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Abstract: To investigate the relationship between the levels of urinary neutrophil gelatinase-associated lipocalin
(NAGL) and activity of tubulointerstitial lesions in patients with lupus nephritis (LN), and to find a new biomarker
reflecting renal tubulointerstitial lesions activity in LN. Kidney tissues were collected from 60 patients, including
39 cases of active group and 21 cases of inactive group, who were diagnosed with LN for the first time. As control
group, normal kidney tissues were collected from 10 patients, who had accepted nephrectomy because of injury
or benign tumor. An immunohistochemistry was performed to detect the NGAL levels in kidney tissues. The NGAL
levels in blood and urine samples were investigated using ELISA. The levels of urinary NAGL in patients of LN active
group were significantly higher than that in LN inactive group and control group, and were positively correlated with
24-hour urinary protein excretion (24 h UP), SLE disease activity index (SLEDAI), renal activity index of SLE patients
(R-SLEDAI), glomerular activity index (GAI), tubulointerstitial activity index (TLAI), and activity Index (AI). The levels of
NGAL in kidney of LN patients were higher than that in control group, and were positively correlated with serum creatinine (SCr), erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), GAI, TLAT and AI. NAGL levels in urine
and kidney tissues of LN patients exhibited a significant up-regulating trend, in accordance with the severity of renal
tubulointerstitial lesions. Urinary NAGL levels can be treated as a sensitive indicator of LN activity, tubulointerstitial
lesions activity and severity.
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Introduction
Lupus nephritis (LN) is one of the most common and severe complication of systemic lupus
erythematosus (SLE) with an incidence up to
60% [1], and is one of the main factors affecting SLE prognosis [2]. It has already been
reported that 10% to 26% of LN patients can
develop into renal disease of end stage [3]. So,
early monitoring and effective treatment of LN
is very important to the prevention of kidney
failure.
Previous studies have shown that renal tubulointerstitial lesions of LN patients, including
tubulointerstitial inflammation, epithelial cell
necrosis and interstitial scarring, are not secondary to glomerular injury, but the independent risk factor of LN [4, 5]. Renal tubulointerstitial lesions can predict progression and
prognosis of kidney disease even better than
tubular lesions [6]. Currently, renal biopsy is still
the gold standard of LN diagnosis and evalua-

