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(57) A therapeutic effect of the administration of in-
terferon-β (IFN-β) on a relapsing-remitting multiple scle-
rosis (RRMS) patient can be predicted and an RRMS
case, wherein the administration can be hardly continued
because of the occurrence of a serious side effect or
worsening of co-occurring immunological disorder, can
be predicted by measuring the amount of plasma blasts

(PB) in a sample from the RRMS patient. Further, the
therapeutic effect of an IL-6 inhibitor in treating RRMS
can be predicted by measuring the amount of PB in a
sample from an RRMS patient, which enables the provi-
sion of a therapeutic method efficacious to a patient to
whom IFN-β can be hardly applied in treating RRMS.
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Description

Technical Field

[0001] The present invention relates to a method for predicting prognosis for the treatment of a relapsing-remitting
multiple sclerosis (RRMS) patient with interferon beta (IFN-β) by using a plasmablast (PB) as an index. The present
invention also relates to a method for confirming suitability for the treatment of RRMS with an IL-6 inhibitor by using PB
as an index. The present invention further relates to a therapeutic agent for RRMS, comprising an IL-6 inhibitor.

Background Art

[0002] Multiple sclerosis (MS) is considered as an autoimmune disease of the central nervous system. This disease
manifests diverse neurological symptoms such as motor paralysis, sensory impairment, higher brain dysfunction, visual
loss, and dysuria by infiltrating autoreactive lymphocytes (mainly, T cells or B cells) into the brain, the spinal cord, or the
optic nerve and causing inflammations targeting perineural myelin proteins. Approximately a million people are presumed
to suffer from this disease worldwide. Particularly, in Western countries, MS is highly prevalent and is known as a typical
neurological disease for young adults. Although the disease had been thought to be less common in Asian countries,
abrupt increase in its prevalence has been reported in Japan in recent years (Non Patent Literature 1). This strongly
suggests the involvement of not only genetic factors but environmental factors in the occurrence of MS, while MS
disadvantageously results in the destruction of family life or social life such as occupations due to neurological symptoms
remaining as sequelae. The great majority of MS patients have transient and repetitive inflammations at various sites
of the central nervous system. As each inflammation occurs, neurological symptoms are manifested in response to the
inflammation site. This clinical event is called "relapse", and the course of recurrence is referred to as "relapsing-remitting
(RR)". Relapsing-remitting MS (RRMS) exhibits reduction in activities of daily living (ADL) because sequelae accumulate
with each relapse. When the duration of RRMS is long, most people with RRMS move on to secondary progressive (SP)
MS in which neurological symptoms gradually progress without relapses. At this stage, the great majority of cases already
have moderate fixed neurological disability. Thus, treatment from an earlier stage of RRMS seems to be important.
[0003] Recombinant interferon beta (IFN-β) has been used as the the first line therapy to prevent relapses of patients
with RRMS, and is reportedly effective for suppressing the relapses and also effective for suppressing progression in
the degree of damage. In Japan, Avonex(R) (interferon beta-1 a) and Betaferon(R) (interferon beta-1 b) are used.
However, the continuous administration often becomes difficult due to the manifestation of a serious adverse reaction
(interstitial pneumonia, autoimmune hepatitis, thyroid dysfunction, skin ulcer, psychological symptoms such as depres-
sion, leukopenia, etc.) or the aggravation of an immune disorder, if latent, centering on an autoimmune disorder (collagen
disease, thyroiditis, etc.). Also, 30 to 50% of the patients who permits the continuous administration are the nonresponders
and often aggravated with this therapy. These facts mean that patients with RRMS include a subgroup that should avoid
receiving IFN-β, whereas it is difficult to predict patients not suitable for IFN-β (IFN-β-nonresponsive patient) before
administration of IFN-β.
[0004] The process of confirming suitability of therapy with IFN-β is afflicting for such patients not suitable for IFN-
β.Specifically, cases that discontinue the administration due to a serious adverse reaction or the aggravation of con-
comitant immune disorder are found not suitable only after an attempt of administration of IFN-β and the subsequent
manifestation of these events. The continuous administration, if possible, requires a length of treatment on the order of
at least half a year to 1 year for determining its therapeutic effect. Since the mode of administration of IFN-β preparations
is self-injection (intramuscular injection or subcutaneous injection), this administration is painful and, in addition, the
patients must endure influenza-like symptoms or an adverse reaction, such as headache, required for some additional
treatment, though the administration might not be discontinued.
[0005] Thus, there has been a strong demand for the development of a method for predicting the therapeutic effect
of IFN-β, the manifestation of a serious adverse reaction, and the aggravation of concomitant immune disorder before
the start of treatment in order to avoid painful, unnecessary medication for patients not suitable for IFN-β and to appro-
priately select a suitable patient. In addition, the patients not suitable for IFN-β are often difficult to treat even with other
drugs. Thus, it has also been required to establish a novel treatment method for these patients.
[0006] A method which involves measuring the expression level of a particular gene group in leukocytes derived from
the peripheral blood of a patient by use of a DNA chip or the like has previously been reported as a method for predicting
the therapeutic effect of IFN-β on RRMS (Patent Literature 1).
[0007] Plasmablasts (PB) are a subset of B cells serving as one type of lymphocyte and have the function of specializing
in antibody production. Neuromyelitis optica (NMO), an autoimmune disease of the central nervous system, is clinically
important to differentiate from MS, though differing in pathological condition from MS. PB has been identified as a source
of production of an autoantibody anti-aquaporin 4 antibody (anti-AQP4 antibody) deeply involved in the pathogenesis
of NMO, and has been reported to be increased in the peripheral blood of NMO patients (Non Patent Literature 2). The
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survival of NMO patient-derived PB and its ability to produce the anti-AQP4 antibody are also known to be promoted in
a manner dependent on interleukin 6 (IL-6) (Non Patent Literature 2). It has been reported so far: typical RRMS patients
have a peripheral blood PB frequency equivalent to that of healthy persons (Non Patent Literature 2); and increase in
PB is found in the peripheral blood of SPMS patients (Non Patent Literature 3). Nonetheless, the relationship between
PB in RRMS and prognosis for treatment with IFN-β has not yet been known. Previous pathological research on foci in
the MS brain has suggested the involvement of an autoantibody on the formation of such foci (Non Patent Literature 4).
Recently, the presence of a disease-specific autoantibody in the serum of MS (including RRMS) patients has been
reported (Non Patent Literature 5). Nonetheless, the role of PB in the confirmation of suitability for the treatment method
for RRMS has not yet been revealed.

[Prior Art Literatures]

[Patent Literature]

[0008] Patent Literature 1: Japanese Patent Application Kokai Publication No. (JP-A) 2004-28926 (unexamined, pub-
lished Japanese patent application)

[Non Patent Literature]

[0009]

Non Patent Literature 1: J Neurol Sci 2012; 323 (1-2): 117-122

Non Patent Literature 2: Proc Natl Acad Sci USA 2011; 108 (9): 3701-3706

Non Patent Literature 3: Plos One 2013; 8 (3): e57820

Non Patent Literature 4: Ann Neurol 2000; 47 (6): 707-717

Non Patent Literature 5: N Engl J Med 2012; 367 (2): 115-123

Non Patent Literature 6: Mult Scler 2008; 14: 1157-1174

Non Patent Literature 7: Brain 1997; 120: 2059-2069

Non Patent Literature 8: Am J Neuroradiol 2000; 21: 702-706

Summary of the Invention

[Problems to be Solved by the Invention]

[0010] The present invention has been made in light of such situations. An object of the present invention is to provide
a method for predicting the therapeutic effect of IFN-β on a RRMS patient. Another object of the present invention is to
provide a method for predicting the therapeutic effect of an IL-6 inhibitor on RRMS.
[0011] A further object of the present invention is to provide a novel method for treating RRMS in a RRMS patient not
suitable for IFN-β.

[Means for Solving the Problems]

[0012] The present inventors have conducted diligent studies to attain the objects. As mentioned above, the presence
of a disease-related autoantibody in the serum of MS (including RRMS) patients has been reported (Non Patent Literature
5). Thus, the present inventors have conducted studies based on the hypothesis that autoantibody-producing PB have
some involvement in the pathological condition of RRMS. As a result, the present inventors have found that the amount
of PB in the peripheral blood of RRMS patients correlates with the therapeutic effect of IFN-β on RRMS. Specifically,
the present inventors have found that RRMS patients having a high amount of PB in peripheral blood preferentially
include IFN-β-resistant patients, patients with a serious adverse reaction associated with IFN-β, and patients not suitable
for IFN-β because of having an additional concomitant immune disorder centering on an autoimmune disorder, whereas
peripheral blood collected from patients responsive to treatment with IFN-β is free from such a high amount of PB. The
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present inventors have further found that PB derived from patients having a high amount of PB in peripheral blood have
high responsiveness to IL-6 and survive in an IL-6 dependent-manner.
[0013] The present invention is based on these findings and specifically includes the following aspects:

[1]
Use of a plasmablast in the determination of the therapeutic effect of interferon beta on relapsing-remitting multiple
sclerosis and/or in the determination of the therapeutic effect of an IL-6 inhibitor on relapsing-remitting multiple
sclerosis.

[2]
A method for predicting the therapeutic effect of interferon beta on a relapsing-remitting multiple sclerosis patient,
the method comprising the steps of:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from the relapsing-remitting
multiple sclerosis patient; and

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual.

[3]
A method for predicting the therapeutic effect of an IL-6 inhibitor on a relapsing-remitting multiple sclerosis patient,
the method comprising the steps of:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from the relapsing-remitting
multiple sclerosis patient; and

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual.

[4] The use according to [1] or the method according to [3], wherein the IL-6 inhibitor is an anti-IL-6 receptor antibody.

[5] The use or the method according to [4], wherein the anti-IL-6 receptor antibody is a chimeric antibody, a humanized
antibody, or a human antibody.

[6] The method according to [2] or [3] or the use or the method according to [4] or [5], wherein it is determined that
the amount of a plasmablast is high when the ratio of the plasmablast to a CD19+ B cell is 3.50% or more.

[7] A therapeutic agent for relapsing-remitting multiple sclerosis highly expressing a plasmablast, comprising an IL-
6 inhibitor as an active ingredient.

[8] The therapeutic agent according to [7], wherein the IL-6 inhibitor is an anti-IL-6 receptor antibody.

[9] The therapeutic agent according to [8], wherein the anti-IL-6 receptor antibody is a chimeric antibody, a humanized
antibody, or a human antibody.

[Effects of Invention]

[0014] The present invention provides a method for predicting the therapeutic effect of IFN-β on a RRMS patient by
using PB as an index. The method of the present invention allows the avoidance of administration of IFN-β to a patient
who cannot be expected to receive the therapeutic effect of IFN-β or who is forced into manifestation of a serious adverse
reaction or aggravation of concomitant immune disorder, and can select a treatment method appropriate for the patient.
According to the present invention, the therapeutic effect of an IL-6 inhibitor on RRMS can also be predicted by using
PB as an index. The method of the present invention can select RRMS patients responsive to treatment with an IL-6
inhibitor, and can also provide a treatment method effective for patients not suitable for treatment with IFN-β.

Brief Description of the Drawings

[0015]
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[Figure 1] Figure 1 is a diagram showing the measurement of PB by flow cytometry using peripheral blood mono-
nuclear cells (PBMC). A CD3-CD14- fraction in Figure 1A was analyzed for the expression of CD19 and CD27
(Figure 1B). A CD19+CD27+ fraction in Figure 1B was analyzed for the expression of CD180 and CD38 (Figure 1C)
to identify PB (CD19+CD27+CD180-CD38high). In this diagram, the amount of PB in peripheral blood was indicated
by the ratio (%) of the number of PB to the number of CD19+ B cells in peripheral blood.

[Figure 2] Figure 2 is a diagram showing the distribution of the amount of PB in peripheral blood in RRMS patient
groups or a healthy individual group. Figure 2A shows the distribution for all subjects. Figure 2B shows the distribution
for untreated subjects.

[Figure 3] Figure 3 is a diagram showing the distribution of the amount of PB in RRMS subgroups and a healthy
individual group.

[Figure 4] Figure 4 is a diagram showing the ratio of IL-6 receptor (IL-6R)-expressing cells in PB in RRMS peripheral
blood. Figure 4A shows a typical histogram of IL-6R expression in PB. Figure 4B shows the comparison of the ratio
of IL-6R-expressing cells among B cell subsets (naive B cells, memory B cells, and PB). Figure 4C shows the
comparison of the ratio of IL-6R-expressing cells between PB derived from RRMS having a low amount of PB in
peripheral blood (PB-low MS) and PB derived from RRMS having a high amount of PB in peripheral blood (PB-high
MS).

