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FOR EVALUATING AN IMMUNE RESPONSE TO A THERAPEUTIC
PROTEIN Related Applications [0001] This application claims priority
under 35 U.S.C. 119(e) from U.S. provisional application serial number
60/86B2ALA47eH April 4, 2005, the entire content of which is REBHSNEHEER493
by reference herein. Field of the Invention [0002] The invention relates to
evaluating patients for an immune response to a therapeutic agent, and
particies|yo arterapertic proteir for ﬁ%aﬂmmﬁgag\ﬁbﬁﬁg)lﬁglﬁgr@ﬁﬁgggﬁc
(epﬁo?ﬁ‘&llzumab) Background of the Invention (0003] Biologic
therapeutics are currently available for treating diseases and disorders
such as transplant rejection, Ieﬂ«?rplgl Abreiacsatﬂ%%gcer arthritis, multiple
sclerosis, and Crohn's disease; ditional protein-based
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a4(37 integrins. Natalizumab is useful to treat certain inflammatory

diseases and conditions inciiagkzyaum n Crohn's disease,
and rheumatoid arthritis. [0004] Because immune responses to biologic
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(abciximab), RITUXAN® (rituximab), SIMULECT® (basiliximab), REMICADE®
(infliximab), SYNAGIS® (palivizumab), HERCEPTIN® (trastuzumab), ZENAPAX®
(daclizumab), CAMPATH® (alemtuzumab), MYLOTARG® (gemtuzumab ozogamicin),
HUMIRA® (adalimumab), AVONEX® (Interferon beta-1a), and TYSABRI®
(natalizumab). Natalizumab is a humanized monoclonal antibody against a4f1 integrin
(VLA-4). Natalizumab binds to the a4 subunit of aziﬁl and 04p7 integrins. Natalizumab is

D)

useful to treat certain inflammatory diseases and conditions including multiple sclerosis,
Crohn’s disease, and rheumatoid arthritis.

[0004] Because immune responses to biologic therapeutic agents may have clinical
consequences, immunogenicity assay development and validation is of great importance in

the field of biologic therapeutic agents.

Summary of the Invention

[0005] The invention provides methods and compositions for identifying, monitoring,

and/or evaluating an immune response to a therapeutic agent, e.g., a therapeutic protein, e.g.,



a therapeutic antibody. The fact that a patient develops any antibodies to
a therapeutic agent (such as a therapeutic protein or therapeutic
antibody) may or may not correlate with a clinical response to the
therapeutic agent. Aspects of the invention are based, in part, on the
d|Sé’68éP9GGP§ 2unexpected level of antibody response that cdif B8y 12493
as a threshold for detecting a clinically3ignificant response to the
therapeutic agent. In some embodiments the threshold level is higher
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each patient before and after treatment, nor do they rely on identifying the mere presence of a

detectable immune response to the therapeutic agent. In contrast, methods of the invention,
relate to detecting at least a threshold level of an immune response to a therapeutic agent,
where the threshold level may be higher than the lowest detectable level of immune response,
and wherein the positive results from the assay are clinically meaningful, in part, because the

assay avoids false positives that have no associated clinical significance.



-3 100061 Currently, there is no generally applicable technique or

standard for detecting a clinically significant antibody response to a
therapeutic protein. Different therapeutic proteins may induce different
types of antibodies, and the presence of such antibodies may or may not
affe¢OtROSHEH, pharmacokinetics, and/or efficacy of a therap€utics2006/012493
protein. Current methods of monitoringa patient's response to a

therapeutic antibody typically involve comparing levels of serum
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evaluated within a specified period of time after administration of the agent, e.g., within 3

months, 6 months, 9 months, or at least one year.



WO 2006/107962 PCT/US2006/012493 -4 [0008] In one aspect, the
invention provides methods of identifying a clinically significant threshold
level of antibody response to a therapeutic agent (e.g., a therapeutic
protein, e.g., a therapeutic antibody). The method includes (a) evaluating
the %‘\)/é?%‘%ﬁ?ﬁ?z agent antibodies in a control population of pafieH&SAE012493
have a disorder (e,g., determining the ean or median level of anti-agent
antibodies in a population of at least 2, 3, 5, 10, 20, 30, 50, 100 or more
patient Jyj ave a disorder and who h Yﬁ%’e not been treated with a
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g?g f(‘}%%?éfﬁné %}m mé&%ﬁto ogical cancer (e.g., multiple myeloma,

leukemia, or lymphoma); a solid cancer such as a sarcoma or a carcinoma (e.g., of the lung,
breast, prostate, or brain); or a fibrotic disorder (e.g., pulmonary fibrosis, myelofibrosis, liver
cirrhosis, mesangial proliferative glomerulonephritis, crescentic glomerulonephritis, diabetic
nephropathy, or renal interstitial fibrosis). In some embodiments, the disorder is a disease
that involves modulation of an 04B1 and/or 047 subunit.

[0009] In another aspect, the invention provides methods of identifying a patient who
has a clinically significant antibody response to a therapeutic protein, e.g., a therapeutic

antibody. The method includes identifying, in a biological sample obtained from a subject



antibody. The method includes identifying, in a biological sample obtained
from a subject WO 2006/107962 PCT/US2006/012493 -5 who has a
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(e.0., 2.5, 3, 4, 5, or 6) standard deviatigns above the level of antibodies
that specifically bind to the therapeutic protein in a control population

(e.g.,a populat|on of atients who have the disorder but have not been

fepretetinimshttnrap ironetn.chinpiehace ol 2
mfm)ndtne@a&emb@dm@t@aﬁm&p%ﬂm%&i&adﬁ&r@ﬁ@a&m protein,

nt' ﬁte%e OEH aﬂs gﬁgi} é‘: fgrregl tan'ﬂl(ao v1aﬁtons bave the

ant 4 an od e.g h Oné em |men ol te TS
tﬁtﬁt@f@r&&t@dmgwrﬁmrﬁea&wh;@@tm@ﬁtésemraismmsrrhewmat@maulatmn

ahridisofuieestainpamiedineite thedizasrsiin 4 bnis disgasastiant
%rgrgoéjul cerr]cg’tett}gtew ethgglgé g{ox{ Cllé%d Odl% th? treatmenﬁ{

i of 3 patent who 1% hu5| entHEAES RA ﬁ% BIFNR STy SiRRERE
ﬁmgt;cmrsmn sathaapratpatitedyrotein 00m0kdh Vre(aspedtritbto as
i)stmo@'@asmwdemgﬂfa@g&ya@g mpﬁﬁ%@nfm‘%ei%@%{ma R disorder is

blof |cal sam obtaln m a s ectt e presence of a cllnlcal

HSASITE0! O SRS SRS BB et SRR Bt 47 cortain
ﬂn@r@tpeun@,\ﬂmﬂthmndmchr@mmawhamms edboifiistetcdicmtiediibjbet.

ﬁ%ﬁﬁ@&%ﬁi%@ HRNHARBE WIsABe o 1550k WRS RS YRIOR NG havin
detect I‘erm%?’%s of induced antibodies that are indicative of a C|II’]IC8.Fy

g ﬁ?ﬁﬁ BYRGIS re TR QusErRe it Rififnistration of a
therapEiie] Vilohelalyindinige dantdaddy ptovidee entheldimneénhtipesitdvention

m&wﬂsﬁ%mt@&ég@m3%1@5&%@&'%99;%5%@!%é&@t@ﬁ@étét\éﬁtﬁcg iy
ata to

anti izumab antibodiés that are indicativé of an Immune respons

Al ohsEeh P Eesa BjaBe attrtgglpé@am%téagtbmé(a%@rawum VLA-4
baditigumbb{P8hi s eheisspect fdhie mmuon@mw@esmammmude the

ﬁX@é‘f‘%ﬁ[’f@Aa&ga?/E il gxéyclgtgc}?% 5 %98%”6? m%g of S{ﬁ%s(? g AR e m atlve ofa

Immune response toaV |nd|ng antibo ccor ng to one

SipeRbOT R RE BRI AETPRISS @ﬁd@fé@ﬁr‘@%@cﬂ,ﬁﬂé@ﬁy@;gﬁ Hfcaierapeutic
mmmﬁdﬁﬁ@aﬁﬁeo@ amﬁ%ﬁmmﬁm@@@%ﬁﬁ@l%maﬁ@ﬂﬂf@ﬁﬂ@ﬂm for

1£ t1 1n h(fds ! %ugﬁl 1C etrfn evels [ Wr%le\lt}% 3\ a blobozgltcgodﬁ%mg eaHa 1nc]i,wat1ve of an

administere Binding an conta
énmeéﬁlyew@nﬁﬁé@ﬁttﬂ%@?&memettath@chmgﬁ%@ﬂyqﬁapbmg qﬁ the
YidiAkiwding antibody, wherein the presence of at least the threshold

level ofgiia PRl R AP Al IS dndicative £f & il Siap ANt NG fying
a therapeutic regimen based on a subject’s immune response to a VLA-4 binding antibody.
[0012] According to one aspect of the invention, methods of detecting a clinically
significant immune response to a VLA-4 binding antibody in a subject are provided. The
methods include determining whether a biological sample from a subject that has been
administered a VLA-4 binding antibody contains a clinically significant threshold level of a
soluble antibody that binds to the VLA-4 binding antibody, wherein the presence of at least
the threshold level of the soluble antibody is indicative of a clinically significant immune
response to the VL.A-4 binding antibody. In some et;tbodiments, a clinically significant

immune response to the VLA-4 binding antibody is indicated by the presence of at least the



response to the VLA-4 binding antibody. In some embodiments, a

clinically significant immune response to the VLA-4 binding antibody is
indicated by the presence of at least the WO 20061107962
PCT/11-'S2006/012493 -6 threshold level of soluble antibody to the
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activity are determined in first and second aliquots of the biological sample. In certain
embodiments, the amount of soluble antibody to the VLA-4 binding antibody is determined
using a bridging ELISA assay. In some embodiments, a first level of binding activity to the
VLA-4 binding antibody is determined in a first immunoassay for a first aliquot of the
biological sample, and a second level of binding activity to the VLA-4 binding antibody is
determined in a second immunoassay for a second aliquot of the biological sample, wherein

the second immunoassay is spiked with a greater amount of unlabeled soluble VLA-4 binding



biological sample, and a second level of binding activity to the VLA-4

binding antibody is determined in a second immunoassay for a second
aliquot of the biological sample, wherein the second immunoassay is

spiked with a greater amount of unlabeled soluble VLA-4 binding WO
2008AYPYBY T T/US2006/012493 -7 antibody than the first PCT/US2006/012493
immunoassay, and wherein the presenge in the biological sample of at

least a threshold level of soluble antibody to the VLA-4 binding antibody is
indicated if the first level of binding activity is greater than a reference
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comprise an immobilized unlabeled VLA-4 binding antibody and a soluble labeled VLA-4
binding antibody, wherein the soluble labeled VLA-4 binding antibody is labeled with an
enzyme, a fluorescent marker, a biotin marker (e.g., the VLA-4 binding antibody may be
biotinylated), or a radioactive marker. In some embodiments, the first and second
immunoassays are conducted in parallel reaction volumes on a single reaction substrate. In
some embodiments, the biological sample is a serum sample. In certain embodiments, the
subject is a human patient. In some embodiments, the patient has multiple sclerosis. In some

embodiments, the patient has rheumatoid arthritis. In certain embodiments, the patient has



immunoassays are conducted in parallel reaction volumes on a single
reaction substrate. In some embodiments, the biological sample is a
serum sample. In certain embodiments, the subject is a human patient. In
some embodiments, the patient has multiple sclerosis. In some
emBYlrERtL%he patient has rheumatoid arthritis. In certain PCT/US2006/012493
embodiments, the patient has WO 20061107962 PCTIUS2006/012493
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[0014] According to yet another aspect of the invention, methods of selecting a
therapeutic regimen for a subject are provided. The methods include detecting the presence
of a clinically significant immune response to a VLA-4 binding antibody in at least two
biological samples obtained from a subject, wherein the subject has been administered a
VLA-4 binding antibody and the at least two biological samples are obtained from the subject
at times separated by at least a clinically significant time interval, and selecting a therapeutic'

regimen based on the detection of a clinically significant immune response to the VLA-4



biological samples obtained from a subject, wherein the subject has been
administered a VLA-4 binding antibody and the at least two biological
samples are obtained from the subject at times separated by at least a
clinically significant time interval, and selecting a therapeutic' regimen
bas®@ épPtHe’#eétection of a clinically significant immune resporeB Es2ehe012493
VLA-4 WO 2006/107962 PC.T/US2006/412493 -9 antibody in the subject
at the times when the at least two biological samples are obtained from
the subject. In some embodiments, the clinically significant interval
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VLA-4 binding antibody may be compared to levels measured in the presence of a competing

amount of unlabeled VLLA-4 binding antibody). In some embodiments, a level of soluble
antibody that binds to the VLA-4 binding antibody in the biological sample is determined by’
comparing levels of binding activity to an immobilized VL.A~4 binding antibody measured in
the presence of two or more different amounts of soluble VLA-4 binding antibody (e.g.,
levels measured in the presence of no soluble VLA-4 binding antibody may be compared to
levels measured in the presence of a competing amount of soluble VLA-4 binding antibody).