tion of renal tubulointerstitial lesions severity,
and can directly reflect the severity of acute or
chronic lesions of LN patients. However, the
invasion and risk limit the repeated implementation of renal biopsy [7]. Besides, serum creatinine, 24-hour creatinine clearance rate, 24-hour
urinary protein quantity, anti-ds-DNA antibody
and titer cannot reflect kidney pathological changes of LN patients exactly [8]. Therefore,
searching for clinical marker reflecting renal
tubulointerstitial lesions and their activities in
LN patients in early stage is of great significance in treatment and prognosis of LN.
Neutrophil gelatinase-associated lipocalin (NGAL) is a small molecular protein of 25 KD, which
belongs to apolipoprotein family [9]. Urinary
NGAL can be used as an early diagnostic marker of acute kidney injury, diabetic nephropathy and contrast-induced nephropathy [10-12].
Moreover, urinary NGAL level can be used as
clinical standard reflecting LN disease activity
[13]. However, the relationship between urinary
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NGAL level and tubulointerstitial lesions in LN
is rarely reported. This paper aims to detect
NGAL levels in blood, urine and kidney tissues
of LN patents, to analyze the association between NGAL levels and clinical/pathological
indicators, LN disease activity and tubulointerstitial lesions severity degrees, and to further explore the relationship and clinical significance of urinary NGAL and tubulointerstitial
lesions.
Materials and methods
Subjects
Totally 60 patients diagnosed with LN in the
hospital were collected from December 2011
to January 2014. All the patents must meet the
following conditions: (1) Diagnostic criteria formulated by American Rheumatism Association
on 1997. LN was diagnosed by renal biopsy. (2)
Older than 18 years. (3) The prednisone dose
within one month used by active LN patients
should be less than 30 mg per day. Immunosuppressants should not be used. (4) Patients
with primary or secondary kidney diseases,
such as glomerulonephritis, diabetic nephropathy and hypertensive nephropathy, were excluded. (5) Female patients should not be pregnant.
(6) Patients with infections were excluded.
Additionally, 10 patients who had accepted nephrectomy because of renal trauma or benign
tumor were collected as control group. All enrolled subjects have signed informed consent.
The study was approved by the ethics review
board of Affiliated Hospital of Qingdao University.
According to the scoring criteria of SLE disease
activity index (SLEDAI) published on 2000 [14],
the 60 patients mentioned above were divided
into SLE active group (≥9 points) of 39 cases
and SLE inactive group of 21 cases (<9 points).
Renal activity index of SLE patients (R-SLEDAI)
was determined based on the performance of
hematuria, proteinuria, pyuria and tubular urine
of patients, with each of 4 points (The minimum
score was 0 point, and the maximum score was
16 points).
Sample collection
The kidney tissues were collected from the 60
LN patients, and the kidney tissues of 10 control patients were collected as well. Kidney tissues which were more than 5 cm away from
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tumor were collected in patients with benign
tumor. All kidney tissues were confirmed by
microscopy. Clinical samples of patients, including age, serum creatinine (SCr), blood urea
nitrogen (BUN), serum albumin (ALB), complement C3 and C4, erythrocyte sedimentation
rate (ESR), C-reactive protein (CRP) and 24-hour
urinary protein excretion (24 h UP) were collected before and after renal biopsy. The detections of these samples were completed with
the help of test center of the hospital. In addition, blood and urine samples of all the patients
were collected before surgery, centrifuged at
2000 r/min at 4°C, and then stored at -80°C
for further use.
Reagents and instruments
Human lipocalin2 (NGAL) ELISA Kit was purchased from R&D Systems Inc (QC115, Minneapolis, MN, USA). Rabbit anti-human NGAL
polyclonal antibody was purchased from BOSTER Co., Ltd (BA3407, Wuhan, China). Microscope was purchased from Hitachi Japan, Ltd
(SU1510, Tokyo, Japan). HMIAS2 2000 highdefinition color pathological graphic analysis
system was purchased from Qingping Image
Technology Co. Ltd (Wuhan, China).
HE staining and determination of LN pathological scores
Kidney tissues were placed in neutral 10% formalin to be fixed, and then were produced into
slides with a thickness of 3 μm. HE staining
was conducted. The slides were observed using
microscope. LN pathology scores were determined according to the Hill lupus nephritis renal
pathology scores criteria published in 2000
[15]. The judging indicators included glomerular activity index (GAI), tubulointerstitial activity
index (TLAI), renal pathology Activity Index (AI,
AI = GAI + TLAI) and chronic index (CI). Among
these indicators, TLAI included renal tubular
karyopyknosis, nuclear activation, cell necrosis, cell flat, macrophage infiltration, epithelial
cell loss and interstitial inflammation, each was
0 to 3 points. The proportion of lesions which
was less than 10% was 0.5 points, the proportion of lesions which was more than 10% but
less than 25% was 1 point, the proportion of
lesions which was more than 25% but less than
50% was 2 points, and the proportion of lesions
which was more than 50% was 3 points. Active
LN patients were divided into 4 groups with
different severity degrees according to the
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oped was proportional to the concentration of NGAL in the patient urine
sample.

