19 DANMARK (19 DK/EP 2890711 T3
12
(12) Oversaettelse af
europeeisk patentskrift
Patent-og
Varemaerkestyrelsen

(51) Int.Cl.: C07 K 16/28 (2006.01) C 12N 15/10 (2006.01) C 40 B 40/08 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2017-02-27
(80) Dato for Den Europeeiske Patentmyndigheds

bekendtgarelse om meddelelse af patentet: 2017-01-04
(86) Europaeisk ansggning nr.: 13753659.5
(86) Europeaeisk indleveringsdag: 2013-08-30
(87) Den europaeiske ansggnings publicetingsdag: 2015-07-08
(86) International ansggning nr.: EP2013067979
(87) Internationalt publikationsnr.: W02014033252
(30) Prioritet: 2012-08-31 US 201261695664 P
(84) Designerede stater: AL AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV

MC MK MT NL NO PL PT RO RS SE SI SK SM TR
(73) Patenthaver: ARGEN-X NV, Willemstraat 5, 4811 AH Breda, Holland
(72) Opfinder: DE HAARD, Johannes Joseph Wilhelmus, c/o ARGEN-X NV, Willemstraat 5, 4811 Ah Breda, Holland

BLANCHETOT, Christophe Frederic Jerome, c/o ARGEN-X NV, Willemstraat 5, 4811 Ah Breda, Holland

VAN DER WONING, Sebastian Paul, c/o ARGEN-X NV, Willemstraat 5, 4811 Ah Breda, Holland
(74) Fuldmaegtig i Danmark: Holme Patent A/S, Valbygardsvej 33, 2500 Valby, Danmark
(54) Beneaevnelse: Fremgangsmade til at fremstille antistofmolekyler med inter-species, intra-target krydsreaktivitet
(56) Fremdragne publikationer:

EP-A1-2 316 852

WO-A2-2004/085476

WO-A2-2007/002261

CRAMERI ANDREAS ET AL: "Construction and evolution of antibody-phage libraries by DNA shuffling”,
NATURE MEDICINE, NATURE PUBLISHING GROUP, NEW YORK, NY, US, vol. 2, no. 1, 1 January 1996 (1996-01-
01) , pages 100-102, XP002165814, ISSN: 1078-8956, DOI: 10.1038/NM0196-100

KANG ET AL: "Antibody redesign by chain shuffling from random combinatorial inmunoglobulin libraries",
PROCEEDINGS OF THE NATIONAL ACADEMY OF SCIENCES, NATIONAL ACADEMY OF SCIENCES, US, vol.
88, 1 December 1991 (1991-12-01), pages 11120-11123, XP002099780, ISSN: 0027-8424, DOI:
10.1073/PNAS.88.24.11120

WILLEM P. C. STEMMER ET AL: "DNA shuffling of a family of genes from diverse species accelerates directed
evolution.”, NATURE, vol. 391, no. 6664, 15 January 1998 (1998-01-15), pages 288-291, XP55092965, ISSN: 0028-
0836, DOI: 10.1038/34663



DK/EP 2890711 T3



DK/EP 2890711 T3
DESCRIPTION

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates generally to a method using antibody chain shuffling to create antibodies having inter-species, intra-
target cross-reactivity.

2. Description of the Related Art

[0002] Techniques for designing and producing antibodies, in particular monoclonal antibodies, have been described in the art.
Monoclonal antibodies can be designed to selectively bind to a specific antigen. Such antibodies can be used in diagnostic and/or
therapeutic methods that make use of the binding affinity and selectivity of the antibody.

[0003] U.S. Patent Application Publication 2011/0300140 to Dreier et al. discloses a method for producing Camelid derived
conventional antibodies comprising immunizing a Camelid species, such as llama, with an antigen. It has been found that in
particular fully outbred Camelid species generate a robust immune response, producing a diverse library of target-specific
antibodies characterized by high affinity for the target antigen.