In some embodiments, a first level of binding activity to a labeled VL.A-4 binding antibody



comparing levels of binding activity to an immobilized VLA-4 binding
antibody measured in the presence of two or more different amounts of
soluble VLA-4 binding antibody (e.g., levels measured in the presence of

no soluble VLA-4 binding antibody may be compared to levels measured

in tREOsBABE20f a competing amount of soluble VLA-4 bindirgr/us2006/012493
antibody). In some embodiments, a firgplevel of binding activity to a

labeled VLA-4 binding antibody WO 2006/107962 PCT/US2006/012493
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VLA-4 binding antibody may be biotinylated), or a radioactive marker. In some

embodiments, the first and second immunoassays are conducted in parallel reaction volumes
on a single reaction substrate (e.g., in separate wells of a multi-well plate). In certain
embodiments, the biological sample is a serum sample. In some embodiments, the subject is
a human patient. In some embodiments, the patient has multiple sclerosis. In some

embodiments, the patient has rtheumatoid arthritis. In certain embodiments, the patient has

Crohn’s disease.



on a single reaction substrate (e.g., in separate wells of a multi-well plate).

In certain embodiments, the biological sample is a serum sample. In

some embodiments, the subject is a human patient. In some

embodiments, the patient has multiple sclerosis. In some embodiments,

the P8t Wa¥rheumatoid arthritis. In certain embodiments, theTF&Hee012493
has Crohn's disease. WO 2006/1079621PCT/US2006/012493 -11 {0015]
According to another aspect of the invention, methods of identifying a
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[0017] Each of the limitations of the invention can encompass various embodiments

of the invention. It is, therefore anticipated that each of the limitations of the invention

involving any one element or combinations of elements can be included in each aspect of the

invention.

Brief Description of the Drawings

[0018] Figure ! illustrates the interference of free natalizumab in an immunoassay.
[0019] Figure 2 illustrates the interference of free natalizumab in a blocking assay.
[0020] Figure 3 shows a probability of a clinically significant immune response as a

function of time after an initial administration of natalizumab.



invention. Brief Description of the Drawings [0018] Figure 1 illustrates the
interference of free natalizumab in an irmuunoassay. [0019] Figure 2
illustrates the interference of free natalizumab in a blocking assay. [0020]
Figure 3 shows a probability of a clinically significant immune response as
a Ot/ Bftithe after an initial administration of natalizumal®OR/T52006/012493
2006/107962 PCT/LJS2000/012493 -43.[0021] Figure 4 illustrates an
overall effect of positive immune responses on relapse rates, P=Placebo,
n=315. AN = Antibody Negative, n=569. TP = Transient Positive, n =19.
PP = P@Pé’i%ké?é&%%i‘g\)@?ﬁw qBer2d pHRstipE sl istay ih eewpastsain relapse
msitiveﬂrﬁmmeﬁsﬂomesmmt@mgaﬁk??eyggéwﬂq%ﬂ@gm2&2&@&3,@{&19.
er initial.administration of natalizurnab (A: 0-3 months, B: 3-
%ﬁtﬁi}sgéé Orsrll’%ﬁq[hns",%ghd D: 9-12 months). P=Placebo, n=315. AN =
AntibofRPZREBigteS Huseyesribe-etfyelpsipoaitboditivang reg@nfep on relapse rates
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administered to a subject. Aspects of the invention are particularly useful for detecting and
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monitoring immune responses in a subject who has received at least one dose (e.g., one
therapeutic dose) of a VLA-4 binding antibody. Aspects of the invention include identifying
and/or monitoring a subject with a clinically significant immune response to a therapeutic
VLA-4 binding antibody, evaluating the immune response, and/or determining an appropriate
clinical treatment (e.g., a particular therapeutic regimen) based on the nature and/or extent of
the immune response. Information about a subject’s response to the administration of a*
VLA-4 binding antibody may be used to adjust, design, and/or optimize a therapeutic
regimen for the subject. Accordingly, one aspect of the invention relates to identifying a
subject who has a clinically significant immune response to a therapeutic VILA-4 binding
antibody. Another aspect of the invention relates to monitoring a subject’s immune response

to a therapeutic VLA-4 binding antibody, A further aspect of the invention relates to



clinical treatment (e.g., a particular therapeutic regimen) based on the

nature and/or extent of the immune response. Information about a

subject's response to the administration of a' VLA-4 binding antibody may
be used to adjust, design, and/or optimize a therapeutic regimen for the
subfée20MctBPeingly, one aspect of the invention relates to ideietHsRge/012493
subject who has a clinically significant.yfimune response to a therapeutic
VLA-4 binding antibody. Another aspect of the invention relates to
monitoring a subject's immune response to a therapeutic VLA-4 binding
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[0027] The invention relates in part to identifying an immune response to a VLA-4
binding antibody (e.g., a humanized version of murine mAb 21.6, such as natalizumab, or
AN100226) in a subject, and determining whether the response is clinically significant.

[0028] As used herein, “identifying” a subject with an immune response means
detecting or diagnosing the presence of an immune response in a subject. Accordingly,
identifying a subject with a clinically significant immune response means detecting or
diagnosing the presence of a clinically significant immune response in a subject,

[0029] As used herein, a “clinically significant threshold” for an antibody response to

a therapeutic protein is at least 2 standard deviations above a control reference level. In one



binding antibody (e.g., a humanized version of marine mAb 21.6, such as
natalizumab, or AN 100226) in a subject, and determining whether the
response is clinically significant. [00281 As used herein, "identifying" a
subject with an immune response means detecting or diagnosing the
pre¥&8%gf EiZinunune response in a subject. Accordingly, BEHRSAMY/E 2493
subject with a clinically significant immupne response means detecting or
diagnosing the presence of a cIinicalIy significant immune response in a
subject. [0029] As used herein, a "clinically significant threshold" for an
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REPEMinghechydy dhediological sample may reﬂect a polyclonal response to the

administration of a therapeutic protein. Accordingly, the amount of binding may reflect an
aggregate of binding by different antibodies with different affinities for the protein. In
certain embodiments, the binding activity is further analyzed to determine with greater
confidence whether the level of binding is due to the presence of specific antibodies against
the therapeutic protein or due to other factors such as rheumatoid factors. The specificity of a
binding activity may be evaluated in competition assays as described herein.

[0032] In one aspect of the invention, a subject is identified as a positive (i.e., as

having a clinically significant immune response to a therapeutic protein) only if one or more



of binding activity in a biological sample may reflect a polyclonal response

to the administration of a therapeutic protein. Accordingly, the amount of
binding may reflect an aggregate of binding by different antibodies with
different affinities for the protein. In certain embodiments, the binding
actiViB29TASr analyzed to determine with greater confidenRETR eI 2493
the level of binding is due to the presenge of specific antibodies against

the therapeutic protein or due to other factors such as rheumatoid factors.
The specificity of a binding activity may be evaluated in competition
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Be Set At more fﬁanaf
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as negative if samples obtained from the subject do not test positive in an assay of the
invention, e.g., they do not reach the clinically significant threshold level of antibody
-response. In contrast, if a subject is identified as positive based on a positive level (a level at
or above a clinically significant threshold level) of binding activity in a single assay, the
patient may be either a “transient” or a “persistent” positive. A transient positive is a patient-
who has a positive immune response to the therapeutic antibody for a specified period of time
after which the patient becomes negative. In contrast, a persistent positive is a patient who is

positive for clinically significant levels of immune response for greater than a specified



high as to reduce the detection efficiency of actual positives. [0033] In one
aspect of the invention, a subject's immune response may be classified

as negative if samples obtained from the subject do not test positive in an
assay of the invention, e.g., they do not reach the clinically significant
thrasheldsdevebbf antibody response. In contrast, if a subject ks deswifiee 2493
as positive based on a positive level (g Jevel at or above a clinically
significant threshold level) of binding activity in a single assay, the patient
may be either a "transient” or a "persistent” positive. A transient positive is
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erapeutic. regimen also may include the use of therapies such as
%% S5 %F%S\‘ﬁ‘&ég%ﬁélﬂ"éﬁ% although not intended to be fi)miting, include the use of

medical devices or surgery. Accordingly, determining or altering a VLA-4 binding antibody
therapeutic regimen may involvse determining or altering the dose amount of therapeutic
VLA-4 binding antibody that is administered to a subject, the frequency of administration,
the route of administration, the duration of the treatment (e.g., the number of doses that are
administered), whether or not to combine a VLA-4 binding antibody treatment with one or
more additional treatments, whether to discontinue a VILA-4 binding antibody treatment,
whether to use a different VLA-4 binding antibody, and/or whether to use a combination of

VLA-4 binding antibodies, etc. In one embodiment, the invention may involve determining



administered to or used on a subject for the prevention or treatment of a
disease or disorder. Examples of therapeutic procedures, although not
intended to be limiting, include the use of medical devices or surgery.
Accordingly, determining or altering a VLA-4 binding antibody therapeutic
regiie A% 1% olve determining or altering the dose amountP§f/US2006/012493
therapeutic VLA-4 binding antibody thatis administered to a subject, the
frequency of administration, the route of administration, the duration of
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[0036] In one aspect, the invention 1nvolvees identifying and/or monitoring an immune
response to a VLA-4 binding antibody in a subject. In certain embodiments, the
identification and/or monitoring is performed by assaying a bioblogica‘l sample obtained from
the subject, preferably blood, for the presence of induced antibodies that bind to the
administered VLA-~4 binding antibody as described herein,

[0037] In one aspect of the invention, a qualitative assay is performed on a biological
sample obtained from a subject, and the presence of an immune response is identified if the
biological sample contains antibodies against the VLA-4 binding antibody in an amount

greater than a threshold amount. In one embodiment, a threshold amount is an amount above



goat, dog, cat, rodent, or other non-human subject. Identifying and

monitoring an immune reonse [0036] In one aspect, the invention involves
identifying and/or monitoring an immune response to a VLA-4 binding
antibody in a subject. In certain embodiments, the identification and/or
moﬁﬁB%ﬁ‘ﬁ’i‘QB@rformed by assaying a biological sample obtaiR€H¥f3fAc/012493
the subject, preferably blood, for the pregence of induced antibodies that

bind to the administered VLA-4 binding antibody as described herein,

[0037) In,one aspect of the inventjon, a qualitative assay is performed on
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amount. In one embodiment, a threshold amount is an amount above
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invention, a quantitative assay may be performed on a_ bjolggical sampl
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multiple-assessment strategy permits monitoring of a su%Jects immune
r@%‘b% %@gm@%}@@ﬁi hm%ggamm@&y ?ﬁﬂnﬁ’i‘é? be individually tailored to the

subject’s therapeutic needs. For example, a sample may be obtained from a subject, tested
for an immune response to the VLA-4 binding antibody that has been administered to the
subject, and at a second, subsequent time, another sample may be obtained from the subject
and similarly tested. Detection and confirmation of the presence of an antibody response in a
subject’s samples over time by sequential determinations at predetermined time intervals
permits monitoring of an immune response to a therapeutic VLA-4 binding antibody
treatment. The detection and monitoring of an immune response to an administered VLA-4 -
binding antibody also allows adjustment in the overall treatment of the subject, for example
by adjusting (e.g., modifying or suspending) the VLA-4 binding antibody treatment and/or by
adjusting additional therapies (e.g., therapies that modulate the immune response of the

subject).



