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COMPOSITIONS AND METHODS FOR BLOOD-BRAIN BARRIER DELIVERY

CROSS REFERENCE TO RELATED APPLICATION
{0081]  This application claims priority to U.S. Provisional Application No. 63/006,998, filed
on April 8, 2020, and U.S. Provisional Application No. 63/036,020, filed on June 8, 2020, the

disclosures of which are incorporated herein by reference in their entireties.

REFERENCE TO SEQUENCE LISTING SUBMITTED ELECTRONICALLY
j0862} This application contains a sequence listing, which is submitted electronically via EFS-
Web as an ASCH formatted sequence listing with a file name “004852.158W01-Sequence
Listing” and a creation date of March 30, 2021, and having a size of 1.3 MB. The sequence
listing submitted via EFS-Web 1s part of the specification and is herein incorporated by reference

in its entirety,

FIELD OF THE INVENTION
{0083]  The present invention relates to a blood-brain barrier shuttle that binds to the transferrin

receptor (TIR) and methods of using the same.

BACKGROUND OF THE INVENTION
{BiBd]  While the blood-brain barrier (BBB) prevents harmful substances from entering the
brain and s essential for brain homeostasis, 1t presents a formidable obstacle for efficiently
delivering drugs to the brain. Large molecules, such as monocional antibodies and other
biotherapeutics, have great therapeutic/diagnostic potential for treating/detecting pathology in the
central nervous system (CNS). However, their route into the brain is prevented by the BBB.
Previous studies have illustrated that only a very small percentage {approximately 0.1%) of an
1gG mjected in the bloodstream are able to penetrate the BBB into the ONS compartment
(Felgenhauer, Kiin. Wschr. 52: 1158-1164, 1974)). This will limit any pharmacological effect

due to the low concentration within the CNS of the antthody.
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{B885]  Numerous approaches have been studied to improve the brain delivery of therapeutic
monocional antibodies (mAbs), including the use of receptor-mediated transcytosis (RMT).
RMT utilizes abundantly expressed receptors on the lunminal side of the BBB for transport
through brain endothelial cells. Previous efforts to generate a clinically feasible platform for
delivery of therapeutic mAbs into the brain have been focused on antibody engineering to
mcrease the efficiency of transcytosis, with gains made through observations on valency of
binding, pH dependency and affinity (reviewed in Goulatis et al., 2017, Curr Opin Struct Biol
45: 109-115). However, translation into NHPs and the clinic has been limited by rapid peripheral
clearance from target-mediated drug disposition (TMDD)} and safety from acute reticulocyte
depletion {Gadkar, 2016, Eur J Pharm Biopharm. 2016 Apr;101:53-61). Transferrin receptor
(TfR)}, particularly TfR1, mediates the transport of tron-loaded transferrin (Tf) from blood to
brain and the return of iron-depleted Tf to the blood (Kawabata, Free Radical Biology &
Medicine, 133, 46-54, 2019). Anti-TfR1 monoclonal antibodies have been used to deliver drugs
to the brain (Burkhart, et al. Progress in neurobiology, 181, 101665, 2019). However, safety
liabilities and poor pharmacokinetics (PK) of anti-TfR1 monoclonal antibodies have hampered
their clinical development as BBB carriers.

{0886] Therefore, there is a need for an anti-TfR monoclonal antibody or antigen binding
fragment thereof that can be used to shuttle drugs into the brain efficiently with improved safety

and PK.

SUMMARY OF THE INVENTION
{8807 The application relates to an optimized platform for brain delivery, accounting for not
just brain concentration of a delivered agent, such as a therapeutic monoclonal antibody {(mAb),
but also therapeutically relevant characteristics of the mAb, including peripheral
pharmacokinetics, safety and the pharmacodynamics of the mAb. The platform utilizes a TIR
binding molecule, in particular, an antibody or antigen-binding fragment thereot that binds to
transferrin receptor (TIR), preferably a human transferrin receptor 1 (huTfR1}, wherein the TfR
binding molecule has optimized transport function defined by the on-rate ka and off-rate ko

values both at a neuiral pH of 6.8 to 7.8, such as a physiological pH {e.g.

[=281

7.4), and at an acidic

pH of 4.5 t0 6.5, such as an acidic pH often found in endosomal compartments.



WO 2021/205358 PCT/1B2021/052889

{B888]  The mmventors discovered, unexpectedly, the optimal values are not simply the fastest
on-rate ka values and the slowest off-rate ka values as one might expect in typical antibody-target
mteractions. That s, for this system, one would not necessarily want to use a molecule that
“binds” and associates with TfR at a relatively high rate and then dissociates from the TR more
slowly to have the longest life span of the antibody-target complex. Instead, m one embodiment,
the optimized transport function of the TR binders described herein preferably have ka rates that
are similar {e.g., within the same order of magnitude) at both physiologic pH {e.g., 7.4) and at
lower pH {e.g., 6.5 or 6.0} but have faster off-rate kq at 2 lower pH {e.g., pH 6.5 or 6.0) when
compared to the kq rates at physiological pH (e.g., 7.4).
{0869%]  In one general aspect, the application describes an anti-TIR antibody or antigen-binding
fragment thereof for delivering a therapeutic or diagnostic agent to the brain of a subject in need
thereof, wherein the anti-TfR antibody or antigen-binding fragment thereof binds to a transferrin
receptor {TfR), preferably human TfR1, with a dissociation constant Kp of at least 1 nM,
preferably 1 nM to 500 nM, at neutral pH and an off-rate constant kq of at least 10 sec™ |
preferably 107 to 107! sec™, at an acidic pH, preferably pH 5.
{38148]  In some embodiments, the anti-THR antibody or antigen-binding fragment thereof of
claim 1 has an off-rate constant ke of 2 x 107 to 2 x 10" sec™, preferably 2.0 x 107 sec! at
a neutral pH.
{8611} o another embodiment, the optimized transport function of certain TR binders
described herein preferably have a ka rate of at least 1.05 x 10%and a ka rate of at least 2.0 x
107 571 or faster at physiologic acidic pH (e.g., 7.4). The aforementioned pH, KD, ka and ka
parameters reflect optimized transcytosis conditions only and in no way limut our findings that
TfR-mediated transport, of certain molecules conjugated to certain TR binders herem, may
nonetheless occur outside of the preferred parameters described.
{0812]  In one general aspect, the application relates to an antibody or antigen-binding fragment
thereof for delivering an agent to the brain of a subject in need thereof, wherein the antibody or
antigen-binding fragment thereof binds to transferrin receptor {TIR), preferably a human
transferrin receptor 1 (huTfR1), comprising
{1) a heavy chain variable region comprising heavy chain complementarity determining
regions (HCDRs) HCDR1, HCDR2 and HCDR3, and a light chain variable region
comprising light chain complementarity determining regions (LCDRs) LCDR1,
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LCDR2 and LCDR3, wherein the HCDR1, HCDRZ, HCDR3, LCBRI, LCDR2Z and
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LCDR3 have the amino acid sequences of!
292,293, 294, 295, 296, and 297, respectively;
279, 280, 281, 282, 283 and 284, respectively;

