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COMPOSITION AND METHODS OF USE FOR THERAPEUTIC
ANTIBODIES SPECIFIC FOR THE IL-12 RECEPTORE BETAI SUBUNIT

The present inven on relates to antibodies that spβd fica y bind to IM2R β t , the non-s ignal

transduc ing chain of the heterod imeric IM 2 receptor (together with IL12Rβ2 chain) as weB as

IL23 receptor (together with IL23Rα chain). The invent ion more spec if ically relates to spec ific

antibodies that are IL12 and IL23 receptor antagon ists capable of inh ibiting IL12/1L18

induced IFNy product ion of blood ceHe and compos itions and methods of use for said

antibod ies to treat patholog ical disorders that can be treated by inhibit ing IFNγ production,

such as rheumatoid arthrit is , psoriasis or inflammatory bowel diseases or other autoimmune

and inflammatory disorders.

IL12 receptor beta 1 (IL12Rβ 1) chain is known as a potent ial therapeut ic target for the

treatment of Th1/Th17 med iated disorders, such as psor iasis and other autoimmune and

inflammatory disorders. Psor iasis is a common chron ic inflammatory skin disease

character ized by hyper-prol iferation of the epidermal layer and a prominent infiltrate of

dendrit ic cells and T cells. T cells play a key role in the patholog ical reactions occurring in the

skin by secret ing type 1 cytokines (includ ing lFN~y and TNF-α) and that induce keratinocyte

hyperpro feration, angiogenes is and neutroph il inf iltration.

Two cytok ines that are thought to be important in the develop ment of Th1 immune responses

in psoriasis are interieuk in-12 (IL12) and interieuk in-23 (IL23). Both cytok ines are produced

by antigen-present ing celts, such as macroph ages and dendrit ic cells, and funct ion by

activat ing T cells and natural killer cells. IL12 and IL23 are members of a heterod imeric

family of soluble cytok ines that are comprised of p35/p40 prote in subun its in 1112 and

p19/ρ40 prote in subun its in IL23. The 1112 p40 subun it of either cytok ine binds to the

transmembrane IL12 receptor 0 1 (IL12Rβ 1) that is found on the surface of immune cells.

Interrupt ion of die IL12 p4O/IL12Rβ1 interaction may prevent the biolog ical activity of both

IM 2 and IL23.

Several inflammatory and auto immune d iseases including psorias is are linked to

exacerbated Tn1 and/or Th17 responses. Many of them are currently treated either with

general immuno-suppress ants or very select ively acting biolog icals such as ant i-TNF-α

antibod ies that are not effect ive in al patients. These were found to increase the risk for

infect ions and to become ineffect ive after repeated treatment. Therefore, there is an unmet

medical need for treatments with increased safety profHes and simultaneous capacity to

induce long-ter m remission or cure of the disease.

A neutral izing antibody to IL12p40 successfully abolished psoriatic lesions in mice, even

when administered after transfer of the T ceil subset that induced the psoriaeis-like cond ition



(Hong et al., J.Immunol 162.12 (1999): 7480-91). An ant i-IL12p40 antibody targeting

both IL12 and IL23 is currently in clinical trials for Psoriasis (Kauffrnan et a l. J.Invest

Dermatol. 123.6 (2004): 1037-44, Papp et al . Lancet. 371.9625 (2008): 1675-84, Kimball et

al . Arch. Dermatol. 144.2 (2008): 200-07), Crohns Disease (Sandborn et al.,

Gastroenterology. 135.4 (2008): 1130-41) and Multiple Sclerosis (Segal et al., Lancet Neurol.

7.9 (2008): 796-804). Targeting IL12Rβ1 and hence, different iation and maintenance of Th1

and Th17 cell populations as well as the IL12 and IL23 mediated inflammatory cytok ine

product ion by these cells, offers an opportunity for an improved therapeutic agent.

US patent 6,046,012 refers to IL12Rβ1 and antibodies binding to antML12Rβ1 in general.

Anti-mouse IL12Rβ1 monoclonal antibodies are also commercialized by Becton Dickinson

(Cat# 551455).

However, to date, mere is no description in the art of binding molecules to human IL12Rβ1

showing IL12Rβ1 antagonistic activity, for use in the treatment of autoimmune and

inflammatory disorders, such as psorias is or Crohn's disease. Only indirect evidence by

targeting the respective interaction partner (IL12p40) validates the pathway.

Therefore, in one aspect, the invent ion provides an antibody or binding protein comprising an

ant igen-b inding portion of said antibody for a target in IL12Rβ1 polypeptide (SEQ ID NO41),

characterized in that the antibody or binding protein specifically binds to IL12Rβ1

polypeptide. In one embodiment, the antibody of the invention is from a mammal , having an

origin such as human or cameiid, or is a humanized antibody. In a particular embodiment,

the anti-IL12Rβ1 antibody is characterized as hav ing antigen-binding reg ion that is specific

for the target protein IL12Rβ1 and binds to IL12Rβ1 or a fragment of IL12R01 .

In one embodiment, the ant ibodies accord ing to the invention are IL12Rβ1 antagonists with

no or low agon istic activity. In certain embodiments, the antibodies bind the target protein

IL12Rβ 1 and inhibit IL12 dependent IFN-γ production in human blood cefls.

In another embodiment, the antibodies according to the invention competitively inhibit IL12

and IL23 bind ing to IL12Rβ1. More preferably, the antibodies are IL12Rβ1 antagonist with no

agonistic activ ity.

The binding may be determined by one or more assays that can be used to measure an

activity which is either antagonism or agonism by the antibody. Preferably, the assays

measure at least one of the effects of the antibody on IL12Rβ1 that include: IL12 dependent

IFN-γ product ion in human blood cells, IL23/IL17 dependent IFN- production in human blood

cefls, IL12 ex vivo IFN-γ production in primate blood cells.



In another embodiment, the invention provides antibodies that specifically bind to

common IL12/IL23 p40 ligand binding region of IL12R β1.

According to another particular embodiment, the antibodies bind to IL12R β1 with a K0 of

10OnM or less, 1OnM or less, 1nM or less, and inhibit IL12 and IL23 binding to IL12R β 1

polypeptide with an IC around 1OnM or less, 1nM or less, 10OpM or less as measured in an

HI vitro competitive binding assay.

In another alternative embodiment, the antibodies bind specifically to IL12R β1 and inhibit

selectively IL12 binding to IL12Rβ 1 polypeptide, but not IL23 binding, with an ICM around

1OnM or less, 1nM or less, 10OpM or less as measured in an in vitro competitive binding

assay.

In another embodiment, the antibodies inhibit IL12 dependent IFNγ production in human

blood cells with an IC 0 around 1OnM or less, 1nM or less or 10OpM or less.

In another related embodiment, the antibodies are capable of ameliorating the disease in an

IBO mouse model as compared to untreated control animals. In another related embodiment,

the antibodies are capable of completely blocking the IFNγ response for extended times in

peripheral Wood mononuclear cells of cynomolgous monkeys treated with a single dose. In a

PKJPD study, antML12R β1 mAb plasma levels above 10ug/ml resulted in complete

suppression of ex-vtvo IL12 induced IFNγ production.

In another embodiment, the antibodies block the hetβrodimerization of IL12Rβ 1 with its

sυbunrt IL12Rfi2 and/or IL23R.

In some particular embodiments, the antibodies of the invention do not cross-react with at

least one other cytokine receptor. In a specific embodiment, the antibodies of invention do

not cross-react with human IL4Rα receptor.

In a preferred embodiment, the antibodies of the invention cross-react at least with rodent or

primate IL12R β1 receptor.

In another related embodiment, the antibodies according to the invention are fully human or

humanized lgG4 antibodies or silent mutant IgG 1 antibodies with no antibody dependent

cellular cytotoxicity (AOCC) activity and inhibit IL12 dependent IFNγ production in human

Wood cells with an ICso around 10nM or less, 1nM or less or 10OpM or less.

The invention also relates to binding protein comprising an antigen-binding portion of said

antibody for a target in IL12Rβ1 polypeptide (SEQ IO NO: 41), wherein said antigen-binding



port ion i9 pegylated. In a related embod iment, the pegyiated antigen-b inding portion is a

pegylatβd Fab.

The present invent ion relates to isolated antibod ies, particularly human or humanized

antibod ies, that inh ibit IU 2 and IL23 binding to IL12Rβ1 and that inhibit IM 2 dependent IFNγ

product ion in human blood cells. In certain embodiments, the antibodies of the invent ion are

derived from particular heavy and light chain sequences and/or comprise particular structur al

features such as CDR regions comprising particular amino acid sequences. The invent ion

prov ides isolated antibod ies, methods of making such antibod ies, immunoconjug ates and

multivalent or multispectfic molecules comprising such antibod ies and pharmaceut ical

compos itions containing the antibodies, immunoconjug ates or bispec iftc molecules of the

invent ion. The invent ion also relates to methods of us ing the antibod ies to inh ibit , i.e.,

antagon ize, funct ion of IL12Rβ1 in order to inhibit develop ment of a disorder or cond ition

mediated by IL12, IL23 and/or IL12Rβ1, for example, result ing in the treatment of a

patholog ical d isorder that is mediated by IL12Rβ1 or that can be treated by inhibiting IFNγ

product ion in blood cells; for example, Th1/Th17 med iated d isorders such as rheumatoid

arthr itis, psor iasis and inflammatory bowel diseases.

In order that the present invent ion may be more readily understood, certain terms are first

def ined. Addit ional definitions are set forth throughout the detailed descript ion.

The term immune response" refers to the action of, for example, lymphocytes, antigen

present ing cells, phagocyt ic cells, granulocytes, and soluble macromoteculee produced by

the above cells or the liver (includ ing antibodies, cytok ines, and complement) that results in

select ive damage to, destruct ion of, or el imination from the human body of invad ing

pathogens, cells or tissues infected with pathogens, cancerous ceHs, or, in cases of

autoimmunity or patholog ical inflammation, normal human ceils or tissues.

A signal transduct ion pathway* or "signaling activity" refers to a biochemical causal

relationsh ip generally initiated by a prote in-prote in interaction such as binding of a growth

factor to a receptor, resulting in transmission of a signal from one portion of a cell to another

port ion of a cell. In general , the transmission involves spec ific phosphoryl ation of one or

more tyros ine, serine, or threon ine residues on one or more prote ins in the ser ies of

reactions causing signal transduct ion. Penult imate processes typically include nuclear

events, result ing in a change in gene express ion.

The term IL12Rβ1 or IM 2 receptor beta 1 refers to human IL12R β1 as def ined in SEQ IO

NO: 41.



The term "antibody" as referred to herein includes whole antibodies and any ant igen

binding fragment (i.e., antigen-b inding portion") or single chains thereof. A binding prote in

comprising the antigen-b inding portion of an antibody is also intended to be encompassed

within the term "antibody". In particular, the term "antibody that binds to IL12Rβ r is intended

to encompass IL12Rβ1 bind ing proteins compris ing the IL12Rβ1-binding portion of an

antibody.

A naturally occurr ing "antibody" is a glycoprote in comprising at least two heavy (H) chains

and two light (L) chains inter-connected by disulf ide bonds. Each heavy chain is comprised of

a heavy chain variable region (abbreviated herein as VH) and a heavy chain constant reg ion.

The heavy chain constant region is comprised of three domains, CH1, CH2 and CH3. Each

light chain is comprised of a tight chain vari able reg ion (abbrev iated herein as VL) and a light

chain constant region. The light chain constant reg ion is comprised of one domain. C1. The

V H and VL regions can be further subdivided into regions of hypervari abtlity, termed

complementarity determining regions (CDR) 1 interspersed with regions that are more

conserved, termed framework reg ions (FR). Each VH and VL is composed of three CDRs and

four FRs arranged from amino-ter minus to carboxy-terrn inus in the follow ing order. FR1,

C0R1, FR2, CDR2, FR3, CDR3, FR4. The var iable regions of the heavy and light chains

contain a binding domain that interacts with an antigen. The constant regions of the

antibodies may mediate the binding of the immunoglobul in to host tissues or factors,

includ ing various ceHs of the immune system (e.g., effector cells) and the f irst component

(CkO of the classical complement system .

The term "antigen-b ind ing port ion of an antibody (or simply antigen portion"), as used

herein, refers to full length or one or more fragments of an antibody that retain the ability to

spec ifically bind o an antigen (e.g., a portion of IL12Rβ1). It has been shown that the

antigen-b inding funct ion of an ant ibody can be performed by fragments of a full-length

antibody. Examples of binding fragments encompassed w ithin the term "antigen-b ind ing

portion" of an antibody include a Fab fragment, a monovalent fragment consisting of the VL,

VH, CL and CH1 domains; a F(ab)2 fragment, a bivalent fragment comprising two Fab

fragments linked by a disulfide bridge at the hinge region; a Fd fragment cons isting of the V H

and CH1 domains; a Fv fragment cons isting of the Vt and VH domains of a single arm of an

antibody; a dAb fragment (Ward et al., 1989 Nature 341:544-546), which consists of a VH

domain; and an isolated complementarity determining region (CDR).

Furthermore, although the two domains of the Fv fragment, VL and V , are coded for by

separate genes, they can be jo ined, using recombinant methods, by a synthet ic linker that

enables them to be made as a single prote in chain In which the VL and VH reg ions pair to

form monovalent molecules (known as single chain Fv (scFv); see e.g., Bird et al., 1988



Science 242:423-426; and Huston et al., 1988 Proc. Natl. Acad. Sci. 85:5879-5883).

Such single chain antibodies are also intended to be encompassed within the term "antigen-

binding portion 14 of an antibody. These antibody fragments are obtained using conventional

techniques known to those of skill in the art, and the fragments are screened for utility in the

same manner as are intact antibodies.

An Isolated antibody", as used herein, refers to an antibody that is substantially free of other

antibodies having different antigenic specificities (e.g., an isolated antibody that specificaHy

binds IL12Rβ1 is substantially free of antibodies that specifically bind other antigens man

IL12Rβ 1). An isolated antibody that specifically binds IL12Rβ1 may, however, have cross-

reactivity to other antigens, such as IL12Rβ1 molecules from other species. Moreover, an

isolated antibody may be substantially free of other cellular material and/or chemicals.

The terms "monoclonal antibody or "monoclonal antibody composition'' as used herein refer

to a preparation of antibody molecules of single molecular composition. A monoclonal

antibody composition displays a single binding specificity and affinity for a particular epitope.

The term "human antibody", as used herein, is intended to include antibodies having variable

regions in which both the framework and CDR regions are derived from sequences of human

origin. Furthermore, if the antibody contains a constant region, the constant region also is

derived from such human sequences, e.g., human germline sequences, or mutated versions

of human germine sequences or antibody containing consensus framework sequences

derived from human framework sequences analysis, for example, as described in Knappik, et

al. (2000. J MoI Biol 296. 57-86).

The human antibodies of the invention may include amino acid residues not encoded by

human sequences (e.g., mutations introduced by random or site-specific mutagenesis in vitro

or by somatic mutation in vivo). However, the term "human antibody", as used herein, is not

intended to include antibodies in which CDR sequences derived from the germline of another

mammalian species, such as a mouse, have been grafted onto human framework

sequences.

The term "human monoclonal antibody" refers to antibodies displaying a single binding

specificity which have variable regions in which both the framework and CDR regions are

derived from human sequences.

The term "recombinant human antibody", as used herein, includes all human antibodies that

are prepared, expressed, created or isolated by recombinant means, such as antibodies

isolated from an animal (e.g., a mouse) that is transgenic or transchromosomal for human

immunoglobulin genes or a hybridoma prepared therefrom, antibodies isolated from a host



ceil transformed to express the human antibody, e.g., from a transfecto ma, antibodies

isolated from a recombinant, combinator ial human antibody library, and antibodies prepared,

expressed, created or isolated by any other means that involve spl ic ing of aHor a port ion of a

human immunoglobul in gene, sequences to other DNA sequences. Such recombinant

human antibod ies have variable regions in which the framework and CDR reg ions are

der ived fro m human germ&ne immunoglobul in sequences. In certain embod iments, however,

such recombinant human antibod ies can be subjected to in vitro mutagenes is (or, when an

animal transgen ic for human Ig sequences is used, in vivo somatic mutagenes is) and thus

the amino acid sequences of the VH and Vt reg ions of the recombinant ant ibod ies are

sequences that , while der ived from and related to human germϋne VH and VL sequences,

may not naturally exist within the human antibody germϋne reperto ire in vivo.

As used herein, isotype" refers to the antibody class (e.g., IgM, IgE, IgG such as IgGI or

lgG4) that is prov ided by the heavy chain constant reg ion genes.

The phrases "an antibody recogn izing an antigen" and "an antibody spec ific for an antigen"

are used interchangeably here in with the term an antibody which binds spec ifically to an

antigen".

As used here in, an antibody that "spec ifically binds to IL12RJ31 polypept ide" is intended to

refer to an antibody that binds to human IL12R β1 polypept ide with a KD of a 10OnM or less,

1OnM or less, 1nM or less. An antibody that "cross-re acts with an ant igen other than

ILi2Rpr is intended to refer to an antibody that binds that antigen with a KD of 0,5 x 10 M

or less, 5 x 10 M or less, or 2 x 10 M or less. An antibody that "does not cross-re act with a

particular antigen" is intended to refer to an antibody that binds to that antigen, with a KD of

1.5 x 10* M or greater, or a KD of 5-10 x 10"* M or 1 x 10 7 M or greater. In certain

embod iments, such ant ibod ies that do not cross-re act with the antigen exh ibit essent ially

undetect able binding against these prote ins in standard binding assays.

As used here in, the term "antagon ist* is intended to refer to an antibody that inhibits IL12Rβ1

induced signaling activity in the presence of IL12 in a human cefi assay such as IL12

dependent IFNy product ion assay in human blood cell. Examples of IL12 dependent IFNγ

product ion assay in human blood ceil and IL23 dependent IFNy product ion assay in human

blood cell are described in more details in the examples below. In some embodiments, the

ant ibod ies inhibit IFNγ product ion as measured in a human blood ceil assay at an IC8O of

1OnM or less, 1nM or less, or 10OpM or less.

As used here in, an antibody with "no agon istic activity" is intended to refer to an antibody that

does not s ignificantly increase IL12R β1 med iated signaling activity in the absence of IL12 in



a ceH-based assay, such as human blood cells IFNy product ion assay. Such assays are

described in more det ails in the examples below.

As used here in, an ant ibody or binding prote in that inhibits IL12 and IL23 bind ing to IL12R β 1

polypept ide is intended to refer to an antibody that inhibits IL12 and IL23 bind ing to IL12R β1

polypept ide w ith an EC90 of 1OnM or less, prefer ably w ith an EC O of 1nM or less, more

prefer ably w ith an ECs0 of 10OpM, or less, as measured in an in vitro compet it ive bind ing

assay such as Bioveris™ assay . Such assays are descr ibed in more det ails in the examples

befow.

As used here in, an antibody or bind ing prote in t at inh ib its IL12 ex vivo IFNγ product ion in

primate blood ceJJ is intended to refer to an ant ibody that decre ases IL12 ex vivo IFNγ

product ion to a level betow 10% of the control level w ith an anti-IL12R β1 mAb plasma level

above 10µg/ml . In some embod iments, it refers to ant ibod ies that completely abol ish IL12 e x

vivo IFNγ product ion in primate blood cell w ith antML12R β1 mAb plasma levels above

10µg/ml. Such assays are descr ibed in more details in the examples below.

The term T or "K.", as used here in , is intended to refer to the assoc iation rate of a

part icul ar ant ibody- antigen inter act ion, where as the term "IW or "K1," as used here in , is

intended to refer to the dissoc iat ion rate of a part icul ar antibody- antigen interaction. The ter m

"Ko", as used here in, is intended to refer to the dissoc iation const ant, wh ich is obt ained fro m

the rat io of K to K, (i.e. K /K ) and is expressed as a molar concentr ation (M). KD values for

ant ibod ies can be deter mined us ing methods well est ablished in the art. A method for

deter min ing the Ko of an ant ibody is by using surf ace p iasmon reson ance, or using a

biosensor syste m such as a Biacore* syste m .

As used here in , the term "Affin ity" refers to the strength of inter action between antibody and

antigen at s ingle ant igen ic sites. W ithin each ant igen ic s ite, the vari able reg ion of the

antibody "arm" inter acts through weak non-cov alent forces w ith ant igen at numerous sites;

the more inter actions, the stronger the affin ity.

As used here in , the term "Av id ity" refers to an informative measure of the over all stab ility or

strength of the ant ibody- antigen complex. It is controlled by three major factors: ant ibody

epitope affinity; the valence of both the antigen and antibody; and the structur al arrange ment

of the inter act ing parts. Ult imately these factors def ine the spec if icity of the ant ibody, that is ,

the likel ihood that the part icular ant ibody is binding to a prec ise antigen epitope.

In order to get a higher avid ity probe, a d imeric conjug ate (two molecules of an ant ibody

prote in coupled to a FACS marker) can be constructed, thus making low aff inity inter act ions

(such as w ith the ger mline antibody) more read ily detected by FACS. In add ition, another



means to increase the avid ity of ant igen binding involves generating dimers, trimβrs or

muttimers of any of the constructs described herein of the antML12R 1 antibodies. Such

miritimere may be generated through covaient binding between individual modules, for

example, by imitating the natural C-to-N-terminus binding or by imitating antibody dimers that

are held together through their constant reg ions. The bonds eng ineered into the Fc/Fc

interface may be covaient or non-covalent In addition, cϋmerizing or muKhnerizing partners

other than Fc can be used in IL12Rβ1 hybrids to create such higher order structures. For

example, it is possible to use muttimerizing domains such as trimerizing domain described in

Borean (WO2004039841).

As used herein, the term "selectivity" for an antibody refers to an antibody that binds to a

certain target polypeptide but not to closely related polypeptides.

As used herein, the term "high affinity" for an antibody refers to an ant ibody having a KD of

1nM or less for a target antigen. As used herein, the term "subject" includes any human or

nonhuman animal .

