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15 BACKGROUND

Technical Field

The present disclosure relates to immunologically active,
recombinant binding proteins and, in particular, to single chain fusion proteins
specific for a TCR complex or component thereof, such as CD3. The present

20 disclosure also relates to compositions and methods for treating autoimmune

diseases and other disorders or conditions (e.g., transplant rejection).

Description of the Related Art
Targeting the TCR complex on human T cells with anti-CD3

monoclonal antibodies has long been used in the treatment of organ allograft
25 rejection. Mouse monoclonal antibodies specific for human CD3, such as
OKT3 (Kung et al. (1979) Science 206: 347-9), were the first generation of such

SUBSTITUTE SHEET (RULE 26)



(Chatenoud et al. ( 1982) Eur. J. Immunol. 137:830-8). In addition, OKT3

i nduced T-cell proliferation and cytokine production in vitro and led to a
| arge scawe owlmame of cytokine in vivo (Hirsch et al. @CcTA82)09®60286munol
142: 737-43, 1989). The cytokine release (also referred to as "cytokine
storm') in turn led to a "flu-like" syndronme, characterized by fever,
chills, headaches, nausea, vomting, diarrhea, respiratory distress, septic
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four nechanisms: cell coating, cell depletion, TCR down-nodul ation and cell
si gnal i ng, fieldsrsudhead atutoémmundy 4kt )he mai n nmechani sns ( Chat enoud (2003)
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CD3/ TCRA iegi&doridleh@BYdieS2A ReBSSd gBhedtion o GRktically engineered anti-CD3
monoclonal antibodies had been developed not only by grafting
complementarity-determining regions (CDRs) of murine anti-CD3 monoclonal
antibodies into human IgG sequences, but also by introducing non-FcR-binding
mutations into the Fc (Cole et al. (1999) Transplantation 68: 563; Cole et al.
20 (1997) J. Immunol. 159: 3613). Humanization of the murine monoclonal
antibodies results in decreased immunogenicity and improved mAb half-life
(/d.). In addition, non-FcR-binding mAbs have reduced potential for inducing
cytokine release and acute toxicity in vivo (Chatenoud et al. (1989) N. Engl. J.
Med. 320:1420). However, the cytokine release, even at a reduced level, is still
25 dose-limiting and toxic at very low drug doses (micrograms/patient) (Plevy et
al., (2007) Gastroenterology 133:1414-1422).

Several difficulties exist for improving anti-CD3/TCR-directed
therapy. For example, the mechanism of immunosuppression mediated by
anti-CD3 monoclonal antibodies is complex and not fully understood. It is

30 believed that such antibodies function through four mechanisms: cell coating,

cell depletion, TCR down-modulation and cell signaling, with the latter two as
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the main mechanisms (Chatenoud(2003) Nature Reviews:123-132). It is further believed that the
induction of cytokine storm and in vivo T cell activation are required for efficacy of CD3/TCR-
directed therapy (Carpenter et al. (2000) J. Immunology 165:6205-13). Finally, second generation
anti-CD3 monoclonal antibodies reported to be "non-activating" in vitro have still induced a
cytokine storm in vivo.

A number of anti-CD3 directed antibodies are currently being tested in the clinic for use
in autoimmune disease, inflammatory disease, and transplant patient. These antibodies include
hOKT3y1(Ala-Ala) (Macrogenics), visilizumab (Nuvion®, PDL), TRX-4 (Tolerx), and NI-0401
(Novimmune). However, patients treated with each of these antibodies have experienced
cytokine-release associated adverse events (moderate to severe) and sometimes viral
reactivation above that typically observed in the patient population.

Given the cytokine-release associated adverse events related to current T cell antibody
and other biologic therapies, there is a continuing need for alternative therapies. The present
invention meets such needs, and further provides other related advantages.

BRIEF SUMMARY

The present disclosure provide fusion proteins that bind to a TCR complex or a
component thereof, compositions and unit dosage forms comprising such fusion proteins,
polynucleotides and expression vectors that encode such fusion proteins, methods for reducing
rejection of solid organ transplant or treating an autoimmune disease, and methods for detecting
T cell activation.

In one aspect, the present disclosure provides a single chain fusion protein, comprising: a
binding domain that specifically binds to a TCR complex or a component thereof, wherein the
binding domain comprises an immunoglobulin heavy chain variable region (Vy) comprising an
amino acid sequence that is at least 95% identical to the amino acid sequence as set forth in
SEQ ID NO: 245 and an immunoglobulin light chain variable region (V) comprising an amino acid
sequence that is at least 95% identical to the amino acid sequence as set forth in SEQ ID NO:
241; a linker polypeptide linking said light chain variable region (V) with said heavy chain variable
region (Vy); an immunoglobulin Cy, region polypeptide; and an immunoglobulin Cy3 region
polypeptide, wherein the fusion protein does not induce or induces reduced cytokine release as
compared to an OKT3 antibody. Also disclosed is a fusion protein, comprising, consisting
essentially of, or consisting of, from amino-terminus to carboxy-terminus: (a) a binding domain
that specifically binds to a TCR complex or a component thereof, (b) a linker polypeptide, (c)

optionally an immunoglobulin Cy;, region polypeptide comprising (i) an amino acid
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substitution at the asparagine of position 297; (ii) one or more amino acid substitutions
or deletions at positions 234-238; (iii) at least one amino acid substitution or deletion
at positions 253, 310, 318, 320, 322, or 331; (iv) an amino acid substitution at the
asparagine of position 297 and one or more substitutions or deletions at
positions 234-238; (v) an amino acid substitution at the asparagine of position 297 and
at least one substitution or deletion at position 253, 310, 318, 320, 322, or 331; (Vi)
one or more amino acid substitutions or deletions at positions 234-238, and at least
one amino acid substitution or deletion at position 253, 310, 318, 320, 322, or 331, or
(vi) an amino acid substitution at the asparagine of position 297, one or more amino
acid substitutions or deletions at positions 234-238, and at least one amino acid
substitution or deletion at position 253, 310, 318, 320, 322, or 331, and (d) an
immunoglobulin Cy3 region polypeptide, wherein the fusion protein does not induce a
cytokine storm or induces a minimally detectable cytokine release, and wherein the
amino acid residues in the immunoglobulin Cy, region are numbered by the EU
numbering system. Additional fusion proteins are provided according to claims 2 to 20
and described herein.

In another aspect, the present disclosure provides a composition comprising a
fusion protein provided herein and a pharmaceutically acceptable carrier, diluent, or
excipient.

In another aspect, the present disclosure provides a unit dose form comprising
the above-noted pharmaceutical composition.

In another aspect, the present disclosure provides a polynucleotide encoding a
fusion protein provided herein.

In another aspect, the present disclosure provides an expression
vector comprising a polynucleotide encoding a fusion protein provided herein that is
operably linked to an expression control sequence.

In another aspect, the present disclosure provides use of the fusion protein as
described herein, or the composition as described herein, or the unit dose as
described herein in the manufacture of a medicament for reducing rejection of solid
organ transplant in a solid organ transplant recipient. Also disclosed is a method of
reducing rejection of solid organ transplant, comprising administering to a solid organ

transplant recipient an effective amount of a fusion protein provided herein.
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In another aspect, the present disclosure provides use of the fusion protein as
described herein, or the composition as described herein, or the unit dose as
described herein in the manufacture of a medicament for treating an autoimmune
disease selected from the group consisting of: inflammatory bowel disease, Crohn’s
disease, ulcerative colitis, diabetes mellitus, asthma, and arthritis. Also disclosed is a
method for treating an autoimmune disease (e.g., inflammatory bowel diseases,
including Crohn's disease and ulcerative colitis, diabetes mellitus, asthma and
arthritis), comprising administering to a patient in need thereof an effective amount of
a fusion protein provided herein.

In another aspect, the present disclosure provides an in vitro method for
detecting cytokine release induced by a protein that comprises a binding domain
that specifically binds to a TCR complex or a component thereof, comprising: (a)
providing mitogen-primed T cells, (b) treating the primed T cells of step (a) with the
protein that comprises a binding domain that specifically binding to a TCR complex
or a component thereof, and (c) detecting release of a cytokine from the primed T
cells treated in step (b), wherein the protein is the fusion protein as described
herein, or an antibody. Also disclosed is a method for detecting cytokine release
induced by a protein that comprises a binding domain that specifically binds to a
TCR complex or a component thereof, comprising: (a) providing mitogen-primed T
cells, (b) treating the primed T cells of step (a) with the protein that comprises a
binding domain that specifically binds to a TCR complex or a component thereof
(e.g., a fusion protein and an antibody), and (c) detecting release of a cytokine from
the primed T cells that have been treated in step (b).

In another aspect, the present disclosure provides an in vitro method for
detecting T cell activation induced by a protein that comprises a binding domain that
specifically binds to a TCR complex or a component thereof, comprising:(a)
providing mitogen-primed T cells, (b) treating the primed T cells of step (a) with the
protein that comprises a binding domain that specifically binding to a TCR complex
or a component thereof, and (c) detecting activation of the primed T cells treated in
step (b), wherein the protein is the fusion protein as described herein, or an
antibody. Also disclosed is a method for detecting T cell activation induced by a
protein that comprises a binding domain that specifically binds to a TCR complex or

a component thereof, comprising: (a) providing mitogen-primed T cells, (b) treating
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the primed T cells of step (a) with the protein that comprises a binding domain that
specifically binding to a TCR complex or a component thereof (e.g., a fusion protein
and an antibody), and (c) detecting activation of the primed T cells that have been

treated in step (b).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the percentage of activated T cells resulting from treating
PHA-primed human T cells with various antibodies and small modular
immunopharmaceutical (SMIP™) products. "No Rx" refers to no treatment, which
was used as a negative control.

Figure 2 shows the percentage of activated T cells resulting from treating
responder cells with various antibodies and SMIP fusion proteins in a mixed
lymphocyte reaction assay. "MLR" refers to mixed lymphocyte reaction without any

additional treatment. "Responder only" refers to a reaction where
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Figure 3 shows the percentage of activated T cells resulting fromtreating
responder cells with various antibodies and SMP fusion proteins in a m xed
| ynphocytwonrema4ema assay. "M.R' refers to m xed | ynphoegraSe@antizean

wi t hout any additional treatnent. "Responder only" refers to a reaction
where only responder cells were present. Figure 4 shows the percentage of
activated T cells resulting fromtreating nenory T cells wth a nonocl onal
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stimul at or ﬁ)ﬁclﬂl s present; and "R S" refers to a reaction having both
responder 5 gti mul ator cells present. Figures 10A and 10B show changes in

(A) body weights andHi@lres 5A and 5B are FACS analysis dot plots of TCR and CD3
on human T cells stained (A) immediately after isolation (day 0) or (b) 4 days
after treatment with OKT3 monoclonal antibody or various OKT3 SMIP fusion

15 proteins.

Figures 6A and 6B are FACS analysis dot plots of TCR and CD3
on human T cells stained (A) immediately after isolation (day 0) or (B) 4 days
after treatment with OKT3 IgG1AA or OKT3 HM1 SMIP fusion proteins.

Figure 7 shows changes in fluorescence of a calcium flux

20 indicator dye over time resulting from treating purified human T cells with
monoclonal antibodies, combinations of antibodies, or various OKT3 SMIP
fusion proteins.

Figures 8A and 8B show (A) IFNy or (B) IP-10 release after
treating ConA-primed mouse T cells with monoclonal antibodies (2C11 mAb

25 and H57 mADb) or SMIP fusion proteins (2C11 Null2 and H57 Null2).

Figure 9 shows the percentage of activated T cells resulting from
treating responder cells with various antibodies or SMIP fusion proteins in a
mixed lymphocyte reaction assay. “R only” refers to a reaction having only
responder cells present; “S only” refers to a reaction having only stimulator cells

30 present; and “R:S” refers to a reaction having both responder and stimulator

cells present.



clinical score over time post intravenous adm nistration of antibody (H57
mAb) and H57 Null2 SM P fusion protein at various concentrations. PBS and

| g&Ra werwousmd4a®4negati ve controls. Figures 11A and 1PBTAiseaotbese
concentration of (A) IL-6 and (B) IL-4 in serum 2 hours, 24 hours, 72 hours
after intravenous admnistration into normal BALB/c mce of an anti-TCR
anti body (H57 mAb) or various concentrations of an anti-TCR SM P fusion
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d 7, ' t f ' th
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cel I transfaitibotipdhd MBS (diluepgaléerccussnis abgatwseontiag. di d not receive
donor cells. PBS and | g&a were used as control_treatnents. Figure 16 shows

sequencd al i gnnent s dnightg thehaye thecppreastage ofuneells igand in Aurewrse gG2, hunan
% 2 A8 R e R S A o R s T
par anet er s gfmihRealibyof Vafoly esHmtioRSOPAARNE- TSR SMIP fusion protein
(H57 Null2). PBS and IgG2a were used as negative controls.
Figure 13 shows the percentage of change of initial body weight
15 of recipient mice over 14 days following the transfer of donor cells in a model of
acute Graft versus Host Disease (aGVHD). “Naive recipient” indicates mice
which received no donor cell transfer as a negative control. Recipient mice
were treated with H57 Null2 SMIP fusion protein, dexamethasone (DEX), or
control (PBS or 1gG2a).
20 Figures 14A to 14C show the serum concentration of (A) G-CSF,
(B) KC, or (C) IFNy on day 14, day 14, or day 7, respectively, after transfer of
donor cells.
Figure 15 shows the donor:host lymphocyte ratio on day 14 after
transfer of donor cells. “No cell transfer” indicates a negative control mouse
25 that did not receive donor cells. PBS and IgG2a were used as control
treatments.
Figure 16 shows sequence alignments among the Cy2 regions of
human IgG1, human IgG2, human IgG4, and mouse IGHG2c (SEQ ID NOS:64,
66, 68 and 73, respectively). The alignments were performed using the Clustal
30 W method with default parameters of the MegAlign program of DNASTAR 5.03
(DNASTAR Inc.). The amino acid positions of human IgG1 Ch2 are based on

7



(DNASTAR Inc.). The am no acid positions of human 1g@ C are based onthe EU
nunberi ng according to Kabat (see Kabat, Sequences of Proteins of

| mmunol ogvoabiommnest, 5th ed. Bet hesda, MD: Public HealCtrhusSawwsawes
National Institutes of Health ( 1991 )). That is, the heavy chain variable
region of human 1g3 is deened to be 128 ami no acids in length, so the nost
am no-termnal amno acid residue in the constant region of human 1gd is

at position_1 The anminao acjd positions Q r CH2 regions.are
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where oy Stii ; i r tRES AT r ™ nphocyt e
reacti orr? Na?rh(l;ﬁ}é'cﬁoﬁ@&sadé% |ﬁt8§'§;ﬁ)ﬁ?t%ggt§§£%? ,Of ﬁ“nﬁaé‘cggﬁ I?é?@??'?ﬁqrjeggponder
cell's treatléd amino ddid positibneolsthdr ElvegioBerare ildiGNE® based@NSNEP f usi on
prot ei n havi ng_ an scFv bi ndi n,% domai n that does not bind to T cells. The
cel | s wer e POSEIORY Ofitheagyine agid rgeiduss 4y Rumardo o widh »éinh theyliga. 1deshows
FACS anal ysy - I tained i nmedi ately
Z%s% r‘é%FdJr:%é%{tg)gg[tmmﬁ%ﬂn Nbsﬁg%h ggvﬂﬁaamqun%b ol

after isolatlon. pa uman cellstreated with Cris-7

nmonocl onal anti body #igurehe SdwSthd percearleSofHtBvatetER el tesMting fférhs- 7
lgd@ N297A (SEQ I D NO 265). The panels on the left show cell distributions

on t he dhy teeRting saspanser cely With either enaniigady or anSMiR fusigmpraigivvin gel |

di stributian d f ) t (day .2). i 19.sh h i
(1 oor eocondike niRRodke adtol Dol B refbtt § el Bori B ooy ' "
treat ment efspuHaRRN cEll§ dleré préddht BS3 rb td\B 9ddet(opEfhéde MWk 88mundtbeh has

Li nker 87 as a hinge between the scFv and the CH2CH3 domai ns) conpared to
this sane foed$ wergpoesant, nd mgfars it eniked kenplaicytaegaetidn svithoibanyt her

N nges o A hERRAR RS Sl kb ol rdacdd G i "
15 mouse IgG2b. “Control SMIP” is a SMIP fusion protein having an scFv binding
domain that does not bind to T cells. The cells were tested with Cris-7 IgG1
N297A (SEQ ID NO:265).
Figure 18 shows FACS analysis dot plots of TCR and CD3 on
human T cells stained immediately after isolation. The top two panels show
20 human T cells treated with Cris-7 monoclonal antibody and the bottom two
panels show treatment with Cris-7 IgG1 N297A (SEQ ID NO:265). The panels
on the left show cell distributions on the day of treatment (day 0) and the panels
on the right show cell distributions 2 days after treatment (day 2).
Figure 19 shows changes in fluorescence of a calcium flux
25 indicator dye over time resulting from treatment of human T cells with BC3
IgG1-N297A (SEQ ID NO:80, which has Linker 87 as a hinge between the scFv
and the CH2CHS3 domains) compared to this same fusion protein having hinge
Linker 87 swapped out for other hinges of various lengths (in particular, Linkers
115-120 and 122, which correspond to SEQ ID NOS:212-218, respectively).
30 Figure 20 shows the percentage of activated T cells resulting from

treating responder cells with either an antibody or a SMIP fusion protein in a
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Figure 20 shows the percentage of activated T cells resulting fromtreating
responder cells with either an antibody or a SMP fusion protein in aMR
assay. "Guotzolo4BNUP" refers to a SMP fusion protein haerng2em/ 062y

bi ndi ng domain that does not bind T cells. "Responder only" refers to a
reacti on where only responder cells were present. The nunbers in brackets
are the sequence identifier nunbers of the SMP fusion proteins. Figure 2
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15 Figure 23 shows the percentage of activated T cells resulting from
treating responder cells with humanized Cris7 1IgG1-N297, IgG2-AA-N297A and
IgG4-AA-N297A, and HM1 SMIP fusion proteins or chimeric Cris7 1gG1-N297A
and HM1 SMIP fusion proteins in a MLR assay. “Parent mADb” refers to Cris7
mAb and “Control SMIP” refers to a SMIP fusion protein having an scFv binding

20 domain that does not bind T cells.

Figure 24 shows the percentage of activated T cells after PHA-
primed human T cells were treated with humanized Cris7 (VH3-VL1) IgG1-
N297A or humanized Cris7 (VH3-VL2) IgG1-N297A SMIP fusion proteins.
“Control SMIP” is a non-T cell binding SMIP fusion protein.

25 Figures 25A and 25B show the concentration of (A) IFNy and (B)
IL-17 in serum 24 hours (day 1) and 72 hours (day 3) after restimulation of
PHA-primed T cells with various humanized and chimeric Cris7 SMIP fusion
proteins, BC3 SMIP fusion protein (SEQ ID NO:80), and various antibodies
(BC3 mAD, parent Cris7 mAb, and Nuvion FL). The numbers in brackets are

30 the sequence identifier numbers of the SMIP fusion proteins.



(BC3 mAb, parent Cris7 mAb, and Nuvion FL). The nunbers in brackets are the
sequence identifier nunbers of the SMP fusion proteins.Figures 26A to 26H
show t he wewvelo/matogA) IFNg , (B) IL-1 0, (C IL- 1B, (DpcCirirs208/,06@2k§ |L-4,

(F) TNF- a, (Q IL-6, and (H) IL-2 in primary PBMC treated for 24 hours (dl
) , 48 hours (d2), or 72 hours (d3) with humani zed Chs7 (VH3-VL1 )

| gA- AA- N297A SM P fusi on protein, humani zed Cris7 (VH3-VL2) | gG4- AA-N297A

P oL on oot et s B ShO e el B B PR oS S
(5 mg), H5% B\“Qb?ﬂ_ -l @guﬁl\,gp)srﬂﬁlgt&'(@)(@@ afB)(H) 22 iAPrindtyIFBNY P fUS' on

protein (300 ny fusi'on protein (300 ng). Figure 28 shows
peri pher al tieladextifor Mdursttk#BrMursW)Zoh@’at’rE)upS)eB)Nwth maoized Cris7

o hosed | (VEBLY B aRNeol B ENIE iR et izes Crisgoia-Thef ons vo

hours past H57 mAb, H57 Nul | 2, H57
hal f nulq? I%@hlﬁgwg oggﬂgﬁﬁ?ﬁghgé di%@rﬁﬁgﬁ?es 30A to 30C show t he

concentration of IL- :FlgunreSHrsthsA):héthlensboc(yB)/e@hts}mwTSLm@pdst( C) 72 hours
after intravenous adm ni stration of H57 Null2, H57 half

nul |, or HIYI3Y@O4S aaié@e@traﬁomow@@m/*hc Addrlé&) @WA“(’@ (§ b HREWIRe
72
concent ot SHirhskh o ASTATASY B3 AP SN S Bl P R T PR P\ 2,

H57 hal f nu37 HW2 SﬁﬁPlﬂl}@oﬁ.‘pr@i@ﬁ'ﬁ@OOW . gure 27. Figures 32A to 32C show
the concentration of IP-1 0 in serum ( ) 2 hours, (B) 24 hours, and (C) 72

hours af& er intravendiguredif $h®t/$ pefipheref b|I09d52TaCﬁ>HA@3nQ%WralﬁW-\bS 2Hmurswl | 2,
the concentiost RO eBualaFt BB, A7 Tl BT iR ot & 72
hours af t emylingr ABR M3 B8HBSRASA Fgurap7of
Figure 29 shows peripheral T cell concentrations 72 hours post
intravenous administration of IgG2a mAb, H57 mAb, H57 Null2, H57 half null,
15 or H57 HM2 as dosed in Figure 27.
Figures 30A to 30C show the concentration of IL-2 in serum (A) 2
hours, (B) 24 hours, and (C) 72 hours after intravenous administration of lgG2a
mAb, H57 mAb, H57 Null2, H57 half null, or H57 HM2 as dosed in Figure 27.
Figures 31A to 31C show the concentration of IL-10 in serum (A)
20 2 hours, (B) 24 hours, and (C) 72 hours after intravenous administration of
lgG2a mAb, H57 mAb, H57 Null2, H57 half null, or H57 HM2 as dosed in Figure
27.
Figures 32A to 32C show the concentration of IP-10 in serum (A)
2 hours, (B) 24 hours, and (C) 72 hours after intravenous administration of
25 1gG2a mAb, H57 mAb, H57 Null2, H57 half null, or H57 HM2 as dosed in Figure
27.
Figures 33A to 33C show the concentration of TNFa in serum (A)
2 hours, (B) 24 hours, and (C) 72 hours after intravenous administration of
lgG2a mAb, H57 mAb, H57 Null2, H57 half null, or H57 HM2 as dosed in Figure
30 27.
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Figures 34A to 34C show the concentration of IL-4 in serum (A) 2
hours, (B) 24 hours, and (C) 72 hours after intravenous administration of IgG2a
mADb, H57 mAb, H57 Null2, H57 half null, or H57 HM2 as dosed in Figure 27.

Figures 35A to 35C show the concentration of MCP-1 in serum
(A) 2 hours, (B) 24 hours, and (C) 72 hours after intravenous administration of
IgG2a mAb, H57 mAb, H57 Null2, H57 half null, or H57 HM2 as dosed in Figure
27.

Figures 36A to 36C show the concentration of KC in serum (A) 2
hours, (B) 24 hours, and (C) 72 hours after intravenous administration of IgG2a
mADb, H57 mAb, H57 Null2, H57 half null, or H57 HM2 as dosed in Figure 27.

Figures 37A to 37C show the concentrations of IL-17 2 hours (A),
24 hours (B) and 72 hours (C) after intravenous administration of IgG2a, H57
mAb and H57 Null2, half null and HM2 SMIPs.

Figures 38A to 38C show the concentration of IL-5 in serum (A)
2 hours, (B) 24 hours, and (C) 72 hours after intravenous administration of
IgG2a mAb, H57 mAb, H57 Null2, H57 half null, or H57 HM2 as dosed in Figure
27.

Figures 39A and 39B are graphs of the mean serum
concentration versus time for H57-HM2 and H57 half null. The results are
expressed as the observed data set and the predicted values calculated by
WinNonLin™ software. The Rsq value and Rsq adjusted values are the
goodness of fit statistics for the terminal elimination phase, before and after
adjusting for the number of points used in the estimation of HL_Lambda z (6.6
and 40.7 hours).

Figure 40 shows the concentration of G-CSF in serum 15
minutes, 2 hours, 6 hours, 24 hours and 48 hours post intravenous
administration of H57-HM2 or H57 Null2 (200 pg each).

Figure 41 shows the concentration of IFN-y in serum 15 minutes,
2 hours, 6 hours, 24 hours and 48 hours post intravenous administration of
H57-HM2 or H57 Null2 (200 ug each).
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2 hours, 6 hours, 24 hours and 48 hours post intravenous adm nistration of
H57-HWM2 or H57 Null 2 (200 ng each). Figure 42 shows the concentration of

I L-2 in swoumolB@2994nut es, 2 hours, 6 hours, 24 hours ane@C28Sh@u/s02pe©st

i ntravenous adm ni stration of H57- HW or H57 Null2 (200 nmg each). Figure
43 shows the concentration of IL-5 in serum 15 mnutes, 2 hours, 6 hours,

24 hours and 48 hours post intravenous adm nistration of H57- HW or H57

112,200 18 caoh). 406, Sl ol GONBEI I 0Bl i oty U
ut es urs
admi ni st r atjoRs, @ hé‘t‘?r% 24MB LRy aﬁ@lSWu‘r@ Pbgﬂﬂtrﬁﬂerﬁﬂﬁhédmﬁlélkﬁt%n‘kﬁ HHaws the

concentration of 10 in serum 15 m nu 2 hours, 6 hours, 24 hours and
48 hours p(bﬁVIZlqnﬂ-fﬁivNuHﬂJ(;ZOmm eash).ati on of H57-HWVR or H57 Null2 (200 ngy

h). Fi 46 sh th t tes, 2
hourt. 6 hours, 24 hEILSHHENEIS SO BBSR alind P el dn SOl ' EPHAES an of
H57- HVR t f
SR Y T Whbda( 20 @Smfﬁ‘iﬁ?ﬁ’ B o R T Do

i ntravenousM@wir &t Nal2 (@0Mfig Mach VR or H57 Nul |2 (200 ng each). Figure 48
shows the concentration of KC 15 in serum m nutes, 2 hours, 6 hours, 24
hours and 48 hours pdddurertd shawsine ernrentrationof H6dp SeEIM 1aVPInse 7 Nl | 2

(200 my ©oholrrs, i Hﬂéﬁrﬁbg? h%t]g%"é % Ei?srfogjﬁﬁﬁ%{ ﬂfrb%;h %@ﬁ rr]ﬂsrtFéhoﬁech‘Hr%ﬂE’

m nut es, our’s, avenous

adm ni strammgo@maﬁmum/? %échpl |12 (200 ng each) Fi gure 50 shows the
percent age of activated cell's resulting fromtreating responder cells

with H5O Nul | 2, H57 Hrdgurertii shows thapancemiasien |O@@2&0rm§erttm 188Minegs, Fi gure
5 1 shows chh Lﬁ'grg?‘l %99240rgoua}gt 'n\cll%8eiqursteolsk mtrav%Hlo[[J's ggmlnlg{natlon of

H57-HM2 or H57 Null2 (200 ug each).

Figure 46 shows the concentration of IL-17 in serum 15 minutes,
2 hours, 6 hours, 24 hours and 48 hours post intravenous administration of

15 H57-HM2 or H57 Null2 (200 g each).

Figure 47 shows the concentration of IP-10 in serum 15 minutes,
2 hours, 6 hours, 24 hours and 48 hours post intravenous administration of
H57-HM2 or H57 Null2 (200 ug each).

Figure 48 shows the concentration of KC 15 in serum minutes, 2

20 hours, 6 hours, 24 hours and 48 hours post intravenous administration of H57-
HM2 or H57 Null2 (200 ug each).

Figure 49 shows the concentration of MCP-1 in serum 15
minutes, 2 hours, 6 hours, 24 hours and 48 hours post intravenous
administration of H57-HM2 or H57 Null2 (200 ug each).

25 Figure 50 shows the percentage of activated T cells resulting from
treating responder cells with H57 Null2, H57 half null, H57-HM2, mouse IgG2a
mAD, or H57 mAD.

Figure 51 shows the percentage of activated T cells resulting from
treating responder cells with H57 Null2, H57 half null, H57-HM2, or H57 mAb

30 normalized to (R+S) — without treatment = 100%.
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treating responder cells with H57 Null2, H57 half null, H57-HW2, or H57 mAb
normalized to (R+S) - without treatnment = 100% Fi gure 52 shows the

per cent ageoabio@amed4pri med T cells activated by treat mentreTafs2045/06098¢ | 2, H57
hal f null, H57-HWR, nouse | g&Ra mAb, H57 mAb, or 2Cl 1 mAb. DETAI LED

DESCRI PTI ON The present disclosure provides fusion proteins containing one
or nore binding domains directed against the TCR conplex in the form of

|l dul [ ) ' duct. [ he,. f f
SV ol ecule WP mEIGUE 2 SRS e BBl g diar Rl T oAl AEUARED ' °
N-term nal HyGréatintd 5AH5PNUERL AE7HAIRIIMPIS 7L ARE, nsliseeigB 24 nase Hb7cel |

signaling profile. This signaling profile is characterized by an

undet ect ablneAbrors2al 1 mAW.ni mal , or nom nal cytokine release (i.e., absence
of or m nimal cytokine stornm), induction of calciumflux, phosphorylation
of TCR signaling proteins without activating T cells, or any conbination

thereof . Sygr &) SHopRddRIEeN | e is not replicated using nonocl onal

anti bodi es, denonstrating an unexpected signaling signature caused by the
bi ndi ng 5of SM P or PITHg meséet disclosurchaoridiearfgsibn prateirtadantaiping enenor

nol ecul es directed agai nst the TCR conplex_either induce a strong T cell
si gnal (e. dgnorecyngingtonaqing gyreeiggeagasnstine H CR eemplexcinitoa feram obsmalive
little eff i Frm -1J ok Ipie, this
ai sl osur e Tk SoptrhibeaeasRNR: E5RETpI TS e K bPESMRES

proteins, asoleelle SMIFYaRede Wit Foaihd brldig emalreipaniiraagriseNsraslugli ng
such proteins, and conpositions and nethods for using the fusion proteins

of this di delCotaiminalerigatations PiM&) Aalundeceappniae: T 688 signabinagreige + he
e e I e
transpl ant nophigsltdy@dRine Féle8se (.S863drMt@ dfrtRiniriaiscyibiaRe SEthB, inAuEToe
detail, it may be "hel pful to an understandi ng thereof to provide
def i ni ti on®f ealcaem flaknphesphoryletiyeoliseR signaling prateins ivaihaut detivatingiTons ar e
set forth tcré\’lso,uoqrhaon%/tcc}rﬂti)i%a |(i)r?%ecl)’gg{ eSuch a signaling profile is not replicated

using monoclonal antibodies, demonstrating an unexpected signaling signature

15 caused by the binding of SMIP or PIMS proteins to their targets. To date,

protein molecules directed against the TCR complex either induce a strong T

cell signal (e.g., cytokine storm) together with T cell activation or have little

effect on cells in the absence of cross-linking.

Furthermore, this disclosure provides nucleic acid molecules that

20 encode such fusion proteins, as well as vectors and host cells for recombinantly
producing such proteins, and compositions and methods for using the fusion
proteins of this disclosure in various therapeutic applications, including the
treatment as well as the amelioration of at least one symptom of a disease or
condition (e.g., an autoimmune disease, inflammatory disease, and organ

25 transplant rejection).

Prior to setting forth this disclosure in more detail, it may be
helpful to an understanding thereof to provide definitions of certain terms to be
used herein. Additional definitions are set forth throughout this disclosure.

In the present description, any concentration range, percentage

30 range, ratio range, or integer range is to be understood to include the value of
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In the present description, any concentration range, percentage range,
ratio range, or integer range is to be understood to include the val ue

of any i ntwgeniwisedeun the recited range and, when appr opPCRIUS2000/06M286 ONS

t hereof (such as one tenth and one hundredth of an integer), unless

ot herw se indicated. Al so, any nunber range recited herein relating to any
physi cal feature, such as polynmer subunits, size or thickness, are to be
under st ood to.includ% the recited

| ubu |
ot her i so. AN inBBet VRl heufelaf tande i) shiteh Bbtoblie TERfoneheEfdt a1y of
neans  20%(gcr B¢ ohB @AY HRNAGNANSBIVGY AR InEEENCIESS OErAS O her v se

i ndi cated. As used herein, the terns "include" d "conprise" are used

synonynousliydicateds Hdsd,daryenumber singed-etited hetein rejatisg taaanyapdysiea” as used
herein refer to "one or rTDre" of t.pe enurreba ed conggngnts. T%e g?e of the
al t er nat i veeqtHrey SUCh S ROIRET PUOWU IS, SIS L1 BIEEN eSS, AEGAC P UNEersiRed Yot h, or
any comny nat i 4 b I éaa@is ogkd be
under s??od%ﬂgéb t%ﬂz '@%@?Wﬁﬁ@ﬁhgéﬁggun gp%b?nlgregggr?rgﬁﬁlg%éga%sggderi ved
from the vasediereiontabrat'! om'onsistihg essent@iyrofsmaads A% df dieam irslicktsdr | bed
herein, are disclosed by the present application to the sane extent as if
each conpoliRto®rVale W STUCKERDEIRSS otagswiss: indisatad. i Agused here. thehus,

sel ection of ARk hEULALNFEEAALHELS BT BA hEHUADUSYPSE {AdRAES IS within the
g h r

scope of the present i nventl on. e am no’acl esrdues 1n i nmunogl obulin

CH2 and CH3ndegitons tt thé eerpis'3L Rinddiapt ke SIsed Hr€inmefdras condyr hiteeEbf
nunberi ng system unl ess otherw se indicated (see, Kabat et ai, Sequences of

Pr ot ei i) ofthe enumsraigd compaonestasthe sisk aidhe Béemmasive (e ID:"oPhshodldHeal t h

S i , Nat.i [ ] i f Health 1991 AT | | dul
o oo har MnoBtbed I8 eaisthel onEC BOY o afdPapibhasion BRRr STHEL 2 Ui on
protein t halteRRITHESSeS abEMBNI & ShadIdNR LRd&rBIdRRIMat BIeThANRIUAR cBINPBLAGs domai n

that specifically binds a target nolecule, a linker polypeptide {e.g., an
i mmunogl obwirignotpsngiecampagtds, aierived friger thef Yaricus ¢amiineidgorshol the CH2

Pub! | cat | oR B e5a0d Ao Hy33b, Sis5bra T erdlenre dirposes by the préser
15 application to the same extent as if each compound or group of compounds
was set forth individually. Thus, selection of particular structures or particular
substituents is within the scope of the present invention.
The amino acid residues in immunoglobulin Cy, and Cys regions
of the present disclosure are numbered by the EU numbering system unless
20 otherwise indicated (see, Kabat et al., Sequences of Proteins of Immunological
Interest, 5™ ed. Bethesda, MD: Public Health Service, National Institutes of
Health (1991)).

A “small modular immunopharmaceutical (SMIP™

) protein” refers
to a single chain fusion protein that comprises from its amino to carboxy

25 terminus: a binding domain that specifically binds a target molecule, a linker
polypeptide (e.g., an immunoglobulin hinge or derivative thereof), an
immunoglobulin Cy2 polypeptide and an immunoglobulin Cys polypeptide (see,
U.S. Patent Publication Nos. 2003/0133939, 2003/0118592, and
2005/0136049).

30 A “PIMS protein” is a reverse SMIP molecule wherein the binding

domain is disposed at the carboxy-terminus of the fusion protein. Constructs
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2005/ 01 36049). A "PIMS protein” is a reverse SMP nol ecul e wherein the

bi ndi ng domain is disposed at the carboxy-term nus of the fusion protein.
Const r uctwandiomatdeads for maki ng Pl M5 proteins are descrChas2000/08236

Publ i cati on No. WD 2009/023386. In general, a PIMS nolecule is a

si ngl e-chai n pol ypeptide conprising, in amno-termnal to carboxy-term nal
orientation, an optional CH2 regi on poI ypeptide a CH3 domain, a linker

pepti de (e. | ob e re and CIfI dlng
ormi n. ne AomBharBH R DR bl Braighel 48 bt P PEiblcaler Y dorai ns
{e.g., a b'WEb' 2@)99'92‘?38’6 ti’r‘laéerﬁé?élcbfplﬁﬁé ol &bl s é‘sT@Pe %ﬁﬁ'ﬁ'%ﬁf&&pt@e
conponent thereof, a Iinker pol ypeptide, an i mrunogl obulin region,

an i mrunogloomprlsmg;marmrgmmﬁmnal toreariootyetermored iodestadibni &ie optionali Grx €. g. ,
am no acids at the am arboxyt mnu or between two donmins), in
Conbt nat | 0Ae0 DB ROABRESaCrn SHDE, SUikeE PRPCAG (o ot 8oy e ey ~boe ' 5ot
4% 3% 2% I ein and do not substantially

af f ect (5|2 Oh%g B@gn(ﬁ) %Q@S fre& @.@?Iglty b nore than 50% such as nore

t han 40% 30% 25% M/ﬁsetﬁ%reirﬂ%prmtelﬁ%omMSmSSemlaliyem” sévarbbedpmatrai n,
such as the affinity to a TCR conpl ex or a conmpgnent thereof, the ablllty
to not inddeé- (Q)P'nidmﬂj@%ma'”rﬁhﬁ ﬁﬁ?‘?'@caﬂé{tt&é’&‘ﬂ%ﬁl QR@SPE’QH@*\@W@PEH&E@W he

201 11ty L0 hadiees fier o ekite O PARSABAIOS M o8 BioR Adgfvl e 11 the T

cell receptor si‘gna response to an

al | oanti gerrnrﬁda@g&hjdl|ht(yH3tr@gtain<y®fI¢ha@mrypoTt|@reé bf ﬂh@smcféirﬁi(é;rg ,amiaot i gen, and
down- nodul ati ng the TCR conplex of the cell. In certain enbodi nents, a

f usi on ¥} otasids @tdhg|a§m|§0e@@@afbDéY-F§f%mU&0bbﬂUY6ﬂj1 aen@ematnsatinspeci fical |y

bi nd TCR | | .
opt i onal T RRORUGTEBLAPRTEESE REE kel Rt AuroRhEouh PR Rb o B o
regi on pol mp,ﬁps%dz% SUER) PHRCIENGH HPhe PO Bng Aot SRIbtHMERIP Affésl NO

acids at the ami no- or carboxy-term nus of the protein or between two
di fferent doemdanoteeduce thetagtigiy binendreriian §0daraaich asnuoténthani 406r

Fog) on pol SI9EhAdE: 261 BtRe He> P hiH e st o e R FUGRORT 91 DBept | de
and the;5  affinity to a TCR complex or a component thereof, the ability to not induce (or
induce a minimally detectable) cytokine release, the ability to induce calcium
flux or phosphorylation of a molecule in the T cell receptor signaling pathway,
the ability to block T cell response to an alloantigen, the ability to block memory
T cell response to an antigen, and down-modulating the TCR complex of the
20 cell. In certain embodiments, a fusion protein consists essentially of a binding
domain that specifically binds a TCR complex or a component thereof, a linker
polypeptide, an optional immunoglobulin Cy2 region polypeptide, and an
immunoglobulin Cys region polypeptide. Such molecules may further comprise
junction amino acids at the amino- or carboxy-terminus of the protein or
25 between two different domains (e.g., between the binding domain and the linker
polypeptide, between the linker polypeptide and the immunoglobulin Cyz region
polypeptide, or between the immunoglobulin Ch2 region polypeptide and the
immunoglobulin Cys region polypeptide).
Terms understood by those in the art of antibody technology are
30 each given the meaning acquired in the art, unless expressly defined differently

herein. Antibodies are known to have variable regions, a hinge region, and
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I mmunogl obul in CH3 region pol ypeptide). Terns understood by those in the
art of antibody technol ogy are each given the neaning acquired in the art,
unl ess exwoesslo2aaef i ned differently herein. Antibodi espParaskovomn28e© have
vari abl e regi ons, a hinge region, andconstant domains. | nmunogl obulin
structure and function are reviewed, for exanple, in Harlow et al., Eds.,
Anti bodi es: A Laboratory Manual, Chapter 14 (Cold Spring Harbor Laboratory,
Col d Spring Harbor, 1988), For ex | e, t.he ter "VL" and "VH' refer to
the var i abl@ BIARGERE Sy o HPodOBHM et offe diheten rRdays eraldr,

respecti velgyamphe MM dritl 8 B U IARBSHPES @LQbG@‘i’@rgWe@tﬁal?‘Cﬁﬁb@rqﬂf

wel | -defi ned sub-regi ons known as "conplenentarity determ ning regions”
(CDRs) and (Cblda@privng klarteey laoratorRold BreingedanboCL1988)f dios exarmgte, the

"i mmunogl obul i n_light chajn_constant region” or a "light chajn constant
regron s sy SHP BGEIhE LonpR Sidingagionitsi R POSHABRL - The
term"CH' : grﬁg@gq | : rfd??ﬂz | - PRy or a
"heavy c aiaﬁ]fdg’(f)ezas ;br?{%m’ergl on,&g%%é ?asl ur;tbﬂlerI &ﬁgﬁ%?hgg%gjﬁgng on the
anti body i sy, wellalelimed @db-regiomd Kiddvr( &g AcorhplBmeng4sity deter@imingH2 , CHS,
and CH4 domains (IqE. 1gM, A portion of the constant region domai ns nake
up the Fc regPon (C?QES)'W%QCHQ!H?W@F‘S/%Q%FPWS AEbse" The ieon)CEisieraioamt i body

di . T Tr : . . o ok
abcc (ant; o HedehdlinioR SelEEotiahtEial & Lo oh LR8P e, such s
(anti body- dependsitaseieyidrafromhagastdcdyi Iipht heBXy tihginp | ’EeimdepenTdant

cytotoxicity) and conpl enent fixation, binding to Fc receptors (e.g., CD16,
CD32, FdéRn)o agr'wamenogigbplin neavy gheinepnstanitregient er a “pedwpeiiain genstadki ng an

capon et S 8RG HEh REHES A6 o HERTNG SinE B BER st Bl Fatre
(but o Tover st e B o O R AT ot on of
the Fc regiponion eythaagpnstartaegignslompinamakenumtig bb ceégdion kihegéagotentas a
contrast ¢ 6EIEAHE: 0TI R0, s Brif s Totan e 491 YR ATREe, varyi ng
i n bot hy 55 equsdichsHI%n! iIRELRoJISEYRE BULEYNSE eNdhtiBo&y-8E5&%dent cell-
mediated cytotoxicity), ADCP (antibody-dependent cellular phagocytosis), CDC
(complement-dependent cytotoxicity) and complement fixation, binding to Fc
receptors (e.g., CD16, CD32, FcRn), greater half-life in vivo relative to a
polypeptide lacking an Fc region, protein A binding, and perhaps even placental
20 transfer (see Capon et al., Nature, 337:525 (1989)).
In addition, antibodies have a hinge sequence that is typically
situated between the Fab and Fc region (but a lower section of the hinge may
include an amino-terminal portion of the Fc region). By way of background, an
immunoglobulin hinge acts as a flexible spacer to allow the Fab portion to move
25 freely in space. In contrast to the constant regions, hinges are structurally
diverse, varying in both sequence and length between immunoglobulin classes
and even among subclasses. For example, a human IgG1 hinge region is
freely flexible, which allows the Fab fragments to rotate about their axes of
symmetry and move within a sphere centered at the first of two inter-heavy
30 chain disulfide bridges. By comparison, a human IgG2 hinge is relatively short

and contains a rigid poly-proline double helix stabilized by four inter-heavy
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and even anong subcl asses. For exanple, a human Ig3@ hinge region is freely
flexible, which allows the Fab fragnents to rotate about their axes of
symet ry woaormoMeoomi t hi n a sphere centered at the first pofi/useanioni2es - heavy
chain disulfide bridges. By conparison, a human |g& hinge is relatively
short and contains a rigid poly-proline double helix stabilized by four

i nter-heavychain disulfide bridges, which restricts the flexibility. A

h | di ff f n ded
inge og ShePadstIte stPobhrBbichde R B IR Mimgkyoldsi ing 62
ani no aci dyyiffdraGandimdoRet sHpOEESbANE UhiyRYEHERAES hingETeqidhd aBBut

i nfl exi ble poly-proline double helix” and providing greater flexibility
because t hdolraimeés agneng as éheelgel hingegl scontainingvz® amimoracide (RcludirggAent . A

human | g4 e orter t g3 b h the sa t &, and

ST oot oIS AT T SV dopB I ahNIRED e PO D N E SOV B IREE o ng ¢ o
tall f

ot et ura o Lpg R Bl ey B A B R B A Bl ST ol o,

and t he | ovi®m mmsefnaggiemSMShnanegGélhmgd isnshooten gharalgRebuehss Hiz0: 87 (

1992)). Exenpl ary upper hinge re i ons_ i ncl ude EPKSCDKTHT %SEQ | D. NO 359) as

found in | §&Mme lepgitces/ 9GS 5 NexiBb) isdrtermaniate ﬁet\wt et RirteGpand Hr

(SEQ I D é%é% ) or EPKSCDTPPP (SEQ ID NO 362) as found in |1 gG3, and
ESKYGPP (S D NO 363) as found in | g&4. Exenplary mddle or core hinge

regi ons incl ude CPPCIAO(CSEQ@ER) b?s gp&r&mf: stuaied, anl IgG hiagd dogrfadin ceRRCP ( SEQ
I D NO 365) as found in I gG3, an | D NO 366 as found in | g&4.