(1)
(1))
{111
(iv)
v)
(vi)
{vii}
(vi)
(ix)
(x)
{xi)
{xii)
(xiit}
(x1v)
{xv)
(xvi)
{xvit)
{>xvi)
{(xx)
{xx1)
{xxii}
(xx1i1)
(xxiv)
(xxv)
(xxvi)
{xxvii)
{xxviii)

{xxix)

SEQ ID NOs:
SEQ ID NQOs:
SEQ 1D NOs:
SEQ ID NQOs:
SEQ 1D NOs:
SEQ ID NQOs:
SEQ 1D NOQOs:
SEQ ID NQs:
SEQ ID NOs:

SEQ ID NQs: -

SEQ ID NOs:

SEQ ID NOs: 3

SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:

SEQ 1D NOs: 4

SEQ ID NOs:

SEQ ID NOs: 4

SEQ 1D NQs:

SEQ ID NOs: 4

SEQ ID NQOs:
SEQ 1D NOs:
SEQ ID NQOs:
SEQ 1D NOs:
SEQ ID NQs:
SEQ 1D NOQOs:

SEQ ID NQs: 5

2

B

L, 30, 31, 32, 33 and 34, respectively;

57,58, 59, 60, 61 and 62, respectively;
85, 86, 87, 88, 89 and 90, respectively;
110,111,112, 113, 114 and 115, respectively;
135, 136, 137, 138, 139 and 140, respectively;

191,
245, 246,
3, 264, 265,

. 356, 357,

376, 377,

395, 396, 377,
406, 407,
5,416, 417,
426, 427,

36, 437,
445, 446, 447,
5, 456, 457,
466, 467,
5, 476, 477,
, 486, 487,
5, 496, 497,
, 506, 507,
. 516, 517,
, 326, 527,

346, 347, 3

. 366, 367, 3

5,386, 387,

247,
266,

398,
408,
418,
428,
438,
448,
458
468,
478,
488,
498,
508,
518,
528,

B

192, 193, 194, 195 and 196, respectively;

248 and 249, respectively;

267 and 268, respectively;

, 349 and 350, respectively;
3, 359 and 360, respectively;

3, 369 and 370, respectively;

379 and 380, respectively;

3, 389 and 390, respectively;

399 and 400, respectively;
409 and 4190, respectively;
419 and 420, respectively;
429 and 4390, respectively;
439 and 440, respectively;
449 and 450, respectively;
459 and 460, respectively;
469 and 470, respectively;
479 and 480, respectively;
489 and 490, respectively,
499 and 500, respectively;
509 and 510, respectively;
519 and 520, respectively;

529 and 530, respectively;
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{(xxx) SEQID NOs: 535, 536, 537, 538, 539 and 540, respectively; or
{xxxt) SEQID NQs: 545, 546, 547, 548, 549 and 550, respectively; or
{2} a single variable domain on a heavy chain (VHH) comprising heavy chain
complementarity determining regions (HCDRs) HCDR1, HCDR2 and HCDR3
having the amino acid sequences of:
{1} SEQID NOQOs: 7, 8 and 9, respectively;
{1} SEQID NOs: 317, 318 and 319, respectively;
(111} SEQID NQs: 324, 325 and 326, respectively;
(tvy SEQID NOs: 331, 332 and 333, respectively; or
(v) SEQID NOs: 338, 339 and 340, respectively.
{8813] In certain embodiments, the application relates to an anti-TfR VHH fragment
comprising an aming acid sequence having at least 80%, such as at least 5%, 90%, 95% or
100%, sequence identity to SEQ ID NGO 6, 316, 323, 330, or 337,
{0414] In other embodiments, the application relates to an anti-TfR single-chain variable
fragment (scFv) comprising a heavy chain variable region covalently linked to a light chain
variable region via a hinker, preferably, the huker has the amino acid sequence of SEQ ID NG:
314. More preferably, the scFv comprises an amino acid sequence having at least 80%, such as
at least 85%, 90%, 95% or 100%, sequence identity to the amino acid sequences of SEQ D NO:
278, 291, 28, 36, 84, 109, 134, 162, 190, 218, 243, 262, 344, 354, 364, 374, 384, 394, 404, 414,
424, 434, 444, 454, 464, 474, 484, 494, S04, 514, 524, 534 or 544,
{80151 Another aspect of the application relates to a conjugate comprising an anti-TTR
antibody or antigen-binding fragment thereof of the application coupled to a therapeutic or
diagnostic agent, such as a neurclogical disorder drug or an agent for detecting a neurological
disorder. Preferably, the therapeutic or diagnostic agent 1s a second antibody or an antigen
binding fragment thereof that binds to a brain target.
{816} In certain embodiments, the application relates to a fusion construct comprising an anti-
TR antibody or antigen-binding tragment thereof of the application covalently linked to a
second antibody or an antigen binding fragment thereof that binds to a brain target, such as a
brain target selected from the group consisting of beta-secretase 1 (BACE1), amyloid beta
(Abeta), epidermal growth factor receptor (EGFR), human epidermal growth factor receptor 2