[Figure 5] Figure 5 is a diagram showing the relationship between the survival of PB separated from the peripheral
blood of RRMS subgroups (PB-low MS and PB-high MS) and IL-6. Figure 5A shows a typical histogram as to the
survival rate of RRMS-derived PB, wherein PB was cultured for 2 days in the absence of IL-6 or in the presence of
IL-6. Figure 5B shows the survival rate of PB derived from all RRMS cases, PB-low MS, or PB-high MS, wherein
PB was cultured for 2 days in the absence of IL-6 or in the presence of IL-6.

[Figure 6] Figure 6 is a diagram showing change in the amount of PB caused by an anti-IL-6 receptor antibody.
Figure 6A shows a typical dot plot obtained by flow cytometry in the present Examples. The left and right columns
show data after pretreatment with an isotype control antibody and the anti-IL-6 receptor antibody, respectively. The
percentage in the plot represents the amount of PB. Figure 6B shows the comparison of the amount of PB after
pretreatment with an isotype control antibody or the anti-IL-6 receptor antibody between PB-low MS (n = 8) and PB-
high MS (n = 8). Measurement values obtained for the same patient after the pretreatment with an isotype control
antibody or the anti-IL-6 receptor antibody were connected with a line. PB frequency (%): Amount of PB. *P < 0.05
by Wilcoxon signed-rank test.

Mode for Carrying out the Invention

[0016] Hereinafter, the present invention will be described in detail.
[0017] The present invention relates to a marker for the determination of the therapeutic effect of interferon beta on
relapsing-remitting multiple sclerosis. The present invention also relates to a marker for the determination of suitability
for the treatment of relapsing-remitting multiple sclerosis with an IL-6 inhibitor. In the present invention, the therapeutic
effect on relapsing-remitting multiple sclerosis or the suitability for the treatment is predicted or determined by using, as
an index, the amount of PB (plasmablast) in a biological sample derived from a relapsing-remitting multiple sclerosis
patient.
[0018] Specifically, the present invention relates to
use of a plasmablast in the determination of the therapeutic effect of interferon beta on relapsing-remitting multiple
sclerosis, the use comprising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient; and

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual.

[0019] The present invention also relates to
use of a plasmablast in the determination of the therapeutic effect of an IL-6 inhibitor on relapsing-remitting multiple
sclerosis, the use comprising:
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(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient; and

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual.

[0020] Alternatively, the present invention relates to
a method for predicting the therapeutic effect of interferon beta on a relapsing-remitting multiple sclerosis patient, the
method comprising the steps of:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from the relapsing-remitting
multiple sclerosis patient; and

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual.
The method of the present invention can further comprise, after the step (ii), the step of

(iii) administering the interferon beta to a relapsing-remitting multiple sclerosis patient who has not been found low
responsive to treatment with the interferon beta.

[0021] Specifically, the present invention relates to a method for treating relapsing-remitting multiple sclerosis, com-
prising the steps (i) to (iii).
[0022] Alternatively, the present invention relates to
use of a plasmablast detection reagent in the production of an agent for predicting the therapeutic effect of interferon
beta on relapsing-remitting multiple sclerosis.
[0023] Alternatively, the present invention relates to
use of a plasmablast detection reagent in the prediction or determination of the therapeutic effect of interferon beta on
relapsing-remitting multiple sclerosis.
[0024] Alternatively, the present invention relates to
use of a plasmablast detection reagent in the prediction or determination of the therapeutic effect of interferon beta on
relapsing-remitting multiple sclerosis, the use comprising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the interferon beta to a relapsing-remitting multiple sclerosis patient who has not been found low
responsive to treatment with the interferon beta.

[0025] The present invention also relates to
use of interferon beta in the treatment of relapsing-remitting multiple sclerosis, the use comprising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the interferon beta to a relapsing-remitting multiple sclerosis patient who has not been found low
responsive to treatment with the interferon beta.

[0026] Alternatively, the present invention relates to,
use of a plasmablast detection reagent in the production of an agent for predicting the therapeutic effect of interferon
beta on relapsing-remitting multiple sclerosis, the use comprising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
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sclerosis patient;
(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual; and
(iii) administering the interferon beta to a relapsing-remitting multiple sclerosis patient who has not been found low
responsive to treatment with the interferon beta.

[0027] The present invention also relates to
use of interferon beta in the production of a therapeutic agent for relapsing-remitting multiple sclerosis, the use comprising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;
(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual; and
(iii) administering the interferon beta to a relapsing-remitting multiple sclerosis patient who has not been found low
responsive to treatment with the interferon beta.

[0028] Alternatively, the present invention relates to
a method for detecting a marker for the prediction of the therapeutic effect of interferon beta on relapsing-remitting
multiple sclerosis, the method comprising the step of measuring an amount of a plasmablast contained in a biological
sample isolated from a relapsing-remitting multiple sclerosis patient.
[0029] Alternatively, the present invention relates to
interferon beta or a therapeutic agent for relapsing-remitting multiple sclerosis for use in administration to a relapsing-
remitting multiple sclerosis patient who has not been found low responsive to treatment with the interferon beta by a
method comprising the following steps or for use in the treatment of relapsing-remitting multiple sclerosis which has not
been found low responsive to treatment with the interferon beta by a method comprising the following steps:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient; and

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual.
The method of the present invention can further comprise, after the step (ii), the step of

(iii) administering the interferon beta or the therapeutic agent for relapsing-remitting multiple sclerosis to a relapsing-
remitting multiple sclerosis patient who has not been found low responsive to treatment with the interferon beta.

[0030] Alternatively, the present invention relates to
a therapeutic agent for relapsing-remitting multiple sclerosis which is directed to:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the therapeutic agent for relapsing-remitting multiple sclerosis to a relapsing-remitting multiple
sclerosis patient who has not been found low responsive to treatment with the interferon beta,

the therapeutic agent for relapsing-remitting multiple sclerosis comprising the interferon beta as an active ingredient.
[0031] Alternatively, the present invention relates to
an agent for predicting the therapeutic effect of interferon beta on relapsing-remitting multiple sclerosis which is directed to:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual; and
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(iii) administering the interferon beta to a relapsing-remitting multiple sclerosis patient who has not been found low
responsive to treatment with the interferon beta,

the predicting agent comprising a plasmablast detection reagent.
[0032] The present invention also relates to
a method for predicting the therapeutic effect of an IL-6 inhibitor on a relapsing-remitting multiple sclerosis patient, the
method comprising the steps of:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from the relapsing-remitting
multiple sclerosis patient; and

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual.
The method of the present invention can further comprise, after the step (ii), the step of

(iii) administering the IL-6 inhibitor to a relapsing-remitting multiple sclerosis patient who has been found highly
responsive to treatment with the IL-6 inhibitor.

[0033] Specifically, the present invention relates to a method for treating relapsing-remitting multiple sclerosis, com-
prising the steps (i) to (iii).
[0034] Alternatively, the present invention relates to
use of a plasmablast detection reagent in the production of an agent for predicting the therapeutic effect of an IL-6
inhibitor on relapsing-remitting multiple sclerosis.
[0035] Alternatively, the present invention relates to
use of a plasmablast detection reagent in the prediction or determination of the therapeutic effect of an IL-6 inhibitor on
relapsing-remitting multiple sclerosis.
[0036] Alternatively, the present invention relates to
use of a plasmablast detection reagent in the prediction or determination of the therapeutic effect of an IL-6 inhibitor on
relapsing-remitting multiple sclerosis, the use comprising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the IL-6 inhibitor to a relapsing-remitting multiple sclerosis patient who has been found highly
responsive to treatment with the IL-6 inhibitor.

[0037] The present invention also relates to
use of an IL-6 inhibitor in the treatment of relapsing-remitting multiple sclerosis, the use comprising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the IL-6 inhibitor to a relapsing-remitting multiple sclerosis patient who has been found highly
responsive to treatment with the IL-6 inhibitor.

[0038] Alternatively, the present invention relates to
use of a plasmablast detection reagent in the production of an agent for predicting the therapeutic effect of an IL-6
inhibitor on relapsing-remitting multiple sclerosis, the use comprising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;
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(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the IL-6 inhibitor to a relapsing-remitting multiple sclerosis patient who has been found highly
responsive to treatment with the IL-6 inhibitor.

[0039] The present invention also relates to
use of an IL-6 inhibitor in the production of a therapeutic agent for relapsing-remitting multiple sclerosis, the use com-
prising:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the IL-6 inhibitor to a relapsing-remitting multiple sclerosis patient who has been found highly
responsive to treatment with the IL-6 inhibitor.

[0040] Alternatively, the present invention relates to
a method for detecting a marker for the prediction of the therapeutic effect of an IL-6 inhibitor on relapsing-remitting
multiple sclerosis, the method comprising the step of measuring an amount of a plasmablast contained in a biological
sample isolated from a relapsing-remitting multiple sclerosis patient.
[0041] Alternatively, the present invention relates to
an IL-6 inhibitor or a therapeutic agent for relapsing-remitting multiple sclerosis for use in administration to a relapsing-
remitting multiple sclerosis patient who has been found highly responsive to treatment with the IL-6 inhibitor by a method
comprising the following steps or for use in the treatment of relapsing-remitting multiple sclerosis which has been found
highly responsive to treatment with the IL-6 inhibitor by a method comprising the following steps:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient; and

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual.
The method of the present invention can further comprise, after the step (ii), the step of

(iii) administering the IL-6 inhibitor or the therapeutic agent for relapsing-remitting multiple sclerosis to a relapsing-
remitting multiple sclerosis patient who has been found highly responsive to treatment with the IL-6 inhibitor.

[0042] Alternatively, the present invention relates to
a therapeutic agent for relapsing-remitting multiple sclerosis which is directed to:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the therapeutic agent for relapsing-remitting multiple sclerosis to a relapsing-remitting multiple
sclerosis patient who has been found highly responsive to treatment with the IL-6 inhibitor,

the therapeutic agent for relapsing-remitting multiple sclerosis comprising the IL-6 inhibitor as an active ingredient.
[0043] Alternatively, the present invention relates to
an agent for predicting the therapeutic effect of an IL-6 inhibitor on relapsing-remitting multiple sclerosis which is directed
to:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;
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(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the IL-6 inhibitor to a relapsing-remitting multiple sclerosis patient who has been found highly
responsive to treatment with the IL-6 inhibitor,

the predicting agent comprising a plasmablast detection reagent.
[0044] In the present invention, the method for predicting the therapeutic effect can also be used interchangeably with
a method for predicting prognosis, a method for determining suitability for treatment, a method for diagnosing the ther-
apeutic effect, etc.
[0045] In the present invention, the phrases "found low responsive to treatment" and "found highly responsive to
treatment" can also be used interchangeably with the phrases "confirmed to be low responsive to treatment" and "con-
firmed to be highly responsive to treatment", respectively.
[0046] In the present invention, the "relapsing-remitting multiple sclerosis patient who has not been found low respon-
sive to treatment with the interferon beta" can be used interchangeably with a "patient suitable for treatment with the
interferon beta", an "interferon beta-responsive patient", etc. The present invention relates to
a method for identifying a patient suitable for the treatment of relapsing-remitting multiple sclerosis with interferon beta,
the method comprising the steps of:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient; and

(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual.

[0047] In the present invention, the "relapsing-remitting multiple sclerosis patient who has been found highly responsive
to treatment with the IL-6 inhibitor" can be used interchangeably with a "patient suitable for treatment with the IL-6
inhibitor", an "IL-6 inhibitor-responsive patient", a "patient not suitable for treatment with interferon beta", an "interferon
beta-nonresponsive patient", etc. The present invention relates to
a method for identifying a patient suitable for the treatment of relapsing-remitting multiple sclerosis with an IL-6 inhibitor,
the method comprising the steps of:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient; and

(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual.

