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Differences in regulatory T cells between Churg-Strauss
syndrome and chronic eosinophilic pneumonia with asthma

Naomi Tsurikisawa, MDD, Hiroshi Saito, PhD, Takahiro Tsuburai, MD, Chiyako Oshikata, MD, Emiko Ono, MD,
Hiroyuki Mitomi, MD, and Kazuo Akiyama, MD Kanagawa, Japan

Background: Chronic eosinophilic pneumonia (CEP) with
asthma precedes the onset of Churg-Strauss syndrome (CSS) in
half of all patients with CSS. It is not known what determines
whether patients with CEP after asthma will have CSS.
Objective: We examined whether activation of regulatory T
cells in patients with CEP inhibits CSS development and is
otherwise involved in the mechanism of CSS disease.

Methods: In patients with CSS (n = 38), CEP with asthma

(n = 20), and general adult asthma (n = 108), we examined the
number of CD4*CD25* T cells in peripheral blood, as well as
levels of expression of the cytokines IL-2, IL-5, IL-10, and
TGF-$ by CD4"CD25" T cells, CD4*CD25™ T cells, or both.
Results: At disease onset, patients with CSS, unlike patients
with CEP, had significantly fewer CD4*CD25" T cells than
patients with any step of asthma. CD4*CD25™ T cells
producing IL-10 were rarely detected in patients with CSS at
disease onset or relapse, whereas the numbers of IL-10-
producing T cells in patients with CEP were high at disease
onset. There were fewer CD4"CD25™ T cells producing IL-2 in
patients with CSS before treatment than in patients with CEP at
disease onset. The proportions of CD4*CD25" T cells
producing IL-10 and CD4*CD25™ T cells producing IL-2 in
patients with CSS increased at remission.

Conclusions: Maintenance of the numbers of regulatory T cells
in patients with CEP with asthma might inhibit CSS
development through the action of cytokines, such as IL-10 and
IL-2, produced by CD4"CD25" or CD4*CD25™ T cells. This
might be part of a mechanism that influences progression and
prognosis in these diseases. (J Allergy Clin Immunol
ENEN;EEN:ENE-NEN,)
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Churg—Strauss syndrome (CSS) is a rare disease characterized
by allergic granulomatosis and necrotizing vasculitis after pe-
ripheral blood eosinophilia and eosinophilic tissue infiltration.
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Abbreviations used
ACR: American College of Rheumatology
BALF: Bronchoalveolar lavage fluid
CEP: Chronic eosinophilic pneumonia
CSS: Churg—Strauss syndrome
GINA: Global Initiative for Asthma
MNL: Mononuclear leukocyte
nTreg: Naturally occurring regulatory T
PE: Phycoerythrin
Treg: Regulatory T
WBC: Whole blood cell

Asthma is present in 96% to 100% of patients with CSS and is the
cardinal feature of CSS. Asthma can precede systemic vasculitis
by approximately 8 years and in some cases by more than 30
years.'™ The precise causes of CSS and the asthmatic phase be-
fore the onset of CSS are still unknown. However, it is known
that eosinophilic infiltrations, such as those found in chronic eo-
sinophilic pneumonia (CEP), eosinophilic gastroenteritis, or
both, precede systemic vasculitis in half of all patients with
CSS.*” Some clinicians suggest that patients with CEP after
asthma are more likely to have CSS if the CEP is left untreated.®
However, some patients in whom asthma is complicated by CEP
do not have CSS. There is no clear mechanism that explains why
patients with CEP with asthma do or do not have CSS.

The cause of idiopathic CEP is not understood, although in
some cases CEP is caused by infection with a parasite, virus, or
fungus or by drugs, toxic agents, or radiation therapy.”® Asthma
can occur before CEP in about half to two thirds of patients with
CEP.”® Increasing numbers of eosinophils and lymphocytes in the
peripheral blood and bronchoalveolar lavage fluid (BALF) con-
tribute to the development of CEP. There are many mediators of
eosinophilia in CEP, including RANTES, eotaxin, thymus and
activation-regulated chemokine (CCL17),9’” and cytokines,
including IL-2, IL-3, IL-5, IL-10, IL-13, and IL-18.""'* The
number of CD4*CD25" T cells in BALF and peripheral blood
is increased in patients with CEP.'® In contrast, PBMCs in patients
with CSS secrete not only the type 1 cytokine IFN-y but also type
2 cytokines, such as IL-4, IL-13, and, in particular, IL-5.14