(HERZ), Tau, apolipoprotein E4 (ApoE4), alpha-synuclein, CD20, huntingtin, prion protein
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(PrP}, leucine rich repeat kinase 2 (LRRK2), parlan, presenilin I, presenilin 2, gamma secretase,
death receptor 6 (DR6), amyloid precursor protein {APP), p75 neurotrophin receptor {(p75NTR),
and caspase 6.

{0417] In certain embodiments, a fusion construct of the application comprises a second
antibody or antigen binding fragment thereof that binds to Tau and comprises HCDR1, HCDR2,
HCDR3, LCDR1, LCDR2Z and LCDR3 having the amino acid sequences of SEQ ID NOs: 554 to
559, respectively. Preferably, the second antibody 15 a monoclonal antibody comprising a heavy
chain having the amino acid sequence of SEQ 1D NO: 310 and a light chain having the amino
acid sequence of SEQ 1D NG: 311,

{0818] In one embodiment, a fusion construct of the application comprises an anti- TR
anttbody or antigen-binding fragment thereof, preferably an anti-huTfR1 VHH or scFv fragment,
of the application covalently linked, via a linker, to the carboxyl terminus of only one of the two
heavy chains of a second antibody or antigen binding fragment thereof that binds to a brain
target. Preferably, the linker has the amino acid sequence of SEQ 1D NG: 312 or SEGQ 1D NG:
313,

{8818]  In certain embodiments, each of the two heavy chains of the second antibody or antigen
binding fragment thereof comprises a modified constant heavy chain 3 (CH3) domain as
compared to a wild-type CH3 domain to facilitate the formation of a heterodimer between the
two heavy chains. Any rautation that facilitates the formation of a heterodimaer between the two
heavy chains can be used. Preferably, the modified CH3 domain of the first heavy chain
comprises amino acid modifications at positions T350, L3351, F403, and Y407, and the modified
CH3 domain of the second heavy chain comprises amino acid modifications at positions T350,
T366, K392 and T394. Preferably, the amino acid modification at position T350 15 T350V,
T350L, T350L or T350M; the amino acid modification at position 1,351 18 1.351Y; the amino acid
modification at position F405 1s F405A, F405V, F405T or F4055; the amino acid modification at
position Y407 1s Y407V, Y407A or Y4071, the amino acid modification at position T366 is
T366L, T3661, T366V or T366M, the amino acid modification at position K392 is K392F,
K392L or K392M, and the amino acid modification at position T394 is T394W. More
preferably, the modified heterodimeric CH3 domain of the first heavy chain comprises mutations
T350V, L351Y, F405A and Y407V, and the modified heterodimeric CH3 domain of the second

