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1 | INTRODUCTION

Neutrophil gelatinase-associated lipocalin (NGAL), also known as
apolipoprotein-2 or ferritin, is a member of the apolipoprotein su-
perfamily.? Under healthy conditions in human and rodent, NGAL

has been identified with cell-specific expression in several tissues

Abstract

Background: Acute kidney injury (AKI) has become a common complication of acute
ischemic stroke (AlS) and may have a significant impact on the clinical outcomes.
Neutrophil gelatinase-associated lipocalin (NGAL), an acute phase protein, has been
identified as a novel biomarker for acute kidney impairment. Here, we studied the
early expression of NGAL in AlS patients with AKI and its clinic value in predicting
and diagnosis of AKI after stroke.

Methods: A total of 205 subjects diagnosed as first-ever AlS were recruited in this
study, including 40 AIS with AKI and 165 AlS without AKI defined using the KDIGO
guidelines. The serum and urine levels of NGAL were measured with ELISA. To evalu-
ate the clinic value of NGAL, we also detected creatinine, urea nitrogen and cystatin
C and microalbumin (mALB) in serum or urine using chemiluminescence or immuno-
turbidimetry method, and then the receiver operating characteristic (ROC) curve and
correlation was analyzed. The severity of AlS patients was evaluated based on the
National Institutes of Health Stroke Scale (NIHSS) score.

Results: The serum and urine NGAL levels were significantly increased in AlS patients
with AKI, and line regression analysis indicated that there was a positive correlation
between the serum NGAL and creatinine level in AlS patients accompanied AKI.
Additionally, the concentration of serum NGAL in AIS patients with AKI increased
with the severity of stroke.

Conclusion: The increased serum NGAL may be used as a valuable complementary

marker for the diagnoses and prediction of AKl in the early stage of AlS patients.
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like kidney, lung, liver, spleen, heart, brain, and pancreas.3 During
the inflammation, tissue damage, or stress, NGAL may act as an
acute phase protein and its level could be upregulated in various
cell types such as neutrophils, renal tubular epithelial cells, alveolar
macrophages, and so on.* Recent studies have suggested that serum

or urine NGAL may be a useful biomarker in several pathological
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conditions including kidney diseases, tumors, and cardiovascular
diseases like heart failure and diabetes.>® Especially after primary
or secondary renal injury, the elevated NGAL in urine or blood is
accepted as an independent marker predicting severity and outcome
of acute kidney injured patients.”

The expression and localization of NGAL in human brain tissue
have been detected, and NGAL was mainly expressed and located in
neurons, which indicated that NGAL may have central nervous sys-
tem (CNS)-specific functions.’®!* Under conditions such as experi-
mental autoimmune encephalomyelitis (EAE), traumatic brain injury
(TBI), and cerebral aneurysms, the expression and activity of NGAL
was increased.’®'213 Elevated urinary NGAL levels were also found
to be an early marker of acute kidney injury (AKI) in patients with
TBI.™ Acute ischemic stroke (AlS) is a leading cause of death and dis-
ability worldwide, which may induce an acute impairment of kidney
function in clinic because of various factors, such as renal infarction,
high blood pressure, hyperglycemia, and infectious complications.*®
Thus, AKl is not so rare in AlS patients, which may be an important
factor affecting clinical outcomes. As a sensitive index for renal in-
jury, whether NGAL could be an early biomarker of AKI in patients
with AIS remains poorly understood.

In this study, we enrolled 205 AIS patients and 80 controls from
Zhongnan Hospital of Wuhan University with the purpose of inves-
tigating the expression pattern of serum and urine NGAL and its
clinical significance in early diagnosis and prediction of AKI after

ischemic stroke.

