CYSTEINYL LEUKOTRIENE RECEPTOR IN ASPIRIN SENSITIVITY
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ABSTRACT

Background Patients with asthma who have aspi-
rin sensitivity have greater cysteinyl leukotriene pro-
duction and greater airway hyperresponsiveness to
the effects of inhaled cysteinyl leukotrienes than their
aspirin-tolerant counterparts. We hypothesized that
the latter effect reflects elevated expression of the cys-
teinyl leukotriene receptor CysLT, on inflammatory
cells in the target organ and that its expression is
down-regulated by aspirin desensitization.

Methods We obtained nasal-biopsy specimens from
22 aspirin-sensitive and 12 non-aspirin-sensitive pa-
tients with chronic rhinosinusitis and nasal polyps.
Additional specimens were then obtained from sub-
groups of the aspirin-sensitive patients after intrana-
sal application of lysine aspirin or placebo for two
weeks (five and four patients, respectively) or for six
months (five and four patients, respectively). The num-
bers of leukocytes expressing the CysLT, and leuko-
triene B, (LTB,) receptors per unit area of sections of
the nasal submucosa were determined by immuno-
histochemistry.

Results The absolute number of cells expressing
the CysLT, receptor was significantly higher in the as-
pirin-sensitive patients than in the non-aspirin-sensi-
tive patients (median, 542 cells per square millimeter
[range, 148 to 1390] vs. 116 cells per square millimeter
[range, 40 to 259]; P<0.001). The percentage of CD45+
leukocytes expressing the CysLT, receptor was also
higher in the aspirin-sensitive subjects (25 percent of
CD45+ leukocytes [range, 4 to 50] vs. 5 percent of
CD45+ leukocytes [range, 2 to 11]; P<<0.001); the per-
centage of CD45+ leukocytes expressing the LTB, re-
ceptor did not differ significantly between these two
groups. Desensitization was associated with a de-
crease in the numbers of inflammatory cells express-
ing CysLT,.

Conclusions The elevated numbers of nasal inflam-
matory leukocytes expressing the CysLT, receptor in
aspirin-sensitive patients with chronic rhinosinusitis
as compared with their non-aspirin-sensitive counter-
parts and the down-regulation of receptor expression
after desensitization to aspirin are probably fundamen-
tal in the pathogenesis of aspirin sensitivity and in the
mechanism of aspirin desensitization. (N Engl J Med
2002;347:1493-9.)
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ATIENTS with idiosyncratic reactions to as-

pirin ingestion characteristically have what

has become known as Samter’s triad of aspi-

rin sensitivity, asthma, and nasal polyposis.!
A fundamental defect in aspirin sensitivity is excessive
production of cysteinyl leukotrienes, both at base
line23 and after aspirin challenge.?” These mediators
are derived from arachidonic acid by the actions of
5-lipoxygenase and leukotriene C, synthase.® Leuko-
triene B, (LTB,) is a dihydroxy leukotriene that is pro-
duced in similar amounts in patients with aspirin sen-
sitivity and those without it.

Enhanced activity of key synthetic enzymes,® per-
haps genetically determined,! has been implicated
as the cause of the elevated production of cysteinyl
leukotrienes in patients with aspirin-sensitive asthma.
The cellular sources of cysteinyl leukotrienes may in-
clude mast cells and eosinophils,611:12 which are in-
creased in number in bronchial-biopsy specimens from
aspirin-sensitive persons with asthma.®13 The cysteinyl
leukotrienes and LTB, exert their effects through
distinct, G protein—coupled, high-affinity receptors
termed CysLT, and CysLT,,'%!5 and through the LTB,
receptor. Most of the proinflammatory actions of the
cysteinyl leukotrienes are mediated by their binding
to the CysLT, receptor.8.16:18 CysL'T,-receptor antag-
onists attenuate the asthma elicited by aspirin chal-
lenge in aspirin-sensitive subjects.!?

In addition to enhanced production of the leuko-
trienes, aspirin-sensitive patients with asthma have
greater airway hyperresponsiveness on inhalation chal-
lenge with leukotriene E, than non—aspirin-sensitive
patients.2? These data suggest the presence of aug-
mented target-organ responsiveness to the cysteinyl
leukotrienes.

