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Abstract

Background: Neutrophil gelatinase-associated lipocalin (NGAL) is a useful biomarker for the early prediction of renal
diseases. NGAL may exist as monomer, dimer and/or NGAL/MMP-9 complex forms in humans. In this study, the
existence of various forms of NGAL in urine (uNGAL) was determined and whether these forms are related to the
different urinary diseases found in dogs is further discussed.

Results: Eighty-one urine samples from dogs with different forms of renal disease (41), pyuria (19) and a number
of non-renal related diseases (10), as well as healthy dogs (11), were collected. uNGAL concentrations and their
molecular forms in dogs were measured by ELISA and Western blot analysis, respectively. The uNGAL concentrations
of dogs with pyuria (median: 15.35 ng/mL) were significantly higher than those of the healthy control animals
(median: 3.92 ng/mL) (p < 0.01), but lower than those of dogs with renal diseases (median: 23.77 ng/mL). Each
NGAL molecular form could be detected in dog urine. In particular, monomer was detected more frequently in
patients with renal disease than those with non-renal diseases; while the dimer form appeared in a significantly
higher percentage of cases with pyuria compared to those without pyuria. The NGAL/MMP-9 complex was found
to exist not only in the patients with cystitis, but also in the cases with renal injury.

Conclusion: Different molecular forms of uNGAL can indicate different origins of the urinary abnormalities. Determining
the molecular forms of uNGAL present in diseased dogs may provide clinical workers with a tool that will help the early
and more precise detection of different urinary diseases.
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Background
Neutrophil gelatinase-associated lipocalin (NGAL) is a
glycoprotein belonging to the lipocalin family with a size
of about 25 kDa [1]. NGAL is not only expressed by
neutrophils but also expressed in a variety of other tis-
sues, including non-neoplastic breast tissue, kidneys,
liver, lungs, intestines, bone marrow, adipose tissue and
macrophages [2-5]. Normally, renal NGAL is filtered via
the glomerulus and then reabsorbed by the proximal
tubular epithelial cells. However, when the kidneys are
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damaged, there is increased NGAL expression together
with decreased NGAL re-absorption and these contrib-
ute to an increased NGAL concentration in both serum
and urine [6-8].
Changes in concentrations of NGAL in both serum

and urine have been proved to immediately reflect renal
injury as early as 2 h after cardiac surgery [9,10]. More-
over, these biomarkers are also considered to be good
prognostic indicators for acute kidney injury (AKI)
[11-14] and various forms of chronic kidney diseases
[15,16]. Similarly, in veterinary studies, uNGAL has been
proved to be an important biomarker for dogs with dif-
ferent urinary diseases [10,17-20].
It has been noticed that various NGAL protein forms

can be detected when they are differentiated using
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Figure 1 Schematic illustration of the case groupings used in
this study. A total of 81 samples were analyzed. Based on the
patients’ clinical parameters, the samples were classified into a
number of different groups. These were the RF group with azotemia,
the RF-PYU group with azotemia and pyuria, the PYU group with
pyuria but without azotemia, the non-RP group with diseases unrelated
to azotemia and pyuria; the AKI groups with acute kidney disease and
the CKD group with chronic kidney disease.
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sodium dodecyl sulfate polyacrylamide gel electrophor-
esis (SDS-PAGE) followed by Western blotting. NGAL
monomer, with a size of approximately 25 kDa, can be
observed using reducing SDS-PAGE, while NGAL dimer,
with a size of approximately 45 kDa, can be detected
using non-reducing SDS-PAGE [21,22]. Furthermore, a
heterodimer complex with a size of 135 kDa, where
NGAL is covalently conjugated with MMP-9, can also
be detected [23]. Previous studies have shown that
NGAL, when secreted from neutrophils, occurs as both
the 45 kDa dimer and as the 25 kDa monomer, but with
the dimer being the major NGAL form. Nevertheless,
under cytokine stimulation, the 25 kDa monomer form
of NGAL was found to be the predominantly expressed
form in the human kidney epithelial cells [24].
An increase in certain forms of uNGAL might suggest

the occurrence of different diseases. For instance, in-
creased amounts of the monomeric form of NGAL have
been found in urine of human patients with AKI after
cardiac surgery, while a higher proportion of NGAL
dimer has been noted in human patients with urinary
tract inflammation (UTI) [24]. Moreover, the NGAL/
MMP- 9 complex have also been detected in a variety of
tumor tissues and when humans are suffering from
acute cystitis [24-26].
Despite the fact that the origin of the various molecu-

lar forms of uNGAL has investigated, the majority of
samples analyzed as part of that series were from pa-
tients with surgery induced AKI and only five UTI cases
were included in this human medical study [27]. At
present, little is known about the correlation between
different forms of NGAL and naturally occurring renal
disease and UTI. Moreover the different molecular
forms of the urinary NGAL have never been investi-
gated in dogs. Hence, in order to obtain a better un-
derstanding of the expression profile of uNGAL and the
potential clinical application of urine NGAL in dogs, the
aim of the present study was to determine the presence
and origin of the various different molecular forms of
UNGAL together with the various factors that affect the
formation of these NGAL forms, as well as concentrations
of NGAL in dog urine.

