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TREATING AND EVALUATING
INFLAMMATORY DISORDERS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application, filed under 35 U.S.C. § 111, is a
continuation claiming priority under 35 U.S.C. § 120 of Inter-
national Application No. PCT/US2006/018077, filed on May
10, 2006, which claims priority to U.S. Application Ser. No.
60/679,518, filed on May 10, 2005. The contents of all the
foregoing applications are hereby incorporated by reference.

BACKGROUND

[0002] The tumor-necrosis factor (TNF)-related cytokines
are a superfamily of proteins that have an array of functions,
including ones implicated in immune regulation and apopto-
sis regulation. Examples of TNF superfamily members
include TNF-a. and TWEAK (TNF-like weak inducer of apo-
ptosis).

SUMMARY

[0003] As further described below, the TWEAK and
TNF-a pathways work independently to mediate aspects of
inflammation. Blocking both of the molecular signalling
pathways modulated by TWEAK and TNF-a. can be used to
treat a variety of inflammatory disorders. Examples of such
treatments are described below.

[0004] In one aspect, the disclosure features a method of
treating a subject for an inflammatory disorder. In a preferred
embodiment, the inflammatory disorder is an arthritic disor-
der, e.g., rheumatoid arthritis, psoriatic arthritis, or Sjéogren’s
Syndrome. The method includes: administering, to a subject,
e.g., a human subject, who has or is at risk for the disorder,
e.g., theumatoid arthritis, a TWEAK blocking agent in com-
bination with a TNF-a blocking agent. The TWEAK block-
ing agent and the TNF-a blocking agent can be administered
in amounts and for a time to provide a therapeutic effect, e.g.,
an overall therapeutic effect. The effect can be additive or, in
some cases, synergistic. For example, the effect of both
blocking agents may be a greater total effect than the sum of
the individual effects, e.g., in a particular subject.

[0005] A variety of TWEAK blocking agents can be admin-
istered to a subject to block a interaction or activity of
TWEAK or a TWEAK-R. A “TWEAK blocking agent”
refers to an agent (e.g., any compound, e.g., an antibody or a
soluble form of the TWEAK receptor) that at least partially
inhibits an interaction or activity ofa TWEAK or TWEAK-R.
For example, the agent at least partially inhibits an activity,
e.g., binding of TWEAK to a TWEAK-R, or the agent at least
partially inhibits a nucleic acid encoding TWEAK or
TWEAK-R, e.g., to reduce TWEAK or TWEAK-R protein
expression.

[0006] In one embodiment, the agent reduces the ability of
TWEAK to bind to a TWEAK receptor, e.g., Fnl4. The agent
can be a blocking antibody that binds to TWEAK or to Fnl4.
The antibody can be a full length IgG. In one embodiment, the
antibody is human, humanized, or effectively human. In one
embodiment, the TWEAK blocking antibody competes with
AB.D3 (an antibody that has ATCC Accession No.
HB-12622) for binding with TWEAK, is a humanized anti-
body AB.D3, comprises at least two, three, four, five, or six
CDRs of AB.D3 (or CDRs that are at least overall 85, 90, 92,
95, 97% identical to such CDRs), and/or comprises antibody
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AB.D3 variable domains (or one or more variable domains
that are at least overall 85, 90, 92, 95, 97% identical to such
variable domains).

[0007] Inone embodiment, the agent is a soluble form of a
TWEAK receptor, e.g., a human TWEAK receptor such as
Fn14. The soluble form of the TWEAK receptor can be fused
to an antibody Fc region (e.g., a human Fc region). For
example, the soluble form of the TWEAK receptor includes a
sequence at least 95% identical to amino acids 28-X, of SEQ
ID NO:2, where amino acid X is selected from the group of
residues 68 to 80 of SEQ 1D NO:2.

[0008] A variety of TNF-a blocking agents can be admin-
istered to a subject to block an interaction or activity of
TNF-a or a TNF-a receptor, e.g., TNFR-I, or TNFR-II. A
“TNF-a blocking agent” refers to an agent (e.g., any com-
pound, e.g., an antibody or a soluble form of a TNF-a recep-
tor) that at least partially inhibits an interaction or activity of
TNF-c or a TNF-a receptor. For example, the agent at least
partially inhibits an activity, e.g., binding of TNF-a to a
TNF-a receptor, or the agent at least partially inhibits a
nucleic acid encoding TNF-a or a TNF-a receptor, e.g., to
reduce TNF-a. or TNF-a receptor protein expression.

[0009] In one embodiment, the TNF-a blocking agent
reduces the ability of TNF-a to bind to a TNF-a receptor. For
example, the TNF-a blocking agent includes an antibody that
binds to TNF-a, TNFR-I, or TNFR-II. Exemplary antibodies
include infliximab or adalimumab. The TNF-a blocking
agent can include a soluble form of a TNF-a receptor and
optionally a Fc domain. For example, the TNF-a blocking
agent is etanercept.

[0010] As used herein, “administered in combination”
means that two or more agents (e.g., the TWEAK blocking
agent and the TNF-a blocking agent) are administered to a
subject at the same time or within an interval, such that there
is overlap of an effect of each agent on the patient. Preferably
the administrations of the first and second agent are spaced
sufficiently close together such that a combinatorial effect is
achieved. The interval can be an interval of hours, days or
weeks. Generally, the agents are concurrently bioavailable,
e.g., detectable, in the subject. In a preferred embodiment, at
least one administration of one of the agents, e.g., the first
agent (e.g., TNF-a blocking agent), is made while the other
agent, e.g., the TWEAK blocking agent, is still present at a
therapeutic level in the subject.

[0011] Inone embodiment, the TWEAK blocking agent is
administered between an earlier and a later administration of
the TNF-a blocking agent. In other embodiments, the TNF-c.
blocking agent is administered between an earlier and a later
administration of the TWEAK blocking agent. In a preferred
embodiment, at least one administration of one of the agents,
e.g., the TNF-a blocking agent, is made within 1, 7, 14, 30, or
60 days of the other agent, e.g., the TWEAK blocking agent.
[0012] In one embodiment, prior to administering the
TWEAK blocking agent and TNF-a blocking agent, the sub-
ject was receiving either the TWEAK blocking agent or
TNF-a blocking agent, but not the other. The subject may
have had a response that did not meet a predetermined thresh-
old, e.g., a stabilization or reduction in a total Sharp score or
aSharp erosion score. In another embodiment, the subject can
be one who has not been previously administered the TNF-a.
blocking agent nor the TWEAK blocking agent for at least 3
months (e.g., at least 6 months, 9 months, or a year prior) prior
to being administered the first and second agent in combina-
tion.
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[0013] Inoneimplementation,the TWEAK blocking agent
and TNF-a blocking agent are provided as a co-formulation,
and the co-formulation is administered to the subject. It is
further possible, e.g., at least 24 hours before or after admin-
istering the co-formulation, to administer one of the agents
separately from the other. In another implementation, the
agents are provided as separate formulations, and the step of
administering includes sequentially administering the agents.
The sequential administrations can be provided on the same
day (e.g., within one hour of one another or at least 3, 6, or 12
hours apart) or on different days.

[0014] Generally, the TWEAK blocking agent and TNF-a
blocking agent are each administered as a plurality of doses
separated in time, e.g., according to a regimen. The regimen
for one or both may have a regular periodicity. The regimen
for the TNF-a blocking agent can have a different periodicity
from the regimen for the TWEAK blocking agent, e.g., one
can be administered more frequently than the other. The
agents can be administered by any appropriate method, e.g.,
subcutaneously, intramuscularly, or intravenously. The sub-
ject can be administered doses of the TNF-a blocking agent
and doses of the TWEAK blocking agent for greater than 14
weeks, greater than six or nine months, greater than 1, 1.5, or
2 years.

[0015] Insome embodiments, each of the agents is admin-
istered at about the same dose as the dose used for mono-
therapy. In other embodiments, the TNF-a blocking agent is
administered at a dosage that is equal to or less than an
amount required for efficacy if administered alone (e.g., at
least 10, 20, 30, or 40% less). Likewise, the TWEAK block-
ing agent can be administered at a dosage that is equal to or
less than an amount required for efficacy if administered
alone (e.g., at least 10, 20, 30, or 40% less). For example, in
some embodiments in which the subject has previously
received the TNF-a blocking agent, the subject is adminis-
tered a reduced dose of the TNF-a blocking agent after
receiving the TWEAK blocking agent (relative to the dose of
the TNF-a blocking agent received before receiving the
TWEAK blocking agent for the first time). The same or a
different TNF-a blocking agent can be used in the combina-
tion as was used in the previous monotherapy.

[0016] A subject can be evaluated after receiving the first
and second agent, e.g., for indicia of responsiveness. A skilled
artisan can use various clinical or other indicia of effective-
ness of treatment. The subject can be monitored at various
times during a regimen.

[0017] In one embodiment, the TWEAK blocking agent
and the TNF-a blocking agent are administered in amounts
effective to inhibit the collective effects of TWEAK and
TNF-a pathways in cells that generate inflammatory signals,
e.g., synoviocytes, chondrocytes, osteoclasts, osteoblasts,
dermal fibroblasts, monocytes, macrophages, or endothelial
cells. The agents can be administered in amounts effective to
reduce transcription of a set of genes induced by TWEAK and
TNF-c in such cells, e.g., to reduce transcription of genes
synergistically activated by TWEAK and TNF-q, e.g., one or
more genes list in Table 1 in synoviocytes, chondrocytes,
osteoclasts, or osteoblasts.

[0018] Insomeembodiments, the TWEAK blocking agent
is administered in an amount that is at least 20, 30, 50, 60, or
70% less than standard dosages for TWEAK blocking agent
monotherapy (or a TWEAK blocking agent therapy in the
absence of TNF-a blocking agent) for treating an adult sub-
ject for rheumatoid arthritis. For example, the TWEAK
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blocking agent is administered in an amount less than that
required to be effective as a monotherapy.

[0019] Insomeembodiments, the TNF-a blocking agent is
administered in an amount that is at least 20, 30, 50, 60, or
70% less than standard dosages for a TNF-a blocking agent
monotherapy (or a TNF-a blocking agent therapy in the
absence of a TWEAK blocking agent) for treating an adult
subject for rheumatoid arthritis. For example, the TNF-a
blocking agent is administered in an amount less than that
required to be effective as a monotherapy. In other embodi-
ments, the TNF-a blocking agent and the TWEAK blocking
agent are administered in the same dose as that used in mono-
therapy.

[0020] For example, the subject is not receiving methotr-
exate. In one embodiment, the subject is not receiving any
other disease modifying anti-rheumatic drug (DMARD), i.e.,
other than the TWEAK blocking agent and the TNF-a block-
ing agent.

[0021] The amounts can be sufficient to result in a statisti-
cally significant reduction in joint damage as measured by the
Sharp erosion score. For example, the subject can be moni-
tored at one or more instances for a parameter indicative of the
disorder.

[0022] The method can include evaluating (e.g., monitor-
ing one or times, e.g., periodically) the subject, e.g., for symp-
toms of the disorder or indicia that grade disorder severity.
For example, in the case of rheumatoid arthritis, it is possible
to use the total Sharp score (TSS), Sharp erosion score, HAQ
disability index, or radiological method.

[0023] In another aspect, the disclosure features a method
that includes: administering, to a subject (e.g., 2 human sub-
ject) who has or is at risk for rheumatoid arthritis, a TWEAK
blocking agent in combination with another DMARD (e.g., a
biologic DMARD), in amounts and for a time to provide an
overall therapeutic effect. Some examples of DMARDs for
treating rheumatoid arthritis are described herein.

[0024] Inanother aspect, the invention features a method of
reducing joint inflammation in a subject in need thereof. The
method includes administering to a subject who suffers from
joint inflammation a TNF-a blocking agent in combination
with a TWEAK blocking agent, e.g., as described herein. In
some cases, the subject has an arthritic disorder, e.g., rheu-
matoid arthritis.

[0025] Also featured is a pharmaceutical composition that
includes: a TWEAK blocking agent; and a DMARD, e.g., a
TNF-a blocking agent or other DMARD.

[0026] Kits can also be provided that include a TWEAK
blocking agent and a DMARD (e.g., a TNF-a blocking agent
or other DMARD). The agents can be provided as separate
pharmaceutical compositions or a single pharmaceutical
composition. The kit can further include instructions for
administration to treat rheumatoid arthritis, a device for
administering the agents, and/or reagents for evaluating a
parameter, e.g., a clinical parameter associated with the dis-
order.

[0027] In another aspect, the disclosure features a method
that includes: identifying a subject who has inflammation
mediated by TWEAK and TNF-a, and/or increased TWEAK
expression or activity, and/or increased expression or activity
of a biomarker whose expression is modulated (e.g.,
increased) by TWEAK (see, e.g., Table 2); and administering
to the subject a therapy. For example, therapy can include
administering: (i) a TWEAK blocking agent; (ii) a TNF-a
blocking agent; or (iii) a combination of (i) and (ii). A
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“TWEAK/TNF-a synergistically activated cellular program”
is a cellular state characterized by properties that result from
stimulation by particular doses of both TWEAK and TNF-c,
but which are not attained to a comparable degree by stimu-
lation with that dose of TWEAK in the absence of that dose of
TNF-c nor by stimulation by that dose TNF-a in the absence
of that dose of TWEAK. The subject can be identified by
evaluating expression of one or more genes in cells that gen-
erate inflammatory signals, e.g., synoviocytes, chondrocytes,
osteoclasts, osteoblasts, or dermal fibroblasts, or associated
tissue, obtained from the subject. The one or more genes from
Table 1 can be evaluated. The subject can also be evaluated for
one or more symptoms of rheumatoid arthritis.

[0028] In another aspect, the disclosure features a method
that includes: administering, to a human subject who has or is
at risk for rheumatoid arthritis, and who is being or has been
withdrawn from a DMARD (other than a TWEAK blocking
agent), a TWEAK blocking agent, e.g., in an amount and for
a time effective to provide an overall therapeutic effect. The
method can be used to treat a subject has not previously
received a TWEAK blocking agent or who has not recently
received a TWEAK blocking agent, e.g., within the last
month, six months, or year.

[0029] In one embodiment, the DMARD that is being or
has been withdrawn is a TNF-a blocking agent. The subject
may have an inadequate response to the TNF-a blocking
agent. As used herein, an “inadequate response” refers to a
response that, as assessed by a patient or a skilled clinician,
exhibits insufficient efficacy or intolerable or unacceptable
toxicity. Insufficient efficacy can be defined by failure to meet
a predetermined level of response to treatment. For example,
the TNF-a blocking agent may cause toxicity, induce an
immune-compromised state, or lacks efficacy, thereby
prompting its withdrawal. For example, the subject is refrac-
tory to therapy with the TNF-a blocking agent. The subject
may have, e.g., tuberculosis, an opportunistic infection,
glomerulonephritis, a demyelinating syndrome, a lupus-like
reaction, or a pathogenic bacterial infection. In some cases, an
inadequate response is indicated by an adverse event detected
during treatment with the TNF-a blocking agent.

[0030] The TNF-a blocking agent may have been admin-
istered within the previous year, three months, month, two
weeks, or week. In some cases, the subject may still be admin-
istered the TNF-a blocking agent, but its dosage may be
reduced or may be a final dosage, e.g., a dosage provided prior
to complete termination. In other cases, administration of the
TNF-a blocking agent is ceased such that, upon administra-
tion of one or more doses of the TWEAK blocking agent, the
subject is no longer receiving the TNF-a blocking agent.

[0031] Inother embodiments, the DMARD that is being or
has been withdrawn is methotrexate, parenteral gold, sul-
phasalazine, or hydroxychloroquinone. For example, the
DMARD is other than a TNF-a blocking agent. The DMARD
can be withdrawn due to toxicity, immune suppression or lack
of efficacy. For example, an adverse event may be detected
during treatment with the DMARD.

[0032] In another aspect, the disclosure features a method
that includes: detecting an adverse event in a human subject
who has rheumatoid arthritis, and is being treated with a
DMARD other than a TWEAK blocking agent; and admin-
istering, to the subject, a TWEAK blocking agent in an
amount and for a time effective to provide an overall thera-
peutic effect.
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[0033] Inoneembodiment, the subjectis being treated with
a TNF-a blocking agent. The method can further include
withdrawing the TNF-a blocking agent. The adverse event
can include a lupus-like reaction, a bacterial or opportunistic
infection, or tuberculosis.

[0034] In one aspect, the disclosure features a method of
treating a subject for an inflammatory disorder, particularly
one that a TNF-a blocking agent does not exacerbate. The
inflammatory disorder can be rheumatoid arthritis, or a dis-
order other than rheumatoid arthritis. For example, the disor-
der can be psoriatic arthritis, ankylosing spondylitis, inflam-
matory bowel disease (including ulcerative colitis and
Crohn’s disease), psoriasis, or inflammatory myositis. Still
other examples of inflammatory disorders include Langer-
hans-cell histiocytosis, adult respiratory distress syndrome/
bronchiolitis obliterans, Wegener’s granulomatosis, vasculi-
tis, cachexia, stomatitis, idiopathic pulmonary fibrosis,
dermatomyositis or polymyositis, non-infectious scleritis,
chronic sarcoidosis with pulmonary involvement, myelodys-
plastic syndromes/refractory anemia with excess blasts,
ulcerative colitis, moderate to severe chronic obstructive pul-
monary disease, and giant cell arteritis. The method includes
administering, to a human subject who has or is at risk for an
inflammatory disorder, a TWEAK blocking agent in an
amount and for a time to provide an overall therapeutic effect.
The method can include administering the TWEAK blocking
agent in combination with a TNF-a blocking agent, in
amounts and for a time to provide an overall therapeutic
effect, or administering the TWEAK blocking agent without
providing (e.g., withholding) the TNF-a blocking agent. In
one embodiment, the subject is less than 17 years of age, and
the disorder is juvenile rheumatoid arthritis or pediatric pso-
riasis. The method can include other features described
herein.

