High-dose Intravenous Immunoglobulin Treatment
Increases Regulatory T Cells in Patients with
Eosinophilic Granulomatosis with Polyangiitis

NAOMI TSURIKISAWA, HIROSHI SAITO, CHIYAKO OSHIKATA, TAKAHIRO TSUBURAI, and KAZUO AKIYAMA

ABSTRACT. Objective. We studied the effects of intravenous immunoglobulin (IVIG) treatment on clinical symp-

toms and regulatory T (Treg) cell frequency in patients with eosinophilic granulomatosis with
polyangiitis (EGPA).

Methods. Twenty-two EGPA patients with severe mononeuritis multiplex or cardiac dysfunction
received IVIG therapy combined with conventional therapy (corticosteroid, immunosuppressants, or
both). As a control, 24 EGPA patients without severe vasculitic symptoms were treated with con-
ventional therapy. Before, during, and after treatment, we determined percentages of Treg cells and
other relevant cells in patients’ peripheral blood.

Results. The frequency of CD25+ among CD4+ T cells was lower at onset in the study group than
in controls but increased significantly after IVIG treatment, relative to controls. The frequency of
CD25+ among CD4+ T cells correlated with the frequency of FOXP3+ among CD4+ T cells and
interleukin 10 produced by CD25+CD4+ T cells.

Conclusion. The increase in Treg cells seen with the combination of IVIG and conventional thera-
py may promote remission in EGPA. (First Release April 1 2012; J Rheumatol 2012;39:1019-25;

doi:10.3899/ jrheum.110981)

Key Indexing Terms:

EOSINOPHILIC GRANULOMATOSIS WITH POLYANGIITIS

CHURG-STRAUSS SYNDROME

Eosinophilic granulomatosis with polyangiitis (EGPA; also
known as Churg-Strauss syndrome) is a rare disease charac-
terized by allergic granulomatosis and necrotizing vasculitis
following peripheral and tissue eosinophilial.

The mortality and prognosis of EGPA are related to dis-
ease severity, as assessed by S5-factor scores’. In some
patients with EGPA, mononeuritis multiplex, heart failure,
or antineutrophil cytoplasmic antibody (ANCA)-associated
systemic vasculitis do not respond to the combination ther-
apy of corticosteroids (CS) and cyclophosphamide
(CYC)3*. We reported® that intravenous immunoglobulin
(IVIG) therapy improved severe mononeuritis multiplex or
heart failure in patients with EGPA who did not respond to
the combination therapy.

Regulatory T (Treg) cells play a key role in balancing

immune responses and maintaining peripheral tolerance®.
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REGULATORY T CELLS
INTRAVENOUS IMMUNOGLOBULIN

We reported that, at the onset of disease, patients with EGPA
had a lower frequency of Treg cells than patients with gen-
eral asthma and the frequency of Treg cells increased at
remission’.

IVIG treatment has shown clinical efficacy® and regu-
lates activation of Treg cells in autoimmune and immune-
mediated inflammatory diseases’. Mechanisms implicated
in IVIG modulation of Treg function include activation and
induction of Treg cells by the Fc or F(ab’), domain of IVIG
and enhancement of Treg function by increasing expression
of FOXP3, transforming growth factor B, interleukin 10
(IL-10), and cytotoxic T lymphocyte antigen 4-10-11.12.13,

We examined whether patients with EGPA who were
treated with IVIG in combination with conventional therapy
had modified clinical symptoms, modified immune meas-
urements, and a reduced maintenance dose of CS.

