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(57) ABSTRACT

According to the present invention, the therapeutic effect of
an IL-6 inhibitor on MS was found to be predictable by
using as indicators the amount of plasmablasts and/or the
indicator of change in immature plasmablasts (amount of
immature plasmablasts or amount of follicular helper T
cells) in MS patients with a large amount of plasmablasts.
Furthermore, 1L-6 inhibitors were found to be effective
against MS in which plasmablasts occur at high levels and
in which the indicator of change in immature plasmablasts
is high. The present invention provides methods for select-
ing MS cases for which treatment with an IL-6 inhibitor is
effective, and also provides an effective therapeutic method
for patients with MS in which plasmablast occur at high
levels and in which the indicator of change in immature
plasmablasts is high.
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1
METHOD FOR DETERMINING
APPLICATION OF THERAPY TO MULTIPLE
SCLEROSIS (MS) PATIENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is the National Stage of International
Application Serial No. PCT/JP2016/064818, filed on May
19, 2016, which claims the benefit of Japanese Application
Serial No. 2015-102142, filed on May 19, 2015.

TECHNICAL FIELD

The present invention relates to methods for predicting
the therapeutic effect of an IL-6 inhibitor on a multiple
sclerosis (MS) patient by using an “immature plasmablast
(PB) indicator”. The present invention also relates to agents
for treating multiple sclerosis comprising an IL-6 inhibitor;
and particularly to agents for treating multiple sclerosis in
which plasmablasts occur at high levels and in which an
indicator of change in immature plasmablasts is high.

BACKGROUND ART

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 due to infiltration of autoreactive lymphocytes
(mainly, T cells or B cells) into the brain, the spinal cord, or
the optic nerve, causing inflammations targeting perineural
myelin proteins. Approximately a million people are pre-
sumed 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, and is
also presenting problems in that neurological symptoms
remaining as sequelae result in breakdown of family life and
social life including occupations. The great majority of MS
patients develop transient and repetitive inflammations at
various sites of the central nervous system. As each inflam-
mation occurs, neurological symptoms are manifested
depending on the inflammation site. This clinical event is
called “relapse”, and the course of recurrence is referred to
as “relapsing-remitting (RR)”. In relapsing-remitting MS
(RRMS), sequelae accumulate with each relapse, leading to
increasing deterioration of the activities of daily living
(ADL). When the affected period becomes longer, more
cases 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, i.e. the RRMS stage, is believed to be
important.

Recombinant interferon beta (IFN-f3) has been used as the
first line therapy to prevent relapses of RRMS, and is
reported to be effective for suppressing the relapses and also
effective for suppressing progression in the degree of impair-
ment. In Japan, Avonex (registered trademark) (interferon
beta-1a) and Betaferon (registered trademark) (interferon
beta-1b) are used. However, their administration becomes
difficult to continue in many patients due to manifestation of
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serious adverse reactions (interstitial pneumonia, autoim-
mune hepatitis, thyroid dysfunction, skin ulcer, psychologi-
cal symptoms such as depression, leukopenia, etc.), or due
to aggravation of latent immune disorders (collagen disease,
thyroiditis, etc.) the patients may have originating from
autoimmune abnormalities. Also, it has been reported that 30
to 50% of the patient population who may continue admin-
istration are resistant cases which show no therapeutic effect
or result in aggravation of symptoms. These facts imply that
RRMS includes a subgroup where administration of IFN-f
should be avoided, while it is difficult to predict patients to
whom IFN-f is not applicable (IFN-f-nonresponsive
patients) before administration of IFN-f.

For patients to whom IFN-f is not applicable, the process
of assessing whether IFN-f is applicable accompanies great
suffering. Specifically, in cases where administration is
discontinued due to serious adverse reaction or aggravation
of concomitant immune disorder, the fact that IFN-f is not
applicable is not known until administration of IFN-f is
attempted and these events manifest. Even when adminis-
tration can be continued, a length of treatment of at least half
a year to 1 year is required for determining its therapeutic
effect. Since the mode of administration of IFN-f prepara-
tions is self-injection (intramuscular injection or subcutane-
ous injection), this administration is painful and, in addition,
the patients must endure adverse reactions such as influenza-
like symptoms and headaches, which, while not leading to
discontinuation of the administration, require some addi-
tional treatments.

Thus, there has been a strong demand for development of
a method for predicting the therapeutic effect of IFN-f3, the
manifestation of a serious adverse reaction, and the aggra-
vation of concomitant immune disorder before the start of
treatment in order to avoid painful, unnecessary medication
for patients to whom IFN-f is not applicable and to appro-
priately select applicable patients. In addition, the patients to
whom IFN-f is not applicable are often difficult to treat even
with other drugs. Thus, it has also been required to establish
a novel treatment method.

Previously, 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 been reported as a method for
predicting the therapeutic effect of IFN-p on RRMS (Patent
Literature 1).

Plasmablasts (PBs) are a subset of B cells, a type of
lymphocytes, and have the specialized function of producing
antibodies. In neuromyelitis optica (NMO), an autoimmune
disease of the central nervous system the distinction of
which from MS is clinically important despite its pathology
different from MS, PBs have been identified as a source of
production of anti-aquaporin 4 antibody (anti-AQP4 anti-
body), which is an autoantibody deeply involved in the
pathogenesis of NMO, and have been reported to be
increased in the peripheral blood of NMO patients (Non
Patent Literature 2). The survival of NMO patient-derived
PBs and their 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 that typical RRMS patients have a peripheral
blood PB frequency equivalent to that of healthy persons
(Non Patent Literature 2), and that SPMS patients show an
increase of PBs in the peripheral blood (Non Patent Litera-
ture 3). A previous pathological study of MS brain lesions
has suggested the involvement of an autoantibody in the
formation of the lesions (Non Patent Literature 4). Recently,
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the presence of a disease-specific autoantibody in the serum
of MS (including RRMS) patients has been reported (Non
Patent Literature 5).

Furthermore, it has been reported that the therapeutic
effect of an IL-6 inhibitor is high on patients with RRMS in
which PBs occur at high levels, and that the therapeutic
effect of an 1L-6 inhibitor on RRMS can be predicted using
the amount of PBs derived from RRMS patients as an
indicator (Patent Literature 2). However, further establish-
ment of a highly accurate and effective prediction method is
desired.

PRIOR ART LITERATURES
Patent Literature

Patent Literature 1: Japanese Patent Application Kokai Pub-
lication No. (JP-A) 2004-28926 (unexamined, published
Japanese patent application)

Patent Literature 2: W02014/200018

Non Patent Literature

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): 57820

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

Non Patent Literature 5: N Engl T 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

The present invention was achieved in view of the above
circumstances. An objective of the present invention is to
provide a method for predicting the therapeutic effect of an
IL-6 inhibitor on MS, by using an MS patient’s peripheral
blood immature plasmablast indicator. A further objective of
the present invention is to identify MS patients to whom an
IL-6 inhibitor can be applied, and to provide a therapeutic
agent to be administered to such a patient.

Means for Solving the Problems

The present inventors performed dedicated research to
solve the above-mentioned problems. First, the present
inventors examined RRMS patients having a high amount of
plasmablasts for the amount of follicular helper T cells. As
a result, the RRMS patients having a high amount of
plasmablasts were found to include a group of patients in
which the amount of follicular helper T cells was small.

Next, the present inventors administered the I1L-6 inhibi-
tor tocilizumab to RRMS patients having a high amount of
plasmablasts. The results led to the finding that among the
RRMS patients having a high amount of plasmablasts, the
efficacy of tocilizumab was high in patients carrying a small
amount of follicular helper T cells, but low in patients
carrying a large amount of follicular helper T cells. Further-
more, the present inventors elucidated that in patients for
which the efficacy of tocilizumab is low, differentiation of B
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cells into immature PBs was mild, and the amount of
immature PBs in the peripheral blood showed a small
increase when it was compared between before and after the
tocilizumab administration, and that in contrast, in patients
for which the efficacy of tocilizumab is high, the amount of
immature PBs in the peripheral blood showed a large
increase when it was compared between before and after the
administration.

The present invention is based on these findings, and
specifically includes the following:

[1] Use of an immature plasmablast indicator in determining
the therapeutic effect of an IL-6 inhibitor on multiple scle-
rosis.

[2] A method for predicting the therapeutic effect of an IL-6
inhibitor on a multiple sclerosis patient, which comprises the
steps of:

(1) measuring the amount of plasmablasts and/or an indi-
cator of change in immature plasmablasts contained in a
biological sample isolated from a multiple sclerosis patient;
and

(i) predicting that the therapeutic effect of the IL-6
inhibitor is high when the indicator of change in immature
plasmablasts is determined to be high in a group of high-
plasmablast-level patients having a high amount of plas-
mablasts as compared with a healthy individual.

[3] The method of [1] or [2], wherein the amount of
plasmablasts is determined to be high when the proportion
of the plasmablasts to CD19* B cells is 3.50% or more.
[4] The method of any one of [1] to [3], wherein the
indicator of change in immature plasmablasts is measured as
an indicator of the amount of follicular helper T cells.

[5] The method of any one of [1] to [4], wherein the amount
of follicular helper T cells is determined by a proportion of
CXCRS5+CCR7+ cells in memory CD4+ T cells, and the
indicator of change in immature plasmablasts is indicated to
be high when said proportion is low.