allow the therapeutic VLA-4 binding antibody regimen to be individually
tailored to the subject's therapeutic needs. For example, a sample may
be obtained from a subject, tested for an immune response to the VLA-4
binding antibody that has been administered to the subject, and at a
sec¥RFILMIEGuent time, another sample may be obtained frBfET/#@006/012493
subject and similarly tested. Detection;and confirmation of the presence
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points can be compared to evaluate or measure the onset, progression, or regression of an
immune response in the subject- to the VLA-4 binding antibody therapy. Onset of an immune
response to a VLA-4 binding antibody in a subject may be characterized by increased level(s)
of at least one antibody that binds to a VLA-4 binding antibody, and may be accompanied by
the onset of one or more physiological changes or symptoms in the subject. Progression of
an immune response to a therapeutic VLA-4 binding antibody may be characterized by a
further increase in the level of the at least one antibody that binds to the therapeutic VLA-4
binding antibody. However, the progression of an immune response may involve an increase

in the level(s) of at least one additional antibody, and/or a decrease in the level of at least one



obtained from the subject may be made and may provide a basis for
adjusting the therapeutic regimen. [00411 The determination of a
clinically significant immune response to a VLA-4 binding antibody in two
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VLA-4 binding antibody in a second or subsequent sample from a subject compared to the
level present in the initial or previous sample from the subject. Regression of an immune
response to a VLA-4 binding antibody may be indicated by the presence of a lower level of
an antibody that specifically binds a VLA-4 binding antibody in a second or subsequent
sample from a subject compared to the level present in the initial or previous sample from the

subject.
[0043] In one aspect of the invention, an immune response may be categorized as
either positive or negative based on whether a level of antibodies against a therapeutic VLA-4

binding antibody is above a predetermined clinically significant threshold. In some



from a subject and a clinically significant threshold of antibodies that
specifically bind a VLA-4 binding antibody is determined to be present in

a second or subsequent sample from the subject, it may indicate the

onset of an immune response to the VLA-4 binding antibody in the
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in a subject may be indicated by the prgsence of a higher level of an
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threshold interval is at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, or more days. Patients
who are “persistent positive” may have a Joss of efficacy from VLA-4 antibody therapy,
while “transient positive” patien“‘"ts have full efficacy restored after only a temporary
diminution in efficacy.
[0045] It should be appreciated that a negative subject may become a transient
vpositive. And either one may become a persistent positive if a positive immune response
develops and persists for a specified number of time points, e.g., at least two time points.
[0046] In one embodiment, a therapy may be changed based on a determination of a

single positive result. In another embodiment, a therapy may be changed based upon a



"persistent positive" includes subjects in which binding activities are
detected above a threshold level a predetermined number of times, e.g.,
at two, three, four, five, six, seven or more time points separated by a
minimum threshold time interval (e.g., a subject in which antibodies to a
VLAY® BifdIAY Bntibody are detected at a concentration of at |BEE{lERWGH12493
500ng/ml in two three, four, five, six, sexen or more biological samples
obtained from the subject at time points separated by at least a threshold
interval). In some embodiments, the threshold interval is at least about
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that even in the presence of a persistently positive immune response, a therapeutic antibody
therapy need not be discontinued unless it becomes ineffective (e.g., a loss of substantially all
efficacy) or causes other negative clinical manifestatidns.

[0049] In some embodiments, treatment with a therapeutic VL.A-4 binding antibody
may be discontinued if the treatment is ineffective or is losing is effectiveness in a patient that
has a below-threshold level of immune response. A lack of efficacy (or a reduction in
efficacy) in the absence of a clinically significant immune response may indicate that the
ineffectiveness of the treatment is due to one or more factors other than a patient immune
response to the therapeutic agent. A patient will not be a transient positive if no positive

response is detected. Accordingly, alternative treatment may be considered.



increases if the positive immune response persists for 3-6 months, and
further increases if the positive immune response persists for 6-9 months,
and yet further increases with persistence for 9-12 months after the first
administration of the therapeutic VLA-4 binding antibody. It should be
appnaTiabedoiist persistence for more than one year even furth€r/Us2006/012493
increases the probability of a relapse. Agcordingly, different therapeutic
regimens may be appropriate for a patient with a persistently positive
immune response. However, it should be appreciated that even in the
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immunodetection techniques may include Optical Sensor-based methods, such as surface
plasmon resonance (SPR), or guided mode resonance filter (BIND). Although certain
examples provided herein relate to assays utilizing an immobilized VI.A-4 binding antibody
attached to a surface (e.g. an ELISA), one of ordinary skill in the art will recognize that the
invention in some aspects may include assays without surface attachment of a VL.A-4 binding
antibody (e.g. flow cytometric assays, etc.). Other immunodetection techniques may include
immunoradiometric assays (IRMA), time-resolved fluorometry (TRF), or
electrochemiluminescence (ECL). A number of useful immunodetection methods have been

described in the scientific literature, such as, e.g., Doolittle M H and Ben-Zeev 0, 1999;



purifying, removing, quantifying and/or otherwise generally detecting
antibodies that specifically bind to a specified therapeutic protein, e.g., to

a VLA-4 binding antibody, or fragments thereof. For example,
immunodetection techniques may include, but are not limited to, enzyme
linkeddirepaupsorbent assays (ELISA) (including, but not limited-taisanoe/012493
standard sandwich ELISA or a bridging ELISA), radioimmunoassays

(RIA), immunoradiometric assays, fluoroimrnunoassays,

chemiluminescent assays, bioluminescent assays,
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by including a competition moiety in the assay. The competition moiety may be a non-
immobilized unlabeled VLA-4 binding antibody that may be included to compete with the
immobilization and/or detection steps of the assay. If the presence of the competition moiety
reduces the binding activity by at least a predetefmiﬁed percentage or cut-off, the binding
activity is determined to be specific and the positive result is confirmed. If the presence of
the competition moiety fails to reduce the binding activity by at least a predetermined
percentage or cut-off, the binding activity is determined to be non-specific and the initial

positive result is now determined to be a negative result for an immune response. .



a covalent or other linkage (e.g., the immobilization moiety may be
conjugated to a biotin molecule and attached to a bead coated with
streptavidin via a biotin-streptavidin interaction). In some embodiments,

the bead may be attached to a surface or a matrix. For example, a
madiegataemay be immobilized on a magnetic surface. Sipailarszo@6/012493
charged bead may be immobilized opa charged surface (e.g., an
electrode). [0055] A positive result may be determined if the detected
amount of binding activity (e.g., the amount of binding activity that is
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activity to the VL.A-4 binding antibody is determined in a second immunoassay for a second
aliquot of the biological sample, wherein the second immunoassay is spiked with a greater
amount of unlabeled soluble VLA-4 binding antibody than the first immunoassay, and the
presence of at least a threshold level of soluble antibody to the VLA-4 binding antibody is
indicated if the first level of binding activity is greater than a reference level and the second
level of binding activity is less than a predetermined percentage of the first level of binding
activity.

[0059] One of ordinary skill in the art will recognize that different methods can be

used for assessing and/or monitoring an immune response in a subject who has been treated



spiking the assay with an amount of competition moiety that is similar to

the amount of control antibody that was used to establish the threshold

level of binding. For example, an assay may be spiked with between

about 10 ng and 1,000 ng (e.g., about 50 ng, or about 500. ng) of
unlaneRrsdesdmifie VLA-4 binding antibody per ml of assay. Hovvaves0ther493
amounts of competition moiety may bg4ised. [0058] Accordingly, in some
embodiments of the invention, a first level of binding activity, in a

biological sample, to the VLA-4 binding antibody is determined in a first
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an((ﬁntl%nthty gnlrEnIE 1f6§ed target VLA-4 binding antibody and a second aliquot of the same
biological sample is also assayed using an ELISA to confirm whether or not a threshold (or
above threshold) leve] of binding to the immobilized target VLA-4 binding antibody is
indicative of a VLA-4 binding antibody-specific antibody. In one aspect of the invention, the
threshold level of soluble binding activity in an aliquot is about equal to the level of binding
activity present in a control or reference sample comprising at least about 50 ng, 100 ng, 200
ng, 300 ng, 400 ng, 500 ng, 600 ng, 700 ng, 800 ng, 900 ng, or 1,000 ng per ml of a reference
antibody that binds to a VLA-4 binding antibody. In one embodiment, the threshold level is-
determined as about equal to the level of binding activity in a control or reference sample

containing about 500 ng/ml of a reference antibody that binds to a VLA-4 binding antibody.



Immunoassay is a manual assay. However, in some embodiments of the

invention all or part of the ELISA may be performed robotically. [00611 In

some embodiments of the invention, an ELISA assay includes using a

VLA-4 binding antibody as an immobilized target moiety with which an

ELIBR Yeeligstoated. The coated ELISA plate may then be E6mtES1E/012493

with a biological sample for determinagign of the level of a subject

antibody that specifically binds a VLA-4 binding antibody. In some

embodiments of the invention, a first aliquot of a biological sample is
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determination of the level of a subject antibody that specifically binds the therapeutic VLA-4
binding antibody. In some embodiments of the invention, a first aliquot of a biological
sample is assayed using an ELISA assay to determine the presence or absence of a threshold
amount of binding activity for the immobilized target VLA-4 binding antibody, and a second
aliquot of the same biological sample is assayed using an ELISA to confirm whether or not a
threshold (or above threshold) level of binding to the immobilized target VLA-4 binding
antibody is indicative of a VL.A-4 binding antibody-specific antibody. In one aspect of the
invention, the threshold level of soluble binding activity in an aliquot is about equal to the

level of binding activity present in a control or reference sample comprising at least about 50



antibody, and the sample is contacted with a second detection moiety that

is capable of selectively binding to or detecting the molecule or

compound that is captured, (e.g., a labeled second antibody). Examples

of moieties capable of selectively binding or detecting the complex

include 2atierenot limited to antibodies or other ligands that garrfug2006/012493
labeled using a variety of markers (e.gsgbiotin/avidin ligand binding
arrangement, as is known in the art). One skilled in the art may also use a
labeled third antibody, In preferred embodiments, the second moiety is a
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sample) act as a bridge between VLA-~4 binding antibody coated on an ELISA plate and
detectably labeled VLA-4 binding antibody in solution (e.g., non-immobilized). Thus, an

ELISA signal after standard processing indicates that the detectable label has been linked to
the solid phase and that a soluble binding activity is present in the biological sample.

[0065] Contacting an aliquot of the biological sample with the immobilized antibody
under effective conditions and for a period of time sufficient to allow the formation of
immune complexes (primary immune complexes) is generally a matter of adding the aliquot -
of the biological sample to the immdbﬂized antibody (e.g., a VLA-4 binding antibody

immobilized on an ELISA plate) and incubating the mixture for a period of time long enough



least 80%, at least 90%, or more). The reference antibody may be a

murine monoclonal antibody. The reference antibody may be an

anti-idiotypic antibody specific for natalizumab. In some embodiments,

the reference antibody is the 12C4 antibody (available from Maine
Biot&ormoiogxe@ervices, Inc., Portland ME; see, e.g., Sherematar aisaiog/012493
1999, Neurology 52, page 1072). 12C4ds a blocking.antibody that blocks
natalizumab binding to VLA-4. In some embodiments, the reference

antibody competes with 12C4 for binding to natalizumab. Antibody
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is indicative of an induced antibod that specifically binds
R RAYA T By aprBeelyd E tierenthirieH shap be due serum
factors other than an antibody that binds to the VLA-4 binding antibody. As used herein the

terms “spike” or “spiked” refers to the addition of an unlabeled (or differently labeled)
soluble competition VLA-4 binding antibody to a sample or assay.