Aspirin-sensitive patients can be desensitized by oral
administration of incremental doses of aspirin or by
topical administration of soluble lysine aspirin.21-22 De-
sensitization of aspirin-sensitive patients to orally ad-
ministered aspirin is associated with reduced respon-
siveness to inhaled cysteinyl leukotrienes and only
partial attenuation of endogenous production of these
leukotrienes.2%-23 We therefore hypothesized that the
CysLT, receptor is overexpressed in the mucosal in-
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flammatory infiltrate in these patients and that desen-
sitization is accompanied by down-regulation of its ex-
pression.

To test these hypotheses, we compared the expres-
sion of the CysLT, receptor with that of the LTB, re-
ceptor on inflammatory leukocytes in nasal-biopsy
specimens from aspirin-sensitive and non—aspirin-sen-
sitive patients with rhinosinusitis. In several aspirin-
sensitive subjects, additional biopsy specimens were
obtained after two weeks or six months of desensiti-
zation with topical lysine aspirin or placebo.

METHODS

Base-Line Measurements

Nasal-biopsy specimens were obtained from 22 aspirin-sensitive
patients (median age, 38 years [range, 20 to 68]), 7 of whom were
men, and from 12 non-aspirin-sensitive patients (median age, 50
years [range, 21 to 69]), 7 of whom were men. Twenty of the 22
aspirin-sensitive patients and 8 of the 12 non-aspirin-sensitive
patients had asthma, which was defined as a clinical history of ep-
isodic wheezing and reversibility of the forced expiratory volume
in one second or peak expiratory flow rate by at least 15 percent,
cither spontaneously or after inhalation of 400 ug of albuterol.
Eighteen of the 22 aspirin-sensitive patients and 6 of the 12 non—
aspirin-sensitive patients also had atopy, as determined by a positive
skin-prick test to 1 or more of a panel of 10 standard acroallergens
in the presence of a positive histamine test and a negative test with
diluent (as a control).

Trial of Aspirin Desensitization

Eighteen of the 22 aspirin-sensitive patients took part in a ran-
domized, double-blind, placebo-controlled trial of topical desen-
sitization with intranasal lysine aspirin. To be included in this trial,
patients had to be older than 18 years of age and had to have prov-
en sensitivity to aspirin and recurrent nasal polyposis. Those with
asthma used inhaled corticosteroids to control their asthma and con-
tinued to take their medication at the usual dosages; those requir-
ing oral corticosteroids to control their asthma was excluded from
the trial. Use of intranasal corticosteroids or any other medication
to control polyp growth was not permitted during the study pe-
riod. The trial was explained in detail to all the patients, and they
were advised that they might receive either active drug or diluent
(placebo) for therapy.

The participating patients took part in either a two-week trial
or a six-month trial. In the six-month study, each participant was
seen in the research clinic once every six weeks. Participants who
had a mild reaction during treatment were advised to take an an-
tihistamine and to document both the reaction and the use of the
antihistamine in a study diary. If the reaction was severe, they were
advised to contact one of the investigators, who would then offer
suggestions about treatment options and make a decision about
whether to withdraw the patient from the study. Ethical approval
for the study was obtained from the ethics committee at the Royal
National Throat, Nose and Ear Hospital in London. Written in-
formed consent was obtained from all the patients.

Diagnosis of Aspirin Sensitivity

It a patient had taken aspirin or a nonsteroidal antiinflammatory
drug at clinical doses within the previous six months without any
untoward reaction, he or she was considered to be non—aspirin-
sensitive. All other patients underwent bilateral intranasal challenge
with incremental doses of lysine aspirin in a single-blind, placebo-
controlled fashion.?* Reaction to the instillation was assessed subjec-
tively with the use of symptom scores and objectively by means of
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acoustic rhinometry. A response was defined as a reduction in na-
sal patency (in terms of minimal cross-sectional area and volume,
as determined by rhinometry) of at least 25 percent. Such a response
was usually accompanied by symptoms of rhinorrhea and sneezing
within 45 to 60 minutes after instillation. The mean (£SD) thresh-
old for these changes was 4.6£4.0 mg (range, 2.0 to 16.0). None
of the patients had any concurrent bronchoconstriction during the
challenge. Absence of aspirin sensitivity was defined as recent as-
pirin ingestion without resultant symptoms or absence of the above
changes in response to 16 mg of intranasal aspirin. All the patients
who reported a history of clinical reactions to aspirin had a positive
response to the lysine aspirin challenge.