Methods
Patients and sample collection
Samples were prospectively obtained, as part of routine
diagnostics, from clinical cases admitted to the National
Chung Hsing University Veterinary Teaching Hospital
from September 2012 to March 2013 (IACUC approval
No: 102-63). Urine samples came from catheterized and
cystocentensis, and by natural voiding. The haemato-
logical parameters collected included haematocrit, white
blood cell (WBC) count, neutrophil counts (segment,
band) and serum/plasma biochemistry, which consisted
of Blood Urine Nitrogen (BUN), creatinine, urine dip-
stick test (urine glucose, bilirubin, ketones, urine specific
gravity, pH, urine protein, hemoglobin/blood, urine uro-
bilinogen), White blood cells (WBC) count, and urine
sediment level including red blood cells (RBCs) and
WBCs in the high power field (HPF). Medical history
and diagnosis were also recorded.

Case grouping criteria
The samples were divided into five groups (Figure 1).
Healthy animals that were being vaccinated or undergo-
ing health checks that had no medical history of disease,
that lacked any clinical signs related to any disease, and
that had BUN and creatinine levels within the normal
range (BUN <8.9 mmol/L, creatinine <133 μmol/L), as well
as urine leukocytes <25/μL by dipstick and WBC in urine
sediment <5/HPF; these were classified as the healthy con-
trol group. The pyuria group consisted of cases without
azotemia (BUN <8.9 mmol/L and creatinine <133 μmol/L)
but with a WBC count >5/HPF in the urine sediment.
The dogs with clinical signs related to uremia and with a

serum/plasma biochemistry showing BUN> 8.9 mmol/L,
creatinine > 133 μmol/L were categorized as the renal fail-
ure (RF) group among the patients. Furthermore, on basis
of the urine test results, the cases with or without pyuria
criteria were categorized into the RF-PYU group, and the
RF group, respectively. Finally, according to the patient’s
history (less than 14 days) and diagnostic images (enlarged
or small kidneys), the RF cases were divided into the AKI
and chronic kidney disease (CKD) groups. The remaining
ten cases that were without any urinary diseases (excluded
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by RF and UTI grouping) but with other diseases were
classified as the non-RP group (non-RF-PYU), which in-
cluded two cases of protein losing enteropathy, two cases
of gastritis, two cases with hepatic disorders, one case of
enteritis, one case of portal shunt, one case of bone frac-
ture and one case of intervertebral disk disease.

MMP 9 antibody preparation
For detection of canine MMP-9, mouse polyclonal anti-
body was generated. Initially, the canine MMP-9 coding
region was amplified from the testicular tissue of a male
dog that had been admitted to National Chung Hsing
University Veterinary Teaching Hospital for neutering.
Total RNA was extracted using an RNeasy® kit (Qiagen)
and 2 μg of total RNA was then used as template for the
generation of cDNA using a Superscript III Supermix kit
(Invitrogen). The partial sequence of MMP-9 was ampli-
fied by PCR using the primer set (forward 5′-AACA
TATGGCCATCGCGGAGATCAGGAACTAC-3′ and
reverse primer 5′-AACTCGAGGCACTGCAAAATGT
CAAAG-3′); these primers amplified nucleotides 1580-
2131 of the MMP-9 gene. The conditions used for the
thermal cycling were an initial denaturing at 98°C for 30
seconds, and then 35 cycles of 98°C for 10 seconds
(denaturing), 62°C for 30 seconds (annealing), 72°C for
30 seconds (extension); this was followed by a final ex-
tension at 72°C for 10 minutes. The resulting PCR frag-
ment (550 base pairs) was then digested with Nde I and
Xho I (the sequences of which had been introduced by
primers, as indicated by the underlining) and cloned into
the prokaryotic expression vector pET24a, which had
been linealized with the same enzymes. A clone with an
insertion of the MMP-9 sequence (plasmid MMP-9/
pET24) was confirmed by restriction enzyme pattern ini-
tially and then verified by automated sequencing.
The plasmid MMP-9/pET24 was then transformed

into E. coli (strain BL21 pLySs) and expression of the
partial MMP-9 protein, which is fused with a 6-histidine
tag, was induced by 0.8 mM of IPTG at 25°C overnight.
Recombinant MMP-9 protein was purified using chelat-
ing Sepharose Fast Flow (GE Healthcare) and the iden-
tity of protein was confirmed by Western blot analysis
using antibody against the histidine tag following the
method described in a previous report [28].
Polyclonal antibodies against MMP-9 were produced

using specific-pathogen-free (SPF) mice and the protocol
was approved by the Institutional Animal Care and
Use Committee of National University of Chung-Hsing
University, permit number: 100-66. Two female BALB/c
mice, purchased from National laboratory animal canter
in Taiwan were kept in the same cage. Mice were initially
immunized with 50 μg of the MMP-9 recombinant pro-
tein mixed with complete Freund’s adjuvant (Sigma) per
mouse and this was followed by two boosters of the same
dose at two-week interval. Plasma was then obtained from
the immunized mice and stored at -20°C until use.