[0004] In addition, the conventional Camelid antibodies have been found to possess variable domains having a surprisingly high
sequence homology with the corresponding variable domains of human germline antibodies. Moreover, Camelid antibodies have
surprisingly high structure similarity to human antibodies. Accordingly Camelid antibodies require few mutations to raise the
human character of the variable domains to a level where the level of immunogenicity is acceptably low. These few mutations
have little or no effect on the antibody's affinity for the target.

[0005] U.S. Patent Application Publication 2011/0165621 to Dreier et al. discloses a protocol for humanizing Camelid derived
antibodies.

[0006] Several techniques have been developed to mimic the affinity maturation occurring in the immune response of a living
animal. Once such techniques is referred to as "chain shuffling;" Chain shuffling was recognized early as a means for generating
new antibodies from a library of heavy chains or light chains of antibodies obtained in, for example, a primary immune response.
Screening methods can be used to select antibodies obtained in a chain shuffling protocol for affinity and selectivity. In this
manner it is possible to generate antibodies that have greater affinity and/or target selectivity than the parent antibodies. See, for
example, Kang et al., "Antibody redesign by chain shuffling from random combinatorial immunoglobulin libraries" Proc. Natl. Acad.
Sci. USA 88 (1991), 11120-11123 . Chain shuffling has also been used for antibody humanization via epitope imprinting EP 2 316
852 teaches a method of obtaining cross-reactive anti-serum albumin antibodies by immunising a llama with human serum
albumin, then screening within a library of antibodies from said llama for antibodies reactive with mouse serum albumin followed
by a confirmation of the isolated antibodies' cross-reactivity with human serum albumin and serum albumin from other species.

[0007] A large majority of antibodies is being developed for diagnostic and/or therapeutic use in humans. Accordingly, such
antibodies are raised and screened for their ability bind to human antigens. For testing of such antibodies in a laboratory
environment it is highly desirable that such antibodies also bind to the corresponding antigen present in a non-human animal
species, in particular an animal species that is well established in laboratory practice, for example rodents, in particular mouse.

[0008] Thus, there is a need for a method for producing antibody molecules having inter-species, intra-target cross-reactivity.

BRIEF SUMMARY OF THE INVENTION

[0009] The present invention addresses this need by providing a method for producing an antibody molecule having inter-
species, intra-target cross-reactivity, said method comprising the steps of:
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1. a. creating a first immune library specific for a target antigen from a first species;

2. b. combining variable regions from the first immune library in a chain shuffling protocol to produce a second immune library;

3. c. identifying in the second immune library antibody molecules being reactive to the target antigen and to a corresponding
antigen from a second species;

wherein the second species is different from the first species.

[0010] In a preferred embodiment the first species is man, and the first immune library is created for a human antigen. In this
preferred embodiment the second species is a non-human animal, preferably a well-established laboratory animal, such as
mouse.

[0011] Also described herein is an antibody molecule having inter-species, intra target cross reactivity.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The following is a detailed description of the invention.

Definitions

[0013] The terms "antibody"; "antigen"; "target antigen"; "specificity”; 'affinity"; "Camelid species”; "VL domain"; "VH domain”;
"variable domain”; "L1"; "L2"; "L3"; "H1"; "H2"; "H3"; "framework region"; "constant domain" and "hypervariable loop"; as well as
other specific terms as used herein are as defined in U.S. Patent Application Publication No. 2011/0300140 to Dreier et al., The
term "antibody molecule” refers to any polypeptide comprising a VH domain and a VL domain which is immunoreactive with and/or
exhibits specific binding to a target antigen. Examples include antibodies, immunoglobulins and antibody fragments.

[0014] The term "immune library" as used herein refers to a collection of antibody molecules. The antibody molecules may be
displayed by a suitable vector, such as phage, plasmid, or phagemid vector. Techniques for creating immune libraries are
reviewed in J. Brichta et al., Vet. Med. - Czech, 50, 2005(6): 231-252.

