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Abstract:

The present invention relates to recombinant binding proteins comprising an ankyrin repeat domain,
wherein the ankyrin repeat domain has binding specificity for human CD70. in addition, the
invention relates to nucleic acids encoding such recombinant binding proteins, pharmaceutical
compositions comprising such proteins or nucleic adds, and the use of such binding proteins, nucleic
acids or pharmaceutical compositions in methods for treating or diagnosing diseases, such as cancer,
e g,, acute myeloid leukemia (AML), in a mammal, including a human.
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Novel DARPIn Based CD70 Engagers

CROSS-REFERENCE TC RELATED APPLICATIONS

The present sppfication claims the benefit of priorily fo US 63172273, filed on April 9, 2021 US
§31173,186, filed on Aprit 8, 2021 and US 83/365,181, filad on Decambear §, 2021, The disclosuras of
these patent applications ara incorporated herein for all purposes by reference in thalr aivlirety.

FIELD OF THE DISCLOSURE

The meserd invention refates o recombinand binding proleins comprising an ankyrin repeal domain,
wherein the arkyrin repest domain has binding specificity for human CD7Q. In additon, the invention
refates o nwiclelc acids encoding such fecombinant binding proteins, pharmmaceutical compositions
coyrising such pioteing or nucleic scids, and the use of such binding proteins, nucleic soids of
pharmaceutical compositions in meathods for reating of diagnosing disgases, such as cancer, &g,

scute myelold leukemia (AML), In & mammal, ncluding 8 human.

BACKGROUND
Acite myelold ieukemia (AML) is a heterageneous and complex malignant disease characterized by

rapid callular proliferation, an aggressive clinical cowse and generally high mortalily rates. Treatmert
rasistance remains 2 leading cause of AML radated deaths (Winer & Stons, Ther Adv Hematol
2019, 10). Whils standard protocals smiploying chemotherapy are still the main thefapeutic approach
applied worldwide, recent advances i immumatherapy have provided effective freatment options for
chematherapy resistant AML. Such immunotherapy approachés include monodional - antibodias,
hispecific antibodies and chimeric antigen receplor-expressing T cells {CAR-T cells).

CD70 is an atiractive target for the treatment of cancers, and particularly AML, as COT0 is expressed
on gpproximately 86-100% of AML biast cells (Perns et 3l Cancer Call, 32(4), 2017, 5806-518). CL7Q
is also highly speciiic for fenkeric stem cells. Currently, 8 monoclonal antibody targeting CO70
{musatuzumab) is being tested in olinlcal tials, While Phase | irigls showed entouraging resulis, the
efficacy shown in Phase 1 irigls has been disappointing {ses
hitps hwww. evaluate.convvantage/articies/nawsisnippets/argeme-cusatuzumab-cuiminates-
disappaintment). As with many of the existing antibody therapies, thers are also conceins about its
potential safely profile (see hltps/iweww clinicalinalsgrena . comicommernt/argenss-cusatuzumab-in-~
previously-untreated-amb-draws-varied-expert-forecasts?). Furthepmore, downregulation of the tumor
surface marker targated by an antibady can fead 1o resistance of the fumor to the antibady therapy.

CAR-T cell therapy s an approach -which has shongly affected the managsmsent of lymphold
malignancies, While there has been great interest in applving this techinology also o AML, in practice
this has provesy challenging. As for monociona! antibodies, CHVO has beern considared among the most
promyjsing targets for CARST call therapy in AML.
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AML is a type of cancer that in many ways exemplifies the challenges for cancey therapy and the
shotcomings of currently avallable cancer theraplas, including poor efficacy and problematic side effect
profies. For ANL, the medical need dug 1o Righ mortality remaing high, and the reatment of relapsed
arrefractory ANL continues to be therapeutically chaflenging.

Thiss, thare remiaing a need for new GRTO-specific binding prateing with beneficial properties, Such
pirding proteins may be usell for herapeutic and diagnostic approaches for e ireatment and
chargcierization of diseases, including cancer, suchas AML. In particular, there Is anged for new COTG-
speuific binding proteins that can serve 1o spacifically target CR70 on cancer cells and that can alsa
easily be combined with other funclional moisties, such as, &.q., one or more binding moleties.

SUMMARY

The preserd invention relates o recombinard binding proteins comprising an ankynin repast domain,
whorein the ankwin repest domain has binding specificity for human CD70. I addiion, the inveniion
relates to nuclele ackds encading such recombinant binding proteing, pharmaceutical compositions
comprising such proteins or nucleic acids, and the use of such binding proteins, nuckeic acids or
pharmaceutical compositions in methods for tegling or diggnosing diseassg, such as carger, e.4.
acute myaloid leukemia {AMLY In & mammal, including & human.

Recombinant birding proteins of the invention specifically bind toor target the mor-assodciated antigen
{TAA} COTO. Such binding profeins of the invention can serve as a ool or a5 a buliding biock for the
generation of new therapeuwtic o diagnostic agernts, Also disclosed berein are recambinant binding
profeins, in which the COY0-specific ankyrin repaat domains are combingd with ane or mgre other
functional moletias none molecule, Such other functional molelias includa & binding moiety with binding
specificity for a target expressed on an immune cell, a hafflife extending molety, a binding molety with
pinding specificity for another tumor-assoviated antigen, and/or a oviotogic agent, As such, recombinant
binding proteins of the invention with binding specificity for CDTO are uselul for the generation of novel
therapautic molerules, which may provide an improved foxicity grofile and/or therapeidic window as
sonpared to curent thempeutic modalities.

using no more than routing experimentation, many squivalents {0 the specific embodiments of the
invention described herein. Such squivalents are intended 1o be encompassed by the following
embodiments (E).

1. i & first embadirment, the invention relates fo 8 recombinant kinding protsin compnising an ankyrin
repeat domsin, wherein said ankyrin repeat domain has binding specificity for human CD70, and
whergin sald ankyrin repeal domain comprises an ankyrin repeat module having an amino acid
sequence selected from the group consisting of (1) SEG 1D NOs: 24 1o 45 and 73 to 77, and {2}
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sequenceas it which up to 8 aming acids in any of SEQ 1D NO%: 24 10 45 and 73 to 77 are substitutsd

by another amino acid.

2. in a second ervbodirnent, the invention relates to 3 recombinant binding protein comprising an ankysin
repeatl domain, whersin said ankwin repeat dormailn has binding speaificity for hunan CDTY, and
wherain sakd ankyrin repeat domain Comprises an amine acid sequence with at least 85% amino acid
segueance identity with sany one of SEQ D NOs: 1lo12and T1 1o 72.

3, In g third ambodiment, the inventior relates o the recombinant binding protein of embodiments
and 2, wherein said ankyin repeat domain binds human CDY0 i PBS with a dissociation constant (Ko}
below abowt 150 nM.

4. In a fourth ambodiment, the invention relataes to the recombinant binding protein of any pregeding
embodiment, wherelny said ankyrin repesat domain binds human CO70 with an BEGseranging from aboud
0.2 ol o about 500 nM

5. i g fifth embodimend, the inverdion relates v the recombinant binding protein of any preceding
embadimeant, further comprising a binding molety with binding specificity for a @rget expressed on an
irnmune cell.

8. in a sixih embodiment, the invention relates 1o the recombinant binding prolein of embodiment B,

whrergin sald ivwnune cell is a 7 cell and whergin said- target expressed on an immune cell is CTH3.

7. In a seventh embodiment, the invention relates to the recombinant binding protein of any one of
embodiments § {6 8§, wherain said binding snoiety with binding specificily for a target expressed o an

mmune cell is an ankyrin repeat domain.

& In an eighth smbodiment; the invention relates o the recombinant binding protein of any of
ermbodiments 5 to 7, wherain said binding molety with binding specificity for a targel expressed on an
immune cell is an ankyrin repeat domain with binding speaificily for human OIS,

g In a8 ninth ambodiment. the invention relatas 1 the recombingnt binding protein of any of
smbodiments 5to 7, wherain said binding motety with binding specificity for g target-expressed on an
mmune cell is an ankyrin repeat domain with binding spacificlly for human CD3, and wherein said
ankyrin repegt domain with binding specificity for numan CD3 comprises an aming acid sequence that
has at least 85% amino acid sequearnice erdily with any one of SEQG 1D NOs: 55 © 58.

14, Inv a tenth ermbodiment, the invention relates o the recombinant binding protein of embodiment 8,

wharein said ankyrin repeat domain with binding specificity for human CD3 comprises the amino acid
sequence of any ane of SEQ 1D NOs; 65 to 58,
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11. I an sleventh ambodiment, the invention relates o the recombinant binding prolein of any of
apodimeats S1o 10, wherein said ankyrin repeat doman with binding spesificlty for buman CRTE and
said bircding moiety with binding specificity for o target sxpressed on an immue ool are covalently
finked with a peptitle linker,

12, In & twedlth embodiment, e invention refates © e recombinant binding protedn of embodiment
11, wherein said peptids linker §s a proline<hreoning-rich peptide finker,

13. In a thirteenth embaodimernt, the invention relates to the recombinant binding protein of embodiments
11 to 12, whersin the amine acitd seguence of eald peptide linker has g length from 1 1o 20 amino acids.

14, In a fourteenth- embodimend, the invention relates 10 the recombinant binding protein of any
preceding embodiment, wherein said hinding protein further comprises a haiflife extending moidety.

15. in g fifteenth smbodiment, the invention redates to the recombinant binding protein of embodiment
14, whersin said haif-ife extending moiety is an ankyrin repast domain with Dinding specificily for uman
serum albumin.

16, I a sixtsenth embodiment, the invention relates 1o the recambinant binding protein of ambodinent
158, wherein said ankyrin repeat domain with binding specificity for human serum albumiy cormyises an
amine acid sequence that s at least 85% identica! to the aming acid seguence of any one of IEQ D
NQOs. 52 to 54,

17, in a2 seventeenth embadiment, the invention relates o the recombinant binding prolein of
ambodiments 18 and 18, wherein said ankyrin repeat domain with binding specificity Tor human serum

atbumin comprises the amino acid ssquencs of any ong of SEQ 1D NOgr 52 o 54,

18 In an sighteenth embodiment, the invention relates to the recombinam binding protein of any of the
preceding embodiments, wherein said binding protsin further comprises. at least one binding moiely
with binding specificity for a target sxpressed in & fumuor gell, wherein said target expressed in g tunor
cell is different from human CD70.

18, n a8 ninetsenth embodiment, the invention relales to 2 nudleic acid encading the recombinant
hinding protein of any of the preceding embodiments.

28, In a twentieth embodiment, the nvention relates to a pharmaceutical compaosition comprising the

recombinant binding profein of any of embodiments 1 1018 or the nucleio acid of embodiment 19, and

a pharmaceutically accepiable carier and/or diluent.
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21 1y abwenly first smbodiment, s nvention ralates to a method of immiune dall activation in g tamor
fissue of a hwnan patient, the method comprising the step of administering o said patient the
recombinart hinding protedn of any one of ambodiments 116 18, the nudisic acid of embodiment. 18, or
the pharmaceutical composition of embodiment 20

22, Inatwenty secand embodiment, the invention relates 1o e method of embodiment 21, wharain
sad immune celt i 38 7 oadl

22a. Iy embodiment 22a, the invention relates o the method of entbodiment 27, wherein said imnune
cell s a Natural Killer (NK) cell,

23, I atwenty third embadiment, the invention raletes to a method of reating g medical condition, the
meathod comprising the step of administering 1o o patient in need theraof 3 therapeutically effective
amourdt of the recombinant binding protein of any one of embodiments 1 to 18, the nucleic acid of
embodimeant 19, or the pharmacesutical composition of embodiment 20.

24, Inatwenly fourth embodiment; the inverdion relates 1o the method of embodiment 25, wherein said
madical condition is a cancer.

25, 1n g twenty fifth embodiment, the nvention relgtes 1o the method of embodiment 23, whereln said
medicat condition is 3 cancer characterized by & liguid tumor,

26, In a wenly sixth simbodiment, the invention relates {o the method of embodiment 23, whevein said
medical condition is letskemia,

27 0n | twenly seventh embodimant, the invention relatas 1o the method of embodimant 23, wherain

said medical condition:is aoute myealold feukemia,

28 I a tweniy eighth ermbodiment, the inverdion relates to the recombinant binding protein of any one
of embadiments 1 o 18, the nudieis acid of smbodiment 18, or the phammaneutical compoesition of
stnbodiment 20, for use in thetapy.

28. In a twenty ninth embodiment, the nveniion relates o the recombinant binding protein of any ong
of embadimants 110 18, the nudisic acid of embodiment 19, or the pharmaceuticg! composttion of
embodiment 20, for use in reating cancer, omionally for use in trealing a tancer characierized by a
figuid tumor.

30, In a thirtieth embuodiment, the nvention relates 1o the recombinant binding protein or the nucleic

acid or the pharmaceutical compaosition for usé according io embodiment 28, wherein said cancer is

feukemia, aptionaily wheraln said cancer is acute myeloid lsukemia.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1. Surface Plasmon Resonance {SPR) analvsis of DARPING protein #24 binding to human
CD70. Yarinus concentrations of the purified ankyrin repeat profein were sppdied o a GLC chip with
immobitized human CD70 for on-rate and offrate measurements. The oblained SPR fraces were used
1o anglyee and determineg the binding of the ankyriiy repest protein 1o CD7¢. RU, Resonance Units! s,
time in seconds.

Figure 2. Binding of exemplary Hnding proteins of the invention 1o CD70-expressing tumor cells. Shown
are concentration-dependent inding cwrves of DARPING proten #2, DARRING protain #8, DARPINE
protein #24 and DARPING projein 25,

Figure 3. Short term T cell activation deterrmined by measuring activation marker CD2B, Pan-T effector
celts and Molim-13 target celis were incubated at an £77 ratio of 51 and T-cell activation gssagsed by
FACS gfier 24 hours co-tuliure in the presence of serial dilbtions of indicated molecules, Adtivated T
celis wers gated as lving CDEHCD25 cells, Shown is the T cell activation induced by selactad ankyrin
repest proteing, DARPIN® prolein #28, DARPINE protein #29, DARP® protein #28 and DARPN®
protain #27.

Figure 4. Tumor celf kiliing assessed by g oylotoxicity assay measuring LDH release.. Pan-T effecior
cadis and Molm-13 target cells were inoubated &t an E°7T ratio of §1 and turnor call kifling was assessed
by FACSE after 24 hours co-culture in the prasence of serial dilulions of indicated molecules. 8hown is
fumor celt killing by T calls tiggered by selested ankyrin repeat proteing, DARPING protely #28,
DARPINE protein #22, DARFPINE protein #26 and DARPINE protain #27.

Figures 8A to 8C. Binding of differant plate-rmmoebilized CD70Winding molecules fo human D70
farget in presence or absence of DARPIRE protain #2 or mAb ARGX-110-similar as compstitor by
ELISA, Biotinvlated human CID70 target was pravincubated with or without competitor (DARPING protein
#2 ar ARGX-T10-similar) bafore binding was determined fo immobilized DARPING protein #2 (Fig. A},
CODEY {(Fig. 5B} or ARGX-110-similar {Fig. 8C), using anti-Streplavidin-POD detection agens.
Competitive binding to CD70 was observed for gl testad melecuips, DARPIN® protein #2, CH27 and
ARGX-110-slmilar.

Figure 8 (A-BY: Fig. 8A° Tumor growth over time in mice injected intraperitoneaally with hPBMO (n=5
mice per donar / 2 nPBRMC donors used), xenografted subcutansously with MOLM-13 tumor cefis two
days after hFBMC injection, and treated with PRS X (biack circle) or DARPIn® protein #24.in g muiti-
domain format at 9.5mg/&kg (black square). Treatments wers started at day 4 after twimor cell xenograft,
Data are presented in average + SEM. Fig. SB; Evaluation of tumor volume at day 17 after tumor call

xenografl in the raice described in Figure A,
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Figure 7. Polernoy fitrgtion curves {T call activation) of DARPING protein #24 in & mulli-domain format
using wildtype or CO70 knockowt Molm-13 fumor calis. ECAR0 values are shown in phi.

DETAILED DESCRIPTION OF THE INVENTION

The present invantion refates o recombinant binding profsing comprising an ankyrin repeat domain,

wherein the ankyin fepeat domain has binding specificlty for human CLTG. in addilion, the invention
rafates 1o nudlelc acids encoding such recombinant binding proteins, pharmaceutical compositions
gomprising such prodeing or nuddeio acids, and the use of such binding proteins, nucieic acids or
pharmaceitical compositions in methods for reating or dlagnosing diseases, such as cancer, g.9.,

aculs mvelold leukemia (AML), In & mammsd, including 8 burman,

Ankyrinrepeat domaing

The deswibed recombinant binding proteins, or binding domaing thersof, comprising designed ankyrin
rapeaat motifs or modudes are also refarred hersin a8 DARPI® proteins (ses Stumpp et al., Curt Opin
Drug Discoy Devel 10(2) 1583-8 {2007} and Binz st al, Nature Bictech. 22¢5): 575-582 {2004)}
DARPIN® wwoteins can be considered as antibody muimstios with high specificity and high binding affinity
o a target pratein. In general, 8 DARPIN® profein comiprises st least ong ankyrin repeat domain, for
example, at least 1, 2, 3, 4, 5, or mors ankyiin repaat domains.

The ankyrin repeatdomaing desoribed herain generaliy Comprise 5 Corg scaffold thal provides strunture,
angd target binding residuas that bind o a larget. The structiral core includes conservad aning geid
residues, and e rget binding surface includes aming acld residuss that differ depanding on the
targst.

