Evaluation of biomarkers in bronchoalveolar
lavage fluid for discrimination between asthma

and chronic bronchitis in cats
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Objective—To compare concentrations of interleukin (IL)-4, interferon (IFN)-y, tumor ne-
crosis factor (TNF)-o,, and total nitric oxide (NO) metabolites in bronchoalveolar lavage fluid
(BALF) for discrimination between asthma and chronic bronchitis in cats.

Animals—97 cats.

Procedures—Cats screened with cytologic examination of BALF included 13 client-owned
cats with naturally developing asthma, 8 client-owned cats with chronic bronchitis, 23 re-
search cats with experimentally induced asthma, 33 research cats with experimentally
induced nonseptic suppurative inflammation of the airways, and 20 healthy control cats.
Banked unconcentrated BALF supernatant samples were assayed for concentrations of
[=4, IFN-y, TNF-o, and total NO metabolites.

Results—Concentrations of |4 and IFN-yin BALF were less than the limits of detection for
most cats, precluding statistical analysis. No significant differences were detected among
groups for TNF-a. concentrations. Concentrations of total NO metabolites were significantly
higher in cats with clinical chronic bronchitis, compared with research cats with nonseptic
suppurative inflammation or research cats with asthma.

Conclusions and Clinical Relevance—There were no significant differences in tested
biomarkers between cats with asthma and healthy control cats. None of the measured
cytokines or NO metabolites were useful for discriminating between cats with naturally
developing asthma and those with chronic bronchitis. (Am J Vet Res 2010;71:583-591)

llergic asthma and chronic bronchitis are in-

flammatory diseases affecting the lower airways of
cats. In the veterinary literature, the terminology used
to describe these 2 conditions is confusing and includes
bronchial asthma, asthmatic bronchitis, allergic
bronchitis, feline asthma syndrome, chronic bronchitis,
chronic asthmatic bronchitis, chronic bronchitis with
emphysema, idiopathic small airway disease, feline
obstructive lung disease, feline lower airway disease, and
feline bronchial disease.'” It is postulated that asthma
in cats is allergic in etiology and is similar to human
allergic asthma, caused by a Th2-lymphocyte—driven
hypersensitivity reaction to inhaled aeroallergens.*®’
Cytokines produced by Th2 cells lead to eosinophilic
airway inflammation, airway hyperreactivity, and
airway remodeling (permanent architectural changes
of the lung); these immunopathologic changes have been
characterized in cats on the basis of allergens identified in
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ABBREVIATIONS

BALF Bronchoalveolar lavage fluid

CLIN ASM Naturally developing clinical asthma

CLIN CB Naturally developing chronic bronchitis

EXP ASM Experimentally induced asthma

IFN Interferon

IL Interleukin

NO Nitric oxide

RES SUPP  Research cats with experimentally
induced nonseptic suppuractive inflam-

mation
Th T-helper
TNF Tumor necrosis factor

client-owned cats with naturally developing asthma.® The
cause of chronic bronchitis is less well understood and is
thought to be secondary to a previous insult (eg, infection
or inhaled irritants) that damages the airways. Chronic
bronchitis is characterized cytologically by inflammation
with nondegenerate neutrophils.® Because chronic allergic
asthma can damage the airways, leading to variable
neutrophilic inflammation, there is also overlap between
these diseases (termed chronic asthmatic bronchitis).?

It is difficult to discriminate between asthma and
chronic bronchitis on the basis of clinical signs alone
because both can induce coughing and wheezing. Al-
though asthma can also be associated with episodic re-
spiratory distress that is at least in part reversible with
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bronchodilators, not all asthmatic cats have clinically
important bronchospasm. Additionally, in rare instanc-
es, cats with chronic bronchitis may progress to devel-
opment of emphysema and have expiratory distress
minimally responsive to bronchodilators. Diagnostic
tests used in practice to attempt to differentiate these
conditions include thoracic radiography and cytolog-
ic analysis of BALE Thoracic radiography may reveal
normal findings in as many as 23% of cats,! and other
radiographic abnormalities (eg, bronchial and bron-
chointerstitial patterns) are frequently found in cats
with asthma and those with chronic bronchitis.’ Results
of cytologic examination of BALF are also problematic
in discriminating between these diseases because the
types of inflammatory cells are affected by the timing
of exposure to aeroallergens or other inhaled irritants,
concurrent secondary bacterial infections, and effects
of immunosuppressive drugs or diseases.