Whi l e 1'§3 be mgmona&u@ndgswcémailb@ub@wnd@eﬂdntcamp%%regl@wfmatb@ URPS, ﬁ@ee upper

d niddle h t and EL KTPL
(5201 b Nocais FF e e BE Tt Bl e R RS e b REP 58, oY Gk and
| gD anti bodizpss2010e3)). tExérﬁSI'érﬁUpbéthgfé‘Pe@@h@|ﬁ&ﬁ!@EPK@IﬂDI‘(‘BQT3(BFEQ§r s to
have two upper hinge'regions in tandem ( see,

ESPKAQASSVHD AP FEOE8E ABWTT AP REIRKGEYH (SE\@I@G@@ 368} as found in 19G2,
CROGEEKKKEREKERREBTTHIT (SEE10 RIS 5 P erkS8BY A5 (LELD ¥362) as

15 found in IgG3, and ESKYGPP (SEQ ID NO:363) as found in IgG4. Exemplary
middle or core hinge regions include CPPCP (SEQ ID NO:364) as found in
IgG1 and 1IgG2, CPRCP (SEQ ID NO:365) as found in IgG3, and CPSCP (SEQ
ID NO:366) as found in IgG4. While IgG1, 19G2, and 1gG4 antibodies each
appear to have a single upper and middle hinge, IgG3 has four in tandem — one
20 being ELKTPLGDTTHTCPRCP (SEQ ID NO:367) and three being
EPKSCDTPPPCPRCP (SEQ ID NO:368).
IgA and IgD antibodies appear to lack an IgG-like core region, and
IgD appears to have two upper hinge regions in tandem ( see,
ESPKAQASSVPTAQPQAEGSLAKATTAPATTRNT (SEQ ID NO:369) and
25 GRGGEEKKKEKEKEEQEERETKTP (SEQ ID NO:370). Exemplary wild type
upper hinge regions found in IgA1 and IgA2 antibodies are
VPSTPPTPSPSTPPTPSPS (SEQ ID NO:371) and VPPPPP (SEQ ID NO:372),
respectively.
IgE and IgM antibodies, in contrast, lack a typical hinge region
30 and instead have a Cy, domain with hinge-like properties. Exemplary wild-type

Cu2 upper hinge-like sequences of IgE and IgM are set forth in SEQ ID NO:373
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upper hinge regions found in IgAl and | gA2 anti bodies are
VPSTPPTPSPSTPPTPSPS (SEQ I D NO 371 ) and VPPPPP (SEQ I D NO 372),

respect i webyoioligeoand | gM anti bodi es, in contrast, | ackpraTiugpicomato2sé nge
region and instead have a CH2 domain with hinge-like properties. Exenplary
w | d-type CH2 upper hinge-like sequences of IgE and IgMare set forth in
SEQ | D NO 373( VCSRDFTPPTVKI LQSSSDGGGHFPPTI QLLCLVSGYTPGTI NI TW.EDG

N 374 (W %@%ﬁ%ﬁ@%&é@%@@%@%ﬁﬂﬁ%@éﬁ%ﬂm&%é@ D

QATGFSPRQ QXAVBRIESHISY E@L@ﬁé@@ﬁ%ﬂﬁ(ﬁﬂ@bRTYTCQVTYQGHTFE
KESDV\LGQSI\/FTCRVDHRG_TFQJ\IASSI\/CVP) respectively. As used herein, a "hinge

regi on" or RSTKKG4e andeSIJ_e(DletMO(397)4 MAEW%MPPRDGEE@N%KSKL(@T&% up

(b} | ect GATGES/ RTia Vo RedE SRt P B L= &)

cl ust er gt K4 HIRERIE RORUEPRAPTERANASERIGVEL 9bqibief. f unct i onal

variant ther An I mrunogl obul Tn hinge regi on my | d type

i mrunogl obul i n hi nge Assggeshhereirgra ‘&lings esgion”l af & Shiege meters gb judn n hi nge
region or altered imunogl obulin hinge region. As used herein, a "wild type
i munogl obdF‘mﬂJWﬂgﬂRj%“'F‘é‘gﬂgﬁ\"eg@? émédwpapfnfﬁr@%amqle d&ﬂﬂﬁnﬁgf%%per and

o cro son B P BB BGIRA 1\ L REPE iR GRRIFCL A" O
connect i ng fustiodal aadartter@onBdrie) & icisteradt diffistehgiior @Dﬂmdledd@smavy

chal n of an anti bod An "altered wild type inmunogl obul i n hinge region" or
"alteréd i mlﬁﬁglr@ounphpmﬂrv@élaﬂb@%%f refers to (a) a wild type

i mrunogl obul i n hinge ye cid es {e.g., up to
25% 20% 15% 10% AR IndbBultP et eatoRThAg kL i & ons). or (b) a
portion of janmmd Idb{MﬂH F@é@@ﬂbh%lt@ké&ﬁllﬁ @Fﬁnrhbﬁé IBBSlihingegt h of

about 5 amlno aglé ds (e. éﬁ@,@about 5, 6, | gﬁb g12 |13n§14 15, 16,

17, 18, 19regionZ0 aéteretblrramudeglobplln hlnge reglon

As used herein, a “wild type immunoglobulin hinge region” refers
15 to a naturally occurring upper and middle hinge amino acid sequences
interposed between and connecting the Cy¢ and Chz2 domains (for IgG, IgA, and
IgD) or interposed between and connecting the Cn1 and Cus domains (for IgE
and IgM) found in the heavy chain of an antibody.
An “altered wild type immunoglobulin hinge region” or “altered
20 immunoglobulin hinge region” refers to (a) a wild type immunoglobulin hinge
region with up to 30% amino acid changes (e.g., up to 25%, 20%, 15%, 10%, or
5% amino acid substitutions or deletions), or (b) a portion of a wild type
immunoglobulin hinge region that has a length of about 5 amino acids (e.g.,
about 5,6,7,8,9,10,11,12,13, 14, 15,16, 17, 18, 19, or 20 amino acids) up
25 to about 120 amino acids (preferably having a length of about 10 to about 40
amino acids or about 15 to about 30 amino acids or about 15 to about 20 amino
acids or about 20 to about 25 amino acids), has up to about 30% amino acid
changes (e.g., up to about 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, or 1%
amino acid substitutions or deletions or a combination thereof), and has an IgG
30 core hinge region as set forth in SEQ ID NOS:364, 365, or 366.
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to about 120 ami no acids (preferably having a |l ength of about 10 to about
40 am no acids or about 15 to about 30 am no acids or about 15 to about 20
am no aciwe 20ro/mebwut 20 to about 25 ami no acids), has upCraSaio05028€0% ani no
acid changes (e.g., up to about 25% 20% 15% 10% 5% 4% 3% 2% or 1%
am no acid substitutions or deletions or a conbination thereof), and has an
| gG core hinge region as set forth in SEQ | D NCS: 364, 365, or 366. A
“variabl e domain |inkjng seguence:! is.an am no acid sequencge that connects
A BB 8D Ik

a heavy chain variab ¢rgal &ﬂs%%%evéﬁ?%s ne gﬁ'ido%oé{'ﬁacﬁr ovi des

a spacer fuyRstdpmeeRPALRB) éh%t\ﬁériiaBFeeﬁeg%ri a fght it VRrisbIB B BAI M
domai ns so that the resulting pol ypeptide retains a specific binding
affinity t@rovidesarapacear fuictionlconpatibkeswiin irdatadiodyf thatwae sulpibirgkisg t he sane
i ght and heavy chain variable regjons, In certain epbodiments,.a, hinge
usaf ul 1 or derianngodes Bhi e fed BENDRRtL Fe i Pt PRIBDBTNES | oo on
pol ypeptd d var I LRkl q1 i nker

pol ypeptal dgm@?g@ﬁg@%ﬁﬁégﬁeﬁ%@?hﬁ%egueg2g6¢@§§8§;rﬁ{§é@@ggghﬁ% domai n
to an i Mmumeghplehbinnvatldbl@redibiss. r bgtertainp emboeirneds, arhirgd usefahfgpiiokiaign. 1 n

certain enbodi nents, the |inker polypeptide is a hinge as defined herein.
I n cert ai n apDeMIRANRIN tq apdMraRNRIIARIWEY GH2 PhQHh@%Q@'M@SPK@%WV Beor

connecti ng egea%v%/vg%lgSg)még@gb?iaé%%ilqg@nag a light chain variable region

may be used as a Tinker n-certain enbodi nents, there may be

one or a few (e.g., 2 8hkenpoigpestidk’refirdtsanketineeitid vegritai that ifksa
fusion protein, such as between a binding domain and a |inker pol ypeptide,

bet weerl(a [ biRgiNggiy@iagoiadd MundnegiobutinuegPbbul fagi@HROlPgPIEE o ypept i de,

and betwee n_i nogl_obul_i. n 2 region | tid .an i munogl obul i n
a8 regon WaPy BERER G Sl sotiogt AL T BobDRR BRI T s By !
construct ¢R%haa hefeihhen ceghPermbadifidhtd & Gariat&dom A% lifkihg Sedugscd esul ting
fromthe use of a restriction enzyne site during the construction of a

nucl ei ¢ aciusef f@cednmestiog dihepvy chiairglveriaiairegipolty pdight deain vasiabescr i bed
herein, such am no Eci d resi dﬁggerrbaa{y be referred to "junction am no acids”

or "juncti 6RIIQRIMDY BEIUFEF &S & peptide.

15 In certain embodiments, there may be one or a few (e.g., 2-8)
amino acid residues between two domains of a fusion protein, such as between
a binding domain and a linker polypeptide, between a linker polypeptide and an
immunoglobulin Cyy region polypeptide, and between an immunoglobulin Cy»
region polypeptide and an immunoglobulin Cnys region polypeptide, such as

20 amino acid residues resulting from construct design of the fusion protein (e.g.,
amino acid residues resulting from the use of a restriction enzyme site during
the construction of a nucleic acid molecule encoding a single chain
polypeptide). As described herein, such amino acid residues may be referred
to “junction amino acids” or “junction amino acid residues.”

25 "Derivative" as used herein refers to a chemically or biologically
modified version of a compound (e.g., a protein) that is structurally similar to a
parent compound and (actually or theoretically) derivable from that parent
compound.

As used herein, "amino acid" refers to a natural amino acid (those

30 occurring in nature), a substituted natural amino acid, a non-natural amino acid,

a substituted non-natural amino acid, or any combination thereof. The
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"Derivative" as used herein refers to a chemcally or biologically nodified
version of a conpound {e.g., a protein) that is structurally simlar to a
parent cownpaorh4aged (actual ly or theoretically) derivablpeTfuseomibese par ent
conpound. As used herein, "amno acid" refers to a natural am no acid
(those occurring in nature), a substituted natural am no acid, a

non- nat ural am no acid a substituted non-natural am no acid, or any

comby 2t 20 FRks RSP ITAS B5Rs LA ARPH L L R R e 1
aci ds 1 ncl uiie. 3ARREAGLAG doheD AaNI SSF SMOATIAL TAde, SoRhgingIAYEldr as

basi ¢ am no acids such as arginine , lysine (Lys or I stidine
(Hs or H N)earmﬂ glatarmiati (& ot ﬁérasaWellascb&&m d[TIIﬂQa.aCIdS sachds argmtmm(ﬁrg

t ' E d t
Ehoreof - N abSRychspRe BchEHTHE (als BHE atid dkeVlatibs SEERT endpaicny
h | al R '
Pt hy onithe TREP SHHsuch) ag bESIALELRN A & Of afd gutehic S (SfttE) ehd. 1)
as ot her naeripativas mlasremf Natutal syarbplacbiglaytino@cids iyclade Gyptadhemi (Tep OAl a or

A), proline (Pro or and derivatives thereof. Natural am no aC| ds of
i nt er medi at'¥); p%‘leﬁt/ia@“ﬂ%@?%@r Eér'ﬁ@n‘@u@'gér(”%Prﬁ) 'ettqm%%ur@ lrmetipning,

tyrosine (;EM]et gF Mﬁ)éval%s(t\ﬁél BE VO YF rl\gtrve%qget%%'f PENER ottr#@rrr?d?{ P%IHF” €ss

specified am no aC|d herei'n may be in elither the

D or L- corafmugura@tdsosmhﬁm gigcinel (Gly o~ G)bglaninas@id beﬂ)mm@(m éroPphysi cal
propertles and contribution to secondary and tertiary protein structure. A

"conser\dat iang daryetivesitheseof. |Nat|UéQJ(ﬁg’ﬂer&$|d$nOftlﬁ@rmed|Eé§ p@'&%’lﬁbﬁ”{qwdﬁ i on of

Bemptary_cehbe et FO8) JiePMERRRE T SRS R ARRRTDSER) € g

WO 97/ 0943%ndRPé}R/aﬂ+Qes ﬂié%d)fs h@ﬁeb@%ﬁ@mﬁ@d oilt%c?\hsé—%h 'dihﬁiﬂb ackl 865@Hestt 1Y,

Second Edition; Wrth Publishers, Inc. NY: pp. 71 -77; Lew n,
Cenes |V, Oer@ndnambe@nelthqrﬂhed@sor Moaﬁ@we:éom Press Carrbrldge I\/A (1990),
p. 8 . In certain enbodi nent B ?ervatlve Sélbstt ti.on incl

| eucine to serine su |inplﬁql(i§ncan e classified according to p yS|caI proper |es

15 and contribution to secondary and tertiary protein structure. A “conservative
substitution” is recognized in the art as a substitution of one amino acid for
another amino acid that has similar properties. Exemplary conservative
substitutions are well known in the art (see, e.g., WO 97/09433, page 10,
published March 13, 1997; Lehninger, Biochemistry, Second Edition; Worth

20 Publishers, Inc. NY:NY (1975), pp.71-77; Lewin, Genes IV, Oxford University
Press, NY and Cell Press, Cambridge, MA (1990), p. 8. In certain
embodiments, a conservative substitution includes a leucine to serine
substitution.

As used herein, unless otherwise provided, a position of an amino

25 acid residue in the constant region of human IgG1 heavy chain is numbered
assuming that the variable region of human IgG1 is composed of 128 amino
acid residues according to the Kabat numbering convention. The numbered
constant region of human IgG1 heavy chain is then used as a reference for
numbering amino acid residues in constant regions of other immunoglobulin

30 heavy chains. A position of an amino acid residue of interest in a constant

region of an immunoglobulin heavy chain other than human IgG1 heavy chain
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As used herein, unless otherwi se provided, a position of an am no acid
residue in the constant region of human |gG3 heavy chain is nunbered

assum ng wbabiwdiesoear i abl e regi on of human 1gG is conpeseEsedoIHARS@M no
acid residues according to the Kabat nunbering convention. The nunbered
constant region of human Ig@ heavy chain is then used as a reference for
nunbering amno acid residues in constant regions of other imunoglobulin
heavy chains itipn of an am,no.acid residye interest in onst ant
Foq o or nneweiat oEfe tmABATH BRudie B HEReiGRTinaalk ShEH wilalybitha ni s
the positigre afnlﬁé‘ﬁc@me@@uécdfqnt"e?éét%ﬂgné ”A'I'|§\I @nf&@hﬂ%‘éﬁ%r@%tmey\bﬁ@ whi ch
the am no acid residue of interest aligns i gnnments between const ant

regi ons of ditoeran iga1 lh%ch@lalandal’mlemmmlunmgwumimhemm chaimeenay ohai ns may

be perfor med SI n sof t rams nown art ch as the Megalign
or oqr am ( DREEP rvé'r)gw HEOET KaPWvindhe 8 SatASHRMESASE anerer s
Exenpl a i he
nunber i n% ??%mg:)e[g n@rﬁlﬁg w%%ﬂrﬂ"ﬂﬁ@ﬁ’df‘g&&%ﬁ%@ﬁ?@% gs an
am no acid E@Inmlamemmncetai;lgaments amshomsumléugpae @6. Wiccbrdindnéo theH2 r egi ons

in Figure 16, the position of the underlined "N' in human | g& CH2 is still
position 2Wmtt%tf‘@lﬁé/ét‘%rﬁl®sf3@§$®b§r%ﬂh @Hpu\ghthvmw g2 ﬁ?@gmgleﬂ h#§72N n hunan

190 G2 - JHSbUTEALEOIRR Eah T ARIAE cITBArRIBAE DS GoeBRRT: | e

present di EOR G E provides a single !ﬂaln ein’in m of a

SM P f usi ofFiguret s, mhé basutucﬁrmm@eﬁdemﬁe@rmt ) mﬁrﬁgnug@m%m stilPposifiesi st s
of, fromits amno-termnus to its carboxy-termnus: (a) a binding domain

that spéki 297abegausienis residueTaignsomin dY’ arpesitiasnpdhénbumaargef! Cigh) a

| i nker pol ypepti de, (c) opt| onal 'y an i munogl obulin CH2 region

pol ypepti diejus nd q I i on polypeptide. The

i mmunogl ob sent may conprise ( 1) an
amno acid substitut Ilﬁanatasrpb@t @ﬁ@éfe’wnﬂals@fosba%bfd\ﬁdbs?é’élngﬂ@bh@iﬂe or nore
am no acid substitutions or deletions at positions 234-238; (3) at |east
one ami no ddsian pretein inunedornoof aGSMIR tusien pr;@é@ntth@tr@mwe%cmsnst& 18, 320,

gg; aﬁ(rj gﬁigséggtlglly or} or conS|sat(s: o? fséjrgsltts' é[rhjllnbotgrr%;[nuts% n%sc%ab >%/ Peermor]; sp03| tion

15 (a) a binding domain that specifically binds to a TCR complex or a component

ﬁ%

thereof, (b) a linker polypeptide, (c) optionally an immunoglobulin Cy2 region
polypeptide, and (d) an immunoglobulin Cys region polypeptide. The
immunoglobulin Cyy region polypeptide when present may comprise (1) an
amino acid substitution at the asparagine of position 297; (2) one or more

20 amino acid substitutions or deletions at positions 234-238; (3) at least one
amino acid substitution or deletion at positions 253, 310, 318, 320, 322, or 331;
(4) an amino acid substitution at the asparagine of position 297 and one or
more substitutions or deletions at positions 234-238; (5) an amino acid
substitution at the asparagine of position 297 and one or more substitutions or

25 deletions at positions 253, 310, 318, 320, 322, or 331; (6) one or more amino
acid substitutions or deletions at positions 234-238, 253, 310, 318, 320, 322, or
331; or (7) an amino acid substitution at the asparagine of position 297 and at
least one amino acid substitution or deletion at positions 234-238, 253, 310,
318, 320, 322, or 331.

30 In preferred embodiments, a single chain fusion protein of this
disclosure will comprise, consist essentially of, or consist of, from its amino-
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nore substitutions or deletions at positions 234-238; (5) an amno acid
substitution at the asparagi ne of position 297 and one or nore
substi t utwornsioo29el et i ons at positions 253, 3 10, 3 18pC3aB200882)2860r 331 ;
(6) one or nore amino acid substitutions or deletions at positions 234-238,
253, 3 10, 3 18, 320, 322, or 331 ; or (7) an am no acid substitution at

t he asparagi ne of position 297 and at | east one am no acid substitution or

del et i i1 i , . .
referred SHEOAPTAALS Ay AgmmERatal 4 0op By SretahabsPagie i Bds ot e
Wi |1 conprisSpecRC@IMpIaEk of BSE@IMpEHdnt tlﬁ’éreo?ggafigﬂ‘iﬁikéré p&{peptidT(Efdn

am notermnus to its carboxy-term nus: ndi ng domai n 't hat

speci fi cal limnminegdoiubinCECRg o wrepiidea aod P pare immunegkadiu)in (G regionnker
ol ypeptide, (c).an i nogl obul i n regi on pol ti and (d) an

P minosl obRIPeetEe WEFH it CiBdlebulihEverson BN RealSs caBhbRS 6o

region ROl heshidCaGi@eBELfod bl 1R AN oS BRIl PBndlor hite

aspar agi ne of position and one or nore substitutions or del etions at

posi tions 23bs@B8ong or fek@tionsranpositions 2BH<A3Bt (it)iapnaratna ddd sspstitatiomet of

position 297, a substitution at Jé))osi tions 234, 235, and 237, and a deletion
at positi oﬁhQéépar@Qm%OfaQoﬂ'%?g e Supstitetioalrasitians 231,439, 8nddd /et i on at

posi tions - ; 1 18. el ; m no acid
Pobsti ruti o adeustds pdshin 23z fi) §38astiife afincidd subbliligh ot 10, 88 €
at positi onjelsin 4t\los#fondM3A0238i 2633 B8t 8181 320) 322, bhe3 asparapamaf
position 297 and at | east one substitution or deletion at positions

234- 2340 25@id subsbifutpma, pEtmnsZRA, 236, 331, 31%1320viepda322amnd@ eelption

bsti i Lth i f . L 29 i i d . [
at posi 11 ont PBuEORZET R AP R B Rb oA 3] s PRl Bl BN S L O
236. I eaghqt 1bARThCRIRSEIIIRA GMEAMIGTERt sosiidie 201083853 skeedin ¢ he

substation is preferably alanine or serine. In further preferred
enmbodi ment $20a382noy 33 lii(vi) Bosinino@moid substitdtiarhatstheiasplacagine ofppsition

Us" car boxy o ePRiaiSs 20 cebditdlsn gl rtns 14h23spenrr L& 7 R o 2 Tom
el O RGBS LEB1ER 201 ch (S BRRY Liboci bl
regi on amino acid used in the substation is preferably alanine or serine.

In further preferred embodiments, a single chain fusion protein of
this disclosure will comprise, consist essentially of, or consist of, from its amino-
terminus to its carboxy-terminus: (a) a binding domain that specifically binds to

20 a TCR complex or a component thereof, (b) a linker polypeptide, and (c) an
immunoglobulin Cys region polypeptide, wherein the immunoglobulin Cys region
polypeptide comprises a Cys region of human IgM and a Cys region of human
IgG (preferably 1gG1).

The fusion proteins will only undetectably, nominally, minimally, or

25 atalow level induce cytokine release (i.e., cytokine storm), or will activate T
cells, and may additionally be capable of one or more of the following activities:
(1) inducing calcium flux, (2) inducing phosphorylation of molecules in the TCR
signaling pathway, (3) blocking T cell response to an alloantigen, (4) blocking
memory T cell response to an antigen, and (5) downmodulating the TCR

30 complex.
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pol ypepti de conprises a CH3region of human IgMand a CH3 regi on of human

| gG (preferably 1gG@ ) . The fusion proteins will only undetectably,

nom nal | ywormmimredoky, or at a | ow |l evel induce cytoki nePCeluSa®e/06028€. ,
cytokine storm, or will activate T cells, and nay additionally be capable
of one or nore of the followi ng activities: ( 1) inducing calciumflux, (2)
I nduci ng phosphoryl ati on of nolecules in the TCR signaling pathway, (3)

bl ocking T cell respgonse tge an, al b&ﬁnti e{jE @4? bl acki n@ MeanLy, T cel |
response to an antigen? RiK nze.:%era gl QXS MG HE O FERCE IR PER A0
preferred %'&RPQédéﬂ%’l‘{ce dgetifbh ¢ SEP IS ND:298P2 94 e @ Br 200N n Asihtbgsequence
as set forth in SEQ I D NO 293, 294, 298, or 299. Inrelated preferred

embodi ment prefemedrémbedisenieribe hingeasequenaei aln¥ad acHlsoBAT tof 26EQF SBQ

NOS: 293, 294, 298 299 | dwith a hi ] i d

Set forth- i NG 4ed R4; 398, andh 580 & niaiesrvh Arbive AMumb a0 Reskf Cone.
| nmunoglpbuylsi . @iy rrPQEeﬂtPgbsﬂ.g?é-M%a. 9h R @e%@@r%bgé%entg,g%e and 299

further conprises amno acid substitutions at positions and 322
accor di ng timrikldogloduini Qig. regiongpolghpexiticid afsIEQtID NOS:203 294t 208 sahd209e
provides a single chain fusion protein in the formof a PIMS protein that
conpri ses, TedMa GanaPriseseamng a6/d spbstgptionmatl Resitions 318,010, @8dadAZno- t er ni nus
to its car = 1 ' : .optionally an i mmunogl obulin CH2 region

pol ypept i dteé%%rbcﬁlﬁiﬁlg E%unr{ag r(')rg(ﬁl in CH3 region pol ypeptide, (c) a linker

pol ypepti de, and (d) |aabendédaspecmite prasbnsasclobuaployideisrdsingle ehalieR
conpl ex or a conponent thereof. The immunogl obulin CH2 region polypeptide
when priésenysiaapretgirpinitoe fere ot aiiMS peieipfthaieenprisss, £onsiats ersesBlY f usi on

proteins provided herein, ln addition,. the Pl roteins wll hav ne or
Tore ot h e e b e Bk i Fo KBGO BIBRL L [a) oEEBeRY Y, s
described Bgrifimun bulPl 04 RYidPPBIyBePEd&IgB Y h RAFhUMGRIDIINT f;4eh@A Protein
of the present disclosure conprises a binding domain that specifrcally
bi nds to appiReptidp) @) adinkar polypeptide, and (d) a binding domain that specifically

binds to a TCR complex or a component thereof. The immunoglobulin Cy2

15 region polypeptide when present may comprise the same types of mutations as
in the SMIP fusion proteins provided herein. In addition, the PIMS proteins will
have one or more of the desirable biological activities that a SMIP fusion

protein, as described herein, has.

Binding Domain

20 As described herein, a fusion protein of the present disclosure
comprises a binding domain that specifically binds to a TCR complex or a
component thereof (such as CD3, TCRa, TCRf, or any combination thereof).

A “binding domain” or “binding region” according to the present
disclosure may be, for example, any protein, polypeptide, oligopeptide, or

25 peptide that possesses the ability to specifically recognize and bind to a
biological molecule (e.g., a TCR complex or a component thereof). A binding
domain includes any naturally occurring, synthetic, semi-synthetic, or
recombinantly produced binding partner for a biological molecule of interest.
For example, a binding domain may be antibody light chain and heavy chain

30 variable domain regions, or the light and heavy chain variable domain regions
can be joined together in a single chain and in either orientation (e.g., VL-VH or
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conmponent thereof (such as CD3, TCRa, TCRb, or any conbination thereof). A
"bi ndi ng domai n" or "binding region" according to the present disclosure
may be, fwo 2ewzapiogé, any protein, polypeptide, oligopeptcaaS2amw/opepsi de
that possesses the ability to specifically recognize and bind to a

bi ol ogi cal nolecule {e.g., a TCR conplex or a conponent thereof). A binding
domai n i ncludes any naturally occurring, synthetic, sem -synthetic, or

terest MR At of AkSebhatiEhn B ihslinahg Blriilo FRRRITRR and
heavy chai mrugdritaicioslpEmat JR@ITRBAY bR W ol detiuan@riaamedia n var i abl e

domai n regions can be joined together in a single chain and in ®either
ori ent at i oWéstem bloVLEMS A flon- aitpmekyyvar Beicpradt arsdysis are known for

i dentifying binding domai hs of the present disclgsure, that cificaglly
bind i th s parti ool & DRTRAOMPRO g g OELPEIH e “HRdceicany Iosies
cytonet ry, 0L, B e IS, LR ! b rotein
Cher cof 0 + B2 A TACERL AEPINGEE o ssbfelesy AP FRufet Blofo Vet
associ at es affirtity & Ka(iget amebeitibfiemvadsicrationfdonstany oba peaticularcbindiag

equi librium associ ation constant of a particular binding interaction.with

uni ts of 1/iMNpragtionswih enifsel EM)gfeler exampisy aeaisq tan poeauride abest 0% . I n

certain e i - i ndi hR: fusj in. r ) bi nds
o a targotvi [hoa g SRy 2 Bhdingdorfal 5L A3 FeQufo b WRHER) )™

108 M1 , HiddMola tard@dRitMalka giddtedthdhlor.eqL@le dbdut, 105104 Mt'110° " Hi gh
affinity" bindi régMQOnajons_1(orﬂsi_pgl e,chain fuysion %r.ot eins thereof) refers
to thos® biMidi HY Mond® ndVivi 10 MW M lasd9” Mo7 “Miah affinity! binsingios M 1 |
at |least 109 M.1 t | t.1010 M 1. .. I t 101. 1. M1, | east 1012 M
T e eadtritids qing €3 Regt Rty bdiinS nerEPl st 19 1t dhe' bedef i nec
as an equi ldopfdinewithSs RS bRkt RBsCPOSIIEANEt I5d) 107 VA Beldast BRI Db iaeg

i nteraction V\gth1 uni ts of 1M (e.g., 10~152> I\{I1to 10~131M or | ess). Affinities
of bi ndi ng 1@onk 1 apteagpapt'iMesatindst 18T o' mtdeastid abEbodignegten t he present

i ool 030 & S G hl Ash S AP BeSaal SlaladgeBisliss, (oo
PaLen 9GPl Sy Fidmcton i o 10910 fo e o
less). Affinities of binding domain polypeptides and fusion proteins according to
the present disclosure can be readily determined using conventional techniques
(see, e.g., Scatchard et al. (1949) Ann. N.Y. Acad. Sci. 51:660; and U.S. Patent
Nos. 5,283,173; 5,468,614, or the equivalent).
20 “T cell receptor” (TCR) is a molecule found on the surface of T
cells that, along with CD3, is generally responsible for recognizing antigens
bound to major histocompatibility complex (MHC) molecules. It consists of a
disulfide-linked heterodimer of the highly variable a and 3 chains in most T
cells. In other T cells, an alternative receptor made up of variable y and &
25 chains is expressed. Each chain of the TCR is a member of the
immunoglobulin superfamily and possesses one N-terminal immunoglobulin
variable domain, one immunoglobulin constant domain, a transmembrane
region, and a short cytoplasmic tail at the C-terminal end (see, Abbas and
Lichtman, Cellular and Molecular Immunology (5th Ed.), Editor: Saunders,
30 Philadelphia, 2003; Janeway et al., Immunobiology: The Immune System in

Health and Disease, 4" Ed., Current Biology Publications, p148, 149, and 172,
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cells that, along with CD3, is generally responsible for recognizing
antigens bound to major histoconpatibility conplex (MHC) nol ecules. It
consi sts WO 2a10di4z90kf | de-1i nked het erodi mer of the highl ycrarsca@bloen2s6 and b
chains in nost T cells. In other T cells, an alternative receptor nmade up
of variable Y and d chains is expressed. Each chain of the TCRis a nenber
of the inmmunogl obulin superfam |y and possesses one N-term nal

i | obuyl iiabl e donmaj,n, i I | obul i d in,
transnerbr S990) ed Cohas GRS AT Uik EsEot SiaStec nex ok BN E0us EBeha “end
(see, AbbaspaBislingiidihuGeh! Hotseans, dobBerhimmarunol ogy (5th Ed.),

Edi tor: Saunders, Philadel phia, 2003; Janeway et ai, |mrunobiol ogy: The
| mmune System i n Heal‘AhtiditR Disieapegteift, SMIEP, or Gatibedit” réiers tyyg fEBibhi cat i ons,

148, 149, and.172,1999). TCR as .used._in the pres di scl osure may. be from
D oue aniraeis S O st SRERGREI B 0eS S Bl RSB Bro et o
"Anti-T fdSEH QO i -~91 } = Ay f s nrot ein,
b o eipndlidePtiifls (S ToRle, TEREAFRY GF TERS half), Hrectail o F M ¢
i ndi vi dual ethtEodimefts, @n, anticRCR, fuSioRproleIRYSMIP  T&ZRehtiblodly 1specifioaltyebinds n

enbodi nents, an anti-TCR fusjon protein, SMP, or antibody specifically
bi nds to alT@RGR g artRBEp. 6Fbeth. "CcD3" is known in the art as a

ot al " p 172 and 17eCCpegufn e A B L ARAER TR CoROPBr o hAingg"

chain, a Cg@@,akwdasaﬁd\@icﬁfﬁﬂ@n,@ﬁﬂmslanéwdy@bﬁnpﬁnnahdqf78,CD§99)chai ns. The
CD3g , CD3d, and CD3e chains are highly related cell surface proteins of
t he i mithodghapmals tee serien compoaena kY ahainngIEIdmbaingiveb (03§ domai n.

negat | vel y CoRiRoand Ao Rlere Giivethapraine Gy GPRm AN RRE Grinns 1o
associ ate ird RigipralamotdenalureRBaToRMIonRklim ARG RNigestantite

intracellular tails of the CD3g , CD3d, and CD3e chains each contain a
si ngl e consentaiing $ifiglen amuasgkbulimdon@irc épedransynassbrasehagotsadt i vat i on

o A R RO oSS el Soataad o tsf! 1o o be

15 characteristic that allows these chains to associate with the positively charged T
cell receptor chains. The intracellular tails of the CD3y, CD306, and CD3¢
chains each contain a single conserved motif known as an immunoreceptor
tyrosine-based activation motif or ITAM, whereas each CD3( chain has three.
Without wishing to be bound by theory, it is believed the ITAMs are important

20 for the signaling capacity of a TCR compelx. CD3 as used in the present
disclosure may be from various animal species, including human, mouse, rat, or
other mammals.

“Anti-CD3 fusion protein, SMIP, or antibody,” as used herein,

refers to a fusion protein, SMIP, or antibody that specifically binds to individual

25 CD3 chains (e.g., CD3y chain, CD306 chain, CD3¢ chain) or a complex formed
from two or more individual CD3 chains (e.g., a complex of more than one
CD3¢ chains, a complex of a CD3y and CD3¢ chain, a complex of a CD3d and
CD3e¢ chain). In certain preferred embodiments, an anti-CD3 fusion protein,
SMIP, or antibody specifically binds to a CD3y, a CD3d, a CD3g, or any

30 combination thereof, and more preferably a CD3e.
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for the signaling capacity of a TCR conpel x. CD3 as used in the present

di scl osure may be from various ani mal species, including human, nouse, rat,
or ot her wearmalm®2903Anti - CD3 fusion protein, SMP, or antchasgiodersaused
herein, refers to a fusion protein, SMP, or antibody that specifically

bi nds to individual CD3 chains {e.g., CD3g chain, CD3d chain, CD3e chai n)
or a conplex fornmed fromtwo or nore individual CD3 chains {e.g., a conplex

o g e one, SO0 SRl AP O SR SRR, b EorD ©

fusi on protRkheiafihh Bf COI3 Wik "I*QFF@'YF@Péﬁérfan@b'Vch'mléﬁcén% &é’se@x‘d a

CD3e, or any conbination thereof, and nore preferably a conpl ex,
as used heroélarCDBet:bam BcCIa36@hplnekW®@ﬂﬂ£dchgm$ kaahamsdrmertofthBa‘, CD3 with

TCR For ex | e, CR conmp sed of a chain, a d
chai n, BERG hMhaRen TR AP ATERANEY: A HORGOBIPHooa g

TCRb ch n i I hai n, a
Coed oha ncﬁﬁs%%ﬁ?f Kebiy RaJCE CBIB i R SOmmAREh RbqaRBRChal
a TCRd chaiCD3( énainspmeRy cHaim, é’r(a?iad'mﬁﬁ ekaih. as used her ei n, ref ers to a
TCR chain (i.e., TCRa, TCRb, TCRY or TCRd) a CD3 chain (i.