heavy chain comprises mutations T3S0V, T366L, K392L and T394W. The numbering of amino
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acid residues 1n the antibody throughout the specification is performed according to the EU index
as described in Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, Md. (1991), uniess otherwise explicitly
stated.
13828}  In certain embodiments, the fragment crystallizable region (Fe region) of the second
anttbody or antigen binding fragment thereof contains substitutions that alter {increase or
diminish), preferably eliminate, effector function, such as antibody dependent cellular
cytotoxicity (ADCC) and/or complement dependent cytotoxicity (CDC). Preferably, the Fc
region of the second antibody or antigen binding fragment thereof comprises one or more amino
acid modifications that decrease or abolish the binding of the second antibody or antigen binding
fragment thereof to Fc gamma receptors (FoyR) and avoid effector function mediated toxicity.
For example, the Fc region of the second antibody or antigen binding fragment thereof can
comprise one or more amino acid modifications at positions £.234, 1.235, D270, N297, E318,
K320, K322, P331, and P329, such as one, two or three mutations of L234A, L.235A and P33185,
wherein the numbering of amino acid residues s according to the EUJ index as set forth in Kabat.
{0821]  In certain embodiments, the Fc region of the second antibody or antigen binding
fragment thereof contains substitutions that alter {increase or diminish), preferably increase, the
binding of the second antibody or antigen binding fragment thereof to neonatal Fc receptor
(FcRn). Preferably the one or more mutations enhance the binding at an acidic pH, more
preferably the Fe has the M232Y/S254T/T256E (Y TE) mutations, wherein the numbering of
amino acid residues is according to the EU index as set forth in Kabat.
{8022] In certain embodiments, a fusion construct of the application comprises:
(1) a first heavy chain having an amuno acid sequence that 1s at least 80%, such as at least
85%, 90%, 95% or 100%, identical to an amino acid sequence selected from the
group consisting of SEQ ID NOs: 301, 304, 307, 285, 288, 298, 10, 13, 16, 19, 22,
25,35, 38, 41, 44, 47, 50, 53, 63, 66, 69, 72, 75,78, 81, 91, 94, 97, 100, 103, 106,
116, 119, 122, 125, 128, 131, 141, 144, 147, 150, 153, 156, 159, 169, 172, 175, 178,
181, 184, 187,197, 200, 203, 206, 209, 212, 215, 225, 228, 231, 234, 237, 240, 250,
252,256,259, 269, 272, 275, 320, 327, 334, 341, 351, 361, 371, 381, 391, 401, 411,
421,431, 441, 451, 461 and 471,
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2} two hight chaing each mdependently having an amino acid sequence that is at least
80%, such as at least 85%, 90%, 95% or 100%, 1dentical to an amino acid sequence
selected from the group consisting of 302, 305, 308, 286, 289, 299, 11, 14, 17, 20, 23,
26,36,39,42 45, 48, 51, 54, 64, 67,70, 73,76, 79, 82, 92, 95, 98, 101, 104, 107,
117,120, 123, 126, 129, 132, 142, 145, 148, 151, 154, 157, 160, 170, 173, 176, 179,
182, 185, 188, 198, 201, 204, 207, 210, 213, 216, 226, 229, 232, 235, 238, 241, 251,
253, 257, 260, 270, 273 276, 321, 328, 335, 342, 352, 362, 372, 382, 392, 402, 412,
422 432 442 452 462 and 472, respectively; and
(3} a second heavy chaim having an amino acid sequence that is at least 80%, such as at
least 85%, 90%, 95% or 100%, identical to an amino acid sequence selected from the
oroup consisting of 303, 306, 309, 287, 290, 300, 12, 15, 18, 21, 24, 27, 37, 40, 43,
46, 49, 52, 55, 65, 68, 71, 74, 77, 80, 83, 93, 96, 99, 102, 105, 108, 118, 121, 124,
127,130, 133, 143, 146, 149, 152, 155, 158, 161, 171, 174, 177, 180, 183, 186, 189,
199, 202, 205, 208, 211, 214, 217, 227, 230, 233, 236, 239, 242, 252, 254, 258, 261,
271,274, 277, 322, 329, 336, 343, 353, 363, 373, 383, 393, 403, 413, 423, 433, 443,
453, 463 and 473, respectively.
{0823]  Another general aspect of the application relates to an 1solated nucleic acid encoding
the antibody or antigen-binding fragment, a conjugate, or a fusion construct of the application.
Also provided 15 a vector comprising the isolated nucleic acid of the application, a host cell
comprising the nucleic acid or the vector of the application.
{00241 Another general aspect of the application relates to a method of producing the antibody
or antigen-binding fragment, a conjugate, or a fusion construct of the application. The method
comprises culturing a cell comprising a nucleic acid of the application under conditions to
produce the antibody or antigen-binding fragment, the conjugate or the fusion construct, and
recovering the antibody or antigen-binding fragment, the conjugate or the fusion construct from
the cell or cell culture.
{6425]  Further provided is a pharmaceutical composition comprising a conjugate or a fusion
construct of the application and a pharmaceutically acceptable carrier.
{0826]  Another general aspect of the application relates to a method of treating or detecting a
neurological disorder in a subject in need thereof, comprising administering to the subject an

effective amount of an anti-TfR antibody or antigen binding fragment thereof, a conjugate ora



WO 2021/205358 PCT/1B2021/052889

fusion construct, or a pharmaceutical composition of the application. Preferably, the
neurological disorder ts selected from the group consisting of neurodegenerative diseases (such
as Lewy body disease, postpoliomyelitis syndrome, Shy-Draeger syndrome, olivopontocerebellar
atrophy, Parkinson's disease, multiple system atrophy, striatonigral degeneration, spinocerebellar
ataxia, spinal muscular atrophy), tavopathies (such as Alzheimer disease and supranuclear palsy},
prion diseases (such as bovine spongiform encephalopathy, scrapie, Creutz-feldt-Jakob
syndrome, kuru, Gerstmann-Straussler-Scheinker disease, chronic wasting disease, and fatal
fanmlial msommia}, bulbar palsy, motor newron disease, and nervous system heterodegenerative
disorders (such as Canavan disease, Huntington's disease, neuronal ceroid-lipofuscinosis,
Alexander's disease, Tourette's syndrome, Menkes kinky hair syndrome, Cockayne syndrome,
Halervorden-Spatz syndrome, lafora disease, Rett syndrome, hepatolenticular degeneration,
Lesch-Nyhan syndrome, and Unverricht-Lundborg syndrome), dementia (such as Pick's disease,
and spinocerebellar ataxia), and cancer of the CINS and/or brain (such as brain metastases
resulting from cancer elsewhere in the body).

{0827] Preferably, the antibody or antigen binding fragment thereof, the conjugate, the fusion
construct or the pharmaceutical composition of the application is administered intravenously.
{0828] Also described 1s a method of delivering a therapeutic or diagnostic agent to the brain
of a subject in need thereof, comprising administering to the subject a conjugate comprising the
therapeutic or diagnostic agent coupled to an anti-TfR antibody or antigen-binding fragment
thereof of the application. Preferably, the therapeutic or diagnostic agent is a second antibody or
an antigen binding fragment thereof that binds to a brain target. More preferably, the
admirustration of the therapeutic or diagnostic agent coupled to an anti-TER antibody or antigen-
binding fragment thereof of the application to the brain of a subject results in reduced Fe-
mediated effector function and/or does not induce rapid reticolocyte depletion, as compared to
the administration of the therapeutic or diagnostic agent not coupled to the anti-TfR antibody or
antigen-binding fragment thereof.

{80291 Yet another general aspect of the invention relates to a method of inducing antibody
dependent phagocytosis (ADP) without stimulating secretion of a pro-inflammatory cytokine ina
subject in need thereof, comprising administering to the subject a complex comprising a
therapeutic anttbody or antigen binding fragment thereof coupled to, preferably covalently

conjugated to, an antigen-binding fragment thereof according to an embodiment of the invention,
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wherein the therapeutic antibody or antigen binding fragment thereof does not have effector
function, for example, the therapeutic antibody or antigen binding fragment thereof comprises
one or more amino actd modifications at positions 1.234, 1.235, D270, N297, E318, K320, K322,
P331, and P329, such as one, two of three mutations of L234A, L235A and P3318, wherein the
numbering of amino acid residues is according to the EU index as set forth in Kabat. Preferably,
the therapeutic anitbody or antigen hinding fragment thereof binds specifically to tau aggregates.
{0838] Other aspects, features and advantages of the invention will be apparent from the
following disclosure, including the detailed description of the invention and its preferred

embodimentis and the appended claims.

