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Abstract.
BACKGROUND: There is no reliable clinical test to predict the reversibility of acute-on-chronic renal failure. We study whether
urinary biomarkers could be used as a noninvasive prognostic marker in patients with acute-on-chronic renal failure.
METHODS:We studied 39 adult patients with pre-existing chronic renal impairment presenting to us with acute-on-chronic renal
failure. Urinary neutrophil gelatinase-associated lipocalin (NGAL) level was measured. The mRNA of kidney injury molecule-1
(KIM-1), interleukin-18 (IL-18), alpha-1-microglobulin (α1M), sodium/hydrogen exchanger-3 (NHE3), beta-2 microglobulin
(β2M), and N-acetyl-β-D-glucosaminidase (NAG) in urinary sediment were quantified.
RESULTS: Urinary NGAL level significantly correlated with the serum creatinine at presentation (r = 0.762, p < 0.0001)
but not baseline serum creatinine. Urinary sediment β2M expression significantly correlated with baseline glomerular filtration
rate (GFR) (r = −0.400, p = 0.012). Urinary α1M and NHE3 expressions were significantly higher in ischemic acute tubular
necrosis than other causes of acute kidney injury (p < 0.0001 and p = 0.006, respectively). Urinary α1M expression significantly
correlated with the degree of improvement in renal function (r = 0.387, p = 0.026), as well as the estimated GFR 6 months later
(r = 0.386, p = 0.027).
CONCLUSION: In patients with acute-on-chronic renal failure, urinary NGAL level correlates with the severity of renal failure,
while urinary α1M expression correlates with the degree of renal function recovery. Quantification of urinary α1M mRNA may
be developed as an non-invasive tool for risk stratification of this group of patients.

Keywords: Acute kidney injury, biomarker, proteinuria

1. Introduction

Chronic kidney disease (CKD) is a debilitating and
costly public health problem worldwide [1]. In the
United States, The number of persons with kidney fail-
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ure who are treated with dialysis and transplantation is
projected to increase from 340000 in 1999 to 651000 in
2010 [2]. The clinical course of CKD is characterized
by progressive decline in renal function [3]. Howev-
er, transient worsening of renal function, often known
as “acute-on-chronic” renal failure, is commonly ob-
served in clinical practice, and the acute loss of renal
function may or may not be reversible.

Unfortunately, there is no reliable clinical test to pre-
dict the reversibility of acute-on-chronic renal failure.
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Traditionally, the reciprocal of serum creatinine in pa-
tients with chronic renal failure shows a linear decline
with time [4]. This “reciprocal creatinine plot” has been
proposed for the recognition of acceleration of renal
function deterioration [4], but the plot does not provide
any prognostic information. Similarly, neither urinary
biochemistry [5] nor renal ultrasonography [6] could
predict the degree of reversibility in CKD patients pre-
senting with apparently acute loss of renal function. In
the past decade, a number of urinary biomarkers, such
as neutrophil gelatinase-associated lipocalin (NGAL),
have been developed for the prediction, diagnosis, risk
stratification for patients presenting with acute kidney
injury [7–9]. However, these biomarkers have not been
tested for the prediction of reversibility in acute-on-
chronic renal failure.

Recently, the study of messenger RNA (mRNA) ex-
pression of target genes in urinary sediment has been
suggested as a non-invasive marker of renal damage.
The mRNA expression of granzyme and perforin in
urinary sediment distinguished patients with acute al-
lograft rejection from those without [10]. The urinary
mRNA expression of type 1 T-helper cell cytokines
correlated with lupus disease activity and the severi-
ty of lupus nephritis [11,12]. We have previously re-
ported that urinary expression of transforming growth
factor-beta (TGF-β) correlated with renal function and
the degree of histological damage in CKD [13], while
the expression of hepatocyte growth factor (HGF) was
an independent indictor of disease progression [14].
The objective of the present study is to identify uri-
nary mRNA targets that could predict the reversibility
of acute-on-chronic renal failure.