MATERIALS AND METHODS

Patients. Between March 1985 and February 2007, 46 patients were
recruited at the onset of EGPA, diagnosed by the classification criteria of
the American College of Rheumatology!#. All patients treated with IVIG
had severe neuropathy [< 3 on the manual muscle test (MMT) using the
Medical Research Council scale (0 to 5)] or cardiac involvement, including
severe heart failure or myocarditis or pericarditis, which did not improve
after at least 1 month of treatment with conventional therapy (CS, immuno-
suppressants, or both). Control patients with EGPA who received treatment
but no IVIG did not have severe impediments such as neuropathy (< 3 on
the MMT) or severe cardiac dysfunction after treatment with CS, immuno-
suppressants, or both.
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Study design. A diagram of the study design is given in Figure 1. Before
treatment, all patients treated with IVIG (Venilon, Teijin, Tokyo, Japan; 400
mg/kg daily for 5 days), received CS [about 1 mg/kg/day prednisolone
(PSL) as an initial dose] and 21 of the 22 patients were also treated with
CYC (pulse or oral) for a median time of 3.0 months (range 1.0-215.0 mo).
Treatments were between July 1999 and September 2007. Some patients
with difficult mononeuritis multiplex or heart failure were given additional
IVIG treatments between 2 to 12 months after beginning therapy. We meas-
ured the percentage of Treg cells in the peripheral blood of patients treated
with IVIG at 0, 3, 6, 12, and 24 months after the last IVIG dose in patients
given IVIG, and at 4, 14, 17, 20, 26, and 38 months after onset in the con-
trols. Treg cells were defined as CD25+CD4+ T cells dominantly produc-
ing IL-10 or FOXP3+CD4+ T cells (Figure 1). We examined the dose of CS
used for patients in remission 2 years after the last IVIG treatment and at
about 38 months from onset in controls. Remission was defined as the
absence of any clinical signs or symptoms of active vasculitis for at least 6
months. The ethics committee of our hospital approved the study and we
obtained informed consent from each patient.

Immunological analysis. The frequencies of CD25+ among CD4+ T cells
and FOXP3+ among CD4+ T cells were determined as described by
Abdulahad, et al'® and those of TL-10 produced by CD25+CD4+ T cells as
described by Picker, et al'.

RESULTS

There were no significant differences in the ages at onset of
patients with asthma, EGPA, or atopy, or of asthma severity
between the study group and controls. Total white blood cell
counts (WBC), eosinophil counts, and the number of
patients positive for myeloperoxidase-specific ANCA did
not differ significantly between the 2 groups (Table 1).

Organ involvement in the 2 patient populations is given
in Table 2. All patients, whether treated with IVIG or not,
had asthma and multiple polyneuropathy. However, the min-
imum MMT score was lower in patients given IVIG than in
the control group (p < 0.01). Myocardial and gastrointesti-
nal (GI) tract problems were more common in the group
treated with IVIG than in the group not given IVIG (p <
0.05). There were no significant differences between the
groups in any other organ involvement excluding asthma
and sinusitis, and the cumulative number of organ problems
did not differ significantly between the 2 groups. However,
the 5-factor scores in patients treated with IVIG were high-
er than in those not given IVIG (p < 0.01). Renal involve-
ment included proteinuria, eosinophils in urine, glomerular
nephritis, nephrosis, or renal dysfunction. There were no
significant differences between the 2 groups in proteinuria
(IVIG-treated group vs control group: 40.9% vs 29.4%,
respectively), eosinophils in urine (36.4% vs 35.3%), and
nephritis or nephrosis (9.1% vs 11.8%). The initial dose of
CS or the percentage of patients who received CS pulse or
immunosuppressant did not differ significantly between the
2 groups (Table 3).

Patients treated with IVIG showed involvement in the GI
tract, lung, skin, nose, ear, and renal system with CS,
immunosuppressants, or both before receiving IVIG. In con-
trast, mononeuritis multiplex or heart failure in patients
treated with IVIG did not improve with the conventional

All EGPA patients diagnosed by ACR criteria

Conventional treatment with CS
with or without immunosuppressant

O

Persistent mononeuritis
multiplex or heart failure

Induction of remission

¥

h 4

Group treated with IVIG
400 mg/kg daily for 5 days
Mean 2.6 = 2.1 times for a
mean of 9.2 = 10.0 months

Control group

Followup T;.g analysis

i

b4

2 years after last IVIG
= about 38 months

Final T,eq
examination

About 38 months
after disease

after disease onset

onset

Figure 1. Study protocol. EGPA: eosinophilic granulomatosis with polyangiitis; ACR: American
College of Rheumatology; CS: corticosteroids; IVIG: intravenous immunoglobulin; Treg: regu-

latory T cell.
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Table 1. Patient characteristics.

