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Figure 6. Cytokine production in culture supernatants of splenocytes stimulated with CAWS in
vivo from CAWS-administered mice. CAWS (0 or 4mg/mouse) was administered i.p. to DBA/2,
C57BL/6, C3H/HeN and CBA/J mice for five consecutive days in the 1st and 5th week. In the 9th
week, splenocytes were collected from each mouse. The splenocytes were cultured with CAWS
(0, 2.5, 5 or 10 pg/ml) for 48 hour at a density of 1 x 107 cells/ml. The culture supernatants were
collected and the level of each cytokine was measured by ELISA. The data shows one of four
(C3H/HeN and CBA/]), three (DBA/2) or two (C57BL/6) experiments performed with similar
results. The results show the mean + standard deviation (S.D.). *; P < 0.05 compared with the
control using Student’s #-test.
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Figure 7. Anti-CAWS antibody in sera from CAWS-administered mice. CAWS (0 or 4mg/
mouse) was administered i.p. to DBA/2, C57BL/6, C3H/HeN and CBA/J mice for five consecutive
days in the 1st and 5th week. In the 9th week, sera were collected from each mouse. Anti-CAWS
antibody was measured by ELISA. Color development was stopped after 10 min.

IgM

IgE

IgG1

lgG2a

Abs. (Mcan 450, Ref 630)

Abs. (Mean 450, Ref 630)  Abs. (Mean 450, Ref 630)

Abs. (Mean 430, Ref 630)

n

b
e

0

DBA/Z

015

0.1

0,05

05 0.
0 &ﬁf&

B57BL/6 C3H/HeN CBA/N
2 2

L5 15

Q.15

1
.5
¢
[1¥3 { 0.2
1
S

9.
0.0!

‘T

i
./P’—'/—'H./'—H//k'

OO 0r0 s o lOeOr0OmQ ) g LO=O0eae0 5 g LO==OO0

4r ap

4 [ 4 [
? ? O saline

2 b e @ CAWS
1 g i b :
WQE e =t =@ SR | 0 LO=0O=elOaa0s

Figure 8. Immunoglobulin subclasses of anti-CAWS antibody in sera from CAWS-administered
mice. CAWS (0 or 4mg/mouse) was administered i.p. to DBA/2, C57BL/6, C3H/HeN and CBA/J
mice for five consecutive days in the 1st and 5th week. In the 9th week, sera were collected from
each mouse. Anti-CAWS immunoglobulin subclasses were measured by ELISA. Color
development was stopped after 10 minute.

- 171 —



540 Nagi-Miura et al.
DISCUSSION

Kawasaki disease is a febrile inflammatory disease that presents with systemic
arteritis, and can be fatal particularly in the case of an exacerbation of coronaritis.
When CAWS is administered to mice in accordance with the protocol of Murata
et al,"® a Kawasaki-disease-like angiitis is induced at the origin of the coronary
arteries. In the present study, strain differences were found to exist with respect to the
incidence of the disease induced by CAWS with DBA/2, C3H/HeN and C57BL/6 mice
exhibiting sensitivity and CBA/J mice exhibiting resistance. Moreover, histological
observation of the sites of coronaritis in DBA/2 mice revealed hypertrophy of the
tunica intima and cellular invasion, and the disease occurred with extremely high levels
of severity and frequency. DBA/2 mice developed a much more severe coronary
arteritis than the other strains. In addition, DBA/2 mice exhibited high mortality during
the course of the disease’s induction, and based on findings obtained from histological
examination of the hearts, the cause of death was suspected to be myocardial infarction
attributable to coronary occlusion. Because the difference in sensitivity to CAWS
among the mouse strains examined in this study correlates strongly with the diversity of
prognoses for Kawasaki disease patients,“g] this model is considered to be effective for
elucidating the cause of coronary arteritis associated with Kawasaki disease, analyzing
the characteristic condition, and developing more effective treatment methods.

Among patients with Kawasaki disease in the acute stage, cytokines, including
IL.-1, -2, IL.-2 receptor, IL-6 and TNF-¢, are detected in the serum.2°~23] When the
production of cytokines from spleen cells was measured in mice stimulated with
CAWS in vitro, a similar trend was demonstrated by the three strains that were
sensitive to coronary arteritis induction, namely, DBA/2, C3H/HeN and C57BL/6, and
in the case of DBA/2 mice in particular, a prominent CAWS-specific response
involving inflammatory cytokines such as IL-6, IFN-y and TNF-o, was observed,
indicating the occurrence of an inflammatory immune response. The levels of in-
flammatory cytokines produced were high in DBA/2 mice in particular. On the other
hand, an increased production of IL-10, which exhibits an immunosuppressive action,
was observed in CBA/J mice that exhibited resistance to the occurrence of coronary
arteritis. It is interesting to note that these cytokine production patterns resemble those
observed in Kawasaki disease patients.

However, as there is one report indicating increased production of IL-4 and
IL.-10 in patients with Kawasaki disease,””"! dynamics that do not necessarily coincide
with the findings of this study are observed. The discrepancies may be related to the
stage of the disease (acute, subacute or recovery stage), thus indicating the need for
further study of the relationship between cytokine production and the condition of
Kawasaki disease.

Analyses have been conducted on the background genes of various diseases, and in
the case of Kawasaki disease as well, there is a possibility of some form of
involvement by genetic factors.”>®! During the course of research on genes associated
with coronaritis in rodents, numerous analyses have been conducted on the relationship
between arteriosclerosis and hyperlipemia, and the IL-10 gene has been reported to
have a close relationship with the lesions of coronary arteritis.[*”?# This finding also
supports the findings obtained in the present study. In addition, although CBA is a
strain derived from DBA, it is quite interesting that there are large differences in the
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incidences of coronary arteritis and myocarditis induced by CAWS between the two
strains. A survey of the genes involved in mouse coronaritis also suggested the
existence of multiple inductive genes and repressor genes. This is a subject that
requires detailed analysis.