[0015] The term "chain shuffling" as used herein refers to a technique for increasing the diversity of an antibody library by
providing fragments of antibodies from the library; expressing the fragments in a display tool, for example phage display; and
recombining the expressed fragments into antibody molecules. The resulting antibody molecules can be screened for binding to a
target antigen X, for the relative absence of undesired binding to a rival antigen Y, or both. Chain shuffling is a commonly used
technique for generating antibodies having greater affinity for the target, or greater binding specificity, or both. Chain shuffling
can also be used as a humanization protocol for antibodies obtained from a non-human species, such as mouse. Chain shuffling
techniques are discussed in Kang et al., "Antibody redesign by chain shuffling from random combinatorial immunoglobulin
libraries” Proc. Natl. Acad. Sci. USA 88 (1991), 11120-11123.

[0016] Chain shuffling can be carried out with any type of antibody fragment, such as hypervariable loops; complementarity
determining regions (CDRs); light chain variable domains; heavy chain variable domains; and the like. For example, a library of
light chains may be shuffled with one heavy chain, or a library of heavy chains may be shuffled with one light chain.

[0017] The term "cross-reactivity" is used generally to describe non-specific binding between an antibody molecule and an
antigen. For example, an antibody X designed to bind antigen X may also exhibit binding to antigen Y. Antibody X would be
considered cross-reactive to antigen Y. If antigen Xand antigen Y are antigens from the same species this type of cross-reactivity
can be referred to as "inter-target, intra-species" cross-reactivity. The term "inter target" refers to the cross-reactivity being to
different targets. The term "intra-species” refers to the targets, or antigens, being from the same species. This type of cross-
reactivity is generally undesirable, as the unintended binding to antigen Y detracts from, and can interfere with, the desired
binding to antigen X In addition, the unintended binding to antigen Y could interfere with the normal functioning of antigen Y, thus
causing undesirable side-effects.

[0018] Another form of cross-reactivity exists when an antibody designed to bind to antigen X of a first species (for example
human X or hX) also binds to antigen Y of a second species (for example murine Y, or mY). This would be properly labeled as
"inter-target, inter-species cross-reactivity." This type of cross-reactivity may have interesting scientific implications, and could be
of use in epitope mapping, for example, but is otherwise not of great value.
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[0019] Yet another form of cross-reactivity exists when an antibody designed to bind to antigen X of a first species (for example
human X or hX) also binds to the corresponding antigen X of a second species (for example murine X, or mX). This would
properly be labeled as "inter-species, intra-target cross-reactivity." This type of cross reactivity is of great practical value,
because it permits using the second species (in this example mouse) as an animal model in the study of an antibody being
developed for human therapeutic and/or diagnostic use.

[0020] In practice, antibodies are screened for and selected on the basis of the desired properties in terms of target affinity and
specificity. Whether the selected candidate or candidates has or have desirable inter-species, intra-target cross-reactivity is in
essence the luck of the draw. No methods are believed to exist to date to engineer this type of cross-reactivity into an antibody
molecule.

[0021] It has now been discovered that chain shuffling can be used to produce an antibody molecule having a specific desirable
inter-species, intra-target cross-reactivity. Thus, in its most general scope, the present invention relates to a method for
producing an antibody molecule having inter-species, intra-target cross-reactivity, said method comprising the steps of:

1. a. creating a first immune library specific for a target antigen from a first species;

2. b. combining variable regions from the first immune library in a chain shuffling protocol to produce a second immune library;

3. c. identifying in the second immune library antibody molecules being reactive to the target antigen and to a corresponding
antigen from a second species;

wherein the second species is different from the first species.

[0022] Whether an antibody from the second library is reactive to the target antigen and a corresponding antigen from a second
species can be established by any suitable method, including direct methods, such as binding assays, or indirect methods testing
for a binding-related functionality.

[0023] It will be understood that the first species is generally the species for which the antibody molecule is produced. In many
cases this species will be human, but in principle the first species can be any species that would benefit from the availability of the
antibody molecule, such as husbandry and companion animals, and the like. For the purpose of the present document the first
species will assumed to be man, but the reader will keep in mind that this is not intended to be limiting.