Western blot analysis
For the reducing SDS-PAGE, pre-clarified (centrifuga-
tion at 3000 rpm for 5 min at 4°C) urine samples were
mixed with 5× SDS sample buffer (0.31 M Tris, 10%
SDS, 50% glycerol) and this was followed by boiling for
5 min before resolving the proteins present in the urine
by 10 or 12% SDS-PAGE. For the non-reducing SDS-
PAGE, the protein mix was directly loaded into gel with-
out boiling. Subsequently, the gel was electrophoretically
transferred to nitrocellulose membrane. The Western
blot analysis followed the procedures described in a pre-
vious report [10]. Briefly, the filter was blocked using
PBS containing 0.1% Tween-20 (PBST) and 5% skimmed
milk for 1 hour at room temperature and then the filters
were incubated with diluted first antibody (Ab), namely
1:800 diluted rabbit anti-canine NGAL Ab or 1:100 diluted
mouse anti- canine MMP-9 polyclonal Ab. After incuba-
tion at 4°C for overnight, the membrane was washed thor-
oughly in PBST. This was then followed by adding 1:
10000 diluted horseradish peroxidase (HRP)-conjugated
secondary antibody in PBST with 2% dried milk at room
temperature for 1 hour. After washing with PBST, the
membrane was developed using an enzyme-linked chemi-
luminescence system (GE Healthcare Bio-science Corp)
and scanned on a Kodak Image Station 2000R.
Based on the existence of the distinct molecular forms

of NGAL, regardless of whether there were other
uNGAL forms present at the same time, all the cases
were grouped into the following categories: monomer (+)
and monomer (-) groups; dimer (+) and dimer (-) groups;
NGAL/MMP-9 complex (+) and NGAL/MMP-9 com-
plex (–) groups.

Measurement of urine NGAL concentrations by ELISA
The concentration of NGAL in urine was determined by
sandwich ELISA as described in our previous study [10].
Briefly, the capture antibody (1:800 diluted rabbit anti-
canine NGAL antibody) was coated. After blocking, all
the test samples were diluted 20-fold with PBST contain-
ing 5% dried milk. Recombinant NGAL proteins at
known concentrations were used as positive controls to
calibrate the system. Samples were individually added to
each well and incubated at 4°C overnight. After washing
with PBST, 1:3000 diluted mouse anti-canine NGAL
antibody (the detector antibody) was added to the well
followed by incubation at 37°C for 1 hour. Subsequently,
5,000 fold diluted HRP conjugated goat anti-mouse IgG
antibody was added to the wells and incubated for 1 hour.
The result was visualized using a tetramethylbenzidine
(TMB) substrate kit (Clinical Science Laboratory, Inc)
and the optical density (OD) was read using a microplate
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reader (TECAN sunrise). Each sample was tested three
times independently. The OD values of the triplicates were
averaged. Samples with an OD value three-fold higher
than the negative control serum were considered NGAL-
positive.

Statistical analysis
SPSS 16.0 for Windows was used for data analysis.
Initially, the variable dataset was assessed using the
Shapiro-Wilk test. Normally distributed data are pre-
sented as mean (standard error). An analysis of variance
(ANOVA), together with the Student’s t test, was applied
to compare means. Non-normally distributed data are
presented as median and interquartile range (IQR). The
Mann-Whitney U test and Kruskal-Wallis Test were
used for nonparametric analysis. The LSD test and
Mann-Whitney U were used as post hoc assessments for
the normally distributed and non-normally distributed
data, respectively. Categorical data are presented as pro-
portions. The χ2 test or the Fisher’s Exact Test was uti-
lized to compare the datasets. Values where p < 0.05 are
considered to be significantly different.

Results
In this study, the uNGAL concentrations of the 81 dogs
were measured and categorized in different groups
(Figure 1). The cases without any urinary diseases
(excluding the RF and UTI groupings), but with
other diseases, were classified as the non-RP group
(non-RF-PYU), which included two cases of protein los-
ing enteropathy, two cases of gastritis, two cases with
hepatic disorders, one case of enteritis, one case of portal
shunt, one case of bone fracture and one case of interver-
tebral disk disease. Samples from the RF group (AKI and
CKD) had the highest concentration of uNGAL, followed
in descending order by RF-PYU, PYU, non-RP and the
healthy control group. Comparing the uNGAL concen-
trations between groups, despite the fact that there was
no significant difference between the non-RP and control
group, significant differences were observed between
these two groups and the other groups. For instance, the
Table 1 Comparative analysis of the urinary NGAL concentrat