Dasigned ankyrin repeat profein librarfes (WO002/020585; Binz ef al., Naf. Biotehnol, 28, 575-582,
2004 Btumpp et al.; Druyg Discov. Today 13, 885-701, 2008} can b used for the sclection. of targek
specific designed ankyrin repeat domains that bind o thair target with high affinity. Such target-specific
designed ankyrin repeat dormains o turn can be used as yaluable components of recombinant binding
proteins for the ifreaiment of diseasss, Designsd ankyrin repeat proteins are a class of binding
molacuies which have the potantial to overcome Himitations of monodional antibodies, hance allowing
novel therapeutic approaches. Such ankywrin repest proleins may comprise a single designed ankyrin
repeat domain of may conpwise g combination of two or more designed ankyrin repeat domaing with
the same or diferent targel speacificities (Stumpp et al., Drug Discoy. Today 13, 685-701, 2008; US.
Patent No. §,458,271). Ankyrin reépeatl proteins comprising only a single designed ankyrin repeat
domain are small proteins (14 kDa) which can be selected 1o bind a given target protein with high affinity
and specificity. These characteristics, and the possibility of combining bwo or more designed ankyrin
repeal domains. in one: proleln, make designed ankytin repeal proleins idea! agonistic, antagoaistic
andior inhibitory drug candidates, Furthermore, such ankyrin repeat proteins can be engineered to cary
various effactor functions, a.g. oytotoxie agents or half-life extending agents, enabling completely new
drug formats.
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Designed anbyrin repést proteins may gisa targel epiliopes which sre not readily accessible with
monocional antibodies. Further advartages of the described designed ankyrin repeat proteins are that
they ganerally have low immunogeric potential and no  or insignificant  offdarget offects.
DARPIN® candidates also dispday favarable develppment properiies including rapid. low-cost and high-
yield manufactuning and up to several years of shelf-iife at 4°C. Taken logether: designed ankyrin repeat
proteins are an example of the next generation of protein therapsutics with the potential 1o surpass
axisting sntibody drugs.

DARPINT is & rademark owned by Molacular Partoers AG, Swilzerland.

As discussed above, CO70 15 an alfractive therapewtic target for the freatmeant of cerdain cancers,
particularly AML. The recombinant binding proteins. described herein comprise an ankyrin repeat
domain and ankyrin repeat modules that specifically bind 1o human CDTO.

in one embadiment, the presant invention relalas to a recombinant binding protein comprising an
ankyrin repegt domain, whereln said ankyrin repegt domain has binding specificity for human CD7Q,
and wherein said ankyrin repeat domain comprises an ankyrin rapest module having an amino acid
sequance selected from the group consisting of (1) SEQ 1 NGs: 24 o 453 and 7316 77, and {2)
sequences nwhich up to § aming zoids inany of SEQ 1D NGs 24 10 45 an0. 73 o 77 are substifuled
by another aming aoid.

In ore embodiment, the present ivention relates {o g recombinant binding protein comprsing an
ankyrin repeat domain, whereln said ankyrio repeat domain has binding specificity for hurman CDYFQ,
and whereln said ankyrin rapeat domaln comprises an ankyriiy repeat module havitg an aming acid
sequence selected from the group consisting of (1) SEQ 1D NOs: 24 10 45 and 73 10 77, and {2}
soquences inwhichup o 8, uw oS wio 7. uptod upto S upto4, up 0 3, wpto 2, orup io 1 aming
agids inany of SEQ 1D NOx: 2410 45 and 73 1o 77 sresubstifuted by another ansing acid.

in e smbodiment, the present invention relgles 10 a recombinant binding protein comprising an
akyrin repeat domain, whersin said ankyrin repeat domain has binding specificity for human CTRTG,
and whersinn 3aid ankwin rapeat domait comprises an ankyrin repeat madule Having an aminoe acid
sequence selectad from the group -consisting of SEQ IDNOs: 241045 and 731077,

In anather embodimant, the present nvention relates 1o g recombinant binding protedn comprising an
ankyrin repeal domain, wherein sald ankyrin repeat domain has binding specificity for human QD70,
and whearein said ankyrin repeat domain comprises an amino acid sequernce with at least about 85%

amine acid sequence identity with any ong of SEQID NOs: 1o 12 and 71 10 72.
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in & further embodiment, the prasent invention relates 6 a redombinant Binding protein comprising an
ankyrin repeal domain, wharein said ankyrin repeat domain has binding spesiiicily for human D70,
and wherein said ankyrin repeat domain comprifess an aming aoid sequence with a1 least abouwt 85%
arming ackd seguence idontity, such as. at lpast about 88%., of loast about 87%, at least about 88%, at
east aboul 89%, at least about 80%, at Jeast about 81%. at least about 92%, at least about 23%, at
lsast about 94%, &l least about 5%, at least about 96%. at least about 87%, at least gbout 898%. at
feast about ¥8% or 100% amino acid segquenge identity, with any one of SEQ D NOs: 110 12 and 71
o 74

In one embodiment, the present inveotion relales o a recombinant binding protein comprising an
ankyrin repeat domain, wheareln said ankyrin repeat domain has binding specificity for human QDT0,
and wherein said ankyrin repeat domain comprises an amino doid sequence with at feast about B5%
aming acld sequence identity, such as at least gbout 86%, at least abput 87%., ot least about 88%, at
izast gbout 89%, al lsast aboul 80%., &t least about 91%, at leasi aboul 892%., at least about 83%, at
ieast about 84%, at least about 85%, at least about 968%, at least about 97%, at least about 88%, at
ieast about 88% or 100% aniino acid sequence identity, with BSEQ 1D N0 1.

In one embodiment, the present invention relates 10 a recombinant binding profain comprising an
ankyrin repest domain, wharein said ankyrin repeat domain has binding speaificity for human CB7Q,
ard whersin said ankyrin repeat dorssin comprises an amino acid sequence with at least abouw 85%
arping acid sequence identity, such as af least abowt 88%., at ieast about B7%, a5t least about 88%, at
feast aboul 89%, gl lwast about B0%, ol least aboul 81%, at least aboul 82%, at least about 83%, at
least about 84%, al least aboul 5%, ot least about 96%. at least about B7%, at least aboul §8%, &t
lzast about 89% or 100% asmino acld sequence identity, with SEQID NG 2.

In one smbodiment, the pregent invention relstes to a recombinant binding protein comprising an
ankyrin repeat domain, wherein said anbyrin repeat domain has Dinding specifiaity for huran TR0,
and wherain said ankyrin repeat domain comprises an aming acid sequance with at least about 85%
amino acld sequence identity, such as at least about B8%, at least about 87%, at least about 88%, at
fenst about B8%. 4t least aboul 80%. at least gbout 81%, &l least sbout 92%, &t least about 3%, at
least about 84%, af least sbout 95%, at least about 86%, at least about B7%, af least aboul 88%, at
least about B9% or 100% aming acid sequencs identity, with SEQ I NG 3

In one embodiment, the prasent invention raelales 1o g tecombinant bindding protein comprising an
ankyrin repeat domain, wherein sald ankyrin repeat domain has binding specificity for human CDT0,
and wherein said ankyrin repeat domain comprises an aming acid sequance with at ieast about 85%
amine acid seguences identity, such as at least about 88%, at least about 87%, at least about 883%, at
feast about 88%, at least sbout B0%, at least about 91%, al loast about 92%, at least ghout 83%, at
feast about 84%, at least about 85%, at least about 88%, at least about 97%, at least abhout 98%, at

feast about 89% or 100% amino aCid sequence identity, with SEQ D NO 4,
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In one embodimant, the present invention relates o 3 recombinant hinding proteliy comprising an
ankyrin repeat domain, whareln said ankwin repeat domain has binding specificity for human QDTG,
and wherein said ankyrin repeat domain cormprises an aming adid saguence with 2t least about 85%
aming acid seguence identity, such as at least about 86%., at least sbout §7%. at least about 88%, at
lsast about 89%, af least about 20%, at least about 81%. at least about 92%, at least about 83%, at
feast abput 94%, al least about 85%, 2t ieast Rbout 96%, at isast aboul 97%, at least about 88%, at
feast about 89% or 100% amine acid sequence identity, with SEQ 1B NOL &,

In one embodiment, the present inveotion relales o a recombinant binding protein comprising an
ankyrin repeat domain, whareln said ankyrin repeat domain has binding speaificity for human CD70,
and wherein said ankyrin repeal domain comprises an amino doid sequence with ai least about 85%
aming acld sequence identity, such as at least gbout 86%, at least abput 87%., ot least about 88%, at
izast gbout 89%, al lsast aboul 80%., &t least about 91%, at leasi aboul 892%., at least about 83%, at
ieast about 84%, at least about 85%, at least about 968%, at least about 97%, at least about 88%, at
ieast about 88% or 100% aniino acid sequence identity, with BSEQ 1D NO: 6.

In one embodiment, the presant invention relates 10 a recombinant binding profain comprising an
ankyrin repest domain, wharein said ankyrin repeat domain has binding speaificity for human CD7Q,
arct whersin said ankyrin repeat dorssin comprises an amino acld sequence with at least about 85%
arping acid sequence identity, such as af least abowt 88%., at ieast about B7%, st least about 88%, at
feast aboul 89%, gl lwast about B0%, ol least aboul 81%, at least aboul 82%, at jeast about 83%, at
least about 84%, al least aboul 5%, ot least about 96%. at least about B7%, at least aboul 8%, &t
lzast about 89% or 100% asmino acld sequence identity, with BEQID NG: 7.

In one smbodiment, the pregent invention relstes to a recombinant binding protein comprising an
ankyrin repeat domain, wherein said anbyrin repeat domain has Dinding specifiaity for huran TR0,
and wherain said ankyrin repeat domain comprises an aming acid sequance with at least about 85%
amino acld sequence identity, such as at least about B8%, at least about 87%, at least about 88%, at
fenst about B8%. 4t least aboul 80%. at least gbout 81%, &l least sbout 82%, at least about 3%, at
least about 84%, af least sbout 95%, at least about 86%, at least about B7%, af least aboul 88%, at
least about 89% or 100% aming acid sequencs identity, with SEQ I NG 8

In one embodiment, the prasent invention raelales 1o a tecombinant bindding protein comprising an
ankyrin repeat domain, wherein sald ankyrin repeat domain has binding specificity for human CDT0,
and wherein said ankyrin repeat domain comprises an aming acid sequance with at ieast about 85%
amine acid seguences identity, such as at least about 88%, at least about 87%, at least about 883%, at
feast about 88%, at least sbout B0%, at least about 91%, al loast about 92%, at least shout 83%, at
feast about 84%, at least about 85%, at least about 86%, at least about 97%, at least about 88%, at

feast about 89% or 100% amino aeid sequence identity, with SEQIDNO 8,
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In one embodimant, the present invention relates o 3 recombinant hinding proteliy comprising an
ankyrin repeat domain, whareln said ankwin repeat domain has binding specificity for human QDTG,
and wherein said ankyrin repeat domain cormprises an aming adid saguence with 2t least about 85%
aming acid seguence identity, such as at least about 86%., at least sbout §7%. at least about 88%, at
lsast about 89%, af least about 20%, at least about 81%. at least about 92%, at least gbout 83%, at
feast abput 94%, al least about 85%, 2t ieast Rbout 96%, at isast aboul 97%, at least about 88%, at
feast about 89% or 100% amine acid sequence identity, with SEQ 1B NOL 10,

In one embodiment, the present inveotion relales o a recombinant binding protein comprising an
ankyrin repeat domain, wheareln said ankyrin repeat domain has binding specificity for human CDT0,
and wherein said ankyrin repeat domain comprises an amino doid sequence with at feast about B5%
aming acld sequence identity, such as at least gbout 86%, at least abput 87%., ot least about 88%, at
izast gbout 89%, al lsast aboul 80%., &t least about 91%, at leasi aboul 892%., at least about 83%, at
ieast about 84%, at least about 85%, at least about 968%, at least about 97%, at least about 88%, at
ieast about 88% or 100% aniino acid sequence identity, with BEQ 1D O 11

In one embodiment, the present invention relates 10 a recombinant binding profain comprising an
ankyrin repest domain, wharein said ankyrin repeat domain has binding speaificity for human CB7Q,
ard whersin said ankyrin repeat dorssin comprises an amino acid sequence with at least abouw 85%
arping acid sequence identity, such as af least abowt 88%., at ieast about B7%, a5t least about 88%, at
ieast aboul 88%, st least about 30%., al least about 81%, at least about 82%, at jeast about 83%, at
lzast about Bd%, al least about 85%., st least about 968%, at least about 37%, at least about 88%., &t
lzast about 89% or 100% smino acld sequence identity, with SEQID NO: 12,

In one smbodiment, the pregent invention relstes to a recombinant binding protein comprising an
ankyrin repeat domain, wherein said anbyrin repeat domain has Dinding specifiaity for huran TR0,
and wherain said ankyrin repeat domain comprises an aming acid sequance with at least about 85%
amino acld sequence identity, such as at least about B8%, at least about 87%, at least aboul 88%, at
fenst about B8%. &t least aboul S0%. al least gbout 8%, al least about 92%, at least aboul 83%, al
least about 84%, af least sbout 95%, at least about 86%, at least about B7%, af least aboul 88%, at
least about 89% or 100% aming acid sequence jdentity, with SEQ ID NGO 71

In one embodiment, the prasent invention raelales 1o g tecombinant binding protein comprising an
ankyrin repeat domain, wherein sald ankyrin repeat domain has binding specificity for human CDT0,
and wherein said ankyrin repeat domain comprises an aming acid sequance with at ieast about 85%
amine acid seguences identity, such as at least about 88%, at least about 87%, at least about 883%, at
feast about 88%, at least sbout B0%, at least about 91%, al loast about 92%, at least shout 83%, at
feast about 84%, at least about 85%, at least about B6%, at least about 87%, at least about 88%, at

feast about 89% or 100% amino aoid sequence identily, with Q1D MO 72,
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Inn a further embodiment, the prasent invention relates {o a recombinant binding protein coamprising an
ankyrin repeat domain, whareln said ankyin repeat domain has binding specHicity for human QDTG
and wherein said ankyrin repest domain comprises an amino acid seguence sefected fram the group
consisting of SEQ IDNQOs: 1o 12 and T1io 72,

i a further aspect, the iavention relates jo the recomyinant binding prolein as described above, furthar
comprising ot least one binding molety with Dinding specificlty for & target exprassed-on an mmune
cell, In one embodimant, said immune call is a T geall. In ancther embodiment, sald invmuna cell is a
Natural Killer (NK) cell, Examples of binding moieties with binding specificity for a target expressed on
an immune cell for use in the present wwention include antibodies, aslternative scaifolds, and
polypeptides.

Antibodies inchide any polypeptides or proteing comprising an antigen binding domain that is derived
from an antibody or immunoglotuslin molecule, The antigen binding domain nan be derived, for example,
from monoclonal antibodies, polyclonal antibodies, recombinant. antbodies,  human  antibodies,
humanized antibodies, and single-domain antibodies, £.¢., & heayy chaln variable domairt (VH), & light
chain variable domain (VL) and & variable domain (VHMH) from, &.g., human or camelid onigin. In some
instances, it is baneficial for the antigen binding domain to be derived from the same spacies in which
the binding molety will aitimately be used in, For example, for use in humans, it may be beneficial for
the antigen binding domain of the binding moiety described herein, 0 comprise a human or a
hwimanized antigen binding domain. Antibodies can be obiained using technigues well knowr in the art

In one embodiment, the binding molety with binding specificily for & target expressed on an immune

call s an antibody.

In one embodimant, the binding moiety with binding specificity for a target exprassed on an immune
vell is & camelid nanchody. Camelid nancbodies {also known as camelid single-domain antibodies or
VHH=) are derived from the Camelidae family of mammals such the lamas, namels, and alpacas. Unlke
other antibodies, camelid antibodies lack a light chain and are compnsed of two identical heavy chains,
Camelid antibodies typically have a relatively low molecular weight in the region of arcund 18 kDa.

In one-embodiment.: the binding molaty with binding specificlty for g target expressed on an immune
cell s g shark antibody domai. Shark anlibpdy domsins, ke camelid nanobodies, also tack a Hght
chain.

Afternative scaffolds include any polypeplides or proteins comprising 2 binding domain that is gapable
of binding an antigen {suth as 8 drug moleculs) and that s nol derived from an antibody or
inpnunoglobulin moleciude. The binding domain of alternalive scaffolds may compise or may be derived

from a variaty of different polypeptide or protein structures, Allernative scaffolds invlude, bul gre not
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fimited o, adnecting (monobodies), affibodisg, affiling, affimers and aplamers, affiting, alphabodies,
anticalins, armadific repeat profeibasad scaffoleds, airimers, avimers, ankyiin repeat proteinsbased
seaffolds (such as DARPE® protains), fynomars, knotins, and Kunilz domain peptides. Altermative
seaffolds are dasoribed, e.q., n Yu et al, Annu Rev Anal Chem (Palo Afe Caiift. 2017 June 1Z; 18{1h
283320, doi 130 8 anmrevanchen-08 1518-045205.

i one embodiment, the binding maolety with binding specificly for a aget expressad o an immung
celt is an aliemative scaffold. tn one embodiment, the binding maiety with nding spesificly for a target
expressad on an mmuns call comprises an antigen binding domain that s derived from o is refatad 1o
an adnectin, a monobody, an affibady, an affiiih, an affimar, an aptamer, an affitin, an alphabody, an
anticalin, 8 repaat protein domain, an armaditio repeat domain, an atrimer, an avimer, an ankyrin repest
domain, a fynomer, g knottin, a Kunitz domain, or g T cel recaptor {TCR).

Adnecting are originally derfved from the tenth exiracelidlar domaln of huaman fibronectin type i protein
{10FN3L The fibonactintype 11 domain has 7 or 8 beta strands, which are distributed between two beta
sheets, which themselvas pack against sach other to form the core of the protein, and further contain
loops (anslogous to CORSs), which connect the bels strands 10 each other and are solvent exposed.
There are gt least three such oops at each edge of the beta sheel sandwich, where the edge is the
boundary of the protein perpendicular to the direction of the beta strands {see U 8. Pal. No. 6 818.418).
Because of this strugture, this pon-aniibody scaffold mirmics antigen binding proparties that are similar
in nature and affinily 1o those of antibodies. These scaffolds can be used in g loop randomization and
shuffiing strategy novitra that is similar 10 the precess of affinity maturation of aptibodies i wiva,

Affibody affinity ligands are composed of s three-helix burdle based on the scaffold of one of the InG-
binding domains of Proteln A  which is a surface profein from the bactenum Staphylococous aureus.
This scafiold domain congists of 58 amino acids, 13 of which are randomized to generate aifibody
hbraries with g large number of Hgand variants (See g.4., LLS. Pat, No. 5,821,012}, Affibody molsouies
miric antibodies, bul are considerably smaller, having 8 moleculsr weight of arcund 8 kDa, compared
o around 150 kDa for antibodies. Despite the size difference, the binding site of affibody miclecules has
similarity to that of an antibody.