Regulatory T (Treg) cells play essential roles in maintaining
immunologic homeostasis, preventing autoimmunity, and pro-
viding peripheral tolerance against antigens, including autoanti-
gens and allergens. Treg cells, including Tr1 (Treg cell type 1),
CD47CD25" cells, T3 cells, and natural killer cells, are charac-
terized by their ability to suppress effector T cells of either the
Tul or Ty2 phenotype involved in mediating inflammation.">""”
CD47CD25™ cells are naturally occurring regulatory T (nTreg)
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TABLE I. Patient characteristics
Asthma
Step 1(n =35) Step2(n =35) Step3(n=15) Step4(n=23) CSS atonset(n = 38) CEP (n = 20) P value

Age (y), mean = SD 52.6 + 13.9 52.7 154 453 £ 16.2 53.6 = 16.0 56.5 + 15.2 57.3 = 14.1 NS#*
Sex (M/F) 16/19 15/20 9/6 12/11 12/26 8/12 NS+
Age at onset of asthma (y), 37.1 £ 21.0 419 + 19.8 274 = 18.2 38.8 = 16.6 435 = 15.7 46.9 * 14.0 NS*

mean = SD
Age at onset of CSS (y), 53.8 = 16.5

mean = SD
Age at onset of CEP (y), 53.6 = 154

mean £ SD
Type: atopic/nonatopic 18/17 19/16 8/7 13/10 11/27 7/13 NS+t
Step 1/2/3/4 at the first 2/3/1/32 3/0/2/15 NS+T

hospital visit
Daily dose of ICS (pg), 0 182.9 = 383 400 = 0 841.7 * 166.6% 619.1 = 418.9% 730.0 * 426.9% 01%

converted to FP

equivalents
Daily dose of OCS (mg), 0 0 0 5.0 (2 patients) 8.0 (5 patients) 5.0 (2 patients)

converted to prednisolone

equivalents

NS, Not significant; /CS, inhaled corticosteroids; FP, fluticasone propionate; OCS, oral corticosteroids.

*Two-way ANOVA with repeated measures among all groups.
sz Testing revealed no significant differences between the frequencies in each group.
IStep 4 asthma, CSS, or CEP versus steps 1, 2, and 3: P < .01.

cells first characterized by Sakaguchi et al'®in 1995; since then,
human nTreg cells have been defined as CD25"CDI127""
FOXP3*."? nTreg cells can mediate their suppressive effects
through cell contact.”® Tg1 cells are antigen-specific populations
derived from conventional CD4*CD25~ naive precursors after
exposure to antigen under conditions of limiting costimulation,
such as with IL-10, immature dendritic cells, or dexamethasone;
the mechanism by which Tr1 cells exert suppression appears to
be mediated by secretion of suppressor cytokines, such as IL-10
and TGF-B.

Recent studies have focused on Treg cells and the mechanisms
of human diseases, such as systemic lupus erythematosus,zl’22
rheumatoid arthritis,23 24 cancer,25 26 Guillain-Barré syndrome,27
multiple sclerosis,?® infection,?*° and asthma,>'"> but it is not
known whether Treg cell activity is related to the mechanism
and cause of CSS.

We examined the phenotypes and functions of CD4"CD25* T
cells in CEP with asthma and in CSS at onset and after therapy,
and we compared these observations with those in general
asthma. Activation of Treg cells in patients with CEP was inves-
tigated to determine whether these cells can inhibit the develop-
ment of CSS and play a role in the mechanism of the disease.

METHODS

Patients

We recruited 38 patients with CSS, 20 patients with CEP with asthma, and
108 adult patients with general asthma (non-CSS and non-CEP) treated
between January 2003 and May 2007 at the Clinical Research Center for
Allergy and Rheumatology, National Hospital Organization, Sagamihara,
Kanagawa, Japan. All 108 adult patients with general asthma were given
diagnoses according to the criteria of the Global Initiative for Asthma (GINA)
guidelines,*® and the severity of their asthma was classified as follows, as de-
fined by GINA guidelines: step 1, intermittent; step 2, mild persistent; step 3,
moderate persistent; and step 4, severe persistent. Criteria for CSS were de-
fined according to the classification of the American College of