[0067] As used herein, the “percentage reduction” is the percentage of the level of
binding'determined in the first éliqubt. Thus, fof exz;mple, if there is an indication of about
500 ng/ml equivalent of a molecule or compound with binding activity in the first aliquot and
the inclusion of the unlabeled VLA-4 binding antibody in the second aliquot reduces the
amount of signal by more than 40-90% (e.g., by about 50% or more , by about 55% or more,

by about 60% or more, by about 65% or more, by about 70% or more, by about 75% or more,



a second aliquot of the biological sample may be prepared and assayed

as described for the first aliquot, except that a predetermined amount of
non-immobilized unlabeled competition VLA-4 binding antibody also is
added to the assay (e.g., the ELISA assay). For example, the
prededaifinedd@mount of competition antibody may be an unlabelesko06/012493
amount that reduces a specific signal Ry about 50% or more in a control
assay. If the presence of the unlabeled VLA-4 binding antibody reduces

the signal by more than an expected percentage amount, then the
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predatenmineda detectable label. In addition, the identity of the binding molecule or

compound as an antibody that specifically binds to a VL A-4 binding antibody may be

confirmed as described above herein.

[0069] As will be understood by those of ordinary skill in the art, notwithstanding
individual features (e.g. the confirmatory steps described herein), in géneral, ELISAs have
certain features in common, such as coating, incubating and binding, washing to remove non-
specifically bound species, and detecting the bound immune complexes.

[0070] In coating a plate with either antigen or antibody, the wells of the plate will

generally be incubated with a solution of the target antibody, either overnight or for a



decrease (e.g., about 40%, about 50%, or more) in the signal obtained for

a control sample containing a control amount of reference antibody. For
example, a control sample may contain about 5010 ng/ml, about 3 .tg/ml

or any other suitable amount of reference antibody (e.g., 12C4), As
indivdetbmersie?, the presence in a biological sample from a peciemisgfoani2493
antibody that specifically binds to a VkA-4 binding antibody indicates that
the subject has a clinically significant immune response to the VLA-4
binding antibody. (0068] In an exemplary "sandwich" ELISA, a therapeutic
sytoaiddhienttin g Ehmibody coetigg prlfatimmnbb) sadijbehesebeipdiha eapgjag buffer
Atibedyand.may- s inmebilizedentar seiededspHRGAIEMUPENGashed to
protein affinity, such as a well [n ?{gx?glystyrene rnic,
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ianfistyinghatisctinketto adiete diableltgend nadditomtivpddéntipdghd
binding molec r. compound as an antibody that specifically binds to
2\ Ef&%f%r{%r%%g%?ibody may be confirmed as described above herein.
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aadvidhstaneing:yindivetalifeatuses (eserotitargenfieriatpiyisteps Wethodhedrer
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coaltlﬁg, intuba ing and b nglng, washing to remove non- specificall
rskierguse e vahd wekingibrfis susb an dimtting Shripre@ERoerAsPehart-
ceastng-a Nirienwithraith enantigenas antibedybtimdielisod fhie platebilitiing
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plrotnofine espies Gatisgrianibe dialpmeatioso e prbephaleB K eaalsy
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fod by fmateral A,
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pofispdcifit photeits tiahésretigemieatsc e ibiadingtHawgdpd Ot feigding
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solutions of milk powder, etc, The cgatln%dayowse It{)er bxllg%dzrﬂg) V(3fimm e complex
nonspltfiRl AHSBHISE LA S the iR OiliATRG Siitace and thus reduces
fhenbdckreansiicatsech biitvonspdeifibhindinl ditutingdeerantiatastird/or
SHTRGR QR LRa: BloDA R SESRRHAR DL IS IBNY £ Blertip oS h@Yered
be used or a direct ) ) .

saline (PBS)/Tween, PBS with casein and Tween 20, or PBS/BSA buffer with Tween 20.
Various other art-known assay diluents can be used in the methods of the invention. These
added agents also tend to assist in the reduction of nonspecific background and may include
up to 0.5M NaClL.

[0073] As used herein, the "suitable" conditions also mean that the incubation is at a '
temperature or for a period of time sufficient to allow effective binding, Incubation steps are
typically from about 1 to 2 to 4 hours or so, at temperatures preferably on the order of 250C.
to 270C, or may be overnight at about 40C. Various art-known assay temperature and timing

parameters can be used in the methods of the invention.



detection means may be used. When using a secondary or tertiary

detection methods, after binding of a protein or antibody to the well,

coating with a non-reactive material to reduce background, (e.g. with
blocking buffer such as Tris-sucrose blocking buffer or other art-
recOYnE2EE1BI8Cking buffer), and washing to remove unbound ¥RA{EFRADGIHE493
immobilizing surface is contacted witlythe biological sample to be tested
under conditions effective to allow immune complex (antigen/antibody)
formation, Detection of the immune complex then requires a labeled
seconti@ftbisiintdienbrbpasiardaypndid HsBecrarsdingtacr s aathedrto
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sufficient to al ow effective binding. Incubation steps are typically from
ety pshe b el e e R S R
2beGer torndiatd antibayytier ayeriidbf dmakhedtddCcitdiions trt-knonthe

ssay temperature and timi i
e D e D B ey
tranpEtEa i RIS FONARIPE B RoRTRCESH BB b Face is washed to

removeys)-heusdinaketialerdiqe toriedavdskingnpho aedtineomay inctugesitive
afgEcitihinunls BEMPIERsTRITEER APl S SRS At taiget amount
antibasbibApdnsiRsaawans washingyihe presencenabeyenQniiytecamounisles
W T
methlodsidhehassioed tionifO 078 aFe e tid duactierctiihg diiexns nggative quality
%@ﬁf?&cgé}fqu rdgnibadi Wit hpueapwvassopater el atanialiafel idknown to
%?rl;gla’nlg ae\r}%,.l\?-gl Ig?r?c{?}lsg' atrgl gl yte é%%lfe olr%Pneal')lrssﬁﬂ %rlf}in”&%rgtc‘a%td how to utilize
positive and negative ooﬁtrol reactions and samples in an ELISA to ascertain and validate the
functionality of the solutions and/or substrates and/or protocol used in the assay. For
example, a positive control may include a known amount of an antibody that specifically
binds the VLA-4 binding antibody so when treatéd under the same conditions as the test
samples (e.g., the biological sample) it indicates that the assay works within expected
parameters. An example of a negative control may be a sample that is known to not include
an antibody that specifically binds to the VLA-4 binding antibody. Such a negative control,
when treated under the same conditions as the test sample (e.g., the biological sample), will

demonstrate that the binding detected in a biological sample arises from the biological sample



will generate color development upon incubating with an appropriate
chromogenic substrate. Thus, for example, one may contact or incubate
the first and second immune complex with a urease-, glucose oxidase-,
alkaline phosphatase-, hydrogen peroxidase-conjugated antibody, . or
oth&@amjugated antibody for a period of time and under condrionssthato12493
favor the development of further immyne complex formation (e.g.,
incubation for 2 hours at room temperature in a PBS-containing solution
such as PBS-Tween). [0076] It also will be understood by those of skill in
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(ateheutimairal.) iRgetBekdBuced commercially to detect the presence of and/or

measure an antibody that specifically binds a VLA-4 binding antibody in a biological sample
as described herein.

[0078] Tt will also be understood that the controls for use in the invention may ’
include, in addition to predetermined values (such as clinically significant threshold values
identified as described herein for a particular therapeutic protein), samples of materials tested
in parallel with the experimental materials. Examples include negative control samples (e.g.,

generated through manufacture) to be tested in parallel with the experimental samples.



the assay diluent to a final concentration of natalizumab of about 100g/mL
and about a 1:10 final dilution of the competition samples; incubating

control samples, screening samples, and competition samples about 1

hour at ambient temperature and washing the plate wells at least once
withweastsurffer; incubating the samples in the plate wells betwaars about493
60 and 150 minutes at ambient tempeggture and washing the plate wells

at least three times with wash buffer; adding about 100 L/plate well of
biotinylated-natalizumab diluted to about 1:1000 in the assay diluent,
incubafi®y thé piatd foreitbalti 30206 imEe smmbienbieinparhnited tneny of the
ViR the RIRieels 8 E%ﬁn%lﬁ%é‘%@M&%WPEM“%&@QAM pleural

streptawdln -horseradish peroxidase dilyted about 1:5000 in assay diluent
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chilled, etc.) prior to use in methods of the invention.
(e.g., 300 mg of natalizumab) results in a trough at about 30 days after one administration and

immediately before a subsequent administration. However, it should be appreciated that
assays of the invention may be performed on samples taken at different times after treatment’
administration provided that the assays are relatively insensitive to, or account for, the
presence of free therapeutic agent in the biological sample. When levels of binding activity
are compared for different samples taken at different time points, it may be particularly
important to obtain each sample from a similar stage in the treatment cycle (e.g., a similar
length of time after a therapeutic administration) so that the results can be interpreted without

needing to correct for differences in levels of free therapeutic agent in the biological samples.



[0080] It should be appreciated that a biological sample may be obtained
from a subject at different time intervals after the administration of a
therapeutic agent, However, a therapeutic agent may have a

characteristic in vivo half-life, and the amount of free therapeutic agent
that9 pPegtiPeh a biological sample typically will decrease asP& TUiseHiesyP12493
of time after administration of the agegy.to the subject The presence of

free therapeutic agent (unlabeled and non-immobilized) in a biological
sample may interfere with binding and detection reactions of the
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In some embodiments of the invention, one or more aliquots from a

BidlegiGahdsanmipldtariesised. As used herein, the term "aliquot” means a

portion or part of the biological
[0083] Aspects of the invention relate to detection assay(s) for identifying and/or

monitoring an immune response to one or more therapeutic VLA-4 binding antibodies that
are administered to a subject. In certain aspects of the invention, a detection assay involves
both immobilization and detection moieties. In some embodiments, a detection assay also
may include a competition moiety. As described herein, an immobilization moiety may be
used to immobilize an induced antibody (e.g., a serumn antibody) that binds to the VLA-4
binding antibody. A detection moiety may be used to detect the immobilized antibody. A
competition moiety may be used to compete with the either the immobilization and/or

detection moiety for binding to the induced antibody in order to determine the specificity of



sample. In some embodiments, two or more aliquots may be taken from a
biological sample obtained from a subject and the aliquots can be tested
using methods of the invention to determine the presence of an immune
response to a VLA-4 binding antibody in the subject. For example, two
subgtantegipequivalent aliquots can be taken from a biologicaktGamw®6/012493
obtained from a subject to whom a VLA binding antibody (e.g.
natalizuxnab) has been administered, and a level of soluble binding
activity can he detected in one aliquot (¢.g. a "first" aliquot) can be
dandirgitredtic duiid satiyodiie Binénabhbiioe lengpng deterisomvistiefuoty biral
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embodiments, a detection assay also may include a competition moiety.
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im| obﬁ]zed antibody. A competition moiety may bé used to compéete with
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SpBiestHBR IhedalreiQm BaIRRnMAY DR 1aREIS 100Uy 3hiD®e polyclonal or

therapeutic VLA-4 binding antjbody that was administered to the subject).
@8&?68\1/%%'1. 1 yet another egm ocﬂman{ a X?LA~4 %ind{r?g antibody may be a huinan)Ized

version of a murine antibody. _

[0085] Natalizumab and related VLA-4 binding antibodies are described, e.g., in US
5,840,299. mAb 21.6 and HP1/2 are exemplary murine monoclonal antibodies that bind
VLA-4, Natalizumab is a humanized version of mutine mAb 21.6 (see, e.g., US Patent No.
5,840,299). A humanized version of HP1/2 has also been described (see, e.g., US Patent No.
6,602,503). Several additional VLA-4 binding monoclonal antibodies, such as HP2/1,
HP2/4, 125 and P4C2, are described (e.g., in US Patent No. 6,602,503; Sanchez-Madrid et
al., 1986 Bur. J. Immunol., 16:1343-1349; Hemler et al.; 1987 J. Biol. Chem. 2:11478-
11485; Issekutz and Wykretowicz, 1991, J. Immunol., 147: 109 (TA-2 mab); Pulido et al.,



in other embodiments, each of the immobilization and detection moieties
independently may be variants of the therapeutic VLA-4 binding antibody
that was administered to the subject, provided that the immobilization and
detection moieties bind with suitable affinity to detect one or more
indiceaogdititiddies (e.g., serum antibodies) against the therapaurtioswioe42493
binding antibody. The competition moigty is typically a soluble unlabeled