The term "nonhuman animal includes an vertebrates, e.g., mammals and non-mammals,

such as nonhuman primates, sheep, dogs, cats, horses, cows, chickens, amphibians,

reptiles, etc

As used herein, the term, "optimized" means that a nucleotide sequence has been altered to

encode an amino acid sequence using codons that are preferred in the production cell or

organism, generally a eukaryotic cell, for example, a ceN of Pichia, a cell of Trkshodβrma, a

Chinese Hamster Ovary ce il (CHO) or a human ceil . The optimized nucleotide sequence is

engineered to retain completely or as much as possible the amino acid sequence orig inally

encoded by the start ing nucleot ide sequence, which is also known as the "parental"

sequence. The optimized sequences herein have been eng ineered to have codons that are

preferred in CHO mammalian cells; however optimized expression of these sequences in

other eukaryotic cells is also envisioned herein. The amino acid sequences encoded by

optimized nucleotide sequences are also referred to as optimized.

Standard assays to evaluate the binding aWlty of the antibodies toward IL12Rβ1 of various

species are known in the art including for example, ELISAs, western blots and RIAs.

Suitable assays are described in detail in the Examples. The binding kinetics (e.g., binding

affinity) of the antibodies also can be assessed by standard assays known in the art, such as

by Biacore analysis. Assays to evaluate the effects of the antibodies on functional propert ies

of IL12Rβ1 (e.g., receptor binding, IL12 or IL23 ligand binding inhibition, inhibiting IL12

induced IFNγ production) are descr ibed in further detail in the Examples.



Accordingly, an antibody that Inhibits" one or more of these IL12Rβ1 functional

properties (e.g., biochemical, immunochemical, cellular, physiological or other biological

activities, or the like) as determined according to methodologies known to the art and

described herein, will be understood to relate to a statistically significant decrease in the

particular activity relative to that seen in the absence of the antibody (e.g., or when a control

antibody of irrelevant specificity is present). An antibody that inhibits IL12Rβ1 activity effects

such a statistically significant decrease by at least 10% of the measured parameter, by at

least 50%, 80% or 90%, and in certain embodiments an antibody of the invention may inhibit

greater than 95%, 98% or 99% of IL12Rβ1 functional activity.

The terms "cross-block'', "cross-blockecr and "cross-blocking" are used interchangeably

herein to mean the ability of an antibody or other binding agent to interfere with the binding of

other antibodies or binding agents to IL12Rβ1 in a standard competitive binding assay.

The ability or extent to which an antibody or other binding agent is able to interfere with the

binding of another antibody or binding molecule to IL12Rβ1, and therefore whether it can be

said to cross-block according to the invention, can be determined using standard competition

binding assays. One suitable assay involves the use of the Biacore technology (e.g. by using

the BtAcore 3000 instrument (Biacore, Uppsala, Sweden)), which can measure the extent of

interactions using surface piasmon resonance technology. Another assay for measuring

cross-blocking uses an EUSA-based approach.

Further details on these methods are given in the Examples.

According to the Invention, a cross-blocking antibody or other binding agent according to the

invention binds to IL12Rβ1 in the described BIAcore cross-blocking assay such that the

recorded binding of the combination (mixture) of the antibodies or binding agents is between

80% and 0.1% (e.g. 80% to 4%) of the maximum theoretical binding, specifically between

75% and 0.1% (e.g. 75% to 4%) of the maximum theoretical binding, and more specifically

between 70% and 0.1% (e.g. 70% to 4%), and more specifically between 65% and 0.1%

(e.g. 65% to 4%) of maximum theoretical binding (as defined above) of the two antibodies or

binding agents in combination

An antibody is defined as cross-blocking in the EUSA assay as described Hi the Examples, if

the solution phase anti~lL12Rβ1 antibody is able to cause a reduction of between 60% and

100%t specifically between 70% and 100%, and more specifically between 80% and 100%,

of the IL12Rβ1 detection signal (i.e. the amount of IL12Rβ1 bound by the coated antibody)

as compared to the IL12Rβ1 detection signal obtained in the absence of the solution phase

antML12Rβ1 antibody (i.e. the positive control wells).



Recombinant antibod ies

Ant ibod ies of the invent ion ind υdβ the human recombinant ant ibodies, isolated and

structur ally characterized as descr ibed, in the Examples. The VH amino ad d sequences of

isolated antibod ies accord ing to the invent ion are shown in SEQ ID NOs: 29 32. The VL

amino acid sequences of isolated antibodies of the invent ion are shown in SEQ ID NOs: 25-

28 respect ively. Other antibodies of the invent ion include amino acids that have been

mutated by amino acid delet ion, insert ion or subst itut ion, yet have at least 60, 70, 80, 90 or

95 percent ident ity in the CDR regions with the CDR regions depicted in the sequences

described above. In some embod iments, it include mutant amino ad d sequences where in no

more than 1, 2, 3, 4 or 5 amino acids have been mutated by amino acid delet ion, insert ion or

subst itut ion in the CDR reg ions when compared with the CDR reg ions dep icted in the

sequence descr ibed above.

Variable Hght chain nucleot ide sequences are shown in SEQ ID NOs 33-36. Vari able heavy

chain nucleot ide sequences are shown in SEQ ID NOs 37-40. Other nucle ic acids encod ing

antibodies of the inven on include nucleic acids that have been mutated, yet have at least

60, 70, 80, 90 or 95 percent identity to the sequences described above. In some

embod iments, it include vari ant nucle ic acids where in no more than 1, 2, 3, 4 or 5 nucleot ide

have been changed by nucleot ide delet ion, insert ion or subst itut ion in the vari able reg ions

when compared w ith the vari able regions dep icted in the sequence descr ibed above.

For ant ibodies that bind to the same epitope, the VH, VL, full length light chain, and full length

heavy chain sequences (nucleot ide sequences and amino ad d sequences) can be "mixed

and matched" to create other antML i 2Rβ1 binding molecules of the invent ion. IL12Rβ1

binding of such mixed and matched" antibod ies can be tested using the binding assays

described above and in the Examples (e.g., ELISAs). When these chains are mixed and

matched, a VM sequence from a part icular VH/VL pairing should be replaced with a structur ally

similar VH sequence. Likew ise a full length heavy chain sequence from a particular full length

heavy chain / full length light chain pairing should be replaced with a structur ally similar full

length heavy chain sequence. Likew ise, a V sequence from a particular VH/VL pairing should

be replaced with a etructur afly similar V sequence. Likew ise a full length light chain

sequence from a part icular full length heavy chain / fun length light chain pairing should be

replaced with a structur afly s imilar full length light chain sequence. Accord ingly, in one

aspect, the invent ion prov ides an isolated recombinant antibody having: a heavy chain

vari able region comprising an amino acid sequence selected from the group cons isting of

SEQ ID NOs: 29-32; and a light chain vari able region comprising an amino acid sequence

selected from the group cons isting of SEQ ID NOs: 25-28; where in the antibody spec ifically

binds to IL12R01.



In another aspect, the invent ion prov ides an isolated recombinant antibody having: a full

length heavy chain comprising a VH amino acid sequence selected from the group consist ing

of SEQ IO NOs: 29-32; and a full length light chain comprising a V amino acid sequence

selected from the group consisting of SEQ ID NOs:25-28; where in the antibody specifically

binds to IL12Rβ1.

In another aspect, the invention provides an isolated recombinant antibody having: a full

length heavy chain encoded by a nucleotide sequence comprising a sequence selected from

the group consisting of SEQ ID NOs: 37-40; and a fuH length light chain encoded by a

nucleotide sequence comprising a sequence selected from the group consisting of SEQ ID

NOs: 33-36; wherein the antibody specifically binds to IL12Rβ1.

Examples of amino acid sequences of the VH CDRIs of antibodies according to the invent ion

are shown in SEQ ID NOs: 1-4. Examples of amino acid sequences of the VH CDR2s of

antibodies accord ing to the invention are shown in SEQ ID NOs: 5-8. Examples of amino

acid sequences of the VH CDR3s of antibodies accord ing to the invention are shown in SEQ

ID NOs: 8-12. Examples of amino acid sequences of the VL CDRIs of antibod ies accord ing

to the invent ion are shown in SEQ ID NOs: 13-16. Examples of amino acid sequences of the

V L CDR2S of antibodies according to the invention are shown in SEQ ID NOs: 17-20. The

amino acid sequences of the V1. CDR3s of antibod ies accord ing to the invention are shown in

SEQ ID NOs: 21-24. The CDR regions are delineated using the Kabat system (Kabat , E A.,

et al., 1991 Sequences of Prote ins of Immunological Interest, Fifth Edition, U.S. Department

of Health and Human Services, NIH Publication No. 91-3242).

Given that each of these antibodies can bind to IL12Rβ1 and that antigen-b ind ing spec ificity

is provided primarily by the CDR 1, 2 and 3 regions, the VH CDR1. 2 and 3 sequences and VL

CDR1 , 2 and 3 sequences can be mixed and matched" (i.e., CDRs from different antibod ies

can be mixed and match, each antibody containing a VH CDR1, 2 and 3 and a VL CDR1, 2

and 3 create other antML12Rβ1 binding molecules of the invention. IL12Rβ1 binding of such

mixed and matched" antibod ies can be tested using the binding assays described above

and in the Examples (e.g., ELISAs). When VH CDR sequences are mixed and matched, the

CDR1 , CDR2 and/or CDR3 sequence from a particular VM sequence should be replaced with

a structurally similar CDR sequence(s). Likewise, when V CDR sequences are mixed and

matched, the CDR1, CDR2 and/or CDR3 sequence from a particular VL sequence should be

replaced with a structurally similar CDR sequences). It will be readily apparent to the

ordinarily skHled artisan that novel VH and V sequences can be created by substituting one

or more VH and/or VL CDR region sequences with structurally similar sequences from the

CDR sequences shown herein for monoclonal antibod ies of the present invention.



An isolated recombinant ant ibody, or antigen binding region thereof has: a heavy chain

vari able region CDR1 compris ing an amino acid sequence selected from the group

cons isting of SEQ IO NOs: 1-4; a heavy chain variable region C0R2 comprising an amino

acid sequence selected from the group cons isting of SEQ ID NOs: 5-8; a heavy chain

variable reg ion CDR3 comprising an amino acid sequence selected from the group

consist ing of SEQ ID NOs: 9-12; a light chain variable region CDR 1 compris ing an amino

acid sequence selected from the group cons isting of SEQ ID NOs: 13-16; a Hght chain

variable reg ion CDR2 comprising an amino acid sequence selected from the group

cons isting of SEQ ID NOs: 17-20; and a light chain variable region CDR3 comprising an

amino acid sequence selected from the group cons isting of SEQ ID NOs: 21-24; where in the

antibody specifically binds to IL12Rβ1.

In a certain embod iment, the ant ibody comprises: a heavy chain variable region CDR 1 of

SEQ ID NO: 1; a heavy chain variable region CDR2 of SEQ ID NO: 5; a heavy chain vari able

region CDR3 of SEQ ID NO: 9; a light chain variable reg ion CDR 1 of SEQ ID NO: 13; a light

chain vari able region CDR2 of SEQ ID NO: 17; and a light chain vari able region CDR3 of

SEQ ID NO: 21.

In a certain embodiment, the antibody comprises: a heavy chain vari able region CDR1 of

SEQ ID NO: 2; a heavy chain vari able region CDR2 of SEQ ID NO: 6; a heavy chain vari able

region CDR3 of SEQ ID NO: 10; a light chain vari able reg ion CDR 1 of SEQ ID NO: 14; a βght

chain variable reg ion CDR2 of SEQ ID NO: 18; and a light chain variable reg ion CDR3 of

SEQ ID NO: 22.

In a certain embod iment, the antibody comprises: a heavy chain variable region CDR 1 of

SEQ IO NO: 3; a heavy chain vari able region CDR2 of SEQ ID NO: 7; a heavy chain vari able

region CDR3 of SEQ ID NO: 11; a light chain vari able region CDR 1 of SEQ ID NO: 15; a light

chain variable region CDR2 of SEQ ID NO: 19; and a light chain vari able region CDR3 of

SEQ ID NO: 23.

In a certain embodiment, the antibody comprises: a heavy chain vari able region CDR1 of

SEQ ID NO: 4 ; a heavy chain vari able region CDR2 of SEQ ID NO: 8; a heavy chain vari able

region CDR3 of SEQ ID NO: 12; a light chain variable region CDR1 of SEQ ID NO: 18; a Hght

chain vari able region CDR2 of SEQ ID NO: 20; and a light chain variable region CDR3 of

SEQ ID NO: 24.

As used here in, a human antibody comprises heavy or light chain vari able regions or full

length heavy or light chains that are "the product of" or "derived from a part icular germline

sequence if the vari able reg ions or full length chains of the antibody are obtained from a

system that uses human germline immunoglobul in genes. Such syste ms include immunizing



a transgenic mouse carrying human immunoglobulin genes with the antigen of interest

or screening a human immunoglobulin gene library displayed on phage with the antigen of

interest. A human antibody that is "the product of or "derived from" a human germRne

immunoglobulin sequence can be identified as such by comparing the amino acid sequence

of the human antibody to the amino acid sequences of human germRne immunoglobulins and

selecting the human gβrmSne immunoglobulin sequence that is closest in sequence (i.e.,

greatest % identity) to the sequence of the human antibody. A human antibody that is "the

product of or "derived from" a particular human germHne immunoglobulin sequence may

contain amino acid differences as compared to the germline sequence, due to, for example,

naturally occurring somatic mutations or intentional introduction of site-directed mutation.

However, a selected human antibody typically is at least 90% identical in amino acids

sequence to an amino acid sequence encoded by a human germline immunoglobulin gene

and contains amino acid residues that identify the human antibody as being human when

compared to the germline immunoglobulin amino acid sequences of other species (e.g.,

murine germline sequences). In certain cases, a human antibody may be at least 60%, 70%,

80%, 90%, or at least 95%, or even at least 96%, 97% 98%, or 99% identical in amino acid

sequence to the amino acid sequence encoded by the germline immunoglobulin gene.

Typtealy, a human antibody derived from a particular human germline sequence will display

no more than 10 amino acid differences from file ammo acid sequence encoded by the

human germHne immunoglobulin gene. In certain cases, the human antibody may display no

more than 5, or even no more than 4, 3, 2, or 1 amino acid difference from the amino acid

sequence encoded by the germHne immunoglobulin gene.

Homologous antibodies

In yet another embodiment, an antibody of the invention has full length heavy and light chain

amino acid sequences; ful length heavy and light chain nucleotide sequences, variable

region heavy and light chain nucleotide sequences, or variable region heavy and light chain

amino acid sequences that are homologous to the amino acid and nucleotide sequences of

the antibodies described herein, and wherein the antibodies retain the desired functional

properties of the anti-IL12Rβ1 antibodies of the invention.

For example, the invention provides an isolated recombinant antibody (or a binding protein

comprising an antigen binding portion thereof) comprising a heavy chain variable region and

a light chain variable region, wherein: the heavy chain variable region is at least 80%, or at

least 90% identical to an amino acid sequence selected from the group consisting of SEQ IO

NOs.29-32; the light chain variable region is at least 80%, or at least 90% identical to an

amino acid sequence selected from the group consisting of SEQ ID NOs:25-28; the antibody

specifically binds to IL12Rβ1, and the antibody exhibits at least one of the following



functional properties: it inhibits IL12 and IL23 binding to IL12Rβ1, it inhibits IL12

dependent IFNy production in human blood ceil, it inhibits IL23 dependent IFNγ production in

human blood ceH, or it inhibits IL12 ex vivo IFN-γ production in primate blood cells.

In another example, the invention provides an isolated recombinant antibody comprising a

full length heavy chain and a full length light chain, wherein: the variable heavy chain is

encoded by a nucleotide sequence that is at least 80%, or at least 90% identical to a

nucleotide sequence selected from the group consisting of SEQ ID NOs 37-40; the variable

light chain is encoded by a nucleotide sequence that is at least 80%, or at least 90% identical

to a nucleotide sequence selected from the group consisting of SEQ ID NOs 33-36; the

antibody specifically binds to IL12Rβ1, and the antibody exhibits at least one of the following

functional properties: it inhibits IL12 and IL23 binding to IL12R β1, it inhibits IL12 dependent

IFNγ production in human blood cells, it inhibits IL23 dependent IFNγ production in human

blood celte, or it inhibits IL12 ex vivo IFN-γ production in primate blood eels.

In various embodiments, the antibody may exhibit one or more, two or more, three or more,

or four of the functional properties discussed above. The antibody can be, for example, a

human antibody, a humanized antibody or a chimeric antibody. Preferably the antibody is a

fully human silent IgGI antibody.

In other embodiments, the VH and/or VL amino add sequences may be 50%, 60%, 70%,

80%, 90%. 95%, 96%, 97%, 98% or 99% identical to the sequences set forth above. In other

embodiments, the VH and/or V amino acid sequences may be identical except an amino acid

substitution in no more than 1, 2, 3, 4 or 5 amino acid position. An antibody having VH and VL

regions having high (i. e., 80% or greater) identity to the VH and VL regions of SEQ ID NOs

29-32 and SEQ ID NOs 25-28 respectively, can be obtained by mutagenesis (e.g., site-

directed or PCR-mediated mutagenesis) of nucleic add molecules encoding SEQ ID NOs:

37-40 and 33-36 respectively, followed by testing of the encoded altered antibody for

retained function (i. e., the functions set forth above) using the functional assays described

herein.

As used herein, the percent identity between the two sequences is a function of the number

of identical positions shared by the sequences (i. e., % identity = # of identical positions/total

# of positions x 100), taking into account the number of gaps, and the length of each gap,

which need to be introduced for optimal alignment of the two sequences. The comparison of

sequences and determination of percent identity between two sequences can be

accomplished using a mathematical algorithm, as described below.



The percent ident ity between two amino acid sequences can be determined using the

algorithm of E. Meyers and W. Miller (Comput Appl. Biosci ., 4:1 1 17, 1988) wh ich has been

incorporated into the AUGN program (version 2.0), using a PAM120 weight residue table, a

gap length penalty of 12 and a gap penalty of 4 . Alternatively, the percent identity between

two amino acid sequences can be determined using the Needteman and Wunsch (J. MoI,

Biol. 48:444-453, 1970) algorithm which has been incorporated into the GAP program in the

GCG software package (available at http://www.gcg.co m), using either a Blossom 62 matrix

or a PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6. or 4 and a length weight of 1,

2, 3, 4, 5, or 6.

Antibod ies with conservative mod ificat ions

In certain embodiments, an ant ibody of the invent ion has a heavy chain vari able reg ion

comprising CDR1 , CDR2, and CDR3 sequences and a light chain vari able reg ion comprising

CDR1, CDR2, and COR3 sequences, where in one or more of these CDR sequences have

specified amino acid sequences based on the antibod ies described herein or conservative

modifications thereof, and where in the antibodies retain the des ired funct ional propert ies of

the antML12R01 antibodies of the invention. Accord ingly, the invention provides an isolated

recombinant antibody, comprising an antigen-b inding portion consisting of a heavy chain

vari able region comprising CDR1 , CDR2, and COR3 sequences and a light chain vari able

region comprising CDR1, CDR2, and CDR3 sequences, where in: the heavy chain vari able

region CDR1 amino acid sequences are selected from the group consisting of SEQ ID

NOs: 1-4, and conservat ive modifications thereof; the heavy chain vari able region CDR2

amino ad d sequences are selected from the group consisting of SEQ ID NOs: 5-8, and

conservative modifications thereof; the heavy chain vari able region CDR3 amino acid

sequences are selected from the group cons isting of SEQ ID NOs: 9-12, and conservat ive

modifications thereof; the light chain vari able regions CDR1 amino acid sequences are

selected from the group consisting of SEQ ID NOs: 13-16, and conservative modifications

thereof; the light chain vari able regions CDR2 amino acid sequences are selected from the

group cons isting of SEQ ID NOs: 17-20, and conserv ative modifications thereof; the light

cham variable regions of CDR3 amino acid sequences are selected from the group

consisting of SEQ ID NOs: 21-24, and conservative modifications thereof; the antibody

specifically binds to IL12Rβ1, and the antibody exh ibits at least one of the follow ing

functional propert ies: it inhibits IL12 and IL23 binding to IL12Rβ1, it inhibits IL12 dependent

IFNy product ion in human blood cells, it inhibits IL23 dependent IFNy production in human

blood celts, or it inhibits IL12 ex vivo IFN-γ product ion in primate blood cells.



In various embodiments, the antibody may exhibit one or more, two or more, three or

more, or four of the functional properties listed discussed above. Such antibodies can be, for

example, human antibodies, humanized antibodies or chimeric antibodies.

In other embodiments, an antibody of the invention optimized for expression in a mammalian

cell has a full length heavy chain sequence and a full length light chain sequence, wherein

one or more of these sequences have specified amino add sequences based on the

antibodies described herein or conservative modifications thereof, and wherein the

antibodies retain the desired functional properties of the antML12R β1 antibodies of the

invention. Accordingly, the invention provides an isolated monoclonal antibody optimized for

expression in a mammalian cell consisting of a fui length heavy chain and a fufl length light

chain wherein: the full length heavy chain comprises variable amino acid sequences selected

from the group of SEQ ID NOs: 29-32, and conservative modifications thereof; and the full

length light chain comprises variable amino acid sequences selected from the group of SEQ

ID NOe: 25-28, and conservative modifications thereof; the antibody specifically binds to

IL12Rβ1; and the antibody exhibits at least one of the following functional properties: it

inhibits IL12 and IL23 binding to IL12Rβ1, it inhibits IL12 dependent IFNy production in

human blood cells, it inhibits IL23 dependent IFNγ production in human blood cells, or it

inhibits IL12 ex vivo IFN-γ production in primate blood celts.

In various embodiments, the antibody may exhibit one or more, two or more, or three or

more, or four of the functional properties Beted discussed above. Such antibodies can be, for

example, human antibodies, humanized antibodies or chimeric antibodies.

As used herein, the term "conservative sequence modifications" is intended to refer to amino

acid modifications that do not significantly affect or alter the binding characteristics of the

antibody containing the amino add sequence. Such conservative modifications include

amino acid substitutions, additions and deletions.

Conservative amino acid substitutions are ones in which the amino acid residue is replaced

with an amino acid residue having a similar side chain. Families of amino acid residues

having similar side chains have been defined in the art. These families include amino acids

with basic side chains (e.g., lysine, arginine, histidtne), acidic side chains (e.g., aspartic add,

glutamic acid), uncharged polar side chains (e.g., glydne, aeparagine, glutamine, serine,

threonine, tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine, valine, leudne,

isoteucine, proline, phenylalanine, methionine), beta-branched side chains (e.g.. threonine,

valine, isoieudne) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,

htstkϋne). Thus, one or more amino add residues within the CDR regions of an antibody of

the invention can be replaced with other amino acid residues from the same side chain



family, and the altered antibody can be tested for retained function using the functional

assays described herein.

