CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

Improvement in Castleman’s disease by humanized anti-interleukin-6 receptor
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Castleman’s disease, an atypical lympho-
proliferative disorder, can be classified
into 2 types: hyaline-vascular and plasma
cell types according to the histologic
features of the affected lymph nodes. The
plasma cell type is frequently associated
with systemic manifestations and is often

refractory to systemic therapy including

corticosteroids and chemotherapy, par-
ticularly in multicentric form. Dysregu-

lated overproduction of interleukin-6 (IL-6)
from affected lymph nodes is thought to
be responsible for the systemic manifes-
tations of this disease. Therefore, interfer-
ence with IL-6 signal transduction may
constitute a new therapeutic strategy for

this disease. We used humanized anti-
IL-6 receptor antibody (rhPM-1) to treat 7
patients with multicentric plasma cell or
mixed type Castleman’s disease. All pa-
tients had systemic manifestations includ-
ing secondary amyloidosis in 3. With the
approval of our institution’s ethics com-
mittee and the consent of the patients,
they were treated with 50 to 100 mg
rhPM-1 either once or twice weekly. | mmedi-
ately after administration of rhPM-1, fever
and fatigue disappeared, and anemia as
well as serum levels of C-reactive protein
(CRP), fibrinogen, and albumin started to
improve. After 3 months of treatment,
hypergammaglobulinemia and lymphad-

enopathy were remarkably alleviated, as
were renal function abnormalities in pa-
tients with amyloidosis. Treatment was
well tolerated with only transient leukope-
nia. Histopathologic examination revealed
reduced follicular hyperplasia and vascu-
larity after rhPM-1 treatment. The patho-
physiologic significance of IL-6 in Castle-
man'’s disease was thus confirmed, and
blockade of the IL-6 signal by rhPM-1 is
thought to have potential as a new therapy
based on the pathophysiologic mecha-
nism of multicentric Castleman’s dis  ease.
(Blood. 2000;95:56-61)
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Introduction

Castleman’s disease is a lymphoproliferative disorder with benigii immune responses, and generation of acute phase reations.
hyperplastic lymph nodes characterized histologically by folliculaie previously demonstrated the generation of large quantities of
hyperplasia and capillary proliferation with endothelial hyperpldi-6 from the germinal centers of hyperplastic lymph nodes of
sial Castleman’s disease has been classified, according to fatients with plasma cell type Castleman’s dis€a¥ée also
histopathologic findings, as either hyalinevascular or plasma celiowed a correlation between serum IL-6 concentration and
type2=2 Patients with plasma cell type or a mixed hyaline-vasculatinical features, suggesting that dysregulated IL-6 production
and plasma cell type frequently have systemic manifestations sdabm affected lymph nodes may be responsible for the systemic
as fever, anemia, hypergammaglobulinemia, hypoalbuminemiaanifestations of this disease. On the basis of these findings, Beck
and an increase in acute phase protéthén cases of localized et al showed that the in vivo administration of murine anti-1L-6
Castleman’s disease, these clinical abnormalities may resolve aftesnoclonal antibody (mAb) to a patient with Castleman’s disease
excision of the affected lymph nod&8.0n the other hand, the seemed to be therapeutically effective, thus confirming the in vivo
multicentric form of Castleman’s disease is often refractory tiwnction of IL-6 in this disease. However, such a therapeutic effect
treatment even with corticosteroids or chemotherapy, and conses transient, because of either the emergence of neutralizing
quently the prognosis for such patients is poor. Infections arehaman antibodies against murine anti-IL-6 mAb or the inability to
common cause of death in multicentric Castleman’s disease, aain serum concentrations of anti-IL-6 mAb sufficient to neutral-
well as renal failure and other malignancies including malignaite increasing IL-6 level® The therapeutic value of murine
lymphoma and Kaposi's sarcorhicdRecently, Kaposi's sarcoma- anti-IL-6 mAb for human patients thus remains limited. We
associated herpesvirus (also called human herpesvirus typeth&refore attempted to block IL-6 signal transduction by using mAb
KSHV/HHV-8) was reported to be an etiologic agent of Castleagainst the IL-6 receptor (IL-6R). Furthermore, to be effective as a
man’s disease, especially in patients infected with human immurtberapeutic agent administered to patients in repeated doses,
deficiency virus (HIV)° murine anti-IL-6R mAb, PM-1, was engineered to be a human
Interleukin-6 (IL-6) is a pleiotropic cytokine with a wide rangeantibody by grafting the complimentarity-determining regions
of biologic activities, such as support of hematopoiesis, regulatiédrom the murine anti-IL-6R mAb into human IgG, thereby
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creating a functioning antigen-binding site in a reshaped huméa# 551). The PCR procedure consisted of 1 cycle at 94°C for 2 minutes,
antibody, rhPM-12 We used this humanized anti-IL-6R mAb tothen 40 cycles at 94°C for 1 minute, at 58°C for 1 minute, and at 72°C for 2