[6] The method of [5], wherein when the proportion of
CXCR5+CCR7+ cells in memory CD4+ T cells is lower
than 30%, the indicator of change in an immature plas-
mablast is determined to be high.

[7]1 The method of [5], wherein when the proportion of
CXCRS5+CCR7+ cells in memory CD4+ T cells is lower
than 28.2%, the indicator of change in immature plas-
mablasts is determined to be high.

[8] The method of any one of [1] to [7], wherein the IL-6
inhibitor is an anti-IL-6 receptor antibody.

[9] The method of [8], wherein the anti-IL-6 receptor
antibody is a chimeric antibody, a humanized antibody, or a
human antibody.

[10] The method of any one of [1] to [9], wherein the
multiple sclerosis is relapsing-remitting multiple sclerosis or
secondary-progressive multiple sclerosis.

[11] An agent for treating multiple sclerosis in which plas-
mablasts occur at high levels and in which an indicator of
change in immature plasmablasts is high, the agent com-
prising an IL-6 inhibitor as an active ingredient.

[12] The therapeutic agent of [11], wherein the IL.-6 inhibitor
is an anti-1L-6 receptor antibody.

[13] The therapeutic agent of [12], wherein the anti-IL-6
receptor antibody is a chimeric antibody, a humanized
antibody, or a human antibody.

[14] The therapeutic agent of any one of [11] to [13],
wherein the multiple sclerosis is relapsing-remitting mul-
tiple sclerosis or secondary-progressive multiple sclerosis.

Effects of the Invention

The present invention provides a method for predicting
the therapeutic effect of an IL-6 inhibitor on MS by using an
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immature plasmablast indicator of an MS patient. By the
method of the present invention, it is possible to avoid
administering an [L-6 inhibitor to a patient who cannot be
expected to receive the therapeutic effect of an I1L-6 inhibitor
or who has to suffer manifestation of serious adverse reac-
tions or aggravation of concomitant immune disorders, and
it is possible to select a suitable treatment method. Further-
more, the present invention led to the finding that an IL-6
inhibitor is effective for treating patients with MS in which
plasmablasts occur at high levels and in which an indicator
of change in immature plasmablasts is high. Accordingly,
the present invention provides a therapeutic agent for MS in
which plasmablasts occur at high levels and in which an
indicator of change in immature plasmablasts is high.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows increase in peripheral blood follicular
helper T (Tr) cells in RRMS patients having a high
peripheral blood PB frequency. Using peripheral blood
mononuclear cells (PBMC) derived from healthy individu-
als (HD; n=8), MS patients with a low peripheral blood PB
frequency (PB-low; n=10), RRMS patients with a high
peripheral blood PB frequency (PB-high; n=11), and neu-
romyelitis optica patients (NMO; n=10) as samples, the
proportion of follicular helper T (T;,) cells among memory
CD4-positive T cells (peripheral blood T, frequency, %)
was determined by flow cytometry. T, cells were defined
as CD3+CD4+CD45RA-CCR7+CXCR5+ cells (Morita, R.
et al. Human blood CXCR5+CD4+ T cells are counterparts
of T follicular cells and contain specific subsets that differ-
entially support antibody secretion. Immunity 2011, 34:108-
121). A) shows the method for identifying T, cells and the
peripheral blood T, frequency in healthy individuals and
RRMS patients having a high peripheral blood PB fre-
quency. Each plot shows expression of CCR7 and CXCRS
in memory CD4-positive T cells (CD3+CD4+CD45RA-
cells), and the division lines in the plot separate between the
CCR7-positive and CCR7-negative groups or the CXCRS5-
positive and CXCR5-negative groups. The numbers in the
plot show the percentages of the respective fractions. The
upper right fraction corresponds to T ,; cells and the number
in this fraction indicates the T, frequency. B) shows the
comparison of peripheral blood T, frequencies among the
groups of interest. The MS patients having a high peripheral
blood PB frequency showed significantly higher measured
values than healthy individuals, but were divided into a
Tpphigh group (shown by open triangles) showing mea-
sured values equal to or higher than a cutoff value (shown by
a dashed line) that was defined as the mean+2 standard
deviations (SD) of the healthy individuals (28.2%), and a
Tgp-low group (shown by filled triangles) showing mea-
sured values lower than this reference. The T frequencies
observed in most neuromyelitis optica patients are equal to
or lower than this cutoff value. Therefore, among the RRMS
patients who show an increase in peripheral blood PBs like
neuromyelitis optica patients, those in the Tzy-low group
are presumed to have pathological conditions closer to those
of neuromyelitis optica patients. The horizontal lines in the
graph indicate the mean values. *p<0.05 by one-way
ANOVA with post-hoc Turkey’s test.

FIG. 2 shows changes in peripheral blood PBs associated
with tocilizumab administration in RRMS patients having a
high peripheral blood PB frequency. Tocilizumab (TCZ) was
administered to three RRMS patients having a high periph-
eral blood PB frequency (Pt1, Pt2, and Pt3; Pt1 belonged to
the Tpz-high, and Pt2 and Pt3 belonged to the Tgp-low
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group) for six months, and the peripheral blood PB fre-
quency and expression of Ki-67 and HLA-DR in peripheral
blood PBs were measured by flow cytometry. Since the
expression of the cell proliferation marker Ki-67 and the
MHC class II molecule HLA-DR decreases as PB differen-
tiation progresses (Jourdan, M. et al. An in vitro model of
differentiation of memory B cells into plasmablasts and
plasma cells including detailed phenotypic and molecular
characterization. Blood 2009, 114:5173-5181; and Cocco,
M. et al. In vitro generation of long-lived human plasma
cells. J. Immunol. 2002, 189:5773-5785), the expression
levels of these molecules in PBs reflect the degree of PB
differentiation. The peripheral blood PB frequency is defined
as the proportion (%) of PBs among peripheral blood
CD19-positive B cells. A) shows the peripheral blood PB
frequencies in Pt2 before TCZ administration (pre) and 16
weeks after TCZ administration (16 wk). For PBMCs,
CD19-positive-CD27-positive cells were fractionated from
CD19-positive B cells (plots in the left column). This
fraction was further plotted with respect to the expression of
CD180 and CD38, and CD19+CD27+CD180-CD38" "
cells were defined as PBs (plots in the right column; the
lower right fraction indicates PBs). The numbers in the plot
represent the PB frequencies. B) shows the change in
peripheral blood PB frequencies over time in three cases of
TCZ administration. None of the three cases show a
decrease in PBs due to TCZ administration. pre: before
administration. 5d: five days after administration. wk: week
(2 wk means two weeks after administration). C) shows the
expression of Ki-67 and HLA-DR in Pt2 peripheral blood
PBs. The division lines in the plot separate between the
Ki-67-positive group and the Ki-67-negative group, or the
HLA-DR high-expression (high) group and the HLA-DR
low-expression (low) group. The numbers in the plot show
the percentages of the respective fractions. At two weeks
after the administration (2 wk), when compared to before
TCZ administration (pre), the proportion of the Ki-67"HLA-
DR’&" group, which is at a low differentiation stage and
immature, increased from 35.5% to 73.6%. D) shows the
time course of the proportion of the Ki-67*HLA-DR"s"
group among peripheral blood PBs in the three cases of TCZ
administration. The dashed lines indicate the measured
values before the administration in each case. The relative
increase of the group was striking in Pt2 and Pt3, whereas
it remained slight in Pt1. When B cells differentiate into PBs,
they functionally maturate after completing proliferation.
Since 1L-6 promotes this maturation and not the prolifera-
tion, the increase of immature PBs in Pt2 and Pt3 does not
contradict the effects of IL-6 inhibition (Jourdan, M. et al.
and Cocco, M. et al.). Labeling of the horizontal axis
conforms to B.

FIG. 3 shows comparison of gene expression in peripheral
blood PBs derived from RRMS patients having a high
peripheral blood PB frequency to whom tocilizumab was
administered. From the peripheral blood of three MS
patients having a high peripheral blood PB frequency to
whom tocilizumab (TCZ) was administered, PBs were sepa-
rated and collected by flow cytometry, and the gene expres-
sion in the PBs was profiled using nCounter (registered
trademark) (NanoString Technologies). Of the profiled
genes, 13 genes relating to the differentiation and function of
PB were selected, their normalized expression levels in each
case were converted to z scores, and the scores were
compared using a heatmap. A two-way hierarchical cluster-
ing was also performed to show homology of the cases
(written below the heatmap) in terms of their gene expres-
sion patterns, and homology of the genes (names of the
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genes are written on the left side of the heatmap) in terms of
their expression patterns among the cases, by using dendro-
grams. These analyses were performed using the software
nSolver ver. 2.0 (registered trademark) provided by NanoS-
tring Technologies. While the expression levels of transcrip-
tion factors Blimp-1 (PRDMI1), IRF-4 (IRF4), and Xbp-1
(XBP1) correlate with the degree of promotion of PB
differentiation (Jourdan, M. et al., and Cocco, M. et al.), their
expression levels were highest in Pt1. This does not contra-
dict the fact that the increase of peripheral blood Ki-67*
HLA-DR"&" immature PBs associated with TCZ adminis-
tration is slight in Pt1 while it is high in Pt2 and Pt3. As far
as the function of PBs is concerned, PBs derived from Pt2
and Pt3 show remarkably enhanced expression of regulatory
cytokine IL-10. They are also characterized by a high
expression level of cell adhesion factor CD44. It has recently
been reported that, in MS model experimental autoimmune
encephalomyelitis (EAE) induced by MOGs;; 55, immature
PBs highly expressing CD44 that have differentiated in a
regional lymph node suppress the pathological conditions
via IL-10 production (Matsumoto, M. et al. Interleukin-10-
producing plasmablasts exert regulatory function in autoim-
mune inflammation. Immunity 2014, 41:1040-1051). This
suggests that immature PBs induced by TCZ administration
may also suppress pathological conditions of MS in a similar
manner. In fact, Pt2 and Pt3 were cases of complete response
to TCZ. In view of the above, the high efficacy observed in
the T ;-low group, which is presumed to have pathological
conditions closer to neuromyelitis optica than the other
RRMS patients with a high peripheral blood PB frequency,
is considered reasonable because TCZ shows remarkable
effects on pathological conditions of neuromyelitis optica
(Araki, M., Matsuoka, T., Miyamoto, K., Kusunoki, S.,
Okamoto, T., Murata, M., Miyake, S., Aranami, T, and
Yamamura, T. Efficacy of the anti-IL-6 receptor antibody
tocilizumab in neuromyelitis optica: a pilot study. Neurol-
ogy 2014, 82:1302-1306).

MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention will be described in
detail.

The present invention relates to markers for determining
whether or not the treatment of multiple sclerosis with an
IL-6 inhibitor is applicable. Specifically, the present inven-
tion relates to use of an immature plasmablast indicator in
determining the therapeutic effect of an IL-6 inhibitor on
multiple sclerosis. The “immature plasmablast indicator” of
the present invention includes at least one or both of the
following:

amount of plasmablasts; and

indicator of change in immature plasmablasts.

In the present invention, when the indicator of change in
immature plasmablasts is high in patients with multiple
sclerosis having a high amount of plasmablasts, the thera-
peutic effect of an IL-6 inhibitor on multiple sclerosis is
determined to be high. In the present invention, “indicator of
change in immature plasmablasts” is not particularly limited
so long as it can be used to determine the amount of
immature plasmablasts or the amount of change in immature
plasmablasts in a biological sample. Examples of the “indi-
cator of change in immature plasmablasts™ of the present
invention include the amplitude of change of immature
plasmablasts and the amount of follicular helper T cells (for
example, the ratio of follicular helper T cells to CD4+ T
cells), but are not limited thereto. In the present invention,
when the amount of follicular helper T cells is small, the
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indicator of change in immature plasmablasts is determined
to be high and the therapeutic effect of an IL.-6 inhibitor on
multiple sclerosis is determined to be high. Furthermore, in
the present invention, when the amount of immature plas-
mablasts is increased due to administration of an IL-6
inhibitor or when the amount of increase in immature
plasmablasts is large, the indicator of change in immature
plasmablasts is determined to be high and the therapeutic
effect of the IL-6 inhibitor on multiple sclerosis is deter-
mined to be high.

Alternatively, the present invention relates to methods for
predicting or determining the therapeutic effect or applica-
bility of a treatment of multiple sclerosis based on an
immature plasmablast indicator in a biological sample
derived from a multiple sclerosis patient.

More specifically, the present invention relates to use of
an immature plasmablast indicator in determining the thera-
peutic effect of an IL-6 inhibitor on multiple sclerosis,
wherein:

(1) the amount of plasmablasts and/or an indicator of
change in immature plasmablasts contained in a biological
sample isolated from a multiple sclerosis patient is mea-
sured; and

(ii) the therapeutic effect of the 1L-6 inhibitor is shown to
be high for a group of high-plasmablast-level patients hav-
ing a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high.

The above-mentioned (i) can be rephrased as “an indica-
tor of change in immature plasmablasts contained in a
biological sample isolated from a relapsing-remitting mul-
tiple sclerosis patient having a high amount of plasmablasts
is measured”.

The present invention also relates to a method for pre-
dicting the therapeutic effect of an IL-6 inhibitor on a
multiple sclerosis patient, which comprises the steps of:

(i) measuring the amount of plasmablasts and/or an indi-
cator of change in immature plasmablasts contained in a
biological sample isolated from a multiple sclerosis patient;
and

(i) predicting that the therapeutic effect of the IL-6
inhibitor is high for a group of high-plasmablast-level
patients having a high amount of plasmablasts as compared
with a healthy individual when the indicator of change in
immature plasmablasts is determined to be high.

Alternatively, after step (ii), the present invention can
further include:

(iii) administering the IT-6 inhibitor to a multiple sclero-
sis patient shown to be highly effectively treated by the IL-6
inhibitor. More specifically, the present invention relates to
a method for treating multiple sclerosis, which comprises
steps (1) to (i1).

Alternatively, the present invention relates to use of a
detection reagent of an immature plasmablast indicator in
the production of an agent for predicting the therapeutic
effect of an IL-6 inhibitor on multiple sclerosis.

Alternatively, the present invention relates to use of a
detection reagent of an immature plasmablast indicator in
predicting or determining the therapeutic effect of an IL-6
inhibitor on multiple sclerosis.

Alternatively, the present invention relates to use of a
detection reagent of an immature plasmablast indicator in
predicting or determining the therapeutic effect of an IL-6
inhibitor on multiple sclerosis, wherein:
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(i) the amount of plasmablasts and/or an indicator of
change in immature plasmablasts contained in a biological
sample isolated from a relapsing-remitting multiple sclerosis
patient is measured;

(ii) the therapeutic effect of the IL-6 inhibitor is shown to
be high for a group of high-plasmablast-level patients hav-
ing a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high; and

(1) the IL-6 inhibitor is administered to a multiple
sclerosis patient shown to be highly effectively treated by the
IL-6 inhibitor.

The present invention also relates to use of an IL-6
inhibitor in the treatment of multiple sclerosis, wherein:

(i) the amount of plasmablasts and/or an indicator of
change in immature plasmablasts contained in a biological
sample isolated from a multiple sclerosis patient is mea-
sured;

(ii) the therapeutic effect of the IL-6 inhibitor is shown to
be high for a group of high-plasmablast-level patients hav-
ing a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high; and

(1) the IL-6 inhibitor is administered to a multiple
sclerosis patient shown to be highly effectively treated by the
IL-6 inhibitor.

Alternatively, the present invention relates to use of a
detection reagent of an immature plasmablast indicator in
the production of an agent for predicting the therapeutic
effect of an IL-6 inhibitor on multiple sclerosis, wherein:

(i) the amount of plasmablasts and/or an indicator of
change in immature plasmablasts contained in a biological
sample isolated from a multiple sclerosis patient is mea-
sured;

(11) the therapeutic effect of the IL-6 inhibitor is shown to
be high for a group of high-plasmablast-level patients hav-
ing a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high; and

(iii) the IL-6 inhibitor is administered to a multiple
sclerosis patient shown to be highly effectively treated by the
IL-6 inhibitor.

The present invention also relates to use of an IL-6
inhibitor in the production of an agent for treating multiple
sclerosis, wherein:

(i) the amount of plasmablasts and/or an indicator of
change in immature plasmablasts contained in a biological
sample isolated from a multiple sclerosis patient is mea-
sured;

(i1) the therapeutic effect of the IL-6 inhibitor is shown to
be high for a group of high-plasmablast-level patients hav-
ing a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high; and

(1) the IL-6 inhibitor is administered to a multiple
sclerosis patient shown to be highly effectively treated by the
IL-6 inhibitor.

Alternatively, the present invention relates to a method for
detecting a marker for predicting the therapeutic effect of an
1L-6 inhibitor on multiple sclerosis, the method comprising
the step of measuring the amount of plasmablasts and/or an
indicator of change in immature plasmablasts contained in a
biological sample isolated from a multiple sclerosis patient.

Alternatively, the present invention relates to an IL-6
inhibitor or an agent for treating multiple sclerosis for use in
the administration to a multiple sclerosis patient shown to be
highly effectively treated by the IL-6 inhibitor by a method
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comprising the following steps, or for use in the treatment of
multiple sclerosis for which the effect of treatment by the
IL-6 inhibitor has been shown to be high by a method
comprising the following steps:

(1) measuring the amount of plasmablasts and/or an indi-
cator of change in immature plasmablasts contained in a
biological sample isolated from a multiple sclerosis patient;
and

(ii) showing that the therapeutic effect of the 11.-6 inhibi-
tor is high for a group of high-plasmablast-level patients
having a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high.

After step (ii), the present invention can further include:

(ii1) administering the 1L-6 inhibitor or the agent for
treating multiple sclerosis to a multiple sclerosis patient
shown to be highly effectively treated by the IL-6 inhibitor.

Alternatively, the present invention relates to an agent for
treating multiple sclerosis comprising an IL-6 inhibitor as an
active ingredient, wherein:

(i) the amount of plasmablasts and/or an indicator of
change in immature plasmablasts contained in a biological
sample isolated from a multiple sclerosis patient is mea-
sured;

(i) the therapeutic effect of the 1L-6 inhibitor is shown to
be high for a group of high-plasmablast-level patients hav-
ing a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high; and

(iii) the agent is administered to a multiple sclerosis
patient shown to be highly effectively treated by the IL-6
inhibitor.

