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ABSTRACT

Introduction: The neutrophil gelatinase-associated lipocalin (NGAL) has emerged as a
biomarker of renal damage.

Objectives: The aim of this study was to assess the serum levels of NGAL (sNGAL) as a marker
of disease activity in individuals with lupus nephritis (LN).

Patients and Methods: This study contained 50 systemic lupus erythematosus (SLE)
individuals with (n = 25) and without (n = 25) nephritis, and 39 healthy controls. The sSNGAL
levels were measured by ELISA. Renal function test, urinary parameters, lupus serology
activity, and also calculated SLE disease activity index (SLEDAI) were analyzed to determine
their associations with sSNGAL.

Results: The results revealed that the SLE individuals with or without nephritis had a raised
serum NGAL levels as compared to control subjects (P <0.001). Additionally, sNGAL levels in
LN individuals were meaningfully higher compared to those in non-LN patients (P <0.001).
Serum NGAL showed a significant correlation with the SLEDAI, serum creatinine, and 24-h
urinary protein (P<0.05). More importantly, sNGAL had a significant positive correlation
with the activity index of LN (r=0.616, P=0.001). In the ROC curve analysis, the measurement
of SNGAL level showed a good diagnostic performance for distinguishing individuals with
LN from SLE patients without renal involvement with AUC=0.902 (P <0.001), 72% sensitivity,
and 99% specificity. Moreover, sNGAL could identify all of SLE patients from controls with
high accuracy, AUC= 0.99, P<0.001, with 99% sensitivity, and 97% specificity.

Conclusion: Serum NGAL had an association with clinical parameters and could discriminate
LN from SLE patients without renal involvement. Our result suggests that serum NGAL can
be used for early diagnosis of LN and identifying active LN.

Implication for health policy/practice/research/medical education:

The knowledge of LN activity and the disease condition presents significant role in the treatment and prognosis of lupus patients.
In the present study, we evaluated the diagnostic values of serum NGAL in serum samples of lupus patients with and without
nephritis and healthy controls. In summary, the increased urinary NGAL but not its serum levels have been confirmed as a
predictor of renal involvement in SLE and LN activity. We found that serum NGAL can also be a useful biomarker for the
identification of renal involvement in SLE patients, LN activity and the discrimination of LN among SLE patients. Further studies
should be conducted to support the results.

Please cite this paper as: Jafari Nakhjavani MR, Abediazar S, Ghorbanihaghjo A, Hanafizadeh B, Zununi Vahed S, Pourlak
T. The importance of serum neutrophil gelatinase-associated lipocalin level in patients with lupus nephritis. ] Renal Inj Prev.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic
inflammatory autoimmune disease with several clinical
manifestations. Lupus nephritis (LN) is a serious renal
involvement in SLE and is more prevalent in blacks and

Asians in comparison to other races (1). Within 15 years
after diagnosis, LN patients (10%-30%) progress the end-
stage renal disease (ESRD) (2).

Renal biopsy is a useful tool for diagnosis, prognosis,
and monitoring therapy of LN. Yet, it is an inconvenient

*Corresponding author: Prof. Sima Abediazar, Email: sima_abedi@yahoo.com



http://orcid.org/0000-0002-2293-7174
http://orcid.org/0000-0002-7925-1747
https://doi.org/10.15171/jrip.2019.25
http://crossmark.crossref.org/dialog/?doi=10.15171/jrip.2019.25&domain=pdf&date_stamp=2019-01-26

Jafari Nakhjavani MR et al

and invasive process, thus, the American College of
Rheumatology (ACR) criteria is applied to diagnose LN
(3) using the quantity of 24-h urinary protein. This test
has also often resulted in inaccurate results. Additionally,
the urine sediment, glomerular filtration rate (GFR),
and complement components (like C3 and C4) are
considered to be too inaccurate to differentiate the acute
inflammatory and the chronic degenerative changes (4).
Thus, alternative accurate biomarkers have been required
for LN diagnosis or monitoring (5). Presently, numerous
studies have been carried out to discover potential
biomarkers including urinary monocyte chemoattractant
protein-1 (uMCP-1)(6), transforming growth factor beta
1 (uTGF-P1), clusterin (7), and interleukin-17 (ulL-17).
Neutrophil gelatinase-associated lipocalin (NGAL), an
iron-transporting protein (8), is a predictor of the acute
kidney injury (AKI) while it has also been related to the
LN.