[0024] The first immune library may be obtained from the first species in any suitable manner. For example, the immune library
may be a naive library obtained from one or more healthy volunteers; or it may be obtained from donors who were infected with
the target antigen in a natural fashion. If the first species is man, it is generally not ethically possible to create the first immune
library from donors that were purposely infected with the target antigen.

[0025] In an alternate embodiment the first immune library is obtained from an animal of a third species immunized with the target
antigen. The third species can be identical to or different from the first species. If the first species is man, the third species
generally is different from the first species. For example, the third species can be a member of the family of Camelidae, or
Camelids. In a preferred embodiment the third species is llama.

[0026] It has been found that Camelids are particularly suitable for producing the first immune library, for a number of reasons.
Human target antigens generally provoke a powerful immune response in Camelids. In addition, fully outored Camelids are readily
available for immunization; the use of fully outbred animals contributes to the creation of a highly diverse immune library. As has
been reported earlier, the variable domains of antibodies obtained from Camelid species have a high degree of sequence
homology with the corresponding human variable domains, as well as a high degree of structural homology. As a consequence
such antibodies require little or no mutations for reducing their immunogenicity, so that there is little risk for the high affinity to a
human target to be lost.

[0027] In particular the high diversity of immune libraries obtained from Camelids significantly increases the probability of
successful creation of cross-reactivity by the method of the present invention.

[0028] Antibodies for the first immune library are produced and selected in any method known in the art. For example, mature B-
cells are harvested from the donor animal; RNA is collected and expressed; antibody fragments are screened for affinity to the
target antigen; selected antibodies are sequenced and amplified. Other methods include use of hybridoma technology and
cloning; B-cell sorting and transfection; etc.
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[0029] The first immune library can have any suitable form. For example, the first immune library can be in the form of one or
more phage display libraries of variable regions of antibodies from the first immune library. These variable regions can be light
chains and heavy chains, for example.

[0030] Any chain shuffling protocol can be used for producing the second immune library. It will be understood that, although the
purpose of the chain shuffling step of the method is to produce antibody molecules having inter-species, intra-target cross-
reactivity, it will be desirable or even necessary to confirm that binding to the target antigen is retained. It may also be desirable to
further select antibody molecules from the second immune library for improved selectivity as compared to the antibody molecules
of the first immune library. In addition to obtaining the desired intra-target, inter-species cross-reactivity the chain shuffling may
also produce antibodies having affinity for intra-species homologues of the target antigen.

[0031] Desirably antibodies obtained from the second library have binding affinity to the target antigen that is at least equal to,
preferably superior to, the binding affinity to the target antigen exhibited by the most reactive antibody molecules of the first
library. For this purpose it may be desirable to use light chain shuffling with a single heavy chain, so that antibody molecules from
the second library are likely to bind to the same epitope of the target antigen as do antibody molecules of the first library.

[0032] It has also been found that higher affinities are produced in the second library if the light chains and the heavy chain used
in a light chain shuffling were obtained from the same individual animal.

[0033] An essential step of the method of the invention is identifying in the second immune library antibody molecules having a
threshold activity for an antigen from a second species, corresponding to the target antigen from the first species. It is essential
also that the second species is different from the third species.

[0034] Selection of the second species depends largely on the purpose for which cross-reactivity is sought. In general the
usefulness of the inter-species, intra-target cross-reactivity resides in that it offers an avenue for animal testing of the antibody
molecule. In many cases it will be desirable to use an animal that is easy to breed and care for, such as rodents, in particular
mice. In other cases a deciding factor in the selection of the second species can be the existence of an established disease
model in that species, which in many cases is also the mouse. Also, initial toxicity studies are far less expensive in rodents, in
particular mouse or rat, than they are in non-human primates, for example. But there may be other factors that require cross-
reactivity with a species other than rodents. The essence of the method of the present invention is that it offers antibody
molecules having inter-species, intra-target cross-reactivity. How to make the best use of this feature is to be decided on a case-
by-case basis.