2. Patients and methods

2.1. Patient selection

We recruited 39 consecutive adult patients with
pre-existing chronic renal impairment presenting to
us with acute-on-chronic renal failure. Pre-existing
chronic renal impairment was defined as a base-
line estimated glomerular filtration rate (GFR) 15 to
60 ml/min/1.73 m2, i.e. stage 3 or 4 CKD accord-
ing to the Kidney Disease Outcomes Quality Initiative
(K/DOQI) guidelines [15]. We estimated the GFR by
the abbreviated Modification of Diet in Renal Disease
(MDRD) equation [16]. The acute deterioration in re-
nal function was defined as an increase in serum crea-
tinine by at least 2-fold, or reduction in the estimated

GFR by > 50% (i.e. “injury” or “failure” stage of the
RIFLE criteria) [17]. Patients with complete anuria
was excluded.

After written informed consent, background clini-
cal information, underlying renal diagnosis, and the
presence of other comorbid conditions were recorded.
A whole stream early morning urine sample was col-
lected. If the patient required urinary catheterization,
200 ml of bag urine was used instead of early morning
urine sample.

2.2. Sample storage

The urine specimen was centrifuged at 3000-g for
30 minutes at 4◦C. After centrifugation, the sedi-
ment was dissolved in RNA lysis buffer and stored
at −80◦C until RNA extraction (see below). We also
saved 10 ml of the urine supernatant, which was mixed
with 1 ml of 10 mM Tris buffer, pH 8.6 with 0.05%
Tween 20 and 0.01% of NaN3 containing protease in-
hibitors (10 mM benzamidine, 10 mM aminocaproic
acid, 20 mM ethylenediaminetetracetate and aprotinin).
This mixture was stored at −80◦C until assay.

2.3. Urinary NGAL

NGAL level in urinary supernatant was measured
by a commercially available ELISA kit (Abbott Labo-
ratories, Longford, Ireland), following manufacturer’s
instruction. The limit of quantitation was 2 ng/ml; the
total coefficient of variation of the assay was � 10%.
For levels below 10 ng/ml, the test was repeated and
the average value was reported.

2.4. Quantification of mRNA

The methods of RNA extraction from urinary sed-
iment have been described by Li et al. [10]. Briefly,
total RNA was extracted by the RNeasy Mini Kit (Qi-
agen Inc., Canada). All specimens were pre-treated
with Deoxyribonuclease. The purity of RNA was con-
firmed by the relative absorbance at 260/280 nm ratio.
The integrity of RNA was tested in random samples by
running total RNA in denaturing 1.5% agarose gel to
demonstrate 28 S and 18 S rRNA bands.

Around 0.5 μg of RNA was reverse transcribed
to complementary DNA. Real time quantitative poly-
merase chain reaction (RT-QPCR) was performed by
ABI Prism 7700 Sequence Detector System (Applied
Biosystems, Foster City, CA). We quantified the mR-
NA expression of kidney injury molecule-1 (KIM-1),
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interleukin-18 (IL-18), alpha-1-microglobulin (α1M),
sodium/hydrogen exchanger-3 (NHE3), beta-2 mi-
croglobulin (β2M), andN-acetyl-β-D-glucosaminidase
(NAG). This panel of mRNA targets were chosen be-
cause of their reported prognostic role in patients with
simple acute kidney injury [18]. Taqman primers and
probes of each target was purchased from Applied
Biosystems. The mRNA expression for each signal was
calculated by using the ΔCt procedure according to
manufacturer’s instruction, with 18S rRNA used as the
housekeeping gene for normalization amongst samples.
All primers and probes were tested with purified DNA
as the template in RT-QPCR to ensure that they do
not amplify genomic DNA. All results were analyzed
by Sequence Detection Software version 1.7 (Applied
Biosystems).

