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Abstract

Acute and chronic inflammation of the airway remains an important health problem for equids. “Heaves” or recurrent airway
obstruction (RAO) remains one of the most commonly diagnosed conditions affecting the lung of older horses in Europe and the
United States. The typical clinical signs of RAO include non-productive coughing, serous nasal discharge, labored expiratory
effort, and flaring of the nostrils. Auscultation of the lungs of the affected horse often reveals abnormal respiratory sounds,
described as crackles and wheezes, throughout the area of the lung field. These clinical signs occur secondary to an inflammatory
response that results in bronchospasm, excessive mucus production and airway obstruction. This inflammatory response is
characterized by the presence of excessive mucus and inflammatory cells, primarily neutrophils, in the small airways. Most
evidence suggests that RAO is the result of a pulmonary hypersensitivity to inhaled antigens. Exposure of affected horses to hay
dust, pollens, and mold spores leads to neutrophil accumulation in the lung and bronchospasm. The identification of allergen-
specific IgE in bronchoalveolar lavage (BAL) fluid and sera of affected horses supports the involvement of a late phase, IgE-
mediated, hypersensitivity reaction in the pathogenesis of equine RAO. The production of IgE antibodies is regulated by the
cytokines IL-4 and IL-13. Using a quantitative PCR method we have reported that horses with RAO exhibit a modified Type 2
cytokine response characterized by the production of IL-4 and IL-13 mRNA, but not IL-5 mRNA in BAL cells. Interferon-
gamma mRNA was also elevated, suggesting a mixed response. While these results are consistent with equine RAO being the
result of an aberrant Type 2 cytokine response to inhaled allergens, others have failed to find any evidence of elevated Type 2
cytokine mRNA in BAL from horses with “heaves”. It is likely that these disparate results could be the result of differences in
the clinical stage of the affected animals or the timing of sample collection. Here, we report a diverse pattern of cytokine gene
expression when sampling a group of affected horses over a period of time.
© 2005 Elsevier B.V. All rights reserved.
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diagnosed conditions affecting the lungs of older
horses in Europe and the northern United States
(Bracher et al., 1991; Larson and Busch, 1985; Mc
Pherson et al., 1978). A clinically similar condition
has been reported in horses on pasture during the
summer months and is referred to as summer pasture-
associated obstructive pulmonary disease (SPAOPD)
(Costa et al., 2000; Dixon et al., 1995a; Mair, 1996;
Seahorn et al., 1996). Though fewer than 10% of
COPD-affected horses also suffer from SPAOPD
(Dixon et al., 1995a), clinical signs and cellular
composition of tracheal and bronchoalveolar lavage
fluid suggest a common pathogenic mechanism (Costa
et al., 2000; Mair, 1996; Seahorn et al., 1996).

The typical clinical signs of RAO include non-
productive coughing, serous nasal discharge, labored
expiratory effort, and flaring of the nostrils (Dixon
et al., 1982, 1995b; Seahorn et al., 1996). Auscultation
of the lungs of the affected horse often reveals
abnormal respiratory sounds, described as crackles
and wheezes, throughout the area of the lung field.
These clinical signs occur secondary to an inflam-
matory response that results in bronchospasm,
excessive mucus production and airway obstruction.
This inflammatory response is characterized mainly
by the presence of neutrophils in the small bronchioles
and the release of inflammatory mediators including
histamine, serotonin, leukotrienes, thromboxane, and
15 HETE (Franchini et al., 1998; Gray et al., 1992;
McGorum et al., 1993a). These inflammatory med-
iators are responsible for the bronchospasm, mucus
secretion, airway hyperreactivity, and airway wall
thickening, which create airway obstruction (Bayly
and Slocombe, 1997; Dixon, 1992; Kaup et al.,
1990c). With each bout of inflammation, further
anatomical changes occur within the airway wall such
as proliferation of smooth muscle, goblet cell
metaplasia, and thickening of the mucosa (Kaup
et al., 1990c; Robinson and Derksen, 1998).

Though dietary toxicity, antiprotease deficiency,
bacterial-derived proteases, and viral respiratory
infection have been proposed as possible causes of
RAO in horses, most evidence suggests that it is the
result of a pulmonary hypersensitivity to inhaled
antigens (Eyre, 1972; McGorum et al., 1993b;
Thomson and McPherson, 1983). Exposure of affected
horses to hay dust, pollens, and mold spores leads to
neutrophil accumulation in the lung and bronchos-

pasm (Marr et al., 1996; McGorum et al., 1993b).
Histamine concentrations in bronchoalveolar lavage
fluid are significantly correlated with the numbers of
metachromatically staining cells, presumed to be mast
cells and/or basophils (McGorum et al., 1993a).
Basophil degranulation in vitro in response to
stimulation with putative allergens (Halliwell et al.,
1993) and allergen-specific IgE in BAL fluid and sera
of affected horses (Schmallenbach et al., 1998)
support the involvement of a late phase, IgE-mediated,
hypersensitivity reaction in the pathogenesis of equine
RAO. Interestingly, there is little evidence of an
immediate hypersensitivity response in allergen-
challenged horses.