treat 7 patients with the multicentric form of plasma cell or mixegninutes, and 1 cycle at 72°C extension for 5 minutes with a DNA thermal
type Castleman’s disease cycler, Gene Amp PCR system 240(Perkin Elmer, Norwalk, CT). First,

the DNA samples were amplified with the pair of outer primers and then
with the pair of inner primers. The PCR products (10 pL) were then
. electrophoresed in a 2.0% agarose gel containing ethidium bromide and
Patients and methods visualized with UV light. The PCR products were transferred to a hybond
N+ (Amersham Inc., Arlington Heights, IL), hybridized with a DIG-
labeled KSHV/HHV-8 specific probe: gttggtgtaccacatctactccaaaatat-3

Seven patients in Osaka University Hospital were recruited, each of wh@#d colorimetrically detected using a DIG DNA Labeling and Detection Kit
had lymphadenopathy at multiple sites, mild splenomegaly, and Consti@_oehri_nger Mannheim, Germany) in accordance with the manufacturer’s
tional symptoms such as fever and fatigue. Laboratory findings includétptructions.

anemia, polyclonal hypergammaglobulinemia, hypoalbuminemia, and in- Immunofluorescence assay was performed as previously desttibed.
creased acute phase proteins. All patients had plasma cell or mixed tfgstefly, BCBL-1 cells (16/mL), the body cavity-based lymphoma cell line
Castleman’s disease, based on histologic examination of the bior;gg;lt is latently infected with KSHV/HHV-8 but not Epstein-Barr virus, were
specimens. The clinical characteristics of the patients are shown in Tabldr¢ated with 20 ng/mL phorbol ester (TPA: Sigma, St. Louis, MO) for 48
All patients had active disease at the start of anti-IL-6R mAb treatment, aR8Urs to induce the viral lytic antigen. Uninduced and TPA-induced
4 of them had previously been treated with prednisolone orimmunosupprB&BL-1 cells were then washed in phosphate-buffered saline (PBS),
sive therapy for more than 3 months. Three patients had amy|0|do§@0tted on slides (X 104 Ce“S/We”), air dried in a laminar flow hOOd, and
secondary to Castleman’s disease, and 5 had lymphocytic interstifiged in acetone at-20°C for 10 minutes. All sera from the patients with

Patients

pneumonia' based on hist0|ogic examination of the |ung b|opsy Specimeﬁé{ﬁtleman’s disease and the Japanese patient with AIDS-KS were stored at

None of the patients had autoimmune disorders, such as rheumatoid0°C and heat inactivated at 56°C for 30 minutes before use. Fixed cells
arthritis or Sjgren syndrome, or malignancies. Both HIV and KSHvMere incubated at 37°C for 30 minutes with human sera serially diluted 1:2
HHV-8 were undetectable by serologic assays and polymerase chBftginning at 10-fold dilution. After washing rigorously in PBS, the slides

reaction (PCR). All patients gave their informed consent for the anti-IL-6€re incubated with fluorescein isothiocyanate-conjugated goat anti-human
mAb therapy under the auspices of an approval approved by the ethig& (Dako, Copenhagen, Denmark) at 37°C for 30 minutes. The slides were

committee of Osaka University. counterstained with a 1:20 000 dilution of Evan’'s blue (Sigma) at room
temperature for 5 minutes, washed, mounted with 50% (vol/vol) glycerol in

PCR/Southern hybridization and serologic analysis of PBS, and examined under a fluorescence microscope.