2.5. Clinical management

All recruited patients were followed for 6 months.
Their clinical management was decided by individual
physician and not affected by the study. After 6 months,
patients were classified into 3 groups according to the
degree of renal recovery defined as follows [19]: com-
plete recovery if serum creatinine concentrations fell
below 110% of the baseline; partial recovery if serum
creatinine remained above 110%of the baseline and be-
low 90% of the serum creatinine at presentation; and no
recovery if serum creatinine remains above 90% of the
serum creatinine at presentation, or dialysis dependent.

2.6. Statistical analysis

Statistical analysis was performed by SPSS for Win-
dows version 16.0 software (SPSS Inc., Chicago, IL).
Data are presented in mean ± SD unless otherwise
specified, and were compared between groups by one
way analysis of variance (ANOVA) or Kruskal Wallis
test as appropriate. Correlations between urinary mR-
NA expression and clinical parameters were explored
by Spearman’s rank correlation coefficient. A P value
below 0.05 was considered significant. All probabili-
ties were two-tailed.

3. Results

We recruited 39 patients; 9 had pre-existing stage 2,
19 had stage 3, and 11 had stage 4 CKD. Of these 39 pa-
tients, 17 had ischemic acute tubular necrosis (ATN)
while 22 had other causes of acute kidney injury (AKI).

Table 1
Baseline clinical and demographic data

Diagnosis group ATN others

No. of patients 17 22
Sex (M:F) 12:5 14:8
Age (years) 62.7 ± 20.5 62.8 ± 13.0
Body weight (kg) 61.5 ± 12.2 62.3 ± 10.8
Body height (cm) 160.7 ± 6.8 158.6 ± 6.2
Body mass index (kg/m2) 23.7 ± 3.7 24.7 ± 3.6
Baseline renal function

Serum creatinine (μmol/l) 139.4 ± 76.5 187.5 ± 116.9
GFR (ml/min/1.73 m2) 54.9 ± 30.9 43.8 ± 28.1

Renal function at presentation
Serum creatinine (μmol/l) 497.5 ± 311.2 405.0 ± 282.9
GFR (ml/min/1.73 m2) 16.2 ± 11.6 22.3 ± 17.7

ATN, acute tubular necrosis due to an episode of ischemia; GFR,
glomerular filtration rate.

Their baseline clinical and demographic information
are compared and summarized in Table 1. There was
no significant difference in age, baseline renal function,
or renal function at presentation between patients with
acute tubular necrosis and those with other causes of
AKI. There was no significant relation between the age
or serum creatinine level at presentation and the stage
of pre-existing CKD (details not shown).

3.1. Urinary NGAL level

The average urinary NGAL level of the recruit-
ed patients was 462.2 ± 515.9 ng/ml (range 2.2 to
1500 ng/ml). Urinary NGAL level at presentation sig-
nificantly correlated with the serum creatinine and es-
timated GFR at presentation (r = 0.762 and r =
−0.740 respectively, p < 0.0001 for both). In contrast,
urinary NGAL level at presentation had only a mod-
est and insignificant correlation with baseline serum
creatinine (r = 0.301, p = 0.094). There was also no
significant difference in urinary NGAL level between
patients with ischemic ATN and other causes of AKI
(505.9 ± 122.6 vs. 544.6 ± 140.6 ng/ml, p = 0.9).

3.2. Urinary mRNA expression

Amongst the six mRNA targets tested, there were
significant internal correlations between the urinary
sediment levels of KIM-1, α1M and NHE3 (Table 2).
Urinary sediment β2M expression significantly corre-
lated with baseline GFR (r = −0.400, p = 0.012).
Urinary sediment level of other mRNA targets did not
correlate with patients’ age, baseline renal function, or
renal function at presentation (details not shown). Uri-
nary NGAL level had a modest inverse correlation with
urinary sediment expression of NHE3 (r = −0.452,
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Table 2
Internal correlation between urinary sediment level of mRNA targets

