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Neutrophil Gelatinase—Associated Lipocalin in Dogs with Naturally

Occurring Renal Diseases
W.-L. Hsu, Y.-S. Lin, Y.-Y. Hu, M.-L. Wong, F.-Y. Lin, and Y.-J. Lee

Background: Neutrophil gelatinase-associated lipocalin (NGAL) is released from renal tubular cells after injury and
serves in humans as a real-time indicator of active kidney damage, including acute kidney injury (AKI) and chronic kidney
disease (CKD). However, NGAL concentrations in dogs with naturally occurring AKI or CKD rarely have been explored
in detail.

Hypothesis/Objectives: The goal of this study was to evaluate whether NGAL can serve as a useful biomarker in dogs
with naturally occurring renal disease.

Animals: Client-owned dogs with renal disease (57) and control dogs without any disease (12) were examined.

Methods: Serum NGAL (sNGAL) and urine NGAL (uNGAL) concentrations were measured in each animal by a
newly developed ELISA system. Demographic, hematologic, and serum biochemical data were recorded. Survival attribut-
able to AKI and CKD was evaluated at 30 days and 90 days, respectively.

Results: Serum and urine NGAL concentrations in azotemic dogs were significantly higher than in nonazotemic dogs
and were highly correlated with serum creatinine concentration (P < .05). Among CKD dogs, death was associated with
significantly higher sNGAL and uNGAL concentrations compared with survivors. Receiver-operating characteristic curve
(ROC) analysis showed that SNGAL was better than serum creatinine concentration when predicting clinical outcomes for
CKD dogs (P < .05). The best cutoff point for sNGAL was 50.6 ng/mL, which gave a sensitivity and a specificity of 76.9
and 100%, respectively. Furthermore, dogs that had higher concentrations of SNGAL survived for a significantly shorter

time.

Conclusion: SNGAL is a useful prognostic marker when evaluating dogs with CKD.
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Patients with either acute kidney injury (AKI) or
chronic kidney disease (CKD) can be asymptom-
atic initially. Several biomarkers can be useful in diag-
nosing early renal disease, such as detecting urinary
protein at an early stage of CKD or measuring the
urine gamma-glutamyl transpeptidase (GGT)-to-creati-
nine ratio to assess aminoglycoside nephro-toxicity.'
Currently, however, the assessment of both diseases
depends mainly on determining the decrease in the glo-
merular filtration rate (GFR), which is most com-
monly estimated by an increase in serum creatinine
concentration. Unfortunately, serum creatinine concen-
tration only increase when 75% of kidney function has
been lost,” which substantially delays the time when
renal insult is identified® and limits the adoption of
early and proper treatment. As a consequence, a poor
outcome is common among patients with renal disease.
Therefore, identification of more reliable biomarkers
for kidney disease is warranted.
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Abbreviations:

AKI acute kidney injury

ALP alkaline phosphatase

ALT alanine aminotransferase

AST aspartate transaminase

AUROC area under the receiver-operating characteristic curve
BT body temperature

BUN blood urea nitrogen

CK creatine kinase

CKD chronic kidney disease

GFR glomerular filtration rate

Hb hemoglobin

HRP horseradish peroxidase

IegG immunoglobulin G

IQR interquartile ranges

NGAL neutrophil gelatinase—associated lipocalin
oD optical density

PBS phosphate buffered saline

ROC receiver-operating characteristic curve
SD standard deviation

WBC white blood cell

Neutrophil gelatinase—associated lipocalin (NGAL),
also called lipocalin 2, is a glycoprotein with a molecu-
lar weight of 25 kDa and a member of the lipocalin
family.* It was initially purified from neutrophils dur-
ing infection and inflammation.” However, NGAL is
also expressed in the uterus, prostate gland, salivary
glands, bone marrow, stomach, colon, trachea, lungs,
liver, and kidneys.® With its siderophore-chelating
property, NGAL is considered to be a bacteriostatic
agent.7 In addition, NGAL has been shown to be
involved in the attenuation of apoptosis and the
enhancement of the proliferative response.®
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Recently, both urine NGAL and serum NGAL have
been found to be useful biomarkers for the prediction
of AKI in relation to cardiovascular surgery,”'® kid-
ney transplantation,'!' contrast-induced AKI,'? critical
illness status,'® chronic heart failure with decreased
GFR.,' and sepsis.15 In addition, NGAL has been
reported to play a role in the prediction of the out-
come of AKI after cardiac surgery in pediatric
patients,'® in newborns,'” in patients with ST-segment
elevation myocardial infarction'® and after renal
replacement therapy,'” as well as with various different
grades of renal injury.”® In CKD, NGAL has been
demonstrated to be useful as a biomarker for children
with nephritis associated with systemic lupus erythe-
matosus,”! in adults with stages 2-4**> CKD with non-
diabetic disease,” in diabetes and hypertension,24 and
when renal interstitial damage is present.?