Affitins are synthetic antibody mimetics that dre structurally derived from human abiguitin (historically
also from gamma-B orystaliing, Afflins consists of two identical domains with mainly beta sheet shiuciure
and a total molscular mass of about 20 kDa. They contain several surface-exposed aming acilds that
are sultable for madification. Affilins resemble antibodies in their affinity and specificlly 1o antigens but
not in structure,

Affimners are a type of peplide aptamer, having a struclure known as SQT (Stefin A quadruple mutant-

Tracy). Aptamers and affimers are short peptides responsible for affinity binding with an inert and rgid
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protem scaffold for structure constraining in which both N--and C-ermini of the binding peptide are
ernbedded in the inart scaffold

Affitine are variants of the DINA binding protein Sac?d that are engineered (o oblain specific binding
affinities. San7d i originally derfved from the hwperthemuophile archaea Suifolobus acidecaldarius and
binds with DNA 1 prevent i from thermal densturgtion. Affiting are commercially known as Nanofitins.,

Alphabodies are small (approdmately 18 kDa) proteins that are engineerad o bind ' a variety of
antigans and ars therefore antibody mimetics. The alphabody scaffold is computationally designed
based on colled-call structures. The standard alphabody scafiold contalns thres a-halices, composad
of four heplad repests (strelches of 7 residues) sach, connected via glycine/serine-rich Hinkers. The
standard heptad sequence is "AAIRQKES", Alphabodies’ ability to targel extraceliular and intraceliuiar
proteins in combination with thelr high binding affinifies may allow them io bind 1o targats that cannot
be reached with antibodies.

Anticalins are 8 group of binding proteins with 8 robust and conservative B-barrel structure found in
lipocalins, Lipocaling are a class of exiraceliular proteins compyising ong peptide chain (150180 amino
ackiz) that is in charge of recognition, storage, and transport of various biological molecules such as
signaling molecules.

Armadiifo repeat protein-based scaffolds are abundant i aukarvoles and are involved in 8 broad range
of Biclogical processes, especially those related o nuclear transport. Arnadiiio repeat protein-based
scaffolds usually consist of three {o five intermal repeats and two Capping elements, They glso have a
andem elongated super helical strictwre that enablas binding with thelr corresponding peptide figands
in-an sxtended conformation:

Atrimers are a seafiold dervived from & trimeric plasma protein known as tetranacting, belonging o a
family of Cotype lecting consisting of three identical anits. The strunture of the C-vpe lectin domain
{CTLD)Y within the tetransctin has five flexible loops that mediate interacton with targeting molecules,

Avimers ars derived from natural A-domain containing proteins such as HERSZ and consiat of a nunber
of diffarent "A-domain™ monomers {2-10) linked vig amino acid linkers. Avimers can be created that can
bingd 1o the target antigen using the methodology described in, for example, U.8, Patent Application
Publication Nos. 2004/0175756; 2005/0053873; 20058/0048512; and 2006/0008844.

Fynornirs are small globular proteins (approstimately 7 kDaj that evolved from amino ackds 83148 of
the Sro homology domialn 3 (8H3) of the human Fyn tyrosing kinase. Fynomers are attractive binding
moleculas due {o their high thermal stability, oysielne-free soaffold, and human origin, which reduce

poteniial immunogenicity,
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Knottins, also known as gysteine knot miniproteing, are typically proteins 30 aming acids i length
comprising three antiparsiial R-sheals and constrained loops Iacad by a disulfide bond, which creates
a cysteine knot. This disulfide bond confers high thermal siability making knollins alivactive antibody
mimehos.

Kunite domain peptides or Kusiiz domain inhibitors are 8 class of protease inhibifors with irregudar
secondary structures containing ~80 amino acids with thres disulfide bonds and thrge jcops that can
be mutated without destabilizing the structural ramewark,

In ane embodiment, the binding molety with binding speaificly for a target expressed an an immune
cell is a polypeplide or protein comprising an antigen binding domain derived from @ T cell receptor
{TCR}.

in a preferred embodiment, the binding molety with binding specificlly for a target expressed on an
immune cell s an ankyrin repeat domain.

There is ne partiowdar mit on the nature of the targel sxpvessed on gaid immung cell, in wneg
embodimeant, the target is sxpressed on an immune gall thatis a T cell and ths target exprassed on said
immune cell is CD3.

Thus, in a preferred embodiment, the invention relates 1o g recomisinant binding profein comprising (4
a first aphyrio repest doman, whereln said first-ankyoin repeal domain has binding spegificity for uman
CRTG, and wherein said first ankyrin repest domain comprises an ankyrin repeat module having an
aming ackd sequence selected from the group consisting of (1) BEG 1D NOs: 2910 45 and 73 10 77, and
{2) sequences nwhichupfe 8, upto B, uplo 7, up 0§, up o b, upto 4, up lo 3, up fo 2.0r up i
aming acids i any of SECQ 1D NOs: 24 10 45 and 73 t© 77 are substituted by arother aming add, and
{il} & second ankyrin repeal domain, wherain sgid second ankyrin repeat domain has binding spaoificity
for C3, more preferably human DA,

in another embodiment, the invention relates © 8 recombinant binding protein comprising (i) a first
ankyrin repeat domain, wherain said first ankyrin repeat domain hias binding specificily for nlunan CD70,
and wherein said first ankyrin repeat domain comprises an ankyrin repeat mogdule having an amind acid
sequence selected from the group consisting of (1) SEQ 1D NOs: 24 1045 and 73 1o 77, and (2}
sequences mwhich upto 8, upto 8 upta 7, upta 8, uplo 5, up o 4, up 1o 3, up o 2 orup I 1 aming
acids in any of SEQ {0 NOs: 24 1o 45 and 73 1o 77 ars subsitituled by ancther aminoe acid, and (i} a
second ankyrin repesat domaln, wherein said second ankyrin rapeat domain has binding speificity for
human O3, and wherein said second ankyrin repeat domain coroprises an amino acld sequence with
at least about 85% amino ackd sequence identity, such as at least aboul 88%, at least about 87%, af
feast about 88%, at least about 88%, at least about B0%, at least about 91%, at least about 82%, at

feast about 93%, ot least sbout 84%, at Ieast about 95%, at least about 96%, at least shout 879, at
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feast about §8%, at least sbout 88% or 100% amino adid sequences identity, with any ong of SEQ D
MOs: BR o 58

In & furlher ambodimant, the vention relates fo @ recombinant binding protein comprising () a first
ankyrin repeat domain, whersin said first ankyrin repeat domain has binding specificity for human COTH,
and wherain aaid first ankyrin repeat domain comprises an ankyrin repsat module having an aming acid
seguance selected from the group consisting of SEQ 10 NOs: 24 10 45 and 73 10 77, ang (i) 2 second
ankyrin repeat domain, whergin said second ankyrin repeat domain has binding specificily for human
C3, and wherein said second ankwin repeat domain comprises an aming acid sequenca with at jeast
about BS% aming acid sequence identity, such as at least sbout 86%, at least about §7%, at least abois
88%, =t jeast about 89%, al least about 80%, al least aboul ¥1%, al least about 2%, at lzast sbout
03%, at least about 94%;, o least about 95%, at least aboul 98%, at least about 87%, at least abouwt
H8%, at least about 98% or 100% aming acid sequence ideniity, with any one of SEQ D NOs: 55 to b8,

in another embodiment, the invention relales 1o g recombinant hinding protain comprising (@) a first
ankyrin repeat domain, wherein said first ankyrin repaat domain has binding specificlty for human COTY,
and wharein said first ankyrin repaat domain comprises an ankyrin repeat module having an aming acid
sequance seiscted from the group consisting of (1) SEQ 1D NOs: 24 10 45 and 73 1o 77, and {2)
sequences inwhichupto B, upto 8 uplo 7, uplto B upto S, uptod, up to 3, up to 2 orup lo 1 aming
acids i any of SEQ 1D NGOs. 24 o 45 and 73 0 77 are substitiuled by another amino acid, and (i a
second ankyrin repeat domaln, wherein sald sscond ankyrin repeat domain has binding specificity for
human GD3, and wherein sald second ankyriny fepeat domain comprises the arnine acid sequence of
any one of 3EQ D NQs: 551088,

in another embodiment; the invention relates to a recombinant binding proteln comprising {0} a fisst
ankyrin repeat domain, wherein ¢aid firet ankyrin repeat domain has binding specificity for human CLITYO,
and whersin said first andorin repeat domain comprises an ankyrin repeat module having an amino acid
sequence salacted fromt the group consisting of SEQH D NGs: 24 1o 45 and 73 1o 77, and {i) a second
ankyrin repeat domain, wharein said second ankyrisn repeat domain has binding specificity for human
CD3, and wherain said second ankyrin repeat domain comprises the aming acid seguence of any ong
of SEQ 1D NOs: 85t §6.

In another preferred embadiment, the invention relates o g recombinant hinding protein comprising {8
afist ankyrin regeat domain, wherein said first ankyriy repesat domain has binding specificity for human
CD70, and wherein said first ankyrin repeat domain comprises an amino aoid sequencs with gt lpast
about 85% amino acid sequence identity, such as at least about 88%, atleast about 837%, at least about
B89%, at least about 88%, af least about 0%, at least about 819, at least about 92%, at least about
293%, at least about 84%, a least about 85%, at least about 88%, at least about 87%, at least about

98%, at least about 99% or 100% aminc acid sequence identity, with any one of SEQ ID NOs: 1 10 12
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andd 71 0 72, and {i) a second ankwin repeat domain, wherein said second ankyrin repeat domain has
binding spegificlty for CDJ, more preferably human CD3.

fn another embodiment, the investion relates 1o & fecombinent binding protein comprising @) a first
ankyrin repeat domain, whersin said first ankyrin repeat domain has Binding specificity for human COT,
and wherein said first ankyrin repeal domain comprises an amine acid sequence with a1 least about
285% amine acid sequence identity, such as at jleast about 86%, at igast about 87%, at least about 88%,
at least about 88%, &t legst about 80%, at least about 91%, at least about 82%, at least about 838%, a8
feast about 949%, al least about 85%, at least about 38%, at least about 979%, at least about 98%, at
fsast about 99% o 100% aming acid seguence identity, with any one of SEQ ID NGs: 110 12 ang 71
10 72, and (i) a second ankyrin repaat domain, wherein said second ankyrin repeat domain has binding
spedificly forhuman CD3, and wharein said second ankyrin rapeat domain comprises an aminoe acid
sequance with at least about 85% zequence identity, such as 3t ipast sbout 86%, at least about 87%,
atl least about 88%, at least about 889%%,; al least about 80%, at leasi sbout 819%, at least about 929%, &t
ieast about 93%, at least about 84%, at least about 95%, at least about 96%,; at least about 87%, at
iegst about 88%, at isast about 89% or 100% aming acid sequence identity, with any one of SEQ 1D
NOs: 55 to &9

In one emiodiment, the invention relates fo a recombinant binding protein comprising {1} a first ankyrin
repeat domain, whereln said first ankyrin repeat domain has binging specificity for human GD70, and
wheraeln said first ankwin repeat domain comprises the gmine acid sequence of any ong of SEQ B
NQs 1o 12 and 71 10 72, and (i} & sedond apkyrin repeat domain, wherein said second anhkyrin repaat
domain has binding speatficity for human CD3, and whersin said second ankyrin repeal domain
comprises an amine acid sequence with st least about 85% sequence identily, such as at lsast about
88%. at least gbout 87%, at least about B8% , at least about B85%, at least about 90%, at least about
S19%, ot logst about 92%, at least about B3%, ot least about 94%¢, at least about 88%, at least about
88%, at least aboud 87%, ot least aboud 98%, at least about 88% o 100% aming acid sequences identity,
with any ane of SEQ 1D NOs: 55t &8,

In ane smbodiment, the nvantion relates 108 recombinant binding protein comprising () 8 first ankyrin
whearein said first- ankyrin repeat domain cornprises an amino agid sequence with at least about 8%
amino acld sequence identity, such as at least aboul 86%, at least about 87%, al least about 88%, at
feast atout 58%. at least sboul 80%, at least sbout 91%, at least about 82%, at ledst about 83%, at
feast about #4%, al least aboul 95%, at least about 88%, at least about 87%, atf least about 98%, at
feast about 88% or 100% amino acid sequence identity, with any one of SEQ IDNOs: 110 12 and 71
fo 72, and {#} a second ankyrin repeat domain, wherein said second ankyrin repaat domain has binding
speciicity for human CD3, and wherein said second ankyrin repeat domain comprises the aming acid
sequence of any one of SEQ 1D NOs; 85 1o 59,
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in a further embodiment, the invention relates o & recombinant binding protein comprising (i) a first
ankyrin repest domain, whereln said first ankyrin repaat domain has hinding specificity forhuman COTO,
and wherein said first ankyrin rapest domain comprises the aming acld seqgusnce of any ons of SEG
D NOsy 140 12 and 71 1o 72, and (i) a second ankyrin repeat domain, wherein said second ankyrin
repeal domain has binding specificily for human GD3, ahid wharei said second ankytin repeat domain
comprises the aming ackd sequence of any one of SEQ 1D NOs: 5510 58,

The inveniion funther relates {0 3 recombinant binding protein comprising () g fast ankyrin repsaat
domain. wherein said first ankyrin repeat domain has binding specificity for human QD70 and (i} a
second anforin repeat domain, whersin said second ankyrin repeat domain has binding specificily for
human ©D3, wherein said recombinant binding protein comprises an amine acid sequance with at least
about 85% amino acid sequence identity, such gs ot loast about 86%, gt least about 87%, atieast about
88%, at least about BE%, at least abowt 90%, at least sboul B1%, at least about 82%, at lsast about
3%, at least ghout 84%, at least sbout 85%, at least abowul 86%, &t least about 87%, at least about
98%, at least about 88% v HI0% amino acid sequence identity, with any one of SEQ 1D NGsi 13 1o
23 and 78 to 81,

In one embadiment, the invention relates to a recombinagnt binding protein comprising (i) & first ankyrin
repegt domain, wherein said first ankyrin repeat domain has binding specificity for human CD7E, and
{il} a second ankyrin repeat domain, wherein said second ankyrin repsat domain has binding specificity
for human CD3, wherein said recombinant binding protein comprises an amind acid sequence with'at
least about 85% aming acid seqguence identity with any one of SEQ 1D NOs: 1316 23 and 78 i 81,

HalfLife Extending Moleties

A “haif-ife exiending molety™ sxtends the serum haldllfe /o wive of the rescombinant binding protains
desaribed herein, compared io the same protein without the half-ife extending molety. Examples of
haif-iife extending moleties include, but are not limited 1o, polvhistidine, Glu-Glu, glutathione B
wansferass (G5T), thioredoxin, protein A, protein G, an immunogiochulin domain, maltose binding
profein {(MBP), a hurnan serum atbumin (HSA) binding domain, or polvethiviene glyeot (PEG).

In some embodirnents, the recombinand hinding proteins desaribed herein comprise an ankyrin repeaat
daimain that specifically binds serurn albumin (such as preforably human serum albumin), also referred
hevein &8s “serum albumin binding domgiy”. The recombinant binding protein desoribed herelri may also
coynpise more than ons serum atbumin binding dormain, for example, bwo of thres serum stbumin
binding domains. Thus, the recombinant binding protein described herein may comprise a first and a
setord serum albumin binding domain, or a first, g second and a third serum albumiy binding domain,
The embodiments provided beldw desoribe such a fast sérue albumin binding domain, second setum
atbumin binding domain, andfor thivd serwm albumin binding domain,
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i some embodiments, the halfdife extending molety describad hersin comprises & serum albumin-
spetific ankyrin repeat domain comiprising an amino acid sequence that is at least about 85%, at least
about 86%, gt least about 87%, af least about 88%, &t lsast about 83%, ab least about 20%, at jeast
about 91%; & least about 82%, ot least about 83%, at loast about 94%, at least sbhout BE%%, af oast
about 98%, at laast about 87%, alfeast about 28%, at least about 89%6, o 100% identical 1o any ane
of SEG D NOs 52 1o 54 In an exeniplary embodiment, the half-life extending moiety describad herein
comprises an amino acid sequence that s at least about 90% identical to any one of SEQ 1D NOs: 82
0 54, In one embodiment, the half-life extending molety descrbad herein cormprises an aming acid
sequance thal s ot least 80%. al loast 31%, al lpast 82%. at laast B3%, ot least 84%, al least 58%, at
isast 86%, at least 87%, at least 88%, at laast 89%, at least 90%, sf least 81%, at least 82%, at least
03%, at least 945, al least 95%, al loast 96%, al least 97%, st least 98%, at least 99%, or 100%
identical to SEQ 1D NO: 53, In an exemplary embodiment, the halflife extending moiely described
hersin comprises an amine acid sequeance that is at legst 90% idenlical to SEQ D NG 83,

in some embodiments, a serum atbumin binding domain is located ai the N4erminus of the recombinant
binding protein of the invention. In some ambadiments, two or more serum albumin binding domaing
are preferred. In some embodiments, two serurn gihumin binding domzins ars located at the N-teminus
of the recombinant binding protein of the invention,

in some embodiments, the haltife extending moiety comprises an mmunoglobulin domsin, i some
embodiments, e immunogiobulin domsin comprises an Fo domain, In somea embodiments, the Fo
domain js derved rom any one.of the Koown beavy chain isotypes: IgG ) oM (), gl (65, 1gE ), or
IgA {g) In some embodiments, the Fo domain is derived from any one of the known heavy chain
isotypes or subtypes: 1gGy iyl oG {y2), gGa{y3)L 1oGa(vd), lgAs{al) Indx{aZ). In some

embodiments, the Fo domain is-the Fe domain of human g,

In some embodiments, the Fo domain comprises an uninterupled native sequence {Le., wild type
seqguence} of an Fe domain. In somes embodiments, the inimunagiobulin Fo dornain comprises a variant
Fo domain resutting inalterad biologicsd activity. For example, at ieast one point mutation or deletion
may be introduced into the Fe domain so a5 to reduce or eliminate the effector activity {e.g., Internationad
Patand Publication No. WO 2005/083815), aondfor to inorease the homoegeneity during the production of
the recombinant binding protedy. In soms smbodiments, the Fo domain s the Fo domain of human 195G
and cormprises one or more of the following sffector-null substitulions: L2344, L2384, and G237A (Bu
manbering). in some embodiments, the Fo domain doss not comprise the lysine located at the G-
terminal position of human gzt (e, K447 by Eu numbering). The abgence of the lysine may increase
hornogensity during the production of the recombinant binding protein. In some embodiments, the Fo
domain comprises the hysing located at the C-4erminal position (K447, Eu numibering).