Alternatively, the present invention relates to an agent for
predicting the therapeutic effect of an IL-6 inhibitor on
multiple sclerosis comprising a plasmablast detection
reagent and/or a detection reagent for an indicator of change
in immature plasmablasts, wherein:

(1) the amount of plasmablasts and/or an indicator of
change in immature plasmablasts contained in a biological
sample isolated from a multiple sclerosis patient is mea-
sured;

(i1) the therapeutic effect of the 1L-6 inhibitor is shown to
be high for a group of high-plasmablast-level patients hav-
ing a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high; and

(iii) the IL-6 inhibitor is administered to a multiple
sclerosis patient shown to be highly effectively treated by the
IL-6 inhibitor.

In the present invention, the method for predicting the
therapeutic effect can be rephrased as a method for predict-
ing prognosis, a method for determining whether or not a
treatment can be applied, a method for diagnosing the
therapeutic effect, a method for determining whether or not
a treatment can be continued, etc.

In the present invention, the expression “shown to be
highly effectively treated” can be rephrased as “determined
to be highly effectively treated”.

In the present invention, the “multiple sclerosis patient
shown to be highly effectively treated by an IL-6 inhibitor”
can be rephrased as a “patient to whom treatment with an
IL-6 inhibitor is applicable”, an “IL-6 inhibitor-responsive
patient”, etc. Accordingly, the present invention relates to a
method for identifying a patient to whom treatment of
multiple sclerosis with an IL-6 inhibitor is applicable, the
method comprising the steps of:



US 10,697,883 B2

11

(i) measuring the amount of plasmablasts and/or an indi-
cator of change in immature plasmablasts contained in a
biological sample isolated from a multiple sclerosis patient;
and

(i) showing that the therapeutic effect of the 1T.-6 inhibi-
tor is high for a group of high-plasmablast-level patients
having a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high.

In the present invention, the amount of plasmablasts
(PBs) and/or the indicator of change in immature plas-
mablasts (immature PBs) contained in a biological sample
isolated from a multiple sclerosis patient are measured. The
“biological sample” according to the present invention is not
particularly limited as long as the biological sample can be
collected from a patient and permits measurement of PBs
and the indicator of change in immature PBs. 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 they contain lymphocytes, and examples are
preferably peripheral blood and whole blood, and particu-
larly preferably peripheral blood. Methods for obtaining
blood-derived samples from test subjects are well known to
those skilled in the art.

In the present invention, examples of multiple sclerosis
include but are not limited to relapsing-remitting multiple
sclerosis and secondary-progressive multiple sclerosis. In
the present invention, relapsing-remitting multiple sclerosis
refers to multiple sclerosis with repetitive relapses and
remissions. In the present invention, a 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 treatment of relapsing-
remitting multiple sclerosis”. The “relapsing-remitting mul-
tiple sclerosis patient” of the present invention can be, but is
not limited to, a patient with relapsing-remitting multiple
sclerosis that is not serum aquaporin-4 antibody-positive
neuromyelitis optica. Examples of the relapsing-remitting
multiple sclerosis of the present invention include, but are
not limited to, relapsing-remitting multiple sclerosis in
which the amount of plasmablasts contained in a biological
sample derived from a patient is high.

Plasmablasts (PBs) are a subset of B cells, a type of
lymphocytes, and have the specialized function of producing
antibodies. Examples of the “plasmablast (PB)” according to
the present invention include, but are not limited to, B cells
exhibiting CD19*CD27*CD180~CD38"¢" expression. In
the present invention, the “amount of plasmablasts (PBs)”
refers to the number or ratio of plasmablasts. Specifically,
for example, it can be presented as the ratio of the number
of plasmablasts (PBs) to the number of CD19* B cells in
peripheral blood (the number of plasmablasts (PBs)/the
number of CD19* B cellsx100(%)). In the present invention,
the amount of plasmablasts (PBs) can also be referred to as
the ratio of the number of plasmablasts (PBs) to the number
of CD19* B cells, or simply as the plasmablast (PB) ratio,
plasmablast (PB) frequency, etc.

In the present invention, the phrases “the amount of
plasmablasts (PBs) is high”, “a high amount of plasmablasts
(PBs)”, and “the plasmablast (PB) frequency is high” mean
that the amount of PBs contained in a biological sample
isolated from a relapsing-remitting multiple sclerosis patient
is equal to or higher than the average amount of PBs+1SD
(SD: standard deviation), more preferably 2SD (SD: stan-
dard deviation), in healthy individuals. In the present inven-
tion, in the case where the amount of plasmablasts contained
in a biological sample isolated from a relapsing-remitting
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multiple sclerosis patient is represented as the aforemen-
tioned ratio of the number of plasmablasts (PBs) to the
number of CD19™ B cells in peripheral blood (the number of
plasmablasts (PBs)/the number of CD19™ B cellsx100(%)),
it is shown that the patient is a high-plasmablast-level
patient having a high amount of plasmablasts when this ratio
is, for example, 3.00% or more, preferably 3.50% or more,
particularly preferably 3.94% or more, even more preferably
4.50% or more.

The method for measuring the amount of PBs 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 cytom-
etry analysis using fluorescently labeled antibodies. Specifi-
cally, peripheral blood mononuclear cells (PBMC) can be
co-stained with a fluorescent anti-CD3 antibody (e.g., anti-
CD3-PerCP-Cy5.5: Biol.egend, 300430), a CD14 antibody
(e.g., anti-CD14-APC: BiolLegend, 301808), a CD19 anti-
body (e.g., anti-CD19-APC-Cy7, BD Biosciences, 348794),
aCD27 antibody (e.g., anti-CD27-PE-Cy7, BD Biosciences,
560609), a CD180 antibody (e.g., anti-CD180-PE, BD Bio-
sciences, 551953), and a CD38 antibody (e.g., anti-CD38-
FITC, Beckman Coulter, A0778), and cells exhibiting
CD19* CD27*CD180~CD3"#" expression can be selected.

More specifically, CD19*CD27*CD180~CD38"¢" cells
can be obtained by, for example, excluding CD3" T cells or
CD14* monocytes from PBMCs, selecting CD19*CD27*
cells, and further selecting CD180-CD38"#" cells. For
example, cells having a CD19 expression level of 10° or
higher are defined as CD19™" cells; B cells having a CD27
expression level of 2x10% or higher are defined as CD27*
cells; B cells having a CD180 expression level of 2x10° or
lower are defined as CD180 cells; and B cells having a
CD38 expression level of 3x10° or higher are defined as
CD38"e" cells. According to these criteria, CD19*CD27*
CD180"CD38"" cells can be obtained. Also, the cells
having a CD19 expression level of 10° or higher can be
defined as CD19* B cells. The amount of PBs can be
determined, as mentioned above, according to the number of
CD19*CD27*CD180~CD38"#" B cells/the number of
CD19* B cellsx100(%).

Examples of the “indicator of change in immature plas-
mablasts (PBs)” of the present invention include the amount
of immature plasmablasts, the amount of change of imma-
ture plasmablasts between before and after administration of
an IL-6 inhibitor, and the amount of follicular helper T cells.
In the present invention, immature plasmablasts (PBs) refer
to plasmablasts that have differentiated from B cells but not
yet differentiated into mature plasmablasts. In the present
invention, the amount of immature plasmablasts and the
amount of change thereof can be measured by using as
indicators the changes in the expression levels of Ki-67 and
HLA-DR or the presence or absence of Ki-67 and HLA-DR
expression.

Expression Levels and Presence or Absence of Expression
of Ki-67 and HLA-DR

The expression of cell growth marker Ki-67 and MHC
class II molecule HLA-DR decreases as plasmablast differ-
entiation progresses. Therefore, the expression levels or the
presence or absence of expression of Ki-67 and HLA-DR
can be used as indicators to detect and isolate immature
plasmablasts. In the present invention, when the proportion
of Ki-67*HLA-DR"#" cells in peripheral blood PBs con-
tained in a biological sample isolated from a multiple
sclerosis patient increases, the indicator of change in imma-
ture plasmablasts is shown to be high. In the present
invention, the amount of immature plasmablasts can be
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measured both before and after administration of an IL-6
inhibitor. When administration of an IL-6 inhibitor causes an
increase in the amount of immature plasmablasts compared
to before the administration, the indicator of change in
immature plasmablasts can be determined to be high.

Immature plasmablasts which express Ki-67 and HLA-
DR can be detected or obtained, for example, by a method
known to those skilled in the art such as flow cytometry.
Specifically, for example, but without limitation, immature
plasmablasts in the present invention can be detected or
obtained by removing Ki-67~ cells and HL.A-DR™ cells from
PBMCs and selecting Ki-67*HLA-DR"* cells.

Amount of Follicular Helper T Cells

The present inventors discovered that treatment with an
1L-6 inhibitor is effective in a group of MS patients having
a small amount of follicular helper T cells in their peripheral
blood when compared with the other groups of patients; and
that in the group of RRMS patients having a small amount
of follicular helper T cells, the amount of increase in
immature PBs is large, or the amount of immature PBs
increases. Therefore, the therapeutic effect of an IL.-6 inhibi-
tor on MS can be predicted using the amount of follicular
helper T cells as an indicator. Furthermore, since the group
of patients having a small amount of follicular helper T cells,
for whom the therapeutic effect of an IL-6 inhibitor is
satisfactory, shows a large amount of increase in the amount
of immature PBs or shows an increase in the amount of
immature PBs, the amount of follicular helper T cells may
become an indicator of change in the amount of immature
PBs.