Biomarkers—endogenously synthesized biochemi-
cal compounds used in the diagnosis, management,
and prognostication of disease—have not yet been
evaluated in cats with naturally occurring lower air-
way disease. Because of the difficulty of discriminat-
ing asthma from chronic bronchitis in cats via tradi-
tional diagnostic tests, it is worthwhile to evaluate the
use of inflammatory mediators as potential biomark-
ers. In humans with asthma, increases in concentra-
tions of IL-4, TNF-o, and NO metabolites or exhaled
NO have been found, prompting interest into further
investigation of the role of these inflammatory media-
tors in asthma in cats.”'" Conversely, other studies'"!*
have found that the Thl cytokine IFN-y is reduced in
naturally developing and experimental asthma and
therefore contributes to the Th2-Thl imbalance char-
acteristic of allergic disease. Although TNF-a has been
implicated in the pathogenesis of chronic bronchitis®
and increased exhaled NO in humans with chronic
bronchitis,'* it is not clear if there are differences in
the magnitude of increase of these mediators in BALF
between humans with asthma and those with chron-
ic bronchitis. The purpose of the study reported here
was to compare concentrations of IL-4, IFN-y, TNF-o,
and total NO metabolites in BALF supernatant of cats
with naturally developing clinical asthma (CLIN ASM
group), cats with naturally developing chronic bronchi-
tis (CLIN CB group), research cats with experimentally
induced allergic asthma (EXP ASM group), research
cats with experimentally induced nonseptic suppura-
tive inflammation (RES SUPP group), and healthy con-
trol cats (control group). We hypothesized that cats with
allergic asthma (clinical and experimental) would have
increased IL-4 concentrations and an increased ratio of
IL-4 to IFN-y, compared with cats with naturally occurring
chronic bronchitis, research cats with nonseptic suppura-
tive inflammation, and healthy control cats. Additionally,
we expected cats with inflammatory airway disease (RES
SUPP, EXP ASM, CLIN ASM, and CLIN CB groups) to
have higher concentrations of TNF-o.and NO metabolites
than cats in the control group.

Materials and Methods

Client-owned cats—All cats that underwent BALF
collection at the Veterinary Medical Teaching Hospital,

College of Veterinary Medicine, University of Missouri,
between February 2006 and September 2008 were eli-
gible for inclusion in the study. Cats were included in
the study if they had a diagnosis of asthma or chronic
bronchitis based on clinical signs of lower airway dis-
ease (presence of coughing, wheezing, or episodic re-
spiratory distress), thoracic radiographic findings inter-
preted by a board-certified radiologist either as normal
or as supportive of bronchial disease (ie, bronchial or
bronchointerstitial pattern), and BALF cytologic find-
ings of increased eosinophils, neutrophils, or both
(compared with typical findings in healthy cats). Cats
were excluded if cytologic findings included evidence
of septic suppurative inflammation (with or without
positive bacteriologic culture results) or neoplastic cells.
Because healthy cats can have as many as 2,000 CFUs
of bacteria/mL of BALE cultures with < 2,000 CFUs/mL
were not interpreted as evidence of active infection."” If
> 2,000 CFUs/mL was obtained via direct culture but no
evidence of intracellular or extracellular bacteria was seen
and neutrophils were nondegenerate and low in number,
contamination of the upper portion of the airway was
considered likely and those cats were not excluded from
study. The study was performed in a retrospective fash-
ion, with ancillary diagnostic tests at the discretion of
the attending veterinarian. Relevant diagnostic tests
reported here included a CBC, heartworm antibody or
antigen ELISA, thoracic radiography, and bacterial cul-
ture of BALE For the purposes of this study, in client-
owned cats, a primary diagnosis of asthma (CLIN ASM
group) was made if there were > 17% eosinophils and
a diagnosis of chronic bronchitis (CLIN CB group) was
made if there were > 7% neutrophils in BALE Cats with
> 17% eosinophils and > 7% neutrophils were grouped
with the asthmatic cats (ie, they were assumed to have
chronic asthmatic bronchitis). We did not exclude cats
receiving glucocorticoids if they had cytologic findings
consistent with inflammation of the airways.

Research cats—Cats from a research colony at
the University of Missouri from which BALF had been
collected and stored were eligible for inclusion in the
study. Results of cytologic findings were retrospectively
reviewed to obtain samples for the control group (n =
20; eosinophils < 17%; neutrophils < 7%), RES SUPP
group (33; eosinophils < 17%; neutrophils > 7%), and
EXP ASM group® (23; eosinophils = 17%). Most (n =
26) cats included in the RES SUPP group were research
cats with naturally developing suppurative inflamma-
tion; the remainder of the cats (7) had allergen-induced
neutrophilic inflammation. Although naturally devel-
oping mild chronic bronchitis has been described in
research cats,® unlike in that study, we did not serially
monitor those cats to determine if the inflammation was
chronic, and they served only as control animals with
neutrophilic airway inflammation. All cats were cared
for according to the principles outlined in the National
Institutes of Health Guide for the Care and Use of Labo-
ratory Animals and the University of Missouri Animal
Care and Use Committee. Cats were given water and a
dry feline maintenance diet ad libitum.