CD3d, CD3e or CD3z) cﬁor%PQf@%Péﬁ F%Rﬁ@m%@m%ueedmenmf@réﬁal%s or CD3

chalns e. T- a Y
conpl ex( of ghgﬁwgﬁa ﬁ@% {?ng%ég%%rgm ;{%aQ gubgTégg%mrpl ex
of TCRa, TQR3e &D@mq , @P3ccorapidx tiven&dPBe twb@rrmdre BYRWhwiref o@bBgr ound, the

TCR corrpl ex is generally responsible for initiating a T cell res onse to

ant i gerlo@hainsdenHA goniden e6TCRa and beRPe eerprapiax ohiThdRnand _
Foget hor t ROMHRY BbRBRE R 3B0s FBBERRb P CERY ~etl/EBas I Al J‘éﬁ?éhgi Moy
Thi's al | owgoRiMéx bPTCRTERMITHBEY, AT B3NAFPRAG EBeBHanANd thereby activate
Lck and Fyn protein Kinases. Acti vation of these protei n ki nases |l eads to
phosphoryl ation of tHly wanef backgrouath3hecHaRwomplex is generally responsible
for initiating a T cell response to antigen bound to MHC molecules. It is
15 believed that binding of a peptide:MHC ligand to the TCR and a co-receptor
(i.e., CD4 or CD8) brings together the TCR complex, the co-receptor, and CD45
tyrosine phosphatase. This allows CD45 to remove inhibitory phosphate
groups and thereby activate Lck and Fyn protein kinases. Activation of these
protein kinases leads to phosphorylation of the ITAM on the CD3( chains,
20 which in turn renders these chains capable of binding the cytosolic tyrosine
kinase ZAP-70. The subsequent activation of bound ZAP-70 by
phosphorylation triggers three signaling pathways, two of which are initiated by
the phosphorylation and activation of PLC-y, which then cleaves
phoshatidylinositol phosphates (PIPs) into diacylglycerol (DAG) and inositol
25 trisphosphate (IP3). Activation of protein kinase C by DAG leads to activation of
the transcription factor NFkB. The sudden increase in intracellular free Ca®* as
a result of IP3 action activates a cytoplasmic phosphatase, calcineurin, which
enables the transcription factor NFAT (nuclear factor of activated T cells) to
translocate form the cytoplasm to the nucleus. Full transcriptional activity of
30 NFAT also requires a member of the AP-1 family of transcription factors; dimers

of members of the Fos and Jun families of transcription regulators. A third
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which in turn renders these chains capable of binding the cytosolic
tyrosi ne ki nase ZAP-70. The subsequent activation of bound ZAP-70 by
phosphor watzomm4tgosgger s t hree signal i ng pat hways, two eCTwse@b/060286
initiated by the phosphorylation and activation of PLC-g , which then

cl eaves phoshati dylinositol phosphates (PIPs) into diacylglycerol (DAG and
inositol trisphosphate (1P3) . Activation of protein kinase C by DAG | eads

to activation of the transcr.iption,fact EKB. .The den creaeln
ot racel ruishahapabhy 1R by e VR AT s 41C BelY e REL SRS 1 me
phosphat as %ub@é&u%rﬂ%‘é‘h\/é‘blor\’\@f SMAPRHRS ddieads AR dlinitited acier NFAT

(nucl ear factor of activated T cells) to translocate formthe cytoplasmto
t he nucl eusctiatidn of Eosand penoaaf trecAPvi transdripftibATaaloss  TegetheeNxkBrmber

of the AP- i ransc actors i of menbers of the Fos
ond Jun ramiABet Rb LRSS hidhiodl chiitstoe ATRTnG celaRog pat hnay
initiat o t t

act vat 1o T RENRACE ffat fESICThn o B ARIGER) DRMAUGR Ang MR AUES | o
Fos and hemtd aHiist (SeehBanéway@iats ppI8,or9dact ors. Toget her, NFKB, NFAT, and
AP- 1 act on the T cell chronosones, initiating new gene transcrl ption that

results in the di ffer“éﬁ?ftﬁﬂ%ﬁbo%'mﬁﬂWeﬁatnidm a@f(?féﬁﬁcﬂre%@h ons of T
cells. See,

dormin of 1hs preseﬁ?hd%lé/ blﬂdézganjrr?@?rdula B%rér% (?Qb ﬁg_{ﬁ 35,801 Ndi ng

| OsUr e speci |ca i vi dual

chai n (e.g.CD3d)3g a cérhBination ocm@braroreow@mandm CQD3bM@|n@r(ef§3r@ of the
i ndi vidual CD3 chains (e.g., a conplex formed from CD3g and CD3e or a

conpl ex!GF orceBwplex BIW@Q‘EDFQ&D@D@@?‘ CD3&worcepompA\e>ef@bm@ﬁrfmm £D3mendi ndi ng

o0 chai nC i EedacmbRo RS s Eoa dORn SpRaRSA s fueron of 1o
or nore of n‘idl@lduaﬁht)/thH@D@Hﬁﬁlﬂ (612 ﬁmbﬁm@y ahamah@mam@rzssethammﬁdcmg

and human CD3e or a conpl ex of human CD3d and human CD3e) . In certain
preferred dwbtal B echaiteorts eahbigationai tws pe oidre odlthe ingiividisal theinzarhuman

e, oha 0 R cREh Tom % MetncBoEhEES S, B ALSa T B Sl iSRS
15 human CD36 and human CD3g). In certain preferred embodiments, the binding
domain specifically binds to a human CD3¢ chain.

In certain other embodiments, a binding domain of the present
disclosure specifically binds to TCRa, TCRp, or a heterodimer formed from
TCRa and TCRp. In certain preferred embodiments, a binding domain

20 specifically binds to one or more of human TCRa, human TCRp, or a
heterodimer formed from human TCRa and human TCR.

In certain embodiments, a binding domain of the present
disclosure binds to a complex formed from one or more CD3 chains with one or
more TCR chains, such as a complex formed from a CD3y chain, a CD3d

25 chain, a CD3¢ chain, a TCRa chain, or a TCR chain, or any combination
thereof. In other embodiments, a binding domain of the present disclosure
binds to a complex formed from one CD3y chain, one CD3d chain, two CD3¢
chains, one TCRa chain, and one TCRp chain. In further preferred
embodiments, a binding domain of the present disclosure binds to a complex

30 formed from one or more human CD3 chains with one or more human TCR

chains, such as a complex formed from a human CD3y chain, a human CD3d

27



TCRa and TCRb. In certain preferred enbodi nents, a binding domain
specifically binds to one or nore of human TCRa, human TCRb, or a

het er odi w0 20vagead4f r om human TCRa and hurman TCRb. | n cectraisnooembids nent s,
a binding domain of the present disclosure binds to a conplex forned from
one or nore CD3 chains with one or nore TCR chains, such as a conpl ex
formed froma CD3g chain, a CD3d chain, a CD3e chain, a TCRa chain, or a

CRb chai n, inat | h . her  enbod _a_bi ndi
domai o " cHE, PN i EE edlirbTER ebfa bof bR I RE R g o,
chain, one GRENAM therddi IFBBRaMEBECINRHs, EBRIRPASaRTSr RBGrdSdft chai n.

In further preferred enbodi nents, a binding domain of the present
di scl osur e disahaRure diredsciorgp tempiex fioeded from one homarpC® Jywhmin, CD@ lraéns wit h

one or nor n TCR chains, ch as a coppl ex med froma human CD3g
ohai n. & haHaP EBatchus Rorman it Cedis: ofe Rlman HERE i A e At ToR
b chain,g OrTCﬂ:@[B’CHQi'Fﬁt.’i nation thereof. In certain enbodi nents, a binding
dormai n of the present disclosure binds to a conplex formed from one human
CD3g chai n, one hunmamBitdidd doh@ains of this Hisclsufdd8an bkajemeratedeashiesenibé@Ra
chain, and one human TCR b chain. Binding domains of this disclosure can be
gener at ed ASTYIBLE AYreMariRly &f methogs kaowa in Higag{septgds)-RnBalent Nashe art

(see, e.9.4 éé?s16f)§(§ggﬁ 1@%% ggH?c%js of.b]rmﬁg&igloﬁﬂﬁr?slincltfde‘r’g%tibo Wb

bi ndi ng dormarns In e’ an y variab omal n nuclel ¢ acid sequences

from vari oupnsdie eiuekid abidggtencéefrbar variduebmreictWHictas be féfmiattesCFvs or
Fabs, such as in a phage library), including human, canelid (from canels,

dr onedatQ egs aticopigsasshvisasel s aakalks, myeh@s 1ala pllageidapnNaingiuding63: 446 and

t al. 1998). J. Mo, Bjol,.. 275.41 hark (R | 1998
Proe. Nat* U, §ATRl (Ui mBls? sroypdddiey otherRiE femers Gastbrins) 1%
| munogenety) G393y Naflre, 5631806 and\N@iyerOét é?.\/ét1@98) ExRR 6y, Z8:413)C08
anti bodi es from whi ch the bi nding dorain of this disclosure may be derived
i ncl ude Crissark (Rowceiona(1998) ProchyNgtReAedtkrSci. (EISA). 9%1 1804), {iski¢Nguyen

Leukocyt e tyB) 9003y ImmbhogSiaticechA 38), bant! Wik, br duing) Exemplary At °na

15 CD3 antibodies from which the binding domain of this disclosure may be
derived include Cris-7 monoclonal antibody (Reinherz, E. L. et al. (eds.),
Leukocyte typing Il., Springer Verlag, New York, (1986)), BC3 monoclonal
antibody (Anasetti et al. (1990) J. Exp. Med. 172:1691), OKT3 (Ortho
multicenter Transplant Study Group (1985) N. Engl. J. Med. 313:337) and

20 derivatives thereof such as OKT3 ala-ala (Herold et al. (2003) J. Clin. Invest.
11:409), visilizumab (Carpenter et al. (2002) Blood 99:2712), and 145-2C11
monoclonal antibody (Hirsch et al. (1988) J. Immunol. 140: 3766). An
exemplary anti-TCR antibody is H57 monoclonal antibody (Lavasani et al.
(2007) Scandinavian Journal of Immunology 65:39-47).

25 An alternative source of binding domains of this disclosure
includes sequences that encode random peptide libraries or sequences that
encode an engineered diversity of amino acids in loop regions of alternative
non-antibody scaffolds, such as fibrinogen domains (see, e.g., Weisel et al.
(1985) Science 230:1388), Kunitz domains (see, e.g., US Patent No.

30 6,423,498), lipocalin domains (see, e.g., WO 2006/095164), V-like domains
(see, e.g., US Patent Application Publication No. 2007/0065431), C-type lectin
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anti body (Anasetti et al. ( 1990) J. Exp. Med. 172:1 691 ) , OKT3 (Otho
mul ticenter Transplant Study Group ( 1985) N Engl. J. Med. 3 13:337) and
derivati wee 20tveewii such as OKT3 al a-ala (Herold et al. PC20B3)09d6026% i n.

| nvest. 11:409), visilizumab (Carpenter et al. (2002) Bl ood 99:271 2), and
145-2C1 1 nonocl onal antibody (Hrsch et al. ( 1988) J. Inmmunol. 140:
3766). An exerrpl ary anti-TCR antibody is H57 nonocl onal anti body (Lavasani

et al. (20 Sca navi an r nal I |09V, 65-39- 47)2 t.ernative
source of ng%ﬁﬁ?iﬂ'sa q]&}l#ﬁga@‘y @Q@%ﬁg‘] g‘)'% gi@) 9@%%1 e%aet:f hat encode
random pept(g@iee égb'F@’T Patett ATRMESISEPUb@tioNNE avem engbogssadyd versity
of amino acids in | oop regions of alternative non-antibody scaffolds, such

as fibri no@O06HLIAH203, qrsbehke (rjor eYeimpéd, bindiag do(nmr%gofisaﬂ élscleslm)mja$88) :
Kunitz do %l n domai ns

(see. €9 "Belieeotise) badesans 4/ ﬁﬁ@%ﬁ@?ﬂﬁ%@é fr’@gawéon?@ Bt ent
ond & sy SPao05 ERhEs RGOSR anet s POSBT NP EIGRRRNGE (LEenst

Pat ent Appl23c344)on Publicati on Nos. WO 2007/ 098934 WO 2006/ 072620), or the
|'i ke. For exanple, binding domains of this disclosure may be identified by

screening a Fab phagé*qqﬂtﬁrbﬁ”y freditieng straiegies o hykaidogrdevslerMedt bind to a
CD3 ch 4 ddi t 1y,
tr adlct ?Iogalg'l%ﬁfgrg%s Sﬁal %@W@Qﬂgﬁ‘ée oprren%rh%ggten?s?(%?»)mlﬁ@ oty

ategles ain as an
i munogen iHUMIAB \edUE®, mmmT(ﬂeKm-moms@@ lldaBBOcHTORESE (als, hafastargse(tm ,
KM nouse(r), |l amas, chi cken, rats, hansters, rabbits, etc. ) can be used to

devel opl O rﬁﬂbbﬂ@ @érhrar befuserite develapdaindiag domaipaef giissisiciasire., a bi ndi ng
comml TS 2510 e el AR 2Bt OB SR SRR L,
dormai ns. oo oy ) ﬁ%ﬁf.ﬁ?ﬂ?ﬁﬁéﬂﬁéﬂ%%%?“%@@'%‘@dﬁs@F%EQTVL%d 2c1 1
VHdonmai ns & aseampanert tlneresEQrI Dam&err@odkreemsdtfm\m padpaatanvaing aréur t her
exenpl ary wdrrgaonrrg} H&m'aﬁlczlegc{ﬁ and ?/L domalns Exemplary Vy domains include BC3
15  Vu, OKT3 Vy, H57 Vy, and 2C11 Vydomains as set forth in SEQ ID NOS:2, 6,
49 and 58, respectively. Further exemplary Vi domains include Cris-7 Vy
domains, such as those set forth in SEQ ID NOS:220, 243, 244, and 245.
Exemplary V| domains are BC3 V., OKT3 V., H57 V|, and 2C11 V| domains as
set forth in SEQ ID NOS:4, 8, 51 and 60, respectively. Further exemplary V,
20 domains include Cris-7 V| domains, such as those set forth in SEQ ID
NOS:222, 241, and 242. In certain embodiments, a binding domain comprises
or is a sequence that is at least 90%, at least 91%, at least 92%, at least 93%,
at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least
99%, at least 99.5%, or 100% identical to an amino acid sequence of a light
25 chain variable region (V) (e.g., SEQ ID NO:4, 8, 51, 60, 222, 241, or 242) or to
a heavy chain variable region (V) (e.9., SEQ ID NO:2, 6, 49, 58, 220, 243, 244,
or 245), or both from a monoclonal antibody or fragment or derivative thereof
that specifically binds to a TCR complex or a component thereof, such as
CD3¢, TCRa, TCRB, TCRy and TCRJ, or a combination thereof.
30 "Sequence identity," as used herein, refers to the percentage of

amino acid residues in one sequence that are identical with the amino acid
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domai ns, such as those set forth in SEQ I D NCS: 220, 243, 244, and 245.
Exenpl ary VL donains are BC3 VL > OKT3 VL > H57 VL > and 2Cl1 1 VL donains
as set fowOhoiw48E® | D NOS: 4, 8, 5 1 and 60, respecti velPgT/US2e00I060286
exenplary VL domains include Cris-7 VL domains, such as those set forth in
SEQ I D NCS: 222, 241 , and 242. In certain enbodinents, a binding domain
conprises or is a sequence that is at |least 90% at |least 9 1% at | east
92% at Ieast.d93(V at theastf 94% ai Ieg)gsdt 95%_ _at keaslt 96%, at |east 97%
at | east o8659UES fNANpthEbEIemcP AAPeRItEREAUEN SR 4T AUTTEINC 1 o an ami no
aci d sequergguehces bh&mtrd’ohuélr@; Q@éé,ﬁme%ers@@ﬂy?_fb fotidvé hdmaxeGnl ferbéntd. 8,
51, 60, 222, 241 , or 242) or to a heavy chain variable region (VH (e.g.,

SEQ | D NO 3gq6end®debdiy, 220, na248nsidédng any 2observativé substitutionsaaspadafonal

anti body or, fragnent or derivative thereof that ificall inds to a TCR
coml ex” or e EEfeReCerfiS: dif paentads mence ET ke FmPnd ToRd, of

a conbi mat iReldigy %%Tngl tbéﬁggBPBﬁAisﬁ%% kb¥warciss Héﬁrf%d”'ﬁﬁ %@It@chtﬂeeft%{l.s to the

per cent age “of am no a Idues 1 n one seguence at”are identical with
t he am no &t99F)'Sabpes BIDASN@Nde?SBLASEnamauofgneatiod ©f pesfemndatabaser
aligning the sequences and introducing gaps, if necessary, to achieve the
mexi mum perRSar BOGGETES NURHEANIS BRS. 203881d0deMing @Ry aBASE S8t Pve
substituti ?aﬂ?veﬂ@é% of the sequence identity. The percentage sequence
identity values can De generated using the NCBI BLAST2.0 software as

defined by Al tschul et catain(diBddimdmpredinBinySdoaanh PSreddbABT thea new
generation of protein database search prograns”, Nucleic Acids Res.

25: 3389134 @presantidisalonure Searas eervestromordesgdian & Muafa kngwrer t ai n

enbodi nent s i ndin in . regy i -the present .djiscl re.can be
dori ved fr S AhPehOTR A St R ER ST RS Bhe el BEG T 0 e 7,
BC3, OKT3, andcdomihing oﬁ@rdr\fﬁér'e}/i%erttibﬁé,e&ﬁé oﬂﬁ%ré@@}e@ibﬂ& O oP B lafhino
insertions, one or nore deletions, one or nbore am no acid substitutions
(e.g., conseid/aubsiéutionsre.actansanmativietaminoracidsubstifotivrseoyvaenve ami no aci d
substitutions

W th the VIEOOFeRBRKSARTIOAGE BRI b sty Cmanation of e Sbove noted” A &
15 changes, when compared with the Vy of a known monoclonal antibody. The
insertion(s), deletion(s) or substitution(s) may be anywhere in the V4 region,
including at the amino- or carboxy-terminus or both ends of this region,
provided a binding domain containing the modified Vy region can still
specifically bind its target with an affinity similar to the wild type binding domain.
20 In certain embodiments, a V| region in a binding domain of the
present disclosure is derived from or based on a V| of a known monoclonal
antibody (e.g., Cris-7, BC3, OKT3, including derivatives thereof) and contains
one or more insertions, one or more deletions, one or more amino acid
substitutions (e.g., conservative amino acid substitutions), or a combination of
25 the above-noted changes, when compared with the V| of the known monoclonal
antibody. The insertion(s), deletion(s) or substitution(s) may be anywhere in
the V| region, including at the amino- or carboxy-terminus or both ends of this
region, provided a binding domain containing the modified V| region can still
specifically bind its target with an affinity similar to the wild type binding domain.
30 The Vy and V. domains may be arranged in either orientation (i.e.,

from amino-terminus to carboxy terminus, Vy-V or Vi -Vy) and may be

30



insertion(s), deletion(s) or substitution(s) my be anywhere in the VH
region, including at the am no- or carboxy-term nus or both ends of this
regi on, pwowboad2a4bi ndi ng domai n cont ai ni ng the nodi fi edTWIS200006@86 can
still specifically bind its target with an affinity simlar to the wld
type binding domain. In certain enbodinments, a VL region in a binding
domain of the present disclosure is derived fromor based on a VL of a
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enbodi nment s
used to link a binding domain (e.g., scFv) to an Fc tail (e.g., an IgG CH2CH3).

In certain embodiments, a variable domain linking sequence comprises from
about 5 to about 35 amino acids and preferably comprises from about 15 to
about 25 amino acids.

20 Any of the insertion(s), deletion(s) or substitution(s) at the amino-
or carboxy-terminus of a particular domain or region, as described herein, may
be a result, for example, of how one variable region is engineered to be linked
to another variable region (e.g., amino acid changes at the junctions between a
Vy and a Vi region, or between a V| and a Vy region) or how a binding domain

25 is engineered to be linked to a constant region (e.g., amino acid changes at the
junction between a binding domain and a hinge linker). For example, one or
more (e.g., 2-8) amino acids may be added, deleted, or substituted at one or
more of the fusion protein junctions, as described in more detail below.

Exemplary binding domains of the present disclosure include

30 those as set forth in SEQ ID NOS:18, 20, 48, 62, and 258-264. In certain

preferred embodiments, a single chain fusion protein of this disclosure
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these (AQy xSer)-based linkers are used to |ink variable domains and are
not used to link a binding domain {e.qg., scFv) to an Fc tail {e.g., an 1gG
CH2CH3) . wo 20mvis290m enbodi ments, a vari abl e domai n | i nkiPOT/USe@RHR2E86
conprises fromabout 5 to about 35 am no acids and preferably conprises
from about 15 to about 25 ami no acids. Any of the insertion(s), deletion(s)
or substitution(s) at the am noor carboxy-term nus of a particular domain

or region, as described. herein. Jmy be a result, for exanple. of.how one
var| abl o SBTSHSES RGP el Ebn g FnidalS Sl sadlerth T e ub ity

{e.qg., am ppecagisEQhpNYES: 248-Dbg. j unctions between a V H and a VL region,
or between a VL and a VH region) or how a binding donain is engineered to

be linked to a constant region {e.g., amno acid changes at the junction

bet ween a bi ndi hgnkesmglypepiidea hi nge |inker). For exanple, one or nore
{e.g., 2-8) am no acids,may. be added. deleted, or substituted at one or
more of the fusion prRETSEIRA SRS s HElEhs GLI RassPLISERZHE bel ow
Exenpl ar HAH i i ty gt inl ik i set
Forth | saTHRR LRy PoyPentige BESTRS, GhrcRashfini el AR hIRE. S
enbodi nent $¢ aal GRrogingplexar nompsinent fheotadita eithet an smdiwogdutiscappeg®es a

bi ndi ng donmai n havin n am no acid sequence as sef forth jn any one of SEQ
| D NCS: 258-%@@.'”@%5%{'&%%%@9&1@ QN Ilrayitieg ﬁ,Sp@GEIQJﬁ”é'Qﬂ ei ns of

t he presen ' i i ' haty: k| a bindin
doma!on f haibeguééﬁ ?ﬁ]gﬁpmﬁéﬁ%nda{%%gg%?(@&ripﬁggﬁpgrwk? Pﬁ%r eo:c tlo ’

ei t her an ipnovidedkegibiity or figidity sgltaledor propeninonieatiodtthe binGiidy demamnof | n
addition to providing a spacing function between the binding domain and the
rest oflOa faulsion pPkIRitG interact witBrtsdaraghlios:i ad GRR eRMpiex efa épmaogeal t y

Pl LabLe | gREPISEL ST LAY a0 SOBPM Bl M P REBELR "1,
as CD3). Fuugibeprotadin amdkproviddsbRiPTdr sepiifResproreiftboth frilitrolaegh vifg!si on
protein and provide stability for a purified protein both in vitro and in
vivo fol | od@liyiad@dnigistrationio asuljestli] eeed thereekguehasedfiymencandis a
human, and pirgferably non-immunogenic or poorly immunogenic in such a subject.
15 Linkers contemplated in this disclosure include, for example,
peptides derived from an interdomain region of an immunoglobulin superfamily
member, an immunoglobulin interdomain region (e.g., an antibody hinge
region), or a stalk region of C-type lectins, a family of type |l membrane proteins
(see, e.g., exemplary lectin stalk region sequences set forth in of PCT
20 Application Publication No. WO 2007/146968, such as SEQ ID NOS:111, 113,
115, 117, 119, 121, 123, 125, 127, 129, 131, 133, 135, 149, 151, 153, 155, 157,
159, 161, 163, 165, 167, 169, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249,
251, 253, 255, 257, 259, 261, 263, 265, 267, 269, 271, 273, 275, 277, 279, 281,
287, 289, 297, 305, 307, 309-311, 313-331, 346, 373-377, 380, or 381 from that
25 publication, which are incorporated herein by reference), and a cluster of
differentiation (CD) molecule stalk region.
A linker suitable for use in the fusion proteins of this disclosure
includes an antibody hinge region selected from an IgG hinge, IgA hinge, IgD
hinge, IgE Chgz, IgM Ch2, or fragments or variants thereof. In certain preferred
30 embodiments, a linker may be an antibody hinge region selected from human
lgG1, human IgG2, human IgG3, human IgG4, or fragments or variants thereof.
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pref erably non-i nmunogeni ¢ or poorly inmmunogenic in such a subject. Linkers
contenplated in this disclosure include, for exanple, peptides derived from
an i nt er dvoeor/megion of an i munogl obul i n superfam |y mFeEFSR09AHNN286

i mmunogl obulin interdomain region (e.g., an anti body hinge region), or a
stalk region of Ctype lectins, a famly of type Il nenbrane proteins (see,
e.g., exenplary lectin stalk region sequences set forth in of PCT

Ao 2 O B B8N MR A RE o i B ﬁw“‘ce’srfélﬁl 1%%3

155, 157, Jsfaahasta\Mldlﬁ%h%ﬁn |Wuno§éﬁ90ullﬁaﬁn e onzﬁng)ﬁ
243, 245, 247, 249, 251 7, 259 gzgﬁga 267 269 271

3 2733 g?ga\él?zgyp@Mmglg]g?1 ZﬁrVgehmn allgd’a \&lﬂBtypBOﬁouﬁ)[BIﬂGZE hn&g&S 335 :

4 7 77 r 1 fro at icati or porate

her ei n by f%@'QPe&@éequﬁﬂﬁeé’f&f %fq[ ﬂ%ﬁ%ﬁ% @/{Ncgg 6% I ecul e stal k
region. tlvéw table for use in the fusion proteins of this disclosure
i ncl udes an antl body hi nge region selected froman 1gG hinge, |1gA hinge,

I gD hinge, 1gE CH2 , Ihgbft8idZemboditmerdseoriesoromorvarimimd acidiresigloks nhay ber t ai n

preferred enbodlnents a linker may be an anti body hinge region sel ected
from hunman adged at the,aHne gQﬁ?arh@%ﬁe'lr@'GBS ofh @i iy@@mwnqg@y{-@ MiggQr

variants ”P%ﬁl‘éﬂfa r?8f'§f§é1?9r?§+&§mtéonstt#&% géﬁgﬁr e?ar@séfﬂtbﬁlé dified
i mmunogl obul'¥n (e e region WI uman | munogl obul i n hi nge

region. Exeqmaér%roeri ha\}eea@duaoﬁa@umtlodm aAnipe duidregsidgéd ahinegeminedieaninugd a
wld type nouse | GH&c hi nge region, the sequence of which are set forth in

SEQ | D ossegh &sd RZ (e1gesihemn W1e$|§tQ IPAIN©S: ﬂ@@ ANe pEo.dIRTERt (€, 9. 0BROWR IMor e

w1 d type ISmANOgTas e at e 3¢ deunionf PN T ERR Fons: uct

desi gn. Repeesaiioa iesEodi Nersdo nkete @rBokpienaddl duendls s gn am no

acid reS|dues at the am no-term nus, such a RT" (e.g., shown in SE QID
NOS: 1 00 arstio®m)in SEGID N@SR12 arhd)ﬁﬂIB) mrﬁa@lemmmnbmdamﬂw asrnddige), "TG'

'Eﬁegcér Egg;%np n [ﬁ%mt% {ég?h'l%@ th@é;aétgoxygtefmlnus% g. sr%%/% llnDSEg %)0) at
15  NO:212).

In preferred embodiments, a linker is a mutated immunoglobulin
hinge region, such as a mutated IgG immunoglobulin hinge region. For
example, a wild type human IgG1 hinge region contains three cysteine
residues: The most amino-terminal cysteine is referred to as the first cysteine,

20 whereas the most carboxy-terminal cysteine of the hinge region is referred to as
the third cysteine. In certain embodiments, a linker is a mutated human IgG1
hinge region with only two cysteine residues, such as a human IgG1 hinge
region with the first cysteine substituted by a serine. In certain other
embodiments, a linker is a mutated human IgG1 hinge region with only one

25 cysteine residue, such as the first, second, or third cysteine. In certain
embodiments, the first proline carboxy-terminal to the third cysteine in a human
IgG1 hinge region is substituted, for example, by a serine. Exemplary mutated
human IgG1 hinge regions that may be used as a linker polypeptide between a
binding domain and the rest of the fusion protein are listed in the sequence

30 listing, such as linkers 47-49, 51, and 53-60 (SEQ ID NOS:99, 146-148 and

150-157, respectively). In certain embodiments, one or more amino acid
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shown in SEQ ID NOS: 21 2 and 213); or a deletion conbined with an addition,
such as DP with "SG' added at the carboxy termnus (e.g., shown in SEQ ID
NO 21 2) .wonoprebesr ed enbodi nents, a linker is a nutatedTiuscamogi2ebul i n

hi nge region, such as a nutated |1gG i munogl obulin hinge region. For
exanple, a wld type human 1g@ hinge region contains three cysteine

resi dues: The nost am no-termnal cysteine is referred to as the first

" - L
ererreq « SSHOER e BORSLBLIRATI B oo i BBl e 0B Dy P ¢
mut at ed NumRAfUAdFodUiAGAng @St Wb QST & fusieh SAORIRICORSIESI sl such as a

human 1 g@ hinge region with first cysteine substituted by a serine. In
certai n ot ieangtesdi sectt modiidd Irrk@rs age setrfottbtneéBEI@JIﬂmJCD@(HO BBH@adr egi on

ith onl cyst ei ne resi due eco or third

eterne, 00, BYRts n SEnins s s e RS bl T négéwﬁwﬂy 266 AOASY 1o the
third t @i f | b
2 sering | e - %{”ﬁ’%te%%n@ﬁgﬁg’cﬁlﬁﬁ O e it oy “be oo a5 &

| i nker pol ypepti de béneerainaerhbodinrentsicatinkeranaly hbee oastor ohoreltkah wsieon
protein are listed in the sequence listing, such as linkers 47-49, 5 1, and

53-60 (SEQCVEﬁW@@Uqu@@%a §Hﬂ@|e_LSYﬁtQ'n§7feS'|dé'§ﬁ@'E:fqrm@F'95‘ of gR iRierghaim
nmbodi t
orbed T Sy B Bind I 58 K o cFS Bl gic yappaie e oo

ed i mmuno fon as part of a

fusi on pr oteghisodivety, @dinkde fighavexmopd &‘EarptﬁNécWBelﬁ@deéldads bunkgs sw@r e set
forth in SEQ I D NCS: 1 0, 335 and 300, wherein am no acid residues "RT,"

"RSS, " @ ‘cysteinergsiditasifor iorrrsatl@naﬁd@t@rqf@lm Hisulfigiereondsr i nus of a nutat ed
huren, 1990 nLnge o918l FEbhA R RL R e BB B o
S e i T e A M AR LS S A
cysteine r éngILhwséeat&glm)sartdAmrdymmmer I’mse (eigs 1, & 3f or frpinseriops, One er chai n
disultide BontSre (76,5833 or Ay RALHTRE! She o Micie (BYYPHY, 8F9) Shifid SR e

15 substitutions (e.g., conservative amino acid substitutions or non-conservative
amino acid substitutions), or a combination of the above-noted mutations, when
compared with the wild type immunoglobulin hinge region and provided the
modified hinge retains the flexibility or rigidity suitable for properly orienting the
binding domain of a fusion protein to interact with its target. The insertion(s),

20 deletion(s) or substitution(s) may be anywhere in the wild type immunoglobulin
hinge region, including at the amino- or carboxy-terminus or both ends. In
certain embodiments, a linker polypeptide comprises or is a sequence that is at
least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%,
at least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least

25 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at
least 97%, at least 98%, at least 99% identical to a wild type immunoglobulin
hinge region, such as a wild type human IgG1 hinge, a wild type human 1gG2
hinge, or a wild type human 1gG4 hinge.

Alternative hinge or linker sequences may be crafted from
30 portions of cell surface receptors that connect IgV-like or IgC-like domains.

Regions between IgV-like domains where a cell surface receptor contains
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di scl osure are derived froma wld type i munogl obulin hinge region {e.g.,
an 1gG@ hinge region) and contain one or nore (e.g., 1, 2, 3, or 4)

i nserti onsp20ma4e04nmore (e.g., 1, 2, 3, or 4) del eti onspcons2av/onse (e.d.,
1, 2, 3, or 4) amno acid substitutions (e.g., conservative am no acid
substitutions or non-conservative amno acid substitutions), or a

combi nation of the above-noted mutati ons when conpared with the wld type

| obuy] i d ' th d h t
e o1 1 1y BT 1B HRG e SR et oS bFKBE ASelioma
of a fusi o paes ebéedter b&%tﬁfn%%ul‘prFé“tahHé V\%@ﬁ#{e refivhd étiﬂdtalé'd‘&éhsed
del etion(s) or substitution(s) be anywhere inthe wld type

i mrunogl obusi ancommaptingerggion, onlnndxeuplept@ﬂeat Repeesentaiive fonge ar boker- t er mi nus or
both ends. In certain enbodiments, a |linker I rises or is a
coquence | naausates ol wE R eieamal eonsohwesh f o LkE SaSetHIIRast Bau
at Ieast 8 _ t 9@72" t o at

| east 89% %aé':(w %ggﬁ%ﬁ%y ﬁfea'sﬂgégéT Qa@lfggﬁﬁﬁa ) mfe%lgtgé §%{ét

| east 94% GID48,66868 9(5%6aCD8®a€ID%%D% Clas0, CDY66 2and €BM498%preat | east
99% identical to a wld type inmunogl obulin hinge region, such as a wld

t ype hunman altgtaatw%régesammm @r@ﬁéd @%H'QUH@? Wrﬁa@'n%'iegépﬂlﬁ @deXRﬂplé human

por 1 ona.of “Cat Pea T e A8 080U S oS AT G, BREAERE LR [ 2"

domai ns. R@])msamlmem IgV—I i ke dOITB.I ns where a cell surface receptor
containsnultiple IgV-1ike domains in tandem and between |1gC-Ilike donai ns
where ael | surface Ineedpinembedimeanis, hinge pbll@ereﬁﬁ?@lelﬁﬂC@@hﬁVﬂk@ tod@Oons

i nge or 1 A0RED 2 hE BRI Ru0E, 2 BPuB AT PLBO R B R oV e
and 19C | i kgore gpraeérﬂs@rhatv@eu -95anhike aelds! 9Hd|m§3¢bégiﬁﬂﬁd?ﬁy feRbleovlfmay CD2,
c™, CD22, CD58, CDe66, CD80, CD86 CD1 66, “and

CD244. Nor @lsd provigst inpee hgmgélaaraetﬁrlb@cscmramawoﬁtammmdrrwily adi@hcajnt ai ni ng
O O DR SR B el bl TR SRS g ¥ Terber
sequences RAYBeRcdLark @able in plasma and serum and are resistant to proteolytic
cleavage. In certain embodiments, the first lysine in the IgG1 upper hinge
region is mutated to minimize proteolytic cleavage, preferably the lysine is
substituted with methionine, threonine, alanine or glycine, or is deleted (see,
e.g., SEQ ID NOS:379-434, which may include junction amino acids at the
20 amino end, preferably RT). In some embodiments, sequences may contain a
naturally occurring or added motif such as a core structure CPPC (SEQ ID
NO:330) that confers the capacity to form a disulfide bond or multiple disulfide
bonds to stabilize the carboxy-terminus of a molecule. In other embodiments,
sequences may contain one or more glycosylation sites. An unexpected
25 feature of altering hinge length is allowing modulation of the level of calcium flux
caused by single chain fusion proteins of the present disclosure (see, Example
5). Exemplary hinges for modulating calcium flux include SEQ ID NOS:212-
218. In addition, hinge length and/or sequence may also affect the activities of
fusion proteins in blocking T cell response to alloantigen (see Example 10).
30 Linkers useful as connecting regions in the fusion proteins of this disclosure are
set forth in SEQ ID NOS:379-434.
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amno acid, 5to 60 amno acids, 2 to 40 am no acids, preferably have 8-20,
nore preferably have 12-15 am no acids, and may be prinmarily flexible, but
may al so woavioda29mre rigid characteristics or may cont @Cm/Uyseeovmsi28y a
helical structure with mniml b sheet structure. Preferably, hinge and

| i nker sequences are stable in plasma and serum and are resistant to
proteol ytic cleavage. In certain enbodiments, the first lysine in the |gQ
upper hinge region is ] oroteolytlc cl eavage, preferably

the lysine i s sobStHittes 2 eoni ne, al anine or gl ycine,

n
or is deleted (see, %a@deso’ﬁ%@d'@r@l@sa?ﬂ?&oﬁRﬁoteWbﬁher&ésérﬂcd|$’(S1@SUr@”Ct'0”
amino acids at the am no end, preferably . I'n sone enbodi nents

sequences rmqy(:@mpaselaa mrmmmmg@tyﬂmd&wmm ihat adapdsesanfansinotacis a core
structure CPE @F %NQBBOétht cnfe he ca aci t toforns

di sul fi de SHREIHHORG! NHARPHPLINELQ d’é’s t§-4v 86 ?raﬂ & fgealanine

car boxy 4 eigiichsh gy ABl A EibA rebiets STRRMhARR fyoseIRACAIn AR ecONt ai n
one or more glycosylation sites n unexpected Teat al tering hinge

| engt h i s a@ndoabrogatesdfiicientofc bindirtetd lesyd® andl Glag.ci um fI ux caused by single
chain fusion proteins of the present disclosure (see, anple 5). Exenplary
hi nges for m)dul atingn @ﬁftéinﬁﬁ‘bp‘él'ﬁ‘qrﬁ%l%B—@'%E@’qt@nlq@?@r%enidﬁgbspfﬁ

addi tion, nse ities of
Fusi on pr ot IEREoTRNSE andr e STFEE SRl 5P ofrbass BLRBEb¥ E ¢

10) . Li nkersgbystetioh orserpiones bosdiohs P3ans 138. tiner dxshsle, ot eins of this
di sclosure are set forth in SEQ I D NOS: 379-434. | mmunogl obul i n CH? Regi on

Pol ypeptd démpanpgéanulipdeqaiegdinrcanacempiism apubsiiutionat ppreitiph &34n38i scl osur e

[ j | b i H2 ' h ' .an id
Subst i Tut i aniSal3( b Aparaene 23 o BRsigRt pBThd 8 R ™
al ani ne). Qugpam p@%]t@ﬁs%ﬂfbrﬁ@% '6dé‘it|dh’é 230986 Spd¥iticHls! TN 338Sand 237
glycosylation at this site and abrogates efficient Fc binding to FcvR and C

1q . | n cempoasitione@ddd2aeand, 238, fp@SItlonS[é?Bét 28D, 237, tanel 23& positionissi3besur e may
conprise an_,munogl gbu re onprises at |east one
Soboti tut | GBoPr ARY o omERT S Hie. Sh%e, B MesaRineie ot an

15 positions 234-238. In addition or alternatively, a mutated Cpz region may

comprise one or more (e.g., two, three, four or five) amino acid deletions at
positions 234-238, preferably at one of position 236 or position 237 while the
other position is substituted. The above-noted mutation(s) decrease or
eliminate the antibody-dependent cell-mediated cytotoxicity (ADCC) activity or
20 Fc receptor-binding capability of the fusion protein. In certain preferred
embodiments, the amino acid residues at one or more of positions 234-238 has
been replaced with one or more alanine residues. In further preferred
embodiments, only one of the amino acid residues at positions 234-238 have
been deleted while one or more of the remaining amino acids at positions 234-
25 238 can be substituted with another amino acid (e.g., alanine or serine).

