10

15

20

25

30

WO 2022/020945 PCT/CA2021/051046

ANTI-CD22 SINGLE DOMAIN ANTIBODIES AND THERAPEUTIC CONSTRUCTS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of priority of U.S. Provisional Application
No. 63/058,203 entitled “ANTI-CD22 SINGLE DOMAIN ANTIBODIES AND THERAPEUTIC
CONSTRUCTS” and filed July 29, 2020, the contents of which are hereby incorporated by

reference.

FIELD
[0002] The present disclosure relates generally to anti-CD22 antibodies. More

particularly, the present disclosure relates to anti-CD22 single domain antibodies.

BACKGROUND

[0003] Cancer is a major public health problem and the second leading cause of
death worldwide. Traditional therapy for cancer has included surgery, radiation and
chemotherapy. These have been moderately successful for treatment of some cancers,
particularly those diagnosed at early stages. However effective therapy is lacking for many
aggressive cancers. Recent technological innovations suggest that immunotherapy
(stimulating or restoring a patient’'s own immune system to fight cancer) can potentially
provide potent and long term responses against many cancers including aggressive hard to
treat cancers.

[0004] Immunotherapy has had phenomenal success in treating hematologic cancers
leading to the regulatory approval of numerous forms of these therapies; therapeutic
antibodies (i.e. multiple approved monoclonal antibodies targeting CD20, CD30, CD33 and
CD52), antibody-drug conjugates targeting CD22 and CD33, and multivalent antibodies such
bi-specific T cell engagers (Blinatumomab targeting CD19 on B cells).

[0005] Such antibodies have also found use in therapeutic constructs.

[0006] For example, bi-specific T cell engagers, and bi- and tri-specific killer cell
engagres (BiKEs and TriKEs) incorporating single-chain variable fragments (scFvs) have

been developed to direct a host's immune system to target cancer cell.
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[0007] Chimeric Antigen Receptor (CAR) constructs have been produced to
combined facets of T cell activation into a single protein. These molecules link an
extracellular antigen recognition domain to an intracellular signaling domain, which activates
the T cell when an antigen is bound.

[0008] Chimeric Antigen Receptor (CAR) modified immune cell therapies are an
emergent form of cancer immunotherapy whereby single or multiple antigen binding domains
from antibodies that specifically target cell surface protein(s) on cancer cells are combined
with immune cell activating domains to generate "armored" Immune cells that seek and kill
specific cells that harbor the targeting antigen(s). CAR modified T cell therapies (CAR-T)
have provided unprecedented responses for patients suffering from incurable, aggressive
forms of B cell leukemia and lymphoma leading to the FDA and Health Canada approval of
CD19-targeted CAR-T cell products, such as Tisangenlecleucel (Kymriah®) and
axicabtagene ciloleucel (Yescarta®) for the treatment of relapsed or refractory pediatric and
young adult patients with B-cell ALL, adult patients with relapsed or refractory large B-cell
lymphoma including diffuse large B-cell lymphoma (DLBCL) not otherwise specified, primary
mediastinal large B-cell ymphoma, high grade B-cell lymphoma, and DLBCL arising from
follicular lymphoma.. While these CD19-targeted CAR therapies have significant clinical
value, responses are not always long-lasting and post CAR-T relapse remains a problem,
with overt loss of CD19-antigen on the leukemia cells occurring in approximately one third of
cases of post CAR-T relapse. Development of new CAR receptors targeting leukemia
antigens other than CD19 is an area of active investigation, with similar B-cell restricted
antigens such as CD22 or CD20 showing strong promise as alternative targets for CAR-T
therapy. Additionally, molecular optimization of the signaling properties of CD22-targeted
CAR-T receptors has strong potential to lead to better therapeutic response rates, and the
use of multiple CAR therapeutics targeting different B-cell restricted antigens has been
shown to be an effective strategy to improve treatment outcomes.

[0009] For example, currently, patients with relapsed and chemotherapy refractory B-
cell malignancy (a cluster of diseases that includes various forms of leukemia and
lymphoma) are candidates for CD19-targeted CAR-T therapy. While the response statistics
vary depending on the specific clinical application of CAR-T therapy, on average more than

half of adult patients will relapse after CD19-targeted therapy.

-2-
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[0010]

It is, therefore, desirable to provide immunogenic molecules with affinity for

therapeutic targets relevant to cancer.

SUMMARY

[0011]

It is an object of the present disclosure to obviate or mitigate at least one

disadvantage of previous approaches.

[0012]

In one aspect, there is provided an isolated single domain antibody (sdAb),

which binds specifically to human CD22, the sdAb comprising:

[0013]
wherein:
[0014]
[0015]
[0016]
[0017]
[0018]
[0019]
[0020]
[0021]
[0022]
[0023]
[0024]
[0025]
[0026]

a) a CDR1 amino acid sequence GX1XoX3DX4YXs (SEQ ID NO: 126),

XiisForV,
X2is T or S,
Xsis L, F,orS,
X4isY, D, or S, and
Xsis VorA,
a CDR2 amino acid sequence XgX7XsXoX10GX11T (SEQ ID NO: 127), wherein:
Xsis | or M,
X7isT,R, G, orS,
Xsis Sor N,
Xois Dor S,
X0 is D oris absent,
XiisVorA, and
a CDR3 amino acid sequence AVDKPFYDGGX12X13YTCPVDFX14S (SEQ ID

NO: 128), wherein:

[0027]
[0028]
[0029]
[0030]
wherein:
[0031]
[0032]

Xs2is |, N, Y, orS,
X13is Q, Y, R, orL, and
X is D or G;
b) a CDR1 amino acid sequence GSXiF XoX3Xs XsV (SEQ ID NO: 129),

XqislorT,
Xz is R or is absent,
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[0033]
[0034]
[0035]
[0036]
[0037]
[0038]
[0039]
[0040]
wherein:
[0041]
[0042]
[0043]
[0044]
[0045]
[0046]
[0047]
wherein:
[0048]
[0049]
[0050]
[0051]
wherein:
[0052]
[0053]
[0054]
[0055]
wherein:
[0056]
[0057]
[0058]
[0059]

X3is R, S, orl,
X4is 1, S, or T, and
Xsis A, S, orT,
a CDR2 amino acid sequence ITSXsGX7Xs (SEQ ID NO: 130), wherein:
Xsis G, S, or A,
X7is E, D, or S,
Xgis Tor S, and
a CDR3 amino acid sequence NAXoX10GX11X12X13X14 (SEQ ID NO: 131),

Xois Kor Q,
XpoisWor,
X11is Q, R, or G,
X2isY, D, or R,
XizisEorS, and
XisisY, D, or H;
C) a CDR1 amino acid sequence GRIXsRSYV (SEQ ID NO: 132),

Xqiis For S,
a CDR2 amino acid sequence |IGX,;SDT (SEQ ID NO: 133), wherein:
Xzis Wor C, and
a CDR3 amino acid sequence AX3X4sSPPYGPQRDEFXsY (SEQ ID NO: 134),

XsisAorE,
XsisNorY, and
Xsis Gor D;
d) a CDR1 amino acid sequence G XiTXoSVY X3 (SEQ ID NO: 135),

Xiis Ror G,
Xzis SorF, and
XsisGorT,
a CDR2 amino acid sequence XsXsXsSX;GXsT (SEQ ID NO: 136), wherein:

-4-
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[0060]
[0061]
[0062]
[0063]
[0064]
[0065]
137), wherein:
[0066]
[0067]
[0068]
[0069]
[0070]
[0071]
[0072]
[0073]
[0074]
[0075]
[0076]
[0077]
[0078]
[0079]
[0080]
[0081]
[0082]
[0083]
[0084]
[0085]
[0086]
[0087]
[0088]
[0089]

Xsis M or |,

Xsis Sor R,

Xsis Wor G,

Xzis G or is absent, and
Xsis P or G,

PCT/CA2021/051046

a CDRS3 amino acid sequence AVRIRRTLXsEPLTKETLYDY (SEQ ID NO:

Xois LorV;

e) a CDR1 amino acid sequence as set forth in SEQ ID NO: 49,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

150, and
51;

)

f) a CDR1 amino acid sequence as set forth in SEQ ID NO: 4,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

15, and
6;

9) a CDR1 amino acid sequence as set forth in SEQ ID NO: 7,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

: 8, and
9

h) a CDR1 amino acid sequence as set forth in SEQ ID NO: 13,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

114, and
15;

i) a CDR1 amino acid sequence as set forth in SEQ ID NO: 16,

a CDR2 amino acid sequence as set forth in SEQ ID NO
a CDR3 amino acid sequence as set forth in SEQ ID NO

:17, and
1 18;

j) a CDR1 amino acid sequence as set forth in SEQ ID NO: 40,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

141, and
42;

)

k) a CDR1 amino acid sequence as set forth in SEQ ID NO: 55,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

1 56, and
57;

) a CDR1 amino acid sequence as set forth in SEQ ID NO: 64,

a CDR2 amino acid sequence as set forth in SEQ ID NO

-5-
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[0090] a CDR3 amino acid sequence as set forth in SEQ ID NO: 66; or

[0091] m) a CDR1 amino acid sequence as set forth in SEQ ID NO: 70,

[0092] a CDR2 amino acid sequence as set forth in SEQ ID NO: 71, and

[0093] a CDR3 amino acid sequence as set forth in SEQ ID NO: 72.

[0094] In the above:

[0095] group a) provides consensus sequences defined by antibodies herein termed

hCD221ug-80, hCD22100ng-2, hCD221ug-74, hCD22100ng-66, hCD221ug-6, hCD22pas-
10, hCD22pass-33,

[0096] group b) provides consensus sequences defined by antibodies herein termed
hCD221ug-77, hCD221ug-87, hCD221ug-75, hCD221ug-93, hCD22pas-82, and hCD22pas-
23

[0097] group c) provides consensus sequences defined by antibodies herein termed
hCD22pas-32, hCD221ug-14, and hCD22pas-55,

[0098] group d) provides consensus sequences defined by antibodies herein termed
hCD22pas-79 and hCD22pas-72,

[0099] group f) is defined by CDRs from the antibody termed hCD22pas-16,

[00100] group f) is defined by CDRs from the antibody termed hCD221ug-10,
[00101] group g) is defined by CDRs from the antibody termed hCD221ug-13,
[00102] group h) is defined by CDRs from the antibody termed hCD221ug-36,
[00103] group i) is defined by CDRs from the antibody termed hCD221ug-61,

[00104] group j) is defined by CDRs from the antibody termed hCD22100ug-62,
[00105] group k) is defined by CDRs from the antibody termed hCD22pas-24,
[00106] group ) is defined by CDRs from the antibody termed hCD22pas-48, and
[00107] group m) is defined by CDRs from the antibody termed hCD22pas-64.
[00108] In another aspect, there is provide an isolated VHH single domain antibody

(sdAb), which binds specifically to human CD22, the sdAb comprising:

[00109] A)

[00110] a CDR1 amino acid sequence as set forth in SEQ ID NO: 1, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 2, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 3 (hCD221ug-6),



10

15

20

25

30

WO 2022/020945 PCT/CA2021/051046

[00111] a CDR1 amino acid sequence as set forth in SEQ ID NO: 4, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 5, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 6 (hCD221ug-10),

[00112] a CDR1 amino acid sequence as set forth in SEQ ID NO: 7, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 8, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 9 (hCD221ug-13),

[00113] a CDR1 amino acid sequence as set forth in SEQ ID NO: 10, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 11, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 12 (hCD221ug-14),

[00114] a CDR1 amino acid sequence as set forth in SEQ ID NO: 13, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 14, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 15 (hCD221ug-36),

[00115] a CDR1 amino acid sequence as set forth in SEQ ID NO: 16, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 17, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 18 (hCD221ug-61),

[00116] a CDR1 amino acid sequence as set forth in SEQ ID NO: 19, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 20, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 21 (hCD221ug-74),

[00117] a CDR1 amino acid sequence as set forth in SEQ ID NO: 22, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 23, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 24 (hCD221ug-75),

[00118] a CDR1 amino acid sequence as set forth in SEQ ID NO: 25, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 26, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 27 (hCD221ug-77),

[00119] a CDR1 amino acid sequence as set forth in SEQ ID NO: 28, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 29, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 30 (hCD221ug-80),

[00120] a CDR1 amino acid sequence as set forth in SEQ ID NO: 31, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 32, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 33 (hCD221ug-87),
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[00121] a CDR1 amino acid sequence as set forth in SEQ ID NO: 34, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 35, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 36 (hCD221ug-93),

[00122] a CDR1 amino acid sequence as set forth in SEQ ID NO: 37, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 38, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 39 (hCD22100ug-2),

[00123] a CDR1 amino acid sequence as set forth in SEQ ID NO: 40, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 41, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 42 (hCD22100ug-62),

[00124] a CDR1 amino acid sequence as set forth in SEQ ID NO: 43, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 44, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 45 (hCD22100ug-66),

[00125] a CDR1 amino acid sequence as set forth in SEQ ID NO: 46, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 47, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 48 (hCD22pas-10),

[00126] a CDR1 amino acid sequence as set forth in SEQ ID NO: 49, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 50, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 51 (hCD22pas-16),

[00127] a CDR1 amino acid sequence as set forth in SEQ ID NO: 52, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 53, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 54 (hCD22pas-23),

[00128] a CDR1 amino acid sequence as set forth in SEQ ID NO: 55, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 56, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 57 (hCD22pas-24),

[00129] a CDR1 amino acid sequence as set forth in SEQ ID NO: 58, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 59, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 60 (hCD22pas-32),

[00130] a CDR1 amino acid sequence as set forth in SEQ ID NO: 61, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 62, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 63 (hCD22pas-33),
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[00131] a CDR1 amino acid sequence as set forth in SEQ ID NO: 64, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 65, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 66 (hCD22pas-48),

[00132] a CDR1 amino acid sequence as set forth in SEQ ID NO: 67, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 68, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 69 (hCD22pas-55),

[00133] a CDR1 amino acid sequence as set forth in SEQ ID NO: 70, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 71, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 72 (hCD22pas-64),

[00134] a CDR1 amino acid sequence as set forth in SEQ ID NO: 73, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 74, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 75 (hCD22pas-72),

[00135] a CDR1 amino acid sequence as set forth in SEQ ID NO: 76, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 77, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 78 (hCD22pas-79), or

[00136] a CDR1 amino acid sequence as set forth in SEQ ID NO: 79, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 80, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 81 (hCD22pas-82).

[00137] In another aspect, there is provided an isolated VHH single domain antibody
(sdAb), which binds specifically to human CD22, the sdAb comprising:

[00138] A)

[00139] a CDR1 amino acid sequence as set forth in SEQ ID NO: 1, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 2, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 3 (hCD221ug-6),

[00140] a CDR1 amino acid sequence as set forth in SEQ ID NO: 4, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 5, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 6 (hCD221ug-10),

[00141] a CDR1 amino acid sequence as set forth in SEQ ID NO: 7, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 8, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 9 (hCD221ug-13),
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[00142] a CDR1 amino acid sequence as set forth in SEQ ID NO: 10, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 11, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 12 (hCD221ug-14),

[00143] a CDR1 amino acid sequence as set forth in SEQ ID NO: 13, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 14, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 15 (hCD221ug-36),

[00144] a CDR1 amino acid sequence as set forth in SEQ ID NO: 16, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 17, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 18 (hCD221ug-61),

[00145] a CDR1 amino acid sequence as set forth in SEQ ID NO: 19, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 20, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 21 (hCD221ug-74),

[00146] a CDR1 amino acid sequence as set forth in SEQ ID NO: 22, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 23, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 24 (hCD221ug-75),

[00147] a CDR1 amino acid sequence as set forth in SEQ ID NO: 25, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 26, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 27 (hCD221ug-77),

[00148] a CDR1 amino acid sequence as set forth in SEQ ID NO: 28, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 29, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 30 (hCD221ug-80),

[00149] a CDR1 amino acid sequence as set forth in SEQ ID NO: 31, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 32, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 33 (hCD221ug-87),

[00150] a CDR1 amino acid sequence as set forth in SEQ ID NO: 34, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 35, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 36 (hCD221ug-93),

[00151] a CDR1 amino acid sequence as set forth in SEQ ID NO: 37, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 38, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 39 (hCD22100ug-2),

-10-
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[00152] a CDR1 amino acid sequence as set forth in SEQ ID NO: 40, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 41, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 42 (hCD22100ug-62),

[00153] a CDR1 amino acid sequence as set forth in SEQ ID NO: 43, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 44, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 45 (hCD22100ug-66),

[00154] a CDR1 amino acid sequence as set forth in SEQ ID NO: 46, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 47, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 48 (hCD22pas-10),

[00155] a CDR1 amino acid sequence as set forth in SEQ ID NO: 49, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 50, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 51 (hCD22pas-16),

[00156] a CDR1 amino acid sequence as set forth in SEQ ID NO: 52, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 53, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 54 (hCD22pas-23),

[00157] a CDR1 amino acid sequence as set forth in SEQ ID NO: 55, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 56, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 57 (hCD22pas-24),

[00158] a CDR1 amino acid sequence as set forth in SEQ ID NO: 58, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 59, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 60 (hCD22pas-32),

[00159] a CDR1 amino acid sequence as set forth in SEQ ID NO: 61, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 62, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 63 (hCD22pas-33),

[00160] a CDR1 amino acid sequence as set forth in SEQ ID NO: 64, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 65, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 66 (hCD22pas-48),

[00161] a CDR1 amino acid sequence as set forth in SEQ ID NO: 67, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 68, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 69 (hCD22pas-55),

-11-
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[00162] a CDR1 amino acid sequence as set forth in SEQ ID NO: 70, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 71, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 72 (hCD22pas-64),

[00163] a CDR1 amino acid sequence as set forth in SEQ ID NO: 73, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 74, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 75 (hCD22pas-72),

[00164] a CDR1 amino acid sequence as set forth in SEQ ID NO: 76, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 77, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 78 (hCD22pas-79), or

[00165] a CDR1 amino acid sequence as set forth in SEQ ID NO: 79, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 80, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 81 (hCD22pas-82); or

[00166] B)

[00167] CDR1, CDR2, and CDR3 amino acid sequences that are at least 80%
identical to the CDR1, CDR2, and CDR3 sequences defined in any one of part A) i) to xxviii).
[00168] In another aspect, there is provided an isolated VHH single domain antibody

(sdAb), which binds specifically to human CD22, the sdAb comprising:
[00169] A)

[00170] a CDRS3 amino acid sequence as set forth in SEQ ID NO: 3,

[00171] a CDR3 amino acid sequence as set forth in SEQ ID NO: 6,

[00172] a CDRS3 amino acid sequence as set forth in SEQ ID NO: 9,

[00173] a CDR3 amino acid sequence as set forth in SEQ ID NO: 12,
[00174] a CDRS3 amino acid sequence as set forth in SEQ ID NO: 15,
[00175] a CDR3 amino acid sequence as set forth in SEQ ID NO: 18,
[00176] a CDRS3 amino acid sequence as set forth in SEQ ID NO: 21,
[00177] a CDR3 amino acid sequence as set forth in SEQ ID NO: 24,
[00178] a CDR3 amino acid sequence as set forth in SEQ ID NO: 27,
[00179] a CDR3 amino acid sequence as set forth in SEQ ID NO: 30,
[00180] a CDR3 amino acid sequence as set forth in SEQ ID NO: 33,
[00181] a CDRS3 amino acid sequence as set forth in SEQ ID NO: 36,
[00182] a CDR3 amino acid sequence as set forth in SEQ ID NO: 39,

-12 -
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[00183] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00184] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00185] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00186] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00187] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00188] a CDRS3 amino acid sequence as set forth in SEQ ID NO:
[00189] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00190] a CDRS3 amino acid sequence as set forth in SEQ ID NO:
[00191] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00192] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00193] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00194] a CDRS3 amino acid sequence as set forth in SEQ ID NO:
[00195] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00196] a CDR3 amino acid sequence as set forth in SEQ ID NO:
[00197] In one embodiment, the isolated sdAb comprises:
[00198] a CDR1 amino acid sequence as set forth in SEQ ID NO:
amino acid sequence as set forth in SEQ ID NO: 3,
[00199] a CDR1 amino acid sequence as set forth in SEQ ID NO:
amino acid sequence as set forth in SEQ ID NO: 6,
[00200] a CDR1 amino acid sequence as set forth in SEQ ID NO:
amino acid sequence as set forth in SEQ ID NO: 9,
[00201] a CDR1 amino acid sequence as set forth in SEQ ID NO:
amino acid sequence as set forth in SEQ ID NO: 12,
[00202] a CDR1 amino acid sequence as set forth in SEQ ID NO:
amino acid sequence as set forth in SEQ ID NO: 15,
[00203] a CDR1 amino acid sequence as set forth in SEQ ID NO:
amino acid sequence as set forth in SEQ ID NO: 18,
[00204] a CDR1 amino acid sequence as set forth in SEQ ID NO:
amino acid sequence as set forth in SEQ ID NO: 21,
[00205] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 24,
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42,
45,
48,
51,
54,
57,
60,
63,
66,
69,
72,
75,
79, or
81.

1, and a CDR3

4, and a CDR3

7,and a CDR3

10, and a CDR3

13, and a CDR3

16, and a CDR3

19, and a CDR3

22, and a CDR3
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[00206] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 27,

[00207] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 30,

[00208] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 33,

[00209] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 36,

[00210] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 39,

[00211] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 42,

[00212] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 45,

[00213] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 48,

[00214] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 51,

[00215] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 54,

[00216] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 57,

[00217] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 60,

[00218] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 63,

[00219] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 66,

[00220] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 69,
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25, and a CDR3

28, and a CDR3

31, and a CDR3

34, and a CDR3

37,and a CDR3

40, and a CDR3

43, and a CDR3

46, and a CDR3

49, and a CDR3

52, and a CDR3

55, and a CDR3

58, and a CDR3

61, and a CDR3

64, and a CDR3

67, and a CDR3
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[00221] a CDR1 amino acid sequence as set forth in SEQ ID NO: 70, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 72,

[00222] a CDR1 amino acid sequence as set forth in SEQ ID NO: 73, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 75,

[00223] a CDR1 amino acid sequence as set forth in SEQ ID NO: 76, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 78, or

[00224] a CDR1 amino acid sequence as set forth in SEQ ID NO: 79, and a CDR3

amino acid sequence as set forth in SEQ ID NO: 81.

[00225] In one aspect, there is provided a VHH single domain antibody (sdAb) that
competes for specific binding to CD22 with the isolated sdAb described herein.

[00226] In one aspect, there is provided a recombinant polypeptide comprising an
sdAb as defined herein.

[00227] In a further aspect, the present disclosure provides anti-CD22 sdAb as defined
herein linked to a cargo molecule.

[00228] In aspect, there is provided a recombinant nucleic acid molecule encoding an
sdAb, the recombinant polypeptide, or the VyH:F, fusion as defined herein.

[00229] In one aspect, there is provided a composition comprising an sdAb as defined
herein, or a polypeptide comprising such an sdAb; together with an acceptable excipient,
diluent or carrier.

[00230] In one aspect, there is provided a use of the sdAb as defined herein or of an
antibody comprising one or more VyH:F. fusion as defined herein for treatment of a cancer or
an auto-immune disease.

[00231] In one aspect, there is provided a use of the sdAb as defined herein or of an
antibody comprising one or more VyH:F. fusion as defined herein for preparation of a
medicament for treatment of a cancer or an auto-immune disease.

[00232] In one aspect, there is provided the sdAb as defined herein or of an antibody
comprising one or more VyH:F. fusion as defined herein for use in treatment of a cancer or
an auto-immune disease.

[00233] In one aspect, there is provided a method of treating a cancer or an auto-
immune disease in subject comprising administering to the subject the sdAb as defined

herein or of an antibody comprising one or more VyH:F, fusion as defined herein.
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[00234] In one aspect, there is provided a multivalent antibody comprising an sdAb as
defined herein.

[00235] In one aspect, there is provided a multivalent antibody comprising: a first
antigen-binding portion, an amino acid linker comprising a polypeptide hinge from human
CD8, and a second antigen-binding portion.

[00236] In aspect, there is provided a recombinant nucleic acid molecule encoding the
multivalent antibody as defined herein.

[00237] In one aspect, there is provided a composition comprising a multivalent
antibody as defined herein; together with an acceptable excipient, diluent or carrier.

[00238] In one aspect, there is provided a use of the multivalent antibody as defined
herein for treatment of a cancer or auto-immune disease. In one embodiment, the cancer is a
hematological malignancy.

[00239] In one aspect, there is provided a use of the multivalent antibody as defined
herein for preparation of a medicament for treatment of a cancer or auto-immune disease.
[00240] In one aspect, there is provided the multivalent antibody as defined herein for
use in treatment of a cancer or auto-immune disease. In one embodiment, the cancer is a
hematological malignancy.

[00241] In one aspect, there is provided a method of treating a cancer or auto-
immune disease in subject comprising administering to the subject the multivalent antibody
as defined herein.

[00242] In one aspect, there is provided a chimeric antibody receptor (CAR), which
binds to human CD22, comprising the VHH sdAb as defined herein.

[00243] In one aspect, there is provided a recombinant nucleic acid molecule encoding
the CAR as defined herein.

[00244] In one aspect, there is provided a vector comprising the recombinant nucleic
acid molecule as defined herein.

[00245] In one aspect, there is provided a recombinant viral particle comprising the
recombinant nucleic acid as defined herein.

[00246] In one aspect, there is provided a cell comprising the recombinant nucleic acid

molecule as defined herein.
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[00247] In one aspect, there is providing a use of the nucleic acid, vector, or viral
partical as described herein for preparation of cells for CAR-T.

[00248] In one aspect, there is providing a method of preparing cells for CAR-T
comprising contacting a T-cell with the viral particle as described herein.

[00249] In one aspect, there is providing a method of preparing cells for CAR-T
comprising introducing into a T-cell the nucleic acid or vector as described herein.

[00250] In one aspect, there is provided a use of the CAR or of the engineered cell as
described herein for treatment of a cancer or an auto-immune disease.

[00251] In one aspect, there is provided a use of the CAR or of the engineered cell as
described herein for preparation of a medicament treatment of a cancer or an auto-immune
disease.

[00252] In one aspect, there is provided the CAR or the engineered cell as described
herein for use in treatment of a cancer or an auto-immune disease.

[00253] In one aspect there is provided a method of treating a cancer or an auto-
immune disease in a subject, comprising administering to the subject the engineered cell as
defined herein.

[00254] Other aspects and features of the present disclosure will become apparent to
those ordinarily skilled in the art upon review of the following description of specific

embodiments in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[00255] Embodiments of the present disclosure will now be described, by way of
example only, with reference to the attached Figures.

[00256] Figure 1 depicts the structure of human CD22 molecule which is encoded by
the CD22 gene located on chromosome 19q13.12.

[00257] Figure 2 depicts a SDS-PAGE of IMAC-purified CD22 extracellular domain
(CD22-ECD) from two different expression batches under non-reduced and reduced
conditions.

[00258] Figure 3 depicts the llama heavy chain immune response from the final bleed

against CD22-ECD along with pre-immune serum as negative control
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[00259] Figure 4A depicts the first part of an alignment of amino acid sequences of 27

VHHs. The CDR sequences VHHs with discernable sequence similarity across the CDRs are

boxed.

[00260] Figure 4B depicts the second part of the alignment of sequences of the 27
VHHSs, continuing on from Figure 4A.

[00261] Figure 5 depicts the SDS-PAGE of 14 anti-CD22 VHH antibodies expressed
in TG1 E. coli and purified by IMAC.

[00262] Figure 6 depicts binding of biotin conjugated anti-CD22 VHH to CD22

expressing tumor cells Raji (left panel), Ramos (middle panel) or Ramos cells engineered to
be devoid of CD22 expression by CRISPR gene knockout (right panel).

[00263] Figure 7 depicts schematic presentation of the perceptive binding of the
sdAbs in Example 1 to the subdomains of CD22 Ecto-domain relative to its cell surface
location according to the epitope mapping/binning result in Table 5 & 6.

[00264] Figure 8 depicts the results of CAR-Jurkat assay wherein Jurkat cells were
transiently electroporated with varying CD22-single domain antibody CAR plasmids and
cultured alone or in co-culture with CD22-positive (Ramos) or CD22-negative (Ramos-
CD22ko) cell lines.

[00265] Figure 9 depicts the results of CAR-T tonic activation assay wherein primary
donor blood derived T cells were transduced with varying CAR constructs and examined for
target-independent expansion.

[00266] Figure 10 depicts the results of CAR-T target-specific activation assay
performed using donor blood derived T cells transduced with varying CD22-single domain
antibody or control (FMC63) CAR constructs.

[00267] Figure 11 depicts the results of CAR-T antigen-specific target cell growth
repression assay performed using donor blood derived T cells transduced with varying
CD22-single domain antibody or control (FMC83) CAR constructs as described herein. Mock
refers to unmodified donor derived T cells without CAR expression exposed to similar
treatment conditions. CAR-T cells were placed in co-culture with CD22+ target cells (left
graph — Raji, middle graph — Ramos targets), or with CD22-negative target cells (right graph

— Ramos-CD22ko targets) and examined via live fluorescent microscopy.
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[00268] Figure 12 depicts the results of CAR-T target-specific serial killing assay
performed using donor blood derived T cells transduced with varying CD22-single domain
antibody CAR constructs generated as described herein. Mock refers to unmodified donor
derived T cells without CAR expression exposed to similar treatment conditions.

[00269] Figure 13 depicts results of consistency analysis and comparison with
benchmark CD22-targeted scFv CAR for single-domain antibody targeted CAR-T cells
generated from 2 separate donors as described herein.

[00270] Figure 14 depicts results of direct tumour lysis measurements using
radioactive chromium (*'Cr) release assay.

[00271] Figure 15 depicts the results of direct CAR-T cell induced tumour lysis at
different effector to target ratios using a chromium release assay.

[00272] Figure 16 depicts results of direct tumour lysis measurements using

chromium release assay from CAR-T cells following re-stimulation with CD22 bearing tumor

cells.
[00273] Figure 17 depicts a schema of an experimental protocol for an in vivo model.
[00274] Figure 18 depicts results of the survival analysis of NSG mice that were

inoculated with Ramos-Luc followed by treatment of various CAR-T cells.

[00275] Figure 19 depicts result of tumor burden in mice that were inoculated with
Ramos-FLUC and treated with various CAR-T cells.
[00276] Figure 20 depicts result of tumor burden, total CAR-T cell population and

differential phenotype of circulating CAR-T cell population in peripheral blood of mice
inoculated with Ramos-FLUC and treated with various CAR-T cells.

[00277] Figure 21 depicts the molecular structure of CD22-specific single domain
antibody bi-specific T cell engager proteins; with a CD22-sdAb sequence at the 5’ end of a
DNA construct, followed by a linker sequence which can be of varying composition, followed
by a CD3-specific single chain variable fragment.

[00278] Figure 22 depicts the results of Jurkat cell bi-specific T cell engager activation
activity assay wherein HEK293T supernatants containing various bi-specific T cell engager
molecules was placed on top of co-cultures containing Jurkat cells and CD22-positive

(Ramos) or CD22-negative (U87vlll) target cells.
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[00279] Figure 23 depicts the results of a bi-specific T cell engager activity assay
using primary human T cells in co-culture with CD22-positive target cells (Ramos).

[00280] Figure 24 depicts a diagram timing for treatment and testing for in vivo studies
of CAR-T constructs.

[00281] Figure 25 depicts survival of mice for the treatment and testing depicted in
Figure 24.

[00282] Figure 26 depicts CAR-T cells enumerated in peripheral blood in mice for the
treatment and testing of Figure 24.

[00283] Figure 27 depicts survival of mice following first tumor challenge and CAR-T
treatment.

[00284] Figure 28 depicts survival of mice upon re-challenge.

[00285] Figure 29 depicts a graph of the tumor growth post challenge.

[00286] Figure 30 depicts molecular structures of multi-binder domain containing
CD22-specific CAR molecules.

[00287] Figure 31 depicts the results of CAR-Jurkat assay wherein Jurkat cells were

transiently electroporated with varying CAR plasmids, including single and multi-binders.
[00288] Figure 32 depicts the results of similar CAR-activation studies using primary
human blood derived T cells which have been transduced with lentiviral vectors encoding

multi-sdAb containing CAR constructs.

[00289] Figure 33 depicts the molecular structure of CD22-specific CAR (left), BCMA-
specific CAR (right), or Tandem-CD22-BCMA-CAR molecule (centre).
[00290] Figure 34 depicts the results of CAR-Jurkat assay wherein Jurkat cells were

transiently electroporated with varying CD22, BCMA, or CD22/BCMA-specific CAR plasmids
and cultured alone or in co-culture with BCMA+/CD22+ (Ramos), BCMAlow/CD22+
(NALMS6), or BCMA+/CD22- (Ramos-CD22ko) target cell lines and examined for activation

status (CD69 expression).

DETAILED DESCRIPTION
[00291] Generally, the present disclosure provides anti-CD22 single domain
antibodies (sdAb) prepared by immunizing a llama with the extracellular domain of the

predominant human CD22 isoform. By constructing a library of the heavy chain repertoire,
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VHH antibody domains specific to the immunogen were isolated by phage panning. The 27
example antibodies initially produced comprise CDR1, CDR2, and CDR3 sequences
corresponding, respectively to SEQ NOs: 1-3, 4-6, 7-9, 10-12, 13-15, 16-18, 19-21, 22-24,
25-27, 28-30, 31-33, 34-36, 37-39, 40-42, 43-45, 46-48, 49-51, 52-54, 55-57, 58-60, 61-63,
64-66, 67-69, 70-72, 73-75, 75-78, and 79-81, though antibodies having related sequences
are described and encompassed. Also provided are multivalent antibodies comprising any
one of the sdAbs, including bispecific T-cell engagers, bispecific killer cell engagers (BiKEs),
and trispecific killer cell engagers (TriKEs). Also described are chimeric antigen receptors
(CARs) for CAR-T therapy comprising any one of the aforementioned sdAbs.

[00292] Single Domain Antibodies & Polypeptides Comprising Them

[00293] A Single domain antibody (sdAb), also known as a nanobody, is an antibody
fragment consisting of a single monomeric variable antibody domain. sdAbs have been
derived from heavy-chain antibodies found in Camelidae species (such as camel, llama,
dromedary, alpaca and guanaco) using molecular biology techniques, which are also known
as VyH fragments (herein also termed “VyH” or “WVHH”). Other examples include Vnar
fragments derived from heavy chain antibodies found in cartilaginous fish, such as sharks.
sdAbs have also been generated from a heavy chain/light chain of conventional
immunoglobulin G (IgGs) by engineering techniques.

[00294] VuH molecules are about 10 times smaller than IgG molecules. These single
polypeptides are generally quite stable, often resisting extreme pH and temperature
conditions that can be problematic for conventional antibodies and antibody fragments.
Moreover, VyHs tend to be more resistant to the action of proteases. Furthermore, in vitro
expression of V4Hs tends to produce high yield of properly folded/functional VHHSs. In
addition, heavy chain antibodies and their engineered fragments (i.e., VHHS) generated in
Camelidae species may recognize cryptic or hidden epitopes which otherwise inaccessible to
larger conventional antibodies and antibody fragments generated in vitro through the use of
antibody libraries or by immunization of other mammals.