Parameter Control (n = 11) AKI (n = 16) CKD (

uNGAL (ng/mL) 3.92a (9.05) 37.90b (56.08) 18.96b

Age (year) 6 (4) 8 (4.75) 7 (1

BUN (mmol/L) 4.6a (3.9) 49.3d (53.6) 15.4b

Creatinine (μmol/L) 97.3a (44.2) 291.7c (580.8) 194.5b

Urine Sp. Gr. 1.02 (0.01) 1.019 (0.01) 1.014

Analysis of variance among and between the groups was performed by Kruskal-Wall
Different superscript letters (a. b, c) represents a significant difference between two
azotemia with pyuria; PYU: pyuria without azotemia; non-RP: diseases without any re
Urine Sp. Gr.: urine specific gravity.
uNGAL concentrations of RF, RF-PYU, PYU, non-RP
were significantly higher than those of the non-RP and
the healthy control groups. Although the uNGAL level in
the RF group (both AKI and CKD) was higher than con-
trol and non-RP, there was no significant difference in
uNGAL level among all the groups (AKI, CKD, RF-PYU
and PYU) in relation to different urinary diseases
(Table 1). The AKI and RF-PYU groups showed signifi-
cantly higher serum creatinine levels than CKD group,
however, the serum creatinine levels of the Non-RP, con-
trol and PYU groups were lower than the CKD group
(Table 1).
Canine MMP9 antibody was successfully produced

(Figure 2). As shown in Figure 3A, three different forms
of uNGAL were successfully detected in all the urine
samples collected from patients (Figure 3). The two
forms with smaller molecular weight, namely ~25 kDa
and ~50 kDa, represent the monomeric and dimeric
forms of NGAL, respectively. The remaining higher mo-
lecular weight form of the NGAL related protein, with a
molecular weight over 130 kDa, was then identified as
the NGAL/MMP-9 complex by Western blot analysis
using antibodies against canine-MMP-9 (Figure 3B).
The presence of monomeric and dimeric uNGAL was

noted in 47 cases, and 20 cases, respectively (Table 2).
Compared to the cases without uNGAL monomer, the
dogs with monomeric uNGAL were found to have
higher levels concentrations of uNGAL, BUN, creatinine,
blood leukocytes including WBCs, segmented neutro-
phils and neutrophils (p <0.01) (Table 2); nevertheless,
the increase in WBC numbers in the urine was not sig-
nificant among the dogs where monomeric uNGAL was
present (p = 0.097). Dimeric uNGAL was detected in 20
dogs. The only significantly different parameter between
the dogs with dimer uNGAL and without dimer uNGAL
was urine WBC numbers (p <0.01).
In addition, 55/81 samples were found to contain the

NGAL/MMP-9 complex (Table 3). Dogs that had the
urine NGAL/MMP-9 complex present were found to
have significantly higher BUN, creatinine, urinary red
blood cells and urinary white blood cells, but had a
ions among the different groups

n = 8) RF-PYU (n = 17) PYU (n = 19) Non-RP (n = 10)

(11.19) 18.97b (70.32) 15.35b (27.663) 9.22a (10.36)

0) 5 (4) 5.5 (2.25) 4.5 (4.5)

(13.1) 32.5c (20.5) 7.5a (4.3) 6.0a (4.11)

(92.8) 291.7c (154.7) 106.1a (44.2) 70.7a (59.2)

(0.02) 1.015 (0.01) 1.015 (0.01) 1.015 (0)

is Test and Mann-Whitney T test individually and the median (IQR) is presented.
groups (p < 0.05). AKI: acute kidney injury; CKD: chronic kidney disease; RF-PYU:
lation of azotemia and pyuria.



Figure 2 Preparation of recombinant MMP-9 protein for mouse
immunization. (A) Partial MMP-9 coding region (nucleotide1580-2131)
was amplified by RT-PCR using cDNA (lane +) generated from RNA of
canine testis. (B) The recombinant MMP-9 with expected size of
22 kilo-Dalton (kDa) was expressed in E. coli and purified by metal
affinity chromatography (lane 1).

Table 2 Parameters with significant differences between
the groups with and without monomeric uNGAL present

Parameter Monomer(+)
(n = 47)

Monomer(-)
(n = 34)

p*

uNGAL (ng/mL) 47.39 (23.74) 8.328 (16.16) 0.001

BUN (mmol/L) 21.42 (34.99) 19.76 (10.98) 0.001

Creatinine (μmol/L) 194.48 (194.48) 123.76 (68.95) 0.007

WBC (/μL) 20200 (16100) 11300 (6775) <0.001

Segmented neutrophil (/μL) 17072 (13000) 8075 (6433) <0.001

Neutrophil (/μL) 17460 (13500) 8316 (6540.75) <0.001

The Mann-Whitney T test was used and the median (IQR) is presented. *p < 0.05
indicates a significant difference. Monomer (+): with monomeric NGAL;
monomer (-): without monomeric NGAL.
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lower uNGAL, compared to those dogs that lacked the
NGAL/MMP-9 in the urine (p <0.05) (Table 3). How-
ever, no significant difference was found when the blood
leukocyte counts of the two groups with and without
NGAL/MMP-9 complex were compared.
Based on the occurrence of renal failure, the whole study