Rheumatology (ACR).?” The ACR uses 6 criteria: asthma, eosinophilia, pol-
yneuropathy, pulmonary infiltrates, paranasal sinus abnormality, and the pres-
ence of extravascular eosinophils. The ACR definition of CSS is the presence
of 4 of the 6 criteria. Patients were classified into a relapse group and a remis-
sion group in accordance with the condition of the disease after treatment.
The remission state was defined as the absence of any clinical signs or symp-
toms of active vasculitis. The relapse state was defined as the recurrence of
vasculitis symptoms with or without an increase in the proportion of eosino-
phils among whole blood cells (WBCs) after initial remission requiring the
resumption of immunosuppressive therapy or an increased dose of immuno-
suppressant. In all patients with CEP, the CEP was complicated by asthma.
There were 3 diagnostic criteria for CEP: respiratory symptoms of more
than 2 weeks’ duration; alveolar or blood eosinophilia (alveolar eosinophilia
>25% on BALF differential cell count and blood eosinophilia >100(J/1nm3);
and pulmonary infiltrates with a usually peripheral predominance on chest
imaging.” Patients with CEP who had allergic bronchopulmonary mycosis
were excluded from the study.

In all patients with asthma, CSS, or CEP, as well as in healthy control
subjects (n = 9; age range, 27-52 years), we examined the numbers of
eosinophils and WBCs in the peripheral blood and the proportions of
CD47CD25" T cells. We also examined expression of the cytokines IL-2,
IL-5, IL-10, and TGF-B by CD4"CD25" T cells at the time of disease onset
and in the relapse and remission groups in patients with CSS, at the time of
disease onset and after disease improvement in patients with CEP, and at
the time without disease exacerbation in asthmatic patients. Only 5 of 38
patients with CSS had already received oral corticosteroids (mean, 8.0 mg
prednisolone equivalent; Table I) and other antiasthma drugs, such as inhaled
corticosteroids, long-acting B-stimulants, leukotriene antagonists, and theo-
phylline. However, the remaining 33 of the 38 patients had received treatment
with other antiasthma drugs, except oral corticosteroids. The study was
approved by the ethics committee of our hospital, and informed consent
was obtained from each patient.

Immunologic analysis

Reagents. Fluorescein isothiocyanate-conjugated mouse IgG1, anti-CD4,
and anti-CD25; phycoerythrin (PE)-conjugated mouse IgG1, anti-CD4, anti-
CD25; and PE-Cy5—conjugated mouse I1gG1, and anti-CD4 antibody were
purchased from BioLegend (San Diego, Calif). PE-conjugated anti-human
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IL-2,IL-5, and IL-10 were purchased from BD Biosciences (Nihon BD, Tokyo,
Japan), and PE-anti-human TGF-B was purchased from IQ-Products
(Groningen, The Netherlands). Peridinin-chlorophyll-protein (PerCP)—conju-
gated mouse IgGl and anti-CD4 antibodies were purchased from BD
Biosciences.

Ratio of CD25 positivity in CD4 " T-cell analysis. The percentage of
CD4" T cells was counted in the peripheral blood, and the percentage expres-
sion of CD25™ molecules was examined in CD4* T cells. By using the method
of Landay and Muirhead,*® mononuclear leukocytes (MNLSs) were incubated
with fluorescein isothiocyanate—conjugated anti-CD4 and PE-conjugated anti-
CD25. The surface markers of the CD4" T cells were analyzed by means of
flow cytometry (FACSCalibur; Nippon Becton Dickinson, Tokyo, Japan).

Intracellular cytokine staining: Cytokine production and FACS
analysis. MNLs obtained from the patients were stimulated for 4 hours with
medium or 20 ng/mL phorbol 12-myristate 13-acetate and 1 pg/mL
ionomycin at 37°C in the presence of 10 pg/mL brefeldin A to generate
and accumulate cytokines.*® The surface-stained MNLs were suspended in
0.5 mL of cold 4% paraformaldehyde fixative and incubated at room temper-
ature for 10 minutes. After fixation, cells were washed twice with PBS and
spun at 200g for 7 minutes. The cell pellet was harvested and resuspended
in 2 mL of serum amyloid P (0.1% [wt/vol] saponin and 0.05% [wt/vol]
NaNj; in Hanks’s balanced salt solution) buffer. The cells were centrifuged
at 200g for 7 minutes, and then the pellet was resuspended in 0.1 mL of serum
amyloid P buffer. PE-conjugated anti-human cytokine antibodies (IL-2, IL-5,
IL-10, and TGF-3) were added (106 cells in 20 pL) to each tube. The tube
was vortexed and then incubated for 35 minutes at room temperature in the
dark. The proportion of cells generating cytokines was measured by using
the FACSCalibur and was analyzed with CELLQuest software (Nippon Bec-
ton Dickinson). Tr1 cells were defined as CD4"CD25" T cells predomi-
nantly producing IL-10 and TGF-B."?