On the basis of the above results, the activation of lymphocytes, vascular
endothelial cells and so forth was prominently induced by means of hypercytokinemia
in DBA/2 mice, and the resulting coronaritis promoted the occurrence of chronic
myocardial ischemia, which, as a result, was thought to ultimately lead to death caused
by fibrosis, infarction and cardiac insufficiency. It is hoped that this model will
contribute not only to elucidation of the stage of Kawasaki disease and the associated
coronary arteritis, but also to the improvement and development of treatment methods.
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Abstract

Background: To determine whether intravenous immu-
noglobulin (IVlg) can control disease activity in patients
with myeloperoxidase-antineutrophil cytoplasmic anti-
body (MPO-ANCA)-associated rapidly progressive glo-
merulonephritis (RPGN). Methods: Twelve patients with
serologically and histologically confirmed MPO-ANCA-
associated RPGN (7 men, 5 women; mean age 71 =*
3 years) received 1Vig (400 mg/kg/day) alone for 5 days.
The effects of 1VIg were evaluated by white blood cell
counts, serum C-reactive protein levels, Birmingham
Vasculitis Activity Score, rate of change in reciprocal cre-
atinine {1/Cre), and plasma tumor necrosis factor-a lev-
els after IVlg administration. Corticosteroids with or
without cyclophosphamide were commenced after Vlig.
Results: After 1Vig treatment, a significant decrease was
observed in white blood cell count {p < 0.05), C-reactive
protein values {p < 0.001), and Birmingham Vasculitis
Activity Score (p < 0.001) concomitant with the ameliora-
fion of systemic symptoms. The rate of change in 1/Cre
significantly improved (p < 0.05). Plasma tumor necrosis

factor-a levels that were significantly elevated in patients
before IVIg compared with normal controls (p < 0.0001),
rapidly declined after IVIg with a significant reduction
(p < 0.05). Three months post-treatment with 1VIg, all
patients showed improvement of disease without seri-
ous infectious complications. Conclusion: 1VIg is a po-
tential component of remission induction therapy for pa-
tients with MPO-ANCA-associated RPGN.

Copyright © 2006 S. Karger AG, Basel

Introduction

Antineutrophil cytoplasmic antibody (ANCA)-associ-
ated rapidly progressive glomerulonephritis (RPGN),
which occurs in Wegener’s granulomatosis (WG) and mi-
croscopic polyangiitis (MPA) [1], leads to renal failure
through systemic vasculitis and diffuse crescentic glomer-
ulonephritis. Since crescent formation has features of de-
layed-type hypersensitivity and is accompanied by the
presence of T cells, macrophages, and fibrin in the glo-
merular lesion [2], high-dose corticosteroids and cyclo-
phosphamide (CYC) are standard treatment for ANCA-
associated RPGN; however, such immunosuppressive
therapy is often complicated by severe infection in el-
derly patients [3]. Therefore, to induce early remission of
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the disease including renal insufficiency and to avoid fa-
tal side effects, it is important to establish a therapeutic
regimen that can maintain the immune potency of such
patients.

Intravenous immunoglobulin (IVIg) has been advo-
cated as a safe and effective treatment for other immune-
mediated diseases, such as Kawasaki disease, idiopathic
thrombocytopenic purpura, Guillain-Barré syndrome,
and chronic inflammatory demyelinating polyneuropa-
thy. European investigators have recently shown that
IVIg is clinically useful and safe when administered in
conjunction with immunosuppressive drugs, helps sup-
press disease activity for at least 1 year, and consequent-
ly reduces the total dose of immunosuppressive agents in
patients with ANCA-associated vasculitis, mainly WG
with or without RPGN [4, 5]. Accumulating evidence
suggests that it works in multiple phases of immune re-
sponse; neutralization of circulating pathogenic antibod-
ies, Fc receptor modulation and blockade, or suppression
of antibody-dependent cellular toxicity, natural killer cell
function, autoantibody production, and complement ac-
tivation [6]. In addition, Guillain-Barré syndrome pa-
tients who received IVIg showed clinical recovery in par-
allel with reduction in serum levels of tumor necrosis fac-
tor-alpha (TNF-a), suggesting an important role of IVIg
in inhibiting cytokine activity [7].

Here we report a study evaluating the effectiveness of
IVIgasan initial treatment, preceding corticosteroids with
or without CYC, in 12 patients with MPO-ANCA-associ-
ated RPGN. Since it remains unclear whether I'VIg is in-
dependently effective [8], we investigated the potential
immunomodulatory effect unique to IVIg by comparing
renal function, clinical score (Birmingham Vasculitis Ac-
tivity Score, BVAS), and circulating TNF-a levels before
and after [VIg treatment. Since MPO-ANCA-associated
RPGN is more common than those related to PR3-ANCA
in Asia, which clearly contrasts with the incidence in West-
ern countries, we were able to recruit sufficient numbers of
patients with MPO-ANCA-associated RPGN to examine
the results statistically. This is the first report of the effects
of IVIg in MPO-ANCA-specific RPGN patients.

Patients and Methods

Patients

Twelve consecutive patients with MPO-ANCA-associated
RPGN (7menand 5 women; mean age 72 years; range 57-83 years),
who were admitted to the Nephrology Department of Kyoto Uni-
versity Hospital and Kitano Hospital between January 2001 and
February 2003, were enrolled in this study (table 1). All patients

c36 Nephron Clin Pract 2006;102:¢35-c42

were diagnosed as having MPA because of elevated serum MPO-
ANCA as well as characteristic pathology observed in the renal bi-
opsy specimen before treatment. In all patients, the disease was con-
firmed based on the definition of MPA described by the Chapel Hill
Consensus Conference [9]. Renal involvement was seen in all pa-
tients. Patient with rapid aggravation of renal dysfunction with more
than 30% rise in serum creatinine (Cre) levels were defined as hav-
ing RPGN. All except 1 {patient No. 2) were newly diagnosed pa-
tients who had been transferred from other hospitals due to the on-
set of RPGN, Patient 2 had previously demonstrated MPO-ANCA-
associated RPGN and recovered after 6 years of treatment with
prednisolone and CYC. He again developed fever, arthralgia, and
myalgia with elevation of white blood cells (WBC), C-reactive pro-
tein (CRP), Cre (33% rise) and MPO-ANCA levels, leading to a
diagnosis of MPA recurrence. All patients provided written informed
consent for renal biopsy as well as treatment according to the proto-
col. The hospital Ethical Committee approved the study design.

Histological Evaluation

All renal biopsy specimens showed MPA. Hematoxylin and eo-
sin, periodic acid-Schiff, periodic acid silver-methenamine, Mas-
son trichrome, and elastica van Gieson stain were performed. Di-
rect immunofluorescence studies were performed using frozen sec-
tions of renal tissue. Histological activity was assessed as follows:
active crescent formation (%) = number of glomeruli with cellular
and fibrocellular crescent formation/number of glomeruli without
global sclerosis x 100. Each biopsy specimen was scored by two
pathologists independently. If there was disagreement between the
scores, patients were re-examined by the team to determine a final
diagnosis by consensus.