As an innate antimicrobial agent, NGAL was originally
identified in activated neutrophils (9,10). Following
ischemia, nephrotoxic, or AKI, NGAL is expressed and
accumulated in the kidney tubules and urine (11) in both
animal models and humans (12,13). Moreover, it may be
involved in the pathophysiology of chronic renal failure
such as chronic glomerulonephritis and polycystic kidney
disease (14). NGAL is correlated with GFR and tubular
atrophy(15) and its high levels in serum/plasma and urine
have been observed in patients with SLE (4,16), diabetic
nephropathy (17), IgA nephropathy (18), and nephrotic
syndrome (19).

In a mouse model of LN, NGAL level in the kidney,
urine, and serum is elevated in connection with disease
severity (20). Likewise, human studies have displayed that
urinary NGAL (uNGAL) levels can reflect the decline
of renal function and the disease activity in LN (5,21-
30). Furthermore, it may predict poor response after
induction therapy (31). However, the value of serum
NGAL (sNGAL) as a predictor of renal flare is less clear
because of contradictory results.

Objectives

The aim of our study was to investigate the association of
serum NGAL with renal involvement and LN activity in
SLE patients with and without nephritis.

Patients and Methods

Patients’ selection

A cross-sectional study was conducted in Imam Reza
hospital, Tabriz, Iran and included 50 SLE patients with
and without nephritis. Patients suffering from any of
the following conditions were excluded; active infection
at the time of sampling, diabetes mellitus, history of
HIV and hepatitis C virus, patients with other type
of glomerulopathy, overlap syndrome, malignancies,
urinary tract infection, and those with ESRD undergoing

hemodialysis or renal replacement therapy. All samples
were collected from September 2016 to June 2018. Disease
activity was determined by the SLE disease activity index
(SLEDAI) (32), the disease was considered active when
the SLEDAI score was >6.

Clinical and laboratory measurement

For each patient, fresh blood sample was collected. Serum
samples were frozen within 2 hours after collection and
stored at —8°C until further analysis. Serum creatinine
levels, serum chemistry, complement (C3 and C4), 24-h
urinary protein, antinuclear antibodies (ANA), and anti-
dsDNA antibody (anti-dsDNA) were analyzed. NGAL
levels were assessed by enzyme-linked immunosorbent
assay (ELISA) benefitting a commercially available
kit (ZellBio GmbH, Cat No: ZB-11719¢c-H9648,
Germany) following the manufacturer’s instructions. All
measurements were conducted in triplicate. On the day
of the sampling, information about patient demographic
characteristics, medications, and disease activity was
recorded.

Ethical issues

The protocol of the study was institutionally approved
by the Clinical Research Ethics Committee of the
Tabriz University of Medical Sciences, Tabriz, Iran (#
IR.TBZMED.REC.1396.598) and has therefore been
performed in accordance with the ethical standards laid
down in the 1964 Declaration of Helsinki and its later
amendments. The protocol of the study was clarified to all
participants and written informed consent was achieved
from the patients. This study was extracted from Behnaz
Hanafizadeh residency thesis in Tabriz University of
Medical Sciences, Tabriz, Iran (Thesis# 58580).

Statistical analysis

Data were given as mean *+ SD for normally or median
with interquartile range (IQR) for non-parametric
distributed variables. Categorical variables were compared
by Chi-square test. For parametric and nonparametric
data, the differences between groups were analyzed by
the student’s t test or ANOVA and Mann-Whitney U or
Kruskal-Wallis tests, respectively. Spearman’s correlation
coefficient was used to test correlations between sSNGAL
and other variables. Areas under ROC curves (AUC) and
95% confidence intervals (CI) were calculated. Statistical
analysis was performed using SPSS statistical software,
version 16.0 (SPSS, Chicago, IL). P values less than 0.05
was considered significant.