[0035] In another aspect, the disclosure features a method
of evaluating a test compound, e.g., for ability to modulate a
TWEAK and/or TNF-a response in vitro or in vivo. A
TWEAK response includes modulation of TWEAK itself or
modulation of a TWEAK receptor. The method includes con-
tacting the test compound to a cell, tissue, or organism, in the
presence of TWEAK and/or TNF-a, e.g., exogenous
TWEAK and/or TNF-a. The method further includes evalu-
ating whether the test compound modulates ability of the cell,
tissue, or organism to respond to TWEAK and/or TNF-a,
e.g., to reduce TWEAK/TNF-a. mediated cellular programs.
The method can include evaluating expression or activity of
one or more genes in Table 1 or Table 2. The method can
further include evaluating ability of the test compound to
modulate a disorder, e.g., using an animal model of a human
disorder described herein.

[0036] In another aspect, the disclosure features a method
of'evaluating a subject, e.g., a human subject. The subject can
be evaluated in advance of providing one or more agents
described herein, while receiving one or more such agents, or
after receiving one or more such agents. The method includes
evaluating cells (e.g., in a sample obtained from the subject),
tissue or other material from the subject to determine if
expression (including protein and mRNA expression) of one
or more genes in Table 2 are altered relative to a reference
value. The reference value can be a value associated with a
reference value for a normal subject, a control subject, or a
value determined, e.g., for a cohort of subjects. The reference
value can be a reference value for the subject him or herself,
e.g., at another instance, e.g., before receiving one or more
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agents, and so forth. The information from the evaluating can
be stored on a computer-readable medium or another
medium, and/or communicated, e.g., using a computer net-
work. The method can be used to determine if the patient is or
is predicted to be TWEAK responsive. For example, a patient
that has an elevated level of expression of one or more genes
in Table 2 can be indicated to be TWEAK responsive. The
method can include providing an indication that the subject is
TWEAK responsive, and optionally instructions to adminis-
tera TWEAK blocking agent. The method can further include
administering the TWEAK blocking agent.

[0037] Inanother aspect, the disclosure features a medica-
ment comprising a TWEAK blocking agent and a TNF-a
blocking agent, e.g., for use in therapy.

[0038] In another aspect, the disclosure features use of a
TWEAK blocking agent and a TNF-a blocking agent for the
preparation of a medicament, e.g., for the treatment of an
inflammatory disorder described herein, e.g., joint inflamma-
tion or an arthritic disorder, e.g., rheumatoid arthritis.

[0039] In another aspect, the disclosure features use of a
TWEAK blocking agent for the preparation of a medicament,
e.g., for the treatment of an inflammatory disorder described
herein, e.g., joint inflammation or an arthritic disorder, e.g.,
rheumatoid arthritis in subjects who are unresponsive to
therapy with another DMARD.

[0040] All patents, patent applications, and references cited
herein are hereby incorporated by reference in their entireties.
In the case of conflict, the present application controls.
[0041] The term “synergy” refers to a result from at least
two events that is greater than the sum of the result of each
event individually. ANOVAs can be used to determine a syn-
ergy factor in the following equation:

R=A+B+e(4*B)

[0042] Exemplary values for the synergy factor € can be
greater than zero or a predetermined value, e.g., 1, 2, or more.
[0043] The term “treating” refers to administering a
therapy in an amount, manner, and/or mode effective to
improve or prevent a condition, symptom, or parameter asso-
ciated with a disorder or to prevent onset, progression, or
exacerbation of the disorder, to either a statistically signifi-
cant degree or to a degree detectable to one skilled in the art.
Accordingly, treating can achieve therapeutic and/or prophy-
lactic benefits. An effective amount, manner, or mode can
vary depending on the subject and may be tailored to the
subject.

[0044] Reference to inhibition includes at least partial inhi-
bition as well as other degrees of inhibition, e.g., substantial
or complete.

[0045] The details of one or more embodiments of the
invention are set forth in the accompanying drawings and the
description below. Other features, objects, and advantages of
the invention will be apparent from the description and draw-
ings, and from the claims.

DESCRIPTION OF DRAWINGS

[0046] FIG. 1 is a line graph showing average arthritis
index scores in a mCIA model of arthritis in mice that were
treated with a combination of TWEAK and TNF-a blocking
agents, a TWEAK blocking agent alone, a TNF-a blocking
agent alone, a PBS control, or isotype-matched controls.

[0047] FIG. 2 is a plot showing average metatarsal height
values in a mCIA model of arthritis in mice that were treated
with a combination of TWEAK and TNF-a blocking agents,
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a TWEAK blocking agent alone, a TNF-a blocking agent
alone, a PBS control, or isotype-matched controls.

[0048] FIG. 3 is a line graph showing percent body weight
change in a mCIA model of arthritis in mice that were treated
with a combination of TWEAK and TNF-a blocking agents,
a TWEAK blocking agent alone, a TNF-a blocking agent
alone, a PBS control, or isotype-matched controls.

[0049] FIG. 4 depicts two line plots showing average arthri-
tis index values in CIA models of arthritis in animals treated
with anti-TWEAK blocking antibodies (anti-TWEAK
mAbs) or controls. The left panel shows results obtained
using a mouse CIA model; the right panel shows results
obtained using a rat CIA model.

[0050] FIG. 5 depicts two line plots showing average arthri-
tis index values in CIA models of arthritis in animals treated
with anti-TWEAK blocking antibodies (anti-TWEAK
mAbs) or controls. The figures show the results of two dosing
regimens: in the first, the antibody is administered at the time
of arthritis induction, in the second, the antibody is adminis-
tered after arthritis induction. The left panel shows results
obtained using a mouse CIA model; the right panel shows
results obtained using a rat CIA model.

[0051] FIG. 6 includes five bar graphs showing levels of
inflammation and cartilage and bone loss in a rat CIA model
of arthritis in rats treated with anti-TWEAK blocking anti-
bodies (ABG. 11) or controls. Similarly findings can be
observed in a mouse model.

[0052] FIG. 7 is a plot showing serum TWEAK levels at
various time points after induction of arthritis in a mCIA
model and in a control mouse (DBA/1).

[0053] FIG. 8 includes four bar graphs showing the levels
of MMP9, lymphotactin, IP-10, and IL-6 at various time
points after induction of arthritis in the mCIA model in mice
treated with anti-TWEAK blocking antibodies (P5G9 and
P5G9 (Full)) or controls.

DETAILED DESCRIPTION
[0054] We have discovered that the TWEAK and TNF-a
pathways independently contribute to inflammatory

responses, e.g., in synovial cells present in joints, and that
both TWEAK and TNF-a can independently activate similar
sets of genes indicating redundancy between the two path-
ways. Accordingly, reducing the activity of both pathways
provides an advantageous therapeutic route to ameliorating
inflammation, e.g., in joints, e.g., in arthritic conditions. Con-
current blocking of both TWEAK and TNF-a pathways
proved beneficial in a mouse model of rheumatoid arthritis
(mCIA) and achieved results greater than blocking one of
these pathways.

[0055] Inaddition to rheumatoid arthritis, reducing activity
of'both pathways may be used to treat in other disorders, e.g.,
other inflammatory disorders such as psoriatic arthritis, anky-
losing spondylitis, inflammatory bowel disease, psoriasis,
inflammatory myositis, and other disorders disclosed herein.
A variety of methods can be used to reduce activity of the
TWEAK and TNF-a pathways. For example, it is possible to
administer a TWEAK blocking agent in combination with a
TNF-a blocking agent. Examples of these and other agents
are further described below.

[0056] Insomeimplementations, therapeutic benefit can be
achieved by reducing one of the two pathways. For example,
a TWEAK blocking agent can be administered to a subject
who has an inadequate response to a therapeutic that modu-
lates just one of the pathways, e.g., an inadequate response to
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a TNF-a blocking agent or an inadequate response to a
TWEAK blocking agent. A TWEAK blocking agent can also
be administered to a subject who is or who is planning to
withdraw from a DMARD treatment with another agent, e.g.,
an agent other than a TNF-a blocking agent.

TWEAK Blocking Agents

[0057] A variety of agents can be used as a TWEAK block-
ing agent. The agent may be any type of compound (e.g.,
small organic or inorganic molecule, nucleic acid, protein, or
peptide mimetic) that can be administered to a subject. In one
embodiment, the blocking agent is a biologic, e.g., a protein
having a molecular weight of between 5-300 kDa. For
example, a TWEAK blocking agent may inhibit binding of
TWEAK to a TWEAK receptor or may prevent TWEAK-
mediated NF-kB activation. A typical TWEAK blocking
agent can bind to TWEAK or a TWEAK receptor, e.g., Fnl4.
A TWEAK blocking agent that binds to TWEAK or a
TWEAK receptor may alter the conformation of TWEAK or
a TWEAK receptor, block the binding site on TWEAK or a
TWEAK receptor, or otherwise decrease the affinity of
TWEAK for a TWEAK receptor or prevent the interaction
between TWEAK and a TWEAK receptor.

[0058] A TWEAK blocking agent (e.g., an antibody) may
bind to TWEAK or to a TWEAK receptor with a K, of less
than 107%, 1077, 1075, 107°, or 107'° M. In one embodiment,
the blocking agent binds to TWEAK with an affinity at least
5, 10, 20, 50, 100, 200, 500, or 1000-fold better than its
affinity for TNF-a or another TNF superfamily member
(other than TWEAK). In one embodiment, the blocking agent
binds to the TWEAK receptor with an affinity at least 5, 10,
20, 50, 100, 200, 500, or 1000-fold better than its affinity for
the TNF receptor or a receptor for another TNF superfamily
member. A preferred TWEAK blocking agent specifically
binds TWEAK or TWEAK-R.

[0059] Exemplary TWEAK protein molecules include
human TWEAK (e.g., AAC51923, shown as SEQ ID NO:1)),
mouse TWEAK (e.g., NP_035744.1), rat TWEAK (e.g.,
XP_340827.1), and Pan troglodytes TWEAK (e.g.,
XP_511964.1). Also included are proteins that include an
amino acid sequence at least 90, 92, 95, 97, 98, 99% identical
or completely identical to the mature processed region of the
aforementioned TWEAK proteins (e.g., an amino acid
sequence at least 90, 92, 95, 97, 98, 99% identical or com-
pletely identical to amino acids X,-249 of SEQ ID NO:1,
where amino acid X, is selected from the group of residues
75-115of SEQID NO:1, e.g., X, is residue Arg 93 of SEQ ID
NO:1) and proteins encoded by a nucleic acid that hybridizes
under high stringency conditions to a human, mouse, rat, or
Pan troglodytes gene encoding a naturally occurring TWEAK
protein. Preferably, a TWEAK protein, in its processed
mature form, is capable of providing at least one TWEAK
activity, e.g., ability to activate Fnl4.

[0060] Exemplary Fnl4 protein molecules include human
Fnl4 (e.g., NP_057723.1, shown as SEQ ID NO:2), mouse
Fnl4 (e.g., NP_038777.1), and rat Fn14 (e.g., NP__851600.
1) as well as soluble proteins that include an amino acid
sequence at least 90, 92, 95, 97, 98, 99% identical or com-
pletely identical to the extracellular domain of Fnl4 (and
TWEAK-binding fragments thereof) and proteins encoded
by a nucleic acid that hybridizes under high stringency con-
ditions to a human, mouse, rat, or Pan troglodytes gene encod-
ing a naturally occurring Fnl4 protein. Preferably, a Fnl4
protein useful in the methods described herein is a soluble
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Fnl4 (lacking a transmembrane domain) that includes a
region that binds to a TWEAK protein, e.g., an amino acid
sequence at least 90, 92, 95, 97, 98, or 99% identical, or
completely identical, to amino acids 28-X,; of SEQ ID NO:2,
where amino acid X, is selected from the group of residues 68
to 80 of SEQ ID NO:2.

[0061] Calculations of “homology” or “sequence identity”
between two sequences (the terms are used interchangeably
herein) are performed as follows. The sequences are aligned
for optimal comparison purposes (e.g., gaps can be intro-
duced in one or both of a first and a second amino acid or
nucleic acid sequence for optimal alignment and non-ho-
mologous sequences can be disregarded for comparison pur-
poses). The optimal alignment is determined as the best score
using the GAP program in the GCG software package with a
Blossum 62 scoring matrix with a gap penalty of 12, a gap
extend penalty of 4, and a frameshift gap penalty of 5. The
amino acid residues or nucleotides at corresponding amino
acid positions or nucleotide positions are then compared.
When a position in the first sequence is occupied by the same
amino acid residue or nucleotide as the corresponding posi-
tion in the second sequence, then the molecules are identical
at that position (as used herein amino acid or nucleic acid
“identity” is equivalent to amino acid or nucleic acid “homol-
ogy”). The percent identity between the two sequences is a
function of the number of identical positions shared by the
sequences. Alignments of related proteins described herein
are instructive for identifying amino acid positions that tol-
erate modification, e.g., insertion, deletion, and substitution,
e.g., conservative or non-conservative substitution.

[0062] As used herein, the term “hybridizes under high
stringency conditions” describes conditions for hybridization
and washing. Guidance for performing hybridization reac-
tions can be found in Current Protocols in Molecular Biol-
ogy, John Wiley & Sons, N.Y. (1989), 6.3.1-6.3.6, which is
incorporated by reference. Aqueous and nonaqueous meth-
ods are described in that reference and either can be used.
High stringency hybridization conditions include hybridiza-
tion in 6xSSC at about 45° C., followed by one or more
washes in 0.2xSSC, 0.1% SDS at 65° C., or substantially
similar conditions.

[0063] Exemplary TWEAK blocking agents include anti-
bodies that bind to TWEAK or TWEAK-R and soluble forms
of'the TWEAK-R that compete with cell surface TWEAK-R
for binding to TWEAK. An example of a soluble form of the
TWEAK-R is an Fc fusion protein that includes at least a
portion of the extracellular domain of TWEAK-R (e.g., a
soluble TWEAK-binding fragment of TWEAK-R), referred
to as TWEAK-R-Fc. Other soluble forms of TWEAK-R, e.g.,
forms that do not include an F¢ domain, can also be used.
Antibody blocking agents are further discussed below.
[0064] Other types of blocking agents, e.g., small mol-
ecules, nucleic acid or nucleic acid-based aptamers, and pep-
tides, can be isolated by screening, e.g., as described in Jhav-
eri et al. Nat. Biotechnol. 18:1293 and U.S. Pat. No. 5,223,
409. Exemplary assays for determining if an agent binds to
TWEAK or TWEAK-R and for determining if an agent
modulates a TWEAK/TWEAK-R interaction are described,
e.g., in U.S. 2004-0033225.

[0065] An exemplary soluble form of the TWEAK-R pro-
tein includes a region of the TWEAK-R protein that binds to
TWEAK, e.g., about amino acids 32-75, 31-75, 31-78, or
28-79 of SEQ ID NO:2. This region can be physically asso-
ciated, e.g., fused to another amino acid sequence, e.g., an Fc
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domain, at its N- or C-terminus. The region from TWEAK-R
can be spaced by a linker from the heterologous amino acid
sequence. U.S. Pat. No. 6,824,773 describes an exemplary
TWEAK-R fusion protein.

TNF-a Blocking Agents

[0066] A variety ofagents can be used as a TNF-a blocking
agent. The agent may be any type of compound (e.g., small
organic or inorganic molecule, nucleic acid, protein, or pep-
tide mimetic) that can be administered to a subject. In one
embodiment, the blocking agent is a biologic, e.g., a protein
having a molecular weight of between 5-300 kDa. For
example, a TNF-a blocking agent may inhibit binding of
TNF-a to a TNF-a receptor or otherwise prevent TNF-a
receptor downstream signalling. A typical TNF-a blocking
agent can bind to TNF-c.ora TNF-a receptor, e.g., TNFR-I or
TNFR-II. A TNF-a blocking agent that binds to TNF-ct or a
TNF-a receptor may alter the conformation of TNF-a or a
TNF-a receptor, block the binding site on TNF-c or a TNF-a
receptor, or otherwise decrease the affinity of TNF-a for a
TNF-a receptor or prevent the interaction between TNF-a
and a TNF-a receptor.

[0067] A TNF-a blocking agent (e.g., an antibody) may
bind to TNF-c. or to a TNF-a receptor with a K ; of less than
107%,1077, 107, 107°, or 107'° M. In one embodiment, the
blocking agent binds to TNF-a with an affinity at least 5, 10,
20, 50, 100, 200, 500, or 1000-fold better than its affinity for
TWEAK or another TNF superfamily member (other than
TNF-ct). A preferred TNF-a blocking agent specifically
binds TNF-c. or a TNF-a-R, such as a TNF-a or TNF-a-R
specific antibody.

[0068] Exemplary TNF-a blocking agents include antibod-
ies that bind to TNF-a or TNF-a-R and soluble forms of the
TNF-a-R that compete with cell surface TNF-a-R for bind-
ing to TNF-a.. An example of a soluble form of the TNF-a-R
is an Fc fusion protein that includes at least a portion of the
extracellular domain of TNF-a-R (e.g., a soluble TNF-a-
binding fragment of TNF-a-R), referred to as TNF-a-R-Fc.
Other soluble forms of TNF-a-R, e.g., forms that do not
include an Fc domain, can also be used. Antibody blocking
agents are further discussed below.

[0069] An exemplary soluble form of a TNF-a receptor
protein is ENBREL®. See e.g., Arthritis & Rheumatism
(1994) Vol. 37, S295; J. Invest. Med. (1996) Vol. 44, 235A.
U.S. Pat. No. 6,572,852 describes additional examples. The
recommended dose of ENBREL® for adult patients with
rheumatoid arthritis, psoriatic arthritis, or ankylosing
spondylitis is 50 mg per week given as one subcutaneous (SC)
injection using a 50 mg/ml. single-use prefilled syringe. In
addition to ENBREL®, other similar and/or corresponding
regions of TNF-a receptors can be physically associated, e.g.,
fused to another amino acid sequence, e.g., an Fc domain, at
its N- or C-terminus.

