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Background/Aims: Tubulointerstitial injury plays an important role in the
progression of immunoglobulin A nephropathy (IgAN), and neutrophil gelati-
nase-associated lipocalin (NGAL) is among the most sensitive tubular biomark-
ers. We investigated whether serum or urine NGAL predicts prognosis in patients
with IgAN.

Methods: The present study enrolled patients with biopsy-proven IgAN from
January 2005 to December 2010, whose serum and urine samples at the time of
kidney biopsy were preserved by freezing. We retrospectively reviewed patient
clinical data and followed patients until October 2012. Serum and urine NGAL
levels were measured using an enzyme-linked immunosorbent assay kit. Renal
progression was defined as an estimated glomerular filtration rate decline by >
50% or progression to end-stage renal disease.

Results: There were 121 patients enrolled in this study. During the median fol-
low-up period of 41.49 months, renal progression was found in nine patients
(7.4%). Serum or urine NGAL alone could not predict renal progression; however,
when serum and urine NGAL levels were combined, belonging to the high NGAL
group independently predicted renal progression (hazard ratio [HR], 5.56; 95%
confidence interval [CI], 1.42 to 21.73; p = 0.014), along with tubular damage grad-
ed according to the Oxford classification as T2 (HR, 8.79; 95% CI, 2.01 to 38.51; p =
0.004). In addition, a Kaplan-Meier curve of renal survival showed significantly
higher renal progression in patients in the high NGAL group (log rank, p = 0.004).
Conclusions: In patients with IgAN, high serum and urine NGAL levels at the
time of kidney biopsy predict renal progression.

Keywords: Glomerulonephritis, IGA; Prognosis; Serum neutrophil gelatinase-
associated lipocalin; Tubular biomarker; Urine neutrophil gelatinase-associated
lipocalin

INTRODUCTION

Immunoglobulin A nephropathy (IgAN) is the most
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prevalent glomerular disease in most countries, and
shows a diverse clinical course. Previous large-scale
studies reported that 25% of patients will have end-stage
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renal disease (ESRD) 20 years after diagnosis, and an ad-
ditional 20% will have progressive impairment of renal
function [1]. According to the Kidney Disease: Improv-
ing Global Outcomes (KDIGO) guideline of 2012, pro-
teinuria, blood pressure, and kidney biopsy findings at
presentation are associated with risk of ESRD and the
doubling of serum creatinine levels [2]. Among these,
proteinuria > 1 g/day is a powerful independent predic-
tor of accelerated renal function decline [3,4]. Recently,
Working Group of the International IgA Nephropathy
Network and the Renal Pathology Society [5] reported
that tubulointerstitial injury at kidney biopsy played an
important role in the progression of IgAN, and several
studies have focused on tubular biomarkers for the pre-
diction of renal progression in patients with IgAN [6-8].

Neutrophil gelatinase-associated lipocalin (NGAL) is a
25 kDa acute-phase protein originally purified from hu-
man neutrophils that were markedly induced in injured
epithelial cells [9]. When tubule damage occurs, NGAL
mRNA expression is significantly upregulated in the
distal nephron segment for cellular proliferation and
differentiation [10,11]. Increased NGAL protein is re-
leased into the circulation, freely filtered by the glomer-
ulus and reabsorbed in the proximal tubules [6]. Thus,
following tubular damage, both serum and urine NGAL
excretion is increased.

Urinary NGAL is closely associated with the biopsy
findings of early tubulointerstitial injury in IgAN [8].
However, no study determined the prognostic signifi-
cance of serum or urine NGAL in patients with IgAN.
In this study, we investigated whether serum or urine
NGAL predicts prognosis in patients with IgAN.

METHODS

Subjects

We performed a retrospective analysis of adult patients
who were diagnosed with IgAN by kidney biopsy be-
tween January 2005 and December 2010 at Pusan Na-
tional University Hospital, Busan, Korea. We excluded
patients with other causes of IgA-positive glomerular
staining (Henoch-Schonlein purpura or liver disease),
diabetes, acute and chronic persistent infection, thyroid
dysfunction, neoplasm, or chronic inflammatory disor-
ders. All of the serum and urine samples at the time of
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kidney biopsy were preserved in a frozen state accord-
ing to the standard kidney biopsy protocol of our clinic.
Local Ethics Committee approval was obtained for the
anonymous analyses of routinely collected clinical data,
with a waiver of informed consent (E-2012119).