population (n = 81) could be divided into a RF (all) group
(n = 41), and a non-renal failure group (n = 40), with the
latter including the healthy Control, PYU and non-RP
groups (Figure 1). Interestingly, a significantly higher fre-
quency of monomer and NGAL/MMP-9 complex together
was present in the urine of cases in the RF (all) group com-
pared to the group without renal failure (Table 4).
Figure 3 Western blot analysis of the various NGAL molecular forms.
(enteritis, lane 3), CKD (lane 4), and control (lane 6) groups were resolved u
polyclonal antibodies against canine NGAL (A), or canine MMP-9 (B). Three
recognized by the anti-NGAL antibodies; the protein with highest molecula
and C indicate the monomeric NGAL, the dimeric NGAL, and the NGAL/MM
When the presence or absence of pyuria was consid-
ered, the whole study population (n = 81) could be di-
vided into a PYU (all) groups (n = 36), which includes
the PYU and RF-PYU groups (Figure 1), and the Pyuria (-)
group (n = 45), which includes the control, RF and non-RP
groups. When the presence of the various molecular forms
of uNGAL were compared between the PYU (all) and
Pyuria (-) groups, the result indicated that only dimeric
NGAL was present at higher frequency across the PYU
group (p = 0.002). Furthermore, there was no significant
difference in terms of NGAL molecular forms between
the RF and PYU groups. However, among other groups,
the cases within both the RF and PYU groups had a sig-
nificantly higher proportion of cases with the uNGAL/
MMP-9 complex present (Table 4).

Discussion
In this study, anti-canine NGAL and anti-canine MMP-
9 polyclonal antibodies were produced in our laboratory
and these were successfully used to detect the various
Urine samples representing the PYU (lane 1, 5), AKI (lane 2), non-RP
sing non-reducing SDS-PAGE followed by Western blot analysis using
different NGAL related proteins, as indicated by the arrowheads, were
r weight could also be detected using the anti-MMP-9 antibodies. M, D,
P-9 complex, respectively.



Table 3 Parameters with significant differences between
the groups with or without urine NGAL NGAL/MMP-9
complex present

Parameter Complex (+)
(n = 55)

Complex (−)
(n = 26)

*p

uNGAL (ng/mL) 16.973 (33.52) 18.697 (17.07) 0.022

BUN (mmol/L) 20.71 (34.99) 7.5 (6.6) <0.001

Creatinine (μmol/L) 185.64 (203.32) 114.92 (53.04) 0.001

Urine RBC (/μL) 150 (225) 0 (31.25) <0.001

Urine WBC (/μL) 25 (500) 0 (100) 0.018

The Mann-Whitney T test was used and the median (IQR) is presented. *p <0.05
indicates a significant difference. Complex (+): with NGAL/MMP9 complex;
Complex (-): without NGAL/MMP9 complex.
BUN: blood urine nitrogen; RBC: Red blood cell; WBC: white blood cell; NGAL:
neutrophil gelatinase-associated lipocalin; MMP9: Matrix metallopeptidase 9.
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different molecular forms of urine NGAL in dogs by
Western blotting using non-reducing conditions. Similar
to human patients [21,23], uNGAL in dogs has three
forms, namely a 25 kDa monomer, a 50 kDa dimer and
a 130 kDa NGAL/MMP-9 heterodimer complex. Over-
all, the presence of monomer uNGAL was found to be
significantly associated with abnormal levels of serum
BUN and creatinine. Furthermore, the proportion of
cases with uNGAL monomer was also significantly dif-
ferent between RF negative and the RF all groups; thus
the increase of uNGAL monomer appears to be related
to kidney injury, which indirectly indicates that canine
uNGAL monomer is likely to have originated from the
kidneys. However, the cases with monomeric uNGAL
were found to be associated with an increased presence
of urine blood leukocytes in this study. In humans,
Table 4 Comparative analysis of the proportions of cases
with the three individual molecular forms of uNGAL
across the different groups

Monomer Dimer NGAL/MMP-9 (+)

RF(all) 73.1% (30/41) 26.8% (11/41) 50% (20/40)

RF- 42.5% (17/40) 22.5% (9/40) 85.3% (35/41)

p 0.005* 0.651 0.001*

PYU(all) 69.4% (25/36) 41.2% (15/36) 77.8% (28/36)

PYU- 48.9% (22/45) 11.1% (5/45) 60% (27/45)

p 0.063 0.002* 0.89

RF 75% (18/24) 20.8% (5/24) 79.1% (19/24)

PYU 68.4% (13/19) 47.4% (9/19) 63.6% (12/19)

p 0.633 0.065 0.245

RF-PYU 70.1% (12/17) 35.3% (6/17) 94.1% (16/17)

PYU 68.4% (13/19) 47.4% (9/19) 63.6% (12/19)

p 0.888 0.463 0.044*

The data was analyzed by χ2 test. *indicates a significant difference - found
(p<.05. RF (all) azotemia; PYU(all): pyuria; RF: azotemia without pyuria; RF-PYU:
azotemia with pyuria; PYU: pyuria without azotemia.
blood neutrophils have been reported to show a positive
correlation with NGAL concentration in serum but not
to be related to urine NGAL levels [29]. In this study,
the cases with higher blood leukocytes also had RF, and
therefore the presence of renal diseases may have influ-
enced the results. To investigate this, a comparative ana-
lysis of uNGAL concentration and blood WBC, as well
as neutrophils, across the non-RP and control groups
was carried out and this indicated that both WBC and
neutrophils were not significantly related to uNGAL
(data not shown). This implies that the concentration of
uNGAL is affected significantly by urinary tract diseases.
An increased uNGAL level has been reported to be an