[0048] In the present invention, the amount of a plasmablast (PB) contained in a biological sample isolated from a
relapsing-remitting multiple sclerosis patient is measured. The "biological sample" according to the present invention is
not particularly limited as long as the biological sample can be collected from the patient and permits measurement of
the amount of PB. Examples of such a sample can include, but are not limited to, blood-derived samples. The blood-
derived samples are not limited as long as the blood-derived samples contain lymphocytes. Examples thereof preferably
include peripheral blood and whole blood and particularly preferably include peripheral blood. Methods for obtaining the
blood-derived samples from test subjects are well known to those skilled in the art.
[0049] In the present invention, the relapsing-remitting multiple sclerosis refers to multiple sclerosis with repetitive
relapses and remissions. In the present invention, the relapsing-remitting multiple sclerosis patient can also be referred
to as a "test subject suspected of having relapsing-remitting multiple sclerosis" or a "patient in need of the treatment of
relapsing-remitting multiple sclerosis". The "relapsing-remitting multiple sclerosis patient" of the present invention can
be, but is not limited to, a relapsing-remitting multiple sclerosis patient without neuromyelitis optica.
[0050] Plasmablasts (PB) are a subset of B cells serving as one type of lymphocyte and have the function of specializing
in antibody production. Examples of the "plasmablast (PB)" according to the present invention include, but are not limited
to, B cells exhibiting CD19+CD27+CD180-CD38high expression. In the present invention, the "amount of a plasmablast
(PB)" refers to the number of cells of or the ratio of the plasmablast. Specifically, for example, the ratio of the number
of the plasmablast (PB) to the number of CD19+ B cells in peripheral blood can be indicated by (the number of the
plasmablast (PB) / the number of CD19+ B cells x 100 (%)). In the present invention, the amount of a plasmablast (PB)
can also be referred to as the ratio of the number of the plasmablast (PB) to the number of CD19+ B cells or simply as
the ratio of the plasmablast (PB), etc.
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[0051] In the present invention, the phrase "the amount of a plasmablast (PB) is high" or "a high amount of a plasmablast
(PB)" means that the amount of PB contained in a biological sample isolated from a relapsing-remitting multiple sclerosis
patient is equal to or higher than the average amount of PB + 1SD (SD: standard deviation), more preferably 2SD (SD:
standard deviation), in healthy individuals. On the other hand, the phrase "the amount of a plasmablast (PB) is low" or
"a low amount of a plasmablast (PB)" means that the amount of PB is lower than this reference value. In the present
invention, in the case where the amount of a plasmablast contained in a biological sample isolated from a relapsing-
remitting multiple sclerosis patient is indicated by the aforementioned ratio of the number of the plasmablast (PB) to the
number of CD19+ B cells in peripheral blood (the number of the plasmablast (PB) / the number of CD19+ B cells 3 100
(%)), it is shown that the amount of a plasmablast is high when this ratio is, for example, 3.00% or more, preferably
3.50% or more, particularly preferably 3.94% or more, more preferably 4.50% or more.
[0052] In the present invention, it is shown that the therapeutic effect of interferon beta on relapsing-remitting multiple
sclerosis is low when the amount of a plasmablast is high. Also, it is shown that the therapeutic effect of an IL-6 inhibitor
on relapsing-remitting multiple sclerosis is high when the amount of a plasmablast is high.
[0053] In the present invention, the phrase "low responsive to the treatment of relapsing-remitting multiple sclerosis
with interferon beta" means that at least any one of the following conditions is satisfied:

- the number of relapses within 2 years after the start of the treatment with interferon beta is 2 or more;

- a serious adverse reaction is manifested; and

- concomitant immune disorder centering on an autoimmune disorder aggravated by the interferon beta is present.

[0054] The method for measuring the amount of PB according to the present invention is not particularly limited and
can be carried out, for example, by measuring the amount of B cells in peripheral blood isolated from the patient by flow
cytometry analysis using fluorescently labeled antibodies. Specifically, peripheral blood mononuclear cells (PBMC) can
be co-stained with a fluorescent anti-CD3 antibody (Anti-CD3-PerCP-Cy5.5: BioLegend, Inc., 300430), a fluorescent
anti-CD14 antibody (Anti-CD14-APC: BioLegend, Inc., 301808), a fluorescent anti-CD19 antibody (Anti-CD19-APC-Cy7,
BD Biosciences, 348794), a fluorescent anti-CD27 antibody (Anti-CD27-PE-Cy7, BD Biosciences, 560609), a fluorescent
anti-CD180 antibody (Anti-CD180-PE, BD Biosciences, 551953), and a fluorescent anti-CD38 antibody (anti-CD38-
FITC, Beckman Coulter, Inc., A0778) to select cells exhibiting CD19+CD27+CD180-CD38high expression.
[0055] More specifically, for example, CD3+ T cells or CD14+ monocytes are excluded from PBMC, and CD19+CD27+

cells are selected. CD180-CD38high cells can be further selected to obtain CD19+CD27+CD180-CD38high cells. For
example, cells having a CD19 expression level of 103 or higher are defined as CD19+ cells; B cells having a CD27
expression level of 2 3 103 or higher are defined as CD27+ cells; B cells having a CD180 expression level of 2 3 103

or lower are defined as CD180- cells; and B cells having a CD38 expression level of 3 3 103 or higher are defined as
CD38high cells. According to these criteria, CD19+CD27+CD180- CD38high cells can be obtained. Also, the cells having
a CD19 expression level of 103 or higher can be defined as CD19+ B cells. The amount of PB can be determined, as
mentioned above, according to the number of CD19+CD27+CD180- CD38high B cells / the number of CD19+ B cells 3
100 (%).
[0056] In the present invention, PB can also be detected using a plasmablast detection reagent. The plasmablast
detection reagent is not particularly limited as long as the plasmablast detection reagent is capable of detecting the
plasmablast. Examples thereof can include antibodies capable of recognizing the plasmablast. The antibodies capable
of recognizing the plasmablast are not particularly limited as long as the antibodies can recognize a protein or a receptor
expressed on the surface of the plasmablast. Examples thereof include an anti-CD19 antibody, a CD27 antibody, and
an anti-CD38 antibody. In the present invention, two or more of these antibodies or all of the three antibodies are
preferably used in combination.
[0057] The antibody of the present invention can be a polyclonal antibody or a monoclonal antibody. Alternatively, the
antibody of the present invention may be a multispecific antibody recognizing two or more different antigenic determinants
such as proteins or receptors expressed on the surface of the plasmablast.
[0058] The present invention provides even a kit for detecting a marker for the prediction of a therapeutic effect on
relapsing-remitting multiple sclerosis, the kit comprising: (i) a reagent for detecting a plasmablast in a biological sample;
and (ii) a positive control sample for the plasmablast.
The kit of the present invention is a kit for detecting a marker for the prediction of a therapeutic effect on relapsing-
remitting multiple sclerosis which is directed to:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;
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(ii) showing that the therapeutic effect of interferon beta is low when the amount of a plasmablast is high as compared
with a healthy individual; and

(iii) administering the interferon beta to a relapsing-remitting multiple sclerosis patient who has not been found low
responsive to treatment with the interferon beta.

[0059] The kit of the present invention is also a kit for detecting a marker for the prediction of a therapeutic effect on
relapsing-remitting multiple sclerosis which is directed to:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from a relapsing-remitting multiple
sclerosis patient;

(ii) showing that the therapeutic effect of an IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual; and

(iii) administering the IL-6 inhibitor to a relapsing-remitting multiple sclerosis patient who has been found highly
responsive to treatment with the IL-6 inhibitor.