Further Rinding Moileties with Binding Specificily for a Tumor-Associated Antigen
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in a further aspect, the ivention refates to the recombinant binding protein as described above, further
comprighng 4t least one binding moiaty with binding speaificity for 8 umor-assaciatad antigen (TARK) that
i different from CDT0. in one embodiment, sald one of more TAA thyt is different rom D70 I8 a TAA
that Is co-expressed with CO78 in colls from the same cancer. In a further embodiment, said one or
more TAA that is different from CRTH Je & TAA that js co-expresaed with QDTO wy in a cancsr
characterized by a liquid tumor. In @ peferred embiodiment, said one of more TAA that is different from
COTT s g TAA that s co-expressed with CDT0 iIn g leukemia, such as a TAR so-expressed with COT0
by AML cancer cells. BExamples of binding moieties with binding specilicity for a tumor-gassociaied
antigan (TAA) that is different fron CD70 for uae i the prasent invention include antibodies, altemnative
scaffalds, and polvpeptides. Many TAAs are Known in the art, including TAAs that are expressed in
AR cancer cells.

Substitulions

in some embodiments, no more. 8, no mors than 8, no more than 7, no more than 8, no more than 5,
no mofe than 4, no mode than 3, no miore than 2, o ndomore than 1 substitution s made in any ankyrin
repeat module of g recombinartt binding protein of the invention relative o the seguencas of SEQ D
MNOs: 24 10 45 and 73 10 77. In some embodimeants, no more than § substitutions are made rejative 1o
the seqguances of SEQ ID NOs: 24 10 45 and 73 o 77, In some embodinients, no more than 4
substiiutions gre made refative to the sequences of BEQ D NGs! 24 0 45 and 73 0 77. In some
embodiments, na more than 3 substitutions are made relative 1o the sequences of SEQ D NGs: 24 1o
45 and 7310 77, in some embodiments, no more than 2 sybsiitutions are made relative (o the sequences
of 3EQ I NOs: 24 o 45 and 73 to 77, In some embodiments, no more than 1 substitution is made
relative o the sequences of SEQ ID KOs 240 45and 730 77,

In some smbodiments, no more 15%, no more than 14%, ric more than 13%, no more han 12%, no
morg than 1%, ne morethan 10%, no more than 8%, na more than 8%, orno more than 7%, nomore
than €%, no more than 5%, no more than 4%, no more than 3%, no more than 2%, or no more than 1%
of the aming acid sequence of any ankyrin repest domain of a recombinant bindihg prodein of the
invention is altered By substitutions refative to the sequences of SEQID NGs: 1012 and 71 1o 72, In
sume embodiments, no more than 10% of the amino acid sequence is alterad by substitutions relative
to the sequences of SEQ 1D NOs: 1 10 12 and 71 1o 72, in some embodiments, no more than 8% of the
aming acid sequance 1§ altered by substitufions refative fo the sequences of SEQ ID NOs 115 12 and
T 1072 In some embodiments, no maore than 6% of the aming ackd sequence s alfered by substiitions
redative (o the sequences of SEQ 1D NOs: 1o 12 and 71 1072 s some ssvbodiments, no more than
4% of the amino acld sequence is altered by substitutions relative to the sequences of SEQ 1D NOs: 1
10 12 and 71 to 72, In some embodiments, no more than 3% of the amino adid seguence s altered by
substitutions relative o the sequences oI SEQ ID NQs to 12 and 7110 72

In some aspects, aming goid substiution{s) made o the binding agents do not change the Ko value by
mors than ahout 1000-fold, miore than sbout 100-fold, of more than abotd 180-fold, compared o tha Ky
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value of the unsubstituted binding agents: For exampls, in some dspects, the aming acid substitutionis)
do fiot change the Ko valise by morg than about 1000-fold, more than abot 300-fold, more than abouwt
100-Fold, more than about S0-old, more than sbowt 25-fold, more than aboul 10<0ld, or more than
shout S4old, comparad o the Ko valug of the binding agent comprising any of the seguences of SEG
D NGs: 11012, 24 todSand 7110 77 10 GDYC.

in cerlain embodinents, ihe substitution is a conservative subistitution according 10 Table 1. 1n certain
embodiments, the substitution i made outside the structural corg residues of the ankyrin repest
domain. e.4g.. in the beta onps that sonnedt the alpha-helices.

Qriginal Residue | Conservalive Substitutions Exemplary Subsiitutions
Ala{A) Val Val Ley; lle
Arg (R} Lys Lys: Ghy, Asn
CAsnIN) o Gin . O His; Asp, Lys; Arg
Asp {DH) Gl Shy; Asn
Cys {C) Ser Ser: Ada
.0 N A Awy AsGle
Gl {E) Asp Aspr Gl
Gy (G) Ala Aba
His {H)Y Arg Asn: B Ly Aug
ey 4 kew 1 lew Vah Met Al Phe: Notleucine
Leg (L) o Norleucing; He: Vgl Mel Ala: Phe
Lys {K) Arg Atg: Gl Asn
Mat (v Lau Lea, Phe; fle
PhetEy LT Leu Val fle Al Tyr
8o {(F) Ala Ala
Ser {8) Thy Thy
Th {1} Ser Ser
WYy Iy ety PR
TyrlY) _ he Trp: Phe: Thr: Ser
Val V) Ley ey Leu; Met: Phe; Alg; Nordeucine

Table 1: Amino Acid Substitutions

in cerlain embodiments, the substitution Is mads within the structural core residuas of the ankyrin repest
domain. In other embodimeants, the substifution IS made outside the structural core residues of the
gAukyrin repeat domain, For illusiration, the ankyrin domain may comprise the consensus sequence:
*DxGxTPLHL Ao GV VLLaxGADVNA {SEQ 1D NG; 82), whersin " denotes any amino acid
{preferably not cysleine, glycine, or proline); or xDaxBxTPLHLAAGHLEIVEVILKZzGADVNA (SEQ D
NQ: 83, whereln "x" denotes any aming acid (preferably not cysieine, glycine, or proling), and "2 is
safactad from the group consisting of asparaging, histiding, of tyrosing, In one embodiment, the
substitution is made 1o residuss designated as “x". in another enbaadimant; the substtition ismadeto
rasidues that are not designated as 5

In addition, the second last position of any ankyrin repeat domsin of a recombinant binding protein of
the invention can be “A" or L, andior the lasi position can be A" or "N Accordingly, in some
smbodiments, each ankyrin repeat domain comprises &n amino adcid sequence that is at least 30%, at
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fonst 81%, at least B2%, al loast 83%, af least B4%, af least 85%, af loast 86%, af least 87%, af least
88%, al least 80%, at least 0%, at lsast 81%, al loast 82%, at feast B3%, af least 8d%, at least 895%,
al least 88% 3t least 97%, ot keast 98%., al least B8%, or 100% identical o any oo of SEQ D NOs 1
fo 12, 82 to 88 and 71 to 72, and wherein optionaily & at the second last position is substituled with L
andior A at the last position is substitited with N, or wherein opticnally L at the second lgst position is
substitsted with & andfor N at fhe last position s substiuted with A In an exemplary embodiment, each
ankyrin repeat domain comrises an aming acid sequence that s at least 80% Wentical 1o any one of
SEQ D NCs: 110 12, 82 1o 88 and 71 to 72, and wherein oplionatly A al the sscond last position is
substituted with L andior A at the last position s subsiifuted with N. Furthermore, the sequence of any
ankyrin repeat domain comprised in a hinding protein of the invention may optionally comprise at s N~
ferminus, a G, an S, or a GS {see below).

in addition, each ankyrin rapest domain comprisad in g racombinant binding protein of the invention
may optionally comprise g “G" an "5, or a "GE" sequence at its N-terminus,  Accordingly, in some
embodimeants, each ankyrin repeat domain comprises an amino adcid sequence that is at least 80%, at
ieast 81%, at ieast 82%, at ieast 83%, at izast 843, at least 85%, st lzast 88%, at least 87%. at least
88%, at least 89%, at least 80%, at ieast 81%, at least 82%, at least 83%, at least 94%, sl least 95%.
at least 968%, al least 87%, al least 98%. at least 88%. or 100% identica! to any one of BEQ D NOs: 1
012, 562 o 59 and 71 1o 72, and lurther comprizes at s N-erminus 8 68 {a8s e.g. in SEQ 1D NOQs:H 61
ard 84} or only a G o an S instead of the GB.

Binding sifinity

in cartain embodiments, the affinity between the recombinant binding protein and its targed {i.e., human
OO0 is desctibad in terms of Ko, In exemplary embodiments, the Kn'is abouwt 107 M orless, about 10°
2 M or fess, about 0 M or less, absut 107 M or lass, about 167 M or less, about 105 M or less, about
107 N or less, about 108 M or less, about 109 M or fess, abowt 109 M or less, about 1071 M or less,
about 10% Moor less, about 107 M or less, about 10 M or less, from about 105 M to about 107 M,
fromt abaut 10° M to-about 1075 M, Fom about 107 M 1o about 190 M, from about 10° Mo abotd 1
344, from abeat 0% M to sbout 1008 M, fram about 102 Mo about 100 M, from about 107 Mo about
10 M, from about 10% M to sbout 107'¢ M, from about 107 M o about 10°% M, frons about 10°% Mt
about 107 M, from sbout 10 M to about 1077 8, from about 10 M 1o about 1077 M, from.about 10%
M 1o about 10777 M, from about 10° M to about 1077 M, rom about 107 M to about 107 M, from about
1% M to about 177 M, from gbout 10 M % about 10 M, from about 107°% M o about 1079 M, from
asbout 10% M o abogt 1079 M, from about 10° M to abour 107 M, froen about 107 M to gbout 10712 14,
from about 10°% M1 about 1072 8, from about 10°% M to about 107790, from about 107 M to about 10
2, from about 109 M to about 107 M, from about 107 M 1o about 167 M, from about 107 M o abaut
1 J, Trom about 107 M to about 100 M, from about 109 M o gbout 107 M, from about 10 M to
about 101 M, fom about 107 M {o about 1079 M, from about 109 M to about 1079 M, from about 107
1o about 107 M, from about 10% M to about 10Y M, from about 109 M to about 1077 M, from about
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10° M 1o abod 108 M, From about 10% M 16 about 10% M, from about 107 M 10 abolut 107 M, of from
about 10 M fo about 0% M.

In exermplary emboadiments, the recombinant binding profein binds human CDT0 with an Ko valus of, or
fess than: gbout 150 nid, about 108 nM, about 53 N, about 40 N, abowd 30 ni, about 20 nM, about
10 ndd, about & nM, about 2 add, aboul 1 nM, abouwt 00 pM, about 80D ph, abotst 700 pM, aboit 800
pit, about S00 pR, gbollt 400 pdi, about 300 pM, about 200 phd, about 100 piM, aboul 10 pi, or about
1M, In orte exemplary embodiment, the regombinant Sinding protein binds COTO with @ Ko value of
fess than or equal 10100 N, in ancther exemplary embodiment, the recombinant binding protein binds
CO70 with a Ku value of less than ar squal 1o 10 nb.

In one aspedt, the recombinant binding protein binds human COTO with an EGss of less than about
about 500, about 400, about 304, about 200, about 150, about 100, about 70, about 80, about 50, sbout
440, sbout 30, aboul 20, abowt 15, about 14, about 7, ahowt 5, about 3, about ¥, abowt 0.8, or about 8.1
ad. Thas, in one aspect, said binding protein binds human CDY0 on T cells with an ECss of less than
about 500 ab; in anather aspest, said binding protein binds human CD70 on T cells with an ECs: of
iess than about 400 aM, in anocther aepedt, sald binding protain binds human COT0 on T celis with an
ECsq of less than about 360 nM: in another aspect, said binding proteon binds human CR70 on T calls
with an ECas of less than sbout 200 nld; v another aspect, said binding protein binds human COT0 on
T cefls with an ECs of less harr aboal 100 nbd; in another aspect, said binding protein binds human
CO70 on T cells with an ECy of less than about 70 nM, in another gspect, said binding protein binds
hwman CR70 on T eells with an ECsy of less than aboul §0 ni; in another aspedt, said binding protein
binds human CD70 on T cells with an ECse of lass than about 50 ;) in another asped!, said hinding
protein binds human COPE an T cells with an ECw of less than abouwt 40 iy in ancther aspect, said
binding profein binds to CDTO with an ECxe of less than about 30 nb; in ancther asped!, said bivding
profein binds to CL70 with an BECsy of lese than about 20 nM; i another aspect, gaid binding protein
binds 0 CO70 with an ECs of less than about 15 ol in another aspect, said binding protein binds to
CO70 with an ECss of less than about 10 nM: inanothar aspeat, said binding protein binds to GD70 with
ar ECso of lass than abiout ¥ oM in another aspect, said binding protein binds o CD70 with an ECsq of
fess than about § nM; in another aspedt, said binding protein binds to D70 with an ECGss of less than
about 3 N, In anothdr aspeat, said binding protein hinds to GD70 with an EGss of less than about
nll; in ancther aspect, sawd binding protein binds 1o COT0 with an ECsg of less than about 3.5 nl; i a
further aspect, said binding protein binds to CDT0 with an ECGsp ofless than about 0.1 nb.

Additional Folypeptides
I one aspect, the recombinant binding protein of the invention further Comprises a polypeplide tag. A

polvpeptide tag is an amine acid seguence attashed to a polypeptide/protain, wherein sald aming acid
sequence s useful for the purification, detection, or targeting of said polypeptide/protein, or wherein
said aming acid sequence improves the physicochemical behavior of the polypeptide/protein, or

wharein said gamino acld sequence possesses anveffector function, The individaal polypeptide tags of a
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recombinant binding protein may be conneated o other parts of the recombingant binding protein directly
or via a geptide linker. Polypeplide tags are all well known in the art and are fully available fo the person
skilied in the art, Examplies of polvpeptids tags gre smiall polvpeptide seguences, for example, His, HA,
mive, FLAG, or Strep-tags, or polvpeptides such as enzymes Horexample alkaline phosphatasa), which
alfow’ the detection of said polypaptidefprotein. or polypeptides which can be used Tor largeting (suph
as immunoglohuting or fragments thersof) andfor as effector moleculas.

in ane aspect, the recombinant binding protein of the invantion further comprises g peptide lnkar. A
peptide linker i3 an amino acid sequence, which is able {6 link, for example, two protein domains, a
polypeptide tag and & protfein damain, a grofein domain and & non-protainacecus compound or polymer
suzh as polyethylens glyodl, a protein domaln and a biologically active moleculs, a protein domain and
g localizer, of two sequence tags, Peplide linkars are known to the person skilled in the arl. A list of
examples is grovided in the description of patant application WO2002/020585. In ane aspect, peptide
linkers for use in the present ivention have alength from 1 {0 50 amino acids. In another aspect,
peplide linkers for use in the present invention have a length from about 5 to sbout 40 amino acids. In
another aspect, paptide finkars for use in the present invention have a kength from about 10 1o abot 30
arning seids,

Particular examples of peptide linkers are glycine-sering-linkers and proline-threonine rich linkers of
variahle lengths. In the context of the present nvention a profine-threonine rich linker comprises & least
about 20% proline residues and at least abowt 20% threoning residues in #s aming acid seqguence.
Examplaes of a glydine-serine-linker are e amine acid sequence G3 and the aming acid seguence of
SEQ ID NG 67, and examples of a proline-threonine ricly linker are the amine acid sequences of SEQ
1D NGs: 85 and 88,

N-Termingl and C-Terminat Capping Ssquences

The ankyrin repeat domaing of the recombinant binding profein disclosed hearein may comprise N-
terminal or C-lemming! capping sequences. Gapping senuences 1afers {o addilional polypeptide
saquenres fused to-the N« of Céerminal end of the ankyrin repest sequence molif{s), wherein said
capping sequences form tight tertiary interactions (i.e.. tertiary struchure interactions) with the ankyrin
ropest saquence motif(s), theraby providing a cap that shields the hydrophobie core of the ankyrin
repeat domain &t the side from exposing o the soivent

The N~ andfor C-lerminal capping sequences may be detived from, & capping umt of other structural
unit found i a naturally occurring repeal protein adiacent (10 8 repeal unil. Examples of capping
sequences are described in Inlemnational Palent Publication Nos., WO 2002/020565 and WO
20127060855, in U.S. Patent Publication No. US 2013/0288221, and by inferandi et gl., J Mol Biol. 2008
Jary 18:3TB(3)837-54. Examples of N-terminal ankyrin capping modules (e, N-aminal capping
repeats) nclude SEQ 1D NOs: 46 0 47 and 88 to 70 and examples of ankyrin Cderminal capping
modules {i.e. Clermingl capping repeats) include SECG D NO: 48 1o 81,
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Muoclasic agids & Meaethods

in another aspect, the nvention ralates 1© 8 nuglsic acld encoding the aming acikd seguence of a

recombinant binding protein of the present invention. In one aspedt, the invention relates 10 8 nusisic
acid encoding the amine acid seguences of & recombinant protein of the prasent invention. Furthermong,
the invention relates o vectors comprising any nudleic acid of the invention. Nuchsio acids are well
knowsy 1o the skified person in the art. in the examples, nucieic acids were used o produce designed
ankyrin repeat domains of recombinant binding proteins of the mvention i £, ool

Compositicns, Uses and Methods of Treatment

In ohe aspect, the nvantion relates to a pharmaceutical composition comgprising a recombibant binding
protein andfor g designed ankyrin repeat domain of the present invention, and/or a nucleie acid
encoding & recombinant binding protein andior & designed ankyrin repeat domain of the prasent
invention, and ogptionally a pharmaceutically acceptable carrier andéor diluent.

In one aspect, the invantion relates o a pharmaceutical compaosition comprising a recombinant binding
profein or g nuclsic atid encoding s recombinant binding protein of the present invention, and oplionally
a pharmaceutically acceplable carrter andfor diluent.