[0070] Other well characterized examples of TNF-a block-
ing agents include: infliximab (REMICADE®), a chimeric
antibody that binds to tumor necrosis factor-alpha (TNF-a)
and adalimumab (HUMIRA®), a human antibody that binds
to TNF-a. For example, the recommended dose of REMI-
CADE®is 3 mg/kg given as an intravenous infusion followed
with additional similar doses at 2 and 6 weeks after the first
infusion then every 8 weeks thereafter.

[0071] Additional examples of TNF-a blocking agents
include chimeric, humanized, human or in vitro generated
antibodies (or antigen-binding fragments thereof) to TNF
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(e.g., human TNF-), such as D2E7, (human TNF-a anti-
body, U.S. Pat. No. 6,258,562; BASF), CDP-571/CDP-870/
BAY-10-3356 (humanized anti-TNF-a antibody; Celltech/
Pharmacia), cA2 (chimeric anti-TNFoa antibody;
REMICADE™, Centocor, also mentioned above); anti-TNF
antibody fragments (e.g., CPD870); soluble fragments of the
TNF receptors, e.g., pS5 or p75 human TNF receptors or
derivatives thereof, e.g., 75 kd TNFR-IgG (75 kD TNF recep-
tor-IgG fusion protein, ENBREL™), p55 kd TNFR-IgG (55
kD TNF receptor-IgG fusion protein (LENERCEPT™));
enzyme antagonists, e.g., TNFa converting enzyme (TACE)
inhibitors (e.g., an alpha-sulfonyl hydroxamic acid deriva-
tive, PCT Application WO 01/55112, and N-hydroxyforma-
mide TACE inhibitor GW 3333, -005, or -022); and TNF-bp/
s-TNFR (soluble TNF binding protein; see e.g., Arthritis &
Rheumatism (1996) Vol. 39, No. 9 (supplement), S284,; Amer.
J. Physiol—Heart and Circulatory Physiology (1995) Vol.
268, pp. 37-42).

Antibodies

[0072] Exemplary TWEAK blocking agents include anti-
bodies that bind to TWEAK and/or TWEAK-R. In one
embodiment, the antibody inhibits the interaction between
TWEAK and a TWEAK receptor, e.g., by physically block-
ing the interaction, decreasing the affinity of TWEAK and/or
TWEAK-R for its counterpart, disrupting or destabilizing
TWEAK complexes, sequestering TWEAK or a TWEAK-R,
or targeting TWEAK or TWEAK-R for degradation. In one
embodiment, the antibody can bind to TWEAK or
TWEAK-R at one or more amino acid residues that partici-
pate in the binding interface between TWEAK and its recep-
tor. Such amino acid residues can be identified, e.g., by ala-
nine scanning. In another embodiment, the antibody can bind
to residues that do not participate in the binding interface. For
example, the antibody can alter a conformation of TWEAK or
TWEAK-R and thereby reduce binding affinity, or the anti-
body may sterically hinder binding. In one embodiment, the
antibody can prevent activation of a TWEAK-R mediated
event or activity (e.g., NF-«xB activation).

[0073] Similarly, exemplary TNF-a blocking agents
include antibodies that bind to TNF-a and/or a TNF-a recep-
tor, e.g., TNFR-I or TNFR-II. In one embodiment, the anti-
body inhibits the interaction between TNF-a and a TNF-a
receptor, e.g., by physically blocking the interaction, decreas-
ing the affinity of TNF-a and/or TNF-a-R for its counterpart,
disrupting or destabilizing TNF-a complexes, sequestering
TNF-a or a TNF-a receptor, or targeting TNF-a or TNF-a
receptor for degradation. In one embodiment, the antibody
can bind to TNF-a or TNF-a receptor at one or more amino
acid residues that participate in the TNF-o/TNF-a. receptor
binding interface. Such amino acid residues can be identified,
e.g., by alanine scanning. In another embodiment, the anti-
body can bind to residues that do not participate in the TNF-
a/TNF-a receptor binding. For example, the antibody can
alter a conformation of TNF-a or TNF-a receptor and
thereby reduce binding affinity, or the antibody may sterically
hinder TNF-o/TNF-a receptor binding.

[0074] As used herein, the term “antibody” refers to a pro-
tein that includes at least one immunoglobulin variable
region, e.g., an amino acid sequence that provides an immu-
noglobulin variable domain or an immunoglobulin variable
domain sequence. For example, an antibody can include a
heavy (H) chain variable region (abbreviated herein as VH),
and a light (L) chain variable region (abbreviated herein as
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VL). In another example, an antibody includes two heavy (H)
chain variable regions and two light (L) chain variable
regions. The term “antibody” encompasses antigen-binding
fragments of antibodies (e.g., single chain antibodies, Fab
fragments, F(ab'), fragments, Fd fragments, Fv fragments,
and dAb fragments) as well as complete antibodies, e.g.,
intact and/or full length immunoglobulins of types IgA, 1gG
(e.g., 1gG1, 1gG2, 1gG3, 1gG4), IgE, 1gD, 1gM (as well as
subtypes thereof). The light chains of the immunoglobulin
may be of types kappa or lambda. In one embodiment, the
antibody is glycosylated. An antibody can be functional for
antibody-dependent cytotoxicity and/or complement-medi-
ated cytotoxicity, or may be non-functional for one or both of
these activities.

[0075] The VH and VL regions can be further subdivided
into regions of hypervariability, termed “complementarity
determining regions” (“CDR”), interspersed with regions that
are more conserved, termed “framework regions” (FR). The
extent of the FR’s and CDR’s has been precisely defined (see,
Kabat, E. A., et al. (1991) Sequences of Proteins of Immuno-
logical Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242; and Chothia,
C.etal. (1987) J. Mol. Biol. 196:901-917). Kabat definitions
are used herein. Each VH and VL is typically composed of
three CDR’s and four FR’s, arranged from amino-terminus to
carboxyl-terminus in the following order: FR1, CDRI1, FR2,
CDR2, FR3, CDR3, FRA4.

[0076] An “immunoglobulin domain” refers to a domain
from the variable or constant domain of immunoglobulin
molecules. Immunoglobulin domains typically contain two
[-sheets formed of about seven p-strands, and a conserved
disulphide bond (see, e.g., A. F. Williams and A. N. Barclay
(1988) Ann. Rev Immunol. 6:381-405). An “immunoglobulin
variable domain sequence” refers to an amino acid sequence
that can form a structure sufficient to position CDR sequences
in a conformation suitable for antigen binding. For example,
the sequence may include all or part of the amino acid
sequence of a naturally-occurring variable domain. For
example, the sequence may omit one, two, or more N- or
C-terminal amino acids, internal amino acids, may include
one or more insertions or additional terminal amino acids, or
may include other alterations. In one embodiment, a polypep-
tide that includes an immunoglobulin variable domain
sequence can associate with another immunoglobulin vari-
able domain sequence to form a target binding structure (or
“antigen binding site”), e.g., a structure that interacts with a
target protein, e.g., TWEAK, a TWEAK receptor, TNF-a,
TNFR-I, or TNFR-II.

[0077] The VH or VL chain of the antibody can further
include all or part of a heavy or light chain constant region, to
thereby form a heavy or light immunoglobulin chain, respec-
tively. In one embodiment, the antibody is a tetramer of two
heavy immunoglobulin chains and two light immunoglobulin
chains. The heavy and light immunoglobulin chains can be
connected by disulfide bonds. The heavy chain constant
region typically includes three constant domains, CH1, CH2,
and CH3. The light chain constant region typically includes a
CL domain. The variable region of the heavy and light chains
contains a binding domain that interacts with an antigen. The
constant regions of the antibodies typically mediate the bind-
ing of the antibody to host tissues or factors, including various
cells of the immune system (e.g., effector cells) and the first
component (Clq) of the classical complement system.
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[0078] One or more regions of an antibody can be human,
effectively human, or humanized. For example, one or more
of the variable regions can be human or effectively human.
For example, one or more of the CDRs, e.g., HC CDR1, HC
CDR2,HC CDR3,LC CDR1, LC CDR2, and LC CDR3, can
be human. Each of the light chain CDRs can be human. HC
CDR3 can be human. One or more of the framework regions
canbehuman, e.g., FR1,FR2, FR3, and FR4 of the HC or LC.
In one embodiment, all the framework regions are human,
e.g., derived from a human somatic cell, e.g., a hematopoietic
cell that produces immunoglobulins or a non-hematopoietic
cell. In one embodiment, the human sequences are germline
sequences, e.g., encoded by a germline nucleic acid. One or
more of the constant regions can be human, effectively
human, or humanized. In another embodiment, at least 70,75,
80, 85, 90, 92, 95, or 98% of the framework regions (e.g.,
FR1,FR2, and FR3, collectively, or FR1, FR2, FR3, and FR4,
collectively) or the entire antibody can be human, effectively
human, or humanized. For example, FR1, FR2, and FR3
collectively can be at least 70, 75, 80, 85, 90, 92, 95, 98, or
99% identical, or completely identical, to a human sequence
encoded by a human germline segment.

[0079] An “effectively human” immunoglobulin variable
region is an immunoglobulin variable region that includes a
sufficient number of human framework amino acid positions
such that the immunoglobulin variable region does not elicit
animmunogenic response in a normal human. An “effectively
human” antibody is an antibody that includes a sufficient
number of human amino acid positions such that the antibody
does not elicit an immunogenic response in a normal human.
[0080] A “humanized” immunoglobulin variable region is
an immunoglobulin variable region that is modified such that
the modified form elicits less of an immune response in a
human than does the non-modified form, e.g., is modified to
include a sufficient number of human framework amino acid
positions such that the immunoglobulin variable region does
not elicit an immunogenic response in a normal human.
Descriptions of “humanized” immunoglobulins include, for
example, U.S. Pat. Nos. 6,407,213 and 5,693,762. In some
cases, humanized immunoglobulins can include a non-hu-
man amino acid at one or more framework amino acid posi-
tions.

Antibody Generation

[0081] Antibodies that bind to a target protein (e.g.,
TWEAK, TWEAK-R, TNF-a, TNFR-I or TNFR-II) can be
generated by a variety of means, including immunization,
e.g., using an animal, or in vitro methods such as phage
display. All or part of the target protein can be used as an
immunogen or as a target for selection. In one embodiment,
the immunized animal contains immunoglobulin producing
cells with natural, human, or partially human immunoglobu-
lin loci. In one embodiment, the non-human animal includes
atleast a part of a human immunoglobulin gene. For example,
it is possible to engineer mouse strains deficient in mouse
antibody production with large fragments of the human Ig
loci. Using the hybridoma technology, antigen-specific
monoclonal antibodies derived from the genes with the
desired specificity may be produced and selected. See, e.g.,
XENOMOUSE™, Green et al. (1994) Nat. Gen. 7:13-21,
U.S.2003-0070185; U.S. Pat. No. 5,789,650; and PCT Appli-
cation WO 96/34096.

[0082] Non-human antibodies to the target proteins can
also be produced, e.g., in a rodent. The non-human antibody
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can be humanized, e.g., as described in EP 239 400; U.S. Pat.
Nos. 6,602,503; 5,693,761, and 6,407,213, deimmunized, or
otherwise modified to make it effectively human.

[0083] EP 239 400 (Winter et al.) describes altering anti-
bodies by substitution (within a given variable region) of their
complementarity determining regions (CDRs) for one spe-
cies with those from another. Typically, CDRs of a non-
human (e.g., murine) antibody are substituted into the corre-
sponding regions in a human antibody by using recombinant
nucleic acid technology to produce sequences encoding the
desired substituted antibody. Human constant region gene
segments of the desired isotype (usually gamma I for CH and
kappa for CL) can be added and the humanized heavy and
light chain genes can be co-expressed in mammalian cells to
produce soluble humanized antibody.

[0084] Other methods for humanizing antibodies can also
be used. For example, other methods can account for the three
dimensional structure of the antibody, framework positions
that are in three dimensional proximity to binding determi-
nants, and immunogenic peptide sequences. See, e.g., PCT
Application WO 90/07861; U.S. Pat. Nos. 5,693,762; 5,693,
761; 5,585,089; and 5,530,101; Tempest et al. (1991) Bio-
technology 9:266-271 and U.S. Pat. No. 6,407,213. Still
another method is termed “humaneering” and is described,
for example, in U.S. 2005-008625.

[0085] Fully human monoclonal antibodies that bind to
target proteins can be produced, e.g., using in vitro-primed
human splenocytes, as described by Boerner et al. (1991) J.
Immunol. 147:86-95. They may be prepared by repertoire
cloning as described by Persson et al. (1991) Proc. Nat. Acad.
Sci. USA 88:2432-2436 or by Huang and Stollar (1991) J.
Immunol. Methods 141:227-236; also U.S. Pat. No. 5,798,
230. Large non-immunized human phage display libraries
may also be used to isolate high affinity antibodies that can be
developed as human therapeutics using standard phage tech-
nology (see, e.g., Hoogenboom et al. (1998) Immunotechnol-
ogy 4:1-20; Hoogenboom et al. (2000) lmmunol Today 2:371-
378; and U.S. 2003-0232333).

Antibody and Protein Production

[0086] Antibodies and other proteins described herein can
be produced in prokaryotic and eukaryotic cells. In one
embodiment, the antibodies (e.g., scFv’s) are expressed in a
yeast cell such as Pichia (see, e.g., Powers et al. (2001) J.
Immunol. Methods 251:123-35), Hanseula, or Saccharomy-
ces.

[0087] Antibodies, particularly full length antibodies, e.g.,
IgG’s, can be produced in mammalian cells. Exemplary
mammalian host cells for recombinant expression include
Chinese Hamster Ovary (CHO cells) (including dhfr- CHO
cells, described in Urlaub and Chasin (1980) Proc. Natl.
Acad. Sci. USA 77:4216-4220, used with a DHFR selectable
marker, e.g., as described in Kaufman and Sharp (1982) Mol.
Biol. 159:601-621), lymphocytic cell lines, e.g., NSO
myeloma cells and SP2 cells, COS cells, K562, and a cell
from a transgenic animal, e.g., a transgenic mammal. For
example, the cell is a mammary epithelial cell.

[0088] In addition to the nucleic acid sequence encoding
the immunoglobulin domain, the recombinant expression
vectors may carry additional nucleic acid sequences, such as
sequences that regulate replication of the vector in host cells
(e.g., origins of replication) and selectable marker genes. The
selectable marker gene facilitates selection of host cells into
which the vector has been introduced (see e.g., U.S. Pat. Nos.
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4,399,216; 4,634,665; and 5,179,017). Exemplary selectable
marker genes include the dihydrofolate reductase (DHFR)
gene (for use in dhfr™ host cells with methotrexate selection/
amplification) and the neo gene (for G418 selection).

[0089] Inanexemplary system for recombinant expression
of an antibody (e.g., a full length antibody or an antigen-
binding portion thereof), a recombinant expression vector
encoding both the antibody heavy chain and the antibody
light chain is introduced into dhfr—- CHO cells by calcium
phosphate-mediated transfection. Within the recombinant
expression vector, the antibody heavy and light chain genes
are each operatively linked to enhancer/promoter regulatory
elements (e.g., derived from SV40, CMV, adenovirus and the
like, such as a CMV enhancer/AdMLP promoter regulatory
element or an SV40 enhancer/AdMLP promoter regulatory
element) to drive high levels of transcription of the genes. The
recombinant expression vector also carries a DHFR gene,
which allows for selection of CHO cells that have been trans-
fected with the vector using methotrexate selection/amplifi-
cation. The selected transformant host cells are cultured to
allow for expression of the antibody heavy and light chains
and intact antibody is recovered from the culture medium.
Standard molecular biology techniques are used to prepare
the recombinant expression vector, to transfect the host cells,
to select for transformants, to culture the host cells, and to
recover the antibody from the culture medium. For example,
some antibodies can be isolated by affinity chromatography
with a Protein A or Protein G.

[0090] Antibodies (and Fc fusions) may also include modi-
fications, e.g., modifications that alter Fc function, e.g., to
decrease or remove interaction with an Fc receptor or with
Clg, or both. For example, the human IgG1 constant region
can be mutated at one or more residues, e.g., one or more of
residues 234 and 237, e.g., according to the numbering in U.S.
Pat. No. 5,648,260. Other exemplary modifications include
those described in U.S. Pat. No. 5,648,260.

[0091] For some proteins that include an Fc domain, the
antibody/protein production system may be designed to syn-
thesize antibodies or other proteins in which the Fc region is
glycosylated. For example, the Fc domain of IgG molecules is
glycosylated at asparagine 297 in the CH2 domain. The Fc
domain can also include other eukaryotic post-translational
modifications. In other cases, the protein is produced in a
form that is not glycosylated.

[0092] Antibodies and other proteins can also be produced
by a transgenic animal. For example, U.S. Pat. No. 5,849,992
describes a method for expressing an antibody in the mam-
mary gland of a transgenic mammal. A transgene is con-
structed that includes a milk-specific promoter and nucleic
acid sequences encoding the antibody of interest, e.g., an
antibody described herein, and a signal sequence for secre-
tion. The milk produced by females of such transgenic mam-
mals includes, secreted-therein, the protein of interest, e.g.,
an antibody or Fc fusion protein. The protein can be purified
from the milk, or for some applications, used directly.
[0093] Methods described in the context of antibodies can
be adapted to other proteins, e.g., Fc fusions and soluble
receptor fragments.