The production of IgE antibodies is regulated by
the cytokines interleukin (IL)-4 and IL-13 (Wills-Karp
etal., 1998; Yssel et al., 1998). Two laboratories using
a quantitative PCR method have reported that
bronchoalveolar lavage (BAL) and peripheral blood
mononuclear cells (PBMC) of RAO-affected horses
expressed IL-4 mRNA but not IL-5 in BAL cells
(Beadle et al., 2002; Giguere et al., 2002). Interferon-
gamma (IFN-y) mRNA was also elevated in both
studies. By contrast, Lavoie et al. reported a classical
Type 2 cytokine response including both IL-4 and IL-5
mRNA production in horses affected with “heaves”
(Cordeau et al., 2004; Lavoie et al., 2001). Interleukin-
5 plays a central role in the eosinophilic inflammation
characteristic of certain forms of human and murine
asthma (Wills-Karp, 1999). The most notable feature
of equine RAO is the predominant neutrophilia in the
airways (Dixon et al., 1995c; Franchini et al., 1998;
McGorum and Dixon, 1993). This bronchiolar
neutrophilia may be the consequence of the over-
expression of cytokines chemotactic for neutrophils,
particularly IL-8 (Franchini et al., 1998; John et al.,
1998). Higher amounts of IL-8 and increased numbers
of neutrophils are found in horses with COPD
(Franchini et al., 1998) and thus serves as a marker
of this disease. While increased expression of IL-8 can
account for the increased numbers of neutrophils
recruited to the airway, their persistence in the airway
is probably related to other mechanisms. The finding
that NF-kB activity is aberrantly sustained in the
bronchial cells of heaves-affected horses after allergen
elicitation suggests that this could account for the
continued presence of inflammatory cells in the
affected airway (Bureau et al., 2000). It seems likely
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that this increase in NF-kB activity is the result of the
presence of Type 2 cytokines that can regulate its
production and turnover (Lin et al., 2000). While these
results are consistent with equine RAO being the result
of an aberrant Type 2 cytokine response to inhaled
allergens, a fourth group, also using a PCR approach,
failed to find any evidence of elevated Type 2 cytokine
mRNA in BAL from horses with “heaves’” and instead
noted elevated amounts of INF-y and IL-8 mRNA
(Ainsworth et al., 2003). These disparate results could
be due to the different methodologies employed to
measure cytokine-specific mRNA. It is perhaps more
likely that difference in the clinical stage of the
affected animals or the timing of sample collection
contributed to these discrepancies. Here, we have
addressed some of these possibilities by following a
group of horses affected with SPAOPD throughout the
season and assessed their BAL and PBMC for
cytokine mRNA production.

2. Materials and methods
2.1. Horses

Six mixed breed horses previously diagnosed with
the SPAOPD form of equine RAO and six mixed breed
controls were used in this study. All horses were
vaccinated once a year for Eastern, Western, and
Venezuelan encephalitis, tetanus, and equine influenza
virus. All horses were treated with anthelmintics on a
recommended schedule. The RAO-affected horses and
controls were kept on the same pasture throughout the
year and sampled prior to the appearance of clinical
signs (June), during the time when they were
symptomatic (July, August), and later in the year
when asymptomatic (October, January, March). All
horses had rectal temperature, heart rate, respiratory
rate, nostril flare, and abdominal lift recorded daily. A
clinical score (CS) was calculated using a score
assigned to nostril flare and abdominal lift associated
with respiration (Seahorn et al., 1997). Affected horses
with clinical scores >2.5 were selected for sampling
along with a control horse.

At sampling, the RAO-affected horses along with
their control horse were brought into a barn for
pulmonary function testing and bronchoaleolar lavage
sample collection. Blood was also collected via

jugular venipuncture. The horses were returned to
pasture the next day if clinical signs permitted. Those
horses exhibiting severe signs were kept in the barn
until their symptoms regressed. Horses were treated as
necessary for secondary bacterial infections and for
worsening clinical signs. All procedures were
approved by Louisiana State University’s Institutional
Animal Care and Use Committee.