In certain other embodiments, a fusion protein of the present
disclosure may comprise an immunoglobulin Cyz region that comprises one or
more amino acid substitutions at positions 253, 310, 318, 320, 322, and 331.
For example, an immunoglobulin Cy2 region can comprise a substitution at

30 position 253, 310, 318, 320, 322, or 331, positions 318 and 320, positions 318
and 322, positions 318, 320 and 322, or any other combination of two, three,
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i mmunogl obulin C H2 region can conprise a substitution at position 234,
235, 236, 237 or 238, positions 234 and 235, positions 234 and 236,

posi ti onswd24d10a3ebo237, positions 234 and 238, positionsPR3ARS286/060286i ti ons
234, 235 and 237, positions 234, 236 and 238, positions 234, 235, 237, and
238, positions 236- 238, or any other conbination of two, three, four, or
five amno acids at positions 234-238. In addition or alternatively, a

mutated C K2 regian_nay conpr.ise, one,.or o hr e f our or
1ve) “am ndoc e BB aie Hios Supestufls BASHE g, apliiapd Frifsatele

posi tion 23H006-rfdd MRatichid) YbreBsé BE efinfifite MRS tbinPlerhént dent ed. The
above-noted nutation(s) decrease or elimnate the anti body-dependent

cel | - medi atogtbtoyicity (XDECi) bf theADSON rroteini ty or Fc recept or - bi ndi ng
capability of the fusion protein. In certain ferred enbodi nents, the

am no aci d residues i‘i‘ CSHE'”o?tﬁ%?@be'rﬂ%?t i”cé)éde'tm{%tgé HALORE, repl aced
w th oneg; or, oW [ay=h iogu : rd: i ts, only
one of | The 4o BB e e L R B R B B o o w1
one or nor @regerttltisol@sure Tandudhemecoraprisks ot oposorei(esgs, tddy thradgfauanore
substituted with another am no acid &je. g., alanine or serine). In certain
ot her enbodivRradditionalsybstivtionseépasigpns ﬁ34p?r3@se|:n@r QKaePI8s@P e may conpri se

aubst 1 tut - dAdrodidbh ¢ deBbn' O qGPRe 8Sp8EL05 RBRGUBEY 2340 e
an i mmunogl2gul dositons2 34 @BENas@ 297 OpPsitices 234UK38 ahd POPNpaditipes284-0n 253,

3 10, 3 18, 320, 322, or 331 , positions 3 18 and 320, positions 3 18 and
322, pd¥l t i2arBlY7 . Jmpitiang 292 236 23hpndtdr Pesitina 2BroA3ef 238 wnd

e o o el Yt AT A B R BB P
conpl ement AaRamatRIN ofWoR tRsECTdUY, drde) afiind 8dd HEpESItiRMPD 8L 238liR certain

ot her enbodinments, in addition to the am no acid substitution at position
297, a nut adddioBHR posgiomn29h b ddditignopalbersiatively, a heutpredsént registinayur e can

[uriner COMEISE.ne Sl ulel Bk s i ol Efie) o i DB S o™
regi on GAN RMRhE 342053 k3 ch et diPdstionP25d bi B8SitiGT 333N he additional
mutation(s) decreases or eliminates the antibody-dependent cell-mediated
cytotoxicity (ADCC) activity or Fc receptor-binding capability of the fusion
protein. In certain embodiments, the amino acid residues at one or more of
positions 234-238 have been replaced with one or more alanine residues. In
20 further embodiments, only one of the amino acid residues at positions 234-238
has been deleted while one or more of the remaining amino acids at positions
234-238 can be substituted with another amino acid (e.g., preferably alanine or
serine).
In certain embodiments, in addition to one or more (e.g., 2, 3, 4,0r
25 5) amino acid substitutions at positions 234-238, the mutated Cy, region in a
fusion protein of the present disclosure may contain one or more (e.g., 2, 3, 4,
5, or 6) additional amino acid substitutions (e.g., substituted with alanine) at one
or more positions involved in complement fixation (e.g., at positions 1253, H310,
E318, K320, K322, or P331). Preferred mutated immunoglobulin Cy2 regions
30 include human IgG1, 1gG2, IgG4 and mouse IgG2a Cy, regions with alanine
substitutions at positions 234, 235, 237 (if present), 318, 320 and 322. An
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297, positions 234, 235, and 297, positions 234, 236 and 297, positions
234- 236 and 297, positions 234, 235, 237 and 297, positions 234, 236, 238
and 297, wotww@e®4234, 235, 237, 238 and 297, position®C2362@986@86 297,
or any conbination of two, three, four, or five amno acids at positions
234-238 in addition to position 297. In addition or alternatively, a

nmut ated CH2 regi on may conprise one or nore (e.g., two, three, four or

five) am ng a del etions at positijo 234- 238 suc t 03|t|on 236 or
e o B S R POl RSy P et BB pB R

ant i body- depgnslgninetRIbstifRBh3 R U284 P23 i G237, KANACR328C bhM IK3L20SHEE ID
receptor-binding capability of the fusion prot ein. In certain enbodi nents,

the am no MNO®0)esi dues at one or nore of positions 234-238 have been

repl aced with one or nor.e,alan Sld further enbodinents, only
one of the ani no aci d ﬁé@ﬂfh@ c@ Soﬁ%agg'hoﬁé% gmﬁc'g‘él eted while
one or sttutEHSn )4 ‘suﬂbﬂ@%rﬂr{aoth%(‘ddﬂﬁncﬂ%al B@Etubhﬁ)%r%%s@t%ﬁoﬁ@ abe.
substltute anot r amno acid {e.g., preferabl’y alanine or serine)
I'n certai npostiods 234t 238, isnmatkted Gy regioare adusivor@olein of thepre8ent, or  5)

am no acid substitutions at positions 234-238, the nutated CH2 region in a
fusion protdé‘iqlp%fretcﬁé fbrrt@%re%mﬂr'%%%%l?f E‘Qf&)ﬁecgoﬁt"& H‘réﬁefocw s Or 8 g. , 2,

3 4 5 d@tuo"fﬁ%ﬁéﬁbéﬂ?&ﬁor& t%sﬁfdn‘% i#‘o*\j?’c']btﬂ’is %{ang%“éq“#é uted with

al ani ne) at’one. 6 i'ons 1T Nvo in co i*Xati on {e.g., at

posi tions Ie&éampld,rlaah @nmEﬁngBbulH?B@Qz rdpaa caﬁrcoﬁﬁﬁi‘se)a (1)|%ﬂ}béﬁtrult|©d arut at ed

i mmunogl obul i n CH2 regl ons include human | gQG | g&, | g&HA and nouse | g&Ra
CH2 r egilbn$ogition %9761!(1 heng apsare substitytions Qb@ﬁﬁﬁtl@m023430W2368t|028fhe(¢0f

1 A CH2
" ouse | abESaEaS 20ip e R e ot e B S RO RRAS 555, " CBa7
£318, K320 suBseti8RZal SESAOR B3 PIG10, B336! KB2OUKSIE arRNPIY] ISfthsas | N

addition to the am no acid substitution at position 297 and the additi onal
del et i on( s)ones twailibrde: smb&blmtp)wsaat gmﬁms&&mzmd &322lt Etref@rabﬂsz thegi on

0 3 Tusi on, fnoLeld 90t e RLSRE0l oILACLOBM! 8 SANGHS, Shn P RO
15 In certain embodiments, the immunoglobulin Ch2 region
polypeptide comprises: (i) an amino acid substitution at the asparagine of
position 297 and one amino acid substitution at position 234, 235, 236 or 237;
(i) an amino acid substitution at the asparagine of position 297 and amino acid
substitutions at two of positions 234-237; (iii) an amino acid substitution at the
20 asparagine of position 297 and amino acid substitutions at three of positions
234-237; (iv) an amino acid substitution at the asparagine of position 297,
amino acid substitutions at positions 234, 235 and 237, and an amino acid
deletion at position 236; (v) amino acid substitutions at three of positions 234-
237 and amino acid substitutions at positions 318, 320 and 322; or (vi) amino
25 acid substitutions at three of positions 234-237, an amino acid deletion at
position 236, and amino acid substitutions at positions 318, 320 and 322.
Exemplary mutated immunoglobulin Cn2 regions with amino acid
substitutions at the asparagine of position 297 in the fusion proteins of the
present disclosure include: human IgG1 Cy2 region with alanine substitutions at
30 L234, L1235, G237 and N297 and a deletion at G236 (SEQ ID NO:103), human
IgG2 Cn2 region with alanine substitutions at V234, G236, and N297 (SEQ ID
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addi tional substitutions at positions 253, 3 10, 3 18, 320, 322, and 331 .
For exanple, an imunogl obulin CH2 region can conprise a ( 1) substitution
at positiwo280/042902) one or nore substitutions or del et POMAISEE0IM60286

conbi nati on thereof at positions 234-238, and one or nore {e.g., 2, 3, 4,
5, or 6) amno acid substitutions at positions 1253, H31 0, E31 8, K320,
K322, and P331 , such as one, two, three substitutions at positions E31 8,

d . f bl 1 .aci ds. h b - d iti
120, K54G o SRR L DR ACH AR BBy RRB s Pagc D3 1 one e
i munogl obud3 3y Sh@ N2BTI 1Y R AKRRRId A2 TP BEQIDNOITS), ﬁu“méﬁilﬁeﬁt_@.iéd

substitution at the asparagi ne of position 297 and ohe am n0O aci

substi t ut i segiath withsalahme ABstitRB®Bs 2 F@34rarkBN29 i(BiQalb) Nf:805kbuthan
substitutiqgn_ gt the asparagj ne of ition 297 and anj i )sLitutions
2t two of J3GhGstsoBRavEaHan pydREitantri T 2ae e PP SR b O3k

aspar agifie idA 1 d: L i I f

oSt o S5TERIO B RtfoR MinATag IBIEHDS: pLS2aB MEROTISECD. ot

posi tion 2NQ:3 ), nandtiuthaulgs4 Cyi regicn atithppanine aubs@8ion2abG2BA 8287, and

an am no acid deletion at position 236; (v) am no acid substitutions at
t hree of pé‘&?% GFEQIBNOBIB)and ani no aci d substitutions at positions 3 18,

320 and 322; or (vi ).I@'E%Fe}?inaé}jngoéirﬁbgﬁé,ititl.taidﬁﬂg)ggﬁ) th%%?r‘ﬁn8fac%o§tﬂﬁc§tl‘ﬂﬂﬁ)ns

234-237, an am no aci etion a ion anm no aci

substituti @escabedabole,amuiatéd . Ci348gdndn 32RsioRXRBIIRLY tHEubRsedt
i munogl obulin CH2 regions with am no acid substitutions at the asparagine

of positd oflisgyrsure MaeceniginoenePbmere additionakamingsasid sypsiitubens et onel ude:
h He[€ 2 i i t | ani bst | QN 234, 1.235, . (237 d
N267 and a Gdre g e AR SSRGS Tl bBRTindt, ORS8O ki on w1
al ani ne sulgbkfitutibR8 Pt be/édser(@ B orméh-bBRderl S A AcidbubshiuiBAs | 9G4

CH2 region with al anine substitutions at F234, L235, &37 and N297 and a
del eti on ofFoGE3eMEBEQ ICErtRID: ehpodimends, P23 menibea elargedaiot B233 sméa ne

Syt Lt oy KR S5 RO b o TR 12, g
s BRI, SO SRR IO o H R b
of the present disclosure may contain one or more amino acid insertions,
deletions, or both. The insertion(s), deletion(s) or substitution(s) may anywhere
in an immunoglobulin Cyz region, such as at the N- or C-terminus of a wild type
immunoglobulin Ch2 region resulting from linking the Cp2 region with another
20 region (e.g., a variable region) via a linker.

In certain embodiments, the mutated Cpgz region in a fusion protein
of the present disclosure comprises or is a sequence that is at least 90%, at
least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%,
at least 97%, at least 98%, at least 99% identical to a wild type immunoglobulin

25 Cyg region, such as the Cyy region of wild type human IgG1, 19G2, or IgG4, or
mouse IgG2a (e.g., IGHG2c).

A mutated immunoglobulin Cyz region in a fusion protein of the
present disclosure may be derived from a Cpz region of various immunoglobulin
isotypes, such as IgG1, 1gG2, 1gG3, IgG4, IgA1, IgA2, and IgD, from various

30 species (including human, mouse, rat, and other mammals). In certain

preferred embodiments, a mutated immunoglobulin Cyz region in a fusion
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N297 (SEQ ID NG 378). In certain enbodinents, in addition to the am no acid
substitutions described above, a nutated CH2 region in a fusion protein of
t he presew0D 2digabwgsure nmay contain one or nore additi onaicTamseeno/oase
substitutions at one or nore positions other than the above-noted
positions. Such am no acid substitutions nmay be conservative or

non- conservati ve an no aci d substitutions. For exanple, in certain

enbodi ments, P233 nged to E2 n. t at ion (see,
oot T Pkl SR e SRS e p ST PR B T e BRI o rent <
the nut at qu@’l'lzlg"@ngpngéﬂ ot nfré@éé)@@ac’(eeg”l@f-ldﬂw Wﬁ@%%qtﬁn%‘éb%’?érsét may
contain one or nmore amno acid insertions, deletions, bot h

i nsertion($9rth deSeQl bhNOS:64, 6oea andrtYBon(s) may anyvvhere in an

i mmunogl obulin CH2 regqipn, such as at C-termnus.of awld type
| munogl obul in Go r S0pBAYS 25 KePR i et fonetAleEUBENS aTgH ol ¢ n

anot her g e

embod: mént S8 Entho ddnUR BPLan RSk PElniRBns WAL rocBpRieRne, o1

di scl osur e GIo3hrCBes, @DSBSF&REW)Q)H\MH‘( thesccahplleertem cBbtonaht Cdgst 9 1%
at least 92% at least 93% at |ea 94% at_|east 95% at |east 96% at

| east 97% (8¢€1%48sUDBGCMNG. 24@24, §§%E’@§Fﬂ (2992)@% Riarga: Bitechnol.

i mmunogl obuo,lcgléy)CI—IZ region, such as the CH2 region of wild type human 1gd |,
lg&, or or nouse Ilg&Ra (e.g., 1GH&2c). A mutated i munogl obulin CH2
region in a fusion pnekceraindmbbginresenfusirsoloisiHIc? th@prds@ndargciedrd rom a
CH2 regi on of various inmmunoglobulin isotypes, such as 1g@ , 1g&, |9gG3,

| gG4, '@l does gt commiiSEEDY IMMawnageddinsCap@ians (i ncl udi ng human, mouse,
rat, and other mammals). In certain preferred enbodi nents, a rrutated

i mmunogl obul i n a g of the present disclosure may
be derived fromM “lnrb é o8 ti'ael g& or g, or nouse | g&Ra
{e.g., 1GHRc), whos@ass@sHteReEheRER, éerusrbﬁrptrdsrermoﬁﬁ@dr@sér%@dos&@ 68 and
73. Methods are known in the art for naki ng nutations inside or outside an

Fc domai n tCoaRrises anet@rmere inneneglobuliis Cus tegion pobpeptides (narartasn
embodiments, a fusion protein of the present disclosure does not contain any

15 Cuz region. In such embodiments, the binding domain that specifically binds to
a TCR complex or a component thereof is directly linked to an immunoglobulin
Cus region via a linker (e.g., hinge) polypeptide. In certain embodiments where
a Cyp region is absent, a fusion protein of the present disclosure may comprise
only one Cys region. Alternative embodiments include a fusion protein of the
20 present disclosure that comprises two Cus regions and no Cy region.

In the embodiments where a fusion protein comprises both a
mutated immunoglobulin Cy2 region and an immunoglobulin Chs region, the Cpz
and Cys regions may be derived from the same, or different, immunoglobulins,
antibody isotypes, or allelic variants. Preferably, the Cu2 region is directly linked

25 to the amino-terminus of the Cys region. Exemplary sequences that comprise a
Cuz region directly linked to the amino terminus of a Cus region are set forth in
SEQ ID NOS:11-14 and 101. Alternatively, the Cpz region may be linked to the
Cus region via one or more amino acids or via a linker (see, e.g., linkers as set
forth in the sequence listing).

30 In certain embodiments, a fusion protein of the present disclosure
may comprise two immunoglobulin Cys regions. These Cus regions may be wild
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CD32, CD64, CD89, FceR 1, FcRn) or with the conpl enent conmponent C 1q (see,
e.g., US Patent No. 5,624,821 ; Presta (2002) Curr. Pharnma. Biotechnol.
3:237) . Iwocerwmee4enbodi nents, a fusion protein of theprpTaseonw/nai28€! osure
does not conprise any inmmunogl obulin CH2 region. | nmmnogl obulin CH3 Regi on
Pol ypepti de As described herein, a fusion protein of the present disclosure
conpri ses one or nore inmmunogl obulin CH3 region pol ypeptides. In certain
enbodi nent otein of th resent d|sc!g Hre does not contain

oD T s Jrngol iRl Ra R g Bl Bnd el S R R s S B CtmB RS 1

binds to afmdﬁ@mhﬁ?hrﬁunég@&ﬂm@é%eéhﬁo?‘é&ahw%l@“uﬁ REFthin érhBbEithdriEs an
i mmunogl obulin CH3 region via a |linker {e.g., hinge) polypeptide. In

certai n enaoidsioarprotein eompais€sia (Ewegron of rahsarmﬂgMaarfoLaC@ rmlon@rfn of the
present di closu i se on on r ernat

P rbodi ment S (9! aEXSSPRY SEONERSPSn WHEH o Gowaiar QthBan e @
COh’pI’I S I’ I e a
fusi on ?og\?n%—@npcﬁq”ses (%{tﬁ] g%mﬂ%td P%ﬂﬁ'ﬁ%‘l‘&%m in C lﬁ ?gg‘? on {and an
I mrunogl obuh icert@idothegembodirhent€Ha fasion Grteinegpmpissesay niprusaeC i3y edgibnom t he

sane, or different, |nnunoglobullns ant i body |sot¥pes or allelic
vari ants. ﬁ”@f%ﬁ&b‘ﬁ? H3h ESQTPD- Eé@ﬂ'tW?Wsse&P?@%Qf’r {n WhisRemoyse fersu region

am no-t er m_pus, ﬂ{quﬁgg@gyo rg'aPé'nnlEé%f Syt ﬁ&ﬁ&'g%ﬁlb%s%‘b%pédo%g@ CHo

region dlrectly e am no m nus o on are set forth

in SEQ ID NOS: 1 1-14 |amsk étbbdirdétteriitdreiee Yusidmerdieid dergbises®o be |inked
to the CH3 region via one or nore anmino acids or via a linker (see, e. g

| i nker slGas I@mumﬂqwllnmnswegmu@r%e regionilaepted Iaﬁmﬁ@f’feﬁﬂlﬁab‘iﬂibém’i’@ﬁt s,
s o P ok et BB s AT R TR i AR oo r”om
the sane | maleneel B4 e 58E3NEPES, rediomBYneich e dHimeRtL Mhe higunogl obul i n
i sotypes. For exanple, in certain enbodinents, a fusion protein conprises a
CH3 region lmfnmnsngécrbullglw‘mrrag@nemeay bglfmmﬁlrwmltm gach ott@reriploder
sequences Iv\?or t%h C?termlnus 8% 81” forst Eﬂgmraerblo |rectly linked to the amino-
15 terminus of the second Cys region without any intervening amino acid residues
between them (i.e., in the absence of a linker). Alternatively, the two Cns
regions may be linked via one or more (e.g., 2-8) amino acids or via a linker
(see, e.g., linkers as set forth in the sequence listing).
In certain embodiments, an immunoglobulin Cys region in the
20 fusion protein of the present disclosure may contain one or more (e.g., 2-8)
additional amino acid substitutions. Such amino acid substitutions may be
conservative or non-conservative. In addition or alternatively, in certain
embodiments, the Cys region in the fusion protein of the present disclosure may
contain one or more (e.g., 2-8) amino acid insertions, deletions, or both at
25 different positions. The insertion(s), deletion(s) or substitution(s) may be
anywhere in an immunoglobulin Cns region, including at the amino- or carboxy-
terminus or both.
In certain embodiments, the immunoglobulin Cys region in the
fusion protein of the present disclosure comprises or is a sequence that is at
30 least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%,

at least 96%, at least 97%, at least 98%, at least 99% identical to a wild type
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CH3 region of human 1g@ are |inked together include SEQ ID NOS:1 5 and 74.
In certain other enbodinents, a fusion protein conprises a nouse CH3m

regi on amstoaormmds®w4 CH3Y regi on. Exenpl ary sequences i n woirals2@9n6028€

CH3nr egi on and a nouse CH3Y region are |linked together include SEQID

NCS: 308 and 309. In the enbodi ments where the fusion protein conprises two
i mmunogl obulin CH3 regions, a CH3 region |located amno-termnal to the

other CH3region is . refetred to as “the fivyst CH3 regi.qQn. ", The other CH3
Ceaton 1s. ingmasipfufhiets Ealohs Sicm ot Che et o Fludlos nRBRTNEN: ot he
two i munoghghujgap, Gridgiagi ons may be fused directly with each other. In
other words, thé Gtermnus of the first CH3 region is directly linked to
t he am not er m nus of I kertamcemdodiHEntggrimmunaglobubmCHi negoreni ng am no
aci d resi dues between th i.e., in the sence of a |inker .

At or nati vEOHPRPHES s WEBYPE JFghoRigr e W Re ol orrs ey Nding & .
2-8) amgio i L& i ; oy in the
sequence5q I iV\ertai tﬂé?gﬂ3xé@gﬁtd§iaﬁl§?rﬂ)eg§ﬁﬁ%r¥t% g?“%@ﬁﬂ%&ﬁ@ﬁ%ﬁﬁ%ﬁ%@?égi on in
t he fusion IgApig&, hig@fl, kB2, dgB8SelyG4lilgE| osighd) frery vaoibliaispeocies (o¢., nore (e. g.,
2-8) additional am no acid substitutions. Such am no acid substitutions may
be conser vAUMA, GROWHh I lRI<dhornfapamalsy EQH?K@’Bﬁ'%ﬂh%lm@ﬂﬁﬁgiopéh@/,CHBn

G sol osur o RATNERE 2P BIaOP AEaRTRS] Ci3eqlih (B RSELPIINEL ol 8 i ser

del eti ons, tpse hoinanayGRi Ciekgin (@0g] BETD N67),reild %ﬁomade@@uim( s) or
substitution(s) may be anywhere i1n an imunogl obulin 3 region, including
at the %hi egiosr(edar BoRICeN: £93, dwildsype humasdgMebns wgitt{aenSEQ 1Be

i | obyl A i i n_t.he fusi i f the. t dj I
compri ses OMIE el PrdiP & 6, QNN e 4 MR Rouss ) caet ©
92% at | eIBHORIE, Pledi GRS g94HQ IO NG, A5l chRREIm3A, oft | cast 97%

at |l east 98% at |east 99%1 dentical to a wild typei munogl obulin CH3
regi on, sudmnasnogrebulRLusagpom pdlypeitidetig @embitatec imgmMnogptulin Grg@gion | g4.

In certain p%%%%'tiggn LI‘?fe r%ﬂta'tingneri]r? %leoilr)nurlnbrrm]ogqc_)%ulrineg'.ﬁo Pegion may be at one or
15 more positions that are involved in complement fixation, such as at H433 or
N434.

Additional Sequences and Modifications

As described herein, a single chain fusion protein of the present
disclosure can comprise from amino-terminus to carboxy-terminus: (a) a
20 binding domain that specifically binds to CD3 (such as CD3g), (b) a linker
polypeptide, (c) optionally an immunoglobulin Cu2 region polypeptide, and (d)
an immunoglobulin Cns region polypeptide. In addition, a fusion protein of the
present disclosure may comprise one or more additional regions, such as a
leader sequence at its amino-terminus for expression of a fusion protein, an
25 additional Fc sub-region (e.g., a wild type or mutated Cy4 region of IgM or IgE),
or a tail sequence at its carboxy-terminus for identification or purification
purposes. Exemplary tail sequence may include epitope tags for detection or
purification, such as a 6-Histidine region or a FLAG epitope.
For example, the fusion protein may have additional amino acid
30 residues that arise from use of specific expression systems. For example, use
of commercially available vectors that express a desired polypeptide as part of
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pol ypeptide is a wld type i munogl obulin CH3 region pol ypeptide, including
awld type C H3 region of any one of the various imunogl obulin isotypes
(e.qg., |gwo2bpbh4290eaEd , | g&R, 19G3, 1g&4, IgE, or 1gM fPcoruSe@miosn2ss speci es
{i.e., human, nouse, rat or other mammual s). For exanple, the imunogl obulin
CH3 region may be a wild type human Ig@ CH3 region (e.g., SEQ ID NG 65), a
wild type human 1g& CH3 region (e.g., SEQID NO 67), a wild type human

| g4 C H3 i (e, S | D i | d h | aM, CH3 i
(3% © 8w @Rihbhess-ranSierd (S ibe il bR el B et P o °F o o
type nouse do%@%ﬁd@'ﬁ%vrr@gérpad&iﬂogahg@ﬁélré%i&@é%fl ositian LV aftBLEIcATRGS bFENt S,

an i nmmunogl obul in CH3 regi on pol ypeptide is a nutated i nmunogl obulin CH3
regi on pol yipe @S Tdeompheentiramitbasesited polyipeptidegMabahiswided reggi tarmmay be
at one or nore osilioFs tha%t are invol \r/?ESd i n C‘errggq[ ege.nt fixation, such as
at HA33 or SRRERSIAHE ANBhHYFCIAE R RATELS AP MR IPE NG CAdINGEEOSE hed

her ein, i > had; | ; ' fi Ll r
Conpri 58 1 Purerc E3Rifle LAt 8%, BESIRE Rl p o e R TR6 Phi SSE S BRI 1 ¢
speci fi cal lay the carbokp aBBRr(sniob tasmiGi8ef the $&juendel. nkreexgablgrept | de, (c)

optionally an_immunogl obulin CH2 regi on pol ypeptide, and (d) an

i mmunogl ob@dditionalgequgilcerihgbMaydis Prgsent at té&d%atr PRFY- 05 AMIBPIA LS &f A of

th ; . p o | . , h

2 | eador SCHERRBIORH EoBAecOIRE: SOpRRD e FEAS 88f0ds, OB ol ME AVt ol

an addi ti onad, dred sintristeinedad SetJorthan GHQ@ IDWE:70r nut ated CH4 regi on of |gM
or IgE), or a tail sequence at its carboxy-term nus for identification or

purificdtion purposedn CEReimpprabgdimants.dbquesior preigin eicthgdsessitt ope tags for
cet ot 1 on, Sfa UL SRR e TRoAE A BAChIBRLET R IBbaefdE ool L
that arise figimatdise@étiGiP8CepresSePiRTH OrvteMs! €/8ng /Y of tFErent8Ralof
comercially avail abl e vectors that express a desired pol ypeptide as part
of a gl ut at heages-eptidas $$ignalseqUesTss fia sixpactedddwitecpnastantly expecssesi r ed
2?;25:8: gf%oﬁly%veip%gesa gr udsqciJrE ipPoqgllns%t%Cé Qeecrre osr{/ %% \A?éy Br?é Itcg i’eOSrl]ﬂt-in 1 after
15 cleavage of the leader peptide from the mature fusion protein at or near the
junction between the leader peptide and the fusion protein. A particular leader
peptide will be chosen based on considerations known in the art, such as using
sequences encoded by nucleic acid molecules that allow the easy inclusion of
restriction endonuclease cleavage sites at the beginning or end of the coding
20 sequence for the leader peptide to facilitate molecular engineering, provided
that such introduced sequences specify amino acids that either do not interfere
unacceptably with any desired processing of the leader peptide from the
nascently expressed protein or do not unacceptably interfere with any desired
function of a polypeptide or fusion protein if the leader peptide is not cleaved
25 during maturation of the polypeptides or fusion proteins. Exemplary leader
peptides of this disclosure include natural leader sequences or others, such as
HsN-MDFQVQIFSFLLISASVIMSRG-COH (SEQ ID NO:9).
In certain embodiments, a fusion protein of the present disclosure
is glycosylated, wherein the pattern of glycosylation is dependent upon a variety
30 of factors including the host cell in which the protein is expressed (if prepared in

recombinant host cells) and the culture conditions.
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the GST conponent fromthe desired pol ypeptide. Variants which result from
expression in other vector systens are al so contenpl ated, including those
wher ei n hwetntvmaesotags are i ncorporated into the am no acrdss@guense,
generally at the carboxy and/or am no term nus of the sequence. An
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particul ar | eader peptide wll be chosen based on considerations known in
the art, sughfcosglation sifegsee Gocelsa/ef1©93NMdbylinmmoheli 80486d; datqemmaes et hat

al l ow the easy inclusion of restriction endonucl ease cl eavage sites at the
begi nni ng & (ARG b9- thembb dlasnedotidRdé; Pehusiaee] @/atki0% &pincee Res-
facilitate I [ I OV : j\nt ences
peci v anie Sy JRoTRRR 5 206 BRRec, Bibdha WEB L ARSHERTAALCD

desired proresselrginathitheudieapestepensfitdie disevadrberrs pssdudddymeaiy peessed
protein or do not unacceptably interfere with any desired function of a

pol ypeptd dengineened &np ian alfered@lycogy@tiopdattedd i s not cl eaved during

pept 1 des of thi s i it SeiPl FRdaleti e 2ol e RlRTBRLE YR e o
Such as HONGHOBENS 615 i A0 AERG Aol HER DI Blved hchfld o

embodi ments, a fusion protein of the present disclosure is glycosylated,
wher ei n t h@rpi@insepearstg gogddicslivns oter tkardmseridemst deletions, araaubstitutiohsf act or s

B G X MO ]
the i MmigoglalKEILBe FPeImSES ch&8ic@NBofding with polymers, lipids, other organic
and inorganic moieties. Derivatives of this disclosure may be prepared to
increase circulating half-life of a specific fusion protein, or may be designed to
improve targeting capacity for the fusion protein to desired cells, tissues, or
organs.

20 In certain embodiments, the in vivo half-life of the fusion protein of
this disclosure can be increased using methods known in the art for increasing
the half-life of large molecules. For example, this disclosure embraces fusion
proteins that are covalently modified or derivatized to include one or more
water-soluble polymer attachments, such as polyethylene glycol,

25 polyoxyethylene glycol, or polypropylene glycol (see, e.g., U.S. Patent Nos.
4,640,835; 4,496,689; 4,301,144; 4,670,417; 4,791,192 ; 4,179,337). Still other
useful polymers known in the art include monomethoxy-polyethylene glycol,
dextran, cellulose, and other carbohydrate-based polymers, poly-(N-vinyl
pyrrolidone)-polyethylene glycol, propylene glycol homopolymers, a

30 polypropylene oxide/ethylene oxide co-polymer, polyoxyethylated polyols (e.g.,

glycerol) and polyvinyl alcohol, as well as mixtures of these polymers.
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a fusion protein of the present disclosure may have an altered
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15 The fusion proteins of the present disclosure may be made

according to methods known in the art. For example, methods for making

SMIP fusion proteins are described in U.S. Patent Publication Nos.

2003/0133939, 2003/0118592 and 2005/0136049, and methods for making

PIMS proteins are described, for example, PCT Application Publication No. WO
20 2009/023386.

In certain embodiments, the present disclosure provides purified
fusion proteins as described herein. The term "purified," as used herein, refers
to a composition, isolatable from other components, wherein the fusion protein
is purified to any degree relative to its naturally obtainable state. A “purified

25 protein” therefore also refers to such protein, isolated from the environment in
which it naturally occurs. In certain embodiments, the present disclosure
provides substantially purified fusion proteins as described herein.
"Substantially purified” refers to a protein composition in which the protein forms
the major component of the composition, such as constituting at least about

30 50%, such as at least about 60%, about 70%, about 80%, about 90%, about
95%, about 99%, of the protein, by weight, in the composition.
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gl ycerol) and polyvinyl alcohol, as well as m xtures of these
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15 calculate the binding activity of the fraction, to compare it to the binding activity
of the initial extract, and to thus calculate the degree of purification, herein
assessed by a "-fold purification number." The actual units used to represent
the amount of binding activity will, of course, be dependent upon the particular
assay technique chosen to follow the purification and whether or not the

20 expressed protein exhibits a detectable binding activity.

Exemplary Fusion Proteins

Exemplary single chain fusion proteins of the present disclosure
include BC3 1IgG1 N297, BC3 IgG1AA, BC3 IgG2AA, BC3 IgG4AA, BC3 HM1,
BC3 ACh2, OKT3 IgG1AA, OKT3 IgG2AA, OKT3 IgG4AA, OKT3 HM1, OKT3
25 ACp, H57 null2, and 2C11 null2 as set forth in SEQ ID NOS:80-85, 88-93, 96
and 97, respectively. Exemplary preferred single chain fusion proteins of the
present disclosure include chimeric Cris-7 IgG1AA, chimeric Cris-7 IgG2AA,
chimeric Cris-7 IgG4AA, chimeric Cris-7 HM1, humanized Cris-7 IgG1AA,
humanized Cris-7 IgG2AA, humanized Cris-7 IgG4AA, and humanized Cris-7
30 HM1, as set forth in SEQ ID NOS:265-299, respectively. Additional exemplary
single chain fusion proteins include BC3 HM1, BC3 ACh2, OKT3 HM1, and
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50% such as at |east about 60% about 70% about 80% about 90% about
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represent tagoasvukér s¥quenpds ag sactdrii inySRQ! ID, NOS: 80U, 318, gepedment upon
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activity. EX |ar usi on. Pr ot el ns | ar jngl e chain fusion proteins
of the predtntear i bEE8) I B R et 59/ oG An, BoS | ponn
BC3 | gHAAA, BC3 HML , BC3 DCH2, OKT3 | gG AA, OKT3 | g&RAA, OKT3 | gHAAA, OKT3
HVML , OKT3 DCH2 FundidnsliHd=Buregnd 2C1L 1 null 2 as set forth in SEQ ID

NCS: 80-85, 88-93, 96 and 97, respectively. Exenplary preferred single chain
fusi on proteins of t s gesssibad herreiol aﬁmgéenhalntr}glemmrﬁwm of the presenya AA,
chimeric < '$@Jsﬁr8é§2@mg%‘bﬁg%'r Grore' (8o, 2 U, 6°7), B'an Srindtidh

15 thereof, of the following characteristics or functional features: (1) not activating

T cells, (2) not inducing or inducing minimal cytokine release, (3) inducing

phosphorylation of molecules in the TCR signaling pathway, (4) increasing

calcium flux more than the corresponding monoclonal antibody, (5) blocking

T cell response to an alloantigen, (6) blocking memory T cell response to an
20 antigen, and (7) downmodulating the TCR complex.

In certain preferred embodiments, a single chain fusion protein of
the present disclosure does not or minimally activates T cells. A fusion protein
“does not or minimally or nominally activates T cells” if, when used to treat T
cells (e.g., PHA- or ConA-primed T cells), the fusion protein does not cause a

25 statistically significant increase in the percentage of activated T cells as
compared to untreated cells in at least one in vitro or in vivo assay provided in
the examples of the present disclosure. Preferably, T cell activation is
measured in the in vitro primed T cell activation assay described in Example 1.

In further preferred embodiments, a fusion protein of the present

30 disclosure does not induce a cytokine storm or does not induce a clinically
relevant cytokine release. A fusion protein "does not induce a cytokine storm”
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humani zed Cris-7 | g&AA, humani zed Cris-7 | gAAA, and humani zed Cris-7 HVL
, as set forth in SEQ |I D NCS: 265-299, respectively. Additional exenplary

si ngl e chapreofuszewa prot ei ns i ncl ude BC3 HML , BC3 DCH2 pCTHIB2008H0E0286 and OKT3
DCH2 wi thout their carboxy-termnal tags as set forth in SEQ I D NCS: 86, 87,
94, and 95, respectively. Further exenplary fusion proteins include the
above-noted fusion protein with their | eader sequences at the
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chai n fusi cpxnefpratblﬂhreefcytdmes eskingl|Ls6) IFdNy, andayNFavrefanablgrfonore (e. g.,
2, 3, 4, 5, 6, 7), any conbi natjion thereof, of the follow n

charact eri WF%”Q%'”PWHE’[Q b ILf& dE Ny eand @'Nf)or aed pieierakly iah ipapt %é@l s, (2)
t d
phosphor yl Sidkines el L2 I, IHOR IR, 4R PREG: rddisdd il febted i ng

cal ci um f | wellses&ohipited i no arggpani atdeastiord @ndlo anin Wodwssépkndivacki ng
T cell response to an alloantigen, (6) blocking menory T cell response to

an antilfen,n éhﬁjar(t 121 pﬂ@\meﬂ)dunf@tewgnmlﬁé ofttr p@sgnkstiscloguieer lPeaferaphether r ed

enbodi nment s in fusion prot en re does
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or nom nal la¢sag He¥&iss ih E)@édwﬁle 1.F Cliesanmy, ¢seskindrd|e8sd syndighlesis(e. 9., PHA-
or ConA-primed T cells), the fusion protein does not cause a stati stical | y
si gni f i cantcharanterszas by fevies, ghillss sashag@ustaaand sametmesaiyispseasindonpar ed t o
untreated cgells in at

exanpl es o ?W&abq'@s\é(ﬁpﬁggFg?:Bgre@d%QW\{F@%;%’%EB}%%%PV%&%S"%&%P?R?grr\legﬁdvl@n the
15 as IFNy, as well as IL-2, IL-6, and TNFa. Cytokines that may be tested for
release in an in vitro assay or in vivo include G-CSF, GM-CSF, IL-2, IL-4, IL-5,
IL-6, IL-10, IL-13, IL-17, IP-10, KC, MCP1, IFNy, and TNFa; and more
preferably include IL-2, IL-6, IL-10, IFNy, and TNFa.
In further preferred embodiments, a fusion protein of the present
20 disclosure causes an increase in calcium flux in cells, such as T cells. A fusion
protein causes an "increase in calcium” if, when used to treat T cells, it causes
a statistically significant, rapid increase in calcium flux of the treated cells
(preferably within 300 seconds, more preferably within 200 seconds, and most
preferably within 100 seconds of treatment) as compared to cells treated with
25 the corresponding antibody (i.e., an antibody with the same binding domain as
a single chain fusion protein of this disclosure) in an in vitro assay known in the
art or provided herein. Preferably the calcium flux caused by a single chain
fusion protein of this disclosure is compared to the flux caused by a
corresponding antibody in the in vitro calcium flux assay described in Example
30 5 and is observed or measured within at least the first 100 to 300 seconds of

treatment.
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measured in the in vitro prined T cell activation assay described in
Exanple 1. In further preferred enbodi nents, a fusion protein of the
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(MAPKK), MAP kinase (ERK1/2), and Fos.

A single chain fusion protein of this disclosure “induces
phosphorylation of a molecule in the TCR signal transduction pathway” if, when
used to treat T cells, it causes a statistically significant increase in

20 phosphorylation of a molecule in the TCR signal transduction pathway (e.g.,
CD3(¢ chains, ZAP-70, and ERK1/2) in an in vitro or in vivo assay as described
in the examples of the present disclosure or receptor signaling assays known in
the art. Results from most receptor signaling assays known in the art are
determined using immunohistochemical methods, such as western blots or

25 fluorescence microscopy.

In further embodiments, a single chain fusion protein of the
present disclosure can block a T cell response to an alloantigen. An
“alloantigen” is an antigen existing in alternative (allelic) forms in a species, thus
inducing an immune response when a form is transferred to another member of

30 the species who lacks the alloantigen. Exemplary alloantigens can be found,
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art or provided herein. Preferably the calciumflux caused by a single
chain fusion protein of this disclosure is conpared to the flux caused by a
corr espomaioregioenatsobody in the in vitro cal ciumfl ux assagTassaviobedsi n
Exanple 5 and is observed or nmeasured within at |least the first 100 to 300
seconds of treatnment.In further enbodinents, a single chain fusion protein
of the present disclosure induces phosphoryl ation of a nolecule in the TCR
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of this disclosure "induces phosphorylation of a nolecule in the TCR signal
t ransduidt i ovhighadpiaey deiayediiemhyisergensitivibem@sponses, insay pisodueesd

statisti cal ni fi i n phosphoryl ation of a nolecule in the
TCR si gnal o]te}’%{ﬁgg%&chwq%é? ﬁ&%@/ﬁ{g% CD3z chains, ZAP-70, and ERK1/2) in
an invitro or in vi V@f@ﬁ%krﬁ%&ﬁ%'ﬁé Rehsion ér’@ﬁalﬁbﬁﬁé Sﬁas@ﬁt&@@lo@ﬁﬁﬁem
di scl osure or receptor signaling assays known in the art. Results from nost
recept or sibipekisimgmasy dyeellkaspendentot dreaatigerar A sifegle chainegtsiosiprgtein
I munohi st chhe[;n cal net odm such ?s west ern, bl 0}1 or fl u? Fcence T
m cr oscopy. blocks memory T cell fesponse to an antigen” | en used to treat memory
15 cells, it causes a statistically significant decrease in the percentage of T cells
activated in response to a specific antigen (e.g., tetanus toxoid) in an in vitro or
in vivo assay, such as the assay analyzing memory T cell activation using
tetanus toxoid provided in the examples of the present disclosure. Animal
immunization models may also be used to detect a secondary antigen-specific
20 T cell response both in vivo and ex vivo through antigen presentation assays.
In addition to the delayed type hypersensitivity assays described above,
cytotoxicity assays such as °'Cr-release assays may be utilized to detect T cell
activity (Lavie et al., (2000) International Immunology 12(4):479-486).
In further embodiments, a fusion protein of the present disclosure
25 downmodulates a TCR complex from the surface of a T cell. A single chain
fusion protein “downmodulates TCR complex” if, when used to treat T cells, it
causes a statistically significant reduction in the number of TCR complexes on
the surface of a T cell population in an in vitro or in vivo assay. Useful in vitro
or in vivo assays include the assay for evaluating TCR and CD3
30 downmodulation from the T cell surface provided in the examples of the present

disclosure. Such assays compare the amount of cell surface expressed TCR or
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In further enbodi nents, a single chain fusion protein of the present

di scl osure can block a T cell response to an alloantigen. An "all oantigen”

i s an antwQenioade®ii ng in alternative (allelic) forns i RC/USP@OI06®RS6t hus

i nduci ng an i rmune response when a formis transferred to anot her nmenber of
t he species who | acks the aIIoantigen. Exenpl ary al | oanti gens can be

found, for exanple, on blood cells (i.e., blood group antigens) or on tissue

grafts (1. al.l ogr af sin chain fusio rot in of this .disclosure
Pbrocrs 1 &3 BralRl Al Migwihd sl BB A AsTmbtislr T RERhAURS kiR LT
it causes %@%@&h abife bytoﬁieﬂ*?'édoclﬁ%uﬁ@ﬂikﬁé%ddé ﬁwﬂ?oét%rp?e”t age of T cel | S
activated in response to an alloantigen in an in vitro or“in vivo assay,

such as the hurran mxed Iyrrphocyte.reactlon (I\/LR) assay and the acute graft
versus hostVe ) 3 ~-rzasa of the present

di scl osure. Clher as ,< n] art sygh Ias I ndi ng _assay.s d skin

tests, |like foot pad a&aﬁ%ggg&}s SPESER! 'ﬁﬁpéwed%rlog Sfe QA pe

hyper sensi TdeYééti}ﬁ]gr'ﬁéﬁIPQét‘i‘«fatloﬁﬁMd@ééo%;bg pisteth irat 6hRIBLE® biRdRbddaint ©

al | oanti gen urt her enbodi nents fusion protern o e present

di scl osur etMtc&ﬂeslflmebdengseﬂola ﬁ'@ﬂmmmpl@@racmpogemt therenf,ngl e chai n

fusion protein bl ocks ne T cell res q(ﬁétﬁq)an ant i n used
a

to treat nﬁmpi'sﬁ%é? Rroviy n%gu@ggnaprg{l yreatiggit %Qmedd]é@@ se in
the perce“tofr‘% {) ﬁseﬂhleﬁ)rafetlrﬁ ﬂ?ét%@rﬁﬁlsﬁgsaoﬁﬂﬁﬁ tfrAaPRAS %éb.ﬁdé‘hkge”
(e.g., tetanus't d) 1 nvitr n VIV assay as the assay

anal yZI ng mimayty d TC}R toraplexvarta compsnat thetefusnd Mcdeﬂiearr@vadwdtuom of he
exanpl es of the present disclosure. Animal inmunization nodels may al so be

used t01Qjettfé%Pr'ﬁlege-EQﬁwfaWt@ﬁve@@ﬁnéiﬁﬁéw incstepdB)-1 response both in vivo

ype hyper sensi ¢1vi ty MeueisPBEER; BLySBy BRRAH detert K8 f thbl it sEpslEgEr ggeg
1Cr - 1 el easghASR@YGed®tosi8 it tyrhp téspoﬂ@lﬁ@ﬁént'Epéé?llflbltl%blrY:Idn)él btignse et al .
(2000) International |nmmunology (4):479-486). In further enbodinents, a

fusi on protteiem@ary Méogers tat rrcﬁysfw used & gomenbeelsainekide TCR conpl ex from

the surf aC(%)h?/tohaemagglutlnln (I§IL|R9 c?on%gnavalln A (ConA), lipopolysaccharide (LPS),

15 pokeweed mitogen (PWM), and phorbol myristate acetate (PMA).

In certain embodiments of methods for detecting T cell activation
provided herein, the protein that comprises a binding domain that specifically
binds to a TCR complex or a component thereof is a fusion protein provided
herein. In certain other embodiments, the protein that comprises a binding

20 domain that specifically binds to a TCR complex or a component thereof is a
monoclonal antibody.