BALF collection—Client-owned cats were anes-
thetized with propofol and received supplemental
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oxygen during or after BALF collection. Collection of
BALF was performed with bronchoscopic guidance
or with a blind technique at the discretion of the at-
tending clinician. Bronchoscopy was performed with
a bronchoscope,® in which a 10- to 20-mL aliquot of
sterile saline (0.9% NaCl) solution was instilled direct-
ly through the biopsy port after the bronchoscope was
wedged in an airway. Retrieval of saline solution was
performed via manual suction. The blind technique was
performed by intubating the cats with a cuffed 4.0- to
4.5-mm endotracheal tube and gently advancing an 8F
polypropylene or red rubber catheter through the endo-
tracheal tube until resistance was felt. A 10- to 20-mL
aliquot of sterile saline solution was instilled into the
catheter and retrieved by use of manual suction or
vacuum suction into a suction trap (mucus specimen
trap with suction catheter).” The clinical pathology
laboratory at the Veterinary Medical Teaching Hospital
at the University of Missouri processed the BALF and
performed differential cell counts. The remaining BALF
was centrifuged at 300 X g for 10 minutes, and the su-
pernatant was harvested and banked at —20°C.

Collection of BALF in research cats was performed
by use of ketamine (8 to 10 mg/kg, IV) for anesthe-
sia. A blind technique similar to that performed in cli-
ent-owned cats, with the following modifications, was
performed. After intubation and wedging of the poly-
propylene or red rubber catheter, a 10- to 20-mL ali-
quot of PBS solution was instilled into the catheter and
retrieved via gentle manual suction. The BALF samples
were placed immediately on ice and processed within
2 hours after collection. A cytocentrifuge was used
to prepare slides for cytologic evaluation; slides were
stained with a modified Wright stain. Differential cell
counts were determined by evaluating 200 nucleated
cells/slide. The remaining BALF was centrifuged at 300
X g for 10 minutes, and the supernatant was collected
and stored at —20°C until further analysis.

Total protein concentration—Total protein con-
centrations in BALF samples were measured with a
commercially available Bradford-type protein assay® in
accordance with the manufacturer’s instructions. Stan-
dards were run in triplicate, and samples were run in
duplicate. The limits of detection of the protein assay
were 8 to 500 pug/mL.

IL-4 and IFN-y concentrations—Commercially
available feline-specific IL-4 and IFN-y sandwich ELISA
kits! were used to quantitate BALF IL-4 and IFN-y con-
centrations in accordance with the manufacturer’s in-
structions. Standards were run in triplicate, and samples
were run in duplicate. The IL-4 and IFN-y concentra-
tions in thawed unconcentrated BALF were calculated
by use of values generated from the standard curve. The
range of detection of both cytokines in the ELISA was
0.0625 to 4 ng/mL.

Attempts were made to concentrate cytokines by use
ofavacuum concentrator®in which 1.5 mL of sample was
concentrated to a final volume of approximately 200 uL
(ie, not to dryness). When PBS solution was spiked with
known concentrations of recombinant 1L-4¢ or IFN-y
and concentrated prior to performing the ELISA, results
were not accurate and recovery was poor.

TNF-o activity—Tumor necrosis factor-ou activity
was determined in thawed BALF supernatant by use
of a modification of a cytotoxicity bioassay.'!” Briefly,
3.0 X 10° cells from mouse fibroblast (1929) cells were
cultured in modified Eagle medium'’ plus 1% horse se-
rum' and 3 pg of actinomycin D/mL# on a 96-well flat-
bottom tissue culture plate." Fifty microliters of BALF
supernatant was added to the wells in duplicate. After a
20-hour incubation, 3-[4,5-dimethylthiazol-2-yl]-2,5,-
di-phenyl tetrazolium bromide® was added and the cells
were incubated for an additional 2.5 hours. The forma-
zen crystals were solubilized in 50% dimethylformanide’
and 20% SDS.! Color development after 1 hour was mea-
sured at 630 nm. Recombinant feline TNF-oJ was used to
construct a standard curve. The range of detection of this
assay was 0.2 to 10 ng/mL. For statistical analysis, samples
with activity less than the lower limit of detection of the
assay were assigned a concentration of 0.2 ng/mlL.

NO metabolites concentrations—Thawed aliquots
of BALF supernatant were used for determination of the
NO end products nitrite (NO,") and nitrate (NO,") by
use of components from a commercially available kit.*
All samples were passed through a 10,000 molecular-
weight cutoff filter! at 3,000 X g for 30 minutes. Eighty
microliters of BALF supernatant was plated in dupli-
cate by use of a 96-well high-binding certified flat-bot-
tom plate’ with 10 UL of nitrate reductase and 10 UL
of NADPH (enzyme cofactor)/well and incubated for
3 hours at 22°C to reduce nitrate to nitrite. The final
concentration of nitrite was measured by use of Griess
reagents sulfanilamide and N-(1-naphthyl) ethylenedi-
amine to convert the nitrite in BALF to a deep purple
azo compound. Absorbance was measured at 540 nm,
and the concentration of nitrite was multiplied by 2.5
to obtain nitrate concentration. The range of detection
of nitrate for the assay was 2.5 to 87.5 UM.

Statistical analysis—Statistical analyses were per-
formed with commercially available software.™ Data
were analyzed for normality by use of a Kolmogorov-
Smirnov test. A Kruskal-Wallis ANOVA on ranks test
was used to compare the percentages of eosinophils and
neutrophils, total nitrate concentration, and TNF-o
concentration in BALF among groups. When appropri-
ate,a Dunn multiple comparison method was performed
to delineate differences between individual groups. The
IL-4-to-IFN-y ratio was calculated for cats in the EXP
ASM group that had detectable concentrations of both
cytokines (7/23 cats) by dividing the concentration of
IL-4 by the concentration of IFN-y. Differences were
considered significant at P < 0.05.