2.1.1. Bronchoalveolar lavage

Horses were sedated using xylazine hydrochloride
(0.6 mg/kg, i.v.) and bronchodilated using glycopyr-
rolate (0.0022 mg/kg, i.v.). Following placement of a
nose twitch, a 218-cm (8-mm diameter) flexible
fiberoptic endoscope was passed through the nasal
passage into the trachea and wedged in the distal
airway. A sterile polyurethane tube was inserted
through the biopsy port of the endoscope and
advanced into the airway. Five 60-ml aliquots of
sterile phosphate buffered saline containing 0.2%
EDTA were infused by hand with 60-ml syringes
(Sweeny and Beech, 1991). Immediately following
infusion, bronchoalveolar lavage fluid (BALF) was
collected into the same syringe and transferred to a
sterile flask. The color and volume of fluid retrieved
was recorded for each horse. A portion of the pooled
aspirate was set aside for cytologic evaluation. Air-
dried smears were stained with a Modified Wright
solution and 200 cells classified under high magni-
fication (100x) as neutrophils, lymphocytes, alveolar
macrophages, mast cells, eosinophils, or epithelial
cells, and expressed as percentages of the total count.

2.1.2. Lymphocyte preparations

Lymphocytes were obtained from BAL fluids by
initially filtering the fluid through gauze to remove
large flecks of mucus. The resulting cell suspension
was pelleted, washed once with PBS and counted
using trypan blue exclusion dye to assess viability.
Heparinized blood samples were collected aseptically
from the jugular vein. The blood was centrifuged to
obtain a buffy coat and, after dilution with calcium and
magnesium free phosphate buffered saline, under-
layered with Ficoll-Paque (Pharmacia) and centri-
fuged at 800 x g for 30 min (Swiderski et al., 1999b).
The PBMC were subsequently extracted from the
interface layer, washed in PBS, and counted. The
PBMC were fractionated into CD4* and CD8" subsets
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using equine-specific monoclonal antibodies and a
magnetic bead separation system. The PBMC were
labeled with monoclonal antibodies recognizing either
the EqCD4 (antibody: CVS4) or EqCDS8 (antibody:
CVSS8) antigens, kindly provided by P. Lunn
(Wisconsin). Antibody-labeled cells were then incu-
bated with MACS™ goat anti-mouse immunoglobu-
lin magnetic MicroBeads (MiniMACS, Miltenyi
Biotec, Inc., Auburn, CA). After incubation the cells
were washed and applied to a separation column
placed in a high gradient magnetic field (MiniMACS
Separation Column). The column was washed to
remove unbound negatively selected cells (depleted
cell population), and then removed from the magnetic
field to release the antibody-labeled positively
selected cells (enriched cell population). Subsequent
FACS analysis revealed that PBMC enriched for
EqCD8 cells using this method resulted in a purity of
90%, and when PBMC were enriched for EqCD4*
cells the resulting population was 97% pure.

2.1.3. Quantitative (Q)PCR analysis of cytokine
production

For QPCR analysis of cytokine production, 3 x 10°
BAL cells or PBMC were placed into an acid
guanidium thiocyanate—phenol disassociation buffer
(RNA Stat-60, Tel Test) and frozen. Frozen samples
were quickly thawed and the RNA extracted using a
phenol:chloroform procedure (Chomczynski and Sac-
chi, 1987). In all cases, ODyg0/250 ratios were greater
than 1.9 and RNA yields were greater than 50 pg/ml.
One microgram of RNA was reverse transcribed into
c¢DNA in an 80 pl reaction containing 20 units of AMV
reverse transcriptase, 0.5 pg of oligo dT primers,
40 units of RNAsin, and 5 mM MgCl, (Promega,
Madison, WI). Primers based on the sequences for
equine cytokines (Swiderski et al., 1998, 1999a,b) and
CD3-{ were used to amplify the corresponding cDNAs
(Beadle et al., 2002). The cDNA was then amplified
and quantitated by “real-time” PCR (ABI Sytems
7500 Real-Time PCR Instrument, Foster City, CA)
using the Taq thermostable DNA polymerase. For
absolute quantitation, a serially diluted plasmids
encoding the respective cytokines and CD3-{ were
used to generate standard curves for each amplification.
Differences in RNA isolation and cDNA construction
between samples were corrected using CD3-{ mRNA
as a housekeeping gene and to adjust for the relative T

cell composition for each sample as this may vary
within the BAL sample depending upon the number of
neutorphils recruited into the lung during acute disease
episodes. Since CD3-{ is found primarily on T
lymphocyte its relative abundance is indicative of
the presence of these cells in a mixed population, such
as BAL cells. Here, we have adjusted the calculated
copy number for each cytokine based on the amount of
CD3-{ mRNA in each sample to adjust for variations in
T cell numbers in the BAL of affected versus control
horses. Final results are thus reported as corrected copy
number normalized to 10,000 copies of CD3-{ mRNA
for each sample.

2.2. Statistical analyses

Since the data were not normally distributed, non-
parametric tests were used to analyze the results for
statistical significance. A repeated measures analysis
of variance on ranks was used to detect temporal
effects and differences between affected and control
horses. Statistical significance was set at p < 0.05.