Treatment Protocols

After serum MPO-ANCA, WBC, CRP, renal biopsy, and BVAS
were all evaluated to establish a definite diagnosis and activity grad-
ing, IVIg was administered intravenously as an initial treatment for
5 consecutive days (400 mg/kg/day). Patients 110 received freeze-
dried sulfonated human normal immunoglobulin (Kenketsu Ve-
nilon-I, Teijin Co., Ltd, Tokyo, Japan), and patients 11 and 12 re-
ceived freeze-dried polyethylene glycol-treated human normal im-
munoglobulin (Kenketsu Glovenin-I, Nihon Pharmaceutical Co.,
Ltd, Tokyo, Japan). Both preparations were free from IgG aggrega-
tions that can form in prepared solutions containing sucrose. Dur-
ing IVIg treatment, none of the patients received any other immu-
nosuppressive agents, any blood transfusions, or any intravascular
volume repletion treatment. Following the post-IVIg treatment
evaluation of clinical scores and laboratory data, all patients re-
ceived immunosuppressive treatment with oral corticosteroids
with or without CYC (table 2). Oral corticosteroids (prednisolone
0-1.0 mg/kg/day) were administered dependent on disease sever-
ity and patient age. Methylprednisolone pulse and oral CYC (25~
50 mg/day) were also administered to 3 of 12 and 8§ of 12 patients,
respectively.

Assessment of Disease Activity

Complete blood count and serum markers such as CRP, Cre,
and MPO-ANCA were evaluated at the onset of disease, before,
and immediately after (mean 6.3 days, range 0-17 days) IVIg, and
1 and 3 months after I'VIg. Disease activity was assessed by BVAS
before and immediately after IVIg and 1 and 3 months after IVIg,
BVAS consists of 59 predefined items derived from clinical, radio-
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Table 1. Characteristics of the 12 patients (M/F = 7/5)

Pa- Age Sex Data before treatment
tient WBC/pl CRP Cre MPO- Active BVAS  extrarenal pulmonary  latent and antibiotics
' mg/l pmol/l ANCA, EU crescents, % manifestations involvement resistant infections
1 82 F 7,000 80 283 239 81 19 S,F,E HBYV carrier
2 5 M 9,600 178 106 435 0 23 S,F,A,C,N MAC, K. pneumoniae
3 61 F 8,100 43 126 244 71 15 S,F
4 82 M 9,400 104 417 159 71 14 S, A
5 64 F 12,100 154 737 276 81 19 S,F,L infiltrate
6 59 M 10,200 139 389 140 90 15 S, F Aspergillus
7 83 F 4,700 1 258 617 60 20 S, F, Ab
8 82 F 14,700 113 210 306 38 21 S,F,N
9 57 M 10,700 99 357 980 64 19 S, AN
10 62 M 10,100 101 732 370 80 25 S,L,N nodules
11 75 M 9,300 60 1,012 82 33 27 S,E,L infiltrate HBYV carrier, MRSA,
P. aeruginosa
12 67 M 11,900 68 401 1,740 78 19 S,L hemoptysis MRSA
Mean 71 9,820 95 419 466 62 20
Reference 3,500~ <3 <106 <20 0
range 9,100

WBC = White blood cell count; CRP = C-reactive protein; Cre = serum creatinine; MPO-ANCA = myeloperoxidase antineutrophil
antibody; BVAS = Birmingham Vasculitis Activity Score; S = systemic symptom (malaise, myalgia, weight loss); F = fever; A = arthral-
gia; C = cutaneous; E = ear-nose-throat; L = lung; Ab = abdomen; K = kidney; N = neuropathy; HBV = hepatitis B virus; MAC = Myco-
bacterium avium complex; K. pneumoniae = Klebsiella pneumoniae, MRSA = methicillin-resistant Staphylococcus aureus; P. aerugi-
nosa = Pseudomonas aeruginosa.

Table 2. Treatment and outcomes after [VIg treatment

Patient  Initial immunosuppressive treatment just after IVlg  Treatment after 3 months

mPSL pulse PSL dosage CYC dosage dialysis PSL dosage CYC dosage dialysis  Cre

mg/kg/day mg/kg/day mg/kg/day mg/kg/day pmol/l
1 - 0.3 0.7 - 0.3 0 - 124
2 - 0.7 0.4 - 0.3 0.4 - 88
3 - 1.0 1.0 - 0.5 1.1 - 92
4 - 0.5 - HD 0.7 - -1 308
5 - 1.0 1.0 - 0.6 1.1 - 204
6 1g 3days 0.7 0.8 - 0.3 0 - 177
7 - 0.5 1.3 - 0.3 0 - 203
8 - 0.6 - - 0.4 - - 87
9 lg 3days 0.7 0.7 - 0.2 1.7 - 141
10 - 0.8 0.8 - 0.4 0.8 - 353
11 - 0 - HD 0.5 - HD 7232
12 0.5g, 3days 0.5 - - 0.5 - - 131
Mean 0.6 0.83 0.4 0.6° 173*

mPSL pulse = Methylprednisolone pulse therapy; PSL = prednisolone; CYC = cyclophosphamide; Cre = serum
creatinine; HD = hemodialysis.

! Cessation of HD; 2 Cre level before a hemodialysis; > mean CYC dose of 8 patients; * patient 11 was ex-
cluded.

IVIg for Patients with MPO-ANCA- Nephron Clin Pract 2006;102:c35-c42 c37
Associated RPGN

— 178 —




logic, and laboratory evaluations in 9 organs systems. Each organ
system carries a weight (ranging from 0 to 12), and an item is pos-
itively scored if the investigator considers it present and caused by
active vasculitis. The maximal score is 63 with higher scores indi-
cating more active disease [10].