BRIEF DESCRIPTION OF THE FIGURKES
{8031}  The foregoing summary, as well as the following detailed description of the invention,
will be better understood when read in conjunction with the appended drawings. For the purpose
of illustrating the invention, there are shown in the drawings embodiments which are presently
preferred. It should be understood, however, that the 1vention is not limited to the precise
embodiments shown in the drawings.
{0832] The patent or application file contains at least one drawing executed 1n color. Copies of
this patent or patent application publication with color drawing(s) will be provided by the Office
upon request and payment of the necessary fee.
{0833]  FIG. 1 s an dlustration of tripod mAbD format {also referred to as a TTP mAb) used for
the brain delivery platform.
{0834]  FIG. 2 1s an image showing internalization of tripod mAbs in human brain endothelbial
cells. Tripod mAbs are stained red, nucleus 1s blue, and actin green.
{B838] FIG. 3 is a graph showing pH dependent binding, which was assessed by comparing
off-rates at pH 7.4 to off-rate as pH was reduced to 6.5 and 6.0. Tripod mAbs were scored
positive if the off-rate was faster as the pH decreased.
{8836] FIG. 4 is an image showing internalization of the tripod mAb BBBB383, in human
brain endothelial cells. Tripod mAbs are stained red, nucleus is blue, and actin green.
{0037] FIG 5A-FIG. 5B are graphs showing plasma (FIG. 5A) and brain (FIG. 5B) PK of
BBBB383 and BBBB426. Brain shuttle containing anti-BACE mAbs, BBBB383 and BBBB426

10
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were compared with BBBB456 (anti-BACE mAb without the brain shuttle). Symbols represent
the average of 4 mice (at 4 and 24 hours) or 5 mice (at 72 hours).

{D8U38] FIG. 615 a graph showing AB1-40 concentrations in brain following treatment with
BBBB383 and BBBBA426. Brain shuttle containing anti-BACE mAbs, BBBB343 and BBBB426,
were compared with BBBB456 (anti-BACE mAb without the brain shuttle). Symbols represent
the average of 4 mice (at 4 and 24 hours} or 5 mice (at 72 howrs).

{0839  FIG. 7A-FIG. 7B are graphs showing plasma (FIG. 7A) and brain (FIG. 7B) PK of
brain shuttle anti-BACE mAbs. Bram shuttle containing anti-BACE mAbs were compared with
BBBB456 (anti-BACE mAb without the brain shuttle, solid diamond with dotted line). Each
symbol represents the average of two mice per timepoint.

{8848] FIG. 8 is a graph showing AB1-40 concentrations in brain following treatment with
brain shuttle mAbs. Brain shuttle containing anti-BACE mAbs, were compared with BBBB456
(anti-BACE mAb without the brain shuttle, solid diamond with dotted hine). Dose dependent
decrease in AB levels was observed for all brain shuttles except BBBBO83. Each symbol
represents the average of two mice per timepoint.

{3841} FIG 91s an umage showing nternalization of tripod mAb BBB-00489 in human brain
endothelial cells. Tripod mAbs are stained red and actin green.

{8842] FIG. 10 are graphs showing brain pharmacokinetics in cynomolgus monkey.
Cynomolgus mounkeys were dosed 10mg/kg mtravenously with three TTP mAbs, BBBB1134
and BBBB1136 (left) and BBBB1133 (right}, and compared to control mAb, PT1B8&44. Brain
exposure measured 72 hours following dosing (n= 3 cynomolgus mounkeys/mAb). Brain
concentration was determuned for the mAbs across a variety of areas and averaged across
amimals. Each symbol represents a region of the bram.

{B843] FIG. 11 1s a graph showing brain concentration of a brain shuttle-containing mAb as
compared to the non-brain shuttle control in different regions. Individual points represent each
animal (n=3).

{044] FIG. 12 is a graph showing plasma concentration of mAbs dosed i.v. at 4, 24 and 72
hours. All brain shuttle mAbs had faster clearance than non-brain shuttle mAbs. Individual

points represent each animal {n=3).
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{8845]  FIG. 13 1s a graph showing reticulocyte depletion observed during the cyno study for
BBBB1134 but not the other mAbs, confirming the impact of Fc function on TR binding mAbs
and reticulocyte depletion.
{0846] FIG 14A-FIG 14C: Brain pharmacokinetics and pharmacodynamics of tripod mAbs in
TR knock-in mice, human TR knock-in mice were dosed 10mg/kg intravenously with a
panel of tripod mAbs (BBBBx} compared with one control mAb, and brain exposure was
assessed at 24 hours:
FI1G. 14A: a range of enhanced exposure was observed from no enhancement (BBBB974,
open square) to 10.5x (BBBBY78, open triangle) (n= 2 mice, symbols represent each
individual animal with the bar representing the mean and error bars standard deviation).
FIG. 14B: the tripod mAb off-rates correlated well with brain exposure, with an off-rate
that was neither too fast nor too slow observed to be optimal
FIG. 14C: brain pharmacodynamics of the mAb, anti-BACE antagonist mAb, were
assessed and a strong PK/PD relationship was observed in the brain for all tripod mAbs,
except BBBBO83. BBBB983 had enhanced brain exposure (5.5x) but similar
concentration of ABio as the control mAb (each triangle represents an individual). It s
hypothesized that the slow-neutral oft-rate is preventing diffusion in the brain to the
target.
{0647} FIG. 1515 a graph showing mAb roediated uptake into microghal phagosomes. All
brain shuttle mAbs promoted more efficient uptake into phagosomes than the non-brain shuttle
mAb, PT1B844. Within the brain shuttle mAbs those with full effector function (BBBBI1131,
1134 and 1046) were more efficient than those without effector function.
{0048] FIG 1613 2 graph showing mAb mediated uptake into macrophage phagosomes. All
brain shuttle mAbs promoted more efficient uptake into phagosomes than the non-brain shuttle
mAb, B2Z1M-IgGl.
{084%]  FIG. 17A-FIG. 17F: Brain pharmacokinetics in cynomolgus monkey demonstrate
enhanced brain delivery of therapeutic mAb.
FIG. 17A: cynomolgus monkeys were dosed 10 mg/kg intravenously with two tripod
mAbs, BBBB1134 and BBBB1136, and one control mAb, PT1B844. Brain exposure
measured 72 hours following dosing (n= 3 cynomolgus monkeys/mAb. Symbols