2 | MATERIALS AND METHODS

2.1 | Clinical subjects

In this cohort study, the 205 patients with AIS were recruited from
October 2017 to March 2018 in the Department of Neurology of
Zhongnan Hospital of Wuhan University. AlS was defined as a sud-
den onset of nonconvulsive and focal neurological deficit and was
further classified into different subtypes on the basis of the diag-
nosis criteria of the Trial of Org 10172 in Acute Stroke Treatment
study.'® Briefly, the inclusion criteria were clinical presentation of
first-ever stroke, age 18 years or older and diagnosed as acute cere-
bral infarction by means of brain imaging. Eighty patients diagnosed
without AIS were selected as the control group. Patients should be
excluded with the following conditions: cerebral hemorrhage, sub-
dural hematoma, intracranial space-occupying lesions, traumatic cer-
ebrovascular damage, heart failure, malignant diseases, immunologic
diseases, severe infection, or pregnancy. This study was approved
by Medicine Research Ethics Committee of Zhongnan Hospital of
Wuhan University, and all stroke and control patients gave informed
consent before enrollment.

2.2 | Clinical assessment

The medical information of these patients was collected, including
age, sex, risk factors, common complications, standard laboratory

tests, and previous medical history. Physical and neurological exami-
nations, and cerebral CT or MRI were also performed. Neurological
severity was assessed according to the National Institutes of Health
Stroke Scale (NIHSS) score.!” Risk factors like hypertension, diabetes
mellitus, hyperlipidemia, atrial fibrillation, and infectious complica-
tions were determined by the corresponding diagnostic criteria com-

bined with medical history.

2.3 | Definition of acute kidney injury

AKIl was defined using the KDIGO guidelines previously described.*® In

brief, occurring one of the following abnormalities within 14 days of the
onset of the symptoms was regarded as indicating the presence of AKI:
(a) an increase in serum creatinine (sCr) by 0.3 mg/dL (26.5 umol/L)
within 48 hours; (b) an increase in sCr to 21.5 times baseline within the

previous 7 days; (c) Urine volume <0.5 mL/kg/h for 6 hours.

2.4 | Sample collection and laboratory test

Blood samples were collected from each of the 205 fasting AlS
patients within 48 hours of symptom onsets as well as from the
80 fasting control subjects. After clotting for 30 minutes at room
temperature, the blood samples were centrifuged at 1600 x g for
10 minutes at 4°C. The samples were then divided into aliquots and
stored at -20°C prior to the determination of creatinine, urea nitro-
gen, cystatin C, and NGAL. The urine samples were frozen immedi-
ately following collection, and stored at ~20°C prior to analysis. For
further analysis, the urine samples were thawed, divided into 10-mL
aliquots, and centrifuged at 1000 x g for 10 minutes at 4°C. The su-
pernatant was collected and the levels of creatinine, urea nitrogen,
microalbumin (mALB), and NGAL were determined.

Creatinine, urea nitrogen, and cystatin C in serum were tested
on an Olympus AU5800 automatic biochemical analyzer (Beckman
Coulter). Urine mALB was measured using the immunoturbidimetry
method by specific protein analyzer (BN ProSpec, Siemens). The serum
and urine levels of NGAL were quantified using human lipocalin-2/
NGAL Quantikine ELISA kit (R&D Systems) according to the manufac-
turer's instructions, with the intra-assay and inter-assay coefficients
of variation (CV) for <10%. Briefly, diluted samples were added to
the ELISA plate pre-coated with capture antibody at 4°C for 2 hours
on a shaking platform. Aspirated the contents of the microwells and
washed for at least three times. Then the cold conjugate, substrate
solution, and stop solution were added to each well step by step, and
finally read the wells at 540 nm in a microplate reader (Multiskan FC;
Thermo Scientific). The values of NGAL were expressed as ng/ml. All
above assays were performed in triplicate and blinded manner at the
Medicine Biochemistry Laboratory of Zhongnan Hospital.