Results

CLIN ASM group—Thirteen cats (8 castrated
males, 4 spayed females, and 1 sexually intact male)
were identified with naturally developing asthma. Cats
had a mean + SD age of 7.2 + 1.1 years and a mean =+
SD weight of 5.3 = 0.3 kg. Breeds included domestic
shorthair (n = 7), mixed-breed cat (4), domestic long-
hair (1), and Ocicat (1).

Clinical signs related to the respiratory tract iden-
tified via history or physical examination included
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coughing (n = 9 cats), increased bronchovesicular
sounds (6), respiratory distress (3), and wheezing (1).
When information was available (n = 9), CLIN ASM
cats had clinical signs consistent with asthma (eg,
coughing, wheezing, and episodic respiratory distress)
months or years prior to referral to the Veterinary Med-
ical Teaching Hospital and subsequent BALF collection.
In cats that had a CBC performed within 2 months of
BALF collection (n = 9), abnormalities related to in-
flammation included eosinophilia (4), neutrophilia (3),
hyperproteinemia (3), and monocytosis (1). Tests for
heartworm antibody, antigen ELISA, or both yielded
negative results in all CLIN ASM cats tested (n = 8).
Medications administered within 2 weeks of BALF col-
lection (n = 6 cats) included prednisone or predniso-
lone administered orally at 2 mg/kg/d (2), 1.5 mg/kg/d
(1), 1 mg/kg/d (1), or 1 mg/kg every other day (1); in-
haled fluticasone (220 pg/actuation, q 12 h [1]); orally
administered terbutaline (1.25 mg, q 12 h [1]); orally
administered cyproheptadine (2 mg, q 12 h [1]);
orally administered enrofloxacin (22.7 mg, q 24 h
[1]); and orally administered doxycycline (25 mg, q
12 h [1D).

Thoracic radiographs were obtained within 2
months of BALF collection for 12 of 13 cats. Abnor-
mal findings included bronchointerstitial (n = 6 cats)
and bronchial (4) lung patterns, hyperinflation of the
lungs (1), and atelectasis of the right middle lung lobe
(1). Two cats had unremarkable findings. One cat with
radiographs obtained > 2 months previously (during a
period of severe coughing) had unremarkable findings.

Collection of BALF was performed with a blind tech-
nique (n = 10 cats) or bronchoscopic guidance (3). Two
cats had bacterial counts > 2,000 CFUs/mL (Corynebac-
terium spp, Staphylococcus epidermis, or Propionibacterium
spp); however, oral contamination or contamination of
the upper portion of the airway was thought likely be-
cause no intracellular or extracellular bacteria were seen
on cytologic examination and the cats only had 1% and
3% neutrophils in BALE respectively.

CLIN CB group—Eight neutered cats (5 males and
3 females) with a mean + SD age of 7.9 + 1.1 years and a
mean + SD weight of 5.2 + 0.2 kg were indentified with
naturally developing chronic bronchitis. Breeds includ-
ed domestic shorthair (n = 3 cats), mixed-breed cat (1),
Persian (1), domestic longhair (1), Russian Blue (1),
and Himalayan (1).

Clinical signs related to respiratory tract disease
determined via history and physical examination in-
cluded coughing (n = 5 cats), increased bronchovesic-
ular sounds (4), and respiratory distress (1). The cat
with expiratory respiratory distress also had evidence
of hyperinflation of the lungs and was minimally re-
sponsive to orally administered and inhaled broncho-
dilators (ie, there was suspicion of chronic bronchitis
with emphysema). When information was available,
cats (n = 7) had clinical signs consistent with chron-
ic bronchitis months or years prior to referral to the
Veterinary Medical Teaching Hospital and subsequent
BALF collection. Cats that had a CBC performed within
2 months of BALF collection (n = 6 cats) had 2 abnor-
malities pertaining to inflammation: hyperproteinemia
(3) and monocytosis (1). Heartworm antibody and an-

tigen ELISA results were negative for all cats tested (n =
4). Medications administered within 2 weeks of BALF
collection (n = 3 cats) included prednisone adminis-
tered orally at 1 mg/kg every other day (1) and 2.5 mg/
kg/d (1) and unknown doses of chlorpheniramine (1)
and nebulized enrofloxacin (1).

Thoracic radiographs were obtained within 2
months of BALF collection for cats in the CLIN CB
group (n = 7); findings included bronchointerstitial (4)
and bronchial (2) patterns, cardiomegaly and pulmo-
nary arterial enlargement (2), and bronchiectasis (1).
The 2 cats that had pulmonary arterial enlargement had
hypertrophic cardiomyopathy as diagnosed via echocar-
diography. In 1 cat, thoracic radiographs were obtained
that were not available for review by a board-certified
radiologist, and the cat was not included in the study.

