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Background: Interleukin-2 receptor (IL-2R) exists in soluble form in sera, and activation. Indeed, in a variety of in-
the rate of release of the soluble form of IL-2R (soluble IL-2R) reflects T cell flammatory as well as immunologic
activation in vivo. Since T lymphocytes play a central role in respiratory allergic diseases with accompanying T cell

disorders, the measurement of serum levels of soluble IL-2R may be useful inlysregulation,

analyzing the disease state of allergic disorders.
Objective: To investigate the serum concentrations of soluble IL-2R in 48 evated levels of soluble IL-2R in se-
patients with perennial allergic rhinitis and 14 nonatopic healthy controls, withrum and other secretions have been
special reference to the possible changes following long-term immunotherapy. demonstrated® The levels of soluble
Methods: This retrospective study included 48 patients who had had variablelL-2R in these diseases correlate with
periods of long-term immunotherapy wibermatophagoides farinaextracts. The
duration of immunotherapy ranged from 5 to 15 years. Serum samples werdon occurring in vivo’—®

including autoimmu-
nity, AIDS, and allograft reaction, el-

immunologic activation and inflamma-

collected twice from each patient, before the initiation of immunotherapy and at the Various cells are associated with in-
time of clinical assessment of immunotherapy. All the serum samples were simulflammatory events characteristic of al-
taneously used for determination of soluble IL-2R concentrations, by the use of alergic disorders in the respiratory sys-
enzyme-linked immunosorbent assay. To serve as controls, 14 nonallergic subjedtsm. Recent studies have suggested a

of the same age range and sex were chosen.
Results: Patients with allergic rhinitis before immunotherapy had significantly spiratory allergic disorderS. Distur-
higher serum levels of soluble IL-2R than nonatopic subjects. Elevated serum levelzance of T cell function in the immu-
of soluble IL-2R decreased significantly following immunotherapy and the serumnoregulatory network might contribute
levels of soluble IL-2R in patients with allergic rhinitis after immunotherapy were to the pathogenesis of these diseases.
not statistically different from those of nonatopic subjects. In addition, the percentn acute asthma, indeed, there is an
decrease in serum soluble IL-2R correlated significantly with the duration ofincrease in the number of circulating T

immunotherapy.

central role for T lymphocytes in re-

lymphocytes that express IL-2R and

Conclusions: Hyperactivity of helper T cells of atopic patients is altered after concentration of soluble IL-2R in the
long-term immunotherapy, and such immunoregulatory changes could be theorefperipheral blood, although there is no
cally involved in the mechanisms of immunotherapy.
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INTRODUCTION

Through antigen binding and interac-
tion with macrophage-derived interleu-
kin-1, T cells synthesize and secrete
interleukin-2 (IL-2) as a helper signal

for clone expansion of activated T cells
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with specific helper or cytotoxic/sup-
pressor functiond? Activation of T
cells is also associated with the expres-
sion of high affinity interleukin-2 re-
ceptors (IL-2R), which are composed
of at least three chains( 3, y), each
interacting with distinct epitopes on
the IL-2 molecule® Interleukin-2R
exists in soluble form in sera. The rate
of release of the soluble form of IL-2R
(soluble IL-2R) reflects T cell activa-
tion in vivo.®* The measurement of se-
rum levels of soluble IL-2R may there-
fore be useful in analyzing certain

significant increase in total lympho-
cyte numbers compared with the con-
trol subjects'! Our study has aimed at
investigating the serum concentrations
of soluble IL-2R in patients with pe-
rennial allergic rhinitis, with special
reference to the possible changes fol-
lowing long-term immunotherapy.