early diagnosis indicator of urinary tract infection [30];
additionally, white blood cells in urine have been found
to be correlated with an increase in uNGAL concentra-
tion [31]. Consistent with the above, in the present
study, the uNGAL concentration in dogs with pyuria
(median: 15.35 ng/ml) was found to be significantly
higher than that in the control group (3.92 ng/ml),
which indicates that pyuria indeed increases the level of
uNGAL. Moreover, among the three forms, only the di-
meric uNGAL was associated with urine WBC; the di-
meric form of NGAL appears to be the major form of
uNGAL present in pyuria patients. An increase in the
dimeric form of uNGAL may be a useful way of differen-
tiating disease from kidney origin, where there is secre-
tion of monomeric NGAL.
The appearance of the uNGAL/MMP-9 complex was

found to be related in the present study to the presence
of increased creatinine, proteinuira, and increased num-
bers of urine leukocytes. The uNGAL/MMP-9 complex
has been reported to be related to the presence of cyst-
itis in children [31], but in this study, the uNGAL/
MMP-9 complex appeared not only to be present in
samples from the PYU groups but also in samples from
the RF without PYU group. Furthermore, the RF-PYU
groups had a higher proportion of uNGAL/MMP9-com-
plex than the PYU alone group. Inflammation has been
shown to stimulate the expression of MMP-9 [32], and,
in the present study, the cases with renal failure also had
higher leukocytes counts, and therefore the increase in
the presence of the uNGAL MMP9 complex in the renal
failure group seems rational. Based on the above find-
ings, the role that the uNGAL/MMP9 complex plays in
non-renal diseases needs to be investigated further.
In this study, a no-RP group was included to evaluate

the possible contribution of other diseases to the
uNGAL increase and this preliminary analysis showed
that uNGAL does not seem to be affected by other dis-
eases. However, the RF group was based on azotemia; as
a result, prerenal factors that contribute to any tubular
injury and were responsible for the elevation of uNGAL,
cannot be excluded.
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Although information on how UTI affect uNGAL con-
centrations is limited, it has been shown that, among
humans, the cut-off point for uNGAL in AKI patients
(50 to213 ng/mL) is higher than that in UTI patients (20
ng/mL) [30]. However, in dogs, despite higher uNGAL
levels being found in AKI cases, the increase of uNGAL
is not significant between the AKI cases and the cases
with pyuria. The possible reasons may be as follows.
First, our definition of AKI is based on the level of
serum creatinine, which is known to increase later than
uNGAL [33], this might have led to missing the peak
uNGAL level. Second, AKI can also be defined as a rise
in creatinine level from baseline; however without know-
ing the baseline of serum creatinine level for each case,
even though the serum creatinine concentration might
be within normal range, the possibility of renal injury
being responsible for any rise in uNGAL among PYU
cases cannot be ruled out.

Conclusions
Our results indicate that urinary NGAL concentration
alone does not seem to be able to differentiate the vari-
ous different types of urinary diseases, nevertheless, both
ELISA and Western blot approaches can be used to ex-
plore the changes in uNGAL and a combination of these
approaches seems to be a promising way of evaluating
urinary diseases. Thus, while an increase in uNGAL can
imply urinary abnormality, a simultaneous differential
analysis of the molecular forms of NGAL present in
urine is needed in order to understand comprehensively
the origin of the various forms of uNGAL.

Abbreviations
AKI: Acute kidney disease; ANOVA: Analysis of variance; CKD: Chronic kidney
disease; HPF: High power field; IQR: Interquartile ranges; MMP-9: Matrix
metallopeptidase 9; NGAL: Neutrophil gelatinase-associated lipocalin;
PBST: Phosphate buffered saline containing 0.1% Tween-20; RBC: Red blood
cell; SDS-PAGE: Sodium dodecyl sulfate polyacrylamide gel electrophoresis;
UTI: Urinary tract inflammation; WBC: White blood cell count.

Competing interests
None of the authors of this paper has a financial or personal relationship
with other people or organizations that could inappropriately influence or
bias the content of the paper. The authors declare that they have no
competing interests.

Authors’ contributions
YL and WH designed the experiments, analyzed the data and drafted the
manuscript together. HC, FL, GB and AV performed the experiments. KT and
MW helped to draft the manuscript. All authors read and approved the final
manuscript.

Acknowledgements
The authors would like to thank all the doctors at the Veterinary Teaching
Hospital, National Chung Hsing University, Taichung, Taiwan for providing
the cases and collecting the samples.

Author details
1Graduate Institute of Microbiology and Public Health, College of Veterinary
Medicine, National Chung-Hsing University, Taichung, Taiwan. 2Department
of Veterinary Medicine, College of Veterinary Medicine, National Chung-Hsing
University College of Veterinary Medicine, National Chung-Hsing University,
Taichung, Taiwan. 3National Veterinary School of Toulouse, Toulouse, France.
4Institute of Veterinary Clinical Science, School of Veterinary Medicine,
College of Bio-Resources and Agriculture, National Taiwan University, No.1,
Sec.4, Roosevelt Rd, Taipei, Taiwan.