[0035] In an alternate embodiment the second species is a non-human primate, for example cynomolgus (Macaca fascicularis).
Non-human primates are more difficult to breed, and more difficult to care for, than are rodents, but non-human primates are
evolutionarily much closer to humans, making them oftentimes more suitable for use in the development of antibody molecules for
human use.

[0036] It will be understood that the method of the invention can also be used for producing antibody molecules that have inter-
species, intra-target cross-reactivity for two different species, for example a human antibody molecule for target hX that is cross-
reactive to the corresponding antigens in mouse as well as cynomolgus monkey.

[0037] In a highly specific embodiment of the invention the first species is man, and the target antigen is human Interleukin 22
receptor (hIL22R). In this highly specific embodiment the second species is a rodent, more specifically mouse, and the
corresponding antigen is mouse interleukin 22 receptor (mIL22R). The third species is a member of the Camelidae family, for
example llama (Lama guanaco).

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS/EXAMPLES

[0038] Two llamas were immunized with recombinant human IL22R1 (R&D systems, cat 2770-LR). After six weekly injections of
recombinant proteins, blood was collected and PBMCs were harvested and their RNA was extracted. After random primed cDNA
synthesis the variable regions and the first constant domains of the immunoglobulin heavy and light chain were PCR amplified
using specific primers containing extra cloning sites.

[0039] The PCR-amplified light chains were digested with ApaLl and Ascl while the PCR-amplified VH-CH1 were digested with Sfil
and Notl. Both were cloned into the phagemide vector pCB3 vector as described by de Haard et. Al (JBC 1999) and in in U.S.
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Patent Application Publication No. 2011/0300140 to Dreier et al.

[0040] The diversities of Fab libraries were between 10E8 and 10E9. The phages were produced and phage display selection
was done on IL22R. For selection of IL22R-specific clones, IL22R was either coated directly to a MaxiSorp™ plate (Nunc) or
captured with a non-competitive anti-human IL22R antibody (MAB2770, R&D systems) or captured with neutravidin after
biotinylation. The coating and capture of IL22R was usually done in two different concentrations; for example 5ug/ml and
0.1pg/ml. Phage display selection was done as described in prior art.

[0041] After two and three rounds we observed dose-dependent enrichments in all libraries; up to 100-fold after the second
round and 10.000-fold after the third round. Remarkably, the enrichments on antibody captured IL22R are clearly higher
compared to those on the directly coated IL22R. This could be due to the fact that the IL22R is only 25kDa and the direct coating
affects its conformation or limits the available epitope. Therefore a selection campaign was done using biotinylated hIL22R. After
selection, single clones are picked up and Fab expressed in the periplasm of the bacteria was tested for their ability to bind to the
IL22R and mouse IL22R (R&D system, cat. 4294-MR) and ability to compete IL22 binding.

[0042] The VH-CH1 and light chains of clones positive for one or more mentioned characteristic were sequenced. In general,
different VH-CH1 were found belonging to different VH families (defined by the CDR3 length and sequence homology). Each VH
family was found paired to several light chain families (defined by the frame work subtype, the CDR3 length and sequence
homology). The V regions of the most interesting Fab clones were fused to the human constant domains. The DNA encoding for
monoclonal antibodies was transfected into mammalian cells to allow production and purification of antibodies. The biological
activity of purified antibodies is then tested on cells. Antibodies able to block the IL22R with the highest potency are best
candidates for therapeutic antibody.

[0043] The development of a therapeutic antibody requires several efficacy and toxicity studies in different animal species before
going into man. Therefore, the binding of the antibodies to rodent and particularly mouse IL22R is highly desired to generate in
vivo proof of concept. The identification of antibody cross-reactive to different distant species, like mouse and humans, is not
obvious because of the relatively low sequence identity between the two species (77%). Indeed some antibodies, such as 170B2,
are very potent blockers of human IL22R, but have no effect on mouse IL22R. In order to introduce mouse cross-reactivity for
170B2 we used the chain shuffling approach followed by selection on biotinylated mouse IL22R.