(or differentially labeled) form of the immobilization or detection moiety.
However, the competition moiety may be a variant of the immobilization
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[0088] The amino acid sequences of thé HC and LC variable domain sequences can
be encoded by a sequence that hybridizes under high stringency conditions to a nucleic acid
sequence described herein or one that encodes a variable domain or to a nucleic acid
encoding an amino acid sequence described herein. In one embodiment, the amino acid
sequences of one or more framework regions (e.g., FR1, FR2, FR3, and/or FR4) of the HC
and/or LC variable domain are at least 70, 80, 85, 90, 92, 95, 97, 98, 99, or 100% identical to
corresponding framework regions of the HC and LC variable domains of an antibody

described herein. In one embodiment, one or more heavy or light chain framework regions



on VLA-4. This antibody and other B epitope-specific antibodies (such as

B | or B2 epitope binding antibodies; Pulido et al., 19911. Biol. Chem.,
266(16):10241-10245) represent one class of useful VLA-4 binding
antibodies. [0086] An exemplary VLA-4 binding antibody has one or more
CDRY) ¥%y/18R%hree | IC CDRs and/or all three LC CDRs of aPpaiftieaier012493
antibody disclosed herein, or CDRs thaggare, in sum, at least 80, 85, 90,

92, 94, 95, 96, 97, 98, or 99% identical to such an antibody, e.g.,
natalizumab. In one embodiment, the H 1 and H2 hypervariable loops
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antibody described herein, e.g., natalizumab. For example, the
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PLPIRETAE O ARPT SRR %éﬁ‘“@g:‘éﬁ%@d RRBRLAE Qpﬁtbf?l%@sfﬁﬁtaltering polypeptide
sequence known to one of ordinary skill in the art such as are found in references that
compile such methods, ¢.g. Molecular Cloning: A Laboratory Manual, J. Sambrook, et al.,
eds., Second Edition, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York,
1989, or Current Protocols in Molecular Biology, F.M, Ausubel, et al., eds., John Wiley &
Sons, Inc., New York. Exemplary functionally equivalent variants of VLA-4 binding
antibodies include conservative amino acid substitutions of in the amino acid sequences of
proteins disclosed herein. Conservative substitutions of amino acids include substitutions
made amongst amino acids within the following groups: (&) M, I, L, V; (b) F, Y, W; () K, R,
H; () A, G;(e)S, T; (D Q,N; and (2) E, D.



and a second amino acid or nucleic acid sequence for optimal alignment
and non-homologous sequences can be disregarded for comparison
purposes). The optimal alignment is determined as the best score using

the GAP program in the GCG software package with a Blossom 62
scof R fatPiRakith a gap penalty of 12, a gap extend penalty BEHUSHE6H12493
frameshift gap penalty of 5. The aminqgcid 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 Higll fesidueddrervirclduticendbibidizsproagrohiih glrinasifors dndiHans”

%@9&%55&%%% £ ﬁ%ﬁ@zﬁﬂﬂ?% %ﬁﬁﬁgd entigal At %Eﬂ&iﬂﬂﬁ)@h@ﬁldlzahon
used herein amino acid or nuclelc ntlt%/ é n{x}(i ns NY
AEAQHOPHERI SR 8 HOHTETBGYP° el h?f&%% BV & Hns, N.Y.
EORBNEABS 6. :affuwmmrisdﬁmemwm mfemntummsﬂmdywm%m@ds
SEIHERGES i%%%%%éé%%ﬁ{éﬁ%ﬁ willgealiag that canse hativeamino

acid substitutions may be made in VLA-4 bindin é antibodies to provide
ey,

fepnetibons w%%ﬁﬁ@éimﬁ%lﬁamsﬁ%ﬁﬁ%a@hﬂbfoﬁ fodoprg D¥AARES Pagigyashes
theoforatiana), apasilisies o m&ﬂsﬁnﬁﬂg"Mﬂﬁ@Hdeﬁdlﬁﬁwsed herein, a
“conseryative a acid ubst ti efers g an ar inoQ ac tlt tion
that d%@gﬁb#&%?g & ?%?sti?\;gsc%af)ég %)urngtllzoé1 KR ghsﬁds 0 he% pr%t - £
inswibictibdiaralififatacidN s @EdR60BN is made. Variants can be prepared
according to methods for altering polypeptide sequence known to one of

art such as are found in references that compile such

methodg,g MASEHIARSIaRIG v habaielary Manueby b SATOAROK &1 sing

dition, Cold Spring Harbor Laborator?y Press, Cald
SpranielarbBomIatof YikA-4 9aobo e R IPRBIBEBTE i NicTaetir e

E’aﬁi@gamﬁaMeMab@b gpad-4 edsunil clnbavikey & iSonsiokee., Newe ¥otodiment,
Erempiane Lncinally, AR MAIANS AT s BI0dE AR RS, o

InCiu e conservative amino acli stitutions of in the amino aCId

setielhckumsh motenslohsdplosy fersrerrivrERrhibe TR ARG} ncludes at
aAQ paidsy iNEluge suhsHilicnsinpade Rmengsslayiingasidt withigithe mouse

foll F.Y. Wi

(%“'%‘VX rg‘%gﬁ‘é%s%%fégé% VI B‘gﬁgﬁg)ﬁgon@igs%@[oog 3
A@su@fd&mm;dom@q@mlwmiz@mméﬁ Aigfe Sy eREPdish ARitRS: fro he
deserbes endlisianssireiRkhyidizatoprandashingedruidsnce. §grkenoMouse™,

EBRRE A0 ta% A SR S ek

idgI8hates Wr@i‘éveﬁﬂ@;ﬁﬂh@odlé"]&?ﬁﬁéﬁ% u@@&éﬁ&h@ﬁ@@é@ to VLA-4 can

dﬁ§9%@§%5&é&@er§f€?ﬁ%ﬁ9 dgitheh IRARRLHESChHIGh S tHRERLY, e.g., as
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No. 6,407,213.

[0094] EP 239 400 (Winter et al.) describes altering antibodies by substitution (within

a given variable region) of their complementarity determining regions (CDRs) for one species
with those from another. CDR-substituted antibodies are predicted to be less likely to elicit
an immune response in humans compared to true chimeric antibodies because the CDR-~
substituted antibodies contain considerably less non-human components. (Riechmann et al.,
1988, Nature 332, 323-327; Verhoeyen et al., 1988, Science 239, 1534-1536). Typically,
CDRs of a murine antibody substituted into the corresponding regions in a human antibody -

by using recombinant nucleic acid technology to produce sequences encoding the desired



conditions include hybridization in 6X SSC at about 45C, followed by one

or more washes in 0.2X SSC, 0.1 % SDS at 65C, or substantially similar
conditions. [0092] Antibodies can be tested for a functional property, e.g.,
VLA-4 binding, e.g., as described in US Patent No. 6,602,503. Antibody
Gemneration §0893] Antibodies that bind to VLA-4 can be genemateasxyos/012493
immunization, e.g., using an animal. All or part of VLA-4 can be used as

an immunogen. For example, the extraé%'llular region of the alpha-4

subunit can be used as immunogen. In one embodiment, the immunized
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AGa9 RE! ¥or, DR800 FRAWNVRL, 711, 731, 851, 871, 98L, and/or

(in the FR of the variable domain of the heavy chain) 2H, 4H, 24H, 36H, 37H, 39H, 43H,
45H, 49H, 58H, 60H, 67H, 68H, 69H, 70H, 73H, 74H, 75H, 78H, 91H, 92H, 93H, and/or
103H (according to the Kabat numbering). See, e.g., US Patent No. 6,407,213,

[0097] As will be apparent to one of ordinary skill in the art, the present invention
also provides for F(ab')2, Fab, Fv and Fd fragments; chimeric antibodies in which the Fe¢
and/or FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been replaced
by homologous human or non-human sequences; chimeric F(ab')2 fragment antibodies in
which the FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been
replaced by homologous human or non-human sequences; chimeric Fab fragment antibodies

in which the FR and/or CDR1 and/or CDR2 and/or light chain CDR3 regions have been



90/07861 have described a process that includes choosing human V
framework regions by computer analysis for optimal protein sequence
homology to the V region framework of the original murine antibody, and
modeling the tertiary structure of the murine V region to visualize
frarw&@(‘??ﬁ’a?mﬁ?o acid residues which are likely to interact with th& tHLf{E493
CDRs. These marine amino acid residées are then superimposed on the
homologous human framework. See also US Patent Nos, 5,693,762;
5,693,761; 5,585,089; and 5,530,101. Tempest et aJ., 1991,
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chimets Fah.fragment antibodies in which the FR and/or CDRI and/or

CDR2 and/or light chain CDR3 regions have been WO 20061107962
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dARoHRS m’gli;pgg&yéﬁdggpared 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. US 5,798,230, Large nonimmunized human phage display libraries
may also be used to isolate high affinity antibodies that can be developed as human
therapeutics using standard phagi—: technologyw(see, e.g., Vaughan et al, 1996 Nat Biotechnol.
Mar;14(3):309-14; Hoogenboom et al. (1998) Immunotechnology 4:1-20; and Hoogenboom
et al. (2000) Immunol Today 2:371-8; US Published Patent Application No. 2003-0232333)."
Antibodies can be produced in prokaryotic and eukaryotic cells, In one embodiment, the
antibodies (e.g., scFvs) are expressed in a yeast cell such as Pichia (see, e.g., Powers et al.
(2001) J Immunol Methods. 251:123-35), Hanseula, or S;fxccharomyces.



[0098] In certain embodiments, a VLA-4 binding antibody may be a VLA-4
single- chain antibody, a single-domain antibody, or a NanobodytM.
Characteristics of each of these antibody types and methods for their use

are well known in the art. NanobodiesTM are the smallest functional
fraghibHt¥ 8 3Mtibodies and are derived from naturally occurriig'&iiglee012493

chain antibodies (see Ablynx, Belgium;4abl ynx.com . NanobodyTM
technology was developed following the discovery that camelidac (camels
and llamas) possess a unique repertoire of fully functional antibodies thgl
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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 transfected with the vector using methotrexate
selection/amplification. 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, transfect the host cells, select for transformants, culture the host cells, and:

recover the antibody from the culture medium. For example, some antibodies can be isolated



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

myelorrzlaogegls and SP2 cells, COS cells, 1(562, and a cell from a
tranSgeni¢’Biittal, e.g., a transgenic mammal. For example, thE CEFR412493

mammary epithelial cell. [0100] In add##en to the nucleic acid sequence
encoding the immunoglobulin domain, the recombinant expression
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[0105] As used herein, the VLA-4 binding antibodies of the invention may be
substantially full length VL.A-4 binding antibodies or functional fragments thereof. For
example, if a fragment of a VLA-4 binding antibody is sufficient to allow specific binding by
an antibody that specifically binds a VL.A-4 binding antibody it is a functional VLA-4
binding antibody and may be used in the methods and kits of the invention. One of ordinary
skill in the art will be able to identify VLA-4 binding antibody fragments and determine
whether a VLA-4 binding antibody fragment is a functional VLA-4 binding antibody

fragment using only routine procedures and binding assays. Thus, descriptions and examples



function, e.g., to decrease or remove interaction with an Fe receptor or

with C Ig, or both. For example, the human IgGIl 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 US Patent No. 5,648,260. Other
exefibtar Hétifications include those described in US Patent§@/S2006/012493
5,648,260. [0103] For some antibodiesthat include an Fe domain, the
antibody production system may be designed to synthesize antibodies in

which the Fe region is glycqsylated..For .exa «the Fc.domain of 1g9G
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aspadedinecis, tie siveljdp thodifickiforrtidtal biamebilivafpndmen-immobilized VLA-
QligosRcchatdss s Qlycosylation participates in effector functions
mediated by Fey receptors and complement Clg (Burton and Woof (1992)
Advelimmidpettbi:1-84; Jefferis et at. (1998) Immunol. Rev. 163:59-76).
The Fe domain can be produced in a mammalian expression system that
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include elcctrochemﬂum1nesc¢nce methods (ECL).