Statistical analysis

All values are expressed as means = SDs unless otherwise specified.
Statistical comparisons between groups were carried out by means of 2-way
ANOVA with repeated measures, followed by a post hoc comparison by using
the Newman—Keuls test. Two mean values were compared by using the Mann—
Whitney U test. P values of less than .05 were considered statistically signif-
icant. Statistical analysis was performed with the StatView 5.0 statistical pro-
gram (SAS Institute, Inc, Cary, NC).

RESULTS
Clinical findings

There were more women than men with CSS and CEP, but
there was no significant difference in the sex ratio among patients
with asthma at any step. Thirty-eight patients with CSS and 15 of
the 20 patients with CEP had been classified according to the
GINA guidelines as having severe asthma at the first hospital
visit (Table I). There was no significant difference in the age of
onset of asthma between those who had CSS or CEP. Patients
with CEP and asthma did not go on to have CSS during the
course of the study. Twelve patients with CEP showed improved
pulmonary infiltration and decreased eosinophil counts as a
proportion of total WBC counts in blood after treatment with
systemic corticosteroids, and these parameters improved in a
further 8 patients with CEP after continuation of asthma therapy
without systemic corticosteroids. After improvement of eosino-
philic pneumonia, the eosinophil count in the peripheral blood
decreased from a mean of 3762.6 cells/L to a mean of 440.1
cells/L (Table II). Eleven of 38 patients with CSS had positive re-
sults for myeloperoxidase-specific antineutrophil cytoplasmic
autoantibody. Four of 24 patients with CSS had positive results
for immune complex (>1.5 pg). The total WBC and eosinophil
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TABLE Il. Hematologic, BALF, and sputum cell counts in patients
with CEP and asthma (n = 20)

Differential cell counts in BALF, median (range)
Total cells (X 10%mL)
Macrophages (%)
Lymphocytes (%)

3.3 (0.2-5.6)
45.8 (18-76.7)
27.6 (5.4-43.0)

Neutrophils (%) 1.7 (0-4.0)
Eosinophils (%) 24.3 (7-39.0)
Mast cells (%) 1.1 (0-6)
Eosinophils in sputum by Hansel’s
classification,* no. of patients (%)

Mild 1(6.7)
Moderate 5(33.3)
Severe 9 (60.0)

WBC (X 10> cells/L), median (range)
At disease onset
After improvement
Eosinophils in blood (cells/L), median (range)
At disease onset
After improvement

10,028.07 (4340-16,800)
7531.8 (4400-11,180)

3762.6% (1124-8113)
440.1 (50-640)

*According to the Hansel classification, the level of eosinophilia was scored as mild,
no, or few eosinophils throughout the entire smear; moderate, which was defined as
several eosinophils in each high-power (X400) microscopic field; and severe, which
was defined as numerous eosinophils in each high-power microscopic field.

tAt disease onset versus after improvement: P < .05.

TAt disease onset versus after improvement: P < .01.

counts were significantly reduced at the time of remission or
relapse compared with those at the time of onset, but they did
not differ significantly between remission and relapse in patients
with CSS. The number of organs involved that presented with
vasculitis (including active symptoms of asthma or sinusitis)
was significantly greater in patients with CSS at relapse (2.9 =
0.9) than in those in remission (1.2 = 0.7, P < .01; Table III).
The mean eosinophil count in the peripheral blood in patients
at CSS onset was 8042.6 cells/L, which is much greater than
that in patients with CEP (Table IV).