Table 1. Clinical indicators of all the patients
Items
Cases (n)
Age (year)
24 h UP (g/24 h)
C3 (g/L)
C4 (g/L)
SCr (μmol/L)
BUN (mmol/L)
CRP (mg/L)
ESR (mm/h)
ALB (mmol/L)

Control
group
10
30.26±7.24
0.09±0.35
1.04±0.23
0.37±0.11
86.23±9.82
5.50±1.45
1.7±1.09
10.20±4.47
38.47±2.68

LN group
Active group
Inactive group
39
21
30.32±12.67 30.92±14.73
3.46±1.20a,d
1.35±0.68b
a,d
0.47±0.20
0.71±0.06b
a,c
0.10±0.005
0.24±0.13b
110.42±52.30a,d 78.22±24.78
13.15±9.42a,d
5.80±3.16
47.73±35.34a,c 20.97±18.70b
42.52±36.28a,c 27.19±20.72b
25.32±5.46a
29.19±5.82b

Immunohistochemical staining

The Streptomyces avidin-peroxidase
Quick method (SP) was according to
the instructions. The primary antiNGAL polyclonal antibody was used
with a dilution of 1:200. The results
were analyzed using HMIAS2 2000
high-definition color pathological graphic analysis system and presented by positive target expression index
Note: a, P<0.01 compared with control group. b P<0.05 compared with
(EI). The calculated formula was: posicontrol group. c, P<0.01 compared with LN inactive group. d, P<0.05
tive target average optical density vacompared with LN inactive group.
lue × positive area/(positive area +
negative area) %. The average of EI
from 10 fields expressed in % was taken as the
EI of one slide.
Statistical analysis

Figure 1. NGAL levels in urine and blood of patients
in each group. ELISA was performed to detect NGAL
levels in urine and blood of patients. B. P<0.05 compared with control group. A. P<0.05 compared with
LN inactive group.

Tubulointerstitial lesions score criteria, including the mild group (0 to 4 points), the moderate
group (5 to 8 points), the severe group (9-12
points) and the extremely severe group (more
than 12 points).
ELISA
The NGAL levels in blood and urine of LN
patients were detected by ELISA in accordance
with the instructions of detection kit. Briefly,
micro-plate wells were coated with a monoclonal antibody specific for NGAL. Standards and
samples were pipetted into wells and any NGAL
present was bound by the immobilized antibody. After incubation, the unbound conjugate
was washed off and substrate solution was
added to each well. The intensity of color devel3367

Statistical analysis was conducted using SPSS
19.0 software. Data were presented as means
± standard deviation. Comparison among groups were performed using one-way AVNOA
test when the variance were homogenous, and
using nonparametric rank sum test and LSD-t
test when variance were not homogenous.
The correlation analysis of normally distributed
data was detected using Pearson, and that
of skewed data were analyzed using Spearman. P<0.05 was considered as significant
difference.
Results
Clinical data of patients
In order to detect the changes of related factors of LN patients in vivo, the test center of
hospital was commissioned to conduct related
detections. Compared with control group, levels of several factors of LN active patients,
including 24 h UP, SCr, BUN, CRP, and ESR were
significantly higher (P<0.05). However, levels of
complement C3, C4 and ALB were significantly
lower (P<0.05). In comparison with LN inactive
patients, levels of 24 h UP, SCr, BUN, CRP and
ESR in LN active patients were increased significantly (P<0.05) whereas levels of complement C3 and C4 were decreased significantly
(P<0.05), and there was no significant difference between ALB levels of the two groups
Int J Clin Exp Pathol 2016;9(3):3365-3372
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Figure 2. Renal tubulointerstitial
of different severity degree. To
evaluate severity degrees of renal tubulointerstitial lesions, HE
was conducted and Score Criteria of Renal Tubulointerstitial Lesions was referenced. A. Control
group. B. The mild group. C. The
moderate group. D. The severe
group. E. The extremely severe
group.

Figure 3. NGAL expression in renal
tubulointerstitial of groups with different severity degrees. To detect
NGAL expression in renal tubulointerstitial of groups with different severity degrees, SP was performed.
The yellow areas were NGAL positive expression. A. Control group.
B. The mild group. C. The moderate
group. D. The severe group. E. The
extremely severe group.