2.5 | Statistical analysis

SPSS 19.0 (SPSS) and GraphPad Prism 7.0 (GraphPad Software) were
used for statistical analysis. Statistical differences among the differ-
ent groups were assessed by one-way ANOVA with SNK post-test.
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TABLE 1 Demographic and clinical
characteristics of AlS patients and control

X Characteristic
subjects

Number of patients
Male, n (%)
Age,y +SD

Median NIHSS score (IQR)

Risk factors, n (%)
Hypertension
Diabetes mellitus
hyperlipidemia
Atrial fibrillation

Infectious complications, n (%)

WILEY-27

Laboratory tests (mean + SD)

Serum creatinine (umol/L)
Serum urea nitrogen (mmol/L)
Serum cystatin C (mg/L)
Urine mALB >30 mg/L (n, %) 0,0

AlS with
Control non-AKI AIS with AKI P
80 165 40
42 (52.5) 87 (52.7) 25 (62.5) NS
65.0+8.7 66.8+10.6 63.5+9.0 NS
4(2-7) 7 (3-11) #
59 (35.8) 22 (55.0) #
62 (37.6) 19 (47.5) #
44 (26.7) 11 (27.5)
26 (15.8) 7(17.5)
33(20.0) 9 (22.5)
69.03 + 11.02 73.29 +9.89 144.1 + 26.67 o
576 +1.62 5.82+1.42 8.10 +2.29 e
0.77 +0.16 0.80+0.14 0.80+0.16
10, 6.1 25,62.5 e

Note. Data reported as number (%), mean * standard deviation (SD) or median (IQR). Abbreviations:
AIS: acute ischemic stroke, AKI: acute kidney injury, IQR: interquartile range, mALB: microalbumin;
NIHSS: National Institutes of Health Stroke Scale; NS: not significant (P > 0.05).

*Control vs AIS with AKI, P < 0.05.

#AIS with AKI vs AIS without AKI, P < 0.05.

Pearson analysis was used for the correlation analysis. The receiver
operating characteristic (ROC) curve was done for measuring the
sensitivity and specificity of serum and urine NGAL at different cut-
off values. All data were represented as mean * standard deviation,

and P < 0.05 was considered as statistical significance.

3 | RESULTS

3.1 | Clinical characteristics of enrolled AlS patients
with AKI

AKI developed in 40 of 205 patients (19.5%) with acute ischemic
stroke. The clinical background of the patients with and without AKI
was shown in Table 1. The gender and age distribution did not dif-
fer significantly among the control group, AIS without and with AKI
groups. According to the NIHSS score, the AlS patients with AKI had
the higher median score than the AIS without AKI subjects, reveal-
ing the more severe AlS outcome. Hypertension and diabetes were
more prevalent, and hyperlipidemia, atrial fibrillation, and infectious
complications were less common in AlS patients who developed AKI.
Compared to the normal subjects, the levels of serum creatinine and
urea nitrogen were higher in AlS patients with AKI, but no signifi-
cant difference between the control subjects and AIS patients with-
out AKI. The serum cystatin C was not shown the obvious increase
after AIS. Moreover, the positive rate of abnormal urinary mALB
(>30 mg/L) was higher in AIS with AKI than that in AIS without AKI;
however, in 15 of 40 AlS patients with AKI (37.5%), the level of urine
mALB was still normal (<30 mg/L).

3.2 | NGAL expression was elevated in serum and
urine of AIS patients with AKI

In order to address the early expression features of NGAL in AlS
patients with AKI within 48 hours of symptom onsets, serum and
urine samples of all enrolled patients and healthy controls were col-
lected and NGAL levels were measured by ELISA. Our data demon-
strated that serum NGAL in AIS patients with AKI was much higher
than health controls and AIS patients without AKI (Figure 1A). For
urine NGAL, the levels were increased in AlS patients with or with-
out AKI than control group, and the NGAL level in AlS patients with
AKI was higher than that in AIS with non-AKI (Figure 1B). These data
suggested that serum and urine NGAL expression were both signifi-

cantly increased on the early stage of AKI after AlS.