Nucleic Acid Blocking Agents

[0094] In certain implementations, nucleic acid blocking
agents are used to decrease expression of a target protein such
as TWEAK, a TWEAK-R (e.g., Fnl4), TNF-a, TNFR-I or
TNFR-IIL These agents can be used in place of or in addition
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to proteinaceous TWEAK blocking agents and TNF-a block-
ing agents. In one embodiment, the nucleic acid antagonist is
an siRNA that is directed against the mRNA produced from
an endogenous gene that encodes the target protein. For
example, the siRNA includes a region complementary to the
mRNA. Other types of antagonistic nucleic acids can also be
used, e.g., a dsRNA, a ribozyme, a triple-helix former, or an
antisense nucleic acid.

[0095] siRNAs are small double stranded RNAs (dsRNAs)
that optionally include overhangs. For example, the duplex
region of an siRNA is about 18 to 25 nucleotides in length,
e.g., about 19, 20, 21, 22, 23, or 24 nucleotides in length.
Typically, the siRNA sequences are exactly complementary
to the target mRNA. dsRNAs and siRNAs in particular can be
used to silence gene expression in mammalian cells (e.g.,
human cells). See, e.g., Clemens et al. (2000) Proc. Natl.
Acad. Sci. USA 97:6499-6503; Billy et al. (2001) Proc. Natl.
Sci. USA 98:14428-14433; Elbashir et al. (2001) Nature.
411:494-8; Yang et al. (2002) Proc. Natl. Acad. Sci. USA
99:9942-9947, U.S. Pub. Apps. 2003-0166282; 2003-
0143204; 2004-0038278; and 2003-0224432.

[0096] Anti-sense agents can include, for example, from
about 8 to about 80 nucleobases (i.e. from about 8 to about 80
nucleotides), e.g., about 8 to about 50 nucleobases, or about
12 to about 30 nucleobases. Anti-sense compounds include
ribozymes, external guide sequence (EGS) oligonucleotides
(oligozymes), and other short catalytic RNAs or catalytic
oligonucleotides which hybridize to the target nucleic acid
and modulate its expression. Anti-sense compounds can
include a stretch of at least eight consecutive nucleobases that
are complementary to a sequence in the target gene. An oli-
gonucleotide need not be 100% complementary to its target
nucleic acid sequence to be specifically hybridizable. An
oligonucleotide is specifically hybridizable when binding of
the oligonucleotide to the target interferes with the normal
function of the target molecule to cause a loss of utility, and
there is a sufficient degree of complementarity to avoid non-
specific binding of the oligonucleotide to non-target
sequences under conditions in which specific binding is
desired, i.e., under physiological conditions in the case of in
vivo assays or therapeutic treatment or, in the case of in vitro
assays, under conditions in which the assays are conducted.

[0097] Hybridization of antisense oligonucleotides with
mRNA (e.g., an mRNA encoding a target protein) can inter-
fere with one or more of the normal functions of mRNA. The
functions of mRNA to be interfered with include all key
functions such as, for example, translocation of the RNA to
the site of protein translation, translation of protein from the
RNA, splicing of the RNA to yield one or more mRNA
species, and catalytic activity which may be engaged in by the
RNA. Binding of specific protein(s) to the RNA may also be
interfered with by antisense oligonucleotide hybridization to
the RNA.

[0098] Exemplary antisense compounds include DNA or
RNA sequences that specifically hybridize to the target
nucleic acid, e.g., the mRNA encoding a target protein. The
complementary region can extend for between about 8 to
about 80 nucleobases. The compounds can include one or
more modified nucleobases. Modified nucleobases may
include, e.g., S-substituted pyrimidines such as 5-iodouracil,
S-iodocytosine, and CS-propynyl pyrimidines such as
CS5-propynylcytosine and CS5-propynyluracil, to mention but
a few. Descriptions of a variety of nucleic acid agents are
available. See, e.g., U.S. Pat. Nos. 4,987,071; 5,116,742; and
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5,093,246; Woolf et al. (1992) Proc Natl Acad Sci USA;
Antisense RNA and DNA, D. A. Melton, Ed., Cold Spring
Harbor Laboratory, Cold Spring Harbor, N.Y. (1988);
89:7305-9; Haselhoff and Gerlach (1988) Nature 334:585-
59; Helene, C. (1991) Anticancer Drug Des. 6:569-84;
Helene (1992) Ann. N.Y. Acad. Sci. 660:27-36; and Maher
(1992) Bioassays 14:807-15.

[0099] The nucleic acids described herein, e.g., an anti-
sense nucleic acid described herein, can be incorporated into
a gene construct to be used as a part of a gene therapy protocol
to deliver nucleic acids that can be used to express and pro-
duce agents, e.g., anti-sense nucleic acids within cells.
Expression constructs of such components may be adminis-
tered in any biologically effective carrier, e.g. any formula-
tion or composition capable of effectively delivering the com-
ponent gene to cells in vivo. Approaches include insertion of
the subject gene in viral vectors including recombinant ret-
roviruses, adenovirus, adeno-associated virus, lentivirus, and
herpes simplex virus-1, or recombinant bacterial or eukary-
otic plasmids. Viral vectors transfect cells directly; plasmid
DNA can be delivered with the help of, for example, cationic
liposomes (lipofectin) or derivatized (e.g. antibody conju-
gated), polylysine conjugates, gramacidin S, artificial viral
envelopes or other such intracellular carriers, as well as direct
injection of the gene construct or CaPQO, precipitation carried
out in vivo.

[0100] A preferred approach for in vivo introduction of
nucleic acid into a cell is by use of a viral vector containing
nucleic acid, e.g. acDNA. Infection of cells with a viral vector
has the advantage that a large proportion of the targeted cells
can receive the nucleic acid. Additionally, molecules encoded
within the viral vector, e.g., by a cDNA contained in the viral
vector, are expressed efficiently in cells which have taken up
viral vector nucleic acid.

[0101] Retrovirus vectors and adeno-associated virus vec-
tors can be used as a recombinant gene delivery system for the
transfer of exogenous genes in vivo, particularly into humans.
These vectors provide efficient delivery of genes into cells,
and the transferred nucleic acids are stably integrated into the
chromosomal DNA of the host. Protocols for producing
recombinant retroviruses and for infecting cells in vitro or in
vivo with such viruses can be found in Current Protocols in
Molecular Biology, Ausubel, F. M. et al. (eds.) Greene Pub-
lishing Associates, (1989), Sections 9.10-9.14 and other stan-
dard laboratory manuals. Examples of suitable retroviruses
include pLJ, pZIP, pWE and pEM which are known to those
skilled in the art. Examples of suitable packaging virus lines
for preparing both ecotropic and amphotropic retroviral sys-
tems include *Crip, *Cre, *2 and *Am. Retroviruses have
been used to introduce a variety of genes into many different
cell types, including epithelial cells, in vitro and/or in vivo
(see for example Eglitis, et al. (1985) Science 230:1395-
1398; Danos and Mulligan (1988) Proc. Natl. Acad. Sci. USA
85:6460-6464; Wilson et al. (1988) Proc. Natl. Acad. Sci.
US4 85:3014-3018; Armentano et al. (1990) Proc. Natl.
Acad. Sci. USA 87:6141-6145; Huberet al. (1991) Proc. Natl.
Acad. Sci. USA 88:8039-8043; Ferry et al. (1991) Proc. Natl.
Acad. Sci. USA 88:8377-8381; Chowdhury et al. (1991) Sci-
ence 254:1802-1805; van Beusechem et al. (1992) Proc. Natl.
Acad. Sci. USA 89:7640-7644; Kay etal. (1992) Human Gene
Therapy 3:641-647; Dai et al. (1992) Proc. Natl. Acad. Sci.
USA 89:10892-10895; Hwu et al. (1993) J. Immunol. 150:
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4104-4115; U.S. Pat. Nos. 4,868,116 and 4,980,286; PCT
Applications WO 89/07136; WO 89/02468; WO 89/05345,
and WO 92/07573).

[0102] Another viral gene delivery system utilizes adenovi-
rus-derived vectors. See, for example, Berkner et al. (1988)
BioTechniques 6:616; Rosenfeld et al. (1991) Science 252:
431-434; and Rosenfeld et al. (1992) Cell 68:143-155. Suit-
able adenoviral vectors derived from the adenovirus strain Ad
type 5 d1324 or other strains of adenovirus (e.g., Ad2, Ad3,
Ad7 etc.) are known to those skilled in the art.

[0103] Yetanother viral vector system useful for delivery of
the subject gene is the adeno-associated virus (AAV). See, for
example, Flotte et al. (1992) Am. J. Respir. Cell. Mol. Biol.
7:349-356; Samulski et al. (1989) J. Virol. 63:3822-3828; and
McLaughlin et al. (1989) J. Virol. 62:1963-1973).

Artificial Transcription Factors

[0104] Artificial transcription factors can also be used to
regulate expression of a target protein, e.g., TWEAK, a
TWEAK-R (e.g., Fnl4), TNF-c,, TNFR-I or TNFR-IL. The
artificial transcription factor can be designed or selected from
a library, e.g., for ability to bind to a sequence in an endog-
enous gene encoding target protein, e.g., in a regulatory
region, e.g., the promoter. For example, the artificial tran-
scription factor can be prepared by selection in vitro (e.g.,
using phage display, U.S. Pat. No. 6,534,261) orin vivo, or by
design based on a recognition code (see, e.g., PCT Applica-
tion WO 00/42219 and U.S. Pat. No. 6,511,808). See, e.g.,
Rebaret al. (1996) Methods Enzymol 267:129; Greisman and
Pabo (1997) Science 275:657; Isalan et al. (2001) Nat. Bio-
technol 19:656; and Wu et al. (1995) Proc. Natl. Acad. Sci.
US4 92:344 for, among other things, methods for creating
libraries of varied zinc finger domains.

[0105] Optionally, an artificial transcription factor can be
fused to a transcriptional regulatory domain, e.g., an activa-
tion domain to activate transcription or a repression domain to
repress transcription. In particular, repression domains can be
used to decrease expression of endogenous genes encoding
TWEAK or TWEAK-R. The artificial transcription factor can
itself be encoded by a heterologous nucleic acid that is deliv-
eredto acell or the protein itself can be delivered to a cell (see,
e.g., U.S. Pat. No. 6,534,261). The heterologous nucleic acid
that includes a sequence encoding the artificial transcription
factor can be operably linked to an inducible promoter, e.g., to
enable fine control of the level of the artificial transcription
factor in the cell.

Rheumatoid Arthritis (RA)

[0106] Rheumatoid arthritis (“RA”) is a chronic inflamma-
tory disease that causes pain, swelling, stiffness, and loss of
function, primarily in joints. RA frequently begins in the
synovium, the membrane that surrounds a joint creating a
protective sac. In many individuals suffering from RA, leu-
kocytes infiltrate from the circulation into the synovium caus-
ing continuous abnormal inflammation (e.g., synovitis). Con-
sequently, the synovium becomes inflamed, causing warmth,
redness, swelling, and pain. The collagen in the cartilage is
gradually destroyed, narrowing the joint space and eventually
damaging bone. The inflammation causes erosive bone dam-
age in the affected area. During this process, the cells of the
synovium grow and divide abnormally, making the normally
thin synovium thick and resulting in a joint that is swollen and
puffy to the touch.
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[0107] As RA progresses, abnormal synovial cells can
invade and destroy the cartilage and bone within the joint. The
surrounding muscles, ligaments, and tendons that support and
stabilize the joint can become weak and unable to work nor-
mally. RA also may cause more generalized bone loss that
may lead to osteoporosis, making bones fragile and more
prone to fracture. All of these effects cause the pain, impair-
ment and deformities associated with RA. Regions that can be
effected include the wrists, knuckles, knees and the ball of'the
foot. Often, many joints may be involved, and even the spine
can be affected. In about 25% of people with RA, inflamma-
tion of small blood vessels can cause rheumatoid nodules, or
lumps, under the skin. These are bumps under the skin that
often form close to the joints. As the disease progresses, fluid
may also accumulate, particularly in the ankles. Many
patients with RA also develop anemia, or a decrease in the
normal number of red blood cells.

[0108] RA encompasses a number of disease subtypes,
such as Felty’s syndrome, seronegative RA, “classical” RA,
progressive and/or relapsing RA, and RA with vasculitis.
Some experts classify the disease into type 1 or type 2. Type
1, the less common form, lasts a few months at most and
leaves no permanent disability. Type 2 is chronic and lasts for
years, sometimes for life. RA can also manifest as subcuta-
neous rheumatoid nodules, visceral nodules, vasculitis caus-
ing leg ulcers or mononeuritis multiplex, pleural or pericar-
dial effusions, lymphadenopathy, Felty’s syndrome,
Sjogren’s syndrome, and episcleritis. These disease subtypes
and also subjects showing one or more of the above symptoms
can be treated using the methods described herein.

[0109] RA occurs across all races and ethnic groups. At
least one genetic predisposition has been identified and, in
white populations, localized to a pentapeptide in the HLA-
DR 1 locus of class II histocompatibility genes.

[0110] RA can be assessed by a variety of clinical mea-
sures. Some exemplary indicia include the total Sharp score
(TSS), Sharp erosion score, and the HAQ disability index.
The methods herein can be used to achieve an improvement
for at least one of these indicia.

Non-Responders to TNF-a Blocking Agents

[0111] Inone aspect, subjects who have rheumatoid arthri-
tis, or who are at risk for RA, or who have or at risk for another
disorder described herein, can be evaluated for a parameter
predictive of their ability to respond to a particular agent (e.g.,
abiologic DMARD), e.g., their ability to respond to a TNF-a
blocking agent such as etanercept, infliximab, or adali-
mumab. For example, the parameter can be the presence or
absence of a nucleotide in a gene encoding TNF-a.. Subjects
who are indicated to be less or non-responsive to a particular
agent can be administered an alternative agent. For example,
subjects who are indicated as non-responsive to etanercept
can be administered a TWEAK blocking agent.

[0112] Rheumatoid arthritis patients with the T allele of
TNFa-857C/T SNP may respond better to etanercept therapy
than homozygotes for the C allele. Kang et al. Rheumatology
2005 April; 44(4):547-52. Accordingly, RA patients that are
homozygous for the C allele can be treated with a TWEAK
blocking agent, and etanercept or other TNF-a blocking
agent can be withheld, or dosages can be reduced, e.g., rela-
tive to a standard dose.
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Non-Responders to RA Therapies

[0113] A variety oftreatments for RA, in additionto TNF-a.
blocking agents, are available. Many of these are therapeutics
classified as disease modifying anti-rheumatic drugs
(DMARD:s). Traditional DMARDS include PLAQUENIL®
(hydroxychloroquine), AZULFIDINE® (sulfasalazine) or
RHEUMATREX® (methotrexate). For rheumatoid arthritis,
it has been observed that the withdrawal rate from DMARD
treatment in rheumatoid arthritis increases with the length of
time the patient has been receiving the drug and that a number
of these withdrawals relate to loss of efficacy (see, e.g.,
Annals of the Rheumatic Diseases (2003) 62:95-96). Accord-
ingly, a TWEAK blocking agent can also be administered to
a subject who has an inadequate response to a DMARD
treatment, e.g., an inadequate response to treatment with one
of the following agents:

[0114] a. Nonsteroidal anti-inflammatory drugs including
salicylates, such as aspirin.

[0115] b. Gold compounds. In some patients, gold may
produce clinical remission and decrease the formation of new
bony erosions. Parenteral preparations include gold sodium
thiomalate or gold thioglucose. Gold should be discontinued
when signs of toxicity appear. Minor toxic manifestations
(e.g., mild pruritus, minor rash) may be eliminated by tem-
porarily withholding gold therapy, then resuming it cau-
tiously about 2 weeks after symptoms have subsided. How-
ever, if toxic symptoms progress, gold should be withheld. A
TWEAK blocking agent can be administered when gold is
being discontinued or when a gold chelating drug (such as
dimercaprol) is being administered to counteract gold toxic-
ity.

[0116] c. Hydroxychloroquine can also control symptoms
of mild or moderately active RA. Toxic effects usually are
mild and include dermatitis, myopathy, and generally revers-
ible corneal opacity. However, irreversible retinal degenera-
tion has been reported. Hydroxychloroquine can be with-
drawn and replaced, e.g., with a TWEAK blocking agent,
e.g., upon detection of one or more of these side effects.
[0117] d. Oral penicillamine may have a benefit similar to
gold. Side effects requiring discontinuation are more com-
mon than with gold and include marrow suppression, pro-
teinuria, nephrosis, other serious toxic effects (e.g., myasthe-
nia gravis, pemphigus, Goodpasture’s syndrome,
polymyositis, a lupus-like syndrome), rash, and a foul taste.
Oral penicillamine can be withdrawn and replaced, e.g., with
a TWEAK blocking agent, e.g., upon detection of one or more
of these side effects.

[0118] e. Steroids are highly effective short-term anti-in-
flammatory drugs. However, their clinical benefit for RA
often diminishes with time. Steroids do not predictably pre-
vent the progression of joint destruction. Furthermore, severe
rebound often follows the withdrawal of corticosteroids in
active disease. Accordingly, a TWEAK blocking agent can be
administered, prior to withdrawal, during withdrawal, or sub-
sequent to complete withdrawal. Other side effect which can
trigger withdrawal and use of a TWEAK blocking agent
include peptic ulcer, hypertension, untreated infections, dia-
betes mellitus, and glaucoma.

[0119] f. Immunosuppressive drugs can be used in manage-
ment of severe, active RA. However, major side effects can
occur, including liver disease, pneumonitis, bone marrow
suppression, and, after long-term use of azathioprine, malig-
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nancy. Withdrawal from immunosuppressive drugs can
include administering a TWEAK blocking agent, e.g., upon
detection of a side effect.

[0120] Alternatively, a TWEAK blocking agent can be
administered to a subject who is receiving another treatment
for RA, e.g., one of the above treatments. The combination of
the treatment and the TWEAK blocking agent can be used to
achieve additional therapeutic benefit and, optionally, to
reduce the dosage of the other treatment. As result, side
effects and other issues can be mitigated.