KSHV/HHV-8

e . dministration of humanized anti-IL-6R mAb, rhPM-1
The PCR/Southern hybridization analysis of KSHV/HHV-8 was performe

as follows. Genomic DNA was extracted from peripheral blood monddumanized anti-IL-6R mAb, rhPM-1, (IgG1l class) was produced in
nuclear cells or frozen specimens of lymph nodes or both. The DN@hinese hamster ovary cells and purified on proteid /PM-1 retains its
extracted from peripheral blood mononuclear cells of a Japanese patigpécificity for natural and recombinant human IL-6R with the same affinity
with acquired immunodeficiency syndrome-Kaposi's sarcoma (AIDS-KSJs possessed by the original murine anti-IL-6R mAb, PM-1, and inhibits
with KSHV/HHV-8 infection was also used as a positive control follL-6 function both in vitro and in vivd316rhPM-1 was dissolved in PBS
KSHV/HHV-8. Each 50-pL reaction mixture for PCR contained 0.4 to 0.@nd stored at—20°C until administration. The appropriate amount of
ug total DNA, 2.5 U Ex Taqg DNA polymerase (Takara, Kyoto, JapanyhPM-1 was then diluted to a volume of 50 mL in saline and administered
dNTP (0.25 mM each), 25 mM TAPS buffer (pH 9.3), 50 mM KCI, 2 mMintravenously over a period of 1 hour only after a skin test using 100 pL of

MgCl,, 1 mM 2-mercaptoethanol, and the primers (10 pmol each) thke antibody was negative. Increasing doses (1, 10, 50, and 100 mg/patient)

sequences of which were as follows: outer forward primeat§gcactcga- of rhPM-1 were administered intravenously twice weekly to establish the
caagagtatagtgg-3outer reverse primer:’&gttagcgtggggaataccaacagg-3 maximal tolerated dose in every patient. The dose of 100 mg/patient was

(from nucleotide 633 to nucleotide 1552 in KSU 18 531jnner forward chosen as the maximal dose because higher doses exceeded permitted level

primer: 5-ctatccaagtgcacactcgctgtct-Biner reverse primer:’sggaaccaag- of contaminating DNA after purification, in compliance with the guideline
gctgataggatacaaagg-grom nucleotide 828 to nucleotide 1288 in KSU for the manufacture and testing of mAb products for human use suggested

Table 1. Clinical profiles of 7 patients with multicentric form of Castleman’s disease who received humanized anti-IL-6R Ab therapy

Total Duration of Serum IL-6
Disease Amount of Anti-IL-6R Ab Concentration
Duration* Histologic Anti-IL-6R Ab Number of Therapy Concominant  Before Therapy
Patient  Age/ Sex (years) Diagnosist Complicationst (mg) Administrations (mo) Therapyt (pg/mL)$
1 33/M 3 Mixed type LIP 4561 67 11 Pred 10 mg 40.1
2 43/F 1 Plasma cell type  LIP 4060 46 10 (=) 93.0
3 59/F 1 Plasma cell type  Secondary amyloidosis 1661 35 4 (=) 44.1
4 23/IM 1 Mixed type Secondary amyloidosis LIP 1860 25 4 (=) 20.6
5 51/M 3 Plasma celltype  Secondary amyloidosis 1200 26 48 Pred 10 mg 6.5
L-PAM 2 mg
6 54/F 1 Plasma cell type  LIP 660 15 2 Pred 40 mg 8.4
CYC 50 mg
7 49/F 1 Plasma cell type  LIP 410 10 1 Pred 20 mg 24.5

*Disease duration is defined as the period since diagnosis.