In dogs, based on NGAL concentration, AKI can
be predicted as early as 12 hours after surgery,”® and
NGAL has been shown to increase in X-linked heredi-
tary nephropathy.?” In dogs with naturally occurring
kidney disease, the uNGAL-to-creatinine ratio has
been used to diagnose AKI.>® However, the prognostic
role of NGAL in dogs has not been evaluated yet. The
main aim of this study was to examine the diagnostic
and prognostic value of urine and serum NGAL con-
centrations in dogs with a renal disease.

Materials and Methods
Patients and Sample Collection

Samples were collected from all dogs that were admitted to
the Veterinary Teaching Hospital of the National Chung Hsing
University (Taichung, Taiwan) from November 2009 to April
2011. The experimental protocol was approved by the Committee
on the Ethics of Animal Experiments of National Chung Hsing
University (Approval No: 102-63). Dogs with increased serum
creatinine concentration (>1.5 mg/dL) were diagnosed as having
azotemia and these animals were recruited to this study; these
cases included those with concurrent illness or with prerenal
causes. However, cases with urinary obstruction disease were
considered postrenal and were excluded. Histopathology was not
performed and thus cause of azotemia was not available for the
dogs in our study.

Azotemic dogs with a clinical history of <7 days of duration
and without any signs of CKD (eg, persistent azotemia, polyuria,
polydipsia, or small kidneys) were categorized as having AKI.
Because acute-on-chronic renal disease can be difficult to distin-
guish from CKD, the remainders of cases in the study were clas-
sified as CKD. In addition, 12 healthy client-owned dogs
presented for routine health care were used as a control group.
These were confirmed as normal urinalysis as well as serum bio-
chemistry.

All urine and serum samples were collected from patients on
the day of treatment. However, urine samples of patients with
oliguria or auria could not be collected on the first day, and, in
several cases, both urine and serum sample could not be
obtained simultaneously. Each patient’s information was
recorded and included demographic data (age, sex, body weight),
hematologic data (hematocrit, white blood cell count, neutrophil
count), and serum biochemistry data, including aspartate amino-
transferase activity (AST), alanine aminotransferase activity
(ALT), alkaline phosphatase activity (ALP), and blood urea

nitrogen (BUN), creatinine, total protein, albumin, calcium,
phosphorus, sodium, potassium, and chloride concentration.
Some variables were not measured in each patient. Survival times
were determined at 30 days when the dog was diagnosed with
AKI and at 90 days when the dog was diagnosed with CKD.
Furthermore, dogs that responded poorly to treatment because
of renal-related progression and were also euthanized were classi-
fied as dead. However, dogs that died or were euthanized
because of unrelated causes (eg, trauma, gastric dilatation, and
volvulus syndrome) or those that were unavailable for follow-up
were all excluded from the study.

ELISA Test for sNGAL and uNGAL

All samples were stored at —80°C before evaluation. Concen-
trations of NGAL in serum (sNGAL) and NGAL in urine
NGAL (uUNGAL) were measured by sandwich ELISA and fol-
lowing the procedure described in a previous study.?® Briefly, the
capture antibody (rabbit anti-NGAL polyclonal antibody), tested
samples, and detection antibody (mouse anti-NGAL polyclonal
antibody) were diluted 1 : 800, 1 : 20, and 1 : 3,000, respectively.
After removal of unbound antibody by washing with PBS, 5,000-
fold diluted HRP-conjugated goat anti-mouse IgG antibody was
added to each well. After 1 hour of incubation, the result was
visualized using a tetramethylbenzidine substrate kit.* Each sam-
ple was tested in triplicate, and the OD of the triplicates was
averaged. Samples with an OD value 3X> that of serum obtained
from the normal control group were considered positive.