Follicular helper T cells are a subset of CD4+ T cells
present at follicular germinal centers in secondary lymphoid
tissues, and express CXCRS5 and CCR7. The amount of
follicular helper T cells in the present invention can be
presented, for example, as the proportion of CD3+CD4+
CD45RA-CCR7+CXCRS5+ cells to memory CD4+ T cells
in peripheral blood. More specifically, the present invention
can include the steps of:

(1) measuring CXCR5+CCR7+ cells in memory CD4+ T
cells; and

(1) showing that the indicator of change in immature
plasmablasts is high when the proportion of CXCRS5+
CCR7+ cells in memory CD4+ T cells is low.

In the present invention, when the proportion of CD3+
CD4+CD45RA-CCR7+CXCR5+ cells in memory CD4+ T
cells is low, the amount of follicular helper T cells can be
determined to be small, and the indicator of change in
immature plasmablasts can be determined to be high. Spe-
cifically, when the proportion of CD3+CD4+CD45RA-
CCR7+CXCRS5+ cells in memory CD4+ T cells contained in
a biological sample isolated from a relapsing-remitting
multiple sclerosis patient is, for example, lower than 30.0%,
preferably 28.2%, particularly preferably 26.0%, or more
preferably 25.0%, the indicator of change in immature
plasmablasts is shown to be high. This proportion can also
be determined by using a method known to those skilled in
the art, such as flow cytometry which uses peripheral blood
and such isolated from the patients as the sample.

In the present invention, plasmablasts can be detected
using a plasmablast detection reagent. Furthermore, the
indicator of change in immature plasmablasts can be
detected using a reagent for detecting the indicator of change
in immature plasmablasts. The plasmablast detection
reagent and the immature plasmablast detection reagent are
not particularly limited as long as the plasmablast and the
indicator of change in immature plasmablasts can be
detected, and examples include antibodies capable of rec-
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ognizing the plasmablast and the indicator of change in
immature plasmablasts. The antibodies capable of recogniz-
ing the plasmablast and the indicator of change in immature
plasmablasts are not particularly limited as long as the
antibodies can recognize a protein or a receptor expressed on
the surface of the plasmablast and the indicator of change in
immature plasmablasts. Examples of antibodies that detect
plasmablasts include an anti-CD19 antibody, a CD27 anti-
body, and an anti-CD38 antibody. Furthermore, when the
amount of immature plasmablasts or the amount of change
of immature plasmablasts is used as the indicator of change
in immature plasmablasts, an anti-Ki-67 antibody, an anti-
HLA-DR antibody, and such may be used. Alternatively,
when follicular helper T cells are used as the indicator of
change in immature plasmablasts, antibodies against
CXCRS and CCR7 which are expressed in follicular helper
T cells, can be used. When the amount of follicular helper
T cells is used as the indicator of change in immature
plasmablasts, in case the amount of follicular helper T cells
is small or the presence of follicular helper T cells cannot be
confirmed, the indicator of change in immature plasmablasts
can be determined to be high.

In the present invention, two or more of these antibodies,
or three or more of these antibodies are preferably used in
combination.

The antibodies in the present invention can be polyclonal
antibodies or monoclonal antibodies. Alternatively, the anti-
bodies of the present invention may be multispecific anti-
bodies mutually recognizing different antigenic determi-
nants of proteins or receptors expressed on the surface of
plasmablasts.

The present invention also provides a kit for detecting a
marker for predicting a therapeutic effect on multiple scle-
rosis, the kit comprising: (i) a reagent for detecting a
plasmablast and/or an indicator of change in immature
plasmablasts in a biological sample; and (ii) a positive
control sample for the plasmablast and/or the indicator of
change in immature plasmablasts.

The kit of the present invention is a kit for detecting a
marker for predicting a therapeutic effect on multiple scle-
rosis, wherein:

(i) the amount of plasmablasts and/or an indicator of
change in immature plasmablasts contained in a biological
sample isolated from a multiple sclerosis patient is mea-
sured;

(i) the therapeutic effect of an IL-6 inhibitor is shown to
be high for a group of high-plasmablast-level patients hav-
ing a high amount of plasmablasts as compared with a
healthy individual when the indicator of change in immature
plasmablasts is determined to be high; and

(ii1) an IL-6 inhibitor is administered to a multiple scle-
rosis patient shown to be highly effectively treated by the
IL-6 inhibitor.

The present invention predicts the therapeutic effect of an
1L-6 inhibitor on multiple sclerosis (particularly on relaps-
ing-remitting multiple sclerosis showing a large amount of
peripheral blood PBs) by using an immature PB as an
indicator. In the present invention, the “IL-6 inhibitor” is not
limited as long as the IL-6 inhibitor is capable of blocking
1L-6 signal transduction and inhibiting the biological activ-
ity of IL-6. Specific examples of the IL-6 inhibitor can
include, but are not limited to, a substance that binds to IL-6,
a substance that binds to an IL-6 receptor, and a substance
that binds to gp130. Other examples of the IL-6 inhibitor can
include, but are not limited to, a substance that inhibits
phosphorylation of STAT3, which is important for the intra-
cellular signaling of IL-6, for example, AG490. The IL-6
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inhibitor includes, without being particularly limited, 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 pep-
tide, and a low-molecular weight compound exhibiting
activity similar thereto.

Examples of the preferred embodiment of the IL.-6 inhibi-
tor can include an IL-6 receptor inhibitor, particularly an
anti-IL-6 receptor antibody.

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.

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-de-
rived monoclonal antibody. The mammal-derived monoclo-
nal 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
engineering approach. Usually, this antibody blocks the
transmission of the biological activity of 1L-6 into a cell
through its binding to IL-6, an IL-6 receptor, gp130, or the
like.

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 ordi-
nary immunization method, and the resulting immunocytes
are fused with parent cells known in the art by an ordinary
cell fusion method, and the fused cells are screened for
monoclonal antibody-producing cells by an ordinary screen-
ing method to prepare monoclonal antibody-producing
hybridomas.

Specifically, the monoclonal antibody can be prepared as
follows: in the case of preparing, for example, an anti-IL-6
receptor antibody, a human IL-6 receptor or mouse IL-6
receptor to be used as a sensitizing antigen is obtained by
using the nucleotide sequence of the 1L-6 receptor gene
and/or the amino acid sequence of the IL-6 receptor protein
disclosed in European Patent Application Publication No.
EP 325474 or disclosed in JP-A (Kokai) H3-155795, respec-
tively.

There are two types of IL-6 receptor proteins: a protein
expressed on the cell membrane, and a protein dissociated
from the cell membrane (soluble IL-6 receptor) (Yasukawa,
K. etal., . 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 1L-6 receptor lacks the transmembrane region or
lacks the transmembrane region and the intracellular region.
Any IL-6 receptor may be used as the IL-6 receptor protein
as long as the IL-6 receptor may be used as a sensitizing
antigen in the preparation of an anti-IL-6 receptor antibody
used in the present invention.

The gene sequence of the 1L-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
1L-6 receptor or a fusion protein of the IL-6 receptor protein
with another protein may be used as the sensitizing antigen.

Likewise, in the case of using IL-6 as a sensitizing antigen
in antibody obtainment, human IL-6 is obtained by using the
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nucleotide sequence of the IL-6 gene and/or the amino acid
sequence of the IL-6 protein disclosed in Eur. J. Biochem
(1987) 168, 543-550, J. Immunol. (1988)140, 1534-1541, or
Agr. Biol. Chem. (1990) 54, 2685-2688. Also, the nucleotide
sequence of the gp130 gene and/or the amino acid sequence
of the gp130 protein disclosed in EP 411946 can be used as
a sensitizing antigen for obtaining an anti-gp130 antibody.

The mammal to be immunized with the sensitizing anti-
gen 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.

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,
the sensitizing antigen diluted or suspended in an appropri-
ate volume of phosphate-buffered saline (PBS), 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.

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.

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, I. F. et al., J. Immunol. (1979)
123, 1548-1550), P3X63Ag8U.1 (Current Topics in Micro-
biology 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), 5194 (Trowbridge, 1. S. J. Exp. Med. (1978) 148,
313-323), and R210 (Galfre, G. et al., Nature (1979) 277,
131-133) are appropriately used.

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).

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 (HVI) 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.

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 RPMI1640
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 in the cell fusion
and may be used in combination with a serum supplement
such as fetal calf serum (FCS).

For the cell fusion, predetermined amounts of the immu-
nocytes and the myeloma cells are well mixed in the
medium. A PEG solution, for example, a solution of PEG
having an average molecular weight of about 1000 to 6000,
preheated to approximately 37° C. is usually added to the



US 10,697,883 B2

17

mixture at a concentration of 30 to 60% (w/v) and mixed
therewith to form the fusion cells (hybridomas) of interest.
Subsequently, the cell fusion agent and the like unfavorable
for the growth of the hybridomas can be removed by
repeating the operation of sequentially adding an appropriate
medium and removing a supernatant by centrifugation.

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 anti-
body of interest are screened for and cloned by an ordinary
limiting dilution method.