Modifications can be introduced N o an antibody of the invention by standard techniques

known in the art, such as site-directed mutagenesis and PCR-mediated mutagenesis.

Antibodies that bind to the same epitope as antHL12RB1 antibodies of the invention

In another embodiment, the invention provides antibodies that bind to the same epitope as

do the various specific anti-IL12Rβ1 antibodies of the invention described herein.

Additional antibodies can therefore be identified based on their ability to cross-compete (e.g.,

to competitively inhibit the binding of), in a statistically significant manner with other

antibodies of the invention in standard IL12Rβ1 binding assays. The ability of a test antibody

to inhibit the binding of antibodies of the present invention to human IL12Rβ1 demonstrates

that the test antibody can compete with that antibody for binding to human IL12Rβ1; such an

antibody may, according to non-limiting theory, bind to the same or a related (e.g., a

structuraHy similar or spatiaRy proximal) epitope on human IL12Rβ1 as the antibody with

which it competes. In a certain embodiment, the antibody that binds to the same epitope on

human IL12Rβ1 as the antibodies of the present invention is a human recombinant antibody.

Such human recombinant antibodies can be prepared and isolated as described in the

Examples.

Engineered and modified antibodies

An antibody of the invention further can be prepared using an antibody having one or more of

the VH and/or VL sequences shown herein as starting material to engineer a modified

antibody, which modified antibody may have altered properties from the starting antibody. An

antibody can be engineered by modifying one or more residues within one or both variable

regions (i. e., VH and/or V ), for example within one or more COR regions and/or within one

or more framework regions. Additionally or alternatively, an antibody can be engineered by

modifying residues within the constant region(s), for example to alter the effector function(s)

of the antibody.

One type of variable region engineering that can be performed is CDR grafting. Antibodies

interact with target antigens predominantly through amino acid residues that are located in

the six heavy and light chain complementarity determining regions (CDRs). For this reason,

the amino acid sequences within CDRs are more diverse between individual antibodies than

sequences outside of CDRs. Because CDR sequences are responsible for most antibody-

anttgen interactions, it is possible to express recombinant antibodies that mimic the



properties of specific naturally occurring anttoodies by constructing expression vectors

that include CDR sequences from the specific naturafly occurring antibody grafted onto

framework sequences from a different antibody with different properties (see, e.g.,

Riechmann, L. et al., 1998 Nature 332:323-327; Jones, P. et a!., 1986 Nature 321:522-525;

Queen, C. et al., 1989 Proc Natl. Acad. See. U.SA 86 10029-10033; U.S. Patent No.

5,225,539 to Winter, and U.S. Patent Nos. 5,530,101; 5,585,089; 5.693,762 and 6,180,370 to

Queen et al.)

Accordingly, another embodiment of the invention pertains to an isolated monoclonal anti-

IL12Rβ1 antibody, comprising a heavy chain variable region comprising CDR1 sequences

having an amino acid sequence selected from the group consisting of SEQ ID NOs: 1-4;

CDR2 sequences having an amino acid sequence selected from the group consisting of SEQ

ID NOs.5-8; CDR3 sequences having an amino acid sequence selected from the group

consisting of SEQ ID NOs:9-12, respectively; and a light chain variable region having CDR1

sequences having an amino acid sequence selected from the group consisting of SEQ ID

NOs: 13-16; CDR2 sequences having an amino acid sequence selected from the group

consisting of SEQ ID NOs: 17-20; and CDR3 sequences having an amino acid sequence

selected from the group consisting of SEQ ID NOs: 21-24, respectively. Thus, such

antibodies contain the VH and VL CDR sequences of monoclonal antibodies, yet may contain

different framework sequences from these antibodies.

Such framework sequences can be obtained from pubBc DNA databases or published

references that include germline antibody gene sequences. For example, germline DNA

sequences for human heavy and light chain variable region genes can be found in the

"VBase" human germline sequence database (available on the Internet at www.mrc-

cpe.cam.ac.uk/vbase), as well as in Kabat, E. A., et al., 1991 Sequences of Proteins of

Immunological Interest Fifth Edition, U.S. Department of Health and Human Services, NIH

Publication No. 91-3242; Tomltnson, I . M., et al., 1992 J. MoI. Biol. 227:776-798; and Cox, J.

P. L . et al , 1994 Eur. J Immunol. 24:827-836.

An example of framework sequences for use in the antibodies of the invention are those that

are structurally similar to the framework sequences used by selected antibodies of the

invention, e.g., consensus sequences and/or framework sequences used by monoclonal

antibodies of the invention. The VH CDR1, 2 and 3 sequences, and the V CDR 1, 2 and 3

sequences, can be grafted onto framework regions that have the identical sequence as that

found in the germline immunoglobulin gene from which the framework sequence derive, or

the CDR sequences can be grafted onto framework regions that contain one or more

mutations as compared to the germline sequences. For example, it has been found that in

certain instances it is beneficial to mutate residues within the framework regions to maintain



or enhance the antigen binding ability of the antibody (see e.g., U.S. Patent Nos.

5,530,101; 5,585,089; 5,693,762 and 6.180.370 to Queen et al).

Another type of variable region modification iβ to mutate ammo acid residues within the VH

and/or V CDR 1, CDR2 and/or CDR3 regions to thereby improve one or more binding

properties (e.g., affinity) of the ant ibody of interest, known as "affinity maturation." Site-

directed mutagenes is or PCR-med iated mutagenesis can be performed to introduce the

mutation(s) and the effect on antibody binding, or other functional property of interest, can be

evaluated in in vitro or in vivo assays as described herein and provided in the Examples.

Conservative modificat ions (as discussed above) can be introduced. The mutations may be

amino acid subst itutions, additions or deletions. Moreover, typicaβy no more than one. two,

three, four or five residues within a CDR region are altered.

Accord ingly, in another embodiment, the invention provides isolated anti-IL12Rβ1

monoclonal antibodies comprising a heavy chain variable region having: a VH CDR1 region

consist ing of an amino acid sequence selected from the group having SEQ ID NOs: 1-4 or an

amino acid sequence having one, two, three, four or f ive amino acid substitutions, deletions

or additions as compared to SEQ ID NOs: 1-4; a V H CDR2 region having an amino acid

sequence selected from the group consist ing of SEQ ID NOs: 5-8, or an amino acid

sequence having one, two, three, four or f ive amino acid substitutions, deletions or additions

as compared to SEQ ID NOs: 5-8; a VH CDR3 reg ion having an amino acid sequence

selected from the group consist ing of SEQ ID NOs: 9-12, or an amino acid sequence having

one, two, three, four or five amino acid substitutions, deletions or additions as compared to

SEQ ID NOs 9-12; a VL CDR1 region having an amino ad d sequence selected from the

group consist ing of SEQ ID NOs: 13-16, or an amino acid sequence having one, two, three,

four or five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 13-

16; a V CDR2 region having an amino acid sequence selected from the group consisting of

SEQ ID NOs: 17-20, or an amino acid sequence having one, two, three, four or five amnio

acid substitutions, deletions or additions as compared to SEQ ID NOs: 17-20; and a VL

CDR3 region hav ing an amino acid sequence selected from the group consisting of SEQ ID

NOs: 21-24, or an amino acid sequence having one, two, three, four or f ive amino acid

substitutions, deletions or additions as compared to SEQ ID NOs: 21-24.

Grafting antigen-binding domains into alternat ive fr ameworks or scaffolds

A wide variety of antibody/immunoglobυlin frameworks or scaffolds can be employed so long

as the resulting polypeptide Includes at least one binding region which spec ifically binds to

IL12R01. Such frameworks or scaffolds include the 5 main kl iotypes of human

immunoglobulins, or fragments thereof (such as those disclosed elsewhere herein), and



include immunoglobulins of other animal species, preferably having humanized aspects.

Single heavy-chain antibodies such as those identified in camelids are of particular interest in

this regard. Novel frameworks, scaffolds and fragments continue to be discovered and

developed by those skilled in the art.

In one aspect, the invention pertains to generating non-immunogfobulin based antibodies

using non-knmunoglobu§n scaffolds onto which CDRs of the invention can be grafted.

Known or future non-immunoglobiribi frameworks and scaffolds may be employed, as long

as they comprise a binding region specific for the target protein of SEQ ID NO: 41. Such

compounds are referred herein as "polypeptides comprising a target-specific binding region".

Examples of non-immunoglobulin framework are further described in the sections below

(camelid antibodies and non-antibody scaffold).

Camelid antibodies

Antibody proteins obtained from members of the camel and dromedary {Camβ υs bactrianus

and Calθtυs dromadβrius) family including new work! members such as Kama species (Lama

paccos. Lama giama and Lama vicugna) have been characterized with respect to size,

structural complexity and antigenicity for human subjects. Certain IgG antfoodies from this

family of mammals as found in nature lack light chains, and are thus structurally distinct from

the typical four chain quaternary structure having two heavy and two light chains, for

antibodies from other animals. See PCTTEP93/022 14 (WO 94/04678 published 3 March

1994).

A region of the camelid antibody which is the smal single variable domain identified as V H

can be obtained by genetic engineering to yield a small protein having high affinity for a

target, resulting in a low molecular weight antibody-derived protein known as a "camelld

nanobody". See U.S. patent number 5,759,808 issued June 2, 1998; see also Stijtemans, B.

et al , 2004 J Biol Chem 279: 1256-1261; DumouKn, M. et al., 2003 Nature 424: 783-788.

Pteschberger, M. et al. 2003 Bioconjugate Chem 14: 440-448; Cortez-Retamozo, V. et al.

2002 lrrt J Cancer 89: 456-62; and Lauwereys, M. et al. 1998 EMBO J 17: 3512-3520.

Engineered libraries of camelid antibodies and antibody fragments are commercially

available, for example, from AbJynx, Ghent, Belgium. As with other antibodies of non-human

origin, an amino acid sequence of a camelid antibody can be altered recombinant^ to obtain

a sequence that more closely resembles a human sequence, i.e., the nanobody can be

"humanized . Thus the natural low antigenicity of camelid antibodies to humans can be

further reduced.

The camelid nanobody has a molecular weight approximately one-tenth that of a human IgG

molecule and the protein has a physical diameter of only a few nanometers. One



consequence of the small size is the ability of cametid nanobodies to bind to antigen ic

sites that are funct iona y inv isible to larger antibody prote ins, i.e., camelid nanobod ies are

useful as reagents detect antigens that are otherw ise crypt ic us ing classical immunolog ical

techniques, and as poss ible therapeut ic agents. Thus yet another consequence of smaβ size

is that a camelid nanobody can inhibit as a result of binding to a specific site in a groove or

narrow cleft of a target prote in, and hence can serve in a capacity that more closely

resembles the funct ion of a classical low molecular we ight drug than that of a classical

ant ibody.

The low molecular weight and compact size further result in camelid nanobod ies be ing

extremely ther mostable, stable to extreme pH and to proteolyt ic digest ion, and poorly

antigen ic. Another consequence is that camelid nanobod ies readily move from the circulatory

system into tissues, and even cross the blood-br a barrier and can treat disorders that affect

nervous tissue. Nanobod ies can further facilitated drug transport across the blood brain

barrier. See U.S. patent application 20040161738 publ ished August 19, 2004. These

features combined w ith the low antigen icity to humans indicate great therapeut ic potenti al .

Further, these molecules can be fully expressed in prokaryotic cells such as colt and are

expressed as fusion proteins with bacter iophage and are funct ional .

Accord ingly, a feature of the present invention is a camelid antibody or nanobody having high

af finity for IL12Rβ1. In certain embod iments here in, the camelid antibody or nanobody is

naturally produced in the camelid animal, i .e., is produced by the camelid follow ing

immun ization w ith IL12Rβ1 or a pept ide fragment thereof, using techn iques descr ibed herein

for other antibod ies. Alternatively, the antML12R β1 camelid nanobody is engineered, i.e.,

produced by selection for example from a library of phage displaying appropr iately

mutagen ized cameHd nanobody prote ins using panning procedures with IL12Rβ1 as a target

as descr ibed in the examples here in . For example, the antWL12Rβ1 camelid nanobody is

selected among those that inh ibit IL12 and IL23 binding to IL12Rβ1 and/or inhibit IL12

induced IFNγ product ion in human blood ceHs, and/or inhibit IL23 induced IFNγ product ion in

human blood cells, the correspond ing assays being descr ibed in the Examples.

Engineered nanobod ies can further be customized by genet ic eng ineer ing to have a half life

in a recipient subject of from 45 minutes to two weeks. In a spec ific embodiment, the camelid

antibody or nanobody is obtained by grafting the CDRs sequences of the heavy or light chain

of the human antibodies of the invent ion into nanobody or single domain antfcody framework

sequences, as described for example in PCT/EP93/02214.

Non-antibodv scaffold



Known nofv immunogtobuJin frameworks or scaffolds include, but are not limited to,

Adnect ins (fibronect in) (Compound Therapeut ics, Inc., Waltham , MA), ankyr in (Molecular

Partners AG1 Zurich, Sw itzerland), domain antibodies (Domante, Ltd (Cambridge, MA) and

Abiynx nv (Zwfn aarde, Belgium)), tipocan'n (Anticalin) (Pleris Protβolab AG 1 Fretsing,

Germany), smaHmodular immuno-pharmacβutica (Trubion Pharmaceut icals Inc., Seattle,

WA). maxybodtβs (Avid ia, Inc. (Mountain V iew, CA)), Protein A (Affibody AG, Sweden) and

af filin (gamma-crysta in or ubiquitm) (Soil Proteins GmbH, Haββ , Germany), prote in epitope

mimetics (Polyphor Ltd, AUschwH, Sw itzertand).

(i) Fibronect in scaffokJ

The fibronect in scaffolds are based preferably on fibronect in type III domain (e.g., the tenth

module of the fibronect in type III (10 Fn3 domain)). The fibronect in type III domain has 7 or 8

beta strands which are d istr ibuted between two beta sheets, which themselves pack against

each other to form the core of the protein, and further containing loops (analogous to CORs)

which connect the beta strands to each other and are solvent exposed. There are at least

three such loops at each edge of the beta sheet sandwich, where the edge is the boundary

of the prote in perpend icular to the direction of the beta strands (US 6,818,418).

These fibronect in-basβd scaffolds are not an immunoglobul in, although the overall fold is

closely related to that of the smallest funct ional antibody fragment, the variable region of the

heavy chain, wNch comprises the entire antigen recogn ition unit in camel and llama IgG.

Because of this structure, the non-immunoglobul in antibody mimics antigen bind ing

propert ies that are similar in nature and affinity to those of antibod ies. These scaffolds can be

used in a loop randomization and shuffling strategy in vitro that is similar to the process of

affinity maturation of ant ibodies in yivo. These ffcronect in-based molecules can be used as

scaffolds where the loop regions of the molecule can be replaced w ith CDRs of the invent ion

using standard cloning techn iques.

(ii) Ankyrin Moiecuiar Partners

The technology is based on using proteins with ankyrin derived repeat modules as scaffolds

for bearing vari able regions which can be used for binding to different targets. The ankyr in

repeat module is a 33 amino acid polypept ide cons ist ing of two anti-para βl α-hβ lices and a

(Mum . Binding of the vari able reg ions is mostly optimized by using ribosome display .

(in) Maxybod ies/Av imers - Avidia

Avimers are derived from natural A-domain containing protein such as LRP- 1. These

domains are used by nature for protein-prote in interactions and in human over 250 prote ins

are structur ally based on A-domains. Avimers cons ist of a number of different "A-domain*



monomers (2-10) linked via amino add linkers. Avimβrs can be created that can bind to

the target antigen using the methodology described in, for example, 20040175756;

20050053973; 20050048512; and 20060008844.

(vi) Protein A - Affibody

Affibody affinity lgands are smafl, simple proteins composed of a three-helix bundle based

on the scaffold of one of the IgG-binding domains of Protein A. Protein A is a surface protein

from the bacterium Staphylococcus aureus. This scaffold domain consists of 58 amino acids,

13 of which are randomized to generate Affibody® libraries with a large number of Kgand

variants (See e.g., US 5,831,012). Affibody® molecules mimic antibodies; they have a

molecular weight of β kθ a, compared to the molecular weight of antibodies, which is 150

kθ a. In spite of its small size, the binding site of Affibody® molecules is similar to that of an

antibody.

(v) AntJcatins - Pieris

Antjcalins® are products developed by the company Pieris ProteoLab AQ. They are derived

from HpocaHns, a widespread group of smafl and robust proteins that are usually involved in

the physiological transport or storage of chemica y sensitive or insoluble compounds.

Several natural tipocaJinβ occur in human tissues or body liquids.

The protein architecture is reminiscent of immunoglobulins, with hypervariable loops on top

of a rigid framework. However, in contrast with antibodies or their recombinant fragments,

lipocaMns are composed of a single polypeptide chain with 160 to 180 amino acid residues,

being just marginally bigger than a single immunoglobulin domain.

The set of four loops, which makes up the binding pocket, shows pronounced structural

plasticity and tolerates a variety of side chains. The binding site can thus be reshaped in a

proprietary process in order to recognize prescribed target molecules of different shape with

high affinity and specificity.

One protein of lipocalin family, the bUin-binding protein (BBP) of Pieris Brassicae has been

used to develop anticalins by mutageniztng the set of four loops. One example of a patent

application describing "anticaHns" is PCT W0 199916873.

(vi) Affilin - SdI Proteins

Affilin™ molecules are small non-immunoglobulin proteins which are designed for specific

affinities towards proteins and small molecules. New Affilin™ molecules can be very quickly

selected from two libraries, each of which is based on a different human derived scaffold

protein.



Affln™ molecules do not show any structural homology to immunoglobulin proteins.

SdI Proteins employs two Affil in™ scaffolds, one of which is gamma crystalline, a human

structural eye lens protein and the other is "ubiquitin" superfamfty proteins. Both human

scaffolds are very small, show high temperature stability and are almost resistant to pH

changes and denatur ing agents. This high stability is mainly due to the expanded beta sheet

structure of the proteins. Examples of gamma crystalline derived proteins are descr ibed in

WO200104144 and examples of "ubk»uitin-likeHproteins are descr ibed in WO2004 106368

(vil) Protein Epitope Mimet ic* (PEM)

PEM are med ium-sized, cycl ic , peptide-Bke molecules (MW 1-2kDa) mimicking beta-hairpin

secondary structures of proteins, the major secondary structure involved in protein-prote in

interact ions.

Framework or Fc enoJneering

Engineerβd antibodies of the invention include those in which modificat ions have been made

to framework residues within VH and/or Vt , e.g. to improve the properties of the antibody.

Typically such framework modifications are made to decrease the tmrnunogentaty of the

antibody. For example, one approach is to "backmutate" one or more framework residues to

the correspond ing germline sequence. More specifically, an antibody that has undergone

somatic mutat ion may contain framework residues that differ from the germline sequence

from which the antibody is derived. Such residues can be identified by comparing the

ant ibody framework sequences to the germ ne sequences from which the antibody is

derived. To return the framework region sequences to their germline configurat ion, the

somatic mutations can be "backmutated" to the germHne sequence by, for example, site-

directed mutagenes is or PCR-med iated mutagenesis. Such "backmutatecT antibodies are

also intended to be encompassed by the invent ion.

Another type of framework modification involves mutating one or more residues within the

framework region, or even with in one or more CDR regions, to remove T cell -epitopes to

thereby reduce the potential immunogen ic of the antibody This approach is also referred

to as "deimmunization" and is descr ibed in further detail in U.S. Patent Publicat ion Mo.

20030153043 by Carr et al .

In addition or alternat ive to modifications made within the framework or CDR regions,

antibodies of the invention may be engineered to include modifications within e Fc region,

typically to alter one or more funct ional propert ies of the antibody, such as serum half-life,

complement fixat ion, Fc receptor binding, and/or antigen-dependent cellular cytotox icity.

Furthermore, an antibody of the invention may be chemically modified (e.g., one or more



chemical moieties can be attached to the antibody) or be modified to after its

glycosy iation, again to alter one or more funct ional properties of the antibody. Each of these

embod iments is descr ibed in further detail below. The number ing of res idues in the Fc reg ion

is that of the EU index of Kabat .

In one embod iment, the hinge reg ion of CH1 is modified such that the number of cyste ine

residues in the hinge region is altered, e.g., increased or decreased. This approach is

described further in U.S. Patent No. 5,677,425 by Bodmer et al. The number of cyste ine

residues in the hinge reg ion of CH1 is altered to, for example, facilitate assembly of the light

and heavy chains or to increase or decre ase the stability of the ant ibody.

In another embodiment, the Fc hinge region of an antibody is mutated to decrease the

biolog ical half-l ife of the antibody. More spec ifically, one or more amino acid mutations are

introduced into the CH2-CH3 domain interf ace reg ion of the Fc-hmge fragment such that the

antibody has impaired Staphytococcyt prote in A (SpA) bind ing relat ive to native Fc-h inge

domain SpA bind ing. This approach is descr ibed in further detail in U.S. Patent No.

6,165,745 by Ward et a

In another embod iment, the antibody is modified to increase its biolog ical half-l ife. Various

approaches are poss ible. For example, one or more of the follow ing mutations can be

introduced: T252L, T254S, T256F, as described in U.S. Patent No. 6,277,375 to W ard.

Altern atively, to increase the biolog ical half Hfe, the antibody can be altered w ithin the CH1 or

CL region to contain a salvage receptor binding epitope taken from two loops of a CH2

domain of an Fc reg ion of an IgG, as described in U.S. Patent Nos. 5,869,046 and 6,121,022

by Presta et al .

In yet other embod iments, the Fc reg ion is altered by replacing at least one amino acid

residue w ith a different amino ad d res idue to alter the effector funct ions of the antibody. For

example, one or more amino acids can be replaced w ith a different amino ad d residue such

that the antibody has an altered affinity for an effector ϋgand but retains the antigen-b ind ing

ability of the parent antibody. The effector ligand to wh ich affinity is altered can be, for

example, an Fc receptor or the C 1 component of complement. This approach is described m

further detail in U.S. Patent Nos. 5,624,821 and 5,648,260, both by W inter et al .