Pharmaceutically acceptable carriers andfor diluents are Known 1o the person skitied in the art and are
explained in more detait balow,

A pharmaceutical composition comprises a recombinant binding protein, antor g designed ankyrin
repaat domaln, and/or a nudiaic acid, prefersbly a recombinant binding protein andlor a nuckein acid,
as described herain and a pharmaceutically acceptable carrfer, exaipient, or stabilizer, for example as

desoribed in Remingtor's Pharnacetdical Sciences 169 adition, Osof, A. Ed., 1880

Suitahis carrers, diluents, excipients or siabilizers known to one of skill in the ant include, for exaniple,
safing, Ringets solution, dextrase solulion, Hank's solution, fived ofls, sthyl oleate, 5% déxirose in
saline, substances that enhance isptonicity and chemical stability, buffers, and preservatives. GQther
suitable cantiers include any carvier that does not iself induce the production of antibadies harmiul to
the individual receiving the composition such as proteins, polysaccharides, polyvlactic acids, polyglyedlic
acids, polymeric amino acids, and aming acikl copalymears, A pharmaceutical composition may aisc be
a combination formulation, comprising an addional active agent, such as an anti-cancer agent o an
anti-angiogenic agent, or an additional bicactive compound. The composiions 10 be used for i vivo
adminisiration must be asaplic or sledie, This is readily accomplished by Blration through sterle

filtration membranes;

inn one aspect, a pharmacsutical composition comprises at least one recombinant binding protein as

desoribed herein and a delergent such ag nonionic detargent, a buffer such as phosphate bhuffer, and
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& sugar such 88 sucrose. It one aspect, such & cormposition comprises recombinant binding profeins
as described above and PBS.

in ancther aspact, the invention provides u method of tursor-docalized activation of T cells ing mammal,
including a human, the method compeising the step of adminisiering fo said mammal the recombinant
protein of the invention, the nuclelc anid of the nvention of the pharmaceutical composition of the
invention,

In anothar aspect, the inventicsy provides a mathod of reating @ madical condition, the method
comprising the step of administering t© a patient in need therent a therapeutically effective amotnt of
the recombinant binding protein of the vention, the nudlelc acid of the invention or the gharmadceutiosl
composition of the invention

in another aspest. the vention provides a method of treating 2 medical condition, the method
comprising the step of administering o a patient in need thereof 3 therapeutically effective amount of
the invaniive recombinant binding protein further comgprising a binding agent with binding speaificity for
& disegse-gssocixted antigen, a nudieic acid encoding said recombinant binding protein. or g
pharmaceutical composiion comprising said binding protein.

In ong-aspect, the invention relales o aphamaceutical composition, 8 recombinant Binding protein, or
& nucielc acid aceording 1o the present invantion for use in the reatment of 5 disease. For that purpose,
the pharmacentical composition, the nucisic acid or the recombinant binding protein acoording o the
presend invention is administered 10 a patient in need theredf, in & therapeulically sifective amount,
Adminisiration may include topical administration, oral administration; and parenteral administration.
The typical route of admicishation s parenteral adminisiration. i parental administration, the
pharmaceutical composition of this invention wilt be formulated in g unit dosage infectable form such as
a solution, suspension, o emulsion, in association with the pharmacsulically acceplable excipients as
defined sbova. The dosage and mode of administration will depend on the individua! o be traated and
the diseasa.

Further, any of the above-meantionsd pharmaceutical compasition, nuclelc acid or racombinant pratein
is considersd for use in the treatment of a disorder,

in one gspact, said recombinant binding protein or such other phanmaceutical composilian described
hereln s applied intravenously. For parenteral application, the recombingnt bingding protein or sald
pharmaceudical composition can be injecied as holus injection or by siow infusion at a therapeulically

sffective armount.

inr one aspect, the invenlion relates o the use of the recombinant binding protein of the invention, the

nuclele acid of the invention or he pharmaceutical composition of the invertion, as medicameant forthe

26

CA 03214020 2023-9-28



WO 2022/215032 PCT/IB2022/053275

treatment of a disease. In one aspeat, the invention relates (o the useof the recombinant binding protain
of the nvention, the nucleic acid of the invantion or the pharmaceutical composition of the invention for
manufactiring of 3 medicament, Ih ong aspect, the fvention raleies o the use of the ecombinant
binding profein of the nvention, the nugleie acid of the vention or the pharmsaceutical composition of
fhe invention, for manufaciushg of a madicament for the treatment of a disesass. In one aspedct, the
invention relates 10 @ procass for the manufaciuting of g medicament for the Seatment of a disaase,
wherain the recombinant inding  protein of the nvention, the nucieic acid of the invention or the
pharmaceutical composition of the invention is'an active ingredient of ihe medicament. {n one aspaact,
the invention relales o g method of reatment of g disease using the recombinant binding protein of the
invention, the nudeic adid of the hvention or the pharmacetdical composition of the invention,

In one aspest the invention funher provides g use of such a recombinant binding protein for trealing a
medical congition of a subjent in nead thereaf.

As used herain, said medical condition or disease is 3 cancer, preferably aliquid tumor, more praferably
ieukemia, even more preferably acute myeloid leukemia (AML)L

The meoeombinant binding protein of the present inventicn. nuciain anid of the nvenlion o @
pharmaceutical composition of the invention can also be used in combination with one or mors other
theraples known in the art. The term "use in combination with', as used herein, shall refer o 8 co-
administration, which is cared oul under g given regimen. This includes synchronous adminisiration
of the different compounds as well as time-shifted administration of the diferent compounds {e.g.,
compound A is given once and compound B s given several mes thereafier, or vige versa, or botn
sompounds are given synchronously and one of the two is also given at later stages).

In one gspect, the invention relatas o 2 kit compriging the recombinant binding pratain of the invention.
In one aspact, the invention relates 1o g kit camprising a nuclelc agid encoding the recombinant binding
protein of the invention. In one gspeact, the invention relates o a kit comprising the pharmaceutiont
compasition of the invention. Inane aspect, the invention relates to g kit comprizing the recombinant
protein of the invention, and/for the rugieic acid of the invenrtion, andior the pharmacsutical compasition
of the invention. in one aspect, the nvention ralates 1o g kit comprising the recombinant  pratein
somprising an ankyrin repeat domain with binding specificly for CD70 of the invention, for example
SEQ D NOs: 1 1o 12 and 71 to 72, and/or a nucleic acid encoding the recombinant protein comprising
an anlkyrin repeat domain with binding specificity for CRTO, for example SEQ 1D NGs: 1o 12 and 71
1o 72, andfor a phanmacsutical composition comprising the recambinant protein comprising an ankyrin
repeat domain with binding speaificily for CD70, for example SEQ IR NOs: ftofZand Y10 72 inone
aspect, the invention relates o a kit comprising the recombinant protein comprising any one of the
amino acid sequences of SEQ 1D NOs: 1 to 45 and 71 to 81 and/or 2 nuclelc acid encoding said

recombinant protein, and/or a pharmaceutical composition comprising the recombinant protein.
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In one aspsact, the invention relates to a mathod for producing 2 recombinant protain of the pissent
nvention. In one aspect, the invention relates to a2 method for producing & recombinant binding protein,
for example 2 recombinant protein comprising the aming acid seguence of any one of SEQ 1D NOx: 1
{0 45 and 71 10 81, the method comprising the steps of §) expressing sald recomsbinant binding protein
in-a suitable host cell (0., bacteria), and (i) purifving saltd recombinant binding prodein {s.ag., wsing
chromatography). Sald method may comprise additional steps. Such a method of producing. &
recombinant binding protein of the present invention is described in Exampie 1.

The invention is not restricted 10 the particular aspects describied in the Examples. This specification
refers 0 a number of aming acid seguences, nucleis acd sequences and SEQ 1D NOs that are
disciosed in the appended Sequence Listing, which is herewith incorporated by reference in iis entirety.

DEFINITIONS

Unless defined otherwise herein, all teshnical and scientific terms usad harein shall have the meanings
that ars commonly understoott by those of ordinary skilf i the art fewhich the present invention bedangs.
Further, uniess otherwise required by context, singular ferms shall include phuralities and phurad tarmy
shall include the singular. Generally, nomeanckatures used in connaction with, and techrigues of, cell
ang tssye colture, molecular binlogy, imreunology . microbicloegy, genatics gnd protain and nucieic aoid
chermistry described herein are those well-known and commaonly used in the art.

The terms "compsising”, "having”, "including” and "containing” are {o be constniad as open-ended tarms
unless otharwise noted. If aspects of the invention are described as “comprising” a feature, aspects
slso are contemplated “consisting of" or "congisting essentially of” the fealure, The uge of any and sl
examples, or exemplary Bnguage {e.g., "such as") provided herein, is intended merely fo belter
Husirate the disclosure and does not pose a limitation on the scope of the disclosure unless otherwise
chaimed. No language in the spacification should be construed as indicating any non-claimed alament
a5 assential to the praciice of the disclosure. Giher than in the cperating examples, or whare otherwise
indicated, sif numbers expressing guantities of ingredients or reaction conditions used herain should be
understood as modified in all instances by the ferm "ashout” as that temm would be interpretsd by the
person skifed in the relevant art, The tenm “abowt” as used herein is equivalent 10 2 10% of 8 given
manetical value, unless otherwise stated,

Recitation of ranges of values berein gre meraly intended to serve as & shorthand method of refemnng
individually 1o each separate value falling within the range and cach sndpoint, unlass otharwise
indicated herein, and each separale value and endpoint is incorporated info the specification as i it

wera individually rectted herein.

iy the context of the present invention the tarm "protein” refers 10 & motecule comprising @ pdypeptide,
wherein at least part of the polypeptide has, or is able 0 scquire, a defined thres-dimensional
arrahgement by forming secondary, wrthary, andfor guaternary struchures within a single polypeptids
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chain andfor between mudtiple polypeptide chaing. s proféin comprises two or more polypeptide
chaing, tha ndividual polypeptide chains may be linked non-covatently or covalently, £.g., by a disulfide
bong betwaen two polypeptides. A part of & proteiln, which individually has, or is able o acquire, &
defined three-dimenzional amangament by forming secondary andior terfiary structure, is fermed
"orotein domain®. Such prodein domains are well known it the practifionsr skilfed inthe art

The term “recombinant” as used in recombinam protein, recombinant polypeplide and the like, means
that said protein or polypepiide is produced by the use of recombinant DNA technologies well knowi 1o
the practitioner skilled in the art. For sxample, g recombinant DNA mclecule (e.g., produced by gang
syrithesis) encoding a polypeptide can be doned into a bacterdal expression plasmid {e.g., pREIC,
QlAgen), veast expression plasmid, mammalian exprassion plasmid, or plant expression plasmid, or a
DNA enabling i vitro expression. If, for example, such a recombinant bacterial expression plasmid is
inserted into appropriate bacleria {8.9., Escherichiacoll}, thesea bacteria can praduce the polypeptide(s)
encodad by this recombinant DNA. The comrespondingly produced pelypeptide or protein is called a
recombinart polypeptide or recombinant protain.

in the context of the present invantion, the lerm "binding protein” refers © 8 protein comprising & binding
domain. A binding protsin may glso comprise two, three, four, five of more binding damaing, Prefarably,
said binding protein is a recombinant binding protain. Binding proteins of the instant invention comprise
ar ankyrin repeat domain with binding speuilicily for GO70.

Furthermorg, any such binding protein may cornprise additional polypeplides {such as e.g., polypeplide
ags, peptide fiokers, fusion to other profeinaceous dormaing with binding specificity,  oylokines,
hormones, or anfagonists), or chamical madifications {such &3 coupling o polvethylene-glyeol, toxing
(4., DM from immunogen), small molecules, antibiotins and alike) well kogwn 1o the person skilled
in the art. & binding protein of the instant invention may comprise a localizsr moleculs.

The term “binding domiai™ means a profein domain sxhibifing hinding specificity for a lamst. Preferably,
said binding domain is 8 recombingnt binding domain,

As used herain, the tenn "argst® refers 10 an individual molecide such gs a nucleic acid moleculs, 8
polypeptide or pratein, & carbohydrgte, or dny other naturally ocowring molecude, including any part of
such ndividual molscule, or 1o complexes of two o mors of such molecules, or to 5 whole cell or 3
tissug sample, of 10 any non-natural compound. Preferably, the target is CD70. Muore preferabily, the
targst is human COTG

In the context of the present invention, the term "polypeptide” relates 10 & moleculs consisting of a chain
of multiple, L.e., two or more, amine acids linked via peptide bonds. Preferably, a polvpepiide consists

of more than eight amino acids finked via peptide bonds. The {erm "polypepiide™ also Includes mulliple
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chains of amino acids, linked together by 5-5 bridges of cysieines, Polypeptides are well-known 1o the

person skilled ity the art,

Patent application WO2002/020585 and Forrer ef wl, 2003 (Fowar, P., Stumpp, MT., Binz, HK.,
Plickthun, A, 2003, FERS Letiors 530, 2-8), contain a gengral description of repest protein fealures
and repeat domain features, technigues and applications. The tarm "repeat protein” refars 1o a protedy
comprising one or more repagt domains. Fraferably, a repeat protein comprises one, two, thres, Tour,
flve or &iX repest domains., Furihermore, said repaat profein may compiise additional non-repeat protein
domains, polypeptide tags and/or peptide linkers, The repaat domains can be binding domains.

The term "repeat domain” refers fo a prolein domain corprising two or more consecutive repeat
modules as structural units, wherein said repeat modules have structurgl and sequence homaology.
Praferably, a repeat domain further comprises an N-emingl and/or a C-terminal gapping module, For
clarity, a capping madule can be g repeat module. Buch repeal domains, repeal modales, and capping
modiules, sequence motives, as well as structural homology and sequence hamology are well known
o the practitioner in the art from examples of ankyrin repeat domains (WO2002/020568), lsucine-rich
repaat domgins (WOZ2002/Q20565), wirairicopeptide repeat domaing (Main, E.R., Xiong, Y., GO0,
M, DAndrea. L., Regan, L. Shructure THE), 497-508, 2003), and gimadilo repeal domaing
{WOZ00W040338). it is further well known to the praciitionsr in the art, that such repeat domains are
differant from proteing comprising repeated aming acid sequences, whers every repested amino acid
sequence is abie fo form an individual domain {for exampie FN3 domains of Fironectin,

The term “ankyrin repeat domain® refers 1 a repest domain comprising fwo oF more consecutive ankyrin
repeat modudes as stractural units, Ankyin repeat domains may be modularly asssmbled into larger
avhkyrin repeatl proteins, optionally with baiflife exdension domains, using standard recombinant DINA
ochnologies (see, e.q. Fuomer, B, st a3l FERSE letlers §39, 2-8, 20083, WO2002/020585,
WOZOIB/156508, WO2018/054071).

The term “designed” as usad in designad repeat protein, desighed repeat donsain and the fike refers to
the property that such repeat proteins and repest domaing, respestively, are man-made and do not
ooowr in nagture. The binding proteins of the instant invention are designed repeat profeins and they
somprise at feast one designed ankyrin repeat domain, Preferably, the designed repeat domain is a
tdesigned ankyrin repeat domain,

The term "target interaction residues” refers to amino acid residuss of 8 repeat module, which contribute
1o the direct interaction with a target.

The term “ramework residues” refers {o amine acid residuss of a repsat module, which contribute to
the folding fopology, Le., which contribute to the fold of said repeat moduls or which-contribute to the

interaction with a neighboring module. Such contribution may be the interaction with other residues in
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the repeat module, or the influence on the polypeptids backbone conformation as fourd i e-helices or
fieshents, or the participation in amine acid strelchss forming linear polypeptides or loops, Such
framework and target interaction residues may be identified by analysie of the structurs data shiained
by physicochemical methods, such as Xeray orystallography, NMR andfor CD speciroscopy, or by
comparison with knownr and related structural information well known to practitioners in strachursl
biology and/or bisinformatics.

The farm "repeat moduleg” refers 1o the rapeaiad aming aoid sequance and structural units of the
designed repeat domains, which are originally derived from the repeat units of naturally occurning repsat
profeins, Bach repeat modude comprised in & repeat dormain is derived from one or morg repeat unils
of a family or subfamily of naturally ocouwrring repeat proteins, @.g.. the family of anioyrin repeat proteins.
Furthermors, cach repeal module comprised in a repast domain may comprise a “repeal sequence
miotil” deduced from homologous repaat modules oblained from repeatl domains salactad on & famget,
e.4., as desaribed in Example 1, and having the same target specificity.

Accordingly, the term “ankyrin repaat module” refers to a repaat module, which is eriginally derived fram
the rapeat units of naturally oocuring ankyrin repeat proteins. Ankyrin repeat proteins are wall known
1o the person skilled in the ant. Besigned ankyrin repeat proteing have been desaoribed previously: see,
2.q., mtermnational Patent Publication Nos. WO2002/020585, WOQ2010/080748, WO2011/135087,
WOZOT2/068654,  WOZ0I2/068655, WOOMH00H42,  WOZOMAEISTYd,  WORLNAB3208,
VWOOTE/ 186586, and WQ2ID18/05497 1, gl of which are moorporated by reference in thair enfiveties.
Typically, an ankyrin repeat module comprisas abowt 3110 33 amino aoid residues that form two atpha
helices, separaied by loops.

Repeat modules may comprise positions with amino acid residuss whiah have not besn randomized in
a fbrary for the purpese of selacting target-spacifio repaat domains "non-randomized positions™) and
positions with aming acid residues which have been randomized iy the lbrary for the pupose of
salecting largel-specific repeat domains (Mrandomized positions™). The nonwandomized positions
compriss framework residuss. The randomizsd positfons comprise target inleraction residuss. “Have
bheen randomized” means that beo or morg amine acids were allowed &t an amine acid position of a
repeat modude, for example, wherein any of the usual twenty naturally occurring amino acids were
affowed, or whergin most of the hwenty naturally goourring amine acids were alflowed, such as amino
acids other than cysteine, of amino acids other than glyuine, cysteine and profineg.

The term “repeal seguance motil” refers to an amine acid sequence, which is deduced from one ar
more repaat modides. Preferably, said repeat modules are from repeat domaing having binding
specificity fur the same fargel. Such repeat sequence motifs comprise ramewrk residlus positions and
target interaction residue positions. Said framework residue positions correspond lo the positions of
framework residues of the repeat modules. Likewise, said target inferaction residus . positions
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cotrespond to the positions of target interaction residues of the repeat modules. Repeat seguernge

molifs comprise non-randomized positions and randomizad positions.