(Table 1). These results suggest different immune indicators between LN active patients
and LN inactive patients.
NGAL levels in blood and urine in each group
To determine changes of NGAL levels in blood
and urine of patients in different groups, ELISA
was performed. NGAL levels in blood of LN
patients, neither active group nor inactive
group, were not significantly different from control group (P>0.05). However, urinary NGAL levels of LN patients were significantly higher than
3368

control group (P<0.05), moreover, urinary NGAL
levels of active LN patients were significantly
higher than that of inactive LN patients (P<0.05)
(Figure 1). These results suggest the higher urinary NGAL levels in active LN patients compared to that in inactive LN patients.
NGAL levels in urine and kidney tissues of active LN patients with different severity degrees
of tubulointerstitial lesions
To explore the relationship between severity
degrees of tubulointerstital lesions and NGAL
Int J Clin Exp Pathol 2016;9(3):3365-3372
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Table 2. Correlation analysis between clinical/pathological indicators of NGAL levels in
urine and kidney of LN active patients
Items
SCr
BUN
ESR
CRP
C3
C4
eGFR
SLEDAI
R-SLEDAI
ALB
24 h UP
GAI
TLAI
AI
CI
Figure 4. Analysis of NGAL levels in LN patients. A.
Urinary NGAL levels in LN patients with different severity degrees of renal tubulointerstitial lesions. ELISA was used to detect urinary NGAL levels in different groups. a, P<0.05 compared with the mild group.
b, P<0.05 compared with the moderate group. c,
P<0.05 compared with the severe group. B. Renal
tubulointerstitial NGAL expressions in LN patients
with different severity degrees of renal tubulointerstitial lesions. NGAL expressions were presented as
EI, which was calculated with the formula: positive
target average optical density value × positive area/
(positive area + negative area) %. a, P<0.05 compared with the mild group. b, P<0.05 compared with
the moderate group. c, P<0.05 compared with the
severe group.

levels in urine and kidney tissues in active LN
patients, the severity degrees of tubulointerstitial lesions were determined firstly using score
criteria of tubulointerstital lesions and HE staining of kidney slices. Figure 2A represented normal renal interstitial tissue. Active LN patients were divided into four groups with different
severity degrees of tubulointerstitial lesions,
including the mild group (Figure 2B), the moderate group (Figure 2C), the severe group (Figure
2D) and the extremely severe group (Figure
2E). As presented, the more severe the disease, the more severe renal interstitial injury
and inflammatory cell infiltration and proliferation. After that, NGAL levels in urine and kidney
tissues of active LN patients of the four groups
were detected using ELISA and SP, respectively.
3369

Urinary NGAL
levels
r
P
0.322
0.149
0.146
0.473
0.215
0.397
0.105
0.673
-0.252
0.292
-0.142
0.562
-0.318
0.182
0.473 0.046*
0.522 0.035*
0.079
0.742
0.460 0.049*
0.467 0.043*
0.626 0.020*
0.611 0.036*
0.298
0.216

NGAL levels in
kidney
r
P
0.606 0.028*
0.322
0.149
0.742 0.012*
0.619 0.021*
-0.297
0.251
-0.218
0.331
-0.245
0.121
0.325
0.147
0.450
0.051
0.213
0.409
0.262
0.281
0.611 0.036*
0. 467 0.043*
0.473 0.046*
0.324
0.163

Note: *P<0.05. SCr, serum creatinine; BUN, blood urea
nitrogen; ESR, erythrocyte sedimentation rate; CRP,
C-reactive protein; C3, complement 3; C4, complement
4; eGFR, estimated glomerular filtration rate; SLEDAI,
systemic lupus erythematosus disease activity index; RSLEDAI, renal activity index of SLE patients; ALB, serum
albumin; 24 h UP, 24-hour urinary protein excretion; GAI,
glomerular activity index; TLAI, tubulointerstitial activity
index; AI, activity index; CI, chronic index.