Topical Nasal Desensitization with Lysine Aspirin

After a 30-minute acclimatization period, the patients received
lysine aspirin by intranasal application in incremental doses 40 min-
utes apart, beginning with 2 mg and progressing to 4 mg and finally
8 mg, with the head in a downward forward position.2* Nasal and
chest symptoms, nasal inspiratory peak flow rate, peak expiratory
flow rate, and results of acoustic rhinometry testing were recorded
at base line (immediately before the first dose) and 20 minutes after
cach dose of lysine aspirin. When a reaction occurred, application
of the next dose of lysine aspirin was delayed for one to two hours,
until acoustic rhinometry values had returned to within 5 percent
of base-line values. If a patient had a reaction to 8 mg of lysine as-
pirin, this dose was repeatedly administered at intervals of one to
two hours until it was tolerated. Two subjects had a reaction to
16 mg of lysine aspirin at diagnosis, and they decided not to par-
ticipate in the desensitization trial.

When the aspirin-sensitive patients had been rendered tolerant
to 8 mg of lysine aspirin, nine of them took part in a two-week
trial and nine of them in a six-month trial in which we studied the
effects of topical desensitization. Patients were randomly assigned
in a double-blind fashion to receive 8 mg of lysine aspirin or match-
ing placebo, applied topically to both nostrils every other day. As-
signment to active therapy or placebo was determined with a list of
random numbers in a protocol administered by members of the hos-
pital pharmacy staft. In the two-week trial, five patients received
lysine aspirin and four received placebo. In the six-month trial, five
patients received lysine aspirin and four received placebo. Compli-
ance was verified by examining, at random intervals, the volume
of solution remaining in the supplied bottles containing lysine as-
pirin or placebo.

Nasal Biopsies, Processing of Samples,
and Immunohistochemical Analysis

Nasal biopsies and the processing of coded specimens were per-
formed as previously described.®!32> Polyclonal rabbit antibodies
selective and specific for the CysLT, receptor or the LTB, receptor
(Cayman Chemicals) and extensively validated by others2¢ were used
for immunohistochemical analysis. Immunostaining with the avi-
din—biotin complex was performed as described previously.>!3 In
brief, primary antibodies specific for the CysLT, receptor and the
LTB, receptor were used at dilutions of 1:50 and 1:600, respectively.
The primary antibodies were detected with the use of a swine an-
tirabbit biotinylated secondary antibody (Dako) (used at a dilution
of 1:200) and subsequent application of avidin—biotin solution
(Dako). The brown immunoperoxidase reaction was developed with
diaminobenzidine (Sigma).

Avidin—biotin complex immunostaining was used to detect cells
expressing CD45.%13 In brief, sections were stained with murine
monoclonal antihuman CD45 primary antibody (Dako) at a dilu-
tion of 1:100. The primary antibodies were then detected with bi-
otin-conjugated, second-layer rabbit antimouse antibody (Dako) at
a 1:400 dilution and subsequent application of avidin—biotin com-
plex (Dako). The brown reaction was developed with diaminoben-
zidine.
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Double immunostaining for cells expressing the CysLT, recep-
tor and the LTB, receptor and leukocyte-phenotype markers was
performed as previously described.?!? In brief, the murine mono-
clonal antibodies UCHT1 (anti-CD3, Dako; 1:50 dilution), PGM1
(anti-CD68, Dako; 1:100 dilution), EG2 (antiecosinophil cationic
protein, Pharmacia; 1:100 dilution), AA1 (anti—mast cell tryptase,
Dako; 1:50 dilution), and NP57 (antineutrophil elastase, Dako;
1:100 dilution) were used to identify T cells, macrophages, activated
cosinophils, mast cells, and neutrophils, respectively. Alkaline phos-
phatase—conjugated goat antimouse secondary antibody (Seralab,
1:100 dilution) was used to detect these antibodies. A blue reaction
was developed with 5-bromo-4-chloro-3-indolyl phosphate—nitro-
blue tetrazolium (Sigma). The rabbit polyclonal antibodies were
detected as described above. Double-stained cells were identified
by expression of both a blue and a brown precipitate.