[00295] In one aspect, there is provided an isolated single domain antibody (sdAb),

which binds specifically to human CD22, the sdAb comprising:
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[00296] a) a CDR1 amino acid sequence GX1X2X3DX4YXs (SEQ ID NO: 126),
wherein:

[00297] Xqis ForV,

[00298] Xzis Tor S,

[00299] Xzis L, F,orS,

[00300] X4is Y, D, or S, and

[00301] Xsis Vor A,

[00302] a CDR2 amino acid sequence XeX7XsXeX10GX11T (SEQ ID NO: 127), wherein:
[00303] Xeis | or M,

[00304] X7is T, R, G, or S,

[00305] Xgis S or N,

[00306] Xois D or S,

[00307] X1o is D oris absent,

[00308] XnisVorA, and

[00309] a CDRS3 amino acid sequence AVDKPFYDGGX12X13YTCPVDFX14S (SEQ ID
NO: 128), wherein:

[00310] Xizis |, N, Y, or S,

[00311] X13isQ, Y, R, orL, and

[00312] Xisis D or G;

[00313] b) a CDR1 amino acid sequence GSXiF XoX3Xs XsV (SEQ ID NO: 129),
wherein:

[00314] XqislorT,

[00315] Xzis R oris absent,

[00316] X3is R, S, or |,

[00317] Xsis 1, S, or T, and

[00318] Xsis A, S, orT,

[00319] a CDR2 amino acid sequence ITSXsGX7Xs (SEQ ID NO: 130), wherein:
[00320] Xeis G, S, or A,

[00321] X7is E, D, or S,

[00322] Xgis T or S, and
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[00323]
wherein:
[00324]
[00325]
[00326]
[00327]
[00328]
[00329]
[00330]
wherein:
[00331]
[00332]
[00333]
[00334]
wherein:
[00335]
[00336]
[00337]
[00338]
wherein:
[00339]
[00340]
[00341]
[00342]
[00343]
[00344]
[00345]
[00346]
[00347]
[00348]
137), wherein:

a CDR3 amino acid sequence NAXgX10GX11X12X13X14 (SEQ ID NO: 131),

Xois Kor Q,
XipisWor,
X11is Q, R, or G,
X218 Y, D, or R,
XizisEorS, and
Xi4is Y, D, or H;
) a CDR1 amino acid sequence GRIXsRSYV (SEQ ID NO: 132),

XiisForS,
a CDR2 amino acid sequence |IGX;SDT (SEQ ID NO: 133), wherein:
Xzis WorC, and
a CDR3 amino acid sequence AX3XsSPPYGPQRDEFXsY (SEQ ID NO: 134),

Xsis AorE,
XsisNorY, and
Xsis GorD;
d) a CDR1 amino acid sequence G X1TX2SVYXs (SEQ ID NO: 135),

XiisRor G,
Xz2is SorF, and
X3isGorT,
a CDR2 amino acid sequence X4XsXeSX7GXsT (SEQ ID NO: 136), wherein:
XsisMorl,
Xsis SorR,
Xeis Wor G,
Xzis G or is absent, and
Xgis Por G,
a CDR3 amino acid sequence AVRIRRTLX,EPLTKETLYDY (SEQ ID NO:
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[00349]
[00350]
[00351]
[00352]
[00353]
[00354]
[00355]
[00356]
[00357]
[00358]
[00359]
[00360]
[00361]
[00362]
[00363]
[00364]
[00365]
[00366]
[00367]
[00368]
[00369]
[00370]
[00371]
[00372]
[00373]
[00374]
[00375]
[00376]
[00377]

Xeis LorV;

PCT/CA2021/051046

e) a CDR1 amino acid sequence as set forth in SEQ ID NO: 49,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

: 50, and
51;

f) a CDR1 amino acid sequence as set forth in SEQ ID NO: 4,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

.5, and
6.

)

9) a CDR1 amino acid sequence as set forth in SEQ ID NO: 7,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

1 8, and
9

h) a CDR1 amino acid sequence as set forth in SEQ ID NO: 13,

a CDR2 amino acid sequence as set forth in SEQ ID NO
a CDR3 amino acid sequence as set forth in SEQ ID NO

114, and
1 15;

i) a CDR1 amino acid sequence as set forth in SEQ ID NO: 16,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

117, and
18;

j) a CDR1 amino acid sequence as set forth in SEQ ID NO: 40,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

141, and
42;

k) a CDR1 amino acid sequence as set forth in SEQ ID NO: 55,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

: 56, and
57;

)

)] a CDR1 amino acid sequence as set forth in SEQ ID NO: 64,

a CDR2 amino acid sequence as set forth in SEQ ID NO
a CDR3 amino acid sequence as set forth in SEQ ID NO

165, and
1 66; or

m) a CDR1 amino acid sequence as set forth in SEQ ID NO: 70,

a CDR2 amino acid sequence as set forth in SEQ ID NO

a CDR3 amino acid sequence as set forth in SEQ ID NO:

In the above:
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[00378] group a) provides consensus sequences defined by antibodies herein termed
hCD221ug-80, hCD22100ng-2, hCD221ug-74, hCD22100ng-66, hCD221ug-6, hCD22pas-
10, hCD22pass-33,

[00379] group b) provides consensus sequences defined by antibodies herein termed
hCD221ug-77, hCD221ug-87, hCD221ug-75, hCD221ug-93, hCD22pas-82, and hCD22pas-
23,

[00380] group c) provides consensus sequences defined by antibodies herein termed
hCD22pas-32, hCD221ug-14, and hCD22pas-55,

[00381] group d) provides consensus sequences defined by antibodies herein termed
hCD22pas-79 and hCD22pas-72,

[00382] group f) is defined by CDRs from the antibody termed hCD22pas-16,

[00383] group f) is defined by CDRs from the antibody termed hCD221ug-10,
[00384] group g) is defined by CDRs from the antibody termed hCD221ug-13,
[00385] group h) is defined by CDRs from the antibody termed hCD221ug-36,
[00386] group i) is defined by CDRs from the antibody termed hCD221ug-61,

[00387] group j) is defined by CDRs from the antibody termed hCD22100ug-62,
[00388] group k) is defined by CDRs from the antibody termed hCD22pas-24,
[00389] group 1) is defined by CDRs from the antibody termed hCD22pas-48, and
[00390] group m) is defined by CDRs from the antibody termed hCD22pas-64.
[00391] “CDRs” or “complementarity-determining regions” are the portion of the

variable chains in immunoglobulins that collectively constitute the paratope, and thereby
impart binding specificity and affinity to the antibody. As used here, the term refers to CDRs
mapped in sdAbs according to the standards or conventions set by IMGT™ (international
ImMunoGeneTics information system).

[00392] The antibodies described herein have been raised to the recombinant
extracellular domain (ECD) of the predominant human CD22-beta isoform. An example
mRNA sequence for this isoform may be found in GenBank entry NM_001771.4, wherein
amino acids 1-19 of the encoded protein correspond to a leader sequence, and amino acids
20-687 correspond to the ECD (see also UniProt entry P20273).

[00393] In another aspect, there is provide an isolated VHH single domain antibody

(sdAb), which binds specifically to human CD22, the sdAb comprising:
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[00394] A)

[00395] a CDR1 amino acid sequence as set forth in SEQ ID NO: 1, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 2, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 3 (hCD221ug-6),

[00396] a CDR1 amino acid sequence as set forth in SEQ ID NO: 4, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 5, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 6 (hCD221ug-10),

[00397] a CDR1 amino acid sequence as set forth in SEQ ID NO: 7, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 8, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 9 (hCD221ug-13),

[00398] a CDR1 amino acid sequence as set forth in SEQ ID NO: 10, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 11, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 12 (hCD221ug-14),

[00399] a CDR1 amino acid sequence as set forth in SEQ ID NO: 13, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 14, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 15 (hCD221ug-36),

[00400] a CDR1 amino acid sequence as set forth in SEQ ID NO: 16, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 17, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 18 (hCD221ug-61),

[00401] a CDR1 amino acid sequence as set forth in SEQ ID NO: 19, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 20, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 21 (hCD221ug-74),

[00402] a CDR1 amino acid sequence as set forth in SEQ ID NO: 22, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 23, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 24 (hCD221ug-75),

[00403] a CDR1 amino acid sequence as set forth in SEQ ID NO: 25, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 26, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 27 (hCD221ug-77),

[00404] a CDR1 amino acid sequence as set forth in SEQ ID NO: 28, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 29, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 30 (hCD221ug-80),
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[00405] a CDR1 amino acid sequence as set forth in SEQ ID NO: 31, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 32, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 33 (hCD221ug-87),

[00406] a CDR1 amino acid sequence as set forth in SEQ ID NO: 34, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 35, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 36 (hCD221ug-93),

[00407] a CDR1 amino acid sequence as set forth in SEQ ID NO: 37, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 38, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 39 (hCD22100ug-2),

[00408] a CDR1 amino acid sequence as set forth in SEQ ID NO: 40, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 41, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 42 (hCD22100ug-62),

[00409] a CDR1 amino acid sequence as set forth in SEQ ID NO: 43, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 44, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 45 (hCD22100ug-686),

[00410] a CDR1 amino acid sequence as set forth in SEQ ID NO: 46, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 47, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 48 (hCD22pas-10),

[00411] a CDR1 amino acid sequence as set forth in SEQ ID NO: 49, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 50, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 51 (hCD22pas-16),

[00412] a CDR1 amino acid sequence as set forth in SEQ ID NO: 52, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 53, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 54 (hCD22pas-23),

[00413] a CDR1 amino acid sequence as set forth in SEQ ID NO: 55, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 56, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 57 (hCD22pas-24),

[00414] a CDR1 amino acid sequence as set forth in SEQ ID NO: 58, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 59, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 60 (hCD22pas-32),
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[00415] a CDR1 amino acid sequence as set forth in SEQ ID NO: 61, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 62, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 63 (hCD22pas-33),

[00416] a CDR1 amino acid sequence as set forth in SEQ ID NO: 64, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 65, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 66 (hCD22pas-48),

[00417] a CDR1 amino acid sequence as set forth in SEQ ID NO: 67, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 68, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 69 (hCD22pas-55),

[00418] a CDR1 amino acid sequence as set forth in SEQ ID NO: 70, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 71, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 72 (hCD22pas-64),

[00419] a CDR1 amino acid sequence as set forth in SEQ ID NO: 73, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 74, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 75 (hCD22pas-72),

[00420] a CDR1 amino acid sequence as set forth in SEQ ID NO: 76, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 77, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 78 (hCD22pas-79), or

[00421] a CDR1 amino acid sequence as set forth in SEQ ID NO: 79, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 80, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 81 (hCD22pas-82).

[00422] In one embodiment, the antibody comprises a CDR1 amino acid sequence as
set forth in SEQ ID NO: 1, a CDR2 amino acid sequence as set forth in SEQ ID NO: 2, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 3 (hCD221ug-6).

[00423] In one embodiment, the antibody comprises a CDR1 amino acid sequence as
set forth in SEQ ID NO: 4, a CDR2 amino acid sequence as set forth in SEQ ID NO: 5, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 6 (hCD221ug-10).

[00424] In one embodiment, the antibody comprises a CDR1 amino acid sequence as
set forth in SEQ ID NO: 7, a CDR2 amino acid sequence as set forth in SEQ ID NO: 8, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 9 (hCD221ug-13).
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[00425] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 10, a CDR2 amino acid sequence as set forth in SEQ ID NO: 11, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 12 (hCD221ug-14).

[00426] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 13, a CDR2 amino acid sequence as set forth in SEQ ID NO: 14, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 15 (hCD221ug-36).

[00427] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 16, a CDR2 amino acid sequence as set forth in SEQ ID NO: 17, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 18 (hCD221ug-61).

[00428] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 19, a CDR2 amino acid sequence as set forth in SEQ ID NO: 20, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 21 (hCD221ug-74)

[00429] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 22, a CDR2 amino acid sequence as set forth in SEQ ID NO: 23, and
a CDRS3 amino acid sequence as set forth in SEQ ID NO: 24 (hCD221ug-75).

[00430] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 25, a CDR2 amino acid sequence as set forth in SEQ ID NO: 26, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 27 (hCD221ug-77).

[00431] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 28, a CDR2 amino acid sequence as set forth in SEQ ID NO: 29, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 30 (hCD221ug-80).

[00432] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 31, a CDR2 amino acid sequence as set forth in SEQ ID NO: 32, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 33 (hCD221ug-87).

[00433] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 34, a CDR2 amino acid sequence as set forth in SEQ ID NO: 35, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 36 (hCD221ug-93).

[00434] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 37, a CDR2 amino acid sequence as set forth in SEQ ID NO: 38, and
a CDRS3 amino acid sequence as set forth in SEQ ID NO: 39 (hCD22100ug-2).
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[00435] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 40, a CDR2 amino acid sequence as set forth in SEQ ID NO: 41, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 42 (hCD22100ug-62).

[00436] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 43, a CDR2 amino acid sequence as set forth in SEQ ID NO: 44, and
a CDRS3 amino acid sequence as set forth in SEQ ID NO: 45 (hCD22100ug-66).

[00437] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 46, a CDR2 amino acid sequence as set forth in SEQ ID NO: 47, and
a CDRS3 amino acid sequence as set forth in SEQ ID NO: 48 (hCD22pas-10).

[00438] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 49, a CDR2 amino acid sequence as set forth in SEQ ID NO: 50, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 51 (hCD22pas-16).

[00439] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 52, a CDR2 amino acid sequence as set forth in SEQ ID NO: 53, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 54 (hCD22pas-23).

[00440] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 55, a CDR2 amino acid sequence as set forth in SEQ ID NO: 56, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 57 (hCD22pas-24).

[00441] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 58, a CDR2 amino acid sequence as set forth in SEQ ID NO: 59, and
a CDRS3 amino acid sequence as set forth in SEQ ID NO: 60 (hCD22pas-32).

[00442] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 61, a CDR2 amino acid sequence as set forth in SEQ ID NO: 62, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 63 (hCD22pas-33).

[00443] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 64, a CDR2 amino acid sequence as set forth in SEQ ID NO: 65, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 66 (hCD22pas-48).

[00444] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 67, a CDR2 amino acid sequence as set forth in SEQ ID NO: 68, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 69 (hCD22pas-55).
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[00445] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 70, a CDR2 amino acid sequence as set forth in SEQ ID NO: 71, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 72 (hCD22pas-64).

[00446] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 73, a CDR2 amino acid sequence as set forth in SEQ ID NO: 74, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 75 (hCD22pas-72).

[00447] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 76, a CDR2 amino acid sequence as set forth in SEQ ID NO: 77, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 78 (hCD22pas-79).

[00448] In one embodiment, the antibody comprises a CDR1 amino acid sequence as

set forth in SEQ ID NO: 79, a CDR2 amino acid sequence as set forth in SEQ ID NO: 80, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 81 (hCD22pas-82).

[00449] In another aspect, there is provided an isolated VHH single domain antibody
(sdAb), which binds specifically to human CD22, the sdAb comprising:

[00450] A)

[00451] a CDR1 amino acid sequence as set forth in SEQ ID NO: 1, a CDR2 amino

acid sequence as set forth in SEQ ID NO: 2, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 3 (hCD221ug-6),

[00452] a CDR1 amino acid sequence as set forth in SEQ ID NO: 4, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 5, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 6 (hCD221ug-10),

[00453] a CDR1 amino acid sequence as set forth in SEQ ID NO: 7, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 8, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 9 (hCD221ug-13),

[00454] a CDR1 amino acid sequence as set forth in SEQ ID NO: 10, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 11, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 12 (hCD221ug-14),

[00455] a CDR1 amino acid sequence as set forth in SEQ ID NO: 13, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 14, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 15 (hCD221ug-36),

-31-



10

15

20

25

30

WO 2022/020945 PCT/CA2021/051046

[00456] a CDR1 amino acid sequence as set forth in SEQ ID NO: 16, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 17, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 18 (hCD221ug-61),

[00457] a CDR1 amino acid sequence as set forth in SEQ ID NO: 19, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 20, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 21 (hCD221ug-74),

[00458] a CDR1 amino acid sequence as set forth in SEQ ID NO: 22, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 23, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 24 (hCD221ug-75),

[00459] a CDR1 amino acid sequence as set forth in SEQ ID NO: 25, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 26, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 27 (hCD221ug-77),

[00460] a CDR1 amino acid sequence as set forth in SEQ ID NO: 28, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 29, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 30 (hCD221ug-80),

[00461] a CDR1 amino acid sequence as set forth in SEQ ID NO: 31, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 32, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 33 (hCD221ug-87),

[00462] a CDR1 amino acid sequence as set forth in SEQ ID NO: 34, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 35, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 36 (hCD221ug-93),

[00463] a CDR1 amino acid sequence as set forth in SEQ ID NO: 37, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 38, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 39 (hCD22100ug-2),

[00464] a CDR1 amino acid sequence as set forth in SEQ ID NO: 40, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 41, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 42 (hCD22100ug-62),

[00465] a CDR1 amino acid sequence as set forth in SEQ ID NO: 43, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 44, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 45 (hCD22100ug-66),

-32-



10

15

20

25

30

WO 2022/020945 PCT/CA2021/051046

[00466] a CDR1 amino acid sequence as set forth in SEQ ID NO: 46, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 47, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 48 (hCD22pas-10),

[00467] a CDR1 amino acid sequence as set forth in SEQ ID NO: 49, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 50, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 51 (hCD22pas-16),

[00468] a CDR1 amino acid sequence as set forth in SEQ ID NO: 52, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 53, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 54 (hCD22pas-23),

[00469] a CDR1 amino acid sequence as set forth in SEQ ID NO: 55, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 56, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 57 (hCD22pas-24),

[00470] a CDR1 amino acid sequence as set forth in SEQ ID NO: 58, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 59, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 60 (hCD22pas-32),

[00471] a CDR1 amino acid sequence as set forth in SEQ ID NO: 61, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 62, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 63 (hCD22pas-33),

[00472] a CDR1 amino acid sequence as set forth in SEQ ID NO: 64, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 65, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 66 (hCD22pas-48),

[00473] a CDR1 amino acid sequence as set forth in SEQ ID NO: 67, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 68, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 69 (hCD22pas-55),

[00474] a CDR1 amino acid sequence as set forth in SEQ ID NO: 70, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 71, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 72 (hCD22pas-64),

[00475] a CDR1 amino acid sequence as set forth in SEQ ID NO: 73, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 74, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 75 (hCD22pas-72),
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[00476] a CDR1 amino acid sequence as set forth in SEQ ID NO: 76, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 77, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 78 (hCD22pas-79), or

[00477] a CDR1 amino acid sequence as set forth in SEQ ID NO: 79, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 80, and a CDR3 amino acid sequence as set forth
in SEQ ID NO: 81 (hCD22pas-82); or

[00478] B)

[00479] CDR1, CDR2, and CDR3 amino acid sequences that are at least 80%
identical to the CDR1, CDR2, and CDR3 sequences defined in any one of part A) i) to xxviii).
[00480] In one embodiment, in B) the CDR 1 CDR2, and CDR3 amino acid sequences

are at least 90% identical to the CDR1, CDR2, and CDR3 sequences defined in any one of
part A) i) to xxviii). In one embodiment, in B) the CDR 1 CDR2, and CDR3 amino acid
sequences are at least 95% identical to the CDR1, CDR2, and CDR3 sequences defined in
any one of part A) i) to xxviii). In one embodiment, in B) the CDR 1 CDR2, and CDR3 amino
acid sequences have at most three substitutions compared to the CDR1, CDR2, and CDR3
sequences defined in any one of part A) i) to xxviii). In one embodiment, in B) the CDR 1
CDRZ2, and CDR3 amino acid sequences have at most two substitutions compared to the
CDR1, CDR2, and CDR3 sequences defined in any one of part A) i) to xxviii). In one
embodiment, in B) the CDR 1 CDR2, and CDR3 amino acid sequences have at most one
substitution compared to the CDR1, CDR2, and CDR3 sequences defined in any one of part
A) i) to xxviii). In some embodiment, sequence differences vs. the sequences set forth in A)
are conservative sequence substitutions.

[00481] The term “conservative amino acid substitutions” which is known in the art
is defined herein as follows, with conservative substitutable candidate amino acids showing
in parentheses: Ala (Gly, Ser); Arg (Gly, GIn); Asn (GIn; His); Asp (Glu); Cys (Ser); GIn (Asn,
Lys); Glu (Asp); Gly (Ala, Pro); His (Asn; GIn); lle (Leu; Val); Leu (lle; Val); Lys (Arg; GIn);
Met (Leu, lle); Phe (Met, Leu, Tyr); Ser (Thr; Gly); Thr (Ser; Val); Trp (Tyr); Tyr (Trp; Phe);
Val (lle; Leu).

[00482] Sequence variants according to certain embodiments are intended to
encompass molecules in which binding affinity and/or specificity is substantially unaltered vs.

the parent molecule from which it is derived. Such parameters can be readily tested, e.g.,
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using techniques described herein and techniques known in the art. Such embodiments may

encompass sequence substitutions, insertions, or deletions.

[00483]

In another aspect, there is provided an isolated VHH single domain antibody

(sdAb), which binds specifically to human CD22, the sdAb comprising:

[00484]
[00485]
[00486]
[00487]
[00488]
[00489]
[00490]
[00491]
[00492]
[00493]
[00494]
[00495]
[00496]
[00497]
[00498]
[00499]
[00500]
[00501]
[00502]
[00503]
[00504]
[00505]
[00506]
[00507]
[00508]
[00509]
[00510]

A)
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:
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[00511] a CDR3 amino acid sequence as set forth in SEQ ID NO: 81.

[00512] Recognizing that CDRS3 is often the major determinant of binding for VyH
sdAbs, it would be understood that other CDRs could be mutagenized or otherwise
diversified and a resulting library (or candidate molecule) screened for antibodies that bind to
CD22 and/or cross-compete for binding to CD22 with the parent molecule. These

embodiments are intended to cover, inter alia, molecules identified in this manner.

[00513] In one embodiment, the isolated sdAb comprises:

[00514] a CDR1 amino acid sequence as set forth in SEQ ID NO: 1, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 3,

[00515] a CDR1 amino acid sequence as set forth in SEQ ID NO: 4, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 6,

[00516] a CDR1 amino acid sequence as set forth in SEQ ID NO: 7, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 9,

[00517] a CDR1 amino acid sequence as set forth in SEQ ID NO: 10, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 12,

[00518] a CDR1 amino acid sequence as set forth in SEQ ID NO: 13, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 15,

[00519] a CDR1 amino acid sequence as set forth in SEQ ID NO: 16, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 18,

[00520] a CDR1 amino acid sequence as set forth in SEQ ID NO: 19, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 21,

[00521] a CDR1 amino acid sequence as set forth in SEQ ID NO: 22, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 24,

[00522] a CDR1 amino acid sequence as set forth in SEQ ID NO: 25, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 27,

[00523] a CDR1 amino acid sequence as set forth in SEQ ID NO: 28, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 30,

[00524] a CDR1 amino acid sequence as set forth in SEQ ID NO: 31, and a CDR3
amino acid sequence as set forth in SEQ ID NO: 33,

[00525] a CDR1 amino acid sequence as set forth in SEQ ID NO: 34, and a CDR3

amino acid sequence as set forth in SEQ ID NO: 36,
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[00526] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 39,

[00527] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 42,

[00528] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 45,

[00529] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 48,

[00530] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 51,

[00531] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 54,

[00532] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 57,

[00533] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 60,

[00534] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 63,

[00535] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 66,

[00536] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 69,

[00537] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 72,

[00538] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 75,

[00539] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 78, or

[00540] a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 81.
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40, and a CDR3

43, and a CDR3

46, and a CDR3

49, and a CDR3

52, and a CDR3

55, and a CDR3

58, and a CDR3

61, and a CDR3

64, and a CDR3

67, and a CDR3

70, and a CDR3

73, and a CDR3

76, and a CDR3

79, and a CDR3
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[00541] These embodiments are intended to encompass, inter alia, embodiments in
which molecules recovered following mutagenization/diversification of CDR2, and screening
for variant molecules that bind to CD22 and/or cross-compete for binding to CD22 with the
parent molecule from which they are defined. As above, a library could be screened or
individual candidate molecules could be tested.

[00542] In one embodiment, sdAb comprises A) the amino acid sequence of any one
of SEQ ID NO: 85 to 112 and 120 to 125, or B) an amino acid sequence that is at least 80%
identical to any one of SEQ ID NO: 82 to 108 and 120 to 125 across the full length thereof.
In one embodiment, the amino acid sequence of B) is at least 85% identical across the full
length therefore to one of the amino acid sequences of A). In one embodiment, the amino
acid sequence of B) is at least 90% identical across the full length therefore to one of the
amino acid sequences of A). In one embodiment, the amino acid sequence of B) is at least
95% identical across the full length therefore to one of the amino acid sequences of A). In
one embodiment, the amino acid sequence of B) is at least 98% identical across the full
length therefore to one of the amino acid sequences of A). In one embodiment, the amino
acid sequence of B) is at least 98% identical across the full length therefore to one of the
amino acid sequences of A). In some of these embodiments, sequences differences vs.
sequences of A) are outside the CDR sequences.

[00543] In one embodiment, the sdAb comprises A) the amino acid sequence of any
one of SEQ ID NO: 82 to 108 and 120 to 125

[00544] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 82.

[00545] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 83.

[00546] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 84.

[00547] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 85.

[00548] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 86.
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[00549] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 87.

[00550] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 88.

[00551] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 89.

[00552] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 90.

[00553] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 91.

[00554] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 92.

[00555] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 93.

[00556] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 94.

[00557] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 95.

[00558] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 96.

[00559] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 97.

[00560] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 98.

[00561] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 99.

[00562] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 100.

[00563] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 101.
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[00564] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 102.

[00565] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 103.

[00566] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 104.

[00567] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 105.

[00568] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 106.

[00569] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 107.

[00570] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 108.

[00571] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 120.

[00572] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 121.

[00573] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 122.

[00574] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 123.

[00575] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 124.

[00576] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 125.

[00577] In one embodiment, the sdAb comprises SEQ ID NO: 82.

[00578] In one embodiment, the sdAb comprises SEQ ID NO: 83.

[00579] In one embodiment, the sdAb comprises SEQ ID NO: 84.

[00580] In one embodiment, the sdAb comprises SEQ ID NO: 85.

[00581] In one embodiment, the sdAb comprises SEQ ID NO: 86.

- 40 -



10

15

20

25

30

WO 2022/020945

[00582]
[00583]
[00584]
[00585]
[00586]
[00587]
[00588]
[00589]
[00590]
[00591]
[00592]
[00593]
[00594]
[00595]
[00596]
[00597]
[00598]
[00599]
[00600]
[00601]
[00602]
[00603]
[00604]
[00605]
[00606]
[00607]
[00608]
[00609]
[00610]
[00611]
[00612]

In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
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87.
88.
89.
90.
91.
92.
93.
94.
95.
96.
97.
98.
99.
100.
101.
102.
103.
104.
105.
106.
107.
108.
120.
121.
122.
123.
124.
125.

In one embodiment, the sdAb is a Camelidae VyHsdAD.

In one embodiment, the sdAb is a llama VyHsdAb

In one embodiment, the sdAb is humanized camelidae VyH.
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[00613] By the term "humanized " as used herein is meant mutated so that
immunogenicity upon administration in human patients is minor or nonexistent. Humanizing a
polypeptide, according to the present invention, comprises a step of replacing one or more of
the Camelidae amino acids by their human counterpart as found in the human consensus
sequence, without that polypeptide losing its typical character, i.e. the humanization does not
significantly affect the antigen binding capacity of the resulting polypeptide. A humanized
antibody can be produced using a variety of techniques known in the art, including but not
limited to, CDR-grafting, veneering or resurfacing, chain shuffling, etc.

[00614] In one embodiment, the sdAb has an affinity for human CD22 of 2.5 x 107 nm
or less. In one embodiment, the sdAb has an affinity for human CD22 of 3 x 10 nm or less.
In one embodiment, the sdAb has an affinity for human CD22 of 9.6 x 10° nm or less. In one
embodiment, the sdAb has an affinity for human CD22 of 9.3 x 10" nm or less. In one
embodiment, the sdAb has an affinity for human CD22 of 7 x 10-'2 nm or less. Binding
affinity can be determined, e.g., according to assays described herein.

[00615] It will be appreciated that CD22 comprises seven Ig-like domains, numbered
herein as 1 to 7 from membrane-distal to membrane-proximal (see Figure 7 for reference).
In some embodiments, the sdAb exhibits selective or preferential binding to one or more of
these Ig-like domains. The mature human CD22 ECD extends from amino acids 20 to 687 of
UniProt entry P20273. Within this subsequence, the seven Ig-like domains generally
correspond to regions of amino acids 1-119 (1), 124-216 (2), 223-302 (3), 312-397 (4), 400-
481 (5), 486-563 (6), and 574-657 (7). Elsewhere it is common to refer to the domains
named herein as 1 to 7 as IgL-V and IgL-1 to IgL-6, respectively. For simplicity, the domains
are herein numbered by order from 1 (“the first”) to 7 (“the seventh”). For epitope mapping,
seven fragments contain the respective Ig-like domains as bins 1 to 7 and correspond to
regions of amino acids 1-135 (bin1), 111-230 (bin2), (211-317) (bin3), 303-405 (bin4), 391-
490 (bin5), 476-575 (bin6), and 561-668 (bin7).

[00616] In one embodiment, the sdAb binds to the first Ig-like domain of human CD22.
In one such particular embodiment, the sdAb that binds to the first Ig-like domain comprises
SEQ ID NO: 91 (hCD221ug-80). In one embodiment, the sdAb binds to the fourth Ig-like
domain of human CD22. In one such particular embodiment, the sdAb that binds to the fourth
Ig-like domain comprises SEQ ID NO: 84 (hCD221ug-13). In one embodiment, the sdAb
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binds to the sixth Ig-like domain of human CD22. In one such particular embodiment, the
sdAb that binds to the sixth Ig-like domain comprises SEQ ID NO: 84 (hCD221ug-13), SEQ
ID NO: 91 (hCD221ug-80), SEQ ID NO: 86 (hCD221ug-36), or SEQ ID NO: 105
(hCD221pas-64). In one embodiment, the sdAb binds to the seventh Ig-like domain of human
CD22. In one such particular embodiment, the sdAb that binds to the seventh Ig-like domain
comprises SEQ ID NO: 87 (hCD221ug-61), SEQ ID NO: 83 (hCD221ug-10), or SEQ ID NO:
100 (hCD22pas-24).

[00617] In one aspect, there is provided a VHH single domain antibody (sdAb) that
competes for specific binding to CD22 with the isolated sdAb described above. An sdAb of
the invention may be identified by a method that comprises a binding assay which assesses
whether or not a test antibody is able to cross-compete with a known antibody of the
invention for a binding site on the target molecule. For example, the antibodies described
hereinabove may be used as reference antibodies. Methods for carrying out competitive
binding assays are well known in the art. For example they may involve contacting together a
known antibody of the invention and a target molecule under conditions under which the
antibody can bind to the target molecule. The antibody/target complex may then be
contacted with a test antibody and the extent to which the test antibody is able to displace the
antibody of the invention from antibody/target complexes may be assessed. An alternative
method may involve contacting a test antibody with a target molecule under conditions that
allow for antibody binding, then adding an antibody of the invention that is capable of binding
that target molecule and assessing the extent to which the antibody of the invention is able to
displace the test antibody from antibody/target complexes. Such antibodies may be
identified by generating new sdAbs to CD22 and screening the resulting library for cross-
competition. Alternatively, one of the antibodies described herein may serve as a starting
point for diversification, library generation, and screening. A further alternative could involve

testing individual variants of an antibody described herein.

[00618] In one embodiment, the sdAb defined herein is a camelid sdAb.

[00619] In one embodiment, the sdAb defined herein is a llama sdAb.

[00620] In one embodiment, the sdAb defined herein is humanized form of camelidae
sdAb.
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Table 1 lists the full length sequences for various sdAb disclosed herein.

CDR1, CDR2, and CDR3 sequences are underlined. CDR identification and numbering used

herein is according to the IMGT™ convention.