[0044] For the chain shuffling the VH-CH1 of 170B2 was introduced into the llama light chain library vector obtained from the
same llama from which the original 170B2 was obtained. For selection, the human and mouse cytokine receptors were
biotinylated and used to select phages that display a Fab cross-reactive for mouse IL22R1. 96-well MaxiSorp™ plate (Nunc) were
coated with neutravidin to capture biotinylated IL22R1. Mouse as well as human IL22R1 were captured at two different
concentrations for use in the selections. Selection on human IL22R1 was done to determine whether the selection for cross-
reactive clones occurred at the expense of binding to human target. The phage libraries were incubated with the captured IL22R1
for two hours before unbound phages were washed away. Bound phages were harvested by trypsine digestion (phage output).
Subsequently phage output was rescued and titrated using log phase E.coli TG1 cells. Up to three round of selection were done.
On mouse IL22R1 we observed large enrichment for the 170B2 Vk shuffling library: 100-fold after the first round, 1,000-fold after
the second round and 10,000-fold after the third round.

[0045] After selection, single clones were screened for mouse and human IL22R binding. Positive clones were sequenced, and
some were reformatted as monoclonal antibodies for characterization in cell based assay.
Table 1 containing the VH sequence of the primary clone and the Vkappa sequence of clones selected on mouse IL22R

Vkappa SE
clone PP Q
ID
No. 1
EVQLVESGGGLVQPGGSLRLSCAASGFTFSSSWMYWVRQAPGKGLEFVSVINTRSGI
VH_170B2 THYVESVKGRFTISTDNAKNTLFLQMNSLKSEDTAVYYCATRIQGLIDYWGQGTQVT
Vss
No. 2
VK 170B2 LDIVMTQSPSSLSVSLGDRVTITCQASQSIGSVYNALAWYQQKPGQSLKLLIHGASRLO,
- TGVPSRFSGSGSGTSFTLAISGVEAEDLATYYCLQDYAWPLTFGQGTKVELK
No. 3
VK 1 98C9 LDIVMTQSPSSLSASLGDRVTITCQATQSISTFLSWYQQKPGOTPKLLVYGASRLQTG
- VPSRFSGTGSGTKFTLTISGVEAEDLASYFCLQDYSWPLTFGQGTKVELK
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Vkappa E
clone PP SEQ
ID
No. 4
VK 197B7 LDIVMTQSPSSLSASLGDRVTITCQASQSIRSFIDWYQQKPGQAPKLLIYGTSRLETGY
- PSRFSGTGSGTSFTLTISGVEAEDLATYYCLQDYSWPLTFGQGTKVELK
No.5
VK 196F8 LDIQMTQSPSSLSASLGDRVTITCQASQSISSMLAWYQQKPGQAPNLLIYGASRLQTG
- VPSRFSGSRSGTSFTLTISGVEAEDLATYYCLODYSWPLTFGQGTKVELK
No. 6
VK 198B7 LDIQMTQSPSSLSASLGDRVTITCQASQSISSQLAWYQQKPGQAPKLLIYGASRLQTG
— VPSRFSGSGSGTSFTLTISGVEAEDLATYYCLODYSWPLTFGQGTKVELK
No.7
VK 196C2 LDIQMTQSPSSLSASLGDRVTITCQASQSISSLLAWYQOKPGQOAPKLLIYGASRLQTGY
— PSRFSGSGSGTSFTLTISGVEAEDLATYYCLQDYSWPLTFGQGTKVELK
No. 8
VK 198G11 LDIVMTQSPSSLSASLGDRVTVTCQASQSIRSSLNWYQQKPGQAPKLLIYGASRLRIGY
- PSRFSGSASGTSFTLTISGVESEDLATYYCLODYTWPLSFGSGTRLEIK
No.9
VK 197D3 LDIQMTQSPSSLSASLGDRVTVTCQASQSIRSSLNWYQQKPGOAPKLLIYGASRLRIG
- VPSRFSGSASGTSFTLTISGVEAEDLATYYCLQEYAWPLTFGQGTKVELK
No. 10
VK 197G10 LDIQMTQSPSSMSASLGDSVTISCQASENIGTQLFWYQQNAGQPPKLLIYGASRLQT
- GYPSRFSGSGSGTTFTLTISGVETGDLATYYCLODYSWPLTFGQGTKVELK
Table 2 Summary table showing the affinity in biacore and potency in cell based assay
mAb Binding to IL22R1 Kp (M) biacore Potency (pM)
Human Mouse hiL22R miL22R BW-hIL22R BaF3-mIL22R
170B2 Yes No 1.2E-10 - 106 -
197G10 Yes Yes 2.9E-10 4.5E-10 124 790
197D3 Yes Yes 8.9E-11 3.7E-10 57 +
196C2 Yes Yes 8.0E-11 4.5E-10 67 870
197B7 Yes Yes 3.8E-11 3.9E-10 69 160
196F8 Yes Yes 1.0E-11 3.1E-10 87 105