TPred indicates prednisolone; CYC, cyclophosphamide; L-PAM, melphalan; mixed type, mixed plasma cell and hyaline vascular type; LIP, lymphocytic interstitial
pneumonia.

F¥Normal range of serum IL-6 is < 1 pg/ml.

§The patient received anti-IL-6R antibody therapy for a total of 4 months after a 2-month interval.
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by the Ministry of Health and Welfare, Japan, although no dose-limiting 10mgiday [ rerrre| 19mpiday

toxicity was observed. Fifty to 100 mg rhPM-1 was then administered eithel ) "

once or twice weekly for 5 to 42 weeks as maintenance therapy unti PRt ”,.,m“” I I } \ } l fﬂ ] l 1 l l l l
completion of the study and cessation of rhPM-1 production. Total amount: (bt 1

of rhPM-1 administered, the number of administrations, and the duration 0 154  2g00- A, oles i
rhPM-1 therapy for each patient are summarized in Table 1. : i =

e N

Serum IL-6 and soluble IL-6R (sIL-6R) levels =

CRP{mg/dl) =—s
T
IgG{mg/di) ~
g

Serum IL-6 levels were determined with a chemiluminescent enzyme
immunoassay (CLEIA)? The principle of this assay is based on 2-site

immunometric reverse sandwich reaction with the aid of a Lumipulse 120 °~  *% & 1 2 3 H
(Fujirebio Inc., Tokyo, Japan). Briefly, the mixture of the sample and mouse Manths
anti-IL-6 mAb conjugated with alkaline phosphatase was incubated at 37F@ure 1. Representative changes in CRP, hemoglobin, and IgG concentrations

for 10 minutes, and then added to particles covalently linked to a murife @ patient with multicentric Castleman’s disease during treatment with
! anit-IL-6R (rhPM-1). Arrows and shadings indicate the administration of rhPM-1.

antl'”‘_'ﬁ mAD that reconzes_a dlff_erem eP'toF’e than that recqgmzed IR%te that treatment with rhPM-1 improved the clinical abnormalities, but that these

the original mAb. After a 10-minute incubation at 37°C, the particles Weli@curred 2 weeks after the cessation of the rhPM-1 regimen. Readministration of
separated magnetically and washed in buffer. Subsequently, the substite#I-1 was as effective as the first treatment.

solution, 3-(2-spiroadamantane)-4-methoxy-4~@osphoryloxy) phe-

nyl-1, 2-dioxetane disodium salt was added at 37°C, and the chemilumines-

cent signal was photoncounted after 5 minutes. The detection limit fane had little effect on his symptoms. Readministration of rhPM-1,

serum IL-6 was 0.1 pg/mL. . - ._however, was as effective as the first treatment course, evidenced
sIL-6R was measured by means of a dissociation-enhanced ﬂuormmrgu-

noassay (DELFIA Pharmacia, Uppsala, Sweden), as previously de-y |.mpr0vements- in CRP and hemoglobin levels. The data
scribed!® Briefly, 200 pL of sample was added to microstrips coated WitﬁOnflrmed thatthe lmprovement was dl}e,to rhPM-1 thgrapy but not
200 pL anti-human IL-6R mAb (MT18) (1 pg/mL), and incubated at 4°cinfluenced by concomitant therapy. A similar therapeutic effect was
followed by a reaction with 200 uL europium-labeled PM-1 mAb (10@®btained by treatment with 100 mg rhPM-1 once a week, without
ng/mL) at room temperature for 15 minutes. Fluorescence in each well way significant adverse events. Thus, a total dose of 100 mg rhPM-1