Percentage of CD25 positivity in CD4* T cells

The percentage of CD25 positivity in CD4" T cells
(CD4"CD25™) was not significantly different among steps 1, 2,
and 3 of asthma, but positivity in step 4 of asthma was signifi-
cantly lower than in steps 1 and 2 (P < .01). Patients with CSS
at onset had significantly lower levels of CD4"CD25" T cells
than asthmatic subjects at any step or patients with CEP at onset.
In contrast, the CD47CD25" T-cell count in patients with CEP
at onset was the same as in asthmatic subjects at every step of
asthma (Table IV) and did not change after improvement of the
disease. The CD4*"CD25"% T-cell count in patients with CSS
increased after treatment for the disease, and this increase was
significantly greater in patients in remission than in those with
relapse (P < 0.01, Fig 1).

Intracellular cytokine staining: Cytokine production
and FACS analysis

The percentage of CD4"CD25" T cells producing IL-5 was
high in patients with CSS and CEP at onset, significantly greater
than at any step of asthma. The percentages of CD4 *CD25" and
CD4"CD25™ T cells producing IL-10 were significantly greater
in patients with CEP at onset than in those with CSS at onset or
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TABLE lll. Hematologic and disease characteristics of patients
with CSS (n = 38)

WBCs (X 10 cells/L), median (range)
At onset
At relapse
At remission
Eosinophil count in blood (cells/L),
median (range)

15,821.4* (6740-31,800)
7909.7 (3300-15,780)
6277.5 (3220-11,590)

At onset 8042.6% (370-25,122)
At relapse 367.2 (30-3310)
At remission 182.9 (20-860)
MPO-ANCA (%) at onset 28.9
PR3-ANCA (%) at onset 0
IC (%) >1.5 mg/mL 16.7
Organ involvement at disease onset (%)
Asthma 100
Paranasal sinusitis 89.4
Multiple polyneuropathy 100
Pulmonary infiltrates 75
Myocardial involvement 73.7
Gastrointestinal tract 81.6
Renal involvement 36.8
Skin involvement 59.3
Central nervous system involvement 21.1
Extravascular eosinophilia (pathologic) 76.3
ACR 4/6(%) 7.9
ACR 5/6(%) 26.3
ACR 6/6(%) 65.8

Cumulative organ involvement (including
asthma and sinusitis), no. = SD

At onset 7.4 *+ 1.6*
At relapse 2.9 = 0.87
At remission 1.2 £0.7

MPO-ANCA, Myeloperoxidase-specific antineutrophil cytoplasmic autoantibody;
PR3-ANCA, proteinase-3 antineutrophil cytoplasmic autoantibody; /C, immune
complex; ACR, American College of Rheumatology criteria (see text).

*At onset versus at relapse and at remission: P < .01.

TAt relapse versus at remission: P < .01.

in asthmatic subjects at any step (P < .01). The percentage of
CD4*CD25" T cells producing TGF-B was significantly greater
in patients with CSS at onset than in steps 1 or 2 of asthma. How-
ever, TGF-3 production was significantly greater in patients with
CEP at onset than in those with CSS at onset (P <.01). The per-
centage of CD47CD25™ T cells producing IL-2 was significantly
lower in patients with step 4 asthma than in those with step 1 (P <
.01) or step 2 (P <.05) asthma. The percentage of CD4"CD25~ T
cells producing IL-2 was significantly lower in patients with CSS
at onset than in those with asthma at steps 1 or 2 or with CEP at
onset (P < 0.01, Table IV). The percentage of CD25 positivity
in CD4" T cells was correlated with IL-10 production in all
patients with stable asthma or with CSS or CEP at onset
(R = 042, P < .01, data not shown). These results showed that
the CD4+CD25™ T cells producing IL-10 were Tg1 cells.
Moreover, we examined the levels of the cytokines IL-10 and
TGF-f in serum. The levels of IL-10 in serum were as follows:
CSS at onset versus CSS in remission, 1.7 = 1.1 versus 1.1 * 1.2
pg/mL (not significant); CEP at onset versus CEP after improve-
ment, 1.0 = 1.6 versus 0.5 = 0.7 pg/mL (not significant). Levels
of TGF-f in the serum were as follows: CSS at onset versus CSS
in remission, 7.2 = 4.3 versus 7.5 = 7.3 ng/mL (not significant);
CEP at onset versus CEP after improvement, 14.6 = 11.2 versus
12.1 = 10.6 ng/mL (not significant). Serum levels of IL-10 were
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extremely low. We cannot work out how there were no significant
differences among the serum levels of these cytokines, but there
were significant differences among the intracellular levels.