Table 1: VHH Sequences

VHH #

Name

Amino Acid sequence

(CDR1, CDR2, and CDR3 according to the IMGT convention are
underlined and appear sequentially)

VHH #1

hCD221ug-80

QVQLVESGGGLVQPGGSLRLSCTEFSGEFTLDYYVMVWEFRQAPGKE
REAVSCITSDGVTYYADSVKGRETISRDNAKNTVYLOMNRVKPE
DTAVYYCAVDKPFYDGGIQYTCPVDEDSWGQGAQVTVSS

VHH # 2

hCD22100ng-2

QVKLEESGGGLVQPGGSLRLSCTVSGVTEDYYVMGWFRQAPGKE
REVVSCMRNSDGVTYYADSVKGRFTISRDNAKNTVYLOMNSLKP
DDTATYYCAVDKPEFYDGGNYYTCPVDEDSWGQGTQVTVSS

VHH # 3

hCD221ug-74

QVKLEESGGGLVQAGGSLRLSCAGSGEFTEFDDYAMGWEFRQAPGKE
REVVSCMGSSDGATYYADSVKGRETISRDNAKNTVYLOMNSLKP
EDTATIYYCAVDKPFYDGGYRYTCPVDFGSWGQGTQVTVSS

VHH # 4

hCD22100ng-66

QVQLVESGGGLVQPGGSLRLSCTVSGEFSLDYYVMGWFRQAPGKE
REVVSCISSSDGATYYPDSVKGREFTISRDNAKKTVYLOMNALKP
EDTATYYCAVDKPEFYDGGSYYTCPVDFGSWGQGTQVTVSS

VHH #5

hCD221ug-6

QVQLVESGGGVVRPGDSLRLSCTVSGEFTLDYYVMGWEFRQAPGKE
REVVSCISSSDGVTYYADSVKGREFTISRDNAKNTVYLOMNSLKP
EDTATIYYCAVDKPEFYDGGYYYTCPVDEDSWGQGTQVTVSS

VHH #6

hCD22pas-10

QVQLVESGGGLVQPGDSLRLSCTVSGFTSDYYAMGWFRQAPGKE
REAVSCISSSDGVTYYADSVRGRFTISRDNAKNTVYLEMNSLKP
EDTATYYCAVDKPFYDGGYLYTCPVDEFDSWGQGTQVTVSS

VHH #7

hCD22pas-33

QVKLEESGGGLVQPGGSLRLSCTVSGFTLDSYVMGWFRQAPGKE
REAVSCISSSDGVTYYADSVKGREFTISRDNAKNTYLOMNSLKPE
DTAIYYCAVDKPEFYDGGYLYTCPVDEDSWGQGIQVTVSS

VHH # 8

hCD221ug-77

QVKLEESGGGLVQPGGSLRLSCADSGSIFRIAVMNWY RQAPGKE
RELVAVITSGGETHYAASVKGREFTISRDNAKNTMY LOMNSLKPE
DTAVYYCNAKWGQYEYWGQGTQVTVSS

VHH #9

hCD221ug-87

QVQLVESGGGLVQPGGSLRLSCADSGSIFRIAVMNWY ROAPGKE
RELVAVITSGGETHYAASVKGRETISRDNAKNTMY LOMNSLKPE
DTAVYYCNAKWGRDEYWGQGTQVTVSS
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VHH #10

hCD221ug-75

QVKLEESGGGLVQPGGSLRLSCAGSGSIFRIAVMNWY ROQAPGKE
RELVAVITSGGDTHYAASVKGRETISRDNAKNTMYLQINSLKPE
DTAVYYCNAKYGRDEYWGQGAQVTVSS

VHH # 11

hCD221ug-93

QVKLEESGGGLVQAGGSLRLSCAASGSTESSSVMNWYRQAPGKQ
RELVAVITSSGSTHYADSVKGREFTISRDNAKNTVNLOMNSLKPE
DTAVYYCNAQYGRRSDWGQGTQVTVSS

VHH #12

hCD22pas-82

QVQLVESGGGLVQPGGSLRLSCAASGSIFRITVMNWHRQAPGKE
RELSGVITSGGDSHYAASVKGRETIYRDNTKNTMY LOMNRLKPE
DTDYYYCNAKWGGDEYWGQGTHDTGSS

VHH #13

hCD22pas-23

QVQLVESGGGLVQPGGSLRLSCAASGSIFRITAVMNWYRQAPGK
ERELVAVITSAGETHYAESVKGRFTISRDNAKNTMYLOMNSLKP
EDTAVYYCNAKWGQY EHWGQGTQGTVSS

VHH # 14

hCD221ug-61

QVQLVESGGGLVQAGGSLRLSCAASMSSESQYVMYWYRQAPGKQ
RELVATITSYSNTNYADSVKGREFTISRDNAKSTIAYLOMDSLKPE
DTAVYYCNAQYGSTFIRNHWDDWGQGTQVTVSS

VHH #15

hCD22pas-32

QVQLVESGGGLVQAGGSLRLSCAVSGRIFRSYVLGWFRQAPGKE
RELVARIGWSDTYYADSVKGRETISRDNAKNTVDLOMNSLKPED
TAVYYCAANSPPYGPQRDEFGYWGQGTQVTVSS

VHH # 16

hCD221ug-14

QVKLEESGGGLVQAGGSLRLSCAVSGRIFRSYVLGWFRQAPGKE
RELVARIGWSDTYYADSVKGREFTISRDNAKNTVDLOMNSLKPED
TAVYYCAANSPPYGPQRDEFDYWGQGTQVTVSS

VHH #17

hCD22pas-55

QVKLEESGGGLGQAGGSLRLSCAVSGRISRSYVLGWFRQAPGKE
RELVARIGCSDTYYADSAKGRETISRNNADNTVDLOMNSLKPED
TAVYYCAEYSPPYGPQRDEFDYWGQGTQVTVSS

VHH #18

hCD22pas-79

QVKLEESGGGLVQPGGSLRLSCTVSGRTSSVYGMAWFRQTPGKE
REFVAAMSWSGGPTY FADSVKGRFGSSRDNAKNTVYLOMNGLRP
EDTAVYYCAVRIRRTLLEPLTKETLYDYWGQGTQVTVSS

VHH #19

hCD22pas-72

QVQLVESGGGLVQAGGSLRLSCAASGGTEFSVYTMAWFRQAPGKE
REFVAATRGSGGTYYRDSVKGRETISRDNAKNTVYLOMNSLKPE
DTAVYYCAVRIRRTLVEPLTKETLYDYWGQGTQVTVSS

VHH # 20

hCD22pas-16

QVQLVESGGGLVQAGGSLRLSCAASGSTEFSLKAMAWY RQAPGKQ
RERVGVINSDGSYTTDAASVQGRFTISRDNAKNTVYLOMNSLKP
EDTAVYYCNTMPPWPWGQGTQVTVSS

VHH # 21

hCD221ug-13

QVQLVESGGGLVQAGDSLRLSCAGSGGSEFSSVIMAWFRQAPGKD
REFVAATITWSSPSTYYADSVKGREFTISRDNAKNTVYLOMNSLKP
EDTAVYYCAGGRTGRGTSADTDEYNYWGQGTQVTVSS
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VHH # 22

hCD221ug-36

EVQLVDSGGGLVQAGGSLRVSCEASGITEFSRAAMGWYRQRPGKE
RERVAVVNSDSSTIYADSVKGRETISRDNAKNTVYLOMNSLEPE
DTAVYYCWSPGEGSYWGQGTQVTVSS

VHH #23

hCD221ug-10

QVQLVESGGGLVQAGGSLSVSCTASESTESIMMGWERQAPGKQR
EMVAVINSAGSTNYADSAEGREFTISRDLAKKTVSLOMNSLKPED
TAVYYCYVDGY FGQGTQVTVSS

VHH # 24

hCD22100ng-62

QVKLEESGGGLVQAGGSLRLSCAASGSISSINAMGWY RQVPGKQ
RELVAIITTAGNTRYGDSVKGREFTISRDNARKTVYLOMNSLKPE
DTAVYYCAGKLYVNKEYTYWGQGTQVTVSS

VHH # 25

hCD22pas-64

QVQLVESGGGLVQAGGSLRLSCAASGSTESLNTMAWY RQAPGNQ
REYVAAASSDGYTNYADSVRGREFTISRDNDKNTMYLOMNSLRPE
DTAVYYCTWGTGRFADY IYWGQGTQVTVSS

VHH #26

hCD22pas-24

QVQLVESGGGLVQAGGSLRLSCSASGITSSINSMGWHRQAPGKQ
RELVASIGRGGSGSTKYADSGKGRFLISRDNNKNILEFLEMNSLK
PEDTADYYCLEVTTDLSSYWGRGTQVTVSS

VHH # 27

hCD22pas-48

QVKLEESGGGLGQAGGAVRLSCADSGSIFRIAVMNWY ROQAPGKE
RELVAVITIAGETHYAYSVKGQFTISRYNAKNTMYLOMNRLKPE
DTAVYYCYANGGRDEYWGRGTQVTVSS

[00622]

Table 2 provides correspondence between antibody names used herein with

VHH#, and SEQ ID NOs for CDR1, CDR2, CDR3, and full-length sequences for each sdAb.

Table 2: VHH Sequence ID Numbers

Sequence ID Nos.
Name VHH # CDR1 CDR2 CDR3 Full Length
hCD221ug-6 VHH #5 1 2 3 82
hCD221ug-10 VHH #23 4 5 6 83
hCD221ug-13 VHH #21 7 8 9 84
hCD221ug-14 VHH #16 10 11 12 85
hCD221ug-36 VHH #22 13 14 15 86
hCD221ug-61 VHH #14 16 17 18 87
hCD221ug-74 VHH #3 19 20 21 88
hCD221ug-75 VHH #10 22 23 24 89
hCD221ug-77 VHH #8 25 26 27 90
hCD221ug-80 VHH #1 28 29 30 91
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hCD221ug-87 VHH #9 31 32 33 92
hCD221ug-93 VHH #11 34 35 36 93
hCD22100ng-2 VHH #2 37 38 39 94
hCD22100ng-62 VHH #24 40 41 42 95
hCD22100ng-66 VHH #4 43 44 45 96
hCD22pas-10 VHH #6 46 47 48 97
hCD22pas-16 VHH #20 49 50 51 98
hCD22pas-23 VHH #13 52 53 54 99
hCD22pas-24 VHH #26 55 56 57 100
hCD22pas-32 VHH #15 58 59 60 101
hCD22pas-33 VHH #7 61 62 63 102
hCD22pas-48 VHH #27 64 65 66 103
hCD22pas-55 VHH #17 67 68 69 104
hCD22pas-64 VHH #25 70 71 72 105
hCD22pas-72 VHH #19 73 74 75 106
hCD22pas-79 VHH #18 76 77 78 107
hCD22pas-82 VHH #12 79 80 81 108
[00623] Recombinant Polypeptides

[00624] In one aspect, there is provided a recombinant polypeptide comprising an

sdAb as defined herein. In one embodiment, there is provided a recombinant polypeptide
comprising one or more sdAb as defined herein. In one embodiment, there is provided a
recombinant polypeptide comprising two or more sdAb as defined herein. In one
embodiment, there is provided a recombinant polypeptide comprising two or more sdAb as
defined herein.

[00625] VuH:F. Fusions

[00626] In one embodiment, there is provided the sdAb defined herein fused to a human
Fc (termed a “VyH:F. fusion”). For example, the V4H:F; fusion may comprise at least a CH2
and a CH3 of the IgG, IgA, or IgD isotype. The VyH:F, fusion may comprise at least a CH2, a
CH3, and a CH4 of the IgM or IgE isotype. Such embodiments may be useful in activating the
immune system in higher order recombinant molecules. For example, according to some
embodiments, two such Fc-containing VHH:F. fusions may assemble to form a recombinant
monomeric antibody. In some embodiment, such a monomeric antibody is capable of
activating the immune system. Such monomeric antibodies may be of IgG, IgA, IgD, IgE, or

IgM isotype. In one embodiment, IgA F.-containing VuH:F. fusions may also assemble into a
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recombinant dimeric (secretory) form. Multimeric forms are also envisaged in some
embodiments. For example, five IgM monomers may assemble to form a recombinant
pentameric antibody.

[00627] In some embodiments, the multivalent antibody described herein may be an
assembly of the same VHH:Fc fusions.

[00628] In some embodiments, the multivalent antibody described herein may be an
assembly of the different VHH:Fc fusions having the same binding target. For example, these
may bind to different epitopes on the same target molecule. Examples may include assemblies
of different VHH:Fc¢ fusions, each comprising a different anti-CD22 sdAb as defined herein.
[00629] In some embodiments, the multivalent antibody described herein may be an
assembly of an VHH:Fc fusion defined herein (comprising an anti-CD22 sdAb as defined
herein) and another VHH:Fc fusion comprising a paratope directed to a different target.
[00630] Fusions to Cargo Molecules

[00631] In a further aspect, the present disclosure provides anti-CD22 sdAb as defined
herein linked to a cargo molecule. The cargo molecule may comprise, for example, a
therapeutic moiety, such as for example, a cytotoxic agent, a cytostatic agent, an anti-cancer
agent or a radiotherapeutic. In particular embodiments of the disclosure, the antibody drug
conjugates may comprise a cytotoxic agent. Another particular embodiment of the disclosure
relates to antibody drug conjugates comprising a radiotherapeutic.

[00632] Recombinant Nucleic Acid Molecules

[00633] In aspect, there is provided a recombinant nucleic acid molecule encoding an
sdAb, the recombinant polypeptide, or the VyH:F, fusion as defined herein.

[00634] Compositions

[00635] In one aspect, there is provided a composition comprising an sdAb as defined
herein, or a polypeptide comprising such an sdAb; together with an acceptable excipient,
diluent or carrier. In one embodiment the composition is a pharmaceutical composition, and
the excipient, diluent or carrier is a pharmaceutically acceptable excipient, diluent or carrier.
[00636] Uses & Methods

[00637] In one aspect, there is provided a use of the sdAb as defined herein or of an
antibody comprising one or more VyH:F. fusion as defined herein for treatment of a cancer or

an auto-immune disease. In one embodiment, the cancer is a hematological malignancy. In
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one embodiment, the hematological malignancy is a leukemia, a lymphoma, or a
myelodysplastic syndrome. In one embodiment, the leukemia is acute lymphoid leukemia
(ALL) or chronic lymphoid leukemia (CLL). In one embodiment, the lymphoma is selected
from the group consisting of multiple myeloma, non-Hodgkin's lymphoma, Burkitt's
lymphoma, small cell follicular lymphoma, and large cell follicular lymphoma. In one
embodiment, the auto-immune disease is an inflammatory disease. In one embodiment, the
auto-immune disease is lupus. In one embodiment, the auto-immune disease is multiple
sclerosis. In one embodiment, the auto-immune disease is autoimmune diabetes.

[00638] In one aspect, there is provided a use of the sdAb as defined herein or of an
antibody comprising one or more VyH:F. fusion as defined herein for preparation of a
medicament for treatment of a cancer or an auto-immune disease. In one embodiment, the
cancer is a hematological malignancy. In one embodiment, the hematological malignancy is
a leukemia, a lymphoma, or a myelodysplastic syndrome. In one embodiment, the leukemia
is acute lymphoid leukemia (ALL) or chronic lymphoid leukemia (CLL). In one embodiment,
the lymphoma is selected from the group consisting of multiple myeloma, non-Hodgkin's
lymphoma, Burkitt's lymphoma, small cell follicular lymphoma, and large cell follicular
lymphoma. In one embodiment, the auto-immune disease is an inflammatory disease. In one
embodiment, the auto-immune disease is lupus. In one embodiment, the auto-immune
disease is multiple sclerosis. In one embodiment, the auto-immune disease is autoimmune
diabetes.

[00639] In one aspect, there is provided the sdAb as defined herein or of an antibody
comprising one or more VyH:F. fusion as defined herein for use in treatment of a cancer or
an auto-immune disease. In one embodiment, the cancer is a hematological malignancy. In
one embodiment, the hematological malignancy is a leukemia, a lymphoma, or a
myelodysplastic syndrome. In one embodiment, the leukemia is acute lymphoid leukemia
(ALL) or chronic lymphoid leukemia (CLL). In one embodiment, the lymphoma is selected
from the group consisting of multiple myeloma, non-Hodgkin's lymphoma, Burkitt's
lymphoma, small cell follicular lymphoma, and large cell follicular lymphoma. In one
embodiment, the auto-immune disease is an inflammatory disease. In one embodiment, the
auto-immune disease is lupus. In one embodiment, the auto-immune disease is multiple

sclerosis. In one embodiment, the auto-immune disease is autoimmune diabetes.
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[00640] In one aspect, there is provided a method of treating a cancer or an auto-
immune disease in subject comprising administering to the subject the sdAb as defined
herein or of an antibody comprising one or more VyH:F. fusion as defined herein. In one
embodiment, the cancer is a hematological malignancy. In one embodiment, the
hematological malignancy is a leukemia, a lymphoma, or a myelodysplastic syndrome. In one
embodiment, the leukemia is acute lymphoid leukemia (ALL) or chronic lymphoid leukemia
(CLL). In one embodiment, the lymphoma is selected from the group consisting of multiple
myeloma, non-Hodgkin’s lymphoma, Burkitt's lymphoma, small cell follicular lymphoma, and
large cell follicular lymphoma. In one embodiment, the auto-immune disease is an
inflammatory disease. In one embodiment, the auto-immune disease is lupus. In one
embodiment, the auto-immune disease is multiple sclerosis. In one embodiment, the auto-

immune disease is autoimmune diabetes.

[00641] Multivalent Antibodies & Related Embodiments
[00642] In one aspect, there is provided a multivalent antibody comprising an sdAb as

defined above.

[00643] By “multivalent antibody” is use herein to mean a molecule comprising more
than one variable region or paratope for binding to one or more antigen(s) within the same or
different target molecule(s).

[00644] In some embodiments, the paratopes may bind to different epitopes on the
same target molecule. In some embodiments, the paratopes may bind to different target
molecules. In these embodiments, the multivalent antibody may be termed bispecific,
trispecific, or multispecific, depending on the number of paratopes of different specificity that
are present. As the multivalent antibody comprises one of the anti-CD22 sdAbs as herein
defined, the multivalent antibody comprises CD22 binding affinity.

[00645] For example, as explained above, in some embodiments a multivalent
antibody may be an assembly of a V4H:F. fusion defined herein (comprising an sdAb as
defined herein) and another VxH:F. fusion comprising a different paratope conferring a
different specificity.

[00646] In one embodiment, there is provided a bispecific antibody comprising an

sdAb as defined above, and a second antigen-binding portion. In some embodiments, the
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second antigen binding portion may comprise a monoclonal antibody, an Fab, and F(ab’),, an
Fab’, an scFv, or an sdAb, such as a VyH or a Vyar.

[00647] An “antigen-binding portion” is meant a polypeptide that comprises an
antibody or antigen-binding fragment thereof having antigen-binding activity, including
engineered antibodies fragments thereof.

[00648] In some embodiments, the second antigen-binding portion may bind to human
serum albumin, e.g., for the purposes of stabilization / half-life extension.

[00649] In one embodiment, there is provided a trispecific antibody comprising an
sdAb as defined above, and a second-binding portion, and a third antigen-binding portion. In
some embodiments, the second antigen binding portion comprises a monoclonal antibody,
an Fab, and F(ab’);, and Fab’, an sdFv, or an sdAb, such as a V4H or a Vnar. In some
embodiments, the third antigen binding portion comprises, independently, a monoclonal
antibody, an Fab, and F(ab’),, and Fab’, an sdFv, or an sdAb, such as a Vy4H or a Var.
[00650] The second and/or third antigen-binding portion may bind to human serum
albumin, e.q., for the purposes of stabilization / half-life extension.

[00651] In some embodiments, the trispecific antibody may be multispecific and the
antibody may comprise one or more additional antigen-binding portion(s). In such
embodiments, the additional antigen-binding portion(s) may be, independently, an Fab, and
F(ab’),, and Fab’, an sdFv, or an sdAb, such as a V4H or a Var.

[00652] In one embodiment, the multispecific antibody comprises a first antigen-
binding portion comprising an sdAb as defined herein, and a second antigen-binding portion.
In one embodiment, the second antigen-binding moiety binds specifically to a cell-surface
marker of an immune cell.

[00653] A "cell surface marker" is a molecule expressed at the surface of the cell that
is particular to (or enriched in) a cell type, and that is capable of being bound or recognized
by an antigen-binding portion.

[00654] Bispecific T-cell Engager

[00655] In one embodiment, the multivalent antibody is a bispecific T-cell engager
comprising an sdAb as defined herein and second antigen-binding moiety that binds
specifically to a cell-surface marker of a T-cell. In one embodiment, the T-cell marker

comprises human CD3.
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[00656] Human CD3, we will be recognized, is a multi-subunit antigen, of which
various subunits may participate in CD3 activation. One such subunit is CD3 epsilon (see,
e.g., GenBank NP_000724.1). Other non-limiting examples include CD3 gamma (see, e.g.,
GenBank NP_000064.1) and delta (see, e.g., GenBank NP_000723.1 for delta isoform A,
and, e.g., GenBank NP_001035741.1 for delta isoform B).

[00657] In some embodiments, T-cell marker comprises CD3 epsilon, CD3 gamma, or
CD3 delta. In one specific embodiment, theT -cell marker comprises CD3 epsilon.

[00658] The term “bispecific T-cell engager”, as used herein, refers to a recombinant
bispecific protein that has two linked variable regions from two different antibodies, one
targeting a cell-surface molecule on T cells (for example, CD3¢), and the other targeting
antigens on the surface of disease cells, typically malignant cells. For example a bispecific
T-cell engager may comprises an sdAb as defined herein and an scFvs. A bispecific T-cell
engager may comprise an sdAb as defined herein and a second VHH/sdAb. The two variable
regions are typically linked together by a short flexible linker such as GlySer linker. By
binding to tumor antigens and T cells simultaneously, bispecific T-cell engagers mediate T-
cell responses and killing of tumor cells. The T-cell/target cell adherence facilitated by a
bispecific T-cell engager is independent of MHC haplotype.

[00659] In one embodiment, the bispecific T-cell engager comprises in N-terminal to

C-terminal direction:

[00660] - the first antigen-binding portion,

[00661] - an amino acid linker, and

[00662] - the second antigen-binding portion.

[00663] In one embodiment, the signal peptide further comprises a signal peptide N-

terminal to the fist antigen-binding portion.

[00664] A “signal peptide”, as referred to herein allows the nascent protein to be
directed to the endoplasmic reticulum and subsequently to the cell surface, where it is
expressed. The core of the signal peptide may contain a long stretch of hydrophobic amino
acids that has a tendency to form a single alpha-helix. The signal peptide may begin with a
short positively charged stretch of amino acids, which helps to enforce proper topology of the
polypeptide during translocation. At the end of the signal peptide there is typically a stretch of
amino acids that is recognized and cleaved by signal peptidase. Signal peptidase may cleave
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either during or after completion of translocation to generate a free signal peptide and a
mature protein. The free signal peptides are then digested by specific proteases. The signal
peptide may be at the amino terminus of the molecule.

[00665] In one embodiment, the signal peptide is a signal peptide from human CD28.
In one embodiment, the signal peptide from human CD28 comprises SEQ ID NO: 110. In
one embodiment, the signal peptide is at least 80% identical to SEQ ID NO: 110. In one
embodiment, the signal peptide is at least 90% identical to SEQ ID NO: 110. In one
embodiment, the signal peptide is at least 95% identical to SEQ ID NO: 110. In one
embodiment, the signal peptide is at least 98% identical to SEQ ID NO: 110.

[00666] By “amino acid linker”, in this context, will be understood a sequence of
sufficient length, flexibility, and composition to permit the bispecific T-cell engager to be

properly functional an engage with both targets.

[00667] The amino acid linker may comprise a hinge. The hinge may be from human
CDS8, e.g. as set forth in SEQ ID NO: 12.
[00668] In one embodiment, the amino acid linker comprises (in N- to C-terminal

direction) SEQ ID NO: 111 = SEQ ID NO: 112 — SEQ ID NO: 118; or sequences at least 80%
identical to SEQ ID NO: 111 —SEQ ID NO: 112 — SEQ ID NO: 118. In one embodiment, the
amino acid linker comprises a sequence that is at least 80% identical to SEQ ID NO: 111. In
one embodiment, the amino acid linker comprises a sequence that is at least 90% identical to
SEQ ID NO: 111. In one embodiment, the amino acid linker comprises a sequence that is at
least 95% identical to SEQ ID NO: 111. In one embodiment, the amino acid linker comprises
a sequence that is at least 98% identical to SEQ ID NO: 111. In one embodiment, amino acid
linker comprises a sequence that is at least 80% identical to SEQ ID NO: 112. In one
embodiment, amino acid linker comprises a sequence that is at least 90% identical to SEQ
ID NO: 112. In one embodiment, the amino acid linker comprises a sequence that is at least
95% identical to SEQ ID NO: 112. In one embodiment, the amino acid linker comprises a
sequence that is at least 98% identical to SEQ ID NO: 112. In one embodiment, the amino
acid linker comprises a sequence that is at least 80% identical to SEQ ID NO: 118. In one
embodiment, the amino acid linker comprises a sequence that is at least 90% identical to

SEQ ID NO: 118. In one embodiment, the amino acid linker comprises a sequence that is at

-53-



10

15

20

25

30

WO 2022/020945 PCT/CA2021/051046

least 95% identical to SEQ ID NO: 118. In one embodiment, the amino acid linker comprises
a sequence that is at least 98% identical to SEQ ID NO: 118.

[00669] In one embodiment, the multivalent antibody is encoded by SEQ ID NO: 119.
[00670] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 1, a CDR2 amino acid sequence as set forth in SEQ ID NO: 2, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 3 (hCD221ug-6).

[00671] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 4, a CDR2 amino acid sequence as set forth in SEQ ID NO: 5, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 6 (hCD221ug-10).

[00672] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 7, a CDR2 amino acid sequence as set forth in SEQ ID NO: 8, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 9 (hCD221ug-13).

[00673] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 10, a CDR2 amino acid sequence as set forth in SEQ ID NO: 11, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 12 (hCD221ug-14).

[00674] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 13, a CDR2 amino acid sequence as set forth in SEQ ID NO: 14, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 15 (hCD221ug-36).

[00675] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 16, a CDR2 amino acid sequence as set forth in SEQ ID NO: 17, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 18 (hCD221ug-61).

[00676] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 19, a CDR2 amino acid sequence as set forth in SEQ ID NO: 20, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 21 (hCD221ug-74)

[00677] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 22, a CDR2 amino acid sequence as set forth in SEQ ID NO: 23, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 24 (hCD221ug-75).

[00678] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 25, a CDR2 amino acid sequence as set forth in SEQ ID NO: 26, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 27 (hCD221ug-77).
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[00679] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 28, a CDR2 amino acid sequence as set forth in SEQ ID NO: 29, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 30 (hCD221ug-80).

[00680] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 31, a CDR2 amino acid sequence as set forth in SEQ ID NO: 32, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 33 (hCD221ug-87).

[00681] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 34, a CDR2 amino acid sequence as set forth in SEQ ID NO: 35, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 36 (hCD221ug-93).

[00682] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 37, a CDR2 amino acid sequence as set forth in SEQ ID NO: 38, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 39 (hCD22100ug-2).

[00683] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 40, a CDR2 amino acid sequence as set forth in SEQ ID NO: 41, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 42 (hCD22100ug-62).

[00684] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 43, a CDR2 amino acid sequence as set forth in SEQ ID NO: 44, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 45 (hCD22100ug-66).

[00685] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 46, a CDR2 amino acid sequence as set forth in SEQ ID NO: 47, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 48 (hCD22pas-10).

[00686] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 49, a CDR2 amino acid sequence as set forth in SEQ ID NO: 50, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 51 (hCD22pas-16).

[00687] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 52, a CDR2 amino acid sequence as set forth in SEQ ID NO: 53, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 54 (hCD22pas-23).

[00688] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 55, a CDR2 amino acid sequence as set forth in SEQ ID NO: 56, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 57 (hCD22pas-24).
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[00689] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 58, a CDR2 amino acid sequence as set forth in SEQ ID NO: 59, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 60 (hCD22pas-32).

[00690] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 61, a CDR2 amino acid sequence as set forth in SEQ ID NO: 62, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 63 (hCD22pas-33).

[00691] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 64, a CDR2 amino acid sequence as set forth in SEQ ID NO: 65, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 66 (hCD22pas-48).

[00692] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 67, a CDR2 amino acid sequence as set forth in SEQ ID NO: 68, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 69 (hCD22pas-55).

[00693] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 70, a CDR2 amino acid sequence as set forth in SEQ ID NO: 71, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 72 (hCD22pas-64).

[00694] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 73, a CDR2 amino acid sequence as set forth in SEQ ID NO: 74, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 75 (hCD22pas-72).

[00695] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 76, a CDR2 amino acid sequence as set forth in SEQ ID NO: 77, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 78 (hCD22pas-79).

[00696] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 79, a CDR2 amino acid sequence as set forth in SEQ ID NO: 80, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 81 (hCD22pas-82).

[00697] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 82.

[00698] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 83.

[00699] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 84.
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[00700] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 85.
[00701] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 86.
[00702] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 87.
[00703] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 88.
[00704] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 89.
[00705] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 90.
[00706] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 91.
[00707] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 92.
[00708] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 93.
[00709] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 94.
[00710] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 95.
[00711] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 96.
[00712] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 97.
[00713] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 98.
[00714] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 99.
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[00715] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 100.

[00716] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 101.

[00717] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 102.

[00718] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 103.

[00719] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 104.

[00720] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 105.

[00721] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 106.

[00722] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 107.

[00723] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 108.

[00724] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 120.

[00725] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 121.

[00726] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 122.

[00727] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 123.

[00728] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 124.

[00729] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 125.

[00730] In one embodiment, the sdAb comprises SEQ ID NO: 82.
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[00731]
[00732]
[00733]
[00734]
[00735]
[00736]
[00737]
[00738]
[00739]
[00740]
[00741]
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[00745]
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[00747]
[00748]
[00749]
[00750]
[00751]
[00752]
[00753]
[00754]
[00755]
[00756]
[00757]
[00758]
[00759]
[00760]
[00761]

In one embodiment, the sdAb comprises SEQ ID NO:
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In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
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In one embodiment, the sdAb comprises SEQ ID NO:
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[00762] In one embodiment, the sdAb comprises SEQ ID NO: 125.

[00763] In some embodiments, the BIKE is a sequence variant of the above BiKE
having 80%, 90%, 95%, 98%, or 99% identity to one of the above-described BiKEs. In some
embodiments, the variant retains substantially the same binding specificity as the parent
molecule from which it is derived. In some embodiments the variant retains substantially the

same binding affinity as the parent molecule from which it is derived.

[00764] BiKEs & TriKEs
[00765] In one embodiment, the multivalent antibody is a bispecific killer cell engager.
[00766] The term “BiKE” refers to a recombinant bispecific protein that has two linked

variable regions from two different antibodies, one targeting a cell-surface molecule on
natural killer (NK) cells (for example, CD16), and the other targeting antigens on the surface
of disease cells, typically malignant cells. For example the BiIKE may comprises two scFvs,
two VHHSs, or a combination thereof. The two are typically linked together by a short flexible
linker. By binding to tumor antigens and NK cells simultaneously, BiKEs mediate NK-cell
responses and killing of tumor cells.

[00767] In one embodiment, the cell-surface marker of the immune cell comprises a
natural killer (NK) cell marker. In one embodiment, the NK cell marker comprises human
CD1e.

[00768] In one embodiment, the multivalent antibody is a trispecific killer cell engager
(BIKE).
[00769] The term “TriKE” indicates at a BiKE that has been further modified to include

another functionality. This term has been used to encompass various approaches. One
approache involves inserting an intervening immunomodulatory molecule (a modified human
IL-15 crosslinker) to promote NK cell activation, expansion, and/or survival (Vallera et al. IL-
15 Trispecific Killer Engagers (TriKEs) Make Natural Killer Cells Specific to CD33+ Targets
While Also Inducing In Vivo Expansion, and Enhanced Function. Clinical Cancer Research.
2012 ;22(14): 3440-50). Other TriKE approaches are trispecific molecules that include three
antibody variable regions: one targeting an NK cell receptor and two that target tumour-
associated antigens (Gleason et al. Bispecific and Trispecific Killer Cell Engagers Directly
Activate Human NK Cells Through CD16 Signaling and Induce Cytotoxicity and Cytokine
Production. Mol Cancer Ther. 2012; 11(12): 2674-84). Yet other TriKE approaches target
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two NK cell receptors (e.g., CD16 and NKp46) and one tumour-associated antigen (Gauthier
et al. Multifunctional Natural Killer Cell Engagers Targeting NKp46 Trigger Protective Tumor
Immunity. Cell. 2019; 177(7): 1701-13).

[00770] In one embodiment, the multivalent antibody further comprises a cytokine for
stimulating activation, expansion, and/or survival of NK cells. In one embodiment, the
cytokine for stimulating expansion of NK cells is interleukin-15 (IL15), a variant thereof, or a
functional fragment thereof.

[00771] In one embodiment, the multivalent antibody further comprises at least a third
antigen-binding portion that binds to a second NK cell marker. In one embodiment, the
second NK cell marker is human NKp46.

[00772] In one embodiment, the multivalent antibody further comprises at least a third
antigen-binding portion that binds to a tumour-associated antigen. In some embodiment, the

tumour-associated antigen is distinct from human CD22.

[00773] In one embodiment, the third antigen-binding portion comprises a VuH, a Vnar,
or an scVF.

[00774] In one embodiment, the second antigen-binding portion comprises a VyH.
[00775] In one embodiment, the third antigen-binding portion binds to human serum

albumin. In such embodiment, the affinity for human serum albumin may contribute to
stabilization / increased half-life.

[00776] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 1, a CDR2 amino acid sequence as set forth in SEQ ID NO: 2, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 3 (hCD221ug-6).

[00777] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 4, a CDR2 amino acid sequence as set forth in SEQ ID NO: 5, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 6 (hCD221ug-10).

[00778] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 7, a CDR2 amino acid sequence as set forth in SEQ ID NO: 8, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 9 (hCD221ug-13).

[00779] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 10, a CDR2 amino acid sequence as set forth in SEQ ID NO: 11, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 12 (hCD221ug-14).
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[00780] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 13, a CDR2 amino acid sequence as set forth in SEQ ID NO: 14, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 15 (hCD221ug-36).

[00781] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 16, a CDR2 amino acid sequence as set forth in SEQ ID NO: 17, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 18 (hCD221ug-61).

[00782] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 19, a CDR2 amino acid sequence as set forth in SEQ ID NO: 20, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 21 (hCD221ug-74)

[00783] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 22, a CDR2 amino acid sequence as set forth in SEQ ID NO: 23, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 24 (hCD221ug-75).

[00784] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 25, a CDR2 amino acid sequence as set forth in SEQ ID NO: 26, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 27 (hCD221ug-77).

[00785] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 28, a CDR2 amino acid sequence as set forth in SEQ ID NO: 29, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 30 (hCD221ug-80).

[00786] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 31, a CDR2 amino acid sequence as set forth in SEQ ID NO: 32, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 33 (hCD221ug-87).

[00787] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 34, a CDR2 amino acid sequence as set forth in SEQ ID NO: 35, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 36 (hCD221ug-93).

[00788] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 37, a CDR2 amino acid sequence as set forth in SEQ ID NO: 38, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 39 (hCD22100ug-2).

[00789] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 40, a CDR2 amino acid sequence as set forth in SEQ ID NO: 41, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 42 (hCD22100ug-62).
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[00790] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 43, a CDR2 amino acid sequence as set forth in SEQ ID NO: 44, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 45 (hCD22100ug-66).

[00791] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 46, a CDR2 amino acid sequence as set forth in SEQ ID NO: 47, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 48 (hCD22pas-10).

[00792] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 49, a CDR2 amino acid sequence as set forth in SEQ ID NO: 50, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 51 (hCD22pas-16).

[00793] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 52, a CDR2 amino acid sequence as set forth in SEQ ID NO: 53, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 54 (hCD22pas-23).

[00794] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 55, a CDR2 amino acid sequence as set forth in SEQ ID NO: 56, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 57 (hCD22pas-24).

[00795] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 58, a CDR2 amino acid sequence as set forth in SEQ ID NO: 59, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 60 (hCD22pas-32).

[00796] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 61, a CDR2 amino acid sequence as set forth in SEQ ID NO: 62, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 63 (hCD22pas-33).

[00797] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 64, a CDR2 amino acid sequence as set forth in SEQ ID NO: 65, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 66 (hCD22pas-48).

[00798] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 67, a CDR2 amino acid sequence as set forth in SEQ ID NO: 68, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 69 (hCD22pas-55).

[00799] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 70, a CDR2 amino acid sequence as set forth in SEQ ID NO: 71, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 72 (hCD22pas-64).

-63-



WO 2022/020945 PCT/CA2021/051046

[00800] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 73, a CDR2 amino acid sequence as set forth in SEQ ID NO: 74, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 75 (hCD22pas-72).

[00801] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 76, a CDR2 amino acid sequence as set forth in SEQ ID NO: 77, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 78 (hCD22pas-79).

[00802] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 79, a CDR2 amino acid sequence as set forth in SEQ ID NO: 80, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 81 (hCD22pas-82).

[00803] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 82.

[00804] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 83.

[00805] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 84.

[00806] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 85.

[00807] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 86.

[00808] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 87.

[00809] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 88.

[00810] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 89.

[00811] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 90.

[00812] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 91.

[00813] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 92.
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[00814] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 93.

[00815] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 94.

[00816] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 95.

[00817] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 96.

[00818] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 97.

[00819] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 98.

[00820] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 99.

[00821] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 100.

[00822] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 101.

[00823] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 102.

[00824] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 103.

[00825] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 104.

[00826] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 105.

[00827] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 106.

[00828] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 107.
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[00829]

In one embodiment, the sdAb comprises a CDR1, CDR2,

sdAb sequence set forth in SEQ ID NO: 108.

[00830]

In one embodiment, the sdAb comprises a CDR1, CDR2,

sdAb sequence set forth in SEQ ID NO: 120.