represent each individual animal with the bar representing the mean and error bars

12
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standard deviation). Enhanced brain exposure was observed for both brain shuttle mAbs
across all regions of the brain assessed.
FIG. 17B: & Tx and 1 1x enhancement in brain concentration was observed for BBBB1134
and BBBBI36, respectively, compared with the control mAb.
FIG. 17C: the plasma exposure over 72 hours demonstrated target-mediated drug
disposition for the tripod mAbs with accelerated clearance observed compared with the
control mAb. The tripod mAbs differ in their binding affinity for FcRn, with BBBB1136
containing the high binding affinity “YTE” mutations; BBBB1136 (triangle) had
approximately 2x enhanced plasma concentration at 72 hours compared with BBBB1134
{open square).
FIG. 17D: in vitro ADCC activity of the tripod mAbs (BBBB1134 and BBBB1136)
compared with the positive control, BBBB17S5 high affinity anti-TfR binding 1gG1 mAb,
and negative control, CNTQO3930, an [gGl mAb that does not bind the target cells.
BBBB1134, 1gG1 mAb, potentiates robust ADCC of target cells with both human and
cyno PBMCs. BBBB11306, an effector function silent IgG1 mAb, was observed to have
no ADCC activity.
FIG. 17E: SPR binding data of BBBB1134 and BBBB1136 for the
complement component 1q (Clg). BBBB1134 binds Clg whie BBBB1136 does not.
FIG. 17F: Reticulocyte depletion observed in the cynomolgus monkey PK study.
Reticulocyte loss 2 days following dosing was not observed for the conirol mAb or
BBBB1136, while robust depletion was observed following treatment with BBBB1134
{symbols represent the mdividual animals, bars the average and error bars the standard
deviation}.

{B858] FIG. 18A-FIG. 18D Bram and Serum pharmacokinetics of repeat dosing and dose

response of BBBB1133 i cynomolgus monkey:
FIG 18A: Cynomolgus monkeys were dosed intravenously with either 2mg/kg, 10mg/kg
or 30mg/ke with BBBB1133 and brain exposure assessed at 1, 7 or 15 days following
(=3 monkeys/mAb and timepoint. Symbeols represent the average brain concentration
and error bars the standard deviation). Linear brain PK was observed between 2 and
10mg/kg but nonlinear PK observed between 10 and 30 myg/ke, suggesting that 30mg/kg

is a saturating dose for the TR
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FIG. 18B: Serum concentration of BBBB1133 was measured throughout the study (1, 6
hours post-dosing and on days 1, 2, 4, 10 and 14}. Linear pharmacokinetics was observed
at all three doses. A Tz = 6 days was determined for BBBB1133 in serum.
FI1G. 18C: Cynomolgus monkeys were dosed intravenously weekly for three weeks with
BBBB1133 at either 2mg/kg, 10mg/ke or 30mg/kg. Brain exposure assessed ai 1, 7, 15,
or 21 days following dosing {n=3 monkeys/mAb and timepoint. Symbols represent the
average brain concentration and error bars the standard deviation). Linear brain PK was
observed between 2 and 10mg/kg but nonlinear PK observed between 10 and 30 mg/kg,
suggesting that 30mg/kg is a saturating dose for the TfR. Evidence for accumulation was
observed at the 30mg/ke dose.
FIG. 18D: Serum concentration of BBBB1133 was measured throughout the study (1, 6
hours post first dose and ondays 1, 2, 4, 10, 14, 14.02, 14.25, 15, 16, 18 and 21). Linear
pharmacokinetics was observed at all three doses with no evidence for PK tolerance with
repeat dosing.

{04851] FIG. 19A-FIG. 19C: Non-classical, non-FoyR mediated ADP promotes the efficient

phagocytosis of Tau aggregates in human microglia:
FIG. 19A: To assess the potential of the effector function impaired IgGl tripod mAbs,
BBBB1133 and BBBB1136, to promuote uptake of Tau aggregates in microghia, human
iPSC derived microglia were incubated with mAbs and biotinylated phospho-tau
oligomers labeled with streptavidin Alexa Flour 488 (AF488). At 4 hours post incubation,
cells were washed, fixed, permeabilized, stained and imaged using confocal microscopy.
Cells containing tau aggregates that co-localized with Lamp-1 stained lysosomes were
quantitated. BBBB1133 and BBBB1136 promoted more efficient uptake and lysosomal
trafficking than the anti-Tau WT IgGl mAb, PT1B844.
FIG. 198: Uptake of Tau oligomers can be blocked with excess of soluble TR ECD but
1s not impacted by addition of soluble Fe, demonstrating the uptake occurs through TIR.
FIG. 19C: Human 1PSc-derived microgha were incubated with Alexa Fluor 488-labeled
phosphoTau peptide (green) in the presence of PT1B844 or BBBR1133 for 4 hours. After
fixation, cells were stained with antibodies against Clathrin, EEAT, Rab17 or Lampl, and
detected with Alexa Fluor 647-secondary antibodies {red). Cells were imaged using a