Cells in the coded biopsy sections were counted by an investigator
without previous knowledge of the protocol. Positive cells were
counted with a microscope (Olympus) connected to an image an-
alyzer and associated software (KSS 300, Zeiss). Positive cells were
counted in the total area of the submucosa, which was measured au-
tomatically by the analyzer. Cell counts were expressed per square
millimeter of nasal submucosa.

Statistical Analysis

All statistical analyses were nonparametric. Within-group com-
parisons were performed by the Wilcoxon signed-rank test, and be-
tween-group comparisons were performed by the Mann—-Whitney
U test. Differences (two-sided) were considered significant when
the P value was calculated to be less than 0.05.

RESULTS

Immunohistochemical Analysis of the CysLT,
and LTB, Receptors

The total number of CD45+ leukocytes in the
nasal submucosa did not differ significantly between
the aspirin-sensitive and non—aspirin-sensitive patients
(P=0.16) (Fig. 1A). The number of nasal submucosal
cells expressing the CysLT, receptor was higher in the
aspirin-sensitive group than in the non—aspirin-sen-
sitive group (median, 542 cells per square millimeter
[range, 148 to 1390] vs. 116 cells per square millime-
ter [range, 40 to 259]; P<<0.001), although there was
some overlap (Fig. 1B). In contrast, the number of
cells expressing the LTB, receptor was not significantly
different between the two groups (P=0.76) (Fig. 1C).
The percentage of CD45+ leukocytes expressing the
CysLT, receptor was significantly higher in the aspi-
rin-sensitive patients than in the non-aspirin-sensi-
tive patients (25 percent of CD45+ leukocytes [range,
4 to 50] vs. 5 percent of CD45+ leukocytes [range,
2 to 11], P<0.001) (Fig. 2A); the percentage of leu-
kocytes expressing the LTB, receptor did not differ
significantly between the groups (P=0.19) (Fig. 2B).

Phenotypes of Cells Expressing the CysLT,
or LTB, Receptor

The proportions of cells expressing the CysLT, or
LTB, receptor that were accounted for by macrophag-
es, T cells, eosinophils, neutrophils, and mast cells were
similar in the aspirin-sensitive and non—aspirin-sen-
sitive patients (Table 1).
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Figure 1. Numbers of Cells Expressing the Leukocyte Marker
CD45 (Panel A), the Cysteinyl Leukotriene Receptor CysLT, (Pan-
el B), or the Leukotriene B, (LTB,) Receptor (Panel C) in Non-
Aspirin-Sensitive and Aspirin-Sensitive Patients with Chronic
Rhinosinusitis.

Immunoreactive cells were counted in specimens of nasal sub-
mucosa from 12 non-aspirin-sensitive and 22 aspirin-sensitive
patients. The bars show median values.
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Figure 2. Percentages of CD45+ Inflammatory Leukocytes Ex-
pressing the Cysteinyl Leukotriene Receptor CysLT, (Panel A) or
the Leukotriene B, (LTB,) Receptor (Panel B) in Non-Aspirin-
Sensitive and Aspirin-Sensitive Patients with Chronic Rhinosi-
nusitis.

Immunoreactive cells were counted in specimens of nasal sub-
mucosa from 12 non-aspirin-sensitive patients and 22 aspirin-
sensitive patients. The bars show median values.

Effect of Lysine Aspirin or Placebo on the Numbers
of Cells Expressing the CysLT, and LTB, Receptors

There were very few mild reactions necessitating
antihistamine treatment and no severe reactions during
either two weeks of treatment or six months of treat-
ment with lysine aspirin or placebo. We observed a
significant reduction from base line in the percentages
of CD45+ leukocytes expressing the CysLT| receptor
in the patients given lysine aspirin (P=0.008 in those
treated for two weeks and P=0.02 in those treated
for six months) but not in those given placebo (P=
0.68 and P=0.89, respectively). In contrast, regardless
of the length of treatment, there was no significant
change from base line in the percentage of CD45+
leukocytes expressing the LTB, receptor after treat-
ment with either lysine aspirin (P=0.22 after two
weeks and P=0.84 after six months) or placebo (P=
0.34 and P=1.0, respectively).