3. Results
3.1. Clinical signs

The clinical scores of the SPAOPD-affected horses
all exceeded 3.5 during the months of July and August.
Clinical signs included flaring nostrils, abdominal lift,
and increased mucus in the airway. Clinical signs
abated but remained above the 2.5 thresholds in the
fall (October). By winter (January, March) clinical
signs were absent.

3.2. BAL composition

The BAL fluid collected from the affected horses in
the summer contained predominantly neutrophils
(>60%), as previously reported (Beadle et al,
2002; Costa et al., 2000). There were significantly
fewer neutophils in the airways of the controls (<3%;
p < 0.05). These profiles persisted throughout the
collection periods from July and into October. By
January, the percentage of neutrophils (>3.5%) in the
airways of the RAO horses was not significantly
different from that of the controls.
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3.3. Cytokine mRNA production in BAL samples

BAL samples were collected from RAO-affected
and control horses throughout the season and cell
pellets collected from these samples assayed for
cytokine mRNA expression (Fig. 1). While the
cytokine mRNA profile of the affected and control
animals were indistinguishable at the first sampling
point, there was a marked increase in cytokine mRNA
concentrations with the advent of clinical symptoms.
In particular, IL-13 mRNA in the BAL cells increased
throughout the sampling period before decreasing in
January. A similar increase was observed in IFN-y
mRNA. By contrast, IL-4 mRNA did not achieve
statistical significance until the January sample when
IL-13 and IFN-y mRNA had decreased. There was
little IL-5 mRNA in the BAL cells and this did not
change with time (data not shown).

3.4. Cytokine mRNA production in PBMC
samples

Analysis of mRNA collected from CD4" PBMC
throughout the summer revealed a similar pattern to
that observed in the BAL cells (Fig. 2). While there
was increased IL-13 and IFN-y mRNA in CD4" cells
collected from RAO-affected horses in August, IL-4
mRNA was significantly elevated in January. Once
again, no IL-5 mRNA was detected above a back-
ground level. No consistent pattern of cytokine gene
expression was evident in the CD8" PBMC samples
from either the control or RAO-affected horses.

4. Discussion

Prior work on cytokine production in RAO-affected
horses has yielded variable patterns of gene expression
in the BAL and PBMC (Ainsworth et al., 2003; Beadle
et al., 2002; Cordeau et al., 2004; Giguere et al., 2002;
Lavoie et al., 2001). While different methodologies
employed in these studies could account for some of
these disparities, differences in the stage of disease and
the timing of sample collection could also be
responsible. Here, we show that affected horses exhibit
varying amounts of Types 1 and 2 cytokine production
throughout the year. Thus, we observed initially
increasing amounts of IL-13 and IFN-y mRNA in
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Fig. 1. Cytokine mRNA in BAL of RAO-affected and control
horses. BAL samples were collected at the months indicated. Total
RNA was isolated from the cell pellets and converted to cDNA using
reverse transcriptase and oligo dT primers. Cytokine-specific pri-
mers were then used to amplify the corresponding cDNAs. The PCR
results were normalized for total T cell components using CD3-{
mRNA. Each point represents the average + S.E. of six control
(open circles) and six RAO-affected (filled circles) horses. The
asterisk denotes a significant difference between control and
RAO horses at p < 0.05, RMANOVA.

the BAL and CD4" PBMC of affected horses
throughout the summer months. While IL-4 mRNA
was also significantly elevated compared to the
controls, this only occurred in the winter time when
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Fig. 2. Cytokine mRNA in the CD4* PBMC collected from RAO-
affected and control horses. PBMC samples were collected at the
months indicated and the cells fractionated into a CD4" fraction
using magnetic bead separation. Total RNA was isolated from the
cell pellets and converted to cDNA using reverse transcriptase and
oligo dT primers. Cytokine-specific primers were then used to
amplify the corresponding cDNAs. Samples were normalized for
total T cell components using CD3-{ mRNA. Each point represents
the average & S.E. of six control (open circles) and six RAO-
affected (filled circles) horses. The asterisk denotes a significant
difference between control and RAO horses at p < 0.05, RMA-
NOVA.