[0060] In the present invention, the therapeutic effect of interferon beta is predicted by using PB as an index. The
interferon beta of the present invention can be in the form of a protein, the form of a DNA encoding the protein, or the
form of a vector having an insert of the DNA. The protein or the DNA can be synthesized by a genetic engineering
approach or a chemical approach. Those skilled in the art can obtain a vector having an insert of the DNA encoding
interferon beta by use of a vector for gene therapy known in the art.
[0061] Those skilled in the art can obtain such a protein, a DNA, or a vector on the basis of the amino acid sequence
or the nucleotide sequence of interferon beta known in the art. Also, those skilled in the art can obtain a protein functionally
equivalent to interferon beta, a DNA encoding the protein, or a vector having an insert of the DNA by site-directed
mutagenesis, PCR, or a hybridization technique known in the art. Alternatively, the interferon beta can be in the form of
a preparation mixed with a pharmaceutically acceptable salt known in the art.
[0062] The interferon beta can be a natural protein or can be prepared as a recombinant protein by a gene recombination
technique known in the art. The recombinant protein can be prepared by a method generally known to those skilled in
the art. The recombinant protein can be prepared, for example, by incorporating a nucleic acid encoding interferon beta
into appropriate expression vectors, which are then transferred to appropriate host cells, recovering the resulting trans-
formants, obtaining extracts, and then purifying the protein by, for example, ion-exchange, reverse-phase, or gel filtration
chromatography or affinity chromatography using an anti-interferon beta antibody-immobilized column or by the combined
use of a plurality of columns therefor.
[0063] In the case of allowing the interferon beta to be expressed within host cells (e.g., animal cells or E. coli) as a
fusion polypeptide with glutathione S-transferase protein or as a recombinant polypeptide with a plurality of histidine
residues added thereto, the expressed recombinant polypeptide can be purified using a glutathione column or a nickel
column.
[0064] In the case of using, for example, E. coli, as a host, the vector is not particularly limited as long as the vector
has "ori" for amplification in E. coli in order to amplify and prepare the vector in a large amount in E. coli (e.g., JM109,
DH5α, HB101, or XL1-Blue) and further has a marker gene (e.g., a drug resistance gene that is identifiable by a certain
drug (ampicillin, tetracycline, kanamycin, or chloramphenicol)) for transformed E. coli. Examples of the vector include
M13-series vectors, pUC-series vector, pBR322, pBluescript, and pCR-Script. For the purpose of cDNA subcloning and
excision, examples thereof include the vectors mentioned above as well as pGEM-T, pDIRECT, and pT7. In the case
of using the vector for the purpose of interferon beta production, an expression vector is particularly useful. For the
purpose of, for example, expression in E. coli, it is essential for the expression vector to have the aforementioned features
for the amplification of the vector in E. coli as well as to have a promoter that permits efficient expression in E. coli such
as JM109, DH5α, HB101, orXL1-Blue used as a host, for example, lacZ promoter (Ward et al., Nature (1989) 341,
544-546; and FASEB J. (1992) 6, 2422-2427), araB promoter (Better et al., Science (1988) 240, 1041-1043), or T7
promoter. Examples of such a vector include the vectors mentioned above as well as pGEX-5X-1 (manufactured by
Pharmacia Corp.), "QIAexpress system" (manufactured by Qiagen N.V.), pEGFP, and pET.
[0065] The vector may also contain a signal sequence for polypeptide secretion. For production in the periplasm of
E. coli, a pelB signal sequence (Lei, S. P. et al J. Bacteriol. (1987) 169, 4379) can be used as the signal sequence for
polypeptide secretion. The vector can be transferred to the host cells by use of, for example, a calcium chloride method
or electroporation.
[0066] Examples of expression vectors other than the E. coli-derived expression vectors include mammal-derived
expression vectors (e.g., pcDNA3 (manufactured by Invitrogen Corp.), pEGF-BOS (Nucleic Acids. Res. 1990, 18 (17),
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p. 5322), pEF, and pCDM8), insect cell-derived expression vectors (e.g., "Bac-to-BAC baculovirus expression system"
(manufactured by Gibco BRL/Life Technologies, Inc.) and pBacPAK8), plant-derived expression vectors (e.g., pMH1
and pMH2), animal virus-derived expression vectors (e.g., pHSV, pMV, and pAdexLcw), retrovirus-derived expression
vectors (e.g., pZIPneo), yeast-derived expression vectors (e.g., "Pichia Expression Kit" (manufactured by Invitrogen
Corp.), pNV11, and SP-Q01), and Bacillus subtilis-derived expression vectors (e.g., pPL608 and pKTH50).
[0067] For the purpose of expression in animal cells such as CHO cells, COS cells, or NIH3T3 cells, it is essential for
the expression vector to have a promoter necessary for intracellular expression, for example, SV40 promoter (Mulligan
et al., Nature (1979) 277, 108), MMLV-LTR promoter, EF1α promoter (Mizushima et al., Nucleic Acids Res. (1990) 18,
5322), or CMV promoter and more preferred to have a marker gene (e.g., a drug resistance gene that is identifiable by
a drug (neomycin, G418, etc.)) for transformed cells. Examples of vectors having such properties include pMAM, pDR2,
pBK-RSV, pBK-CMV, pOPRSV, and pOP13.
[0068] Examples of systems for producing the polypeptide in vivo include production systems using animals and
production systems using plants. A nucleic acid encoding interferon beta is transferred to such an animal or a plant, and
the interferon beta is produced in the body of the animal or the plant and recovered.
[0069] In the case of using the animal, a mammal or an insect can be used in the production system. A goat, a pig,
sheep, a mouse, or cattle can be used as the mammal (Vicki Glaser, SPECTRUM Biotechnology Applications, 1993).
In the case of using the mammal, a transgenic animal can be used.
[0070] The interferon beta thus obtained can be isolated from the inside of the host cells or the outside of the cells
(medium, etc.) and purified as a substantially pure and homogeneous polypeptide. The polypeptide separation and
purification can be carried out without limitations using a separation and purification method for use in ordinary polypeptide
purification. The polypeptide can be separated and purified by appropriately selecting or combining, for example, chro-
matography columns, filters, ultrafiltration, salting out, solvent precipitation, solvent extraction, distillation, immunopre-
cipitation, SDS-polyacrylamide gel electrophoresis, isoelectric focusing, dialysis, and/or recrystallization.
[0071] Before or after the purification of the interferon beta, an arbitrary modification may be applied thereto or a partial
peptide may be removed therefrom by the action of an appropriate protein-modifying enzyme. For example, trypsin,
chymotrypsin, lysyl endopeptidase, protein kinase, or glucosidase is used as the protein-modifying enzyme.
[0072] The interferon beta also includes a protein that has undergone the alteration of one or more amino acids and
has the potential function of serving as interferon beta after activation of the interferon beta. Within this scope, the
interferon beta also includes an interferon beta fragment.
[0073] In the case of altering the amino acid residues, each amino acid is desirably varied to another amino acid having
the same side chain properties thereas. Examples of the amino acid side chain properties can include hydrophobic
amino acids (A, I, L, M, F, P, W, Y, and V), hydrophilic amino acids (R, D, N, C, E, Q, G, H, K, S, and T), amino acids
having an aliphatic side chain (G, A, V, L, I, and P), amino acids having a hydroxy group-containing side chain (S, T,
and Y), amino acids having a sulfur atom-containing side chain (C and M), amino acids having carboxylic acid- and
amide-containing side chain (D, N, E, and Q), amino acids having a base-containing side chain (R, K, and H), and amino
acids having an aromatic group-containing side chain (H, F, Y, and W) (the one-letter codes of these amino acids are
indicated within the parentheses). The amino acid substitution within each of these groups is referred to as conservative
substitution. It has already been known that a polypeptide having an amino acid sequence modified from a certain amino
acid sequence by the deletion and/or addition of one or more (e.g., 2, 3, 4, 5, 10, 20, 30, 40, 50, or 100) amino acid
residues and/or the substitution thereof with other amino acids maintains its biological activity (Mark, D. F. et al., Proc.
Natl. Acad. Sci. USA (1984) 81: 5662-6; Zoller, M. J. and Smith, M., Nucleic Acids Res. (1982) 10: 6487-500; Wang, A.
et al., Science (1984) 224: 1431-3; and Dalbadie-McFarland, G. et al., Proc. Natl. Acad. Sci. USA (1982) 79: 6409-13).
Such a variant has at least 70%, preferably at least 75%, more preferably at least 80%, further preferably at least 85%,
still further preferably at least 90%, most preferably at least 95% amino acid sequence identity to the amino acid sequence
of the interferon beta before the amino acid alteration or a fragment of the interferon beta. In the present specification,
the sequence identity is determined by aligning the sequences to be compared according to the need so as to attain the
maximum sequence identity and appropriately introducing a gap thereto, and defined as the ratio of the number of
identical residues to the number of residues in the amino acid sequence of the original heavy chain variable region or
light chain variable region.
[0074] The amino acid sequence or nucleotide sequence identity can be determined using the algorithm BLAST of
Karlin and Altschul (Proc. Natl. Acad. Sci. USA 87: 2264-2268, 1990; and Proc Natl Acad Sci USA 90: 5873, 1993). A
program called BLASTN or BLASTX based on the algorithm of BLAST has been developed (Altschul SF, et al., J Mol
Biol 215: 403, 1990). In the case of analyzing nucleotide sequences using BLASTN, the parameters are set to, for
example, score = 100 and wordlength = 12. In the case of analyzing amino acid sequences using BLASTX, the parameters
are set to, for example, score = 50 and wordlength = 3. In the case of using BLAST and Gapped BLAST programs, the
default parameters of each program are used. Specific approaches for these analysis methods are known in the art.
[0075] As methods for preparing a DNA encoding the protein having an altered amino acid sequence, for example,
site-directed mutagenesis (Kramer, W. and Fritz, H.-J. (1987) Oligonucleotide-directed construction of mutagenesis via
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gapped duplex DNA. Methods in Enzymology, 154: 350-367), a hybridization technique (Southern, E.M. (1975) Journal
of Molecular Biology, 98, 503), and a PCR technique (Saiki, R. K. et al., (1985) Science, 230, 1350-1354; and Saiki, R.
K. et al., (1988) Science, 239, 487-491) are well known to those skilled in the art,
[0076] Examples of the "treatment with interferon beta (IFN-β)" according to the present invention can preferably
include, but are not limited to, interferon beta with interferon beta-1 a (Avonex(R)) or interferon beta-1 b (Betaferon(R)),
and treatment with other interferon beta preparations.
[0077] In the present invention, the therapeutic effect of an IL-6 inhibitor on relapsing-remitting multiple sclerosis is
also predicted by using PB as an index. In the present invention, the "IL-6 inhibitor" is not limited as long as the IL-6
inhibitor is capable of blocking IL-6 signal transduction and inhibiting the biological activity of IL-6. Specific examples of
the IL-6 inhibitor can include a substance binding to IL-6, a substance binding to an IL-6 receptor, and a substance
binding to gp130. Other examples of the IL-6 inhibitor can include, but are not limited to, a substance inhibiting STAT3
phosphorylation important as the intracellular signal of IL-6, for example, AG490. The IL-6 inhibitor includes, but is not
particularly limited to, an anti-IL-6 antibody, an anti-IL-6 receptor antibody, an anti-gp130 antibody, an IL-6 variant, a
soluble IL-6 receptor variant, a partial IL-6 peptide, a partial IL-6 receptor peptide, and a low-molecular compound
exhibiting activity similar thereto.
[0078] Examples of the preferred form of the IL-6 inhibitor can include an IL-6 receptor inhibitor, particularly an anti-
IL-6 receptor antibody.
[0079] The origin of the antibody used in the present invention is not particularly limited, and the antibody can be
derived from preferably a mammal, more preferably a human.
[0080] The antibody used in the present invention can be obtained as a polyclonal or monoclonal antibody by use of
an approach known in the art. The antibody used in the present invention is particularly preferably a mammal-derived
monoclonal antibody. The mammal-derived monoclonal antibody includes an antibody produced by a hybridoma, and
an antibody produced by a host transformed with an expression vector containing an antibody gene by a genetic engi-
neering approach. Usually, this antibody blocks the intracellular transduction of the biological activity of IL-6 through its
binding to IL-6, an IL-6 receptor, gp130, or the like.
[0081] Basically, the monoclonal antibody-producing hybridoma can be prepared by use of a technique known in the
art as follows: an IL-6 receptor, IL-6, gp130, or the like is used as a sensitizing antigen in immunization according to an
ordinary immunization method, and the resulting immunocytes can be fused with parent cells known in the art by an
ordinary cell fusion method and screened for monoclonal antibody-producing cells by an ordinary screening method to
prepare monoclonal antibody-producing hybridomas.
[0082] Specifically, the monoclonal antibody can be prepared as follows: in the case of preparing, for example, an
anti-IL-6 receptor antibody, the antibody is obtained by using the nucleotide sequence of a gene encoding an IL-6
receptor disclosed in European Patent Application Publication No. EP 325474 as a human IL-6 receptor for use as a
sensitizing antigen or disclosed in Japanese Patent Laid-Open No. 3-155795 as a mouse IL-6 receptor for use as a
sensitizing antigen, and/or the amino acid sequence of the IL-6 receptor protein.
[0083] IL-6 receptor proteins are classified into two types: a protein expressed on the cell membrane, and a protein
dissociated from the cell membrane (soluble IL-6 receptor) (Yasukawa, K. et al., J. Biochem. (1990) 108, 673-676). The
soluble IL-6 receptor is constituted by substantially the extracellular region of the IL-6 receptor bound with the cell
membrane and differs from the membrane-bound IL-6 receptor in that the soluble IL-6 receptor is deficient in the trans-
membrane region or in the transmembrane region and the intracellular region. Any IL-6 receptor may be used as the
IL-6 receptor protein of the present invention as long as the IL-6 receptor may be used as a sensitizing antigen in the
preparation of the anti-IL-6 receptor antibody used in the present invention.
[0084] The gene sequence of the IL-6 receptor is inserted to an expression vector system known in the art, and
appropriate host cells are transformed therewith. Then, the IL-6 receptor protein of interest is purified by a method known
in the art from the inside of the host cells or from a culture supernatant thereof. This purified IL-6 receptor protein can
be used as the sensitizing antigen. Alternatively, cells expressing the IL-6 receptor or a fusion protein of the IL-6 receptor
protein with another protein may be used as the sensitizing antigen.
[0085] Likewise, in the case of using IL-6 as a sensitizing antigen in antibody obtainment, the antibody is obtained by
using the nucleotide sequence of a gene encoding IL-6 disclosed in Eur. J. Biochem (1987) 168, 543-550, J. Immunol.
(1988)140, 1534-1541, or Agr. Biol. Chem. (1990) 54, 2685-2688 as human IL-6, and/or the amino acid sequence of
the IL-6 protein. Also, the nucleotide sequence of a gp130 gene and/or the amino acid sequence of the gp130 protein
disclosed in European Patent Application Publication No. EP 411946 can be used as a sensitizing antigen for obtaining
the anti-gp130 antibody.
[0086] The mammal to be immunized with the sensitizing antigen is not particularly limited and is preferably selected
in consideration with compatibility with the parent cells for use in cell fusion. In general, a rodent, for example, a mouse,
a rat, or a hamster is used.
[0087] The animal is immunized with the sensitizing antigen according to a method known in the art. For example, a
general method involves intraperitoneally or subcutaneously injecting the sensitizing antigen to the mammal. Specifically,
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the sensitizing antigen diluted or suspended in an appropriate amount with or in PBS (phosphate-buffered saline), saline,
or the like is mixed, if desired, with an appropriate amount of a usual adjuvant, for example, a complete Freund’s adjuvant.
After emulsification, several shots of the emulsion are each preferably administered to the mammal every 4 to 21 days.
Also, an appropriate carrier can be used in the immunization with the sensitizing antigen.
[0088] After such immunization and confirmation of a rise in desired antibody level in serum, immunocytes are collected
from the mammal and subjected to cell fusion. Preferred examples of the immunocytes that are subjected to cell fusion
particularly include spleen cells.
[0089] Mammalian myeloma cells for use as partner parent cells to be fused with the immunocytes have already been
known in the art, and various cell lines, for example, P3X63Ag8.653 (Kearney, J. F. et al., J. Immunol. (1979) 123,
1548-1550), P3X63Ag8U.1 (Current Topics in Microbiology and Immunology (1978) 81, 1-7), NS-1 (Kohler. G. and
Milstein, C. Eur. J. Immunol. (1976) 6, 511-519), MPC-11 (Margulies. D.H. et al., Cell (1976) 8, 405-415), SP2/0 (Shulman,
M. et al., Nature (1978) 276, 269-270), FO (de St. Groth, S. F. et al., J. Immunol. Methods (1980) 35, 1-21), S194
(Trowbridge, I. S. J. Exp. Med. (1978) 148, 313-323), and R210 (Galfre, G. et al., Nature (1979) 277, 131-133) are
appropriately used.
[0090] Basically, the cell fusion between the immunocytes and the myeloma cells can be carried out according to a
method known in the art, for example, the method of Milstein et al. (Kohler. G. and Milstein, C., Methods Enzymol. (1981)
73, 3-46).
[0091] More specifically, the cell fusion is carried out, for example, in a usual nutrient medium in the presence of a
cell fusion promoter. For example, polyethylene glycol (PEG) or hemagglutinating virus of Japan (HVJ) is used as the
fusion promoter. An auxiliary such as dimethyl sulfoxide can be further added thereto and used, if desired, for enhancing
fusion efficiency.
[0092] The ratio between the immunocytes and the myeloma cells used is preferably set to, for example, 1:1 to 10:1
(immunocytes:myeloma cells). For example, an RPM11640 medium or a MEM medium suitable for the growth of the
myeloma cell lines mentioned above or a usual medium for use in this kind of cell culture can be used as the medium
in the cell fusion and may be used in combination with a serum supplement such as fetal calf serum (FCS).