[00831]

In one embodiment, the sdAb comprises a CDR1, CDR2,

sdAb sequence set forth in SEQ ID NO: 121.

[00832]

In one embodiment, the sdAb comprises a CDR1, CDR2,

sdAb sequence set forth in SEQ ID NO: 122.

[00833]

In one embodiment, the sdAb comprises a CDR1, CDR2,

sdAb sequence set forth in SEQ ID NO: 123.

[00834]

In one embodiment, the sdAb comprises a CDR1, CDR2,

sdAb sequence set forth in SEQ ID NO: 124.

[00835]

In one embodiment, the sdAb comprises a CDR1, CDR2,

sdAb sequence set forth in SEQ ID NO: 125.

[00836]
[00837]
[00838]
[00839]
[00840]
[00841]
[00842]
[00843]
[00844]
[00845]
[00846]
[00847]
[00848]
[00849]
[00850]
[00851]
[00852]

In one embodiment, the sdAb comprises SEQ ID NO: 82.
In one embodiment, the sdAb comprises SEQ ID NO: 83.
In one embodiment, the sdAb comprises SEQ ID NO: 84.
In one embodiment, the sdAb comprises SEQ ID NO: 85.
In one embodiment, the sdAb comprises SEQ ID NO: 86.
In one embodiment, the sdAb comprises SEQ ID NO: 87.
In one embodiment, the sdAb comprises SEQ ID NO: 88.
In one embodiment, the sdAb comprises SEQ ID NO: 89.
In one embodiment, the sdAb comprises SEQ ID NO: 90.
In one embodiment, the sdAb comprises SEQ ID NO: 91.
In one embodiment, the sdAb comprises SEQ ID NO: 92.
In one embodiment, the sdAb comprises SEQ ID NO: 93.
In one embodiment, the sdAb comprises SEQ ID NO: 94.
In one embodiment, the sdAb comprises SEQ ID NO: 95.
In one embodiment, the sdAb comprises SEQ ID NO: 96.
In one embodiment, the sdAb comprises SEQ ID NO: 97.
In one embodiment, the sdAb comprises SEQ ID NO: 98.

-66 -

PCT/CA2021/051046

and CDR2 of the

and CDR2 of the

and CDR2 of the

and CDR2 of the

and CDR2 of the

and CDR2 of the

and CDR2 of the



10

15

20

25

30

WO 2022/020945 PCT/CA2021/051046

[00853] In one embodiment, the sdAb comprises SEQ ID NO: 99.
[00854] In one embodiment, the sdAb comprises SEQ ID NO: 100.
[00855] In one embodiment, the sdAb comprises SEQ ID NO: 101.
[00856] In one embodiment, the sdAb comprises SEQ ID NO: 102.
[00857] In one embodiment, the sdAb comprises SEQ ID NO: 103.
[00858] In one embodiment, the sdAb comprises SEQ ID NO: 104.
[00859] In one embodiment, the sdAb comprises SEQ ID NO: 105.
[00860] In one embodiment, the sdAb comprises SEQ ID NO: 106.
[00861] In one embodiment, the sdAb comprises SEQ ID NO: 107.
[00862] In one embodiment, the sdAb comprises SEQ ID NO: 108.
[00863] In one embodiment, the sdAb comprises SEQ ID NO: 120.
[00864] In one embodiment, the sdAb comprises SEQ ID NO: 121.
[00865] In one embodiment, the sdAb comprises SEQ ID NO: 122.
[00866] In one embodiment, the sdAb comprises SEQ ID NO: 123.
[00867] In one embodiment, the sdAb comprises SEQ ID NO: 124.
[00868] In one embodiment, the sdAb comprises SEQ ID NO: 125.
[00869] In some embodiments, the BIKE or TriKE is a sequence variant of one of the

above BiKEs and TriKEs having 80%, 90%, 95%, 98%, or 99% identity thereto. In some
embodiments, the variant retains substantially the same binding specificity as the parent
molecule from which it is derived. In some embodiments the variant retains substantially the
same binding affinity as the parent molecule from which it is derived.

[00870] In one aspect, there is provided a multivalent antibody comprising: a first
antigen-binding portion, an amino acid linker comprising a polypeptide hinge from human
CD8, and a second antigen-binding portion. In one embodiment, the polypeptide hinge from
human CD8 comprises SEQ ID NO: 112. In one embodiment, the amino acid linker further
comprises at least one G4S N-terminal to the polypeptide hinge from human CD8, and at
least one G4S C-terminal to the polypeptide hinge from human CD8. In one embodiment, the
amino acid linker is at least 47aa in length, preferably is at least 52 residues in length,
preferably at least 57 residues in length, more preferably at least 62 residues in length, even
more preferably at least 67 residues in length. In one embodiment, the amino acid linker

comprises, in N-terminal to C-terminal, direction SEQ ID NOs: 111, 112, and 118. In one
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embodiment, the first antigen-binding portion binds specifically to human CD22. In one
embodiment, the first antigen-binding portion is a VuH, Vnar, or an scVF. In one embodiment,
the first antigen-binding portion is one the anti-CD22 sdAbs as described herein. In one
embodiment, the second antigen-binding moiety binds specifically to a cell-surface marker of
an immune cell. In one embodiment, he cell-surface marker of the immune cell comprises a
T-cell marker. In one embodiment, the T-cell marker comprises human CD3. In one
embodiment, the second antigen binding portion is a ViH, Vnar, or an scVF.

[00871] Recombinant Nucleic Acid Molecules

[00872] In aspect, there is provided a recombinant nucleic acid molecule encoding the
multivalent antibody as defined herein. In one embodiment, nucleic acid is a vector.

[00873] Compositions

[00874] In one aspect, there is provided a composition comprising a multivalent
antibody as defined herein; together with an acceptable excipient, diluent or carrier. In one
embodiment, the composition comprises a bispecific T-cell engager as herein defined. In one
embodiment, the composition comprises a BiKE as herein defined. In one embodiment, the
composition comprises a TriKE as herein defined. In one embodiment the composition is a
pharmaceutical composition, and the excipient, diluent or carrier is a pharmaceutically
acceptable excipient, diluent or carrier.

[00875] Uses & Methods

[00876] In one aspect, there is provided a use of the multivalent antibody as defined
herein for treatment of a cancer or auto-immune disease. In one embodiment, the cancer is a
hematological malignancy. In one embodiment, the hematological malignancy is a leukemia,
a lymphoma, or a myelodysplastic syndrome. In one embodiment, the leukemia is acute
lymphoid leukemia (ALL) or chronic lymphoid leukemia (CLL). In one embodiment, the
lymphoma is selected from the group consisting of multiple myeloma, non-Hodgkin's
lymphoma, Burkitt's lymphoma, small cell follicular lymphoma, and large cell follicular
lymphoma. In one embodiment, the auto-immune disease is an inflammatory disease. In one
embodiment, the auto-immune disease is lupus. In one embodiment, the auto-immune
disease is multiple sclerosis. In one embodiment, the auto-immune disease is autoimmune

diabetes.
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[00877] In one aspect, there is provided a use of the multivalent antibody as defined
herein for preparation of a medicament for treatment of a cancer or auto-immune disease. In
one embodiment, the cancer is a hematological malignancy. In one embodiment, the
hematological malignancy is a leukemia, a lymphoma, or a myelodysplastic syndrome. In one
embodiment, the leukemia is acute lymphoid leukemia (ALL) or chronic lymphoid leukemia
(CLL). In one embodiment, the lymphoma is selected from the group consisting of multiple
myeloma, non-Hodgkin's lymphoma, Burkitt's lymphoma, small cell follicular lymphoma, and
large cell follicular lymphoma. In one embodiment, the auto-immune disease is an
inflammatory disease. In one embodiment, the auto-immune disease is lupus. In one
embodiment, the auto-immune disease is multiple sclerosis. In one embodiment, the auto-
immune disease is autoimmune diabetes.

[00878] In one aspect, there is provided the multivalent antibody as defined herein for
use in treatment of a cancer or auto-immune disease. In one embodiment, the cancer is a
hematological malignancy. In one embodiment, the hematological malignancy is a leukemia,
a lymphoma, or a myelodysplastic syndrome. In one embodiment, the leukemia is acute
lymphoid leukemia (ALL) or chronic lymphoid leukemia (CLL). In one embodiment, the
lymphoma is selected from the group consisting of multiple myeloma, non-Hodgkin's
lymphoma, Burkitt's lymphoma, small cell follicular lymphoma, and large cell follicular
lymphoma. In one embodiment, the auto-immune disease is an inflammatory disease. In one
embodiment, the auto-immune disease is lupus. In one embodiment, the auto-immune
disease is multiple sclerosis. In one embodiment, the auto-immune disease is autoimmune
diabetes.

[00879] In one aspect, there is provided a method of treating a cancer or auto-immune
disease in subject comprising administering to the subject the multivalent antibody as defined
herein. In one embodiment, the cancer is a hematological malignancy. In one embodiment,
the hematological malignancy is a leukemia, a lymphoma, or a myelodysplastic syndrome. In
one embodiment, the leukemia is acute lymphoid leukemia (ALL) or chronic lymphoid
leukemia (CLL). In one embodiment, the lymphoma is selected from the group consisting of
multiple myeloma, non-Hodgkin's lymphoma, Burkitt's lymphoma, small cell follicular
lymphoma, and large cell follicular lymphoma. In one embodiment, the auto-immune disease

is an inflammatory disease. In one embodiment, the auto-immune disease is lupus. In one
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embodiment, the auto-immune disease is multiple sclerosis. In one embodiment, the auto-

immune disease is autoimmune diabetes.

[00880]

Table 3 lists example sequences for and modules of multivalent antibodies

and CARs described herein, according to certain aspects and embodiments.

Table 3: Construct Sequences and Components

Seq. | Description Sequence

ID

109 | CAR modular | ;1 cmeaGGeTGCTCTTGGCTCTCARCTT AT TCCCTTCAAT TCAAGT ARC
construct DNA
sequence AGGAGGGTCTTC [sdAb_sequence] GAAGACTTCCTTTGCGAGACGAC
Restriction GGTGGCGGGGGATCAGGTGGTGGAGGTAGCGGGGGAGGGGGCTCAGGCGG
sites in bold TACAACTACGCCTGCACCTCGCCCACCGACCCCAGCACCAACCATCGCTT

CACAGCCTTTGAGCCTGCGACCAGAGGCATGTCGCCCTGCTGCGGGCGGT
GCCGTTCATACTCGCGGACTTGATTTTGCGTGTGACGTCGTCTCGCCTTC
TAAGCCCTTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCTGGCTTGCTATA
GCTTGCTAGTAACAGTGGCCTTTATTATTTTCTGGGTGAGGAAACGGGGC
AGAAAGAAACTCCTGTATATATTCAAACAACCATTTATGCGACCAGTACA
AACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCCAGAAGAAGAAG
AAGGAGGATGTGAACTGCTGAGAGTGAAGTTCAGCAGGAGCGCAGACGCC
CCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAGG
ACGAAGAGAGGAGTACGATGTTTTGGACAAGCGACGTGGCCGGGACCCTG
AGATGGGGGGAAAGCCGCAGAGAAGGAAGAACCCTCAGGAAGGCCTGTAC
AATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGTGAGATTGGGAT
GAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGAC
TCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCTG
CCCCCTCGCGCTAGCGCCACGAACTTCTCTCTGTTAAAGCAAGCAGGCGA
CGTGGAAGAAAACCCCGGTCCCATGGTGAGCAAGGGCGAGGAGGACAACA
TGGCCAGCCTGCCCGCCACCCACGAGCTGCACATCTTCGGCAGCATCAAC
GGCGTGGACTTCGACATGGTGGGCCAGGGCACCGGCAACCCCAACGACGG
CTACGAGGAGCTGAACCTGAAGAGCACCAAGGGCGACCTGCAGTTCAGCC
CCTGGATTCTGGTGCCCCACATCGGCTACGGCTTCCACCAGTACCTGCCC
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TACCCCGACGGCATGAGCCCCTTCCAGGCCGCCATGGTGGACGGCAGCGG
CTACCAGGTGCACAGGACCATGCAGTTCGAGGACGGCGCCAGCCTGACCG
TGAACTACAGGTACACCTACGAGGGCAGCCACATCAAGGGCGAGGCCCAG
GTGAAGGGCACCGGCTTCCCCGCCGACGGCCCCGTGATGACCAACAGCCT
GACCGCCGCCGACTGGTGCAGGAGCARARAGACCTACCCCARACGACAAGA
CCATCATCAGCACCTTCAAGTGGAGCTACACCACCGGCAACGGCAAGAGG
TACAGGAGCACCGCCAGGACCACCTACACCTTCGCCARGCCCATGGCCGC
CAACTACCTGAAGAACCAGCCCATGTACGTGTTCAGARAGACCGAGCTGA
AGCACAGCAAGACCGAGCTGAACTTCAAGGAGTGGCAGAAGGCCTTCACC
GACGTGATGGGCATGGACGAGCTGTACAAGCCCAAGARGAAGAGGAAGGT
GGAGGACCCCCCCGCCGCCAAGAGGGTGAAGCTGGACTAA

110 | Human CD28 |\, o117 121 r RS TOVTG
Signal Peptide
111 | Synthetic. GGGGSGGEGGSGGGESGE
Flexible Linker
Domain
112 Hyman CD8, TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD
Hinge Domain
113 | Human CD28 PSKPFWVLVVVGGVLACYSLLVTVAFIIFWVR
Transmembra
ne Domain
114 Huma_m 4-1BB KRGRKKLLYIFKQPFMRPVQOTTQEEDGCSCRFPEEEEGGCEL
Co-stimulatory
Domain
115 | Human
CD3zet LRVKFSRSADAPAYQQGONQLYNELNLGRREEY DVLDKRRGRDPEMGGKP
zeta
Signaling QORRKNPQEGLYNELQKDKMAEAY SE IGMKGERRRGKGHDGLYQGLSTATK
Domain DTYDALHMQALPPR
116 | M971 scFV

QVQLOOSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIRQSPSRGLEWL
GRTYYRSKWYNDYAVSVKSRITINPDTSKNQFSLOILNSVTPEDTAVYYCA
REVTGDLEDAFDIWGQGTMVTVSSGGGGSDIQMTQSPSSLSASVGDRVTI

-71-




WO 2022/020945

PCT/CA2021/051046

TCRASQTIWSYLNWYQORPGKAPNLLIYAASSLQSGVPSRESGRGSGTDE
TLTISSLOQAEDFATYYCQQSYSIPQTFGOQGTKLEIK

117

FMCB3 scFV

DYKDHDGDYKDHDIDYKDDDDKDIOMTQTTSSLSASLGDRVTISCRASQD
ISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRESGSGSGTDY SLTISNL
EQEDIATYFCQQOGNTLPYTEFGGGTKLEITGSTSGSGKPGSGEGSTKGEVK
LOESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWG
SETTYYNSALKSRLTITIKDNSKSQVELKMNSLOTDDTAIYYCAKHYYYGG
SYAMDYWGQGTSVTVSS

118

Short flexible
linker amino
acid sequence

GGGGS

119 | Bi-specific T ATGGAGTTTGGGCTGAGCTGGGTTTTCCTCGTTGCTCTT TT TAGAGGTGT
cell engager
modular CCAGTGTACAGGAGGGTCTTCG [sdAb_sequence] GAAGACTTCCTTG
construct DNA | GAGGAGGCGGAAGT [anti_CD3 Mab_heavy chain]GGCGGTGGTG
sequence .

GGTCAGGCGGCGGTGGGAGCGGAGGAGGTGGAAGC [anti CD3 Mab I,
Restriction ight chain]CACCACCACCACCACCACTAG
sites in bold -

120 | hCD221ug-36 | 01 vESGGELVOAGGSLRVSCEASGITFSRAAMGHY RORPGKERERVAY
Cloned VNSDSSTIYADSVKGRFTISRDNAKNTVYLOMNSLEPEDTAVY YCWSPGF
Segment GSYWGQGTQVTVSS

121 | hCD221ug-93 | 01 vESGGELVOAGGSLRLSCAASMS SFSQYVMYWY ROAPGRORELVAT
Cloned ITSASSTSYADSVKGRFTISRDNAKSTVY LOMNSLKPEDTAVYYCNAQYG
Segment STFIRKPYDTWGQGTQVTVSS

122 | hCD221ug-10

Cloned
Segment

QVQLVESGGGLVQAGGSLSVSCTASESTESIMMGWEFRQAPGKQREMVAV T
NSAGSTNYADSAEGRFTISRDLAKKTVSLOMNSLKPEDTAVYYCYVDGY F
GQGTQVTVSS
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123 | hCD221ug-81 | 1y 1 vRsGGGLVOAGGSTLRL.SCARSMS SFSQY VMY WY ROAPGKORELVAT
Cloned ITSYSNTNYADSVKGRFTISRDNAKSIAYLOMDSLKPEDTAVY YCNAQYG
Segment STFIRNHWDDWGQGTQVTVSS

124 | hCD22pas-16 | o1 vrsGGGLVOAGGSLRLSCARSGSTFSLKAMAWY ROAPGKORERVGY
Cloned INSDGSYTTDAASVQGRETISRDNAKNTVYLOMNSLKPEDTAVYYCNTMP
Segment PWPWGQGTQVTVSS

125 | hCD221ug-80 | 1R sGGGELVQPGGSTRLSCT FSGFTT.DY YVMGWFRQAPGKEREAVSC
Cloned ITSDGVTYYADSVKGRFTISRDNAKNTVY LOMNRVKPEDTAVY YCAVDKP
Segment FYDGGIQYTCPVDFDSWGQGTQVTVSS

138 | hCD221ug36 | 4 1GerCAGGCTGCTCTTGECTCTCARCTTATTCCCTTCAATTCARGTARC
Example CAR

AGGACAGGTACAGCTGGTGGAGTCTGGGGGAGGCTTGGTGCAGGCTGGGG
GGTCTCTGAGAGTCTCCTGTGAAGCCTCTGGAATCACGTTCAGTCGCGCG
GCCATGGGCTGGTACCGCCAGCGTCCAGGCAAGGAGCGCGAACGAGTCGC
AGTTGTTAATAGTGATAGCAGTACAATATATGCAGACTCCGTGAAGGGCC
GGTTCACCATCTCCAGAGACAATGCCAAGAACACAGTGTATCTGCAAATG
AACAGCCTGGAACCTGAGGACACGGCCGTCTATTACTGTTGGTCCCCAGG
GTTCGGGTCCTACTGGGGCCAGGGGACCCAGGTCACCGTTTCCTCACCTT
TGCGAGACGACGGTGGCGGGGGATCAGGTGGCGTGGAGGTAGCGGGGGAGGG
GGCTCAGGCGGTACAACTACGCCTGCACCTCGCCCACCGACCCCAGCACC
AACCATCGCTTCACAGCCTTTGAGCCTGCGACCAGAGGCATGTCGCCCTG
CTGCGGGCGGTGCCGTTCATACTCGCGGACTTGATTTTGCGTGTGACGTC
GTCTCGCCTTCTAAGCCCTTTTGGGTGCTGGTGGTGGTTGGTGGAGTCCT
GGCTTGCTATAGCTTGCTAGTAACAGTGGCCTTTATTATTTTCTGGGTGA
GGAAACGGGGCAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATG
CGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCC
AGAAGAAGAAGAAGGAGGATGTGAACTGCTGAGAGTGAAGTTCAGCAGGA
GCGCAGACGCCCCCGCGTACCAGCAGGGCCAGAACCAGCTCTATAACGAG
CTCAATCTAGGACGAAGAGAGGAGTACGATGTTTTGGACAAGCGACGTGG
CCGGGACCCTGAGATGGGGGGAAAGCCGCAGAGAAGGAAGAACCCTCAGG

-73-




10

WO 2022/020945

PCT/CA2021/051046

AAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGAGGCCTACAGT
GAGATTGGGATGAAAGGCGAGCGCCGGAGGGGCAAGGGGCACGATGGCCT
TTACCAGGGACTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACA
TGCAGGCCCTGCCCCCTCGC [optional P2A-GFP_marker]

139 | hCD221ug36
Example
Bispecific T-

cell Engager

ATGGAGTTTGGGCTGAGCTGGGTTTTCCTCGTTGCTCTTTTTAGAGGTGT
CCAGTGTACAGGACAGGTACAGCTGGTGGAGTCTGGGGGAGGCTTGGTGC
AGGCTGGGGGGTCTCTGAGAGTCTCCTGTGAAGCCTCTGGAATCACGTTC
AGTCGCGCGGCCATGGGCTGGTACCGCCAGCGTCCAGGCAAGGAGCGCGA
ACGAGTCGCAGTTGTTAATAGTGATAGCAGTACAATATATGCAGACTCCG
TGAAGGGCCGGTTCACCATCTCCAGAGACAATGCCAAGAACACAGTGTAT
CTGCAAATGAACAGCCTGGAACCTGAGGACACGGCCGTCTATTACTGTTG
GTCCCCAGGGTTCGGGTCCTACTGGGGCCAGGGGACCCAGGTCACCGTTT
CCTCACCTTTGCGAGACGACGGTGGCGGGGGATCAGGTGGTGGAGGTAGC
GGGGGAGGGGGCTCAGGCGGTACAACTACGCCTGCACCTCGCCCACCGALC
CCCAGCACCAACCATCGCTTCACAGCCTTTGAGCCTGCGACCAGAGGCAT
GTCGCCCTGCTGCGGGCGGTGCCGTTCATACTCGCGGACTTGATTTTGCG
TGTGACGTCGTCTCGCTTGGAGGAGGCGGAAGT [CD3_specific_scF
V_heavy chain] GGCGGTGGTGGGTCAGGCGGCGGTGGGAGCGGAGGA
GGTGGAAGC [CD3_specific_scFV_light chain] CACCACCACC
ACCACCACTAG

[00881] For the example CAR construct comprising antibody hCD221ug36 (SEQ ID

NO: 138):

[00882] — positions 1-54 correspond to the signal peptide,

[00883] — positions 55-396 correspond to antibody 1ug36 ABD (but could,
alternatively, be any other anti-CD22 sdAb described herein),

[00884] — positions 397-606 correspond to the (G4S)3-human CD8a hinge and

restriction scars,

[00885] — positions 607-702 correspond to the human CD28 transmembrane domain,

and
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[00886] — positions 703-828 correspond to the human 41BB co-stimulatory domain,
and

[00887] — positions 829-1170 correspond to human CD3-zeta signaling domain.
[00888] For the purposes of experimentation and testing, the construct thereafter

comprises an optional in-frame P2A-GFP marker.

[00889] For the example bispecific T-cell engager construct comprising antibody
hCD221ug36 (SEQ ID NO: 139):

[00890] — positions 1-72 correspond to the signal peptide and restriction scar
[00891] — positions 64-405 correspond to antibody hCD221ug36 (but could,
alternatively, be any other anti-CD22 sdAb described herein)

[00892] — positions 406-633 correspond to the (G4S)3-hCD8a-(G4S) linker domain
(also contains restriction sites for modular hinge)

[00893] — positions 633 and 634 are separated by the heavy chain for an CD3-specific
murine scFv

[00894] — positions 634-678 correspond to the (G4S)3 linker, and

[00895] — positions 678-679 are separated by correspond to the light chain for the

CD3-specific murine scFv.

[00896] For the purposes of experimentation and testing, the construct thereafter
comprises positions 679 to 699, which correspond to a 6x His tag and stop codon.

[00897] For the example antibody sequences corresponding to SEQ ID NOs: 120-125
depicted in Table 3, it will be noted that there are sequences differences, particularly towards
the amino terminus. Specifically, positions 1, 3, and 5 are Q, Q, V, respectively (compare
SEQ ID NOs; 120 and 121 in Table 3 vs. VHH#22 (SEQ ID NO: 86) and VHH#11 (SEQ ID
NO: 93) in Tables 1 and 3). Without being bound by theory, these sequences differences
may contribute to stability and/or protease resistance (see Hussack G et al. Protein
Engineering Design & Selection. 2014; 27(6); 191-198). Accordingly, embodiments
multivalent antibodies and CARs embodiments disclosed herein encompass variants
comprising any one of the sdAbs disclosed herein modified to comprise Q, Q, and V at

positions 1, 3, and 5, respectively.

[00898] Chimeric Antibody Receptors & Related Embodiments
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[00899] In one aspect, there is provided a chimeric antibody receptor (CAR), which
binds to human CD22, comprising the VHH sdAb as defined herein.
[00900] “Chimeric antigen receptors” are receptor proteins engineered to give T

cells the new ability to target a specific protein. The receptors are chimeric because they
combine both antigen-binding and T-cell activating functions into a single receptor (see
Stoiber et al. Limitations in the Design of Chimeric Antigen Receptors for Cancer Therapy.
Cells. 2012; 8(5): 472 and van der Stegen et al. The pharmacology of second-generation
chimeric antigen receptors. Nat Rev Drug Discov. 2019; 14(7): 499-509).

[00901] In one embodiment, the CAR comprises, in N-terminal to C-terminal direction:
[00902] - a CD22 binding domain comprising the sdAb as defined in any one
of claims 1 to 27,

[00903] - a polypeptide hinge,

[00904] - a transmembrane domain, and

[00905] - a cytoplasmic domain comprising a co-stimulatory domain and a

signaling domain.

[00906] The term “polypeptide hinge” used herein generally means any oligo- or
polypeptide that functions to link the extracellular ligand-binding domain to the
transmembrane domain. In particular, hinge region are used to provide more flexibility and
accessibility for the extracellular ligand-binding domain. A hinge region may comprise up to
300 amino acids, preferably 10 to 100 amino acids and most preferably 25 to 50 amino acids.
Hinge region may be derived from all or part of naturally occurring molecules, such as from
all or part of the extracellular region of CD8, CD4 or CD28, or from all or part of an antibody
constant region. Alternatively the hinge region may be a synthetic sequence that corresponds
to a naturally occurring hinge sequence, or may be an entirely synthetic hinge sequence.
[00907] In one embodiment, the polypeptide hinge is a CD8 hinge domain. In one
embodiment, the CD8 hinge domain comprises SEQ ID NO: 112. In one embodiment, the
CD8 hinge domain is at least 80% identical to SEQ ID NO: 112. In one embodiment, hinge
domain is at least 90% identical to SEQ ID NO: 112. In one embodiment, the hinge domain is
at least 95% identical to SEQ ID NO: 112. In one embodiment, the hinge domain is at least
98% identical to SEQ ID NO: 112.
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[00908] The term “transmembrane domain” indicates a polypeptide having the ability
to span a cell membrane and thereby link the extracellular portion of the CAR (which
comprises the CD22-bindin portion) to the intracellular portion responsible for signaling.
Commonly used transmembrane domains for CARs have been derived from CD4, CD8q,
CD28 and CD3¢.

[00909] In one embodiment, the transmembrane domain is a CD28 transmembrane
domain. In one embodiment, the CD28 transmembrane domain comprises SEQ ID NO: 113.
In one embodiment, the transmembrane domain is at least 80% identical to SEQ ID NO: 113.
In one embodiment, the transmembrane domain is at least 90% identical to SEQ ID NO: 113.
In one embodiment, the transmembrane domain is at least 95% identical to SEQ ID NO: 113.
In one embodiment, the transmembrane domain is at least 98% identical to SEQ ID NO: 113.
[00910] The term “cytoplasmic domain” (also termed a “signal transduction domain”)
refers to the intracellular portion of the CAR that is responsible for intracellular signaling
following the binding of extracellular ligand binding domain to the target resulting in the
activation of the immune cell and immune response. In other words, cytoplasmic domain is
responsible for the activation of at least one of the normal effector functions of the immune
cell in which the CAR is expressed. For example, the effector function of a T cell can be a
cytolytic activity or helper activity including the secretion of cytokines. Thus, the term
“cytoplasmic domain” refers to the portion of a protein which transduces the effector signal
and directs the cell to perform a specialized function. It is common for such cytoplasmic
domains to comprise a co-stimulatory domain in addition to a signaling domain.

[00911] The term “signaling domain” refers to the portion of a protein which
transduces the effector signal and directs the cell to perform a specialized function.
Examples of signal transducing domain for use in a CAR can be the cytoplasmic sequences
of the T cell receptor and co-receptors that act in concert to initiate signal transduction
following antigen receptor engagement, as well as any derivate or variant of these
sequences and any synthetic sequence that has the same functional capability. Signal
transducing domain comprises two distinct classes of cytoplasmic signaling sequence, those
that initiate antigen-dependent primary activation, and those that act in an antigen-
independent manner to provide a secondary or co-stimulatory signal. Primary cytoplasmic

signaling sequence can comprise signaling motifs which are known as immunoreceptor
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tyrosine-based activation motifs or ITAMs. ITAMs are well defined signaling motifs found in
the intracytoplasmic tail of a variety of receptors that serve as binding sites for syk/zap70
class tyrosine kinases. Non-limiting examples of signaling domains used in the invention can
include those derived from TCRzeta, common FcR gamma (FCERIG), Fcgamma Rlla,
FcRbeta (Fc Epsilon Rib), FcRepsilon, CD3 zeta, CD3gamma, CD3delta, CD3epsilon, CD5,
CD22, CD79a, CD79b, CD66d, DAP10, or DAP12. In a preferred embodiment, the signaling
transducing domain of the CAR can comprise the CD3zeta signaling domain.

[00912] In one embodiment, the signaling domain is a CD3-zeta signaling domain. In
one embodiment, the CD3-zeta signaling domain comprises SEQ ID NO: 115. In one
embodiment, the signaling domain is at least 80% identical to SEQ ID NO: 115. In one
embodiment, the signaling domain is at least 90% identical to SEQ ID NO: 115. In one
embodiment, the signaling domain is at least 95% identical to SEQ ID NO: 115. In one
embodiment, the signaling domain is at least 98% identical to SEQ ID NO: 115.

[00913] The term “co-stimulatory domain” refers to the cognate binding partner on a
T-cell that specifically binds with a co-stimulatory ligand, thereby mediating a co-stimulatory
response by the cell, such as, but not limited to proliferation. Co-stimulatory molecules
include, but are not limited to, an MHC class | molecule, BTLA and Toll ligand receptor.
Examples of costimulatory molecules include CD27, CD28, 4-1BB (CD137), OX40, CD30,
CD40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT,
NKG2C, B7-H3 and a ligand that specifically binds with CD83, CDS, ICAM-1, GITR, BAFFR,
HVEM (LIGHTR), SLAMF7, NKp80 (KLRF1), CD160, CD19, CD4, CD8alpha, CD8beta, IL2R
beta, IL2R gamma, IL7R alpha, ITGA4, VLA1, CD49a, ITGA4, I1A4, CD49D, ITGAB, VLA-6,
CD49f, ITGAD, CDI Id, ITGAE, CD103, ITGAL, CDlla, LFA-1, ITGAM, CDIIb, ITGAX, CDllc,
ITGB1, CD29, ITGB2, CD18, LFA-1, ITGB7, TNFR2, TRANCE/RANKL, DNAM1 (CD226),
SLAMF4 (CD244, 2B4), CD84, CD96 (Tactile), CEACAM1, CRTAM, Ly9 (CD229), CD160
(BY55), PSGL1, CD100 (SEMA4D), CD69, SLAMF6 (NTB-A, Lyl08), SLAM (SLAMF1,
CD150, IPO-3), BLAME (SLAMF8), SELPLG (CD162), LTBR, LAT, GADS, SLP-76,
PAG/Cbp, NKp44, NKp30, NKp46, and NKG2D or a combination thereof.

[00914] In one embodiment, the co-stimulatory domain is a 4-1BB co-stimulatory
domain. In one embodiment, the 4-1BB signal transduction domain comprises SEQ ID NO:

114. In one embodiment, the co-stimulatory domain is at least 80% identical to SEQ ID NO:
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114. In one embodiment, the co-stimulatory domain is at least 90% identical to SEQ ID NO:
114. In one embodiment, the co-stimulatory domain is at least 95% identical to SEQ ID NO:
114. In one embodiment, the co-stimulatory domain is at least 98% identical to SEQ ID NO:
114,

[00915] In one embodiment, CAR further comprises a flexible amino acid linker
between the sdAb and the polypeptide hinge. In one embodiment, the amino acid linker
comprises SEQ ID NO: 111. In one embodiment, the amino acid linker is at least 80%
identical to SEQ ID NO: 111. In one embodiment, the amino acid linker is at least 90%
identical to SEQ ID NO: 111. In one embodiment, the amino acid linker is at least 95%
identical to SEQ ID NO: 111. In one embodiment, the amino acid linker is at least 98%
identical to SEQ ID NO: 111.

[00916] In one embodiment, the CAR further comprises a signal peptide.

[00917] In one embodiment, the signal peptide is a signal peptide from human CD28.
In one embodiment, the signal peptide from human CD28 comprises SEQ ID NO: 110. In
one embodiment, the signal peptide is at least 80% identical to SEQ ID NO: 110. In one
embodiment, the signal peptide is at least 90% identical to SEQ ID NO: 110. In one
embodiment, the signal peptide is at least 95% identical to SEQ ID NO: 110. In one
embodiment, the signal peptide is at least 98% identical to SEQ ID NO: 110.

[00918] In one embodiment, the CAR is encoded by SEQ ID NO: 119.

[00919] In one embodiment, the sdAb comprises SEQ ID NO: 86 (hCD221ug-36),
SEQ ID NO: 83 (hCD221ug-10), SEQ ID NO: 87 (hCD221ug-61), SEQ ID NO: 82
(hCD221ug-6), SEQ ID NO: 88 (hCD221ug-74), SEQ ID NO: 85 (hCD221ug-14), SEQ ID
NO: 102 (hCD22pas-33), or SEQ ID NO: 84 (hCD221ug-13).

[00920] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 1, a CDR2 amino acid sequence as set forth in SEQ ID NO: 2, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 3 (hCD221ug-6).

[00921] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 4, a CDR2 amino acid sequence as set forth in SEQ ID NO: 5, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 6 (hCD221ug-10).
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[00922] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 7, a CDR2 amino acid sequence as set forth in SEQ ID NO: 8, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 9 (hCD221ug-13).

[00923] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 10, a CDR2 amino acid sequence as set forth in SEQ ID NO: 11, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 12 (hCD221ug-14).

[00924] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 13, a CDR2 amino acid sequence as set forth in SEQ ID NO: 14, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 15 (hCD221ug-36).

[00925] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 16, a CDR2 amino acid sequence as set forth in SEQ ID NO: 17, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 18 (hCD221ug-61).

[00926] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 19, a CDR2 amino acid sequence as set forth in SEQ ID NO: 20, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 21 (hCD221ug-74)

[00927] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 22, a CDR2 amino acid sequence as set forth in SEQ ID NO: 23, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 24 (hCD221ug-75).

[00928] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 25, a CDR2 amino acid sequence as set forth in SEQ ID NO: 26, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 27 (hCD221ug-77).

[00929] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 28, a CDR2 amino acid sequence as set forth in SEQ ID NO: 29, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 30 (hCD221ug-80).

[00930] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 31, a CDR2 amino acid sequence as set forth in SEQ ID NO: 32, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 33 (hCD221ug-87).

[00931] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 34, a CDR2 amino acid sequence as set forth in SEQ ID NO: 35, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 36 (hCD221ug-93).
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[00932] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 37, a CDR2 amino acid sequence as set forth in SEQ ID NO: 38, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 39 (hCD22100ug-2).