In another embodiment, one or more amino ac ids selected from amino acid residues can be

replaced with a different amino acid residue such that the antibody has altered C1q binding

and/or reduced or abolished complement dependent cytotox icity (CDC). This approach is

described in further det ail in U.S. Patent Nos. 6,194,551 by idusog ie et at .



In another embodiment, one or more amino acid residues are altered to thereby alter

the ability of the antibody to fix complement This approach is described further in PCT

Publication W O 94/29351 by Bodmer et at.

In yet another embodiment, the Fc region is modified to increase the abtfity of the antibody to

mediate antibody dependent cellular cytotoxicity (/UXC) and/or to increase the affinity of the

antibody for an Fcγ receptor by modifying one or more amino acids. This approach is

described further in PCT Publication WO 00/42072 by Presta. Moreover, the binding sites on

human IgGI for FcyRI, Fcγ RII, FcyRIII and FcRn have been mapped and variants with

improved binding have been described (see Shields, R L et al., 2001 J. Biol. Chen.

276:6591 -«604).

In certain embodiments, the Fc domain of Ig61 isotype is used. In some specific

embodiments, a mutant variant of IgGI Fc fragment is used, e.g. a silent IgGI Fc which

reduces or eliminates the ability of the fusion polypeptide to mediate antibody dependent

cellular cytotoxicity (AOCC) and/or to bind to an Fey receptor. An example of an IgGI isotype

s nt mutant wherein Leucine residue is replaced by Alanine residue at amino acid positions

234 and 235 as described in J. vlroi 2001 Dβc;75(24):i2i βi-8 by Hezareh et al,

In certain embodiments, the Fc domain is a mutant preventing glycosylates at residue at

position 297 of Fc domain. For example, the Fc domain contains an amino acid substitution

of asparagtne residue at position 297. Example of such amino acid substitution is the

replacement of N297 by a glycine or an alanine.

In still another embodiment, the glycosylate of an antibody is modified. For example, an

aglyco8lated antibody can be made (i.e., the antibody lacks gfycosylation). Glycosylation can

be altered to, for example, increase the affinity of the antibody for the antigen. Such

carbohydrate modifications can be accomplished by; for example, altering one or more sites

of glycosytatton within the antibody sequence. For example, one or more amino acid

substitutions can be made that result in elimination of one or more variable region framework

glycosylation sites to thereby eliminate glycosylation at that site. Such aglycosyiation may

increase the affinity of the antibody for antigen. Such an approach is described in further

detail in U.S. Patent Nos. 5,714,350 and 6,350,861 by Co et al.

Additionally or alternatively, an antibody can be made that has an altered type of

glycosylation. such as a hypofucosylated antibody having reduced amounts of fucosy!

residues or an antibody having increased bisecting GJcNac structures. Such altered

glycosylation patterns have been demonstrated to increase the AOCC ability of antibodies.

Such carbohydrate modifications can be accomplished by, for example, expressing the

antibody in a host cell with altered glycosylation machinery. Ceils with altered glycosylation



machinery have been described in the art and can be used as host celts in which to

express recombinant antibodies of the invention to thereby produce an antibody with altered

glycosytøtion. For example, EP 1,176,195 by Hang et ai. describes a ceN line with a

functionally disrupted FUT8 gene, which encodes a fucosyi transferase, such that antibodies

expressed in such a cell line exhibit hypofucosylation. Therefore, in one embodiment, the

antibodies of the invention are produced by recombinant expression tn a ceil line which

exhibit hypofucosyiation pattern, for example, a mammalian ceH line with deficient expression

of the FUT8 gene encoding fucosyttransferase. PCT Publication WO 03/035835 by Presta

describes a variant CHO cell Kne, Lecl3 cells, with reduced ability to attach fucose to

Asn(297)-8nked carbohydrates, also resulting in hypofucosyiation of antibodies expressed in

that host cell (see also Shields, R L . et al., 2002 J. Bio). Chem. 277:26733-26740). PCT

Publication WO 99/54342 by Umana et al. describes eel lines engineered to express

gfycoprotein-modffying glycosyi transferases (e.g., beta(1,4)-N acetylglucosamtnyttransferase

III (GnTIII)) such that antibodies expressed in the engineered cell Ikies exhibit increased

bisecting GlcNac structures which results in increased ADCC activity of the antibodies (see

also Umana et al., 1999 Nat. Biotech. 17:176-180). Alternatively, the antibodies of the

invention can be produced in a yeast or a fOamerrtous fungi engineered for mammaiian-like

glycosylate pattern, and capable of producing antibodies lacking fucose as glycosyiation

pattern (see for example EP1297172B1).

Another modification of the antibodies herein that is contemplated by the invention is

pegytetion. An antibody can be pegylated to, for example, increase the biological (e.g.,

serum) half-life of the antibody. To pegylate an antibody, the antibody, or fragment thereof,

typically is reacted with polyethylene glycol (PEG), such as a reactive ester or aldehyde

derivative of PEG, under conditions in which one or more PEG groups become attached to

the antibody or antibody fragment. The pegylation can be carried out by an acylattoπ reaction

or an alkvlation reaction with a reactive PEG molecule (or an analogous reactive water-

solubte polymer). As used herein, the term "polyethylene glycol" is intended to encompass

any of the forms of PEG that have been used to derivatize other proteins, such as mono (C1-

C10) aikoxy- or arytoxy-polyethyfene glycol or polyethylene grycol-maleimide. In certain

embodiments, the antibody to be pegylated is an agtycosyiated antibody. Methods for

pegylafmg proteins are known in the art and can be applied to the antibodies of the invention.

See for example. EP 0 154 316 by Nishimura et al. and EP 0 401 384 by Ishikawa et al.

Another modification of the antibodies that is contemplated by the invention is a conjugate or

a protein fusion of at least the antigen-binding region of the antibody of the invention to

serum protein, such as human serum albumin or a fragment thereof to increase half-life of



the resulting molecule. Such approach is for example described in BaHance et al.

EP0322094.

Another possibility is a fusion of at least the antigen-binding region of the antibody of the

invention to proteins capable of binding to serum proteins, such human serum albumin to

increase half life of the resulting molecule. Such approach is for example described in

Nygren et al., EP 0 486 525.

Methods of engineering altered antibodies

As discussed above, the antWL12Rβ1 antibodies having VH and VL sequences or full length

heavy and light chain sequences shown herein can be used to create new antML12Rβ1

antibodies by modifying full length heavy chain and/or light chain sequences, VH and/or V

sequences, or the constant region{s) attached thereto. Thus, in another aspect of the

invention, the structural features of an anti-IL12R β1 antibody of the invention are used to

create structurally related antML12R β1 antibodies that retain at least one functional property

of the antibodies of the invention, such as binding to human IL12Rβ1 and also inhfciting one

or more functional properties of IL12Rβ1 (e.g., inhibiting IL12 and/or IL23 binding to (L12Rβ1,

inhibiting IM 2 induced IFNγ production in blood celts, etc...).

For example, one or more COR regions of the antibodies of the present invention, or

mutations thereof, can be combined recombmantty with known framework regions and/or

other CDRs to create additional, recombinantly-engineered, antHL12R β1 antibodies of the

invention, as discussed above. Other types of modifications include those described in the

previous section. The starting material for the engineering method is one or more of the VH

and/or VL sequences provided herein, or one or more CDR regions thereof. To create the

engineered antibody, it is not necessary to actually prepare (i.e., express as a protein) an

antibody having one or more of the VH and/or VL sequences provided herein, or one or more

CDR regions thereof. Rattier, the information contained in the sequence(s) is used as the

starting material to create a "second generation" sequence(s) derived from the original

sequence(s) and then the "second generation" sequencers) is prepared and expressed as a

protein.

Accordingly, in another embodiment, the invention provides a method for preparing an anti-

IL12R01 antibody consisting of. a heavy chain variable region antibody sequence having a

CDR1 sequence selected from the group consisting of SEQ ID NOs: 1-4, a CDR2 sequence

selected from the group consisting of SEQ ID NOs: 5-8 and/or a CDR3 sequence selected

from the group consisting of SEQ ID NOs: 9-12; and a light chain variable region antibody

sequence having a CDR1 sequence selected from the group consisting of SEQ ID NOs: 13-



16, a CDR2 sequence selected from ( e group consisting of SEQ ID NOs: 17 20 and/or

a CDR3 sequence selected from the group consisting of SEQ ID NOs. 21-24; altering at least

one amino acid residue within the heavy chain variable region antibody sequence and/or the

tight chain variable region antibody sequence to create at least one altered antibody

sequence; and expressing the altered antibody sequence as a protein.

Accordingly, in another embodiment, the invention provides a method for preparing an aπti-

IL12R β1 antibody optimized for expression in a mammalian cefl consisting of a full length

heavy chain antibody sequence comprising a variable sequence selected from the group of

SEQ ID NOe: 29-32; and a full length light chain antibody sequence comprising a variable

sequence selected from the group of 25-28; altering at least one amino acid residue within

the full length heavy chain antibody sequence and/or the full length Kght chain antibody

sequence to create at least one altered antibody sequence; and expressing the altered

antibody sequence as a protein.

The altered antibody sequence can also be prepared by screening antibody libraries having

unique heavy and light CDR3 sequences selected among the group consisting of SEQ ID

NO: 9-12 and SEQ ID NO: 21-24 respectively, or minimal essential binding determinants as

described in US20050255552, and a diversity on CDR1 and CDR2 sequences. The

screening can be performed according to any screening technology appropriate for screening

antibodies from antibody libraries, such as phage display technology.

Standard molecular biology techniques can be used to prepare and express the altered

antibody sequence. The antibody encoded by the altered antibody sequence(s) is one that

retains one, some or all of the functional properties of the antML12R β1 antibodies described

herein, which functional properties include, but are not limited to. specifically binding to

human H_12Rβ1; and/or it inhibits IL12 and IL23 binding to IL12R β1 polypeptide; and/or it

inhibits IL12 induced IFNy production in human blood cells; it inhibits IL23 induced IFNy

production in human blood cells; and/or it inhibits IU 2 ex vivo IFN-γ production in primate

blood ceils.

The altered antibody may exhibit one or more, two or more, or three or more of the functional

properties discussed above.

The functional properties of the altered antibodies can be assessed using standard assays

available in the art and/or described herein, such as those set forth in the Examples (e.g.,

EUSAs).

In certain embodiments of the methods of engineering antibodies of the invention, mutations

can be introduced randomly or selectively along all or part of an anti-IL12R β1 antibody



cod ing sequence and the result ing modified anti-IL12Rp1 antibod ies can be screened

for bind ing act ivity and/or other funct ional propert ies as described herein. (Mutation al

methods have been descr ibed in the art. For example, PCT Publ icat ion WO 02/092780 by

Short describes methods for creat ing and screen ing ant ibody mutations using saturat ion

mutagenes is, synthet ic ligation assembly, or a combination thereof. Altern atively, PCT

Publ ication W O 03/074679 by Lazar et al . describes methods of using computational

screen ing methods to opt imize phys iocnβmical properties of antibod ies.

Ni K ic ac nrølecutes encc<llrκ3 antttxxl ieβ c ir nt ion

Another aspect of the invent ion pertains to nucle ic acid molecules that encode the antibod ies

of the invent ion. (Examples of variable light chain nucleot ide sequences are shown in SEQ ID

NOs: 33-36. Examples of vari able heavy chain nucleot ide sequences are shown in SEQ ID

NOs: 37-40. The invent ion also pertains to nucle ic acid molecules that derive from the latter

sequences of SEQ ID NOs: 33-40 hav ing been optimized for protein express ion in

mammalian cells, for example, CHO cell lines.

The nucle ic ac ids may be present in whole ceils, in a cell lysate, or may be nucle ic acids in a

partially purif ied or subst antially pure form . A nucle ic acid is "isolated" or "rendered

subst antially pure" when purif ied away from other cellular components or other cont aminants,

e.g., other cellul ar nucle ic acids or prote ins, by standard techn iques, includ ing alkalinβ/SDS

treatment, CsCI band ing, column chromatography, agarose gel electrophores is and others

well known in the art. See, F. AuβubeJ, et al., ed. 1987 Current Protocols in Molecul ar

Biology, Greene Publish ing and W iley InterscJence, New York. A nucle ic acid of the invent ion

can be, for example, DNA or RNA and may or may not contain intron ic sequences. In an

embod iment, the nucle ic acid is a cDNA molecule. The nucle ic ad d may be present in a

vector such as a phage d isplay vector, or in a recombinant plaβmid vector.

Nucle ic acids of the invent ion can be obtained using standard molecul ar biology techn iques.

For antibod ies expressed by hybrido mas (e.g., hybrido mas prepared from transgen ic mice

carrying human immunoglobul in genes as described further below), cDNAs encod ing the

BgM and heavy chains of the antibody made by the hybrido ma can be obtained by standard

PCR amplification or cDNA clon ing techn iques. For antibod ies obtained from an

immunoglobul in gene library (e.g., using phage d isplay techn iques), nucle ic acids encod ing

the antibody can be recovered from various phage clones that are members of the library.

Once DNA fragments encod ing VH and VL segments are obtained, these DNA fragments can

be further manipulated by standard recombinant DNA techn iques, for example to convert the

vari able reg ion genes to full-length antibody chain genes, to Fab fragment genes or to an

scFv gene. In these manipulations, a VL- or Vn-encod ing DNA fragment is oper ativβly linked



to another DNA molecule, or to a fragment encod ing another prote in, such as an

antibody constant reg ion or a flex ible linker. The term "operatively linked", as used in this

context, is intended to mean that the two DNA fragments are joined in a functional manner,

for example, such that the amino ad d sequences encoded by the two DNA fragments remain

in-frame, or such that the prote in is expressed under control of a des ired promoter.

The isolated DNA encod ing the VH region can be converted to a full-length heavy chain gene

by operatively linking the VΗ-encod ing DNA to another DNA molecule encod ing heavy chain

constant regions (CH1, CH2 and CHZ). The sequences of human heavy chain constant

region genes are known in the art (see e.g., Kabat , E. A., el al., 1991 Sequences of Prote ins

of Immunolog ical Interest Fifth Edition, U.S. Department of Health and Human Services, NIH

Publication No. 91-3242) and DNA fragments encompassing these reg ions can be obtained

by standard PCR amplification. The heavy chain constant reg ion can be an IgGI, lgG2,

lgG3, lgG4, IgA, IgE, IgM or IgD constant region. In some embodiments, the heavy chain

contstant region is selected among IgGI isotypes. For a Fab fragment heavy chain gene, the

Vκ-encoding DNA can be operatively linked to another DNA molecule encod ing only the

heavy chain CH1 constant region.

The isolated DNA encod ing the VL region can be converted to a full-length light chain gene

(as well as to a Fab light chain gene) by operatively linking the VL-encod ing DNA to another

DNA molecule encod ing the light chain constant region, CL. The sequences of human light

chain constant region genes are known in the art (see e.g., Kabat , E. A., et al., 1991

Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health

and Human Services, NIH Publication No. 91-3242) and DNA fragments encompassing

these regions can be obtained by standard PCR amplification. The light chain constant

region can be a kappa or a lambda constant reg ion.

To create an scFv gene, the VH- and VL-encod ing DNA fragments are operat ively linked to

another fragment encod ing a flex ible tinker, e.g., encod ing the amino acid sequence (Gly4 -

SeT)3, such that the VH and VL sequences can be expressed as a contiguous single-ch ain

prote in, with the VL and VH reg ions joined by the flex ible linker (see e.g., Bird et al., 1988

Science 242:423-426; Huston et at., 1988 Proc. Natl. Acad. Sd. USA 85:5879-5883;

McCaffβrty et al., 1990 Nature 348:552-554).

Generation of monoclonal antibodies of the invent ion

Monoclonal antibod ies (mAbs) can be produced by a variety of techn iques, includ ing

conventional monoclon al antibody methodology e.g., the standard somat ic cell hybrid ization

technique of Kohter and Milste in, 1975 Nature 256: 495. Many techniques for produc ing



monoclonal antibody can be employed e.g., viral or oncogenic transformation of B

lymphocytes.

An animal system for preparing hybridomaβ is the murine system. Hybridoma production in

the mouse is a wefl established procedure. Immunization protocols and techniques for

isolation of immunized ptenocytes for fusion are Known in the art. Fusion partners (e.g.,

murine myeloma cells) and fusion procedures are also known.

Chimeric or humanized antibodies of the present invention can be prepared based on the

sequence of a murine monoclonal antibody prepared as described above. DNA encoding the

heavy and light chain immunoglobulins can be obtained from the murine hybridoma of

interest and engineered to contain norwnurine (e.g.,. human) immunoglobulin sequences

using standard molecular biology techniques. For example, to create a chimeric antibody, the

murine variable regions can be linked to human constant regions using methods known in

the art (see e.g., U.S. Patent No. 4,816,567 to CabiBy et al.). To create a humanized

antibody, the murine COR regions can be inserted into a human framework using methods

known in the art. See e.g.. U.S. Patent No. 5225539 to Winter, and U.S. Patent Nos.

5530101 ; 5585089; 5693762 and 6180370 to Queen et al.

In a certain embodiment, the antibodies of the invention are human monoclonal antibodies.

Such human monoclonal antibodies directed against IL12Rβ1 can be generated using

transgenic or transchromosomic mice carrying parts of the human immune system rather

than the mouse system. These transgenic and transchromosomic mice include mice referred

to herein as HuMAb mice and KM mice, respectively, and are collectively referred to herein

as "human Ig mice."

The HuMAb mouse* (Medarex, Inc.) contains human immunoglobulin gene minifoci that

encode un-rearranged human heavy (µ and ) and K light chain immunoglobulin sequences,

together with targeted mutations that inactivate the endogenous µ and K chain loci (see e.g.,

Lonberg. et al., 1994 Nature 368(6474): 856-859). Accordingly, the mice exhibit reduced

expression of mouse IgM or K, and in response to immunization, the introduced human

heavy and light chain transgenes undergo class switching and somatic mutation to generate

high affinity human lgGκ monoclonal (Lonberg, N. et al., 1994 supra; reviewed in Lonberg,

N., 1994 Handbook of Experimental Pharmacology 113:49-101; Lonberg, N. and Huszar, D.,

1995 Intern. Rev. lmmunol.13: 65-93, and Harding, F. and Lonberg, N., 1995 Ann. N . Y.

Acad. Sά . 764:536 546). The preparation and use of HuMAb mice, and the genomic

modifications carried by such mice, is further described in Taylor, L. et al., 1992 Nucleic

Acids Research 20:6287-6295; Chen, J. et at., 1993 international Immunology 5: 647-656;

Tuailton et al., 1993 Proc Natl. Acad. Sd. USA 94:3720-3724; Choi et al., 1993 Nature



Genetics 4:117-123; Chen, J. et al., 1993 EMBO J. 12: 821-830; TuaWon et ai., 1994 J.

Immunol. 152:2912-2920; Taylor, L. et al., 1994 International Immunology 579-591; and

Fisbwild, D. et al., 1996 Nature Biotechnology 14: 845-851, the contents of all of which are

hereby specifically incorporated by reference in their entirety. See further, U.S. Patent Noβ.

5,545.806; 5,569,825; 5,625,126; 5,633,425; 5,789,650; 5,877,397; 5.661.016; 5,814.318;

5.874,299; and 5,770.429; afl to Lonberg and Kay; U.S. Patent No. 5,545,807 to SuraπJet al.;

PCT Publication Noβ. WO 92103918, WO 93/12227, WO 94/25585. WO 97113852, WO

98/24884 and WO 99/45962, all to Lonberg and Kay; and PCT Publication No. WO 01/14424

to Korman et al.

In another embodiment, human antibodies of the invention can be raised using a mouse that

carries human immunoglobulin sequences on transgenes and transchomosomes such as a

mouse that carries a human heavy chain transgene and a human light chain

transchromosome. Such mice, referred to herein as "KM mice", are described in detail in

PCT Publication WO 02/43478 to IshkJa et al.

StiN further, alternative transgenic animal systems expressing human immunoglobulin genes

are available in the art and can be used to raise anti-IL12R β1 antibodies of the invention. For

example, an alternative transgenic system referred to as the Xenomouse (Abgenix, Inc.) can

be used. Such mice are described in, e.g., U.S. Patent Nos. 5,939,598; 6,075,181;

6,1 14,598; 6, 150,584 and 6,162.963 to Kucherlapati et al.

Moreover, alternative transchromosomic animal systems expressing human immunoglobulin

genes are available in the art and can be used to raise antML12Rp1 anttoodies of the

invention. For example, mice carrying both a human heavy chain transchromosome and a

human light chain tranchromosome, referred to as T C mice" can be used; such mice are

described in Tomizuka et al., 2000 Proc. Natl. Acad. Sci. USA 97:722-727. Furthermore,

cows carrying human heavy and light chain transchromosomes have been described in the

art (Kuroiwa et al., 2002 Nature Biotechnology 20:889-894) and can be used to raise anti-

IL12Rβ1 antibodies of the invention.

Human recombinant antibodies of the invention can also be prepared using phage display

methods for screening libraries of human immunoglobulin genes. Such phage display

methods for isolating human antibodies are established in the art or described in the

examples below. See for example: U.S. Patent Nos. 5,223,409; 5,403,484; and 5,571,698 to

Ladner et al.; U.S. Patent Nos. 5,427,908 and 5,580,717 to Dower et al.; U.S. Patent Nos.

5,969,108 and 6.172,197 to McCafferty et al.; and U.S. Patent Nos. 5.885,793; 6,521,404;

6,544.731; 6,555,313; 8.582.915 and 6,593,081 to Griffiths et al.



Human monoclonal antibod ies of the invent ion can also be prepared using SCID mice

into which human immune ceBs have been reconstituted such that a human antibody

response can be generated upon immunization. Such mice are descr ibed in, for example,

U.S. Patent Nos. 5,476,996 and 5,698,767 to Wfteon et al .