In normal renal tissues presented in Figure 3A,
no NGAL expression was found. However, NGAL
levels in renal tissues were increased gradually
while the severity degrees increased gradually
(Figures 3B, 3E, 4B) (P<0.05). Meanwhile, levels of urinary NGAL were increased gradually
along with the increase of severity degrees of
renal tubulointerstitial lesions as well, especially in the extremely severe group (Figure 4A)
(P<0.05). The results indicate that the more
sever renal tubulointerstitial lesions, the higher
NGAL levels in renal tissues and urine.
Correlation analysis of NGAL levels in urine
and kidney of active LN patients and clinical/
pathological indicators
To clarify the correlation of NGAL levels in urine
and kidney of active LN patients and clinical/
pathological indicators, correlation analysis using Pearson and Spearman were conducted. It
was shown that urinary NGAL levels of active
LN patients were positively correlated with 24 h
Int J Clin Exp Pathol 2016;9(3):3365-3372
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UP, SLEDAI, R-SLEDAI, GAI, TLAI and AI (P<
0.05), and negatively correlated with SCr, BUN,
CRP, ESR, ALB, complement C3 and C4, eGFR
and CI (P>0.05). There were positive correlations between NGAL levels in kidney of active
LN patients and SCr, BUN, ESR CRP, GAI, TLAI
and AI (P<0.05), however, there was no correlation between NGAL levels in kidney of active LN
patients and ALB, 24 h UP, complement C3 and
C4, eGFR, R-SLEDAI, SLEDAI and CI (P>0.05)
(Table 2).
Discussion
LN is one of the main factors influencing the
prognosis and mortality in SLE patients. It has
been reported that a variety of kidney damages may occur in up to 50% of SLE patients,
including asymptomatic proteinuria and/or hematuria, nephritic syndrome, nephrotic syndrome, even rapidly progressive glomerulonephritis [16]. As the independent participant of LN
onset, tubulointerstitial lesions not only develop following glomerular injury, but are closely
related with manifestations and prognosis of
patients [17]. Therefore, the understanding of
tubulointerstitial lesions may play important
roles in condition evaluations, treatment programs and prognosis assessment of LN patients. To a certain degree, SLEDAI and R-SLEDAI can reflect disease progression and help
to guide treatment and recurrence in LN patients [18, 19]. However, SLADAI and R-SLEDAI
can not reflect the pathological changes in
kidney.
Thus, renal biopsy is still the “golden standard”
evaluating tubulointerstitial lesions and their
severity, but the invasion and risk limit its clinical use. It is of great significance to find a clinical marker which can reflect tubulointerstitial
lesions sensitively.
Urinary NGAL levels can be the sensitive biomarkers of early acute kidney injury [20, 21],
and the effective markers which can reflect LN
incidence, monitor LN activity and predict children LN recurrence as well [22, 23]. However,
the relationship between urinary NGAL levels
and tubulointerstitial lesions in LN patients is
rarely reported. In research of Alharazy SM et
al. [24] on 100 LN patients including 47 active
ones and 53 inactive ones, urinary NGAL levels
are significantly related with SLEDAI, and can
be taken as sensitive indicator predicting progression of recurrent LN. But the relation be3370