[00933] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 40, a CDR2 amino acid sequence as set forth in SEQ ID NO: 41, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 42 (hCD22100ug-62).

[00934] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 43, a CDR2 amino acid sequence as set forth in SEQ ID NO: 44, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 45 (hCD22100ug-66).

[00935] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 46, a CDR2 amino acid sequence as set forth in SEQ ID NO: 47, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 48 (hCD22pas-10).

[00936] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 49, a CDR2 amino acid sequence as set forth in SEQ ID NO: 50, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 51 (hCD22pas-16).

[00937] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 52, a CDR2 amino acid sequence as set forth in SEQ ID NO: 53, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 54 (hCD22pas-23).

[00938] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 55, a CDR2 amino acid sequence as set forth in SEQ ID NO: 56, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 57 (hCD22pas-24).

[00939] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 58, a CDR2 amino acid sequence as set forth in SEQ ID NO: 59, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 60 (hCD22pas-32).

[00940] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 61, a CDR2 amino acid sequence as set forth in SEQ ID NO: 62, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 63 (hCD22pas-33).

[00941] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 64, a CDR2 amino acid sequence as set forth in SEQ ID NO: 65, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 66 (hCD22pas-48).
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[00942] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 67, a CDR2 amino acid sequence as set forth in SEQ ID NO: 68, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 69 (hCD22pas-55).

[00943] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 70, a CDR2 amino acid sequence as set forth in SEQ ID NO: 71, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 72 (hCD22pas-64).

[00944] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 73, a CDR2 amino acid sequence as set forth in SEQ ID NO: 74, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 75 (hCD22pas-72).

[00945] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 76, a CDR2 amino acid sequence as set forth in SEQ ID NO: 77, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 78 (hCD22pas-79).

[00946] In one embodiment, the sdAb comprises a CDR1 amino acid sequence as set
forth in SEQ ID NO: 79, a CDR2 amino acid sequence as set forth in SEQ ID NO: 80, and a
CDR3 amino acid sequence as set forth in SEQ ID NO: 81 (hCD22pas-82).

[00947] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 82.

[00948] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 83.

[00949] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 84.

[00950] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 85.

[00951] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 86.

[00952] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 87.

[00953] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 88.

[00954] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 89.
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[00955] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 90.

[00956] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 91.

[00957] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 92.

[00958] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 93.

[00959] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 94.

[00960] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 95.

[00961] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 96.

[00962] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 97.

[00963] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 98.

[00964] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 99.

[00965] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 100.

[00966] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 101.

[00967] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 102.

[00968] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 103.

[00969] In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 104.
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[00989]
[00990]
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In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 105.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 106.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 107.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 108.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 120.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 121.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 122.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 123.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 124.
In one embodiment, the sdAb comprises a CDR1, CDR2, and CDR2 of the
sdAb sequence set forth in SEQ ID NO: 125.

In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
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[00991]
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[001001]
[001002]
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In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
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In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
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In one embodiment, the sdAb comprises SEQ ID NO:
In one embodiment, the sdAb comprises SEQ ID NO:
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In one embodiment, the sdAb comprises SEQ ID NO:
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In one embodiment, the sdAb comprises SEQ ID NO:
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93.
94.
95.
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In one embodiment, the CAR further comprises a second CD22 binding

domain positioned N-terminally or C-terminally with respect to the first CD22 binding domain,

and may be spaced apart from the first CD22 binding domain by an amino acid linker.

[001014]

In one embodiment, the second CD22 binding domain comprises and sdAb

that is the same as the sdAb of the first CD22 binding domain. These embodiments are

referred to herein as “double binders”. For example, the first and second CD22 binding

domains may both comprise antibody 1ug36.

[001015]

In another embodiment, the second CD22 binding domain comprises an sdAb

that is different to the sdAb of the first CD22 binding domain. These embodiments are
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referred to herein as “bi-paratopic”. In this embodiment, the sdAb of the second CD22
binding domain may bind to a different epitope of CD22 to that bound by the sdAb of the first
CD22 binding domain. For example, the CAR may comprise a first CD22 binding domain
that comprises sdAb 1ug36 and a second CD22 binding domain that comprises sdAb 1ug74.
For example, 1ug36 may be positioned N-terminally to 1ug74 (see, e.g., the schematic in
Figure 30). A “different epitope” may alternatively be an epitope that overlaps that bound by
the sdAb of the first CD22 binding domain. Alternatively, the sdAb may bind to the same
epitope to that bound by the sdAb of the first CD22 binding domain.

[001016] In one embodiment, the CAR further comprises an additional binding domain
that binds to a target molecule other than CD22. These embodiments are referred to herein
as “tandem constructs”. The additional binding domain may comprise an additional sdAb.
The additional binding domain may be positioned N-terminally or C-terminally with respect to
the CD22 binding domain. The additional binding domain may be separated from the CD22
binding domain by an amino acid linker. In one embodiment, the target molecule bound by
the additional binding domain is expressed by a target cell that also expresses CD22,
thereby providing a CAR having dual affinity for the same target cell. For example, the target
molecule other than CD22 may be B-cell maturation antigen (BCMA). The CD22 binding
domain may comprise, for example, sdAb 1ug36 and the additional binding domain may
comprise an anti-BCMA sdAb (see, e.g., the schematic depicted in Figure 33).

[001017] In some embodiments, the tandem constructs may comprise a third binding
domain that targets yet another target molecule distinct from CD22 and distinct from that
bound by additional binding domain. Such constructs are referred to herein as “multi-
binders”.

[001018] In some embodiments, the CAR is a sequence variant of one of the above
CARs having 80%, 90%, 95%, 98%, or 99% identity thereto. In some embodiments, the
variant retains substantially the same binding specificity as the parent molecule from which it
is derived. In some embodiments the variant retains substantially the same binding affinity as
the parent molecule from which it is derived

[001019] Nucleic Acids & Vectors

[001020] In one aspect, there is provided a recombinant nucleic acid molecule encoding
the CAR as defined herein.
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[001021] In one aspect, there is provided a vector comprising the recombinant nucleic
acid molecule as defined herein. In one embodiment, the vector is a viral vector. In one
embodiment, the viral vector is a lentivirus vector.

[001022] Viral Particles

[001023] In one aspect, there is provided a recombinant viral particle comprising the
recombinant nucleic acid as defined herein. In one embodiment, the recombinant viral
particle is a recombinant lentiviral particle.

[001024] Cells

[001025] In one aspect, there is provided a cell comprising the recombinant nucleic acid
molecule as defined herein.

[001026] In one aspect, there is provided an engineered cell expressing at the cell
surface membrane the CAR as defined herein. In one embodiment, the engineered cell is an
immune cell. In one embodiment, the immune cell is a T-lymphocyte or is derived from T-
lymphocytes.

[001027] Use & Methods

[001028] “CAR-T” cell therapy uses T cells engineered with CARs for cancer therapy.
The premise of CAR-T immunotherapy is to modify T cells to recognize disease cells,
typically cancer cells, in order to more effectively target and destroy them. Generally, T are
genetically altered to express a CAR, and these cells are infused into a patient to attack their
tumors. CAR-T cells can be either derived from T cells in a patient's own blood (autologous)
or derived from the T cells of another healthy donor (allogeneic).

[001029] In one aspect, there is providing a use of the nucleic acid, vector, or viral
partical as described herein for preparation of cells for CAR-T.

[001030] In one aspect, there is providing a method of preparing cells for CAR-T
comprising contacting a T-cell with the viral particle as described herein. In one embodiment,
the T-cell is from a donor. In one embodiment, the T-cell is from a patient.

[001031] In one aspect, there is providing a method of preparing cells for CAR-T
comprising introducing into a T-cell the nucleic acid or vector as described herein. In one
embodiment, the T-cell is from a donor. In one embodiment, the T-cell is from a patient.
[001032] In one aspect, there is provided a use of the CAR or of the engineered cell as

described herein for treatment of a cancer or an auto-immune disease. In one embodiment,
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the cancer is a hematological malignancy. In one embodiment, the hematological malignancy
is a leukemia, a lymphoma, or a myelodysplastic syndrome. In one embodiment, the
leukemia is acute lymphoid leukemia (ALL) or chronic lymphoid leukemia (CLL). In one
embodiment, the lymphoma is selected from the group consisting of multiple myeloma, non-
Hodgkin's lymphoma, Burkitt's lymphoma, small cell follicular lymphoma, and large cell
follicular lymphoma. In one embodiment, the auto-immune disease is an inflammatory
disease. In one embodiment, the auto-immune disease is lupus. In one embodiment, the
auto-immune disease is multiple sclerosis. In one embodiment, the auto-immune disease is
autoimmune diabetes.

[001033] In one embodiment, the method further comprises an initial step of obtaining
cells from a patient or donor and introducing the recombinant nucleic acid molecule or vector
encoding the CAR, as described herein.

[001034] In one embodiment, the method further comprises an initial step of obtaining
cells from a patient or donor and contacting the cells with the viral particle, as described
herein.

[001035] In one aspect, there is provided a use of the CAR or of the engineered cell as
described herein for preparation of a medicament treatment of a cancer or an auto-immune
disease. In one embodiment, the cancer is a hematological malignancy. In one embodiment,
the hematological malignancy is a leukemia, a lymphoma, or a myelodysplastic syndrome. In
one embodiment, the leukemia is acute lymphoid leukemia (ALL) or chronic lymphoid
leukemia (CLL). In one embodiment, the lymphoma is selected from the group consisting of
multiple myeloma, non-Hodgkin's lymphoma, Burkitt's lymphoma, small cell follicular
lymphoma, and large cell follicular lymphoma. In one embodiment, the auto-immune disease
is an inflammatory disease. |n one embodiment, the auto-immune disease is lupus. In one
embodiment, the auto-immune disease is multiple sclerosis. In one embodiment, the auto-
immune disease is autoimmune diabetes.

[001036] In one aspect, there is provided the CAR or the engineered cell as described
herein for use in treatment of a cancer or an auto-immune disease. In one embodiment, the
cancer is a hematological malignancy. In one embodiment, the hematological malignancy is
a leukemia, a lymphoma, or a myelodysplastic syndrome. In one embodiment, the leukemia

is acute lymphoid leukemia (ALL) or chronic lymphoid leukemia (CLL). In one embodiment,
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the lymphoma is selected from the group consisting of multiple myeloma, non-Hodgkin's
lymphoma, Burkitt's lymphoma, small cell follicular lymphoma, and large cell follicular
lymphoma. In one embodiment, the auto-immune disease is an inflammatory disease. In one
embodiment, the auto-immune disease is lupus. In one embodiment, the auto-immune
disease is multiple sclerosis. In one embodiment, the auto-immune disease is autoimmune
diabetes.

[001037] In one aspect there is provided a method of treating a cancer or an auto-
immune disease in a subject, comprising administering to the subject the engineered cell as
defined herein. In one embodiment, the hematological malignancy is a leukemia, a
lymphoma, or a myelodysplastic syndrome. In one embodiment, the leukemia is acute
lymphoid leukemia (ALL) or chronic lymphoid leukemia (CLL). In one embodiment, the
lymphoma is selected from the group consisting of multiple myeloma, non-Hodgkin's
lymphoma, Burkitt's lymphoma, small cell follicular lymphoma, and large cell follicular
lymphoma. In one embodiment, the auto-immune disease is an inflammatory disease. In one
embodiment, the auto-immune disease is lupus. In one embodiment, the auto-immune
disease is multiple sclerosis. In one embodiment, the auto-immune disease is autoimmune

diabetes.

[001038] EXAMPLES

[001039] The following Examples outline embodiments of the invention and/or studies
conducted pertaining to the invention. While the Examples are illustrative, the invention is in
no way limited the following exemplified embodiments.

[001040] Introduction to the Examples

[001041] Previous trials using CD22-targeted CAR-T have all used single-chain variable
fragment (scFv) based on mouse monoclonal antibodies, which poses many complexities of
domain pairing (VH:VL pairing) such as expression level, stability, etc. This may eventually
limit the productivity and effectiveness of the final CAR-T constructs. The approach described
herein utilizes camelid single domain antibodies (nanobodies) for CAR targeting as
alternative to scFv antibody domains. The applicability of camelid single domain antibodies
as soluble, stable and modular domains for a number of therapeutic applications has well-
been established with the first FDA-approved bivalent nanobody in 2018. Therefore,
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nanobodies present an excellent building block in CAR-T molecules, allowing to build a pool
of functional CAR-T constructs, therefore, increasing the chance of screening much more
effective CAR-T cells for the treatment of non-solid tumor cells.

[001042] In addition these nanobodies could also be utilized to develop additional safe
and efficacious immunotherapy regimens including but not limited to naked or drug
conjugated antibody therapies and bi-specific immune cell engagers.

[001043] The approach described herein uses single domain antibodies (sdAb) derived
from an immunized llama. These sdAb sequences specifically bind to CD22 antigen which is
specifically expressed on human B cells and B-cell leukemia. Using the sdAb sequences, a
novel chimeric receptor sequence that combines CD22 specific sdAb with T cell signaling
molecules has been generated (in the form of 41BB, CD28 or other co-stimulation domain
and CD3zeta signaling domains). In addition to chimeric antigen receptor applications, these
CD22 targeting antibodies may be useful for developing other forms of immunotherapies
including but not limited to bi-specific/tri-specific T or NK cell engager applications, antibody-

drug conjugates, or as naked antibodies.

[001044] Example 1: sdAb Antibody Production
[001045] Introduction
[001046] Single domain antibodies (sdAbs) (also known as VHHSs or nanobodies)

derived from the variable domains of the camelid heavy chain, are characteristically stable
with functional N-terminal domain fully capable of antigen binding. In addition to their small
size, sdAbs possess high affinity, solubility, low immunogenicity in humans due to their high
homology to human VH3 family, high expression levels in microorganisms such as E.colj,
and remarkable stability at high temperature, extreme pH and high salt concentrations. Due
to their superb antibody engineering potential, sdAbs are considered as ideal building blocks
for bi- and multi-specific therapeutic reagents. Notable examples include the first FDA-
approved bivalent anti-vWF nanobodies (Caplacizumab, 2019) and ten other therapeutic
nanobodies, in bi-/multi-valent or bi-/multi-specific formats, which have been advanced into
pre-clinical and clinical development by Ablynx/Sanofi and other biopharmaceutical

companies thus far.
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[001047] sdAbs are also ideal building blocks for the generation of Chimeric Antigen
Receptor (CAR), whereby cancer-specific antigen binding domains (scFv, Fab) of
conventional IgGs are genetically fused with immune cell activating domains to generated
“armored” Immune T lymphocytes (CAR-T) that seek and kill specific cells that harbor the
targeting antigen(s). Applying sdAbs in CAR-T constructs reduces domain complexity of
scFv/Fab fragments and significantly increases the productivity and effectiveness of the final
CAR-T constructs. It also allows additional specificity (against a second cancer biomarker) to
be added to the CAR-T construct (i.e., to generate bi-specific CAR-T cell), therefore,
increasing the chance of screening much more effective CAR-T cells for the treatment of
haematological tumors. Similarly, these sdAbs are ideal candidates for the development of
other forms of immunotherapies such as bi-, tri- and multi-specific immune cell engagers.
[001048] This study aimed to generate functional camelid sdAbs against the ecto-
domian of CD22 which is a B-cell restricted leukemia antigen for development of
immunotherapies including but not limited to CAR-T therapies, bi-, tri- and multi- specific
immune engager therapies, naked therapeutic antibodies with appropriate human IgG
fusions. These therapies are intended for use as treatment modalities for cancer, auto-
immune and inflammatory diseases. Examples are presented of the use of these sdAb
sequences for developing CAR-T and bi-specific immune engagers with effective anti-tumor
activity.

[001049] Materials and Methods

[001050] Cloning and expression of CD22-ECD

[001051] The gene encoding the extracellular domain of human predominant CD22-
beta isoform was cloned into pTT5: NRC proprietary mammalian expression vector. Upon
transfection of NRC CHO-3E7 cells, the cells were grown in a 1L flask and the expressed
protein containing a C-terminal 6xHis tag was purified by Immunoaffinity chromatography
(IMAC) followed by Size Exclusion Chromatography and analyzed on SDS-PAGE.

[001052] Llama Immunizations.

[001053] A llama was immunized with the recombinant ECD domain of CD22 antigen.
For each injection, 100 ug of recombinant human CD22 protein in a total volume of 0.5 mL
was mixed with an equal volume of complete (first injection) and incomplete Freund’s

adjuvant (subsequent injection) and was injected, subcutaneously. Five injections were
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performed at approximately two week intervals and blood was collected after the third
injection and 7 days after the last injection.

[001054] RNA Isolation and PCR amplification

[001055] Total RNA was isolated from approximately 1 X 107 lymphocytes collected
from day 49 of the immunization protocol with a QlIAamp RNA blood mini kit (QIAGEN
Sciences, Mississauga, ON) and according to the kit instructions. About 5 pg of total RNA
was used as template for first strand cDNA synthesis with an oligo dT primer using a first-
strand cDNA synthesis kit (Amersham Biosciences, USA). Based on the Camelidae and
llama immunoglobulin databases, three variable domain sense primers (MJ1-3) and two CH2
domain antisense primers (CH2 and CH2b3) were designed (Baral TN et a/ 2013). The first
PCR was performed with the cDNA as template and the variable regions of both conventional
(1gG1) and heavy chain antibodies (IgG2 and 1IgG3) were amplified with combinations of
MJ1-3/CH2 and MJ1-3/CH2b primers in two separate reactions. The PCR reaction mixtures
contained the following components: 2 uL cDNA, 5 pmol of MJ1-3 primer mixture, 5 pmol of
either CH2 or CH2b primer, 5 pL of 10X reaction buffer, 3 yL of 2.5 mM dNTP, 2.5 units of
Taq DNA polymerase (Roche Applied Science, Indianapolis, IN) and water to a final volume
of 50 pL. The PCR protocol consisted of an initial step at 94°C for 3 minutes followed by 30
cycles of 94°C for 30 seconds, 55°C for 30 seconds, 72°C for 1 minute and a final extension
step at 72°C for 7 minutes. The amplified PCR products were run onto a 2% agarose gel and
consisted of two major bands of about 850 bp corresponding to conventional IgG1 and about
600 bp (550-650bp) corresponding to heavy chain antibodies. The smaller bands were cut
out of the gel, purified with a QIAquick gel extraction kit (QIAGEN Inc.) and re-amplified in a
second PCR reaction containing 1 pL of the purified DNA template, 5 pmol each of MJ7, a
VH sense primer with a Sfil restriction site, underlined, (5°- CAT GTG TAG ACT CGC GGC
CCA GCC GGC CAT GGC C-3) and MJ8, an antisense primer with a Sfil restriction enzyme
site, underlined, (5’- CAT GTG TAG ATT CCT GGC CGG CCT GGC CTG AGG AGA CGG
TGA CCT GG), 5 uL of 10X reaction buffer, 3 uL of 2.5 mM dNTP, 2.5 unit of Tag DNA

polymerase (Roche Applied Science, Indianapolis, IN) and water to a final volume of 50 pL.

The PCR protocol consisted of an initial step at 94°C for 3 minutes followed by 30 cycles of
94°C for 30 seconds, 57°C for 30 seconds, 72°C for 1 minute and a final extension step at
72°C for 7 minutes. The amplified PCR products (about 400-450bp) that correspond to VHH
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fragments of heavy chain antibodies were purified with a QlAquick PCR purification kit
(QIAGEN Inc.), digested with Sfil (New England BioLabs ) and re-purified with the same kit
[001056] Library Construction

[001057] Thirty ug of pMED1 (Arbabi-Ghahroudi et al. 2009) DNA was digested with Sfi/
overnight at 50°C. To minimize the chance of self-ligation, the digestion was continued for
additional 2 hours at 37°C by adding 20 units of both Xho! and Pst/ restriction enzymes. For
library construction, 10 ug of phagemid DNA was ligated with 1.75 ug of VHH fragments and
incubated for 2 hours at room temperature using the LigaFast DNA ligation system
(Promega, Corp., Madison, WI) and according to the recommended protocol. The ligated
product was electroporated into competent E. coli TG1cells (Stratagene, Cedar Creek, TX).
Transformed bacterial cells were diluted in SOC medium and incubated for 1 hour at 37°C
with slow shaking. The size of library was calculated by plating aliquots on LB-Amp. The
VHH fragments from 96 colonies were PCR-amplified and sequenced for diversity analysis.
The library was aliquoted and stored at -80°C.

[001058] Library Panning and Screening

[001059] Two strategies of biotinylated and passive absorption were used for the
panning of the CD22-immune library:

[001060] a) Biotinylated CD22 ECD panning:

[001061] The constructed LPAR1 Library 2 with a size of 3.3x107 was phage-recued
and the phage titer of 1.4x10° cfu/uL was used to pan against the CD22 ECD antigen

previously biotinylated by using EZ-link sulfo-NHS-LC-LC-Biotin (Thermoscientific
cat#21338). Four rounds of panning was performed with alternating blocking buffers [e.g.
Starter Block (Thermo Fisher Cat#37559) for rounds1, 3 and biotin-free casein for rounds 2,
4. Panning was alternated between both Pierce™ streptavidin coated wells (Round 1, 3)
(Thermoscientific cat#15501; lot#TF252884) and Pierce™ neutravidin coated wells (Round 2,
4) (Thermoscientific cat#15508; 1ot#SK253835). Two wells and either one or two microfuge
tubes were first incubated in appropriate blocking buffer overnight at 4°C.

[001062] The next day, library input phage(~3x10'") was added to one of the blocked
streptavidin wells in appropriate blocking buffer for 1 hour at room temperature then
transferred to the blocked microfuge tube and mixed with biotinylated CD22 antigen. In

subsequent rounds, ~3x10"" of input phage from each round of amplified phage was used. In
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the first round 1ug of biotinylated CD22 antigen was used. In subsequent rounds both 1ug
and 100ng of antigen were used. After an hour Incubation at room temperature the input
phage/biotinylated CD22 mixture was transferred to the other blocked streptavidin well and
incubated for 30 minutes at room temperature. This was followed with wash steps {3 x 300
pL PBS-T (PBS + 0.05% Tween 20) (quick); 2 x 300 uL PBS-T + (PBS + 0.05% Tween 20)
(incubate 5 minutes each wash); 3 x 300 pL PBS (quick); 2 x 300 pyL PBS (incubate 5
minutes each wash)} and elution with 100 pL of 100 mM TEA. Phage were then removed
from wells and neutralized with 50 pL of 1M Tris-HCI pH 7.4 in a new tube. 3mL of
exponentially growing TG1 E.coli culture previously grown at 37°C, 250 rpm, until ODsgo = 0.5
in 2YT + 2% glucose in a 15 mL Falcon tube, was infected with the eluted phage. A 100 uL
aliquot of uninfected TG1 E.coli cells was set aside as a control. Eluted phage were
Incubated at 37°C for 30 minutes with no shaking and then an aliquot was used for titer
(dilutions of 102 to 108) and plating on 2YT plates overnight at 32°C. The remaining 3 mL of
infected TG1 culture, proceeded with overnight phage amplification using M13KO7 helper
phage (~1x10'° cfu).

[001063] The next day the eluted titers were calculated to determine the amount of input
phage for the subsequent round. The cell culture containing the amplified phage was
centrifuged at 5000rpm, 30 minutes and the supernatant was filtered through 0.22uM filter unit
(Millipore) and precipitated in 20%PEG/2.5M sodium chloride (NaCl) followed by centrifugation
and re-solubilization in PBS (pH7.5). Amplified phage titer was determined (dilutions of 10* to
10"?) in TG1 E.coli cells as grown previously. After 4 rounds of panning, the sequences of
positive colonies from phage ELISA were analyzed,

[001064] b) Passive panning of CD22-ECD

[001065] The same recued phages was used to pan against the CD22 ECD antigen.

Four rounds of panning was implemented with alternating blocking buffers [e.g. Starter Block
(Thermo Fisher Cat#37559) for rounds 1, 3 and 4% milk PBS for rounds 2, 4. The amount of
CD22 ECD passively adsorbed onto Nunc wells decreased from 40ug to 10ug over the four
rounds of panning (Round1: 40 ug, Round 2: 30 pg; Round 3: 20 ug; and Round 4: 10 ug). A
well was first blocked with appropriate buffer for 2 hours at room temperature followed by
addition of input phage (~3x10""). In subsequent rounds, ~3x10'" of input phage from each

round of amplified phage was used. The incubation was followed by wash steps
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[001066] {R1: 5x PBS-T; 2x PBS: R2: 5x PBS-T; 5x PBS; R3: 7x PBS-T; 5x PBS; and
R4: 10x PBS-T; 10x PBS}. )} and elution with 100 pL of 100 mM TEA. Phage were then
removed from wells and neutralized with 50 uL of 1M Tris-HCI pH 7.4 in a new tube. 2mL of
exponentially growing TG1 E.coli culture previously grown at 37°C, 250 rpm, until ODego = 0.5
in 2YT + 2% glucose in a 15 mL Falcon tube, were infected with the eluted phage. A 100 pL
aliquot of uninfected TG1 E.coli cells was set aside as a control. Eluted phage were
Incubated at 37°C for 30 minutes with no shaking and then an aliquot was used for titer
(dilutions of 102 to 108) and plating on 2YT plates overnight at 32°C. Proceeded with
overnight phage amplification using M13KO7 helper phage (~1x10'° cfu). The next day the
eluted titers were calculated to determine the amount of input phage for the subsequent
round. The cell culture containing the amplified phage was centrifuged at 5000rpm, 30
minutes and the supernatant was filtered through 0.22uM filter unit (Millipore) and
precipitated in 20%PEG/2.5M NaCl followed by centrifugation and re-solubilization in PBS
(pH7.5). Amplified phage titer was determined (dilutions of 104 to 10'2) in TG1 E.coli cells as
grown previously. After 4 rounds of panning, the sequences of positive colonies from phage
ELISA were analyze.

[001067] Results

[001068] The recombinant CD22-ECD was used to immunize a llama and the serum
titer was monitored and analyzed by ELISA. As shown in Figure 3, CD22 elicited a strong
heavy chain immune response in llama. The heavy chain immune response in the serum was
measured by the use two monoclonal antibodies, which specifically bind to the hinge-CH2
boundary of llama IgG2b and the Fc of llama IgG2c respectively (Henry KA et al. Llama
Peripheral B-cell Populations Producing Conventional and Heavy Chain-Only IgG Subtypes
Are Phenotypically Indistinguishable but Immunogenetically Distinct. Immunogenetics 2019
Apr;71(4):307-320).

[001069] The heavy chain repertoire of llama immunoglobulins was amplified by gene-
specific primers and cloned into a phagemid vector (PMED1). A medium size library (3.3
x107) was constructed and its complexity was analyzed by sending 96 colonies for
sequencing. The sequencing data showed that the library has high complexity as all the VHH
sequences were full-length with no repeating sequences. The library was phage-rescued

using M13 helper phage as described elsewhere (Baral TN, MacKenzie R, Arbabi Ghahroudi
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M. Single-domain antibodies and their utility. Curr Protoc Immunol. 2013 Nov 18;103:2.17.1-
2.17.57) and the phage antibodies were used in two separate panning experiments. After
four rounds of pannings, 96 colonies from each panning strategy were grown and
superinfected by M13 helper phage as described elsewhere (Baral TN et al 2013) and the
phages were used in ELISA. Positive colonies were sent for sequencing and the sequencing
data were analyzed. Alignment of the sequences using OPIG software

(http://opig.stats.ox.ac.uk/webapps/newsabdab/sabpred/anarci/) and IMGT numbering (see

Figures 4A and 4B). 27 unique VHH sequences were selected for gene synthesis and
cloning into an expression vector (pMRO).

[001070] Figure 1 depicts the structure of human CD22 molecule which is encoded by
the CD22 gene located on chromosome 19913.12. CD22 B is the predominant isoform (with
7 domains; 847 aa).The cytoplasmic tail (140 aa) with four immune receptor motifs is
connected by the transmembrane region (18 aa) to the extra cellular domains (669 aa).
[001071] Figure 2 depicts a SDS-PAGE of IMAC-purified CD22 extracellular domain
(CD22-ECD) form two different expression batches under non-reduced and reduced
conditions. The purified protein has the expected molecular weight of approximately 75 kDa.
[001072] Figure 3 depicts the llama heavy chain immune response form the final bleed
(3 August) against CD22-ECD. As control, llama pre-immune serum was used. The binding
of heavy chain antibodies was detected by anti-llama mAbs (in-house NRC) followed by
donkey-anti-mouse-HRP. As shown, there is a strong and specific anti-CD22-ECD heavy
chain immune response.

[001073] Discussion

[001074] The extracellular domain of the predominant human CD22 isoform was
successfully expressed in mammalian CHO system and the recombinant CD22-ECD
performed well in all downstream analytical assays (data not shown). After immunizing a
llama with the recombinant CD22-ECD, a strong heavy chain immune response was
generated as determined by ELISA using heavy chain-specific mAbs. By constructing a
library on the heavy chain repertoire, VHH domain antibodies specific to the immunogen
(CD22-ECD) were isolated.

[001075] Example 2: sdAb Antibody Characterization
[001076] Introduction
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[001077] Library construction on the heavy chain repertoire of immunized llama was
performed following obtaining a positive immune response against the human CD22-ECD.
More than two hundred individual colonies were subsequently screened by phage-ELISA
after performing two distinct panning strategies where biotinylated and non-biotinylated
human CD22-ECD proteins were used. The individual VHH clones were sequenced and
grouped based on their CDR1-3 sequences, resulting in 27 unique VHH sequences. The
gene-encoding these VHHs were cloned into an NRC bacterial expression vector and
purified proteins were characterized.

[001078] Materials and Methods

[001079] Expression of soluble VyH.

[001080] The DNA sequences of the most repeated clones with phage ELISA ODuso
>0.8 were sent for Gene synthesis to TWIST Bioscience and subsequently cloned into pMRO
(a pET28a derivative, Novagen) expression vector. E. coli TG1 cells were transformed with
the VHH constructs and the respective clones were grown in 0.25-liter cultures of 2xYT
medium + ampicillin (100 mg - mL-1) with 0.1% glucose to an OD600 of 0.8. Cultures were
induced with 1 mM IPTG and grown overnight on a rotary shaker at 37°C. After confirming of
expression by SDS-PAGE and Western blotting, recombinant VHH proteins were extracted
from the bacterial cells by standard lysis methods and purified by immobilized metal affinity
chromatography (IMAC) and quantified as described elsewhere (Baral TN, Arbabi-Ghahroudi
M. Expression of single-domain antibodies in bacterial systems. Methods Mol Biol.
2012;911:257-75). The VHH proteins were run on a Supdex 75 Size exclusion
chromatography and the monomeric fractions were collected.

[001081] SPR analysis

[001082] For surface Plasmon resonance, 21 selected VHHs were passed though size
exclusion columns, superdex 75 (GE Healthcare), respectively, in 10 mM HEPES, pH 7.4,
containing 150 mM NaCl, 3 mM EDTA, monomeric sdAb fractions were collected and protein
concentrations were determined by measuring absorbance at 280 nm (A280). Analysis were
performed with Biacore T200 instrument (GE Healthcare). All measurements were carried
out at 25 °C in 10 mM HEPES, pH 7.4, containing 150 mM NaCl, 3 mM EDTA and 0.005%
surfactant P20 (GE Healthcare). Approximately 1919 RUs of the recombinant monomeric
CD22-ECD (obtained after SEC purification of the CD22-ECD) were captured on SA sensor
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chip (GE Healthcare) at a flow rate of 5 uL/min. Various concentration of the monomeric
VHHs were injected over CD22-ECD surface, respectively using an SA surface as a
reference at a flow rate of 40 yL/min. Surfaces were generated by washing with running
buffer. Data were analysed with BlAevaluation 4.1 software.

[001083] Epitope Binning by SPR

[001084] In addition to obtaining binding kinetic data, Biacore co-injection experiments
were also performed on 11 selected VHHSs to determine whether these anti-CD22 VHHs
could bind unique or overlapping epitopes on CD22-ECD protein surface. Briefly, 80 pL of
the first VHH diluted in HBS-EP buffer to a concentration of 5 times its KD value and was
injected over 1919 RUs of immobilized CD22-ECD at 40 uL/min. Following injection of the
first VHH, buffer or a second VHH (80 uL total volume, at 5xKD) was injected at 40 yL/min
over the CD22-ECD surface already saturated with the first VHH. Data were collected on all
possible paired combinations of 11 VHHSs, in both orientations (i.e. each VHH acted as the
first and second VHH) and evaluated as described above.

[001085] Epitope mapping using yeast surface display

[001086] The hCD22 ecto-domain (ECD) and its derived fragments were expressed
and covalently displayed on the surface of yeast cell using the yeast surface display
(Feldhaus et al., 2003, Nat. Biotechnol. Vol. 21, 163-170). The YSD vector (pPNL8) was
from The Pacific Northwest National Laboratory, USA. Seven hCD22 fragments, designated
as Bin1 to 7, with over lapping ends (15-25aa) covering the entire hCD22-ECD (668aa),
along with the full-length hCD22-ECD were cloned and expressed as fusion proteins (Aga2-
HA-(hAXL)-MYC on the yeast cell surface. The displayed hCD22 fragments were used to
map the domains of hCD22 to which the anti-hCD22 sdAbs of Example 1 bind. The binding
of the sdAbs (biotinylated) to CD22 fragments on yeast cells was performed using a whole
yeast cell ELISA probed with HRP-conjugated streptavidin. The relative amount of the
displayed fusion protein was measured by probing with an anti-MYC antibody, followed by an
HRP-conjugated secondary antibody, and used to normalize the binding signal for the sdAbs.
The HRP activity was assayed with substrate TMB (tetramethyl benzidine) according to the
manufacture’s conditions and read at ODuso. For determination the nature of epitopes, linear
versus conformational, yeast cells with displayed CD22 fragments were heated at 80°C for

30 minutes, then chilled on ice for 20 minutes prior to labeling with antibodies.
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[001087] Evaluating target specificity of sdCD22 VHH

[001088] Biotinylated VHH were used to assess the target specificity of the sdCD22 Ab
by flow cytometry. CD22 expressing human Burkitt's lymphoma cell lines Raji and Ramos
and Ramos cells deleted for CD22 expression using CRISPR gene knockout were incubated
with 5 fold dilution of biotin labelled sdCD22 VHH from 7.5-0.06 ng/mL. The binding of the
CD22-targeted VHH to cell surface CD22 was detected by flow cytometry using fluorophore
conjugated streptavidin.

[001089] Results

[001090] The gene synthesis and sub-cloning was performed by TWIST Bioscience
(USA) and the plasmid DNA were transformed into TG1 E.coli for protein expression. The
presence of a Histidine tag and biotinylation signal sequence in the pMRO vector allows
facile purification by IMAC column as well as specific addition of a biotin moiety at the VHH
C-terminal. The single biotin addition facilitates VHH detection in future epitope mapping
assays. The IMAC-purified VHH proteins were ran on a SDS-PAGE (Figure 5; only 14
VVHHs are shown). As shown, the VHH antibodies show an expected molecular weight of
around 15-17 kDa.