3.3 | High expression of NGAL positively correlated
with AKI severity following stroke

KDIGO has suggested that AKI should be staged according to serum
creatinine or urine output, which can reflect the injury severity.18
Here, correlation coefficients were calculated with the purpose to
access the association between AKI severity and the NGAL level.
The serum creatinine was recorded at admission to evaluate the
kidney injury severity. Interestingly, there was a significant posi-
tive correlation between the serum NGAL and creatinine in the AKI
following stroke (Figure 2A). The weak correlation was also found
between the serum NGAL and urea nitrogen (Figure 2B). In the AIS

patients with non-AKIl, there was no obvious correlation between
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FIGURE 1 Serum and urinary NGAL levels in AlS patients with AKI. (A) Serum levels of NGAL in the control subjects (n = 80), AIS without
AKI (n = 165), and AIS with AKI groups (n = 40). (B) Urinary levels of NGAL in the control subjects (n = 80), AIS without AKI (n = 165), and AIS
with AKI groups (n = 40). * P < 0.05, compared with the control group; # P < 0.05, compared with the AIS without AKI group
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FIGURE 2 Correlation between serum NGAL level and the renal injury parameters in AlS patients with or without AKI. (A) Serum
creatinine and (B) serum urea nitrogen in AlS patients with AKI (n = 40); (C) serum creatinine and (D) serum urea nitrogen in AlS patients with
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XIAO ET AL.

WILEY->7

FIGURE 3 Receiver operating
characteristic (ROC) curve and cut-off

value of serum NGAL in AIS with AKI
group. (A) The area under ROC curve was
0.8639 for serum NGAL, 0.9986 for serum
creatinine, and 0.7930 for urea nitrogen.
(B) The cut-off value of NGAL in serum
was set at 245.8 ng/mL with sensitivity at
85% and specificity at 70.9%

—— Serum creatinine
—— Serum urea nitrogen
—— Serum NGAL

0 T
0 50 100
100% - Specificity%
(B) 600-
®
_ 8
E 8
2 400 !
£
; :
?
c 2458 [:cvvevveneon BRBeiiiiiiiiiiciiiies Geversiaionios
&l 2004 g
(O]
2
0 T T
non-AKI AKI
(n=165) (n =40)

the serum NGAL and creatinine or urea nitrogen (Figure 2C, 2D).
Compared with the area under the ROC curve of serum creatinine
(0.9986) and urea nitrogen (0.7930), it was 0.8639 for serum NGAL
(Figure 3A). The cut-off value of 245.8 ng/mL vyield good sensitiv-
ity at 85% and specificity at 70.9% (Figure 3B). Therefore, higher
expression of serum NGAL in the early stage of AIS may reflect the

occurrence of AKI for emergent operation in clinic.

3.4 | Serum NGAL positively correlated with NIHSS
score in AlS patients with AKI

As shown in Table 1, the AlS patients with AKI had the higher median
NIHSS score. To determine whether AKI may influence the clinical
outcomes after stroke, we analyzed the relationship between serum
creatinine or serum NGAL and severity of AIS. The linear regression
analysis showed that the serum level of creatinine was found to cor-
relate positively with NIHSS scores in AlS patients with AKI, and the
similar correlation between serum NGAL and the NIHSS score also
suggested that the levels of serum NGAL and creatinine may reflect
the severity of AlS patients with AKI (Figure 4A, 4B). In the AIS pa-
tients with non-AKI, no positive correlation was shown between the
serum NGAL or creatinine and NIHSS score (Figure 4C,4D).

4 | DISCUSSION

The present study investigated the change of serum and urine NGAL
levels in AIS patients accompanied by AKI within 48 hours after
onset. Increased serum NGAL was found in AIS patients with AKI,
which was correlated positively with the value of serum creatinine.
This finding suggests that serum NGAL level at the acute phase of
AIS may be considered as a useful marker for diagnosis and progno-
sis of AKI in stroke.