Statistical Analysis

Analysis was performed using commercial software.® Variable
data were first assessed by the Shapiro-Wilk test. Normally dis-
tributed data were reported as means and standard deviation
(SD) and the Student’s r-test was used to compare the differ-
ence between 2 groups. Non-normally distributed data were
expressed as medians with interquartile range (IQR) and were
statistically analyzed by the Mann-Whitney U-test. Categorical
data were reported as proportions and the difference between
groups was evaluated by the Pearson chi-square test or Fisher’s
exact test as appropriate. Pearson correlation was adopted to
evaluate the correlation between factors related to death in dogs
with azotemia. Univariate logistic regression analysis was
applied to determine whether NGAL was related to death asso-
ciated with renal disease. Finally, when predicting prognosis,
the area under the receiver-operating characteristic curve
(AUROC) was used to compare the performances of serum cre-
atinine concentration, serum NGAL, and urine NGAL in the
presence of renal disease.

According to the best cutoff of the ROC, patients with values
> and < the number were classified into a high value group and a
low value group, respectively. The Kaplan-Meier method was
used to assess the 30-day survival curve of the AKI subgroup
and the 90-day survival curve of the CKD subgroup. The differ-
ences between the 2 groups were simultaneously evaluated by the
log-rank test. A P value of <.05 was considered as significant.

Results

In total, 57 cases with azotemia were collected. Sev-
enteen cases were classified as AKI and 40 cases were
classified as CKD. Compared with the dogs in the con-
trol group, the azotemic dogs were significantly older
and had higher concentrations of serum creatinine,
sNGAL, and uNGAL (P < .05; Table 1).
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Table 1. Characteristics, serum creatinine, SNGAL,
and uNGAL in the azotemic and control groups.

Variable Azotemia Control pP*
Sex (male) 53% (30/57) 33% (4/12) 34
Age (years)® 8.5(7.8;n =56 22;n=12 <.01
Body weight 9.5(10.3; n =155 6.8 (14);n =12 42

(kg)®
Serum creatinine 7.3(0.7); n =57 1.0 (0.1); n=12 <01

concentration
(mg/dL)*
sNGAL
(ng/mL)*
uNGAL
(ng/mL)"

494 (134;n=51 127092;n=12 <01

56.3 (22.9); n = 51 7.6 (7.0);n=12 <.01

“Mean (SE).
®Median (interquartile range).
*P < .05 is considered significant.

For all patients, serum creatinine concentration was
significantly correlated with both SNGAL and uNGAL
concentrations. In addition, sNGAL concentration
was also significantly correlated with uNGAL concen-
tration. However, the number of white blood cell
count was not associated with the sSNGAL concentra-
tion. When the dogs were classified into the azotemia
and CKD groups, serum creatinine was also highly
correlated with SNGAL concentration. However, creat-
inine, SNGAL, and uNGAL showed no significant cor-
relation with each other in the AKI group (Table 2).

The 30-day case fatality rate for dogs with AKI was
64.7% (11/17). Most variables (sex, age, body weight,
white blood cell count, PCV, AST, ALT, ALP, total
protein, Albumin, BUN, Calcium, Phosphorus,
Sodium, Potassium) were not significantly different
between the survival and nonsurvival groups except
for serum creatinine concentration (64.1 ng/mL in
dead vs. 41.7 ng/mL in the survivor group, P < .01).
The 90-day case fatality rate for dogs with CKD was

Table 2. The correlations among creatinine, uUNGAL,
sNGAL, and white blood cell count (WBC).

Pearson
Variable Correlation P*
All Creatinine:sNGAL 0.507 <.01
Creatinine:2uNGAL 0.341 .01
sNGAL:uNGAL 0.734 <.01
WBC:sNGAL 0.136 .35
Azotemia Creatinine:sNGAL 0.308 .02
Creatinine:2uNGAL 0.172 41
sNGAL:uNGAL 0.208 17
WBC:sNGAL 0.1 Sl
AKI Creatinine:sNGAL 0.141 .61
Creatinine:2uNGAL 0.046 .87
sNGAL:uNGAL 0.021 94
WBC:sNGAL 0.118 73
CKD Creatinine:sNGAL 0.377 .02
Creatinine:2uNGAL 0.188 27
sNGAL:uNGAL 0.281 A1
WBC:sNGAL 0.105 .56

72.5% (29/40). The nonsurvivors had significantly
higher concentrations of sSNGAL (64.1 ng/mL in dead
versus 41.7 ng/mL in the survivor group, P = .002),
uNGAL (52.5 ng/mL in dead versus 42.8 ng/mL in
survivor group, P = .02), and serum creatinine concen-
tration (8.7 mg/dL in dead versus 4.9 mg/dL in the
survivor group, P = .02), as well as higher white blood
cell counts (19,600 cells/puL in dead versus 10,750 cells/
pL in the survivor group, P < .01).