tween urinary NGAL levels and tubulorinterstitial lesions in LN was not explored in this
research [24]. In this paper, it was found that
the urinary NGAL levels of active LN patients
were significantly higher than that of control
patients and inactive LN patients. Additionally,
urinary NGAL levels of active LN patients were
positive correlated with several clinical/pathological indicators, such as 24 h UP, SLEDAI,
R-SLEDAI, GAI, TLAI and AI, meaning urinary
NGAL levels can reflect disease activity of LN,
which is consistent with results reported by
Suzuki M [25]. Moreover, urinary NGAL levels of
active LN patients increased gradually not only
along with increased NGAL levels in kidney, but
along with increased degrees of tubulonterstitial lesions in this paper. All the results indicate
that urinary NGAL levels can be a noninvasive,
effective and sensitive indicator monitoring
degrees of tubulointerstitial lesions severity in
LN patients, and may help to adjust the treatment in time.
Until now, the reason for the increased urinary
NGAL levels in tubulointerstitial lesions is still
unclear. As reported previously, NGAL can regulate the morphogenesis of renal tubular epithelial cells [26], and is involved in kidney formation via regulating cell growth as an iron
transport protein. Levels of NGAL are usually
low in kidney, lung and stomach physically [27].
However, NGAL can protect renal tubular cells
from injury and promote cell proliferation in
ischemic renal injury due to its resistance to
apoptosis [28]. In renal ischemia, levels of NGAL increase, and the expression areas are
consistent with the locations of renal tubular
epithelial cells [29]. The results indicate that
the generation of renal tubular epithelial cells
may be induced by the up-regulation of NGAL.
Meanwhile, Bolignano et al. indicated that impaired renal tubular cells may protect kidney tissue through receptor mediated oxidative
stress and apoptosis which are induced by
increased NGAL levels [30]. In combination
with results of this paper, we speculate that the
main cause of increased urinary NGAL levels in
tubulointerstitial lesions of active LN patients is
the increased NGAL levels secreted by renal
tubulointerstitial cells. NGAL may involve in
renal tubular regeneration after the impairment
of renal tubular epithelial cells and delay the
progression of renal tubulointerstitial lesions in
LN, which is consistent with research of Morik
et al. [31].
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This study explored the relationship between
urinary NGAL levels and activity of renal tubulointerstitial lesions in LN patients for the first
time. However, the present study has some
limitations. (1) This study is a retrospective analysis. The relationship between urinary
NGAL levels and renal tubulointerstitial lesions
in LN patients was not explored dynamically,
and the prognosis of selected subjects was not
monitored. (2) This study is a single-center
study. The blood and urine samples of subjects
may be affected by different drugs, infections
or potential diseases. (3) There were not enough subjects in this study. This may lead to
biased results.
In conclusion, urinary NGAL levels may reflect
the activity and severity of renal tubulointerstitial lesions in LN patients. Thus, urinary NGAL
levels can be applied in monitoring LN activity, evaluating LN progression and guiding the
rational diagnosis and treatment of LN. However, the exact mechanism should be further
explored with a larger sample size.

[5]

[6]

[7]

[8]

[9]

Acknowledgements
This work was supported by grant of “The relationship between the podocytes injury and
the changes of lymphocyte subsets in patients
with lupus nephritis” (Grant No. 2012-1-3-2-(2)nsh).
Disclosure of conflict of interest

[10]

[11]

None.
Address correspondence to: Ruixia Ma, Department of Nephrology, Affiliated Hospital of Qingdao
University, 16 Jiang Su Road, Shinan District, Qingdao 266003, China. Tel: +86-13791936398; Fax:
+86-532-82911790; E-mail: qddxmrx@163.com

[12]

References

[13]

[1]
[2]

[3]

[4]

3371

Singh S and Saxena R. Lupus nephritis. Am J
Med Sci 2009; 337: 451-60.
Bastian HM, Alarcon GS, Roseman JM, McGwin
G Jr, Vilá LM, Fessler BJ, Reveille JD; LUMINA
Study Group. Systemic lupus erythematosus in
a multi-ethnic US cohort (LUMINA) XLII: Factors
predictive of new or worsening proteinuria.
Rheumatology (Oxford) 2007; 46: 683-9.
Fiehn C. Early diagnosis and treatment in lupus nephritis: how we can influence the risk for
terminal renal failure. J Rheumatol 2006; 33:
1464-6.
Yu F, Wu LH, Tan Y, Li LH, Wang CL, Wang WK,
Qu Z, Chen MH, Gao JJ, Li ZY, Zheng X, Ao J,

[14]
[15]

[16]