Hemoglobin(g/dl) *=

n o
e
~

measured with a 1230 ARCUS fluorometer (Pharmacia). per week was determined to be an effective therapy.
The patterns of response to rhPM-1 therapy are shown in Figure
Serum rhPM-1 and anti-thPM-1 antibody levels 2. Improvements in thrombocytosis, serum levels of CRP, fibrino-

gen, and serum amyloid A (SAA) protein were observed within 1
Serum rhPM-1 levels were assessed by enzyme-linked immunosorbgi¥§nth in most cases, whereas hemoglobin, albumin, and immuno-

assay (ELISA). Briefly, 100 pL recombinant human sIL-6R (1 pg/mL) wag|opylin levels more gradually improved over a 3- to 4-month
added to the wells of an immunoplate precoated with MT18 and incubat fiod. Two of the 7 patients showed increased levels of IgE

at room temperature for 2 hours. After washing, 100 pL serum was ad . ; ;
and incubated for additional 2 hours. After washing, bound rhPM-1 w. Eatlent 2, 5300 1U/mL; patient 7, 650 1U/mL) before treatment,

measured using alkaline phosphatase-conjugated goat anti-human IgG. ¥ich were also reduced by rhPM-1 therapy (1100 IU/mL and 310
calorimetric reaction was measured with a microplate reader. IU/mL, respectively). Autoantibodies (antinuclear antibody, anti-
Serum anti-rhPM-1 antibody levels were also determined by ELISAONA antibody) observed in patients 2 and 6 disappeared after
Serum was added to the wells coated with 100 pL rhPM-1 (5 pg/mL) atiPM-1 therapy. Platelet counts and fibrinogen and immunoglobu-
incubated for 2 hours. After washing, biotin-conjugated rhPM-1 was addéid levels decreased only to the low-normal range. Similar therapeu-
and developed with alkaline phosphatase-conjugated to streptavidin.  tic effects were observed in patients both with and without
concomitant therapy. As a result of decrease in disease activity, it
was possible to discontinue concomitant therapy in some patients.
Results Importantly, these therapeutic effects did not diminish even after
continuous 11-month treatment (patient 1). Therapy with rhPM-1
remarkably improved lymphadenopathy in all patients. Only in
Data representative of patients with Castleman’s disease tregpedent 4 were a few residual lymph nodes palpable, although their
with rhPM-1 are shown in Figure 1. The patient was a 51-year-oizes were significantly reduced by the treatment. Computed
man who suffered from amyloidosis secondary to Castleman@mography scanning confirmed the disappearance of pathologi-
disease (patient 5 in Table 1). His disease was refractory to steroally significant visceral lymph nodes-(1 cm in diameter) in all
therapy and chemotherapy consisting of melphalan, vincristingatients. During the treatment of patients 3, 4, and 5, who had
and doxorubicin hydrochloride. Immediately after the administr&econdary amyloidosis, constitutional symptoms such as appetite
tion of 20 mg rhPM-1, fever and malaise disappeared, wherelass, constipation, and diarrhea (in all 3 patients) gradually
CRP and fibrinogen started to decrease within 24 hours, but tinsproved. Bradyphasia and bradypragia, which might not be
treatment was insufficient to obtain a satisfactory therapeutic effedirectly caused by the deposition of amyloid in the brain, also
Treatment with repeated doses of 50 mg rhPM-1 twice a weakproved in patient 3. Furthermore, improvements in serum
completely normalized serum CRP levels within 4 weeks; 8 weekseatinine and daily urine protein levels were also observed after
of therapy was required to increase hemoglobin and albumin levelsmonth therapy in patient 3: before treatment, the serum creatinine
After 2 months of treatment, hypergammaglobulinemia and lymplevel was 1.8 mg/dL, urine protein 3.1 g/d, ser@m 7.1 mg/L,
adenopathy also improved. Extension of the interval betweand urinep, microglobulin 55.5 mg/d; after treatment, the corre-
administrations caused a slight increase in CRP and a decreasspionding values were 1.1 mg/dL, 0.9 g/d, 5.3 mg/L, and 7.4 mg/d.
hemoglobin levels, but constitutional symptoms did not reappe&to major side effects of rhPM-1 therapy were observed, except for
Two weeks after termination of the therapy, fever, malaise, ardtransient and mild decrease in granulocyte counts on the day
anemia recurred, and treatment with increased doses of prednietlowing mAb administration in 2 patients, which spontaneously