Results

This study comprised 50 individuals with SLE, 10 males
and 40 females, with a mean age of 36.7 + 11 years old.
The individuals were divided into three groups: group 1;
25 SLE individuals without nephritis and group 2; 25 SLE
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individuals with biopsy-proven LN. Group 3 included 39
age/gender matched healthy subjects with a mean age of
38.4 £ 9.7 years old and considered as controls. The mean
age of onset of LN was 35.4 + 11.7 years old and their
disease diagnosed at the time of sampling. The severity
of lupus was evaluated among the patients. Eighty-eight
percent of patients had an active disease (SLEDAI scores
> 6), the median (IQR) score of LN patients was 10 (8-
14) versus SLE without nephritis 6 (5.5 to 9). As expected,
all patients with LN had significantly higher levels of
proteinuria (Median [IGR] of 1368 [926 to 2000] versus
125 [92-170]), lower levels of the complement, and 40% of
them had hematuria (n = 10) (Table 1). However, in terms
of mean age and gender no significant differences were
observed (P>0.05).

Twenty-two LN cases (92%) had active disease (rSLEDAI
>8). Cases had normal serum creatinine levels. Twenty-
six SLE patients (52%) had inflammatory arthritis, 52%
of the cases had rash, and eight (16%) had a prevalence
of serositis. Some of SLE patients had leucopenia
(24%), hematuria (20%), and thrombocytopenia (12%).
Moreover, five cases (10%) had central nervous system
(CNYS) involvement. The results showed that the incidence
of hematuria and rash in the two groups was significantly
different.

Our results showed that the SLE group (with or without

Table 1. Demographic and baseline clinical data

Serum NGAL in lupus nephritis

LN) had a higher level of sSNGAL as compared to controls
with mean of 105+15.9 versus 52+14.3 ng/mL (P<0.001;
Figure 1A). Additionally, level of sSNGAL meaningfully
enhanced in cases with LN as compared to those without
LN, with mean of 115.67+11.92 ng/mL and 94.33+11.75
ng/mL, respectively (P<0001; Figure 1B). In patients who
had CNS, skin, and kidney involvement, significantly
raised values of serum NGAL were observed (P<0.003;
Table 2).

In the LN group, significantly positive correlations
were detected between SNGAL (ng/mL) and SLEDAI (r=
0.427, P = 0.033) and anti-dsDNA (r = 0.487, P = 0.014).
Moreover, there was a strong positive correlation between
serum NGAL levels and renal parameters such as 24 hours
urinary proteins (r = 0.793), serum creatinine (r = 0.756),
and LN activity index (r = 0.616), (P<0.001). Likewise,
in SLE patients without LN, significant correlations were
found between sSNGAL and SLEDALI (r= 0.450, P = 0.024),
and proteinuria (r = 0.453, P=0.023) (Figures 2C and D).

Moreover, there were correlations between sSNGAL and
other clinical variables in SLE patients with and without
LN, however, they were not statistically significant.
Additionally, correlations between sNGAL and clinical
manifestations of the cases are listed in Table 3.

The ROC curve for sNGAL was calculated to
discriminate SLE cases from healthy controls and also SLE

Characteristics/Groups Total SLE patients SLE without LN SLE with LN P Value?

Demographic characteristics

No. of cases 50 25 25

Gf\;‘;jlzr’ No-. (%) 10 (20) 5(20) 5(20) 1
Fernale 40 (80) 20 (80) 20 (80)

Age, mean +SD (y) 36.7+11.3 38+10.9 354+11.7 0.429

Biomarkers
C3 (mg/dL) 47.3+31.27 72.28+24.0 22.32 £+10.98 <0.001
C4 (mg/dL)® 8.5 (7 to 10) 9 (8to 10) 6 to 10)8( 0.136
Anti-dsDNA® 11.5 (8 to 17.75) 9 (8to11) 16 (12 to 43) 0.002
Creatinine 1.09+0.21 0.87 +0.10 1.14 £0.22 <0.001
Proteinuria (mg/24 h)° 375 (123.75 to 1401) 125 (92 to 170) 1368 (926 to 2000) <0.001
SLEDAI® 8 (6 to 10.5) 6 (5.5t09) 10 (8 to 14) 0.001
Activity index +SD - - 10.8+3.0 -
Chronicity index® - - 2(2to4) -