The term “repeat unit” refers & arine acid sequences comprising segquence motifs of one or more
naturally ccourring proteins, wheraln said “repeat units® are found in multiple copies, and exhilsit a
definad foiding topolagy common o all said motifs determining the fold of the protein. Examples of such
repeal unils inClude leucine-rich repeat unis, ankynn repeat unilts, armadific repeat unis,
feirptricopeptide repeat units, HEAT repeat unils, and leucine-ich variant repeagt units,

The term “has binding specificity for g target”, “specifically binding to a target”, "binding fo a target with
hight spenificlty”, “spexific for a targel”, “target specificity”, or “specifically binds™ and the like means that
a binding proiein or binding domain binds in PBS fo a target with a lower dissociation constant {le,, ¥
binds with higher affinity} than it binds 1o an yrreiated protein sugh ag the & cofimaltose binding protein
{MBP). Preferably, the dissociation sonstant {UKa®) in PBS for the target is atleast 10% more preferably,
at least 10% more preferably, at least 10% or more preferably, at least 10° times lower than the
corresponging dissociation constant for MBP, Methods to determing dissociation constants of protein-
profein intergctions, such as swiage plasmon rgsonance (BPR) based technologies {eq.. SPR
equilibrivum analysis) or isothermat titration calorimsetne (1TSS ars wall known 16 the person skilled in the
art. The measurad Ko values of a particular protein-protein interaction can vary ¥ measured under
different conditions (a.g., sall concentration, pH). Thus, measurements of Ko values are praferably
made with standardized solutions of protein and a standardized buffer, such as PBS. A typical and
preferrad determinstion of dissociation constants (K of the inventive recombinant binding proteins wilh
binding specificity for CO70 is performed using Surface Plasmon Resonance (BPR) analysis. A variety
of assay formals may be used to select of characterize a binding moisty that specifically binds g drug
molecuts of interest. For sxample, solid-phase ELISA immunoassay, rmunoprecipiiation, BlAcors ™
{GE Heglthowre, Piscataway, NI fluorescence-activated celf sorting (FACE), Ostet™ (ForteBig, Ing.,
Menio Park, CAY and Waestern blot analysis. arg among many assays that may be usad o identify a
bincling molety that specifically binds to a tarpet drug miolecule. Typically, & specific o selective binding
will e at least twice the background signal of noise and more typically more than 10 times the
background signal. More particularly, a binding agent is said fo “spegifically bind” 3 fanget when the
eguilibrium dissociation constant (Ke) value s < 1 pb, such as < 500 nbd, < 100 nb, < 10 M, < 1 nb,
< 400 pM or < 103 pid.

The term "binding agent” or “binding molety” refers 10 any mulscule capable of specifically Dinding a8
target molecule. Binding agents include, for axample, antibodies, antibody fragments, aptamers,
paeptides (a.g., Williams of al, J Bigl Chem 2066:5182-5180 {19913}, altemative soaffnids, antibody
mimics, repeat profeins, e.9. designed ankyrin repeat proleins, receptor profeing and any other
naturally occurring interaction pariners of the targs! moleculs, and can comprise natural proteins and
proteins modified or genelically engineered, 2.g., to include non-natural residues andfor to lack natural

residuss.
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The tern “PBS” means a phosphate buffered water solition containing 137 mM NaCGl 10 mM

phosphate and 2.7 mM KO and having s pH of 7.4,

Praferably, clearance, andfor exposure, andior terminal halflife are gsstssed in 2 mammal, mowe
prefarably mouse and/or cynomolgus monkey, more prefarably cynomalgus monkey. Praferably, when
measuring the clearance, andior exposure, andior terminal haii-life in mouse, the evaluation is done
considering the data up to 48 b post-injection, More preferably, the evaluation of terminal halfdife in
mouse s calculated from 24 b o 48 h. Prefarably, when measuring the clearanse, and/or exposure,
andior terminal halflife in cynomoigus monkey, the evaluation is done considering the data upfo day 7
posi-injection, More preferably, the evaluation of terminat half-life in cynomoigus monkay is calculated
from day 1 1o day & The person skiled in the art further is able to ideniify sffects such gs largst-
mediated clearance and consider them when caltulating the termiinal half-life. The term “terming! half-
iife” of a drug such as a recombinant binding protein of the invention refers 1o the tme required o reach
half the plasma concentration of the drug applied to a mammal after reaching pseudo-aquilibriuem (for
example caloulated from 24 hours 10 48 hours inmouse or calculated from day 1 to day 5 in cynomolgus
monkey). Termingt halfdife is not defined as the ime required 10 eliminate half the dose of the drug
administared 1o the mammal. The term terming! haif-life s well ¥nown o the person skilled in the art,
Praferably, pharmacokinetic comparisan is done at any dose, more prefarably at equivalent dose fie
same mydky dose) or eguimolar dose (Le., same molkyg dose), more preferably &t equimolar dose {La.,
same molkg dosa). § is understood by the person skilled in the an that egquivalent andfor eguimolar
dosing in ardmals is subfect to experimental dose variations of st least about 20%, more preferably
about 30%, about 40%, abowd 30%, about 80%., aboul 70%, ahoul 80%, about 80%, or about 100%.
Praforably, & dose used for pharmacokinetic measurement 18 selected from about 0.001 1o about
1000 mgikg, more preferably aboit 001 oy aboul 100 mufkg, more preferably about 0.1 fo about
50-mgikg, more preferably about 8.5 o about 10 mgikg.

The term *CD3" or "Cluster of Differantiation 37 refers 10 8 multimeic protein complex nomposed of four
distinct polypeptide chaing, spsilon (g}, gamma () and zeta (7) that assembie as thees palrs {gy, £5, 13}
The CD3 complex serves as a T call co-recaptor that associates non- covalently with the T cell recepltor.
it may refer to any form of CD3, as well as to variants, izoforms, and spedcies homoiogs therent that
retain at least & part of the activity of CD3. Accordingly, 3 binding protein, as defined and discloseg
herein, may also bind CD3 from species other than human. In other ases, a binding protein may be
completely specific for the human CDS and may not exhibit spacies o other ypes of gross-reactivity.
Uniless indicated differently, such as by specific reference to human GD3, CO3 includes all mammalian
species of native sequence CD3, e.¢g., human, caning, faling, equine and boving. The armino acid
sequences of humarn CGD3 gamma, delta and zeta chains are shown in NGB (wew nicbinim.nif.govl}
Ref. Seq. NP_ 0000641, NP_000723.1 and NP _832470.1 respectively.
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The term “CD3-expressing celis” as used herein refers 1o any oelis expressing CB3 {cluster of
differantiation 3) on the cell susface, including, but not limited, {o T sefis such as oytotoxdc T eells {CD8+

T calls) and T hefper cells [Chd+ T aelis).

The term “CO70 refers o the CRTE antigen, which is a oviokine that funclions as the foand for COET.
The CO7O-CORT pathway plays an important rie in the generation and maintansncs of T caltimmunity,
i particular during antiviral responses. The amino acid sequence of hurman CDTO (hCDT7Q) s shown in
UniProt Daeww, uniprot.org) Red, No. P32870,

The term “tumonr-localized activation of T cells” means that T cells are activated preferentially in fumor
fisaue gs comparad 1o a non-tumor issue.

Furthermore, the term “peptids” also encompasses peptides modified by, 8.9., givcosylation, and
profeing comprising two or more polypeptide chaing, each of length of 4 {0 800 amino acids fong, oross-
finked by, e.g., disuifide bonds, such as, e.g., insulin and immunoglobulins. The term “chemical or
biochemical agent” is intended 1o include any naturally sccurring or synthetic compound that may be
administered 10 3 reciplent. In g preferred aspedt, the localizer is & targetspacific ankyrin repeat

domair.

The wean ‘medical condition” o disorder or disgase) includes autoinmune disorders, inflammatory
disorders, retinopaihies {particularly profiferative  retinopatives), neurcdegenergtive disorders,
infections, metabolic diseases, and peoplasiic diseases. Any of the recombinant binding proteins
described herain may be used for the preparation of a medicament for the {reatment of such a disorder,
particudarly a disorder such as 8 nedplastic disesse. & ‘medital condifion” may be one that is
characterized by inappropsiate cell proliferation. A medical condition fay be. a hypemproliferative
condition. The invantion paiticularty relstes 1o a method of reating & medical congition, the mathod
oomptising the step of administering, 109 patient in need of such treatment, a therapeutically effective
amount of a recombinant binding protein or said pharmaceutical composition of the nvantion. In a
predorred aspect said medical condition is a necplastic disease. The term “neoplastic disease”, as used
herein, refers o an abnormal state or condition of cells or tissue characterized by rapidly profifsrating
celt growth of neoplasn. In e aspect said medical condition s a malignant neoplastic dizease. Inone
aspedt said medical condition is a cancer, preferably leukamia, more preferably acute myeloid laukemia,
The tenm “therapeutically effective amount” means an amount that is sufficient to produce a desired
effect on g patient.

The termn "antibody” means not only intact andibady mclecules, but also any fragments and variants of
antibody molecules that refain immunogen-binding ability. Such fragments and variards are also well
known in he afl and are regularly employed both in vitre and in vive. Accordingly, the term "anlibody”

encompasses infact immunogiabulin molecules, antibody fragments such as, e.g., Fab, Fab’, Fi{ab',

34

CA 03214020 2023-9-28



WO 2022/215032 PCT/IB2022/053275

and single chain V ragion fragments (scFyl, bispecific antihodies, chimenic antibadies, sntibody Rision
‘ p

polypephides, and unconventional antihadies.

The terms “cancer” and “cancerous® gre used herein fo refer to or desoribe the physiologics! condition
i mammals that is typicaily charasterized by unregulaterd cell growth, Gancer ensompasses aolid
twmors and lquid twmors, as wall a3 primary tumors and metastases. A "unoe™ Comprisas one oF more
cangersus celis. Solid timors typically also comprise lumor stroma. Examiples of cancer includse, bl
are not limited to, primary and metastatic carcinoma, lymphoma, bigstoma, sarcoma, and jeukemia,
and any othar gpithelial and lymphaid malignancias, More particular examples of such cancers include
brain cancer, bladder carncer, breast cancer, ovarian cancer, clear cell kidney cancer, headineck
squamous cell carcinoma, lung adenooarcinoma, lung squamous cell carcinoma, malignant melanoma,
non-smatl-cell hing cancer {NSCLC), ovarian cancer, pancrealic cancer, prostale cancer, renal celf
carcinoma, smali-call lung cancer (SELLE), triple negative braast cancer, acute iymphoblastic laukemia
{ALLY, acute mvelold lsukemia (AML), chronic lymphocytic leukemia (CLL), chronic myeloid leukenia
{CMLY, diffuse large B- cell iymphoma (DLBECLY, follicular lvmphoma, Hodgkin's lymphoma (HL), manile
ceft ivmphoma (MCL), multiple myeloma (MM}, myelodysplastic syndrome (MDS), non-Hodgkin's
ivmphoma {(NHL}) Sguamous Cell Carcinoma of the Head gnd Neok (SCCHN), chronie myelogenous
leukemia (CML) small iymphoovtic hvmphoma (BLL). malignant mesothalioma, ooloractal cancer, or
gasiric cancer.

EXAMPLES

Siarting materiagls and reggents disclosed below are known to those skilled inthe art, gre commercially
avallable andfor can be prepared using well-kricewn techiniques:

Materials

Chemicals were purchased from Sigma-Aldrich {LWUSA). Cligonucieotides were from Microsynin
{Switzerland), Unless stated otherwise; ONA polyraarases, restiiction enzymes and bulfers were from
MNaw England Biolabs (LISA} or Fermentas /Thermo Fisher Scientific (USA). Inducbie E. coff expression
strains were used for cloning and protein production, 8.9., E coff XL 1-blue {Slratagens, USA) or BLZT
{Novagsn, USA).

Muolecutsr Biology

Unless stated otherwise, methods are parformed according to known profocols {see, 8.9, Sambrook
J., Fritech EF. and Maniatis T., Molecular Cloning: A Labovatory Manual, Cold Spring Harbor
Laboratory 1888, Mew Yark)

Designed ankyviin repeat protein libraries

ethods o generate designed ankyrin repeat profein libraries have been described, eg., m U8, Palent
No. 7 417.180; Binz et al., J. Mol Biol, 332, 489503, 2003; Binz et al. 2004, vc. ¢it. By such methods
designad ankyrin repeat protein ibrartes having randomized ankyrin repeat modules andfor randomized
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capping medules can be constructed. For example, such libraries could accordingly be assembied
hasad on @ fixed Nterminal capping module (e g. the Ndsrminal capping moduls of SEQ D NGO 48,
89, or 703 or g randonsized MN-ermival capping module (e.g. accoriding 1o SEGQ B NG: 47), and a fixad
C-terminal capping module {feg. the Cdermingd capping module of SEQ 1D NQ: 48, 48, or 8 or a
randomized C-ermingl capping module {e.g. according o SEQ D NO! 51} Freferably, suoh libraries
are assemblad 10 not have any of the amino acids €, G, M, N {n front of a G residue) and P at
randomized positions Of rapeat or capping moduliss.,

Furthermore, such randorsized modulss in such libwaries may comprise additional polypeptide loop
insertiong with randomized amine acid positions, Examples of such polypeptide foop inserlions are
complemeant determining region (COR} oop libraries of antibadies or de novo generated peptide
fibravies. For example, such a leop inserfion could be designed using the structure of the N-dermminal
ankyrin repeat domain of human ribonuciease L {Tanaks, M., Nakanishi, M, Kusakabe; ¥, Golo, Y.,
Kitage, Y, Nakamurg, K.T,, EMEO J. 23(3¢), 3929-3038. 2004) as guidancs; in analogy to this ankyrin
repaat domain whers ten aming acids ara inserled in the bela-turm present close 4o the boarder of twe
ankyrin repeats, ankyrin repeat proteins libraries may contain randomized oops (with fixed and
randomized positions) of varigbie length {e.g., 1 % 20 aming acids) inseried in one oF more beta-tums
of an ankyrin repaat domain. Any such N4erminal capping module of an ankyrin repeat grotein ibrary
preferably possasses the RILLAA, RILLKA or RELLKA motit {g.g., present from position 1910 24 i
SEQ ID NG 1, Z and 8) and any such C-terminat capping module of an ankyrin repeat protein libvary
preferably possesses the KLN, KLA or KAA motif (e.q., present ai the {ast three amino acids In SEQ ID
NO: 1), SEQ 1D NG: 46, 68 and 70 provide examples of N-terminal capping modules comprising the
RILLAA, RILLFEA or RELLKA moif, and SEQ 1D NGO 48 to B0 provide sxamples of Cierminal capping
modules comprising the KLN, KLA or KAA molif.

The design of such an ankyrin repesat protein brary may be guided by knowrs struclures of an ankyrin
repeal domain interacting with 2 targst. Examples of such structures, dentified by thel Frolein Dala
Bank (PDB} unigue sceession of iantification codes (PODB-1Ds), are TWEDY, 3V31, 3V30, 3W2X, 3v20,
JUXG, FTWE-3TWX, INTY, 1870 and 22GD.

Exampies of designed ankyrin repeat protam Ebranes, sucly 88 N2O and N3O designed ankyrin repeat
protedn braries, have baen described (U5, Patent No. 7 417,130, Binz =t al. 2003, loc. oit,; Binz ef al.
2004, oo cif. ), The digit in N2C and N3C desoribes the number of randomized repest modides prasent
betyween the N-terminal and C-lerminal capping modules.

The nomenclatute used to define the positions inside the repeat units and modules is based on Binz et
al. 2004, ico. o, with the modification thal barders of the ankyrin repeat modides and ankyrin repeat
urits are shiffed by one amino acid position. For example, position 1 of an ankyrin repeat module of
Binz at al. 2004 {loc, oty corresponds 1o position 2 of an ankyrin repeat modulse of the current disclosurse
and consaguently position 33 of an ankyiin repestmodule of Binz st al. 2004, oo, off. corrasponds o
position 1 of a follbwing ankyrin repeat maochule of the clrrent disgloswee,
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Example {:  Ssiection of binding proteins comprising an ankyrin repeat domain with binding
specificity for CD70

Using ribogome display (Hanes, d. and Fllckihun, A PFNAS 84, 483742 1887), many ankyrin repeat
proteing with binding specificily for human CRFT (hCDT0) were selected from DARFIN® ibraries similar
as described by Binz of gl 2004 (loc. cit.). The binding of the selecied clones toward recombinant
human CO70 target was assessed Dy orude extract Homogensous Time Resolved Fluorescance
{HTRF), indicating that hundreds of hCD¥0-specific binding proleins were successiully selected. For
axampie, the ankyrnrepeast domains of SEQ 1D NQs: 1-12 constitute amino acid sequences of selecisd
binding proteins comprising an ankyrin repeat domain with binding specificity for HCRT0. SEQ 1D NOs:
24 5 45 constitule ankyrin rapeat modules of selected binding profeins with binding specificity for
hCD70.

Sefection of CO70-spacific ankyrin repeat profeins by rbosome display

The selection of CDT70-gpenific ankyrin repeat profeins was parformed by ribosome display (Hanes
and Piackihun, loc, git.} using the bistinviated exdraceliuiar domaing of human CR7G (SEQ 1D NO. 80}
As target protein, libraries of ankyrin repest proteing as desoribed above, and established protocols
{See, e8.g. Lahnd, C., Amstutz, P and PlUckthuey, A, Nat. Methods 4, 88-79, 2007). CD70 target
{ACROBIosystems) contained a C-terminal Fc Tag and was chemically biotinyiated using 5¥old excess
of Biotin. Irt total four rounds of standard ribosome seleciions were employed, using decraasing targat
soncentration and ingreasing washing stringency 1o increase seleciion pressure from round 110 round
4 {Binz et gl. 2004, oo, L) A deselection strategy was applied in each round by using Streplavidin
and Neulravidin Beads. The number of roverse transcription {RTPCR oycles afler each sefection

round was constantly reduced from 45 1o 28 adjusting to the yisld due 1o enrichment of binders.