[0121] The methods described herein, e.g., a TWEAK
blocking agent monotherapy or a combination therapy (such
as with TWEAK and TNF-a blocking agents), can be used to
treat a subject who has one or more severe complications of
RA. Such complications include joint destruction, gas-
trointestinal bleeding, heart failure, pericarditis, pleuritis,
lung disease, anemia, low or high platelets, eye disease, cer-
vical (neck) spine instability, neuropathy, and vasculitis.

Other Disorders

[0122] The methods described herein can also be used to
treat other inflammatory, immune, or autoimmune disorders
in patients, for example disorders that are not exacerbated by
administration of a TNF-a blocking agent. Examples of dis-
orders that can be treated include psoriatic arthritis, ankylos-
ing spondylitis, inflammatory bowel disease (including ulcer-
ative colitis and Crohn’s disease), psoriasis, or inflammatory
myositis. Still other examples of inflammatory disorders
include Langerhans-cell histiocytosis, adult respiratory dis-
tress syndrome/bronchiolitis obliterans, Wegener’s granulo-
matosis, vasculitis, cachexia, stomatitis, idiopathic pulmo-
nary fibrosis, dermatomyositis or polymyositis, non-
infectious scleritis, chronic sarcoidosis with pulmonary
involvement, myelodysplastic syndromes/refractory anemia
with excess blasts, ulcerative colitis, moderate to severe
chronic obstructive pulmonary disease, and giant cell arteri-
tis.

[0123] A subject who is at risk for, diagnosed with, or who
has one of these disorders can be administered a TWEAK
blocking agent in an amount and for a time to provide an
overall therapeutic effect. The TWEAK blocking agent can
be administered in combination with a TNF-a blocking agent
or without providing (e.g., withholding) the TNF-a blocking
agent. In the case of a combination therapy, the amounts and
times of administration can be those that provide, e.g., an
enhanced or synergistic therapeutic effect. Further, the
administration of the TWEAK blocking agent (with or with-
out the TNF-a blocking agent) can be used as a primary, e.g.,
first line treatment, or as a secondary treatment, e.g., for
subjects who have an inadequate response to a previously
administered therapy (i.e., a therapy other than one with a
TWEAK block agent).

Pharmaceutical Compositions

[0124] A TWEAK blocking agent (e.g., an antibody or
soluble TWEAK-R protein, e.g., TWEAK-R-Fc) can be for-
mulated as a pharmaceutical composition, e.g., for adminis-
tration to a subject to treat a disorder described herein, e.g., an
inflammatory disorder such as rheumatoid arthritis or other
disorder described herein. A TNF-a blocking agent can be
similarly formulated, either in the same composition or as a
separate composition.



US 2008/0187544 Al

[0125] Typically, a pharmaceutical composition includes a
pharmaceutically acceptable carrier. As used herein, “phar-
maceutically acceptable carrier” includes any and all sol-
vents, dispersion media, coatings, antibacterial and antifun-
gal agents, isotonic and absorption delaying agents, and the
like that are physiologically compatible. The composition can
include a pharmaceutically acceptable salt, e.g., an acid addi-
tion salt or a base addition salt (see e.g., Berge, S. M., et al.
(1977) J. Pharm. Sci. 66:1-19).

[0126] Pharmaceutical formulation is a well-established
art, and is further described, e.g., in Gennaro (ed.), Reming-
ton: The Science and Practice of Pharmacy, 20th ed., Lippin-
cott, Williams & Wilkins (2000) (ISBN: 0683306472); Ansel
et al., Pharmaceutical Dosage Forms and Drug Delivery
Systems, 7™ Ed., Lippincott Williams & Wilkins Publishers
(1999) (ISBN: 0683305727); and Kibbe (ed.), Handbook of
Pharmaceutical Excipients American Pharmaceutical Asso-
ciation, 3™ ed. (2000) (ISBN: 091733096X).

[0127] In one embodiment, the TWEAK blocking agent
(e.g., anantibody or TWEAK-R-Fc) and/or the TNF-a block-
ing agent is formulated with excipient materials, such as
sodium chloride, sodium dibasic phosphate heptahydrate,
sodium monobasic phosphate, and a stabilizer. It can be pro-
vided, for example, in a buffered solution at a suitable con-
centration and can be stored at 2-8° C.

[0128] The pharmaceutical compositions may be in a vari-
ety of forms. These include, for example, liquid, semi-solid
and solid dosage forms, such as liquid solutions (e.g., inject-
able and infusible solutions), dispersions or suspensions, tab-
lets, pills, powders, liposomes and suppositories. The pre-
ferred form can depend on the intended mode of
administration and therapeutic application. Typically compo-
sitions for the agents described herein are in the form of
injectable or infusible solutions.

[0129] Such compositions can be administered by a
parenteral mode (e.g., intravenous, subcutaneous, intraperi-
toneal, or intramuscular injection). The phrases “parenteral
administration” and “administered parenterally” as used
herein mean modes of administration other than enteral and
topical administration, usually by injection, and include,
without limitation, intravenous, intramuscular, intraarterial,
intrathecal, intracapsular, intraorbital, intracardiac, intrader-
mal, intraperitoneal, transtracheal, subcutaneous, subcuticu-
lar, intraarticular, subcapsular, subarachnoid, intraspinal, epi-
dural and intrasternal injection and infusion.

[0130] The composition can be formulated as a solution,
microemulsion, dispersion, liposome, or other ordered struc-
ture suitable for stable storage at high concentration. Sterile
injectable solutions can be prepared by incorporating an
agent described herein in the required amount in an appropri-
ate solvent with one or a combination of ingredients enumer-
ated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating an agent
described herein into a sterile vehicle that contains a basic
dispersion medium and the required other ingredients from
those enumerated above. In the case of sterile powders for the
preparation of sterile injectable solutions, the preferred meth-
ods of preparation are vacuum drying and freeze-drying that
yield a powder of an agent described herein plus any addi-
tional desired ingredient from a previously sterile-filtered
solution thereof. The proper fluidity of a solution can be
maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in the
case of dispersion and by the use of surfactants. Prolonged
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absorption of injectable compositions can be brought about
by including in the composition an agent that delays absorp-
tion, for example, monostearate salts and gelatin.

[0131] In certain embodiments, the TWEAK blocking
agent and/or the TNF-a blocking agent may be prepared with
a carrier that will protect the compound against rapid release,
such as a controlled release formulation, including implants,
and microencapsulated delivery systems. Biodegradable,
biocompatible polymers can be used, such as ethylene vinyl
acetate, polyanhydrides, polyglycolic acid, collagen, poly-
orthoesters, and polylactic acid. Many methods for the prepa-
ration of such formulations are patented or generally known.
See, e.g., Sustained and Controlled Release Drug Delivery
Systems, J. R. Robinson, ed., Marcel Dekker, Inc., New York,
1978.

[0132] A TWEAK blocking agent (e.g., an antibody or
soluble TWEAK-R protein) can be modified, e.g., with a
moiety that improves its stabilization and/or retention in cir-
culation, e.g., in blood, serum, or othertissues, e.g., by at least
1.5, 2, 5, 10, or 50 fold. The modified blocking agent can be
evaluated to assess whether it can reach sites of inflammation,
e.g., joints.

[0133] For example, the TWEAK blocking agent (e.g., an
antibody or soluble TWEAK-R protein) can be associated
with (e.g., conjugated to) a polymer, e.g., a substantially
non-antigenic polymer, such as a polyalkylene oxide or a
polyethylene oxide. Suitable polymers will vary substantially
by weight. Polymers having molecular number average
weights ranging from about 200 to about 35,000 Daltons (or
about 1,000 to about 15,000, and 2,000 to about 12,500) can
be used.

[0134] For example, a TWEAK blocking agent or TNF-a
blocking agent can be conjugated to a water soluble polymer,
e.g., a hydrophilic polyvinyl polymer, e.g., polyvinylalcohol
orpolyvinylpyrrolidone. A non-limiting list of such polymers
includes polyalkylene oxide homopolymers such as polyeth-
ylene glycol (PEG) or polypropylene glycols, polyoxyethyl-
enated polyols, copolymers thereof and block copolymers
thereof, provided that the water solubility of the block
copolymers is maintained. Additional useful polymers
include polyoxyalkylenes such as polyoxyethylene, polyox-
ypropylene, and block copolymers of polyoxyethylene and
polyoxypropylene; polymethacrylates; carbomers; and
branched or unbranched polysaccharides.

[0135] When the TWEAK blocking agent (e.g., an anti-
body or soluble TWEAK-R protein) is used in combination
with a second agent (e.g., a TNF-a blocking agent or other
agent described herein), the two agents can be formulated
separately or together. For example, the respective pharma-
ceutical compositions can be mixed, e.g., just prior to admin-
istration, and administered together or can be administered
separately, e.g., at the same or different times.

[0136] Other therapeutic agents described herein can also
be provided as pharmaceutical composition, e.g., by standard
methods or method described herein.

Administration

[0137] The TWEAK blocking agent (e.g., an antibody or
soluble TWEAK-R protein) and a TNF-a blocking agent can
be administered to a subject, e.g., a human subject, by a
variety of methods. For many applications, the route of
administration is one of: intravenous injection or infusion
(IV), subcutaneous injection (SC), intraperitoneally (IP), or
intramuscular injection. It is also possible to use intra-articu-
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lar delivery. In some cases, administration may be directly to
a site of inflammation, e.g., a joint or other inflamed site. The
blocking agent can be administered as a fixed dose, or in a
mg/kg dose.

[0138] The dose can also be chosen to reduce or avoid
production of antibodies against the TWEAK blocking agent.
[0139] The route and/or mode of administration of the
blocking agent can also be tailored for the individual case,
e.g., by monitoring the subject, e.g., using tomographic imag-
ing, neurological exam, and standard parameters associated
with the particular disorder, e.g., criteria for assessing rheu-
matoid arthritis.

[0140] Dosage regimens are adjusted to provide the desired
response, e.g., a therapeutic response or a combinatorial
therapeutic effect. Generally, any combination of doses (ei-
ther separate or co-formulated) of the TWEAK blocking
agent (e.g., an antibody) (and optionally a second agent, e.g.,
a TNF-a blocking agent) can be used in order to provide a
subject with the agent in bioavailable quantities. For example,
doses in the range of 0.1-100 mg/kg, 0.5-100 mg/kg, 1 mg/kg-
100 mg/kg, 0.5-20 mg/kg, or 1-10 mg/kg can be adminis-
tered. Other doses can also be used.

[0141] Dosage unit form or “fixed dose” as used herein
refers to physically discrete units suited as unitary dosages for
the subjects to be treated; each unit contains a predetermined
quantity of active compound calculated to produce the
desired therapeutic effect in association with the required
pharmaceutical carrier and optionally in association with the
other agent. Single or multiple dosages may be given. Alter-
natively, or in addition, the blocking agent may be adminis-
tered via continuous infusion.

[0142] The TWEAK blocking agent can be administered,
e.g., once or twice daily, or about one to four times per week,
or preferably weekly, biweekly, or monthly, e.g., for between
about 1 to 10 weeks, preferably between 2 to 8 weeks, more
preferably between about 3 to 7 weeks, and even more pref-
erably for about 4, 5, or 6 weeks. The skilled artisan will
appreciate that certain factors may influence the dosage and
timing required to effectively treat a subject, including but not
limited to the severity of the disease or disorder, formulation,
route of delivery, previous treatments, the general health and/
or age of the subject, and other diseases present. Moreover,
treatment of a subject with a therapeutically effective amount
of'a compound can include a single treatment or, preferably,
can include a series of treatments. Animal models can also be
used to determine a useful dose, e.g., an initial dose or a
regimen.

[0143] Ifasubjectis atrisk for developing an inflammatory
disorder or other disorder described herein, the blocking
agent can be administered before the full onset of the disorder,
e.g., as a preventative measure. The duration of such preven-
tative treatment can be a single dosage of the blocking agent
or the treatment may continue (e.g., multiple dosages). For
example, a subject at risk for the disorder or who has a
predisposition for the disorder may be treated with the block-
ing agent for days, weeks, months, or even years so as to
prevent the disorder from occurring or fulminating.

[0144] A pharmaceutical composition may include a
“therapeutically effective amount” of an agent described
herein. Such effective amounts can be determined based on
the effect of the administered agent, or the combinatorial
effect of agents if more than one agent is used. A therapeuti-
cally effective amount of an agent may also vary according to
factors such as the disease state, age, sex, and weight of the
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individual, and the ability of the compound to elicit a desired
response in the individual, e.g., amelioration of at least one
disorder parameter or amelioration of at least one symptom of
the disorder. A therapeutically effective amount is also one in
which any toxic or detrimental effects of the composition are
outweighed by the therapeutically beneficial effects.

Devices and Kits for Therapy

[0145] Pharmaceutical compositions that include the
TWEAK blocking agent (e.g., an antibody or soluble
TWEAK-R) can be administered with a medical device. The
device can designed with features such as portability, room
temperature storage, and ease of use so that it can be used in
emergency situations, e.g., by an untrained subject or by
emergency personnel in the field, removed to medical facili-
ties and other medical equipment. The device can include,
e.g., one or more housings for storing pharmaceutical prepa-
rations that include TWEAK blocking agent, and can be
configured to deliver one or more unit doses of the blocking
agent. The device can be further configured to administer a
second agent, e.g., a TNF-a blocking agent, either as a single
pharmaceutical composition that also includes the TWEAK
blocking agent or as two separate pharmaceutical composi-
tions.

[0146] For example, the pharmaceutical composition can
be administered with a needleless hypodermic injection
device, such as the devices disclosed in U.S. Pat. Nos. 5,399,
163;5,383,851; 5,312,335, 5,064,413; 4,941,880, 4,790,824;
or4,596,556. Examples of well-known implants and modules
include: U.S. Pat. No. 4,487,603, which discloses an implant-
able micro-infusion pump for dispensing medication at a
controlled rate; U.S. Pat. No. 4,486,194, which discloses a
therapeutic device for administering agents through the skin;
U.S. Pat. No. 4,447,233, which discloses a medication infu-
sion pump for delivering medication at a precise infusion rate;
U.S. Pat. No. 4,447,224, which discloses a variable flow
implantable infusion apparatus for continuous drug delivery;
U.S. Pat. No. 4,439,196, which discloses an osmotic drug
delivery system having multi-chamber compartments; and
U.S. Pat. No. 4,475,196, which discloses an osmotic drug
delivery system. Many other devices, implants, delivery sys-
tems, and modules are also known.

[0147] A TWEAK blocking agent (e.g., an antibody or
soluble TWEAK-R protein) can be provided in a kit. In one
embodiment, the kit includes (a) a container that contains a
composition that includes a TWEAK blocking agent, and
optionally (b) informational material. The informational
material can be descriptive, instructional, marketing or other
material that relates to the methods described herein and/or
the use of the agents for therapeutic benefit.

[0148] In an embodiment, the kit also includes a second
agent for treating an inflammatory disorder, e.g., a TNF-a
blocking agent. For example, the kit includes a first container
that contains a composition that includes the TWEAK block-
ing agent, and a second container that includes the second
agent.

[0149] The informational material of the kits is not limited
in its form. In one embodiment, the informational material
can include information about production of the compound,
molecular weight of the compound, concentration, date of
expiration, batch or production site information, and so forth.
In one embodiment, the informational material relates to
methods of administering the TWEAK blocking agent (e.g.,
an antibody or soluble TWEAK-R protein) and/or TNF-a
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blocking agent, e.g., in a suitable dose, dosage form, or mode
of administration (e.g., a dose, dosage form, or mode of
administration described herein), to treat a subject who has
had or who is at risk for an inflammatory disorder, or other
disorder described herein. The information can be provided in
a variety of formats, include printed text, computer readable
material, video recording, or audio recording, or information
that provides a link or address to substantive material.

[0150] Inaddition to the blocking agent, the composition in
the kit can include other ingredients, such as a solvent or
buffer, a stabilizer, or a preservative. The blocking agent can
be provided in any form, e.g., liquid, dried or lyophilized
form, preferably substantially pure and/or sterile. When the
agents are provided in a liquid solution, the liquid solution
preferably is an aqueous solution. When the agents are pro-
vided as a dried form, reconstitution generally is by the addi-
tion of a suitable solvent. The solvent, e.g., sterile water or
buffer, can optionally be provided in the kit.

[0151] The kit can include one or more containers for the
composition or compositions containing the agents. In some
embodiments, the kit contains separate containers, dividers or
compartments for the composition and informational mate-
rial. For example, the composition can be contained in a
bottle, vial, or syringe, and the informational material can be
contained in a plastic sleeve or packet. In other embodiments,
the separate elements of the kit are contained within a single,
undivided container. For example, the composition is con-
tained in a bottle, vial or syringe that has attached thereto the
informational material in the form ofa label. In some embodi-
ments, the kit includes a plurality (e.g., a pack) of individual
containers, each containing one or more unit dosage forms
(e.g., a dosage form described herein) of the agents. The
containers can include a combination unit dosage, e.g., a unit
that includes both the TWEAK blocking agent and the second
agent, e.g., in a desired ratio. For example, the kit includes a
plurality of syringes, ampules, foil packets, blister packs, or
medical devices, e.g., each containing a single combination
unit dose. The containers of the kits can be air tight, water-
proof (e.g., impermeable to changes in moisture or evapora-
tion), and/or light-tight.

[0152] The kit optionally includes a device suitable for
administration of the composition, e.g., a syringe or other
suitable delivery device. The device can be provided pre-
loaded with one or both of the agents or can be empty, but
suitable for loading.