[0107] A variety of meéhods may be used to detect a label, depending on the nature of

the label and other assay components. Labels may be directly detected through optical or
electron density, radioactive emissions, non-radiative energy transfers, etc. or indirectly
detected with antibody conjugates, streptavidin-biotin conjugates, etc. Many additional
detectable labels are known in the art, as are methods for their attachment to antibodies.
[0108] Labeled antibodies of the invention may be antibodies that are used in vitro,
e.g., in an immunoassay such as an ELISA. Such detectably labeled antibodies may be
antibodies that have a detectable label incorporated into the antibody or may be antibodies
that are linked to a secondary binding ligand and/or to an enzyme (an enzyme tag) that will

generate a colored product upon contact with a chromogenic substrate. Examples of suitable



4 binding antibody fragments. Labels and detection (01061 Aspects of the
invention include using non-immobilized, anti-therapeutic protein

antibodies (e.g., VLA-4 binding antibodies) as detection moieties to

assess the presence and/or level of soluble binding activity that is bound

to af At ’rﬁ?féd antibody against a therapeutic protein (e.qgXQr{Epgup/012493
VLA-4 binding antibody). Methods to evg[uate the presence and/or level

of soluble binding activity may include "[?1e use of one or more labeled
detection moieties (e.g., a VLA-4 binding antibody containing or attached
tenaynleténthtieuabel) s atletetiapledabehizdefiney Belagynpeieiaibabcabcose
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Labeled antibodies of the invention' may be antibodies that are use
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secondary binding ligand and/or to an enzyme (an enzyme tag) that will
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other detection means suitable for detecting a detectable label utilized in the invention.
Additional methods for detecting labels are well known in the art and can be used in methods
of the invention, Methods of the invention include ELISAs that have a sensitivity for
detecting an antibody that specifically binds to a VL.A-4 binding antibody, wherein the
sensitivity is at least about 1000ng, 500ng, or 50ng. In preferred embodiments, the ELISA
sensitivity for detecting an antibody that specifically binds to a VLA-4 binding antibody is at
least about 500ng.

[0111] In general, the detection of immunocomplex formation may be achieved
through the application of numerous approaches. These methods are generally based upon

- the detection of a label or marker, such as any of those radioactive, fluorescent, biological



oxidase. Preferred secondary binding ligands are biotin and/or avidin and
streptavidin compounds. The use of such labels is well known to those of
skill in the art and are described, for example, in U.S. Pat. Nos.

3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149 and

4, 38824982 incorporated herein by reference. [01091 Nuffet§a006/012493
methods for the attachment or conjugatfen of an antibody to its detectable
label are known in the art. An attachment method may include the use of a
metal chelat mploying, for exampl nic C%‘lﬁ
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such as any of those radioactive, fluorescent, biological WO 2006/107962
pesitivrss8es s st ELIR control assays. A kit of the invention may also include

equipment such as plate readers and/or robotic instrumentation for use in the methods of the

invention.

Examples
Example 1: Natalizumab Immunogenicity Assay

[0114] The assay format and design was based upon a bridging enzyme-linked
Immunosorbent assay (ELISA). Standard reagents and procedures suitable for bridging
assays were used. In brief, using standard procedures natalizumab was adsorbed to the
surface of microtiter plates followed by a blocking step to minimize non-specific binding of

serum antibodies. Controls and samples were diluted and added to the wells. Using standard



and enzymatic tags. U.S. Patents concerning the use of such labels

include U.S. Pat. Nos. 3,817,837, 3,850,752; 3,939,350; 3,996,345;
4,277,437, 4,275,149 and 4,366,241, each incorporated herein by

reference. Of course, one may find additional advantages through the use

of avseaondarysbinding ligand such as a second antibody and/e¢gus2006/012493
biotin/avidin ligand binding arrangemeng;_as is known in the art. [0112] It
should be appreciated that techniques described herein to obtain and
produce a VLA-4 binding antibody (e.g., nataliztumab) also may be used
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F‘jﬁﬂﬁﬂ 5@%@‘6}%{1 ﬁﬁ'@g ar_lg-preoision. For the assessment of subject (patient) samples

results, the samples were judged as negative if their OD value fell below the defined negative
cut-off quality control sample. Samples were also judged negative if their OD value fell
above the defined negative cut-off quality control sample and the inhibition of the subject
(patient) sample signal by added natalizumab in the confirmatory step was less than a pre-
defined percent. Samples were judged positive if their OD value fell above the defined
negative cut-off quality control.sample and the inhibition of the subject (patient) sample
signal by added natalizumab in the confirmatory step was greater than or equal to a pre-

defined percent.

Example 2: Screening Assay for an Immune Response to a VLA-4 antibody

[0117] A screening assay (as described above) was performed on samples from
subjects who had been administered natalizumab. The presence of an immune response to a

VLA-4 antibody was examined in patients who had undergone natalizumab administration.



procedures, detection of bound anti-natalizumab antibodies was
accomplished by incubating the plates with biotin-natalizumab followed by
streptavidin-Alkaline Phosphatase (SA-AP). The color development was
proportional to the amount of anti-natalizumab antibody bound. [0115]
Natalizenvradwm@as diluted to a specific concentration in plate coating posfer493
was incubated in 96-well microliter EL 13A plates overnight at ambient
temperatures. The recommended volume was 100 l/well. The plates were
washed with washing buffer then incubated with blocking buffer at
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to a VLA-4 antibody was examined in patients who had undergone
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anti- natalizumab antibodies but was found to be insensitive to irrelevant human monoclonal

antibodies. Free-drug interference with the assay was also examined. The assay showed the
presence of free-drug interference. Results from an assessment of blocking assay

interference by free drug are shown in Fig. 2.

Blocking Assay for natalizumab

Results

[0121] The positive results of the screening and blocking assays were compared.

There were 217 Blocking assay positives and-222 Screening assay positives, thus there was a



-48 [0118] Biological samples from subjects who had been administered
natalizumab were tested for the presence of a soluble antibody that
specifically binds natalizumab using the methods described in Example 1.
[0119] The tests included the use of a high affinity mAb as a positive
conwol200keoégh affinity mAb detected binding antibodies (e.gcamtibodiastos
that bound natalizumab) that wore preggnt in biological samples from
subjects. The negative cut-off level was determined to the lowest
concentration thatreturned acceptable accuracy/precision (25%/25%); 50
nffbnice 3030.sepelbet sensitiatycafitheimAbowdm BYOINg/elenmpeaty
(urnglll ea:) ascglrlyarg m\é\a{!st ! r% Q%&lt) te%tsﬁ%rg{l\ﬂ%bthengg%}bavyfgs d cwgqlggndmg
detect anti- nata lzutrra s but e nsensitive to irelevant human
mgiveibnal antibodies. The interference with the niAb by other molecules
QL conllggnents of the samples was determined to include interference by

at an mAb:drug ratio of greater than 1:2. Fig. | illustrates the

effects @i sge %@HM%’R& g@ Iedeienes W %ﬁla&ﬁﬁl&@%@%ﬁe@é}béﬁ&med on

anti-natalizumab antibodies. Rheumatoid fac(iﬁorwas also found to

RIS A D # SRR PHPL) P BB S S Bl PUBRi g g dagpence of an

describedspodsx anapVé s 4and R d ychar acterizaitiopdssaygito lasisesirgone
magfﬁmﬁasnﬁﬁf&%&g fl‘ééﬁé(z?cw&%ﬁb%‘a@{ﬁf%%ﬁ%ﬁﬂﬁ’%Q@Lﬁé}{ﬂ%@.&umd

from subjects who had been administered natalizumab were tested for the,

ﬁ?’é%ec?ﬂc/é(6?9aP§8fﬂbﬁ)saﬁﬂ‘?‘HHd§Fﬂ%5Y%ﬁé’c?ﬁ’&é?®Wha‘fﬁiﬁiﬁ%ﬁﬁfibﬂg?f Poitive
floangytamethy vithcking apsagntd tighsaffilytyposifibevwad tis€dl7gsizpesitive
G%@g%'te;m@ ASSAved eﬁﬁ&{&ﬂs@mmegm@ %5 A0SR EHEOH: o

level for the mAb used was determined at 3-4 standard deviations above :
tPRIPREEHION PRt AT 18 ﬁw@@mmeW?W%W%r&@QBOfaa%.% other
Therponas &Y@O/pefaiaenpp&tm fateandahe-sensit vtyinidibesnssayimase time

500@9{@[ of ne %na Thewpe(:lf C|t¥ fltrtme mAb )c/v‘g te§§%ﬂ %pg Q&n ]
n‘%OLP) was ge{%?m?ﬁ%d to a}éstggt é%rtla natlg zeuﬁ”lng alﬁtlbo ies u(t) Wa pies
ftas1d- to be insensitive to irrelevant human monoclonal antibodies.

Free-diggiteifesanceyib the assay pasalsearwamjageatd Rac&salped any
e resence of free-drug int rteren e..Result m a
e B e e R S L Mhimat, Over

2Bl loeisi stessayior nartP s frathar defartatio rptipories Bb\gﬂ?\lfel?eé{ﬂt%l@féct
tB&éﬁEﬁ%iﬁ%%&%@ﬁ%&ﬁ%ﬁﬁﬂY@s W@M@amﬁnsme@mr@a%ts had

B OtCkI r5s‘élé/%?osltlvesk; 52 Scre n|n @ss ay. DOS |tr|1\ée§f1 &Qus there
WES* %%fd ch?’ié‘@ﬁ gfﬁ’o%‘ i ¢
[0124] The results were analyzed to determine the presence of an effect of antibodies
on the rate of relapse of the original disorder in the patients treated. Fig. 4 illustrates the
overall effect of antibodies on relapse rate. The relapse rate was also assessed for subjects
with respect to the time elapsed from the administration of the natalizumab. Fig. SA-D depict

the rate of relapse at 0-3 months, 3-6 months, 6-9 months, and 9-12 months respectively.
Results

[0125] The results indicated that there is no apparent effect of antibodies during the
first three months of treatment. From three to six months the “transient” antibody-positive
patients showed diminution in efficacy of the natalizumab treatment. “Persistent” antibody-
positive patients showed lost of efficiency of natalizumab treatment. From six to twelve

months, full efficacy was restored in “transient” antibody-positive patients, but not in



-49 difference of 5% and a percent concordance of 98%.. Accordingly, the
screening assay provides an accurate measure of a subject's immune
response to a therapeutic VLA-4 binding antibody. Example 3 [0122] A
screening assay (as described in Examples 1 and 2) was performed on
sanmpledfrani®25 subjects who had been administered natalizamegeoddna2493
presence of an immune response to ajLA-4 antibody was examined in

_ patients who had undergone natalizumab administration, Incidence of
antibodies to natalizumab in the patients examined was: 91% (569
pateitenErnbboly meghitvewival9 %0 (8B dbaaip Hts ithpadimg taidipttytransient
RESIBINE -FIsANY PERHROMLWILR BIG IR DRtS MRS ALY bRRSIEVE ARGy

6t0 0 g37 patients) "persistently” positive. The transient positive patients

had tetectable antibodies (at a concentration of> 0.5 pg/ml) at a single

tinR p@HiteREtsnegative for antibodies at all other time points. The
persistent positive patients had detectable antibodies at two or more time
points fioaze)dhisat dledist 42 thays apardccpnik B IRgAB1H R PeIRiNvIEh o more