Received: 3 April 2014 Accepted: 18 August 2014
Published: 27 August 2014
References
1. Goetz DH, Willie ST, Armen RS, Bratt T, Borregaard N, Strong RK: Ligand

preference inferred from the structure of neutrophil gelatinase
associated lipocalin. Biochemistry 2000, 39(8):1935–1941.

2. Cowland JB, Borregaard N: Molecular characterization and pattern of
tissue expression of the gene for neutrophil gelatinase-associated lipocalin
from humans. Genomics 1997, 45(1):17–23.

3. Friedl A, Stoesz SP, Buckley P, Gould MN: Neutrophil gelatinase-associated
lipocalin in normal and neoplastic human tissues. Cell type-specific
pattern of expression. Histochem J 1999, 31(7):433–441.

4. Moreno-Navarrete JM, Manco M, Ibanez J, Garcia-Fuentes E, Ortega F,
Gorostiaga E, Vendrell J, Izquierdo M, Martinez C, Nolfe G, Ricart W,
Ricart W, Ricart G, Tinahones F, Fernández-Real JM: Metabolic endotoxemia
and saturated fat contribute to circulating NGAL concentrations in subjects
with insulin resistance. Int J Obes (Lond) 2010, 34(2):240–249.

5. Seth P, Porter D, Lahti-Domenici J, Geng Y, Richardson A, Polyak K: Cellular
and molecular targets of estrogen in normal human breast tissue.
Cancer Res 2002, 62(16):4540–4544.

6. Kuwabara T, Mori K, Mukoyama M, Kasahara M, Yokoi H, Saito Y, Yoshioka T,
Ogawa Y, Imamaki H, Kusakabe T, Ebihara K, Omata M, Satoh N, Sugawara A,
Barasch J, Barasch J, Nakao K: Urinary neutrophil gelatinase-associated
lipocalin levels reflect damage to glomeruli, proximal tubules, and distal
nephrons. Kidney Int 2009, 75(3):285–294.

7. Mishra J, Ma Q, Prada A, Mitsnefes M, Zahedi K, Yang J, Barasch J, Devarajan P:
Identification of neutrophil gelatinase-associated lipocalin as a novel early
urinary biomarker for ischemic renal injury. J Am Soc Nephrol 2003,
14(10):2534–2543.

8. Yang J, Goetz D, Li JY, Wang W, Mori K, Setlik D, Du T, Erdjument-Bromage H,
Tempst P, Strong R, Barasch J: An iron delivery pathway mediated by a
lipocalin. Mol Cell 2002, 10(5):1045–1056.

9. Mishra J, Dent C, Tarabishi R, Mitsnefes MM, Ma Q, Kelly C, Ruff SM, Zahedi K,
Shao M, Bean J, Mori K, Barasch J, Devarajan P: Neutrophil gelatinase-
associated lipocalin (NGAL) as a biomarker for acute renal injury
after cardiac surgery. Lancet 2005, 365(9466):1231–1238.

10. Fadel FI, Abdel Rahman AM, Mohamed MF, Habib SA, Ibrahim MH, Sleem ZS,
Bazaraa HM, Soliman MM: Plasma neutrophil gelatinase-associated lipocalin
as an early biomarker for prediction of acute kidney injury after
cardio-pulmonary bypass in pediatric cardiac surgery. Arch Med Sci
2012, 8(2):250–255.

11. Cai L, Borowiec J, Xu S, Han W, Venge P: Assays of urine levels of HNL/
NGAL in patients undergoing cardiac surgery and the impact of
antibody configuration on their clinical performances. Clin Chim Acta
2009, 403(1–2):121–125.

12. Munir MU, Khan DA, Khan FA, Shahab Naqvi SM: Rapid detection of acute
kidney injury by urinary neutrophil gelatinase-associated lipocalin after
cardiopulmonary bypass surgery. J Coll Physicians Surg Pak 2013,
23(2):103–106.

13. Yang HN, Boo CS, Kim MG, Jo SK, Cho WY, Kim HK: Urine neutrophil
gelatinase-associated lipocalin: an independent predictor of adverse
outcomes in acute kidney injury. Am J Nephrol 2010, 31(6):501–509.

14. Kumpers P, Hafer C, Lukasz A, Lichtinghagen R, Brand K, Fliser D, Faulhaber-
Walter R, Kielstein JT: Serum neutrophil gelatinase-associated lipocalin at
inception of renal replacement therapy predicts survival in critically ill
patients with acute kidney injury. Crit Care 2010, 14(1):R9.

15. Bolignano D, Basile G, Parisi P, Coppolino G, Nicocia G, Buemi M: Increased
plasma neutrophil gelatinase-associated lipocalin levels predict mortality
in elderly patients with chronic heart failure. Rejuvenation Res 2009,
12(1):7–14.

16. Hinze CH, Suzuki M, Klein-Gitelman M, Passo MH, Olson J, Singer NG, Haines KA,
Onel K, O’Neil K, Silverman ED, Tucker L, Ying J, Devarajan P, Brunner HI:
Neutrophil gelatinase-associated lipocalin is a predictor of the course



Hsu et al. BMC Veterinary Research 2014, 10:202 Page 8 of 8
http://www.biomedcentral.com/1746-6148/10/202
of global and renal childhood-onset systemic lupus erythematosus
disease activity. Arthritis Rheum 2009, 60(9):2772–2781.