In addition to obtaining such hybridomas by immunizing
a non-human animal with an antigen, a desired human
antibody having binding activity against a desired antigen or
against 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, with U266 (see JP-A (Kokai) H1-59878). Alter-
natively, the antigen or cells expressing the antigen may be
administered to a transgenic animal having a human anti-
body gene repertoire, and the desired human antibody can be
obtained according to the method mentioned above (see
International Patent Application Publication Nos. W(Q93/
12227, W092/03918, W094/02602, W(094/25585, WO96/
34096, and W096/33735).

The monoclonal antibody-producing hybridomas thus
prepared can be passaged in a usual medium and can also be
preserved for a long period in liquid nitrogen.

The monoclonal antibody is obtained from the hybrido-
mas by employing, 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.

For example, hybridomas producing an anti-IL-6 receptor
antibody can be prepared by a method disclosed in JP-A
(Kokai) H3-139293. This preparation can be carried out by
a method which involves intraperitoneally injecting PM-1
antibody-producing hybridomas to BALB/c mice to obtain
ascitic fluid, and purifying the PM-1 antibody from the
ascitic fluid, 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 Man-
nheim), a Hybridoma 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.

In the present invention, a recombinant antibody pro-
duced by use of a gene recombination technique which
involves cloning an antibody gene from hybridomas, incor-
porating the antibody gene into an appropriate vector, and
transferring this vector to a host can be used as the mono-
clonal antibody (see e.g., Borrebaeck C. A. K. and Larrick
J. W. THERAPEUTIC MONOCLONAL ANTIBODIES,
Published in the United Kingdom by MACMILLAN PUB-
LISHERS LTD, 1990).

15

20

25

30

35

40

45

50

55

60

65

18

Specifically, nRNAs encoding the variable (V) regions of
the antibody are isolated from cells, for example, hybrido-
mas, 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 pre-
pared by use of QuickPrep mRNA Purification Kit (manu-
factured by Pharmacia Corp.).

Antibody V region ¢cDNAs are synthesized from the
obtained mRNAs using reverse transcriptase. The cDNA
synthesis can be carried out using AMV Reverse Tran-
scriptase 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 Belyaysky, 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 puri-
fied from the obtained PCR products and ligated with vector
DNAs. Recombinant vectors are thereby prepared and trans-
ferred to E. coli or the like. Colonies are selected, and
desired recombinant vectors are prepared. The nucleotide
sequences of the DNAs of interest are confirmed by a
method known in the art, for example, a deoxy method.

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 con-
taining the DNAs of the antibody C regions.

For the production of the antibody used in the present
invention, the antibody gene is incorporated into an expres-
sion 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 anti-
body can be expressed.

In the present invention, a 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.

A chimeric antibody is obtained by linking the antibody V
region-encoding DNAs obtained as described above to
human antibody C region-encoding DNAs, and incorporat-
ing the linked DNAs into expression vectors, which are then
introduced into a host, followed by production of the anti-
body (see EP125023 and W(092-19759). A chimeric anti-
body useful in the present invention can be obtained by use
of this known method.

The humanized antibody, is also called reshaped human
antibody or antibody made into human type antibody, and is
obtained by grafting the complementarity-determining
regions (CDRs) of a non-human mammalian antibody, for
example, a mouse antibody, to the complementarity-deter-
mining regions of a human antibody. A general gene recom-
bination approach therefor is also known (see EP125023 and
W092-19759).

Specifically, DNA sequences designed so as to link mouse
antibody CDRs and human antibody framework regions
(FRs) are synthesized by PCR using several prepared oli-
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gonucleotides having overlapping terminal portions. The
obtained DNAs are linked to DNAs encoding human anti-
body C regions. Subsequently, the linked DNAs are incor-
porated into expression vectors, which are then transferred
to a host, followed by the production of the antibody to
obtain the humanized antibody (see EP239400 and WO92-
19759).

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 anti-
body form an appropriate antigen-binding site (Sato, K. et
al., Cancer Res. (1993) 53, 851-856).

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 Cy. For
example, Cyl, Cy2, Cy3, or Cy4 can be used. Examples of
the human antibody light chain C region can include x and
M. These human antibody C regions may be modified in
order to improve the stability of the antibody or the stability
of production thereof.

A chimeric antibody is composed of the variable regions
of a non-human mammal-derived antibody and human anti-
body-derived C regions. A 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 antibodies exhibit
reduced antigenicity in human bodies and as such, are useful
as antibodies for use as pharmaceuticals.

Preferable specific examples of the humanized antibody
used in the present invention include humanized PM-1
antibodies (see W092-19759).

In addition to the aforementioned methods for obtaining
a human antibody, a technique of obtaining a human anti-
body 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 W92/
01047, W092/20791, W093/06213, W093/11236, W(O93/
19172, W0O95/01438, and WO95/15388.

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 routinely used useful promoter, the
antibody gene to be expressed, and a poly-A signal 3'-down-
stream thereof are functionally linked, or by use of a vector
containing the DNA. Examples of the promoter/enhancer
can include human cytomegalovirus immediate early pro-
moter/enhancer.

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 1o (HEF1c), or the like can be
used as the promoter/enhancer for the antibody expression
used in the present invention.

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.
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et al., Nature (1979) 277, 108-114). In the case of using the
HEF1a 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).

In the case of using prokaryotic cells as the host, bacterial
cells can be used in the production system. E. coli and
Bacillus subtilis are known as the bacterial cells.

For E. Coli, a routinely used useful promoter, 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
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) can be followed. In the case of using the araB
promoter, the method of Better et al. (Better, M. et al.
Science (1988) 240, 1041-1043) can be followed.

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 antibodies produced in the periplasm are
separated and then used after appropriate refolding of the
antibody structure (see e.g., W096/30394).

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 phos-
phoribosyltransferase (Ecogpt) gene, or dihydrofolate
reductase (dhfr) gene in order to amplify the number of gene
copies in the host cell system.

For the production of the antibody used in the present
invention, an arbitrary production system can be used. There
are in vitro and in vivo production systems for antibody
production. Examples of the in vitro production system
include a production system using eukaryotic cells and a
production system using prokaryotic cells.

In the case of using eukaryotic cells as the host, animal
cells, plant cells, or fungal cells can be used in the produc-
tion system. (1) Mammalian cells, for example, CHO, COS,
myeloma, baby hamster kidney (BHK), Hel a, 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.

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, RPMI1640, 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.

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. When an animal is used, a
mammal, an insect, or the like can be used in the production
system.

A goat, a pig, sheep, a mouse, cattle, or the like can be
used as the mammal (Vicki Glaser, SPECTRUM Biotech-
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nology Applications, 1993). A silkworm can be used as the
insect. In the case of using the plant, for example, tobacco
can be used.

The antibody gene is introduced into such an animal or a
plant, and the antibody is produced in the body of the animal
or the plant and recovered. For example, the antibody gene
is prepared as a fusion gene by inserting the gene midway
into a gene encoding a protein specifically produced in milk,
such as goat f casein. A DNA fragment that contains the
fusion gene having 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. Hormones may be appro-
priately used for the transgenic goat in order to increase the
amount of the milk containing the desired antibody pro-
duced by the transgenic goat (Ebert, K. M. et al., Bio/
Technology (1994) 12, 699-702).

In the case of using a silkworm, a 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 tobacco, the antibody gene of
interest is inserted to a vector for expression in plants, for
example, pMONS530, and this vector is introduced into a
bacterium such as Agrobacterium tumefaciens. Tobacco, for
example, Nicotiana tabacum, is infected with this bacte-
rium, 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).

In the case of producing an 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-trans-
formed with these expression vectors. Altematively, 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 WO94-
11523).

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.

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).

An scFv is obtained by linking the H chain V region and
the L chain V region of an 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 the above-described antibodies according to the
present invention. For example, an arbitrary single-chain
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peptide composed of 12 to 19 amino acid residues is used as
the peptide linker for linking the V regions.

A DNA encoding the scFv is obtained by using a DNA
encoding the H chain or the H chain V region of the
aforementioned antibody and a DNA encoding the I chain
or the L chain V region of the antibody as templates, and
amplifying from each of those sequences a DNA portion
encoding the desired amino acid sequence by PCR using a
primer pair defining the two ends thereof, followed by
further amplification using a DNA encoding the peptide
linker portion and a primer pair that is designed such that
each of the two ends of the peptide linker is linked to the H
chain and the L chain, respectively.

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.

These antibody fragments can be produced through
obtainment and expression of their genes and production by
the host in the same way as above. The “antibody” according
to the present invention also encompasses these antibody
fragments.

Antibodies bound with various molecules such as poly-
ethylene glycol (PEG) may be used as modified forms of
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
chemical modification of the obtained antibody. These meth-
ods have already been established in the art.

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 to homogeneity. 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,
PORQOS, and Sepharose F.F. Any of other ordinary separa-
tion and purification methods for use in proteins can be used
without limitation.

For example, the antibody used in the present invention
can be separated and purified by appropriately selecting or
combining chromatography other than the affinity chroma-
tography, filters, ultrafiltration, salting out, and/or dialysis.
Examples of the chromatography include ion-exchange
chromatography, hydrophobic chromatography, and gel fil-
tration. These chromatography techniques are applicable to
high-performance liquid chromatography (HPLC). Alterna-
tively, reverse-phase HPLC may be used.