(el S 3MRIERCARHISE 0tk Fl ke NN IS S LIS ROSH N ention
results in patients who developed any antlbodslgs. IX percen% of pa lents
devaibphieparsistdravimipusmes ircrdedio brrasonnsredbygtstiollowing claims.

persistenizppsitivefgatiantsnirsdilagadeieriabiena) ipoties atrviaalke loNRrated

bject became. positive for persistent antibodies after week 36.. ..
B e B S e SR o o
wekisidomseeientilaetBely negative. [0124] The results were analyzed to

determjoez e rresence ebanceffac whisntibaoies, onfhedaie afdelanss.obs

the original djsorder.in.the patients treated, Fiq. 4.illystrates. the overall
edf?%cé%pgfo gﬁﬂég&%é’gﬁ(‘)ﬂﬁ”}%}g&%‘ rg%geﬁréorlé]ltgﬁ %nr’gtgj?/\}éfg %’EB%&@?S%
forsefsjeet ol withudbepaet equtveltivive Blmpiedoshote adménisiretionpoftions
therbexaliBsimake ffizad ila deRiet HRiRle s alapsgipl-UrRHRARRSy 5 Bf the

rlrgggtggﬁ6-9 months, and 9-12 months respectively. Results [0125] The
restns idicated that there is no apparent effect of antibodies during the
first three months of treatment. From three to six months the "transient”
antibody-positive patients showed diminution inefficacy of the
natalizumab treatment. "Persistent” antibody- positive patients showed
lost of efficiency of natalizuniab treatment. From six to twelve months, full
efficacy was restored in "transient” antibody-positive patients, but not in
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-50 "persistent” antibody-positive patients. Accordingly it is important to

identify transient antibody-positive patients as a target population for

continued VLA-4 binding antibody therapy. EQUIVALENTS 10126]

Those skilled in the art will recognize, or be able to ascertain using no MOSLLP
more than routine experimentation, many equivalents to the specific
embodiments of the invention described herein. Such equivalents are

ntendrg to be encompassed by the following claims. {01271 All

references, including patent documents, disclosed herein are incorporated

by reference in their entirety. In case of conflict, the present application,
includinighary ddefitiittons:terein, iwikeaptiok: (18] Hie Wamg ainding antibody in
expressi hich have been empl re. used as ter f descriptio
e P R R B VRN STATEF o PR e
dstpragyicmny nftestciudinyrany bipligatehtenafltydafemtarespshoviinagppints from the
RFEHReA AMPATIORS athareRhi! i%%’?%f%Q&B@@%ﬁ@BHfrﬂﬂé{%mds to,the VLA-4

modifications are possible within the scope of the invention. MCSLLP

P iprtizody. 681dh%lé%péﬁi’ﬁ{:jié%d%ﬁéﬁeﬁ?ttﬁﬁéﬁaﬁé%ﬁ%‘%ﬁﬁaﬁpw gbove a
Mehrod mf&mgealauﬁodwsﬁ @gﬁi&ﬁ%ﬁb@&ﬁfﬁl@%ﬁﬁmmﬁﬁsﬁﬁé%@%k—%’c‘!e&sﬁ the
nti the method.comprising determini ethey. two or
T P RO S e\ Bh e i T A eltion of

mﬁmmablbﬁﬁtmﬂwééhnﬂ%bmﬂmgemmmnﬂlﬂmbutmitblnds to the
VLA-4 binding antibody, wherein the threshold level is at least two
standard deviations above a control reference level of the soluble
antitvoutytheddivirareih whersiasbatmopamleast shpartited Siyoldltevietnsi nteath.

soluble antibody in the two or more samples indicates a reduction of or

absence of efficacy of the VLA-4 binding antibody in the su {%ct 2. The )
indtoadhedahtiempherdirreietifesdmtararer Seisurhriaalybht rasibpdnehat binds

messhy 34 BhadmieihediBbelainp sy erainobilasic i ednreshaltierehdihe subject
soluble antibgdy that binds to the VLA-4 binding antibody is present in

WS BiBIBHiCAT CalipidS BiRen from the subject at two consecutive time

points. 4. The method of claim 1, wherein a level of soluble antibody that

b ”H? ﬂb hfchRind w%earé‘l%bz?%é P eIMIReS Yo P RIPIIng &'V a4
of solubl ng activity to the

binding antibody is determined by: determining a level of soluble binding activity to the
VL.A-4 binding antibody in a first aliquot of the biological sample: and determining whether

the soluble binding activity is specific for the VLA-4 binding antibody:.

5. The method of claim 4, wherein the specificity of the soluble binding activity is

determined in a second aliquot of the biological sample.

6. The method of claim 1, wherein a level of soluble antibody that binds to the VLA-4
binding antibody in the biological sample is determined by comparing levels of binding
activity to a labeled VI.LA-4 binding antibody measured in the presence of two or more

different amounts of unlabeled VI.A-4 binding antibody.

7. The method of claim 1, wherein a level of soluble antibody that binds to the VLA-4

binding antibody in the biological sample is determined by comparing levels of binding



VLA-4 binding antibody in a first aliquot of the biological sample; and
determining whether the soluble binding activity is specific for the VLA-4
binding antibody. 5. The method of claim 4, wherein the specificity of the
soluble binding activity is determined in a second aliquot of the biologi&&f SLLP
sample. 6. The method of claim 1, whef@in a level of soluble antibody that
binds to the VLA-4 binding antibody in the biological sample is

slgienicch s GORIRANG 19Vl IIORGN AL BIARTIRINMLATA of o or

binding antibody mea in the pr sence of two or more different
BB RS TSR LATAGEIR 8 ?%lft}%‘t B8 AT 9°%he method of claim 1,

wherein a level of soluble antibody that binds to the VLA-4 binding

od the I Ie| term ne ring level
Ko T T PO Bt S v
hmhwr@ulbvdyerme@ememﬁhwwmsemr@ﬁ #fdreshtaamuouinty offéaitabté VLA-4 is
éé aq‘e[a'rtg'%gs@%@p%@e? O-Frtﬁ %%@t%@l%na 1&”&@58"0@1&“55%@5&' Ogntlbody

nding activity to a labeled VLA-4 binding antibody measured in the

%Féé@ﬁéélbths PiseBrhel At TR ABeNY Qfmlwrée% At dinging auidbptly-
IeveI of binding activity to a labeled VLA-4 binding antibody measured in

ese ce of a second unt of uplabeled VLA-4 binding antibody.

LPLISIATS, GRS S R ARGEESTE IV OF e 1§ Yoty are

@e:ﬂmtmaaten dietesndineaid filist:ancd Saedridiatiguiciamfighe biological
sample. 10. The method of claim 1, wherein the amount of soluble
antibody to the VLA-4 binding antibody is determined using a bridging
ELIBR asthyd of ciihe mathwdiofisiaimotpiwferdible finttledeioftsindings binding

AR R R YhAsd RIRding: ﬁ%ﬁﬁ%@&@!&m'”ed in a first

immunoassay for a first allquo he biological sample, and a second
level of binding activity to the VLA-4 binding antibody is determined in a

BECDR HRRUNeRsaaY 10rhSeEORTIANqLR) OF Mﬁd&t@%&ﬁ%sﬂm%e\/LA 4 binding
WhEreln thg second pmm%noassay is Splk d erh a %re ater amount of

i SYRIBIRSAIR ﬂdﬁtﬁ%‘tf’ﬁéﬁy har e YUShith Higoagiegical sample,
andandeesainithel m@mﬂﬂglmthatblmiag&aﬂsammmﬁgtalﬁaﬁ@ theesholthed in a
Ig(\:/c()al f soluble antibod toctclgn%VH.Auéoltb a tlbio S!s inﬁjlca emth[iee second
Tirst tgvmfn%mofiﬁg ac%w y IS greater t%an & reterence fevel’ cﬁ?ﬁ ©
werondaksve i ofitkedinghactivaristessthdna ghadebse mbined Pefdenthopantibody
bl festicueh AN RCHiA And B LIRIOMA! Glai0RLl WHSIEHY at tcast o

the reference level is a ievel of bindin activity measured for a reference

thrsehiid desdinbrelahsosipedstie Ve Allsihdingianaptbgdy is indicated if the first

level of binding activity is greater than a reference level and the second level of binding

activity is less than a predetermined percentage of the first level of binding activity.

12. The method of claim 11, wherein the reference level is a level of binding activity

measured for a reference amount of soluble antibody to the VLA-4 binding antibody.
13. The method of claim 12, wherein the reference amount is about 500 ng/ml.

14, The method of claim 1 or 11, wherein the VLA-4 binding antibody is a humanized

murine monoclonal antibody to VLA-4.



13. The method of claim 12, wherein the reference amount is about 500

Dg/ml. 14. The method of claim 1 or 11, wherein the VLA-4 binding

antibody is a humanized murine monoclonal antibody to VLA-4. MC ELLP
-53 15. The method of claim 14, wherein the VLA-4 binding antibody Is a
humanized form of murine antibody m#é& 21.6. 16. The method of claim

15, wherein the VLA-4 binding antibody is natalizumab. 17. The method of
chain d thomBarsin th, fitstandese 0and IMMUARSSS A RFR A0 haR A S Aorm of
assays. 18. The method of claim 11, wherein the first and second assays

YR RSB HAMLIIl2d  unlabeled VLA-4 binding antibody and a soluble
labeled VLA-4 binding antibody, wherein the soluble labeled VLA-4

ind tibpdy is.lahel ith - afl t. ,
bR e e e

and second immunoassays are conducted in parallel reaction volumes on
.?'@H!;%%ﬁ%!??f%‘l@ﬁﬁ Ae. g9e0E MR QL '@e'é}?ng q{%a}tgllnw&%%na%ebﬁdging
iological sample is a serum sample. 21. The method of claim 1 or 11,

WHersiRpthEs subject is a human patient. 22. The method of claim 21,

wherein the patient has multiple sclerosis. 23. The method of claim 21,

wherein the patient has rheumatoid arthritis, 24. The method of claim 21,

ihdhsimgibodatietitng e rOMRENiGR 58 298 sprdstitsy Srepsinh an immobilized
nleraid B Al eiponis:eftbeyaine asbiweon bk iologisiabisgaiesdy, wherein

btai the subj re separated t least,15 days, 30 days, 45 days
A R R TR S T R
trekapeuticadgaveve iorthe. subject if a threshold level of a soluble
antibody that binds to the VLA-4 binding antibody is determined in the at

least two biological samples from the subject. MCSLLP -54 27. The
Hethbel srcghaimdeclaiereinoseldetiviieacin et dtic vedipernéomprigegssays arc

SyRINaUN BapHIteRLIRRIARRALDErSY BIgAL Aatetninipg:anew therapy for
the subject, modifying a current therapy of the subject, or stopping a

current therapy of the subject. 28. The method of claim 27, wherein a
DurRtHRerepyretinnses admigisteridpible daAsathdinding-antikaeyito
the subject.

21. The method of claim 1 or 11, wherein the subject is a2 human patient.
22. The method of claim 21, wherein the patient has multiple sclerosis.
23. The method of claim 21, wherein the patient has rheumatoid arthritis.
24. The method of claim 21, wherein the patient has Crohn's disease.

25. The method of claim 1, wherein the time points of the at least two or more biological

samples obtained the subject are separated by at least 15 days, 30 days, 45 days, or 60 days.

26. The method of claim 1, further comprising selecting a therapeutic regimen for the
subject if a threshold level of a soluble antibody that binds to the VLA-4 binding antibody

1s determined in the at least two biological samples from the subject.