Nucleic Acid and Protein Analysis

[0153] Numerous methods for detecting TWEAK or
TWEAK-R protein and nucleic acid as well as proteins and
nucleic acids for other biomarkers described herein (includ-
ing those listed in Table 1) are available to the skilled artisan,
including antibody-based methods for protein detection (e.g.,
Western blot or ELISA), and hybridization-based methods
for nucleic acid detection (e.g., PCR or Northern blot).

[0154] Arrays are particularly useful molecular tools for
characterizing a sample, e.g., a sample from a subject. For
example, an array having capture probes for multiple genes,
including probes for TWEAK and/or other biomarkers, or for
multiple proteins, can be used in a method described herein.
Altered expression of TWEAK (or other biomarker provided
herein) nucleic acids and/or protein can be used to evaluate a
sample, e.g., a sample from a subject, e.g., to evaluate a
disorder described herein.
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[0155] Arrays can have many addresses, e.g., locatable
sites, on a substrate. The featured arrays can be configured in
a variety of formats, non-limiting examples of which are
described below. The substrate can be opaque, translucent, or
transparent. The addresses can be distributed, on the substrate
in one dimension, e.g., a linear array; in two dimensions, e.g.,
a planar array; or in three dimensions, e.g., a three dimen-
sional array. The solid substrate may be of any convenient
shape or form, e.g., square, rectangular, ovoid, or circular.
[0156] Arrays can be fabricated by a variety of methods,
e.g., photolithographic methods (see, e.g., U.S. Pat. Nos.
5,143,854, 5,510,270; and 5,527,681), mechanical methods
(e.g., directed-flow methods as described in U.S. Pat. No.
5,384,261), pin based methods (e.g., as described in U.S. Pat.
No. 5,288,514), and bead based techniques (e.g., as described
in PCT US/93/04145).

[0157] The capture probe can be a single-stranded nucleic
acid, a double-stranded nucleic acid (e.g., which is denatured
prior to or during hybridization), or a nucleic acid having a
single-stranded region and a double-stranded region. Prefer-
ably, the capture probe is single-stranded. The capture probe
can be selected by a variety of criteria, and preferably is
designed by a computer program with optimization param-
eters. The capture probe can be selected to hybridize to a
sequence rich (e.g., non-homopolymeric) region of the gene.
The T,, of the capture probe can be optimized by prudent
selection of the complementarity region and length. Ideally,
the T,, of all capture probes on the array is similar, e.g., within
20, 10, 5, 3, or 2° C. of one another.

[0158] The isolated nucleic acid is preferably mRNA that
can be isolated by routine methods, e.g., including DNase
treatment to remove genomic DNA and hybridization to an
oligo-dT coupled solid substrate (e.g., as described in Current
Protocols in Molecular Biology, John Wiley & Sons, N.Y).
The substrate is washed, and the mRNA is eluted.

[0159] Theisolated mRNA can be reversed transcribed and
optionally amplified, e.g., by rtPCR, e.g., as described in
(U.S. Pat. No. 4,683,202). The nucleic acid can be an ampli-
fication product, e.g., from PCR (U.S. Pat. Nos. 4,683,196
and 4,683,202); rolling circle amplification (“RCA,” U.S.
Pat. No. 5,714,320), isothermal RNA amplification or
NASBA (U.S. Pat. Nos. 5,130,238; 5,409,818; and 5,554,
517), and strand displacement amplification (U.S. Pat. No.
5,455,166). The nucleic acid can be labeled during amplifi-
cation, e.g., by the incorporation of a labeled nucleotide.
Examples of preferred labels include fluorescent labels, e.g.,
red-fluorescent dye Cy5 (Amersham) or green-fluorescent
dye Cy3 (Amersham), and chemiluminescent labels, e.g., as
described in U.S. Pat. No. 4,277,437. Alternatively, the
nucleic acid can be labeled with biotin, and detected after
hybridization with labeled streptavidin, e.g., streptavidin-
phycoerythrin (Molecular Probes).

[0160] The labeled nucleic acid can be contacted to the
array. In addition, a control nucleic acid or a reference nucleic
acid can be contacted to the same array. The control nucleic
acid or reference nucleic acid can be labeled with a label other
than the sample nucleic acid, e.g., one with a different emis-
sion maximum. Labeled nucleic acids can be contacted to an
array under hybridization conditions. The array can be
washed, and then imaged to detect fluorescence at each
address of the array.

[0161] The expression level of a TWEAK or other biomar-
ker can be determined using an antibody specific for the
polypeptide (e.g., using a western blot or an ELISA assay).
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Moreover, the expression levels of multiple proteins, includ-
ing TWEAK and the exemplary biomarkers provided herein,
can be rapidly determined in parallel using a polypeptide
array having antibody capture probes for each of the polypep-
tides. Antibodies specific for a polypeptide can be generated
by a method described herein (see “Antibody Generation™).
The expression level of a TWEAK and the exemplary biom-
arkers provided herein can be measured in a subject (e.g., in
vivo imaging) or in a biological sample from a subject (e.g.,
blood, serum, plasma, or synovial fluid).

[0162] A low-density (96 well format) protein array has
been developed in which proteins are spotted onto a nitrocel-
Iulose membrane (Ge (2000) Nucleic Acids Res. 28, €3,
1-VII). A high-density protein array (100,000 samples within
222x222 mm) used for antibody screening was formed by
spotting proteins onto polyvinylidene difluoride (PVDF)
(Lueking et al. (1999) Anal. Biochem. 270:103-111). See
also, e.g., Mendoza et al. (1999). Biotechniques 27:778-788;
MacBeath and Schreiber (2000) Science 289:1760-1763; and
De Wildt et al. (2000) Nature Biotech. 18:989-994. These
art-known methods and other can be used to generate an array
of antibodies for detecting the abundance of polypeptidesin a
sample. The sample can be labeled, e.g., biotinylated, for
subsequent detection with streptavidin coupled to a fluores-
cent label. The array can then be scanned to measure binding
at each address.

[0163] The nucleic acid and polypeptide arrays of the
invention can be used in a wide variety of applications. For
example, the arrays can be used to analyze a patient sample.
The sample is compared to data obtained previously, e.g.,
known clinical specimens or other patient samples. Further,
the arrays can be used to characterize a cell culture sample,
e.g., to determine a cellular state after varying a parameter,
e.g., exposing the cell culture to an antigen, a transgene, or a
test compound.

[0164] The expression data can be stored in a database, e.g.,
a relational database such as a SQL database (e.g., Oracle or
Sybase database environments). The database can have mul-
tiple tables. For example, raw expression data can be stored in
one table, wherein each column corresponds to a gene being
assayed, e.g., an address or an array, and each row corre-
sponds to a sample. A separate table can store identifiers and
sample information, e.g., the batch number of the array used,
date, and other quality control information.

[0165] Expression profiles obtained from gene expression
analysis on an array can be used to compare samples and/or
cells in a variety of states as described in Golub et al. ((1999)
Science 286:531). In one embodiment, expression (e.g.,
mRNA expression or protein expression) information for a
gene encoding TWEAK and/or a gene encoding a exemplary
biomarker provided herein are evaluated, e.g., by comparison
a reference value, e.g., a reference value. Reference values
can be obtained from a control, e.g., a reference subject.
Reference values can also be obtained from statistical analy-
sis, e.g., to provide a reference value for a cohort of subject,
e.g., age and gender matched subject, e.g., normal subjects or
subject who have rheumatoid arthritis or other disorder
described herein. Statistical similarity to a particular refer-
ence (e.g., to a reference for a risk-associated cohort) or a
normal cohort can be used to provide an assessment (e.g., an
indication of risk of inflammatory disorder) to a subject, e.g.,
a subject who has not been diagnosed with a disorder
described herein.

[0166] Subjectssuitable for treatment can also be evaluated
for expression and/or activity of TWEAK and/or other biom-
arker. Subjects can be identified as suitable for treatment (e.g.,
with a TWEAK blocking agent), if the expression and/or
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activity for TWEAK and/or the other biomarker is elevated
relative to a reference, e.g., reference value, e.g., a reference
value associated with normal.

[0167] Subjects who are being administered an agent
described herein or other treatment can be evaluated as
described for expression and/or activity of TWEAK and/or
other biomarkers described herein. The subject can be evalu-
ated at multiple times. e.g., at multiple times during a course
of therapy, e.g., during a therapeutic regimen. Treatment of
the subject can be modified depending on how the subject is
responding to the therapy. For example, a reduction in
TWEAK expression or activity or a reduction in the expres-
sion or activity of genes stimulated by TWEAK canbe indica-
tive of responsiveness.

[0168] Particular effects mediated by an agent may show a
difference (e.g., relative to an untreated subject, control sub-
ject, or other reference) that is statistically significant (e.g., P
value <0.05 or 0.02). Statistical significance can be deter-
mined by any art known method. Exemplary statistical tests
include: the Students T-test, Mann Whitney U non-parametric
test, and Wilcoxon non-parametric statistical test. Some sta-
tistically significant relationships have a P value of less than
0.05 or 0.02.

Methods of Evaluating Genetic Material

[0169] There are numerous methods for evaluating genetic
material to provide genetic information. These methods can
be used to evaluate a genetic locus that includes a gene encod-
ing TWEAK or a gene encoding a biomarker described
herein. The methods can be used to evaluate one or more
nucleotides, e.g., a coding or non-coding region of the gene,
e.g., in a regulatory region (e.g., a promoter, a region encod-
ing an untranslated region or intron, and so forth).

[0170] Nucleic acid samples can analyzed using biophysi-
cal techniques (e.g., hybridization, electrophoresis, and so
forth), sequencing, enzyme-based techniques, and combina-
tions-thereof. For example, hybridization of sample nucleic
acids to nucleic acid microarrays can be used to evaluate
sequences in an mRNA population and to evaluate genetic
polymorphisms. Other hybridization based techniques
include sequence specific primer binding (e.g., PCR or LCR);
Southern analysis of DNA, e.g., genomic DNA; Northern
analysis of RNA, e.g., mRNA; fluorescent probe based tech-
niques (see, e.g., Beaudet et al. (2001) Genome Res. 11(4):
600-8); and allele specific amplification. Enzymatic tech-
niques include restriction enzyme digestion; sequencing; and
single base extension (SBE). These and other techniques are
well known to those skilled in the art.

[0171] Electrophoretic techniques include capillary elec-
trophoresis and Single-Strand Conformation Polymorphism
(SSCP) detection (see, e.g., Myers et al. (1985) Nature 313:
495-8 and Ganguly (2002) Hum Mutat. 19(4):334-42). Other
biophysical methods include denaturing high pressure liquid
chromatography (DHPLC).

[0172] In one embodiment, allele specific amplification
technology that depends on selective PCR amplification may
be used to obtain genetic information. Oligonucleotides used
as primers for specific amplification may carry the mutation
of'interest in the center of the molecule (so that amplification
depends on differential hybridization) (Gibbs et al. (1989)
Nucl. Acids Res. 17:2437-2448) or at the extreme 3' end of
one primer where, under appropriate conditions, mismatch
can prevent, or reduce polymerase extension (Prossner
(1993) Tibtech 11:238). In addition, it is possible to introduce
a restriction site in the region of the mutation to create cleav-
age-based detection (Gasparini et al. (1992) Mol. Cell.
Probes 6:1). In another embodiment, amplification can be
performed using Taq ligase for amplification (Barany (1991)
Proc. Natl. Acad. Sci. USA 88:189). In such cases, ligation
will occur only if there is a perfect match at the 3' end of the
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5' sequence making it possible to detect the presence of a
known mutation at a specific site by looking for the presence
or absence of amplification.

[0173] Enzymatic methods for detecting sequences include
amplification based-methods such as the polymerase chain
reaction (PCR; Saiki, et al. (1985) Science 230:1350-1354)
and ligase chain reaction (LCR; Wu. et al. (1989) Genomics
4:560-569; Barringer et al. (1990), Gene 1989:117-122; F.
Barany (1991) Proc. Natl. Acad. Sci. USA 1988:189-193);
transcription-based methods utilize RNA synthesis by RNA
polymerases to amplify nucleic acid (U.S. Pat. Nos. 6,066,
457; 6,132,997; and 5,716,785; Sarkar et al., (1989) Science
244:331-34; Stofler et al., (1988) Science 239:491); NASBA
(U.S. Pat. Nos. 5,130,238; 5,409,818; and 5,554,517); rolling
circle amplification (RCA; U.S. Pat. Nos. 5,854,033 and
6,143,495) and strand displacement amplification (SDA;
U.S. Pat. Nos. 5,455,166 and 5,624,825). Amplification
methods can be used in combination with other techniques.
[0174] Other enzymatic techniques include sequencing
using polymerases, e.g., DNA polymerases and variations
thereof such as single base extension technology. See, e.g.,
U.S. Pat. Nos. 6,294,336; 6,013,431, and 5,952,174.

[0175] Fluorescence based detection can also be used to
detect nucleic acid polymorphisms. For example, different
terminator ddNTPs can be labeled with different fluorescent
dyes. A primer can be annealed near or immediately adjacent
to a polymorphism, and the nucleotide at the polymorphic site
can be detected by the type (e.g., “color”) of the fluorescent
dye that is incorporated.

[0176] Hybridization to microarrays can also be used to
detect polymorphisms, including SNPs. For example, a set of
different oligonucleotides, with the polymorphic nucleotide
at varying positions with the oligonucleotides can be posi-
tioned on a nucleic acid array. The extent of hybridization as
a function of position and hybridization to oligonucleotides
specific for the other allele can be used to determine whether
a particular polymorphism is present. See, e.g., U.S. Pat. No.
6,066,454.

[0177] In one implementation, hybridization probes can
include one or more additional mismatches to destabilize
duplex formation and sensitize the assay. The mismatch may
be directly adjacent to the query position, or within 10,7, 5, 4,
3, or 2 nucleotides of the query position. Hybridization
probes can also be selected to have a particular T,,, e.g.,
between 45-60° C., 55-65° C., or 60-75° C. In a multiplex
assay, T,,’s can be selected to be within 5, 3, or 2° C. of each
other.

[0178] It is also possible to directly sequence the nucleic
acid for a particular genetic locus, e.g., by amplification and
sequencing, or amplification, cloning and sequence. High
throughput automated (e.g., capillary or microchip based)
sequencing apparati can be used. In still other embodiments,
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the sequence of a protein of interest is analyzed to infer its
genetic sequence. Methods of analyzing a protein sequence
include protein sequencing, mass spectroscopy, sequence/
epitope specific immunoglobulins, and protease digestion.

[0179] Any combination of the above methods can also be
used. The above methods can be used to evaluate any genetic
locus, e.g., in a method for analyzing genetic information
from particular groups of individuals or in a method for
analyzing a polymorphism associated with a disorder
described herein, e.g., theumatoid arthritis, e.g., in a gene
encoding TWEAK or another biomarker described herein.

EXAMPLES
Example 1
Exemplary Sequences

[0180] An exemplary sequence of a human TWEAK pro-
tein is as follows

(SEQ ID NO: 1)
MAARRSQRRR GRRGEPGTAL LVPLALGLGL ALACLGLLLA

VVSLGSRASL SAQEPAQEEL VAEEDQDPSE LNPQTEESQD
PAPFLNRLVR PRRSAPKGRK TRARRAIAAH YEVHPRPGQD
GAQAGVDGTV SGWEEARINS SSPLRYNRQI GEFIVTRAGL
YYLYCQVHFD EGKAVYLKLD LLVDGVLALR CLEEFSATAA
SSLGPQLRLC QVSGLLALRP GSSLRIRTLP WAHLKAAPFL
TYFGLFQVH

[0181] An exemplary sequence of a human Fnl14 protein is
as follows:

(SEQ ID NO: 2)
MARGSLRRLL RLLVLGLWLA LLRSVAGEQA PGTAPCSRGS

SWSADLDKCM DCASCRARPH SDFCLGCAAA PPAPFRLLWP
ILGGALSLTF VLGLLSGFLV WRRCRRREKF TTPIEETGGE

GCPAVALIQ

Example 2

Genes that are Synergistically Activated by TWEAK
and TNF-a

[0182] Microarrays were analyzed to identify genes whose
expression in human synoviocytes was induced by TWEAK
and TNF-a. The following are examples of genes that are
synergistically activated by TWEAK and TNF-a.