Evaluation of the Progression Rate of Renal Dysfunction:

Rate of Change in 1/Cre

To determine whether rapid progression of renal failure was oc-
curring in these patients, the rate of change in reciprocal Cre (1/Cre)
levels (dl/mg/day) was compared before and after IVIg treatment
[11]. Briefly, Cre levels (mg/dl) were evaluated at five time points
as follows: the first visit to the primary care physician with initial
symptoms (Crel at time 1 [T1]), admission to the hospital (Cre2 at
time 2 [T2]), transfer to the nephrology unit (Cre3 at time 3 {T3]),
just before IVIg treatment (Cre4 at time 4 [T4]), and after I'VIg
treatment without receiving other immunosuppressive treatment
(Cre5 at time 5 [T5]). The unit of time was 1 day. The largest val-
ue among (1/Cred-1/Crel)/(T4-T1), (1/Cre3-1/Crel)/(T3-T1), and
(1/Cre2-1/Crel)/{T2-T1) was regarded as a rate of change in
1/Cre before IVIg and compared with (1/CreS-1/Cred)/(T5-T4).
Only patient 11 was excluded from this evaluation because he was
already undergoing permanent hemodialysis before IVIg because
of rapidly deteriorating renal function.

Measurement of Plasma Cytokines

Venous blood samples were drawn from patients before and af-
ter IVIg, and before initiating immunosuppressive therapy. Plasma
samples were stored at ~80°C until use. Plasma samples were avail-
able for 9 patients, in whom cytokine levels were compared before
and after IVIg. According to the manufacturer’s instructions, the
following cytokines were measured: TNF-q, interleukin (I1)-6, IL-8,
IL-1$ using Human Cytokine UltraSensitive ELISA kit (Biosource
International, Camarillo, Calif., USA). Absolute values of these cy-
tokines were also measured using the blood samples from 12 normal
controls, and compared with those of the 9 patients. An average of
+2 standard deviations (SD) for each cytokine level in the 12 normal
controls was considered the upper limit of the normal range.

Statistical Analysis

The significance of differences between pre- and post-IVIg val-
ues of clinical laboratory data was assessed by paired Student’s
t test using StatView II software (version 5.0 for Macintosh; SAS
Institute Inc., Cary, N.C., USA). To compare the cytokine levels of
normal controls to the pre-IVIg cytokine levels of patients, un-
paired t test was used. Fischer’s exact test was performed to com-
pare BVAS and laboratory data before IVIg with those after 1 and
3 months. A p value <0.05 was considered significant. All data were
expressed as mean + SEM.

Results

Clinical and Pathological Features before IVIg

Treatment

Demographic and clinical characteristics and renal
histological findings of 12 patients enrolled in this study
are summarized in table 1. All patients were clinically
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diagnosed as having RPGN with micro- or macroscopic
hematuria and rapidly worsening renal function. The
mean Cre value was 419 pmol/l (range 106-1,012) just
before 1VIg treatment. The mean BVAS was 20 {range
14-27) before treatment. Laboratory tests demonstrated
increased levels of WBC (mean 9,820/pul; range 4,700~
14,700), CRP (mean 90 mg/l; range 1.0-178; reference
<3), and MPO-ANCA level (mean 466 EU; range 82—
1,740; reference <20). Crescentic glomerulonephritis
with or without systemic features of MPA was present in
all patients. Mean percentage of active crescent formation
was 62%. Direct immunofluorescence study demonstrat-
ed pauci-immune deposition (scant depositions of immu-
noglobulins) in all patients.

Clinical Responses

(1) The change in WBC count and CRP value: Total
WBC counts were 9,820 + 740/ul before IVIg and de-
creased to 7,960 + 870/pl after 1VIg; the pre- and post-
treatment levels were significantly different (p <0.01). A
significant decrease was also observed in neutrophil, lym-
phocyte, and eosinophil differential counts: the decrease
in neutrophils was the most significant (pre-IVIg 7,950 %
740/ul; post-IVIg 6,010 + 800; p < 0.001). Mean CRP
value was 97 mg/1 (range 5-178) at the onset of vasculitis,
and 95 mg/l (range 1-178) just before IVIg treatment.
Following IVIg, the mean CRP value decreased signifi-
cantly to 57 mg/l (range 1-124) (p < 0.001; fig. 1a).

(2) Rapid effect on renal function: The mean Cre level
was 89 umol/l (range 44-124) at the onset of disease, but
increased to 365 pmol/l (range 106-737)in 62 * 14 days
(range 22~185) just before ['VIg (fig. 1b). As a sensitive
method of detecting rapid changes in renal dysfunction,
we calculated the rate of change in 1/Cre before and after
IVIgasshown previously [11]. The rate of change in 1/Cre
was ~0.041 = 0.020 dI/mg/day before IVIg and increased
to 0.007 = 0.004 dl/mg/day after IVIg (p < 0.05).

(3) Temporal profiles of pro-inflammatory cytokine lev-
els before and after IVIg: Before IVIg treatment, the plas-
ma TNF-a levels were significantly elevated in patients
compared to normal controls (patients, pre-IVIg 4.23 *+
0.92 pg/ml vs. control, 0.23 + 0.40 pg/ml; p < 0.0001).
After IVIg treatment, the plasma TNF-a levels decreased
significantly (pre-IVIg 4.23 + 0.92 pg/ml vs. post-1VIg
2.40 * 0.53; p < 0.05; fig. 2). Plasma IL-6 levels (pg/ml)
were significantly higher before IVIg treatment in pa-
tients compared to that in normal controls (pre-IVIg 2.75
+ 4.45 vs. control, 0.00 = 0.00; p < 0.05). The plasma
IL-6 levels decreased on average after IVIg treatment, but
the difference did not reach significance (data not shown).
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The plasma IL-8 levels of patients before IVIg treatment
did not significantly differ from that of normal controls
or that after IVIg treatment (data not shown). Some pa-
tients showed markedly elevated IL-6 (patient No. 1, 6,
8-10) and IL-8 (patient No. 1, 5, 8~10) levels before IVIg
treatment, which decreased after IVIg treatment. The
plasma IL-18 levels (pg/ml) of patients before I'VIg treat-
ment did not significantly differ from that of normal con-
trols or that after IVIg treatment (data not shown).

(4) BVAS: After IVIg treatment, significant reduction
was seen in BVAS (pre-IVIg 20 + 1; post-IVIg 11 £ [;
p<0.0001; fig. 1¢). First, systemic symptoms improved;
malaise (8 of 12), myalgia {3 of 3), arthralgia/arthritis (2
of 2), and fever (7 of 9). Before IVIg treatment, hematu-
ria and proteinuria were observed in all patients; rapid
aggravation of renal dysfunction with more than 30%
rise in Cre was also noted in all patients. Lung involve-
ment was seen in 4 patients; 1 showed nodular lesions, 1
showed hemoptysis and the other 2 showed infiltrative
lesions. These lesions improved partially following
IVIg.