29. A method of selecting a therapeutic regimen for a subject, the method
comprising: assaying a biological sample obtained at a first time point and
biological sample obtained at a second time point from a subject who has
been administered a VLA-4 binding antibody for the presence of at lealét'@LLFP
threshold level of a soluble antibody that binds to the VLA-4 binding
antibody, wherein the threshold level is at least two standard deviations

e a_coniral reterence Jlevel of the. soluble antibody, -and selecting a .
e B T S R R L e A SRR B i
aandtset draagmn e ipdinibBa:, Tiveemetieg] ©hekaitherdywhe tbinsthactitsrmdelying a

SRR, DO, aif.enRralss . linieallsigoiigeniijme period

31. The method of claim 30, wherein the clinically significant time period is
at least 30 days. 32. The method of claim 29, wherein VLA-4 binding

antibedycthedam isieontneeihtheulrvehehseludamnibady dekestaciad VLA- 4
thesecona time pointj?s less than the threshold level of a soluble antibody
i AR Redn AeRIBfiding antibody. 33. The method of claim 29,

wherein a therapy other than VLA-4 binding antibody therapy is selected

if.the level af spluble antib detected at both the first and secopd time . . .
e e R S
agtasinelsi it matitonyle daimhd anetiodiotchom 290 Whknginltbranlpjddeined at

haz.spultinle ﬁ&éﬁtr N, §uglj:9& meshed Bé&l%&&%ﬁsﬂé‘l@&%?'@ﬂﬂ%%&ﬁlﬁﬁg antibody
has Crohn's disease. MCSLLP -55 36. The method of claim 29, wherein

frdhupierrra s rblimatlrarktis vey ohasiuile B becting inds to the VLA-4
therapeuticsegineadal asubiesbibabhasbeeradmivistaiedddliAmns above a
binding ﬁn'tibod , the fnetho comﬁ)r.'hsi :deﬁ;e%[in% theoa}resencie of at for the
JRBEP T THPSORBIF YU 8T SIS LORIBI B HREBO A thist Bl TS HHEP AR Lysimen for the
hindingandibody; isal leastdwatizdicywa samplesoltained from the

subject, wherein the threshold level is at least two standard deviations

above a control reference level of the soluble antibody and the at least
Hvolbiologibad sdmisias 2evdisrainebefront e sgbjettipictiPnosssupaepwdied by a

anRbIRAsEA flnicalyeggnificant time interval, and selecting a therapeutic
regimen based on the detection of at least a threshold level of the soluble

antibody in the at least two biological samples. 38. The method of claim

87, mwheareindhe clinigalhusighifisantintanvrhaepasatingdhediongsidhgs at least 30
amples are obtained from the subject is at least 15 days, 30 days, 45
yis, or 60 days.

32. The method of claim 29, wherein VLA-4 binding antibody therapy is continued if the
level of soluble antibody detected at the second time point is less than the threshold Ievel of

a soluble antibody that binds to the VLA-4 binding antibody.

33. The method of claim 29, wherein a therapy other than VLA-4 binding antibody therapy
is selected if the level of soluble antibody detected at both the first and second time points is
at least the threshold level of a soluble antibody that binds to the VLA-4 binding antibody.

34, The method of claim 29, wherein the subject has multiple sclerosis.

35. The method of claim 29, wherein the subject has Crohn's disease.



39. The method of claim 37, wherein selecting a therapeutic regimen

comprises, evaluating a current therapy of the subject, determining a new

therapy for the subject, modifying a current therapy of the subject, or

stopping a current therapy of the subject. 40. The method of claim 39, wcgLLP

wherein a current therapy comprises aéigninistering the VLA- 4 antibody to

the subject. 41. The method of claim 40, wherein at least the threshold

{evebebsahdaleraniinosy thatdinds dnihe MsArbhindinc.antiedy is

present in two biological samples taken from the subject at two

consecutive time points. 42. The method of claim 37, wherein a level of

Bnlubigcanidosty g n dsctapiiieiy tpid ehingingntt el ismdetemtietistered a
-.determining a level.of soJuble binding activity to the VLA-4 binding

e R S D mpte: and determining

detrethigr thhesotubiedsindiegytac tivieyhisls pecifiofar whiebit_Andboihdihgt binds to the

2pibedy, MG SHHoa 61ﬂ3atT1|Q§S{T}§}Q_%%%§@W}a_ 1 Sf)%lﬂléﬁeﬁgm the subject,

sgecificity of the soluble binding activity is determined in a second aliquot
Y

e Boticahelihiprel imatTiseshisih stestethHavADIONh aPeis & |eRirgf reference
Rolyklerntinaey thaiainds:to theMeAndwWinging:aatibadyiin fhe Hilagicbm the

sample is determined by comparing levels of binding activity to a labeled
VRIS BiffBRY SRBG kG i bYeLanis By dipcoriHypy and selecting a
tifferenicamguns ohswdlabelad YWiderbhindiag lanttbodyrediold Nevaeshateofoluble
clajm 40, wherein a level.af soluble antibody that binds to the VLA-4

1 % mr%%(%qf Ellrs?tl?'nvé) %llog'g ﬁ%%l%%l%%fé Is determined by comparing
levels of binding activity to an immobilized VLA-4 binding antibody

meaguiedindhe ArRsence. LW A %@lﬁ@éﬁﬂfc@ﬂ??&@ﬁaﬁ)gm@g the times
VLA-4 binding antibody. 46. The method of claim 45, wherein a first level

B I5ieRkG detRhty s hiTapeleaswhinds Biderfg! Antbody Aieastiradin @560 days.

presence of a first amount of unlabeled VLA-4 is compared to a second
level of binding activity to a labeled VLA-4 binding antibody measured in

e Pregiemos of 4188 ohd TSIt fB REERATACA SRR G URBHESy v aluating
#¢urthie meatpdddftlaiubic, vibeseimihe finstantkgesond laveishpddninsiadying a
&%%?{ are de}c%ﬂ@gf\ﬁg ip firrsttoanid sg%oprgnéll{ﬂ#ots o{. H;e bjological

sample. 28 he métnbd of claim 35, wherein theramounit or-soluble

antibody to the VLA-4 binding antibody is determined using a bridging

5B Asinn 40 diheaethod ar.claim 4t oS el A fist dgyehfhinding via- 4
activity to the VLA-4 binding
antibody to the subject.

41. The method of claim 40, wherein at least the threshold level of soluble antibody that
binds to the VLA-4 binding antibody is present in two biological samples taken from the

subject at two consecutive time points,

42. The method of claim 37, wherein a level of soluble antibody that binds to the VL.A-4
binding antibody is determined by: determining a level of soluble binding activity to the
VLA-4 binding antibody in a first aliquot of the biological sample; and determining whether
the soluble binding activity is specific for the VLA-4 binding antibody.



antibody is determined in a first immunoassay for a first aliquot of the

biological sample, and a second level of binding activity to the VLA-4

binding antibody is determined in a second immunoassay for a second

aliquot of the biological sample, wherein the second immunoassay is MCSLLP

spiked with a greater amount of unlabeled soluble VLA-4 binding antibody

than the first immunoassay, and wherein the presence in the biological

sample ﬁ%@ﬁ)@%@t(ﬁaﬁma§h%éﬁﬁ?ltﬁé %9@%1%“%%5( ts%]mﬁe\@iﬁﬂﬂng activity is

binding antibody is indicated.if the first MCSLLP -57 level of binding

AT Graarsridatiorra Rl Brdioleseh P second level of binding

activity is less than a predetermined percentage of the first level of binding
tivity. 50. The.method of claim 49, wherein.the reference.level is a leyel

O e S e e s P B e B0 A

birelivg Antithidyling thntiboldyicall sahglme thadrofiotdi iy 5S@mylaenginetids of binding

5&{@@}@1%?% kgg%%&%&@%ﬁ%@@;@.@&%@@&gfgﬁ@ %Txv%ﬁwgym more

the tibody Is ahumanized murine monoclonal antibo
fgoent amgenty pbuwelisad ofletathBEing HBHSIRthe VLA-4 binding antibody
is @ humanized form of marine antibody mAb 21.6. 54. The method of
claim 53, wherein the VLA-4 bindinstlszantibody is natalizumab. 55. The

) h
etsausadin 48 HEreth R EsH PEELBRIE iATHRI Jhehpwrdsdo the VLA-4
tndgingnifidSAassaysobickheamsithadRtstained Bywheneirdpadiest andinding

second assays ¢ ri immohilized unlabeled VLA-4 bindin
AR 40 2R ek e AT DIRdmE kg ms i i S Rreaee of two or
wohghldtatneledovba-<f bididhg\Vdmiddydmiabeleddwith an enzyme, a

fluorescent marker, or a radioactive marker. 57. The method of claim 55
or 56, wherein the first and second immunoassays are conducted in

Hardhermetiodor! witmés orbersimglénederdos brdiazeacsgity fie irehsbg VLA-4

whelaim3itboaherrinihgibiglagicalample iS:amer UM SNRIL ulfbelle VILA-4 is
method of claim 37, wherein the subject is a human patient. 60. The

TRBISE o RiFT8Y Tt (N PRBEATTNEY MukiplSefertsis: itaiigp antibody
B Giledihehmaieacoitlavr &R mherainfthelpatienyhasabaidmataitdbody.
arthritis. 62. The method of claim 59, wherein the patient has Crohn's

disease.

47. The method of claim 46, wherein the first and second levels of binding activity are

determined in first and second aliquots of the biological sample.

48. The method of claim 40, wherein the amount of soluble antibody to the VL A-4 binding
antibody is determined using a bridging ELISA assay.

49. The method of claim 40, wherein a first level of binding activity to the VI.A-4 binding
antibody 1s determined m a first immunoassay for a first aliquot of the biological sample,
and a second level of binding activity to the VLA-4 binding antibody is determined in a
second immunoassay for a second aliquot of the biological sample, wheremn the second
immunoassay is spiked with a greater amount of unlabeled soluble VLA-4 binding antibody
than the first immunoassay, and wherein the presence in the biclogical sample of at least a

threshold level of soluble antibody to the VI.A-4 binding antibody is indicated if the first



63. The method of claim 1, wherein the method comprises the steps of:
coating assay wells with natalizumab; incubating a control sample, a
screening sample, and a competition sample in separate assay wells; MCSLLP
adding biotinylated natalizumab to the samples in the assay wells; and
detecting the biotinylated natalizumab-6%ing a horse radish peroxidase

assay. 64. The method of claim 63, wherein natalizumab at a
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method of either claim | or 29, wherein the control reference amount is
?@%es%%ﬂﬁ%/ n(;'% claim 49, wherein the reference level is a level of binding activity

measured for a reference amount of soluble antibody to the VL. A-4 binding antibody.

51. The method of claim 50, wherein the reference amount is about 500 ng.

52. The method of claim 37, wherein the VI.A-4 binding antibody is a humanized murine
monoclonal antibody to VLA-4.

53. The method of claim 52, wherein the VLA-4 binding antibody is a humanized form of
murine antibody mAb 21.6.

54, The method of claim 53, wherein the VL.A-4 binding antibody is natalizumab.

55. The method of claim 49, wherein the first and second immunoassays are bridging

ELISA assays.

56. The method of claim 49, wherein the first and second assays comprise an immobilized
unlabeled VLA-4 binding antibody and a soluble labeled VLA-4 binding antibody, wherein
the soluble labeled VL.A-4 binding antibody is labeled with an enzyme, a fluorescent

marker, or a radioactive marker.

57. The method of claim 55 or 56, wherein the first and second immunoassays are

conducted in parallel reaction volumes on a single reaction substrate.
58. The method of claim 37, wherein the biological sample is a serum sample.
59. The method of claim 37, wherein the subject is a human patient.

60. The method of claim 59, wherein the patient has multiple sclerosis.
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61. The method of claim 59, wherein the patient has rheumatoid arthritis.

62. The method of claim 59, wherein the patient has Crohn's disease,

63. The method of claim I, wherein the method comprises the steps oft coating assay wells
with natalizumab; incubating a control sample, a screening sample, and a competition
sample in separate assay wells; adding biotinylated natalizumab to the samples in the assay

wells; and detecting the biotinylated natalizumab using a horse radish peroxidase assay.

64. The method of claim 63, wherein natalizumab at a concentration of 0.25 pg/ml is used

to coat the assay wells.

65. The method of claim 63, wherein the competition sample contains unlabeled soluble

natalizumab at a final concentration of about H00pg/ml.

66. The method of either claim 1 or 29, wherein the control reference amount is about 500

ng/ml.