The count of CD4"CD25" T cells producing IL-5, which
causes eosinophilia in peripheral blood cells and lung tissue,
was high in patients with CSS and CEP at disease onset and de-
creased significantly after treatment of CSS and improvement
of CEP (Fig 2, A). CD4"CD25" T cells producing IL-10 were
rarely detected in patients with CSS at onset or in the relapse state.
However, when patients with CSS had clinical remission after
treatment, the number of CD4"CD25™ T cells producing IL-10
significantly increased compared with those at onset. The count
of CD4"CD25" T cells producing IL-10 in patients with CEP
was high at disease onset and then decreased significantly after
improvement of eosinophilic pneumonia (Fig 2, B). The count
of CD4"CD25™ T cells producing IL-2 in patients with CSS at
onset was fewer than in patients with CEP at onset. After treat-
ment of CSS, patients who reached remission showed an increase
in the number of CD4*CD25™ T cells producing IL-2 to the level
seen in patients with CEP at disease onset, but there was no
change in patients with CEP between disease onset and improve-
ment (Fig 2, C). The number and distribution of organs involved
was significantly negatively correlated with the percentage of
CD25 positivity of CD4™ T cells at onset, remission, and relapse
in patients with CSS (r = —0.51, P <.01; Fig 3).

DISCUSSION

CSS is a rare vasculitis with an annual incidence of approx-
imately 2.4 to 6.8 cases per 1 million persons.***' The report by
Guillevin et al® revealed some triggering factors that preceded
the onset of the disease by up to several months, including desen-
sitization, rapid discontinuation of oral corticosteroids, and
vaccination. The cause and pathogenesis, and especially the her-
itability, of CSS are still unknown. In a rare case of familial CSS in
2 sisters, it was not possible to explain the heritability of the dis-
ease from HLA typing.*> Moreover, the characteristics of the
asthma proceeding the onset of CSS are still unknown. At the ini-
tial hospital visit for asthma symptoms before the onset of CSS,
patients were likely to be adult, of female sex, and nonatopic
and with asthma of severe grade and eosinophils present at greater
than 20% of WBCs.** The FEV| in patients who had CSS was as
low as that seen in patients with severe asthma, but bronchial hy-
perresponsiveness to acetylcholine in patients who had CSS was
as slight as in those with mild asthma.*’ These results suggest that
the asthma in patients who might go on to have CSS is different
from that seen in general asthmatic subjects. Most patients before
CEP onset are also severely asthmatic, but the difference between
their asthma and that seen before CSS is unknown.

CSS is an eosinophilic systemic vasculitis characterized by
peripheral blood eosinophilia. Eosinophils are considered to be
the most important effector cells and contribute to the mechanism
in this disease.'*®® CD69 and CD25 are surface markers of eo-
sinophil activation that are expressed on eosinophils, and there
is an increase in CD69 expression on eosinophils in the peripheral
blood of patients with CSS.* There are many mediators related to
increased eosinophil count, including IL-3, IL-5, GM-CSF,
RANTES, and eotaxin. The numbers of CD4+*CD25" T cells pro-
ducing IL-5 were high in patients with CSS and CEP at disease
onset; they decreased after treatment of CSS and improvement
in CEP. However, it has been reported that an increase in the
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TABLE IV. Blood eosinophil count and cytokines (percentage of expression) in CD4*CD25* or CD4*CD25~ T cells

BA

Healthy control

subjects (n = 9) Step 1 Step 2

Step 3 Step 4 CSS at onset CEP at onset

Blood eosinophils 161.9 = 65.0
(no. of cells)

CD47CD25™" cells (%) 314 * 82% 522 * 122 526+ 11.8

IL-5 in CD4*CD25" 0.0 = 0.0 44 * 6.6 5.2 * 10.1
cells (%)

IL-10 in CD4"CD25" 0.0 = 0.0 47 *+15 49 * 63
cells (%)

IL-10 in CD47CD25~ 0.5+ 12 05+ 15 0.4 + 0.6
cells (%)

TGF-B in CD47CD25™" 0.0 + 0.0%* 6.7 = 10.0 44 + 69
cells (%)

IL-2 in CD4*CD25~ 26.3 * 25.8 351 £ 179 324 =223

cells (%)