[001091] The state of aggregation of the purified protein was checked by size exclusion
chromatography and as expected all were non-aggregating monomers (data not shown). The
reactivity of the individual VHH protein was also confirmed by ELISA in which rabbit anti-Hiss
antibody conjugated to HRP was used for the detection of VHH binding to the immobilized
CD22-ECD (data not shown).

[001092] The monomeric fraction of all 21 VHHs were used for SPR experiment where
the human CD22-ECD was immobilized onto the CM5 dextran chip and various VHH
concentration (0.6-400 nM) were passed over the sensor chip. SPR analysis revealed all 21
VHHSs specifically bound CD22-ECD with equilibrium constants ranging from 250 nM for
hCD22pas-64 to 6 pM for hCD221ug-14. All of the data collected fit a 1:1 binding model.
[001093] For epitope binning of anti-CD22 VHHS, co-injection SPR experiments were
performed with pairs of VHHSs in both orientations to determine if antibodies could bind CD22-
ECD simultaneously. If there is an increase in response upon co-injection of any two VHHSs,
this will indicate that binding of the first VHH (at saturation concentration) does not hinder the

binding of the second one and, therefore, these antibodies recognize independent epitopes.
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However, if there is a minor change in response upon co-injection of two VHHSs, this will
indicate that the two VHHs could not bind simultaneously to the same region and, therefore,
they recognize overlapping/identical epitopes. The co-injection SPR experiments were
performed for 11 anti-CD22 VHHs and identified seven bind as shown in Table 5. The
remaining 10 VHHs had high sequence similarities at their CDR regions with the 11 VHHs,
which were binned by SPR. Therefore, the 10 VHHs were placed into the bin which had the
closest amino acid similarities as shown in Table 5.

[001094] Figures 4A and 4B depicts the alignment of amino acid sequences of 27
VHHs.

[001095] Table 1 (above) depicts the amino acid sequences of the 27 VHHs. The CDR
(underlined) and Framework regions are numbered according to IMGT numbering system
(www.IMGT.com).

[001096] Table 2 (above) provides correspondence between VHH names, numbers,
and SEQ ID NOs.

[001097] Figure 5 depicts the SDS-PAGE of 14 anti-CD22 VHH antibodies expressed
in TG1 E. coli and purified by IMAC. The purified proteins showed expected molecular weight
of 15-17 kDa and there was no sign of degradation in all protein samples

[001098] Table 4 depicts the measured affinities of all 27 VHHs as described in the
text. The affinities data range from pM (6 pM for hCD221ug-14)) to high nM (250 nMO; for
hCD22pass-64).

Table 4: Affinity of sdCD22 VHH by Surface Plasmon Resonance (SPR)

VHH # Name Target ka(1/Ms) | kd (1/s) KD (M)

VHH # 1 hCD221ug-80 CD22-ECD 2.09E+04 | 6.33E-04 3.028E-08
VHH # 2 hCD22100ng-2 CD22-ECD 4.68E+04 | 1.30E-04 2.779E-09
VHH # 3 hCD221ug-74 CD22-ECD 9.25E+04 | 6.55E-04 7.081E-09
VHH # 4 hCD22100ng-66 | CD22-ECD 1.45E+05 | 1.34E-04 9.24E-10
VHH # 5 hCD221ug-6 CD22-ECD 5.36E+04 | 1.29E-04 2.408E-09
VHH # 6 hCD22pas-10 CD22-ECD 1.52E+05 | 2.89E-03 1.901E-08
VHH # 7 hCD22pas-33 CD22-ECD 5.40E+04 | 1.40E-04 2.6E-09

VHH # 8 hCD221ug-77 CD22-ECD 5.50E+05 | 2.62E-03 4.771E-09
VHH # 9 hCD221ug-87 CD22-ECD 1.23E+06 | 7.97E-04 6.475E-10
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VHH # 10 |hCD221ug-75 CD22-ECD 1.40E+06 | 1.21E-03 8.647E-10
VHH # 11 |hCD221ug-93 CD22-ECD 1.36E+06 | 1.05E-02 7.7E-09
VHH # 12 | hCD22pas-82 ND

VHH # 13 | hCD22pas-23 ND

VHH # 14 | hCD221ug-61 CD22-ECD 1.25E+06 | 6.81E-04 5.465E-10
VHH # 15 | hCD22pas-32 CD22-ECD 1.58E+05 | 3.69E-03 2.335E-08
VHH # 16 | hCD221ug-14 CD22-ECD 3.07E+06 | 2.10E-05 6.844E-12
VHH # 17 hCD22pas-55 ND

VHH # 18 | hCD22pas-79 CD22-ECD 5.14E+05 | 3.97E-03 7.723E-09
VHH # 19 | hCD22pas-72 ND

VHH # 20 |hCD22pas-16 CD22-ECD 3.65E+05 | 1.00E-03 2.75E-09
VHH # 21 | hCD221ug-13 CD22-ECD 2.32E+05 | 6.75E-04 2.914E-09
VHH # 22 | hCD221ug-36 CD22-ECD 1.19E+05 | 1.14E-03 9.593E-09
VHH # 23 | hCD221ug-10 CD22-ECD 4.77E+05 | 1.76E-03 3.682E-09
VHH # 24 | hCD22100ng-62 ND

VHH # 25 | hCD22pas-64 CD22-ECD 1.08E+05 | 2.71E-02 2.504E-07
VHH # 26 | hCD22pas-24 CD22-ECD 1.48E+05 | 3.86E-03 2.602E-08
VHH # 27 hCD22pas-48 ND

[001099] Table 5 depicts epitope binning by co-injection SPR experiments. Pairs of
VHHSs in both orientations were co-injected and the increase in response unit was measured
for 11 anti-CD22 VHHSs. As shown, 7 bins were identified with 1 to 4 members. The
remaining 10 VHHs had high amino acid sequence similarities with the 11 VHH binned by the

SPR and, therefore, were placed into the respective bin.

Table 5: Binning by SPR Competitive Binding

VHH # Name Selected for binning Bin

VHH# 6 hCD22pas-10 bin 6
VHH #7 hCD22pas-33 bin 6
VHH # 3 hCD221ug-74 bin 6
VHH# 1 hCD221ug-80 bin 6
VHH # 5 hCD22100ng-64 bin 6
VHH#4 hCD22100ng-66 hCD22100ng-66 bin 6
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VHH # 2 hCD22100ng-2 bin 6
VHH # 15 hCD22pas-32 bin 5
VHH # 16 hCD221ug-14 hCD221ug-14 bin 5
VHH # 3 hCD221ug-77 bin 3
VHH#9 hCD221ug-87 bin 3
VHH # 10 hCD221ug-75 hCD221ug-75 bin 3
VHH # 11 hCD221ug-93 bin 3
VHH # 18 hCD22pas-79 hCD22pas-79 bin 3
VHH # 20 hCD22pas-16 hCD22pas-16 bin 2
VHH # 25 hCD22pas-64 hCD22pas-64 bin 7
VHH # 26 hCD22pas-24 hCD22pas-24 bin 4
VHH # 21 hCD221ug-13 hCD221ug-13 bin 1
VHH # 14 hCD221ug-61 hCD221ug-61 bin 3
VHH # 22 hCD221ug-36 hCD221ug-36 bin 2
VHH # 23 hCD221ug-10 hCD221ug-10 bin 3
[001100] Figure 6 depicts binding of biotin conjugated anti-CD22 VHH to CD22

expressing tumor cells Raji (left panel), Ramos (middle panel) or Ramos cells engineered to

be devoid of CD22 expression by CRISPR gene knockout (right panel). A representative

panel of 9 VHH sequences were included in the cell binding analysis which shows varying

degrees of dose depended binding to CD22 positive Raji and Ramos cells. In all cases, the

intensity of binding was significantly diminished or eliminated when tested on CD22 negative

Ramos cells.

[001101]

Table 6 depicts the physical binning of the CD22 sdAbs presented in Example

1 against yeast surface displayed hCD22 ecto-domain fragments using cell ELISA. The

CD22 fragments displayed define as physical Bins with indicated covering range (in amino

acid residues according to the numbering) of the mature CD22. The binding of each sdAb

(biotinylated) at 250nM to particular CD22 fragment(s) on yeast cell surface was revealed by
streptavidin conjugated HRP enzymatic activity. The wells that gave rise to OD4so above 0.25
were highlighted, indicating significant antibody-antigen interactions. All the sdAbs tested
except hCd22_1ug-14 were assigned to specific Bin(s). Both hCD221ug-13 and hCD221ug-
80 could be assigned to two Bins, suggesting that these sdAbs recognize epitopes that are

shared by more than one location on CD22.
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Table 6: Binning CD22 sdAbs Using Yeast Surface Display Library

Bin1 Bin 2 Bin 3 Bin 4 Bin 5 Bin 6 Bin 7 Bin 8 Bin9
sample name Bin IVR1 IVR2 IVR3 IVR4 IVRS IVR6 IVR7 (cp22-
(aa1-135) |(aa111-230)| (aa211-317) | (aa303-205) | (aa391-490) | (aaa76-575) | (aa561-668) | ECP Full [ Negative
lenght) Ctl

1-hCD22 1ug-13 4,6 0.036 0.043 0.000 0.752 0.000 0.433 0.090 1.189 0.011
2-hCD22 1ug-80 1,6 2.030 0.025 0.000 0.017 0.068 2.254 0.196 1.814 0.038
3-hCD22 1ug-61 7 0.000 0.000 0.000 0.000 0.000 0.006 2.842 1.477 0.000
4-hCD22 1ug-36 6 0.000 0.000 0.038 0.000 0.000 2.974 0.001 1.422 0.000
5-hCD22 1ug-10 7 0.128 0.118 0.122 0.103 0.124 0.151 0.750 0.332 0.112
6-hCD22 pas-32 8 0.000 0.000 0.000 0.000 0.000 0.060 0.008 0.289 0.000
7-hCD22 pas-64 6 0.000 0.014 0.012 0.019 0.009 1.381 0.005 0.079 0.046
8-hCD22 pas-24 7 0.008 0.013 0.062 0.046 0.064 0.115 2.893 1.178 0.030
9-hCD22 1ug-14 None 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

[001102]

to determine if the epitopes for the sdAbs are continuous (linear) or non-continuous

Table 7 depicts the assessment of the nature of the epitopes of CD22 sdAbs

(conformational). Various fragments of CD22 domains were expressed and displayed on

yeast cells and assayed for binding to the sdAbs using cell ELISA as described in Table 6

with either native (ND) or heat denatured (D) YSD cells as described. The binding of each

sdAb to native and denatured CD22 fragments was measured as ODa4so, and the ratio of the

binding to denatured CD22 to non-denatured CD22 was calculated, with the ratio = 0.5

indicative linear (L), and the ratio < 0.5 indicative of conformational (C) epitopes.

Table 7: Assessment of the nature of the epitopes for the sdAbs from Example 1

CD22 Sub- Non Non erat Heat Myc Ratio | CD22 Ratio| Epitope
Sample name Domain denatured | denatured | Inactivated | denatured (D/ND) (D/ND) Nature
CD22 OD Myc OD CD22 OD Myc OD
1-hCD22 1 ug -13 4 1.232 1.291 0.686 1.226 0.949 0.557 L
6 0.453 1.978 0.272 1.536 0.776 0.600 L
2-hCD22 1 ug -80 1 2.323 0.487 1.771 0.815 1.674 0.762 L
6 2.570 1.978 2.623 1.536 0.776 1.021 L
3-hCD22 1ug -61 7 3.500 1.082 2.327 0.783 0.723 0.665 L
4-hCD22 1ug -36 6 3.500 1.978 3.500 1.536 0.776 1.000 L
5-hCD22 1ug -10 7 3.500 1.082 0.320 0.783 0.723 0.091 C
6-hCD22 pas-32 8 (ECD) 0.789 0.165 0.000 0.100 0.603 0.000 C
7-hCD22 pas -64 6 2.982 1.978 2.040 1.536 0.776 0.684 L
8-hCD22 pas-24 7 3.500 1.082 2.110 0.783 0.723 0.603 L
9-hCD22 lug-14 None ND ND ND ND
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[001103] Figure 7 depicts schematic presentation of the perceptive binding of the
sdAbs in Example 1 to the subdomains of CD22 Ecto-domain relative to its cell surface
location according to the epitope mapping/Binning result in Table 5 & 6. Each subdomain/Bin
was defined and numbered same as in Table 6, and represented as ellipse with Bin-1 being
on the distal and Bin-7 proximal relative to plasma membrane. The binding of sdAb (indicated
by specific shape and name) to a subdomain/Bin is indicated by its vicinity to the
subdomain/Bin it bins.

[001104] Discussion

[001105] Anti-CD22-ECD VHHSs were expressed in E. coli and the proteins were
purified and biotinylated. The antibodies showed non-aggregating and monomeric behaviors
as determined by size exclusion chromatography. The binding kinetics of 21 VHHs were
determined by SPR and the antibodies showed specific binding to human CD22-ECD with
affinities ranging from low to high nanomolar except one VHH which had affinity of 6
picomolar. This diverse set of affinities allows us to study the effect of affinity in productivity
of CAR-T construct. Epitope binning of 11 VHHs by SPR indicates that some VHHs bind to
the overlapping epitopes while others bind to the unique epitopes. This was confirmed
through epitope binning of the antibodies using yeast surface display library of the
humanCD22 ecto-domain fragments and by using cell ELISA. All the sdCD22 Abs tested
except 1ug-14 were assigned to specific Bin(s). Both 1ug-13 and 1ug-80 could be assigned
to two bins, suggesting that these sdAbs recognize epitopes that are shared by more than
one location on CD22. These epitope binning information will be utilized in designing bi-
paratopic therapeutic agents containing multiple sdCD22 VHH sequences.

[001106] Example 3: CAR-T in vitro Testing

[001107] Introduction

[001108] After identifying novel CD22-binding single domain antibody (sdAb)

sequences described above, it was desired to test their activity within the context of chimeric

antigen receptor (CAR) molecules which can be used to redirect human T cell responses
towards cells bearing specific surface antigens. Thus, using high throughput techniques
previously described (Bloemberg, et. al. 2020) novel CD22-sdAb targeted CAR constructs
were generated and tested their relative T cell activating activity via various assays described

below.
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[001109] Materials and Methods

[001110] Single domain antibody antigen binding sequences were transferred to a
modular CAR plasmid backbone [SEQ ID No: 119] containing restriction sites to allow
efficient recombination wherein the antigen binding domain could be removed and replaced
with the novel CD22-antigen binding domain (ABD) sequences. Specific CAR design used
was as follows: Human CD28 signal peptide [SEQ ID No: 110], any one of VHH antibody
(ABD) [SEQ ID NOs: 82 to 108], flexible linker domain [SEQ ID No: 111], human CD8 hinge
domain [SEQ ID No: 112], human CD28 transmembrane domain [SEQ ID No: 113], human
4-1BB co-stimulatory domain [SEQ ID No: 114], and human CD3-zeta signaling domain
[SEQ ID No: 115]. Control constructs were also generated using sequences derived from
previously demonstrated CD19-specific CAR sequence, wherein the ABD is FMC83-scFv
sequence [SEQ ID No: 117], or CD22-specific CAR sequence, wherein ABD is M971-scFv
sequence [SEQ ID No: 116].

[001111] Novel CD22-targeting CAR constructs were then tested for activity in an
immortalized human T cell line (Jurkat) similarly as described in Bloemberg et al 2020. In
brief, plasmids were electroporated into Jurkat T cells and allowed to recover for several
hours. Jurkat-CAR cells were then mixed at varying doses with target cell lines exhibiting
varying expression levels of human CD22. Target cell lines with high expression of CD22
(Ramos) were utilized for this study to confirm CAR activation activity in Jurkat cells. Cells
wherein CRISPR-genome editing was used to remove CD22 expression were also used to
confirm specificity of novel CAR constructs for human CD22 antigen. CAR-expressing Jurkat
cell and target cell co-cultures were then incubated overnight in standard mammalian cell
culture condition to allow CAR activation to occur. In order to quantitate CAR-mediated
Jurkat cell activation, expression of CD69 was measured using specific antibody staining and
flow cytometry. Using expression of GFP-marker to gate CAR-expressing cells, the level of T
cell activation as determined using the CD69-surface marker. CD69 marker was clearly
elevated in various Jurkat cells expressing various CD22-sdAb targeted CAR constructs
when cells were placed in co-culture with CD22 expressing Ramos cells but not with CD22-
knockout cells (Figure 8).

[001112] Following this CAR-J testing, several CD22-CAR constructs were selected for
testing in primary human T cells. To accomplish this, lentivirus was prepared through co-
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transfection of CAR plasmids with lentiviral packaging cell lines. Lentiviral particles in the cell
supernatant were collected and concentrated using ultracentrifugation. Primary human T
cells were then isolated from a donor blood samples using magnetic bead separation and
polyclonally activated using anti-CD3 and anti-CD28 beads. Activated human T cells were
then transduced with concentrated lentivirus containing various CD22-targeted CAR
constructs at a multiplicity of infection in excess of 10. Following viral transduction, cells were
confirmed to express CAR using flow cytometric analysis for GFP-marker. Virally transduced
T cells (CAR-T cells) were then expanded for 9 days before examination for CAR activity.
[001113] To examine CAR activity in virally transduced CAR-T cells a number of assays
were utilized. Firstly cells were placed without additional stimulation in controlled cell culture
conditions and examined for non-specific cellular expansion over an additional 6 days via live
microscopy using an IncuCyte® S3 device (Sartorius, USA). Total cell count was determined
using automated cell counting. Primary human T cells stably transduced with various CD22-
sdAb targeted CAR constructs did not show significant cell expansion when left in
unstimulated conditions between day 9 and 15 post-polyclonal activation (Figure 9). These
results indicate that CD22-sdAb targeted CAR constructs tested do not confer target-
independent tonic T cell activation to primary human T cells.

[001114] Following this, primary CAR-T cells were tested for antigen specific activation
and target cell killing in response to cells with and without CD22 expression. CAR-T cells
were placed in co-culture with various target cells expressing a red-fluorescent protein tag,
Nuclight-Lenti (Sartorius, USA), and monitored for 6 days using the IncuCyte S3 live
microscopy device. Examining the number of GFP-labelled CAR-T cells, two CAR constructs
(1ug36 and 1ug10) showed clear expansion of GFP+ cells in response to CD22+ cell lines
(Raji, Ramos) but not in response to CD22-knockout cells (Ramos-CD22ko) demonstrating
antigen-specific activation and expansion (Figure 10). Examining the number of Nuclight
labelled target cells in co-culture with the most active CD22-CAR construct (1ug36), clear
repression of CD22+ target cell growth was identified in CD22+ target cells with none to low
effect on CD22-knockout cells (Figure 11). Based on these results a lead molecule (1ug36)
was selected for further testing.

[001115] Next, experiments were undertaken to demonstrate serial killing capacity in
novel CD22-sdAb targeted primary CAR-T cells. As described above, CAR-T cells were
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generated from donor blood derived T cells using lentiviral transduction and expanded for 9
days in cell culture. CAR-T cells were then placed in co-culture with fluorescently labelled
Ramos cells and examined for target cell growth. Similarly as described above, the lead
construct showed the most effective target cell repression of those constructs tested (Figure
12 top). Following 1 week in co-culture, CAR-T cells were re-challenged with fresh Ramos
target cells and examined for their ability to continue to kill target cells (Figure 12 botfom).
Again, 1ug36-CAR construct showed the clearest repression of target cell growth out of
those constructs tested and was thus was selected for further analysis.

[001116] To investigate intra- and inter-donor variability with the novel CD22-sdAb
targeted CAR constructs additional CAR-T cells were generated as described above from
two different donor blood samples. In this experiment, the novel CAR-T constructs were also
compared to a benchmark CD22-targeted CAR, wherein a previously demonstrated CAR
construct consisting of a human CD22-specific single chain variable fragment [SEQ ID NO.
116] within a CAR construct similar to that being used for testing novel sdAb constructs
described here. CAR-T cells were then placed in co-culture with CD22-expressing target
cells (Raji) and examined for tumour cell growth repression (Figure 13 top) and CAR-T cell
expansion (Figure 13 bottom). Results demonstrate that lead CAR construct shows
consistent and similar response to benchmark CAR response among varying donors.
[001117] Next CD22-sdAb targeted CAR-T cells from 2 donors were examined for
specific lysis of CD22-expressing (Raji) and CD22-negative (MCF7) target cells. Various
CAR-T cells generated as described above were co-cultured with radioactive chromium
loaded target cells for 4.5 hours in standard cell culture conditions. Following co-culture, cell
supernatants were removed and enumerated for chromium content using a scintillation
counter. Experiments were either performed with various CAR constructs using CAR-T cells
derived from 2 donors at a single effector to target ratio (Figure 14), or performed with the
lead CD22-sdAb CAR construct identified above at varying effector to target ratios (Figure
15). Results demonstrate specific target cell lysis induced by CAR-T cells transduced with
novel CD22-sdAb CAR constructs.

[001118] Lastly, CD22-sdAb targeted CAR-T cells were evaluated for their ability to be
re-stimulated with CD22- expressing tumor cells (Ramos). Various CAR-T cells including the

lead 1ug36-CAR construct were generated as described above and cultured through the day
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9 expansion phase to day 17 proliferative quiescence. The CAR-T cells were then stimulated
with irradiated CD22 expressing Ramos cells for an additional 5 days whereupon they were
evaluated for their cytotoxicity potential against chromium loaded CD22-expressing (Raji)
and CD22-negative (MCF7) target cells. Following a 4.5 hours co-culture at various effector
to target ratios, released chromium was quantified using a scintillation counter (Figure 16).
Results indicate that re-stimulation of quiescent CD22 targeted CAR-T cells, including the
lead 1ug36-CAR construct, with CD22 bearing Ramos cells resulted in the retention of
specific lysis activity against CD22-expressing Raji target cells at levels similar to scFv CAR
benchmarks.

[001119] Results

[001120] Figure 8 depicts the results of CAR-Jurkat assay wherein Jurkat cells were
transiently electroporated with varying CAR plasmids and cultured alone or in co-culture with
CD22-positive (Ramos) or CD22-negative (Ramos-CD22ko) cell lines. The level of T cell
activation was measured using human CD69-specific antibody staining and flow cytometry.
Graphs depict the mean fluorescent intensity for CD69-staining for each 28 single domain
antibody targeted CAR constructs performed in a single experiment in duplicate, either in
culture with no target cells (open bars), Ramos target cells (c/losed bars), or Ramos-CD22ko
cells (grey bars). Error bars show the standard error of the mean for duplicate wells. Results
demonstrate antigen-specific response with approximately half (15/28) of novel CAR
constructs tested.

[001121] Figure 9 depicts the results of CAR-T tonic activation assay wherein primary
donor blood derived T cells were transduced with varying CAR constructs and examined for
target-independent expansion. Mock refers to donor derived T cells exposed to similar
treatment conditions in the absence of any CAR-expressing lentivirus. As described in
methods, CAR-T cells were examined between day 9 and 15 post-polyclonal activation for
proliferation in cell culture via live microscopy. Graphs depict the fold change in cell number
relative to number of cells the start of this assay as determined using automated cell
counting. Results demonstrate a lack of antigen-independent T cell expansion in those CAR
constructs tested.

[001122] Figure 10 depicts the results of CAR-T target-specific activation assay
performed using donor blood derived T cells transduced with varying CD22-single domain
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antibody or control (FMC63) CAR constructs. Mock refers to unmodified donor derived T
cells without CAR expression exposed to similar treatment conditions. As described above,
CAR-T cells were examined via live fluorescent microscopy between day 9 and 15 post-
polyclonal activation for proliferation in co-culture with CD22+ target cells (left graph — Raji,
middle graph — Ramos targets), or with CD22-negative target cells (right graph — Ramos-
CD22ko targets). Graphs depict the fold expansion of green fluorescent protein marked CAR-
expressing cells as determined using automated counting. Results demonstrate specific
expansion of CAR-T cells in response to CD22-expressing target cells, wherein 1ug36-BBz
CAR construct shows greatest activity relative to other constructs tested.

[001123] Figure 11 depicts the results of CAR-T antigen-specific target cell growth
repression assay performed using donor blood derived T cells transduced with varying
CD22-single domain antibody or control (FMC83) CAR constructs as described above. Mock
refers to unmodified donor derived T cells without CAR expression exposed to similar
treatment conditions. CAR-T cells were placed in co-culture with CD22+ target cells (left
graph — Raji, middle graph — Ramos targets), or with CD22-negative target cells (right graph
— Ramos-CD22ko targets) and examined via live fluorescent microscopy. Graphs depict the
fold expansion of red fluorescent protein (Nuclight) marked target cells as determined using
automated counting. Results demonstrate CAR-T specific repression of growth of CD22-
expressing target cells, wherein 1ug36-BBz CAR construct shows greatest activity relative to
other constructs tested.

[001124] Figure 12 depicts the results of CAR-T target-specific serial killing assay
performed using donor blood derived T cells transduced with varying CD22-single domain
antibody CAR constructs generated as described above. Mock refers to unmodified donor
derived T cells without CAR expression exposed to similar treatment conditions. CAR-T or
Mock-T cells were placed in co-culture with CD22+ target cells (fop graph - Ramos targets).
Six days post initial challenge, cells were split 1 in 5 in fresh media and challenged with
additional CD22+ target cells (botfom graph — Ramos targets). Graphs depict the fold
expansion of red fluorescent protein (Nuclight) marked target cells as determined using
automated counting. Results demonstrate CAR-T specific serial repression of growth of
CD22-expressing target cells, wherein 1ug36-BBz CAR construct shows greatest activity

relative to other constructs tested.
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[001125] Figure 13 depicts results of consistency analysis and comparison with
benchmark CD22-targeted scFv CAR for single-domain antibody targeted CAR-T cells
generated from 2 separate donors as described above. Mock refers to donor derived T cells
exposed to similar treatment conditions in the absence of any CAR-expressing lentivirus.
CAR-T cells were placed in duplicate wells in co-culture with CD22+ target cells (Raji) and
examined via live fluorescent microscopy. Graphs depict the fold expansion of red
fluorescent protein (Nuclight) marked target cells (fop graphs) or fold expansion of green
fluorescent protein marked CAR cells (botfom graphs) as determined using automated
counting. Results demonstrate intra- and inter-donor consistency for CAR-T specific
repression of growth of CD22+ target cells and target-induced expansion of CAR-T cells
similar to a benchmark CD22-scFv CAR.

[001126] Figure 14 depicts results of direct tumour lysis measurements using
radioactive chromium (5'Cr) release assay. As described above, various CD22-single domain
antibody and control CAR-T cells were generated. Mock refers to donor derived T cells
exposed to similar treatment conditions in the absence of any CAR-expressing lentivirus. At
day 9 following lentiviral transduction, CAR-T cells were placed in co-culture with CD22-
positive (Raji) or CD22-negative (MCF7) target cells loaded with radioactive chromium.
Graphs depict the relative lysis of target cells at a single effector to target ratio based on
quantification of chromium release into the supernatant. Error bars depict the standard
deviation of measurements from duplicate wells. Results demonstrate comparable direct lysis
of lead CD22-sdAb CAR molecule in comparison to a benchmark CD22-scFv CAR.
[001127] Figure 15 depicts the results of direct CAR-T cell induced tumour lysis at
different effector to target ratios using a chromium release assay. The CD22- CAR constructs
1ug36 along with scFv benchmarks, M971 and CD19 CAR construct FMC-63 CAR-T cells
were generated as described above. Mock refers to donor derived T cells exposed to similar
treatment conditions in the absence of any CAR-expressing lentivirus. Following a 9 day
expansion of CAR-T cells, cells were co-cultured at decreasing effector to target ratios with
chromium loaded CD22-positive Raji or CD22-negative MCF7 target cells for 4.5h. Specific
lysis was calculated based on released chromium measured using a scintillation counter.
Results demonstrate that 1ug36-CAR-T cells specifically lyse CD22-expressing Raji targets
in a dose dependent manner at levels similar to scFV benchmarks. No target cell killing over
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background (Mock control) was seen when these CAR constructs were co-cultured with
CD22 or CD19 negative MCF-7 tumor cells.

[001128] Figure 16 depicts results of direct tumour lysis measurements using
chromium release assay from CAR-T cells following re-stimulation with CD22 bearing tumor
cells. As described above, various CD22-single domain antibody and control CAR-T cells
were generated. Mock refers to donor derived T cells exposed to similar treatment conditions
in the absence of any CAR-expressing lentivirus. CAR-T cells were cultured until proliferation
arrest (day 17) and then stimulated with irradiated CD22-expressing Ramos cells to induce
target-specific activation. Following 5 days of co-culture, activated CAR-T cells were mixed at
decreasing effector to target ratios with CD22-positive (Raji) or CD22-negative (MCF7) target
cells loaded with radioactive chromium. Graphs depict the relative lysis of target cells based
on quantification of chromium release into the supernatant. Results demonstrate efficient re-
activation of quiescent CAR-T cells with specific CD22 antigen and comparable dose
dependent Raji tumour lysis (CD22 positive) of the lead CD22-sdAb CAR molecule relative to
a benchmark CD22-scFv CAR.

[001129] Discussion

[001130] Overall these results exemplify that CD22-specific single domain binders can
generate strong antigen-driven T cell activation signaling which can drive target cell killing
and serial killing, long-term tumour cell growth repression, CAR-T expansion, and direct
target cell lysis. While a lead molecule was identified in the exemplary data provided here,
molecular optimization may be performed with additional CD22-specific single domain
antibody sequences in order to generate highly functional CAR molecules. In addition,
combining multiple CD22-specific single domain antibody sequences in a single molecule
may be an effective strategy to increase target-specific CAR activating activity.

[001131] Example 4: CAR-T in vivo Testing

[001132] Introduction

[001133] To further confirm the anti-tumor effect of CD22-binding single domain CAR-T

cells in vitro, a xenograft model was established by intravenously inoculating Ramos tumor

cells expressing firefly luciferase as a reporter into NOD/SCID/IL2r-gamma-chain™!" (NSG)
mice prior to infusion of CD22-binding single domain CAR-T cells.
[001134] Materials and Methods
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[001135] For in vivo studies, luciferase-expressing cell lines were generated by stably
transducing wild-type tumor lines with lentiviral vector encoding firefly luciferase (FLUC)
followed by selection of luciferase-positive cells using puromycin resistance as a selection
marker. Ramos-FLUC was maintained in RPMI 1640 supplemented with 10% heat
inactivated fetal bovine serum and 2 mM L-glutamine and 1 mM sodium pyruvate. All cell
culture reagent were purchased from Gibco. The cell line were confirmed for the absence of
mycoplasma contamination PCR.

[001136] Female NOD/SCID/IL2Ry" (NSG) mice, 6-8 weeks of age, were obtained
from Jackson Laboratories and maintained at the Animal Resource Group at the National
Research Council of Canada. The mice were housed in pathogen-free individually ventilated
cages in a barrier system under conditions. Animals had access to certified rodent diet and
sterilized water was given via water bottles. NSG mice lack mature T cells, B cells and
natural killer cells; thus, they are better than nu/nu mice for the study. Eight-week-old NSG
mice were injected with 5x104 Ramos-FLUC cells in 100 yL HBSS intravenously via the tail
vein. On day 4 post tumor cells injection, mice were injected intravenously via the retro orbital
plexus with CD22-targeted single domain CAR-T cells, CD19 targeted CAR-T cells where the
targeting domain is similar to clinically validated CD19 CAR constructs Kymriah and Yescarta
or Mock CAR-T cells without CAR expression. Tumor growth in mice was monitored through
bioluminescent (1VIS imager; PerkinElmer) and blood was collected once a week for
monitoring of circulating CAR-T cells and tumor cells. Mice were monitored daily for signs of
illness and sacrificed immediately if they met pre-specified humane endpoints including but
not limited to hind-limb paralysis, respiratory distress, or 20% body weight loss as approved
by the Animal Care Committee of the Research Center.

[001137] Blood samples from mice were washed in PBS/0.1% BSA and re-suspended
in 50 pl Brilliant Buffer (BD Biosciences, USA). Cells were stained using the following
antibody fluorophore conjugates (all from BD Biosciences, USA, unless otherwise noted)
directed to: hCD45-APC-H7, hCD45RA-BV650, hCD45RO-PE-CF594, hCD27-BUV737,
hCCR7-PE, hCD4-BUV395, and hCD8-PerCP-Cy5.5.

[001138] CD45 is a protein tyrosine phosphatase regulating src-family kinases, is
expressed on all hematopoietic cells. Thus anti-human CD45 antibody was used to detect

human hematopoietic cells in mice. CD45 can be expressed as one of several isoforms by

-112 -



10

15

20

25

30

WO 2022/020945 PCT/CA2021/051046

alternative splicing of exons that comprise the extracellular domain; the expression of various
isoforms is indicative of T cell differentiation status. CD45RA is expressed on naive T cells,
as well as the effector cells in both CD4 and CD8. After antigen experience, central and
effector memory T cells gain expression of CD45R0O and lose expression of CD45RA. Thus
antibodies against human CD45RA and CD45R0O were used to differentiate the naive and
memory T cell populations. Differentiation between central and effector memory populations
and between naive and effector populations can be achieved by adding a second marker.
There are several markers that have been used for this purpose and these tend to mark
these populations at slightly different stages of the differentiation pathway that is thought to
occur in T cells as they change from central to effector memory cells. The chemokine
receptor CCR7 discriminates between these two populations and thus antibodies against
human CCR7 was used in this study for this purpose. CAR expression was detected with
GFP incorporated in the plasmid. To evaluate exhaustion, antibody directed against hPD-1-
BV421 (BioLegend, USA) was applied. T cell activation was detected with fluorescent-
labeled antibodies against hCD25-PE-Cy7 and hCD69-BV786. For in vivo studies, mouse
CD45-BV711 was used to gate the murine cells and leukemia cells were identified using
human CD19 expression via anti-human CD19-BUV496 antibody. Samples were incubated
for 30 minutes at 4°C in the dark. Blood was then lysed by adding RBC lysis buffer (Sigma-
Aldrich, USA). Samples were mixed briefly to re-suspend cells and incubated for 10 minutes
at room temperature. Cells were then washed in PBS/0.1% BSA and were re-suspended in
PBS/0.1% BSA. Data was acquired on BD Fortessa cytometer (BD Biosciences).
UltraComp™ eBeads (eBiosciences, USA) were used for compensation. Analyses were
performed using FlowJo software (FloJo, USA).

[001139] In vivo bioluminescence imaging to monitor tumor growth in mice was
performed using the IVIS Lumina Il imaging system (PerkinElmer, Waltham, MA, USA). On a
repeated basis, mice were anesthetized using isofluorane (3.0% induction and reduced to
2.0% for maintenance) and hair was removed. At time O, mice were given a subcutaneous
injection of 150 mg/kg Redi-Ject D-Luciferin (Perkin EImer, Waltham, MA, USA). The animal
was then transferred to the imaging system under maintenance anesthesia and imaged using
an open filter at 20mins post D-Luciferin to allow the D-Luciferin to distribute evenly and

reach a plateau in signal. To calculate the relative amounts of luciferase gene expression
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from the images, the Living Image Software (Perkin Elmer, Waltham, MA, USA) was utilized
to calculate the total radiance expressed as photons per second per square centimeter per
steradian (p/s/cm2/sr) in a whole body region of interest (ROI).