Data collection and patient follow-up

Patients regularly visited the clinic at intervals of 2 to
4 months after their diagnosis of IgAN. Baseline data
and data during the follow-up periods were collected.
The parameters collected at baseline included gender,
age, history of hypertension, and biochemical data at
the time of kidney biopsy and total protein, albumin,
serum blood urea nitrogen (BUN), serum creatinine,
and the spot urine protein/creatinine ratio (PCR). Blood
and urine samples on the day of kidney biopsy were pre-
served, and the samples were centrifuged at 3,000 rpm
for 10 minutes, and stored at —-80°C until assayed. Fol-
low-up laboratory data included serum BUN and creat-
inine. The estimated glomerular filtration rate (eGFR)
was calculated by the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equation [12], and renal
progression was defined as an eGFR decline > 50% from
baseline or progression to ESRD. For patients with renal
progression, the follow-up period was calculated as the
interval between kidney biopsy and the first time point
of recognized renal progression. For patients without
renal progression, the period was calculated as the in-
terval between kidney biopsy and the last visit. The kid-
ney biopsy specimens were re-evaluated by a pathologist
blinded to the patients’ outcome. The histologic find-
ings were classified according to the Oxford classifica-
tion criteria [5]. In this classification, tubule and inter-
stitial status were classified according to the extent of
tubule atrophy/interstitial fibrosis: To < 25%; T1 25% to
50%; T2 > 50%.

Measurements of serum and urine NGAL

Both serum and urine NGAL were measured using an
enzyme-linked immunosorbent assay kit (R&D Systems,
Minneapolis, MN, USA) based on the manufacturer’s in-
structions. The interassay and intra-assay variability for
serum and urine NGAL were 5.6% to 7.9% and 3.6% to
4.4%, respectively. The detection limit of the assay was
o.012 ng/mL. The spot urine level of NGAL was normal-
ized to the urinary creatinine concentration (NGAL/Cr).
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Definition of serum and urine NGAL levels

High serum NGAL was defined as a level > 150 ng/mL, in
accordance with the reference value of serum NGAL at
our clinic. As the reference value of the urine NGAL/Cr
ratio had not been established in our clinic, we defined
high urine NGAL/Cr as a level greater than the median
value of our cohort. We further classified patients whose
serum and urine NGAL levels were both elevated as
those in the high NGAL group.

Statistical analysis

The data were analyzed using SPSS version 17.0 (SPSS
Inc., Chicago, IL, USA). For continuous variables, the
means + standard deviation were used for normally dis-
tributed data; otherwise, the median was used. Differ-
ences between the two groups were assessed using Stu-
dent t test or the Mann-Whitney U test for continuous
variables; the chi-square test was used for categorical
variables. Differences between baseline and follow-up
data were assessed using a paired t test. Differences be-
tween the three groups were assessed using the one-way
analysis of variance test or Kruskal-Wallis test. Pearson
or Spearman correlation coefficients were used as ap-
propriate to test for correlations between tubulointersti-
tial damage and other variables. To evaluate prognostic
factors for renal progression, non-parametric variables
were Ln-transformed to achieve normality; after trans-
formation of the variables, we performed univariable
and multivariable analyses using Cox regression anal-
ysis. A multivariable analysis was performed with two
different models. In model I, age, gender, the presence
of hypertension, use of steroids, use of immunosup-
pressants, serum albumin, eGFR, serum Ln-NGAL,
urine PCR, urine Ln-NGAL/Cr, and T2 were adjusted. In
model II, the high NGAL group was adjusted instead of
serum Ln-NGAL and urine Ln-NGAL/Cr. To illustrate
the effect of the high NGAL group on renal progression,
a Kaplan-Meier curve for cumulative renal survival was
constructed. A p < 0.05 was considered statistically sig-
nificant.

RESULTS

Patient characteristics and histopathologic features
A total of 121 patients were enrolled in this study (Fig. 1).
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139 Pateints were diagnosed to
IgAN by kidney biopsy
from 2005 and 2010 in PNUH
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]
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121 Study patients were left

Figure 1. Flow chart diagramming the patient enrollment
and exclusion processes. IgAN, immunoglobulin A ne-
phropathy; PNUH, Pusan National University Hospital.