In clinic, the diagnosis of AKI is still based on the detection of
serum creatinine and urine volume.” Other common indexes in-
clude urea nitrogen, cystatin C, urine mALB, glomerular filtration
rate (GFR), and so on. However, detecting serum creatinine or urea
nitrogen during the acute changes in renal function was shown not so
reliable, which may reflect the kidney status accurately until the renal

t.2% Cystatin C is also an early

function reduced to a certain exten
marker of AKI, but it is difficult to be detectable in urine. Moreover,
the calculation of GFR is also limited in clinic due to oliguria or other
disturbance factors. Recently, NGAL as a novel marker for renal in-
jury has been suggested to be an excellent predictor of AKl in several
pathological conditions like circulatory shock, cirrhosis, and sep-

sis.212% The novel role of NGAL in CNS diseases such as EAE, TBI, and



6of7 XIAQO ET AL.
7 | wiLEY
(A) (B)
AIS with AKI
AIS with AKI
~ 8007 r=0.4675 I3007 r=0.4578
€ p < 0.001 (—E) p < 0.001
g’ 600 . =
- o 0 o 200-
£ £ $ s
2 2 (3 c
T 400- o o 22 = 28
& . s ¢ > o
£ $ . S 100+ e I 4
-1 200+ $ £
< * S
g 5
0 1 1 T 1 w 0 1 1 1 1
(] 3 6 9 12 0 3 6 9 12
NIHSS Score NIHSS Score
(C) (D)
AIS with non-AKI AIS with non-AKI
%97 r=0.0033 I 97 r=o0.0141
[= p =0.463 o p=0.128
E] e
= 400 . o 100- s
£ 2 ¢ o 4 ° =
5 $ t § E
@ $ 8 * b 4
£ 200+ 5 50-
|
< £
: C
0 1 1 T 1 m 0 T T 1 1
0 2 4 6 8 0 2 4 6 8
NIHSS Score NIHSS Score

FIGURE 4 Correlation between serum NGAL or creatinine and the NIHSS score in AlIS patients with or without AKI. (A) Serum creatinine
and (B) serum urea nitrogen in AlS patients with AKI (n = 40); (C) serum creatinine and (D) serum urea nitrogen in AlS patients with non-AKI

(n=165)

cerebral aneurysms has been highlighted gradually.)®2% Here, we
found the high level of serum NGAL occurred in the AIS patients with
AKI and its level was correlated positively with the level of serum
creatinine, suggesting that serum NGAL may reflect the change and
severity of renal function in the early stage of AIS. In AlS patients ac-
companied with AKI, hypertension and diabetes were common com-
plications, which may be the main risk factors for the impairment of
renal function after stroke. Additionally, studies have shown that sig-
nificant changes of NGAL level can be detected using only 1 uL urine
after induced kidney damage in mouse.?* We found that the levels of
urine NGAL were both increased in AlS patients with or without AKI;
however, the urinary mALB was still normal in some AIS patients with
AKI. Thus, we speculate that urinary NGAL may be more sensitive
than serum NGAL for predicting brain injury in an acute cerebrovas-
cular event. Animal studies have demonstrated that cerebral inher-
ent cells like astrocytes and endothelial cells can express NGAL.2>2%¢

The significant increase of urine NGAL in AlS patients with non-AKI

may reflect the ischemic brain damage, which need further elucidate.
Acute kidney injury causes increased expression of NGAL mRNA, and
the newly formed NGAL protein is released into the circulating blood
and represents the majority of the “NGAL system pool”.?” Another
part of systemic NGAL may come from the ischemic brain tissues via
blood-brain barrier (BBB) leakage. The significant increase of serum
NGAL in AIS patients with AKI may not only reflect the damage of
renal function, so our results did not show the diagnostic value of
serum NGAL superior to that of serum creatinine. We also compared
the clinic value of serum NGAL with serum creatinine and urea nitro-
gen according to the ROC curve analysis, and the results showed that
the area under the curve in serum NGAL was 0.8639, which was fairly
close to 1, indicating a better diagnostic value than serum urea nitro-
gen. A cut-off value of 245.8 ng/mL yielded good sensitivity at 85%
and specificity at 70.9%. The combined detection of serum creatinine
and serum/urine NGAL in the AIS patients should be helpful for the
prediction and diagnosis of acute kidney injury.
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