IFN-y mRNA was also lower. The observation that
affected horses had elevated IL-13 mRNA in both their
BAL and PBMC is novel but not surprising given the
central role this cytokine plays in regulating IgE
production (Wills-Karp et al., 1998). These results are
consistent with other reports indicating that allergen-
specific IgE antibodies play a central role in equine
RAO (Halliwell et al., 1993; Schmallenbach et al.,
1998). The source of the cytokine production in the
blood was CD4" lymphocytes with the CD8* cells
exhibiting no definite pattern of cytokine expression
amongst either the affected or control horses. The
cellular source of the cytokine mRNA in the BAL was
not determined and multiple cell types including
basophils, mast cells, and eosinophils can produce
Type 2 cytokines (Burd et al., 1995; Kuna and Kaplan,
1996; Ochensberger et al., 1996), however it appears
likely that the cytokine source in this study were the
lymphocytes since analysis of BAL fluids demonstrated
a preponderance of neutrophils and lymphocytes with
few if any eosinophils or basophils. By using CD3-{ as a
normalizing gene we were able to account for the
contribution of these cells to cytokine mRNA produc-
tion in the BAL samples as its expression was directly
correlated with the numbers of T cells in the samples.
An in situ hybridization study also identified lympho-
cytes as the likely source of cytokine mRNA in the
lungs of RAO-affected horses (Lavoie et al., 2001).
Thelack of IL-5 in the affected horses was consistent
with the absence of an eosinophilia in equine RAO
(Dixon et al., 1995¢c; Seahorn et al., 1997). In horses
with RAO the predominant cellular response in the
airway is a neutrophilia (Dixon et al., 1995c; Franchini
etal., 1998; McGorum and Dixon, 1993). Though most
studies of human asthma emphasize the presence of
eosinophils in bronchial airway wall (Hamelmann et al.,
1999), elevated concentrations of IL-8 and increased
numbers of neutrophils are found in patients with
chronic asthma (Vrugt et al., 1996). Thus, the increased
amount of IL- 8 and IFN-vy in the airway secretions from
patients with asthma, and horses with COPD (Ains-
worth et al., 2003; Franchini et al., 1998; Tsoumakidou
et al., 2004) may be markers of an ongoing
inflammatory process that is more pronounced in those
patients with the chronic form of the disease (Nocker
et al., 1996). In general, equine RAO is a disease of
older horses with the average age at diagnosis being
greater than 8 years (Dixon et al., 1995a; Leguillette,
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2003). It is likely that younger horses are affected prior
to diagnosis but clinical signs are less severe. While it
has been proposed that inflammatory airway disease in
the young horse may be a precursor to RAO in the older
horse (Viel, 1997), there are no experimental data to
support this theory. Nevertheless, it is likely that horses
in the earliest stage of RAO exhibit a classic Type 2
cytokine response to the allergen. Increased production
of the cytokines IL-4 and IL-13 from both T and non-T
cells occur following antigen exposure and the
triggering of IgE-armed cells. The release of various
mediators including chemokines and pro-inflammatory
cytokines gives rise to an inflammatory response. With
prolonged exposure to the allergen, this response enters
a chronic phase characterized by increased production
of IL-8 and IFN-y. Airway remodeling likely occurs
during this stage and the horse begins to present with
signs of classic “heaves” (Costa et al., 2000; Kaup
et al., 1990a,b). In this regard, RAO in horses shares
characteristic pathophysiologic features with chronic
asthma in humans (Bousquet et al., 2000; Jeffery, 1994;
Tsoumakidou et al., 2004). Asthma in humans and
mouse models is immunologically mediated and the
Type 2 cytokines IL-4 and IL-13 play a central role by
favoring IgE antibody production towards inhaled
allergens (Del Prete, 1992; Erb and Le Gros, 1996;
Hogg, 1997; Wills-Karp, 1999). In human asthma, there
is increasing evidence that the production of IFN-y also
contributes to the pathology, particularly in the chronic
forms of the disease (Ford et al., 2001; Lukacs et al.,
1996; McMillan and Lloyd, 2004). Similarly, RAO-
affected horses produce both Types 1 and 2 cytokines
depending upon the stage of their disease and the timing
of sample collection.

References

Ainsworth, D.M., Grunig, G., Matychak, M.B., Young, J., Wagner,
B., Erb, H.N., Antczak, D.F., 2003. Recurrent airway obstruction
(RAO) in horses is characterized by IFN-gamma and IL-8
production in bronchoalveolar lavage cells. Vet. Immunol.
Immunopathol. 96, 83-91.

Bayly, W.M,, Slocombe, R.F., 1997. Airflow mechanics in models of
equine obstructive airway disease under conditions simulating
exercise. Res. Vet. Sci. 62, 205-211.

Beadle, R.E., Horohov, D.W., Gaunt, S.D., 2002. Interleukin-4 and
interferon-gamma gene expression in summer pasture-asso-
ciated obstructive pulmonary disease affected horses. Equine
Vet. J. 34, 389-394.

Bousquet, T.J., Jeffery, P, Busse, W., Johson, M., Vignola, A., 2000.
Asthma: from bronchoconstriction to airways inflammation and
remodeling. Am. J. Respir. Crit. Care Med. 161, 1720-1745.

Bracher, V., von Fellenberg, R., Winder, N.C., Grunig, G., 1991. An
investigation of the incidence of chronic obstructive pulmonary
disease (COPD) in random populations of Swiss horses. Equine
Vet. J. 23, 136-141.