PATIENTS AND METHODS

Patients

This study included 14 nonallergic
healthy volunteers and 48 patients with
perennial allergic rhinitis due td®er-
matophagoides farinagD. farinag
who gave informed consent to partici-
pation in the present study. The 48

disease states associated with immune patients were selected from our outpa-
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tients who completely satisfied the fol-
lowing conditions: (1) typical symp-
toms of perennial allergic rhinitis
before immunotherapy, (2) positive
skin test and positive nasal provocation
to D. farinae before immunotherapy,
(3) eosinophilia in nasal smears before
immunotherapy, (4) serum sample was
obtained twice (before immunotherapy
and at various times during the course
of immunotherapy), stored at60 °C,
and never retrieved before this study,
(5) under treatment with immunother-
apy using Hollister-Stier standardized
Dermatophagoides farinaeextracts
(Miles Inc, USA) for more than 5
years. The duration of immunotherapy
of the 48 patients who completely sat-
isfied the above criteria ranged from 5
to 15 years, and the mean and the me-
dian values were 8.9 and 8.0 years. To
serve as controls, 14 nonallergic
healthy volunteers were chosen on the
basis of the following criteria: (1) a
negative history for allergy, (2) no
physical findings consistent with
atopic diseases; and (3) negative serum
IgE antibodies specific to the common
allergens.

The backgrounds of the 14 nona-
topic healthy volunteers and the 48
patients are summarized in Table 1.

Mode of Immunotherapy

Patients received subcutaneous injec-
tions with Hollister-Stier standardized
D. farinae extracts (Miles Inc, USA)
with prior informed consent. The ini-
tial doses were determined as indicated
by the end-point concentration deter-
mined by the threshold skin test. Doses
were increased by 50% at weekly in-
tervals until the individual maximum
tolerated dose was reached. The max-
imum tolerated dose was attained in 4

gram. A weekly injection of this dose
was administered for the first 3 to 5
months after attainment to the mainte-
nance dose, and then they received in-
jections of this dose on a biweekly
basis for the next 3 to 5 months, fol-
lowed by a monthly schedule. Finally,
the interval between injections was
gradually increased up to 2 months in
the absence of an episode of symptom-
atic relapse. After each injection, the
patient was asked to remain under our
supervision for a minimum of 30 min-
utes and to report any symptoms expe-
rienced. No concomitant medication
affecting nasal symptoms was admit-
ted throughout the period, without
prior informed consent. All patients in-
tentionally continued the treatment to
avoid possible relapse even though na-
sal symptoms resolved.

Clinical Evaluation

Clinical evaluation of symptoms of al-
lergic rhinitis was scheduled twice in
each patient, before the initiation of
immunotherapy and at various times
during immunotherapy. The clinical
evaluation used in this study was based
upon the criteria of Okuda et’alac-
cording to daily symptom diary cards.
The patients were asked to complete
daily symptom diary cards for the 14

munotherapy was calculated using the
following formula.

ss before IT— ss after IT
ss before IT

X 100

where ss= symptomatic scores and
IT = immunotherapy.

Determination of Soluble IL-2R
Serum samples were collected twice
from each patient, before the initiation
of immunotherapy and at the time of
clinical assessment of immunotherapy.
They were separated and stored at
—60 °C until used. All the serum sam-
ples were used simultaneously for de-
termination of soluble IL-2R concen-
trations. The concentrations of soluble
IL-2R were determined by the en-
zyme-linked immunosorbent assay
(ELISA) as previously described by
Chilosi et al*® using two monoclonal
antibodies (MoAb) recognizing differ-
ent epitopes of the IL-2R molecules. In
brief, soluble IL-2R available in the
samples or standard binds to the poly-
styrene microtiter that was previously
incubated with 100 mL anti-IL-2R
MoAb (1 mg/mL). A horseradish per-
oxidase-conjugated anti-molecule
binds to the IL-2R captured by the first
antibody and completes the sandwich.

days before each assessment. The daily After washing to remove the unbound

symptom card includes the humber of
sheezing attacks, the amount of nose
blowing, and the degree of nasal ob-
struction. A careful survey of the diary
card graded the three nasal symptoms
(sneeze, rhinorrhea, and obstruction)
on a scale of 0 to 3, depending on
severity (Table 2). The sum total of the
three nasal symptom scores was used
as symptomatic scores. The percent
decrease in symptomatic scores from

enzyme-conjugated anti-IL-2R MoADb,
a substrate solution is added to the
wells. The reaction is then stopped and
the absorbance determined at 490 nm.
A standard curve was prepared by us-
ing different soluble IL-2R concentra-
tions defined in arbitrary units per mil-
liliter (considering 1000 U/mL the
amount of soluble IL-2R present in 0.1
mL of a T Cell Science reference prep-
aration of supernatant from phytohem-