EGPA Patients EGPA Patients
Characteristic with IVIG, without IVIG,
n=22 n=24 p

Age, yrs, mean + SD 653 +12.7 584 +150 NS
Sex (M/F) 517 717 NS*
Age at onset of asthma, yrs, mean + SD 479+ 14.6 413 +169 NSt
Age at onset of EGPA, yrs, mean + SD 558 +14.8 498 +15.1 Nsf

Type: atopy/nonatopy 5/17 11/13 NS*

Step 1/2/3/4 at severity of asthma 1/0/4/17 2/4/3/15 NS*
At onset EGPA

WBC (cells/ul), mean + SD 15,794.1 £ 65129 12,7939 + 53209 NS*

Blood eosinophils (cells/ul), mean + SD 9305.6 + 6025.8 6014.6 + 5096 .4 NS¥

MPO-ANCA (%) 273 174 NS*

PR3-ANCA (%) 0 0 NS*

CD25+ among CD4+ T cells (%), mean + SD 339+102,n=17 426+166,n=14 0027

FOXP3+ among CD4+ T cells (%), mean + SD 1.6+0.7,n=6 24+08,n=9 0.057F

IL-10 produced by CD25+ CD4+ T cells (%), 05+13,n=6 00+£00,n=9 NSl

mean + SD

Values of p < 0.05 were considered significant. T 2-way ANOVA with repeated measures among 2 groups.
* Statistical comparisons carried out using the Mann-Whitney U test among 2 groups. * Chi-square testing
revealed no significant differences in the frequencies of 2 groups. EGPA: eosinophilic granulomatosis with
polyangiitis; IVIG: intravenous immunoglobulin; NS: not significant; WBC: white blood cells; MPO-ANCA:
myeloperoxidase-specific antineutrophil cytoplasmic antibodies; PR3: proteinase 3.

Table 2. Organ involvement at onset (%).

EGPA Patients EGPA Patients
with IVIG, without IVIG,
n=22 n=24 p

Asthma 100 100 NS*
Paranasal sinusitis 100 87 NS*
Multiple polyneuropathy 100 100 NS*
Minimum MMT score, mean + SD 2610 39+08 p< 0.01%
Pulmonary infiltrates 76.2 81.8 NS*
Myocardial involvement 78.9 478 0.04%*
Gastrointestinal tract 90 58.3 0.02*
Liver, gall bladder, pancreas 25 8.7 NS*
Renal involvement** 54.5 438 NS*

Proteinuria 40.9 294 NS*

Eosinophils in urine 364 353 NS*

Nephritis or nephrosis 9.1 11.8 NS*
Skin involvement 66.7 619 NS*
Arthritis 31.8 375 NS*
Myalgia 17.6 20.8 NS*
Central nervous system involvement 13.6 25 NS*
Extravascular eosinophils (pathology) 90.9 833 NS*
ACR 4 of the 6,5 of the 6,6 of the 6 1/6/15 3/8/13 NS*
Cumulative organ involvement***, n, mean + SD 52 %19 45+1.7 NS
S-factor score 21+09 14+0.8 p<0.017

Values of p < 0.05 considered statistically significant. T 2-way ANOVA with repeated measures among 2 groups.
* Chi-square testing revealed no significant differences in frequencies of the 2 groups. ** Renal involvement
including proteinuria, eosinophils in urine, glomerular nephritis, nephrosis, or renal dysfunction.
*##% Cumulative organ involvement excluding asthma and sinusitis. EGPA: eosinophilic granulomatosis with
polyangiitis; IVIG: intravenous immunoglobulin; NS: not significant; MMT: manual muscle test; ACR:
American College of Rheumatology.

therapy. For patients with EGPA who were treated with
IVIG, the median time from onset to the initial IVIG treat-
ment was 3.5 months (range 1.0-216.0). Some patients

needed several IVIG treatments to achieve remission. For
those patients, the mean number of IVIG treatments was 2.6
+ 2.1 (mean = SD). Minimum MMT score at onset in
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Table 3. Courses of treatment.

EGPA Patients EGPA Patients

with IVIG, without IVIG,
n=22 n=24 p
PSL as initial dose, mg/kg 096+0.2 08+0.2 NS
Patients given steroid pulse (%) 68.2 542 NS*
Patients taking immunosuppressant (%) 95.5 792 NS*
CYC/AZA/CSA 21/0/0 16/1/2 NS*

Median time from onset to initial IVIG treatment, mo (range) 3.5 (1.0-216.0)

IVIG, no. courses, mean + SD 26+2.1 0 p<0.017
Mean time from first IVIG to last treatment, mo 92 +10.0
PSL at 2 yrs after last IVIG or about 38 mo from onset, mg 55+24 7729 p<001F

Values of p < 0.05 considered statistically significant. ¥ 2-way ANOVA with repeated measures among 2 groups.
* Chi-square testing revealed no significant differences in the frequencies of 2 groups. EGPA: eosinophilic gran-
ulomatosis with polyangiitis; NS: not significant; PSL: prednisolone; CYC: cyclophosphamide; AZA: azathio-
prine; CSA: cyclosporine; IVIG: intravenous immunoglobulin.