17. Segev G, Palm C, Leroy B, Cowgill LD, Westropp JL: Evaluation of
neutrophil gelatinase-associated lipocalin as a marker of kidney
injury in Dogs. J Vet Intern Med 2013, 27(6):1362–1367.

18. Ahn HJ, Hyun C: Evaluation of serum neutrophil gelatinase-associated
lipocalin (NGAL) activity in dogs with chronic kidney disease. Vet Rec
2013, 173(18):452.

19. Daure E, Belanger MC, Beauchamp G, Lapointe C: Elevation of neutrophil
gelatinase-associated lipocalin (NGAL) in non-azotemic dogs with urinary
tract infection. Res Vet Sci 2013, 95(3):1181–1185.

20. Hsu WL, Lin YS, Hu YY, Wong ML, Lin FY, Lee YJ: Neutrophil gelatinase-
associated lipocalin in dogs with naturally occurring renal diseases. J Vet
Intern Med 2014, 28(2):437–442.

21. Xu SY, Carlson M, Engstrom A, Garcia R, Peterson CG, Venge P: Purification
and characterization of a human neutrophil lipocalin (HNL) from the
secondary granules of human neutrophils. Scand J Clin Lab Invest 1994,
54(5):365–376.

22. Kjeldsen L, Bainton DF, Sengelov H, Borregaard N: Structural and functional
heterogeneity among peroxidase-negative granules in human neutrophils:
identification of a distinct gelatinase-containing granule subset by
combined immunocytochemistry and subcellular fractionation. Blood
1993, 82(10):3183–3191.

23. Yan L, Borregaard N, Kjeldsen L, Moses MA: The high molecular weight
urinary matrix metalloproteinase (MMP) activity is a complex of
gelatinase B/MMP-9 and neutrophil gelatinase-associated lipocalin
(NGAL). Modulation of MMP-9 activity by NGAL. J Biol Chem 2001,
276(40):37258–37265.

24. Cai L, Rubin J, Han W, Venge P, Xu S: The origin of multiple molecular
forms in urine of HNL/NGAL. Clin J Am Soc Nephrol 2010, 5(12):2229–2235.

25. Bolignano D, Donato V, Lacquaniti A, Fazio MR, Bono C, Coppolino G,
Buemi M: Neutrophil gelatinase-associated lipocalin (NGAL) in human
neoplasias: a new protein enters the scene. Cancer Lett 2010,
288(1):10–16.

26. Hatipoglu S, Sevketoglu E, Gedikbasi A, Yilmaz A, Kiyak A, Mulazimoglu M,
Aydogan G, Ozpacaci T: Urinary MMP-9/NGAL complex in children with
acute cystitis. Pediatr Nephrol 2011, 26(8):1263–1268.

27. Martensson J, Xu S, Bell M, Martling CR, Venge P: Immunoassays distinguishing
between HNL/NGAL released in urine from kidney epithelial cells and
neutrophils. Clin Chim Acta 2012, 413(19–20):1661–1667.

28. Lee YJ, Hu YY, Lin YS, Chang CT, Lin FY, Wong ML, Kuo-Hsuan H, Hsu WL:
Urine neutrophil gelatinase-associated lipocalin (NGAL) as a biomarker
for acute canine kidney injury. BMC Vet Res 2012, 8:248.

29. Lippi G, Salvagno GL, Banfi G: Serum but not urine concentration of
neutrophil gelatinase-associated lipocalin is influenced by acute
leukocyte variations. Leuk Lymphoma 2012, 53(8):1643–1645.

30. Yilmaz A, Sevketoglu E, Gedikbasi A, Karyagar S, Kiyak A, Mulazimoglu M,
Aydogan G, Ozpacaci T, Hatipoglu S: Early prediction of urinary tract
infection with urinary neutrophil gelatinase associated lipocalin. Pediatr
Nephrol 2009, 24(12):2387–2392.

31. Schinstock CA, Semret MH, Wagner SJ, Borland TM, Bryant SC, Kashani KB,
Larson TS, Lieske JC: Urinalysis is more specific and urinary neutrophil
gelatinase-associated lipocalin is more sensitive for early detection of
acute kidney injury. Nephrol Dial Transplant 2012, 28(5):1175–1185.

32. Sopata I, Wize J: A latent gelatin specific proteinase of human leucocytes
and its activation. Biochim Biophys Acta 1979, 571(2):305–312.

33. Wagener G, Jan M, Kim M, Mori K, Barasch JM, Sladen RN, Lee HT: Association
between increases in urinary neutrophil gelatinase-associated lipocalin and
acute renal dysfunction after adult cardiac surgery. Anesthesiology 2006,
105(3):485–491.

doi:10.1186/s12917-014-0202-y
Cite this article as: Hsu et al.: The different molecular forms of urine
neutrophil gelatinase-associated lipocalin present in dogs with urinary
diseases. BMC Veterinary Research 2014 10:202.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Patients and sample collection
	Case grouping criteria
	MMP 9 antibody preparation
	Western blot analysis
	Measurement of urine NGAL concentrations by ELISA
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