Zhu SN, Wang SX, Zhao MH, Zou WZ and Liu G.
Tubulointerstitial lesions of patients with lupus
nephritis classified by the 2003 International
Society of Nephrology and Renal Pathology Society system. Kidney Int 2010; 77: 820-9.
Hill GS, Delahousse M, Nochy D, Mandet C and
Bariéty J. Proteinuria and tubulointerstitial lesions in lupus nephritis. Kidney Int 2001; 60:
1893-903.
Hsieh C, Chang A and Guttikonda R. Tubulointerstitial inflammation and scarring predict outcome in lupus nephritis. Arthritis Care Res
(Hoboken) 2011; 63: 865-74.
Susianti H, Iriane VM, Dharmanata S, Handono K, Widijanti A, Gunawan A and Kalim H.
Analysis of urinary TGF-β1, MCP-1, NGAL, and
IL-17 as biomarkers for lupus nephritis. Pathophysiology 2015; 22: 65-71.
Brunner HI, Bennett MR, Mina R, Suzuki M, Petri M, Kiani AN, Pendl J, Witte D, Ying J, Rovin
BH and Devarajan P. Non-invasive renal protein biomarkers are associated with histological features of lupus. Arthritis Rheum 2012;
64: 2687-97.
Kjeldsen L, Johnsen AH, Sengeløv H and Borregaard N. Isolation and primary structure of
NGAL, a novel protein associated with human
neutrophil gelatinase. J Biol Chem 1993; 268:
10425-32.
Antonucci E, Lippi G, Ticinesi A, Pigna F, Guida
L, Morelli I, Nouvenne A, Borghi L and Meschi
T. Neutrophil gelatinase-associated lipocalin
(NGAL): a promising biomarker for the early
diagnosis of acute kidney injury (AKI). Acta
Biomed 2014; 85: 289-94.
Arellano-Buendía AS, García-Arroyo FE, Cristóbal-García M, Loredo-Mendoza ML, TapiaRodríguez E, Sánchez-Lozada LG and OsorioAlonso H. Urinary excretion of neutrophil gelatinase-associated lipocalin in diabetic rats.
Oxid Med Cell Longev 2014; 2014: 961326.
Briguori C, Quintavalle C, Donnarumma E and
Condorelli G. Novel Biomarkers for ContrastInduced Acute Kidney Injury. Biomed Res Int
2014; 2014: 568738.
Rubinstein T, Pitashny M, Levine B, Schwartz
N, Schwartzman J, Weinstein E, Pego-Reigosa
JM, Lu TY, Isenberg D, Rahman A and Putterman C. Urinary neutrophil gelatinase-associated lipocalin as a novel biomarker for disease
activity in lupus nephritis. Rheumatology (Oxford) 2010; 49: 960-71.
Gladman DD, Ibanez D and Urowitz MB. Systemic lupus ertyhematosus disease activity index 2000. J Rheumatol 2002; 29: 288-91.
Hill GS, Chedin P, Noch D, Tomkiewicz E, Rémy
P, Mignon F and Méry JP. A new morphologic
index for the evaluation of renal biopsies in lupus nephritis. Kidney Int 2000; 58: 1160-73.
Balow JE. Clinical presentation and monitoring
of lupus nephritis. Lupus 2005; 14: 25-30.