patients treated with IVIG did not significantly improve
after CS, immunosuppressants, or both, from 2.6 + 1.0 at
onset to 2.8 + 9.8 after the conventional therapy. The mini-
mum MMT score after the last IVIG dose increased signifi-
cantly to 4.3 + 0.5 more than those at onset or after the con-
ventional therapy (p < 0.01). The sensory nerve symptoms
of 16 of 22 patients (72.7%) had improved. Eight patients
with severe cardiac dysfunction in the group treated with
IVIG showed an increased ejection fraction, from 47.0% =+
9.9% before IVIG to 65.3% =+ 11.4% after the last IVIG
treatment (p < 0.01). The ejection fraction of 6 of 8 patients
(75%) improved and normalized. Relevant to clinical man-
agement of these patients, the amount of PSL at 2 years after
the last IVIG or at about 38 months from onset of EGPA was
lower in patients treated with IVIG than in those without
IVIG (p < 0.01; Table 3). The number of cumulative organ

involvements in remission in the 2 groups decreased signif-
icantly from before treatments (Table 4).

In patients treated with IVIG, the percentage of CD25+
among CD4+ T cells increased significantly at 1 week after
initial IVIG treatment (p < 0.05) and increased further by 1
month (p < 0.01 compared to before IVIG treatment began,
data not shown). The increase in Treg cells preceded disease
remission. In the group treated with IVIG, the percentages
of CD25+ among CD4+ T cells and FOXP3+ among CD4+
T cells at onset were significantly lower than in the control
group (Table 1). However, at 3, 6, 12, and 24 months after
the last IVIG dose, the percentage of these cells increased in
the treated group (Figure 2).

For patients with EGPA who were treated with IVIG, the
mean time from the first to last IVIG dose was 9.2 + 10.0
months (Table 3) and the change in percentage of CD25+

Table 4. Treg cells at remission of eosinophilic granulomatosis with polyangiitis (EGPA) after treatment with
corticosteroids and/or immunosuppressants, with or without intravenous immunoglobulin (IVIG).

EGPA Patients EGPA Patients
with IVIG, without IVIG,
Factor n=22 n=24 P
Period of assay from onset, yrs, mean + SD 94+£56 8375 NS¥
WBC (cells/ul), mean + SD 6673.5 + 1799 4% 77024 + 2566.3% NS
Blood eosinophils (cells/ul) 185.9 + 123.0* 265.9 +210.6* NSt
CD25+ among CD4+ T cells (%), mean + SD 65.7 +9.1* 59.9 + 8.9% 0.047f
IL-10 produced by CD25+CD4+ T cells (%) 4.5+ 40" 23+3.17 NS
FOXP3+ among CD4+ T cells (%) 54+72% 4.1+18" 0.0477
Treatment at assay in remission state
PSL, mg 48+23 6424 0.037
Patients taking immunosuppressant (%) 31.8 333 NS*
Cumulative organ involvement**, n, mean + SD 1.2+08 1.0+08 Ns*

Values of p < 0.05 were considered statistically significant. * 2-way ANOVA with repeated measures among 2
groups. T Statistical comparisons carried out using the Mann-Whitney U test among 2 groups. # p < 0.01 with
statistical comparisons by paired T test in the same patients at onset and at remission. * Chi-square testing
revealed no significant differences in the frequencies of 2 groups. ** Cumulative organ involvement excluding
asthma and sinusitis. NS: not significant; WBC: white blood cells; PSL: prednisolone.

—| Personal non-commercial use only. The Journal of Rheumatology Copyright © 2012. All rights reserved. |—

1022 The Journal of Rheumatology 2012; 39:5; doi:10.3899/jrheum.110981

Downloaded on February 15, 2025 from www.jrheum.org


http://www.jrheum.org/

>

IVIG treated group

(%)
2 1009 —= LI S 0
3
[
+ 80 A
2
o
2 60 A
g
o
g 10
g 20
i
8 0
at before
Time after onset IVIG 0 3 6 12 24 (months)
last IVIG:
median 9.24+10.0
. 3.5 months months after last IVIG
Time from
onset of EGPA: 0 4 14 17 20 26 38 (months)
B Control group
%)
NS NS * * +
- 100 7 —— S i
4]
o
N 80 -
=
L&
“g" 60 A1
8
o 40 -
5
S 20
in
[ ]
8 0
0 4 14 1720 26 38  (months)