IL-18 α1M NHE3 β2M NAG

KIM-1 r = 0.255,
p = 0.159

r = 0.715,
p < 0.0001

r = 0.668,
p < 0.0001

r = −0.183,
p = 0.317

r = −0.063,
p = 0.732

IL-18 r = −0.001,
p = 0.999

r = 0.125,
p = 0.468

r = 0.279,
p = 0.090

r = −0.079,
p = 0.637

α1M r = 0.783,
p < 0.0001

r = −0.388,
p = 0.026

r = −0.015,
p = 0.937

NHE3 r = −0.202,
p = 0.239

r = 0.061,
p = 0.723

β2M r = −0.126,
p = 0.444

Fig. 1. Relation between urinary neutrophil gelatinase-associated lipocalin (NGAL) level at presentation and (A) serum creatinine at presentation;
and (B) baseline serum creatinine level. Data are compared by Spearman’s rank correlation coefficient.

p = 0.014) but not other mRNA targets (details not
shown).

We compare the urinary sediment mRNA expression
between patients with ischemic ATN and other causes
of AKI. The result is summarized in Fig. 1. In essence,
urinary sediment α1M and NHE3 expressions were
significantly higher in ischemic ATN than other causes
ofAKI (p < 0.0001and p = 0.006, respectively), while
urinary sediment expression of other mRNA targets
were similar between ATN and other causes of AKI.

3.3. Relation with renal recovery

All were followed for 6 months; 24 had complete
recovery of renal function, 7 had partial recovery, and
8 had no recovery. Urinary sediment α1M expression
had a modest but statistically significant correlation
with the degree of improvement in renal function (r =
0.387, p = 0.026), as well as the serum creatinine

(r = −0.410, p = 0.018) and estimated GFR (r =
0.386, p = 0.027) 6 months later (Fig. 2). There was
no significant interaction between the underlying cause
of AKI and urinary sediment α1M expression on the
recovery of renal function. The degree of recovery
or renal function at 6 months does not correlate with
urinary NGAL level or the urinary sediment expression
of any other mRNA target (details not shown).

4. Discussion

In the present study, we found that in patients with
acute-on-chronic renal failure,urinaryNGAL level cor-
relates with the severity of renal failure, urinary sed-
iment β2M expression correlates with baseline renal
function, urinary sedimentα1M and NHE3 expressions
were significantly higher in ischemic ATN than other
causes of AKI, while urinary sediment α1M expression
correlates with the degree of renal function recovery.
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Fig. 2. Comparison of urinary sediment mRNA expression between ischemic acute tubular necrosis (ATN) and other causes of acute kidney
injury. (A) kidney injury molecule-1 (KIM-1); (B) interleukin-18 (IL-18); (C) alpha-1-microglobulin (α1M); (D) sodium/hydrogen exchanger-3
(NHE3); (E) beta-2 microglobulin (β2M); and (F) N-acetyl-β-D-glucosaminidase (NAG). Data are compared by Mann-Whitney U test; p values
are adjusted by the Bonferroni method for multiple comparisons.

Fig. 3. Relation between urinary alpha-1-microglobulin (α1M) expression and (A) degree of renal function recovery; and (B) serum creatinine
level 6 months after presentation. Data are compared by Spearman’s rank correlation coefficient. (Key: CR, complete recovery; PR, partial
recovery; NR, no recovery.)

Our results are essentially consistent with previous
reports on pure acute kidney injury. In the present
study, we found that urinary NGAL level correlates
with the severity of renal failure. It is now recognized
that NGAL is one of the fastest up-regulated genes in
the early phase of the post-ischemic mouse kidney and