Systemic organ involvements, No. (%)
Serositis 8(16) 3(12) 5(20) 0.70
CNS involvement 5(10) 1(4) 4(16) 0.35
Rash 26 (52) 20 (80) 6 (24) <0.001
Arteritis 26 (52) 16 (64) 15 (60) 0.15
Hematuria 10 (20) 0(0) 10 (40) 0.001
Leucopenia 12 (24) 6 (24) 6 (24) 1
Thrombocytopenia 6(12) 4 (16) 2(8) 0.66

Abbreviations: Anti-dsDNA: anti-double strand DNA, SLE: systemic lupus erythematosus, SLEDALI: systemic lupus erythematosus disease activity index.

The quantity data are expressed as mean + SD.
2Lupus nephritis versus non-lupus nephritis.
®Median, Interquartile Range (IRQ).
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p<0.001
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Figure 1. Serum level of NGAL in the studied groups. (A) Serum levels of NGAL between healthy controls and SLE patients and (B)
between SLE patients with and without nephritis. Values are meanz standard deviation. NGAL: neutrophil gelatinase associated lipocalin.

patients with LN from those with non-renal flare (Figure
3). The diagnostic performance of SNGAL presented that
with high sensitivity (99%) and specificity (97%), sNGAL
could discriminate SLE patients from healthy controls

Table 2. Serum levels of NGAL based on organ involvement in SLE
patients (N = 50)

Organs Not-involved Involved P value
CNS 102.83+15.0 124.56%9.02 0.003
Skin 111.67415.73 98.84+13.66 0.003
Arteritis 107.74+15.94 102.47+15.77 0.246
Leucopenia 104.46+16.50 106.71+14.42 0.674
Serositis 103.94+15.6 110.55+17.22 0.278
Thrombocytopenia 105.33+£16.02 102.58+16.33 0.696
Kidney 94.33+11.75 115.67+11.92 <0.001

CNS: Central nervous system, SLE: Systemic lupus erythematosus.
The quantity data are expressed as mean + SD.

with a cutoff of 72.95 ng/mL and AUC=0.99 (P < 0.001)
(Figure 3A and B). Moreover, diagnostic reliability study
in the present study detected a good efficacy for sNGAL
to distinguish SLE individuals with nephritis from those
without nephritis with the best cutoff of 111.6 (AUC=
0.90) (P<0.001), sensitivity=72%, and specificity=99%
(Figure 3C and D).

Discussion

In the current investigation, we studied the NGAL and
traditional measures of LN in serum samples of SLE
patients. We found that the serum NGAL was significantly
higher in SLE individuals in comparison to the control
subjects. Furthermore, SNGAL was even more elevated
in SLE patients with LN when compared to those without
nephritis. Additionally, individual sera biomarker was
related to histologic findings in LN, especially those

representing LN activity.

Table 3. Association between serum NGAL (ng/mL) and various parameters in the SLE patients

SLE patients without nephritis

SLE patients with nephritis

Variable

Spearman’s rho P value Spearman’s rho P value
Age -0.143 0.496 0.239 0.251
Gender 0.028 0.895 -0.055 0.792
SLEDAI 0.450 0.024 0.427 0.033
Proteinuria 0.453 0.023 0.793 <0.001
Hematuria - - 0.289 0.161
c3 -0.007 0.974 -0.190 0.362
c4 0.052 0.804 -0.084 0.688
ANA -0.297 0.149 0.227 0.276
anti-dsDNA -0.279 0.177 0.487 0.014
Activity index - - 0.616 0.001
Chronicity index - - 0.311 0.130
Creatinine 0.10 0.633 0.756 <0.001
CNS 0.340 0.097 0.492 0.012
Rush 0.097 0.644 -0.234 0.261
Arteritis 0.127 0.545 0.0 1
Leucopenia 0.104 0.621 0.013 0.951
Serositis -0.085 0.685 0.277 0.179
Thrombocytopenia 0.136 0.516 -0.061 0.771

r: Spearman’s rho correlation coefficient; anti-dsDNA: anti-double-stranded DNA; SLEDALI: systemic lupus erythematosus disease activity index; CNS,

central nervous system.
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Figure 2. Correlation of serum NGAL with clinical parameters. Correlation
between serum NGAL and (A) SLEDAI, (B) anti-double strand DNA
antibodies, (C) proteinuria, and (D) LN activity index in SLE patients with
nephritis.