Collection of BALF was performed in all cats by
use of a blind technique (n = 4 cats) or bronchoscopic
guidance (4). No cat had bacteriologic culture results
that were considered positive (> 2,000 CFUs/mL).

Research cats—All research cats were < 1 year of
age when BALF was collected. Weight of the research
cats was not routinely recorded at the time of BALF
collection. None of the cats in the control and RES
SUPP groups had evidence of respiratory tract disease
via physical examination or recorded in daily monitor-
ing records. Cats in the EXP ASM group had variable
responses to aerosol challenges of allergen, including
increased respiratory rate, coughing, and increased
bronchovesicular sounds or wheezing. Complete blood
counts and thoracic radiography were not performed.

Fosinophils—The percentage of eosinophils in
BALF samples was determined (Figure 1). Cats in the
EXP ASM and CLIN ASM groups had a significantly
(P < 0.001) greater percentage of eosinophils, com-
pared with cats in the control, RES SUPP, and CLIN CB
groups. There was no significant difference (P = 0.271)
in percentage of eosinophils between the EXP ASM and
CLIN ASM groups. For CLIN ASM cats receiving glu-
cocorticoids and not receiving glucocorticoids, median
percentage of eosinophils was 51% (range, 22% to 80%)
and 67% (range, 17% to 90%), respectively.

Neutrophils—The percentage of neutrophils in
BALF samples was determined (Figure 2). Cats in the
CLIN CB group had a significantly (P < 0.001) greater
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Figure 1T—Percentages of eosinophils in BALF samples obtained
from cats in various groups. The upper and lower boundaries of
each box represent the 75th and 25th percentiles, respectively.
The line within the box represents the median value, and the
whiskers represent the range.
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percentage of neutrophils, compared with cats in the
control, EXP ASM, and CLIN ASM groups, and cats
in the RES SUPP group had a significantly (P < 0.001)
greater percentage of neutrophils than did cats in the
control and EXP ASM groups. Cats in the CLIN CB
group receiving glucocorticoids and not receiving glu-
cocorticoids had a median percentage of neutrophils
of 49% (range, 30% to 67%) and 46% (range, 23% to
88%), respectively.

Total protein concentration—Median concentra-
tion of total protein in BALF samples was determined in
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Figure 2—Percentages of neutrophils in BALF samples obtained
from cats in various groups. The upper and lower boundaries of
each box represent the 75th and 25th percentiles, respectively.
The line within the box represents the median value, and the
whiskers represent the range.
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Figure 3—Concentrations of nitrate in BALF samples obtained
from cats in various groups. The upper and lower boundaries of
each box represent the 75th and 25th percentiles, respectively.
The line within the box represents the median value, and the
whiskers represent the range.
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Figure 4—Concentrations of TNFo in BALF samples obtained
from cats in various groups. The upper and lower boundaries of
each box represent the 75th and 25th percentiles, respectively.
The line within the box represents the median value, and the
whiskers represent the range.

the control (140 ng/mL; range, 50 to 616 ng/mL), RES
SUPP (179 ng/mL; range, 55 to 926 ng/mL), EXP ASM
(145 ng/mL; range, 8 to 401 ng/mL), CLIN ASM (193
ng/mL; range, 50 to 661 ng/mL), and CLIN CB (217
ng/mL; range, 50 to 1,258 ng/mL) groups. There was no
significant (P = 0.167) difference among groups.

IL-4 and IFN-y concentrations—Most of the cats
had BALF concentrations of IL-4 and IFN-y that were
less than the lower limit of detection for the assays
(ie, 0.0625 ng/mL), precluding meaningful statistical
analysis. For cats that had detectable concentrations of
IL-4 and IFN-y, the range of cytokine concentrations
in BALF samples was determined in the control (IL-4,
0.08 to 0.51 ng/mL; IFN-y, 0.08 to 0.18 ng/mL), RES
SUPP (IL-4, 0.07 to 0.08 ng/mL), EXP ASM (IL-4, 0.07
to 2.12 ng/mL; IFN-y, 0.06 to 1.09 ng/mL), CLIN ASM
(IFN-y, 0.14 ng/mL), and CLIN CB (IL-4, 0.09 to 0.14
ng/mL) groups. The number of cats in each group that
had cytokine concentrations below the lower limit of
detection was determined in the control (IL-4, 16/20;
IFN-y, 17/20), RES SUPP (IL-4, 30/33; IFN-v, 33/33),
EXP ASM (IL-4, 11/23; IFN-y, 15/23), CLIN ASM (IL-
4,13/13; IFN-y, 12/13), and CLIN CB (IL-4, 5/8; IFN-y,
8/8) groups. Only a small number of cats in the EXP
ASM group (7/23) had detectable concentrations of IL-
4 and IFN-y simultaneously; the mean + SD IL-4-to-
IFN-y ratio was 1.97 + 1.16.