to 8 months with the once weekly pro- the pretreatment values following im-  agglutinin-stimulated  lymphocytes).
Table 1. Sex and Ages of Nonatopic Healthy Volunteers and Patients with Perennial Allergic Rhinitis
Sex Age, yr
Female Male Mean Standard Deviation Standard Error  Youngest Oldest Median
Nonatopic controls 8 6 33.43 13.34 3.57 15 58 29
Allergic Rhinitics
Before immunotherapy 28 20 28.00 13.59 1.96 13 61 24
After immunotherapy 28 20 36.81 13.56 1.96 18 67 32
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Table 2. Scoring of Sneeze, Rhinorrhea, and Nasal Obstruction

Symptom Score Definition of Score
Sneeze
0 no sneezing attacks
1 the number of sneezing attacks is 1-5
2 the number of sneezing attacks is 6-10
3 the number of sneezing attacks is over 11
Rhinorrhea
0 no nasal blowings
1 the number of nasal blowings is 1-5
2 the number of nasal blowings is 6-10
3 the number of nasal blowings is over 11
Nasal
obstruction
0 no nasal obstruction
1 nasal obstruction without mouth breathing
2 nasal obstruction with sporadic mouth breathing
3 nasal obstruction with predominant mouth breathing

The ELISA measurements were run in
duplicate. Minimum sensitivity for this
assay was 80 U/mL of soluble IL-2R.

The percent decreases from the pre-
treatment soluble IL-2R following im-
munotherapy (IT) were calculated us-
ing the following formula.

percent decrease in soluble IL-2R

soluble IL-2R before IT- soluble IL-2R after IT
soluble IL-2R before IT

X 100

Statistical Analysis

Differences between two different
groups were analyzed statistically by
the use of Mann-Whitney’'s U-test.
Difference between the paired values
of soluble IL-2R and symptomatic
scores were analyzed by the use of
Wilcoxon signed-ranks test. Signifi-
cant differences were accepted in each
analysis wherP < .05. Pearson’s cor-
relation coefficient () was calculated
to analyze possible correlation be-
tween two different parameters. Spear-
man’s correlation coefficientr§) was
calculated to analyze possible correla-

tion between two different parameters,
and significant correlation was ac-
cepted wherP was less than .05 ac-
cording to the Spearman’s rank corre-
lation analysis.

RESULTS

Background of Subjects

The background of the sex and the age
of the nonatopic healthy volunteers
and patients is summarized in Table 1.
There were no sex differences between
the 48 patients and the 14 nonatopic
healthy volunteers. The ages of the 48
patients before immunotherapy were
not significantly different from those
of the 14 nonatopic healthy volunteers
(P = .1189). Also, the ages of the 48
patients at the second collection of the
serum samples at various times in the
courses of immunotherapy were not
different from those of the 14 nona-
topic healthy volunteers?(= .3948).

Clinical Evaluation

The symptomatic scores before immu-
notherapy and at various times after
immunotherapy are summarized in Ta-

Table 3. Symptom Scores of Patients with Allergic Rhinitis Before and After Immunotherapy

ble 3. The pretreatment symptom
scores of the 48 patients studied ranged
from 5 to 9 with a mean of 7.21. Every
patient demonstrated some decrease in
symptom scores following immuno-
therapy. The symptom scores of the 48
patients after immunotherapy varied
from O to 5 with a mean of 1.38, sig-
nificantly smaller than those before
immunotherapy® < .0001). The per-
cent decrease in symptom scores fol-
lowing immunotherapy was 80.12
21.62%.