TABLE 1

Genes Synergistically Activated by TWEAK and TNF-a

AffyID

annotation

208229 at

216064 _s_ at

220396__at
222332_at

207999 _s_ at

202109__at

201444 _s_ at

adenosine deaminase, RNA-specific, Bl (REDI homolog rat)
ADP-ribosylation factor interacting protein 2 (arfaptin 2)
ATPase, H+ transporting, lysosomal accessory protein 2
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TABLE 1-continued

Genes Synergistically Activated by TWEAK and TNF-a

210538_s_ at
221534 at
203773_x_at
205733_at
211314 _at
217118_s_ at
216607 _s_at
213279_at
209703_x_at
210839_s_ at
210002__at
212241_at
208055_s_ at
204512_at
216510_x_at
201548_s_ at
220972_s_ at
212805_at
212546_s_ at
215680__at
218906_x_ at
210104__at

214397 _at
212713_at
203901__at
213040_s_ at
202783_at
211691_x_ at
205991 _s_ at
204715_at
214735 _at
203709__at
207709__at
213136_at
213524 _s_at
202388__at
218441_s_at
212140_at
201471_s_ at
212609_s_ at
212393_at
214931_s_ at
M97935_MB_ at
204804__at

214925_s_ at
221268_s_ at
212154 _at

212800__at

201449 at

216241_s_at
201399_s_ at
210372_s_at
206959 _s_ at
219393_s_ at

205205_ at

baculoviral IAP repeat-containing 3

basophilic leukemia expressed protein BLES03

biliverdin reductase A

Bloom syndrome

calcium channel, voltage-dependent, alpha 1G subunit
chromosome 22 open reading frame 9

cytochrome P450, family 51, subfamily A, polypeptide 1
dehydrogenase/reductase (SDR family) member 1
DKFZP586A0522 protein

ectonucleotide pyrophosphatase/phosphodiesterase 2 (autotaxin)
GATA binding protein 6

glutamate receptor, ionotropic, N-methyl D-aspartate-like 1A
hect domain and RLD 4

human immunodeficiency virus type I enhancer binding protein 1
immunoglobulin heavy constant gamma 1 (Glm marker)
Jumonji, AT rich interactive domain 1B (RBP2-like)

keratin associated protein 9-9

KIAA0367

KIAA0826

KIAA1654 protein

likely ortholog of kinesin light chain 2

mediator of RNA polymerase II transcription, subunit 6 homolog
(yeast)

methyl-CpG binding domain protein 2

microfibrillar-associated protein 4

mitogen-activated protein kinase kinase kinase 7 interacting protein 1
neuronal pentraxin receptor

nicotinamide nucleotide transhydrogenase

Ornithine decarboxylase antizyme 4 mRNA, complete cds
paired related homeobox 1

pannexin 1

phosphoinositide-binding protein PIP3-E

phosphorylase kinase, gamma 2 (testis)

protein kinase, AMP-activated, alpha 2 catalytic subunit

protein tyrosine phosphatase, non-receptor type 2

putative lymphocyte GO/G1 switch gene

regulator of G-protein signalling 2, 24 kDa

RNA polymerase II associated protein 1

SCC-112 protein

sequestosome 1

serologically defined colon cancer antigen 8

SET binding factor 1

SFRS protein kinase 2

signal transducer and activator of transcription 1, 91 kDa
Sjogren syndrome antigen Al (52 kDa, ribonucleoprotein
autoantigen SS-A/Ro)

spectrin, alpha, non-erythrocytic 1 (alpha-fodrin)
sphingosine-1-phosphate phosphatase 1

syndecan 2 (heparan sulfate proteoglycan 1, cell surface-associated,
fibroglycan)

syntaxin 6

TIAI cytotoxic granule-associated RNA binding protein
transcription elongation factor A (SII), 1

translocation associated membrane protein 1

tumor protein D52-like 1

UPF3 regulator of nonsense transcripts homolog A (yeast)

v-akt murine thymoma viral oncogene homolog 3 (protein kinase B,
gamma)

v-rel reticuloendotheliosis viral oncogene homolog B, nuclear
factor of kappa light polypeptide gene enhancer in B-cells 3 (avian)

Probe Set Id

Gene Title

1405_i_at
204490_s_ at

204655_at
205619_s_ay

Chemokine (C-C motif) ligand 5 (CCLS5)

CD44 antigen (homing function and Indian blood group system)
(CD44)

RANTES (SCYAS)

mesenchyme homeo box 1 (MEOX1)

platelet-derived growth factor receptor-like . . . (NM__006207)
fibroblast growth factor receptor 4

fibroblast growth factor 22

chemokine (C-C motif) ligand 18
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[0183] Still other genes are activated by both (i) TWEAK in
the absence of TNF-a and (ii) TNF-a in the absence of
TWEAK.

Example 3

Effect of Combination of Blocking TWEAK and
TNF in mCIA as Measured by an Average Arthritis
Index

[0184] The mouse collagen-induced arthritis (mCIA)
model is a commonly-used model (see e.g., Stuart et al., J.
Clin. Invest. 69:673-683 (1982)) of rheumatoid arthritis. A
mCIA model was used to study the effects of a combination
anti-TWEAK and anti-TNF-a treatment on arthritis develop-
ment. Arthritis was induced in mice via collagen immuniza-
tion (CII/CFA: collagen II and complete Freud’s adjuvant).
Anti-TWEAK monoclonal antibody (mu anti-TWEAK
mAb+hu 1gG1); soluble TNF-a receptor (INFr-hu Fc+mu
1g(G2a); a combination of anti-TWEAK monoclonal antibody
and soluble TNF-a. receptor (mu anti-TWEAK mAb+TNFr-
hu Fc); or PBS or isotype-matched negative controls were
administered on days 20, 23, 27, 30, and 34 after collagen
immunization. Each treatment group contained ten mice.
Each antibody was administered at a dose of 10 mg/kg.
Arthritis was assessed using an average arthritis index (see
e.g., Li et al., Arthritis Res. Ther. 6:R273—R281 (2004)).
Four paws were measured per mouse using the scoring sys-
tem: O=normal paw; 1=swelling of individual digits; 2=mod-
erate swelling and redness of ankle or wrist joints; 3=swelling
and redness of at least two joints; and 4=swelling of the whole
paw. The sum of the four paw scores (y axis) were plotted
against the days after collagen immunization (x axis).
[0185] FIG. 1 shows the results of this study. The mice
treated with the combination of anti-TWEAK and anti-
TNF-c. agents had a lower average arthritis index score than
mice treated with either blocking agent alone or the controls.
Also, as indicated on the right side of the graph under “%
incidence,” the mice treated with the combination had a lower
overall incidence of arthritis (60%) than mice treated with
either agent alone (67% for anti-TNF-a treatment; 80% for
anti-TWEAK mAb treatment) or with the controls (80% for
PBS treatment; 90% for isotype matched antibody treat-
ment).

Example 4

Effect of Combination of Blocking TWEAK and
TNF in mCIA as Measured by Average Metatarsal
Height

[0186] The mCIA model was used to study the effects of a
combination anti-TWEAK and anti-TNF-a therapy on arthri-
tis development as measured by average metatarsal height/
paw thickness (see e.g., Campo et al., Arthritis Res. Ther.
5:R122-R131 (2003)). Mice were treated with anti-TWEAK
monoclonal antibody (mu anti-TWEAK mAb+hu IgGl);
soluble TNF-a receptor (TNFRpS55:hu Fe+mu IgG2a); a
combination of anti-TWEAK monoclonal antibody and
soluble TNF-a receptor (mu anti-TWEAK mAb+TNFRp55:
hu Fc); or PBS or isotype-matched negative controls on days
20, 23, 27, 30, and 34 after collagen immunization. Each
treatment group contained ten mice. Each antibody was
administered at a dose of 10 mg/kg. Metatarsal height was
measured using calipers 38 days after collagen immuniza-
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tion. The average metatarsal height (y axis) for each mouse
per treatment (x axis) was plotted.

[0187] FIG. 2 shows the results of this study. Mice treated
with the combination of anti-TWEAK and anti-TNF-a
agents had statistically-significant lower average metatarsal
height values than mice treated with either blocking agent
alone or the controls (*p<0.05 for the average value per treat-
ment when compared to the controls).

Example 5

Effect of Combination of Blocking TWEAK and
TNF in mCIA as Measured by Body Weight Change

[0188] The mCIA model was used to study the effects of a
combination anti-TWEAK and anti-TNF-a therapy on arthri-
tis development as measured by percent body weight change
(Campo et al., Arthritis Res. Ther. 5:R122-R131 (2003)).
Mice were treated with anti-TWEAK monoclonal antibody
(mu anti-TWEAK mAb+hu IgG1 (an isotype matched con-
trol for TNFRp55:hu Fc)); soluble TNF-a receptor (TN-
FRp55:hu Fe+mu IgG2a); a combination of anti-TWEAK
monoclonal antibody and soluble TNF-c. receptor (mu anti-
TWEAK mAb+TNFRpS55:hu Fc); or PBS or isotype-
matched negative controls on days 20, 23, 27, 30, and 34 after
collagen immunization. Each treatment group contained ten
mice. Each antibody was administered at a dose of 10 mg/kg.
Mice were weighed at various time points after collagen
immunization and the percent change in body weight were
calculated per treatment. The percent body weight change for
each treatment (y axis) was plotted against the days after
arthritis induction by collagen immunization (X axis).
[0189] FIG. 3 shows the results of this study. Mice treated
with the combination of anti-TWEAK and anti-TNF-a
agents had a statistically-significant smaller percent change
in body weight than mice treated with either blocking agent
alone or the controls (*p<0.01 for the value per treatment
when compared to the controls or to the TNFRp55:hu Fe+mu
Ig(G2a treated mice).

Example 6

TWEAK Induced Genes

[0190] We applied TWEAK doses (5 ng/ml and 50 ng/ml)
to cells at both 6 and 24 hour time points, and observed that
some genes are modulated by TWEAK only. These genes
were not affected by application of TNF-a, even at a concen-
tration of 5 ng/ml. Examples of such genes are:

TABLE 2

—

NIK/mitogen-activated protein kinase kinase kinase 14(MAP3K14)

2. Homo sapiens cDNA FLJ11796 fis, clone HEMBA1006158,
highly similar to Homo sapiens transcription factor forkhead-like
7 (FKHL7) gene

3. similar to glucosamine-6-sulfatases Homo sapiens serum
glucocorticoid regulated kinase (SGK), mRNA

4. Homo sapiens REV3 (yeast homolog)-like, catalytic subunit of
DNA polymerase zeta (REV3L), mRNA.

5. ADAM 10/a disintegrin and metalloproteinase domain 10

6. nuclear factor (erythroid-derived 2)-like 1

7. Homo sapiens SerArg-related nuclear matrix protein (plenty of
prolines 101-like) (SRM160), mRNA.

8. Homo sapiens doublecortin and CaM kinase-like 1 (DCAMKL1),
mRNA.

9. Homo sapiens Cdc42 effector protein 4; binder of Rho GTPases 4

(CEP4), mRNA.
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TABLE 2-continued

10. Homo sapiens mRNA; cDNA DKFZp7621.106 (from clone
DKFZp7621.106); partial cds.

In addition, in normal human synoviocytes, CBR3 and IL8 are induced by
TWEAK treatment (5 ng/ml) alone.

Example 7
Experiments with TWEAK

[0191] FIG. 4 shows that treatment with TWEAK-blocking
monoclonal antibodies can lessen the development of arthritis
in both mouse and rat CIA models of arthritis. The left panel
shows that treatment with an anti-TWEAK antibody (murine
anti-TWEAK mADb) results in a lower value in the average
arthritis index, as compared to treatment with a control anti-
body (mIgG2a), in a mouse CIA model in which arthritis was
induced with CII/CFA. The right panel shows that treatment
with an anti-TWEAK antibody (anti-TWEAK mAb) results
in a lower value in the average arthritis index, as compared to
treatment with a control antibody (Ha 4/8) or PBS in arat CIA
model, in which arthritis was induced with collagen II and
incomplete Freud’s adjuvant (CIV/IFA).

[0192] FIG. 5 shows that TWEAK-blocking monoclonal
antibodies can be administered at the same time as (Dosing
scheme 1) or after (Dosing scheme 2) the induction of arthritis
by collagen immunization and still have the effect of lessen-
ing the development of arthritis in both mouse and rat CIA
models of arthritis. The left panel shows that an anti-TWEAK
antibody can be administered prior to or after the induction of
arthritis to effect a lower value in the average arthritis index,
as compared to administration of a control antibody
(mIgG2a), in a mouse CIA model. The right panel shows that
an anti-TWEAK antibody can be administered prior to or
after the induction of arthritis to effect a lower value in the
average arthritis index, as compared to administration of a
control antibody (Ha 4/8) or PBS, in a rat CIA model.
[0193] FIG. 6 shows that anti-TWEAK monoclonal anti-
body (ABG. 11) treatment decreases inflammation in the rat
CIA model, as measured by a clinical paw score and an
overall inflammation score; the treatment also decreases car-
tilage and bone loss, as measured by the parameters of bone
absorption, decrease in toluidine blue uptake, and loss of
articular cartilage. Similar results were seen in the mouse CIA
model.

[0194] FIG. 7 shows serum TWEAK levels in the mouse
CIA model at various time points (day (D) 23, 28, 30, and 38)
after induction of arthritis. TWEAK levels were elevated as
compared to the levels in control mice (DBA/1).

[0195] FIG. 8 shows the levels of MMP9, lymphotactin,
IP— 10, and IL-6 at various time points (day 23, 30, and 40)
after induction of arthritis in the mouse CIA model. Treat-
ment with anti-TWEAK monoclonal antibody (P5G9 and
P5G9 (Full, also termed dosing scheme 1)) prevented as great
an increase in the levels of these proteins, as compared to the
levels in mice treated with a control (mIgG2a) or in mice not
immunized to develop arthritis (normal DBA). Similar results
were seen in the rat CIA model.

[0196] Experiments were performed to demonstrate that
inhibition of TWEAK with anti-TWEAK antibodies does not
affect the adaptive immune response. After collagen immu-
nization, mice that had been treated with anti-TWEAK mono-
clonal antibodies were able to mount collagen-specific B cell
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and T cell responses to a similar extent as mice that had been
treated with a control, isotype-matched antibody (mlgG2a;
data not shown).

[0197] Experiments were performed to measure the levels
of Fnl4 (TWEAK receptor) on primary human cell types
found in a joint:fibroblast-like synoviocytes, articular chon-
drocytes, and osteoblasts. Fluorescence-activated cell sorting
experiments using anti-Fn14 antibody (ITEM-4) or a control
antibody (anti-mFc) demonstrated that Fnl4 levels were
elevated above background in all three cells types, with levels
being higher in the synoviocytes and osteoblasts than in the
chondrocytes.

[0198] Experiments were performed to demonstrate that
TWEAK and TNF-a can each stimulate matrix metallopro-
tease production by chondrocytes. MMP-1, MMP-2, MMP-
3, and MMP-9 levels all increased after treatment with
TWEAK (100 ng/ml) or TNF-c. (50 ng/ml).

[0199] Experiments were performed to demonstrate the
agonistic, synergistic eftects of TWEAK and TNF-c.. Human
fibroblast-like synoviocytes were treated with varying con-
centrations of TWEAK alone, TNF-a alone, or acombination
of TWEAK and TNF-a, and the level of RANTES production
with each treatment was measured by ELISA. Both TWEAK
and TNF-a induced RANTES production. However, when
TWEAK and TNF-o. were administered in combination, a
synergistic level of RANTES production resulted. Thus,
TWEAK and TNF-a can synergize to induce expression of
particular inflammatory genes.

Example 8

Genes Induced by TWEAK and TNF-a Combination
Treatment in Normal Synoviocytes

[0200] Synoviocytes from a healthy donor were cultured in
vitro and treated with 5 ng/ml TWEAK and 0.5 ng/ml TNF-c..
Table 3 lists genes whose expression was affected by the
treatment with TWEAK and TNF-a. to a statistically signifi-
cant degree. The genes are grouped by their gene ontology
category.

TABLE 3

Go Ontology Protein P Value
Positive regulation of  CASP1, CFLAR, LGLAS9, Myd88, 5.81e-018
IkB SECTM1, TNFSF10, TRIM38
Inflammatory CCL3, CCL4, CCL7, CCLS, 9.94e-007
Response CXCL9, ILRN, Mydg&8, TLR3
Chemotaxis CCL3, CCL4, CCL7, CCLS, 0.0003

CXCL9, ERG1, SOCS1
Interferon Response IF144, WARS, IRF2 0.001

The changes were identified as statistically significant Go
categories based on hypergeometric mean.

Example 9

Genes Induced by TWEAK and TNF-a Combination
Treatment in RA Synoviocytes

[0201] Synoviocytes from a rheumatoid arthritis patient
donor were cultured in vitro and treated with 5 ng/ml
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TWEAK and 0.5 ng/ml TNF-a.. Table 4 lists genes whose
expression was affected by the treatment with TWEAK and
TNF-a to a statistically significant degree. The genes are
grouped by their gene ontology category.

TABLE 4
Go Ontology Protein pValue
Inflammatory CXCL10,CXCL3, PTGS2, APOL3  4.26e-005
Response
Response to Stress  CXCL10, CXCL3, PTGS2, APOL3, 5.56e-006
MDAS, MX1, PTGES, Rig-1
Response to biotic ~ CXCL10, CXCL3, PTGS2, APOL3,  3.69¢-009

stimuli MDAS, MX1, PTGES, Rig-1, GBpl

The changes were identified as statistically significant Go
categories based on hypergeometric mean.

Example 10

[0202] P2D10 is an exemplary murine anti-TWEAK anti-
body. The sequence of the murine P2D10 heavy chain vari-
able domain (SEQ ID NO:3), with CDRs underlined is:

1 EVQLVESGGG LVRPGGSLKL FCAASGFTFS RYAMSWVRQS
PEKRLEWVAE

51 ISSGGSYPYY PDTVTGRFTI SRDNAKNTLY LEMSSLKSED
TAMYYCARVL

101 YYDYDGDRIE VMDYWGQGTA VIVSS

[0203] This is a murine subgroup 3D heavy chain variable
domain.
[0204] The sequence of the murine P2D10 light chain vari-

able domain (SEQ ID NO:4), with CDRs underlined is:

1 DVVMTQSPLS LSVSLGDQAS ISCRSSQSLV SSKGNTYLHW
YLOKPGQSPK

51 FLIYKVSNRF SGVPDRFSGS GSGTDFTLKI SRVAAEDLGV
YFCSQSTHEP

101 RTFGGGTTLE IK

[0205]

[0206] This is an exemplary amino acid sequence of the
mature huP2D10 H1 IgG1 heavy chain (SEQ ID NO:5):

This is a murine subgroup 2 kappa light chain.