Generation of hvbrtdomas produc ing: human monoclonal antibod ies

To generate hybridomas produc ing human monoclonal ant ibodies of the invention,

sptenocytes and/or lymph node cells from immunized mice can be isolated and fused to an

appropr iate immortalized cβH line, such as a mouse myeloma cell line. The result ing

hybridomas can be screened for the production of ant igen-spec ific ant ibodies. For example,

single ceH suspens ions of splenic lymphocytes from immunized mice can be fused to one-

sixth the number of P3X63-Ag8.653 nonsecret ing mouse myeloma cells (ATCC, CRL 1580)

with 50% PEG. Cells are plated at approximately 2 x 145 in flat bottom microl iter plates,

foHowed by a two week incubation in selective med ium containing 20% fetal Clone Serum,

18% "653" cond itioned media , 5% origen (IGEN), 4 mM L-glutamine, 1 mM sodium pyruvate,

5mM HEPES, 0:055 mM 2-mercaptoethanol, 50 units/ml peniciBin, 50 mg/ml streptomycin,

50 mg/ml gentamycin and 1X HAT (Sigma; the HAT is added 24 hours after the fusion). After

approximately two weeks, ceβs can be cultured in medium in which the HAT is replaced w ith

HT. Individual weRs can then be screened by ELISA for human monoclonal kjM and IgG

antibodies. Once extens ive hybridoma growth occurs, medium can be observed usually after

10-14 days. The antibody secret ing hybndomas can be repiated, screened again, and if still

positive for human IgG, the monoclon al antibodies can be sυbcloned at least twice by limiting

dilution. The stable subclones can then be cultured in vitro to generate small amounts of

antibody in tissue culture med ium for characterization.

To purify human monoclonal antibod ies, selected hybridomas can be grown in two-fiter

spinner-flasks for monoclonal antibody purification. Supernatants can be filtered and

concentrated before affinity chromatography with protein A-sepharose (Pharmacia,

Ptscataway, N.J.). Eluted IgG can be checked by gel electrophores is and high performance

liquid chromatography to ensure purity. The buffer solution can be exchanged into PBS, and

the concentration can be determined by OD
28O

using 1.43 extinction coefficient. The

monoclonal antibodies can be aliquoted and stored at -80° C.

Generation of transfectomas produdn α monoclonal antibod ies

Antibod ies of the invention also can be produced in a host cell transfectoma using, for

example, a comb ination of recombinant DNA techniques and gene transfection methods as

is well known in the art (e.g., Morrison, S. (1985) Science 229:1202).



For example, to express the antibodies, or antibody fragments thereof, DNAs encoding

partial or fulMength light and heavy chains, can be obtained by standard molecular biology

techniques (e.g., PCR amplification or cDNA cloning using a hybridoma that expresses the

antibody of interest) and the DNAs can be inserted into expression vectors such that the

genes are operatively linked to transcriptional and translational control sequences. In this

context, the term "operatively linked" is intended to mean that an antibody gene is Hgated into

a vector such that transcriptional and translational control sequences within the vector serve

their intended function of regulating the transcription and translation of the antibody gene.

The expression vector and expression control sequences are chosen to be compatible with

the expression host ceil used. The antibody light chain gene and the antibody heavy chain

gene can be inserted into separate vector or, more typically, both genes are inserted into the

same expression vector. The antibody genes are inserted into the expression vector by

standard methods (e.g., ligation of complementary restriction sites on the antibody gene

fragment and vector, or blunt end ligation if no restriction sites are present). The fight and

heavy chain variable regions of the antibodies described herein can be used to create full-

length an body genes of any antibody isotype by inserting them into expression vectors

already encoding heavy chain constant and light chain constant regions of the desired

isotype such that the VH segment is operatively Knked to the CH segment(s) within the vector

and the V segment is operatively linked to the CL segment within the vector. Additionally or

alternatively, the recombinant expression vector can encode a signal peptide that facilitates

secretion of the antibody chain from a host cell. The antibody chain gene can be cloned into

the vector such that the signal peptide is linked in frame to the amino terminus of the

antibody chain gene. The signal peptide can be an immunoglobulin signal peptide or a

heterologous signal peptide (i.e., a signal peptide from a non-immunoglobulin protein).

In addition to the antibody chain genes, the recombinant expression vectors of the invention

carry regulatory sequences that control the expression of the antibody chain genes in a host

cβfl. The term "regulatory sequence" is intended to include promoters, enhancers and other

expression control elements (e.g., potyadenylation signals) mat control the transcription or

translation of the antibody chain genes. Such regulatory sequences are described, for

example, in Goeddel (Gene Expression Technology. Methods in Enzymology 185, Academic

Press, San Diego, CA 1990). It will be appreciated by those skiRed in the art that the design

of the expression vector, including the selection of regulatory sequences, may depend on

such factors as the choice of the host cell to be transformed, the level of expression of

protein desired, etc. Regulatory sequences for mammalian host ceil expression include viral

elements that direct high levels of protein expression in mammalian cells, such as promoters

and/or enhancers derived from cytomegalovirus (CMV), Simian Virus 40 (SV40), adenovirus

(e.g., the adenovirus major late promoter (AdMLP)), and polyoma. Alternatively, nonviral



regulatory sequences may be used, such as the ubiquitin promoter or P-gtobin

promoter. Stifl further, regulatory elements composed of sequences from different sources,

such as the SRa promoter system, which contains sequences from the SV40 early promoter

and the long terminal repeat of human T cell leukemia virus type 1 (Takebe, Y. et al., 1988

MoI. Cell. Biol. 8:466-472).

In addition to the antibody chain genes and regulatory sequences, the recombinant

expression vectors of the invention may carry additional sequences, such as sequences that

regulate replication of the vector in host cells (e.g., origins of replication) and selectable

marker genes. The selectable marker gene facffitates selection of host cells into which the

vector has been introduced (see, e.g., U.S. Pat. Nos. 4,399,216, 4,634,665 and 5,179,017,

all by Axel et al.). For example, typically the selectable marker gene confers resistance to

drugs, such as G418, hygromy n or methotrexate, on a host cell into which the vector has

been introduced. Selectable marker genes include the dftydrofotate reductase (DHFR) gene

(for use in dhfr- host ce s with methotrexate selection/amplification) and the neo gene (for

G41 8 selection).

For expression of the light and heavy chains, the expression vector(β) encoding the heavy

and ight chains is transfected into a host cell by standard techniques. The various forms of

the term Iransfection" are Wended to encompass a wide variety of techniques commonly

used for the introduction of exogenous DNA into a prokaryotic or eukaryotic host cell, e.g.,

eiectroporation, calcium-phosphate precipitation, DEAE-dextran transection and the like. It is

theoretica y possible to express the antibodies of the invention in either prokaryotic or

eukaryotic host cells. Expression of antibodies in eukaryotic cells, for example mammalian

host cells, yeast or filamentous fungi, is discussed because such eukaryotic cells, and in

particular mammalian cells, are more likely than prokaryotic eels to assemble and secrete a

properly folded and immunologically active antibody. Prokaryotic expression of antibody

genes has been reported to be ineffective for production of high yields of active antibody

(Boss, M. A. and Wood, C. R., 1985 Immunology Today 6:12-13).

Mammalian host cells for expressing the recombinant antibodies of the invention include

Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, described Urlaub and

Chasin, 1980 Proc. Natl. Acad. Sd. USA 77:4216-4220 used with a DH FR selectable

marker, e.g., as described in RJ. Kaufman and P.A. Sharp, 1982 MoI. Biol. 159:601-621,

NSO myeloma cells, COS cells and SP2 cells. In particular, for use with NSO myeloma ceBs,

another expression system is the GS gene expression system shown in WO 87/04462, WO

89/01036 and EP 338,841. In one embodiment, mammalian host cells for expressing the

recombinant antibodies of the invention include mammalian cell lines deficient for FUT8 gene

expression, for example as described m US6.946.292B2. When recombinant expression



vectors encod ing antibody genes are introduced into mamma lian host cells, the

ant ibod ies a re produced by cυlturing the host cells for a per iod of time suff icient to a llow for

express ion of the antibody in the host cells or secret ion of the antibody into the culture

medium in which the host cefls a re grown. Antibod ies can be recovered fro m the culture

med ium using standa rd prote in purif ica tion methods.

lmmunoconiuaates

in another aspect, the present invent ion fea tures an ant i-IL12R β1 ant ibody, or a fragment

thereof, conjuga ted to a ther apeut ic mo iety, such as a cytotox in, a drug (e.g., an

imm unosuppress ant) or a radtotox in. Such conjug ates are referred to here in as

imm unoconjug atee". Immunoco ηjυgates that include one or more cytotox ins are referred to

as "imm unσtoxins." A cytotox in or cytotox ic agent includes any agent that is detr imenta l to

(e.g., kills) cells. Examples include taxon, cytoch a lasm B, grami cidin 0 , ethk um brom ide,

emet ine, mitom ycin, etopos ide, tenopos ide, vincrist ine, vinblastine, t . colch icin, doxorub icin,

daunorub iά n, dihydroxy anthr aά n d ione, m itox antrone, mithram ydn, actinomycin D, 1 -

dehydrotestosterone, glucocort icoids, procaine tetr aca ine, Hdocaine, propr anolol, and

puro mycin and ana logs or nom otogs thereof. Ther apeut ic agents also include, for exam ple,

ant imetabol ites (e.g., methotrex ate, 6-mercaptopurine, β-th ioguanine, cytarabine, 5-

fluorour acjl decarbazine), ablating agents (e.g., mechloreth ami ne, thioepa cntoraxnbuc il,

me ipha lan, ca rmustine (BSNU) and lom ust ine (CCNU), cyclophosphami de, busulf an,

dibrom om annitol, streptozotoc in, mitom ycin C, and cis-d ichlorocHami ne plat inum (II) (DDP)

ciβplat in, anthracycHneβ (e.g., daunorub id n (formerly daunomycin) and doxorub icin),

antibiotics (e.g., dactmom ycin (form erly actinom ycin), bleom ycin, mithr am ycin, and

anthram ycin (AMC)), and ant i-m itot ic agents (e.g., vincr istine and vinblastine).

Other examples of therapeutic cytotox ins that can be conjug ated to an ant ibody of the

invent ion include duoc armycins, ca liche ami cin , maytansines and aur istatins, and der ivatives

thereof. An exam ple of a ca tøcheami n antibody conjug ate is commerc ia lly ava ila ble

(MykrtargTm ; Wyeth-Ayerst).

Cytox ins can be conjug ated to antibod ies of the invent ion using linker technology avai lable in

the a rt. Exam ples of linker types that have been used to conjug ate a cytotox in to an antibody

include, but are not limi ted to, hydrazones, thioethers, esters, disulf ides and pept ide-

containing linkers. A linker ca n be chosen that is, for exam ple, susceptible to cleavage by low

pH w ith in the lysoso ma l com partment or suscept ible to cleavage by prote ases, such as

prote ases preferent ia lly expressed in tum or tissue such as catheps ins (e.g., catheps ins B, C,

D).



For further discuss ion of types of cytotox ins, i kers and methods for conjug ating

therapeut ic agents to antibod ies, see also Saito, G. βt al., 2003 Adv. Drug DeRv. Rev.

55:199-215; Trail , PA et al., 2003 Cancer Immunol. Immunother. 52:328-337; Payne, G.,

2003 Cancer Cell 3:207-212; Allen, T M , 2002 Nat . Rev. Cancer 2:750-763; Pastan, i . and

Kreitman, R. J., 2002 Curr. Opin. Invest ig. Drugs 3:1089-1091; Senter, P D. and Springer,

C.J., 2001 Adv. Drug De8v. Rev. 53:247-264.

Ant ibod ies of the present invent ion also can be conjugated to a radioactive isotope to

gener ate cytotox ic radiopharmaceut icals, also referred to as radioimmunoconjug ates.

Examples of rad ioactive isotopes that can be conjug ated to antibodies for use diagnost ically

or therapeut ically include, but are not limited to. iodine0 1, indium111 , yttrium90, and hrtetium177.

Method for preparing radtoimmunconjug ates are established in the art. Examples of

radioimmunoconjug ates are commercially available, includ ing Zβval in™ (DEC

Pharmaceuticals) and βexxar™ (Cor ixa Pharmaceuticals), and similar methods can be used

to prepare radioimmunoconjug ates using the ant ibod ies of the invent ion.

The antibody conjug ates of the invent ion can be used to modify a given biolog ical response,

and the drug moiety is not to be construed as limited to classical chemical therapeut ic

agents. For example, the drug moiety may be a prote in or polypept ide possess ing a desired

biological activity. Such proteins may include, for example, an enzymaticaNy active tox in or

active fragment thereof, such as abrin, ri n A, pseudomonas exotox in, or d iphther ia tox in; a

prote in such as tumor necros is factor or interferon- γ ; or, biolog ical response modifiers such

at , for example, tymphok ines. interieuk in-1 flLI"), interteukin-2 ("IL2"), interleuk in-6 ("IL6"),

granulocyte macrophage colony stimulating factor ("GM-CSP), granulocyte colony

stimulating factor ("G-CSF1 , or other growth factors.

Techn iques for conjugating such therapeutic moiety to antibod ies are well known, see, e.g.,

Amon et al., "Monoclon al Antibod ies For lmmunotargeting Of Drugs In Cancer Therapy", in

Monoclon al Ant ibod ies And Cancer Therapy, ReisfekJ et al . (eds ) , pp. 243-56 (Alan R. Lies,

Inc. 1985); HeJlstrom et at., "Ant ibod ies For Drug Delivery", in Controlled Drug Delivery (2nd

Ed.), Robinson et al. (eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody

Carriers Of Cytotox ic Agents In Cancer Therapy: A Review", in Monoclonal Ant ibodies '84:

Biological And Clinical Appl ications, Pinchera et al. (eds.), pp. 475-506 (1985); "Analysis,

Results, And Future Prospect ive Of The Ther apeutic Use Of Rad iolabeled Antibody In

Cancer Therapy", in Monoclonal Ant ibodies For Cancer Detect ion And Therapy, Baldwin et

al . (eds.), pp. 303-16 (Academic Press 1985), and Thorpe et al., "The Preparation And

Cytotox ic Propert ies Of Ant ibody-Tox in Conjugates", Inmunol. Rev., 62:119-58 (1982).



Bispecific molecules

In another aspect, the present invention features bispecific or mufti pβcific molecules

comprising an aπti-IL12R β1 antibody of the invention. An antibody of the invention can be

derivatized or linked to another functional molecule, e.g., another peptide or protein (e.g.,

another antibody or ligand for a receptor) to generate a bispecific molecule that binds to at

least two different binding sites or target molecules. The antibody of the invention may in fact

be derivatized or finked to more than one other functional molecule to generate multi-specific

molecules that bind to more than two different binding sites and/or target molecules; such

mutti-speciftc molecules are also intended to be encompassed by the term "bispecific

molecule" as used herein. To create a bispecific molecule of the invention, an antibody of the

invention can be functionally linked (e.g., by chemical coupling, genetic fusion, noncovalent

association or otherwise) to one or more other binding molecules, such as another antibody,

antibody fragment, peptide or binding mimetic, such that a bispecific motecute results.

Accordingly, the present invention includes bispecific molecules comprising at least one first

binding specificity for IL12Rβ1 and a second binding specificity for a second target epitope.

For example, the second target epitope is another epitope of IL12Rβ1 different from the first

target epitope. Another example is a bispecific molecule comprising at least one first binding

specificity for IL12RJ31 and a second binding specificity for an epitope within IL12Rβ2 or

IL23Rα.

Additionally, for the invention in which the bispecific motecute is multi-specific, the molecule

can further include a third binding specificity, m addition to the first and second target

epitope.

In one embodiment, the bispecific molecules of the invention comprise as a binding

specificity at least one antibody, or an antibody fragment thereof, including, e.g., an Fab,

Fab', F(ab')2. Fv, or a single chain Fv. The antibody may also be a light chain or heavy chain

dimer, or any minimal fragment thereof such as a Fv or a single chain construct as described

in Ladner et ai. U.S. Patent No. 4,946,778.

Other antibodies which can be employed in the bispecific molecules of the invention are

murine, chimeric and humanized monoclonal antibodies.

The bispecific molecules of the present invention can be prepared by conjugating the

constituent binding specificities, using methods known in the art. For example, each binding-

specificity of the bispecific molecule can be generated separately and then conjugated to one

another. When the binding specificities are proteins or peptides, a variety of coupling or

cross-finking agents can be used for covatent conjugation. Examples of cross-linking agents



include prote in A, carbodt imide, N-βucdnt midyi-S-acetyMh ioacetate (SATA), 5,5'-

cBthiob»s(2-nitrobenzo ic add) (DTNB), o-pnenytened imate imide (oPDM), N-sυcdrHmidyl-3-(2-

pyrkJykl ithio)propk>nate (SPOP), and suJfosuccinimidyl 4-(N-maleimkJomethyl) cycloh axane-l-

carboxyl ate (sulfo-SMCC) (see e.g., Karpovβky et a)., 1984 J. Exp. Med. 160:1686; Uu, MA

et al., 1985 Proc. Natl. Acad. Sd. USA 82:8648). Other methods include those descr ibed in

Paulus, 1985 Behr ing Ins. Mitt. No. 78,118-132; Brennan et al., 1985 Science 229:81-83),

and Glenn ie et al., 1987 J. Immunol. 139: 2367-2375). Conjug ating agents are SATA and

sulfo-SMCC, both available from Pierce Chemical Co. (Rockford, IL).

When the binding spec ificities are antibod ies, they can be conjug ated by sutfhydryl bond ing

of the C-ter minus hinge regions of the two heavy chains. In a particular embod iment, the

hinge reg ion is modified to cont ain an odd number of sulfhydryl residues, for example one,

prior to conjug at ion.

Altern at ively, both binding spec ificities can be encoded in the same vector and expressed

and assembled in e same host ceH. This method is particularly useful where the bispec ific

molecule is a mAb x mAb, mAb x Fab, Fab x F(ato'h or ligand x Fab fus ion prote in . A

bispec ific molecule of the invent ion can be a single chain molecule comprising one single

chain antibody and a binding deter minant or a single chain bispec if ic molecule compris ing

two bind ing deter minants, Bispec ific molecules may comprise at least two single chain

molecules. Methods for preparing bispec ific molecules are descr ibed for example in U.S.

Patent Number 5.260,203; U.S. Patent Number 5.455,030; U.S. Patent Number 4,881.175;

U.S. Patent Number 5,132,405; U.S. Patent Number 5,091,513; U.S. Patent Number

5,476.786; U.S. Patent Number 5.013.653; U.S. Patent Number 5.258.498; and U.S. Patent

Number 5,482,858.

Bind ing of the bispec ific molecules to the ir spec ific targets can be conf irmed by, for example,

enzyme-l inked immunosorbent assay (ELISA), rad ioimmunoassay (REA), FACS analys is,

b assay (e.g., growth inhibition), or Western Blot assay. Each of these assays gener ally

detects the presence of prote in-antibody complexes of particul ar interest by employ ing a

labeled reagent (e.g., an antibody) spec ific for the complex of interest

Mult ivalent antibod ies

In another aspect, the present invent ion prov ides multivalent antibod ies compris ing at least

two identic al or different ant igen-b inding portions of t e antibod ies of the invent ion bind ing to

IL12Rβ1. In one embod iment, the multivalent ant ibod ies prov ides at least two, three or four

antigen-b inding port ions of the antibod ies. The antigen-b inding port ions can be linked

together via prote in fus ion or covalent or non covalent linkage. Altern at ively, methods of

linkage have been described for the bispec ific molecules. Tetr avalent compounds can be



obtained for example by cross-l inking ant ibodies of the ant ibod ies of the invent ion with

a antibody that binds to the constant regions of the ant ibodies of the invent ion, for example

the Fc or hinge region.

Pharmaceutical compositions

In another aspect, the present invent ion provides a composition, e.g., a pharmaceutical

compos ition, containing one or a combination of ant ibodies of the present invent ion,

formulated together with a pharmaceutically acceptable carrier. Such compos itions may

include one or a combination of (e.g., two or more different) antibodies, or immunoconjugates

or bispec ific molecules of the invent ion. For example, a pharmaceutical composition of the

invention can comprise a combination of ant ibodies that bind to different epitopes on the

target antigen or that have complementary act ivities.

Pharmaceut ical compositions of the invention also can be administered in combinat ion

therapy, i.e., combined with other agents. For example, the combination therapy can include

an anti~IL12R 1 ant ibody of the present invent ion combined with at least one other anti¬

inflammatory or another chemotherapeutic agent, for example, an Immunosuppressant

agent. Examples of therapeut ic agents that can be used in combination therapy are

described in greater detail below in the section on uses of the antibodies of the invent ion.

As used herein, "pharmaceutically acceptable carrier includes any and all solvents,

dispers ion media, coatings, ant ibacterial and ant ifungal agents, isoton ic and absorpt ion

delaying agents, and the like that are phys iologically compat ible. The carrier should be

suitable for intravenous, intramuscular, subcutaneous, parenteral , spinal or epidermal

administration (e.g., by inject ion or infusion), in one embodiment, the carrier should be

su itable for subcatuneous route. Depend ing on the route of administration, the act ive

compound, i.e., antibody, immunoconjuage, or bispec ific molecule, may be coated in a

mater ial to protect the compound from the action of acids and other natural conditions that

may inactivate the compound.

The pharmaceutical compounds of the invent ion may include one or more pharmaceutically

acceptable salts. A "pharmaceut ically acceptable salt" refers to a salt that retains the des ired

biological activity of the parent compound and does not impart any undesired toxicolog ic !

effects (see e.g., Berge, S.M., et al., 1977 J. Pharm. Sd. 66:1-19). Examples of such salts

include acid add ition salts and base addition salts. Acid add ition salts include those derived

from nontox ic inorganic acids, such as hydrochlor ic, nitric, phosphor ic, sulfur ic, hydrobromic,

hydrokx ϋc, phosphorous and the like, as well as from nontoxic organic acids such as

aliphatic mono- and cfi-carboxyl ic acids, phenyJ-substttuted a ano ic acids, hydroxy alkanoic

acids, aromat ic adds, aliphat ic and aromatic sulfon ic acids and the like. Base addition salts



include those derived from alkaline earth metals, such as sodium, potassium,

magnesium, calcium and the like, as well as from nontoxic organic amines, such as N.N1-

cHbenzylethylenediamine, N-methylglucamine, chloroprocaine, choline, diethanoiamine,

ethytenedtømine, procaine and the Hke.

A pharmaceutical composition of the invention also may include a pharmaceutically

acceptable antioxidant. Examples of pharmaceutically acceptable antioxidants include:

water soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate,

sodium metabi βu te, sodium sulfite and the like; oil-soluble antioxidants, such as ascorbyl

palmitate, butylated hydroxyanisole (BHA), butyiated hydroxytoluene (BHT), lecithin, propyl

gallate, alpha-tocopherol, and the like; and metal chelating agents, such as citric acid,

ethytenedjamtne tetraacetic acid (EOTA), sorbitol, tartaric acid, phosphoric acid, and the like.