The results of the univariate logistic analysis indi-
cated that an increase in both SNGAL and serum cre-
atinine concentration significantly increase the odds
ratio for death among CKD dogs. However, an
increase in uUNGAL concentration did not significantly
increase the odds ratio for death among CKD dogs
(Table 3). However, for the AKI dogs, all 3 variables
were not significantly associated with an increase in
odds ratio for the death (data not shown). In terms of
ROC analysis, the AUROC of the sSNGAL concentra-
tion (0.843) was the highest followed by serum creati-
nine concentration (0.767) and uNGAL concentration
(0.745) among dogs with CKD (Fig 1).

Based on a cutoff value of 50.6 ng/mL for sSsNGAL
and 51.9 ng/mLfor uNGAL, dogs with CKD were
divided into high-value and low-value groups. These
consisted of those patients with values > to the cutoff,
and those patients with values < the cutoff value,
respectively. For dogs with CKD (as shown in Fig 2),
the cumulative 90-day survival rates of the high-value
group and low-value group were significantly different
by log-rank test for both the SsNGAL and the uNGAL
groups (P < .05). Median survival time was 7 days for
the high-value group and 35 days for the low-value
group using the SNGAL concentration. For dogs with
AKI, the survival of the high-value group and low-
value group using sSNGAL and uNGAL concentra-
tions were not significantly different (data not shown).

Discussion

Studies have demonstrated that NGAL is a useful
biomarker in humans with renal disease,’ but the use
of NGAL as a marker in dogs with naturally occur-
ring kidney disease has only recently been explored in
AKI.?® The results of this study indicated that NGAL
is a promising renal biomarker when serum and urine
NGAL concentrations in azotemic dogs, especially
those with CKD, are evaluated. The serum and urine
NGAL concentrations of these animals are signifi-
cantly higher than those of healthy dogs. Moreover,
sNGAL concentration is a better prognostic indicator

Table 3. Results of univariate logistic analysis for
sSNGAL, uNGAL, and creatinine in dogs with CKD.

Variable Odds Ratio 95% CI P value*
SNGAL 0.983 0.971-0.996 <.01
uNGAL 0.997 0.993-1.001 .09
Creatinine 0.769 0.603-0.980 .03

*Correlation is significant at P < .05 (2-tailed).

*P < .05 as significant
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Fig 1.

Receiver-operating characteristic (ROC) curve analysis for sSNGAL, serum creatinine concentration, and uNGAL. The areas

under the ROC (AUROC) for the sSNGAL, uNGAL, and serum creatinine concentration curves are 0.843, 0.745, and 0.767, respectively
(P < .05). Using a cutoff point of 50.6 ng/mL for sSsNGAL, the sensitivity was 69.6% and the specificity was 100%. When a cutoff for
uNGAL of 51.4 ng/mL was used, the sensitivity was 78.3% and the specificity was 70%. For creatinine, the best cutoff point was 6.95,

which had a sensitivity of 65.2% and a specificity of 90%.
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Fig 2. Comparison of the Kaplan-Meier survival rate for urinary neutrophil gelatinase-associated lipocalin (SNGAL) concentrations.
The correlation of survival rate with sSNGAL concentration in the groups above and below the cutoff concentration (50.6 ng/mL, log-
rank test, P < .05) was analyzed using Kaplan-Meier survival curves.

than serum creatinine concentration based on ROC
analysis, which is consistent with studies in
humans.?**° These findings indicate that the SNGAL
concentration may be a useful prognostic indicator for
dogs with CKD.