[0093] For the cell fusion, predetermined amounts of the immunocytes and the myeloma cells are well mixed in the
medium. A PEG solution, for example, a solution of PEG having an average molecular weight on the order of 1000 to
6000, preheated to approximately 37°C is usually added to the mixture at a concentration of 30 to 60% (w/v) and mixed
therewith to form the fusion cells (hybridomas) of interest. Subsequently, the operation of sequentially adding an appro-
priate medium and removing a supernatant by centrifugation can be repeated to remove cell fusion agents or the like
unfavorable for the growth of the hybridomas.
[0094] The hybridomas thus obtained are cultured in a usual selective medium, for example, a HAT medium (medium
containing hypoxanthine, aminopterin, and thymidine) for selection. This culture in the HAT medium is continued for a
period (usually, several days to several weeks) sufficient for killing cells (non-fused cells) other than the hybridomas of
interest. Subsequently, hybridomas producing the antibody of interest are screened for and cloned by an ordinary limiting
dilution method.
[0095] In addition to such obtainment of the hybridomas by the immunization of the non-human animal with the antigen,
a desired human antibody having binding activity against the desired antigen or cells expressing the antigen may be
obtained by sensitizing in vitro human lymphocytes with the desired antigen protein or cells expressing the antigen and
fusing the sensitized B lymphocytes with human myeloma cells, for example, U266 (see Japanese Patent Publication
No. 1-59878). Alternatively, the antigen or cells expressing the antigen may be administered to a transgenic animal
having human antibody gene repertoires, and the desired human antibody can be obtained according to the method
mentioned above (see International Publication Nos. WO93/12227, WO92 /03918, WO94/02602, WO94/25585,
WO96/34096, and WO96/33735).
[0096] The monoclonal antibody-producing hybridomas thus prepared can be subcultured in a usual medium and can
also be preserved for a long period in liquid nitrogen.
[0097] The monoclonal antibody is obtained from the hybridomas by the adoption of, for example, a method which
involves culturing the hybridomas according to an ordinary method and obtaining the antibody as a culture supernatant
thereof, or a method which involves administering the hybridomas to mammals compatible therewith and, after growth,
obtaining the antibody as ascitic fluid thereof. The former method is suitable for obtaining a highly pure antibody, while
the latter method is suitable for the large-scale production of the antibody.
[0098] For example, hybridomas producing the anti-IL-6 receptor antibody can be prepared by a method disclosed in
Japanese Patent Laid-Open No. 3-139293. This preparation can be carried out by a method which involves intraperito-
neally injecting PM-1 antibody-producing hybridomas BALB/c mice to obtain ascitic fluid, from which the PM-1 antibody
is purified, or a method which involves culturing the hybridomas in an appropriate medium, for example, an RPMI1640
medium containing 10% fetal calf serum and 5% BM-Condimed H1 (manufactured by Boehringer Mannheim), a Hybri-
doma SFM medium (manufactured by Gibco BRL/Life Technologies, Inc.), or a PFHM-II medium (manufactured by
Gibco BRL/Life Technologies, Inc.) and purifying the PM-1 antibody from the culture supernatant.
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[0099] In the present invention, a recombinant antibody produced by use of a gene recombination technique which
involves cloning an antibody gene from hybridomas, incorporating the antibody gene into an appropriate vector, and
transferring this vector to a host can be used as the monoclonal antibody (see e.g., Borrebaeck C.A.K. and Larrick J.
W. THERAPEUTIC MONOCLONAL ANTIBODIES, Published in the United Kingdom by MACMILLAN PUBLISHERS
LTD, 1990).
[0100] Specifically, mRNAs encoding the variable (V) regions of the antibody are isolated from cells, for example,
hybridomas, producing the antibody of interest. For the mRNA isolation, total RNA is prepared by a method known in
the art, for example, a guanidine ultracentrifugation method (Chirgwin, J. M. et al., Biochemistry (1979) 18, 5294-5299)
or an AGPC method (Chomczynski, P. et al., Anal. Biochem. (1987) 162, 156-159), and the mRNAs are prepared using
mRNA Purification Kit (manufactured by Pharmacia Corp.) or the like. Alternatively, the mRNAs can be directly prepared
by use of QuickPrep mRNA Purification Kit (manufactured by Pharmacia Corp.).
[0101] Antibody V region cDNAs are synthesized from the obtained mRNAs using reverse transcriptase. The cDNA
synthesis can be carried out using AMV Reverse Transcriptase First-strand cDNA Synthesis Kit or the like. Also, 5’-
Ampli FINDER RACE Kit (manufactured by Clontech Laboratories, Inc.) and a PCR-based 5’-RACE method (Frohman,
M.A. et al., Proc. Natl. Acad. Sci. USA (1988) 85, 8998-9002; and Belyavsky, A.et al., Nucleic Acids Res. (1989) 17,
2919-2932) can be used in the cDNA synthesis and amplification. The DNA fragments of interest are purified from the
obtained PCR products and ligated with vector DNAs. Recombinant vectors are thereby prepared and transferred to E.
coli or the like. Colonies are selected to prepare desired recombinant vectors. The nucleotide sequences of the DNAs
of interest are confirmed by a method known in the art, for example, a deoxy method.
[0102] If DNAs encoding the V regions of the antibody of interest are obtained, these DNAs are linked to DNAs encoding
constant regions (C regions) of a desired antibody, and these linked DNAs are incorporated into expression vectors.
Alternatively, the DNAs encoding the antibody V regions may be incorporated into expression vectors containing the
DNAs of the antibody C regions.
[0103] For the production of the antibody used in the present invention, the antibody gene is incorporated into an
expression vector such that the antibody gene is expressed under the control of expression control regions, for example,
an enhancer and a promoter, as mentioned later. Next, host cells are transformed with this expression vector, and the
antibody can be expressed.
[0104] In the present invention, a gene recombinant antibody that has been artificially engineered for the purpose of,
for example, reducing the heterologous antigenicity against humans, for example, a chimeric antibody or a humanized
antibody, can be used. Such an engineered antibody can be produced by use of a known method.
[0105] The chimeric antibody is obtained by linking the antibody V region-encoding DNAs obtained as described above
to human antibody C region-encoding DNAs, and incorporating the linked DNAs into expression vectors, which are then
transferred to a host, followed by the production of the antibody (see European Patent Application Publication No.
EP125023 and International Publication No. WO92-19759). A chimeric antibody useful in the present invention can be
obtained by use of this known method.
[0106] The humanized antibody, also called reshaped human antibody, is obtained by grafting the complementarity-
determining regions (CDRs) of a non-human mammalian antibody, for example, a mouse antibody, to the complemen-
tarity-determining regions of a human antibody. A general gene recombination approach therefor is also known (see
European Patent Application Publication No. EP125023 and International Publication No. WO92-19759).
[0107] Specifically, DNA sequences designed so as to link mouse antibody CDRs and human antibody framework
regions (FRs) are synthesized by PCR using several prepared oligonucleotides having terminal portions overlapping
with each other. The obtained DNAs are linked to DNAs encoding human antibody C regions. Subsequently, the linked
DNAs are incorporated into expression vectors, which are then transferred to a host, followed by the production of the
antibody to obtain the humanized antibody (see European Patent Application Publication No. EP239400 and International
Publication No. WO92-19759).
[0108] The human antibody FRs to be connected via CDRs are selected such that the complementarity-determining
regions form a favorable antigen-binding site. If necessary, amino acids in the framework regions of the antibody variable
regions may be substituted such that the complementarity-determining regions of the resulting reshaped human antibody
form an appropriate antigen-binding site (Sato, K.et al., Cancer Res. (1993) 53, 851-856).
[0109] Usually, human antibody C regions are used for the chimeric antibody or the humanized antibody. Examples
of the human antibody heavy chain C region include Cγ. For example, Cγ1, Cγ2, Cγ3, or Cγ4 can be used. Examples of
the human antibody light chain C region can include κ and λ. These human antibody C regions may be modified in order
to improve the stability of the antibody or the stability of production thereof.
[0110] The chimeric antibody is composed of the variable regions of a non-human mammal-derived antibody and
human antibody-derived C regions. The humanized antibody is composed of the complementarity-determining regions
of a non-human mammal-derived antibody and human antibody-derived framework regions and C regions. These an-
tibodies exhibit reduced antigenicity in human bodies and as such, are useful as antibodies for use as drugs.
[0111] Specific examples of the humanized antibody used in the present invention include humanized PM-1 antibodies
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(see International Publication No. WO92-19759).
[0112] In addition to the aforementioned methods for obtaining a human antibody, a technique of obtaining a human
antibody by panning using a human antibody library is also known. For example, human antibody variable regions are
expressed as a single-chain antibody (scFv) on the surface of phages by a phage display method, and a phage binding
to the antigen may be selected. The gene of the selected phage can be analyzed to determine DNA sequences encoding
the variable regions of the human antibody binding to the antigen. If the DNA sequence of scFv binding to the antigen
is revealed, an appropriate expression vector containing this sequence can be prepared to obtain the human antibody.
These methods have already been well known. See WO92/01047, WO92/20791, WO93/06213, WO93/11236,
WO93/19172, WO95/01438, and WO95/15388.
[0113] The antibody gene constructed as described above can be expressed by a method known in the art. In the
case of using mammalian cells, the antibody gene can be expressed by use of a DNA in which a useful promoter routinely
used, the antibody gene to be expressed, and a poly-A signal 3’-downstream thereof are functionally linked, or a vector
containing the DNA. Examples of the promoter/enhancer can include human cytomegalovirus immediate early promot-
er/enhancer.
[0114] Alternatively, a promoter/enhancer of a virus such as retrovirus, polyoma virus, adenovirus, or simian virus 40
(SV40), a mammalian cell-derived promoter/enhancer such as human elongation factor 1α (HEF1α), or the like can be
used as the promoter/enhancer for the antibody expression used in the present invention.
[0115] In the case of using, for example, the SV40 promoter/enhancer, the antibody expression can be readily carried
out according to the method of Mulligan et al. (Mulligan, R.C. et al., Nature (1979) 277, 108-114). In the case of using
the HEF1α promoter/enhancer, the antibody expression can be readily carried out according to the method of Mizushima
et al. (Mizushima, S. and Nagata, S. Nucleic Acids Res. (1990) 18, 5322).
[0116] In the case of using prokaryotic cells as the host, bacterial cells can be used in the production system. E. coli
or Bacillus subtilis is known as the bacterial cells.
[0117] For E. Coli, a useful promoter routinely used, a signal sequence for antibody secretion, and the antibody gene
to be expressed can be functionally linked and expressed. Examples of the promoter can include lacZ promoter and
araB promoter. In the case of using the lacZ promoter, the antibody expression can be carried out according to the
method of Ward et al. (Ward, E.S. et al., Nature (1989) 341, 544-546; and Ward, E.S. et al. FASEB J. (1992) 6, 2422-2427).
In the case of using the araB promoter, the antibody expression can be carried out according to the method of Better et
al. (Better, M. et al. Science (1988) 240, 1041-1043).
[0118] In the case of production in the periplasm of E. coli, pelB signal sequence (Lei, S.P. et al., J. Bacteriol. (1987)
169, 4379-4383) can be used as the signal sequence for antibody secretion. The antibody produced in the periplasm is
separated and then used after appropriate refolding of the antibody structure (see e.g., WO96/30394).
[0119] A replication origin derived from SV40, polyoma virus, adenovirus, bovine papillomavirus (BPV), or the like can
be used. The expression vector can contain a selective marker such as aminoglycoside phosphotransferase (APH)
gene, thymidine kinase (TK) gene, E. coli xanthine guanine phosphoribosyltransferase (Ecogpt) gene, or dihydrofolate
reductase (dhfr) gene in order to increase the number of gene copies in the host cell system.
[0120] For the production of the antibody used in the present invention, an arbitrary production system can be used.
The production system for the antibody production is any of in vitro and in vivo production systems. Examples of the in
vitro production system include a production system using eukaryotic cells and a production system using prokaryotic
cells.
[0121] In the case of using eukaryotic cells as the host, animal cells, plant cells, or fungal cells can be used in the
production system. (1) Mammalian cells, for example, CHO, COS, myeloma, BHK (baby hamster kidney), HeLa, and
Vero, (2) amphibian cells, for example, Xenopus oocytes, or (3) insect cells, for example, sf9, sf21, and Tn5 are known
as the animal cells. Nicotiana tabacum-derived cells are known as the plant cells and can be callus-cultured. Yeasts of,
for example, the genus Saccharomyces (e.g., Saccharomyces cerevisiae) or filamentous fungi of, for example, the genus
Aspergillus (e.g., Aspergillus niger) are known as the fungal cells.
[0122] The antibody gene of interest is transferred to these cells by transformation, and the transformed cells are
cultured in vitro to obtain the antibody. This culture is carried out according to a method known in the art. For example,
DMEM, MEM, RPM11640, or IMDM can be used as a medium and may be used in combination with a serum supplement
such as fetal calf serum (FCS). Alternatively, the cells thus harboring the antibody gene may be transferred to the
peritoneal cavity or the like of an animal so that the antibody is produced in vivo.
[0123] On the other hand, examples of the in vivo production system include a production system using an animal
and a production system using a plant. In the case of using the animal, a mammal, an insect, or the like can be used in
the production system.
[0124] A goat, a pig, sheep, a mouse, cattle, or the like can be used as the mammal (Vicki Glaser, SPECTRUM
Biotechnology Applications, 1993). A silkworm can be used as the insect. In the case of using the plant, for example,
tobacco can be used.
[0125] The antibody gene is transferred to such an animal or a plant, and the antibody is produced in the body of the
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animal or the plant and recovered. For example, the antibody gene is prepared as a fusion gene by insertion in frame
into a gene encoding a protein specifically produced in milk, such as goat β casein. A DNA fragment having the fusion
gene of the inserted antibody gene is injected into a goat embryo, and this embryo is introduced into a female goat. The
desired antibody is obtained from milk produced by a transgenic goat born from the embryo-recipient goat, or progeny
thereof. Hormone may be appropriately used for the transgenic goat in order to increase the amount of the milk containing
the desired antibody produced by the transgenic goat (Ebert, K.M. et al., Bio/Technology (1994) 12, 699-702).
[0126] In the case of using the silkworm, the silkworm is infected with baculovirus having an insert of the antibody
gene of interest, and the desired antibody is obtained from the body fluid of this silkworm (Maeda, S. et al., Nature (1985)
315, 592-594). In the case of using the tobacco, the antibody gene of interest is inserted to a vector for expression in
plants, for example, pMON530, and this vector is transferred to a bacterium such as Agrobacterium tumefaciens. Tobacco,
for example, Nicotiana tabacum, is infected with this bacterium, and the desired antibody is obtained from the leaf of
this tobacco (Julian, K.-C. Ma et al., Eur. J. Immunol. (1994)24, 131-138).
[0127] In the case of producing the antibody in the in vitro or in vivo production system as mentioned above, an antibody
heavy chain (H chain)-encoding DNA and an antibody light chain (L chain)-encoding DNA may be incorporated into
separate expression vectors, and the host can be co-transformed with these expression vectors. Alternatively, the H
chain-encoding DNA and the L chain-encoding DNA may be incorporated into a single expression vector, and the host
can be transformed with this expression vector (see International Publication No. WO94-11523).
[0128] The antibody used in the present invention may be a fragment of the antibody or a modified form of the antibody
as long as the fragment or the modified form can be suitably used in the present invention. Examples of the antibody
fragment include Fab, F(ab’)2, Fv, and single-chain Fv (scFv) containing H and L chain Fvs linked through an appropriate
linker.
[0129] Specifically, the antibody fragment is formed by the treatment of the antibody with an enzyme, for example,
papain or pepsin, or is expressed in appropriate host cells after construction of a gene encoding the antibody fragment
and subsequent transfer of this gene to an expression vector (see e.g., Co, M.S. et al., J. Immunol. (1994) 152, 2968-2976;
Better, M. & Horwitz, A. H. Methods in Enzymology (1989) 178, 476-496; Plueckthun, A. & Skerra, A. Methods in
Enzymology (1989) 178, 497-515; Lamoyi, E., Methods in Enzymology (1989) 121, 652-663; Rousseaux, J. et al.,
Methods in Enzymology (1989) 121, 663-66; and Bird, R. E. et al., TIBTECH (1991) 9, 132-137).
[0130] The scFv is obtained by linking the H chain V region and the L chain V region of the antibody. In this scFv, the
H chain V region and the L chain V region are linked via a linker, preferably a peptide linker (Huston, J. S. et al., Proc.
Natl. Acad. Sci. U.S.A. (1988) 85, 5879-5883). The H chain V region and the L chain V region in the scFv may be derived
from any of those described above as the antibody according to the present invention. For example, an arbitrary single-
chain peptide composed of 12 to 19 amino acid residues is used as the peptide linker for linking the V regions.
[0131] A DNA encoding the scFv is obtained by using a DNA encoding the antibody H chain or the H chain V region
and a DNA encoding the antibody L chain or the L chain V region as templates to amplify each DNA moiety encoding
the desired amino acid sequence, of these sequences, by PCR using a primer pair annealing to both ends thereof,
followed by amplification by the combined use of a DNA encoding the peptide linker moiety and a primer pair annealing