Soluble IL-2R

Table 4 and Figure 1 summarize the
results of soluble IL-2R in the nona-
topic healthy volunteers and in the pa-
tients with perennial allergic rhinitis
before and after immunotherapy. Fig-
ure 2 demonstrates the serum concen-
tration of soluble IL-2R before and
after immunotherapy in the 48 patients
studied. The serum level of soluble
IL-2R in the 48 patients with perennial
allergic rhinitis before immunotherapy
was significantly higher than that of
the nonatopic control groupP( =
.0051). The values of soluble IL-2R
were above 600 U/mL in seven of the
48 patients. The level of soluble IL-2R
in the 41 patients whose soluble IL-2R
was less than 600 U/mL was also sig-
nificantly higher than that of the nona-
topic control group P = .0232). The
level of serum soluble IL-2R, however,
in the patients with perennial allergic
rhinitis decreased significantly after
immunotherapy compared with the
pretreatment levelR < .0001, Figure
2), and the serum level of soluble
IL-2R after immunotherapy in the pa-
tients with allergic rhinitis was not sig-
nificantly different from that of the
nonatopic control groupR = .7618,
Figure 1). Immunotherapy was associ-
ated with decreased serum concentra-
tions of soluble IL-2R in 33 of the 48

Allergic Rhinitics Mean Standard Deviation Standard Error Smallest Largest Median

Before 7.21 1.13 0.16 5 9 7
immunotherapy

After 1.38 1.42 0.21 0 5 1
immunotherapy
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Table 4. Serum Soluble IL-2R (U/mL) in the Nonatopic Controls and the Patients with Allergic Rhinitis Before and After Immunotherapy

Mean Standard Deviation Standard Error Smallest Largest Median

Nonatopic controls 363.4 108.6 29.0 196 552 332.5
Allergic rhinitics
Before immunotherapy 490.0 188.8 27.2 202 1300 4445
After immunotherapy 351.1 96.8 14.0 209 649 322.0

1500

NS

patients studied by more than 10% p<0.01

from the pretreatment values. Five of
the 48 patients, however, had more
than 10% higher serum concentrations
of soluble IL-2R after immunotherapy
as compared with the pretreatment val-
ues. The percent decrease (mean
standard deviation) in soluble IL-2R
following immunotherapy was
20.78 = 30.28%. I
The percent decrease in soluble
IL-2R following immunotherapy cor-
related significantly with the duration ]
of immunotherapy s = .599, P < non-atopic
.0001, Figure 3). However, there was controls perennial allergic rhinitics
no significant correlation between the
percent decrease in soluble IL-2R and Figure 1. Serum levels (meah standard error) of soluble IL-2R in control subjects and in patients
the percent decrease in symptom with perennial rhinitis before and after immunotherapy. The serum level of the patients with allergic

1000 -
p< 0.0001

500 A

Serum Soluble IL-2R (U/mL)

before immunotherapy  after immunotherapy

scores following immunotherapyy= rhinitis before immunotherapy is significantly higher than that of the control subjects. The serum level

.044,P = .9386). of the patients with allergic rhinitis after immunotherapy, however, is not different from that of the
' control subjects.

DISCUSSION

In a variety of inflammatory diseases 1000

EZ3  before immunotherapy
HEEl  after immunotherapy

with accompanying T cell dysregula-
tion, elevated levels of soluble IL-2R
in serum have been demonstrated.
The levels of soluble IL-2R in these
diseases correlate with immunologic
activation and inflammation occurring
in vivo. The measurement of serum
levels of soluble IL-2R may be useful
in analyzing certain disease states as-
sociated with immune activation.

Since T lymphocytes are considered 200
to have a central role in allergic disor-
ders, the measurement of serum solu-
ble IL-2R has been reportEd by several 0 12345678 9101112131415161718192021222324 25262728 29 30 31 32 33 34 35 36 3738 39.40 414243 44 45 46 47 48

investigators, resulting in contradic- Figure 2. The change of serum concentrations of soluble IL-2R in 48 patients following immuno-
tory results. Matsumoto et al demon-  therapy. The serum concentrations of soluble IL-2R in the 48 patients before and after immunotherapy
strated elevated serum levels of soluble are shown.