[001140] Results

[001141] Figure 17 depicts a schema of the experimental protocol for this in vivo
model. To assess the activity of CD22-binding single domain-CAR-T in a xenogeneic model,
8 week old NOD/SCID mice were inoculated intravenously with 50,000 Ramos-FLUC cells on
day 0, and subsequently treated by retro-orbital injection with 1x107 CD22-targeted single
domain-CAR-T (1ug13 or 1ug36), FMC63-CAR-T (CD19 targeted CAR-T using same antigen
binding domain as used in clinically validated CAR constructs) , or Mock T cells without CAR
expression on day 4. Mice were imaged by bioluminescence in vivo imaging and blood were
collected from mice weekly.

[001142] Figure 18 depicts results of the survival analysis of NSG mice that were
inoculated with Ramos-Luc followed by treatment of various CAR-T cells. Mock refers to
donor derived T cells exposed to similar treatment conditions in the absence of any CAR-
expressing lentivirus. Animal experimental set up was described above. Graph depicts the
survival in days of the mice in the study. Results demonstrate extended survival observed in
the mice treated with CD22-targeting single domain antibody 1ug13 and 1ug36 CAR-T cells
compared to those treated with FMC683 and mock T cells.

[001143] Figure 19 depicts result of tumor burden in mice that were inoculated with
Ramos-FLUC and treated with various CAR-T cells. Mice were monitored for tumor burden
by quantifying bioluminescence using VIS Lumina lll. Graph depicts the total flux
(photons/second) in individual animals within each treatment group (dark circles) and the
mean total flux per group (horizontal bar) on day 18 post injection of tumour cells; the final
experimental time point where mice from all groups were alive. Mice treated with 1ug36
CAR-T cells or FMC83 CAR-T cells showed significant reduction in tumor burden (p<0.001
and p=0.0004 respectively) compared to mice receiving mock T cells.

[001144] Figure 20 depicts result of tumor burden, total CAR-T cell population and
differential phenotype of circulating CAR-T cell population in peripheral blood of mice
inoculated with Ramos-FLUC and treated with various CAR-T cells. Blood was collected at

day 23 post tumour cell challenge, red blood cells lysed and remaining cells stained with
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various fluorescent conjugated antibodies as described above. Left graph depicts the number
of human CD19+ leukemia cells per 1 million total blood cell events analyzed via flow
cytometry. Middle graph depicts the number of CD45+/GFP+ CAR-T cells detected per 1
million blood cells analyzed by flow cytometry. Right hand graph depicts the differentiation
status of gated CAR-T cells or ungated CD45+ cells in mock T cell group based on
expression of T cell surface markers CD45RA and CCR7. Collectively, results demonstrate
an overall reduction in leukemic burden in mice treated with 1ug36-sdAb targeted CAR-T
cells, an expansion of CAR-T cells in all groups treated with CAR-T and a showed clear
expansion in treated mice, and a balanced differentiation profile which favors more central
memory T cells in groups treated with sdCD22 CAR-T cells.

[001145] Discussion

[001146] NSG mice are widely used to study the interactions between the human
immune system and cancer, a practical platform for evaluating immunotherapeutics in the
context of human immune cells and human tumors. Overall, these results clearly
demonstrate anti-leukemic activity of CD22-targeting single domain CAR modified T cells in
vivo, similar to in vitro, and demonstrate that the efficacy of CD22-targeting single domain
CAR-T cells is similar or better than that of the CD19 (FMC63)-CAR-T cells, which has

already demonstrated clinical responses in the clinic.

[001147] Example 5: Bispecific T-cell Engager Constructs
[001148] Introduction
[001149] Similar to chimeric antigen receptor technology, novel antigen binding

elements can also be linked to CD3-engaging antibody elements in order generate a soluble
molecule that can simultaneously bind T cells and cellular target molecules, resulting in an
antigen-specific T cell activation signal. This type of molecule, referred to as a bi-specific T
cell engagers, is exemplified by Blinatumomab, wherein a single molecule simultaneously
engages human CD19 and human CD3; used as a therapy for CD19 expressing B-cell family
malignancies. In order to assess whether the human CD22-specific single domain antibodies
generated herein could be used in such a bi-specific T cell engager molecule, molecules
wherein one end of the molecule was comprised of a CD22-specific single domain antibody

sequence and the other end was comprised of a CD3-engager molecule were generated.
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These novel bi-specific T cell engagers were then screened for non-specific and antigen-
specific induction of T cell activation and T cell killing of target cells.

[001150] Materials and Methods

[001151] Single domain antibody antigen binding sequences were transferred to a
modular bi-specific T cell engager DNA sequence [SEQ ID NO: 119] within a plasmid
backbone; the DNA sequence used contains restriction sites to allow efficient recombination
wherein the antigen binding domain could be replaced with the novel CD22-antigen binding
domain (ABD) sequences. Specific bi-specific T cell engager design used was as follows:
Human CD28 signal peptide [SEQ ID NO:110], VHH antibody (ABD) (any one of SEQ ID
NOs. 82 to 108), flexible linker domain [SEQ ID NO: 111], human CD8 hinge domain [SEQ
ID NO: 112], short flexible linker domain [SEQ ID NO: 118], and a CD3-specific single chain
variable fragment sequence. A model of CD22-CD3 bi-specific T cell engager molecules is
provided (Figure 21). Constructs were generated using golden gate assembly and confirmed
using Sanger sequencing before proceeding to downstream testing.

[001152] To generate purified protein forms of bi-specific T cell engager molecules,
plasmid DNA containing various constructs were transfected into HEK293T cells using
polyethylenimine via standard process. Transfected cells were placed in cell culture and
supernatant was collected over several days. Supernatant was then tested for bi-specific T
cell engager activity by placing supernatant directly on Jurkat cells alone or in co-culture with
CD22-positive (Ramos) or CD22-negative (U87VvlIl) target cells and incubated under
standard conditions overnight. Jurkat cells were then examined for T cell activation using
antibody staining for the human CD69 marker and flow cytometric analysis (Figure 24).
Results demonstrate that when delivered in solution, a CD22-sdAb targeted bi-specific T cell
engager can induce target dependent T cell activation, with varying activity between different
constructs.

[001153] To test whether these results extend to induction of specific anti-tumour
responses in primary human T cells, the novel bi-specific T cell engager containing
supernatants generated above was used in an assay with primary T cells. Specifically, T cells
were isolated from human donor blood and polyclonally expanded for 10 days. Following
polyclonal expansion, T cells were placed in co-culture with stable fluorescent protein

(Nuclight; Sartorius, USA) expressing CD22-expressing target cells (Ramos) in the presence
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of supernatant containing various bi-specific T cell engagers or control supernatant (Mock).
Co-cultures were then monitored for target cell growth using IncuCyte (Sartorius, USA) live
microscopy device. Using automated cell counting of fluorescently labelled target cells, the
relative growth of target cells was quantified over 3 days (Figure 25). Results demonstrate
that CD22-sdAb containing bi-specific T cell engager molecules can re-target cytolytic human
T cell responses against CD22-expressing target cells.

[001154] Results

[001155] Figure 21 depicts the molecular structure of CD22-specific single domain
antibody bi-specific T cell engager proteins; with a CD22-sdAb sequence at the 5’ end of a
DNA construct, followed by a linker sequence which can be of varying composition, followed
by a CD3-specific single chain variable fragment.

[001156] Figure 22 depicts the results of Jurkat cell bi-specific T cell engager activation
activity assay wherein HEK293T supernatants containing various bi-specific T cell engager
molecules was placed on top of co-cultures containing Jurkat cells and CD22-positive
(Ramos) or CD22-negative (U87vlll) target cells. Graphs depict the average CD69-specific
antibody staining of Jurkat cells as measured by flow cytometry. Error bars present the
standard error of the mean over 2 duplicate co-culture wells. Results demonstrate CD22-
antigen specific activation of T cells in the presence of novel CD22-sdAb bi-specific T cell
engager molecules.

[001157] Figure 23 depicts the results of a bi-specific T cell engager activity assay
using primary human T cells in co-culture with CD22-positive target cells (Ramos). As
described above donor blood derived T cells were placed in co-culture with fluorescently
labelled target cells in the presence of control (mock) or CD22-specific bi-specific T cell
engager containing supernatants and examined hourly over 3 days via live fluorescence
microscopy. Graphs depict the fold growth of fluorescently labelled target cells as determined
using automated cell counting. Error bars present the standard error of the mean over 2
duplicate co-culture wells. Results demonstrate T-cell mediated tumour growth suppression
in the presence of CD22-sdAb targeted bi-specific T cell engager molecules.

[001158] Notably, this construct with the extended linker comprising SEQ ID NO: 111,
SEQ ID NO: 112 (human CD8 hinge domain), and SEQ ID NO: 118 exhibited a higher
activity than a similar construct comprising only a shorter, G4S linker (data not shown).
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[001159] Discussion

[001160] Overall these results exemplify that CD22-specific single domain binders can
generate strong antigen-driven T cell activation signaling when combined in a bi-specific T
cell engager molecule. CD22-sdAb targeted bi-specific T cell engager molecules are
demonstrated to drive target specific T cell activation and direct target cell killing by primary
human T cells. While exemplary data is provided for 2 CD22-specific single domain
antibodies, this data indicates that additional high affinity CD22-binders are likely to have
similar activity. Furthermore, molecular optimization may be performed in order to further
increase functionality of bi-specific T cell engager molecules. In addition, combining multiple
CD22-specific single domain antibody sequences in a single molecule may be an effective
strategy to increase target-specific activating activity.

[001161] Example 6: In vivo Studies of CAR-T Constructs

[001162] Survival analysis and measurement of circulating CAR-T cells was studied for

NSG mice that were inoculated with 1x10% Ramos-Luc tumor cells followed by treatment with
2.5x10% sdCD22 (1ug13 or 1ug36) or benchmark scFvCD22 CAR-T cells. Mock refers to
donor derived T cells exposed to similar treatment conditions in the absence of any CAR-
expressing lentivirus. No Tx mice received vehicle (Hank’s Balanced Salt Solution).
[001163] Figure 24 is a diagram of treatment and testing.

[001164] Figure 25 depicts the survival if mice.

[001165] Figure 26 depicts the CAR-T cells enumerated in peripheral blood in mice.
[001166] Results demonstrate extended survival and persistence of CAR-T cells
observed in the mice treated with CD22-CAR-T cells compared to those treated mock T cells
or left untreated. Mice treated with sdCD22-1ug36 CAR-T cells showed enhanced survival
and proliferation/persistence of circulating CAR-T cells compared to the benchmark scFv
CAR-T or the sdCD22-1ug13 CAR-T.

[001167] Survival analysis and tumor growth kinetics was also studied for NSG mice
that were inoculated with 0.5x10% Ramos-Luc tumor cells followed by treatment with varying
doses of sdCD22-1ug36 CAR-T or the benchmark scFvCD22-m971 CAR-T cells. Mock
refers to donor derived T cells exposed to similar treatment conditions in the absence of any

CAR-expressing lentivirus. No Tx mice received vehicle (Hank’s Balanced Salt Solution).
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[001168] Figure 27 depicts the survival of mice following first tumor challenge and
CAR-T treatment. There was dose dependent increase in survival time of mice treated with
CAR-T over mice receiving mock T cells or vehicle control. Greater than 50% of the mice
treated with the highest dose of CAR-T cells survived long term and were re-challenged on
day 88 post first tumor challenge with 0.5x10° Ramos-Luc tumor cells and monitored for
survival and tumor growth.

[001169] Figure 28 depicts the survival of mice upon re-challenge. Untreated (vehicle
control) animals all succumbed to disease while all (sdCD22-1ug36) or majority (benchmark
scFvCD22-m971) of the CAR-T treated mice survived the second tumor challenge.
[001170] Figure 29 depicts a graph of the tumor growth post challenge. Untreated
control mice all developed tumors whereas mice treated with CAR-T were able to reject re-
challenge demonstrating the long term persistence of CAR-T cells and hence the durability of
the anti-tumor response.

[001171] Example 7: Bi-Paratopic and Multi-Paratopic CAR Constructs

[001172] Figure 30 depicts molecular structures of multi-binder domain containing

CD22-specific CAR molecules, containing (left) an N-terminal CD22-sdAb sequence followed
by a linker sequence which can be the followed by (centre) another copy of the same sdAb
binder sequence or (right) a different sdAb binder. This may result in a higher affinity and/or
higher activity CAR molecule.

[001173] Figure 31 depicts the results of CAR-Jurkat assay wherein Jurkat cells were
transiently electroporated with varying CAR plasmids (encoding single binds and multi-
binders) and cultured alone or in co-culture with CD22-positive (Ramos) target cell lines.
[001174] Figure 32 depicts the results of similar CAR-activation studies using primary
human blood derived T cells which have been transduced with lentiviral vectors encoding
multi-sdAb containing CAR constructs. These data demonstrate that multi-CD22 sdAb
containing CAR molecules can show higher molecular responsiveness to CD22-expressing
target cells.

[001175] Figure 33 depicts the molecular structure of CD22-specific CAR (left), BCMA-
specific CAR (right), or Tandem-CD22-BCMA-CAR molecule (centre). Tandem constructs
would contain an N-terminal CD22-sdAb sequence, followed by a linker sequence which can

by another antigen specific sdAb, such as one targeting BCMA as shown here.
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[001176] Figure 34 depicts the results of CAR-Jurkat assay wherein Jurkat cells were
transiently electroporated with varying CD22, BCMA, or CD22/BCMA-specific CAR plasmids
and cultured alone or in co-culture with BCMA+/CD22+ (Ramos), BCMAlow/CD22+
(NALM®), or BCMA+/CD22- (Ramos-CD22ko) target cell lines and examined for activation
status (CD69 expression). These data demonstrate that multi-CD22 sdAb containing CAR
molecules can maintain responsiveness to both target antigens, and enhance
responsiveness to antigen-low target cells.

[001177] Discussion of Examples

[001178] This is the first demonstration of single domain antibodies for application in
CD22 targeted CAR-T treatment. Single domain antibodies offer significant advantage over
the single-chain variable fragment antibodies which are typically used in the antigen
recognition domain of CAR constructs, including significantly smaller size, higher homology
with human antibody sequences, enhanced modularity, and ability to target epitopes which
may not be accessible to scFvs. This invention may later be combined with CD20, CD19 or
BCMA targeted single domain antibodies to generate a single CAR construct targeted
against multiple B-cell specific antigens.

[001179] In the preceding description, for purposes of explanation, numerous details
are set forth in order to provide a thorough understanding of the embodiments. However, it
will be apparent to one skilled in the art that these specific details are not required.
[001180] The above-described embodiments are intended to be examples only.
Alterations, modifications and variations can be effected to the particular embodiments by
those of skill in the art. The scope of the claims should not be limited by the particular
embodiments set forth herein, but should be construed in a manner consistent with the

specification as a whole.
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Seq. # Description Sequence

1 hCD221ug-6 CDR1 GETLDYYV

2 hCD221ug-6 CDR2 ISSSDGVT

3 hCD221ug-6 CDR3 AVDKPFYDGGYYYTCPVDEDS
4 hCD221ug-10 CDR1 ESTFSIM

5 hCD221ug-10 CDR2 INSAGST

6 hCD221ug-10 CDR3 YVDGY

7 hCD221ug-13 CDR1 GGSFSSVT

8 hCD221ug-13 CDR2 ITWSSPST

9 hCD221ug-13 CDR3 AGGRTGRGTSADTDEYNY
10 hCD221ug-14 CDR1 GRIFRSYV

11 hCD221ug-14 CDR2 IGWSDT

12 hCD221ug-14 CDR3 AANSPPYGPQRDEFDY
13 hCD221ug-36 CDR1 GITFSRAA

14 hCD221ug-36 CDR2 VNSDSST

15 hCD221ug-36 CDR3 WSPGFGSY

16 hCD221ug-61 CDR1 MSSFSQYV

17 hCD221ug-61 CDR2 ITSYSNT

18 hCD221ug-61 CDR3 NAQYGSTFIRNHWDD

19 hCD221ug-74 CDR1 GFTFDDYA

20 hCD221ug-74 CDR2 MGSSDGAT

21 hCD221ug-74 CDR3 AVDKPFYDGGYRYTCPVDFGS
22 hCD221ug-75 CDR1 GSIFRIAV

23 hCD221ug-75 CDR2 ITSGGDT

24 hCD221ug-75 CDR3 NAKYGRDEY

25 hCD221ug-77 CDR1 GSIFRIAV

26 hCD221ug-77 CDR2 ITSGGET

27 hCD221ug-77 CDR3 NAKWGQYEY

28 hCD221ug-80 CDR1 GFTLDYYV
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29 hCD221ug-80 CDR2 ITSDGVT

30 hCD221ug-80 CDR3 AVDKPFYDGGIQYTCPVDEDS
31 hCD221ug-87 CDR1 GSIFRIAV

32 hCD221ug-87 CDR2 ITSGGET

33 hCD221ug-87 CDR3 NAKWGRDEY

34 hCD221ug-93 CDR1 GSTFSSSV

35 hCD221ug-93 CDR2 ITSSGST

36 hCD221ug-93 CDR3 NAQYGRRSD

37 hCD22100ng-2 | CDRf1 GVTFDYYV

38 hCD22100ng-2 | CDR2 MRNSDGVT

39 hCD22100ng-2 | CDR3 AVDKPFYDGGNYYTCPVDEDS
40 hCD22100ng-62 | CDR1 GSISSINA

41 hCD22100ng-62 | CDR2 ITTAGNT

42 hCD22100ng-62 | CDR3 AGKLYVNKEYTY

43 hCD22100ng-66 | CDR1 GFSLDYYV

44 hCD22100ng-66 | CDR2 ISSSDGAT

45 hCD22100ng-66 | CDR3 AVDKPFYDGGSYYTCPVDEGS
46 hCD22pas-10 CDR1 GFTSDYYA

47 hCD22pas-10 CDR2 ISSSDGVT

48 hCD22pas-10 CDR3 AVDKPFYDGGYLYTCPVDFEDS
49 hCD22pas-16 CDR1 GSTFSLKA

50 hCD22pas-16 CDR2 INSDGSYT

51 hCD22pas-16 CDR3 NTMPPWP

52 hCD22pas-23 CDR1 GSIFRITAV

53 hCD22pas-23 CDR2 ITSAGET

54 hCD22pas-23 CDR3 NAKWGQYEH

55 hCD22pas-24 CDR1 GITSSINS

56 hCD22pas-24 CDR2 IGRGGSGST

57 hCD22pas-24 CDR3 LEVTTDLSSY

58 hCD22pas-32 CDR1 GRIFRSYV
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59 hCD22pas-32 CDR2 IGWSDT

60 hCD22pas-32 CDR3 AANSPPYGPQRDEFGY

61 hCD22pas-33 CDR1 GFTLDSYV

62 hCD22pas-33 CDR2 ISSSDGVT

63 hCD22pas-33 CDR3 AVDKPFYDGGYLYTCPVDEDS

64 hCD22pas-48 CDR1 GSIFRIAV

65 hCD22pas-48 CDR2 ITIAGET

66 hCD22pas-48 CDR3 YANGGRDEY

67 hCD22pas-55 CDR1 GRISRSYV

68 hCD22pas-55 CDR2 IGCSDT

69 hCD22pas-55 CDR3 AEYSPPYGPQRDEFDY

70 hCD22pas-64 CDR1 GSTFSLNT

7 hCD22pas-64 CDR2 ASSDGYT

72 hCD22pas-64 CDR3 TWGTGRFADYIY

73 hCD22pas-72 CDR1 GGTFSVYT

74 hCD22pas-72 CDR2 IRGSGGT

75 hCD22pas-72 CDR3 AVRIRRTLVEPLTKETLYDY

76 hCD22pas-79 CDR1 GRTSSVYG

77 hCD22pas-79 CDR2 MSWSGGPT

78 hCD22pas-79 CDR3 AVRIRRTLLEPLTKETLYDY

79 hCD22pas-82 CDR1 GSIFRITV

80 hCD22pas-82 CDR2 ITSGGDS

81 hCD22pas-82 CDR3 NAKWGGDEY

82 hCD221ug-6 Full length | QVQLVESGGGVVRPGDSLRLSCTVSGEFTLDYYVMGWERQA
PGKEREVVSCISSSDGVTYYADSVKGRFTISRDNAKNTVY
LOMNSLKPEDTATYYCAVDKPFYDGGYYYTCPVDFDSWGQ
GTQVTVSS

83 hCD221ug-10 Fulllength | QVOLVESGGGLVQAGGSLSVSCTASESTFSIMMGWERQAP

GKQREMVAVINSAGSTNYADSAEGRFTISRDLAKKTVSLQ
MNSLKPEDTAVYYCYVDGYFGQGTQVTVSS
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84

hCD221ug-13

Full length

QVQLVESGGGLVQAGDSLRLSCAGSGGSEFSSVIMAWERQA
PGKDREFVAAITWSSPSTYYADSVKGRETISRDNAKNTVY
LOMNSLKPEDTAVYYCAGGRTGRGTSADTDEYNYWGQGTQ

VTVSS

85

hCD221ug-14

Full length

QVKLEESGGGLVQAGGSLRLSCAVSGRIFRSYVLGWERQA
PGKERELVARIGWSDTYYADSVKGRFTISRDNAKNTVDLQ
MNSLKPEDTAVYYCAANSPPYGPQRDEFDYWGQGTQVTVS
S

86

hCD221ug-36

Full length

EVQLVDSGGGLVQAGGSLRVSCEASGITEFSRAAMGWYRQR
PGKERERVAVVNSDSSTIYADSVKGRFTISRDNAKNTVYL
QMNSLEPEDTAVYYCWSPGEGSYWGQGTQVITVSS

87

hCD221ug-61

Full length

QVQLVESGGGLVQAGGSLRLSCAASMS SFSQYVMYWYRQA
PGKQRELVATITSYSNTNYADSVKGRFTISRDNAKSIAYL
QMDSLKPEDTAVYYCNAQYGSTFIRNHWDDWGQGTQVTVS

S

88

hCD221ug-74

Full length

QVKLEESGGGLVQAGGSLRLSCAGSGEFTFDDYAMGWERQA
PGKEREVVSCMGSSDGATYYADSVKGRFTISRDNAKNTVY
LOMNSLKPEDTAIYYCAVDKPFYDGGYRYTCPVDEGSWGQ

GTQVTVSS

89

hCD221ug-75

Full length

QVKLEESGGGLVQPGGSLRLSCAGSGSIFRIAVMNWYRQA
PGKERELVAVITSGGDTHYAASVKGRFTISRDNAKNTMYL
QINSLKPEDTAVYYCNAKYGRDEYWGQGAQVTVSS

90

hCD221ug-77

Full length

QVKLEESGGGLVQPGGSLRLSCADSGSIFRIAVMNWYRQA
PGKERELVAVITSGGETHYAASVKGRFTISRDNAKNTMYL
QMNSLKPEDTAVYYCNAKWGQYEYWGQGTQVTVSS

91

hCD221ug-80

Full length

QVQLVESGGGLVQPGGSLRLSCTEFSGETLDYYVMVWERQA
PGKEREAVSCITSDGVTYYADSVKGRFTISRDNAKNTVYL
QMNRVKPEDTAVYYCAVDKPEFYDGGIQYTCPVDEFDSWGQG

AQVTVSS

92

hCD221ug-87

Full length

QVQLVESGGGLVQPGGSLRLSCADSGSIFRIAVMNWYRQA
PGKERELVAVITSGGETHYAASVKGRFTISRDNAKNTMYL
OMNSLKPEDTAVYYCNAKWGRDEYWGQGTQVTVSS
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93

hCD221ug-93

Full length

QVKLEESGGGLVQAGGSLRLSCAASGSTESSSVMNWYRQA
PGKQRELVAVITSSGSTHYADSVKGRFTISRDNAKNTVNL
QMNSLKPEDTAVYYCNAQYGRRSDWGQGTQVTVSS

94

hCD22100ng-2

Full length

QVKLEESGGGLVQPGGSLRLSCTVSGVTEFDYYVMGWERQA
PGKEREVVSCMRNSDGVTYYADSVKGRETISRDNAKNTVY
LOMNSLKPDDTAIYYCAVDKPEYDGGNYYTCPVDEDSWGQ
GTQVTVSS

95

hCD22100ng-62

Full length

QVKLEESGGGLVQAGGSLRLSCAASGSISSINAMGWYRQV
PGKOQRELVAIITTAGNTRYGDSVKGRFTISRDNARKTVYL
QMNSLKPEDTAVYYCAGKLYVNKEYTYWGQGTQVTVSS

96

hCD22100ng-66

Full length

QVQLVESGGGLVQPGGSLRLSCTVSGESLDYYVMGWERQA
PGKEREVVSCISSSDGATYYPDSVKGRFTISRDNAKKTVY
LOMNALKPEDTAIYYCAVDKPEFYDGGSYYTCPVDEGSWGQ

GTQVTVSS

97

hCD22pas-10

Full length

QVQLVESGGGLVQPGDSLRLSCTVSGEFTSDYYAMGWERQA
PGKEREAVSCISSSDGVIYYADSVRGRFTISRDNAKNTVY
LEMNSLKPEDTAIYYCAVDKPFYDGGYLYTCPVDEDSWGQ

GTQVTVSS

98

hCD22pas-16

Full length

QVQLVESGGGLVQAGGSLRLSCAASGSTEFSLKAMAWYRQA
PGKQRERVGVINSDGSYTTDAASVQGREFTISRDNAKNTVY
LOMNSLKPEDTAVYYCNTMPPWPWGQGTQVTVSS

99

hCD22pas-23

Full length

QVQLVESGGGLVQPGGSLRLSCAASGSIFRITAVMNWYRQ
APGKERELVAVITSAGETHYAESVKGRETISRDNAKNTMY
LOMNSLKPEDTAVYYCNAKWGQYEHWGQGTQGTVSS

100

hCD22pas-24

Full length

QVQLVESGGGLVQAGGSLRLSCSASGITSSINSMGWHRQA
PGKOQRELVASIGRGGSGSTKYADSGKGRFLISRDNNKNIL
FLEMNSLKPEDTADYYCLEVTTDLSSYWGRGTQVTVSS

101

hCD22pas-32

Full length

QVQLVESGGGLVQAGGSLRLSCAVSGRIFRSYVLGWERQA
PGKERELVARIGWSDTYYADSVKGRFTISRDNAKNTVDLQ
MNSLKPEDTAVYYCAANSPPYGPQRDEFGYWGQGTQVTVS

S

102

hCD22pas-33

Full length

QVKLEESGGGLVQPGGSLRLSCTVSGEFTLDSYVMGWERQA
PGKEREAVSCISSSDGVTYYADSVKGRFTISRDNAKNTYL
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OMNSLKPEDTAIYYCAVDKPEFYDGGYLYTCPVDEFDSWGQG

IQVTVSS

103

hCD22pas-48

Full length

QVKLEESGGGLGQAGGAVRLSCADSGSIFRIAVMNWYRQA
PGKERELVAVITIAGETHYAYSVKGQFTISRYNAKNTMYL
QMNRLKPEDTAVYYCYANGGRDEYWGRGTQVTVSS

104

hCD22pas-55

Full length

QVKLEESGGGLGQAGGSLRLSCAVSGRISRSYVLGWERQA
PGKERELVARIGCSDTYYADSAKGREFTISRNNADNTVDLQ
MNSLKPEDTAVYYCAEYSPPYGPQRDEFDYWGQGTQVTVS

S

105

hCD22pas-64

Full length

QVQLVESGGGLVQAGGSLRLSCAASGSTFSLNTMAWYRQA
PGNQREYVAAASSDGYTNYADSVRGRFTISRDNDKNTMYL
OMNSLRPEDTAVYYCTWGTGRFADYIYWGQGTQVTVSS

106

hCD22pas-72

Full length

QVQLVESGGGLVQAGGSLRLSCAASGGTEFSVYTMAWERQA
PGKEREFVAATRGSGGTYYRDSVKGRFTISRDNAKNTVYL
QMNSLKPEDTAVYYCAVRIRRTLVEPLTKETLYDYWGQGT

QVTVSS

107

hCD22pas-79

Full length

QVKLEESGGGLVQPGGSLRLSCTVSGRTSSVYGMAWERQT
PGKEREFVAAMSWSGGPTYFADSVKGREGS SRDNAKNTVY
LOMNGLRPEDTAVYYCAVRIRRTLLEPLTKETLYDYWGQG
TQVTVSS

108

hCD22pas-82

Full length

QVQLVESGGGLVQPGGSLRLSCAASGSIFRITVMNWHRQA
PGKERELSGVITSGGDSHYAASVKGRFTIYRDNTKNTMYL
QMNRLKPEDTDYYYCNAKWGGDEYWGQGTHDTGSS

109

CAR modular construct

ATGCTCAGGCTGCTCTTGGCTCTCAACTTATTCCCTTCAA
TTCAAGTAACAGGAGGGTCTTC[anti_CD22_sdAb]GA
AGACTTCCTTTGCGAGACGACGGTGGCGGGGGATCAGGTG
GTGGAGGTAGCGGGGGAGGGGGCTCAGGCGGTACAACTAC
GCCTGCACCTCGCCCACCGACCCCAGCACCAACCATCGCT
TCACAGCCTTTGAGCCTGCGACCAGAGGCATGTCGCCCTG
CTGCGGGCGGTGCCGTTCATACTCGCGGACTTGATTTTGC
GTGTGACGTCGTCTCGCCTTCTAAGCCCTTTTGGGTGCTG
GTGGTGGTTGGTGGAGTCCTGGCTTGCTATAGCTTGCTAG
TAACAGTGGCCTTTATTATTTTCTGGGTGAGGAAACGGGG
CAGAAAGAAACTCCTGTATATATTCAAACAACCATTTATG
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CGACCAGTACAAACTACTCAAGAGGAAGATGGCTGTAGCT
GCCGATTTCCAGAAGAAGAAGAAGGAGGATGTGAACTGCT
GAGAGTGAAGTTCAGCAGGAGCGCAGACGCCCCCGCGTAC
CAGCAGGGCCAGAACCAGCTCTATAACGAGCTCAATCTAG
GACGAAGAGAGGAGTACGATGTTTTGGACAAGCGACGTGG
CCGGGACCCTGAGATGGGGGGAAAGCCGCAGAGAAGGAAG
AACCCTCAGGAAGGCCTGTACAATGAACTGCAGAAAGATA
AGATGGCGGAGGCCTACAGTGAGATTGGGATGAAAGGCGA
GCGCCGGAGGGGCAAGGGGCACGATGGCCTTTACCAGGGA
CTCAGTACAGCCACCAAGGACACCTACGACGCCCTTCACA
TGCAGGCCCTGCCCCCTCGCGCTAGCGCCACGAACTTCTC
TCTGTTAAAGCAAGCAGGCGACGTGGAAGAAAACCCCGGT
CCCATGGTGAGCAAGGGCGAGGAGGACAACATGGCCAGCC
TGCCCGCCACCCACGAGCTGCACATCTTCGGCAGCATCAA
CGGCGTGGACTTCGACATGGTGGGCCAGGGCACCGGCAAC
CCCAACGACGGCTACGAGGAGCTGAACCTGAAGAGCACCA
AGGGCGACCTGCAGTTCAGCCCCTGGATTCTGGTGCCCCA
CATCGGCTACGGCTTCCACCAGTACCTGCCCTACCCCGAC
GGCATGAGCCCCTTCCAGGCCGCCATGGTGGACGGCAGCG
GCTACCAGGTGCACAGGACCATGCAGTTCGAGGACGGCGC
CAGCCTGACCGTGAACTACAGGTACACCTACGAGGGCAGC
CACATCAAGGGCGAGGCCCAGGTGAAGGGCACCGGCTTCC
CCGCCGACGGCCCCGTGATGACCAACAGCCTGACCGCCGC
CGACTGGTGCAGGAGCAAAAAGACCTACCCCAACGACAAG
ACCATCATCAGCACCTTCAAGTGGAGCTACACCACCGGCA
ACGGCAAGAGGTACAGGAGCACCGCCAGGACCACCTACAC
CTTCGCCAAGCCCATGGCCGCCAACTACCTGAAGAACCAG
CCCATGTACGTGTTCAGAAAGACCGAGCTGAAGCACAGCA
AGACCGAGCTGAACTTCAAGGAGTGGCAGAAGGCCTTCAC
CGACGTGATGGGCATGGACGAGCTGTACAAGCCCAAGAAG
AAGAGGAAGGTGGAGGACCCCCCCGCCGCCAAGAGGGTGA

AGCTGGACTAA
110 Human CD28 Signal Peptide MLRLLLALNLFPSIQVTG
111 Synthetic Flexible Linker GGGGSGGGGSGGGGSGG

Domain
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112 Human CD8 Hinge Domain TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGL
DFACD
113 Human CD28 Transmembrane PSKPFWVLVVVGGVLACYSLLVTVAFIIFWVR
Domain
114 Human 4-1BB Co-stimulatory KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGC
Domain EL
115 Human CD3zeta Signaling LRVKFSRSADAPAYQQGONQLYNELNLGRREEYDVLDKRR
Domain GRDPEMGGKPQRRKNPQEGLYNELQKDKMAEAYSEIGMKG
ERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR
116 M971 scFV QVQOLOQSGPGLVKPSQTLSLTCAISGDSVSSNSAAWNWIR
QSPSRGLEWLGRTYYRSKWYNDYAVSVKSRITINPDTSKN
QFSLQLNSVTPEDTAVYYCAREVTGDLEDAFDIWGQGTMV
TVSSGGGGSDIQMTQSPSSLSASVGDRVTITCRASQTIWS
YLNWYQQRPGKAPNLLIYAASSLQSGVPSRFSGRGSGTDF
TLTISSLOAEDFATYYCQQSYSIPQTFGQGTKLEIK
117 FMC63 scFV DYKDHDGDYKDHDIDYKDDDDKDIQOMTQTTSSLSASLGDR
VTISCRASQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGV
PSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTE
GGGTKLEITGSTSGSGKPGSGEGSTKGEVKLQESGPGLVA
PSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWG
SETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTALY
YCAKHYYYGGSYAMDYWGQGTSVTVSS
118 Short flexible linker amino acid GGGGS
sequence
119 Bi-specific T cell engager ATGGAGTTTGGGCTGAGCTGGGTTTTCCTCGTTGCTCTTT
modular construct DNA TTAGAGGTGTCCAGTGTACAGGAGGGTCTTCG [anti_CD
sequence 22 sdAb] GAAGACTTCCTTGGAGGAGGCGGAAGT [anti
_CD3_scFv_heavy chain] GGCGGTGGTGGGTCAGGC
GGCGGTGGGAGCGGAGGAGGTGGAAGC [anti_CD3_scF
v_light chain] CACCACCACCACCACCACTAG
120 hCD221ug-36 Cloned Segment | QVQLVESGGGLVQAGGSLRVSCEASGITFSRAAMGWYRQOR

PGKERERVAVVNSDSSTIYADSVKGRFTISRDNAKNTVYL
QMNSLEPEDTAVYYCWSPGEGSYWGQGTQVTVSS
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121 hCD221ug-93 Cloned Segment | QVQLVESGGGLVQAGGSLRLSCAASMSSFSQYVMYWYRQA
PGRQRELVATITSASSTSYADSVKGRFTISRDNAKSIVYL
QMNSLKPEDTAVYYCNAQYGSTFIRKPYDTWGQGTQVTVS
S