thereto such that the both ends of the peptide linker are linked to the H chain and the L chain, respectively.
[0132] Once the scFv-encoding DNA is prepared, an expression vector containing the DNA, and a host transformed
with the expression vector can be obtained according to routine methods. Also, the scFv can be obtained according to
a routine method using the host.
[0133] These antibody fragments can be expressed through the obtainment of their genes in the same way as above
and produced by the host. The "antibody" according to the present invention also encompasses these antibody fragments.
[0134] Antibodies bound with various molecules such as polyethylene glycol (PEG) may be used as the modified form
of the antibody. The "antibody" according to the present invention also encompasses these modified forms of the antibody.
Such a modified form of the antibody can be obtained by the chemical modification of the obtained antibody. These
methods have already been established in the art.
[0135] The antibody produced and expressed as described above can be separated from the inside or outside of the
cells or from the host and purified until homogeneous. The separation and purification of the antibody used in the present
invention can be carried out by affinity chromatography. Examples of columns for use in the affinity chromatography
include protein A columns and protein G columns. Examples of carriers for use in the protein A columns include Hyper
D, POROS, and Sepharose F.F. Any of other ordinary separation and purification methods for use in proteins can be
used without limitations.
[0136] The antibody used in the present invention can be separated and purified by appropriately selecting or combining,
for example, chromatography other than the affinity chromatography, filters, ultrafiltration, salting out, and/or dialysis.
Examples of the chromatography include ion-exchange chromatography, hydrophobic chromatography, and gel filtration.
These chromatography techniques are applicable to HPLC (high-performance liquid chromatography). Alternatively,
reverse-phase HPLC may be used.
[0137] The concentration of the antibody thus obtained can be measured by, for example, absorbance measurement
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or ELISA. Specifically, in the case of measuring the concentration by the absorbance measurement, the absorbance is
measured at 280 nm after appropriate dilution of the antibody with PBS(-), and the concentration is calculated with 1
mg/ml as 1.35 OD. Alternatively, the concentration can be measured by ELISA as follows: goat anti-human IgG (man-
ufactured by TAG) diluted to 1 mg/ml with a 0.1 M bicarbonate buffer solution (pH 9.6) is added at 100 ml/well to a 96-
well plate (manufactured by Nunc/Thermo Fisher Scientific, Inc.) and incubated overnight at 4°C to immobilize the
antibody thereon. After blocking, an appropriately diluted antibody used in the present invention or a sample containing
the antibody, or a preparation human IgG (manufactured by Cappel Laboratories, Inc.) is added thereto at 100 ml/well
and incubated at room temperature for 1 hour.
[0138] After washing, alkaline phosphatase-labeled anti-human IgG (manufactured by BioSource International, Inc.)
diluted 5000-fold is added thereto at 100 ml/well and incubated at room temperature for 1 hour. After washing, a substrate
solution is added thereto and incubated. Then, the absorbance is measured at 405 nm using MICROPLATE READER
Model 3550 (manufactured by Bio-Rad Laboratories, Inc.) to calculate the concentration of the antibody of interest.
[0139] Specific examples of the anti-IL-6 antibody can include, but are not particularly limited to, MH166 (Matsuda, T.
et al., Eur. J. Immunol. (1998) 18, 951-956) and SK2 antibody (Sato K et al., Academic proceedings of the 21st General
Meeting of the Japanese Society for Immunology (1991) 21, 166).
[0140] Specific examples of the anti-IL-6 receptor antibody include, but are not particularly limited to, MR16-1 antibody
(Tamura, T. et al. Proc. Natl. Acad. Sci. USA (1993) 90, 11924-11928), PM-1 antibody (Hirata, Y. et al., J. Immunol.
(1989) 143, 2900-2906), AUK12-20 antibody, AUK64-7 antibody, and AUK146-15 antibody (International Publication
No. WO92-19759). Among them, preferred examples of the monoclonal antibody against the human IL-6 receptor
include, but are not limited to, the PM-1 antibody, and preferred examples of the monoclonal antibody against the mouse
IL-6 receptor include, but are not limited to, the MR16-1 antibody. Preferred examples of the humanized anti-IL-6 receptor
antibody can include a humanized PM-1 antibody (Tocilizumab, MRA). Other preferred examples of the humanized anti-
IL-6 receptor antibody can include antibodies described in WO2009/041621 and WO2010/035769. Examples of other
preferred forms of the anti-IL-6 receptor antibody can include an anti-IL-6 receptor antibody that recognizes the same
epitope as that recognized by the humanized PM-1 antibody (Tocilizumab, MRA).
[0141] Specific examples of the anti-gp130 antibody include, but are not particularly limited to, AM64 antibody (Jap-
anese Patent Laid-Open No. 3-219894), 4B11 antibody, 2H4 antibody (U.S. Patent No. 5571513), and B-P8 antibody
(Japanese Patent Laid-Open No. 8-291199).
[0142] The IL-6 variant used in the present invention is a substance that has binding activity against the IL-6 receptor
and does not transduce the biological activity of IL-6. Specifically, the IL-6 variant competes with IL-6 for binding to the
IL-6 receptor, but blocks the signal transduction of IL-6 because of not transducing the biological activity of IL-6.
[0143] The IL-6 variant is prepared by introducing a variation in IL-6 through the substitution of amino acid residues
in the amino acid sequence of IL-6. The origin of IL-6 on which the IL-6 variant is based is not limited and is preferably
human IL-6 in consideration of antigenicity, etc. Specifically, the secondary structure of the amino acid sequence of IL-
6 is predicted by use of a molecular modeling program known in the art, for example, WHATIF (Vriend et al., J. Mol.
Graphics (1990) 8, 52-56), and the influence of the amino acid residues to be substituted on the whole amino acid
sequence is evaluated. After determination of appropriate amino acid residues to be substituted, a vector containing a
nucleotide sequence encoding the human IL-6 gene is used as a template, and the variation is introduced by usually
performed PCR such that the amino acids are substituted to obtain a gene encoding the IL-6 variant. This gene is
incorporated into an appropriate expression vector according to the need, and the IL-6 variant can be obtained according
to the aforementioned expression, production, and purification methods for the recombinant antibody.
[0144] Specific examples of the IL-6 variant can include IL-6 variants disclosed in Brakenhoff et al., J. Biol. Chem.
(1994) 269, 86-93, Savino et al., EMBO J. (1994) 13, 1357-1367, WO96-18648, and WO96-17869.
[0145] The partial IL-6 receptor peptide is a peptide having a portion or the whole of the amino acid sequence of a
region involved in the binding of the IL-6 receptor to IL-6 in the amino acid sequence of the IL-6 receptor. Such a peptide
is composed of usually 10 to 80, preferably 20 to 50, more preferably 20 to 40 amino acid residues.
[0146] The partial IL-6 receptor peptide can be prepared by identifying the region involved in the binding of the IL-6
receptor to IL-6 in the amino acid sequence of the IL-6 receptor and producing the peptide by a conventionally known
method, for example, a genetic engineering approach or a peptide synthesis method on the basis of a portion or the
whole of the amino acid sequence of the identified region.
[0147] For the preparation of the partial IL-6 receptor peptide by the genetic engineering approach, a DNA sequence
encoding the desired peptide is incorporated into an expression vector, and the partial IL-6 receptor peptide can be
obtained according to the aforementioned expression, production, and purification methods for the recombinant antibody.
[0148] For the preparation of the partial IL-6 receptor peptide by the peptide synthesis method, a method usually used
in peptide synthesis, for example, a solid-phase synthesis method or a liquid-phase synthesis method can be used.
[0149] Specifically, the peptide synthesis can be carried out according to methods described in Zoku lyakuhin no
Kaihatsu (Development of Pharmaceuticals, Second Series, in English), Vol. 14, Peptide Synthesis, edited by Haruaki
Yajima, Hirokawa Shoten Co., Ltd. (1991). The solid-phase synthesis method used is a method which involves, for
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example, coupling an amino acid corresponding to the C terminus of the peptide to be synthesized to a support insoluble
in an organic solvent, and elongating a peptide chain by alternately repeating the reaction of condensing one by one
amino acids (their α-amino groups and side chain functional groups have been protected with appropriate protective
groups) in a direction from the C terminus toward the N terminus and the reaction of eliminating the protective groups
of the α-amino groups of the amino acids or peptide bound onto the resin. The solid-phase peptide synthesis method
is broadly divided into Boc and Fmoc methods depending on the types of the protective groups used.
[0150] After such synthesis of the peptide of interest, deprotection reaction and cleavage reaction of the peptide chain
from the support are carried out. In the cleavage reaction of the peptide chain, usually, hydrogen fluoride or trifluor-
omethanesulfonic acid can be used for the Boc method, and TFA can be used for the Fmoc method. In the Boc method,
the protected peptide resin is treated, for example, in the presence of anisole in hydrogen fluoride. Subsequently,
protective group elimination and cleavage from the support are carried out to recover the peptide. This peptide is freeze-
dried to obtain a crude peptide. On the other hand, in the Fmoc method, deprotection reaction and cleavage reaction of
the peptide chain from the support can be carried out by the same operation as above, for example, in TFA.
[0151] The obtained crude peptide can be separated and purified by application to HPLC. The peptide can be eluted
under the optimum conditions by use of a water-acetonitrile mixed solvent usually used in protein purification. A fraction
corresponding to a peak in the obtained profile of chromatography is separated and then freeze-dried. The peptide
fraction thus purified is identified by, for example, mass spectrometric molecular weight analysis, amino acid composition
analysis, or amino acid sequence analysis.
[0152] The present inventors have further found that PB derived from relapsing-remitting multiple sclerosis patients
having a high amount of PB in peripheral blood exhibits high sensitivity to IL-6 and survives in a manner dependent on
IL-6. This finding implies that the survival of PB is suppressed by the inhibition of IL-6R expressed on PB. Thus, the
present invention relates to a PB growth inhibitor comprising an IL-6 inhibitor as an active ingredient. The present
invention also relates to a therapeutic agent for relapsing-remitting multiple sclerosis, comprising an IL-6 inhibitor as an
active ingredient. The relapsing-remitting multiple sclerosis is preferably relapsing-remitting multiple sclerosis highly
expressing a plasmablast. The "relapsing-remitting multiple sclerosis highly expressing a plasmablast" according to the
present invention refers to multiple sclerosis in which a "high amount of a plasmablast (PB)" has been determined in a
multiple sclerosis patient. Alternatively, the present invention relates to a therapeutic agent for relapsing-remitting multiple
sclerosis which is directed to administration to a relapsing-remitting multiple sclerosis patient having a high amount of
PB in peripheral blood, the therapeutic agent comprising an IL-6 inhibitor as an active ingredient.
[0153] In the present invention, the phrase "comprising as an active ingredient" means comprising the IL-6 inhibitor
as at least one active ingredient and does not limit the content thereof. The growth inhibitor or the therapeutic agent of
the present invention may also contain an additional active ingredient other than the IL-6 inhibitor. The therapeutic agent
of the present invention may be used not only for therapeutic purposes but for preventive purposes.
[0154] The growth inhibitor or the therapeutic agent of the present invention can be formulated according to a routine
method (e.g., Remington’s Pharmaceutical Science, latest edition, Mark Publishing Company, Easton, U.S.A). The
growth inhibitor or the therapeutic agent of the present invention may optionally contain a pharmaceutically acceptable
carrier and/or additive. The growth inhibitor or the therapeutic agent of the present invention can contain, for example,
a surfactant (PEG, Tween, etc.), an excipient, an antioxidant (ascorbic acid, etc.), a colorant, a flavoring agent, a pre-
servative, a stabilizer, a buffer (phosphate, citrate, other organic acids, etc.), a chelating agent (EDTA, etc.), a suspending
agent, a tonicity agent, a binder, a disintegrant, a lubricant, a flowability enhancer, and a corrigent. However, the growth
inhibitor or the therapeutic agent of the present invention is not limited by these agents and may appropriately contain
other carriers routinely used. Specific examples thereof can include light anhydrous silicic acid, lactose, crystalline
cellulose, mannitol, starch, carmellose calcium, carmellose sodium, hydroxypropylcellulose, hydroxypropylmethylcellu-
lose, polyvinylacetal diethylaminoacetate, polyvinylpyrrolidone, gelatin, medium-chain fatty acid triglyceride, polyoxyeth-
ylene hydrogenated castor oil 60, saccharose, carboxymethylcellulose, corn starch, and inorganic salts. Also, the growth
inhibitor or the therapeutic agent of the present invention may contain other low-molecular-weight polypeptides, proteins
(e.g., serum albumin, gelatin, and immunoglobulin), and amino acids. In the case of preparing an aqueous solution for
injection, the IL-6 inhibitor is dissolved in, for example, an isotonic solution containing saline, glucose, or other aids.
Examples of the aids include D-sorbitol, D-mannose, D-mannitol, and sodium chloride. The solution may be further used
in combination with an appropriate solubilizer, for example, an alcohol (ethanol, etc.), a polyalcohol (propylene glycol,
PEG, etc.), or a nonionic surfactant (polysorbate 80 or HCO-50).
[0155] The IL-6 inhibitor may be enclosed in a microcapsule (microcapsule made of hydroxymethylcellulose, gelatin,
poly[methyl methacrylate], or the like) or prepared into a colloid drug delivery system (liposomes, albumin microspheres,
microemulsions, nanoparticles, and nanocapsules, etc.) (see e.g., Remington’s Pharmaceutical Science 16th edition &
Oslo Ed. (1980)). Methods for formulating drugs as sustained-release drugs are also known in the art and may be applied
to the interferon beta and the IL-6 inhibitor of the present invention (Langer et al., J. Biomed. Mater. Res. (1981) 15:
167-277; Langer, Chem. Tech. (1982) 12: 98-105; U.S. Patent No. 3,773,919; European Patent Publication No. EP
58,481; Sidman et al., Biopolymers (1983) 22: 547-56; and EP 133,988). The growth inhibitor or the therapeutic agent
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of the present invention may be further supplemented or mixed with hyaluronidase to increase the amount of a solution
for subcutaneous administration (e.g., WO2004/078140).
[0156] The growth inhibitor or the therapeutic agent of the present invention can be administered through any of oral
and parenteral routes and is preferably administered parenterally. Specifically, the growth inhibitor or the therapeutic
agent of the present invention is administered to a patient through injection or percutaneous administration. Examples
of the dosage form of the injection include intravenous injection, intramuscular injection, intraperitoneal injection, and
subcutaneous injection, which permit systemic or local administration. The growth inhibitor or the therapeutic agent of
the present invention may be injected locally, particularly, intramuscularly, to a treatment site or the neighborhood thereof.
Examples of the dosage form of the percutaneous administration include ointments, gels, creams, poultices, and patches,
which permit systemic or local administration. The administration method can be appropriately selected according to
the age and symptoms of a patient. The dose can be selected, for example, within the range of 0.0001 mg to 100 mg
of the active ingredient per kg of body weight per dose. Alternatively, the dose for administration to, for example, a human
patient, can be selected within the range of 0.001 to 1000 mg/kg body weight of the active ingredient per patient. The
single dose preferably contains, for example, approximately 0.01 to 50 mg/kg body weight of the antibody of the present
invention. However, the inhibitor or the therapeutic agent of the present invention is not limited by these doses.
[0157] The growth inhibitor or the therapeutic agent of the present invention can be used alone for inhibiting the growth
of PB or treating and/or preventing relapsing-remitting multiple sclerosis in a human or an animal. Alternatively, the
growth inhibitor or the therapeutic agent of the present invention may be orally administered as a mixture with other
ingredients that may be usually used in pharmaceuticals or foods. The growth inhibitor or the therapeutic agent of the
present invention can also be used in combination with other compounds, microbes, or the like known to have an inhibitory
effect on the growth of PB or a therapeutic and/or preventive effect on relapsing-remitting multiple sclerosis.
[0158] The present invention further relates to a method for treating and preventing or for treating or preventing
relapsing-remitting multiple sclerosis, comprising the step of administering an IL-6 inhibitor to an animal. The present
invention further relates to a method for inhibiting the growth of PB, comprising the step of administering an IL-6 inhibitor
to an animal. Examples of the recipient of the IL-6 inhibitor include mammals. Examples of the mammals include humans
and non-human mammals in need of the treatment or prevention of arteriosclerosis and preferably include humans and
monkeys, more preferably humans.
[0159] The present invention further relates to an IL-6 inhibitor for use for inhibiting the growth of PB, and an IL-6
inhibitor for use for treating and preventing or for treating or preventing relapsing-remitting multiple sclerosis. Alternatively,
the present invention relates to use of an IL-6 inhibitor in the production of a drug for treating and preventing or for
treating or preventing relapsing-remitting multiple sclerosis, or in the production of a PB growth inhibitor.
[0160] The present invention further relates to a method for producing a drug for treating and preventing or for treating
or preventing relapsing-remitting multiple sclerosis, or a PB growth inhibitor, comprising the step of mixing an IL-6 inhibitor
with a pharmaceutically acceptable carrier.
[0161] All prior art literatures cited herein are incorporated herein by reference.