The patients’ mean age was 32.74 + 13.16 years, and 59.5%
of the patients were male. Of the patients, 18.2% had hy-
pertension at baseline, and the mean serum creatinine
levels and eGFR were 0.99 + 0.45 mg/dL and 96.33 +32.39
mL/min/1.73 m?, respectively. The median serum NGAL
level was 81.83 ng/mL (range, 53.64 to 133.27). All of the
patients had microscopic hematuria, and their median
urine PCR was 687.70 mg/g (range, 242.65 t0 1,393.23). The
median level of urinary NGAL/Cr was 6.21 ng/mg (range,
2.98 to 13.61). In our cohort, 14.0% of the patients were
classified as belonging to the high NGAL group. The
other baseline characteristics and distribution of histo-
logic lesions according to the Oxford classification are
summarized in Table 1.

Correlations between serum or urine NGAL and
baseline clinical/histological parameters

Serum NGAL was negatively correlated with baseline
eGFR (r = —0.225, p = 0.015), and was positively correlat-
ed with baseline urine PCR (r = 0.201, p = 0.030). Urine
NGAL/Cr was negatively correlated with baseline eGFR
(r = —0.186, p = 0.045) and baseline serum albumin (r =
-0.315, p = 0.001). There was no relationship between se-
rum NGAL and urine NGAL/Cr. Belonging to the high
NGAL group was positively correlated with urine PCR
(r = 0.280, p = 0.002) and negatively correlated with se-
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Characteristic At baseline (n = 121) Follow-up (n = 121) pvalue
Male, % 59.5 -
Age, yr 32.74 +13.16 -
Hypertension, % 18.2 -
Hemoglobin, g/dL 14.85+9.21 -
Total protein, g/dL 6.86 +0.88 -
Serum albumin, g/dL 4.18 +£0.69 -
Blood urea nitrogen, mg/dL 1432 £5.34 17.71 £12.50 0.045
Creatinine, mg/dL 0.99 £ 0.45 1.31+1.23 <0.001
eGFR (CKD-EPI), mL/min/1.73 m* 06.33 £32.39 83.41 £30.40 <o0.001
Renal progression, % 0 7.4 NA
Serum NGAL, ng/mL 81.83 (53.64-133.27) -
Urine protein/urine Cr, mg/g 687.70 (242.65-1,393.23) -
Urine NGAL/urine Cr, ng/mg 6.21(2.98-13.61) -
High NGAL group, % 14.0 -
Use of ACEi/ARB, % 74.4 85.0 <0.001
Use of steroid, % 10.7 21.7 < 0.001
Use of other immunosuppressant, % - 19.8 NA
Oxford classification, %

M1 52.1 -

S1 73-9 =

E1 43.7 -

T1 11.8 -

T2 5.9 -

Values are presented as mean + SD or median (range).

eGFR, estimated glomerular filtration rate; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; NA, not available;
NGAL, neutrophil gelatinase-associated lipocalin; Cr, creatinine; ACEi, angiotensin-converting-enzyme inhibitor; ARB, an-

giotensin receptor blocker.

rum albumin (r = —0.243, p = 0.007), but not with baseline
eGFR. When we compared serum and/or urine NGAL
levels according to the histologic status of the tubules
and interstitium, we could not find any significant in-
creasing or decreasing trend in serum and/or NGAL lev-
els. Only eGFR and urine PCR showed a decreasing and
increasing trend in accordance with progressive tubule
damage (Table 2).

Treatment of IgAN during the follow-up period

During the median follow-up period of 41.49 months,
85.0% of the patients were prescribed angiotensin-con-
verting-enzyme inhibitor/angiotensin receptor blocker,
and steroid treatment was performed in 21.7% of the
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patients. Immunosuppressants other than steroids were
used in 19.8% of the patients. In our cohort, azathio-
prine, mycophenolate mofetil, and cyclosporine were
used. Differences in the use of immunosuppressants
according to the serum and/or urine NGAL status are
summarized in Table 3. More steroids and immunosup-
pressants were prescribed to patients in the high NGAL
group. Despite these treatments, mean eGFR declined
and renal progression was found in nine patients (7.4%)
(Table 1).