Sequence alignment of the light chain allowing mouse IL22R binding

[0046]

CRIEM -1 E21

[0047] Alignment of parental VK_170B2 with Vk shuffled clones which were found to be cross-reactive with mouse
IL22R1 and block mIL22R1-hIL22 interaction. Note the shorter CDR1 of mouse cross-reactive clones compared to parental
VK_170B2. Also indicated are the potencies on human (IC50pM) and on mouse IL22R expressing cells. ND, not determined.

[0048] In addition to 170B2, the library described in paragraph [0045] contained other clones exhibiting strong binding affinity to
human IL22R. Two clones, identified as 169G4 and 158H4, were subjected to VL-chain shuffling and to VH chain shuffling. Of
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these two clones, 158H4 already had some affinity to mouse IL22R, but this affinity was considered insufficient to be of much
practical use. The following table shows the binding characteristics of the shuffled clones:

Binding characteristics shuffled clones.

Table 3: Binding characteristics of shuffled clones and their parental clones analyzed on Biacore. No significant binding of 169G4
could be measured to mouse IL22R.

Immobilized human IL22R ECD Immobilized mouse IL22R ECD
clone ;;"r'n”y shuffing  {Ka (1/Ms) {Kd (1/s) {KD (M) {Chi2 {Ka (1/Ms)i{Kd(1/s) {KD (M) {Chi2
169G4 {19 VL 540E+5 {3.10E-3 {5.70E9 {438
205A9 {19 6.70E+5 {2.80E-4 {4.20E-10 {16 260E+5 {480E4 §{1.80E-9 {430
158H4 {8 VH 1.80E+5 §{3.60E-5 j2.00E-10 {1.7 1.60E+5 {1.30E4 {8.30E-10 §170
205A5 i8 1.60E+5 {3.10E-7 §{1.90E-12 {0.8 1.50E+5 {1.00E-6 §{7.00E-12 §190

[0049] The shuffled clones were tested for retention of binding affinity to human, cyno and rhesus IL22R:

Binding to human, cyno and rhesus IL22R

Table 4. Species cross reactivity ELISA. ELISA performed by direct coating of 100ng/ml mAb to microsorb plate and binding of
biotinylated IL22R ECD, at indicated concentrations. Detection with streptavidin-HRP. Staining with TMB, Absorption at 620nm;
absorption values reported in relative absorption units.

VH family
19 19 8 8

bictinylated IL22R 169G4 205A9 158H4 205A5
human 100 ng/ml 1.968 2.567 2937 2.934

2 ng/ml 1.284 1.027 0.483 1.005
cyno 100 ng/ml 2.545 2.18 2.861 2.664

2 ng/ml 2.067 9.354 1.121 1.362
rhesus 100 ng/ml 2452 2.59 2679 2.769

2 ng/ml 1.978 1.966 1.289 1.174
mouse 100 ng/ml 0.078 2.358 1.724 2.36

2 ng/ml 0.084 1.863 0.201 0.172

[0050] As shown by these data, VL shuffling of 169G4 and selection on mouse IL22R resulted in the identification of clone
205A9, which binds to mouse IL22R with good affinity. Here we see a big improvement for mouse, correct. VH shuffling of 158H4
resulted in identification of clone 205A5, with strongly improved affinity for mouse IL22R. The shuffled clones 205A5 and 205A9
retained the characteristics of their parental clones in terms of epitope (data not shown) and binding to human, cyno and rhesus
IL22R.