Examples

[0162] Next, the present invention will be described further specifically with reference to Examples. However, the
present invention is not intended to be limited by Examples below.

[Example 1] Measurement of amount of plasmablast

[0163] RRMS patients were classified into clinically typical cases (Typical MS: tMS) and atypical cases (Atypical MS:
atMS). The atMS group involved the following cases:

- case having atypical characteristics as MS proposed by DH Miller et al. (Non Patent Literature 6);

- IFN-β-resistant case;

- case with skin ulcer associated with treatment with IFN-β;

- case with other concomitant immune disorders; and

- case having NMO-like characteristics (having lesions localized to the optic nerve and the spinal cord or having a
long spinal cord lesion).

[0164] On the other hand, the tMS group involved cases free from these characteristics.
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[0165] As a result, both of the groups were found to have clinical characteristics as shown in Table 1.

[0166] Next, peripheral blood was collected from each of tMS, atMS, and healthy donors (HD) and centrifuged using
Ficoll-Paque Plus (GE Healthcare Biosciences Corp.) to separate peripheral blood mononuclear cells (PBMC). The
separated PBMC was co-stained with a fluorescent anti-CD3 antibody (anti-CD3-PerCP-Cy5.5: BioLegend, Inc., 300430),
a fluorescent anti-CD14 antibody (anti-CD14-APC: BioLegend, Inc., 301808), a fluorescent anti-CD19 antibody (anti-
CD19-APC-Cy7, BD Biosciences, 348794), a fluorescent anti-CD27 antibody (anti-CD27-PE-Cy7, BD Biosciences,
560609), a fluorescent anti-CD180 antibody (anti-CD180-PE, BD Biosciences, 551953), and a fluorescent anti-CD38
antibody (anti-CD38-FITC, Beckman Coulter, Inc., A0778) and analyzed by flow cytometry under conditions shown in
Table 2 using FACS Canto II (BD Biosciences) to exclude CD3+ T cells or CD14+ monocytes (Figure 1A). Cells having
a CD19 expression level of 103 or higher were defined as CD19+ cells, which were further defined as B cells (Figure
1B). B cells having a CD27 expression level of 2 3 103 or higher are defined as CD27+ cells, and B cells having a CD180
expression level of 2 3 103 or lower are defined as CD180- cells (Figure 1C). B cells having a CD38 expression level
of 3 3 103 or higher are defined as CD38high cells. According to these criteria, a CD19+CD27+CD180-CD38high fraction
(PB) was obtained. The amount of PB was calculated according to the number of PB / the number of CD19+ B cells 3
100 (%). In Figures 1B and 1C, naive B cells (CD19+CD27-) and memory B cells (CD19+CD27+CD180+) are also shown
as B cell subsets other than PB.

[Table 1]

Clinical backgrounds of subject RRMS patients and healthy persons

Typical MS Atypical MS Healthy donors

Number 14 37 8
Age 41.5 6 11.9 40.3 6 11.9 40.3 6 5.8

Gender (F / M) 7 / 7 21 / 16 6/2
Duration (y) 11.9 6 7.2 12.3 6 11.9
OCB 55.6% 55.6%
Barkhof criteria 57.1% 51.3%
LESCLs 0.0% 5.4%
DMT 50.0% 54.1%

IFN-b IFN-b, PSL, TAC, MTX

F / M: Female / Male
Duration (y): Disease duration (years)
OCB: Oligoclonal band (proportion of OCB-positive patients)
Barkhof criteria (proportion of patients having brain lesions that satisfied the Barkhof criteria [Non Patent Literatures
7 and 8])
LESCLs: Longitudinally extensive spinal cord lesions (proportion of patients who exhibited a lesion of the spinal cord
equal to or longer than 3 vertebral segments in magnetic resonance imaging (MRI))
DMT: Disease modifying therapy (proportion of patients who had already undergone DMT at the time of blood col-
lection)
!FN-(3: Interferon beta
PSL: Prednisolone
TAC: Tacrolimus
MTX: Methotrexate

[Table 2]

Measurement conditions for FACS Canto II

Parameters Type Voltage Log

FSC A.H.W 275 Off
SSC A,H.W 368 Off
FITC A 478 On

PerCP-Cy5.5 A 549 On
PE A 484 On
PE-Cy7 A 615 On
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[0167] The results of measuring the amount of PB are shown in Figure 2. Figure 2A shows results of comparing the
amount of PB in peripheral blood (PB frequency) among the RRMS patient groups (n = 51) classified into typical cases
(Typical MS, n = 14) and atypical cases (Atypical MS, n = 37) and healthy persons (Healthy, n = 8). Figure 2B shows
results of comparing the amount of PB for subjects with untreated RRMS among the RRMS cohort analyzed in Figure
2A. The horizontal line within the scatter diagram represents the median value (* P < 0.05 (by Kruskal Wallis test with
Dunn’s post hoc test); N.S.: not significant statistically).
[0168] Both for all of the test subjects and for the untreated subjects, only atMS was shown to have a high amount of
a plasmablast (PB). Since patients low responsive to treatment with IFN-β are included in atMS according to the definitions,
these patients are suggested to be identifiable on the basis of the amount of PB.