Since the trends in these changes for both lysine
aspirin and placebo were identical after either two
weeks or six months of treatment, the two-week and
six-month subgroups were combined for the purpose
of further statistical analysis. That the trends were iden-
tical was confirmed by the absence of a significant dif-
ference between the two-week and six-month sub-
groups in the change from base line in the absolute
CD45+ leukocyte count after lysine aspirin treat-
ment (P=0.29) or after placebo (P=1.0); in the ab-
solute number of cells expressing the CysLT, receptor
(P=1.0 and P=0.69, respectively) or the LTB, re-
ceptor (P=0.84 and P=0.69, respectively); and in
the percentage of CD45+ leukocytes expressing the
CysLT, receptor (P=0.42 and P=0.11, respectively)
or the LTB, receptor (P=1.0 and P=0.89, respec-
tively).

The data for the combined subgroups are shown in
Figure 3, and representative sections are shown in Fig-

TABLE 1. PERCENTAGES OF CYSLT| RECEPTOR— AND LTB, RECEPTOR—EXPRESSING LEUKOCYTES THAT
COEXPRESS LEUKOCYTE PHENOTYPIC MARKERS IN THE NASAL MUCOSA OF ASPIRIN-SENSITIVE
AND NON—ASPIRIN-SENSITIVE PATIENTS WITH CHRONIC RHINOSINUSITIS.

TyPE OF LEUKOCYTE ~ PERCENTAGE OF TOTAL CYSLT, RECEPTOR—-POSITIVE CELLS
ASPIRIN-SENSITIVE ~ NON—ASPIRIN-SENSITIVE
PATIENTS (N=3) PATIENTS (N=3)

Macrophages 29.1 (24.8-32.2)  29.8 (28.0-30.8)

T cells 32.1 (31.8-32.8) 31.6 (29.8-32.7)

Eosinophils 29.6 (24.5-32.8) 26.6 (23.6-32.3)

Neutrophils 0.6 (0.5-0.6) 1.6 (1.3-1.9)

Mast cells 7.2 (5.2-9.2) 7.9 (4.3-11.5)

Total 98.6 97.5

ASPIRIN-SENSITIVE
PATIENTS (N=3)

mean percentage of leukocytes (range)

31.6 (28.1-35.1
25.2 (18.5-33.1
209 (18.1-22.7
19.5 (10.2-32.2

0.6 (0.4-0.7)
97.8

EXPRESSION OF THE LEUKOTRIENE B, RECEPTOR
NON—ASPIRIN-SENSITIVE

PATIENTS (N=3)

30.3 (23.6-36.2)
20.1 (18.6-22.8)
20.5 (16.8-24.2)
20.6 (13.2-25.5)

0.7 (0.5-1.0)
922
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ure 4. In the patients treated with lysine aspirin, there
was a small but significant increase from base line in
the total number of CD45+ leukocytes in the nasal
mucosa (P=0.03) (Fig. 3A), a change that was not
seen in the patients treated with placebo. The differ-
ence between the changes in each group was not,
however, significant (P=0.83). In all 10 patients treat-
ed with lysine aspirin, there was a reduction from base
line in the percentage of CD45+ leukocytes express-
ing the CysLT, receptor (P=0.002) (Fig. 3B); the re-
sponse to placebo was heterogeneous but resulted in
no overall significant change. The difference between
the lysine aspirin and placebo groups in the change
in the percentages of CD45+ leukocytes expressing
the CysLT, receptor was significant (P=0.02).

Neither lysine aspirin nor placebo was associated
with a significant change in the percentage of CD45+
leukocytes expressing the LTB, receptor (Fig. 3C); the
difference between the two groups was likewise not
significant.

DISCUSSION

Aspirin-sensitive rhinosinusitis is characterized by a
selective increase in expression of the CysLT, recep-
tor on nasal submucosal inflammatory cells. Because
the total number of inflammatory leukocytes and the
percentage of these cells expressing the LTB, recep-
tor were similar in aspirin-sensitive and non—-aspirin-
sensitive subjects, this increase in the expression of the
CysLT, receptor was not due to an increase in the
overall inflammatory-cell infiltrate in the nasal mucosa
of the aspirin-sensitive patients. There are no previ-
ous data on variation over time in the expression of
the CysLT, receptor or the LTB, receptor. It was
therefore critical in our study to have longitudinal
data after the administration of a placebo control to
evaluate receptor expression. All the subjects were
offered active therapy when the study concluded.