122 hCD221ug-10 Cloned Segment | QVQLVESGGGLVQAGGSLSVSCTASESTFSIMMGWEFRQAP
GKQREMVAVINSAGSTNYADSAEGRFTISRDLAKKTVSLQ
MNSLKPEDTAVYYCYVDGYFGQGTQVTVSS

123 hCD221ug-61 Cloned Segment | QVQLVESGGGLVQAGGSLRLSCAASMSSFSQYVMYWYRQA
PGKQRELVATITSYSNTNYADSVKGRFTISRDNAKSTIAYL
QMDSLKPEDTAVYYCNAQYGSTFIRNHWDDWGQGTQVTVS
S

124 hCD22pas-16 Cloned Segment | QVQLVESGGGLVQAGGSLRLSCAASGSTFSLKAMAWYRQA
PGKQRERVGVINSDGSYTTDAASVQGRFTISRDNAKNTVY
LOMNSLKPEDTAVYYCNTMPPWPWGQGTQVTVSS

125 hCD221ug-80 Cloned Segment | QVQLVESGGGLVQPGGSLRLSCTFSGFTLDYYVMGWFRQA
PGKEREAVSCITSDGVTYYADSVKGRFTISRDNAKNTVYL
QMNRVKPEDTAVYYCAVDKPFYDGGIQYTCPVDFDSWGQG
TQVTVSS

126 Group 1 CDR1 Consensus GXXXDXYX

127 Group 1 CDR2 Consensus XXXKXGXT

128 Group 1 CDR3 Consensus AVDKPFYDGGXXYTCPVDFXS

129 Group 2 CDR1 Consensus GSXFXXXXV

130 Group 2 CDR2 Consensus ITSXGXX

131 Group 2 CDR3 Consensus NAXXGXXXX

132 Group 3 CDR1 Consensus GRIXRSYV

133 Group 3 CDR2 Consensus IGXSDT

134 Group 3 CDR3 Consensus AXXSPPYGPQRDEFXY

135 Group 4 CDR1 Consensus GXTXSVYX

136 Group 4 CDR2 Consensus XXX SXGXT

137 Group 4 CDR3 Consensus AVRIRRTLXEPLTKETLYDY

138 hCD221ug36 Example CAR ATGCTCAGGCTGCTCTTGGCTCTCAACTTATTCCCTTCAA

construct (DNA)

TTCAAGTAACAGGACAGGTACAGCTGGTGGAGTCTGGGGG
AGGCTTGGTGCAGGCTGGGGGGTCTCTGAGAGTCTCCTGT
GAAGCCTCTGGAATCACGTTCAGTCGCGCGGCCATGGGCT
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GGTACCGCCAGCGTCCAGGCAAGGAGCGCGAACGAGTCGC
AGTTGTTAATAGTGATAGCAGTACAATATATGCAGACTCC
GTGAAGGGCCGGTTCACCATCTCCAGAGACAATGCCAAGA
ACACAGTGTATCTGCAAATGAACAGCCTGGAACCTGAGGA
CACGGCCGTCTATTACTGTTGGTCCCCAGGGTTCGGGTCC
TACTGGGGCCAGGGGACCCAGGTCACCGTTTCCTCACCTT
TGCGAGACGACGGTGGCGGGGGATCAGGTGGTGGAGGTAG
CGGGGGAGGGGGCTCAGGCGGTACAACTACGCCTGCACCT
CGCCCACCGACCCCAGCACCAACCATCGCTTCACAGCCTT
TGAGCCTGCGACCAGAGGCATGTCGCCCTGCTGCGGGCGG
TGCCGTTCATACTCGCGGACTTGATTTTGCGTGTGACGTC
GTCTCGCCTTCTAAGCCCTTTTGGGTGCTGGTGGTGGTTG
GTGGAGTCCTGGCTTGCTATAGCTTGCTAGTAACAGTGGC
CTTTATTATTTTCTGGGTGAGGAAACGGGGCAGAAAGAAA
CTCCTGTATATATTCAAACAACCATTTATGCGACCAGTAC
AAACTACTCAAGAGGAAGATGGCTGTAGCTGCCGATTTCC
AGAAGAAGAAGAAGGAGGATGTGAACTGCTGAGAGTGAAG
TTCAGCAGGAGCGCAGACGCCCCCGCGTACCAGCAGGGCC
AGAACCAGCTCTATAACGAGCTCAATCTAGGACGAAGAGA
GGAGTACGATGTTTTGGACAAGCGACGTGGCCGGGACCCT
GAGATGGGGGGAAAGCCGCAGAGAAGGAAGAACCCTCAGG
AAGGCCTGTACAATGAACTGCAGAAAGATAAGATGGCGGA
GGCCTACAGTGAGATTGGGATGAAAGGCGAGCGCCGGAGG
GGCAAGGGGCACGATGGCCTTTACCAGGGACTCAGTACAG
CCACCAAGGACACCTACGACGCCCTTCACATGCAGGCCCT
GCCCCCTCGC[optional_PZA—GFP_marker]

WO 2022/020945
139 hCD221ug36 Example
Bispecific T-cell Engager
construct (DNA)

ATGGAGTTTGGGCTGAGCTGGGTTTTCCTCGTTGCTCTTT
TTAGAGGTGTCCAGTGTACAGGACAGGTACAGCTGGTGGA
GTCTGGGGGAGGCTTGGTGCAGGCTGGGGGGTCTCTGAGA
GTCTCCTGTGAAGCCTCTGGAATCACGTTCAGTCGCGCGG
CCATGGGCTGGTACCGCCAGCGTCCAGGCAAGGAGCGCGA
ACGAGTCGCAGTTGTTAATAGTGATAGCAGTACAATATAT
GCAGACTCCGTGAAGGGCCGGTTCACCATCTCCAGAGACA
ATGCCAAGAACACAGTGTATCTGCAAATGAACAGCCTGGA
ACCTGAGGACACGGCCGTCTATTACTGTTGGTCCCCAGGG
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TTCGGGTCCTACTGGGGCCAGGGGACCCAGGTCACCGTTT
CCTCACCTTTGCGAGACGACGGTGGCGGGGGATCAGGTGG
TGGAGGTAGCGGGGGAGGGGGCTCAGGCGGTACAACTACG
CCTGCACCTCGCCCACCGACCCCAGCACCAACCATCGCTT
CACAGCCTTTGAGCCTGCGACCAGAGGCATGTCGCCCTGC
TGCGGGCGGTGCCGTTCATACTCGCGGACTTGATTTTGCG
TGTGACGTCGTCTCGCTTGGAGGAGGCGGAAGT [anti_C
D3_scFv_heavy chain] GGCGGTGGTGGGTCAGGCGG
CGGTGGGAGCGGAGGAGGTGGAAGC [anti_CD3_scFv_
light_chain] CACCACCACCACCACCACTAG
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CLAIMS:

1. An isolated single domain antibody (sdAb), which binds specifically to human CD22,

the sdAb comprising:

a)

a CDR1 amino acid sequence GX1X2XsDX4YXs (SEQ ID NO: 126), wherein:
XtisForV,
X2is Tor S,
XzisL, F,orS,
X4is Y, D, or S, and
Xsis VorA,
a CDR2 amino acid sequence XsX7XsXoX10GX11T (SEQ ID NO: 127), wherein:
Xeis | or M,
X7isT,R, G, or S,
Xgis Sor N,
Xgis D or S,
Xi0is D or is absent,
Xi1is VorA, and
a CDR3 amino acid sequence AVDKPFYDGGX12X13YTCPVDFX14S (SEQ ID

NO: 128), wherein:

b)

Xi2is I, N, Y, or S,
X13is Q, Y, R, orL, and
Xisis D or G;

a CDR1 amino acid sequence GSX1F X2X3X4 XsV (SEQ ID NO: 129), wherein:
XqislorT,
Xz2is R or is absent,
X;is R, S, or|,
X4is |, S, or T, and
Xsis A, S, orT,
a CDR2 amino acid sequence ITSXsGX7Xs (SEQ ID NO: 130), wherein:
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Xsis G, S, or A,
X7is E, D, or S,
Xgis Tor S, and
a CDR3 amino acid sequence NAXoX10GX11X12X13X14 (SEQ ID NO: 131),
wherein:
Xois Kor Q,
XwoisWor,
Xi1is Q, R, or G,
Xi2is Y, D, or R,
Xuzis Eor S, and
Xi4isY, D, or H;

C) a CDR1 amino acid sequence GRIXsRSYV (SEQ ID NO: 132), wherein:
XqisForS,
a CDR2 amino acid sequence IGX,SDT (SEQ ID NO: 133), wherein:
Xz2is Wor C, and
a CDR3 amino acid sequence AX;X4SPPYGPQRDEFXsY (SEQ ID NO: 134),
wherein:
Xsis AorE,
XsisNorY, and
Xsis G or D;

d) a CDR1 amino acid sequence G XiTXoSVY X3 (SEQ ID NO: 135), wherein:
Xqis Ror G,
X2is SorF, and
XsisGorT,
a CDR2 amino acid sequence X4XsXeSX7GXsT (SEQ ID NO: 136), wherein:
Xqis Mor |,
Xsis Sor R,
Xsis Wor G,
Xzis G or is absent, and
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a CDR3 amino acid sequence AVRIRRTLXsEPLTKETLYDY SEQ ID NO:
137), wherein:

XoisLorV;

a CDR1 amino acid sequence as set forth in SEQ ID NO:
a CDR2 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:

a CDR1 amino acid sequence as set forth in SEQ ID NO:
a CDR2 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:

a CDR1 amino acid sequence as set forth in SEQ ID NO:
a CDR2 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:

a CDR1 amino acid sequence as set forth in SEQ ID NO:
a CDR2 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:

a CDR1 amino acid sequence as set forth in SEQ ID NO:
a CDR2 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:

a CDR1 amino acid sequence as set forth in SEQ ID NO:
a CDR2 amino acid sequence as set forth in SEQ ID NO:
a CDR3 amino acid sequence as set forth in SEQ ID NO:

62);

a CDR1 amino acid sequence as set forth in SEQ ID NO:
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49,
50, and
51 (hCD22pas-16);

47
5, and
6 (hCD221ug-10);

77
8, and
9 (hCD221ug-13);

13,
14, and
15 (hCD221ug-36);

16,
17, and
18 (hCD221ug-61);

40,

41, and
42 (hCD22100ug-
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or

a CDR2 amino acid sequence as set forth in SEQ ID NO: 56, and
a CDRS3 amino acid sequence as set forth in SEQ ID NO: 57 (hCD22pas-24);

a CDR1 amino acid sequence as set forth in SEQ ID NO: 64,
a CDR2 amino acid sequence as set forth in SEQ ID NO: 65, and
a CDRS3 amino acid sequence as set forth in SEQ ID NO: 66 (hCD22pas-48);

a CDR1 amino acid sequence as set forth in SEQ ID NO: 70,
a CDR2 amino acid sequence as set forth in SEQ ID NO: 71, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 72 (hCD22pas-64).

2. An isolated single domain antibody (sdAb), which binds specifically to human CD22,

the sdAb comprising:

A)
i)

i)

ii)

iv)

a CDR1 amino acid sequence as set forth in SEQ ID NO: 1, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 2, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 3 (hCD221ug-6),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 4, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 5, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 6 (hCD221ug-10),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 7, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 8, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 9 (hCD221ug-13),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 10, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 11, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 12 (hCD221ug-14),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 13, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 14, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 15 (hCD221ug-36),
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Vi)

vii)

viil)

X)

Xi)

Xii)

xiil)

Xiv)

XV)

a CDR1 amino acid sequence as set forth in SEQ ID NO: 16, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 17, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 18 (hCD221ug-61),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 19, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 20, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 21 (hCD221ug-74),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 22, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 23, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 24 (hCD221ug-75),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 25, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 26, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 27 (hCD221ug-77),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 28, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 29, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 30 (hCD221ug-80),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 31, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 32, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 33 (hCD221ug-87),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 34, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 35, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 36 (hCD221ug-93),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 37, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 38, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 39 (hCD22100ug-2),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 40, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 41, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 42 (hCD22100ug-62),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 43, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 44, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 45 (hCD22100ug-66),
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XVi)

Xvii)

xviii)

Xix)

xx)

Xxii)

xxiii)

XXiV)

a CDR1 amino acid sequence as set forth in SEQ ID NO: 46, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 47, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 48 (hCD22pas-10),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 49, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 50, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 51 (hCD22pas-16),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 52, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 53, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 54 (hCD22pas-23),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 55, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 56, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 57 (hCD22pas-24),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 58, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 59, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 60 (hCD22pas-32),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 61, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 62, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 63 (hCD22pas-33),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 64, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 65, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 66 (hCD22pas-48),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 67, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 68, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 69 (hCD22pas-55),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 70, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 71, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 72 (hCD22pas-64),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 73, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 74, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 75 (hCD22pas-72),
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XXVi)

XXVii)

a CDR1 amino acid sequence as set forth in SEQ ID NO: 76, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 77, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 78 (hCD22pas-79), or

a CDR1 amino acid sequence as set forth in SEQ ID NO: 79, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 80, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 81 (hCD22pas-82).

3. An isolated single domain antibody (sdAb), which binds specifically to human CD22,

the sdAb comprising:

A)
i)

i)

ii)

iv)

v)

Vi)

Vii)

a CDR1 amino acid sequence as set forth in SEQ ID NO: 1, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 2, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 3 (hCD221ug-6),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 4, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 5, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 6 (hCD221ug-10),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 7, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 8, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 9 (hCD221ug-13),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 10, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 11, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 12 (hCD221ug-14),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 13, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 14, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 15 (hCD221ug-36),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 16, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 17, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 18 (hCD221ug-61),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 19, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 20, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 21 (hCD221ug-74),
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viii)

X)

Xi)

xii)

xiil)

Xiv)

XV)

XVvi)

XVii)

a CDR1 amino acid sequence as set forth in SEQ ID NO: 22, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 23, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 24 (hCD221ug-75),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 25, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 26, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 27 (hCD221ug-77),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 28, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 29, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 30 (hCD221ug-80),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 31, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 32, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 33 (hCD221ug-87),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 34, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 35, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 36 (hCD221ug-93),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 37, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 38, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 39 (hCD22100ug-2),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 40, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 41, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 42 (hCD22100ug-62),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 43, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 44, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 45 (hCD22100ug-66),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 46, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 47, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 48 (hCD22pas-10),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 49, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 50, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 51 (hCD22pas-16),
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xviii)

Xix)

XX)

Xxi)

xxiil)

XXiV)

XXVi)

XXVii)

a CDR1 amino acid sequence as set forth in SEQ ID NO: 52, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 53, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 54 (hCD22pas-23),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 55, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 56, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 57 (hCD22pas-24),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 58, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 59, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 60 (hCD22pas-32),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 61, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 62, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 63 (hCD22pas-33),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 64, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 65, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 66 (hCD22pas-48),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 67, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 68, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 69 (hCD22pas-55),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 70, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 71, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 72 (hCD22pas-64),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 73, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 74, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 75 (hCD22pas-72),

a CDR1 amino acid sequence as set forth in SEQ ID NO: 76, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 77, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 78 (hCD22pas-79), or

a CDR1 amino acid sequence as set forth in SEQ ID NO: 79, a CDR2 amino
acid sequence as set forth in SEQ ID NO: 80, and a CDR3 amino acid
sequence as set forth in SEQ ID NO: 81 (hCD22pas-82); or
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CDR1, CDR2, and CDR3 amino acid sequences that are at least 80% identical to the
CDR1, CDR2, and CDRS3 sequences defined in any one of part A) i) to xxviii).

4, An isolated single domain antibody (sdAb), which binds specifically to human CD22,

10

15

20

25

30

the sdAb comprising:
A)

i) a CDR3 amino acid sequence as set forth in SEQ ID NO: 3,

i) a CDRS3 amino acid sequence as set forth in SEQ ID NO: 6,

i) a CDR3 amino acid sequence as set forth in SEQ ID NO: 9,
iv) a CDRS3 amino acid sequence as set forth in SEQ ID NO: 12,
v) aCDRS3 amino acid sequence as set forth in SEQ ID NO: 15,
vi) a CDR3 amino acid sequence as set forth in SEQ ID NO: 18,
vii)  a CDR3 amino acid sequence as set forth in SEQ ID NO: 21,
vii)  a CDR3 amino acid sequence as set forth in SEQ ID NO: 24,
ix) aCDRS3 amino acid sequence as set forth in SEQ ID NO: 27,
x) aCDRS3 amino acid sequence as set forth in SEQ ID NO: 30,
xi) a CDR3 amino acid sequence as set forth in SEQ ID NO: 33,
xii) a CDR3 amino acid sequence as set forth in SEQ ID NO: 36,
xiii)  a CDR3 amino acid sequence as set forth in SEQ ID NO: 39,
xiv) a CDRS3 amino acid sequence as set forth in SEQ ID NO: 42,
xv) a CDR3 amino acid sequence as set forth in SEQ ID NO: 45,
xvi)  a CDRS3 amino acid sequence as set forth in SEQ ID NO: 48,
xvii) a CDR3 amino acid sequence as set forth in SEQ ID NO: 51,
xviii)  a CDR3 amino acid sequence as set forth in SEQ ID NO: 54,
xix) a CDRS3 amino acid sequence as set forth in SEQ ID NO: 57,
xx) a CDR3 amino acid sequence as set forth in SEQ ID NO: 60,
xxi)  a CDRS3 amino acid sequence as set forth in SEQ ID NO: 83,
xxii) a CDR3 amino acid sequence as set forth in SEQ ID NO: 66,
xxiii)  a CDR3 amino acid sequence as set forth in SEQ ID NO: 69,
xxiv)  a CDR3 amino acid sequence as set forth in SEQ ID NO: 72,
xxv)  a CDR3 amino acid sequence as set forth in SEQ ID NO: 75,
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XXVi)

XXVii)

a CDR3 amino acid sequence as set forth in SEQ ID NO
a CDRS3 amino acid sequence as set forth in SEQ ID NO

PCT/CA2021/051046

179, or
1 81.

The isolated single domain antibody (sdAb) of claim 4, comprising:

A)
i)

i)

ii)

iv)

v)

Vi)

vii)

viii)

X)

Xi)

Xii)

xiii)

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 3,
a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 6,
a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 9,
a CDR1 amino acid sequence as set forth in SEQ ID NO

amino acid sequence as set forth in SEQ ID NO: 12,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 15,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 18,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 21,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 24,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 27,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 30,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 33,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 36,

a CDR1 amino acid sequence as set forth in SEQ ID NO:

amino acid sequence as set forth in SEQ ID NO: 39,
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Xiv)

XV)

Xvi)

XVii)

xviii)

Xix)

xx)

XXi)

Xxii)

Xxiii)

XXiV)

XXV)

XXVi)

XXVil)

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 42,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 45,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 48,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 51,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 54,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 57,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 60,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 63,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 66,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 69,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 72,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 75,

a CDR1 amino acid sequence as set forth in SEQ ID NO
amino acid sequence as set forth in SEQ ID NO: 78, or
a CDR1 amino acid sequence as set forth in SEQ ID NO

amino acid sequence as set forth in SEQ ID NO: 81.
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6. The isolated isolated sdAb of claim 2 or 3, comprising A) the amino acid sequence of any
one of SEQ ID NO: 85 to 112 and 120 to 125, or B) an amino acid sequence that is at least
80% identical to any one of SEQ ID NO: 82 to 108 and 120 to 125 across the full length

thereof.

7. The isolated isolated sdAb of claim 1 or 2, comprising A) the amino acid sequence of any
one of SEQ ID NO: 82 to 108 and 120 to 125.

8. The isolated sdAb of any one of claims 1 to 5, which is a camelid sdAb.

9. The isolated sdAb of claim 8, which is a lama sdAb.

10. The isolated sdAb of any one of claims 1 to 5, which is humanized.

11. The isolated sdAb of any one of claims 1 to 10, which has an affinity or human CD22 of
2.5x 107 nm or less.

12. The isolated sdAb of any one of claims 1 to 10, which has an affinity for human CD22 of

3x10% nm or less.

13. The isolated sdAb of any one of claims 1 to 10, which has an affinity for human CD22 of

9.6 x 10°° nm or less.

14. The isolated sdAb of any one of claims 1 to 10, which has an affinity for human CD22 of

9.3 x 10" nm or less.

15. The isolated sdAb of any one of claims 1 to 10, which has an affinity for human CD22 of
7 x 102 nm or less.

16. The isolated sdAb of any one of claims 1 to 15, which binds to the first Ig-like domain of
human CD22.
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17. The isolated sdAb of claim 16, wherein the antibody comprises SEQ ID NO: 91
(hCD221ug-80).

18. The isolated sdAb of any one of claims 1 to 15, which binds to the fourth Ig-like domain
of human CD22.

19. The isolated sdAb of claim 18, wherein the antibody comprises SEQ ID NO: 84
(hCD221ug-13).

20. The isolated sdAb of any one of claims 1 to 15, which binds to the sixth Ig-like domain of
human CD22.

21. The isolated sdAb of claim 20, wherein the antibody comprises SEQ ID NO: 84
(hCD221ug-13), SEQ ID NO: 91 (hCD221ug-80), SEQ ID NO: 86 (hCD221ug-36), or SEQ

ID NO: 105 (hCD221pas-64).

22. The isolated sdAb of any one of claims 1 to 15, which binds to the seventh Ig-like

domain of human CD22.

23. The isolated sdAb of claim 22, wherein the antibody comprises SEQ ID NO: 87
(hCD221ug-61), SEQ ID NO: 83 (hCD221ug-10), or SEQ ID NO: 100 (hCD22pas-24).

24. A single domain antibody (sdAb) that competes for specific binding to CD22 with the

isolated sdAb as defined in claim 3 or 7.

25. The sdAb of claim 24, which is a Camelidae sdAb.

26. The sdAb of claim 25, which is a lama sdAb.

27. The sdAb of any one of claims 24 to 26, which is humanized.
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28. A recombinant polypeptide comprising one or more sdAb as defined in any one of claims
1to 27.

29. A multivalent antibody comprising:
a first antigen-binding portion comprising the sdAb as defined in any one of claims 1
to 27, and

a second antigen-binding portion.

30. The multivalent antibody of claim 29, wherein the second antigen-binding moiety binds

specifically to a cell-surface marker of an immune cell.

31. The multivalent antibody of claim 30, wherein the cell-surface marker of the immune cell

comprises a T-cell marker.

32. The multivalent antibody of claim 31, wherein the T-cell marker comprises human CD3.

33. The multivalent antibody of any one of claims 29 to 32, comprising in N-terminal to C-
terminal direction:

- the first antigen-binding portion,

- an amino acid linker, and

- the second antigen-binding portion.

34. The multivalent antibody of claim 33, which further comprises an N-terminal signal

peptide.

35. The multivalent antibody of claim 34, wherein the signal peptide is a signal peptide from
human CD28, preferably comprising SEQ ID NO: 110.

36. The multivalent antibody of any one of claims 33 to 35, wherein the amino acid linker

comprises a polypeptide hinge from human CD8.
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37. The multivalent antibody of claim 36, wherein the polypeptide hinge from human CD8
comprises SEQ ID NO: 112.

38. The multivalent antibody of claim 36 or 37, wherein the amino acid linker comprises, in N-
terminal to C-terminal direction, SEQ ID NOs: 111, 112, and 118.

39. The multivalent antibody of any one of claims 33 to 38, which is encoded by SEQ ID NO:
119.

40. The multivalent antibody of claim 30, wherein the cell-surface marker of the immune cell

marker comprises a natural killer (NK) cell marker.

41. The multivalent antibody of claim 40, wherein the NK cell marker comprises human
CD1s.

42. The multivalent antibody of claim 40 or 41, further comprising a cytokine for stimulating

activation, expansion, and/or survival of NK cells.

43. The multivalent antibody of claim 42, wherein the cytokine for stimulating expansion of
NK cells is interleukin-15 (IL15).

44. The multivalent antibody of any one of claims 40 to 43, further comprising a third antigen-

binding portion that binds to a second NK cell marker.

45. The multivalent antibody of claim 44, wherein the second NK cell marker is human
NKp46.

46. The multivalent antibody of any one of claims 40 to 43, further comprising at least a third

antigen-binding portion that binds to a tumour-associated antigen, preferably wherein the

tumour-associated antigen is distinct from human CD22.
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47. The multivalent antibody of any one of claims 29 to 39, further comprising at least a third
antigen-binding portion that binds to a tumour-associated antigen, preferably wherein the

tumour-associated antigen is distinct from human CD22.

48. The multivalent antibody of any one of claims 46 or 47, wherein the third antigen-binding

portion comprises a VuH, Vnar, or an scVF.

49. The multivalent antibody of any one of claims 29 to 47, wherein the second antigen-

binding portion comprises a ViH, Vnar, or an scVF.

50. The multivalent antibody of any one of claims 29 to 49, which comprises an antigen-

binding portion that binds to human serum albumin.

51. The multivalent antibody of claim 31 to 39, which is a bispecific T-cell engager.

52. The multivalent antibody of claim 40 or 41, which is a bispecific killer cell engager (BiKE).

53. The multivalent antibody of any one of claims 42 to 48, which is a trispecific killer cell

engager (TriKE).

54. The multivalent antibody of any one of claims 29 to 53, wherein the sdAb comprises:
a CDR1 amino acid sequence as set forth in SEQ ID NO: 13,
a CDR2 amino acid sequence as set forth in SEQ ID NO: 14, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 15 (hCD221ug36); or
a CDR1 amino acid sequence as set forth in SEQ ID NO: 7,

a CDR2 amino acid sequence as set forth in SEQ ID NO: 8, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 9 (hCD221ug13).
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55. The multivalent antibody of any one of claims 29 to 53, wherein the sdAb comprises SEQ
ID NO: 86 (hCD221ug36) or SEQ ID NO: 84 (hCD221ug13).

56. A recombinant nucleic acid molecule encoding the recombinant polypeptide of claim 28,

or the multivalent of any one of claims 29 to 55.

57. A use of the multivalent antibody as defined in any one of claims 29 to 55 for treatment

of a cancer or an autoimmune disease.

58. A method of treating a cancer or an autoimmune disease in subject comprising

administering to the subject the multivalent antibody as defined in any one of claims 29 to 55.

59. A chimeric antibody receptor (CAR), which binds to human CD22, comprising the VHH

sdAb as defined in any one of claims 1 to 27.

60. The CAR of claim 59 comprising in N-terminal to C-terminal direction:
- an CD22 binding domain comprising the sdAb as defined in any one of claims 1 to
27
- a polypeptide hinge,

- a transmembrane domain, and
- a cytoplasmic domain comprising a signaling domain, preferably wherein the
cytoplasmic domain further comprises a co-stimulatory domain.

61. The CAR of claim 60, wherein the polypeptide hinge is a CD8 hinge domain.

62. The CAR of claim 61, wherein the CD8 hinge domain comprises SEQ ID NO: 112.

63. The CAR of any one of claims 60 to 62, wherein the transmembrane domain is a CD28

transmembrane domain.
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64. The CAR of claim 63, wherein the CD28 transmembrane domain comprises SEQ ID NO:
113.

65. The CAR of any one of claims 60 to 64, wherein the signaling domain is a CD3-zeta

signaling domain.

66. The CAR of claim 65, wherein the CD3-zeta signaling domain comprises SEQ ID NO:
115.

67. The CAR of any one of claims 60 to 66, wherein the co-stimulatory domain is a 4-1BB co-

stimulatory domain.

68. The CAR of claim 67, wherein the 4-1BB signal transduction domain comprises SEQ 1D
NO: 114.

69. The CAR of any of claims 60 to 68, further comprising a flexible amino acid linker
between the sdAb and the polypeptide hinge.

70. The CAR of any of claim 69, wherein the flexible amino acid linker comprises SEQ 1D
NO: 111.

71. The CAR of any one of claims 59 to 70, further comprising a signal peptide.

72. The CAR of claim 71, wherein the signal peptide is a signal peptide from human CD28,
preferably wherein the signal peptide from human CD28 comprises SEQ ID NO: 110.

73. The CAR of any one of claims 59 to 72, which is encoded by SEQ ID NO: 119.

74. The CAR of any one of claims 58 to 72, wherein the sdAb comprises SEQ ID NO: 86
(hCD221ug-36), SEQ ID NO: 83 (hCD221ug-10), SEQ ID NO: 87 (hCD221ug-61), SEQ ID
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NO: 82 (hCD221ug-6), SEQ ID NO: 88 (hCD221ug-74), SEQ ID NO: 85 (hCD221ug-14),
SEQ ID NO: 102 (hCD22pas-33), or SEQ ID NO: 84 (hCD221ug-13).

75. The CAR of any one of claims 59 to 72, where in the VHH sdAb comprises:
a CDR1 amino acid sequence as set forth in SEQ ID NO: 4,
a CDR2 amino acid sequence as set forth in SEQ ID NO: 5, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 6 (hCD221ug-10).

76. The CAR of any one of claims 59 to 72, where in the VHH sdAb comprises:
a CDR1 amino acid sequence as set forth in SEQ ID NO: 13,
a CDR2 amino acid sequence as set forth in SEQ ID NO: 14, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 15 (hCD221ug-36).

77. The CAR of any one of claims 59 to 72, where in the VHH sdAb comprises:
a CDR1 amino acid sequence as set forth in SEQ ID NO: 19,
a CDR2 amino acid sequence as set forth in SEQ ID NO: 20, and
a CDRS3 amino acid sequence as set forth in SEQ ID NO: 21 (hCD221ug-74).

78. The CAR of any one of claims 59 to 72, where in the VHH sdAb comprises:
a CDR1 amino acid sequence as set forth in SEQ ID NO: 61,
a CDR2 amino acid sequence as set forth in SEQ ID NO: 62, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 63 (hCD221pas-33).

79. The CAR of any one of claims 59 to 72, where in the VHH sdAb comprises:
a CDR1 amino acid sequence as set forth in SEQ ID NO: 1,
a CDR2 amino acid sequence as set forth in SEQ ID NO: 2, and
a CDR3 amino acid sequence as set forth in SEQ ID NO: 3 (hCD221ug-6).

80. The CAR of any one of claims 59 to 79, further comprising an additional binding domain
positioned N-terminally or C-terminally with respect to the CD22 binding domain, and linked

to the CD22 binding domain by an amino acid linker.
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81. The CAR of claim 80, wherein the additional binding domain binds to CD22.

82. The CAR of claim 81, wherein the additional binding domain comprises a second sdAb
that is different to the sdAb of the CD22 binding domain.

83. The CAR of claim 82, wherein the second sdAb binds to a different epitope of CD22
compared to the sdAb of the CD22 binding domain.

84. The CAR of claim 81, wherein the additional binding domain comprises a second sdAb
that comprises the same CDR1, CDR2, and CDR3 sdAb of the CD22 binding domain,

preferably wherein the second sdAb is is identical to the sdAb of the CD22 binding domain.

85. The CAR of claim 80, wherein the additional binding domain binds to a molecule different
to CD22.

86. The CAR of claim 80, wherein the additional binding domain comprises a second sdAb.

87. The CAR of claim 85 or 86, wherein the molecule different to CD22 and CD22 are

expressed by the same target cell.

88. A recombinant nucleic acid molecule encoding the CAR as defined in any one of claims
59 to 87.

89. A vector comprising the recombinant nucleic acid molecule as defined in claim 88.

90. The vector of claim 89, which is a viral vector.

91. The vector of claim 90, wherein the viral vector is a lentivirus vector.

92. A recombinant viral particle comprising the recombinant nucleic acid molecule of claim
88.
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93. The recombinant viral particle of claim 92, which is a recombinant lentiviral particle.

94. A cell comprising the recombinant nucleic acid molecule of claim 88.

95. An engineered cell expressing at the cell surface membrane the CAR as defined in any

one of claims 59 to 87.

96. The engineered cell of claim 95, which is an immune cell.

97. The engineered cell of claim 96, wherein the immune cell is derived from T-lymphocytes.

98. A use of the engineered cell of any one of claims 95 to 97 for treatment of a cancer or an

autoimmune disease.

99. The use of claim 57 or 98, wherein the cancer is a hematological malignancy.

100. The use of claim 99, wherein the hematological malignancy is a leukemia, a lymphoma,

or a myelodysplastic syndrome.

101. The use of claim 100, wherein the leukemia is selected from the group consisting of
acute myelogenous leukemia (AML), chronic myelogenous leukemia (CML), acute lymphoid
leukemia (ALL), and chronic lymphoid leukemia (CLL).

102. The use of claim 100, wherein the lymphoma is selected from the group consisting of
multiple myeloma, non-Hodgkin's lymphoma, Burkitt's lymphoma, small cell follicular

lymphoma, and large cell follicular lymphoma.

103. A method of treating a cancer in a subject, comprising administering to the subject the

engineered cell as defined in any one of claims 92 to 97.

104. The method of claim 58 or 103, wherein the cancer is a hematological malignancy.
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105. The method of claim 104, wherein the hematological malignancy is a leukemia, a

lymphoma, or a myelodysplastic syndrome.

106. The method of claim 105, wherein the leukemia is acute lymphoid leukemia (ALL) or

chronic lymphoid leukemia (CLL).

107. The method of claim 105, wherein the lymphoma is selected from the group consisting
of multiple myeloma, non-Hodgkin's lymphoma, Burkitt's lymphoma, small cell follicular

lymphoma, and large cell follicular lymphoma.

108. A multivalent antibody comprising:
- a first antigen-binding portion,
- an amino acid linker comprising a polypeptide hinge from human CD8, and

- a second antigen-binding portion.

109. The multivalent antibody of claim 108, wherein the polypeptide hinge from human CD8
comprises SEQ ID NO: 112.

110. The multivalent antibody of claim 108 or 109, wherein the amino acid linker further
comprises at least one G4S N-terminal to the polypeptide hinge from human CD8, and at

least one G4S C-terminal to the polypeptide hinge from human CD8.

111. The multivalent anybody of any one of claim 108 to 110, wherein the amino acid linker is
at least 47 residues in length, preferably at least 52 residues in length, preferably at least 57
residues in length, more preferably at least 62 residues in length, even more preferably at

least 67 residues in length.

112. The multivalent anybody of any one of claim 108 to 111, wherein the amino acid linker

comprises, in N-terminal to C-terminal, direction SEQ ID NOs: 111, 112, and 118.
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113. The multivalent anybody of any one of claim 108 to 112, wherein the first antigen-

binding portion binds specifically to human CD22.

114. The multivalent anybody of claim 113, wherein the first antigen-binding portion is a ViH,

Vnar, or an scVF.

115. The multivalent anybody of any one of claim 108 to 111, wherein the first antigen-

binding portion is the sdAb as defined in any one of claims 1 to 27.

116. The multivalent antibody of any one of claims 108 to 115, wherein the second antigen-

binding moiety binds specifically to a cell-surface marker of an immune cell.

117. The multivalent antibody of claim 116, wherein the cell-surface marker of the immune

cell comprises a T-cell marker.

118. The multivalent antibody of claim 117, wherein the T-cell marker comprises human
CDs.

119. The multivalent antibody of any one of claims 108 to 118, wherein the second antigen

binding portion is a ViH, Vnar, or an scVF.
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