Efficacy of humanized anti-IL-6R mAb, rhPM-1
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Figure 2. Clinical response patterns in 7 patients treated with rhPM-1. CRP indicates C-reactive protein; Fib, fibrinogen; Alb, albumin; IgG, immunoglobulin G; IgA,
immunoglobulin A; IgM, immunoglobulin M; WBC, white blood cells; Hb, hemoglobin; Plt, platelets; and SAA, serum amyloid A.

recovered within 2 days. No decrease in T-cell function wagpe: (1) follicular hyperplasia with a large germinal center
observed, assessed either by a skin test with purified prot@enetrated by branching hyaline blood vessels, (2) concentric
derivative of tuberculin or by a mixed lymphocyte culture test wittappearance of mantle zone lymphocytes, and (3) proliferation of
allogeneic T cells. hyaline capillaries and numerous plasma cells in the interfollicular
areas (Figure 3A and C). However, after treatment there was (1) a
reduction in the size of lymph nodes, (2) a reduction in both the
Therapy with rhPM-1 remarkably improved lymphadenopathy inumber and the size of follicles, resulting in a relative increase in
all patients, and a few small residual lymph nodes remaindde interfollicular areas (Figure 3B), and (3) a reduction in the
palpable only in patient 4. To examine the histologic changes in thascularity of germinal centers with residual eosinophilic deposits
affected lymph nodes resulting from rhPM-1 therapy, a cervic@Figure 3D). However, the number of plasma cells and the extent of
lymph node that decreased in size on therapy was resected aftea8cularity in the interfollicular areas did not show significant
months of therapy in patient 4 and compared to pretreatmesitanges (Figure 3B).

histopathologic appearance. Lymph nodes before rhPM-1 treat- Quantification of these changes was attempted by measuring
ment showed features of a mixed hyaline-vascular and plasma d®th the longitudinal and transverse diameters of the germinal

Histologic examinations of affected lymph nodes

Figure 3. Serial histopathologic changes with rhPM-1
therapy. Hyperplastic lymph follicle with hyalinous capil- |
lary vessels penetrates into the germinal center before
rhPM-1 treatment (A and C). Note reduction in both the
size of lymph follicles and in the vascularity of germinal
centers with residual eosinophilic deposits after rhPM-1
therapy (B and D). (Hematoxylin-eosin, A and B, original
magnification x100; C and D, original magnification
X400).
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Longitudinal Transverse therefore be introduced as early as possible. Although spontaneous
(Hm) remissions are observed in some patiéfits) other patients the
300 - disease is refractory to conventional therapies such as corticoste-

roids, cytotoxic agents, or radiation. Thus, a new therapeutic
strategy for multicentric Castleman’s disease is needed.

The present study showed that the humanized anti-IL-6R mAb,
rhPM-1, can achieve marked responses in the refractory form of
this disease without significant adverse reactions or development of
neutralizing antibodies. Furthermore, rhPM-1 therapy also im-
proved the symptoms and biochemical abnormalities of secondary
amyloidosis, which is often otherwise untreatable at present,
although successful therapy to reduce the supply of amyloid fibril
100 - protein precursors is followed by substantial regression of amy-
loid.2® Although re-biopsy of the kidney was not performed after
rhPM-1 therapy, reduced serum creatinine and urine protein levels
suggest that rhPM-1 therapy may alleviate renal amyloidosis. In
addition, rhPM-1 therapy improved the hydronephrosis in patient 3
0 I I I T who,I befofre therap?/, :jequirec: nr:aphrostomyhdue tfo léreterostenosis