IVig for Patients with MPO-ANCA-
Associated RPGN

Plasma TNF-a level {pg/ml)

Before Vig After Vg

Fig. 2. Plasma TNF-« levels (pg/ml) before
and after IVIg (n = 9). The dotted line rep-
resents the upper limit of the normal
range. * p < 0.05 vs. before [VIg.
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Immunosuppressive Therapy following IVIg Therapy

Following the S5-day IVIg course, 12 patients were
treated as summarized in table 2. After 1VIg, 3 patients
received steroid pulse treatment and 11 patients received
oral steroids with no more than 1.0 mg/kg/day, 6.3 days
after IVIg treatment on average (range 0-17). The mean
initial dose of oral steroid for 12 patients was 0.6 *
0.1 mg/kg/day (33.3 = 4.5 mg/day). Additionally, those
who responded inadequately to steroids received CYC
unless active infections were concurrent. CYC was ad-
ministered to 8 patients at a mean dose of 0.8 + 0.1 mg/
kg/day (46.9 + 3.1 mg/day).

Outcome and 3-Month Follow-Up

There were no disease-related deaths for 3 months af-
ter IVIg treatment. Vasculitis recurred 3 months after
IVIg treatment in patient 11 who did not receive any im-
munosuppressive drugs after IVIg treatment because he
was a carrier of MRSA and antibiotic-resistant Pseudo-
monas aeruginosa. There was no fatal complication due
to infections in any of the patients during the 3-month
observation period after treatment.

CRP level continued to decrease and normalized
3 monthsafter [VIgtreatment (4.0 = 2.0 mg/l; p<0.0001
vs. before IVIg; fig. 1a).

As shown in figure 1b, the Cre level began to decrease
following [VIg; Cre level was 173 pmol/l (range 88-353;
except for patient 11 who was on maintenance hemodi-
alysis) 3 months after IVIg treatment (vs. pre-IVIg; p <
0.0001). Among 3 patients (patient No. 5, 10, and 11)
whose Cre level exceeded 700 pmol/l before 1VIg treat-
ment, only one patient (No. 11) required chronic hemo-
dialysis within 3 months after IVIg treatment. Although
hemodialysis was also required for patient 4 within 1
month after IVIg treatment, he could be withdrawn from
hemodialysis shortly thereafter. Collectively, the 3-month
renal survival rate was 92% in our 12 patients.

The mean BVAS continued to decrease after IVIg
treatment (fig. 1¢). The mean BVAS was 20 (range 15-27)
before IVIg and 11 (range 1-16) immediately after IVIg
{(p < 0.0001); 9 (range 0-19) 1 month after 1VIg (p <
0.0001 vs. pre-IVIg BVAS), and 8 (range 0-22) 3 months
after IVIg (p <0.0001 vs. pre-IVIg BVAS). In particular,
urinalysis showed that hematuria and/or proteinuria dis-
appeared in & patients, 3 months after IVIg treatment.
Systemic symptoms such as body weight loss, and ner-
vous or alimentary tract symptoms also improved at
3 months after IVIg treatment.

The mean MPO-ANCA levels obtained within 8 *
5 days after IVIg treatment were 401 EU (range 70~-990)
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and those 1 month after IVIg treatment were 218 EU
(range 13-640). The titers at these two time points after
IVIg treatment were not significantly different from
that prior to IVIg treatment (465.7 + 135.7 EU). The
mean MPO-ANCA levels 3 months after IVIg treatment,
78.8 EU (range 0-389), were significantly lower than that
prior to IVIg treatment (p < 0.01; fig. 1d).

Adverse Drug Reaction

There were no major side effects observed in patients
who received I'VIg treatment. Patient 4 experienced tran-
sient mild hypertension and edema of the extremities
during I'VIg infusion, but it subsided when the rate of in-
fusion of 1VIg was lowered.

Discussion

The present study was conducted to evaluate the safe-
ty and efficacy of IVIg as an initial therapy for patients
with MPO-ANCA-associated RPGN. All 12 patients
with ANCA-associated RPGN enrolled in this study had
experienced rapidly deteriorating renal dysfunction with
multiorgan involvement. Administration of IVIg for
5 consecutive days led to partial resolution of inflamma-
tory signs and symptoms in parallel with significant de-
creases in CRP, TNF-«, and BVAS values as well as ces-
sation of progression in renal dysfunction. No life-threat-
ening infections or side effects developed with our
regimens including I'VIg in all patients, including those
older than 80 (patient No. 1, 4, 7, 8) and those with la-
tent, antibiotic-resistant infections (patient No. 1, 2, 6,
11, 12). Clinical improvement was seen in all patients
with IVIg for initial therapy followed by immunosuppres-
sants, none of whom died within 3 months. The 3-month
renal and patient survival rates were 92 and 100%, re-
spectively, which were more favorable than those previ-
ously reported in MPO-ANCA-positive RPGN patients
treated with immunosuppressive agents in Japan: 3-
month renal and patient survival rates were about 75 and
85%, respectively [12].

Notably, there was a rapid and significant decrease in
neutrophil count following IVIg treatment. Activated
neutrophils are known to be involved in vasculitis. Dur-
ing the active phase of Kawasaki disease, circulating ac-
tivated neutrophils increase in number and secrete exces-
sive amounts of autotoxic mediators such as reactive ox-
ygen species and elastase. In this active phase, neutrophil
apoptosis is inhibited, resulting in a prolonged lifespan,
which then might contribute to the pathogenesis of the
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vasculitic lesions. High-dose IVIg therapy decreased the
number of circulating neutrophils by accelerating their
apoptosis in Kawasaki disease and was effective in pre-
venting the development of coronary aneurysm [13].
Similarly, in MPO-ANCA-associated vasculitis, activat-
ed neutrophils are involved in renal damage. TNF-a-
primed neutrophils undergo accelerated and dysregulat-
ed apoptosis, and such apoptotic neutrophils express
ANCA antigen on their cell surface in affected organs,
where leukocytoclasia can further augment inflammatory
injury [14]. Although the precise mechanism by which
IVIg affects the apoptosis of neutrophils remains un-
known, the rapid decrease of WBC count following IVIg
treatment coupled with the significant decrease in CRP
suggests accelerated clearance of apoptotic neutrophils by
IVlg in patients with MPO-ANCA-associated RPGN in
this study.