Interleukin-4 was not detectable in BALF of any
cat in the CLIN ASM group, regardless of whether they
were receiving glucocorticoids (n = 6 cats) or not (7).
Interferon-y was detected in only 1 cat in the CLIN
ASM group, and that cat was being treated with gluco-
corticoids at the time of collection. Interleukin-4 was
detectable in only 3 cats in the CLIN CB group; 1 was
receiving glucocorticoids, and the other 2 were not. In-
terferon-y was not detectable in any cats in the CLIN
CB group, regardless of whether they were receiving
glucocorticoids (n = 2 cats) or not (6).

NO metabolites and TNF-o. concentrations—The
CLIN CB group had significantly (P < 0.001) greater
nitrate concentrations in BALF samples, compared with
RES SUPP and EXP ASM cats (Figure 3). There was no
significant difference in nitrate concentrations among
other groups. There was no significant (P = 0.105) dif-
ference among groups in the concentrations of TNF-o.
in BALF samples (Figure 4).

Effect of glucocorticoid treatment on biomarkers
in CLIN ASM and CLIN CB groups—When pet cats
treated with glucocorticoids were removed from the
statistical analysis, there was no difference in the over-
all results of statistical analysis or interpretation of the
study.

Discussion

In the present study, none of the potential biomark-
ers evaluated (IL-4, IFN-y, TNF-a, and NO metabolites)
in BALF were useful for discriminating between cli-
ent-owned cats with naturally developing asthma and
chronic bronchitis. There are several possible reasons
for this. Cytokines in the epithelial lining fluid are vari-
ably and unpredictably diluted by saline solution in-
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stilled during collection of BALE' Although there were
no significant differences among groups in BALF total
protein concentration (a crude marker of dilution), it
is clear that BALF represents substantial dilution of the
epithelial lining fluid. Compounding the dilutional ef-
fects is the poor sensitivity of available feline-specific
cytokine assays. Many of the samples yielded values less
than the lower limit of detection of the assays for IL-4,
IFN-y, and TNF-o. Thus, it is possible that if a more
sensitive assay were available, differences could be de-
tected among groups. Alternatively, concentrating the
cytokines in BALF might enhance detection. Attempts at
use of a concentrator did not produce reliable results in
the ELISAs by use of saline solution spiked with known
concentrations of feline-specific recombinant cytokines,
but use of high-molecular-weight cutoff filters is an al-
ternative means of concentration that could be evalu-
ated in future studies. The second possible reason for
lack of usefulness of the biomarkers tested in this study
was that inflammatory mediators evaluated have mini-
mal roles or no role in the diseases studied. Selection of
the cytokines was limited by the availability of reagents
for use in cats and the type of banked samples avail-
able (ie, acellular BALF supernatant). Although IL-4
and IFN-y are prototypical Th2 and Thl cytokines, re-
spectively, that play a role in allergic asthma,'"'* IL-5 is
a key cytokine that is involved with eosinophil matura-
tion, differentiation, and survival.?® Because eosinophil-
ic airway inflammation is one of the hallmark differenc-
es between asthma and chronic bronchitis, analysis for
IL-5 would have been logical; however, a feline-specific
IL-5 ELISA is not currently available. Another possible
reason for the lack of positive results in this study was
the fact that in naturally developing disease, there is
not a consistent course of inflammatory events. For ex-
ample, client-owned cats with asthma are likely to be
sensitized to different types and quantities of allergens
and have variability in timing of exposure. If there was
no recent exposure around the time of BALF collection,
certain inflammatory mediators might not be increased.
When BALF is collected, it is essentially representative
of a snapshot in time of the cytokine profile, whereas it
is likely that there are continual changes in the expres-
sion of the various cytokines. In the cats with experi-
mentally induced asthma, because administration of
allergen was standardized with respect to amount and
timing, detection of the cytokines of interest was much
more likely. Typically, client-owned cats were older (7
years) than research cats (< 1 year). This difference in
age may introduce variations in the inflammatory pro-
file among groups because age may alter the immune
response. Furthermore, if the client-owned cats had in-
flammatory cytologic findings, they were not excluded
from the study if they were recently or concurrently be-
ing administered glucocorticoids; glucocorticoids can
affect the inflammatory profile and may have prevented
detection of clear differences among biomarkers in dif-
ferent groups.

The purpose of the study was to find discrimina-
tory biomarkers by evaluating possible differences in
underlying molecular mechanisms of disease between
cats with asthma and those with chronic bronchitis.
The veterinary literature has historically focused on

