having a higher mean (Table 4).
Specifically, EGFR mRNA levels were
lower in urine samples from CAN pa-
tients compared with urine samples from
KTP with stable kidney function (P <
0.001). Moreover, EGFR levels in CAN
samples were lower than in KTP with
stable kidney function and proteinuria.
Urinary TSP-1 mRNA levels were signifi-
cantly higher in CAN patients than in
the other two KTP groups (P < 0.001).

TGF-β1 mRNA levels in urine samples
from CAN patients were higher than in
KTP with stable kidney function (P =
0.016). Interestingly, mRNA TGF-β1 lev-
els were higher in KTP with stable kid-
ney function and proteinuria (Table 4).

Acute rejection episodes were signifi-
cantly different among the three groups
(P = 0.02), with the highest rate observed
in CAN patients. However, there were
no statistically significant differences for
BK, CMV, age, type of donor, or cold
and warm ischemia time (Table 5). Simi-
larly, using the same set of variables, the
random forest algorithm consisting of
2,500 classification trees was used to
classify patients in the more than six
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Table 4. Levels of gene expression in KTP with more than six months post-transplantation.

Normal Normal functioning 
CAN functioning with proteinuria P value

AGT 0.003
N 14 32 18
Mean 4.63 15.47 4.76
Median 4.15 8.02 2.9
Std. Dev. 3.44 16.02 6.3
(Minimum, Maximum) (0.054, 9.849) (1,64) (0.109, 24.251)

EGFR 0.01
N 14 32 18
Mean 4.23 15.41 7.12
Median 3.65 9.71 4.01
Std. Dev. 3.27 15.34 12.51
(Minimum, Maximum) (0.054, 9.849) (1, 64) (0.109, 51.984)

IFN-γ 0.14
N 14 32 17
Mean 9.59 3.25 28.57
Median 1.19 0.85 1.62
Std. Dev. 19.52 5.62 78.52
(Minimum, Maximum) (0.117, 68.594) (0.002, 25.992) (0.125, 315.173)

IL10 0.25
N 14 32 18
Mean 22.6 8.99 32.6
Median 7.32 2.1 6.37
Std. Dev. 33.63 25.99 79.64
(Minimum, Maximum) (1.231, 103.968) (0.041, 147.033) (0.985, 337.794)

TGF-β1 0.29
N 14 32 18
Mean 5.31 1.56 32.75
Median 3.26 1.37 1.04
Std. Dev. 5.06 1.22 128.85
(Minimum, Maximum) (1.231, 19.698) (0.134, 6.063) (0.330, 548.748)

TSP-1 0.04
N 14 32 18
Mean 14.42 2.23 4.42
Median 2.22 0.73 2.32
Std. Dev. 30.63 4.32 7.27
(Minimum, Maximum) (0.189, 103.968) (0.001, 17.148) (0.50, 32.00)



months group into one of three classes:
CAN, normal functioning kidney, and
normal functioning kidney with protein-
uria. The unbiased estimate of general-
ization error, estimated using the out-of-
bag observations, was 31.8%. Variable
importance measures, assessed by mean
decrease in accuracy and mean decrease
in the Gini criterion, were subsequently
clustered into K = 2 groups. This, based
on the theoretical construct that one set
of variables is important for discriminat-
ing between the two groups, and the
other set of variables is composed of
‘noise’ covariates. Variables found to be
important predictors of CAN, normal
functioning kidney, and normal func-
tioning kidney with proteinuria were
AGT, EGFR, and TGF-β1. Box plots of
the log2 expression for these genes are
displayed by group (Figure 3).

Lastly, for each gene, a nonparametric
receiver operator characteristic (ROC)
analysis predicting CAN versus SKF was
performed. For each gene, the area under
the curve (AUC) and its associated 95%
confidence interval (CI) were reported
(Table 6). Also for each gene the ROC
curve was graphically displayed. AUC for
TGF-β1 (AUC = 0.84) and EGFR (AUC =
0.71) are displayed in the Figure 4.