(continued)

Measurement conditions for FACS Canto II

Parameters Type Voltage Log

APC A 577 On
APC-Cy7 A 593 On

Threshold Operator: OR
Threshold Parameters Threshold

FSC 5000

Compensation State: Enabled
Fluorochromcs Value(%)

PerCP-Cy5.5-FITC 2.94
PE-FITC 28.66
PE-Cy7-FITC 0.47

APC-FITC 0,00
APC-Cy7-FITC 0.00
FITC-PerCP-Cy5.5 0.00
PE-PerCP-Cy5.5 0.09
PE-Cy7-PerCP-Cy5.5 39.99

APC PerCP Cy5.5 2.95
APC-Cy7-PerCP-Cy5.5 9.77
FITC-PE 0.94
PerCP-Cy5.5-PE 11.52
PE-Cy7-PE 2.41
APC-PE 0.25

APC-Cy7-PE 0.02
FITC-PE-Cy7 0.03
PerCP-Cy5.5-PE-Cy7 1.66
PE-PE-Cy7 0.59
APC-PE-Cy7 0.05
APC-Cy7-PE-Cy7 9.24

FITC-APC 0.59
PerCP-Cy5.5-APC 4.97
PE-APC 1.84
PE-Cy7-APC 2.41
APC-Cy7-APC 17.22
FITC-APC-Cy7 0.00

PerCP Cy5.5 APC Cy7 0.00
PE-APC-Cy7 0.27
PE-Cy7-APC-Gy7 1.87
APC-APC-Cy7 4.43
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[Example 2] Relationship between amount of PB in peripheral blood and treatment with IFN-β

[0169] The amount of PB in subgroups of RRMS patients was compared (Figure 3). Specifically, the RRMS patients
were classified into 4 subgroups according to conditions based on suitability for IFN-β, and each subgroup was compared
with healthy persons (Healthy (n = 8)) in terms of the amount of PB in peripheral blood. These 4 subgroups were as follows:

A) Responder: Responsive group (a group confirmed to receive the good therapeutic effect and be suitable for the
treatment; n = 7)

B) Non-responder: Resistant group (a group confirmed to receive the poor therapeutic effect or confirmed to be not
suitable for the treatment due to aggravation; n = 11)

C) Skin ulcer: Skin ulcer group (a group confirmed to be not suitable for the treatment with IFN-β because skin ulcer
was induced; n = 5)

D) Autoimmune: Group with concomitant immune disorder (a group confirmed to be not suitable for IFN-β because
of having concomitant immune disorder centering on an autoimmune disorder; n = 11).

[0170] As shown in Figure 3, the amount of PB was low in the healthy individuals and the group A, whereas the amount
of PB was high in the groups B to D. This demonstrated that the therapeutic effect of IFN-β on RRMS can be predicted
to be low for highly PB-expressing patients by measuring the amount of PB in peripheral blood (PB frequency: Amount
of PB; the horizontal line represents the median value (* P < 0.05 (by Kruskal-Wallis test with Dunn’s post hoc test);
N.S.: not significant statistically)).

[Example 3] Expression of IL-6 receptor (IL-6R) in RRMS-derived PB

[0171] The expression of IL-6R in the peripheral blood of RRMS patients (n = 12) was compared among B cell subsets
(naive B cells, memory B cells, and PB). Specifically, PBMC of each of the RRMS patients (n = 12) was reacted with an
anti-IL-6R antibody (isotype: mouse IgG1). Then, anti-IL-6R antibody-positive cells were labeled by the addition of a
fluorescent secondary antibody (anti-mouse IgG1). Then, the cells were co-stained with a fluorescent anti-CD19, -CD27,
- CD38, and -CD180 antibodies and analyzed by flow cytometry. Staining was also carried out by using purified mouse
IgG1 as an isotype control for the experimental groups using the anti-IL-6R antibody. The frequency of IL-6R expressing
cell was compared among the B cell subsets. The B cell subsets were defined as follows:

Naive B cell: CD19+CD27-

Memory B cell: CD19+CD27+CD180+

Plasmablast (PB): CD19+CD27+CD180-CD38high

[0172] As a result, PB was found to have a very high expression level of IL-6R (Figures 4A and 4B). Figure 4A shows
a typical histogram as to IL-6R expression in the B cell subsets. The upper diagrams depict control data obtained using
the isotype control antibody, and the lower diagrams depict experimental group data obtained using the anti-IL-6R
antibody. The number represents the frequency of IL-6R-positive cells. The frequency of IL-6R-positive cells was high
in PB compared with naive B cells and memory B cells. In Figure 4B, the frequency of IL-6R-positive cells was compared
among the B cell subsets of 12 RRMS subjects by a scatter diagram. IL-6R+ cells (%) represent the frequency of IL-6R-
positive cells in each B cell subset. The frequency of IL-6R-positive cells was significantly higher in PB compared with
those of the other B cell subsets (* P < 0.05 by Kruskal-Wallis test with Dunn’s post hoc test). The frequency of IL-6R-
positive cells in peripheral blood PB was compared among 12 RRMS cases composed of 6 cases with RRMS having
a low amount of PB in peripheral blood (PB-low MS) and 6 cases with RRMS having a high amount of PB in peripheral
blood (PB-high MS). As a result, the frequency of IL-6R-positive cells was significantly higher in PB derived from PB-
high MS (Figure 4C, P = 0.0043 by Mann-Whitney U-test). In Figure 4C, IL-6R+ cells in PB (%) represent the frequency
of IL-6R-positive cells in PB. The horizontal line within the scatter diagram represents the median value and its range.
[0173] These results mean that RRMS-derived PB has high sensitivity to IL-6. In addition, the expression of IL-6R
was compared between the peripheral blood PB of RRMS having a low amount of PB in peripheral blood (PB-low MS)
and the peripheral blood PB of RRMS having a high amount of PB in peripheral blood (PB-high MS). As a result, the
frequency of IL-6R-expressing cells was significantly high in PB derived from PB-high MS (Figure 4C), suggesting that
among the peripheral blood plasmablasts (PB) of RRMS, PB derived from PB-high MS has particularly high sensitivity
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to IL-6.

[Example 4] Relationship between RRMS-derived PB and IL-6

[0174] PB was separated from PBMC of each RRMS patient by flow cytometry and then cultured for 2 days in the
absence of IL-6 or in the presence of IL-6, and its survival rate was measured. Specifically, PB separated from the
peripheral blood of each of RRMS patients (n = 12) was cultured for 2 days in a medium (AIM-V(R), Gibco BRL/Life
Technologies, Inc.) or a medium containing IL-6 (1 ng/ml) and then stained with PI (propidium iodide). The ratio of living
cells was measured by flow cytometry (PI- cells were determined as living cells).
[0175] As a result, significant increase in survival rate in the presence of IL-6 was observed in PB derived from RRMS
having a high amount of PB in peripheral blood (PB-high MS) (P < 0.05) (Figure 5). By contrast, no change in survival
rate between the presence and absence of IL-6 was observed in PB derived from RRMS having a low amount of PB in
peripheral blood (PB-low MS). This indicates the possibility that the survival of PB in PB-high MS depends on IL-6 and
the survival of PB is suppressed by an IL-6 inhibitor.
[0176] Figure 5A shows a typical histogram as to the exhibition of PI. PI- cells were gated, and its ratio was shown
(cell count). Figure 5B shows results of comparing the survival rate between PB in the absence and presence of IL-6
for each case, wherein the measurement values were connected with a line. The RRMS subjects were further classified
into subjects with MS having a low amount of PB (PB-low MS) and subjects with MS having a high amount of PB (PB-
high MS). Similar comparison was carried out for each group. The results are also shown (Survival rate: the ratio (%)
of the number of live PB to the total number of PB).
Medium: Data on PB cultured only in a medium (AIM-V(R))
IL-6: Data on PB cultured in a medium containing 1 ng/ml IL-6
* P < 0.05 (by paired t-test)
N.S.: not significant statistically

[Example 5] Effect of decreasing RRMS-derived PB by anti-IL-6 receptor antibody

[0177] For pretreatment, RRMS patient-derived peripheral blood mononuclear cells (PBMC) were left standing for 20
minutes in the presence of an anti-IL-6 receptor antibody (Tocilizumab for the experiment: 1 ng/ml) or an isotype control
antibody(mouse IgG1). The pretreated PBMC was cultured in a medium containing inactivated serum of each patient
diluted to 20% by the addition of a solvent (AIM-V(R), Gibco BRL/Life Technologies, Inc.). After 2 days, the amount of
PB was measured by flow cytometry.
[0178] As a result, the amount of PB was found to be significantly decreased after the pretreatment with the anti-IL-6
receptor antibody for both of RRMS having a low amount of PB in peripheral blood (PB-low MS) and RRMS having a
high amount of PB in peripheral blood (PB-high MS) (Figure 6). Change in the scale of the amount of PB after the
pretreatment with the anti-IL-6 receptor antibody (the amount of PB after the pretreatment with the anti-IL-6 receptor
antibody / the amount of PB after the pretreatment with the isotype control antibody) exhibited a low tendency in PB-
high MS (mean 6 SD: 0.5213 6 0.1591) compared with PB-low MS (mean 6 SD: 0.6850 6 0.2514). In this Example,
IL-6 dependency was observed not only for the survival of PB derived from PB-high MS but for the survival of PB derived
from PB-low MS. However, the tendency was marked in PB-high MS, suggesting the possibility that PB derived from
PB-high MS can be efficiently decreased by the administration of the anti-IL-6 receptor antibody.

Industrial Applicability

[0179] According to the present invention, the amount of PB in a sample of a RRMS patient can be measured, thereby
predicting the therapeutic effect of IFN-β thereon. Specifically, a RRMS case for which the continuous administration of
IFN-β is difficult due to the manifestation of a serious adverse reaction or concomitant immune disorder caused by the
administered IFN-β can be predicted. As a result, the present invention allows the avoidance of administration of IFN-
β to a patient who cannot be expected to receive the therapeutic effect of administered IFN-β or who is forced into
manifestation of a serious adverse reaction or aggravation of concomitant immune disorder. Also, the amount of PB in
a sample of a RRMS patient can be measured, thereby preferably selecting a patient suitable for treatment with an IL-
6 inhibitor while providing a treatment method effective for a patient not suitable for IFN-β.

Claims

1. Use of a plasmablast in the determination of the therapeutic effect of interferon beta on relapsing-remitting multiple
sclerosis and/or in the determination of the therapeutic effect of an IL-6 inhibitor on relapsing-remitting multiple
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sclerosis.

2. A method for predicting the therapeutic effect of interferon beta on a relapsing-remitting multiple sclerosis patient,
the method comprising the steps of:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from the relapsing-remitting
multiple sclerosis patient; and
(ii) showing that the therapeutic effect of the interferon beta is low when the amount of a plasmablast is high as
compared with a healthy individual.

3. A method for predicting the therapeutic effect of an IL-6 inhibitor on a relapsing-remitting multiple sclerosis patient,
the method comprising the steps of:

(i) measuring an amount of a plasmablast contained in a biological sample isolated from the relapsing-remitting
multiple sclerosis patient; and
(ii) showing that the therapeutic effect of the IL-6 inhibitor is high when the amount of a plasmablast is high as
compared with a healthy individual.

4. The use according to claim 1 or the method according to claim 3, wherein the IL-6 inhibitor is an anti-IL-6 receptor
antibody.

5. The use or the method according to claim 4, wherein the anti-IL-6 receptor antibody is a chimeric antibody, a
humanized antibody, or a human antibody.

6. The method according to claim 2 or 3 or the use or the method according to claim 4 or 5, wherein it is determined
that the amount of a plasmablast is high when the ratio of the plasmablast to a CD19+ B cell is 3.50% or more.

7. A therapeutic agent for relapsing-remitting multiple sclerosis highly expressing a plasmablast, comprising an IL-6
inhibitor as an active ingredient.

8. The therapeutic agent according to claim 7, wherein the IL-6 inhibitor is an anti-IL-6 receptor antibody.

9. The therapeutic agent according to claim 8, wherein the anti-IL-6 receptor antibody is a chimeric antibody, a hu-
manized antibody, or a human antibody.
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