Perkin Elmer Opera Phenix, 60x magnification, confocal mode. Representative cell
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images at the 2 pm plane are shown. Scale bar = 10 um. Arrows point at the
colocalization area detailed in 1nsets. Third column for each phosphoTauw-antibody
treatment 1s the merged result of the other two columns. Cells were also stained and
imaged with DAPI to detect nuclet and hes Cellmask orange to detect cytoplasm (not
shown).
{38352] FIG 20A-FIG. Z0E: Non-classical, non-FeyR mediated ADP promotes the efficient
phagocytosis of Tau aggregate derived from human AD patient brains in human macrophages
and microgla:
FIG. 20A: Human monocyte-derived macrophages were incubated with Tau aggregates
and BBBB1133 {open square) and the control anti-Tau oAb, PT1B844 (circle). The
amount of pTau remaining 1n the culture supernatant was quantified with tirne. Sioular
degradation of pTau was observed up 8 hours, at which point the PT1B844-mediated
ADP stalls while the BBBB1133-mediated ADP continues to promote degradation.
FIG. 20B: A similar trend was observed using human 1PSC-derived microglia, with
BBBB1133 {open square) potentiating more robust degradation of pTau with time
compared with PT1B844. The mechanism of BBBB1133-mediated pTau degradation was
demonsirated to occur through the TR by blocking degradation using excess amount of
soluble TEIR ECD.
FI1G. 20C-FI1G. 20E: Supernatants from the microglia experiment were assess for
cyvtokine concentrations. PT1B844-mediated pTau ADP simulated the release of
proinflammatory cytokines, TFNg (FIG. 20C), IL6 (FIG. 20D) and IL1J (FIG. 208),
while BBBB1133 did not simulate similar release.
{8853]  FIG. 21 Co-injection of PHFs with the indicated tan antibodies reduced the induction
of tan pathology:
FIG. 21 A: Partial dependency of the model on Fe-dependent activity 1s demonstrated by
the statistically significant ditferences in veutralization of Tau by the mouse 1gG2a.
FIG. 21B: Both anti-Tau mAbs neutralized Tau seeding compared with the isotype
control. No statistical difference was observed between the mAb and the TTP mAb, with
the TTP mAb having slightly improved neutralization compared with the mAb,

demonstrating that non-~classical ADP mechanism 1s functional in vivo.
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BETAILED DESCRIPTION OF THE INVENTION
{0834] Varnious publications, articles and patents are cited or described m the background and
throughout the specification; each of these references 1s herein incorporated by reference in s
entirety. Dhscussion of documents, acts, materials, devices, articles or the like which has been
mehuded in the present specification is for the purpose of providing context for the present
mvention. Such discussion is not an admission that any or all of these matters form part of the
prior art with respect to any inventions disclosed or claimed.
{0455]  Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood to one of ordinary skill in the art to which this invention
pertains. Otherwise, certain terms used herein have the meanings as set in the specification. AH
patents, published patent applications, and publications cited herein are incorporated by
reference as if set forth fully herein. It must be noted that as used herein and in the appended
claims, the singular forms “a,” “an,” and “the” include plural reference unless the context clearly
dictates otherwise.
{8836] Unless otherwise stated, any numerical value, such as a concentration or a
concentration range described herein, are to be understood as being modified in all instances by
the term “about.” Thus, a numerical value typically includes = 10% of the recited value. For
example, a dosage of 10 mg includes 9 mg to 11 mg. As used heren, the use of a numerical
range expressly includes all possible subranges, all individual numerical values within that range,
meluding imtegers within such ranges and fractions of the values unless the context clearly
indicates otherwise.
{B857]  As used herein, the conjunctive term “and/or” between multiple recited elements is
understood as encompassing both individual and combined options. For instance, where two
elements are conjoined by “and/or,” a first option refers to the applicability of the first element
without the second. A second option refers to the applicability of the second element without the
first. A third option refers to the applicability of the first and second elements together. Any one
of these options is understood to fall within the meaning, and therefore satisfy the requirement of
the term “and/or” as used herein. Concurrent applicability of more than one of the options is also
understood to fall within the meaning, and therefore satisfy the requirement of the term “and/or.”
{0858] Throughout this specification and the claims which follow, unless the context requires

otherwise, the word “comprise,” and variations such as “comprises” and “comprising,” will be
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understood to imply the inclusion of a stated integer or step or group of integers or steps but not
the exclusion of any other mteger or step or group of mteger or step. When used herein the term
“comprising” can be substituted with the term “containing” or “including” or sometimes when
used herein with the term “having.”

1B859]  When used herein “consisting of” excludes any element, step, or ingredient not
specified in the claim element. When used herein, “consisting essentially of” does not exclude

materials or steps that do not materially affect the basic and novel characteristics of the claim.

93 < >

Any of the aforementioned terms of “comprising,” “containing,” “including,” and “having,”

whenever used herein in the context of an aspect or embodiment of the invention can be replaced
with the term “consisting of” or “consisting essentially of” to vary scopes of the disclosure.
0868 The term “antibody™ herein 1s used in the broadest sense and specifically includes full-
length monoclonal antibodies, polyclonal antibodies, and, unless otherwise stated or contradicted
by context, antigen-binding fragments, antibody variants, and multispecific molecules thereof, so
long as they exhibit the desired biclogical activity. Generally, a full-length antibody is a
glycoprotein comprising at least two heavy (H) chains and two light (L) chains inter-connected
by disulfide bonds, or an antigen binding portion thereof. Each heavy chain is comprised of a
heavy chain variable region (abbreviated herein as VH) and a heavy chain constant region. The
heavy chain constant region 13 comprised of three domains, CH1, CH2 and CH3. Each hight
chain 1s comprised of a light chain variable region (abbreviated herein as VL) and a light chain
constant region. The light chain constant region 13 comprised of one domain, CL. The VH and
VL regions can be further subdivided into regions of hypervarability, termed complementarily
determining regions (CDR), interspersed with regions that are more conserved, termed
framework regions (FR). Fach VH and VL 13 composed of three CDRs and four FRs, arranged
from ammno-terminus to carboxy-terminus m the following order: FR1, CDR1, FR2, CDR2, FR3,
CDR3, FR4. The variable regions of the heavy and light chains contain a binding domain that
mteracts with an antigen. General principles of antibody molecule structure and various
techniques relevant to the production of antibodies are provided in, e.g., Harlow and Lane,
ANTIBODIES: A LABORATORY MANUAL, Cold Spring Harbor Laboratory Press, Cold
Spring Harbor, N. Y., (1988},