Predictors of renal progression in patients with IgAN

In our cohort, renal progression was found in nine pa-
tients (7.4% of patients). In univariate analysis, lower se-
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Table 2. Levels of clinical biomarkers according to the tubular histologic status

Variable To T1 T2 pvalue
Serum NGAL, ng/mL 77.34 (52.64-134.22) 74.78 (64.96-127.50) 114.92 (86.88-146.42) 0.151
Urine NGAL/Cr, ng/mg 6.14(3.06-13.37) 11.81 (4.23—46.67) 5.68 (2.38-10.88) 0383
High NGAL group, % 12.2 21.4 28.6 0.151
eGFR, mL/min/1.73 m? 102.90 + 28.53 83.79 £32.30 61.14 +14.62 < 0.001
Urine PCR, mg/g 546.65(230.50-1,203.20)  1,328.08 (626.32-3,322.57)  1,261.00 (832.10-3,427.80) 0.001

Values are presented as median (range) or mean + SD. T represents tubular atrophy/interstitial fibrosis, To/T1/T2 (< 25%, 25% to
50%, > 50%). High NGAL levels represent patient group whose serum NGAL level was > 150 ng/mL and urine NGAL/Cr 6.2 ng/mg.
NGAL, neutrophil gelatinase-associated lipocalin; Cr, creatinine; eGFR, estimated glomerular filtration rate; PCR, protein/
creatinine ratio.

Table 3. Difference in the treatment according to the serum and/or urine neutrophil gelatinase-associated lipocalin levels

during the follow-up period

. ACEi/ARB Steroid Other immunosuppressant®
Variable
% pvalue % pvalue % pvalue

Serum NGAL, ng/mL 0.040 0.183 0.025

=150 03.2 273 29.5

<150 78.9 16.9 12.7
Urine NGAL/Cr, ng/mL 0.001 0.151 0.050

>06.2 94.9 27.1 27.1

<6.2 73.2 16.1 12.5
High NGAL group 0.062 0.035 0.003

Yes 100 41.2 47.1

No 82.5 18.4 15.5

ACE], angiotensin-converting-enzyme inhibitor; ARB, angiotensin receptor blocker; NGAL, neutrophil gelatinase-associated

lipocalin; Cr, creatinine.

*Other immunosuppressants include azathioprine, mycophenolate mofetil, and cyclosporine.

rum albumin (hazard ratio [HR], 0.32; 95% confidence
interval [CI], 0.12 to 0.86; p = 0.024), the high NGAL group
(HR, 1.72; 95% CI, 1.25 to 17.79; p = 0.022) and T2 lesions
(HR, 9.71; 95% CI, 2.30 to 40.96; p = 0.002) were associated
with renal progression. In the multivariate analysis that
adjusted for age, gender, the presence of hypertension,
use of steroids, use of immunosuppressants, serum al-
bumin, eGFR, serum Ln-NGAL, urine PCR, urine Ln-
NGAL/Cr and T2, lower serum albumin and T2 lesions
independently predicted renal progression, although
serum or urine NGAL levels alone could not predict re-
nal progression. When we adjusted for the high NGAL
group instead of serum Ln-NGAL and urine Ln-NGAL/
Cr, the high NGAL group and T2 lesions were found to
be independent prognostic factors for the prediction
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of renal progression (Table 4). When the renal survival
curve was adjusted, the high NGAL group showed sig-
nificantly lower renal survival compared to the other
patients (Fig. 2).

DISCUSSION

In patients with IgAN, tubulointerstitial injury is an
important predictive factor for renal progression, and
NGAL is one of the most representative tubular bio-
markers. In our study, advanced tubulointerstitial in-
jury (T2) at kidney biopsy and belonging to the high
NGAL group were important prognostic factors for the
prediction of renal progression. By our definition, pa-
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Table 4. Hazard ratios and confidence intervals of baseline predictors of progression after multivariate regression analysis

Model I Model IT
Variable
HR 95% CI pvalue HR 95% CI pvalue
Serum albumin, g/dL 0.15 0.03—0.88 0.036 NS NS NS
High NGAL levels - - - 5.56 1.42—21.73 0.014
T2, % 631 1.36-29.17 0.018 8.79 2.01-38.51 0.004

Factors were adjusted for age, gender, the presence of hypertension, use of steroid, use of immunosuppressant, serum albu-

min, estimated glomerular filtration rate, serum log transformed-neutrophil gelatinase-associated lipocalin (Ln-NGAL), urine
protein/creatinine ratio, urine Ln-NGAL/creatinine (Cr) and T2 in model I. In the model II, the group of patients with high
NGAL levels adjusted instead of serum Ln-NGAL and urine Ln-NGAL/Cr.