Examples of suitable aqueous and nonaqueous carriers that may be employed in the

pharmaceutical compositions of the invention include water, ethanol, poiyois (such as

glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof,

vegetable oils, such as otfve oil, and injectable organic esters, such as ethyl oteate. Proper

fluidity can be maintained, for example, by the use of coating materials, such as lecithin, by

the maintenance of the required particle size in the case of dispersions, and by the use of

surfactants.

These compositions may also contain adjuvants such as preservatives, wetting agents,

emulsifying agents and dispersing agents. Prevention of presence of microorganisms may be

ensured both by sterilization procedures, supra, and by the inclusion of various antibacterial

and antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like.

It may also be desirable to include isotonic agents, such as sugars, sodium chloride, and the

like into the compositions, in addition, prolonged absorption of the injectable pharmaceutical

form may be brought about by the inclusion of agents which delay absorption such as,

aluminum monostearate and gelatin.

Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions and

sterile powders for the extemporaneous preparation of sterile injectable solutions or

dispersion. The use of such media and agents for pharmaceutically active substances is

known in the art. Except insofar as any conventional media or agent is incompatible with the

active compound, use thereof in the pharmaceutical compositions of the invention is

contemplated. Supplementary active compounds can also be incorporated into the

compositions.

Therapeutic compositions typically must be sterile and stable under the conditions of

manufacture and storage. The composition can be formulated as a solution, microemuteion,



liposome, or other ordered structure suitable to high drug concentration. The carrier can

be a solvent or dispersion medium containing, for example, water, ethanol, polyol (for

example, glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable

mixtures thereof. The proper fluidity can be maintained, for example, by the use of a coating

such as lecithin, by the maintenance of the required particle size in the case of dispersion

and by the use of surfactants. In many cases, one can include isotonic agents, for example,

sugars, potyalcohote such as mannitol, sorbitol, or sodium chloride in the composition.

Prolonged absorption of the injectable compositions can be brought about by including in the

composition an agent that delays absorption for example, monostearate salts and gelatin.

Sterile injectable solutions can be prepared by incorporating the active compound in the

required amount in an appropriate solvent with one or a combination of ingredients

enumerated above, as required, followed by sterilization microfiltration. Generally,

dispersions are prepared by incorporating the active compound into a sterile vehicle that

contains a basic dispersion medium and the required other ingredients from those

enumerated above. In the case of sterile powders for the preparation of sterile injectable

solutions, the methods of preparation are vacuum drying and freeze-drying (lyophilization)

that yield a powder of the active ingredient phis any additional desired ingredient from a

previously sterile-filtered solution thereof.

The amount of active ingredient which can be combined with a carrier material to produce a

single dosage form will vary depending upon the subject being treated, and the particular

mode of administration. The amount of active ingredient which can be combined with a

carrier material to produce a single dosage form will generally be that amount of the

composition which produces a therapeutic effect. Generally, out of one hundred percent, this

amount wϋl range from about 0.01 per cent to about ninety-nine percent of active ingredient,

from about 0.1 per cent to about 70 per cent, or from about 1 percent to about 30 percent of

active ingredient in combination with a pharmaceutically acceptable carrier.

Dosage regimens are adjusted to provide the optimum desired response (e.g., a therapeutic

response). For example, a single bolus may be administered, several divided doses may be

administered over time or the dose may be proportionally reduced or increased as indicated

by the exigencies of the therapeutic situation. It is especially advantageous to formulate

parenteral compositions in dosage unit form for ease of administration and uniformity of

dosage. Dosage unit form as used herein refers to physically discrete units suited as unitary

dosages for the subjects to be treated; each unit contains a predetermined quantity of active

compound calculated to produce the desired therapeutic effect in association with the

required pharmaceutical carrier. The specification for the dosage unit forms of the invention

are dictated by and directly dependent on the unique characteristics of the active compound



and the particular therapeutic effect to be achieved, and the limitations inherent in the

art of compounding such an active compound for the treatment of sensitivity in individuals.

For administration of the antibody, the dosage ranges from about 0.0001 to 100 mg/kg, and

more usually 0.01 to 5 mg/kg, of the host body weight. For example dosages can be 0.3

mg/kg body weight, 1 mg/kg body weight, 3 mg/kg body weight, 5 mg/kg body weight or 10

mg/kg body weight or within the range of 1-10 mg/kg. An exemplary treatment regime entails

administration once per week, once every two weeks, once every three weeks, once every

four weeks, once a month, once every 3 months or once every three to 6 months. Dosage

regimens for an antML12Rβ1 antibody of the invention include 1 mg/kg body weight or 3

mg/kg body weight by intravenous administration, with the antibody being given using one of

the following dosing schedules: every four weeks for six dosages, then every three months;

every three weeks; 3 mg/kg body weight once folowed by 1 mg/kg body weight every three

weeks.

In some methods, two or more monoclonal antibodies with different binding specificities are

administered simultaneously, in which case the dosage of each antibody administered falls

within the ranges indicated. Antibody is usually administered on multiple occasions. Intervals

between single dosages can be, for example, weekly, monthly, every three months or yearly.

Intervals can also be irregular as indicated by measuring blood levete of antibody to the

target antigen in the patient In some methods, dosage is adjusted to achieve a plasma

antibody concentration of about 1-1000 ug/ml and in some methods about 25-300 µg/ml,

Alternatively, antibody can be administered as a sustained release formulation, in which case

less frequent administration is required. Dosage and frequency vary depending on the half-

life of the antibody in the patient. In general, human antibodies show the longest half-life,

folowed by humanized antibodies, chimeric antibodies, and nonhuman antibodies. The

dosage and frequency of administration can vary depending on whether the treatment is

prophylactic or therapeutic. In prophylactic applications, a relatively low dosage is

administered at relatively infrequent intervals over a long period of time. Some patients

continue to receive treatment for the rest of their lives. In therapeutic applications, a relatively

high dosage at relatively short intervals is sometimes required until progression of the

disease is reduced or terminated or until the patient shows partial or complete amelioration of

symptoms of disease. Thereafter, the patient can be administered a prophylactic regime.

Actual dosage levels of the active ingredients in the pharmaceutical compositions of the

present invention may be varied so as to obtain an amount of the active ingredient which is

effective to achieve the desired therapeutic response for a particular patient, composition,

and mode of administration, without being toxic to the patient. The selected dosage level will



depend upon a variety of pharmacokinetic factors including the act ivity of the particular

compositions of the present invention employed, or the ester, sa or amide thereof, the route

of administration, the ti me of administration, the rate of excretion of the particular compound

being employed, the duration of the treatment, other drugs, compounds and/or mater ia ls

used in combination with the part icular compositions employed, the age. sex, we ight,

cond ition, general health and prior med ical history of the patient being treated, and like

factors wefl known in the medical arts.

A "therapeut ically effect ive dosage" of an antML12Rβ1 antibody of the invention can result i

a decrease in severity of disease symptoms, an increase in frequency and duration of

disease symptom-free periods, or a prevent ion of impairment or disability due to the disease

affl iction.

A composition of the present invent ion can be administered by one or more routes of

administration using one or more of a variety of methods known in the art. As wil l be

apprec iated by the skitted artisan, the route and/or mode of administration wiB vary

depend ing upon the desired results. Routes of administrat ion for antibodies of the invention

include intravenous, intramuscular , intradermal , intraperitoneal, subcutaneous, spina l or

other parenteral routes of administration, for example by inject ion or infusion. The phrase

"parenteral administrat ion" as used herein means modes of administration other than enteral

and top ical administrat ion, usually by inject ion, and includes, w ithout limitation, intravenous,

intramuscular, intraarter ial , intrathecal , intracapsular , intraorbital , intracardiac, intradermal,

intraperitoneal , transtracheal , subcutaneous, subcuticular , intraart icular, subcapsular ,

subarachnoid, intraspinal , epidural and intrastemal injection and infusion.

Alternatively, an antibody of the invention can be administered by a nonparenteral route,

such as a topical , epidermal or mucosal route of administration, for example, intranasal ,

orally, vaginally, rectatty, sublingually or topicafiy.

The active compounds can be prepared with carriers that will protect the compound against

rapid release, such as a controlled release formulation, including implants, transdermal

patches, and microencapsulated delivery systems. Biodegradable, biocompatible polymers

can be used, such as ethylene vinyl acetate, poryanhydndes, polyglycoWc acid, collagen,

polyorthoesters, and polyiactic add. Many methods for the preparation of such formulat ions

are patented or generally known to those skiled in the art. See, e.g., Sustained and

Controlled Release Drug DeSvery Systems, J R Robinson, ed., Marcel Dekker, inc., New

York, 1978.

Therapeut ic compositions can be administered with medical devices known in the art. For

example, in one embodiment, a therapeutic composition of the invention can be administered



with a needleless hypodermic injection device, such as the devices shown in U.S.

Patent Nos. 5.399.163; 5.383.851; 5.312.335; 5.064,413; 4,941,880; 4,790,824 or 4.596.556.

Examples of well known implants and modules useful in the present invention include: U.S.

Patent No. 4,487,603. which shows an implantable micro- infusion pump for dispens ing

medication at a controlled rate; U.S. Patent No. 4,486,194, which shows a therapeutic dev ice

for administer ing medicants through the skin; U.S. Patent No. 4,447,233, which shows a

medication infusion pump for del ivering medication at a precise infusion rate; U.S. Patent No.

4,447,224, which shows a variable flow implantable infusion apparatus for continuous drug

delivery; U.S. Patent No. 4,439,196, which shows an osmotic drug delivery system having

multi-chamber compartments; and U.S. Patent No. 4,475,196, which shows an osmot ic drug

delivery system. Many other such implants, delivery systems, and modules are known to

those skated in the art.

In certain embodiments, the human monoclonal antibodies of the invention can be

formulated to ensure proper distribution in vivo, For example, the blood-brain barrier (BBB)

excludes many highly hydroph ilic compounds. To ensure that the therapeutic compounds of

the invention cross the BBB (if desired), they can be formulated, for example, in liposomes.

For methods of manufacturing liposomes, see, e.g., U.S. Patents 4,522,811; 5,374,548; and

5,399.331. The liposomes may comprise one or more moieties which are selectively

transported into specific cβfis or organs, thus enhance targeted drug delivery (see, e.g., V.V.

Ranade. 1989 J. Cline Pharmacol. 29:685). Exemplary targeting moieties include folate or

biotin (see, e.g., U.S. Patent 5,416,016 to Low et al.); marmosides (Umβzawa et al., 1988

Biochβm. Biophys. Res. Commun. 153:1038); a tibodies (P.G. Bloeman et al., 1995 FEBS

Lett. 357:140; M. Owais et al., 1995 Ant imicrob. Agents Chemother. 39:180); surfactant

protein A receptor (Briscoe et at., 1995 Am. J. Physiol.1233:134); p120 (Schreier et al., 1994

J. Biol. Chem. 269:9090); see also K. Kβinanen; M L Laukkanen, 1994 FEBSLβtt. 346:123;

J J KiHion; I.J. Fkfler, 1994 lmmunomethods 4:273.

Uses and methods of the invention

The antibodies of the present invention have in vitro and in vivo diagnostic and therapeut ic

utilities. For example, these molecules can be administered to cells in culture, e.g. in vitro or

in vivo, or in a subject, e.g., in vivo, to treat , prevent or diagnose a variety of disorders.

The methods are particularly suitable for treating, preventing or diagnos ing IL12Rβ1-related

disorders and/or autoimmune and inflammatory disorders, e.g., psoriasis or inflammatory

bowel diseases.



The invention also provides methods for decreasing or suppressing IL12 or IL23

induced signaling response in human blood cells by administering a composition comprising

a therapeutically efficient dose of the antibodies of the invention.

As used herein, an "IL12Rβ 1-related disorder" includes conditions associated with or

characterized by aberrant IL12 and/or IL23 levels and/or diseases or conditions that can be

treated by reducing or suppressing IL12 and/or IL23 induced signaling response in human

blood ceHs e.g. the production of IFNγ or IL17 as measured in plasma or the extent of

phosphorylation of STAT4 protein as measured by flow-cytometric methods or western blot.

These include inflammatory conditions and autoimmune diseases, such as rheumatoid

arthri s, psoriasis and inflammatory bowel diseases. These further include allergies and

allergic conditions, hypersensitivity reactions, and organ or tissue transplant rejection.

For example, the antibodies of the invention may be used for the treatment of recipients of

heart, lung, combined heart-lung, liver, kidney, pancreatic, skin or corneal transplants,

including allograft rejection or xenograft rejection, and for the prevention of ς raft-versuβ-host

disease, such as following bone marrow transplant, and organ transplant associated

arteriosclerosis.

The an bodies of the invention are useful for the treatment, prevention, or amelioration of

autoimmune disease and of inflammatory conditions, in particular inflammatory conditions

with an aetiology including an autoimmune component such as arthritis (for example

rheumatoid arthritis, arthritis chronica progredientβ and arthritis deformans) and rheumatic

diseases, including inflammatory conditions and rheumatic diseases involving bone loss,

inflammatory pain, spondytoafhropathies including ankolsing spondylitis, Reiter syndrome,

reactive arthritis, psoriatic arthritis, and enterophatNs arthritis, hypersensitivity (including both

airways hypersensitivity and dermal hypersensitivity) and allergies. Specific auto-immune

diseases for which antibodies of the invention may be employed include autoimmune

haematotogical disorders (including e.g. hemolytic anaemia, aplastic anaemia, pure red ceil

anaemia and idiopathic thrombocytopenia), systemic lupus erythematosus, inflammatory

muscle disorders, polychondritis, sderodoma, Wegener granulomatosis, dermatomyositis,

chronic active hepatitis, myasthenia gravis, psoriasis, Steven-Johnson syndrome, idiopathic

sprue, autoimmune inflammatory bowel disease (including e.g. ulcerative colitis, Crohn's

disease and Irritable Bowel Syndrome), endocrine ophthalmopathy, Graves disease,

sarcoidosis, multiple sclerosis, primary bfliary cirrhosis, juvenile diabetes (diabetes meHitus

type I), uveitis (anterior and posterior), keratoconjunctivitis sicca and vernal

keratoconjunctivitis, interstitial king fibrosis, psoriatic arthritis and glomerulonephritis (with

and without nephrotic syndrome, e.g. including idiopathic nephrotic syndrome or minimal

change nephropathy), tumors, multiple sclerosis, inflammatory disease of skin and cornea.



myositis, loosening of bone implants, metabolic disorders, such as atheroscleros is,

diabetes, and disliptdemia .

The antibodies of the invention are also useful for the treatment, prevention, or ameliorat ion

of asthma, bronchitis, pneumoconiosis, pulmonary emphysema, and other obstruct ive or

inflammatory diseases of the airways.

The antibodies of the invention are also useful for treating diseases of bone metabolism

including osteoarthritis, osteoporos is and other inflammatory arthritides, and bone loss in

general , including age-related bone loss, and in particular periodontal disease.

The ant ibodies of the invention may be administered as the sole active ingredient or in

conjunction with, e.g. as an adjuvant to or in combination to, other drugs e.g.

immunosuppress ive or immunomodulat ing agents or other anti-inflammatory agents or other

cytotox ic or anti-cancer agents, e.g. for the treatment or prevention of diseases mentioned

above. For example, the antibodies of the invention may be used in combination with

DMARD. e.g. Gold salts, sulphasalazine, antimalarias, methotrexate, D-pen iciRamine,

azathioprine, mycophenol ic acid, cyclosporine A1 tacrolimus, siro mus, minocycline,

teflunomide, glucocort icoids; a cak nβυrin inhibitor, e.g. cyclospor in A or FK 506; a modulator

of lymphocyte recirculation, e.g. FTY720 and FTY720 analogs; a mTOR inhibitor, e.g.

rapamycin , 40-O-{2-hydroxyethyl)-r apamycln CCI779, ABT578, AP23573 or TAFA-83; an

ascomycin having immuno-suppress ive properties, e.g. ABT-281, ASM981, etc.;

corticosteroids; cycto-phos-phamide; azathtoprene; methotrexate; leflunomkfe; mizoribme;

mycophenol ic acid; myco-pheno-late mofettl; 15-deoxvspergualine or an immunosuppress ive

homologue, analogue or derivative thereof; immunosuppress ive monoclonal antibod ies, e.g.,

monoclonal antibodies to leukocyte receptors, e.g., MHC, CD2, CD3, CD4, CD7, CDS,

CD25. CD28, CD40. CD45, CD58, CD80, CD86 or their ligands; other immunomodulatory

compounds, e.g. a recombinant binding molecule having at least a portion of the extracellular

domain of CTLA4 or a mutant thereof, e.g. an at least extracellular portion of CTLA4 or a

mutant thereof joined to a non-CTLM protein sequence, e.g. CTLA4lg (for ex. designated

ATCC 68629) or a mutant thereof, e.g. LEA29Y; adhesion molecule inhibitors, e.g. LFA-1

antagonists, ICAM-1 or -3 antagonists, VCAM-4 antagonists or VLA-4 antagon ists; or a

chemotherapeutfc agent, e.g. pacϋtaxel, gemά tabtne, cisplatinum, doxorubicin or 5-

fluorouracjl; anti TNF agents, e.g. monoclonal antibodies to TNF, e.g. infliximab,

adaJimumab, CDP870, or receptor constructs to TNF-RI or TNF-RII, e.g. Etanercept, PEG-

TNF-RI; blockers of proinflammatory cytokines, IL1 blockers, e.g. Anakinra or IL1 trap,

AAL160, IL17 blockers, IL13 blockers, IL4 blockers, IL6 blockers; chemokines blockers, e.g

inhibitors or activators of proteases, e.g. metaHoproteases, antML15 antibodies, anti-ILβ

antibodies, anti-IL17 ant ibodies, anti-IL4 antibodies, ant i-IL13 antibodies, anti-CD20



ant ibod ies, antt-Btys or anϋ-BAFFR antibod ies, NSAIDe, such as aspirin or an anti-

infect ious agent (list not limited to the agent ment ioned).

In accord ance w ith the forego ing the present invent ion prov ides in a yet further aspect:

A method as def ined above comprising co- administr at ion, e.g. conco mitantly or in sequence,

of a ther apeut ically effect ive amount of a IL12R β1 antagon ist, e.g., an antibody of the

invent ion, and at least one second drug subst ance, said second drug subst ance being a

immuno-suppress ive / immunomodul atory, ant inflammatory che mother apeut ic or antj-

tnfect ious drug, e.g. as ind icated above.

Or, a ther apeut ic combination, e.g. a kit compr ising of a ther apeutic ally effect ive amount of

a) an IL12R β1 antagon ist, e.g. an antibody of the invent ion, and b) at least one second

subst ance selected from a immuno-suppress ive / immunomodul atory, anti- inflammatory

chemother apeut ic or ant i-infect ious drug, e.g. as ind icated above. The kit may comprise

instruct ions for its administr at ion.

Where the ant ibod ies of the invent ion are administered in conjunct ion w ith other immuno-

suppress ive / immunomodul atory, anti-inflammatory chemother apeut ic or antMnfect ious

ther apy, dos ages of the co- administered combinat ion compound wϋi of course vary

depend ing on the type of co-drug employed, e.g. whether it is a DMARD 1 ant i-TNF, IL1

blocker or others, on the spec if ic drug employed, on the cond ition being treated and so forth.

In one spec ific embod iment, the antibod ies of the invent ion may be administered in

combination w ith ant i TNF agents.

In other embod iment, the antibod ies of the invent ion are administered only to patient

popul ation which is selected among patients suffering from SLE or RA and exh ibiting an

abnor mal seru m level of IL12 respect ively IFNγ or IL17 or elev ated levels and frequency of

phosphoSTAT4 in blood cells. In other embod iment, the antibod ies of the invent ion are

administered only to pat ient popul at ion which is selected among group of patients wh ich

respond to antML12 or anti-o40 treatment. Efcomarkers that ident ify patients that have an

incre ased likel ihood of respond ing to ant i-IL12 (or ant i-p40) tre atment may be any of the

follow ing without being Smtted to these: elev ated levels of seru m IL12, elev ated levels of

cert ain T cell subsets, mRNA levels of IFNγ , TNF α. IL12R β2 or STAT4 fro m isolated

per ipher al blood mononucle ar cells (PBMCs), phospho$TAT4 express ion in sk in biops ies

respect ivtey PBMCs.

In one embod iment, the ant ibod ies of the invent ion can be used to detect levels of IL12R β1,

or levels of cells that cont ain fL12R β1. Th is can be ach ieved, for example, by cont acting a



sample (such as an n vitro sample) and a control sample with the anti-lL12Rβ1

ant ibody under conditions that allow for the formation of a complex between the antibody and

IL12Rβ1. Any complexes formed between the antibody and IL12Rβ1 are detected and

compared in the sample and the control. For example, standard detection methods, well

known in the art, such as ELiSA and flow cytometic assays, can be performed using the

compositions of the invention.

Accordingly, in one aspect, the invention further provides methods for detecting the presence

of IL12Rβ1 (e.g., human IL12Rβ1 antigen) in a sample, or measuring the amount of IL12Rβ1,

comprising contacting the sample, and a control sample, with an antibody of the invention, or

an antigen bind ing region thereof, which specifically binds to IL12Rβ 1, under conditions that

aHow for formation of a complex between the antibody or portion thereof and IL12Rβ1. The

formation of a complex is then detected, wherein a difference in complex formation between

the sample compared to the control sample is indicative of the presence of IL12Rβ1 in the

sample.

Also within the scope of the invent ion are kits consisting of the compositions (e.g.,

antibodies, human antibodies and bispecific molecules) of the invention and instructions for

use. The kit can further contain a least one additional reagent, or one or more additional

antibodies of the invention (e.g., an antibody having a complementary activ ity which binds to

an epitope on the target antigen distinct from the first antibody). Kits typically include a label

indicating the intended use of the contents of the kit . The term label includes any writing, or

recorded material supplied on or with the kit , or which otherwise accompanies the kit . The kit

may further comprise tools for diagnosing whether a patient belongs to a group that will

response to an anti-ILi2R β1 antibody treatment, as defined above.

The invention having been fully described, it is further illustrated by the foBowing examples

and d aims, which are illustrat ive and are not meant to be further limiting.

EXAMPLES

Methods

1. Screen ing Ass ays

The HuCAL® GOLD phagemid library was used for screening antibodies of the invention.