[0051] The relevant chain sequences are as follows:

VL_169G4

LSYEL

(SEQ ID No. 11)

VL_205A9
HS AV

(SEQ ID No. 12)
VH_205A5
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(SEQ ID No. 13)
VH_158H4

(SEQ ID No. 14)

[0052] Thus, the invention has been described by reference to certain embodiments discussed above. It will be recognized that
these embodiments are susceptible to various modifications and alternative forms well known to those of skill in the art. For
example, the method may be modified by using a different platform for creating the first immune library; by using a different
method for creating the first immune library; by using a different chain shuffling protocol; and the like.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. It does not form part of the European patent
document. Even though great care has been taken in compiling the references, errors or omissions cannot be excluded and the
EPO disclaims all liability in this regard.

Patent documents cited in the description

o U320110300140A [0803] [8043] {0038
o US2G110165621A [8605]
231

o EP23168524 [0808]

Non-patent literature cited in the description

o KANG et al.Antibody redesign by chain shuffling from random combinatorial immunoglobulin librariesProc. Natl. Acad. Sci.
USA, 1991, vol. 88, 11120-11123 jB80&T [0015]

. HAARDJBC, 1999, 200391



10

15

20

25

30

35

40

45

50

DK/EP 2890711 T3

Krav:

1.

n

10.

11.

12.

13.

14.

15.

Fremgangsmade til at fremstille et antistofmolekyle med inter-species, intra-target
krydsreaktivitet, neevnte fremgangsmade omfatter trinnene til:
a. at skabe et forste immunbibliotek, der er specifikt for et target-antigen fra en
forste species;
b. at kombinere variable regioner fra det fgrste immunbibliotek i en chain shuffling
protokol for at fremstille et anden immunbibliotek;
c. idet anden immunbibliotek at identificere antistofmolekyler, som er reaktive med
target-antigenet og med et tilsvarende antigen fra en anden species;
hvori den anden species er forskellig fra den forste species.

Fremgangsmade ifglge krav 1, hvori de variable regioner anvendt i chain shuffling
protokollen i trin b. opnas fra et individuelt dyr.

Fremgangsmade ifalge krav 1, hvori det forste immunbibliotek opnas fra et medlem af
den forste species, der er inficeret med target-antigenet.

Fremgangsmade ifglge krav 1, hvori det forste immunbibliotek opnas fra et dyr af en
tredje species, der er immuniseret med target-antigenet.

Fremgangsmade ifolge krav 4, hvori den forste species og den tredje species er
identiske.

Fremgangsmade ifolge krav 4, hvori den forste species og den tredje species er
forskellige.

Fremgangsmade ifelge ethvert af de foregaende krav, hvori den forste species er
mennesket.

Fremgangsmade ifglge krav 6 eller 7, hvori den tredje species tilhgrer Camelidae,
valgfrit hvori den tredje species er llama.

Fremgangsmade ifolge ethvert af de foregéende krav, hvori den anden species er en
gnaver.

Fremgangsmade ifglge krav 9, hvori den anden species er mus.

Fremgangsmade ifolge ethvert af kravene 1 til 8, hvori den anden species er en ikke-
menneskelig primat.

Fremgangsmade ifglge krav 11, hvori den anden species er Cynomolgus.

Fremgangsmade ifalge ethvert af de foregaende krav, hvori den forste species er
mennesket og target-antigenet er humant IL22R.

Fremgangsmade ifglge krav 13, hvori den tredje species tilhgrer Camelidae.

Fremgangsmade ifalge krav 14, hvori den anden species er en gnaver, valgfrit hvori den
anden species er mus.
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