T cell activation may be detected by measuring the expression of
activation markers known in the art, such as CD25, CD40 ligand, and CD69.
Activated T cells may also be detected by cell proliferation assays, such as

25 CFSE labeling and thymidine uptake assays (Adams (1969) Exp. Cell Res.
56:55).

In a related aspect, the present disclosure provides a method for
detecting cytokine release induced by a protein that comprises a binding
domain that specifically binds to a TCR complex or a component thereof,

30 comprising: (a) providing mitogen-primed T cells, (b) treating the primed T cells
of step (a) with the protein that comprises a binding domain that specifically
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fusion protein "downnodul ates TCR conpl ex" if, when used to treat T cells,
it causes a statistically significant reduction in the nunber of TCR

conpl exeswonotoa2®ur f ace of a T cell population in an i RCTIUSZ@IO60286 Vi VO
assay. Useful in vitro or in vivo assays include the assay for eval uating
TCR and CD3 downnodul ation fromthe T cell surface provided in the exanples
of the present disclosure. Such assays conpare the amunt of ceII surface

expressed TCR, or ior to and foll OWI st i.mul ured_b

Cebhn ques RS 7 nctnesplek &R rodeopPaiReliamd O SRR RS cence
mi cr oscopy .cyMKARRS 1B JPRhES I dills Tha dvesddrvéaten |ﬁ%téa’(t9k' ne Rel ease In
a related aspect the present disclosure provides a nethod ' for detecting T
cell activation i ndudle@etiglnaerpbodlmemts bﬁmathndﬁioa;eietexztlbgruytomejm‘raase t hat
speci fi caII a TCR conpl ex or a co nt thereof, rising:
(5 b ovi diFHRHES BateIn pPerua e B b Bps ar SRONAGaTRNdRFFeREoH @Iy s o
step () V"'b%@s‘ﬂ&ea RER %mp%r £eoRpbAg: AeRldi X A% OB AekiGoviRert 1 cal v
binds to a conplex or a corrpone thereo and detecting activation
of t he prl nedeir. dﬂbbﬂahfmhehemwmmtsmmtmﬂdtemtrsatmmn(m)ses%bmdmgn

"mtogen” as used herein refers to a chen cal substance that induces
mtosis in %ﬂ&@}t%@@cﬁ'ﬁam pinesdat E%chq'mlp&oa@ QMRORATHItheePhisra .

Exenpl ary %ﬁ}%q: tal@gm y be used to prime T cells include

phyt ohaenmaggl ut1 ni n " concanavalin A (ConA), |ipopolysaccharide (LPS),
pokeweed m togen (PW), and phorbol nyristate acetate (PMA). In certain
enbodi ment Pofnuniddtiods, ErpredeioncVectgrst andlHost@dlat i on provided herein, the
protein that conprises a binding domain that specifically binds to a TCR
conpl ex!®r a conponerthis figplesHre BroyidassAiyrieetidas (Hakipd < PreEfied @ | n

cpec 11 cal FrePARDEPEBRbG S RpCHIQU R MsnThofEh H aRerlfd, YEeliRoc onal
anti body. Tm@&ldhntﬁ@lbh#@t\Pébforﬁﬂath@(pi@é@I@hQ@ci@y C&@ﬁﬁwsm@shbﬁ expressi on of

activation markers known in the art, such and, and CD69.
Act i vat ed Pobiuckealides aarmbCels (Eeg.ebosidcalip) trensformad |orrér|e@sfemecawaﬁs such

as

polynucleotide or vector according to this disclosure.

15 In certain embodiments, a polynucleotide (DNA or RNA) encoding
a fusion protein of the present disclosure is contemplated. Exemplary
polynucleotides include SEQ ID NOS:21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41,
43, 46, 55, 303, 306, 310, 312, 314, 316, 318, 320, 322, 324 and 326.

The present invention also relates to vectors that include a

20 polynucleotide of this disclosure and, in particular, to recombinant expression
constructs. In one embodiment, this disclosure contemplates a vector
comprising a polynucleotide encoding a fusion protein of this disclosure, along
with other polynucleotide sequences that can cause or facilitate transcription,
translation, and processing of the fusion protein.

25 Appropriate cloning and expression vectors for use with
prokaryotic and eukaryotic hosts are described, for example, in Sambrook et
al., Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring
Harbor, NY, (1989). Exemplary cloning/expression vectors include cloning
vectors, shuttle vectors, and expression constructs, that may be based on

30 plasmids, phagemids, phasmids, cosmids, viruses, artificial chromosomes, or
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CFSE | abel ing and t hym di ne uptake assays (Adans ( 1969) Exp. Cell Res.
56:55). In a related aspect, the present disclosure provides a nethod for
det ect i ngvoybokisze4r el ease i nduced by a protein that compritsesasci2sandi ng
dormain that specifically binds to a TCR conpl ex or a conmponent thereof,
conprising: (a) providing mtogen-prinmed T cells, (b) treating the prinmed T
cells of step (a) with the protein that conprises a binding domain that

i ficallybinds. . I : her.eof d
dotecti ng POVALEEE AR TR RABWFrn e An BRER: bt Efion s peen
treated ina56rR didlesdioh 685 palyhueEREkERRtANad tHbhods for detecting

cytoki ne rel ease provided heréein, the protein that conprises a binding
domai n that specificd#id ysdd herein,dvecttCRneanphawctEic acidonplecelet cagableof is a

fusion protein provided herein. .In certain other enbodi S, the protein
that _compr 148N SPB GG RTRHGIE'E RS SHREIER TS OaT HKET: dEXTOR E bnpl ex or
a conpongen ARk PR ressi on
Vect gl;)sfbeatr\],gkﬁgés?@&qu%_?ﬁﬁg@ﬁ{eggfiégﬂ?ﬁea! [E)r ovi0 g@%%%@?ﬁ@%é@?ﬁ%@??l sol at ed
or purifieCertaipveetopptymacteomalety repticatd inga hbst dalis wbile pthodreiettorsf t hi s
di scl osure, vectors (including cloning vectors and expression vectors)
conpri si ng C@0d¢ pERgrAtee iBka thgegenomme ok ahost call gnd trl‘ﬁf@By Q&s replicateshwithr med

‘ . | ooy aner . .
i scl oour o ol gehdhl BUGHER, (it yekOFs Ao RESHEAIIRMIN BRR) encodi ng
a fusion pracenbiedntderessieenectdrs'qbesiisly | "expavsiorladted:), miedml ary

pol ynucl eotides include SEQ ID NOSs: 21 , 23, 25, 27, 29, 3 1, 33, 35, 37,
39, 4 110 azontrd) ngsleicagd segeenaathag aneoperatively linked 3a 8N exPressyIP, 324 and

pol ynuct eolPBEobteQUiTEbcl, RtfichS. s Carotis o Rertiob b £ PR Bl
expressi on tg@sssalsdnzes! N one embodi ment, this disclosure contenplates a
vect or conprising a polynucl eotide encoding a fusion protein of this
di scl osure, al ong wi tlhcettaerermpbogimeritectipdessien aenstascts s dedved fioge or
facilitate pﬁarsa}rr]]iﬁcvreic éri's.orllllustrative constructs include modified pNASS vector
15 (Clontech, Palo Alto, CA), which has nucleic acid sequences encoding an
ampicillin resistance gene, a polyadenylation signal and a T7 promoter site;
pDEF38 and pNEF38 (CMC ICOS Biologics, Inc.), which have a CHEF1
promoter; and pEE12.4 (Lonza), which has a CMV promoter. Other suitable
mammalian expression vectors are well known (see, e.g., Ausubel et al., 1995;
20 Sambrook et al., supra; see also, e.g., catalogs from Invitrogen, San Diego, CA;
Novagen, Madison, WI; Pharmacia, Piscataway, NJ). Useful constructs may be
prepared that include a dihydrofolate reductase (DHFR)-encoding sequence
under suitable regulatory control, for promoting enhanced production levels of
the fusion proteins, which levels result from gene amplification following
25 application of an appropriate selection agent (e.g., methotrexate).
Generally, recombinant expression vectors will include origins of
replication and selectable markers permitting transformation of the host cell,
and a promoter derived from a highly-expressed gene to direct transcription of a
downstream structural sequence, as described above. A vector in operable
30 linkage with a polynucleotide according to this disclosure yields a cloning or

expression construct. Exemplary cloning/expression constructs contain at least
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transl ation, and processing of the fusion protein. Appropriate cloning and
expression vectors for use with prokaryotic and eukaryotic hosts are

descri bedyoforomex@apl e, in Sanbrook et al., Mol ecul ar Clpomiusgoobeizabor at ory
Manual , Second Edition, Cold Spring Harbor, NY, (1989). Exenplary

cl oni ng/ expressi on vectors include cloning vectors, shuttle vectors, and
expression constructs, that nmay be based on plasm ds, phagem ds, phasm ds,

cosmds, viruses, artificial chroposomes, orany nucleig acjid vehicle known
' the art CGTREPEP0FON SETsRtiGe: aramiolel oPaE NPl si on of a
pol ynucl eotgofig @ritkiak BT Ghik RS GbSuréS ARRIONZEERbrRssIONEDndio] effds asutwc| ei ¢
acid nol ecul € capable of transporting another nucleic acid to which it has
been | i nkeds dbtamgkees, yactecspedafic huldirdesipdsaserimisatoys astd rivasonie bilding

h \ d viral Y t ai t : tor I l'i cat
i a host GUPP ITGAISORARP AR LTS \EGBEN A SgGIRR e e PHE e of a

host celg %@oi&ﬁgﬂg ﬁ?ﬂhif&%cfosﬁté;jcﬁﬁéﬂei’é%f&gb% sﬂﬂnghrﬁmncé of fgli tion,

certain vector e referre erein as~ reconbi nhant expression vectors"
(or sinply polexplestiseatcortitgtcthis discloshre mdssembied ireapprapridtsplgasces
that are operatively |inked to an expression control sequence and,

t her ef or e, Vihelrangialipreingfatign and tepginatiensegreasesn Toes tfAbS AR es. I n

certain e ' ; ' L n pl . d

vect or 5. 1 NP2y PLoBins EXAIAS hBPERPAGHE HE vhafiea HEFeiRiey BERINARTE  ccn,
Pal o Al to, def)onendl £hatiety oflekprRissicrCIdLiGesHRNtes gnacdtdrabmananpi cillin
resi stance gene, a pol yadenyl ation signal and a T7 pronoter site; pDEF38

and pNEB8 eXORESSIAOSPIEtBICH HIreaxPressing sugthp@moledvm ahasigrell. pr onot er; and

EE1 2.4 (Lonza), whi-¢ch has a. rLonot er., her itabl e . li.an
gxpressi o§1 veth)rs ar' e i roaﬂé%%‘)@éesg ug_n&eg)m&yﬁ%ms@%e&l%ﬂg‘gggt,%r,
Sanbr ook etforaéxamél!épf\)/gg ﬁ%tﬁlﬁ&ocﬁdgres. qaigRiness, 4 DN kBYLERQIRN, San

D ego, CA; Novagen, i son, Phar maci a,” Pi scataway, NJ). Usef ul

const r uct s ingeyteskinfy @papprbitriade résidttinteerdafiusjatsel deatage sitb(s) b e |
(DHFR) - oo g S EdkS a6 155> SibahhS EEHLAEOR MG Bra' ghiaBbamt 1 ng
15 amplification and purification, for enzymatic reactions involving DNA ligase,
DNA polymerase, restriction endonucleases and the like, and various
separation techniques are contemplated. A number of standard techniques are
described, for example, in Ausubel et al. (1993 Current Protocols in Molecular
Biology, Greene Publ. Assoc. Inc. & John Wiley & Sons, Inc., Boston, MA);
20 Sambrook et al. (1989 Molecular Cloning, Second Ed., Cold Spring Harbor
Laboratory, Plainview, NY); Maniatis et al. (1982 Molecular Cloning, Cold
Spring Harbor Laboratory, Plainview, NY); Glover (Ed.) (1985 DNA Cloning Vol.
I and I, IRL Press, Oxford, UK); Hames and Higgins (Eds.), (1985 Nucleic Acid
Hybridization, IRL Press, Oxford, UK); and elsewhere.
25 The DNA sequence in the expression vector is operatively linked
to at least one appropriate expression control sequence (e.g., a constitutive
promoter or a regulated promoter) to direct mRNA synthesis. Representative
examples of such expression control sequences include promoters of
eukaryotic cells or their viruses, as described above. Promoter regions can be
30 selected from any desired gene using CAT (chloramphenicol transferase)

vectors or other vectors with selectable markers. Eukaryotic promoters include
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the fusion proteins, which levels result fromgene anplification follow ng
application of an appropriate selection agent (e.g., nethotrexate).

Gener al | ywonemardonant expressi on vectors will include ecrgise®9o60286
replication and sel ectable nmarkers permtting transformation of the host
cell, and a pronoter derived froma highly-expressed gene to direct

transcription of a downstream structural sequence, as described above. A

vector in able inka a | ynucl eot i de accor di t hi.s

i sci osur e SN Ten e, M iR Paln e el At Bls slp, Py RS om

cl oni ng/ eXF?ét‘?é\ﬁhj?s” afaHablE FietaRMhiBheinal $aaedasf tﬁéFH;ﬁ)?éﬂ)%e%Bidrcﬁnd
elenent, e.g., a pronoter, operably [inked to a polynucl eotide of th

di scl osure pr@r@dtetrnsmlll veﬂpm thsieye! goordirary skid e thes artsaind peapasatiemotr s
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ﬂ Si tfes

al so cont efsFAIERPTIRUIERY REEleALeqambE| a5t PrgTasRiaNe<ISHY
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Pol ynucl ot e ChE A0 Bap e, IR rﬁ%%trg%@@'@@*%%%hﬁﬁ'%mppr"épr. ate
phase wi t h encadisiged pateinrortpoiypeptideratcording tathiodissbguenisedesclibed, for
exanpl e, the fusion protein-encoding nucleic acids as provided herein may
be i ncl udecﬂ‘eir@l'nany one of a variety of expression vector constructs as a

recombi nant expr essi GARSLY Helod MU RAIRET s HicloRr 8L el [ 0 @ host

cell. The appropriat sequence 6° &ect or, for

exanpl e, byoatemplatid/ Varigitqghicisotides 36 zeledst 90 Y N hdserefeably 95%] nsert ed
into an appr )JI’I ate restriction endonucl ease cl eava site(s) by procedures
& %ﬁﬁ(

known 19 t (99%rar. 9589%n|dantﬂcalé@ﬁﬁeq1ﬁé@e pelyngrientides oDagfinesbseguense as

[ Base,  onadort Pl g dbefMuridie TR BobE BolG o e oL B ar i ous
separ at | on sLAGBAL URGePSAngeR IAERRizRIn dBIIASTof Q0TS RNARfidn! @fdiRigues ar e

descri bed, for exanple, in Ausubel et al. ( 1993 Current Protocols in
Mol ecul ar 8.0 gy sc(dlwmrmtra?t@bat absis 66:68°6r (EOM»Mwszugycr&o@dmsQ 00he. |

Spri g Hor DbORLELPRE PO fOTRAT GRS S 2t s 10 ROVNGOISRIES ol ecul ar
A oni ngy5 %ﬁaﬁ@rr‘e@n e BRPadifRB cHcBEY a BHihaingvdsainPusiGh Préfeid Feréof 1985

DNA C oni ng Vi
having the functionality described herein.

The term “stringent” is used to refer to conditions that are
commonly understood in the art as stringent. Hybridization stringency is
principally determined by temperature, ionic strength, and the concentration of

20 denaturing agents such as formamide. Examples of stringent conditions for
hybridization and washing are 0.015M sodium chloride, 0.0015M sodium citrate
at about 65-68°C or 0.015M sodium chloride, 0.0015M sodium citrate, and 50%
formamide at about 42°C (see Sambrook et al., Molecular Cloning: A
Laboratory Manual, 2nd Ed., Cold Spring Harbor Laboratory, Cold Spring

25 Harbor, N.Y. 1989).

More stringent conditions (such as higher temperature, lower ionic
strength, higher concentration of formamide or another denaturing agent) may
also be used; however, the rate of hybridization will be affected.

In certain embodiments, less stringent conditions (such as lower

30 temperature, higher ionic strength, lower concentration of formamide or another

denaturing agent) may be used. Exemplary less stringent conditions for
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| and I'l, IRL Press, Oxford, UK); Hames and Hi ggins (Eds.), ( 1985 Nucleic
Acid Hybridization, IRL Press, Oxford, UK); and el sewhere. The DNA sequence
in the expoaessim@moector is operatively |inked to at | east/use@oapEsepri ate
expression control sequence {e.g., a constitutive pronoter or a regul ated
pronoter) to direct nmRNA synthesis. Representative exanples of such
expression control sequences include pronoters of eukaryotic cells or their

i , i.bed ab . i 1, b d. f
Hesired gom UL ERLOERRE MRG0T oM SRTCeriRTRe - GaL 0, B0l SR
vectors Wi th aBlIEAYTH CTHE MR SoloBHG RS rtaihetiebaliiy ldigrEdde brmredi at e

early, HSV thym di ne ki nase, "early and | ate SV40, fromretrovirus, and
nmouse et albirdihg dosian br fsadreptatein tbéreoh basipgribe fikttenasiytdascabed pr onot er
is well wthin the level of ordinary skill in the art, and preparation of

certain par&@liarly preferred reconbi nant expression constructs conprising

at | easts one promot ery ﬁfrth%?%‘;éétecﬁ tﬁiﬁ%@él@éurﬁ&%ﬁ%é’ al Hd%'fggllttr%néfd’r‘t‘h%bei ¢

acid encoding a protein or polypeptide according to this disclosure iIs
descri bed lhetrinsfected iéthi sr othetwige monyainiogeahy détheopolymidedtidesl asure are

al so contenpl ated. Variant polynucl eotides are_at |east 90% and preferably
95% 99% ¥ECHI/EFPIGSPT NSt ghibigiseirgursel T BPYRHFI§EHARS OFief i ned

sensence S gSEUIRA By 410 NGEAER AT L

pol ynucl eot’ I'ned sequence u Ion

condi ti ons cefls 0sy enyMneebdukngm o7 théeart, ndlGding tMrsfshnation, traasfeceibn about
65-680C or 0.01 5 Msodiumchloride, 0.001 5 Msodiumcitrate, and 50%

f or manmide @nddrmnadustoc. Hosecells ipalucledoe icals ohaisahjest Hadengeinchex ¥iPacity to
Gescr  bed (18] LrTeBHR Gaiph, tof Bl BrhoB yilo e HeraPly ELREb TR PRI "t hat
are comonlynttAsiaiddas ah aspBet étthisafis@bsiredeRén hbwafringiazabliyﬁndébﬁaélgency
is principally determ ned by tenperature, ionic strength, and the
concent r at iventasf ordenoéginrcicagrdingta bisdishloasref nchwiel, deaddikamd asubfectsr i ngent
condi tions for hyboidization and washing ane, 001 2 sedi um ehiride, 0.001
15 hamster ovary (CHO) cell lines (including modified CHO cells capable of
modifying the glycosylation pattern of expressed multivalent binding molecules,
see US Patent Application Publication No. 2003/0115614), COS cells (such as
COS-7), W138, BHK, HepG2, 3T3, RIN, MDCK, A549, PC12, K562, HEK293
cells, HepG2 cells, N cells, 3T3 cells, Spodoptera frugiperda cells (e.g., Sf9
20 cells), Saccharomyces cerevisiae cells, and any other eukaryotic cell known in
the art to be useful in expressing, and optionally isolating, a protein or peptide
according to this disclosure. Also contemplated are prokaryotic cells, including
Escherichia coli, Bacillus subtilis, Salmonella typhimurium, a Streptomycete, or
any prokaryotic cell known in the art to be suitable for expressing, and
25 optionally isolating, a protein or peptide according to this disclosure. In isolating
protein or peptide from prokaryotic cells, in particular, it is contemplated that
techniques known in the art for extracting protein from inclusion bodies may be
used. The selection of an appropriate host is within the scope of those skilled
in the art from the teachings herein. Host cells that glycosylate the fusion

30 proteins of this disclosure are contemplated.
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at about 65-680C or 0.01 5M sodium chloride, 0.001 5Msodiumcitrate, and
50% f or mam de at about 420C (see Sanbrook et al., Ml ecular Coning: A
Labor at orwoarwebk9042nd Ed., Col d Spring Harbor Labor at oPgT/uSedod/ 08286 ng

Har bor, N. Y. 1989). Mre stringent conditions (such as higher tenperature,
| ower ionic strength, higher concentration of formam de or another
denaturing agent) may al so be used; however, the rate of hybridization wll
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15 of monkey kidney fibroblasts, described by Gluzman (1981) Cell 23:175, and
other cell lines capable of expressing a compatible vector, for example, the
C127, 313, CHO, HelLa and BHK cell lines. Mammalian expression vectors will
comprise an origin of replication, a suitable promoter and, optionally, enhancer,
and also any necessary ribosome binding sites, polyadenylation site, splice

20 donor and acceptor sites, transcriptional termination sequences, and $'-flanking
nontranscribed sequences, for example, as described herein regarding the
preparation of multivalent binding protein expression constructs. DNA
sequences derived from the SV40 splice, and polyadenylation sites may be
used to provide the required nontranscribed genetic elements. Introduction of

25 the construct into the host cell can be effected by a variety of methods with
which those skilled in the art will be familiar, including calcium phosphate
transfection, DEAE-Dextran-mediated transfection, or electroporation (Davis et
al. (1986) Basic Methods in Molecular Biology).

In one embodiment, a host cell is transduced by a recombinant
30 viral construct directing the expression of a protein or polypeptide according to

this disclosure. The transduced host cell produces viral particles containing
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the art to be useful in expressing, and optionally isolating, a protein or
peptide according to this disclosure. Al so contenplated are prokaryotic
cells, i mwbadiomg2d8gcherichia coli, Bacillus subtilis, Sacmarseédmeco286
typhimurium a Streptonycete, or any prokaryotic cell known in the art to
be suitable for expressing, and optionally isolating, a protein or peptide
according to this disclosure. In isolating protein or peptide from
prokaryotic cells, in particular, it IS nt enpl.at ed . t hat . techni gues known
" the art SEFESEHATATYT BNPERTCS Pelifed EPRGIEHOBEA! adOrks SR enE e The
sel ection %ccﬁ*ﬁo@@éﬂ Bgfth@b?alf&ﬁid% dotihgiviral bedgisgre of those skilled in
the art fromthe teachings herein. Host cells thal glycosylate the fusion
proteins of this disclosure are contenpl ated. The term "reconbi nant host
cell™ (or sinpl NPBS : 1eifeassorgs@ cell contai ning a reconbi nant
expression vector. It shquld be understood,that such fer are intended to
eFer not ony ot ndn ARRD PN BraerRcuiatien a0FEet RTTR BHBRAR Such o
cel | . Bepalsfyfichtiordbelirld GriseAnaisERYRESKD drByiaEs pAgAhageaRaer ati ons due
to either nmutation or environmental influences, such progeny may not, in
fact, be i dentposilonsarndchenipdosnforosl that barmpease thst fusion proteidedaswehias t he
scope of the Lern1"host el]" as used herein. Reconbinant host cells can be
cul tured i MeNEERIRHSMEIE Wi RReiRdNE RNRpHAEEeiral cORPOEBIRNS &N f or
activating prygdeShinssel ecting transfornmants, or anplifying particul ar
genes. The culture conditions for particular host cells selected for

expression, such as tlenpestdiuman ophoasmiintdremank@alsvdufiering o @éiddasey sip@ar ent
to the ordinarily skilled artisan. Various manmalian cell culture systens
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15 pharmaceutically acceptable excipient, which can be used for intravenous

administration by injection or infusion, as more fully discussed below.
A pharmaceutically effective amount or dose is the amount or

dose required to prevent, inhibit the occurrence of, or treat (alleviate a symptom
to some extent, preferably all symptoms of) a disease state or condition. In a

20 preferred embodiment, a pharmaceutically effective amount of the single chain
fusion proteins of the instant disclosure are used to treat T cell mediated
diseases. The pharmaceutically effective dose depends on the type of disease,
the composition used, the route of administration, the type of subject being
treated, the physical characteristics of the specific subject under consideration

25 for treatment, concurrent medication, and other factors that those skilled in the
medical arts will recognize. For example, an amount between 0.1 mg/kg and
100 mg/kg body weight (which can be administered as a single dose, daily,
weekly, monthly, or at any appropriate interval) of active ingredient may be
administered depending on the potency of a fusion protein of this disclosure.

30 As described above and illustrated in the examples, fusion
proteins directed against a TCR complex or a component thereof, such as CD3,
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nontranscri bed sequences, for exanple, as described herein regarding the
preparation of multival ent binding protein expression constructs. DNA
sequenceswdeninvaevofir om t he SV40 splice, and pol yadenyl atconssemmeso2say be
used to provide the required nontranscri bed genetic el enments. Introduction
of the construct into the host cell can be effected by a variety of nethods
with which those skilled in the art will be famliar, including calcium
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15 toxicity.

Exemplary autoimmune or inflammatory disorders (AlID) that may
be treated by the fusion proteins and compositions and unit dose forms thereof
include, and are not limited to, inflammatory bowel disease (e.g., Crohn'’s
disease or ulcerative colitis), diabetes mellitus (e.g., type | diabetes),

20 dermatomyositis, polymyositis, pernicious anaemia, primary biliary cirrhosis,
acute disseminated encephalomyelitis (ADEM), Addison's disease, ankylosing
spondylitis, antiphospholipid antibody syndrome (APS), autoimmune hepatitis,
Goodpasture's syndrome, Graves' disease, Guillain-Barré syndrome (GBS),
Hashimoto's disease, idiopathic thrombocytopenic purpura, systemic lupus

25 erythematosus, lupus nephritis, neuropsychiatric lupus, multiple sclerosis (MS),
myasthenia gravis, pemphigus vulgaris, asthma, psoriatic arthritis, rheumatoid
arthritis, Sjogren's syndrome, temporal arteritis (also known as "giant cell
arteritis"), autoimmune hemolytic anemia, Bullous pemphigoid, vasculitis,
coeliac disease, chronic obstructive pulmonary disease, endometriosis,

30 Hidradenitis suppurativa, interstitial cystitis, morphea, scleroderma, narcolepsy,

neuromyotonia, vitiligo, and autoimmune inner ear disease.
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preferred enbodi nent, a pharnmaceutically effective anmount of the single
chain fusion proteins of the instant disclosure are used to treat T cell
medi at ed woer#82904 The pharmaceutically effective dose #eparsd®oon28he type
of disease, the conposition used, the route of admi nistration, the type of
subj ect being treated, the physical characteristics of the specific subject
under consideration for treatnent, concurrent nedication, and other factors
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anti-CD3 antibodies) for having no or reduced side effects such as cytokine
rel ease syéreinemaybeaseddotsat offtey. T elemediatgd discasassuchas grafl anmmat ory
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bowel df§ei‘)§ﬁD§.e- g., Crohn's
In another aspect, compositions of fusion proteins are provided in
this disclosure. Pharmaceutical compositions of this disclosure generally
comprise a fusion protein provided herein in combination with a
pharmaceutically acceptable carrier, excipient, or diluent. Such carriers will be
20 nontoxic to recipients at the dosages and concentrations employed.
Pharmaceutically acceptable carriers for therapeutic use are well known in the
pharmaceutical art, and are described, for example, in Remington’s
Pharmaceutical Sciences, Mack Publishing Co. (A.R. Gennaro (Ed.) 1985). For
example, sterile saline and phosphate buffered saline at physiological pH may
25 Dbe used. Preservatives, stabilizers, dyes and the like may be provided in the
pharmaceutical composition. For example, sodium benzoate, sorbic acid, or
esters of p-hydroxybenzoic acid may be added as preservatives. /d. at 1449.
In addition, antioxidants and suspending agents may be used. /d. The
compounds of the present invention may be used in either the free base or salt
30 forms, with both forms being considered as being within the scope of the

present invention.
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di sease or ulcerative colitis), diabetes nellitus (e.g., type | diabetes),
dermat onyositis, polynyositis, pernicious anaema, primary biliary

ci rrhosi swoacuwmaissem nat ed encephal onyelitis (ADEM , pAddiSs@/0602dé sease,
ankyl osi ng spondylitis, antiphospholipid antibody syndrone (APS),

aut oi nmune hepatitis, Goodpasture's syndrome, G aves' disease,

Quill ain-Barre syndrone (@GBS), Hashinoto's di sease, idiopathic

t hronbocyt openi ¢ purpra, system c | upus erythenmat osus., [.upus nephritis,
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penphi gus Wylfaed, iantioRibAPsudPSES haédrBicdid bl RolechRY Wightd|edstthanti s,

Sjogren's syndrone, tenporal arteritis (also known as "giant cell
arteritis")apoattQiresidues hroiypgtidesaprateias, Bninccacdpergubolyardtes aszul iti s,

i di ., chroni t ' I dj onetriosi s,
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certai n enbodi nents, fusion proteins a conmpositions and unit se forns
provi ded hewespedifiy sbrim adzlinis arerexeoglpyraisieaty. SPrafertabhg thee geodeict &ct s, or
m nimal or reduced side effects, associated with cytokine rel ease. For

exanpl e, sifW@F@aWa@%aﬁwwﬁaEﬁ H%‘BQ@W'%@@&S@QW@@MW@ (849t SUEHRZEN or s
provi ded h seciilr&eHPsy be used in both induction and prevention (i.e., reduce
the risk o%; or reduction in acute rejection, delayed graft function, and

graft loss of solid gugsBottesisaedns shd ad@inistkatibress, fusionasrotdining, heart
transplants). In addition, wi thout inducing T cell activation, in certain

enmbodi riéht $ompasiionsciania distlesinepn coebination with & s¢cead agene Heserndor e

ToR ol eroenb M B3 BEEEO RN MO AR s SlrolBt s FRartlions pREIERE "Tn "
further enbpgiggenitste drufisGAeP RIchi dtSinarthspRIMOShiiaRfatdAdatdi t dose forns

provided herein may be used to treat other T cell nediated di seases, such
as graft veaukinngsty. dispaplary sednd agehtacootamplatedaindluidefdtenoins, or y

arsorders, (b, BRSh BB SRR S s et o ST 3 S
general{sy deforolimus, everolimus, zotarolimus, curcumin, farmesylthiosalicylic acid),
calcineurin inhibitors (e.g., cyclosporine, tacrolimus), anti-metabolites (e.g.,
mycophenolic acid, mycophenolate mofetil), polyclonal antibodies (e.g., anti-
thymocyte globulin), monoclonal antibodies (e.g., daclizumab, basiliximab), or
other active and ancillary agents, or any combination thereof.

20 "Pharmaceutically acceptable salt" refers to a salt of a fusion
protein, SMIP, or antibody of this disclosure that is pharmaceutically acceptable
and that possesses the desired pharmacological activity of the parent
compound. Such salts include the following: (1) acid addition salts, formed with
inorganic acids such as hydrochloric acid, hydrobromic acid, sulfuric acid, nitric

25 acid, phosphoric acid, and the like; or formed with organic acids such as acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid,
pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-
hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid, methanesulfonic

30 acid, ethanesulfonic acid, 1,2-ethane-disulfonic acid, 2-hydroxyethanesulfonic

acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-
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conprise a fusion protein provided herein in conbination with a

phar maceutically acceptable carrier, excipient, or diluent. Such carriers
will be rwotowi@240e reci pients at the dosages and concemcrateansc@spl oyed.
Pharmaceutically acceptable carriers for therapeutic use are well known in
t he pharmaceutical art, and are described, for exanple, in Rem ngton's

Phar maceuti cal Sciences, Mack Publishing Co. (A R Gennaro (Ed.) 1985). For

| e, i | d.ph h ff | hysi pl ogi cal pH
oy be uscdaPBH SR BRI 8 LR Rl ASE SRR sl BE KBl he  br ovi hed
in"the phayRgeibieftioRIPREELD Re-FOAIRIIPLE, SRELHEMBARZAAE Sauspr bi

d
acid, or esters ‘of p-hydroxybenzoic acid may be added as preservatives. |d.
at 1449. | suHddé acidn 3-Erenypropiantcsacitdrimetipyacétimacid etertargdpptydacetoed. | d.
The conpounds, of the present invention nmay be used in either the free base
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wei ght (| epseddrin &eoparehd compodne €ithpolsyeelzceddsy, a pratdleionse.garamalkaléi ds,
car bohydr at es f,e. g., @glu_cose, sucrose, dexthns), chelating agents (e.g.,
EDTA), gl utB@tAl ©Real dpR&arkyigpi P 2o ALIMIREMeIR; BY eprrelin withlanouf f er ed
saline or i i i g e 1 xenpl ary
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appropri at N-mgzhyq'ﬁm@bnﬁm,mritpgﬁké_e. g., sucrose) as diluents. Al so
contenplated is the adm nistration of fusion protein conpositions of this
di scl osl® e i n conbi ndf iPariamiarllustasiye eankeiments) asfosionderatiimof g be one

oF i sor deriscgufb i BimhisRRs MAvehS TR ik Bkamheiée i kibeimnndtey - o' ©
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inhibitors (e.g., rapanycin (sirolinus), tensirolinus, deforolinus,
ever ol i nus topioalaperdniers) (& gr, sublimgudliyratdsicicalty)osablingylal, ceetal, ¥agingkl ci neuri n

| nhi bitors a%%’iﬁfréngglaﬁ.l cﬁw%cigprﬁ ’patrgr?trePelliarsruus ed r?er}tein_iﬁgltuggg Isiu 83tai1868é’
15 injections, intravenous, intramuscular, intrasternal, intracavernous, intrathecal,
intrameatal, intraurethral injection or infusion techniques. The pharmaceutical
composition is formulated so as to allow the active ingredients contained
therein to be bioavailable upon administration of the composition to a patient.
Compositions administered to a patient can take the form of one or more
20 dosage units, where, for example, a tablet may be a single dosage unit, or a
container of one or more compounds of this disclosure in aerosol form may hold
a plurality of dosage units.
For oral administration, an excipient and/or binder may be
present, such as sucrose, kaolin, glycerin, starch dextran, cyclodextrin, sodium
25 alginate, carboxy methylcellulose, and ethyl cellulose. Sweetening agents,
preservatives, dye/colorant, flavor enhancer, or any combination thereof may
optionally be present. A coating shell may also optionally be employed
In a composition intended to be administered by injection, one or
more of a surfactant, preservative, wetting agent, dispersing agent, suspending
30 agent, buffer, stabilizer, isotonic agent, or any combination thereof may

optionally be included.
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nycophenol i ¢ acid, mycophenol ate nofetil), polyclonal antibodies {e.qg.,
antithynocyte gl obulin), nonoclonal antibodies {e.g., daclizumab,

basi | i xi rebep1oo2®her active and ancillary agents, or aoy/useotbionesé on

t hereof. "Pharmaceutically acceptable salt” refers to a salt of a fusion
protein, SMP, or antibody of this disclosure that is pharnmaceutically
accept abl e and that possesses the desired pharnacol ogical activity of the
parent conpound. Suc
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acid, 1,2 ane-di sul fonic aci oxyet hanes oni ¢ acl
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acid, 4-toluenesul fonic acid, canphorsulfaonic acid
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acid, sali ¢g¢pm9@c¢fdhe$1bgarl c acid, rruconi c acid, and the like; or (2)
salts formed when an _acidic proton present in the parent conpound either is
repl acéd by a netal ilhe, pfeargwaceahcaimoarnnosmrw ofitaig, digplosureanangedaenii i on,

ot hano! am @ RS G RAR AR o A eS0T R PeftlE R Thive o e

like. I'n paytidaibafiquit! Wé@(&ie‘f@scﬂﬁbpﬁé EBRipdsitdnirHay 88 iRk fRirfm &fa thi s
disclosure is admnistered i htravenously by, for exanple, bolus injection

or infusi oriiqumo@t@samelmdrawnwrs,tscwthm emulsiddior isuspersiomt Thediquissmiasic| ude
oral | LOP SRl BRIl B ol LA L B BUCSRIL d)p D! ngual
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the form of a solution, suspension or other like form, may include one or more
of the following components: sterile diluents such as water for injection, saline
solution, preferably physiological saline, Ringer’s solution, isotonic sodium
chloride, fixed oils such as synthetic mono or digylcerides that may serve as the
20 solvent or suspending medium, polyethylene glycols, glycerin, propylene glycol
or other solvents; antibacterial agents such as benzyl alcohol or methyl
paraben; antioxidants such as ascorbic acid or sodium bisulfite; chelating
agents such as ethylenediaminetetraacetic acid; buffers such as acetates,
citrates or phosphates and agents for the adjustment of tonicity such as
25 sodium, chloride, or dextrose. The parenteral preparation can be enclosed in
ampoules, disposable syringes or multiple dose vials made of glass or plastic.
Physiological saline is a preferred additive. An injectable pharmaceutical
composition is preferably sterile.
It may also be desirable to include other components in the
30 preparation, such as delivery vehicles including aluminum salts, water-in-oil

emulsions, biodegradable oil vehicles, oil-in-water emulsions, biodegradable
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intraneatal, intraurethral injection or infusion techniques. The

phar maceuti cal conposition is fornmulated so as to allow the active

i ngredi erwe 20onu290ned t herein to be bioavail abl e upon a®grrnissamwasizean of t he
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wi | | bellevisgehtastroanmit clasiasel si@reh nnagnesiymesiedrate, sodlivb sacerling, equency
of admnistration wll b ependent _upon the r on of the h ...The
phar mceut RaPTCRUere I HESE SRSt DT B e T heidih:

al l ows for tRehgonirgay BEicPiplbPed Patient, such as, for exanple, in the form
of a solid, liquid,” or gas (aerosol). The conposition may be in the form of

a liquid, e.g., an ellihs disclopuipcoempiaten a ¢oaagesi wiit e@mpusipg@si on. The
L;g%?e?ﬁ y p %rrfngg:el?tfcaall cgr%rgogftiso%ro?ttﬁig%isocrlosfu%. %lchvdeors)éggyur{itrs”ir?c béé’,”for as two
15 example, a single-dose or a multi-dose vial or syringe, including a two-
compartment vial or syringe, one comprising the pharmaceutical composition of
this disclosure in lyophilized form and the other a diluent for reconstitution. A
multi-dose dosage unit can also be, e.g., a bag or tube for connection to an
intravenous infusion device.
20 This disclosure also contemplates a kit comprising a
pharmaceutical composition of this disclosure in unit dose, or multi-dose,
container, e.g., a vial, and a set of instructions for administering the composition

to patients suffering a disorder such as a disorder described above.
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A liquid pharmaceutical conposition as used herein, whether in the form of
a solution, suspension or other like form may include one or nore of the
fol | ow ngwoanpmements: sterile diluents such as water foPCrnjseavioen?ss sal i ne
solution, preferably physiological saline, Ringer's solution, isotonic
sodium chloride, fixed oils such as synthetic nono or digylcerides that my
serve as the solvent or suspending nedium polyethylene glycols, glycerin,
propyl ene gl ycol or other solvents; gﬁpgwg erial agents such as benzyl

al cohol or nethyl paraben; anti oxi d as ascorbic acid or sodium
bisulfite; chelating agents such as ethyl enedi am netetraacetic acid;

buf fers suormscl@e Atieddies! dricPiE REmBlarP BATPE THesn FldioAdEdtsing or the

adj ustment "of tonicity such as sodium chloride, or dextrose. The
parenteral preparati cﬁxecmiattyemenod;loselolantibodiqso(lmimﬁng dbmbom whichnges or

Itiple d I I t I
oref ef e i pars Rl werk 580 BhaBE st ian SosaBT b pr et or bl y
steri | e | lordingyleng sgﬁe‘q@%ﬁbrmg%nt@otaﬁé SAeLANPECSOmRRNRALR | N the

preparatio Ivery vehicles includin um num sal t's,
wat er -in-oi | enul si oris-bi(aldegefedehl to asi Cris-€hmAbes,Cre- VFILI)ISNatrmumI si ons,

bi ode radable croc sule and | i posome of ad vants for use in
such 8eh| claé‘§' UrIE‘Pn FH]P%IEIW" int&%%ﬁ%(%@weu%]a%

| i popol a c ,ﬁ% e r andILl
5|. pV\ﬁi I )ésa y s'?fi %%P(é&%%ppgrp §gmné%r \;?r?’]%c% r%gﬂlg?@})smhlglé{gn?t he art

may be enplnokledvasisHonn fhidindas ewiiaralbaboonosyridnusigous, a‘rhi hedusdl aslgr e, the
type of carrier wll var&@@ependl ng. on the node of adm nistration and

whet herlCa @RI shoME) e Foehicf thie Sriselsingle: chiain &yien grotaimsidasstibedi on, the
Conbi mat | o TRBNs 1o Bln U Rinisbar Shrcls ey Maufy SMb: s o

a solid carrier, sucfcrﬁmeﬁawmmah@é@@rmﬁ@Imgm@@@qu@Semﬁate
sodi um saccharine, talcum cellulose, glucose, sucrose, magnesium

car bonat e, 2d0, k9, M%QeenZQM%prlsmﬁgmb@nmpuewms toiasbaiydcl osur e

cont enpl at a dosage unit conpri.s a . . . .
P tErmiinds >3 BRinthc or urmanlzeg%rlsi heavy chain variable region, a linker

15 that comprises three (Gly)s-Ser linked in tandem, chimeric or humanized Cris-7
light chain variable region, a mutated IlgG1 hinge region (SCC-P), the Ch2
region of human IgG1 with an alanine substitution at position 297, and the Chs
region of human IgG1.

Chimeric and humanized Cris-7 IgG1-AA-N297A (SEQ ID

20 NOS:266, 271, 276, 281, 286, 291, 296) comprise from amino-terminus to
carboxyl-terminus: a chimeric or humanized Cris-7 heavy chain variable region,
a linker that comprises three (Gly)s-Ser linked in tandem, chimeric or
humanized Cris-7 light chain variable region, a mutated IgG1 hinge region
(SCC-P), the Cn2 region of human IgG1 with four alanine substitutions at

25 positions L234, L235, G237 and N297 and a deletion at G236 (i.e., LLGG(234-
237)AAA), and the Cus region of human IgG1.