The library is based on the HuCAL® concept (Knappik, A. er a . 2000, J MoI Biol 296, 57-86)

and employs the CysDisplay™ technology for displaying Fab antibody fragments on the

surface of filamentous phages (Lδhning.C. 2001. WO 01/05950) . The screening strategy

described hereafter can be adapted for other type of libraries and scaffolds, including



libraries of non- immunoglobulJn scaffolds, thereby allow ing to ident ify IL12Rβ1 binders

w ith simBar remarkable propert ies to the antibod ies of the invent ion but d ifferent scaffolds.

1. 1 Standard Solid Phase Panning Against IL12R01 on DimcUy Coated Recombinant Human

IL12Rβ 1/Fc Fusion Protein

For antibody select ions, the HuCAL GOLD® antibody-ph ages were subjected to three

rounds of sol id phase panning on human recombinant human IL12Rβ1/Fc fus ion prote in

d irectly coated to Maxisorp* plates (F96 Nunc-l mmunoplate). In detai l , 2 wells on a

Maxisorp* plate were coated w ith 300 µl of l Oυg/ml human IL12R β 1/Fc fus ion prote in each

o/n at 22* C. The coated wells were washed 2x w ith 350 µl PBS and blocked w ith 350υl 5%

MPBS for 2h at room-temperature (RT) on a micro iter plate shaker. For each panning about

2x1 013 HuCAL GOLD* phage were blocked w ith equal volume of PBST/5% milk powder

(MP) includ ing 1% f inal concentr ation of human γ-globtitn for 2h at RT. The coated wefts

were washed tw ice w ith 35OuI PBS after the block ing. 30OuI of pre-blocked HuCAL GOLD*

phage were added to each antigen coated weU and incub ated for 2h at RT on a shaker.

Wash ing was perfor med by add ing f ive times 35OuI PBS/0 05% Tween-20 (Sigma, St. Lou is,

MO, USA), followed by washing five times with PBS. Edit ion of phage from the plate was

perfor med w ith 300 µl 2OmM DTT in 1OmM Tris/HCI pH8 per well for 10 mln. The DTT phage

eiuate was added to 15 ml of E.co TG1, which were grown to an OD600 of 0.6-0.8 at 370C

in 2xYT medium and incubated in 50ml plastic tubes for 45min at 370C w ithout shak ing for

phage infect ion. Titration of E.coH TG1 infected by phages was perfor med to deter mine the

phage output titer and subsequently centrifug afion for 10 min at δOOOrpm was perfor med.

The bacter ial pellets were each resυspended in 50OuI 2xYT medium , plated on 2xYT-CG

agar plates and incub ated α/n at 30'C. Colon ies were then scraped off from the plates and

phages were rescued and amplified as described above. The second and third round of the

sol id phase panning on directly coated human IL12R β1/Fc fus ion prote in was perfor med

accord ing to the protocol of the f irst round except for increasing the stringency of the wash ing

procedures.

1.2 Solid Phase Panning on Captured via anti-Human Fc Coated Human IL12Rβ 1/Fc Fusion

protein

Same procedure as above described for sol id phase panning except coat ing cond itions of

the ant igen. Here 2.5 µg/ml ant igen was captured w ith 10µg/ml Aff iniPure goat ant i human

IgG (Fc gamma fragment spec ific). 2 wells per panning were coated on a Maxisorp* plate

(F96 Nunc-l mmunopl ate). Phages were blocked additionally w ith 1% mouse or goat gamma

globu ϊ ns at 1% final concentr ation (depend ing on which capture antibody was used, for 1st

and 3rd round of panning goat and 2nd round of panning mouse ant i human IgG was used)



and 1% human gamma globul ins f inal concentr ation. The capture ant ibody was blocked

for 1hr at RT w ith 35OuI of 5% MP i S and subsequently washed twice w ith PBS before pre-

Wocked phage mix was added to captured antigen for 2hrs at RT. A Usubsequent steps were

perfor med as described above for d irectly coated antigen.

1.3 Whole Cell Pannings with Ba/F3/lL12R β 1 Expressing CeHs, Including Adsorption Step on

Ba/F3 Parental CeHs

For the antibody select ions the HuCAL GOLD® ant ibody-ph ages were individually subjected

to three rounds of whole cell panning on Ba/F3/IL12Rp1 express ing cells. In detail , 5x10* to

1x1 07 ceils were pre-blocked w ith 1ml 2%PBS/BSA (^block ing buffer) and 5x10* cells each

were used per panning. For each pann ing about 2x1 01 HuCAL GOLD* phage were blocked

w ith equal volume of PBS/4% BSA for 1.5hrs at 4°C. Pre-bJocked HuCAL GOLD* phages

were added to pre-blocked target cells and incub ated for 2h at 4*C on a rotat ing wheel.

W ash ing was perfor med three times w ith 1.5ml 2%PBS/BSA for 5 min at 4°C followed by

washing once w ith PBS for 5 min at 4°C on a rotating wheel. CeRs were centrifuged in

between 1min at 2000rp m at 4°C. Ehrtton of phage was perfor med by ac idic elut ion with 1ml

of 0.1M glyc ine, 0 5M NaCI, pH 2.2 at RT for 10min . To the centr ifuged phage eluate 30ul 2M

Tris, unbuffered was added to neutralize the eluate. Subsequently post- adsorpt ion with

Ba/F3 parental ceBs was perfor med three ti mes w ith 1E+7 cells per panning eluate for 20min

at 4°C on a rotating wheel. Cells were centr ifuged in between at 2000rp m for 1min at 4°C.

Used last SN for infection of E. coil TG- 1 by addition of 9 ml of E.coti TG1, which were grown

to an ODβOO of 0.6-0.8 at 37°C in 2xYT medium and incub ated in 50ml plast ic tubes for

30min at 37'C in a waterb ath w ithout shak ing for phage infection. Titrat ion of infected phages

was perfor med and subsequently cβntrifug ation for 10 min at δOOOrpm was perfor med, the

bacter ial pellets were each resuspended in 500ul 2xYT med ium, plated on 2xYT-CG agar

plates and incub ated o/n at 3O0C. Colon ies were then scraped off from the plates and

phages were rescued and amplified as described above. The second and third round of the

whole ceil panning w ith Ba/F3/IL12R β1 express ing cells was perfor med accord ing to the

protocol of the first round except for incre asing the stringency of the washing procedures.

1.4 Differential CeH Pannings with Ba/F3/IL12R 1 Expressing CeHs and Recombinant

Human IL12Rβ 1/Fc

Cell surf ace express ion was checked by FACS analys is w ith the help of a mouse monoclon al

anti-hu man IL12R β1 control antibody (R&D Systems). Panning was perfor med as above

described for whole cell panning for 1st and 3rd round of pannings, includ ing adsorpt ion step

on BaJf Z parental cells during ceil pann ing. 2nd round was perfor med on directly coated



recombinant human IL12R β1/Fc fus ion prote in, as descr ibed above for Standard Sol id

Phase Panning against IL12R β1 on d irectly coated human IL12Rβ1/Fc fus ion protein (rh

IL12Rp1).

1.5 Primary screening for lL12Rβ 1~specific Fabs by EUSA (direct or captured mode)

10 ug/ml of recombinant human IL12R 1/Fc fus ion prote in (R&D Systems) in PBS was

coated onto 384 well Maxisorp® plates o/n at 22°C for direct screen ing mode. For screen ing

in captured mode the wells of a 384 well Maxisorp* plate were coated with 2OuI of 10ug/ml

AffiTH Pure Goat ant i human IgG Fcγ spec ific in PBS o/n at 4 *C. After coating the weOs were

washed 5x with PBST. Then the weds were blocked with 5%MPBST for 2hrs at RT. In

parallel 15µl BEL extr act was blocked with 15µl 12.5%MPBST at 224C. The blocked

Maxisorp® plates were washed 5x with PBST before 2OuI of the blocked BEL extracts was

added to the wells and incubated for 2hrs at RT for the direct screen ing mode. For captured

mode 2.5µg/ml recombinant human IL12R β1/Fc fus ion prote in (R&D Syste ms) was added

and incubated for 1hr at RT and subsequently incubated with blocked BEL extracts. For

detect ion of the primary Fab antibod ies, the follow ing second ary antibod ies were appl ied:

Alkaline pnospat ase (AP)-co ηjugated Aff iniPure F(ab')2 fragment, goat anti-hu man and -anti-

mouse or -anti-sheep IgG (J ackson lmmuno Research) were added for correspond ing

control antibod ies. For the detect ion of AP-conjug ates the fluorogen ic substr ate AttoPhos

(Roche) was used accord ing to the manufacturer instruct ions. Between all incubation steps,

the wells of the microl iter plate were washed w ith PBST three times and three times w ith

TBST after the final incubation step with second ary antibody. Fluorescence was measured

with a Tecan GEN ios Pro plate reader.

2. Aff in it y Deter mination of ant ibod ies ident if ied fro m screen ing assays

2. 1 Af nity determination using Surface Pfasmon Resonance

An anti-hυman-Fc-capture (Dianova) assay was established. Captured Fc-Fus ion was used

as ligand and Fab was used as analyte.

In detail: CM5 chips (Biacore, Sweden) were coated w ith 5000-6000 RU anti-Fc (Dianova.

Goat anti-Human IgG, Fc Fragment spec ific; 80ug/ ml in 1OmM acetate buffer, pH 4.5) on all

4 flow ceHs, using standard EDC-NHS amine coupl ing chemistry. Flow cells 2 were captured

with IL12R1-/FC fus ion (20 µl of 10OnM ligand at a flowr atθ of 5 µl/mi , 300-400RU).

Subsequently the analyte was injected (20 µl, flow rate 20 µl/min) at a concentr ation range

between 15.6 nM to 500 nM. Runn ing cond itions: PBS pH7.2. After each cycle, the flow cells

were regener ated with 10 mM glyc ine pH 1.5. The result ing buffer sensogr am were manually

subtr acted from the spec ific signal for double referenc ing (buffer injection). All sensogr ams



were plotted and evaluated by using BIA evaluation software 3.1 (Biacore). The

summarized affinities of the parental Fab antibodies to human IL12Rβ1 determined by that

method were in the range of 2 - 450 nM.

2.2 ElectmchemHuminescene (BioVeris) Based Binding Analysis for Detection of IL12Rβ 1

Binding Fab in Bacterial Lysates

For the detection of affinity-improved IL12Rβ1 -specific antibody fragments in E. co»i lysates

(BEL extracts), binding was analyzed by a BioVeris M-384 SERIES® Workstation. The

BioVeris screening was carried out in 96-well polypropylene microliter plates. BEL extracts

were diluted in assay buffer (PBS supplemented with 0.5% BSA and 0.05% Tween-20).

Bkrtinylated ILt2R β1 was coupled to streptavidin coated paramagnetic beads (M-280,

Dynal), according to the manufactures instructions. BEL extract and streptavidin beads

coated with biotinyiated lL12Rβ1 were incubated o/n at room temperature on a Heidolph-

shaker (1000 rpm ) . For detect ion, anti-human (Fab)*2 (Dianova) labeled with a ruthenium

complex (BV-tag™) was used.

2.3 Determination of Picomolar Affinities Using Solution Equiibrium Titration (SET)

For KD determinat ion by solution equilibrium titration (SET), monomer fractions (at least 90%

monomer content, analyzed by analytical SEC; Superdex75, Amersham Pharmacia) of Fab

protein were used. The applied Fab concentration was similar to or below the expected KD.

Etectrochemiluminescence (ECL) based affinity determination in solution and data evaluat ion

were basically performed as described previously (Haenel, C , (2005) et al . Anal Biochem

339, 182-184) of recombinant human IL12Rβ1/Fc (1 nM starting concentration) in solution.

Biotinyiated human IL12Rβ1/Fc coupled to paramagnet ic beads (M-280 Streptavidin, Dynal)

and rubidium-containing BV-tag™ (BioVeris Europe) labeled anti-human (Fab) 2 (Dianova)

was added and incubated for 30 min. Subsequently, the concentration of unbound Fab was

quantified via ECL detection using the M-SERIES® 384 analyzer (BioVeris Europe).

For data evaluation for KD determination of Fab molecules the following fit model was used

(modified according to Abraham et ai. J Mol Recognit. 9, 456-461 (1996):

y=Bmax-(Bmax/(2*cFab)*(x +cFab+KD-sqrt((x+cFab+ KD)*(x+cFab+ KD)-4VcF ab)))

cFab: applied Fab concentration

clgG: applied IgG concentrat ion, complete molecule (not binding sites)

x: applied total soluble ant igen concentrat ion (binding sites)

sqrt: square root



Using the assay cond itions descr ibed above (monomelic) affin ities for the aff inity-

optimized ant i- IL12Rβ1 Fabs were determined in solution.

2.4 IL12R01 - IL12/IL23 in vHro competitive binding inhibition assay

For the IL12 and IL23 binding inhibition assay, 25 µg recombinant human IL12 and 20 µg

IL23 (R&D Systems) were directly coupled (NHS/EOC coupling) to 250 µl carboxy c acid M-

270 Dynal magnet ic beads (2 x 109 beads/ml). 50 µl Fab antibodies per well (20 nM stock) in

1:4 dilution steps (Fab concentrat ion: 0,6 pM - 10 nM) were incubated for 2 h with 50 µl of 40

- 100 pM IL12Rβ1/Fc fus ion in 96 well plates (Nunc). 25 µl IL12 or IL23 coated beads and

1:500 diluted Streptavid in detect ion ant ibody labeled with BV-tagTM according to instruct ions

of supplier (BkΛ/er is Europe) were added to each well and incubated for 1,5 h. Detection was

performed by BioVeris M-384 SERIES® Workstation (BioVeήs Europe). EC50 determination

was performed by evaluation of the resulting data by a 4-parameter logist ic fit model (XLfH.

IDBS).

3. In v itro Cha racter isat ion of antibod ies includ i ng cell-b ased funct ional assays

3.1 1nhibition of IL12-dependent IFNy production of human blood cells

Peripheral blood mononuclear cells (PBMCs) from donor blood were isolated via Histopaque

gradient as descr ibed above. Cells were adjusted to 2E+6 ceHs/ml in X-Vivo 15 medium . 50µ

celts (1E+5) were transferred to a 9 well U bottom plate and incubated with inhibitory

antibodies, eg anti human IL12Rβ1 Fabs or lgG4 or control mAbs or controls at desired

concentrations and pre-incubated for 30 min at RT on a shaker. Stimulation with 2µg/ml anb-

CD3 and anti CD28 mAbs and 2ng/ml recombinant human cytokine IL12 was performed o/n,

for 20hrs at 37°C in an 5% CO2 incubator. Next day the supernatant was coflected by

centrifugation of the cells at 250g for 5 min at RT and transferred to a fresh 96 well plate and

used for EUSA determination or stored at -20*C until assay was performed.

For the IFNγ ELISA the above collected supematants were diluted in X-Vtvo15 medium and

the ELISA was performed according manufactures protocols BenderMed Systems

#8MS228HS or Btozd/BJolβgend #8LD-430105. IFNγ production was determined accord ing

to IFNγ standard titration curve.

3.2 Inhibition of IL23-dependent IFNγ production of human blood ceHs

Another assay system was invest igated, using PHA-stimulated PBMC. In this cell populat ion,

the T cells proliferate upon lectin exposure and thus the proport ion of T cells in the

population increases. In preliminary experiments, the respons iveness of these cells to IL-12,

IL-23, IL-18 and LPS, alone or in combination was evaluated and the optimal stimulation



cond itions were established. The effects of 11-12 + IL-18 and IL-23 + IL- 18 on IFN-γ

secret ion were indcut ion of around 7ng/ml and 800pg/ml , respect ively.

3.3 Inhibition oflL12-dependent IFN/ production in whole blood

Aliqυots of 200µl of anti-coagul ated Wood were distributed to individual wells of U-bottom 96

we plates (Costar, 3799) where the top and bottom rows were filled with PBS. Compounds

were prepared and titrated in X-Vivo 15 medium (Bto-Whitaker, BE04-418F) at 20 fold the

des ired final concentr at ion and added to tripl icate wells per cond ition (1OuI). The cytok ines

IL-12 (R&D Systems , 219-IL) and IL-18 (R&D, B001-5) were prepared indiv idually and in

combinat ion at 20 fold concentr ations and added on top (1OuI)1 result ing in a total culture

volume of 220µl . Tripβcate wells without st imulat ion or inhibitory compounds were fitted with

medium only as appropr iate.

After 20-24h of incubat ion at 37°C, 5% CO2, the plates containing the whole blood were

centrifuged at 65Og for 10 minutes and the plasma carefully collected from the top. In order

to obtain measurements within the linear range of the standard curve, the plasma was d iluted

1:5 with PBS/2mM EDTA. In cases where the induct ion was stronger a further determination

at higher dilutions 1:10-1:20 was performed.

3.4 Specific Cell Binding of IL 12Rβ 1 Expressing BeJFZ CeHs Determined by FACS Analysis

Ce8» of the respective cell line (BaF3 cells stable transfected with cyno and human IL12Rβ 1;

HEK EBNA and Jurkat colls stable transfected with cyno IL12Rβ 1) were counted and

adjusted to 2x 107 cells/ml in PBS/3 % FCS/ 0.02 NaN3 (FACS buffer). FACS staining was

performed in V-botto m 96-we it microl iter plates ( NUNCTM, Wiesb aden, Germany) and 1x

10s cells per well were mixed w ith a) purified Fab fragments or b) purified lgG4 or c) pos itive

control antibody (mouse anti IL12R β1, R&D Systems, Cat#:MAB839), diluted in FACS buffer

and incubated at 4OC for 1h. Cells were then washed 2x with 200 µl FACS buffer/well and

taken up in 10OpI phycoerytnrin-conj υgated goat ant i-human IgG (H+L) second ary antibody

(Jackson ImmunoRese arch) which has been diluted 1: 200 in FACS buffer. After 45 min

incubation at 4°C cel is were washed 3x with FACS buffer, resuspended in 100ul of FACS

buffer and cell surface binding of IL12Rβ1 spec ific ant ibodies was measured via FL2

fluorescence intens ity of cells in FACSCaiiburTM (Becton Dickinson).

4. In v ivo/Ex v ivo funct io nal as says

4. 1. Cynomolgus Monkey pharmacodynamics (PD) assay

Heparinized blood samples were distributed in 96-U well plates (190 µl/tøell). Recombinant

human IL-12 (R&D Systems; 100 ng/ml final) and IL-18 (MBL; 50 ng/ml final) were added to



each wefl and the plates were mixed gently for 3 minutes. After an incubation of 24 hrs

at 370C, in 6% CO2, the plates were cβrrtrifυged at 2000 rpm for 10 min. The plasma were

collected and Kept at -800C until further process ing.

IL-2, TNFα and INFγ were assessed were performed w ith NHP spec ific EUSA-k its (CT71 1,

CT148 and CT141). as descr ibed by the manufacturer (UcyTech Biosc iencβs , Utrecht).

For the PD readout, the results in pg of INFγ/ml were corrected by the number of

lymphocytes found in each sample to be finally expressed as pg/10* lymphocyte.

For the monitoring of circulating IL-2/TNF α/INFγ levels, the results were expressed as pg

cytok ine/ml .

4.2. Rat in vivo compatibility assay

Rats were injected with def ined doses of mAbs and blood samples taken at several Intervals

to mon itor the peak plasma concentr at ion and the rate of elimination to deter mine the plasma

half life time. Since no cross-re activity to the rat target is expected also no target-rel ated

effects (internalization, turnover) can be expected to influence results.

4.3 CD45RBN transfer inflammatory bowel disease mouse model

To eUcHe the disease character ized by weight loss CD4+CD45R βH i T lymphocytes are

isolated from BALB/c mouse spleens by FACS-βort ing and injected (2 x 10s cells/mouse, i.p.)

into 10 week old female SCID mice (day 0). Negative control mice received PBS i.p. and one

such mouse is in each cage as a sent inel to monitor poss ible infect ions in this

immunodef icJent colony. Groups of mice rece ive treatment by subcut aneous inject ion of

mAbs (anti-IL12p40 clone C17.8 or anti-IL12Rp1 anttbodyor isotype control) or PBS ond d1

7, 14 and 21. The body we ight of each mouse is monitored throughout and at the end of the

study.

Results

Example 1: Ident if icat ion of Ant agon ist ant i-Human IL12R β1 Ant ibody Cand idates

1.1 Phage Pannings on Directly Coated IL12Rβ 1 /Fc

The pannings on IL12Rβ 1/Fc directly coated on Maxisorp resulted in 353 primary hits in the

screen ing on directly coated IL12Rβ1/Fc. Sequence analysis lead to 30 unique Fab

sequences. One Fab had several potent ial N-glycosyl ation sites in HCDR2, LCDR1 and

LCDR2 and was therefore excluded from further analysis.

1.2 Pannings on IL12Rβ 1 Captured via anti-Fc Antibodies



Panning on IL12Rβ1 /Fc captured via goat anti human IgG Fc gamma specie

antibodies and subsequent primary screen ing on IH2R β1/Fc captured antigen resulted in 75

primary hits. Sequence analysis revealed 8 unique Fab sequences.

1 3 Whole Ce// Pannings on Baf3/IL12Rβ 1 expressing ceils

Whole cefl panninge (WCP) comprising 3 selection rounds on Baf3/lL12R β1 express ing ceHs

included an adsorption step on Baf3 parental cefls. 112 primary hits were ident ified on

directly coated antigen and 122 primary hits were identified on captured antigen. For

d ifferent ial ceil panning (DCP), the 1st panning round was on cells, white the 2nd round was

on IL12Rβ1/Fc directly coated to Maxisorp followed by the 3rd round on cells again. Primary

screen ing of DCP revealed 50 hits on directly coated antigen and 5 1 hits on captured

antigen. In total 14 additional unique Fabs were ident ified, 11 from WCP and 3 from DCP. 4

Fabs from previous pannings on IL12Rβ1/Fc (d irect and capture) were ident ified again in the

cell pannings.

in total 52 Fabs were ident ified recogn izing human IL12Rβ1/Fc in ELISA.