Our study showed that the plasma TNF-a value sig-
nificantly decreased following IVIg treatment, suggesting
immunomodulatory effect of IVIg. Serum levels of TNF-
o were reported to be increased in patients with active
vasculitis [15]. In addition, elevation of serum TNF-«
was associated with upregulation of TNF-a mRNA at the
sites of vasculitis {16]. TNF-«a released from activated
macrophages following infectious stimuli is known to
prime and activate neutrophils. Once activated, neutro-
phils can attach to the endothelium and further release
MPO and reactive oxygen species, ultimately leading to
endothelial damage [17, 18]. Consistent with this, Booth
et al. [19] recently reported TNF-a blockade with inflix-
imab was effective at inducing remission in 88% of pa-
tients with ANCA vasculitis. Their report and our find-
ings suggest that TNF-a may play a key role in ANCA-
associated vasculitis. Decrease in the TNF-o value
following IV1g suggests that IVIg plays a positive role in
disrupting such a vicious inflammatory cycle.

Another possible mechanism of IVIg is that therapeu-
tic concentrations of IgG block Fc receptors on phago-
cytes and inhibit antibody-dependent cell-mediated cyto-
toxicity [6] or downregulate the proliferation of activated
B and T cells, reducing cytokine production from these
immunoeffector cells [20]. Because the latter mechanism
requires a substantial time interval, the rapid TNF-a sup-
pression with IVIg observed in this study suggests that
IVIg has direct effects on activated macrophages, rather
than an effect mediated through T- or B-cell suppres-
sion.

IVIg treatment, even without immunosuppressants,
has been shown to ameliorate systemic symptoms of ac-
tive vasculitis [8]. In patients with asthma, IVIg was

IVIg for Patients with MPO-ANCA-
Associated RPGN

found to act synergistically with steroids, improved the
clinical parameters, and reduced oral corticosteroid re-
quirements and the duration of hospitalization. Such ef-
fects are partially mediated by improvement in glucocor-
ticoid-receptor-binding affinity [21]. In the present study,
RPGN was significantly improved by a relatively low ini-
tial dose of steroid (0.6 mg/kg/day). Our patients, who are
relatively old and therefore at higher risk of developing
infectious complications after steroid administration,
might have benefited from the potential steroid-sparing
effect of VIg,

A major side effect of IVIg is renal dysfunction prob-
ably due to hyperosmolarity induced by sucrose con-
tained in immunoglobulin formulations [22]. Therefore,
in Europe, such a formulation is used for WG patients
without renal involvement, but not for those with renal
involvement. For MPA patients with renal involvement,
we used immunoglobulin formulation that contained
mannitol (Kenketsu Venilon-I) or glucose (Kenketsu Glo-
venin-I) instead of sucrose because the former two sub-
stances are less likely to cause hyperosmolarity. Although
we cannot exclude the possibility that intravascular vol-
ume repletion with mannitol might have increased tubu-
lar flow, there is no convincing evidence for the efficacy
of mannitol in RPGN [23]. With our regimen, patients
demonstrated improved renal function, supporting the
safety of I'VIg with mannitol or glucose.

In conclusion, the present study demonstrated the
safety and potential efficacy of IVIg as an initial therapy
for patients with MPO-ANCA-associated RPGN. Our
study is limited by its small size, relatively few severe
cases, and non-standardized follow-up protocols. How-
ever, our findings suggest that IVIg is potentially effective
for treating MPO-ANCA-associated RPGN, either as
first-line or adjunctive therapy. Further research into the
optimal dose and duration of treatment is required to de-
fine the role of IVIg in treatment of MPO-ANCA-associ-
ated RPGN.
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L 65 LRI O BEE (n = 114) & H~GERG
RRCE D EELEREREELRLTBY, HBER
L b IIERBILEEZ VWL OO, GEIH]
BHEIC L D EBIEORERIENE RS, £HFEE
BRMEHCHEIIE, R CeRD-ILE
WE LD, CNO0BER2S, FIIEHEIC
BWTIIGERAGOBEBET L IAEEIHE &
LTOHMRBEENTHELLGTH I ENHSL
PTHY, RETHLRTVWLATOA FEILD
& T B REWHEEORRCBIVEH %4 ) EEE
ELTENRERBBEORENEE THALE
ZHbNE. FO—2E LT, ftk, hMELET
REM T M 45T 5 NG CRIEBHTERIZ X
LEMEIREN T B REEFRGIE S 07 v
K& (IVIg) BENERB SN TS, KBTI,
ANCA BIEME KI5 3 5 RiGHEOFERRR L
ZOWMBEBBEE, SO FOMBESEERIIO
WT LRI DG & FDR 5.

A, MMERICXT 3 IWVig ik

HOGRERRBICBWTHO TIVIg DA M
HIME AL S 7B BT R S M i /NG A T 4 B
(ITP) THYH, ThURBEET T DONDH
CLORTE IR B SR MR BT H L ORI O HBGR B
BRALNTETHD (F1)121Y,

1. JIEHEICXE T 2 WVIg %

IR E 4L T OFLLG BRIz BT - /NE R
EHOGICHEIET D 2B mE £ T, AT
ARILE S BRI T AL & 1213 P BISER A~
17, LHEERERILLY 727, £OHFITIE,
HAEERLHBEEEAT T4 FARWS RN,
1984 SEIZHE BATIVIg O K SIS D K
REDRERIE+TAS e WMELMW,. HAT
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x£1 MEISPUEBHBTHAASA TS VIgOBES S

BEREBIURENKED—E
(k12 & h ez

Bt m A A ERR ITP)

Guillain-Barré fiE {& B

121 SR IR AR £ S 1R IRE  (CIDP)

B IENIE

ML EF MR E

A7 04 NIRFE R RS A5 9%

N5

GVHD F8i

ANCA Ba# ifn & 42 *

HOREERE I ER

% S AL *

T ENHBTHRIRESINTE Y, HERER

AR ETE

13 400mg/kg/day, 5 B M DiEHEA200me/kg/
day, 5HEDBEICHLDHRMTHLZ L8
WE SN, KETIZ199]1 (2 Newburger 5142
Lo T2g HEHS OMBESHER SN0, S5
{2 Durongpisitkul 52 Lo TAF 7 1) & AN
Thh, ZoFEEELPEOTAEY) v (80mg/
kg LT) &0 ERA R OIS EIIRE O 54 FE )UK
WI E ARSI N,