Chimeric and humanized Cris-7 19gG2-AA-N297A (SEQ ID
NOS:267, 272, 277, 282, 287, 292, 297) comprise from amino-terminus to
carboxyl-terminus: a chimeric or humanized Cris-7 heavy chain variable region,

30 a linker that comprises three (Gly)s-Ser linked in tandem, chimeric or
humanized Cris-7 light chain variable region, a mutated IgG1 hinge region
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phar maceuti cal conposition of this disclosure. Such dosage units include,
for exanple, a single-dose or a nulti-dose vial or syringe, including a

t woconparwoento/os2®4 or syringe, one conprising the phar ratasteomabo2se
conposition of this disclosure in |yophilized formand the other a dil uent
for reconstitution. A nulti-dose dosage unit can also be, e.g., a bag or
tube for connection to an intravenous infusion device. This disclosure also

tenpl at h i cal i tion of thi
G sct osur o GRCREoSE e GNP B2 Wi iBlescaREE o8 fogb 32y o e
of 1 nst ructdoanns W2 BIIesHRY ND97! BiSd STDASH] IS0l Auidhiigops suffering a

di sorder such as a di sorder descri bed above Monocl onal Anti bodi es
and Exenpl ary Si ngl e Glhaenic Runsli oménizee iGrs 7HgOdpharN29%h SEQNR  ant i bodi es

xerpl Q?ydiﬁé% B RAPr2 At h 2P0t gD ISR am SRR FBINA 1Br of ei ns
are b1 6| KoARSSHIR AL eIl s CALeT e hlf BB ot o

Cris-7 a“nouse ant1 - human nonocl onal ant 1 body
(Rei nher z, aEllnkbrtrmtcm)knpr(wdShl)ee (GHy)eBoartimkey pn tenddm, choperioger Ver | ag, New
Yor k, (1986)) The Cris-7 mAb was shown to bind to human, baboon,
cynom)l gou@u%ﬁfﬁz@q@ﬁﬁg Hoht ©hpin yariabie F@ﬂlogrﬁ)mﬂtateéaleﬁmmg%ewm 7 single

h f d t
Cross- spactBECF BhaTP ety R Rar Wre I G AR RIS <. 7
1 gGl - N297 AosfiioRs IF23MOB2365G237 @ndN297 2688 a ddistior?80G236%)6.cPIG(284f rom

am no-termnus to carboxyltermnus: a chinmeric or humani zed Cris-7 heavy

chai n Vit i 28i7eARBYian, the Crarmegion eidiureadmgG4es three (A y)4-Ser linked in
1aG i nge regi on ( sCIppreand TBatizgh s NG ERENOE AR i e
substituti %79398@0%9 Zgl 299) camPris8fom BRinCEAHINGS tdeamBxy ISt minushameri c
and humani zed Cris-7 | gGl AA- N2 7A (SEQ I D NCs: 266, 271 , 276, 281 , 286,
291 , 296) cbomeric eehfimanizedi Gris-¥ dra@vywhatrovariable region, a linker that
comprises at least three (Gly)s-Ser linked in tandem, Cris-7 light chain variable
15 region, wild type human IgG1 hinge region, the Cps region from human IgM,
and the Cus region from human IgG1, and a tail sequence that comprises three
copies of the FLAG epitope, one copy of the AVI tag, and six histidines.
BC3 (also referred to as BC3 mAb or BC3 FL) is a non-mitogenic
mouse anti-human CD3¢ 1gG2b mADb (Anasetti et al., J. Exp. Med. 172: 1691-
20 1700, 1990).
BC3-HM1 (also referred to as “BC3 HM1”) (SEQ ID NO:84)
comprises from its amino-terminus to carboxyl-terminus: BC3 heavy chain
variable region, a linker that comprises at least three (Gly)s-Ser linked in
tandem, BC3 light chain variable region, wild type human IgG1 hinge region,
25 the Cys region from human IgM, and the Cy3 region from human IgG1, and a tail
sequence that comprises three copies of the FLAG epitope, one copy of the
AVl tag, and six histidines.
BC3-ACw2 (also referred to as “BC3 AChH2") (SEQ ID NO:85)
comprises from its amino-terminus to carboxyl-terminus: BC3 heavy chain
30 variable region, a linker that comprises at least three (Gly)s-Ser linked in

tandem, BC3 light chain variable region, wild type IgG1 hinge region, the Cns
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carboxyl -termnus: a chinmeric or humani zed Cris-7 heavy chain variable
region, a linker that conprises three (@y)4-Ser |linked in tandem chineric
or humaniweaord43904 | i ght chain variabl e regi on, a nut atreu/usgeo/obizage
region (SCC-P), the CH2 region of human Ig@ wth four alanine

substi tutions at positions L234, L235, &37 and N297 and a deletion at (36
{i.e., LLGX234- 237)AAA), and the CH3 region of human Igd . Chineric and

h d Cris-7.l | D NOS. 267, 272 7, 282 7292
et 22 OB B N A SRR R A s e i e,

humani zed @niag éphese Yorfd @by Uﬁhb@ﬁw’ﬁage@h@gm Hstidifker that conpri ses three
(Ay)4- Ser Ilnked in tandem’ chimeric or humani zed Cris-7 light chain

variabl e region, a mBGE-&f N@Q?Amallsgﬂfef%lgﬂd)hm(&i@% N297&" REQ Qi on of

human | g& t three.alnn hsti t ut.i on posi tion &36 and
297 and ¢ Birbgists Torm s SHHG LRI on oA RS, PLoH 8

| 9GA- AA N2 QRAH Rifadid) éﬁ&?@ﬁmk@&ﬁat fiprisdShredtolygSer g@%ﬁ AR Saé;ﬁe from

am no-termnus to car termnus: a chinmeric unmani heavy
chai n vari 802ligletgiham variablekegionhamutatga igeeishinge eegiod (B0G-89rtheiGieed i n
tandem chineric or humani zed Cris-7 |ight chain variable region, a nutated
| gG hi nge "e@igN & husean o1 wHe a@l—iﬁa'ﬁ'@@%ﬁ’%ﬁ“t'ﬁﬂr@éﬁ@ genangotne ¢fRASItiNani ne

substl tuti 43237 and N297 and a del etion at G236
.e., G@?B%Ed%%t{ﬁiﬂ%bﬁogﬁﬁﬁyﬂ% regi on of human | g&4. Chinmeric and
hurranl zed Cris-7 HVL GG RANGRI 26 als@ Féferrdd Qo a38BCR% 14294 (SREOID

conprise fromam no-termnus to carboxyl-term nus: a chineric or hunmani zed
Cri s- 7 WeaNO@aicampaispaiios e gning t%:mlnw@rcarhexyldermmwe@c&theae@st t hree

harn 1 oc PRk EAtass EIOR R ks hd oorhsdin Pk LEM-p Ul Rdeeddit oo b
f rom human B@rﬂ. nt G Qalidbib regBHEAFRULRAL |gmnw|hgéeégbhr(3@@gltﬂé of, the

FLAG epi t ope, one copy of tag, and six hrstidines (al so
referred tgegionBERUMEN @G’B&ma)r algniaersavstiutioge @it posibiase LAd4 i L23man CD3e

1 g&b mb (A038e Kbofbnd's deidtion P28 ot 1263834 237)AAA), and the Crs
15 region of human IgG1.
BC3-G2 AA N297A (also referred to as “BC3 IgG2AA”) (SEQ ID
NO:82) comprises from its amino terminus to carboxyl terminus: BC3 heavy
chain variable region, a linker that comprises three (Gly)s-Ser linked in tandem,
BC3 light chain variable region, a mutated IgG1 hinge region (SCC-P), the Ch2
20 region of human IgG2 with three alanine substitutions at positions V234, G236
and N297, and the Cus region of human IgG2.
BC3-G4 AA N297A (also referred to as “BC3 IgG4AA”) (SEQ ID
NO:83) comprises from its amino terminus to carboxyl terminus: BC3 heavy
chain variable region, a linker that comprises three (Gly)s-Ser linked in tandem,
25 BC3 light chain variable region, a mutated IgG1 hinge region (SCC-P), the Cy
region of human IgG4 with four alanine substitutions at positions F234, L235,
G237 and N297 and a deletion at G236 (i.e., FLGG(234-237)AAA), and the Cps
region of human IgG4.
OKT3 (also referred to as OKT3 mAb or OKT3 FL) is a mitogenic
30 mouse anti-human CD3¢ IgG2a mAb (Ortho Multicencer Transplant Study
Group, N. Engl. J. Med. 313: 337, 1985).
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1700, 1990). BC3-HML (also referred to as "BC3 HML ") (SEQ I D NG 84)
conprises fromits amno-term nus to carboxyl-term nus: BC3 heavy chain
vari abl e wegomv424| i nker that conprises at | east threePCEUSI9SBe86 i nked
in tandem BC3 light chain variable region, wild type human I g3 hinge
region, the CH3 region fromhuman 1gM and the CH3 region fromhuman 1gQd |,
and a tail sequence that conprises three copies of the FLAG epitope, one

f the AVI tag, or, histi di nes. BC3- So.Eef e (ed "BC3
baD") (SEQ 1D NG 50 b A JSby el R0 B R TEHATILSEG & RBadp 2
car boxy! - t eoRighiess S jt8 emYMoSERhIALY 8 talioxyl-RGintus: ©KTDkeav] BRdinconpr i ses

at least three (Ay)4-Ser linked in tandem "BC3 |ight chain variable

regi on, w Ivdriebleeregep@, aHinkge thrad goopriseb et @ddt Hyeer{ Gy )4 Bemiinkédy®@ , and a
tail sequence tha rises. three copies of, K the FLAG epi e, one copy of
Lhe AVI ¢ agandrs, ofS et PRR Red BBIG iR B it ypa g i | Bt 8aon, acs
N297A") S - j r ' LAt ' -

car boxyIEgtE}%mUﬁaE@I @groﬁrgg%ﬂa@ﬁ@% a@?ﬁh%ﬁ%%@%&ﬁérﬂ]ﬁﬁ%&@ﬁ1t’F?Qtd e(l:;[)arlrlpri ses
t hree (d y)éqgbencd thatedmpriseaiores cdpss of thbtFlAGiapitope ] e eopyegi thie, a

nmutated 1gd hinge region (SCC-P), the CH2 region of human 1g@ wth an
al ani ne suls{litag anshsixthistitin@spar agi ne of position 297, and the CH3 region

of huren 190 . ECH- Ghp RT3 RRAL S R0kt Acsn (@ER 9l (S50 1D

NO 81 ) conprises from t érmnus ermnus: heavy

chai n vari abherisegifym itg dming2érminas t6 esioxyeerininee KT Y hdavechainnked in
tandem BC3 light chain variable region, a nutated Ig)GI hi nge region
(SCC- P)10 t tvari negifino A lbkenthed gompasesiat keaso threal (G )mdes lipked trut i ons at

P Oo 294 2 3976y ORI o PR BB RS h. ikl bR el siBioeddiot ibs e  an so
referred tQegion' FBEIMA TN Janc R @iDRIE) seqididseat EoRmYises tRaEno

term nus to carboxyl term nus: BC3 heavy chain variable region, a linker
t hat conpr icopiestafitbe HLAG pritcee, drientary ofrthe #\ddag, and six histidines.

OKT3-G1 N297A (also referred to as “OKT N297A") (SEQ ID

15 NO:88) comprises from its amino-terminus to carboxyl-terminus: OKT3 heavy
chain variable region, a linker that comprises three (Gly)s-Ser linked in tandem,
OKT3 light chain variable region, a mutated IgG1 hinge region (SCC-P), the Ch2
region of human IgG1 with an alanine substitution at position 297, and the Cys
region of human IgG1.

20 OKT3-G1 AA N297A (also referred to as “OKT3 IgG1AA”) (SEQ
ID NO:89) comprises from its amino terminus to carboxyl terminus: a leader
sequence derived from human 2H7 leader sequence, OKT3 heavy chain
variable region, a linker that comprises three (Gly)s-Ser linked in tandem, OKT3
light chain variable region, a mutated IlgG1 hinge region (SCC-P), the Ch2

25 region of human IgG1 with four alanine substitutions at positions L234, L235,
G237 and N297 and a deletion at G236 (i.e., LLGG(234-237)AAA), and the Cnus
region of human IgG1.

OKT3-G2 AA N297A (also referred to as “OKT3 IgG2AA”) (SEQ
ID NO:90) comprises from its amino terminus to carboxyl terminus: OKT3
30 heavy chain variable region, a linker that comprises three (Gly)4-Ser linked in

tandem, OKT3 light chain variable region, a mutated IgG1 hinge region (SCC-
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BC3 light chain variable region, a nutated 1g@ hinge region (SCCP), the
CH2 region of human 1g& with three al ani ne substitutions at positions
V234, @Q3soxant/M2®i, and the CH3 region of human | g&. BC3AS1000M6088O7A
(also referred to as "BC3 | gAAA") (SEQ ID NO 83) conprises fromits am no
termnus to carboxyl term nus: BC3 heavy chain variable region, a |linker

t hat corrprises t hree (GI y)4 Ser linked in tandem BC3 |ight chain variable

i h f |
o Tour Bt Sl bR %2 Wit Trdd oo, STE R R FostBR o O o
a del etion \&34%%@&%@29&% Mcﬁ?? fh@ﬂﬁ@ntl ezCHB region of human

| gA. OKT3 (also referred to as OKT3 FL) is a mtogen ic nouse
antl-hunan CD3e IgGZ@Pﬁ%Q{ANMZSMA(alsemeferreﬁrtampmﬁm @GMACB(SE@ N.

Enal 337, 985) . OKT.3- HML dt 3 HVL "
ToRG 1 Ng?@ﬂgc%ﬁﬁpﬁg%@eﬁ 00 115 e T B G oY BB s ¥ oo
h

Ly (S8 ekl RaIt AR fegid. 4 MR thaXorfs gvéé'rt.ﬁg‘%? RYLESELINEER |y pe
human | gG téndeye, O&Ji3dight theinGHBiabigregyior, ra)multEIeﬂﬂgGglMlngmtbgld)m(SEB regi on

from human IgGI and a tail sequence that conprises three copies of the
FLAG epi t op®; %@H%W%@f hyyaanNg G yyth fonp alaning, pubstiutins atcﬁ@ﬁ@lQﬁéHz (al so

referred toAn |67 EONA0TEE bit MAGRo FAIBIBE R, | EPBIA 084318 ARG T NS

to car boxyl heavy ain vari a nker tha

conpri ses @tndltagsjmtrbg@ﬁ df@uynah @ﬂ4| i nked in tandem OKT3 |ight chain
vari able region, wild type Ig@ hinge region, the CH3 region of human |gG

, and a9 additional 49 WWQ@SI%WG&J%T?B@@‘E NQ@@M@@ & 62t he FLAG

ererred ¢ 4eabRRbR et ho Wlhory ReTud h Shpsl Qe o B BRTo =0
am no-t er migea-Wa- N@gmwa'ﬁJ [HOUFL GACRNDITRAGEQ BINDYEDI dRich regi on, a
| i nker that conprises three (G y)4-Ser linked in tandem OKT3 |i ght chai n
vari abl e r egoencaingludesei2? @g@inbiacykleadgi s&QYEDOE-that istriod agpart of the
mature fusion protein). Also, single alanine substitution mutations at each of
15 the four positions (F234, L235, G236 and G237) in combination with the N297A
substitution were made (i.e., OKT3 IgG4-ALGG-N297A, OKT3 IgG4-FAGG-
N297A, OKT3 IgG4-FLAG-N297A, and OKT3 IgG4-FLGA-N297A, which
correspond to SEQ ID NOS:234, 236, 238, and 240, respectively — these also
include a 22 amino acid leader sequence that is not a part of the mature fusion
20 protein).
OKTS3 ala-ala (also referred to as OKT3 AA-FL or OKT3 FL) is a
humanized, Fc mutated anti-CD3 mAb that contains alanine substitutions at
positions 234 and 235 (Herold et al. (2003) J. Clin. Invest. 11(3): 409-18).
Visilizumab (also referred to as “Nuvion FL”) is a humanized, Fc
25 mutated anti-CD3 mADb directed against the CD3¢ chain of the TCR. ltis a
human IgG2 isotype and contains mutations at positions 234 and 237
(Carpenter et al., Blood 99: 2712-9, 2002).
H57-457 mAb is a hamster anti-TCR monoclonal antibody. It is
mitogenic and functions similarly to OKT3 monoclonal antibody (Lavasani et al.
30 (2007) Scandinavian Journal of Immunology 65:39). The sequences of V and
V| regions of H57-457 mAb are set forth in SEQ ID NOS:49 and 51.
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region of human Ig@ w th an al anine substitution at position 297, and the
CH3 region of human 1gd@ . OKT3-GlL AA N297A (also referred to as "OKT3

| g3 AA") WEBQWI@ND. 89) conprises fromits am no ternm nBRETIUS2@U0b2RY |

term nus: a | eader sequence derived from human 2H7 | eader sequence, OKT3
heavy chain variable region, a linker that conprises three (dy)4-Ser

| inked in tandem OKT3 light chain variable region, a nutated 1g3 hinge

i - P), th i 409G with f | ani .
Cubstitutrons at postioiar hohSEQIMROIN s MihRuto Mo SRalehann ar cose
(i.e., LLGHZEGpictéinthdVing % ggéilngl&rﬁﬁaiem With MUTBRoAOH C, T Saiae AA

N297A (also referred to as g&RAA") (SEQ ID NG 90) conprises fromits
anmi no t er nitheossofEPGOxadtivitiesin mdditioOKd 3hé &Ry Achuistitutani. dbcempeggon, a

| i nker that_ conprises three (Ay)4-Ser |.ink in tandem OKT3 |ight chain
var i a o - dEFbl: SAIRR{SITERCD &@g%aoesgtierr@av%ﬁ%?@w chlg V@QQE%I;;Z%P’M d
uman e%“@:ﬁ t i ; ; an
N297, agsd@ta\mer{ H%tg’gﬂ nr%%y}ﬁ[ma ?%&&H%ﬁ& ﬁrﬁm@%“%ﬁﬁ%lreferred to
as " OKT3 | gafiabie)regiieQal vild\type Impus® piH GRehifgeregits, theiG1p regiomafus to
carboxyl term nus: OKT3 heavy chain varjable region, a |linker that
conprises thowse (GGRg wilkyfour Aleaing subsitdians abhwrsitiongHi23dn&L2adSvaegBabl e
region, a I i i e CH2 region of human | g4
Wi ?h four a tgﬁ}tl%%’sugs h?t%ﬁgﬁ@a pé@%:r%ﬁSGTQEZM, L23%, &37 and N29$ and

a deletion at G236 {iH37 HMLGEQIB-NABOBMS a nadubd $iaglethaitdisivh pfotéinman
| g&A. Al so nmade and tested were OKT3 | g&4- N297A (i.e., the CH2 regi on of

hunan |'@4 thehvaomaprisasyframédtsnraina teupELStacRBOXYPEBINKEOIA7 HLagKTBain
ol udes a 23281R 0N, PATREE BT DR Bre R O SR IAT BB o ur o
Four posi 1o B S P [ o el e o e R oTA
substi t ut i dhsweegiomeais the. roUSOKE3, tleg®h. ALGG- N297A, OKT3 | g&4- FAGG\297A,
H57 Null2 (SEQ ID NO:96) is a mouse IgG2a single chain fusion
15 protein having H57 binding domain and with mutations in Cyz that cause the
loss of ADCC and CDC activities. It comprises from its amino terminus to
carboxy terminus: H57 heavy chain variable region, a linker that comprises
three (Gly)4-Ser linked in tandem, H57 light chain variable region, a wild type
mouse IGHG2c hinge region, the Cp2 region of mouse IGHG2c¢ with six alanine
20 substitutions at positions L234, L235, G237, E318, K320, and K322, and the
Cus region of mouse IGHG2c.
145-2C11 mAD (also referred to as 2C11 mAb) is a hamster
monoclonal antibody against the CD3¢ chain of the murine TCR complex
(Hirsch et al., J. Immunol. 140: 3766, 1988). It is also mitogenic and functions
25 similar to OKT3 monoclonal antibody. The sequences of Vy and V| regions of
145-2C11 mAD are set forth in SEQ ID NOS:58 and 60.
2C11 Null2 (SEQ ID NO:56) is a mouse lIgG2a single chain fusion
protein having 2C11 binding domain and with mutations in Ch2 which cause the
loss of ADCC and CDC activities. It comprises from its amino terminus to
30 carboxy terminus: 2C11 heavy chain variable region, a linker that comprises

three (Gly)s-Ser linked in tandem, 2C11 light chain variable region, a wild type
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OKT3 | gA- FLAG N297A, and OKT3 | gA- FLGA- N297A, which correspond to SEQ I D
NCS: 234, 236, 238, and 240, respectively - these also include a 22 am no
acid | ead®o 2980de99de that is not a part of the nmature fesras2@oos@se). OKT3
ala-ala (also referred to as OKT3 AA-FL or OKT3 FL) is a humani zed, Fc

nmut ated anti-CD3 mAb that contains alanine substitutions at positions 234
and 235 (Herald et al. (2003) J. din. Invest. 11(3): 409-1 8). Visilizumab
(also referred t "Nuvion FL")., is a humani.zed. F ated antj-CD3 mAb
it oot ed. agarine fmG2eRaRa. e Bvd roilh O FifluselGHiteR W X PlagifRp e "anc
contal ns mg afipnsns bt §8§tiéh§0234?,3_42ﬁ1@2%3/7, EG4R" R8Pbean@ K32k, anhpod 99:
271 2-9, 2002). H57-457 mAb is a hamster anti-TCR nonoclonal antibody. It

i s m togeniGusaadiohwoicnouses|@iGRtarly to OKT3 nonocl onal anti body (Lavasani
et al. (2007) Scandi navi an Journal of | mrunol ogy 65:39). The sequences of
VH and V L regions of H57-457 mAb are set forth in SEQ ID NCS:49 and 5

1. H57 half null (SEQ ID NO 304) is &XAMBEEI1g&a single chain fusion
protein having H57 binding donmain and with mutations in CH2 that cause the
| oss of 9ADCC ddSION PRESENG RRINOTiIAGT MAT EtRTUMRD 3 GEL4 8195 INPUEE 1Y TOKINEC onpr i ses

fromits amno termn t 1 NUS, y~chai n variabl e
region, a linker that L%%LWE%I’SI %3?{1%?%3*%%%5%%’&@%&@% tandem H57

| ight chain variable region, a wild type nouse | GH&c hi nge regi on, the CH2
regi on of nxvistor BHARanigdiiphetsl bidatnmoBoaubisti tells (PBM@Y) posi tions L234,

L235, &X37, and N297, and the CH3 retg(i%g)n of mouse | Gd&xc. H57 HWR (SEQ I D
NO 306) is a nouse sifigskhem@nivinelsitipppwasabtainaain 88k PYdRIgT om it s

[ micer  t nacon e dBoaf b % EoUHE pidde pel oAb B A e e n
vari abl® r eginpBrataraip @ HOUPS bBTIHE Prd TR BIdoRIgNV a8 dilited iaUsEmL

CH3nr egi on, and the nouse CH3Y region. Null2 (SEQ ID NO 96) is a nouse
| g&a si nglecengahiupef wish an gauat edlimeaef negmHEMperatiradRFRIMhdbA0 4nal wi t h

mutations Isﬂpp e%netn g)t fr‘?‘é’éﬁm%@%mw was mixed 2 to 3 times by gentle inversion.

Using a 25 mL pipette, 20 to 25 mL of the diluted blood was layered carefully
over 15 mL of Lymphocyte Separation Media (MP Biomedicals) contained in a

15 50 mL conical tube. The tubes were centrifuged at 400 g for 30 minutes at
room temperature. Cells were collected from the interface of the density
gradient and were combined in a 50 mL conical tube, with no more than 30 mL
of cell suspension per tube. The tubes containing the cell suspensions were
filled with RPMI-1640 containing 10% FBS, 100 U/mL penicillin, 100 ug/mL

20 Streptomycin, and 2 mM L-glutamine (Complete RPMI-1640). The tubes were
centrifuged at 1500 rpm for 5 minutes at room temperature and the supernatant
was aspirated. The cells were washed twice by resuspending them in 20 mL of
Complete RPMI, centrifuging at 1500 rpm for 5 minutes at room temperature,
and aspirating the supernatant. The washed cells were counted by

25 hemacytometer and resuspended according the assay protocol for which they

were being used.

Labeling human PBMC with carboxyfluorescein succinimidy! ester (CFSE)

The density of mouse splenocytes was adjusted to 1x10%/mL in

sterile PBS. The cells were distributed into 50 mL conical tubes with no more
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| oss of ADCC and CDC activities. It conprises fromits amno termnus to
carboxy term nus: H57 heavy chain variable region, a linker that conprises
three (Awpaetdan2dounked in tandem H57 |ight chain vari blraseegioenesé a wi | d
type nmouse | GH&c hinge region, the CH2 region of nouse | GH&c with six
al ani ne substitutions at positions L234, L235, &X37, E31 8, K320, and K322,
and the CH3 region of nouse | GH&c. 145-2Cl1 1 nmAb (also referred to as 2Cl1

1 mAb) is ha ter n |bod nst_ t % of .t he

nmuri ne TCR%%%? ?—‘%)?(q@ cgﬁs)aﬂer ¥Hﬁ%ﬁﬂ eﬁg"'eb %"tﬁrl@égli us,r}g is al so
m togeni c Qlﬁ'é’dELﬂ'_qtR’mE%C’PQE’J‘CeII@r%@?’atl@hrl@l@kmaﬂcu%'?tprgﬁéiéf) aﬁ@ﬁ‘ sequences
of VH and VL regions of 145-2 mMAb are set forth in D NOCs: 58 and

ﬁo _ ZClzéllumtlhﬂzlggswgiDoN@fﬁﬁ)sde sAé mﬂMtseI;J_tlng@éCdFS’Eglnetlaslulalletbrsgmﬂ?pr ?)t ein
avi ng indi ng domai.n an atiops i ause the | oss
of | ADOC. andMBE Wat PreRATEY 'mmede%\”ﬁtfbé%ge 5@ RY el %f%w%h h82%o car boxy
term nuss Gﬁ% | ses three
(dy)4- ger%ﬁ;hnke nMOﬁ eEPnOf/ ta?ﬁ %ﬁg}ﬁ@/gpl gmgzgﬁﬁﬁsg wild
typenouse |(Co@onenhgeofrkityi dhe GHEE @omtloagmma@cﬂedmm PBMG2celiv t h si X

al ani ne substitutions at positions L234, L235, &37, E31 8 K320, and K322,

and the CHSUSBENEAN®IO AdingkconsaayatiopifPIiM £RSTS) hrn Brexrel RESRRISIRHS

ACTI VATE P S OR
AcCESSORY M P e A 3T MG EE Jot | Shmister Ths bl Tobeld ettt
(PBMC) Fr ewaéwqumh\eﬁqd}em dg)cmb w@%sahtmmw GompleteT| RPRY1i6a0&®nednihg i ng
heparin (up to 25 bl ood per syringe) and was kept at room tenperature

up 2 ho@ s 1986 6BS, 6|09dé/§@+ RgnIciiine 1@Dd4gﬁmls.a%tr@ptpmy@w iandz22 BM bt coni cal tube

wi th an equal. vol er at uppl ements). The

i uted bf dhueaetT B oS RAgh TR 1RI0, B 1 U ER 3T g a 25" m

pi pette, 2QehperRufd._TIHE stpendtdritiviaes Medddn éé(@’f %e%’fcﬁﬂié' dallsWéare 15

m _ of Lynphocyte Separation Media (MP Bionedicals) contained in a
re-suspended in RPMI Complete. The cells were counted and adjusted in

RPMI Complete to the desired density for use in assays.

15 Analysis of Mitogenicity and Cytokine Release Using PHA-Primed T cells

Human PBMC were suspended at a concentration of 2x10°
cells/mL in complete RPMI media (RPMI-1640 containing 10% Human AB
serum, 100 U/mL penicillin, 100 ug/mL Streptomycin, and 2 mM L-glutamine)
and stimulated with 2.5 pg/mL of PHA (Sigma) at 37°C for 3 days. After

20 incubation, cells were washed twice with complete RPMI and re-plated at a
concentration of about 2x10° cells/mL in a new flask with no stimulation. Cells
were then placed at 37°C for an additional 4 days, allowing the T cells to rest
before exposure to a secondary stimulus. At the end of this 4 day rest period,
cells were harvested, washed with PBS, and labeled with CFSE as previously

25 described. After labeling, cells were suspended at a concentration of 2x10°
cells/ml in complete (human serum) RPMI (RPMI-1640 containing 10% human
AB serum, 100 U/mL penicillin, 100 ug/mL Streptomycin, and 2 mM L-
glutamine). At this time, fresh PBMCs were isolated from the same donor and
used as accessory cells for restimulation. To prepare the accessory cells, T

30 cells were magnetically separated from the PBMC population using the
EasySep technology (Stem Cell Technologies Cat# 18051). Magnetic
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50 nL conical tube. The tubes were centrifuged at 400 g for 30 m nutes at
roomtenperature. Cells were collected fromthe interface of the density

gr adi ent woaowaresogonbi ned in a 50 nL coni cal tube, w tRcmawscewesi2ian 30 nlL
of cell suspension per tube. The tubes containing the cell suspensions were
filled wth RPM -1 640 containing 10% FBS, 100 U nL penicillin, 100 ug/nmL
Streptonycin, and 2 mM L-glutam ne (Conplete RPM -1 640). The tubes were
centrifuged _at 1500 rpmfor. 5 m.nutes, at rpomte rature and the

super nat antReA0 55 800 Win e §%.8 ot BBl AME R Bk e BRAR ng them
in 20 nL ofcmRleifusBMd wiRMhé Tr%@EIWQoléfedlﬁgﬂl(IspéT&édPﬁiné tgiRglt €s at room
tenperature, and aspirating the supefnatant. The washed cCells were counted
by hemacyt on@wactane's proteqoendbd cad cmddieay miduiesway tperokedidola first tullei ch

they were bejng used. Labeling h PBMC wi t h, carboxyf| uorescein

Suci o oS PERIE TG IR g1 O Chanoan e o oo PSP RO st ed € o
1x1 06/ i ' eTdi b i lcal

t ubes V\n'rgt_h d%éﬁ‘lﬁﬂdé‘% §a§;&§gd§1@?%¢§ t%% ;:rgFl%s 3pdhé’(%l%t ﬁbég”%“'ﬁfe%r%t?t%g{éyere

| abel ed wi tif tHeFBiSt tudien gvHilbeh€BCEESAOECENY WEFSEalsierreBrinta therseicond tié:.

(Mol ecul ar _Probes), after optim zing conditions for use. A 5 nmM sol ution of

CFSE in ti Jd@eedativalyeseleciad aoeersam seps wisse gatamwith Moy @ CoMGse by

addi ng 18 ' t f~ ' i ni ng
20 or 1y fiacHodd iRt R FATRARER" BfiCRSEJatdled PAbIERTAR ™ 10
to the PBMMNIE tresteaRRIBEESHI dells vdre Babp&tdueint darhplete (fundéh AN drGm) t hen
the cell suspensions were incubated at 370C in 5% CO2 for 15 m nutes. The

cel | | Wkl iRfGMI abdx1QSieallasnlquEashsell pppaiatipnwes addadiises 4@well IFaue Conpl et e

S opt onyc tHGa=E [tF PElmeRg Wil B BR8P o 1 or 7
i nutes at Qe BIPhAiRoncl IEIANPA LRGN BOBLATRIRHRlah QB each tube

and the cells were re-suspended in RPM Conplete. The cells were counted
and adj ust da@rvest@Prt 2Ehmp beeestirouliatien dEke celts dra semgining suganatanisegs.

Analysis of, N dd5 0h By’ post-eiiiton HER e caR Wete Staindawith ¢€' ! S

15 fluorescently tagged antibodies against CD5 (340697, BDBiosciences) CD25
(557741, BDBiosciences) and 7AAD (559925, BD Biosciences) and run through
a flow cytometer (LSRII, Becton Dickenson). Data was analyzed using FlowJo
flow cytometry software (TreeStar). The gating strategy was as follows: cells
that fell within a forward scatter (FSC) : side scatter (SSC) lymphocyte gate

20 were analyzed for 7AAD expression. Cells that fell into the 7AAD negative gate
were then analyzed for CD5 expression, and cells that were within the CD5+
gate were then analyzed for CFSE dilution and CD25 upreguation. Cells that
were CD5+, CFSE"® and CD25" were considered activated T cells.
Supernatant samples were analyzed for the presence of cytokines and

25 chemokines using a custom 11-plex Luminex-based detection kit from Millipore
(Milliplex series), following the manufacturer’s procotol. The 11 analytes
detected by the kit were: IL-B, IL-1RA, IL-2, IL-4, IL-6, IL-10, IL-17, IP-10,
MCP1, IFNy, and TNFa.

Figure 1 shows that the OKT3 IgG2AA, OKT3 IgG4AA, and OKT3

30 HM1 fusion proteins did not activate PHA-primed T cells as compared to known
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Human PBMC wer e suspended at a concentration of 2x1 06 cells/nL in conplete
RPM nedia (RPM -1 640 containing 10% Human AB serum 100 U/ niL penicillin,
100 ng/ mwetnmpuegegci n, and 2 mM L- gl utam ne) and sti nulPatram2emobo28 5 ng/ L
of PHA (Sigma) at 370C for 3 days. After incubation, cells were washed
twice with conplete RPM and re-plated at a concentration of about 2x1 06
cells/nmL in a new flask with no stinulation. Cells were then placed at 370C

L ool s PPy G Ry Se. SSphBcbde BBl dS1BRERESY ® 1O @
harvest ed, HaebgdsWohthifR§thé B3 BiRaIMRddvhbin. CFSE as previously descri bed.

After labeling, cells were suspended at a concentration of 2x1 06 cells/m
in conplete (human sdrabg 1 RRMVS(IRPMOKIT 3d4G2AdN tGK T3 tgG4ARdnah@K TABHNEr um

100 U nL icillin, 1 ) St t i d 2 L t am . At thi
ne T b b peo s ot eSS B e ase B Sraets a8 8 bl Be S kosbe sor'y

cells f I i L ; - i ells were
magnet i g%l |°;§ ﬁéé’eI g?rog%rggp?r %"‘?L@P%@éé%g% ﬁ?gtﬁﬁ%gﬁédgs?ﬁyfﬂ%g%s ySep

technol ogy (Stem Cell Technol ogies Cat# 18051 ) . Magneticnanoparticles
along with dextran and a cocktail of antibodies directed against CD3 were

i ncubated with the freshly isolated PBMCs according to the manufacturer's
protocol. The cell and bead m xture was then left in a first tube with
EasySep Purple magnet for 5 m nutes and then the cell suspension was poured
into a second 5 ml _ FACS tube. The CD3+ cells (T cells) were retained in
the first tube, while the accessory cells were transferred into the second
tube. The negatively sel ected accessory cells were treated with mtonycin C
(MMC, as described below) to inhibit proliferation. Both CFSE-I|abel ed PHA
bl asts and MMC treated accessory cells were suspended in conplete (human AB
serum) RPM at 2x1 06 cells/nL. Each cell population was added to a 48-wel
tissue culture plate (0.5 niL/well) along with the indicated treatnents.
Cells were incubated for an additional 4 days at 370C and 50 m _ of
supernat ant was harvested at 24 hrs after stinulation. The cells and
remai ni ng supernatant were harvested on Day 4 post-restinulation. Harvested
cells were stained with
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BDBi osci ences) CD25
BD Bi osci ences) and run through

Dat a was analcyamsdooassorge Fl owdo

The gating strategy was as foll ows:

Bect on Di ckenson).
within a forward scatter (FSC

fluorescently tagged anti bodi es agai nst CD5 (340697,
BDBi osci ences) and 7AAD (559925,

(557741
a fl ow cywormtoars24oLSRI | ,

into the

and cell s that

side scatter (SSC)
Cells that fell

7AAD expressi on.

flow cytonetry software (TreeStar).
7AAD negative gate were then anal yzed for CD5 expression,

cells that fell
| ynphocyte gate were anal yzed for

wer e consi dered

CFSE 10 and CD25 hl

were within the CD5+ gate were then anal yzed for CFSE dilution and CD25

upr eguati on.
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(RPM -1 640 containing 10% human AB serum 100 U/ nmL penicillin, 100 ug/nL
Streptonycin, and 2 mM L-glutam ne) at a concentration of 0.5 ng/nm.. PBMCs
were resuwwpentad2a a concentration of about 1x1 06/ nL aoud/UuskMDowersadded to
a final concentration of 25 ng/nL. The cell and MMC m xture was then

I ncubated at 37C for 30 mnutes after which tinme cells were washed thrice
with conplete (HS) RPM nedia. Prepared stinmulator and responder cells were
suspended at a concentration of abougxﬁgééngnL in conplete (human AB
serum) RPM (RPM -1640 containing 10 AB serum 100 U/ nL penicillin,
100 ng/ L Strept onyGd By Fﬁ@ﬁE&S’Bﬂd{:}QAW@H@SP@NQEQO%L%Nﬂ&EﬁaCh cell

popul ati on was added per well of a 48-well plate. treatnents were added
to the plate at the same tlne as the cells (at the concentratlons shown in
Figures 2, 1 etRed VilgR)X r at i ons g| ven are for ant i bodi es

and t hat rml ar equ nt : ns wer e used r,the fu pr ot ei ns
2s shown in Figure 1 ura%?’m@?i R Sl W isaltte bF SeseMal [he
duratiors 0 rpréxh@u@%%‘ﬁﬁ'l(@b‘?%ep@é@@r SEAEN %nvﬁ?ﬁongrs‘t’lﬁﬁé@CbgM%S%rﬁ et €T
set-up. Harvested'cells were stained with fluorescently tagged anti bodi es

agai nst CDslohdd 0@9g slaBBBimbe it sirmllat@Ripu| SEsva3] PBIML e $ari tbasesdndand 7AAD
(559925, BD Bi osci ence and run on a w cyt er SRI|, Becton

Di ckenson) 9OPaf W%ysgiéﬁtaeaew%rﬁpwbmm S éi’f%ﬂ@g dQRRrEe'E
(TreeStar) [ t I : f {thin a
FSC: SSC | ynp 'a%%d tqﬁﬂ’g(g'tggﬁm%esf‘se'%gbr?g sy 'g’r%?% %%’S*rdeifé‘?@ﬁf“e@?‘t’g %gt fell

w t hi n t he usedalsi tie stiAdhtpanere treatdtewitanaitorasin CO(MKIZS to pxevert sethn, and
cells that were CD5+ were then analyzed for CFSE dilution and CD25
up- r egulCat idbrsiote MM G (Rigmag wascesuspandsein cenletpbie) RidMé mestiasi der ed

acti vat ed I t fusion
proteins bl g%ﬁ}gd%zf'@(%g%\ 'rfge%gkgnse RA#?%gﬁtcﬁgwpgﬂ%llhanq% C3 mAB
and in contgtagitomQcidnd 2 aNPL gyl RBHikeBt-a Siidniatidalod OVERRy/BENeTRIVIed W t h
mol ecul es expressing the OKT3 binding domain. Figure 3 shows that the BC3

HML and mesw&mr@@dmt@t egneeniiagon Iof sbreld!  OT/nake land\dligovwee adgded
all oanti gen to a%'nal concen"% aqlo\ﬁlecgfe%g ranat ‘?he ceﬁ re]md MMC mixture was then

15 incubated at 37°C for 30 minutes after which time cells were washed thrice with

complete (HS) RPMI media. Prepared stimulator and responder cells were
suspended at a concentration of about 2x10%/mL in complete (human AB
serum) RPMI (RPMI-1640 containing 10% human AB serum, 100 U/mL
penicillin, 100 pg/mL Streptomycin, and 2 mM L-glutamine) and 0.25 mL of

20 each cell population was added per well of a 48-well plate. All treatments were
added to the plate at the same time as the cells (at the concentrations shown in
Figures 2, 3, and 17; note that the concentrations given are for antibodies and
that molar equivalent concentrations were used for the fusion proteins as
shown in Figure 17) and samples were then incubated at 37°C for the duration

25 of the experiment. Experiments were harvested 7-8 days after set-up.
Harvested cells were stained with fluorescently tagged antibodies against CD5
(340697, BDBiosciences), CD25 (5655433, BDBiosciences), and 7AAD (559925,
BD Biosciences), and run on a flow cytometer (LSRII, Becton Dickenson). Data
was analyzed using FlowJo flow cytometry software (TreeStar). The gating

30 strategy was as follows: cells that fell within a FSC:SSC lymphocyte gate were
analyzed for 7AAD expression. Cells that fell within the negative 7AAD gate
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nmol ecul es expressing the OKT3 binding domain. Figure 17 shows that a
partially purified Cris-7 |1 gGl-N297A (50% is the peak of interest)
effecti vewp 2bloosk®wd a T cell response to alloantigen. EXAWRISEN0S/06138 ON
PROTEI NS BLOCK MEMORY T CELL RESPONSE TO RECALL ANTI GEN Human PBMCs wer e
isolated froma donor that scored positive in a previous screen for
reactivity to tetanus toxoid. PBMCs were |abeled with CFSE as previously

d bed d. th t t f 2x1 | et
R P e e T U MBS e S
penicilli n,anlaﬁ&eﬂﬁbr"@F@‘Er@iRIti%ﬁVéHd‘CDQB%pz diMid@Inut @ang @bt were ons-of

CFSE- | abel ed cells and lug/nL of tetanus toxoid (EMD), along with

exper i nent SFSERandD25" were canslderedmaciiva®disEicelipl at e. The cell's were
i ncubated at 37C with 5% CO2 for the duration of the experinent.