1 EVQLVESGGG LVQPGGSLRL SCAASGFTFS RYAMSWVRQA
PGKGLEWVAE

51 ISSGGSYPYY PDTVTGRFTI SRDNAKNSLY LQMNSLRAED
TAVYYCARVL

101 YYDYDGDRIE VMDYWGQGTL VTVSSASTKG PSVFPLAPSS

KSTSGGTAAL
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-continued
151 GCLVKDYFPE PVTVSWNSGA LTSGVHTFPA VLQSSGLYSL

SSVVTVPSSS

201 LGTQTYICNV NHKPSNTKVD KKVEPKSCDK THTCPPCPAP
ELLGGPSVFL

251 FPPKPKDTLM ISRTPEVTCV VVDVSHEDPE VKFNWYVDGV
EVHNAKTKPR

301 EEQYNSTYRV VSVLTVLHQD WLNGKEYKCK VSNKALPAPI
EKTISKAKGQ

351 PREPQVYTLP PSRDELTKNQ VSLTCLVKGF YPSDIAVEWE
SNGQPENNYK

401 TTPPVLDSDG SFFLYSKLTV DKSRWQQGNV FSCSVMHEAL
HNHYTQKSLS

451 LSPG

[0207] This is an exemplary amino acid sequence of the
mature huP2D10 L1 light chain (SEQ ID NO:6):

1 DVVMTQSPLS LPVTPGEPAS ISCRSSQSLV SSKGNTYLHW
YLOKPGQSPQ

51 FLIYKVSNRF SGVPDRFSGS GSGTDFTLKI SRVEAEDVGY
YFCSQSTHEP

101 RTFGGGTKVE IKRTVAAPSV FIFPPSDEQL KSGTASVVCL
LNNFYPREAK

151 VQWKVDNALQ SGNSQESVTE QDSKDSTYSL SSTLTLSKAD
YEKHKVYACE

201 VTHQGLSSPV TKSFNRGEC

[0208] This is an exemplary amino acid sequence of the
mature huP2D10 L2 light chain (SEQ ID NO:7):

1 DVVMTQSPLS LPVTPGEPAS ISCRSSQSLV SSKGNTYLHW
YLOKPGQSPQ

51 LLIYKVSNRF SGVPDRFSGS GSGTDFTLKI SRVEAEDVGY
YYCSQSTHEP

101 RTFGGGTKVE IKRTVAAPSV FIFPPSDEQL KSGTASVVCL
LNNFYPREAK

151 VQWKVDNALQ SGNSQESVTE QDSKDSTYSL SSTLTLSKAD
YEKHKVYACE

201 VTHQGLSSPV TKSFNRGEC

[0209] A number of embodiments of the invention have
been described. Nevertheless, it will be understood that vari-
ous modifications may be made without departing from the
spirit and scope of the invention. Accordingly, other embodi-
ments are within the scope of the following claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 7
<210> SEQ ID NO 1

<211> LENGTH: 249

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE:

Met Ala Ala Arg

1

Gly
20

Ala
35

Ser
50

Asp
Pro
85

Lys
100

Val
115

Thr
130

Arg
145

Tyr
165

Leu
180

Glu
195

Leu
210

Arg
225

Thr
245

Thr

Cys

Leu

Gln

Ala

Gly

His

Val

Tyr

Tyr

Lys

Glu

Cys

Ile

Tyr

Ala

Leu

Ser

Asp

Pro

Arg

Pro

Ser

Asn

Leu

Leu

Phe

Gln

Arg

Phe

Leu

Gly

Ala

Pro

Phe

Lys

Arg

Gly

Arg

Tyr

Asp

Ser

Val

Thr

Gly

1

Arg Ser Gln Arg Arg Arg Gly Arg Arg Gly
5 10

Leu Val Pro Leu Ala Leu Gly Leu Gly Leu
25 30

Leu Leu Leu Ala Val Val Ser Leu Gly Ser
40 45

Gln Glu Pro Ala Gln Glu Glu Leu Val Ala
55 60

Ser Glu Leu Asn Pro Gln Thr Glu Glu Ser
70 75

Leu Asn Arg Leu Val Arg Pro Arg Arg Ser
90 95

Thr Arg Ala Arg Arg Ala Ile Ala Ala His
105 110

Pro Gly Gln Asp Gly Ala Gln Ala Gly Val
120 125

Trp Glu Glu Ala Arg Ile Asn Ser Ser Ser
135 140

Gln Ile Gly Glu Phe Ile Val Thr Arg Ala
150 155

Cys Gln Val His Phe Asp Glu Gly Lys Ala
170 175

Leu Leu Val Asp Gly Val Leu Ala Leu Arg
185 190

Ala Thr Ala Ala Ser Ser Leu Gly Pro Gln
200 205

Ser Gly Leu Leu Ala Leu Arg Pro Gly Ser
215 220

Leu Pro Trp Ala His Leu Lys Ala Ala Pro
230 235

Leu Phe Gln Val His

<210> SEQ ID NO 2

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Homo sapiens

PRT

<400> SEQUENCE:

129

2

Glu

15

Ala

Arg

Glu

Gln

Ala

Tyr

Asp

Pro

Gly

Val

Cys

Leu

Ser

Phe

Pro

Leu

Ala

Glu

Asp

Pro

Glu

Gly

Leu

Leu

160

Tyr

Leu

Arg

Leu

Leu
240

Met Ala Arg Gly Ser Leu Arg Arg Leu Leu Arg Leu Leu Val Leu Gly

1

5 10

15

Leu Trp Leu Ala Leu Leu Arg Ser Val Ala Gly Glu Gln Ala Pro Gly

20

25 30

Thr Ala Pro Cys Ser Arg Gly Ser Ser Trp Ser Ala Asp Leu Asp Lys

35

40 45
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-continued

Cys Met Asp Cys Ala Ser Cys Arg Ala Arg Pro His Ser Asp Phe Cys
50 55 60

Leu Gly Cys Ala Ala Ala Pro Pro Ala Pro Phe Arg Leu Leu Trp Pro
65 70 75 80

Ile Leu Gly Gly Ala Leu Ser Leu Thr Phe Val Leu Gly Leu Leu Ser
85 90 95

Gly Phe Leu Val Trp Arg Arg Cys Arg Arg Arg Glu Lys Phe Thr Thr
100 105 110

Pro Ile Glu Glu Thr Gly Gly Glu Gly Cys Pro Ala Val Ala Leu Ile
115 120 125

Gln

<210> SEQ ID NO 3

<211> LENGTH: 125

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 3

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Arg Pro Gly Gly
1 5 10 15

Ser Leu Lys Leu Phe Cys Ala Ala Ser Gly Phe Thr Phe Ser Arg Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ser Pro Glu Lys Arg Leu Glu Trp Val
35 40 45

Ala Glu Ile Ser Ser Gly Gly Ser Tyr Pro Tyr Tyr Pro Asp Thr Val
50 55 60

Thr Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Thr Leu Tyr
65 70 75 80

Leu Glu Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Met Tyr Tyr Cys
85 90 95

Ala Arg Val Leu Tyr Tyr Asp Tyr Asp Gly Asp Arg Ile Glu Val Met
100 105 110

Asp Tyr Trp Gly Gln Gly Thr Ala Val Ile Val Ser Ser
115 120 125

<210> SEQ ID NO 4

<211> LENGTH: 112

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 4

Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Ser Val Ser Leu Gly
1 5 10 15

Asp Gln Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Val Ser Ser
20 25 30

Lys Gly Asn Thr Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45

Pro Lys Phe Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile

Ser Arg Val Ala Ala Glu Asp Leu Gly Val Tyr Phe Cys Ser Gln Ser
85 90 95
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-continued

Thr His Phe Pro Arg Thr Phe Gly Gly Gly Thr Thr Leu Glu Ile Lys
100 105 110

<210> SEQ ID NO 5

<211> LENGTH: 454

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically generated peptide

<400> SEQUENCE: 5

Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
1 5 10 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Arg Tyr
20 25 30

Ala Met Ser Trp Val Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp Val
35 40 45

Ala Glu Ile Ser Ser Gly Gly Ser Tyr Pro Tyr Tyr Pro Asp Thr Val
50 55 60

Thr Gly Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Asn Ser Leu Tyr
65 70 75 80

Leu Gln Met Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr Cys
85 90 95

Ala Arg Val Leu Tyr Tyr Asp Tyr Asp Gly Asp Arg Ile Glu Val Met
100 105 110

Asp Tyr Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr
115 120 125

Lys Gly Pro Ser Val Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser
130 135 140

Gly Gly Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu
145 150 155 160

Pro Val Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His
165 170 175

Thr Phe Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser
180 185 190

Val Val Thr Val Pro Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys
195 200 205

Asn Val Asn His Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu
210 215 220

Pro Lys Ser Cys Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro
225 230 235 240

Glu Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys
245 250 255

Asp Thr Leu Met Ile Ser Arg Thr Pro Glu Val Thr Cys Val Val Val
260 265 270

Asp Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp
275 280 285

Gly Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr
290 295 300

Asn Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gln Asp
305 310 315 320

Trp Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu
325 330 335
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-continued

Pro Ala Pro Ile Glu Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg
340 345 350

Glu Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys
355 360 365

Asn Gln Val Ser Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp
370 375 380

Ile Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys
385 390 395 400

Thr Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser
405 410 415

Lys Leu Thr Val Asp Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser
420 425 430

Cys Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser
435 440 445

Leu Ser Leu Ser Pro Gly
450

<210> SEQ ID NO 6

<211> LENGTH: 219

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically generated peptide

<400> SEQUENCE: 6

Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
1 5 10 15

Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Val Ser Ser
20 25 30

Lys Gly Asn Thr Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45

Pro Gln Phe Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Phe Cys Ser Gln Ser
85 90 95

Thr His Phe Pro Arg Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105 110

Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu
115 120 125

Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
130 135 140

Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln
145 150 155 160

Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser
165 170 175

Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
180 185 190

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser
195 200 205

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys
210 215
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-continued

<210> SEQ ID NO 7

<211> LENGTH: 219

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetically generated peptide

<400> SEQUENCE: 7

Asp Val Val Met Thr Gln Ser Pro Leu Ser Leu Pro Val Thr Pro Gly
1 5 10 15

Glu Pro Ala Ser Ile Ser Cys Arg Ser Ser Gln Ser Leu Val Ser Ser
20 25 30

Lys Gly Asn Thr Tyr Leu His Trp Tyr Leu Gln Lys Pro Gly Gln Ser
35 40 45

Pro Gln Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu Lys Ile
65 70 75 80

Ser Arg Val Glu Ala Glu Asp Val Gly Val Tyr Tyr Cys Ser Gln Ser
85 90 95

Thr His Phe Pro Arg Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys
100 105 110

Arg Thr Val Ala Ala Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu
115 120 125

Gln Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe
130 135 140

Tyr Pro Arg Glu Ala Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln
145 150 155 160
Ser Gly Asn Ser Gln Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser
165 170 175

Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu
180 185 190

Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser
195 200 205

Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys

210 215

What is claimed is:

1. A method comprising:

administering, to a human subject who has rheumatoid

arthritis, a TWEAK blocking agent in combination with
a TNF-a blocking agent, in amounts and for a time to
provide a therapeutic effect.

2. The method of claim 1 wherein the TWEAK blocking
agent and the TNF-a blocking agent are administered in an
amount effective to inhibit TWEAK and TNF-a in synovio-
cytes, chondrocytes, osteoclasts, or osteoblasts.

3. The method of claim 1 wherein the TWEAK blocking
agent and the TNF-a blocking agent are administered in an
amount effective to reduce transcription of a set of genes
induced by TWEAK and TNF-a cellular programs in syn-
oviocytes, chondrocytes, osteoclasts, or osteoblasts.

4. The method of claim 1 wherein the TWEAK blocking
agent and the TNF-a blocking agent are administered in an

amount effective to reduce transcription of one or more genes
list in Table 1 in synoviocytes, chondrocytes, osteoclasts, or
osteoblasts.

5. The method of claim 1 wherein the TWEAK blocking
agent is administered in an amount that is at least 20% less
than standard dosages for TWEAK blocking agent mono-
therapy for treating an adult subject for rheumatoid arthritis.

6. The method of claim 1 or 5 wherein the TNF-a blocking
agent is administered in an amount that is at least 20% less
than standard dosages for TNF-o. blocking agent mono-
therapy for treating an adult subject for rheumatoid arthritis.

7. The method of claim 1 wherein the subject is not receiv-
ing methotrexate.

8. The method of claim 1 wherein the subject is not receiv-
ing any other disease modifying anti-rheumatic drug
(DMARD).

9. The method of claim 1 wherein the amounts result in a
statistically significant reduction in joint damage as measured
by the Sharp erosion score.
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10. The method of claim 1 wherein the TWEAK blocking
agent reduces the ability of TWEAK to bind to a TWEAK
receptor.

11. The method of claim 1 wherein the TWEAK blocking
agent is an antibody that binds to TWEAK.

12. The method of claim 1 wherein the TWEAK blocking
agent comprises an antibody that binds to a TWEAK receptor.

13. The method of claim 1 wherein the TWEAK blocking
agent comprises a soluble form of a TWEAK receptor.

14. The method of claim 1 wherein the TWEAK blocking
soluble form of the TWEAK receptor is fused with an anti-
body Fc region.

15. The method of claim 1 wherein the TNF-a blocking
agent reduces the ability of TNF-a to bind to a TNF-a recep-
tor.

16. The method of claim 1 wherein the TNF-a blocking
agent comprises an antibody that binds to TNF-c., TNFR-, or
TNFR-II.

17. The method of claim 16 wherein the TNF-a blocking
agent is infliximab or adalimumab.

18. The method of claim 1 wherein the TNF-a blocking
agent comprises a soluble form of a TNF-a receptor.

19. The method of claim 1 wherein the TNF-a blocking
agent is etanercept.

20. The method of claim 1 further comprising: evaluating
the subject using a total Sharp score (TSS), Sharp erosion
score, HAQ disability index, or radiologic method.

21. A method comprising:

administering, to a human subject who has rheumatoid

arthritis, a TWEAK blocking agent in combination with
another biologic DMARD, in amounts and for a time to
provide a therapeutic effect.

22. A kit that comprises a TWEAK blocking agent and a
TNF-a blocking agent, wherein the agents are provided as
separate pharmaceutical compositions or a single pharmaceu-
tical composition.

23. The kit of claim 22 further comprising instructions for
administration to treat theumatoid arthritis.

24. A pharmaceutical composition that includes:

a TWEAK blocking agent; and

a TNF-a blocking agent.

25. A method comprising:

identifying a subject who has TWEAK and TNF-a medi-

ated inflammation; and

administering to the subject: (i) a TWEAK blocking agent;

(i1) a TNF-a blocking agent; or (iii) a combination of (i)
and (ii).

26. The method of claim 25 wherein the subject is identi-
fied by evaluating expression of one or more genes in syn-
oviocytes from the subject.

27. The method of claim 26 wherein the evaluated one or
more genes include one or more genes selected from Table 1.

28. The method of claim 26 wherein the evaluating com-
prises obtaining a sample of cells or tissue from the subject.

29. The method of claim 25 wherein the identifying further
comprises detecting symptoms of rheumatoid arthritis in the
subject.

30. A method comprising:

administering, to a human subject who has rheumatoid

arthritis, and who is being or has been withdrawn from a
TNF-a blocking agent, a TWEAK blocking agent in an
amount and for a time effective to provide a therapeutic
effect.
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31. The method of claim 30 wherein the TNF-a blocking
agent causes toxicity, induces an immune-compromised
state, or lacks efficacy.

32. The method of claim 30 wherein the subject is refrac-
tory to therapy with the TNF-a blocking agent.

33. The method of claim 30 wherein the subject has tuber-
culosis, an opportunistic infection, or a pathogenic bacterial
infection.

34. The method of claim 30 wherein the subject has glom-
erulonephritis.

35. The method of claim 30 wherein the subject has a
demyelinating syndrome.

36. The method of claim 30 wherein the subject has a
lupus-like reaction.

37. A method comprising:

detecting an adverse event in a human subject who has

rheumatoid arthritis, wherein the subject is being treated
with a TNF-a blocking agent, but not a TWEAK block-
ing agent; and

administering, to the subject, a TWEAK blocking agent in

an amount and for a time effective to provide an overall
therapeutic effect.

38. The method of claim 37 further comprising withdraw-
ing the TNF-a blocking agent.

39. The method of claim 37 wherein the adverse event
comprises a lupus-like reaction.

40. The method of claim 37 wherein the adverse event
comprises a bacterial or opportunistic infection.

41. The method of claim 37 wherein the adverse event
comprises tuberculosis.

42. A method comprising:

administering, to a human subject who has rheumatoid

arthritis, and who is being or has been withdrawn from a
DMARD other than a TWEAK blocking agent, a
TWEAK blocking agent in an amount and for a time to
provide a therapeutic effect.

43. The method of claim 42 wherein the DMARD is meth-
otrexate, parenteral gold, sulphasalazine, or hydroxychloro-
quinone.

44. The method of claim 42 wherein the DMARD is other
than a TNF-a blocking agent.

45. The method of claim 42 wherein the DMARD is with-
drawn due to toxicity or to lack of efficacy.

46. A method comprising:

administering, to a human subject who has an inflamma-

tory disorder, a TWEAK blocking agent in combination
with a TNF-a blocking agent, in amounts and for a time
to provide a therapeutic effect, wherein the inflamma-
tory disorder is one that a TNF-a blocking agent does
not exacerbate.

47. The method of claim 46 wherein the inflammatory
disorder is psoriatic arthritis, ankylosing spondylitis, inflam-
matory bowel disease, psoriasis, or inflammatory myositis.

48. The method of claim 46 wherein the subject is less than
17 years of age, and the disorder is juvenile rheumatoid arthri-
tis or pediatric psoriasis.

49. A method of reducing joint inflammation, the method
comprising identifying a subject having joint inflammation,
and administering to the subject a TWEAK blocking agent in
combination with a TNF-a. blocking agent.

50. The method of claim 49 wherein the subject has rheu-
matoid arthritis.

51. The method of claim 49 wherein the TWEAK blocking
agent is an antibody that binds to TWEAK.
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52. The method of claim 49 wherein the TWEAK blocking 54. The method of claim 53 wherein the soluble form of the
agent comprises an antibody that binds to a TWEAK receptor. TWEAK receptor is fused with an antibody Fc region.

53. The method of claim 49 wherein the TWEAK blocking
agent comprises a soluble form of a TWEAK receptor. ok ow R