2. ANCABBEME RICKT 3 IVIg X

ANCA B M #5395 [VIg i d 1991 4
Jayne b L WG Lo THES N8, FoEE
BN S, BREOEFHO L WEEFIH T
HEMUENRINTE95) (R2)., DHAEIIHE
fE D%\ MPO-ANCA B & 4 AE R RE LB Fr
RAVMFEREIKRE 2 AT &A% RPGN THR &
B { fpvs, 2 TH 4 13 MPO-ANCA
MM RPGNIZEB I B W THEIEHEE LTO
IVIg#EE AT\, IVIg BMBEEMEIICBI5E
BHRWESL, 3HATFHRIZDOWTHE L /A2,
CITEHTOGDEIMEN L EOERELHT D
15 A® MPO-ANCA BEE 251231 5 IVIg 1 #
BIEE 6D B TFHRIZOVWTHEBANST A, IVIgHEk



XIL @&#E—1. ANCA BLEMERIIHTHKE Y 07 v 933

F2 MERICXT 3 IVigHEE

. i & A IVig s

MEHE () SR (G B 5 mH %)

Jayne. et al. (1991)18 7 WG (4), MPA (2), RV (1) single 100

Richter, et al. (1595) 19 9 WG (8), systemic P-ANCA- single 55
associated vasculitis (1)

Jayne, Lockwood, (1993)2" 26 WG (14), MPA (11), RV (1) single 100

Finkel, et al. (1994) 2D 3 Parvovirus B19-associated single ‘ 100
PAN (2), WG (1) multiple

Richter, et al. (1995) 22 15 WG (14), systemic P-ANCA- 1-3 40
associated vasculitis (1)

Jayne, Lockwood (1996) 23! 6 WG (3), MPA (3) single 100

Levy, et al. (1999) 29 10 WG (2), CSV (11), livedo 1-6 60
vasculitis (1), other (4)

Jayne, et al. (2000) 25 34 WG (24) single {17 IVig 82%IVig

placebo-cntrolled trial MPA (10) course of |17 Placebo 35%Placebo

Ito-Thara, et al. (2005) 26! 12 MPO-ANCA-associated single 100

RPGN (12) (initial therapy)

MPA, microscopic polyarteritis; WG, Wegener's granulomatosis; GN, glomerulonephritis;
RV, rheumatoid vasculitis; PAN, polyarteritis nodosa; CSV, Churg-Strauss vasculitis;
AASYV, ANCA-associated systemic vasculitis; RPGN, rapidly progressive glomerulonephritis.

DY F L Birmingham Vasculitis Activity Score
(BVAS)?", I HEImEkE (WBC), CRP& &b
2, IVIg#R G OBHREOELE /7 LT F
= (Cre) OHALRERE L7z OBEALEZ FETHT,
1, 3, 6 7 AREATCHEYT A I & Talii L7,
15810 BEDERIT72 £ 35K & B, (HED
DE Cre i 4.1mg/dl EBEREIRED L DM
%<, BHERTDH 10BI250%LL EDRERAFIZIE
LAk e . MPO-ANCAED 389
115EU & &MET, M EmEkE9900 + 2200/ 4 I,
megiwmym&ﬁmfﬁof.mw¢6ﬁ
TR AV ARG D B IR IRBUE R E
DEPTRDL (K3,
SBEMOIVIgEH#E#ZL 1 EHE O ST CRP,
WBCOEERET #3872, BREEET % FF 4
T57:001/Cre DEALELIEML, AELEE
VERH LN, BRSO ) b, FHIROET
VELEETH o7z, IVIgis & 5 ZEEEMSY
AMAA4 voOmMPICBITAESb 2R LIZE T

2 TNF-« DFERETE#EDH (K1), fEHR
TEENE % FF i3 52 BVAS O T % 22, IH#s5!
WCEDEMETRET L2 ZAEBEROUEL
BEETTLIEEEOERTAZD 67 (K
2).

BEELLT, KBEMWEAEOROATOA F
i (06 £0.1mg/kg/day) 47 -7 3AA®

FREETHEELR, BRI IVIgi S LA & b mi
ERNEZBAL T2 1B ThH - 2 FETHNIE %
{, FLBELBEEDOREITA N o7,
67 ABEOBE CIRBERIZLLLCLF, BFLE
1BITHHD 6N A TCOERFE - BEFAELD
W% TH o7z (H3).

LLE DB R AL MPO-ANCA BhHE M 212 B W
T, WERGEEE LToIVIgREO T L RIK

WMREHERL. ThoofEMcldmERIZLS
FRERTZ2EOCERMBERELADAY, Vg
BIEC LD RRERROWEL &L IZERRETO

i) & BReO 7o TR AEA TR e B G T
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®3 BEGE
Patient Age Sex Organ Involvement Date before treatment Active Latent of
No. Befor IVIg BVAS WBC Cre CRP MPO-ANCA Crescent Antibiotios resistant
(/) (mg/dD)  {(mg/d) (EU) (%)  infection
1 8 F S F.ELK 17 10100  3.20 8.00 239 81 HBV
2 75 M S FACLKN 25 10100 120 17.80 435 0 MAC, K. Pneumoniae
3 77 M S F ALK 19 5900 120 320 25 TB. MAC
4 66 M S F.ACKN 26 12000 200 22.00 30 50
5 61 F S FK 15 6500 142 4.28 244 71
6 82 M S AK 12 9400 427 10.38 159 71
7 64 F S FLK 19 12100 8.34 15.35 276 81
8 83 F S FAK 15 9300 067 791 144 29
9 59 M S F.K 15 10800 440 13.90 140 90 Aspergillus
10 83 F S F. LK Ab 24 4300 292 0.14 617 60
11 32 F S FKN 21 14700 238 11.27 306 33
12 57 M S, A LKN 21 12500 404 9.87 239 64
13 62 M S L KN 21 12200 823 10.14 370 80
14 75 M S ELK 27 6600 1145 5.98 82 33 HBV, MRSA. P. aerginosa .
15 67 M S LK 19 11900 454 6.84 1740 78 MRSA
Mean 72 M/F 9/6 20 9927 402 9.80 340 55

RPGM, rapidly progressive glomerulonephritis; MPA, microscopic polyangiitis; BVAS, Birmingham vasculitis activity score;
MPGN, membranoproliferative glomerulonephritis; Anti-GBM GN, anti-glomerular basement membrane glomerulonephritis;

HBV, hepatitis B virus; MAC, Mycobacterium avium complex: K. Pneumoniae, Klebshiella Pneumoniae: TB, Tuberculosis:

MRSA, methicillin-resistant Staphylococcus aureus; P. Aerginasa, Pseudomonas aerginosa.
a WBC b CRP C Rate of change of 1/Cre d TNF-a
18 FE 30 T — 5 9 %
L | L
16+ ] 0.050 - 8r
25 7L
—~ [ [ > -
312 g ool © = 5l
2101 ¢ g5t \ K ES
2 g E \ € 0100} 2 4t %
GT % 1or §§ © o0 f ;” §
4 T\ 51 3 —0.200 | 1k
2 L O L 0 1 O L]
Before IVig  After IVIg Before IVlg  After IVIg Before IVig  After IVIg Before IVlg  After IVIg
1 WigEERHROEL

a: RIFMAMERE (/x1), b: Creactive protein (mg/dl), ¢ 1/2 L7 F = vELHE (dl/mg/day), d Mm%
Tumor necrosis factor-alpha (pg/ml); *, p <005 **, p<001; Mean = SEM

S5RICHD, OBULOERENSZETINT
WA, B EELREEOEE RO Lo
7o 6 BAEGE - BEFERRTHY, b
EHHEDOMPO-ANCA BIERPGN #5145 & L
THREICALNS, 60 AETFERTL2%, 67 RE
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FAFE 69.9% LI LY, RIFARERTH o /.
FEOWFEO—EIGRIEET A F A v OFRHR
THFFHNLTVBEZ ENEZ LN,

B 3N IVIgRADOEFRHEI AL VD
NTHH Y, SHILEN R ESHE - H5ER
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ANCA BLEMIERIIHT HREy 707 vk

Birmingham Vasculitis Activity Score

235
BVAS b Organ involvement and response to 1VIg
35 —_ ¥ 1. Systemic symptom e
2. Cutaneous — L K :
30} - (1 smBashan o f7e U sEik
\ 3. Mucous membrane i [ WigBERIC SN EEF &5 h-fEik
o5 | 4. Ear, Nose, Throal f—— " ’ '=
5. Chesi : —
o0 b § 6. Cardiovascular
§ 7. Abdominal -
151 8. Renal —
9. Nervous system ; : ; ;
10 ‘ 0 3 6 9 12 15
Before Vig After IVig Number of patients
2 IVIgHiEORBIEEMOE{
a: Birmingham Vasculitis Activity Score; **, p <001: Mean + SEM
b: Bl S BRI B
a CRP b Cre
12 4.5
4 (-
10 |
351
8 3L
- 05|
S 6] 520
£ E 2r
4L 1.5
1 L
2 -
0.5
T o 40 © 1 1O T 0 & 1 O 4O
e,'z’% \Q\ \ZA\ \A\ \A\ \A\ Q)’b% &\ \Q\ N \A\ \A\
@ @ & & & &) & \ & & & @
7 98 W & S 5 o W & S
6@\0 @ NN o N &
o) o
c BVAS d ANCA
o 22 500
(<D‘3 450 +
=20 L 400 |
=
5 350 |
218
s 300 |
3161 @ 250 F
8 200 t
g14r 150
51l 00 |
E 50
a 10 i L ] 1 ] O 1 1 — 1 1
\Q\Q \A\Q \A\Q A\Q \Q\Q \A\Q’ \Q\Q \A\Q \A\Q \Q\Q
& @ @ @ @ & @ @ @ @
QQ} ¥ @rp ®f0 > ®é\ S ®f0 Q\fo @fb
N > © N % [
K3 WigfEiEtDeHAKZE

a: C-reactive protein (mg/sdl), b: g7 L7 F = (mg/dl), c Birmingham Vasculitis Activity
Score, d: MPO-ANCA (EU); M. month; Mean = SEM.
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DRV ETHLEZEZ LI A DOWKETIC
BT 160 GEBG14) IXEEFICBEEESH DR
EYIRMILE O MRSA, ZAIMMERRE OHERED
HERL T, IVigE#EnA7u4 Fie
S RIENIGEEZTo T h o7z, IVIg
BHECL Y RIERISKET, £FEROELELRD
N3 ABOBATEREL, YEOATOS MR
BIIEL TV 5,

B. MEREREICXT S IVIigEEDIE
REEFDOZE

— I IVIg RO REEEHER ORI ER
4DE BEFEFEZLN TS,

1. FcLt7 %~ (FcR) #0755

MERIEBITAHRIZODVWTFc L 77 —9°
5L TwasZ &id, NEFRTRcEW ) Ko7
Fab )z B o0 ADBE TEMREP RN L2 L

LEWMINDLW®, T/, BREDETNVVYTRE
HWAHECTITP T IVIgZ X » TEI: Fe L
7Y —ThHLHFcyRIBOKHERET H L
T, FOHREETEBELTCVE I EbRENAD,

2. FIRAEER & MMIREIEANOIER

FIEWTA Y A4 v OIVIgEEZO RV
e DBECHRERBIIBODTRESNTEBY, 2
OFELTTO ) YRANCEINAHRY A b
A Y HAROTFIERCE L S - K BTk - ~
sa7r—=Iho0% A M4 VEE - I
R3O, 4 ML LTIy —T TR
FOFE R UPRESRTND.

TNF-q i3 ANCA BEMERIEBEFIIB VT,
HHEROT T4 3 v 7 EEHACER R RE R
7oLTBD, BAOEMIETIVIgEERZIZ@LA
TNF-« DT #8072 & 3R BFBMEIHIC
BWTEEELEZ OGN, F/2, ANCA BHEM
I EECIIIFRIKIC BT B 7R b — v R

x4 NgORFEMEER M 12, 134 Hd%)

Fclt 79 —~DEH

vru7r—Yer 7o ¥ —HRBIIBITLFcL Ty -DEE

PLRIKTEYE cytotoxicity DEFE

W Fey LB 79 —1IB OFFE

LI rE

MAREET L bH 4 o OFHE
WA A4 YO EH

M AR IS e L D3
A HEROTH

27 a4 FMEREOETER

R RN Y I
7R — 2 ADE
)N ERIEFEINEEH
T cell S ¥ H4EM

AWIS=T cell D EDH 4 + 1 4V ELOHIH

T cell A—/3—=¥BEDHF]

B cell 3 X UHAE~DIEHR

B #B cell repertoires il #

Fey bt 7% =¥ 580 > 7 V5E
LR 4 0 EIRWISI B L UT0E
WA 7448 4 7THEZ L B BCEORH
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