The increased expression of the CysLT, receptor
on inflammatory cells probably does not account for
the increased production of cysteinyl leukotriene that
is characteristic of aspirin sensitivity, unless the recep-
tors change the activation state of the host cell or
down-regulate a control element that inhibits cysteinyl
leukotriene biosynthesis — changes for which we have
no evidence. We therefore propose, as a more likely
explanation of aspirin sensitivity, a two-compartment
model in which there is both augmentation of cys-
teinyl leukotriene production and overexpression of
the CysLT), receptor on inflammatory cells within the
respiratory tract. The wide variability of CysLT, re-
ceptor expression in patients with asthma raises the
intriguing possibility that widely different levels of ex-
pression of this receptor in a target organ may con-
tribute to the heterogeneity of responses to therapy
directed against the CysLT, receptor.

I 1
75007 P=0.03 P=0.15
5000 - /

CD45+ Leukocytes
(cells/mma?)

N %— Z_
0
B P=0.02
T 1
100 P=0.002 P=0.84
o
+ c
Qg ‘g_ 754
0o g
(@] 8 9
5 X
W 0
Ber 8
Do
2 on
> - -
s g0 -
Eé (45 254 D\
[} < —-
0
¢ P=0.41
T 1
1007 P=0.16 P=0.25
L—{r;.gh ./.
S 32 757
0 oo
(@] E_CD
528 -
o 5o
o -
clm
- [
c o -
(&) —
L O ) i
o D+
a9
0
Base 2 wk or Base 2 wk or
line 6 mo line 6 mo

Lysine Aspirin Placebo
Figure 3. Changes in the Numbers of CD45+ Leukocytes (Panel A)
and in the Percentages of These Cells Expressing the Cysteinyl
Leukotriene Receptor CysLT, (Panel B) or the Leukotriene B, (LTB,)
Receptor (Panel C) in 18 Aspirin-Sensitive Subjects with Chron-
ic Rhinosinusitis after Topical Lysine Aspirin or Placebo.
Immunoreactive cells were counted in specimens of nasal mu-
cosa from 10 patients given lysine aspirin and 8 given placebo.
Solid symbols denote those treated for two weeks, and open
symbols those treated for six months. The horizontal bars show
median values.
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Figure 4. Representative Sections of Nasal-Biopsy Specimens Immunostained for Cysteinyl Leukotriene Receptor CysLT, and Leu-
kotriene B, (LTB,) Receptor before and after Desensitization with Topical Lysine Aspirin (X1000).

Brown staining indicates receptor expression.

As expected, macrophages, T cells, eosinophils, mast
cells, and neutrophils all expressed both leukotriene
receptors.l” The elevated expression of the CysLT,
receptor on these cells may augment the effects of cys-
teinyl leukotrienes on noninflammatory target cells —
effects that lead to bronchospasm, plasma exudation,
vasoconstriction, and secretion of mucus.!$ For exam-
ple, inhaled cysteinyl leukotrienes have been shown
to recruit eosinophils to the lower airway in patients
with asthma,?” or to polyps in the nose in aspirin-
sensitive patients as compared with patients with per-
ennial allergic rhinitis.25 Enhanced expression of the
CysLT, receptor on these cells may lead to the recruit-
ment of additional eosinophils, further enhancing the
inflammatory reaction by active secretion of their gran-
ule contents.?%28

In aspirin-sensitive patients, desensitization with
oral aspirin can improve asthma and rhinitis2-22 and
topical desensitization with lysine aspirin in the nose
reduces the relapse rate of nasal polyps.2%3° In aspirin-
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sensitive patients with asthma, aspirin desensitization
over a period of several months blunts the aspirin-
induced elevation of the urinary leukotriene E, con-
centration? and reduces airway hyperresponsiveness
to inhaled leukotriene E,.20 In the current study, we
show that there is a significant reduction in the per-
centage of leukocytes expressing the CysLT, receptor
in the nasal mucosa of patients given intranasal lysine
aspirin, beginning as early as two weeks after the
commencement of treatment and lasting at least six
months. This mechanism may contribute to the ther-
apeutic benefit of aspirin desensitization by reducing
the activation of key proinflammatory cells, such as co-
sinophils and monocytes, by cysteinyl leukotrienes.
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