209.4 £ 168.3 290.6 = 209.8 357.3 = 215.5 380.0 £ 517.0

8042.6 £ 6559.3*%F 3762.6 = 2310.3*

462 * 66 427 * 103§ 349 = 15.6% 48.1 = 11.6
62+ 108  41+74 14.6 = 11.9] 112 = 12.59
11 =22 2.7 * 44 03 = 1.0# 209 * 17.0%%
02 *05 03 =05 0.1 = 0.1 6.6 = 11.4%%
28 %50 2.6 *59 1.0 = 0.9+ 6.7 = 10.5+

231 +212 170 = 1651F 7.6 = 7.2+ 22.0 + 17.0%

*CSS or CEP versus control and steps 1, 2, 3, and 4: P < .01.

TCSS versus CEP: P < .01.

{Control versus steps 1, 2, and 3 and CEP: P < .01; versus step 4: P < .05.
§Step 4 versus steps 1 and 2: P < .01.

|ICSS versus control and steps 1, 2, and 4: P < .01; versus step 3: P < .05.
9 CEP versus control: P < .01; versus steps 1, 2, and 4: P < .05

#CSS versus steps 1 and 2: P < .05.

*#*Control versus steps 1, 2, 3, and 4 and CEP: P < .01.

TTCSS versus steps 1 and 2: P < .01.

1IStep 4 versus step 1: P < .01; versus step 2: P < .05.

* T T i
t NS

%)
£ 100
w90
— O
E 80 o
. 70 8

60 O
a
< 504 % 9
2 404 g 8
o0 e}
g 20+ g S o
tn 104
g8 o

CSS CSS CSS CEP CEP
atonset relapse remission atonset after
improvement

FIG 1. Percentage of CD25 positivity in CD4™ T cells in patients with CSS
and CEP, respectively, at disease onset and after treatment. Median values
are shown by horizontal bars. Differences between patient groups were
evaluated by using the Mann-Whitney U test. 1P < .01 and *P < .05. NS,
Not significant.

eosinophil count in the peripheral blood is not related to signs of
relapse of CSss.® Moreover, the number of CD4"CD25" T cells
producing IL-5 did not increase during the relapse phase of CSS.
This suggests that the essential mechanisms of changes in disease
activity, such as relapse or remission, are related to the regulation
of T cells more than to eosinophil activity.

The number of CD4*CD25™ T cells in patients with CSS at
disease onset was lower than in any of the steps of asthma or in
CEP at onset. It increased after treatment of the disease, and it
was significantly higher in patients in remission than in those
who relapsed. In contrast, the number of CD4"CD25" T cells
in patients with CEP at disease onset did not change after disease
improvement. We examined the percentage of FOXP3 that

indicated nTreg cells staining in CD4*CD25" T cells. It did not
differ significantly among healthy control subjects versus CEP
at onset versus CEP after improvement: 4.7% * 2.6% versus
4.8% = 1.7% versus 3.7% = 2.4%, respectively. This lack of
change in CD4*CD25" T cells after improvement in CEP was
due to the production and supply of IL-2 by the CD4"CD25~ T
cells, an event that induced the generation and maintenance of
Treg cells. There is an increase in the number of CD4*CD25"
T cells in asthmatic subjects during acute exacerbations,'
whereas the number of CD4"CD25" T cells in the BALF and pe-
ripheral blood of children with asthma is lower than in control sub-
jects.>*> Although the numbers of CD4"CD25" T cells in
patients with CSS at disease onset were significantly lower than
in every step of asthma, numbers of these cells in patients with
CEP did not decrease and continue at high levels similar to those
found in general asthma. In addition, the number of cp4tcp2st
T cells producing IL-10 in patients with CEP was significantly
higher at disease onset thanin CSS at disease onset and in arelapse
state. Therefore it is possible that CD4"CD25™ T cells are mainly
Tr1 cells and make up part of the nTreg cell population.