HR, hazard ratio; CI, confidence interval; NS, not significant.
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Figure 2. Kaplan-Meir renal survival curve between pa-
tients in the high neutrophil gelatinase-associated lipocalin
(NGAL) group and other patients (log rank, p = 0.004).

tients in the high NGAL group comprised 14.0% of the
cohort. When we compared renal survival between pa-
tients in the high NGAL group and other patients, renal
progression was significantly increased in the former
group. However, the histologic status of the high NGAL
group was not associated with advanced tubule injury at
biopsy, and only eGFR and urine PCR levels represented
tubule injury. Thus, in our cohort, belonging to the high
NGAL group predicted renal progression, independent
of tubulointerstitial fibrosis.

NGAL was first identified as an early biomarker of
acute kidney injury. NGAL is the most upregulated gene
in the kidney very early after acute injury in animal
models [13,14], and many studies have been published
on the predictive value of urine or serum NGAL after
cardiac surgery, contrast injection, or kidney transplan-
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tation [15-20]. Recently, one study reported that serum
or urine NGAL had prognostic power for renal progres-
sion, even in CKD patients [21]. However, the prognostic
significance of serum or urine NGAL has not been clear-
ly identified in the context of IgAN. In the study by Pe-
ters et al. [7], various urinary tubule markers, including
kidney injury molecule 1 (KIM-1) and NGAL, were stud-
ied with regard to their prognostic significance. In that
study, urinary KIM-1 was found to be an independent
predictor of ESRD in patients with IgAN, whereas uri-
nary NGAL was not a predictor of renal progression [7].
In the present study, urine or serum NGAL was not pre-
dictive of renal progression, although advanced tubule
injury (T2) significantly predicted renal progression.
The commonality of these studies is that urine NGAL
levels did not represent advanced tubulointerstitial fi-
brosis. Although urinary NGAL was positively correlated
with early tubulointerstitial injury (Lee grade II, IIT) in
the study by Ding et al. [§], the authors did not report its
relationship to advanced tubulointerstitial injury (Lee
grade IV, V). Peters et al. [7] analyzed the association of
all staged tubulointerstitial damage (Oxford To to T2)
with NGAL excretion, and the urinary NGAL level did
not correlate with tubulointerstitial score. In the pres-
ent study, the urine NGAL/Cr level peaked at T1; for T?,
its level decreased to that of To. This finding suggested
that urinary NGAL excretion only reflects early tubule
damage and cannot reflect advanced tubule damage, as
NGAL mRNA is no longer expressed in response to tu-
bule damage by atrophic tubular cells [10,11,22].

We found that serum NGAL level was positively cor-
related with eGFR. As reported previously, serum NGAL
is elevated in patients with renal dysfunction [23-25], and
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renal dysfunction at presentation has consistently been
related to the risk of ESRD. However, several previous
studies have reported that an initial lower GFR was not
accompanied by a faster rate of kidney function decline
[26,27]. Thus, in KIDGO 2012, experts commented that,
“proteinuria, blood pressure, and pathological features
should take precedence over initial GFR in the estima-
tion of the future rate of kidney function decline” [2].
For this reason, it is important to distinguish those pa-
tients whose disease is likely to continuously progress to
ESRD, even patients with renal dysfunction at presen-
tation. In our study, serum NGAL alone could not pre-
dict renal progression, whereas high levels of NGAL did
successfully predict renal progression. Although the ex-
act mechanism of this finding is not clear, it is possible
that the combination of serum and urine NGAL levels
provided additional information on the tubular process
involved in progressive renal failure. Thus, increased
serum NGAL represents decreased renal function [23-
25], and increased urine NGAL/Cr represents ongoing
tubule damage [10,11,22].