the increase in urinary level correlates with the duration
of ischemia [20]. A recent analysis also showed that
urinary NGAL level had prognostic value for clinical
endpoints, such as initiation of dialysis and mortali-
ty [21]. Unfortunately, our present study does not have
the sufficient sample size to explore this possibility.
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Our observation that urinary sediment α1M expres-
sion correlates with the degree of renal function recov-
ery is intriguing. Previous studies on urinary α1M at
protein level showed that increased urinary excretion
of α1M indicates proximal tubular injury [22], and uri-
nary α1M level is markedly increased during the early
post-operative phase in patients subsequently develop-
ing AKI [23]. However, it is important to note that cir-
culating α1M is largely produced by hepatocytes [24];
urinary α1M protein comes from glomerular filtra-
tion and incomplete proximal tubular reabsorption [24].
Nonetheless, the α1-microglobulin/bikunin precursor
(AMBP) gene is also expressed in a wide variety of tis-
sues, including the kidney tubular cells [25]. Previous
studies showed that α1M plays an anti-inflammatory
role, at least in part by contributing to heme degradation
and reducing free radical formation [26–28]. It remains
unknown whether these anti-inflammatory property of
α1M contribute to the better recovery of renal function.

Contrary to our expectation, we did not find urinary
NGAL or IL-18 expression predictive of renal func-
tion recovery. In contrast, our previous study in kid-
ney transplant recipients found that urinary NGAL and
IL-18 expression are associated with response to anti-
rejection therapy [29]. The discrepancy is probably ex-
plained by the fact that cellular rejection is essential-
ly an inflammatory condition, and the severity or re-
versibility could understandably assessed by urinary
NGALand IL-18 expression. We also previously found
that urinary KIM-1 expression correlates with the rate
of renal function decline in kidney transplant patients
with acute renal dysfunction, irrespective to the kid-
ney pathology [29]. In the present study, our duration
of observation was short and we could not determine
whether urinary KIM-1 provides the same long-term
prognostic information for non-transplant patients with
acute-on-chronic renal failure. Because of the limita-
tions in our original study design, we did not test the
prognostic value of urinary expression of hepatocyte
growth factor (HGF), which is an independent prog-
nostic indictor of CKD without any acute worsening of
kidney function [14].

Several limitations of the current study need to be
addressed. First, the sample size of 39 was small and
the underlying causes of AKI were heterogeneous. We
did not analyse the histological features of a small sub-
group of patients who underwent kidney biopsy, or
perform a subgroup analysis on patients who required
temporary dialysis support. Most importantly, we only
studied patients who had at least some urine output,
and there is a possibility of selection bias due to the
exclusion of completely anuric patients.

Second, we have not determined the exact cellular
origin of the mRNA in the urine. Examination under
phase contrast microscopy showed that in most cases,
urinary sediment the are renal tubular cells, urothelial
cells, and, to a lesser extent, some inflammatory cells.
We believe all these cellular species contribute to the
mRNA we detected in the urinary sediment.

In this study, the MDRD formula was used for the
estimation of GFR. Since this formula does not adjust
for body mass, it tends to be unreliable for obese and
grossly malnourished patients. However, we did not
find that body mass index of our patients had any influ-
ence on the analysis result when being adjusted for as
a covariate (details not shown).

In the present study, we did not measure serum
NGAL level or compute the urine-to-serum ratio of
NGAL, which are shown by recent studies to have prog-
nostic implications [21,30]. Besides NGAL, we did not
determine the protein levels of the other biomarkers in
the urine. In theory, determination of the respective
proteins has the advantage of an easy and reproductive
assay, and it also provides strong additional support for
our hypothesis. On the other hand, it has also been ar-
gued that urinary biomarkers at protein level could rep-
resent leaking from the systemic circulation and cor-
relates with the degree of proteinuria rather than local
damage [31].

It is also important to note that our present study
focus on acute-on-chronic renal failure, and most of
our patients had pre-existing moderate to severe renal
failure. It remains unknown whether our results could
be extrapolated to patients with no pre-existing renal
problem and present with pure acute kidney injury. In
this respect, it is now increasingly recognized that a
considerable proportion of AKI patients with no pre-
existing CKD has permanent residual kidney damage
and some may progress to end stage renal disease later
in their life [32,33]. Biomarkers that predict the devel-
opment of permanent kidney damage after AKI recov-
ery is urgently needed.
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