Burd, P.R., Thompson, W.C., Max, E.E., Mills, F.C., 1995. Activated
mast cells produce interleukin-13. J. Exp. Med. 181, 1373-
1380.

Bureau, F.,, Delhalle, S., Bonizzi, G., Fievez, L., Dogne, S., Kirsch-
vink, N., Vanderplasschen, A., Merville, M.P., Bours, V.,
Lekeux, P., 2000. Mechanisms of persistent NF-kappa B activity
in the bronchi of an animal model of asthma. J. Immunol. 165,
5822-5830.

Chomczynski, P., Sacchi, N., 1987. Single-step method of RNA
isolation by acid guanidium thiocyanate—phenol—chloroform
extraction. Anal. Biochem. 162, 156-159.

Cordeau, M.E., Joubert, P., Dewachi, O., Hamid, Q., Lavoie, J.P,,
2004. IL-4, IL-5 and IFN-gamma mRNA expression in pulmon-
ary lymphocytes in equine heaves. Vet. Immunol. Immuno-
pathol. 97, 87-96.

Costa, L.R., Seahorn, T.L., Moore, R.M., Taylor, H.W., Gaunt, S.D.,
Beadle, R.E., 2000. Correlation of clinical score, intrapleural
pressure, cytologic findings of bronchoalveolar fluid, and his-
topathologic lesions of pulmonary tissue in horses with summer
pasture-associated obstructive pulmonary disease. Am. J. Vet.
Res. 61, 167-173.

Del Prete, G., 1992. Human Th1 and Th2 lymphocytes: their role in
the pathophysiology of atopy. Allergy 47, 450-455.

Dixon, PM., 1992. Respiratory mucociliary clearance in the horse in
health and disease, and its pharmaceutical modification. Vet.
Rec. 131, 229-235.

Dixon, P.M., Nicholls, J.R., McPherson, E.A., Lawson, G.H.,
Thomson, J.R., Pirie, HW., Breeze, R.G., 1982. Chronic
obstructive pulmonary disease anatomical cardiac studies.
Equine Vet. J. 14, 80-82.

Dixon, PM., Railton, D.I., McGorum, B.C., 1995a. Equine pul-
monary disease: a case—control study of 300 referred cases. Part
1. Examination techniques, diagnostic criteria and diagnoses.
Equine Vet. J. 27, 416-421.

Dixon, P.M., Railton, D.I., McGorum, B.C., 1995b. Equine pul-
monary disease: a case—control study of 300 referred cases. Part
2. Details of animals and of historical and clinical findings.
Equine Vet. J. 27, 422-427.

Dixon, P.M., Railton, D.I., McGorum, B.C., 1995c. Equine pul-
monary disease: a case—control study of 300 referred cases. Part
3. Ancillary diagnostic findings. Equine Vet. J. 27, 428-435.

Erb, K.J., Le Gros, G., 1996. The role of Th2 type CD4" T cells and
Th2 type CD8" T cells in asthma. Immunol. Cell Biol. 74, 206—
208.

Eyre, P., 1972. Equine pulmonary emphysema: a bronchopulmonary
mould allergy. Vet. Rec. 91, 134-140.

Ford, J.G., Rennick, D., Donaldson, D.D., Venkayya, R., McArthur,
C., Hansell, E., Kurup, V.P.,, Warnock, M., Grunig, G., 2001. IL-
13 and IFN-{gamma}: interactions in lung inflammation. J.
Immunol. 167, 1769-1777.



244 D.W. Horohov et al./ Veterinary Immunology and Immunopathology 108 (2005) 237-245

Franchini, M., Gilli, U., Akens, M.K., Fellenberg, R.V., Bracher, V.,
1998. The role of neutrophil chemotactic cytokines in the
pathogenesis of equine chronic obstructive pulmonary disease
(COPD). Vet. Immunol. Immunopathol. 66, 53—65.

Giguere, S., Viel, L., Lee, E., MacKay, R.J., Hernandez, J.,
Franchini, M., 2002. Cytokine induction in pulmonary airways
of horses with heaves and effect of therapy with inhaled
fluticasone propionate. Vet. Immunol. Immunopathol. 85,
147-158.

Gray, P.R., Derksen, F.J., Broadstone, R.V., Robinson, N.E., Peters-
Golden, M., 1992. Decreased airway mucosal prostaglandin E2
production during airway obstruction in an animal model of
asthma. Am. Rev. Respir. Dis. 146, 586-591.

Halliwell, R.E.W., McGorum, B.C., Irving, P., Dixon, P.C., 1993.
Local and systemic antibody production in horses affected with
chronic obstructive pulmonary disease. Vet. Immunol. Immu-
nopathol. 38, 201-215.