IL-2R in children with eczema or food

anaphylaxis# Guarnaccia et al failed

to demonstrate an elevation of serum tients with asthma, independent of se- rum soluble IL-2R in patients with
soluble IL-2R in patients with allergic  verity of the disease and of the acute asthma as compared with control
disorders including atopic eczema and presence of acute symptoifsOn the subjects’’

asthma?® Brown et al reported ele- other hand, Corrigan and Kay demon- Allergic rhinitis is also a type of
vated levels of soluble IL-2R in pa- strated increased concentrations of se- allergic disorder like asthma and atopic

8001

600 1

Serum Soluble IL-2R (U/mL)
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Figure 3. Correlation between the percent decrease in soluble IL-2R and the duration of immunot'hose of nonatopic SUbjeth- In addi-
therapy. The percent decrease in soluble IL-2R significantly correlates with the duration of immunoion, the percent decrease in serum sol-

therapy (s = .599,P < .0001).

eczema. The serum levels of soluble
IL-2R in patients with allergic rhinitis
remains to be explained. The primary
aim of this study was to determine the
serum levels of soluble IL-2R in pa-
tients with perennial allergic rhinitis
due toD. farinaecompared with those
of nonatopic controls. Our results have
demonstrated that patients with aller-
gic rhinitis before immunotherapy had
significantly higher serum levels of
soluble IL-2R than nonatopic subjects,
although there was a considerable
overlap between the serum concentra-
tions in patients with allergic rhinitis
and nonatopic subjects. We interpret
this significant elevation of serum sol-
uble IL-2R levels to represent immu-
nologic activation and inflammation
occurring in allergic rhinitis.
Immunologic activation and inflam-
mation in respiratory allergic diseases
could be modulated by appropriate
treatment. Indeed, Corrigan and Kay
have demonstrated that concentrations
of serum soluble IL-2R decreased as
patients with acute asthma improved
clinically during the first 3-day period
of hospital treatment. Meanwhile,
immunotherapy is an active treatment
for allergic rhinitis and might modulate

immunologic activation and inflamma-
tion in allergic diseases to decrease the
serum levels of soluble IL-2R. In an in
vitro study, a decrease in the produc-
tion of IL-2R from house-dust-antigen-
stimulated lymphocytes of patients
treated with immunotherapy has been
demonstratedf

The second aim of this study was to
elucidate whether immunotherapy is
capable of decreasing the elevated se-
rum levels of soluble IL-2R in allergic
rhinitis. Tsai et al discussed a possible
decrease in elevated serum levels of
soluble IL-2R in asthmatic patients fol-
lowing immunotherapy, based on com-
paring the serum levels of soluble
IL-2R after variable periods of immu-
notherapy® They found a significant
decrease in the serum levels of soluble
IL-2R following immunotherapy, but
the significance was wealP(< .05).
Such discussion based on group com-
parisons could lead to confusing con-
clusions, because pretreatment values
are considerably different in individual
patients and there was a considerable
overlap between the serum concentra-
tions in atopic patients and nonatopic
subjects. Although there is evidence of
some clinical benefit as well as immu-

nologic change during the early phase
of immunotherapy, a sustained clinical
response is only possible with pro-
longed therapy. Immunotherapy must
be administered for 3 to 5 years for
such sustained clinical efficaéy.We
therefore investigated a possible de-
crease in the serum levels of soluble
IL-2R in patients with allergic rhinitis
following more than 5 years of immu-
notherapy from a comparison of pre-
treatment and post-treatment values in
individual patients.

Our data demonstrate that elevated
serum levels of soluble IL-2R de-
creased following immunotherapy in
33 of 48 patients, and that the serum
levels of soluble IL-2R in patients with
allergic rhinitis after immunotherapy
were not statistically different from

uble IL-2R correlated significantly
with the duration of immunotherapy.
These results indicate that hyperactiv-
ity of helper T cells of atopic patients
is gradually modulated as immunother-
apy proceeds and returns to normal
after long-term immunotherapy. Such
immunoregulatory changes could be
theoretically involved in the mecha-
nisms of immunotherapy. Our study,
however, failed to find significant cor-
relations between the percent decrease
rate in soluble IL-2R and the percent
decrease in symptom scores. Other un-
known mechanisms could be involved
in symptomatic relief during immuno-
therapy for allergic rhinitis.

Also, we examined serum soluble
IL-2R before immunotherapy and at
various times during the course of im-
munotherapy. To elucidate completely
the role of serum soluble IL-2R, serial
determination of soluble IL-2R may be
necessary during immunotherapy. Fur-
ther investigations might be needed to
explain completely the therapeutic role
of soluble IL-2R in immunotherapy of
patients with allergic disorders.
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