Experiments were har\rgired shelay thafithe BCRIgGGHAA Had \BGI &fG4LAlfgsivR! €
stained with fluorescent I_Iy t agged anti bodi es agai nst CD5 (340697,

BDBi os ci%n@satpingrelocketsa (Tsegurespopssioaleaniges)betien thamkewa BGHWAR) t onet er

Sortwar e FrodeceRERRKTHE f Sn@lY SafiiE bRt Vel Seadipi fhY Tl ¥

within a F%@&Qeg)é&}grggg th@eORTOIRding dov7as. for CD5 expression, cells
that subsequently f in the CD5+ gate were then anal yzed for CFSE

dilution and CD25upr éfgguratfi smowEHdt she BAI3 lvbM1ear®DB€3 m@@ﬂemnmrowzsm wer e

d d t ) 4 sh .hat
M and. BCENMBIOEKET 8rT HTIbPRESEnalPaRBel uRey S EERTe VERTAR o
|| t t ed th f
rorei n@"c?ﬁ?gF%‘Fﬁﬁ??S@?@eﬁ?ﬁﬁ?%@ﬁ %“%'Pé’exkﬁpﬁﬁnir Pl o PROTE! N
| NDUCE DOANMODULATI Oﬁlgn?eCELs‘,thluRFFmE paCRalANDUITIRR] ErisanlgPEMIR9VAr(B0Ysol at ed

as described in 1 and suspended at a concentration of about 2x1 06
cells/nL. M B@@@qjﬁgaptqrﬁgt) pHkelvely blocked a T cell response to alloantigen.

EXAMPLE 3

FusioN PROTEINS BLOCK MEMORY T CELL RESPONSE TO RECALL ANTIGEN

15 Human PBMCs were isolated from a donor that scored positive in
a previous screen for reactivity to tetanus toxoid. PBMCs were labeled with
CFSE as previously described and then resuspended at a concentration of
2x108/mL in complete (human AB serum) RPMI (RPMI-1640 containing 10%
human AB serum, 100 U/mL penicillin, 100 pg/mL Streptomycin, and 2 mM L-

20 glutamine). 0.5 mL of CFSE-labeled cells and 1ug/mL of tetanus toxoid (EMD),
along with experimental treatments, were added to a 48-well plate. The cells
were incubated at 37°C with 5% CO,for the duration of the experiment.
Experiments were harvested 8 days after set-up. Harvested cells were stained
with fluorescently tagged antibodies against CD5 (340697, BDBiosciences) and

25 CD25 (555433, BDBiosciences) and run on a flow cytometer (LSRII, Becton
Dickenson). Data was analyzed using FlowdJo flow cytometry software
(TreeStar). The gating strategy was as follows: cells that fell within a FSC:SSC
lymphocyte gate were analyzed for CD5 expression, cells that subsequently fell
within the CD5+ gate were then analyzed for CFSE dilution and CD25
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were set aside for immediate cell surface staining while the rest of the
PBMCs were incubated with various anti-CD3 reagents for 4 days before

anal ysi s.wBBMg4tm4be st ai ned i medi ately were cool ed oRCIams2000/06@86 m nut es
after which they were spun down at 1500rpm for 10m n at 40C and the

resul ting supernatant was renoved. Cells were suspended in ice cold FACS
Buffer (dPBS, 2.5% FBS) at a concentration of 1x106/m . 1nmlL of cells was

analyzed. - Wb RrEnte s ETE 5 G eRee 08P ek E2fRel (Fe 1m

al i quot s ofychehted RRAId he cells were spun down at 1500 rpmfor 5 m nutes at
40C. Tubes were inverted and supernatant decanted so that there was
approximately 0.1 nL of FACS Buffer left in the tube along with the cell
pel l et and the tubes Figure 4 showpthatdoe 8O3 g&2/00. 368 dgG4 tAds kansf BeBai ni ng

ant i bodi es nL of ice cold FACS buffer. 5 nL anti-CD5 antibod

(eBi osci ené-g\?? fUian Brofengqn | 3@?’5‘8&%%@5@8@@?%@&ﬁca\i@%ﬁfg@par ed to
anal yze sa owRgl & t bR i i S
rdded 1o o SR b o B0 YRR oGl SR NSRS e
CD3- di r ect @KT3ibingingpdom@ims or nonocl onal anti body (note that the
concentrations given are for antibodies and that nolar equival ent
concentrations were used for the fusion proteins). The sanples were then

i ncubated on ice, in the dark for 3EXAMRLE®t After theincubation period,
sanpl es were washed twice with 2 m _ ice cold FACS Buffer _and a PE-| abel ed
secondary anfUBEMPREERNS INDUCE DOWNMODILAT 9B OF &eFLE SAFEACE MR A& Rt a
final dilution of 1:400. The sanples were then incubated on ice, in the

dark for 30 m nutes, I-ﬁﬂﬂaﬁ &@%?gﬂ%ﬁ%f .(ti&c@ibgh—'miE&% éq A:ﬁ%CS buf fer.

Staining | evels were measured on an ow cytonet er (Becton

Di ckens@n) suBpdhged at Heohesdtatibni srapbudaxs0Beslisien A pbitiodutities ®BM@s ned
were plated in 0.5m aliquots per well (cell concentration was about 2x1

06 cel | s/ mwara sebapidetfer mmetiatasel suiiage steiingwdiig)the restexi e PEMGS es.
O o g AR MR GBSl b I8N ST by BB Bl oL
Fﬂglu\lgglt ggt gme@rtb bRt dtaiRedWetedisel) WeFfe E6EQBNRESTS B Midites bigr cel | s were
which they were spun down at 1500rpm for 10min at 4°C and the resulting
15 supernatant was removed. Cells were suspended in ice cold FACS Buffer
(dPBS, 2.5% FBS) at a concentration of 1x10%/mL. 1mL of cells was
transferred into a 5SmL FACS tube (BD Falcon) for each reagent to be analyzed.
An additional 1mL of ice cold FACS Buffer was added to the 1mL aliquots of
cells and the cells were spun down at 1500 rpm for 5 minutes at 4°C. Tubes
20 were inverted and supernatant decanted so that there was approximately 0.1
mL of FACS Buffer left in the tube along with the cell pellet and the tubes were
then placed on ice. A master stock of staining antibodies (90 uL of ice cold
FACS buffer, 5 uL anti-CD5 antibody (eBioscience), and 5 uL anti-TCR
antibody (BDBiosciences)) was prepared to analyze samples immediately after
25 isolation. Master stock (100 uL) was added to each FACS tube, along with
1ug/mL, 0.5 pyg/mL, or 0.1 ug/mL of the CD3-directed fusion proteins or
monoclonal antibody (note that the concentrations given are for antibodies and
that molar equivalent concentrations were used for the fusion proteins). The

samples were then incubated on ice, in the dark for 30 minutes. After the
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370C for 2 to 4 days. After incubation, cells were harvested and the

stai ned as described above. The results (Figures 5A, 5B, 6A and 6B) show
t hat fusiwo 2proat4edons conpri sing the OKT3 bi ndi ng domai nPCmalse@9bese
downnodul ati on of both the TCR and CD3 fromthe surface of T cells, while
OKT3 nonocl onal anti body only downnodul ated the TCR and not CD3. Simlar
results were obtained with fusion proteins conprising the BC3 binding
domai n. Fi gur 8sho that the Cris-7 G- N A fusio nlnduces
ownnodul adoiRaBPn R He: he sk g visfTed Bfbe kU By 12 B BAESTRllE ! e
Cris-7 monepdonpE- IéBéFe@%ﬁoﬁHb%Qﬁ C’s‘ﬂe@tfi%ﬂ‘om%@@@—dl@c’f@d PégﬁWaﬁsS are
obtained with Cris-7 Cris-7 | gA- AA- A, and is-7
EXAMPLE 5 IéUQBdNtIaR(HEEEIdNﬂlOrI\DIJCEOQ Frmmnpjas@venmtﬁerumunaaﬂ'emm Hunman

PBMCs i sal gt ed ly d d. Non- .1 |
separ aﬁéeﬁfﬂéﬁ?% @&353”“@@ e Ouﬁﬁ%@%‘%é@ﬁ\"féﬂ%‘ﬁ@h %r%&'ﬁ?%@ﬁ&%%@hgﬁedyT

| i I
gﬁpefnggin:ts}t%m!)@ %ge%‘o\g%‘reﬁ ngﬁﬂé?‘Sﬁpﬂé%:c %(gﬁ%%r géer&e% gﬁ&g@gfls%)g% al |
cel lul ar subsets of H’E\Pms%(bemea'lfedéd)ridadmm and ticerbatleduradehstaired r eshl y

i sol ated PBMCs accordi %to t he manufacturer's protocol. The ceII and bead
mi xt ure wadvargeiatggpn O ‘(—@“QUQEIW%WEICRF?@“@W&W?&apﬁ'étt >f1c9rm; a

permanent SEURal PR nh KRR h B U SR, cor 1

are ret ai nefirected freagentsinere dddarl lo therddly anas 0 geaed al1l|y /brﬂ_t 8 tfet-t88% The
purified T cells were suspended in conplete RPM (RPM - 1 64 10% human AB

serum WCDHQBFUH%IM%GQIV%QFQJMFWNQOQ% andohatewigitequivaleitno aci ds,

P ot " cprsb R B 0SS BT A e R WA B A
Torning, 1800011005 6 8ldays mrf?@&m‘embhsbe|wéré RARBERLI AT il fainkg dtel | s of

a 96- well, black, poly-D lysine plate and incubated at 370C for 3 hours.
During thi slescribed above.

The results (Figures 5A, 5B, 6A and 6B) show that fusion proteins
15 comprising the OKT3 binding domain induce the downmodulation of both the
TCR and CD3 from the surface of T cells, while OKT3 monoclonal antibody
only downmodulated the TCR and not CD3. Similar results were obtained with
fusion proteins comprising the BC3 binding domain.
Figure 18 shows that the Cris-7 IgG1-N297A fusion protein
20 induces downmodulation of both the TCR and CD3 from the T cell surface,
while the Cris-7 monoclonal antibody only downmodulates the TCR. Similar
results are obtained with Cris-7 IgG2-AA-N297A, Cris-7 IgG4-AA-N297A, and
Cris-7 HM1.

EXAMPLE 5

25 FusioN PROTEINS INDUCE A ROBUST CALCIUM FLUX IN T CELLS

Human PBMCs were isolated as previously described. Non-T
cells were magnetically separated from T cells using the MACS technology
from Miltenyi. Untouched T cells were isolated with The Pan T Cell Isolation Kit

Il (Miltenyi). Supermagnetic beads coated with a panel of antibodies directed

79



I ncubation tinme, the calciumflux indicator dye was prepared according to
manuf acturer's instructions (Ml ecular Devices FLIPR Calcium4 assay). In
addi ti on,wexpavisamat al treat ments were prepared i n U botrcomspéoanexse Cel |
treatments were prepared at a 5x concentration in the treatnent plate in a
75 mM _ volume. Al treatments (fusion proteins and cross-linkers) were
tested in triplicate. 100 m _ of indicator dye was added to the cells one

h i reading the pla he addition of indj dye, th
ol at e vas. aiishah sefubh Syt R EENGH ek h CeliPBr gt B o o s
were then $puRIyAEo/bRAPPBIMTE 8BRS nidin el éryTHIRAGHII Thandiiien

returned to the i ncubator for an additional 15 mnutes. At the end of this
i ncubat i on beadirouiurelveas theatapphied i @t @lama copltdinpgaa maivwer thalt derdedai nt o t he

Fl exStation 3 | ecul ar i C chto | ate reade ith integrated
flurd i andraane B Beaiesn s MACS Har st ooyl SElePaat nent Lo t he
cel | pl & e ahtahBRfimbBREY. IRtk TIs foW ol e ERASId APgtrRBefa! ci um

i ndi cat or dye every seconds over the coutrse o sec. Captured data was
t hen expor taee rétairexcialthé blunas.oT tcelifuritevat genarallywsstweem 87 -9&%ul Tree ( Fi gur e

7) show that, in_contrast to antibodies having the sane bhi ndoi ng domain,
si ngl e chaiPyrifiediToeelisrwers; %péﬂd?ﬂi'%cﬁﬁr‘@@t%ﬁﬁrlﬂ! (RRMI-{84QpE@BdBINEN 3

cross-link ' : | ol two. - cul es,
such as an%an% Iér%& @Wﬁ@@%#ﬂ%% %%‘%Fe?ﬁ §9@0J€3%’tﬁ@a§§ésléuﬂrﬁgf ?@)’I\(A d:%alilg’cel | s.
Simlar r ewntcﬁniwe&e?mwcme)obt\d téhaepitratioh ©f bbbuBR:s! 09 dellessl aedt he BC3
bi ndi ng domain, as well as when prinmed T cells were used. Figure 19 shows

t he ef fékt ingubgited et 3AIC i ay@ppwpriatrly sizedl flask ayeryighim thefollowirgd by

the t ust on TRl ADORE" BT (ARLOAE R R A S LB el o 8B T ke
vere added yqd]|, E%kisgélgf@Wsiﬂ'é‘FIg%éheﬁhd?!tféiéd Bt 37dddrEn&ler Miingthiroe

(Li nker 122, derive rom an I nge) caused greatest cal cium fl ux,
whi |l e the fingibatioprioeithe chloiimdlukdndjeatonidyg eeas piepkegedaddtdingdol16,

e L e B 3 By b L PHUSS SR L g e
BC3 15 addition, experimental treatments were prepared in U-bottom plates. Cell
treatments were prepared at a 5x concentration in the treatment plate in a 75
WL volume. All treatments (fusion proteins and cross-linkers) were tested in
triplicate. 100 pL of indicator dye was added to the cells one hour prior to
reading the plate. After the addition of indicator dye, the plate was placed back
20 in the incubator for an additional 45 minutes. Plates were then spun at 1200
rpm for 5 minutes at room temperature and then returned to the incubator for an
additional 15 minutes. At the end of this incubation period, the treatment plate
and cell plate were loaded into the FlexStation 3 (Molecular Devices), a
benchtop plate reader with integrated fluid transfer. The Flexstation robotically
25 added 50uL of treatment to the cell plate and then recorded the resulting
fluorescence from the calcium indicator dye every 7 seconds over the course of
750 sec. Captured data was then exported to Excel (Microsoft Office) for

analysis.

The results (Figure 7) show that, in contrast to antibodies having
30 the same binding domain, single chain fusion proteins of this disclosure, in the
absence of a cross-linker (i.e., a molecule that binds to two or more SMIP
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bi ndi ng domai n caused a greater increase in calciumflux than anti bodies.
The hinge, therefore, may be adjusted to nodul ate the calciumflux as
needed. BXONPLOB490N VI TRO ASSESSVENT OF ANTI - MOUSE TCRPCDAISMORBGIIRES

| sol ati on of Mouse Spl enocvtes Under aseptic conditions, spleens were
excised and | arge pieces of fat and tissue were renoved. In a tissue

cul ture hood, spleens were placed into a small dish with 5nL of sterile

| xPBS and then ground, between,.t si.ngl exsided frosted glass, sl.ides. Durin
this procedtoefPSetionit SREnI B iR & & AR e AN R 5 ow
cell's and fdeus dsirildrtestrs werdbptdiney Witk molébiig féﬁrﬁ@t_s%@_réé!ﬂ?ﬁﬁ fieedeghen the
splenic capsule lost all red color. The cell suspension in the Petri dish

was transf dindiog donmeir,saavelt anivaan primedadncellsoverexesed.o break up cl unps of
cells. The tube then was fjlled with an additional. 12 nL of sterile |IxPBS,
stood upright and corﬁ?@ff?s{d/\ﬂ?cé"’%%eo toh ddgren 'FS?Sgnriifi“ﬁlﬁV@g?%The

super nat@antpasmt f : d]ﬁe ; LG N iNg the
settled Bgett?ral S urﬁ%’?gtt%gr%%ggﬂlﬂﬁqlﬁgﬁéﬁf@tglt @elﬁﬁ@bg@pltégﬁ%b?ﬁﬁgharvested
at 1500 r prmiohaain5 Imthisitase ghe figsion evtearsadnd eontidie wenp @ddet at20was r enoved

and the cell pellet was suspended in 4 niL of ACK Red_Bl god Cell Lysing
Buf f er (Qjélep@ﬂ}dfsﬁﬁqj@m%['nk@aﬁ% w%aéd%.at £98 secepds; ﬂihqﬁawan PrRIgERVER ~ at

Compl et o it hSetinoghgHhE 2 sErEed s el AR Bt ENeny oiFfel 1o
ng/ nL St r eglaivreifiux, #hie 2hardsiorgpratéint m»ingﬂbﬁgeehih%ey§Mﬁn§ﬂsom5/@$d filtered
through a cell strainer and transferred to another 15 m _ conical tube.

ﬁ:el | s vidte 1\ﬂl§$ﬁ@ﬂVch"lfr@@ an I@E;Qmizland&!ﬁ/m r@séeqmly)digdiuwfc:aﬁlwdeé@l using a
> ! . . .
cuccs mi m ayPiaendis e HREE BRI s BB R BB ea 1o

Ix1 06/ m _ pikyigd ebhstn BBIsedlQréstet hor®ise @i &IEiLRUABOhaRtaMtiBBdIEs_ Taeni cal
tubes with no nbre than 25 m ~ (25 x 106 cells) per tube. The cells were

| abel ed wi thinger SreneforagmelyeoeCatjuFRACE(modularsBe@a|¢iumrr X denaedech Kit from
Mol ecul ar Probes

EXAMPLE 6

15 IN VITRO ASSESSMENT OF ANTI-MousSe TCR/CD3 MOLECULES

Isolation of Mouse Splenocytes

Under aseptic conditions, spleens were excised and large pieces
of fat and tissue were removed. In a tissue culture hood, spleens were placed
into a small dish with 5mL of sterile 1xPBS and then ground between two

20 single-sided frosted glass slides. During this process, slides were held at an
angle over the Petri dish to allow cells and fluid to run back into the dish. This
step was completed when the splenic capsule lost all red color. The cell
suspension in the Petri dish was transferred to a 15 mL conical tube and
vortexed to break up clumps of cells. The tube then was filled with an

25 additional 12 mL of sterile 1xPBS, stood upright and contents were allowed to
settle for 5 minutes. The supernatant was transferred to a second 15 mL
conical tube, leaving the settled debris undisturbed in the first tube. The cells
were then harvested at 1500 rpm for 5 minutes at room temperature. The
supernatant was removed and the cell pellet was suspended in 4 mL of ACK

30 Red Blood Cell Lysing Buffer (Quality Biologics, catalogue No. 118-156-101)
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(cat al ogue No. C34554), after optim zing conditions for use with human PBMC
and nouse splenocytes. A5 mMsolution of CFSE in tissue culture grade DVSO
was prepawedoiomemisat el y before use by adding 18 nL of RCghusgeaoer2BVEO
(Component B of kit) to a vial containing 50 nmg of |yophilized CFSE
(Conponent A of kit). Because CFSE is |light sensitive, care was taken
during the reagent preparation and subsequent cell |abeling procedures to
protect the reagent, fromlight. The SE sol ution was ad to_ the PBMC
el | “sus pereraneitel o R Wonetiiireter o wten Tk 2R g an gt ¢ he
tubes wer e fipb@efth RPRR Eom R micdfy (RIIGIR1620cahtHimag tive, FBIY, 190sPeRsi ons to
all ow for gas exchange, and the tubes were placed in a 370C, 5% CQO2

i ncubat or freniclln,n GlupesnL Skreptashycinh adved 2 mMrlegittaroime)ad hgueetiched by
filling the tubes with M %} | et e (IRPI\/I.-l 640 co taiai n% 1 %F%S 100

U nL peni ciSUPPRNSIRB@VasHIies rgﬁ%ﬁﬁﬁ'rﬁtr%%faf ISTEITEE 4p HQ&‘%? JOkum
quenches; { en|aPldel e RATbIRas TP 1Bk aehfin TBHbIGE RSO aRBTEST 7

m nutes at room tenperature. e supernatant was aspirated from each tube
and t he celdosnteggr gsing ashespacydedeter. RPM  Conpl ete. The cells were count ed

(l osses of up to 25% of the input are common) and adjusted in RPM Conpl ete
to the desi rd.r(]:Insit y for use jin.assavs. ConA Bl ast Sl.ent]:ts VBER

i sol at ed f -GRElIGEIGsse splenoovies witll carboxvilugiescenuecimiayl e {55k a
concentration of 2x119f detdit§/oTmdubeCsiIRhGdyResiil dapettad (M 0°/HR%rBS, 2mv
L- gl utam ne, sodi um pyruvate, nonessential "am no acids, pen/strep, and
198ME) and sterilennBS.e dheicehs wege distriliited antohthmdl damical (@hegwith hormaredays.

B A o SELE S AP EIR A G5ehE cHRTPS G ARG "
period, celgjhs O@ILEI'R*)@@E%P?%EE‘@%II'ﬁ@%@%o‘é‘%i?fr@ﬁﬁﬁo@écu@ﬁyﬂo%? y descri bed.

At this time, a second spleen was harv roma BALB/ c nouse and the
spl enocyt egcatamgaeddo. TB45%L ) aehdptimizvigatard itipiseioo age asthverraan $8BMaEs

accessory cells duri n% the restinul ati on phase of the experinent. To
and mouse spléenocytes. A 5 mM solution of CFSE in tissue culture grade

S
[ O/ »

DMSO was prepared immediately before use by adding 18 uL of high grade

15 DMSO (Component B of kit) to a vial containing 50 ug of lyophilized CFSE
(Component A of kit). Because CFSE is light sensitive, care was taken during
the reagent preparation and subsequent cell labeling procedures to protect the
reagent from light. The CFSE solution was added to the PBMC cell
suspensions at a final concentration of 50 nM CFSE. The caps of the tubes

20 were placed loosely over the tubes containing the cell suspensions to allow for
gas exchange, and the tubes were placed in a 37°C, 5% CO; incubator for 15
minutes. The cell labeling reaction was quenched by filling the tubes with RPMI
Complete (RPMI-1640 containing 10% FBS, 100 U/mL penicillin, 100 pug/mL
Streptomycin, and 2 mM L-glutamine) as serum quenches the labeling reaction.

25 The cells were spun at 1500 rpm for 7 minutes at room temperature. The
supernatant was aspirated from each tube and the cells were re-suspended in
RPMI Complete. The cells were counted (losses of up to 25% of the input are
common) and adjusted in RPMI Complete to the desired density for use in
assays.

30
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prepare the accessory cell population, T cells (CD5+ cells) were
magnetically separated fromthe fresh spl enocytes using the MACS technol ogy
from M | twoynio/8eger magneti ¢ beads coated wi th anti - CD5pamtusbadpe(286 | t enyi ,
cat al ogue No. 130-049-301 ) were incubated with the freshly isol ated

spl enocytes according to the manufacturer's protocol. The cell and bead

m xture was then applied a colum (M Itenyi, catalogue No. 130-042-401 )
cont ai ni ng i>t< that forns a magnetic field when placed in a MACS
Separ at or M@kﬁ- catal ogue No. 130- 042-301 ) , a strong pernanent

magnet. The CD5+ cellgy Iéﬂ'oc?%‘ésl were'Bomté& N8 BAIB/ oG eg'éT’PréV@bél ye

unt ouched accessory cells wed t hrough. The negatl vel y ected ‘accessory
cel I s wer e desedbedandl shspénaed, af mc@ﬂ@erﬁrqim\nf(ﬂ)@[)y caésgmli iheadmpletel nhi bi t

proliferati Bot h bl a and MMC treated accessory cells
were r esus;@%\%ﬁ‘qdﬂ?‘ gﬁ@ll’ f(gﬂ;rggi go L29<IT B5BINF SOAIPMEPYHVals N@8ch cell

popul at izpn t %) I I e

i ndi cat e53 te‘fé@%tﬁ%%?@n&%&i’d rﬁA %e\ggtrlsegbgrﬁﬁgt/anwé\)\g n?i#ifp%%’;{e@l&ﬂ@% ;nﬂFEs)hafter
stinmul ati ora:oandna\}wmo%(&grrw)dorrCeniaysu Adtes Girysatellst arsenastiear wés¢ adthon Day 4

postrestimul ation. were stained with fl uorescently ta?fged ant i bodi es
agai nst CD@O(TK%et@d%RW a@@lrééﬁ@t@ﬁd@)a mﬂ@@gwﬂbm%ﬁmwatlomr ga¥hcey, run

L ough 2 ThOBNEY) kSl leSFbbrioBoE ST ier0508) ARTaB0Rh g ﬁfgﬂ@kh il owdo

sof tware(Tr was as fell
wthin a Fgg: FﬁgﬁoUmmmyib@dgate were anal yzed for CD5 expression, cells
t hat subsequently fell within the CD5+ gate were then anal yzed for CFSE
dilutio® and CD25 uprddisdimera sexandsspleen Wasrhercesed frorse BALBGd CD25 hi

the. prosentibe 8 W HiEndnfy iR hab ek M S8 R KRB SRR AR o
Lumi nex- bai@,@dcb%t@@devs@&yl%éq|s(dunﬁth8eé§t#ﬁ@|ailoﬁ hbs@ionthe BrodrmertactaIr er ' s

protocol with the follow ng nodifications: Analyte beads, detection
ant i bodi es prepareshe @stessaty cell PEpstatior, $cels (GHS” meﬂsa vdeneunegmetjczallwl or to

Vo 1 K SeRarares ot FEsh $8RociteS Foio B aantsebngosy s Mifem 105
IL-6, 5 7’deerr4ﬂ%gnéﬁc E')eé’ds IOt with-afti-dD5 ént:fbody (Miltenyi, catalogue No.
130-049-301) were incubated with the freshly isolated splenocytes according to
the manufacturer’s protocol. The cell and bead mixture was then applied a
column (Miltenyi, catalogue No. 130-042-401) containing a matrix that forms a
magnetic field when placed in a MACS Separator (Miltenyi, catalogue No. 130-
20 042-301), a strong permanent magnet. The CD5" cells (T cells) were retained
in the column and the untouched accessory cells flowed through. The
negatively selected accessory cells were treated with mitomycin C (as
previously described) to inhibit proliferation.
Both CFSE-labeled ConA blast and MMC treated accessory cells
25 were resuspended in complete media at 2x108/mL. 0.5 mL of each cell
population was added to a 48-well tissue culture plate along with the indicated
treatments. 50 pL of supernatant was harvested at 24 hrs after stimulation and
the cells and remaining supernatant were harvested on Day 4 post-
restimulation. Cells were stained with fluorescently tagged antibodies against
30 CD5 (45-0051, eBioscience) and CD25 (25-0251, eBioscience), run through a

flow cytometer (LSRII, Becton Dickenson) and analyzed with FlowJo software
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IL-1 5, and IL-17. Both H57-457 and 145-2Cl1 1 nonocl onal anti bodies, but
not H57 Null2 or 2C1 1 Null2 SM P, induced cytokine rel ease of ConA-prined
T cells. Wwbeoroemedous of the rel ease of exenplary cytoki Res/USkéodBlgo@ne | P- 1
O, following the treatnment of ConA- prinmed T cells are shown in Figures 8A
and 8B. In addition, both H57 Null2 (sane as "H57 Mu Null" in Figure 9) and
2C1 1 Null2 SM Ps (sarre as "2C1 1 Mu null SMP" in Figure 9), but not

oot gon (s4Lreasta, ISR G e S kel A rodve” SRl e B LA ESES8Gse o
ot her cyt ok rﬂgﬁoc\!ﬁé @af@%% Qﬁaly%'fd?@g exPreds\éa, %Eh@tﬂ%ﬁ stbs

ANTI - TCR S Tvel ve-week ol d’femal e BALB/c m ce (Harlan) were di’vi ded
i nt o groupwithin HiexChx¥dd daie sgtredhen analyzed dreCBSEtdiiutionaind GD2H 7. 3 ny, 37

, 15 , 5 | 2 5 (hi tiol erabl e. do of H57
b, 25\69mj‘p<5?9LﬁaQé% E80s Mt Wasme (PR e Bl 0Rp e e oPRie e heat GM P
d I ted
ot als il col  Shijerh) aﬁ’*‘éé?@% S AndIgEE K ndratncelor | 0l PCy°
m ce per groytgkivgseanticechemaekieds asirigfla Rawaralyedl inbe-ple@qgdiumingx-bhsee m ce per

group were termnated at the end of the experinent three days
post - i nj ectdedprtion kie(LiggoRassared} Bdowiig be mat4iaciiyans 8Fﬁ$069| With the

drug-associg o‘?/ﬂng%e%cﬁhéét%%s‘ Rné@?? BQ%&Q‘H %!ﬁlo%@ tlb%%?esa'éﬂd's'i'r“eﬁo%ﬁﬁﬁ-t o the

clinical score Sscienti st e ni ca SCOr € was

treatnments F@Imdak%bﬂrtmstwer@amht@ﬁozpruoﬁ@u@@W\mreeas%syl amed bassgigtesn t he
follow ng key: O=normal; | =M1Id Pil oerection; 2=Mdderate Pil oerection

and/ or @uld@tteqtﬁfﬂ bxrihekitoverer MIPrlia, SNIGSF, BAGRc se RANTESe ANkt ILesness:

Corminal i 1BoPE SFRr S0 2t bk Pl Abelis! SomdFRidlEh ar cne

term nal tijnBBORALSL-19era sanpl es were anal yzed for the presence of
cyt oki nes and chenoki nes using a custom 14-pl ex Lunmi nex-based detection kit

fromMilipore (MI1igygxis7RE5LEhd 148 26M Mbriddforl R aHIIBEINE Butot H57
Null2 or 2C11 Null2 SMIP, induced cytokine release of ConA-primed T cells.

15 The results of the release of exemplary cytokines, IFNy and IP-10, following the
treatment of ConA- primed T cells are shown in Figures 8A and 8B. In addition,
both H57 Null2 (same as “H57 Mu Null” in Figure 9) and 2C11 Null2 SMIPs
(same as “2C11 Mu null SMIP” in Figure 9), but not H57-457 or 145-2C11
monoclonal antibody, blocked T cell response to antigen (see, Figure 9).

20 Similar results were obtained when the release of other cytokines were

measured.

EXAMPLE 7

IN vivO STUDIES OF EXEMPLARY ANTI-TCR SMIPs

Twelve-week old female BALB/c mice (Harlan) were divided into
25 groups of six and injected via the lateral tail vein with 7.3 pg, 37 ug, 75 vg, or
185 pg H57 Null2 SMIP, 5 ug (highest tolerable dose) of H57 mAD, 250 pg of
IgG2a isotype control (molar equivalent of the highest SMIP dose), or 200 uL of
PBS. All injection volumes were 200 uL and all injected materials had an

endotoxin level below 0.5 EU/mg. Three randomly-selected mice per group
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protocol, with the follow ng nodifications: Analyte beads, detection

anti bodi es, and streptavidin-PE stock solutions were dilutedi :2 prior to
use i n t hwoaspap9okn addition, serum sanples were run neat/uSecaapenred to
recommended 1:2 dilution). The 14 anal ytes detected by the kit were: G CSF,
GwWCSF, IL-2, IL-4, IL-5, IL-6, IL-10, IL-23, IL-17, IP-10, KC, MP1 ,
I FNg , and TNFa. Cell suspensions from spleen and | ynph nodes were stained

ith i bodi ai Bi i . | . No. 45-0051 d
loa ( BB B ehtBet el aofie A5 rELESf e HAR Bk BRI of he
per cent age &imihafeRl dtxhé RndTI8e EWPe@aANthréd aby¥BbSt-f i iﬁﬁ. ic8 wdie SM P.

Fi gure 10A shows that intravenous adm nistration of ul 12 SMP did not
cause | oss nodnitowey favedlightal syEngtoraes 0OBrughassodidiad taexicities iretiternfiorm afi d not

caused an increalse in.,clini ca(%j sgor.e, eitﬁ] r. .Thfse rqi_'j lts denpnstrate
that this ME'9BIeR: Pfdicreaseqdieliiica $COMg o GeﬁP@P Iplev -%}mgeclmc REREE t hat
nt et : y _ . : i ¢

oy v irle 6 ahe fRafhehts adiiinisforst b ddcf diBlo! SRS figfek! ne storm

r epr esent atasgigneythasedes thelfobowind Kely: D=fnioomat; He-Mid Rit@drgtomganel are
shown. Figure 12 shows that H57 Null2 SMP coated T cells were detected in

the spl een ZaMegerpia PiRRIABIRN aawonLQaulalintamaeratian orNEite orsMblunghePLE 8
FUSI ON PROBSN el il sEres St (fiink, VERrlics WER] pRdS SRol on

PRO ATeae oG BT
determ ne if surrogate nol'ecules are efficacious in an acute gr Ver sus

host di seasgd(@@véPlerinsgin@sistht. Spleensvand ihdgiaaldgmphidbosenear y fusi on
proteins and then nonitored for weight |oss, dononhost |ynphocyte rati o,

and cytléki Mareesied akbinsdenaingl dmepoiris. SeGVEEMRILS Watkuaralyzed fasiae e
C57BL/ 6xDBA2 _E. 1 m.ce. (;Taconi ransferrin | enogytes fro nor
Forml o CoraoeRocy AR A6 buholhBSHIT afafM T Ag e PaIAPThaReE an
submer ged idaté&diod mm%mwr@wmgﬂ@%gﬁés) fone tRCcihadufaRhaens were
di ssociated using sterile, frosted glass slides. The supernatant was
col | ect ed, pspiosokaulh, therdalawieg cedditications: Analyte beads, detection antibodies,
and streptavidin-PE stock solutions were diluted1:2 prior to use in the assay. In
15 addition, serum samples were run neat (compared to recommended 1:2
dilution). The 14 analytes detected by the kit were: G-CSF, GM-CSF, IL-2, IL-4,
IL-5, IL-6, IL-10, IL-13, IL-17, IP-10, KC, MCP1, IFNy, and TNFa. Cell
suspensions from spleen and lymph nodes were stained with antibodies against
CD5 (eBioscience, catalogue No. 45-0051) and mouse IgG2a (BDBiosciences,
20 catalogue No. 553390) for the determination of the percentage of T cells in

these two organs that were coated with the SMIP.

Figure 10A shows that intravenous administration of H57 Null2
SMIP did not cause loss of body weight. Figure 10B shows that such treatment
did not caused an increase in clinical score, either. These results demonstrate
25 that this Null2 SMIP has the desired safety profile.
Figure 11 shows that intravenous administration of H57 Null2
SMIP did not induce cytokine storm in normal BALB/c mice, in contrast to the
parental antibody. Two representative cytokines, IL-6 and IL-4 from the 14
analyte panel are shown.
30 Figure 12 shows that H57 Null2 SMIP coated T cells were

detected in the spleen after intravenous administration of H57 Null2 SMIP.
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washed as descri bed previously. Washed spl enocytes were then resuspended in
sterile PBS at a concentration of 65 x 106 per 200 m . Imedi ately before
i nj ecti onyotzhw/apdognocyte m xture was passed through a PO®/uspeombi28&t r ai ner
(BD Fal con) to renove debris and large clunps of cells. 200 ml of the donor
spl enocyte cell suspension was injected intravenously (IV) through the

| ateral tail vein of the F 1 recipient mce. For IV injections via the

| ateral tail vein, mce were expose%ﬁ@rl\idgfrg%to a heat lanp and confined in
a plastic nouse restrainer. Injecti adm ni stered using a 27.5 gauge

needl e. Reci pi epysiBlFRdTRh RHEYAEETE BRAFAYERSYS FRYST BisBddeem \WWopor cel |
transfer, and at this tinme point the experinent was term nated and

eval uated. Disease progression was associated with body weight |oss and the
expansi on of donor cdlddeterminedbadoagatannoleosles ateefficacimson anedduteredi at ed

ttack, of host [ 1 in.th f t f d i | s. )
gi oﬁgr k_e?s %%@H%@%%ﬁb%&@%i%%ﬁﬁ%%?% réﬁ'%@ﬁ%@%ﬁ&%ﬁ%gr essi on.
For eff '5ca@f<$§ﬁmkﬂ*y%sioﬁ%8treir%eérhc§tw&fr%ohrt@ﬂéaffsr Q%%Hﬁ %ﬁ%gﬁoﬂaof:ﬁéétp' ents on

Day 0 (DO of the study as described above. The Xa control and PBS
t r eat nent s lywepkoadeiratics tamdex)tokin®andR@hemdid e pmdubiionD9, and D 11 with the

ST Tl Stored 1 V- ex oo BOVRD Whb g GrBHoRREAR Lmics 6 agsio)
retro-orbi [ S Ard t [ H57 Nul | 2
oM P or | B arstTp Sefindehae ol Whfilor fihaid CRRBL B mickXFalEn®). "Bl Mo
Al protei 18plesedfrom ddrorinnice ivere Solldeted dmaidsuesergieddn cOlcbREMINY  of

endotoxin. Mce t reatoed wi th the i munosuppressant dexanet hasone (DEX;
Si gma) tecéontaining 1Ry kBSefheggllegted spiseapavereshiesaciatad eisindoste(iler) . Duri ng

started | od e bgeghEes uihe slbE MRS R L G I s Bl
per cent age wfshie@lidd @ésdpipey previBDly! ahsied shenberbd RN there redugperaedt ed in
Figure 13 . Administration of H57"Null2 SMP prevented body wei ght |oss
associ at ed invstetile BRI seacrntiatiogra £ xn0T percddl thsimmediately bafareh
received t ri]r(f]ecF:)tllsé)Sn,%e lsgl%%c;(/:t%nr%{x?dretmcaesabggsné[dsthrough a 100 pm cell strainer (BD
15 Falcon) to remove debris and large clumps of cells. 200 pul of the donor
splenocyte cell suspension was injected intravenously (1V) through the lateral
tail vein of the F1 recipient mice. For IV injections via the lateral tail vein, mice
were exposed briefly to a heat lamp and confined in a plastic mouse restrainer.
Injections were administered using a 27.5 gauge needle. Recipient mice had
20 pronounced disease by day 14 after donor cell transfer, and at this time point
the experiment was terminated and evaluated. Disease progression was
associated with body weight loss and the expansion of donor cells with
concomitant loss, due to donor cell-mediated attack, of host cells in the spleen
of transferred animals. Serum biomarkers such as IFNy have also been
25 correlated with disease progression.
For efficacy studies, donor cells were transferred into F1
recipients on Day 0 (DO) of the study as described above. The SMIP, IgG2a
control and PBS treatments were administered on DO, D1, D3, D5, D7, D9, and
D11 with the experiment being harvested on D14. All treatment injections were
30 administered IV except for the DO injection which was given via the retro-orbital
sinus prior to the donor cell transfer. 100 ug of H57 Null2 SMIP or IgG2a in a
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M ce were bled on day 7 for serum bi omarker analysis. On day 14, the
termnal tine point, spleens and bl ood sanples were harvested from each
ani mal . TWe 2mngkdog and total cell counts of each spl eerCrarseocdas@seén ned.
Sera sanples were analyzed for the presence of cytokines and chenoki nes
usi ng a custom 14-pl ex Lum nex-based detection kit fromMIIlipore
(MIliplex series), follow ng the manufacturer's protocol. The 14 anal ytes
GWCSE, | L-2 | L-1 O,

TE2o5°, Doplit vBluimeBF Gpp T REBS T dRg pekifeotivba Maybilis LSt te ok, ne

product i on W\R)Sstbaf@sméoel@sé 'Ehem 0% LURAg ol chibibidxPM Micd featedivitth freCSF (Fi gure
14A), KC (Figure 14B) and IFNg (Figure 14C). These results indicated that

adm ni st r atiinonunoisugpeBsanhdéxansethahene VD BK; Begraapreckasokihmgfrgopercdayon

associated with a al the 1 FNg production (which is typically
hi ghly el eVt @Hag?”g’i?ag'”ﬂ%% ébya)sed aGVHD nice). On day 14, splenocytes

were is@ ated as des tal ned: W i i gai nst
H 2b (d?nor cells) a(r?dL! E@qge cﬁé\s%‘éw_e + i‘hﬁsﬂ@}dg%’?rﬁéwgﬁﬁ’?ﬁ? for
anal ysi s usiingr dayLiRll théy starteytiosing eveigiatBildsic peimt ¢y whtewelighad recei ved

H57 Null 2 fusion protein had a donor Iyrrphocyte host | ynphocyte ratio
similar toQvRE @fYe ThaRereitiags ebinmak bady Waighit! P%tebk@mﬂ%lp'@ﬁté@'cﬂﬁt

recei ved " e ﬁﬁﬂ'&é cpcﬂg:u?e 45 %‘Hrﬁn#?r%atpﬁ'&?%?r Qs éwfbgbs@ﬁts fusi on

proteins o 0suPe’ i i expansi‘on of "donor ynp ocytes,

whi ch coi neielgist 8¢ Bssdsatdearidnae\ViHD h@%tabwp%gx@gs@a m%sm?a@ttt@dnmeth aGVHD
seen in the mce who received the PBS and | g&a control treatnents. These

in vivolGst MI@EWQ@NQ%M Wlﬁﬁtorf'gl@%rﬁ)oﬁfr@t@@aig\&fﬂst his disclosure i nhl bi t

the progression of a nm

expansi on, inflammat ma}glg?%aegﬁﬁéyg]h%%wﬁ Qrﬁaﬂ(@? aﬁﬁlys‘ﬁé daﬁ %l of body
wei ght. Si nI‘4| e @rﬁiﬁa’#@%@@mﬂ'sﬂbé?%eéhdc QI@BG éa’fh;ﬂé@\/\)e% 'ﬁéF\)és'tétfﬁbFrﬁ using a
chroni ¢ GVHD nouse nodel erimental nodels in aGvYHD have al so been

conpl et ed te@chaimat. eTfMSWelrgﬁti; andltotal eBlv cownts f eand spleeniwend 2. H57 hal f

nul | an 7.nul.l?2 r f oun ff h r.r I inth
p;r arrgt gr ?%&t&{ﬁ@ﬂee e(raa sgrl#lp es \Aolepeear(?alyéecda]{:or?ués p\r’\éstencaloq]cy%klne%séjné S inthe

15 chemokines using a custom 14-plex Luminex-based detection kit from Millipore
(Milliplex series), following the manufacturer’s protocol. The 14 analytes
detected by the kit were: G-CSF, GM-CSF, IL-2, IL-4, IL-5, IL-6, IL-10, IL-13, IL-
17, IP-10, KC, MCP1, IFNy, and TNFa. Cytokine and chemokine production
was inhibited in mice treated with SMIP, including G-CSF (Figure 14A), KC

20 (Figure 14B) and IFNy (Figure 14C). These results indicated that
administration of SMIP inhibited the cytokine and chemokine production
associated with aGVHD, especially the IFNy production (which is typically
highly elevated at day 7 in diseased aGVHD mice). On day 14, splenocytes
were isolated as described previously and stained with antibodies against H-2b

25 (donor cells) and H2-d (H2b+, H2-d+ cells were of host origin) for analysis using
a LSRII flow cytometer (BD Biosciences). Mice that received H57 Null2 fusion
protein had a donor lymphocyte:host lymphocyte ratio similar to the mice that
received DEX and negative control mice that received no donor cells (Figure
15). These results indicate that fusion proteins of this disclosure inhibit the

30 expansion of donor lymphocytes, which coincides with the decrease in host
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despite early rel ease of sone cytokines in biomarker studies. The 2Cl
Inul 12 fusion protein was al so efficacious and found to prevent donor cell
expansi orworotong2e@&v/HD nodel . EXAMPLE 9 FUSI ON PROTEI NSPHTTIS200286028AND AN
ADDI TI ONAL SI NGLE ALANI NE SUBSTI TUTION IN |G CH2 REG ON BLOCK A T CELL
RESPONSE TO ALLOANTI GEN Human MLR assays were perfornmed as described in
Exanple 2 using the followi ng fusion proteins: OKT3 | g&4-W-N297A (SEQ I D

NO 232), OKT3 | - ALGG N297A (S NO 234 OKT3 A- FAGG, N2 SEQ ID
NG 236). ORPIPRIART EROADIIA TSEBVHD RePBIBYTe BeP P AR SE0 I D
NG 240), O§h3 1heS34- iR éafnfEids! D NO:91 ) , OKT3 FL and OKT3 mAb. Figure
20 shows that the OKT3 | g4 fusion proteins containing (a) only an al ani ne

substitution at N297 T‘?{esg% v%tﬁu @s%&?é@qhé@%wn}_@@?ﬂ%gg N297 and an

addi ti onal al ani ne substrtution at position or F237

bl ocked a Wistbdure esibintree progaedsionbf JEVHIRdLevit BacekibpwnadkdBdondr and
OKT3 al a-al a anti body. EXAMPLE 10 MLR REACTI ON CAN BE | NFLUENCED BY CHO CE

OF HI NGB REGPRESR SRS aifdagenatenecyieking amdchemaldne prassietipn, @xdnpl e 2

cont a1 ni no WSGRLREGA R BRI oo bERE AT TR AT B Moy ¢ om
UBA (SEQ | Dsi¥g 82Rlonid- GV MaGedabbged froman | g CH2 (SEQ | D NG 330),
Li nker 127 derived froman IgD hinge (SEQ ID NGO 331 ) , Linker 128 derived

from an | gA2 hi nge ($BEQeripental3BayelsamaGMHRdave zdsaleee edmpleied &a | gG
cont ai i ng RWER Bed it ad. e s ZaL FLER: nhm e Bt ane Y 505, o
503 | g NIRRT B8 Bty iRl (s (L § 93 HAG6 s 8R4, "and
10, respectdespitg early release of some cytokines in biomarker studies. The 2C11null2

fusion protein was also efficacious and found to prevent donor cell expansion in

the aGVHD model.