resulting from amyloidosis of the ureter. These findings suggest
Before After Before After that visceral amyloid deposition in organs may also be reversible, if
Figure 4. Chanqes in _Ion_gitudinal an(_j transverse diameters of the germinal SAA production is inhibited by blocking IL-6 signaling. rhPM-1
centers. Open circles indicate mean diameters of germinal centers before treatment . . .
(n = 109) and closed circles indicate those after treatment (n = 15). The points and may also reduce the likelihood of ma“gnam lymphoma and
vertical bars indicate mean and SDs, respectively. Both the longitudinal and ~ Kaposi’'s sarcoma because IL-6 is a potent growth factor for these
transverse diameters significantly decreased (P < 0.005, P < 0.001, respectively). malignancie§.°~21
The fact that the blockade of the IL-6 signal by humanized
centers. As shown in Figure 4, both the longitudinal (2106 pm, anti-IL-6R mAb improved the systemic manifestations of Castle-
mean* SD, n= 109) and transverse diameters (15@5 mm, man’s disease confirms a central role for IL-6 in the pathogenesis of
= 109) of the germinal centers before therapy were markediyis disease. In particular, overproduction of IL-6 causes inflamma-
reduced (133 48 mm, and 98- 27 mm, n= 15, respectively) tory symptoms, such as low-grade fever and generalized malaise,
after therapy P < 0.005 andP < 0.001, respectively, assessed bys well as laboratory findings, such as leukocytosis, anemia,
Mann-Whitney’sU test). thrombocytosis, hypergammaglobulinemia, hypoalbuminemia, and
an increase in CRP, fibrinogen, and SAA levels. The observation
that elevation in serum IgE levels also resolved provides further
Serum IL-6 levels did not change essentially, although they showevdidence that IL-6 plays some role in regulating IgE production in
fluctuations unrelated temporally to the rhPM-1 treatment, where@so and supports the view that IL-6 induces differentiation of
sIL-6R levels increased in the first month after the administratiomaive T cells into Th2 cells in vitré? Autoantibodies frequently
of rhPM-1, with peak serum levels of up to 700 ng/mL. Repeatambserved in this disease also disappeared during rhPM-1 treatment,
administration of rhPM-1 uniformly and rapidly reduced thesuggesting that IL-6 may also mediate autoimmune phenomena.
sIL-6R levels to normal in all patients. The maximum concentra- Histologic changes observed in the lymph nodes after treatment
tions of serum sIL-6R did not increase with rhPM-1 maintenimply an important pathogenic mechanism of this disease. That is,
ance therapy. IL-6 may be involved in the follicular hyperplasia of affected
lymph nodes because blockade of the IL-6 signal reduced both their
number and size. Because IL-6 is mainly produced by activated B
The trough level of serum rhPM-1 was 10 pg/mL during maintesells in the germinal center of lymph folliclé3! an autocrine
nance therapy using 50 mg rhPM-1 twice a week and decreased @6wth mechanism may be mediated by IL-6 in follicular B cells of
ug/mL using treatment at 100 mg rhPM-1 once a week. Becauspatients with this disease. The disappearance of hyaline capillaries
slight increase in CRP was observed with the latter regimen, thethe follicles after treatment with rhPM-1 indicates that IL-6 may
former schedule was considered to be more effective. There wétso play a role in angiogenesis, although it remains to be
no differences in responses in terms of constitutional symptoréistermined whether or not IL-6 acts directly on endothelial cells.
observed between the 2 regimens. Ten pug/mL rhPM-1 had preli-6 may promote angiogenesis through the induction of other
ously been proven to inhibit the IL-6-induced proliferation ofactors such as vascular endothelial growth fagtobecause