The concentration of the antibody thus obtained can be
measured by, for example, absorbance measurement or
ELISA. Specifically, in the case of measuring the concen-
tration by the absorbance measurement, the absorbance is
measured at 280 nm after appropriate dilution of the anti-
body with PBS(-), and the concentration is calculated
assuming that 1 mg/ml is 1.35 OD. Alternatively, the con-
centration can be measured by ELISA as follows: 100 ul of
goat anti-human IgG (manufactured by TAG) diluted to 1
pg/ml with a 0.1 M bicarbonate buffer solution (pH 9.6) is
added 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, 100 ul of
an appropriately diluted antibody used in the present inven-
tion or a sample containing the antibody, or a preparation
human IgG (manufactured by Cappel Laboratories, Inc.) is
added thereto and incubated at room temperature for 1 hour.
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After washing, 100 ul of alkaline phosphatase-labeled
anti-human IgG (manufactured by BioSource International,
Inc.) diluted 5000-fold is added thereto and incubated at
room temperature for 1 hour. After washing, a substrate
solution is added thereto and incubated. Then, the absor-
bance is measured at 405 nm using MICROPLATE
READER Model 3550 (manufactured by Bio-Rad Labora-
tories, Inc.) to calculate the concentration of the antibody of
interest.

Specific examples of the anti-IL-6 antibody can include,
but are not particularly limited to, MH166 (Matsuda, T. et
al., Bur. 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).

Specific examples of the anti-IL-6 receptor antibody
include, but are not particularly limited to, MR 16-1 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 (W092-19759). 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 mono-
clonal 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,
but are not limited to, a humanized PM-1 antibody (Tocili-
zumab, MRA). Other preferred examples of the humanized
anti-IL-6 receptor antibody can include, but are not limited
to, antibodies described in W02009/041621 and WO2010/
035769. Examples of other preferred embodiments of the
anti-IL-6 receptor antibody can include, but are not limited
to, an anti-IL-6 receptor antibody that recognizes the same
epitope as that recognized by the humanized PM-1 antibody
(Tocilizumab, MRA).

Specific examples of the anti-gp130 antibody include, but
are not particularly limited to, AM64 antibody (JP-A
(Kokai) H3-219894), 4B11 antibody, 2H4 antibody (U.S.
Pat. No. 5,571,513), and B-P8 antibody (JP-A (Kokai)
H8-291199).

The IL-6 variant used in the present invention is a
substance that has binding activity with the IL-6 receptor
and does not transduce the biological activity of IL-6. Thus,
the IL-6 variant blocks the signal transduction of IL-6
because it competes with IL-6 for binding to the IL-6
receptor but does not transduce the biological activity of
IL-6.

An IL-6 variant is prepared by introducing mutations into
IL-6 through substitution of amino acid residues in the
amino acid sequence of 1L-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. Specifi-
cally, the secondary structure of the amino acid sequence of
1L-6 is predicted by use of a molecular modeling program
known in the art, for example, WHATIF (Vriend et al., I.
Mol. Graphics (1990) 8, 52-56), and the influence of amino
acid residues to be substituted on the whole structure 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 a conventional PCR method is performed to
introduce mutations such that the amino acids are substi-
tuted, and thereby a gene encoding the IL-6 variant is
obtained. This gene is incorporated into an appropriate
expression vector according to the need, and the IL-6 variant
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can be obtained according to the aforementioned expression,
production, and purification methods for the recombinant
antibody.

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 1. (1994) 13, 1357-1367,
WO096-18648, and W096-17869.

A vpartial 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.

The partial 1L-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.

For the preparation of the partial IL-6 receptor peptide by
the genetic engineering approach, a DNA sequence encod-
ing 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.

For the preparation of the partial IL-6 receptor peptide by
the peptide synthesis method, a method conventionally used
in peptide synthesis, for example, a solid-phase synthesis
method or a liquid-phase synthesis method can be used.

Specifically, the peptide synthesis can be carried out
according to methods described in Zoku Iyakuhin 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
example, coupling an amino acid corresponding to the C
terminus of a 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 amino
acid at a time (its c.-amino group 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 group
of the a-amino group of the amino acid 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.

After such synthesis of the peptide of interest, deprotec-
tion 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 trifluorometh-
anesulfonic 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 pres-
ence of anisole in hydrogen fluoride. Subsequently, protec-
tive 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, for example, deprotection reaction and cleav-
age reaction of the peptide chain from the support can be
carried out by the same operation as above in TFA.

The obtained crude peptide can be separated and purified
by application to HPL.C. The peptide can be eluted under the
optimum conditions by use of a water-acetonitrile mixed
solvent conventionally used in protein purification. A frac-
tion corresponding to a peak in the obtained profile of
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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.

The present invention also relates to an agent for treating
multiple sclerosis in which plasmablasts occur at high levels
and in which the indicator of change in immature plas-
mablasts is high, the agent comprising an IL-6 inhibitor as
an active ingredient. The “relapsing-remitting multiple scle-
rosis in which plasmablasts occur at high levels and in which
the indicator of change in immature plasmablasts is high”
according to the present invention refers to multiple sclero-
sis with a high amount of plasmablasts (PBs), which has
been determined to show an increase in the amount of
immature plasmablasts (PBs) after administration of an IL-6
inhibitor as compared to before the administration, or in
which the amount of increase in immature plasmablasts
(PBs) due to administration of an IL-6 inhibitor is large.
Alternatively, it refers to multiple sclerosis in which the
amount of plasmablasts (PBs) is high and the amount of
follicular helper T cells is low.

In the present invention, “relapsing-remitting multiple
sclerosis in which plasmablasts occur at high levels and in
which the indicator of change in immature plasmablasts is
high” can also be rephrased as “relapsing-remitting multiple
sclerosis in which plasmablasts occur at high levels and in
which follicular helper T cells occur at low levels”.

In the present invention, the phrase “comprising as an
active ingredient” means comprising an IL-6 inhibitor as at
least one of the active ingredients and does not limit the
content percentage thereof. The therapeutic agent of the
present invention may also contain active ingredients 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.

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 therapeutic agent of the
present invention may contain a pharmaceutically accept-
able carrier and/or additive according to needs. The thera-
peutic 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 preservative, a stabilizer, a buffer (phosphate, cit-
rate, 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 cor-
rigent. However, the therapeutic agent of the present inven-
tion may appropriately contain, without being limited to the
above agents, other carriers routinely used. Specific
examples thereof can include light anhydrous silicic acid,
lactose, crystalline cellulose, mannitol, starch, carmellose
calcium, carmellose sodium, hydroxypropylcellulose,
hydroxypropylmethylcellulose, polyvinylacetal diethylam-
inoacetate, polyvinylpyrrolidone, gelatin, medium-chain
fatty acid triglyceride, polyoxyethylene hydrogenated castor
oil 60, white soft sugar, carboxymethylcellulose, corn
starch, and inorganic salts. Also, 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 adjuvants. Examples of the adju-
vants include D-sorbitol, D-mannose, D-mannitol, and
sodium chloride. The solution may be further used in
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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).

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 micro-
spheres, 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 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. Pat. No.
3,773.919; EP 58,481; Sidman et al., Biopolymers (1983)
22: 547-56; and EP 133,988). In addition, the therapeutic
agent of the present invention may be supplemented or
mixed with hyaluronidase to allow an increased amount of
fluid to be subcutaneously administered (e.g., WO2004/
078140).

The therapeutic agent of the present invention can be
administered through any of oral and parenteral routes and
is preferably administered parenterally. Specifically, 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
systemic or local administration by intravenous injection,
intramuscular injection, intraperitoneal injection, subcuta-
neous injection, or such. The therapeutic agent of the present
invention may be injected locally, particularly, intramuscu-
larly, to a treatment site or the neighborhood thereof.
Examples of the dosage form of the percutaneous adminis-
tration include ointments, gels, creams, poultices, and
patches, which permit systemic or local administration. The
administration method can be appropriately selected accord-
ing 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, for example, when administering to a human
patient, the range of 0.001 to 1000 mg/kg body weight of the
active ingredient per patient can be selected. 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 therapeutic agent of the present invention is
not limited by these doses.

The therapeutic agent of the present invention can be used
alone for treating multiple sclerosis in a human or an animal,
in which plasmablasts occur at high levels and the indicator
of change in immature plasmablasts is high. Alternatively,
the therapeutic agent of the present invention may be orally
administered as a mixture with other ingredients that may be
commonly used in pharmaceuticals or foods. The therapeu-
tic agent of the present invention can also be used in
combination with other compounds, microbes, or the like
known to have a therapeutic and/or preventive effect on
multiple sclerosis.

The present invention further relates to a method for
treating multiple sclerosis in which plasmablasts occur at
high levels and the indicator of change in immature plas-
mablasts is high, which comprises the step of administering
an IL-6 inhibitor to an animal. Examples of the subject to
which the IL-6 inhibitor is administered include mammals.
Examples of the mammals include humans and non-human
mammals in need of the treatment or prevention of relaps-
ing-remitting multiple sclerosis and preferably include
humans and monkeys, and more preferably humans.
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The present invention further relates to an IL-6 inhibitor
for use in treating multiple sclerosis in which plasmablasts
occur at high levels and in which the indicator of change in
immature plasmablasts is high. Alternatively, the present
invention relates to the use of an IL-6 inhibitor in the
production of an agent for treating multiple sclerosis in
which plasmablasts occur at high levels and in which the
indicator of change in immature plasmablasts is high.