Our study had several limitations. First, the total fol-
low-up period was relatively short, and the number of
patients with renal progression was relatively small.
Thus, our results should be confirmed in a large popu-
lation with a long-term follow-up period. Second, these
data could not precisely consider the treatment modali-
ty in the analysis of the predictors of renal progression,
because the dose and treatment duration were heteroge-
neous. However, this study is still important, as it is the
first report to reveal the additive role of serum and urine
NGAL in the prediction of renal progression in patients
with IgAN.

In conclusion, NGAL is a sensitive biomarker of tu-
bule damage, and advanced tubule/interstitial injury is
a well-known predictor of renal progression. However,
in patients with IgAN, serum or urine NGAL levels do
not represent the extent of tubulointerstitial fibrosis. In
addition, serum NGAL and urine NGAL/Cr levels could
not predict renal progression. However, a combined
analysis of serum and urine NGAL levels successfully
predicted renal progression in patients with IgAN in
our cohort. This finding indicates that the combined
elevation of serum and urine NGAL excretion provides
additive information on tubular processes in the renal
progression in patients with IgAN.
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KEY MESSAGE

1. Advanced tubulointerstitial injury at baseline
is associated with renal progression in patients
with immunoglobulin A nephropathy (IgAN).

2. Serum or urine neutrophil gelatinase-associat-
ed lipocalin (NGAL) levels are well-known tubu-
lar biomarkers; however, in patients with IgAN,
the levels of these markers do not represent ad-
vanced tubulointerstitial fibrosis. In addition,
serum NGAL or urine NGAL/Cr levels could not
predict renal progression.

3. In patients with IgAN, combined elevation of
serum and urine NGAL levels successfully pre-
dicted renal progression. This finding implies
that, a combination of these markers provides
additive information on tubular process on the
renal progression.

Conflict of interest
No potential conflict of interest relevant to this article
was reported.

Acknowledgments

This study was supported by 2014 Clinical Research
Grant from Pusan National University Hospital. We
sincerely thank Dr. Keun Hyeun Lee at Hemin Korean
Traditional Medical Clinic for collecting the data.

REFERENCES

1. Moranne O, Watier L, Rossert J, Stengel B; GN-Progress
Study Group. Primary glomerulonephritis: an update
on renal survival and determinants of progression. QJM
2008;101:215-224.

2. Chapter 10: immunoglobulin A nephropathy. Kidney Int
Suppl (2011) 2012;2:209-217.

3. Donadio JV, Bergstralh EJ, Grande JP, Rademcher DM.
Proteinuria patterns and their association with sub-
sequent end-stage renal disease in IgA nephropathy.
Nephrol Dial Transplant 2002;17:1197-1203.

4. Goto M, Wakai K, Kawamura T, Ando M, Endoh M, Tom-
ino Y. A scoring system to predict renal outcome in IgA

nephropathy: a nationwide 10-year prospective cohort

http://dx.doi.org/10.3904/kjim.2015.30.3.354


www.kjim.org

Rhee H, et al. NGAL and the prognosis of IgAN

study. Nephrol Dial Transplant 2009;24:3068-3074.
Working Group of the International IgA Nephropathy
Network and the Renal Pathology Society, Roberts IS,
Cook HT, et al. The Oxford classification of IgA nephrop-
athy: pathology definitions, correlations, and reproduc-
ibility. Kidney Int 2009;76:546-550.

Shi B, Ni Z, Cao L, et al. Serum IL-18 is closely associ-
ated with renal tubulointerstitial injury and predicts
renal prognosis in IgA nephropathy. Mediators Inflamm
2012;2012:728417.

Peters HP, Waanders F, Meijer E, et al. High urinary ex-
cretion of kidney injury molecule-1 is an independent
predictor of end-stage renal disease in patients with IgA
nephropathy. Nephrol Dial Transplant 2011;26:3581-3588.
Ding H, He Y, Li K, et al. Urinary neutrophil gelati-
nase-associated lipocalin (NGAL) is an early biomarker
for renal tubulointerstitial injury in IgA nephropathy.
Clin Immunol 2007;123:227-234.

Mishra J, Mori K, Ma Q, et al. Amelioration of ischemic
acute renal injury by neutrophil gelatinase-associated li-

pocalin. J Am Soc Nephrol 2004;15:3073-3082.

10. Devarajan P. Review: neutrophil gelatinase-associated

11.

12.