Hamelmann, E., Wahn, U., Gelfand, E.W., 1999. Role of the Th2
cytokines in the development of allergen-induced airway inflam-
mation and hyper-responsiveness. Int. Arch. Allergy Immunol.
118, 90-94.

Hogg, J.C., 1997. The pathology of asthma. Apmis 105, 735-
745.

Jeffery, PK., 1994. Comparative morphology of the airways in
asthma and chronic obstructive pulmonary disease. Am. J.
Respir. Crit. Care Med. 150, S6-S13.

John, M., Au, B.T., Jose, PJ., Lim, S., Saunders, M., Barnes, P.J.,
Mitchell, J.A., Belvisi, M.G., Chung, K.F., 1998. Expression and
release of interleukin-8 by human airway smooth muscle cells:
inhibition by Th-2 cytokines and corticosteroids. Am. J. Respir.
Cell Mol. Biol. 18, 84-90.

Kaup, FJ., Drommer, W., Damsch, S., Deegen, E., 1990a. Ultra-
structural findings in horses with chronic obstructive pulmonary
disease (COPD). II. Pathomorphological changes of the terminal
airways and the alveolar region. Equine Vet. J. 22, 349-355 (see
comments).

Kaup, F.J., Drommer, W., Deegen, E., 1990b. Ultrastructural find-
ings in horses with chronic obstructive pulmonary disease
(COPD). I. Alterations of the larger conducting airways. Equine
Vet. J. 22, 343-348 (see comments).

Kaup, FJ., Drommer, W., Deegen, E., 1990c. Ultrastructural find-
ings in horses with chronic obstructive pulmonary disease
(COPD). I. Alterations of the larger conducting airways. Equine
Vet. J. 22, 343-348.

Kuna, P, Kaplan, A.P., 1996. Relationship of histamine-releasing
factors and histamine-releasing inhibitory factors to chemokine
group of cytokine. Allergy Asthma Proc. 17, 5-11.

Larson, V.L., Busch, R.H., 1985. Equine tracheobronchial lavage:
comparison of lavage cytologic features in horses with chronic
obstructive pulmonary disease. Am. J. Vet. Res. 46, 144-
146.

Lavoie, J., Maghni, K., Desnoyers, M., Taha, R.A., Martin, J.,
Hamid, Q., 2001. Neutrophilic airway inflammation in horses
with heaves is characterized by a Th2-type cytokine profile. Am.
J. Respir. Crit. Care Med. 164, 1410-1413.

Leguillette, R., 2003. Recurrent airway obstruction—heaves. Vet.
Clin. N. Am. Equine Pract. 19, 63-86.

Lin, C.C., Lin, C.Y., Ma, H.Y., 2000. Pulmonary function changes
and increased Th-2 cytokine expression and nuclear factor-xB
activation in the lung after sensitization and allergen challenge in
brown Norway rats. Immunol. Lett. 73, 57-64.

Lukacs, N.W., Strieter, R.M., Chensue, S.W., Kunkel, S.L., 1996.
Activation and regulation of chemokines in allergic airway
inflammation. J. Leukoc. Biol. 59, 13-17.

Mair, T.S., 1996. Obstructive pulmonary disease in 18 horses at
summer pasture. Vet. Rec. 138, 89-91.

Marr, K.A., Fairbairn, S.M., Page, C.P., Lees, P., Cunningham, EM.,
1996. A study of the effect of a platelet activating factor (PAF)
receptor antagonist on antigen challenge of horses with chronic
obstructive pulmonary disease. J. Vet. Pharm. Therapeut. 19, 233—
237.

Mc Pherson, E.A., Lawson, G.H.K., Murphy, J.R., Nicholson, J.M.,
Fraser, J.A., Breeze, R.G., Pirie, H.M., 1978. Chronic obstruc-
tive pulmonary disease (COPD): identification of affected
horses. Equine Vet. J. 10, 47-53.

McGorum, B.C., Dixon, P.M., 1993. Evaluation of local endobron-
chial antigen challenges in the investigation of equine chronic
obstructive pulmonary disease. Equine Vet. J. 25, 269-272 (see
comments).

McGorum, B.C., Dixon, P.M., Halliwell, R.E., 1993a. Quantifica-
tion of histamine in plasma and pulmonary fluids from horses
with chronic obstructive pulmonary disease, before and after
‘natural (hay and straw) challenges’. Vet. Immunol. Immuno-
pathol. 36, 223-237.

McGorum, B.C., Dixon, P.M., Halliwell, R.E., 1993b. Responses of
horses affected with chronic obstructive pulmonary disease to
inhalation challenges with mould antigens. Equine Vet. J. 25,
261-267.

McMillan, S.J., Lloyd, C.M., 2004. Prolonged allergen challenge in
mice leads to persistent airway remodelling. Clin. Exp. Allergy
34, 497-507.