The present invention further relates to a method for
producing an agent for treating multiple sclerosis in which
plasmablasts occur at high levels and in which the indicator
of change in immature plasmablasts is high, which com-
prises the step of mixing an IL-6 inhibitor with a pharma-
ceutically acceptable carrier.

All prior art documents cited herein are incorporated
herein by reference.

EXAMPLES

Next, the present invention will be explained more spe-
cifically with reference to the Examples. However, the
present invention is not to be construed as being limited to
the following Examples.

An objective of multiple sclerosis (MS) treatment is to
decrease the number of relapses and improve the clinical
symptoms. Accordingly, the number of relapses during
twelve months before and after introduction of an IL-6
inhibitor, tocilizumab (TCZ), were compared. Clinical
symptoms were compared based on the following indicators
obtained before introduction of TCZ and twelve months
after introduction of TCZ. Since EDSS focuses on gait
disturbance, NRS and ophthalmologic evaluations were
used in combination.

MS disability status scale, Expanded Disability Status

Scale (EDSS)

Numerical Rating Scale (NRS) relating to malaise and

neuralgia of the limbs and trunk

Ophthalmologic evaluations such as vision test and visual

field test
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As indicated below, the subjects were three groups of 40

PB-high MS patients (Pt1, Pt2, and Pt3) having high periph-
eral blood PB frequencies (FIGS. 1 and 2).
Pt1: Tgp-high group showing a high frequency of periph-
eral blood follicular helper T cells

Pt2 and Pt3: Tz -low group showing a low frequency of 45

peripheral blood follicular helper T cells

In Pt2, four relapses accompanying worsening of gait
disturbance were observed during the twelve months before
TCZ introduction; however, no significant relapse was
observed twelve months after the introduction, and this did
not accompany worsening of EDSS. NRS relating to malaise
and neuralgia both improved from 6 to 4. In Pt3, constriction
of both visual fields was initially present, and one instance
of relapse due to progression of right visual field constriction
was observed during the twelve months before TCZ intro-
duction; however, no relapse took place after the introduc-
tion, and remarkable improvement of both visual fields was
also observed. EDSS also improved from 4.0 to 3.5. On the
other hand, in Ptl, there was no relapse during the nine
months after TCZ introduction; however, since two relapses
took place at ten and eleven months after the introduction
and EDSS worsened from 4.0 to 5.0, the administration was
discontinued. From these results, it was determined that
TCZ is effective in Pt2 and Pt3, but not sufficiently effective
in Ptl.

In Pt2 and Pt3, which progressed favorably under treat-
ment with tocilizumab administration, the amount of periph-
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eral blood PBs had been found to be high before tocilizumab
administration as shown in FIG. 2. Therefore, the therapeu-
tic effect of an IL-6 inhibitor on relapsing-remitting multiple
sclerosis (RRMS) was found to be predictable using the
amount of peripheral blood PBs as an indicator. Further-
more, in contrast to Pt] where treatment was ineffective, the
amount of peripheral blood follicular helper T (T ) cells was
small in Pt2 and Pt3. Therefore, in relapsing-remitting
multiple sclerosis in which the amount of peripheral blood
PBs 1s high, it was found that the amount of peripheral blood
T cells can serve as an indicator for predicting the thera-
peutic effect on RRMS.

Plasmablasts (PBs) differentiate from naive or memory B
cells in a secondary lymphoid tissue, and contribute to the
body’s defense through antibody production during infec-
tion and such. When naive B cells are activated by being
subjected to antigen stimulation, they interact with CD4-
positive T cells and a portion of them quickly differentiate
into immature PBs, and make initial responses to antigens
such as the source of infection. Meanwhile, the remaining
activated naive B cells serve as germinal center B cells and
form a germinal center, and in this structure, they are
determined to differentiate into PBs through interaction with
follicular helper T cells (Craft, J. E. Nat. Rev. Rheumatol.
2012; 8: 360-2; and Crotty, S. Immunity 2014; 41: 529-42).
Immature PBs produced in this process mature through
repeated interaction with follicular helper T cells, and exert
strong function in antigen removal (Liu, D., et al. Nature
2015; 517: 214-8). The interaction between germinal center
B cells and follicular helper T cells produce memory B cells
at the same time. Memory B cells continue to exist even after
an immunological event such as an infection has settled, and
have the ability to differentiate into more mature PBs, more
quickly than naive B cells subjected to the same specific
antigen stimulation (Craft, J. E. and Crotty, S.). It has
recently been reported that memory B cells differentiating
into PBs also show interaction with follicular helper T cells
waiting near a disappearing germinal center, suggesting that
follicular helper T cells also play an important role in
generation of mature PBs from these memory B cells (Aiba,
Y, et al. Proc Natl Acad Sci USA 2010; 107: 12192-7).

Recently, in mice, follicular helper T cells circulating in
the peripheral blood have been reported to exhibit high PB
differentiation ability in vivo, and in humans as well, it is
expected that follicular helper T cells circulate in the periph-
eral blood and promote PB differentiation in secondary
lymphoid tissues (Sage, P. T, et al., J. Clin. Invest. 2014;
124: 5191-204). In fact, it has been shown that, in human
infections and autoimmune diseases, the increase in periph-
eral blood follicular helper T cells correlates with the
amount of specific antibodies in blood, and with clinical
severity (Locci, M., et al., Immunity 2013; 39: 758-69; and
Simpson, N., et al., Arthritis Rheum 2010; 62: 234-44).

INDUSTRIAL APPLICABILITY

The present invention provides a method for predicting
the therapeutic effect of an IL-6 inhibitor on MS by using an
indicator of change in immature plasmablasts in the periph-
eral blood of a multiple sclerosis patient. Furthermore, the
present invention provides a novel therapeutic method for
patients with multiple sclerosis in which plasmablasts occur
at high levels and in which the indicator of change in
immature plasmablasts is high. By the present invention, it
is possible to avoid administering an IL-6 inhibitor to a
patient who cannot be expected to receive the therapeutic
effect of the IL-6 inhibitor or who has to suffer manifestation
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of serious adverse reactions or aggravation of concomitant
immune disorders, and it is possible to select an appropriate
treatment method.

The invention claimed is:
1. A method for treating a subject identified as having
multiple sclerosis, the method comprising:
measuring the proportion of plasmablasts in CD19+ B
cells in a blood sample isolated from the subject, and
determining that the proportion of plasmablasts is equal
to or higher than 3.5%;

measuring the proportion of CXCR5+CCR7+ cells in
memory CD4+ T cells in a blood sample isolated from
the subject, and determining that the proportion of
CXCRS5+CCR7+ cells is lower than 30%;

predicting, based on both of the above determinations,
that an anti-IL-6 receptor antibody is likely to be
effective in treating the subject’s multiple sclerosis; and

administering the anti-IL-6 receptor antibody to the sub-
ject.

2. The method of claim 1, wherein the anti-IL-6 receptor
antibody is a chimeric antibody, a humanized antibody, or a
human antibody.

3. The method of claim 1, wherein the multiple sclerosis
is relapsing-remitting multiple sclerosis.

4. The method of claim 1, wherein the multiple sclerosis
is secondary-progressive multiple sclerosis.

5. The method of claim 1, further comprising, prior to the
measuring steps, obtaining one or more peripheral blood
samples from the subject.

6. The method of claim 1, wherein the proportion of
CXCR5+CCR7+ cells in memory CD4+ T cells is deter-
mined to be a percent lower than 28.2%.

7. The method of claim 1, wherein the anti-IL-6 receptor
antibody is tocilizumab.

8. A method for treating a subject identified as having
multiple sclerosis, the method comprising:
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determining whether the proportion of plasmablasts in
CD19+ B cells is equal to or higher than 3.5%, and
whether the proportion of CXCR5+CCR7+ cells in
memory CD4+ T cells is lower than 30% in a blood
sample of the subject by:
obtaining or having obtained one or more blood
samples from the subject;
measuring or having measured the proportion of plas-
mablasts in CD19+ B cells in one of the one or more
blood samples; and
measuring or having measured the proportion of
CXCR5+CCR7+ cells in memory CD4+ T cells in
one of the one or more blood samples; and
if the proportion of plasmablasts in CD19+ B cells is
equal to or higher than 3.5%, and the proportion of
CXCR5+CCR7+ cells in memory CD4+ T cells is
lower than 30% in the blood sample(s), then adminis-
tering an anti-IL-6 receptor antibody to the subject,

if the proportion of plasmablasts in CD19+ B cells is
lower than 3.5%, or if the proportion of CXCR5+
CCR7+ cells in memory CD4+ T cells is equal to or
higher than 30% in the blood sample(s), then not
administering an anti-IL-6 receptor antibody to the
subject, and instead treating the subject’s multiple
sclerosis with another appropriate treatment.

9. The method of claim 8, wherein the multiple sclerosis
is relapsing-remitting multiple sclerosis.

10. The method of claim 8, wherein the multiple sclerosis
is secondary-progressive multiple sclerosis.

11. The method of claim 8, wherein the other appropriate
treatment comprises administration of interferon beta.

12. The method of claim 8, wherein the anti-IL-6 receptor
antibody is a chimeric antibody, a humanized antibody, or a
human antibody.

13. The method of claim 8, wherein the anti-IL-6 receptor
antibody is tocilizumab.
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