13.

lipocalin: a troponin-like biomarker for human acute
kidney injury. Nephrology 2010;15:419-428.

Schmidt-Ott KM, Mori K, Li JY, et al. Dual action of neu-
trophil gelatinase-associated lipocalin. ] Am Soc Nephrol
2007;18:407-413.

Matsushita K, Tonelli M, Lloyd A, et al. Clinical risk im-
plications of the CKD Epidemiology Collaboration (CKD-
EPI) equation compared with the Modification of Diet
in Renal Disease (MDRD) Study equation for estimated
GFR. Am J Kidney Dis 2012;60:241-249.

Supavekin S, Zhang W, Kucherlapati R, Kaskel FJ, Moore
LC, Devarajan P. Differential gene expression following
early renal ischemia/reperfusion. Kidney Int 2003;63:1714-

1724.

14. Yuen PS, Jo SK, Holly MK, Hu X, Star RA. Ischemic and

15.

16.

nephrotoxic acute renal failure are distinguished by
their broad transcriptomic responses. Physiol Genomics
2006;25:375-386.

Mishra J, Dent C, Tarabishi R, et al. Neutrophil gelati-
nase-associated lipocalin (NGAL) as a biomarker for acute
renal injury after cardiac surgery. Lancet 2005;365:1231-
1238.

Wagener G, Jan M, Kim M, et al. Association between

http://dx.doi.org/10.3904/kjim.2015.30.3.354

17.

18.

19.

20.

21.

22.

23.

24.

25.

20.

27.

KJIM™

increases in urinary neutrophil gelatinase-associated
lipocalin and acute renal dysfunction after adult cardiac
surgery. Anesthesiology 2006;105:485-491.

Ling W, Zhaohui N, Ben H, et al. Urinary IL-18 and NGAL
as early predictive biomarkers in contrast-induced ne-
phropathy after coronary angiography. Nephron Clin
Pract 2008;108:¢176-c181.

Bachorzewska-Gajewska H, Malyszko J, Sitniewska E, Ma-
lyszko JS, Dobrzycki S. Neutrophil-gelatinase-associated
lipocalin and renal function after percutaneous coronary
interventions. Am ] Nephrol 2006;26:287-292.

Hall IE, Yarlagadda SG, Coca SG, et al. IL-18 and urinary
NGAL predict dialysis and graft recovery after kidney
transplantation. ] Am Soc Nephrol 2010;21:189-197.
Parikh CR, Jani A, Mishra J, et al. Urine NGAL and IL-
18 are predictive biomarkers for delayed graft function
following kidney transplantation. Am ] Transplant
2000;6:1639-1645.

Bolignano D, Lacquaniti A, Coppolino G, et al. Neutrophil
gelatinase-associated lipocalin (NGAL) and progression of
chronic kidney disease. Clin ] Am Soc Nephrol 2009;4:337-
344.

Mori K, Nakao K. Neutrophil gelatinase-associated lipo-
calin as the real-time indicator of active kidney damage.
Kidney Int 2007;71:967-970.

Aghel A, Shrestha K, Mullens W, Borowski A, Tang WH.
Serum neutrophil gelatinase-associated lipocalin (NGAL)
in predicting worsening renal function in acute decom-
pensated heart failure. ] Card Fail 2010;16:49-54.
Bolignano D, Lacquaniti A, Coppolino G, Campo S, Arena
A, Buemi M. Neutrophil gelatinase-associated lipocalin
reflects the severity of renal impairment in subjects af-
fected by chronic kidney disease. Kidney Blood Press Res
2008;31:255-258.

Poniatowski B, Malyszko J, Bachorzewska-Gajewska
H, Malyszko JS, Dobrzycki S. Serum neutrophil gelati-
nase-associated lipocalin as a marker of renal function
in patients with chronic heart failure and coronary artery
disease. Kidney Blood Press Res 2009;32:77-80.

Geddes CC, Rauta V, Gronhagen-Riska C, et al. A triconti-
nental view of IgA nephropathy. Nephrol Dial Transplant
2003;18:1541-1548.

Fellin G, Gentile MG, Duca G, D’Amico G. Renal func-
tion in IgA nephropathy with established renal failure.
Nephrol Dial Transplant 1988;3:17-23.

www.kjim.org 361


www.kjim.org