DISCUSSION
Kidney transplantation is the treat-

ment of choice for patients with end-
stage renal diseases. Acute rejection
(AR), during the first month following
kidney transplantation, is the major im-
munological event that may influence
long-term graft outcomes (1–6). Chronic
allograft nephropathy (CAN), leading to
progressive allograft dysfunction, re-
mains an important obstacle for long-
term allograft survival (1–4). Therefore,
kidney biopsy remains the major imple-
ment for the diagnosis and evaluation of
graft function. An efficient and reliable
test for continuous monitoring of the im-
mune activation status of kidney trans-
plant recipients is not available currently.

Although noninvasive and safe, periph-
eral blood evaluation of immune activa-
tion markers has yielded conflicting re-

sults for the prediction of AR of kidney al-
lografts (23–24). More consistent results
have been observed by examining the
graft directly (25). Major contributions
have been made recently in identifying the
molecular signature within the allograft
associated with both AR and chronic allo-
graft dysfunction (19,26–29). In the context
of early noninvasive diagnosis, the urine is
attracting increased attention because of
its potential diagnostic and pathophysio-
logic biomarker information (10,11).

In addition, urine represents an indi-
rect way to visualize intragraft compart-
ment. Recently Li et al (11) reported that
mRNA levels of T cell-related cytotoxic-
ity molecules perforin and granzyme B
were enhanced in urine samples from
AR patients. Other groups showed simi-
lar results (30–32). However, the role of
the measurement of mRNA in urine sam-
ples as indicators of graft function at dif-
ferent times post-KT is less clear.

In the present study, we studied the
level of expression of TGF-β1, EGFR,
AGT, IFN-γ, TSP-1, and IL-10 genes in the
urinary sediment of kidney transplant pa-
tients at different times post-KT. Gene ex-
pression levels were evaluated in urine
samples from KTP with less and more
than six months post-KT. In addition, KTP
with more than six months post-KT were
classified in subgroups for the analysis.

From the analysis of the markers in
urine samples between KTP with less and
more than six months post-transplanta-
tion, we observed differentially expressed
genes. In KTP with less than six months
post-KT IL-10 expression was signifi-
cantly decreased, as was TGF-β1 though
not significantly. TGF-β1 and IL-10 have
been associated previously with CAN
(33–35). It is well known that IL-10 pro-
motes B cell proliferation and differentia-
tion into plasma cells, increases antibody
production as well as drives a shift from
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Table 5. Clinical characteristics among KTP groups with more than six months post-
transplantation.

Normal Normal functioning 
CAN functioning with proteinuria P value

Age (years) 0.12
N 14 32 18
Mean 36.7 45 38.7
Median 39.5 46.5 38
Std. Dev. 15.4 12.5 15.2
(Minimum, Maximum) (14, 63) (16, 70) (13, 66)

Cold Time (minutes) 0.63
N 14 24 16
Mean 632.6 459.8 591.3
Median 652 41.5 330
Std. Dev. 566.8 546.7 650.2
(Minimum, Maximum) (18, 1800) (16, 1470) (16, 1698)

Warm Time (minutes) 0.69
N 14 25 15
Mean 29.1 28 29.6
Median 29 27 29
Std. Dev. 4.1 7 6.3
(Minimum, Maximum) (20, 35) (2, 41) (16, 46)

Donor Type 0.76
Deceased 9 (64%) 17 (53%) 10 (56%)
Living 5 (36%) 15 (47%) 8 (44%)
Acute Rejection 4 (29%) 1 (3%) 4 (22%) 0.02
BK 3 (21%) 7 (22%) 4 (22%) 1
CMV 2 (14%) 4 (13%) 2 (11%) 1
DGF 2 (14%) 3 (9%) 5 (28%) 0.23



Th1 toward Th2-cell responses contribut-
ing to the pathogenesis of chronic allo-
graft nephropathy.

Ordinarily, after six months post-
transplantation, the number of nephrons
is stable, resulting in an allograft with
normal function (36). However, for an im-

portant number of grafts, the loss of
nephrons continues, reflecting continued
graft injury. This condition will end in fi-
brosis and atrophy, with the final event of
loss of graft function (36). Proteinuria has
been associated with faster progression of
any renal disease and might be consid-

ered the first clinical manifestation of
CAN (37,38). Patients with CAN have
more than 0.5g proteinuria/24 h, 20–28%,
compared with 6–8% of patients who do
not have this condition (39). CAN is the
result of cumulative damage to the kid-
ney and is present in 30-50% of patients
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Figure 3. For ≥ six months samples, two variable importance measures for each predictor covariate from the random forest classification
predicting CAN, normal, or proteinuria: the mean decrease in accuracy (left panel) and mean decrease in Gini impurity (right panel). For ≥
six-month samples, box plots of the log2 RT-PCR expression for EGFR, AGT, and TGF-β1 displayed by CAN, stable kidney function, and stable
kidney function with proteinuria. CAN: patients with biopsy proven CAN, Normal: kidney transplant patients with stable kidney function,
Proteinuria: kidney transplant patients with stable kidney function (creatinine levels < 2 mg/dL) and proteinuria.