1.4 Characterization of Fabs in EUSA Including Cross-Reactivity to Human IL4Rα/Fc

Binding to human IL12Rβ1/Fc and human IL4Rα/Fc was tested in ELiSA. 1 and 10 µg/ml of

each Fc fus ion protein were d irectly coated on Maxisorp, in parallel 1 and 10 µg/ml each

were captured via anti-Fc. One Fab showed some cross-reactivity to IL4Rα/Fc in the ant igen

capture mode, but showed no binding to directly coated IL4Rα/Fc (Data not shown). This Fab

was excluded from further analysis. AU other tested Fabs showed specific bind ing to human

IL12Rβ1/Fc and no binding to human IL4Rα/Fc on both, directly coated and captured

antigen.

1.5 FACS Analysis of Fabs on IL12Rβ 1 Transfected Baf3 CeBs

Binding to human IL12Rβ1/Fc expressed on Baf3 cells was analyzed by FACS. Initi ally two

eel populations of the human IL12Rβ1 transfected cells were detected, having different

express ion levels of human IL12Rβ1. Two rounds of FACS sorting lead to the detection of a

homogenous cell population. 48 of the 52 ELISA positive Fabs snowed FACS bind ing to

human IL12Rβ1 transfected BaF3 cells and were subject to further analysis .

1.6 IL12 and IL23 Binding Inhibition Assay (BioVeris) using Fab Antibodies

FACS positive Fabs were analyzed for IL12 and IL23 receptor binding inhibition. 26 Fabs

showed IL12 / IL12Rβ1 binding inhibition in BioVeris™ while only 14 Fabs showed IL23 /

IL12Rβ1 bind ing inhibition in BioVer is™. The different sizes, slightly different bind ing

epitopes or simply different g and receptor affinit ies might have caused this discrepancy.



Remarkably, IL12 and IL23 / IL12Rβ1 binding inhibition in parallel was detectable for 12

Fabs. In general the EC50 values obtained from IL12 inhibition were slightly lower compared

to IL23 inhibition (Table 1). One of the 12 Fabe was excluded due to cross reactive binding to

rh IL4Ra/Fc in ELISA. Finally the 11 out of 52 Fabs were selected for further evaluation. 3 of

the 11 Fabs derived from cell pannings and 8 from pamin gs on IL12Rβ1/Fc, direct and

capture mode. The EC50 values ranged from to w nM to several hundred nM (see Table 1).

1. 7 Biacorθ Affinity Determination on an -Human Fc-Captured IL12Rβ i/Fc

For the parental Fabs, the affinities were measured on captured IL12Rβ 1/Fc in Blacore. The

affinity of the 11 pres elected Fabs was in the range of 2 - 45O nM (Table 2).

1.8 lgG4 Conversion ofaH H Pre-Selected Candidates



A H 11 pre-se cted Fab candidates were converted into lgG4 format. All 11 lgG4 were

expressed and purified in ≤ 1 mg scale. MOR04580 and MOR04581 showed low lgG4

expression level.

1.9 Primary Human T CeKs to Determine Antagonistc Potential ofanti-IL12R β 1Anttoodies

Human primary T cells within PBMCs were stimu lated with anti-CD3/ant»-CD28 to enable

IL12 dependent induction of IFN-γ . The selected lgG4 antibodies were tested for dose

dependent inhibition of IL12 induced IFN-γ production. The polyclonal positive control anti-

IL12Rβ1 antibody AF839 (R&D Systems) inhibited IFN-γ production in a dose-dependent

manner , whereas the monoclona l Mab83θ did not show d ear inhibition. MOR04557, 04559

and 04580 were most active in this assay (Table 3).

Table 3 summarizes the data of antibodies that were selected for affinity maturation.

1. 10 Affinity Maturation

The 7 antibodies selected for maturation were grouped in 3 different pools.

Pool 1: MOR04557; MOR04559 (H-CDR2 and L-CDR3 optimization in parallel)

Pool 2: MOR04558; MOR04715 (H-CDR2 and L-CDR3 optimization in parallel)

Pool 3: MOR04561; MOR04580; MOR04601 (H-CDR2 and L-CDR3 in parallel)

1.11 Library Cloning, Phage Preparation and Selection

8 different Fab maturation libraries were cloned and sequencing of randomly picked clones

showed a divers ity of ~ 100 %. The phage preparation from 8 libraries was partially pooled to

finally get 6 phage pools as input for maturation panning . In total three different maturation

strategies were applied to select for the optimized antibodies . For the solution panning on

biotinylated human IL-12Rβ1/Fc, reduction of antigen and IL12RB1/FC competition (off-rate

selection) were used to increase stringency during selection. As second strategy semi-



solution, also called IL12Rβ1/Fc capture panning, was used. Here a reduction of antigen

and prolonged washing were performed . Flnally a whole cel l panning, including a reduction

of cell number and prolonged washing were applied. For each selection method, three

rounds of maturation pannings were performed.

1. 12 AfRnHy Screening

Affinity screening was performed in BtoVeri s and 2790 single clones in total , derived from all

pannings, were screened for improved affinities on IL12Rβ1/Fc. 264 primary hits coming

from all pannings were selected for secondary screening and best hits were sequenced. 32

binders were selected for expression and purification mainly based on the diversity of the H-

CDR3.

Examp le 2: Characterization of Fabs and IgGs of the invention

2. 1Af n y Determination in SET (BioVθris)

Monomeli c affinities for the selected affinity-optimized anti-iL12Rβ1 Fabs were dete rmined in

solution, which are summarized in Table 4 .



Several optimized Fabβ showed improvement in affinity up to 70Ox compared to their

parental Fab. SET affinities measured in BioVeήs were in the range of 1 - 1200 pM (Tab le

4), with most of the affinities in the range of 1 - 100 pM.

Z 2 Cross-Reactivity to IL4Rα/Fc in EUSA

No cross-reactivity to directly coated IL4Rα/Fc was detected in ELISA. In the Fc capture

ELISA, most Fabβ were specific, but MOR05291 and MOR052Θ2 showed binding to

IL4Rα/Fc and CD28/Fc, but these two binders are not pursued for IgG conversion (Data not

shown).

2.3 FACS Binding to Human IL12R01 TransfectedBaf3 Cells

A B optimized Fabβ showed good FACS binding to human IL12Rβ1 transfected Baft cells

(see summary data Table 5)

2.4 Summary Fab Data and Selection for lgG4 Conversion

20 Fabs were selected for lgG4 conversion and expression, including 16 lgG4 directly from

maturation and 4 lgG4 from cross-donin g of MOR04561 derivatives (Table 5). The selected

lgG4 covered 5 of 7 parental binders and at least one lgG4 from each of the 3 pools was

selected to keep a high diversity.



2.5 IgGA Conversion of 20 Preselected Candidates

20 lgG4 were converted , expressed and purified in general the gGs snowed a good

expression (Data not shown), but MOR05286 and MOR06287 had to be dialyzed against

fina l buffer PBS pH 6.5, since buffer exchange to standard PBS pH 7.2 resulted in

precipitations and significant loss of protein. The isoelectric point of MOR05286 and

MOR05287 might have been the reason for the precipitation at pH 7.2. MOR05273 showed a

very low expression rate and was therefore excluded from further analysis.

2.6 Characterization of Optimized IgGs

IgQ Cross-Reactivity to IL4Rα/Fc in EUSA

M 19 lgG4 showed no cross-reactivity to directly coated IL4Rα/Fc in ELISA, MOR05358

showed no binding to IL12Rβ1 and was excluded from further evaluation (Data not shown).

2.7 FACS Binding of IgGs to Human and Cyno IL12Rβ 1 Transfected Baf3 Celts

19 lgG4 were analysed for FACS binding to human and cynomoigus IL12Rβ1 transfected

Baf3 cell s and all showed nearly identical EC50 values on human compared to cynomoigus

IL12Rβ1. Differences in maximum binding signal in the saturation phase was most probably

due to the known fact that the anti-human Fab detection antibody discriminates between

different frameworks (Table 6). The differences between monovalent affinities and the FACS

binding EC50 values might result from different conformations or gly coslyation of the

receptor antigen . Different avidity effects of the IgGs might also play a role. In addition,

cynomoigus IL12Rβ1 was also expressed on human HEK293 and human Jurkat cells

(human, peripheral Wood, leukemia, T cell) . MOR05286 snowed clear FACS bind ing to

cynomoigus IL12Rβ 1 expressed on human cells. The MFI (mean fluorescent intensity)

values are shown in table 7 .



Examp le 3: Selection of Lea dCand idat es and characterization

3.1 Sequences of lead candidates

Finally 4 lead lgG4 were selected according to their affinity and activity in different bio-

assays: MOR05271, MOR05286, MOR05278, MOR05281



The following tab le 8 describee SEQ ID numbers fo r the corresponding CDRs of the

selected antibodies of the invention. HCDR1, HCDR2 and HCDR3 stands for the CDR1,

CDR2 and CDR3 of the heavy chain of an antibody and LCDR1 , LCDR2 and LCDR3 stands

for the CDR1, CDR2 and CDR3 of the light chain of an antibo dy.

3.2 Agonistic potential of MOR05286 in vitro

A series of βxperiment$ were performed to assess the potentia l agonist ic activity of

MOR5286 alone or in the presence of cross-unking reagents. These assays used either

monoclona l or polyclonal Abs directed against human IgG constant reg ions and were

directed to monitor activation markers on the surface of T cβfl s as well as cytokine produc on

and proliferation responses.

An agonis c anti-CD28 mAb was used as positive control. This mAb showed a clear

induction of activation markers with an average increase of CD25 and CD6Θ fluorescence

intensity of around 10-fold over the control samples and with >80% of human CD4+ T cells

expressing CD69 (Data not shown). In contrast , MOR05286 did not induce any general

activation response regardless of IL-12+IL-18 stimu lation.

In some experiments, a small amount of IFN-γ production was observed following activation

of human PBMC with MOR05286 in the presence of the cross-finking mAb anti-tgG4 A (Data

not shown). However, this effect was not reproduced in cell cultures which were additiona lly

supplemented with the IFN-γ-inducing cocktai l of IL-12 + IL-18. Under these conditions , the

responses were expectecUy rather below that observed by contro l lgG4. Furthermore, IFN-γ

production was not elicited in human whole blood or rhesus PBMC cultures, unstimu lated or

stimu lated with IL-12 + IL-18, whereas the inhibitory effects of MOR05286 on cytokin e

mediated IFN-y production were consistent in both species. Together these data indicates

that MOR05286 does not induce the expression of activation markers on human T cells and

does not have the potential to promote cytokine production by human and NHP T cette.



Example 4: Screen ing antibod ies that cross-block IL12Rβ1 bind ing antibod ies of

the present invention

4. 1 Biacore cross-blocking assay

The following generally descr ibes a suitable Biacore assay for determining whether an

antibody or other binding agent cross-blocks or is capable of cross-block ing antibod ies

accord ing to the invention. It will be apprec iated that the assay can be used with any of the

IL12Rβ1 binding agents described herein.

The Biacore machine (for example the BIAcore 3000) is operated in line with the

manufacturer's recommendations.

IL12Rbeta1 extracellular domain may be coupled to e.g. a CM5 Biacore chip by way of

routinely used amine coupling chemistry, e.g. EDC-NHS amine coup ing, to create a

IL12Rβ1-coated surface. In order to obtain measurable levels of binding, typically 200-800

resonance units of IL12Rβ1 may be coupled to the ch ip (this amount g ives measurable levels

of bind ing and is at the same time readily saturable by the concentrations of test reagent

being used).

An alternative way of attaching IL12Rβ1 to the BIAcore chip is by using a tagged* version of

H12Rβ1, for example N-terminaJor C-termina l His-tagged IL12Rβ1. In this format an ant i-His

antibody would be coupled to the Biacore ch ip and then the His-tagged IL12Rβ1 would be

passed over the surface of the chip and captured by the anti-His antibody.

The two antibod ies to be assessed for the ir ability to cross-block each other are mixed in a

stoch iometHcal amount, e.g. at a one to one molar ratio, of bincfing sites in a suitable buffer

to create the test mixture. The buffer used is typ ically a buffer which is normally used in

protein chemistry, such as e.g. PBS (136 mM NaCl, 2.7 mM KCI, 10 mM Na2HPO4. 1.76 mM

KH2PO4, pH 7.4). When calculating the concentrat ions on a binding site-basis the molecular

weight of an antibody is assumed to be the total molecular weight of the antibody divided by

the number of target (i.e. IL12Rβ1) bind ing sites on that antibody.

The concentration of each ant ibody in the test mixture should be high enough to ensure

saturation of the binding sites for that antibody on the IL12Rbeta1 molecule which are bound

on the BIAcore chip. The antibod ies in the mixture are at the same molar concentration (on a

binding baste) and at concentr ation would typically be between 1.OmM and 1.5mM (on a

binding site basis).



Separate solutions containing the separate antibodies on their own are also prepared.

The buffer used for these separate solutions should be the same buffer and at the same

concentration as was used for the test mixture.

The test mixture is passed over the IH2R β1-coated BIAcore chip and the binding recorded.

The bound antibodies are thereafter removed by treat ing the chip with e.g. an add, such as

3OmM HCI for about 1 minute. It is important that the IL12Rβ1 molecules which are bound to

the chip are not damaged.

The solution of the first antibody alone is then passed over the !L12Rβ1-coatβd surface and

the binding is recorded. Thereafter, the chip is treated to remove all of the bound antibody

without damaging the chip-bound IL12Rβ1, e.g. by way of above mentioned acid treatment.

The solution of the second ant ibody alone is then passed over the IL12Rβ1-coated surface

and the amount of binding recorded.

The maximal theoret ical binding can be defined as the sum of the binding to IL12Rβ1 of each

antibody separately. This is then compared to the actual binding of the mixture of antibodies

measured. If the actual binding is lower than that of the theoretical binding, the two

ant ibodies are cross-blocking each other.

4.2 Elisa-bβsed cross-Mocking assay

Cross-blocking of an antML12Rβ1 antibody or another IL12Rβ1 binding agent may also be

detected by using an ELISA assay.

The general principle of the ELISA-assay involves coat ing an anti-IL12Rβ1antibody onto the

wells of an ELISA plate. An excess amount of a second, potentially cross-blocking, anti-

IL12Rβ1 antibody is then added in solution (i .e. not bound to the ELISA plate). A limited

amount of IL12Rβ1-Fc is then added to the wells.

The antibody which is coated onto the weds and the antibody in solution wϋl compete for

binding of the limited number of IL12Rβ1 molecules. The plate is then washed to remove

IL12Rβ1-Fc that has not bound to the coated antibody and to also remove the second,

solution phase, antibody as well as any complexes formed between the second, solution

phase antibody and IL12Rβ1-Fc. The amount of bound IL12Rβ1 is then measured using an

appropriate IL12Rβ1 detection reagent. An antibody in solution that is able to cross-block the

coated antibody will be able to cause a decrease in the number of IL12Rβ1 molecules that

the coated antibody can bind relative to the number of IL12Rβ1 molecules that the coated

antibody can bind in the absence of the second, solution phase, ant ibody.



This assay is descr ibed in more deta further below for two antibod ies termed Ab-X and

Ab-Y. In the instance where Ab-X is chosen to be the immobilized antibody, it is coated onto

the wells of the ELISA plate, after wh ich the plates are blocked with a suitable block ing

solution to minimize non-spec if ic binding of reagents that are subsequently added. An

excess amount of Ab-Y is then added to the ELISA plate such that the moles of Ab-Y

IL12Rβ1 binding sites per well are at least 10 fold higher than the moles of Ab-X IL12Rp1

binding sites that were used, per weH, dur ing the coating of the ELISA plate. IL12Rβ1-Fc is

then added such that the moles of IL12Rβ1~Fc added per well are at least 25-fold lower than

the moles of Ab-X IL12Rβ i binding sites that were used for coating each well. Follow ing a

suitable incubation per iod, the ELISA plate is washed and a IL12Rβ1 detect ion reagent is

added to measure the amount of IL12Rβ1 specifically bound by the coated antML12R β1

antibody (in this case Ab-X). The background signal for the assay is def ined as the signal

obtained in wells w ith the coated antibody (in this case Ab-X), second solut ion phase

antibody (in this case Ab-Y), sderost in buffer only (i.e. no IL12Rβ1) and IL12R β1 detect ion

reagents. The positive control signal for the assay is def ined as the signal obtained in wells

w ith the coated antibody (in this case Ab-X). second solut ion phase antibody buffer only (i.e.

no second solut ion phase ant ibody), IL12Rβ1 and IL12Rβ1 detection reagents. The ELISA

assay needs to be run in such a manner so as to have the positive control signal be at least

6 ti mes the background signal .

To avoid any artifacts (e.g. s ignificantly different affinities between Ab-X and Ab-Y for

JL12Rβ1) resulting from the cho ice of which antibody to use as the coat ing antibody and

which to use as the second (compet itor) antibody, the cross-block ing assay needs to be run

in two formats: 1) format 1 is where Ab-X is the ant ibody that is coated onto the ELISA plate

and Ab-Y is the competitor ant ibodythat is in solut ion and 2) format 2 is where Ab-Y is the

ant ibody that is coated onto the ELISA plate and Ab-X is the compet itor ant ibody that is in

solut ion.



CLAIMS

1. An isol ated antibody or a prote in comprising an ant igen-b ind ing port ion of a ant ibody for

a target IL12R β1 polypept ide (SEQ ID NO 41), character ized in that the ant ibody or prote in

binds to IL12R β1 polypept ide with a KD of 10OnM or less and it inhibits IU 2 and/or IL23

bind ing to IL12R β1 polypept ide as measured in an in vitro compet itive bind ing assay .

2 . The isolated antibody or prote in of Claim 1, where in said antibody or prote in further inh ibits

IL12 dependent IFN-γ product ion in human blood cells with an ICso around 1nM or less.

3. The antibody accord ing to Claim 1 or 2, which is a fully human or humanized antibody.

4 . The antibody of Claim 1 or 2, which comprises a mutated or chemically modified amino

acid Fc reg ion, where in said mutated or chemically modified Fc region prov ides no or

decreased ADCC act ivity when compared with wild type Fc region.

5 . The antibody of Claim 4 , where in the mutated or chemically mod ified amino acid Fc reg ion

is a eitent IgGI Fc region.

6 . The prote in accord ing to any of claims 1-2, which essent ially cons ists of a pegyl ated

ant igen-b inding port ion of an antibody for IL12R β1 polypept ide (SEQ ID NO:41).

7. The ant ibody or bind ing prote in accord ing to any of Claim 1-6, which comprises at least a

heavy chain reg ion CDR3 having at least 60, 70, 80, 90, 95 or 100 percent sequence ident ity

to a heavy chain reg ion CDR3 sequence selected from the group cons isting of SEQ ID NO:9-

12.

8. The antibody or binding prote in accord ing to Claim 1-7, compris ing V H polypept ide

sequence having at least 60, 70, 80, 90, 95 or 100 percent sequence ident ity to at least one

of SEQ ID NO:29-32

9. The ant ibody or bind ing prote in accord ing any of Claims 1-8, compris ing VL polypept ide

sequence having at least 60, 70, 80, 90, 95 or 100 percent sequence ident ity to at least one

of SEQ ID NO 25-28

10. An antibody compris ing either

(a) heavy chain sequence of SEQ ID NO.29 and Bght chain sequence of SEQ ID NO:25;

(b) heavy chain sequence of SEQ ID NO.30 and Kght chain sequence of SEQ ID NO:26;

(C) heavy chain sequence of SEQ ID NO:31 and tight chain sequence of SEQ D NO:27; or,

(d) heavy chain sequence of SEQ ID NO 32 and light chain sequence of SEQ ID NO:28.



11. An antibody or binding protein accord ing to any of Claims 1-9, compris ing VH and VL

sequences having at least 60, 70, 80, 90, 95 or 100 percent sequence ident ity to VH and VL

correspond ing sequences of at least one antibody of Claim 10.

12. The antibody or binding prote in accord ing to Claim 11, comprising: a heavy chain

vari able region CDR1 comprising an ammo acid sequence selected from the group

cons isting of SEQ IO NOs: 1-4; a heavy chain vari able reg ion CDR2 comprising an amino

acid sequence selected from the group cons isting of SEQ ID NOs: 5-8; a heavy chain

vari able region CDR3 compr ising an amino acid sequence selected from the group

cons ist ing of SEQ ID NOs: 9-12; a g chain vari able reg ion CDR 1 compris ing an amino

acid sequence selected from the group cons isting of SEQ ID NOs: 13-16; a Nght chain

variable reg ion CDR2 compris ing an amino acid sequence selected from the group

cons isting of SEQ ID NOs: 17-20; and a light chain vari able reg ion CDR3 comprising an

amino acid sequence selected from the group cons isting of SEQ ID NOs: 21-24.

13. The antibody or binding prote in accord ing to any of Claims 1-12, which is cross-blocked

from bind ing to IL12Rβ1 by at least one antibody of Claim 10.

14. The antibody or binding prote in accord ing to any of Claims 1-13 which cross-blocks or is

cross-blocked by at least one ant ibody of Claim 10 from binding to IL12Rβ l

15. The antibody or binding protein accord ing to any one of claims 1-14, for use as a

med icament.

16. The antibody or binding prote in accord ing to any one of Claims 1-15, for the treatment of

a patholog ical d isorder that is mediated by IL12Rβ1 or that can be treated by inhibiting

IFNγ product ion.

17. The antibody or binding prote in accord ing to any one of Claims 1-16, for the treatment of

auto immune and inflammatory disorders, such as rheumatoid arthritis, psoriasis or

inflammatory bowel diseases.

18. A pharmaceut ical composition comprising an antibody or binding prote in accord ing to any

one of claims 1-17, in combination with one or more of a pharmaceut ically acceptable

excipient, diluent or carrier.

19. An isolated nucleic acid encod ing the antibody or binding prote in accord ing to any one of

claims 1-17.

20. A cloning or express ion vector comprising one or more nucle ic acids accord ing to claim

19.



2 1. A cloning or expression vector according to claim 20, which comprises at least one

nucleic acid selected from the group consisting of SEQ IO No 33-40 or fragment encod ing

at least one COR region.

22. A host cell comprising one or more cloning or expression vectors accord ing to claim 20-

21.

23. A process for the production of an antibody or binding protein of any one of claims 1-17,

comprising cuKuring the host ceil of claim 22 and isolating said antibody or funct ional protein.

24. Use of an antibody accord ing to any one of Claims 1-14, in the preparation of a

medicament useful in the treatment of autoimmune and inflammatory disorders, such as

rheumatoid arthritis, psoriasis or inflammatory bowel diseases.
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