200 A

Serum IL-6 and sIL-6R levels

Serum rhPM-1 and anti-rhPM-1 antibody levels

myeloma/plasmacytoma cells in vit#®. patients with a typical hyaline-vascular variant of Castleman’s
No serum anti-rhPM-1 antibodies were detected during ttéisease do not always show an increase in serum IL-6 levels.
course of therapy of these 7 patients. We have shown the efficacy of humanized antibodies for

anti-cytokine therapy because no anti-rhPM-1 antibodies were
detectable, even in the patient who received multiple injections (67
Discussion doses) for 11 months. Klein et'alreported that anti-IL-6 mAb
therapy induced a continuous increase in IL-6 production in vivo,
The clinical course of multicentric Castleman’s disease is unpredietad consequently was unable to administer sufficient anti-IL-6
able, but the prognosis is generally pé8rThe accompanying mAb to neutralize IL-6 activity. A similar phenomenon was
constitutive inflammatory state may result in complications such abserved during anti-IL-6R mAb therapy as serum sIL-6R in-
pneumonia, amyloidosis, and malignancies, and treatment shoatdased after administration of rhPM-1. However, this tendency did
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not continue, and the highest concentration observed was about #@8cted patients:® Because a homologue to human IL-6, viral
ng/mL, with trough levels of the serum rhPM-1 concentration of B.-6 (vIL-6), has been identified in the KSHV/HHV-8 genorfe?’
to 10 pg/mL. Moreover, maximum sIL-6R levels gradually dewhich retains biologic activities similar to human IL-6, KSHV/
creased with repeated administrations of rhPM-1 over 2 month$HV-8 is suspected of being involved in the pathogenesis of
This may be the reason the efficacy of humanized anti-IL-6R mADastleman’s disease. Although serologic and PCR assays in our
therapy did not diminish over time. On the other hand, serum ILgatients were negative for HIV and KSHV/HHV-8, infection with
levels did not change essentially although they showed somgother organism that can promote IL-6 production might be
fluctuations. This is probably because rhPM-1 reacts with IL-6RRvolved in this disease.
and interferes with IL-6-binding to IL-6R, but does not react with  Further studies will be required to identify the etiology of the
IL-6 itself. It may also be the reason a relatively prompt relapsgeregulated production of human IL-6 in Castleman’s disease. It is
occurred (after 2 weeks) when the treatment was stopped. Ta/@o necessary to examine the effect of rhPM-1 therapy on IL-6
weeks is consistent with the period when rhPM-1 was detectablegane, steroid-responsive gene, and multidrug-resistant gene expres-
blood after termination of the therapy. However, serum IL-6 levelion in germinal center cells because incorporation of immuno-
may decrease if we continue the treatment further, becaugerapy may cause the emergence of drug resistance as a conse-
lymphadenopathy improved during the treatment and a reductiongience of perturbations in intracellular signaling and the population
both the number and size of the follicles, which are the malinetics of tumor cell adaptation and selection. Nevertheless, the
sources of IL-6 in this diseasé; was observed in alymph node. pathophysiologic significance of human IL-6 is confirmed by this
Although rhPM-1 therapy improved the symptoms associatefudy because the clinical manifestations of Castleman’s disease
with Castleman’s disease and reduced lymphadenopathy, recfe alleviated by blockade of human IL-6R. The present study,
rence of the disease was observed after termination of this therapyrefore, demonstrates a novel and promising therapy, based on
Our data indicate that overproduction of IL-6 causes most of thgockade of IL-6 signaling with a humanized anti-IL-6R antibody,

abnormalities of Castleman’s disease, but the cause of the constifisich may also be effective for other diseases characterized by
tive overproduction of IL-6 is at present unknown. This may be dugerproduction of IL-6.

to a lack of NF-IL6, resulting from genetic abnormalitfés,

although familial aggregation has not been reported. Because

Castlema_m’s d_isease is frequently associa'_[ed with HIV in_feictio%\cknOW'edgments

and HIV infection also causes overproduction of IE%6nfection

with a retrovirus may also play a role in pathogenesis. In thid/e wish to thank Dr R. Inagi for performing the KSHV/HHV-8
regard, KSHV/HHV-8 was recently reported to be frequentlpssay, Ms C. Aoki and Ms M. Ohno for their outstanding technical
positive in multicentric Castleman’s disease, especially in HI\assistance, and Ms T. Nakao for preparing the manuscript.
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