To enrich high affinity CD70-specific ankyrin repaat proteins, the oulput from the fourth round of
standard ribosome display selection (above) was subjected 1o an off-wrate selection round with increassy
selection stringency (Zahnd, 2007, oo, cit.). A final standard selection round was performed afier the
offrate seleclion round o amplify and recover the off-rate selected binding profelns. Inround 8 and &

fhe number of RT-PCR oycles was 30 and 35, respectively.
Seiecied clones bind specifically to huroan CDT0 as shown by crude extract HTRF

Individual selected ankyrin repaat proteins specifically binding to hCD70 in solution were dentified by
a Homogeneous Time Resolved Fluorescence (HTRF) assay using crude extracts of ankwin repeat
protein-exptessing Esclienchia colf celis using standard protocols. Ankytin repeat protein clones
sedected by ribosome display were cloned inlo derivatives of the pQE30 {Qiagen) expression vector
{PMPDV2S), ransformed into £ coff XU1-Blue (Stratagene), plated on LB-agar (containing 1% glucose
and 56 ugfimt ampicilfin and then incubated avernight at 37°C. Single colonies were picked into a 88
wall plate (each clone in a single well} containing 160 growth meadium (TB containing 1% glucose
and 50 pgfmi sampicilling and incubated overnight at 37°C, shaking st 800 rpm. 1580 yl of fresh TR
mediuny containing 50 ygimt ampicilin was noculated with 8.5 pb of the overnight culture in a fresh 86-
well plate. After incubation for 120 minutes at 37°C and 700 rpm, expression was induced with IPTG
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{3:5 i final concérration) and continuad for 4 hours. Cells were harvasted and thie pellats wars frozsn
at <200 ovemight bafore resuspension in 8 pl gl B-PERY {Thermo Scientific) and incubation for 1 hour
at room temperature with shaking (800 rpm). Then, 169 pl PES was added and celt debris was removad
by centrifugation {3220 g for 15 min),

The extract of each lysed clone was applied as a 1,2000 dilution (final concentration) in PRSTB (PBS
supplemeanted with. 001% Tween 200 and 0.2% (wiv) BSA, pH 7.4) together with 2 nM (final
concentration} biotinvated hCOD70, 1:400 inal conceniration) of antisstrep-Th HTYRF antibody ~ FRET
donor conjugats (Cishio) and 1400 {final concentration) of anti-GHis-D2 antibody FRET acceptor
conjugate (Cishio} to a wall of 384 well plate and incubated for 80 minites at RT. The HTRF was read-
out on a Tecan MIB0D using & 340 nm excitalion wavelength and a 865 210 nm erniasion filter.
Streening of several hundred clones by such a orude cell exbract HTRF revedled ankyrin repest
dormaing with specificity for hCDT78, amino soid sequences of sefecied ankyrin repeat domains that
specifically b o hCDT0 are provided in SEQ 1D NO: +12;

DARPIN® protein #1 (SEQ D NG 1)

DARFIA® protein #2 (SEG D NO; 2);

DARPINE protein #3 (SEQ D NO. 3);

DARFINE protain #4 (SEQ 1D NO: 4)

DARPING protein #5 {SEQ 1D NQUB)E

DARPIN® protein #6 (SEQ 1D NO &)

DARPINE protein #7 (SEG 1D NO: 7)

DARPING protein #8 (SEQ ID MO 8k

DARPING protein #9 {(SEQ D NO: 81

DARPINS protein #10{SEQ 1D NO:; 10}

DARPInE protein #1191 (SEQID NO: 11¥ and

DARPIRG profein #12(SEQID NO 1 2)

These DARPHE proteins optionally comprise addiionally a 3, an &, or a ere sequsnce at thelr N~
terminus,

Enginacring of addifonsl ankyrin repeat olaing with binding specifioity for hCDF0

SEGHD NO: 2 and & were enginesred based on the sequences of SEG 1D NO: 1 and 4, respectively.
Both sequences were modified in order to change the surface charges. in both Nderminal capping
modules, the RILLAA motif was replaced by RILLKA and Aspariate {(position 18) was replaced by
Laucine, Additionally, the Ctarmingl capping module of BEG 1D NO T was modified replacing Serina
{position 112} by Glycine and Glutamate {position 114) by Glutamine,

Expression of CL70-specific ankyrin repeat profeins

For further analysis, the selecied clones showing specific human CD70 binding in the orude cell exiract

HTRF, as desgribed above, were gxpressed in £, cofi cells, withr a8 Hisstag (GEG 1D NG: 82} fused 1o
thewr MN-terminus for sasy purification. Expressed proteing were purified using thelr His-dag gcctrding o
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standard protocois, §.11 mi of stationary overnight cultures (TB, 1% glucose, 50 mgf of ampiciliing 37°C)
were used to inoculate 0,98 mi cultures in BB-desp-well plate (THB, 50 mg/l ampicillin, 37°0). Afler 2
hours incubation at 377G (TG0 rpmy, the cultures were indused 'with 4.8 b PTG and incubaled a1 3790
for & h with shaking (900 rpmy). Cells were barvestad and the peliets were frozen at -20°C overmight
befare resuspensions in 50 w B-PERY (Thermo Scientific) supplemented with DNAse | (200 Units/mil)
and Lysozyme {0.4 mgimi} and incubation for ong hour at reom temperature with shaking (800 rpm).
Then, 80 W low salt sodium phosphate bulfer was addad and cell debris was removed by centrifugation
{3220 g for 15 min). Intoigl, eight individual expressions were pooled, before removal of cell debris by
centrifugation {3200 g for 80 min at 4°C). Supermatant was §filtered using a MulliScreen filter plale
{Millipore} before purification using g 86-well Thermo HisPur cobalt spin plates and rebuffering the
proteins solidion using 96-well Thermo-Zeba spin desalling plate in PBS. Purified profeins were soluble
ang monomeric in PBES using a standard Sephadex 150/5 column on an Agilent 1200 HPLC systen.

Genevation of afinily roatured ankytin repeat proteins with binding specificity for BCDTO

in a further developmant of the initially identified COT0-specific binding profeins, binding domains with
very high affinity to andior very low off-rate from target protein ware generated using affinity maturation.
Two initially identified binding profeins {the "parental” binding protains RARPING protein #2 and
DARFPING protein #9) werg safected as a suitable starting point for affinity maturation. The affinity
maturation procedure entalied saturation mulagenesis of each randomized position of the ankyrin
repeat domain used as a siarding point. Sequences generaled by the affinity maturation proceduie were
screened for lowsr off-rates by competition HTRF, in short, Grude extracts of ankyrin repeat proleins,
containing an Mtaemmingl His-tag (SEQ 1D NG 83) were innubated with the biotinylated target before
addition of excess of non-tagged parental CD70-gspeacific binding proteins and measurement of HTRF
signal aver time. Beneficial mutations, identified based on higher HTRF signals compared to parental
vlone, were combined in the binding profteins by prolein engineering. This way, affinity malured
DARPING profein #24 (SEG 1D NO:71) and DARPINE: protein #258 (SEG 1D NOT2) were generaled,
originating from parantal protaing DARPIN protein #2 {SEQ D NG; 2y and DARPIG protein #8 (8EQ
1D MO 93, raspechivaly.

Suich affinily matured COT0-specific binding domains were then subcloned indo a dendvalive of the
pQREIC (Qiagen) exprasgion vaga, restlling it exprassion constricts encoding an N-terminal His-ag
(SEQ 1D NQ: B2), folfowed by the COTD-specific binding domain (SEQHD NO: 71 or 72}, a peptide linker
{SEQ 1D N 65 and g C-eminal CD3-specific binding domain (SEQ 1D NO: 571 These constructs in
T-nalf engager formatl were expressed in £, coff cells and pusifisd using thelr His-lag according o
standard profoculs. Proteins were fested for dose-depesndent in vitro T-cell activation and tumior celt
killing i assays using primary T-calls isoiated fron hegithy donor PBEMCs as effector cells {E} ang
Moim-13-N1 tumor calls as target cells (THET ralic of 51} Assay incubation of co-culture was for 48
h and analysis by Flow Cytomelry and LDH reloase. DARPIDGE protein #24 (SEQ 1D NG} and
DARPIND protein #25 (SEQ 1D NO:72) displayed improved ECS0 values comparad o thelr parertal
bindling profeins of approximately 74oid and 31-fold, respectively] and monomericlty of »05% as
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magsursd by analvtical size exclusion chrommatography. In a fuithes stép, the CD70-gpscific binding
profeins DARPInE protein #24 (SEQ 1D NOTH and DARPIN® protedn $25 (SEQ D NOZ2 ware
subcioned into & denvative of the pGE3D (Qiagen) expression vector, encoding gn N-enminatl His-tag
{SEG 1D NOL 82), and exprossed as monovalent designed anlyrin repeat profeins v £.0c0f, and puritied
and charadcierized actording o standard protosols.

Exampie 2; Deterntnation of dissociation constants {Kp} of recombinant anikyrin mpeat
proteins with binding specificity for human COT0 by Surface Plasmon Resonance
{SPR) analysis

The binding affinities of purified ankyrin repeal protaing on recombinant human CD7Q target were
analyzed using a Protetn XPR36 nsttument (BioRad) and the measwamant was performsd according
standard procedures known (o the parson skitiad in the art.

Bio, CD70 was immobilized on a NLO chip and the ankyrin repeat proteins were applied as titration with
3 starting concentration of 100nM and then titrated down to 1.2aM. The signals were double referenced
against the PEBST-lreated control fans of L1 and AS. Analyle injection was performed for 120 s followad
by a dissociation for 1500 5. The Ko values obiained in this study are summarized in Table 2a,

Tabde 2a shows Ko values of COTO-specific ankyrin repsat proteins of the mvention binding o
bio hCDTO, Ko values were cakuulated fram the estimated on- and off-rates using standard procedures
known {o the person skited in e art. The values in Table 2a are averages of multiple replicates,
Protein | KoiM]
DARPIN protein 82 ‘ 4. 5810
DARPIn prolein #3 | 3.1E-09
"DARPin protein #7 | 67609
DARPIN protein #8 11808
DARPIn protein #5 | 5.8E-08
DARPinprotein#8 | 4.3E-08
DARPIn protein #11 | 3.06-09
DARPnpotsin 8 | 2.78-08
DARFIN protein #10 | 1.88-08
DARPIn protain #12 | 2.8E-08

Moreover, the binding affinities of two additionat purified ankyrin repeat proteins on recombinant human
COTT target were measured and analyzed with a procadure as described above for DARPIR proteins
#2, #3, #5 to #12, Brielly, neulravidin was precoated on a GLC chip (BioRad) to a level of 8300 RUL In
a sgcond stap, Be hCD70 was immobilized to a level of 510 RU, The binding of DARPIn protein #24
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and DARPIn protein #25 to biohCD70 was measured by injecting the DARPIn® molecule in a serial
ditution of 100, 40, 16, 8.4 and 2.8 nM. For all descoribed msasurements, an association of 1205 and
dissociation of 1200 s using 8 constant flow of 100 uifmin were applied. The CRTO fargel was
regenerated with 4M MgCl applied for 30s. The signals were double referenced against interspot and
he running buffer (PBET: PEE pH 7.4 containing 8.005% Tween 206 theated control lane AG. The T4
Langmuir model was used for the fitling. The Ko values abtaingd in this study are summarized it Table
25,

Table 2b shows Ko values of CR70-specific ankyrin repeat proteins of the mvention binding o
bio. bCO70. Ko values were calcidated from the estinmalad oo~ and off-rates using standand procedires
known to the persan skifled n the st The values in Table 2b are averages of mudliple replivates,

Protein Ko 1]

DARPn pralein #25 | 1.3B-08

Figure 1 shows the SPR anslysis for DARPIn® protein #24 (SEQID NOT1).

Example 3: Pharmacolkinetic analysis of CD70specific ankyrin repeat proteins in female
BALR: mice

In order to determine whether a GD70-specific ankyrin repest domain of the invention can have an
appropriate serum half-life i1 vive for #t to be useful for the development of therapsutic agents, the
pharmacokinetic profiles of DARPING protain #2, DARPING protein #8, DARPINEG protein #34 and
DARPIN® protein #25 are analyzed in mice. For that, DARPIn constructs are subclonad and expressed
as described above into a derivative of the pQES0 {Giagen) expression vector, resulting in expression
constructs encoding an M-terminal His-tag (such as SEQ 1D NG: 82), followed by an human serum
albumin (HSA) binding ankyrin repeat domain (such as SEQ 1D NG: 53} for hali-life sxtension, a peplids
finker {such as SEQ 1D NO: 85), and at the Carminal end one of the COT0-spedific binding domains.

In vivo adminisiration and sample colleclion

DARPIHD protein #2, DARFIN® projein #9, DARPInG protein #24 and DARPIn® protein #25, formatied
with @ human serum albumin-specific ankyrin repeat domain {(SEQ 1D NG: 53) as described above, are
administersd as a single intravanous bolus injection into the tail vein of & mice for each ankyrin repeat
fusion proteln. The larget dose level is 1 mg/kg with an application volume of § mbikg. Ankyrin repaat
fusion proteins are formulated in phosphate-buffered saline (PBS) solution.

Mice are splif into 2 groups with aqual numbers of animals. Four seram samples gre collected from
each mouge. Blood samples for pharmacokinetic investigations are coliected from the saphenous vein
atSmin, 4 h, 24 h, 48 h, 78 h, 86 h and 168 h post compound adminisiration. Bleod is kept at room
femperature 1o aliow clotting followsd by cantrifugation and collection of serum,
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Bioanalvlics by ELISA to measire ankyrin repeat protems in senun samples

Ona hundred Jl perwell of 10 nM polvclonal goat anti-rabbit InG antihady (ADTR) In PES is coatad onlo
a NUNC Maxisorb ELISA plate ovemight st 4°C. &fter washing with 300 pl PBET {(PBS supplemenied
with 8.1% TweenR0) perwell five times, the wells ars blocked with 300 gl PBET supplemented with
0.25% Casein (PRST-C) for 1 iy at roont temperature (RT) on 8 Heddolph Titramax 1000 shaket (450
rpmi}, Fiates are washed as desoribed above. 100 @l 5 nmoVl raghit ani-RDARPINT 1-1-1 antibody in
FREST-C is added and the plstes gre incubated gt RT {22°C) with orbital shaking (450 poy) for 1 hy
Plates are washed as dascribed aghave,

One hundred ul of diluted serum samples (120 ~ 1312500 i 1:5 dilution steps) or ankyrin repeat
protein standard curve samples (0 and 50 - 0.0008 nmolL in 1.3 dilulion steps) are applied for 2 h, at
RT. shaking at 450 rpm. Plates are washed as dascribed above,

Wells are then incubated with 100 pl murine anii-RES-MHis-HRE 1gG (AbDB, 1:200€ in PBST-C) and
incubated for 1 h, at BT, 450 rpm. Plates are washed as desaribed above. The ELIBA is developead
uysing 100 piwell TMB substrate solution for 5 minutes and stops by the addition of 100 ul 1 molL
Ha804. The difference betwaen the sbsorbance at 480 nm and the absorbance at 620 nm is calculaied,
Samples are measured in duplicale on fwo different plates.

Fharmacokinetic analvsis

FPhammnacokinelic data analysis & performsad at Molsoular Pariners asing Version 7.0 of the WinNonlin
program as parl of Phoenix 64, Pharsight, North Carolina. Calculation of the pharmacokinetic
pararneters based on the mean concentiation-iime datg of the animals dosed vig intravenous bolus
inection is performed with no-companmental analysis (NOA modal 200-202, 1V bolus, linsar
wapezoids! inear interpolation). Pharmacokinelic parameters are caloulated, such as the following:
AUCI, AUCTast, AUC %extrapol, Cmax, Tmax, Gi_pred, Vs _prad, H1/2

Masimurm serum concentrations {Omax) and the times of thelr cocowrrence {Tmgx) are obigined divectly
from the serum conceniration-time profiles. The area under the serum concentration-time curve
(AUGIET is delerminaed by the linear trapesoidal formuda up 1o the last sampling point (Tlast) ang
extrapolation to infinity assuming mono-exponential decrease of the terminal phase. The extrapalation
up to infinity s performed using Clast f Az, where Az denotes the terminal rate consiant estimated by
fog linear regression and Clast denptes the congentration estimated at Tiast by means of the terminal
log-finaar regression. Tolal serum clearancs {Cl_pred) and the apparent terminai half-life are calnulstad
as foltows: Ci_pred = Ly, dose / AUCIRT and 11/2 = In2 / Az, The steady-state volume of distribubion Vss
is determined by Vs = Ly dasa » AUNCIRT / {AUCIHTIZ. AUMCHT denotes the tolal area under the first
moment of drug concenfratian-time curve exdrapoiated to infinlty using the same exlrapolation
procedure as desaribed for calcudation of AUCIKHE To caloulale PK parameters basad on concenirations
given in nmol/L dose, values given as mgfkg are converted to nmolkg by using the molecular weight of
the ankyrin repeat proteins. Table 3 shows the approximate predicted hatfives of ankynin repeat
proteins of the invention, DARPING protein #2, DARPIN®R proiein #98, DARFIN® protein #24 and
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DARPINE proteln #2585, formatied with a baman serum albumin-specific ankyrn repsat domain as

described above.

Table 3: Halldife {112} of exemplary HEAXCDT70-specific ankyrin repeat proteins

- DARPIn® DARPiIn® DARPIN® DARPIn®
parametar unit protein #2 protein #9 protein #24 | protein #25
Hi_fLambda_z . oy - - i
{Falf- life) 1] 18 32 20 32

In conclusion, CO7Q-spacific ankyrin rapeat domains of the invention can be combined with g haif-ife
extending molety, such &3, 2.¢., 8 serum albumine-specific binding domain, 1o achieve an appropriate

sefum half-fife in vive for them to be useful for the development of therapeutic agents,

Example & Determination of binding of ankyrin repeat proteins of the invention 1o COTH-

gxpressing tumor cells

Binding of binding proteins of the invention 1o CRVJ expressed on the surface of cells was analyzed by
fluorescenca activatad cell sorling {FACS) flow eylomatry. For this purpose, CRT70-exprassing fumor
calls {Molm-13 N1) were seeded at 100°000 celis per well in 8 8986 well piate. DARPIn protein #2, DARPIn
protein #8, DARRPIN protein #24 and DARPIn protein #25 were Hirated downy in 1.5 dilution ratio starting
at 2000 nM. Tumor cells were resuspended with dilited DARPIn proteins and incubated for 80 minules
at 470, The assay was performed in PBS including 2% fetal boving serum without human serum albumin
{HSA) Afler washing twice with Phosphate Buffer saling (PBS), DARPIT grotein specific fumor oell
hinding was detected by agding unfabeled primary anti-rabbit DARFN® antibody {anti-rabbit 1-1-1
antibody, CePowsar} at 2ugiml. &n incubation step of st least 30 minules at 4°C foliowed. Aftenwvards,
cells were washed with PBS and a secondary goat anti-rabbit antibody labelied with Alexa Fluor 488
antibody {ThermoFisher) at 2ug/mt was added. The same incubation conditions applied. Finally, the
celis ware washed iwice and resuspended in Cylofix fixalion buffer (BD Binsciences) for 15 min at room
temperature (RT). Median fluprascence intensities (MFD of Alexa Fluar 485 DARPINT protein labelled
fumor cells were measurgd by Attune NXT (TheemoFisher) using Flowdo software for analyses and
GraphPad Prism & for dats plotiing. Figure 2 shows binding curves of DARPING protsin 82, DARPIR®
protein 89, DARPIn® protein #2324 and DARPINE protein 25 o CD70-expressing tumor calls. Table 4
shows g guantification of the binding of the four exemiplary ankyrin repeatl profeins to CHTD expressad
ot sells, as represadted by their ECS0 values.

Table 4
Protein ECS0 {ni]
DARPIn protein #2 48
DARPI protein £9 478
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DARPIn protein #24 52
DARPIN protein #25 27

In conclusion, CO7G-spedific binding proteins of the ipvention bind 1o COT0 expressed on the surfacs
of celis with an ECQ50 of about 500 nM or below.