Time from onset of EGPA

Figure 2. Time course of the percentage of CD25+ among CD4+ T cells in white blood cells of
patients with EGPA who were treated with IVIG and those not treated with IVIG. A. Circles rep-
resent data for patients with EGPA who were treated with IVIG in combination with CS,
immunosuppressant, or both. B. Squares represent data for patients with EGPA treated with CS,
immunosuppressant, or both, but not with IVIG. Lines across the upper part indicate compar-
isons relative to onset of the study for each group. Onset and later timepoints within each group
were compared using repeated measures ANOVA. Error bars represent mean + SD. Differences
between patient groups were evaluated by Mann-Whitney U test. fp < 0.01; *p < 0.05; NS: not
significant; CS: corticosteroids; IVIG: intravenous immunoglobulin; EGPA: eosinophilic granu-
lomatosis with polyangiitis.

among CD4+ T cells correlated with the time from initial CD25+CD4+ T cells at onset and at remission correlated
treatment to the last IVIG (Figure 3). In both the IVIG-treat- significantly with the percentage of CD25+ among CD4+ T
ed and control groups, the percentage of FOXP3+ among cells (Figure 4A and 4B, respectively). For IVIG-treated
CD4+ T cells and the percentage of IL-10 produced by patients who went into remission, the numbers of WBC,
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Figure 3. Relation between change of CD4+CD25+ T cells and the time
from initial IVIG to last IVIG treatment. Correlation coefficients (r) were
obtained by Spearman’s rank correlation test. IVIG: intravenous
immunoglobulin.

eosinophils, and the percentage of IL-10-producing
CD4+CD25+ T cells did not differ between the 2 remitting
groups, but the percentages of CD25+ among CD4+ T cells
and FOXP3+ among CD4+ T cells increased compared to
those in the control group (p < 0.05; Table 4). At the clinical
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level, the percentage of patients using immunosuppressants
at remission did not differ significantly between the 2
groups; however, the dose of PSL was significantly lower
(p < 0.05) in patients treated with IVIG (Table 4).

DISCUSSION

The patient population we studied had severe EGPA clinical
symptoms, as indicated by the high percentage of patients
with severe cardiac or GI tract involvement, or severe mul-
tiple polyneuropathy. We previously reported that IVIG
therapy improved mononeuritis multiplex or heart failure in
14 of 15 patients with EGPA who did not respond to the
combination therapy of CS and CYC?. The mean number of
treatments with IVIG was 2.6 + 2.1, with 7 of 22 patients
(31.8%) receiving only 1 IVIG treatment. Nevertheless,
even in patients with EGPA who received only a single treat-
ment with IVIG, CD4+CD25+ Treg cells increased more
than in those not receiving IVIG and remained elevated for
an extended period. We reported previously that patients
with EGPA who are in remission have increased expression
of indoleamine 23-dioxygenase on CD14+ monocytes,
increased frequency of Treg cells, and decreased frequency
of Th17 cells'”. We also reported that an increase in the per-
centage of CD4+CD25+ T cells correlated with improved
vasculitic symptoms’. Thus we suggested that IVIG treat-
ment may increase indoleamine 2,3-dioxygenase activity,
which helps restore impaired Treg cells and decreases the
frequency of Th17 cells. It is reported that IVIG, especially
F(ab’),, inhibited the differentiation or amplification and
function of Th17 cells and enhanced FOXP3-positive Treg

(%)
15 -

10 -

100 (%)

CD25 positive among CD4* T cells

Figure 4. Correlation between percentage of CD25+ among CD4+ T cells and FOXP3+ among CD4+ T cells (A) and interleukin 10 produced by
CD25+CD4+ T cells (B). Closed circles represent data for patients with EGPA at onset and open circles are for patients in remission from EGPA, some of
whom were treated with IVIG. Assays were performed 8.9 + 6.5 years (mean + SD) after onset of EGPA. Correlation coefficients (r) were obtained by
Spearman’s rank correlation test. IVIG: intravenous immunoglobulin; EGPA: eosinophilic granulomatosis with polyangiitis.
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cells!'2. We hypothesized that an increase in Treg cells in
peripheral blood may improve blood circulation in impaired
organs.

Our data suggest that IVIG therapy may be useful for

improving the prognosis of EGPA patients with severe organ
involvement through prevention of side effects due to
reduced CS intake, prevention of muscle atrophy, or main-
tenance of cardiac function.
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