Nocker, R.E., Schoonbrood, D.F., van de Graaf, E.A., Hack, C.E.,
Lutter, R., Jansen, H.M., Out, T.A., 1996. Interleukin-8 in airway
inflammation in patients with asthma and chronic obstructive
pulmonary disease. Int. Arch. Allergy Immunol. 109, 183-191.

Ochensberger, B., Daepp, G.C., Rihs, S., Dahinden, C.A., 1996.
Human blood basophils produce interleukin-13 in response to
IgE-receptor-dependent and -independent activation. Blood 88,
3028-3037.

Robinson, N., Derksen, F., 1998. COPD: newer concepts. In: World
Equine Airway Symposium, Guelph, Ontario, pp. 1-20.

Schmallenbach, K.H., Rahman, I., Sasse, H.H., Dixon, P.M., Halli-
well, R.E., McGorum, B.C., Crameri, R., Miller, H.R., 1998.
Studies on pulmonary and systemic Aspergillus fumigatus-spe-
cific IgE and IgG antibodies in horses affected with chronic
obstructive pulmonary disease (COPD). Vet. Immunol. Immu-
nopathol. 66, 245-256.

Seahorn, T., RE, B., McGorum, B., Marley, C., 1997. Quantification
of antigen-specific antibody concentrations in tracheal lavage
fluid of horses with summer pasture-associated obstructive
pulmonary disease. Am. J. Vet. Res. 58, 1408-1411.

Seahorn, T.L., Groves, M.G., Harrington, K.S., Beadle, R.E., 1996.
Chronic obstructive pulmonary disease in horses in Louisiana. J.
Am. Vet. Med. Assoc. 208, 248-251.



D.W. Horohov et al./Veterinary Immunology and Immunopathology 108 (2005) 237-245 245

Sweeny, C., Beech, J., 1991. Bronchoalveolar lavage. In: Beech, J.
(Ed.), .Equine Respiratory Disorders. Lee & Febiger,
Philadelphia, pp. 55-61.

Swiderski, C., Klei, T., Folsom, R., Pourciau, S., Chapman, A.,
Chapman, M., Moore, R., McClure, J., Taylor, H., Horohov, D.,
1998. Vaccination against Strongylus vulgaris in ponies: com-
parison of the humoral and cytokine responses of vaccinates and
nonvaccinates. Adv. Vet. Med 41, 389-404.

Swiderski, C., Klei, T., Horohov, D., 1999a. Quantitative measure-
ment of equine cytokine mRNA expression by polymerase chain
reaction using target-specific standard curves. J. Immunol. Meth.
222, 155-169.

Swiderski, C., Klei, T., Pourciau, S., Chapman, A., Chapman, M.,
Moore, R., McClure, J., Horohov, D., 1999b. T cell cytokine
responses to Strongylus vulgaris in infected and vaccinated
ponies. In: Equine Infectious Diseases, R&W Publications,
Ltd., Newmarket, UK.

Thomson, J.R., McPherson, E.A., 1983. Chronic obstructive pulmon-
ary disease in the horse. 2. Therapy. Equine Vet. J. 15, 207-210.

Tsoumakidou, M., Tzanakis, N., Kyriakou, D., Chrysofakis, G.,
Siafakas, N.M., 2004. Inflammatory cell profiles and
T-lymphocyte subsets in chronic obstructive pulmonary
disease and severe persistent asthma. Clin. Exp. Allergy 34,
234-240.

Viel, L., 1997. Small airway disease as a vanguard for chronic
obstructive pulmonary disease. Vet. Clin. N. Am. Equine Pract.
13, 549-560.

Vrugt, B., Djukanovic, R., Bron, A., Aalbers, R., 1996. New insights
into the pathogenesis of severe corticosteroid-dependent asthma.
J. Allergy Clin. Immunol. 98, 22-S26.

Wills-Karp, M., 1999. Immunologic basis of antigen-induced
airway hyperresponsiveness. Ann. Rev. Immunol. 17, 255-
281.

Wills-Karp, M., Luyimbazi, J., Xu, X., Schofield, B., Neben, T.Y.,
Karp, C.L., Donaldson, D.D., 1998. Interleukin-13: central
mediator of allergic asthma. Science 282, 2258-2261.

Yssel, H., Abbal, C., Pene, J., Bousquet, J., 1998. The role of IgE in
asthma. Clin. Exp. Allergy 28 (Suppl. 5), 104-109.



	Temporal regulation of cytokine mRNA expression in equine recurrent airway obstruction
	Introduction
	Materials and methods
	Horses
	Bronchoalveolar lavage
	Lymphocyte preparations
	Quantitative (Q)PCR analysis of cytokine production

	Statistical analyses

	Results
	Clinical signs
	BAL composition
	Cytokine mRNA production in BAL samples
	Cytokine mRNA production in PBMC samples

	Discussion
	References