EXAMPLE 9
15 FusiON PROTEINS WITH N297A AND AN ADDITIONAL SINGLE ALANINE SUBSTITUTION

IN IGG4 Chz REGION BLOCK A T CELL RESPONSE TO ALLOANTIGEN

Human MLR assays were performed as described in Example 2
using the following fusion proteins: OKT3 IgG4-WT-N297A (SEQ ID NO:232),
OKT3 IgG4-ALGG-N297A (SEQ ID NO:234), OKT3 IgG4-FAGG-N297A (SEQ

20 ID NO:236), OKT3 IgG4-FLAG-N297A (SEQ ID NO:238), OKT3 IgG4-FLGA-
N297A (SEQ ID NO:240), OKT3 IgG4-AA-N297 (SEQ ID NO:91), OKT3 FL and
OKT3 mAb.

Figure 20 shows that the OKT3 IgG4 fusion proteins containing

(a) only an alanine substitution at N297 or (b) both an alanine substitution at

25 N297 and an additional alanine substitution at position F234, L235, G236 or
F237 blocked a T cell response to alloantigen better than known OKT3 mAb
and OKT3 ala-ala antibody.
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Figure 2 1 shows the effect of different hinges on the capability of BC3
lgd@ -N297A fusion proteins in blocking a T cell response to all oantigen.
It appearwot2hsi040203i on proteins with shorter hinges wer ecmuseooefb@ssi ve in
bl ocking the T cell response. However, in all cases, the single chain
fusion proteins having the BC3 binding domain were nore effective in

bl ocking the T cell response to alloantigen than Hulgl BC3 (an anti body
nol ecul e that contains the vari abl _?%%g\mﬂ%%{) t he BC3 mAb and human | gQd
constant region). EXAVMPLE 11 IN VI S OF HUMANI ZED CRI S7 FUSI ON

PROTEI NS Human MR REERY$IONRE AN BETNAUEREEASY ¢RRAEE BEHINGE REBBNE 2 were
performed using various humani zed Cris7 fusion proteins: humani zed Cris7

(VH3-VL1 ) 1gG -N297A (SEQ I D NO 290), humanized Cris7 (VH3-VL2)
| gGL- N297A (SEQ | D N@lumar) M&Ruaamwewe@ performadias/desyrivasap- Esxamrzlem ( SEQ

et 2o &sm%éwmnﬁ LS IRTNB S PAST R P ) R (F SN AIS e 1 7
(VFB-\L2) | N7 SRR BRASAR SBRLE Gotar Ao N fSEQ |0

NO 265) , hurranl zed CT1s7 (VH3-VL1 D NO 294), humani zed Cris7
(VH3-VL2) HNBA (SEQ IIDJ\IEIEB%)Q]_;nkanGZG hielmaed cEro@n as'.{gEimHz((SEQ IIDNE326D) .

Fi gure 22 homs t ha ni zed S7 2 7 AAN29 A and

g A RS TRG 15 dieBPBTEIR ST Haf (GER © B33 BRI oA RUYP8n pr ot ei n
bl ocked a . Figure
23 al so shiﬁgﬁ%ha9ggﬂﬁ3%?gégzgpis F%%%%f%ﬁgE%%§Fﬂg%g?ngﬁ?ﬂgggaﬁ;%

| gGA- AA- N2 BTy e (BEQNDMO1333)s Tarchrainoradit: seguéndes OfIitEBC3 RI-N20FA on
protein blocked a T cell response to alloantigen better than known Cris7

mAb. | rlGad #MIRsrcomainig tb@cﬁbm@ readinkers@is setkarth sPe P HOS:385.al so
M togeni oi 7 anioc ToRhe | BrEsRebh A he fhBhide SEaie I BE TR eq by
humani zed @hése/BOYHGGZLIN297 A ERHPSNE@ Bdt #6reh MUSEQ IENCNSZ4, 322, 318,

314, and 310, respectively.

Figure 21 shows the effect of different hinges on the capability of
15 BC3 IgG1-N297A fusion proteins in blocking a T cell response to alloantigen. It

appears that fusion proteins with shorter hinges were more effective in blocking

the T cell response. However, in all cases, the single chain fusion proteins

having the BC3 binding domain were more effective in blocking the T cell

response to alloantigen than Hulg1 BC3 (an antibody molecule that contains

20 the variable region of the BC3 mAb and human IgG1 constant region).

EXAMPLE 11

IN VITRO ANALYSIS OF HUMANIZED CRIS7 FUSION PROTEINS

Human MLR assays were performed as described in Example 2
were performed using various humanized Cris7 fusion proteins: humanized
25 Cris7 (VH3-VL1) IgG1-N297A (SEQ ID NO:290), humanized Cris7 (VH3-VL2)
IgG1-N297A (SEQ ID NO:295), humanized Cris7 (VH3-VL1) IgG2-AA-N297A
(SEQ ID NO:292), humanized Cris7 (VH3-VL2) IgG2-AA-N297A (SEQ ID
NO:297), humanized Cris7 (VH3-VL1) IgG4-AA-N297A (SEQ ID NO:293),
humanized Cris7 (VH3-VL2) IgG4-AA-N297A (SEQ ID NO:298), chimeric Cris7
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(VH3-VL2) | gGl-N297A fusion proteins were anal yzed using the nethods
described in Exanple 1. The foll ow ng cytokines were tested: IL-1 b, IL-1
0, IL- 1Avol2BNg4290INF a, 1L6, MCP-1 , IP-1 0, IL-2 and PC#/USBlgoOs@324 shows
that the humani zed Cris7 (VH3-VL1 ) 1gd - N297A and humani zed Chs7
(VH3-VL2) 1g3@ -N297A fusion proteins did not activate PHA-phnmer T cells.
Simlar data were generated with humani zed Cris7 (VH3-VL1 ) | gQ&-AA- N297A,

Ih;gnibi-eﬁZ . '7 %ﬁ&%@ ?e@%@? %%é@iz@@%{ﬁ?} @qﬁl‘l\ém}ﬁggﬁ)# pr ot ei ns.
The cyt oki 'I‘xﬁ)@@h?*%éﬁiéd?ﬁ@?ﬁ%ﬁﬁﬁ? (—IML1 QSEGWBrN@eZb élﬂchlﬁ@rlc N297A,

humani zed Cris7- humani zed Cris7-1 g&4- AA- N297A and chineric
Cris7 IgGlCrNZQHMﬁ(lﬁQrIDrN@IZ@iQmS wer e not different fromcontrol non-T

cell binding SMP r ein, a to the

humani zed C?i s7 | ggl 7&2( Z%RYR%EH i?él' %eﬂ%béﬁlgﬁ?w& qﬁﬁ'a mani zed
Chs7-1g i i duced
nore | L%(l1 rg;*%géﬁ%i an t thﬁﬁ‘nfgﬁﬁ°§3§8%'i s% %ésclgr@ﬁ%ﬁ?grﬁ rl@é,1”§}g?%?\lUV| on
FL acti vat ddsioelprstetroblpcketiadl ¢dlt fesponsé iy alloaritigenbetiENfhan kiaown IQris@, and

(4)all nolecules tested (including control non-T cell binding SMP) caused
secretion GPARCP-1 at levels as hi gh as PHA re-stinulation. The results of

| F d IL-17 | ly.
Oytokine levels i n ol Bey R Chabmart ) FRedaputier RELIGRIAHGE 1.

vitro were Ammrmobr&slgfcm Awﬂzgmrfumﬁ@nou@msrmm IBBNHéné C@u@Vngrml gus
nmonkeys were isolated as described_ in Exanple 1 with the exceptions of

usi ng 9% N294misintypretae fieckedan Taediraspensess alleaptpsn) batier #espari ng t he

concent r a FORNBY U B PR T o] TR 7 PRALFESSH 15
contai ni g plOBY bRSEKEAIAMoel Pesddrite tBEMbGhligérbelOnaR/THis7Snept onyc n.

and 2 nM L-glutam ne) and aliquot to 96 well flat bottomplate at
100ul /wel | al ong wit Wlltogﬁmraitymotcséaklnerrekeasejeq‘fl%/w@rlmedﬁ@bﬁﬁai at 370C.

Supernatant g f o e M i ed e R 7SRO 1 DIV SPX2b7 A% Audadi A8y and
15 (VH3-VL2) IgG1-N297A fusion proteins were analyzed using the methods
described in Example 1. The following cytokines were tested: IL-1b, IL-10, IL-
17, IFNy, TNFaq, IL6, MCP-1, IP-10, IL-2 and IL4.
Figure 24 shows that the humanized Cris7 (VH3-VL1) IgG1-
N297A and humanized Cris7 (VH3-VL2) IgG1-N297A fusion proteins did not
20 activate PHA-primer T cells. Similar data were generated with humanized Cris7
(VH3-VL1) IgG2-AA-N297A, humanized Cris7 (VH3-VL2) IgG2-AA-N297A,
humanized Cris7 (VH3-VL1) IgG4-AA-N297A, and humanized Cris7 (VH3-VL2)
lgG4-AA-N297A fusion proteins.
The cytokine release results show that (1) humanized Cris7 1gG1-
25 N297A, humanized Cris7-IgG2-AA-N297A, humanized Cris7-1gG4-AA-N297A
and chimeric Cris7 IgG1-N297A fusion proteins were not different from control
non-T cell binding SMIP protein, (2) parent Cris7 mAb was comparable to the
humanized Cris7 IgG1-N297A, humanized Cris7-1gG2-AA-N297A, and
humanized Cris7-IgG4-AA-N297A fusion proteins except IL-17 (parent Cris7
30 mADb induced more IL-17 release than the humanized Cris7 fusion proteins), (3)
Nuvion FL activated cells to produce IL-10, IFNy, IL-17, TNFa, and IL-6, and (4)
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anal yzed for presence of non human prinmate cytokines using a custom 9-pl ex
Lum nex based detection kit fromMIlipore, follow ng the manufacture's
pr ot ocol .woheili®429val yt es detected by the kit were: |L-1PpoT/uskec2/oed2Re 4,
IL-6, IL-2 0, IL-1 7, MCP1, IFNg , and TNF a. The results (Figures 26A-H)
show that the humani zed Cris7 (VH3- VL1 ) | g&4-AA-N297A and humani zed Cris7
(VH3-VL2) | gA4- AA- N297A fusion proteins induce less release of IFNg , IL-1
7, 1L-4, TNE a, 1l-6.and |- as conpared to Cri.s7 » whereas the
Cevel s of | A-B0geRS PRee (et RofPats™n bl pridiad it 5™ e

humani zed Geifefioh@dFER-NEPitbelsisd RIAhRIOPRANS-amsLIafide" The 2aSuTRNGIFIt h
Cris7 mAb. EXAMPLE 12 Bi OVARKER STUDY OF EXEMPLARY FUSI ON PROTEI NS

CONTAI NI NG a8 7L Bl Nl ¢dG eDxisks ovilre in- ig s ke so2 A Badelol, @esfiiatigely. DBA2 F 1 mice

were wei ght matched ¢ q divided into five groups. of eight animals per
aroup. Ani s vere CREPEIPYELp i 3 PHmaTY B1a9eBIaUy assal imGE Q DBEOHE of the
Nl 12 o P COBE P g ot e forels bl s BRBARE PR o 2 s

( SEQ | D NOc$A6molgus rmonkeys weke/isolsited Be wesoriloed frr Bxarapleh! guitbuthewer e
eut hani zed at 24 hours and the remai ning four mce per ggoup wer
-h

eut hani zed SXCepiRNSRILSING PR eklaarPheswte SepatatipaMedigsin %é&ﬁ@ﬁﬂ M ce

wer e nonit Cl b Sy - i.al e i cLties as
previ ousl y%@@ cr%pére”gé 't%l ﬁé‘rl‘rrsl@ed@gfrég%Brﬂegqgg&gé%@glr)gé'p(;ese!l-g;wnej?%cti on and at
t hei r ter mreglsgandepait at condehtratiompf 2%10%catisanaihyRRI tompldie ndisence of
cyt oki nes and chenoki nes using a custom 14-pl ex Lum nexbased detection kit

from M10 i gBPMIZEEA8 eantaining 1 eduimarAB serugudiGl Wik gepicdloy €8 wa/etli on f or
serum anal ysi s n_.ali t I .was_cpl |l ected,iLnt I I
i crot ai nettate Ve Bortd R AR Er R I bl BeRel fG% et v« o
bl ood cel | 5008 wefl 'aYongPwith indiéateh deaitibrRd @ass wddepclivaterldis7°0. a 96-vel |
U-bottomplate. 5 mM_"of Rat Anti-1 0 ng/m nouse CD1 6/ CD32 Fc Bl ock (BD
Phar mi ngen)Supesnatddisdiremdegohavels were sdaptadl an daydpday 2pendcday 8, and 15
m nut es, nedi Fm : : .
analyzed for presence of non human primate cytokines using a custom 9-plex
15 Luminex based detection kit from Millipore, following the manufacture’s
protocol. The 9 analytes detected by the kit were: IL-1j3, IL-2, IL-4, IL-6, IL-10,
IL-17, MCP1, IFNy, and TNFa.
The results (Figures 26A-H) show that the humanized Cris7 (VH3-
VL1) IgG4-AA-N297A and humanized Cris7 (VH3-VL2) IgG4-AA-N297A fusion
20 proteins induce less release of IFNy, IL-17, IL-4, TNFaq, IL-6 and IL-10 as
compared to Cris7 mAb, whereas the levels of IL-1B and IL-2 were comparable
after treatments with the humanized Cris7 IgG4-AA-N297A fusion proteins and

after treatments with Cris7 mAb.

EXAMPLE 12
25 BIOMARKER STUDY OF EXEMPLARY FUSION PROTEINS

CONTAINING H57 BINDING DOMAIN

Ten-week old female C57BL/6 x DBA2 F1 mice were weight
matched and divided into five groups of eight animals per group. Animals were
injected IV via the retro-orbital sinus (200 uL of the molar equivalent of 300 ug

30 H57 Null2 SMIP) with IgG2a isotype control, H57 Null2 SMIP (SEQ ID NO:96),
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speed on a plate shaker. 10 nmL of antibody cocktail (or appropriate single
stain controls) against CD5 (PE-Cy5), CDL 9 (FITC, eBioscience,) and CD45
(PE, eBi osoizervo2904wer e added for a final dilution of 1r¢@aB2000loaizes wer e

i ncubated for an additional 20 m nutes at roomtenperature, |ight

protected, set on a plate shaker at nedi um speed. 180 nL of 1X BD Pharm
Lyse buffer mas added and wells m xed thoroughly and allowed to sit at room

t enper at ur yz on the
bo Ler | - Lt el %@Et(w&{g @ﬁ‘f&%%t\)ﬁﬁgg@ L[?E‘B?/%\QEL Oég’d*f%l | ows:
cell's that df¢{d7 miabhipbi rﬁ@@ﬂ%ﬁ@ehtﬁyﬁ&%’%r@@h&a\ﬁ@@d A HEQd drief theD45
expression, cells that subsequently fell within the CD45+ gate were then
anal yzed f sem@itBnafalrCiite pex grews vene eGildnizaoeat the enid afdbé expetimenppe wer e

back” cal cul ated based on the 50 ni d and dilution factor of
30, Fi qur & BPSPAAeP T RO AR APl Bf PR SFEONIS S8 el { nul |

and HVE g5SMg 38&9# %% éébg% Segxgitﬁgssé’s%?lb% Bk e ek IFWHt IBhd s avenous

admi ni stration o body wei ght . m ce appear ed
nor mal Wi t fpost-inpdstionendsagtheiraérnainat tirmepoibét $eea1saia1ple& werd aletyZed foFi gur e
28 shows that intravenous admnistration of H57 Null2, H57 half Null, H57
HVR, or H5heRESEESEIAf £YIakines; anchehenpkines ueigea PH%tPFrbuﬂﬂq’)thW T.cells

(cells /m a%BHF:%‘E%boB% n@&%fll@%}é BE rﬁgﬁbg&%dek‘ér“{ﬁé@e addiliGYtdhidag 5+

T-cells (ce are si g I ca eren Ween groups at 72

hrs after icoajlestidrofor 6EfgHERaRR)s, aﬁleﬂlqueﬁoﬁ@éoé&%sﬁétQWCtédalhtdwhoDe th#bdd Nul | 2
and H57 HW did not cause increase in cytokine production conpared to

| gGa, hd migiotaiser hies (Gantaining &DEAX forperiplieral bleed|staiBing @ffwhite bloodl - 1 0,

bt 1L v eels nBRems 5 0t inol BROGESTueTIEREILH o el BL KNP E 15
PHARMACOKI Ntk C 53TIUBYREE AR ENRL XY M@Dﬁ@@ﬁBﬂﬁc%@N% IR drnind@ YDl NG

DOVAI N Fenal e BALB/c mice were Tnjected intravenously (IV) at tinme O
was added and plates incubated at room temperature for 15 minutes, medium

speed on a plate shaker. 10 yL of antibody cocktail (or appropriate single stain
15 controls) against CD5 (PE-Cy5), CD19 (FITC, eBioscience,) and CD45 (PE,
eBioscience,) were added for a final dilution of 1:4000. Plates were incubated
for an additional 20 minutes at room temperature, light protected, set on a plate
shaker at medium speed. 180 uL of 1X BD Pharm Lyse buffer was added and
wells mixed thoroughly and allowed to sit at room temperature for 30 minutes.
20 50 pL of each sample were then analyzed on the BD LSRII High Throughput
Sampler (HTS). The gating strategy was as follows: cells that fell within a
FSC:SSC lymphocyte gate were analyzed for CD45 expression, cells that
subsequently fell within the CD45+ gate were then analyzed for CD5 and CD19
expression. Cells per ml of each cell type were back calculated based on the
25 50 pL sample collected and dilution factor of 40.

Figure 27 shows that intravenous administration of H57 Null2, half
null and HM2 SMIP proteins did not cause loss of body weight, while
intravenous administration of H57 mAb caused loss of body weight. All mice
appeared normal without obvious signs of distress between day 0 and day 3.

30 Figure 28 shows that intravenous administration of H57 Null2,
H57 half Null, H57 HM2, or H57 mAD results in a transient decrease in
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with 200 nL of PBS containing 200 ng of H57 Null2 (SEQ ID NO 96), H57-HW
(SEQ I D NO 306) or H57 half null SMP protein (SEQ ID NO 304). Three m ce
per groupvoenw/iingoect ed for each time point: For H57- HVPCBNMSBVOPNGI286 N,
serum sanpl es were obtained at 15 min and 2, 6, 8, 24, 30, 48, 72, 168, and
336 hr, and for H57 Null 2 and H57 half null, additional tine points were
taken at 96 and 504 hr, but the 8 and 30 hr sanples were omtted.

e et gl L A B Pl R B B B8 °
col | ect ed Qﬁcﬁle@@f.h@edaéwt%ns%@éuérvrrﬂpafeeﬁ@trs?gmﬁé@ntgfd#&%nt 86wy N297A and
BC3 | g&2- AAN297A were determ ned with” a sandwi ch ELI'SA usi ng a goat

anti - human gro@d-at Ep b éiter injectioodlyigase 29k capture reagent and HRP

ot S NpovA or Bea highss Mk 3G sefrndt Ly Noups %éiﬁﬁtt?ﬁq@émtr ati ons
for OKT3 g%uﬁ@ rg%gz ﬁﬁ%t%e'%?mﬁroﬁ é})‘?ﬁ;ﬁér@b%%ﬁ@ﬁa%r’\:& RdifRupdi ng

assay using t at cell Tine at celfs were Idcubated In 96
wel | flat blcaatmenpelet/etedathem@vets bﬁIIsEr WA anﬁprlaasil'NF@,rand ike17 a} 2eioeds wi t h
OKT3 | g&A- AA- N297A or BC3-H serum sanple was tested in triplicate
at one d| | POSbiRjectiee. Ay t@@l'@}‘@s@i@ﬁ bIUBH— g4pinreed impeaaalflyels by 2 Reirst i ne
poi nt's, tp&%g“]%% t,]roml 20to 1:1 5,000 for OKT3 | gA- AA-N297A and 1:20 to
1 1000for (Pool ed sanples frommce injected with OKT3

| g&2- AA- N297A or BC3- HMwere tested in a prelimnary assay, so the

appropriate dilution for each samﬁm&%%m ) Cells were incubated for
S

an hour in the presence of the dil anpl es or standards (see

bel ow) @nd were msbﬁﬁRl@ﬁé@&ﬁEﬁB%T@@ﬁ“dﬁE%EEI\XF“LAW?U@@I@P%@QN!&eagent
Bi ndi ng of OKT3 1g4- AA-N297A to Jurkat cells was detected using a

PE- conj ugat ed goat anti - hune@QONGEGNRS HIDAHMENNG pEmiAINC anti body, whereas
bi ndi ng of BC3-HML to Jurkat cells was detected using a PE-conjugated

ol £ nul | wer e dut or OIS BRI RS BUe TP Ra! R AV A G bR el 15, a
Toan noch LB LK 7y maMAAE 29K GT8Y M SISETR R G Ry anc
(SEQ ID NO:306) or H57 half null SMIP protein (SEQ ID NO:304). Three mice
15 per group were injected for each time point: For H57-HM2 SMIP protein, serum
samples were obtained at 15 min and 2, 6, 8, 24, 30, 48, 72, 168, and 336 hr,
and for H57 Null2 and H57 half null, additional time points were taken at 96 and
504 hr, but the 8 and 30 hr samples were omitted. Anesthetized mice were
exsanguinated via the brachial plexus or cardiac puncture at the indicted time
20 points after injection, and serum was collected as described below.
Serum concentrations of BC3 1gG4-AA-N297A and BC3 1gG2-AA-
N297A were determined with a sandwich ELISA using a goat anti-human 1gG
Fc specific antibody as the capture reagent, and HRP conjugates of antibodies
to human 1gG4 or IgG2 to detect bound BC3 IgG4-AA-N297A or BC3-1gG2-AA-
25 N297A SMIP, respectively. Serum concentrations for OKT31gG4-AA-N297A
and BC3-HM1 were determined in a FACS-based binding assay using the
CD3" Jurkat cell line. Jurkat cells were incubated in 96 well flat bottom plates
along with serum samples from mice injected with OKT3 1gG4-AA-N297A or
BC3-HM1. Each serum sample was tested in triplicate at one dilution. The

30 dilutions used for samples varied for different time points, but ranged from 1:20
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sanples frommce injected with H57-null 2. Each serum sanple was tested in
triplicate at one dilution. The dilutions used for sanples varied for

di f f er entwOi20®/qaedont s, but ranged from 1:500 to 1:10, 00@cCT(USeabmei28@anpl es
frommce injected with H57-null2were tested in a prelimnary assay, so the
appropriate dilution for each sanple was known.) Standard curves consisted
of various known concentrations of H57 Null2 spiked into FACS buffer, run

B o3 R ORI B ARSI Y AT o) OB
standard Cl{PMGFéd @h%l@y%d AHI&E nj éﬂté&'%t@l@Kﬁ'@l?GMQﬁZWﬁ@pBC@t Serum wer e
required for PK sanples. EL4 celljs were incubated for an hour in the

presence ofHNheerd tastatinsz pretinsinamn assayr se tlandpprpriatelddion faashel bef ore
the addition of the detecti rea ent f H57 ul | 2 and 7 hal f
nul 1 to ELBOERIS WaRDRNEL b als W pBcubAed &t Bav e DE eSS TER et B Lse | oG
(HtL) anfi |\ SadiRsy usi ng
a PE—co% u%gtg beééj %gr.lrts ﬁp]@-?ﬁg eﬁ?ﬂlr%aﬂ ar#gsﬁ/gn%llbggghér\g&lgna?yzedgﬁﬁ)ﬁffr%\c/jv
cytonetry. atkdédiomeafthé Idectsc&mareagemtntaandlnglcﬁsOl((r/Ellg4 Ae-N2DAdo tJedkdtnt o

Softmax Pro software to cal cul ate serum concentrations and to determn ne
preci si on %HSWM%QGGWSQQ&%EA?HO@H%@ anat @ntidipar @dicd fragmeted f or

t he presen O 8

Luni hex. basBsCHigAtiBOATfndrRs TATIRG P BELAMIAGRE s i PlEibcied

Phar macoki ngirigca @Esmugat@d drar-Aredraivdal orSerascariceheiatione fer HST Numeed by
non-conpartnental analysis using WnNonlin(tm Professional sof tware

(v5.0. 110 &y -HpR, ﬁnﬁd*%@atﬁmﬂmfemuerma@d irpe £ AGp-taged slinding assay
St 2 S B2 DRI b0 G Bipf o e B0
cytokine reyéerme aﬂﬁQMéﬁ'%db‘été—d &@@Weﬂ(?laﬂgottaﬁbdlﬁte% albifg RARWrgmIhe
results of the PK study show the SMP proteins that contain a CH2CH3 taill
have a nuclsahupiegfromamicd infestedhwithtHissullhaEachseaim sariplemiag testiedsn
triplicate at one dilution. The dilutions used for samples varied for different time
15 points, but ranged from 1:500 to 1:10,000. (Pooled samples from mice injected
with H57-null2were tested in a preliminary assay, so the appropriate dilution for
each sample was known.) Standard curves consisted of various known
concentrations of H57 Null2 spiked into FACS buffer, run in triplicate. Serum
was not added to standard curves because development work showed that
20 serum at dilutions greater than 1:50 had no effect on standard curves, and
much larger dilutions (minimum of 1:500) of serum were required for PK
samples.
EL4 cells were incubated for an hour in the presence of the
diluted serum samples or standards and were washed before the addition of the
25 detection reagent. Binding of H57Null2 and H57 half null to EL4 cells was
detected using a PE-conjugated donkey anti-mouse IgG (H+L) antibody,
whereas binding of H57-HM2 to EL4 cells was detected using a PE-conjugated
anti-His antibody. The samples were analyzed by flow cytometry. The mean
fluorescence intensities (MFI) were imported into Softmax Pro software to
30 calculate serum concentrations and to determine precision and accuracy of

standard curves.
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Fi gures 39-48 show that the H57-HW SM P protein generally did not cause

el evated | evels of nobst cytokines (IFNg , IL-2, IL-5, IL-6, or IL-17) at
all the twoeopai4edog nmeasured. This may be due in part tecrhs@bosi2es hal f
life of this nolecule. In addition, the few el evated | evel s of cytokine
observed were generally periodic and always | ower than the |levels seen with
the H57 half null SM P fusion protein. EXAMPLE 14 IN VI TRO STUDI ES OF

EXEMPLARY FUSI ON P | NS CC]\lllAI NI NG HS&Z(?dh!DI BI}? DQVAI N l\/tha d ConA bl ast
restimul ation assays SWre FEPPGP1Ed A E Pire®HEY RbEL I B2 pl e 6 .
The resul t%héh@ﬂiﬁéﬁﬁsn’g@ﬁ dNskdrd 14tb‘13xm@hiun@ktbbs@d‘@e{&¥uohw froHR IMAMNpBFEt € NS
(SEQ I D NCS: 96, 304 and 306, respectively), but not H57 mAb bl ocked primary

T cel | resmrmeviouslyrddsgebe@ F|P@arreecél0namd5paz$|tuon |paraddtetr$mreael$17 Nul | 2,

H57 hal f | d H57 t nd 1 q@&2a djd
oL vat | on PepteRnare b ibgrer BLnpa oA iesal aieas U raRaNel R o i on of

ConApri ng s(g,q,, i i T cells
(Figure 52)P$0&§$Ioli]3' an %%ﬁ@%g?%ﬁﬁg%ﬁ%ﬂgn@é not | ngﬁjggplg/yt oki ne
rel ease i nbousfadrhadstratiestandisparsesaagsiags , ThehP Keestils dral drowided ifusi on
protein resulted in higher |evels of sonme cytokines tested (e.g Gwt CSF,

IFN-g , IL 49urﬁL405anqi Lhescalplalaied)half lives are priovigeg if@biave belgw ceiained t o
H57 Nul | 2 e not shown). The various

enbodi nment s g)escrl%wﬁsgggvg&égén& e't@ﬁrésd 9to provi de further enbodi nents.
Al of the U S. patents, U S. patent application publications, U S patent
applications, foreign patents, fdablegd. P& Resulappl i cations and non- pat ent

publications referred to SuRgificat in the
Application Data St tﬁéﬂ NE%?&gahﬁ) }’56 et 5?#@;.‘185*@%—6“?'6@{5’] in their

entll’ety. These an €1 A—bhe—Hade—to—t erbediENt s in ||ght
of the above-detail eﬁlg ﬁé%PPEK?‘:Q n general, in 1@ foll owi|ng cl ai ns, the

H57-HM2 (SEQ ID NO:306) 6.6
BC3-HM1 (SEQ ID NO:84) 3.2
BC3 IgG2-AA-N297A (SEQ 875
ID NO:82)

BC3IgG4-AA-N297A (SEQ 99.7
ID NO:83)

OKT3 IgG2-AA-N297A 424

(SEQ ID NO:90)

10 The results of the PK study show the SMIP proteins that contain a
CH2CHa3 tail have a much longer half life than those that contain CH3 only tails.
Figures 39-48 show that the H57-HM2 SMIP protein generally did
not cause elevated levels of most cytokines (IFN-y, IL-2, IL-5, IL-6, or IL-17) at
all the time points measured. This may be due in part to the shorter half life of
15 this molecule. In addition, the few elevated levels of cytokine observed were
generally periodic and always lower than the levels seen with the H57 half null

SMIP fusion protein.
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EXAMPLE 14
IN VITRO STUDIES OF EXEMPLARY FUSION PROTEINS CONTAINING H57 BINDING

DOMAIN

MLR and ConA blast restimulation assays were performed
according to the methods in Example 6.

The results show that H57 Null2, H57 half null and H57-HM2
fusion proteins (SEQ ID NOS:96, 304 and 306, respectively), but not H57 mAb
blocked primary T cell response to antigen (Figures 50 and 51). In addition,
H57 Null2, H57 half null and H57-HM2 fusion proteins and IgG2a did not induce
activation of ConA-primed T cells, H57 mAb slightly induced activation of ConA-
primed T cells, and 2C11 mAb induced activation of ConA-primed T cells
(Figure 52). H57 Null2 and H57-HM2 fusion proteins did not induce cytokine
release in ConA blast restimulation assays, while H57 half null fusion protein
resulted in higher levels of some cytokines tested (e.g., GM-CSF, IFN-y, IL-4,
IL-5, IL-6, IL-10, IL-17, IP-10 and TNF-a) compared to H57 Null2 and H57-HM2

fusion proteins (data not shown).

The various embodiments described above can be combined to
provide further embodiments. All of the U.S. patents, U.S. patent application
publications, U.S. patent applications, foreign patents, foreign patent
applications and non-patent publications referred to in this specification and/or
listed in the Application Data Sheet are incorporated herein by reference, in
their entirety.

These and other changes can be made to the embodiments in
light of the above-detailed description. In general, in the following claims, the
terms used should not be construed to limit the claims to specific embodiments
disclosed in the specification and the claims, but should be construed to include
all possible embodiments along with the full scope of equivalents to which such

claims are entitled. Accordingly, the claims are not limited by this disclosure.
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CLAIMS

1. A single chain fusion protein, comprising:
a binding domain that specifically binds to a TGiRnplex or a
component thereof, wherein the binding domain casepran immunoglobulin heavy
chain variable region (Y comprising an amino acid sequence that is at &%
identical to the amino acid sequence as set far85Q ID NO: 245 and an
immunoglobulin light chain variable region (comprising an amino acid sequence that

is at least 95% identical to the amino acid seqgeescset forth in SEQ ID NO: 241;

a linker polypeptiddinking said light chain variable region (Ywith said
heavy chain variable region (Y,

an immunoglobulin G, region polypeptide; and

an immunoglobulin Gz region polypeptide,

wherein the fusion protein does not induce or iedueduced cytokine

releaseas compared to an OKT3 antibody.

2. The fusion protein of claim 1, wherein the biigldomain is a
single chain Fv (scFv) that specifically bindshie TCR complex or a component

thereof.

3. The fusion protein of claim 1 or claim 2, whertéhe G, region is

derived from a human IgG, a human IgD, or a mog&2h.

4, The fusion protein of any one of claims 1-3, vdirethe TCR
complex or a component thereof is TGRCRB, or CD3:.

5. The fusion protein of any one of claims 1-4, veire the binding

domain is a single chain Fv (scFv) that specifichlhds to the TCR complex or a
component thereof and comprises the amino acideseguof: SEQ ID NO: 263.
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6. The fusion protein of any one of claims 1-5, veire the linker is

an immunoglobulin hinge region polypeptide.

7. The fusion protein of claim 6, wherein the immagiobulin hinge
region polypeptide is selected from the group csiimgj of: a wild type human IgG1
hinge, a human IgG1 hinge with at least one cysteintated, and a wild type mouse
IGHGZ2c hinge.

8. The fusion protein of claim 6, wherein the immagiobulin hinge
region polypeptide comprises an amino acid sequseleeted from the group consisting
of: SEQ ID NOS:212-218, 300, 379-434, and aminds8+17 of SEQ ID NO:10.

9. The fusion protein of any one of claims 1-8, vere the
immunoglobulin G, region polypeptide comprises:

() an amino acid substitution at the asparagingosition 297, and one or
more substitutions or deletions at positions 23238; or

(i) one or more substitutions or deletions agipons 234 to 238, and at
least one substitution at position 253, 310, 328, 322, or 331; or

(iif) an amino acid substitution at the asparagdhposition 297, one or
more substitutions or deletions at positions 23238, and at least one substitution at
position 253, 310, 318, 320, 322, or 331.

10.  The fusion protein of claim 9, wherein the aagae at position

297 is substituted with an alanine.

11. The fusion protein of claim 9, wherein the immaglobulin G,
region polypeptide comprises:
0] an amino acid substitution at the asparagineosition 297 and

one amino acid substitution at position 234, 238 ar 237;
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(i) an amino acid substitution at the asparagineosition 297 and
amino acid substitutions at two of positions 23423

(i)  an amino acid substitution at the asparagihposition 297 and
amino acid substitutions at three of positions 23%:

(iv)  an amino acid substitution at the asparagingosition 297, amino
acid substitutions at positions 234, 235 and 28d,an amino acid deletion at position
236;

(v) amino acid substitutions at three of positi@B4-237 and amino
acid substitutions at positions 318, 320 and 322; o

(vi)  amino acid substitutions at three of positi@3¢-237, an amino

acid deletion at position 236, and amino acid stuligins at positions 318, 320 and 322.

12.  The fusion protein of any one of claims 1-9evdin the
immunoglobulin G, region polypeptide comprises an amino acid seqsalected from
the group consisting oSEQ ID NOS:102- 104, 75, and 375-378.

13. The fusion protein of any one of claims 1-1Bgvein the
immunoglobulin G, and Gyzregion polypeptides are human IgGg.@nd Gz region

polypeptides or IgG4 & and Gy3 region polypeptides.

14. The fusion protein of claim 1 wherein the lmgddomain comprises
the amino acid sequence as set forth in SEQ ID H®ahd the amino acid sequence as
set forth in SEQ ID NO:241.

15.  The protein of claim 1, wherein the linker betweaid variable
heavy and light domains comprises: GlySer,,Gér (SEQ ID NO:339), Giper (SEQ
ID NO:340), GlySer (SEQ ID NO:341), and Giger (SEQ ID NO:342), including
(GlysSer)(Gly,Ser) (SEQ ID NO:343), (GySery(GlysSer) (SEQ ID NO:344),
(GlysSer)(GlysSer) (SEQ ID NO:345), (GlySer)(GlysSer) (SEQ ID NO:346),
(GlysSer)(Gly,Ser) (SEQ ID NO:347), (GhSer)(Gly,Sery (SEQ ID NO:349),
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(GlysSer)(Gly,Sery (SEQ ID NO:350), (GhySer)(GlysSer) (SEQ ID NO:351),
(GlysSer)(Gly,Ser) (SEQ ID NO:352), (GhySerk(GlysSery (SEQ ID NO:353),
(GlysSer)(Gly,Ser), (SEQ ID NO:354), (GySer}(GlysSer) (SEQ ID NO:355),
(GlysSer} (SEQ ID NO:356), (GlySer} (SEQ ID NO:145), (GlySer) (SEQ ID
NO:357), (GlySer) (SEQ ID NO:358) or GGGGSGGGGSGGGGSAQ (SEQ ID
NO:98).

16.  The fusion protein of any one of claims 1-1&gevein the fusion

protein further does not activate or minimally aates T cells.

17.  The fusion protein of any one of claims 1-16gevein the fusion
protein further has at least one of the activisielected from the group consisting of:
inducing calcium flux, inducing phosphorylationafmolecule in the T cell receptor
signaling pathway, blocking T cell response to koaatigen, blocking memory T cell

response to an antigen, and down modulating the d@hplex.

18. A composition comprising the fusion proteiraafy one of claims

1-17 and a pharmaceutically acceptable carriengdil, or excipient.

19.  Aunit dose form comprising the compositiorclaim 18.

20. A polynucleotide encoding the fusion proteiran¥ one of claims
1-17.

21.  An expression vector comprising the polynudteobf claim 20

operably linked to an expression control sequence.
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22. Use of the fusion protein of any one of claltvk7, or the
composition of claim 18, or the unit dose of cldithin the manufacture of a medicament

for reducing rejection of solid organ transplanaisolid organ transplant recipient.

23. Use of the fusion protein of any one of claltnk7, or the
composition of claim 18, or the unit dose of cldithin the manufacture of a medicament
for treating an autoimmune disease selected frengtbup consisting of: inflammatory

bowel disease, Crohn’s disease, ulcerative cotlishetes mellitus, asthma, and arthritis.

24. Anin vitro method for detecting cytokine release induced by a
protein that comprises a binding domain that spediy binds to a TCR complex or a
component thereof, comprising:

€)) providing mitogen-primed T cells,

(b) treating the primed T cells of step (a) witk firotein that
comprises a binding domain that specifically bimgdio a TCR complex or a component
thereof, and

(© detecting release of a cytokine from the prifiezklls treated in
step (b), wherein the protein is the fusion protanording to any one of claims 1-17, or

an antibody.

25.  Aninvitro method for detecting T cell activation induced by a
protein that comprises a binding domain that spadiy binds to a TCR complex or a
component thereof, comprising:

€)) providing mitogen-primed T cells,

(b) treating the primed T cells of step (a) witk firotein that
comprises a binding domain that specifically bimgdia a TCR complex or a component
thereof, and

(c) detecting activation of the primed T cells teshin step (b),
wherein the protein is the fusion protein accordimgny one of claims 1-17, or an

antibody.
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