Example 5: Assessment of apecificity and potencv of {;D?Quspesific an kgr‘iﬂ repeat ﬁrﬁt&ins
of the invention in T-cell engager format using a target-spacific short-term T
cell activation assay

Specificity and potency of the previcusly described exemplany CRTO-specifis snkyrin repeat profeins of

the ivvention were assessed in an it viira short-term T cell aictivation assay by FACS measuring CD2E

s an activation marker on CDB8+ T cells. The testad proteing, DARPIN protein #2, DARPIN protain #9,

DARFIN protein #24 and DARPIn prolein #25 wers assessed ina bispecitic T celf engager farmat, Such

T-cell engager profeing comprise a CRS3-specific binding domain (SEQ 1D NQ: 57} in addition 1o the

mentionsd COTO-specHiic ankyrii repéat domains, and they are shown as DARPIn protein #2858, DARPIn

protein #22, DARPIN protein #28 and DARPHY protein #27, respeciivaly.

Therefare, 100,000 purified pan-T effector cells and 20,000 Molm-13 target cells per well were co-
incubated (E:7T ratio 5:1) with serial dilutions of selected DARPIn proteins in duplicates in presence of
800 uh human serunm atbumin for 48 hours at 37°C. Afler 48 hours, cells were washed and staingd with
1:4°000 LivedDead Green {Thermo Fisher), 1:400 mouse ant-human CDB Pacifis Blue (BD), and 1100
mouse anti-human-G25 PerChH-Cy5 .5 (aBiosdiences) antitodies for 30 min at 4°C. Afler washing and
fixation, cells were analyred on Attune NKT {ThermoFisher) machine. T cell activation was assessead
by measuring CD25+ cells on Live/Dead-negative and GD8+ gated T cells. FACS data was analyzed
using Flowdo software and data was plotted using GraphPad Prism 8 {3-PL-iit). Figure 3 shows short
term T cell activation triggered by DARPIn protein #28, DARPIn protein #29, DARPIn protein #26 and
DARPIn protein #27 as measured by activation marker CD25. All of the lested CDYO-spetific binding
proteins of the invention, in 8 T-cell engager format, were able to bind o CDT0 expressed on tumor

cofls and activate Tecells,

Exampie 8; Assassment of specificity and potency of CR7G-specific ankyrin repeat proteins
of the invention in T-Ccell engager format using a aget-specific shortdamnm
tumor cell killing assay

Speciticity and potency of the COTO-specific ankyrin repeat proteins of the invention, DARPIn protein

#2, DARPIN protein #2, DARPIN protein #24 and DARFI protain 25, ina T-cell engager format {Le.

DARPIN protein #28, DARPIR protein #22. DARPIn protein #28 and DARPIn protein #27. respactively)

were also assessed using an rsvilro shori-derm cyloloxicily assay mesasuring LDH release. For this

purpose, 100,008 purified pan-T effscior celfs and 20,000 Molm-13 {arget cells per well wers co-
incubzated (E:7 ratio 5:1) with serial difutions of the indicated T-celf engager profeins in duplicates in
prasencé of 800 ub human serurn alburrin for 48 hours at 37°C, After 48 by incubation, calls ware spun

down and 100 yl supemaiant of each well was analysed for LDH release acoording to manufacturer
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protocol {LDH detection kit Rothe Applied Science, incubation of 30min}. Absorbance was measursd
at 492 rm-820 nm by TECAN infinite M1000FPw raader. QD values were plotted using GraphPad Prism
&

Figure 4 shows tumor cell killing Iriggered by DARPIn protein #28, DARPIN protein #2828, DARPIn protain
#26, and DARP protein #2327 All of the tested COT0-specific binding proteins of the inverdion, ina T~
cell angager format, were able 1o bind to CR70 expressed o tumor oalis and gctivate T-celis which in

furn kill the tumor nelis,

Example 7; Determination of the COTE epitope bound by COTO-specific hinding protesin of the
invention

The CD70 epitope hound by Ch70-speaific ankyrin repeat proteint of the jnvention was investigated
using competition ELISA against the benchmark control molecule ARGX-110-gimilar {CD70-spacific
antibody, purchased from Evittia) and the natural CD70 binding receptor CO27 in 2 soluble form (CD2T-
Fo, AMDI218071, purchased from R&D Systems).

The competition of QDY0-spacific binding protein DARPIND protein #2 with human CD27 {receptor-of
COY0} and anthkOCDYO antibody ARGK-110-simitar for binding o human CDTH was assessad by
competition ELISA. in afirst set-up, DARPIN® protein #2 was immobilized on microplates. Bictinylated
target (BiohCD7-Fednimer, provided by ACRGO Biosystems) and one of the comipstitive molacuies were
pre-<incubated for approximately. 2 hours before binding of the bintinyiated largst to immobiized
DARPIN® protein #2 was measured directly via streplavidin covalently couplad 1o peroxidase. In a
second and third selup, eithey COIV-Fo of ARGX-110-simifar was immobilized on microplates and

sirpilar competition ELISA performed.

ity forief, & Nunc MaxiSorp 86-well plate was coated ovemight with 10 nM of DARPING protein #2, CD2T7-
Foor 5 nM ARGX-11G-stmilar: The ELISA plate was washed threes imes and blockad with PBSTC (PBS
sontaining 0.1% (v} TweenZ0® and 0.25% casein) for ZhisSmin at 450 rpm. Meanwhile, DARPIN®
protein #2 1000 ol and 500nM ARGX-110. were pre~-incubsted with 20 nM of bio.hCDR70 in a 11 ratic
for 2 hat RT. BiohCDY0 withoul competitor was included as positive control. The pra-incubated
samples were then added into the coated MaxiSorp plate and incubatad for 30 minutes at RT and 450
rom. The plate was washed three imes with PBST before detecting the target with a streplavidin-POR
antibody {Roche, catalog number: 11 088 1583 001). For detection, a freshiy prepared TME bulfer (30
mi Citrate buffer pH 4.1, 5% {v/v) TMB sclution {from Carl Roth GmbH} and 0.18% H202} was added
and the resclion was stopped with 1 M H:80s The absorbance was messuved at OD450 and
referenced against ODA20 using o Sunrise micrapiate veader (Tecan). The data were anzlyzed by

subtracting the buffer {(PRS) value. GraphPad Prism was used for analysis,

Upon pre~incubation of human GD7Y target with 50-fold molar excess of DARPIN® protein #2 {positive
competition control} or Z5-fald miolar excess of the ARGX-110-similar antibody, both DARPIR® protein
#2 and ARGX-1 10-similar were able to compete efficiently witly binding of plate-immobilized DARP®
protein #2 o the hCD70 target, thereby reducing binding of plate-immobilized DARPID® protein £2 to
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hCDT70 1o basslineg level {Figure 5A}. Similarly efficient compatition for binding to the hOD7 D {arget ware
observed i satups 2 and 3, Le. with plate<dmmobilized CD27 (Figure BR) or plate-immobilized ARGY-
110-similar (Figure 8C).

in conclusion, all tested COTL hinding molecules (DARPING protein #2, CD2T and ARGX-110)
competed withr each other for binding fo COTY, indicsting that they may bind to the same or overlapping

epiopes on QTR

Example 8 in vivo efficacy evaluafion of an exemplary mulfi-domain TCE binding protein
comprising DARPIN® protein #24, in PBMC humanized mice and MOLM-13 tumor
model

DARPIE protein #24, formadted i a mvltbdomain T-oadl engager oding protein that additionally
COMprsas two ankyrin repaat domaing with binding speoificity for human serum albumin, two ankyrin
repaat domiaing with binding specificlly for tumor-associated antigen 1 (TAAT and fumor assacinied
antigen & (TAAZ] respeciively, and one ankyrin repeal domain with binding specificity for CD3; was
tested in a Peripheral Blood Mononudclear Cell (PBMC) humanized mouse model bearing the tumor call
fing MOLM-13. The in vwivo expernmenis were performed in € 1o S-weelk-0ld female immunodeficient
NXG mice (provided by danvier Labs) Mice were maintained under standardized environment
conditions in standard rodent migro-istiator cages {20 +/~ 1°C room iemperaturg, B0 +/- 10% relative
humidity and 12 hours light dark cydie). Mice received radiated food and bedding and 0.22um filterad
drinking water. All experiments werg done according o the Swiss Animal Prolection Law wilh

authorization fror the cantonal and federal veterinary suthorities.

Mice were injected intraperitonesily with hWPBMC (5x10° PBMC preparad from buffy-coats from hwo
differaent donors) two days before the xenograft of the cancer cells, MOLM-13 celis were xenografied
subcutaneously {s.c.) on the right flank area into the mice. Two hPBMC donors were used. Treatments
were injected intravenously {.v.) starting four days after cancer cell implantation. Treatmenis were
administrated as follows:

- DARPIN® protain #24 in multi-domain TCE format, or vehicle, was administered Ly, three times per
week for 2 weeks at 0.5mg/kg

Tumor size was evaluated by colliper measurement, Tumaor volumss were calculated using the following
formula: tumor volume (mm®) = 0.8 x length x width®,

As it can be seean in Figure 8 (A-B), DARPING protein #24 in multi-domain TCE formatl shows good
efficagy in terms of inhildition of Wwmor growth and umor volume over the entire timea of the experiment
{Figure BA) and at 17 days after the first injection {Figure BB).

Example 9. In vitro efficacy svaluation of an sxemplary multi-domain TCE binding protein
comprising DARPIn® protein #24, using MOLM13 wild-type and MOLM13 CRISPR
CD70 Knock-Out (KO target celis in co~-culture with human Pan-T cells
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DARPINE protein #24, formalted in 5 multi-domain T-cell engager binding protein that additionally
compises dwo ankyriis repaat domaing with binding specificity for human sarum sibamin, o anlyrin
repeat domains with hinding specificity for turmorassociated antigan 1 {TAAT) and fumor associated
antigen 2 {TAAZ), respectively, and one ankyrin repeat domain with binding specificly for C03, was
tested in an in vitro shorttarm T cell activation assay by FACS maasuring the GD25 activation markar
on DG+ Tocells. I this assay, Pan-T salls were so-culiured with target celis, whereby the target cells
wers eittier {1) Moim-13 tumor dells hasing wilth-type targst sxpression iy CD70, TAAT and TAAZ, or
€35 Molm-13 wraor cells in whith expression of CDT0 (bul not of TAA T and TAAZ) has been aliminated
by CRISPR Knock-Qut (KO technology (Figure 7).

For this purposse, 100000 purified pan-T effecior cells and 20,000 target cells per well wers co-~
incubated {E:T ratic 513 with serial difutions of the mulli-domain T-cell engager binding protein in
duplicates in presance of 20 g human serum atbumin 10r 48 howrs & 37°C. After 48 hours, cells ware
washed and stained with 11000 LiveiDead Graen (Thermo Fisher), 1:400 mouse anii-human CD8
Pacific Blug (BD), and 1100 mouse ant-human-CD2S PerCP-Cv5.5 (eBinsciences) antibodies for 30
min at 4°C. After washing and fixation, calis were analyzed on a FACS Canlo |l {BD) machine. T cell
activation wag assessed by meassuring CD2S+ cells on LiveiDead-negative and GDa* gated T cells.
FACS data were anglyeed using Fipwlo software and data werg plotted using GraphPad Prism & (3-
P

The resuils demonstrate that the exemplary muiti-domain T-cell engager binding protein comprising
DARRPIN® protein #24 was capable of potently activaling T cells in the presence of Molm~13 tumor cella
with witd-type expression (Figure 7, curve 1; ECH0 valte for DARPIN® protain #24 TCE: 571 o). The
results further demonstrate that the activation of T cells was significantly reduned if the expression of
CO70 in the Molm~13 lumor cells was eliminated (Figwe 7, curve 3 ECS0 value for DARFPIN® protein
#24 TCE: 20,70 ph}, This provides evidance that DARPING protein #24 was funclionat in the conlext
of the exemplary mult-domain T-Call engager binding protein and contributad significantly 1o the ovarall
potency of the mulil-specific T-cell engager protein by virlue of #ts abifity 10 specifically bind to CDBT0 on
target cells.

The specification i3 most thoroughly undearstood in light of the teachings of the references cited within
the speciication. Thie aspects within the spacification provide an lustration of aspents of the tnvention
and showld not be construed o mit the scope of the ipverndion. The skilled artisan readily recognizes
that many other aspects are encompassed by the invention. All publications, patents, and GenBank
sequences cited in this disclosure are incorporated by reference in their entirety, To the extent the
material incorporated by reference contradicts o is inconsistant with this specification, the spacification
will supersede any such materigl. The cilation of any references herain is not an admission that such
raferances are prior art {o the present invention.

Those skilled in the arf will recognize or be able {o asceriain using no more than routine experimentation,
many equivalents to the spedific aspadts of the invention described herein. Such equivalents are
intanded fo be encompassed by the following olaims.
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1. Arecombinant binding protein compiising an ankyiin repeat domain, wharein said ankytin repeat
domsin has binding specificity for hurman SOTQ, and wherein sgid anltrin repeat domsin comprises
an-ankyrin repeat module having an aming acid sequence selected from the group consisting of (1)
SEQ D NOs: Z4 0 45 and 73 10 77, and (2} senuances in which up © 9 amino acids in any of SEQ
D WOs: 24 1o 45 and 73 1o 77 are substituted by another aming acid,

2. A recombinant binding protein comprising an ankyun repeat domain, wherein said ankwin repeat
domain has hinding specificity for human GDY0, and wherein said ankyrin repaat domsin comprises
an aming acid seguence with at least 85% amino acid sequence identity with any one of SEQ 1D NGs:
112 and 711072,

3. The recombingnt binding protein of any preceding aiaim, whereln sald ankyrin repeat domain binds
human CD70In PBS with a dissociation constant (Kn) below gbout 150 nhl.

4. The recombingnt binding protein of any preceding olaim, wherain said ankyrin repeat domain binds
human CD70 with an ECGse ranging from about 0.2 10 about 500 nid,

5. The recombinant binding protein of any preceding claim. further comprising & binding muoiety with
binding specificity for @ target expressed on an immuns ol

6. The recombinant binding proteln of olaim &, whersin said irvnune cell 5 a T cell and whersin said
wmrget expréessed on an immung oell is CLS.

7. The recombinant binding profein of any ons of clgims 540 §, whereln said binding molety with
binding specificity for & target exprassed on an mmung celf is an ankyrin repeat domain.

&. The recombinant binding protein ofany of claims 510 7, wherain said binding nrolety with binding
specHicity for @ targst exprosssd onan immiune cell is an ankyrin repest domain with binding
specificity for human QD3

8. The recombinant binding protein of any of olaims 510 7, wherein sgid binding molety with binding
speciicily for o torgst exprasssed on gn immiune celt is an ankyrivi repagt domain with binding
specificity for human CD3, and wherain said ankyrin repasat domain with binding specificity for human
CD3 comprises an aming acid sequence that has at least 85% amino acid sequence identdity with any
one of SECGH ID NGs: 55 to 59,

18, The recombinant binding protein of claim 8, wharein said ankyrin repsat domain with binding
specificity for human CD3 comprises the gmino goid sequence of any one of SEG 1D NOs: 58 o 53,

55
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11, The recombinant binding protein of any of glgims Sto0 10, wherein said ankyrin repeat domain with
binding specificty for human CO70 and said binding migiety with binding specificlty Tor a target
sxpressed ot an immuone cell are covalently inked with a peptide Birker,

12, The recombinant binding protein of claim 11, wherain said peptide finker is @ pralins-threonine-tich
peptide: inkey,

13, The recombinant binding protein of claims 11 o 12, wharein the aming acid sequence of said
peptide inker has g length from 1 1o 50 amino acids.

14, The recombinant binding protein of any praceding claith, wharein Said binding pratein further
comprisas @ half-life exdending maisty.

15, The recombinant binding protein of claim 14, wherein said haiflife extending molety 1S an ankyrin
repaal domain with binding specificity for human serum atbumin,

18, The recombinant binding protsin of claim 15, wherein said ankyrin repeat domain with binding
specificity for hurman serfum albumin comprises an aming acid sequencea that is at least 85% identical

0 the aminge acld sequence of any one of SEQ D NOs: 52 10 54,

17. The recornbinant binding protein of claims 15 and 18, wheraln said ankyrin repeat domainn with
binding specificity for human serum albumnin comprises the amino acid ssguence of any one of 3EQ
1D NQs: 5210 54,

18, The recombinard binding protein of any of the greceding claims, wherein said binding protedn
further conpnses at Jeast ong binding mojely with binding specificity for 2 target expressed in & twnor
celt, whersin said target expressad in a tmor ol is different from human CD70.

18, A nucleic acid encading the resombinant binding protein of any of the preceding claims,

20. A pharmaceutical composition comprising the recombinan binding protein of any of claims 110 18
or the nucleic acid of claim 18, and a pharmmaceutically acceptable carrier andfor diluent.

21, A method of immune cell activation in a tumor tissue of 8 human patiert, the method comprising
the step of administering o said patient the recombinant binding protein of any ane of glaims 1 6 18,

the nucleic acid of claim 18 or the pharmaceutical somposition of claim 20.

22 The method of claim 21, wherain said imsnune sell s a T oell.
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23. A msthod of reating & medical condition, the mathod comprising the step of administenng o 3
patient in need thareo! a therapeutically effective amount of the recombinant binding protein of any
one of claims 110 18, the nuckeic soid of olaim 18, or the pharmacauticsl composition of claim 20,

24. The method of daim 23, whereln said medicat condition 15 a cancer,

25, The method of claim 23, whergin said medical condition is a-cancer characierized by & liguid
fLamor.

26. The method of claim 23, whersin said medical condition ix leukemia

27. The method of claim 23, wherein said medical cOndition is acute myeloid leukemia.

28 The recambinant hinding protein of any one of claims 1 10 18, the nucieic acid of claim 18, or the

pharmaceutical composition of olaim 20, for use in therapy.

29, The recombinant binding protein of any one of daims 1 18, the rwcleic acid of claim 18, or the
rharmacautical composition of chaim 20, for use Iy reating cancer, optionally for use nreating &
cancer characterized by g liquid tumor,

30. The recombinant binding protein or the nudieie acld or the pharmaceutical composition for use

aceording o claim 29, wherein said cancer is leukemia, oplionally wherein said cancer is acute

myeloid leukemia.
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FIGURE 5 {A-C)
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FIGURE 6 (A-B)
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FIGURE 7
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