after six months post-transplantation (40).
We sub-classified the KTP group with
more than six months post-KT according
to kidney function and proteinuria levels.

Different gene expression patterns
were observed in the subgroups of KTP
with more than six months post-KT. By
studying the expression of our selected
panel of markers in these groups of KTP
we aimed to identify early markers of
CAN progression. A group of KTP with
normal allograft function was compared
with KTP with histological diagnosis of
CAN. Moreover, both previously de-
scribed groups were compared with KTP
with normal function but with protein-
uria. As previously mentioned, protein-
uria might be considered the first clinical
manifestation of CAN (38–40).

AGT and EGFR mRNA levels of were
statistically different among KTP with
SKF, KTP with stable kidney function and
proteinuria, and CAN patients. Moreover,
TGF-β1 mRNA levels were significantly
higher in CAN patients compared with
KTP with SKF. However, TGF-β1 levels
were higher in KTP with stable kidney
function and proteinuria than in CAN
patients. This finding might indicate that
the activity of molecules involved in the
development of fibrosis is higher in these
patients. Moreover, AGT, EGFR, and
TGF-β1 mRNA levels in urine were iden-
tified as good predictor markers of CAN
with EGFR and TGF-β1 showing an AUC
of 0.71 and 0.84 respectively.

EGF and EGFR have been implicated in
expansion and deposition of extracellular
matrix in renal injury (41). There is a

growing evidence for the role of EGFR
pathway in various types of renal lesions.
However, it is still controversial whether
the effect is beneficial or detrimental. In
addition, while EGFR expression has been
identified previously in normal and dis-
eased native kidneys, its expression in
renal allografts and its relation to allograft
rejection or allograft survival remains un-

known (42). In this study, EGFR was
down expressed in CAN when compared
with KTP with normal function. This find-
ing is in concordance with our recent pub-
lication (19) where EGFR was down ex-
pressed in kidney biopsies with CAN
when compared with normal allograft
using microarrays. We also observed AGT
down expressed in CAN biopsies (19). The
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Figure 4. Receiver operating characteristic curves (ROC) for the better predictors. For each
studied gene a ROC analysis predicting CAN versus SKF was performed. Afterward, the
area under the ROC curve was estimated, A- TGF-β1 (AUC = 0.84); B- EGFR (AUC = 0.71).

Table 6. Receiver operator characteristic
(ROC) analysis predicting CAN versus
SKF in kidney transplant patients with
more than six months post-kidney
transplantation.

Gene AUC 95% CI

AGT 0.65 (0.50, 0.80)
EGFR 0.71 (0.57, 0.85)
IFN-γ 0.48 (0.29, 0.66)
IL10 0.69 (0.55, 0.83)
TGF-β 0.84 (0.74, 0.94)
TSPD1 0.66 (0.50, 0.83)



AGT gene encodes the only glycoprotein
known to be a precursor of the vasopresor
angiotensin II (Ang II). Ang II is also a
growth factor and a profibrogenic cy-
tokine. It mediates the induction of
TGF-β1 (43). Previous studies have shown
that Ang II stimulation of mouse glomeru-
lar mesangial cells causes EGF receptor
phosphorylation through the MMP-
dependent generation of heparin-binding
EGF (HB–EGF) and the EGF-receptor-
dependent release of TGF-β (42,44). The
elucidation of the interactions between
these molecules and their role in the pro-
gression to chronic allograft dysfunction
requires further evaluation and study.

In the present study we showed the
potential utility of TGF-β1, AGT, and
EGFR mRNA levels in urine samples of
KTP as early markers of CAN progres-
sion. Prospective studies are needed for
confirming these results. The evaluation
of molecular markers in urine samples
could represent an invaluable resource
for monitoring KTP and predicting the
development of CAN.
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