Although studies in human patients have indicated
that SNGAL concentration shows good predictive abil-
ity with AKI,? in this study, an increase in SNGAL

and uNGAL were not associated with serum creatinine
concentration or death in AKI patients. There may be
several reasons for this observation. First, most
reported studies have evaluated disease progression
based on an increase in serum creatinine concentration
rather than using death. NGAL can dramatically
increase at an early stage of damage, namely when the
renal insult occurs, but then gradually decreases with
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time. Because most of the cases explored here were
referrals, the peak concentration of NGAL may have
been missed by the time a sample was collected. Sec-
ond, the case numbers for AKI in our study were
much lower than for CKD, and this limited statistical
analysis. Third, the separation between AKI and CKD
can be difficult. In our study, days of clinical signs
were used as the arbitrary cutoff between AKI and
CKD. However, dogs with acute-on-chronic kidney
disease may have been grouped into the CKD disease
group. More accurate diagnosis of diseases has been
helpful in grouping cases appropriately. Similarly,
NGAL in our study was not significantly related to
azotemia. This result is not in agreement with a recent
study®® in which the uUNGAL-to-urine creatinine ratio
was evaluated as a biomarker for AKI. Consequently,
a larger AKI sample size and a serial evaluation are
needed during any follow-up study. Comparison of
single uNGAL concentration to uNGAL-to-creatinine
ratios should also be evaluated.

Serum NGAL has been reported to be a valuable
factor when predicting progression in humans with
CKD.?? and a similar conclusion may be drawn for
dogs from our study. In addition, the results indi-
cated that sNGAL can play an important role in
predicting progression in CKD, not only because
sNGAL increases in parallel with serum creatinine
concentration but also because it has better capability
of predicting death than does creatinine. Because
sNGAL can have from different origins® and release
is not limited to the kidneys, concurrent diseases may
contribute to the increase in SNGAL and this might
lead to prediction of a poor prognosis. However,
because of the small sample size and the lack of
urine protein-to-creatinine ratio in this study, it is
difficult to categorize the CKD cases into smaller
groups such as glomerular disease and tubular dis-
ease; additional investigations are required to evalu-
ate the clinical relevance of NGAL in various types
of CKD.

Although NGAL has been reported to be secreted
by neutrophils, the SNGAL concentrations of the dogs
in this study were not found to be significantly corre-
lated with their leukocyte counts by linear regression.
Despite: NGAL being expressed in many organs,’
sNGAL seems to serve as an inflammatory marker; a
more severe inflammatory reaction is likely to lead to
a poorer prognosis. Therefore, even if the increase in
sNGAL concentration is not attributable to the renal
insult, its measurement seems to perform well when
predicting outcome.

The median age of onset in the azotemic dogs was
8.5 years, whereas the median age of the healthy con-
trol group was 2 years. This discrepancy may have
influenced on the results because CKD is an age-
related disease in dogs. However, in the CKD group,
the survivors, despite having lower sNGAL and
uNGAL concentrations than the nonsurvivors, were
not significantly younger than the nonsurvivors. This
observation suggests that age is not related to the
increase in NGAL.

Although previous studies have indicated that
uNGAL concentrations can be correlated with the
presence of acute damage during AKIL> uNGAL con-
centration does not seem to be associated with death.
To explain the role of NGAL in renal injury, some
authors have proposed the “forest fire theory”.*® In
this analogy, nephrons represent the trees in the forest
and NGAL represents the fire. After damage, the
remaining nephrons re-establish renal function, which
is evaluated as the glomerular filtration rate (GFR)
and is commonly evaluated as the serum creatinine
concentration. In this model, NGAL indicates the
active lesions during renal damage. Although active
damage increases in parallel with the decrease in renal
function, theoretically, NGAL and serum creatinine
concentration represent different functionalities. Urine
NGAL has been reported to be more specific for renal
damage than sNGAL. However, during renal disease,
renal damage cannot totally account for death and
other factors that are associated with systemic failure
must also be involved. Therefore, an increase in
uNGAL concentration is unlikely to be able to fully
explain a patient’s death. On this basis, increases in
either the SNGAL or uNGAL concentration are not
equivalent to an increase in serum creatinine concen-
tration and cannot replace it when making a diagnosis
and establishing a prognosis for patients with renal
disease.

In conclusion, NGAL concentrations in urine and in
serum can be used clinically in dogs as biomarkers to
indicate a state of impaired renal function. Further-
more, SNAGL seems to have better prognostic rele-
vance in dogs with CKD than those with AKI.

Footnotes

& Tetramethylbenzidine substrate kit, Clinical Science Labora-
tory, Inc, Mansfield, MA
> SPSS 16.0 for Windows, SPSS inc, Chicago, IL
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