Astier et al*® indicated that CD4"CD25™ cells stimulated by
CD46 molecules in patients with multiple sclerosis could not
secrete IL-10, although stimulation by CD28 molecules could
produce IL-10 from CD4"CD25" cells. We confirmed, using
the method of Astier al, that IL-10 could be produced by
CD47CD25" T cells in 3 patients with CSS in relapse. The per-
centages of positive CD4"CD25* cells that produced IL-10 were
2.3% = 4.0% for incubation with anti-mouse IgG1 plus IL-2,
6.6% * 5.8% for incubation with anti-CD3 antibody plus IL-2,
17.2% = 11.7% for incubation with anti-CD3 antibody plus IL-
2 plus anti-CD28 antibody, and 24.7% = 9.8% for incubation
with anti-CD3 antibody plus IL-2 plus anti-CD46 antibody. Inter-
estingly, these results indicated that CD4*CD25" T cells could
produce IL-10 in patients with CSS in relapse in response to
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FIG 2. Percentages of CD4"CD25" T cells producing IL-5 (A), CD4"CD25" T cells producing IL-10 (B), and
CD4"CD25™ T cells producing IL-2 (C) in patients with CSS or CEP at disease onset and after treatment.
Median values are shown by horizontal bars. Differences between patient groups were evaluated by using
the Mann-Whitney U test. 1P < .01 and *P < .05. NS, Not significant.

The correlation of CD25" in the CD4™ T cells and
the number of distribution of organ involvements
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FIG 3. Correlation between the percentage of CD25 positivity of CD4" T
cells and the number and distribution of involved organs. Organ involve-
ment included asthma, sinusitis, pulmonary infiltration, mononeuritis mul-
tiplex or polyneuropathy, myocardial involvement, gastrointestinal tract
involvement, renal involvement, skin involvement, central nervous system
involvement, arthritis, tympanitis, eye involvement, gallbladder involve-
ment, liver involvement, and lymphadenitis, mastitis. Open circles repre-
sent patients with CSS at onset, open triangles represent patients with
CSS at relapse after initial remission, and open squares represent patients
with CSS at remission after treatment. A significant linear relationship was
evident (r = —0.51, P < .01) for all patient groups.

stimulation not only with CD28 but also with CD46. This IL-10
production by CD4"CD25™ T cells and other mechanisms differ-
entiates the Tr1 cells in CSS from those in multiple sclerosis.
Eight of 20 patients with CEP improved after continuing
asthma therapy without systemic corticosteroids. The percentages
of CD47CD25" T cells producing IL-5 and IL-10 in these pa-
tients decreased after improvement in the pulmonary infiltration
and eosinophilia in the peripheral blood. These results suggest
that Treg cells in patients with CEP inhibit the development of
CSS and that the suppressive function of Treg cells in CEP acted

naturally in the absence of systemic corticosteroids. Thus a de-
crease in the number of CD4"CD25™ T cells and in the amounts
of IL-10 and TGF-B produced by these cells regulated the disease
condition and cause of CSS by suppression of Treg activity.

IL-2 is indispensable for the peripheral maintenance of
CD4"CD25" nTreg cells. The principal physiologic source of
IL-2 for maintenance of Treg cells appears to be CD25'°CD4 ™" ac-
tivated T cells.*’ In addition, IL-2 is essential for TGEF-f to con-
vert naive CD4*CD25~ T cells to Tr1 cells and for the expansion
of these cells.*® Our results showed that numbers of CD4*CD25 ™~
T cells producing IL-2 were lower in CSS at onset than in step
1 and 2 asthma or CEP at onset. Numbers of CD4"CD25™ T cells
producing IL-2 in CEP at onset did not decrease but remained
similar to those in every step of asthma. IL-2 provided by
CD4"CD25™ T cells maintains the survival of nTreg cells and in-
duces Tg1 cell production through the upregulation of CD25™"
and production of IL-10. This indicates that Tg1 cells in patients
with CEP might maintain suppressive function from the onset of
disease, and therefore their activity might be able to inhibit the de-
velopment of CSS. Numbers of CD47CD25™ T cells producing
IL-10 and CD4"CD25~ T cells producing IL-2 in our patients
with CSS increased after treatment with corticosteroids and
immunosuppressive agents.

The lack of decrease in the number of Treg cells in CEP might
thus inhibit the development of CSS through the production of
cytokines, such as IL-10, TGF-$3, and IL-2, and these events
might contribute to the development of CSS and the mechanisms
of the diseases. In the future, these clinical studies and immuno-
logic studies of these issues should elucidate the mechanisms of
onset of CSS and its prognosis.

Key message

o Maintenance of the numbers of Treg cells in patients with

CEP with asthma might inhibit CSS development through
the action of cytokines, such as IL-10 and IL-2, produced
by CD4"CD25" or CD4"CD25™ T cells.
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