differentiating diseases of the lower portion of the air-
ways of cats on the basis of historical, physical, radio-
graphic, clinicopathologic, and cytologic evalua-
tion'>"; however, controversy still exists regarding
the exact definitions and criteria for these diseases.
Although not clear-cut, there are distinguishing clini-
cal and pathological features that suggest that asthma
and chronic bronchitis in cats are not the same disease.
For example, episodic airflow limitation and associated
expiratory respiratory distress that is at least partially
reversible with bronchodilators is a feature of asthma,
whereas respiratory distress is uncommon with chronic
bronchitis. When cats with chronic bronchitis have evi-
dence of respiratory distress (as did 1 cat in the CLIN
CB group), in the authors’ opinion, it is usually mini-
mally responsive to bronchodilators both clinically and
radiographically (ie, there is radiographic persistence
of air trapping). Additionally, because asthma in cats is
believed to be allergic in origin,>®7 eosinophils are a key
cell type involved in airway inflammation. Additional
support for the idea that cats have allergic asthma is the
ability to experimentally replicate the major features of
asthma in research cats by use of allergens identified in
client-owned cats with naturally developing asthma.®
Specifically, cats sensitized to house dust mite or Ber-
muda grass allergen develop allergen-specific IgE pro-
duction, airway eosinophilia, an acute-response Th2
cell cytokine profile, airway hyperreactivity in response
to allergen challenge, and histologic evidence of airway
remodeling. These represent the major features seen
in humans with asthma. In contrast, cats with chronic
bronchitis develop nonseptic suppurative inflamma-
tion.® Increased mucus production and chronic cough-
ing are commonly reported in the veterinary literature
as key components of chronic bronchitis in cats, al-
though both are nonspecific and the former is hard to
quantitate.

Recent advances in human medicine have focused
on the presence of cytokines and inflammatory media-
tors as a means of developing novel diagnostic tests and
therapeutics for diseases of the lower portion of the air-
ways.”1%2! To our knowledge, no effort has been made
to identify inflammatory mediators in BALF to use as
potential biomarkers to differentiate between allergic
asthma and chronic bronchitis. Selection of candidate
inflammatory mediators is somewhat dependent on the
reagents that are available as well as an understanding
of the immunopathologic mechanisms of disease.

Asthma in cats is postulated to be similar to allergic
asthma in humans, in which exposure to aeroallergens
induces a preferential polarization of the immune re-
sponse toward Th2 cytokine production (eg, IL-4, IL-5,
1L-9, and IL-13) that leads to the hallmark features of
allergic asthma, namely, airway inflammation, airway
hyperreactivity, and airway remodeling.?***> Moreover,
Th2 cytokines are thought to suppress the Thl im-
mune response and associated cytokines (eg, IFN-y)
that play an important role in the regulation of immune
balance.*** Less is known about the pathogenesis of
chronic bronchitis in cats, which is generally accepted
to be characterized by mucus hypersecretion and cy-
tologic evidence of nondegenerate neutrophilic inflam-
mation. As in humans, the inflammation arises second-
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ary to an insult to the lower airways that is nonspecific
and frequently not definitively identified.®"

The production of IL-4 by Th2 lymphocytes is
thought to be critical in development of allergic asthma
because it helps ThO cells (uncommitted T cells) differ-
entiate into Th2 cells, allowing antibody class switching
and production of IgE.*® Tts central role in asthma has
been highlighted in studies® in IL-4 knock-out mice,
which, after sensitization and challenge with ovalbu-
min, lack both airway eosinophilia and hyperreactiv-
ity. Asthmatic children have significantly increased IL-4
concentraions in exhaled breath condensate, compared
with healthy children," and asthmatic adults have
increased IL-4 positive cells in bronchial tissue, com-
pared with adults with chronic bronchitis.?” However,
IL-4 is not necessarily detectable in BALF from human
asthmatics, even if symptomatic.”® Compatible with the
latter study, not a single cat with naturally developing
asthma had detectable BALF IL-4 concentrations. This
may be explained by the fact that IL-4 appears to play
more of a role in the early stages of Th2 development,”
and the cats in the present study likely had chronic
disease.

The role for IFN-y, a Thl proinflammatory cyto-
kine, is somewhat controversial in allergic asthma, with
results of some studies'*****! supporting decreases in
this cytokine (presumptively attributable to suppres-
sion of the Thl immune response by IL-4) and results
of others®>* indicating an increase in severe chronic
or acute asthma. Evaluation of the IL-4-to-IFN-y ratio
allows for comparison of the relative contribution of
Th2- and Thl-mediated immunity. In support of this,
asthmatic children have increased IL-4 and reduced
IFN-y concentrations in exhaled breath condensate
and an increased IL-4-to-IFN-y ratio, compared with
healthy children." In the present study, although many
cats with experimentally induced asthma had undetect-
able concentrations of IL-4 or IFN-y, for the 7 cats in
which both cytokines were measurable, the mean IL-
4-to-IFN-y ratio was 1.9, consistent with a Th2-pre-
dominant immune response. None of the cats with a
primarily neutrophilic airway response (ie, RES SUPP
and CLIN CB groups) had detectable concentrations of
IFN-yin BALE

In humans with asthma, TNF-o contributes to the
pathogenesis of disease in various ways, including re-
cruitment of inflammatory cells, airway hyperrespon-
siveness, and airway remodeling.”?® High concentra-
tions of TNF-o are linked to complications in humans
with asthma.® The concentration of TNF-o in human
BALF was reported to be higher in patients with severe
asthma, compared with that in patients with mild dis-
ease, suggesting that the beneficial effects of a TNF-o
antagonist may be limited to patients with severe, re-
fractory disease.” However, TNF-o. activity is not lim-
ited to asthmatics, as indicated by increased TNF-o. in
the sputum?®** or BALF** of humans with chronic bron-
chitis or chronic obstructive inflammatory disease. The
lack of significant differences in BALF TNF-o. concen-
tration among groups in the present study may suggest
that the cats had mild or moderate disease instead of
severe disease or that TNF-o. is not a critical mediator
in these diseases in cats.