The biologic function of NGAL is under active
investigation (20). Pawar et al concluded that renal
binding of pathogenic antibodies induces expression
of NGAL. Increased level of NGAL has a critical role in
the pathogenesis of nephritis through the promotion of
inflammatory gene expression and apoptosis in kidney
cells both in vitro and in vivo (20). NGAL is a predictive
and early urinary marker that is induced rapidly by active
inflammation in LN and declined with therapy (16). Data
indicated that high uNGAL levels reflect the activity and
severity of kidney disease in SLE patients (4,16,21,27,28,
33,34).

Our result of enhanced serum values of NGAL in LN
is in line with those reported in the literature; however,
their results were not statistically significant (24,27,28,35).
This may be due to different sample sizes. NGAL has
been demonstrated as a marker of renal damage in LN
(4,29), which may explain why our patients with a history
of biopsy-proven LN had higher serum NGAL levels. In
contrast with these studies, Smith et al could not find a
significant change in uNGAL levels between patients with
active LN and those with non-LN in two international
juvenile-onset SLE cohorts (25). Moreover, Kiani et al
could not detect a relationship between uNGAL and LN
in adult SLE patients (36). These results can be clarified
by differences in the sampling time and the outcome
measures used. These remarks suggest that NGAL needs
further examination to be considered as a urine or serum
biomarker to predict nephritis occurrence.

Regarding the connotation between kidney functions
and NGAL, our investigation disclosed a meaningful
positive association between sNGAL and each of 24
hours of urine protein, serum creatinine, anti-dsDNA
antibodies, and activity index of LN. Although ANA and
complement are generally used as the indicators of kidney

Serum NGAL in lupus nephritis

A B ROC Curve
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Figure 3. Receiver operating characteristic curves of serum NGAL.
Graph ROC curves analysis showing AUC of serum NGAL to discriminate
(A, B) SLE patients from healthy controls and (C and D) SLE patients with
LN from those without LN. AUC: Area under the Curve, NGAL: neutrophil
gelatinase associated lipocalin.

disease activity in the clinic, the present study did not find
a statistically significant association between SNGAL and
these clinical parameters. Our results are in line with the
study of Pitashny et al (34) who showed a highly significant
association between a renal parameter of SLEDAI score.
However, they could not find an association between the
complement or anti-dsDNA antibodies and uNGAL levels
in adult patients.

Recently, a meta-analysis performed on fourteen studies
has confirmed that uNGAL relatively has reasonable
sensitivity and specificity in identifying LN and
approximating LN activity, and also guessing kidney flares.
The result suggests that uUNGAL is a possible biomarker in
monitoring LN activity and diagnosing LN with a pooled
sensitivity of 73.6% and specificity of 78.1% (26). Brunner
et al indicated that the measurement of NGAL together
with GFR and MCP-1 was an admirable diagnostic tool for
LN chronicity with AUC=0.83 (37). Likewise, we found
that serum NGAL could also discriminate LN patients
from SLE patients without nephritis with high accuracy
(AUC=0.902), 72% sensitivity, and 99% specificity. Our
result suggests that serum NGAL can be also used for
early diagnosis of LN and identifying active LN.

Generally, it is approved that besides being the most
hopeful next-generation biomarker in clinical nephrology,
NGAL stimulates the growth and differentiation of kidney
tubular epithelial cell in reply to ischemic injuries (38).
Currently, in spite of some progressive research, the
biological importance of NGAL needs further examination
in nephrology.

Conclusion
In summary, the increased urinary NGAL but not its
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serum levels have been confirmed as a predictor of kidney
involvement in SLE and LN activity. We found that serum
NGAL can also be a useful biomarker for the identification
of renal involvement in SLE patients and LN activity and
the discrimination of LN among SLE patients. Further
studies should be conducted to support the results.

Study limitations

We suppose that the small sample size of our studied
groups was not adequate. Hence, further longitudinal
larger scale studies are suggested to confirm the diagnostic
value of serum NGAL in LN.
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