Int J Clin Exp Pathol 2016;9(3):3365-3372

Urinary NGAL and renal tubulointerstitial lesions
[17] Bolignano D, Coppolino G, Campo S, Aloisi C,
Nicocia G, Frisina N and Buemi M. Urinary neutrophil gelatinase-associated lipocalin (NGAL)
is associated with severity of renal disease in
proteinuric patients. Nephrol Dial Transplant
2008; 23: 414-6.
[18] Ibanez D, Gladman DD and Urowitz MB. Adjusted mean Systemic Lupus Erythematosus
Disease Activity Index-2K is a predictor of outcome in SLE. J Rheumatol 2005; 32: 824-7.
[19] Gladman DD, Goldsmith CH, Urowitz MB, Bacon P, Fortin P, Ginzler E, Gordon C, Hanly JG,
Isenberg DA, Petri M, Nived O, Snaith M and
Sturfelt G. The Systemic Lupus International
Collaborating Clinics/American College of Rheumatology (SLICC/ACR) Damage Index for
Systemic Lupus Erythematosus International
Comparison. J Rheumatol 2000; 27: 373-6.
[20] Haase M, Bellomo R, Devarajan P, Schlattmann P, Haase-Fielitz A; NGAL Meta-analysis
Investigator Group. Accuracy of Neutrophil gelatinase-associated lipocalin (NGAL) in diagnosis and prognosis in acute kidney injury: a systematic review and meta-analysis. Am J Kidney
Dis 2009; 54: 1012-24.
[21] Tsuchimoto A, Shinke H, Uesugi M, Kikuchi M,
Hashimoto E, Sato T, Ogura Y, Hata K, Fujimoto
Y, Kaido T, Kishimoto J, Yanagita M, Matsubara
K, Uemoto S and Masuda S. Urinary neutrophil
gelatinase-associated lipocalin: a useful biomarker for tacrolimus-induced acute kidney
injury in liver transplant patients. PLoS One
2014; 9: e110527.
[22] Rubinstein T, Pitashny M and Putterman C. The
novel role of neutrophil gelatinase-B associated lipocalin (NGAL)/Lipocalin-2 as a biomarker
for lupus nephritis. Autoimmun Rev 2008; 7:
229-34.
[23] Hinze CH, Suzuki M and Klein-Gitelman M.
Neutrophil gelatinase-associated lipocalin is a
predictor of the course of global and renal
childhood-onset systemic lupus erythematosus disease activity. Arthritis Rheum 2009; 60:
2772-81.
[24] Alharazy SM, Kong NC, Mohd M, Shah SA, Abdul Gafor AH and Ba’in A. The role of urinary
neutrophil gelatinase-associated lipocalin in
lupus nephritis. Clin Chim Acta 2013; 21: 1638.

3372

[25] Suzuki M, Wiers KM, Klein-Gitelman MS,
Haines KA, Olson J, Onel KB, O’Neil K, Passo
MH, Singer NG, Tucker L, Ying J, Devarajan P
and Brunner HI. Neutrophil gelatinase-associated lipocalin as a biomarker of disease activity in pediatric lupus nephritis. Pediatr Nephrol
2008; 23: 403-12.
[26] Gwira JA, Wei F, Ishibe S, Ueland JM, Barasch J
and Cantley LG. Expression of neutrophil gelatinase-associated lipocalin regulates epithelial
morphogenesis in vitro. J Biol Chem 2005;
280: 7875-82.
[27] Mishra J, Dent C, Tarabishi R, Mitsnefes MM,
Ma Q, Kelly C, Ruff SM, Zahedi K, Shao M,
Bean J, Mori K, Barasch J and Devarajan
P. Neutrophil gelatinase-associated lipocalin
(NGAL) as a biomarker for acute renal injury after cardiac surgery. Lancet 2005; 365:
1231-8.
[28] Mishra J, Mori K, Ma Q, Kelly C, Yang J, Mitsnefes M, Barasch J and Devarajan P. Amelioration of ischemic acute renal injury by neutrophil gelatinase-associated lipocalin. J Am Soc
Nephrol 2004; 15: 3073-82.
[29] Mishra J, Ma Q, Prada A, Mitsnefes M, Zahedi
K, Yang J, Barasch J and Devarajan P. Identification of neutrophil gelatinase-associated lipocalin as a novel early urinary biomarker for
ischemic renal injury. J Am Soc Nephrol 2003;
14: 2534-43.
[30] Bolignano D, Donato V, Coppolino G, Campo S,
Buemi A, Lacquaniti A and Buemi M. Neutrophil gelatinase-associated lipocalin (NGAL) as
a marker of kidney damage. Am J Kidney Dis
2008; 52: 595-605.
[31] Mori K, Lee HT, Rapoport D, Drexler IR, Foster
K, Yang J, Schmidt-Ott KM, Chen X, Li JY, Weiss
S, Mishra J, Cheema FH, Markowitz G, Suganami T, Sawai K, Mukoyama M, Kunis C,
D’Agati V, Devarajan P and Barasch J. Endocytic Delivery of lipocalin siderophore-iron
complex rescues the kidney from ischemia-reperfusion injury. J Clin Invest 2005; 115: 61021.

Int J Clin Exp Pathol 2016;9(3):3365-3372