Nitric oxide is an important mediator of host de-
fenses via elaboration of reactive nitrogen species; how-
ever, excessive production of reactive nitrogen species
may also contribute to ongoing airway inflammation in
diseases such as asthma and chronic bronchitis.'*3¢3"
Asthmatic children® and adults have increased NO
metabolites in sputum, compared with healthy subjects.
Most human studies®>** have evaluated exhaled NO (vs
NO metabolites in BALF, as was done in the present
study), and there is good evidence that exhaled NO is
linked to eosinophilic airway inflammation in asthma.
There is also evidence that chronic bronchitis in hu-
mans is associated with increased exhaled NO.'* To the
authors’ knowledge, metabolites of NO have never been
evaluated in the BALF of client-owned cats with natu-
rally developing allergic asthma and chronic bronchitis.
On the basis of the human literature, we expected all cats
with inflammatory airway disease to have increased total
NO metabolites, compared with healthy cats with no cy-
tologic evidence of airway inflammation. We wanted to
determine whether there were differences in the magni-
tude of increased total NO metabolites between cats with
asthma and those with chronic bronchitis. Although con-
centrations of total NO metabolites were increased in the
CLIN CB group, compared with those of the RES SUPP
and EXP ASM groups, there was no significant difference
between the CLIN CB group and the CLIN ASM group.
Moreover (and somewhat unexpectedly), there was no
significant difference in concentrations of total NO metab-
olites in the CLIN CB and CLIN ASM groups, compared
with concentrations of the control group. Given the small
sample size and marked variability in the NO metabolite
concentrations, it is likely that the lack of difference was
simply because of type I statistical error. Additional study
in a larger number of healthy client-owned cats and client-
owned cats with naturally developing asthma and chronic
bronchitis is warranted.

In the present study, cats with naturally develop-
ing asthma (6/13) and chronic bronchitis (2/8) were
receiving or had recently (within 2 weeks of BALF col-
lection) received glucocorticoids (orally administered
or inhaled). Glucocorticoids represent the mainstay of
treatment for cats with asthma and chronic bronchitis
because they are considered effective in suppressing
the inflammatory response by inhibiting production
of various inflammatory mediators.®*** Cats were not
excluded from the study as long as they had cyto-
logic evidence of inflammation in BALE Admittedly,
glucocorticoids can alter the inflammatory profile in
inflammatory airway disease. For example, in mice
with chronic asthma, dexamethasone administration
decreased expression of IL-4, IFN-y, and TNF-o* but
also significantly reduced eosinophilic inflammation in
tandem with the decrease in cytokine production. Cats
in the CLIN ASM and CLIN CB groups in the present
study that were receiving glucocorticoids still had evi-
dence of inflammatory airway disease in BALF samples
(mean, 50% eosinophils and 49% neutrophils).

Although there is strong speculation that asthma
in cats is allergic in origin and therefore could be ame-
nable to some specific treatments that may alter Th2-
cell-driven processes,>®"*# progress in understand-
ing this naturally developing disease is hampered by a
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lack of clear guidelines on differentiating asthma from
chronic bronchitis. In fact, there are > 10 terms used to
characterize noninfectious lower airway inflammation
in cats.!”" In the present study, guidelines used were
roughly adapted from a review on BALF and defined
asthma as a cytologic finding of 2 17% eosinophils and
chronic bronchitis as a cytologic finding of > 7% neutro-
phils.** Knowing that asthma is a chronic inflammatory
disorder that can damage airway epithelial cells but is
still predominantly driven by a hypersensitivity to aller-
gen, we chose to place cats with both = 17% eosinophils
and = 7% neutrophils in the asthma group. Neutrophils
have been described as important cells involved in the
pathogenesis of severe asthma in humans, even when
superimposed on the injury incited by eosinophils.*#¢

The inflammatory mediators (IL-4, IFN-y, TNF-a.,
and NO metabolites) that were investigated as possible
biomarkers did not appear to be useful in differentiation
between cats with naturally developing allergic asthma
and those with chronic bronchitis. However, this study
was not without limitations, including the low sensitiv-
ity of the assays for detecting IL-4, IFN-y, and TNF-o.
in BALF supernatant and the inability to measure other
relevant biomarkers because of the lack of feline-spe-
cific reagents. Future studies should focus on validat-
ing a technique for concentrating BALF supernatant or
increasing the sensitivity of the currently available fe-
line-specific cytokine assays. Additionally, future stud-
ies with more rigorous inclusion criteria and with non-
traditional diagnostic tests (eg, pulmonary mechanics,
including methcholine challenge and response to bron-
chodilator treatment, and evaluation of recent allergen
exposure among asthmatic cats by use of intradermal
skin testing or serum allergen-specific IgE reactivity)
may help to detect BALF biomarkers that can be used
to distinguish between cats with asthma and those with
chronic bronchitis.
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