{0861] Depending on the amino acid sequence of the constant domain of their heavy chains,

full tength antibodies can be assigned to different “classes”. There are five major classes of full-
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length antibodies: [gA, IgD, IgE, IgG, and IgM, and several of these may be further divided into
“subclasses” (isotypes), e.g., IeGl, 1g(G2, 1g(33, 1g(G4, IgA, and IgA2. The heavy-chain constant
domains that correspond to the different classes of antibodies are called alpha, delta, epsiion,
camma, and mu, respectively. The subunit structures and three-dimensional configurations of
different classes of immunoglobulins are well known.

{6062] An “antibody” can also be a single variable domain on a heavy chain (VHH) antibody,
also referred to as a heavy chain only antibody (HcAb), which are devoid of light chains and can
be naturally produced by camelids or sharks. The antigen binding portion of the HcAb 1s
comprised of a VHH fragment.

{9083]  The term “recombinant antibody”, as used herein, refers to an antibody (e.g. a chimeric,
humanized, or human antibody or antigen-binding fragment thereof) that is expressed by a
recombinant host cell comprising nucleic acid encoding the antibody. Examples of “host cells”
for producing recombinant antibodies include: (1) mammalian cells, for example, Chinese
Hamster Ovary {(CHO)}, COS, myeloma cells (including YO and NSO cells), baby hamster
kidney (BHK), Hela and Vero cells; (2) insect cells, for exaraple, st9, sf21 and TaS; (3) plant
cells, for example plants belonging to the genus Nicotiana (e.g. Nicoviana tabacum), (4) veast
cells, for example, those belonging to the genus Saccharomyces (e.g. Saccharomyces cerevisiae)
or the genus Aspergillus (e.g. Aspergillus nigery, (8) bacterial cells, for example Escherichia,
coli cells or Bacillus subtilis cells, et

{0864]  An "antigen-binding fragment” of an antibody s a molecule that comprises a portion of
a full-length antibody which 1s capable of detectably binding to the antigen, typically comprising
one or more portions of at least the VH region. Antigen-binding fragments mnclude multivalent
molecules comprising one, two, three, or more antigen-binding portions of an antibody, and
single-cham constructs wherein the VL and VH regions, or selected portions thereof, are joimed
by synthetic linkers or by recombinant methods to form a functional, antigen-binding molecule.
Antigen-binding fragments can also be a single-domain antibody (sdAb}, also known as

a nanobody, which 1s an antibody fragment consisting of a single monomeric variable antibody
domain {VHH). While some antigen-binding fragments of an antibody can be obtained by actual
fragmentation of a larger antibody molecule (e g., enzymatic cleavage), most are typically
produced by recombinant techniques. The antibodies of the invention can be prepared as full-

length antibodies or antigen-binding fragments thereof. Examples of antigen-binding fragments
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mchude Fab, Fab', F(ab)s, F{ab'h, Flab)s, Fv (typically the VL and VH domains of a single arm
of an antibody), single-chain Fv (scFv, see e.g., Bird et al., Science 1988; 242:423-426; and
Huston et al. PNAS 1988; 85:5879-5883), dsFv, Fd (typically the VH and CH1 domaimn}, and
dAb {typically a VH domain) fragments; VH, VL, VHH, and V-NAR domains; monovalent
molecules comprising a single VH and a single VL chain; minibodies, diabodies, triabodies,
tetrabodies, and kappa bodies (see, e.g., Il et al, Protein Eng 1997, 10:949-57); camel 1gG;
IsNAR; as well as one or more 1solated CDRs or a functional paratope, where the isolated CDRs
or antigen-binding residues or polypeptides can be associated or hinked together so as to form a
functional antibody fragment. Various types of antihody fragmenis have been described or
reviewed in, e.g., Holliger and Hudson, Nat Biotechnol 2005; 23:1126-1136; W(2005040219,
and published U.S. Patent Applications 200350238646 and 20020161201, Antibody fragments
can be obtained using conventional recombinant or protein engineering technigues, and the
fragments can be screened for antigen-binding or other function in the same manner as are intact
antibodies.

{08658] Vanious techniques have been developed for the production of antibody fragments.
Traditionally, these fragments were derived via proteolytic digestion of full-length antibodies
(see, e.g., Morimoto et al., Journal of Biochemical and Biophysical Methods, 24:107-117 (1992);
and Brennan et al,, Science, 229:81 (1985)). However, these fragments can now be produced
directly by recombinant host cells. Alternatively, Fab’-SH fragments can be directly recovered
from F. coli and chemically coupled to form F(ab")2 fragments (Carter et al., Bio/Technology,
10:163-107 (1992}). According to another approach, F(ab')2 fragments can be isolated directly
from recombinant host cell culture. In other embodiments, the antibody of choice is a single-
chain Fv fragment (scFv). See WO 1993/16185; U8 Pat. No. 5,571,894; and U.S. Pat. No.
5,587,458, The antibody fragment may also be a “linear antibody”, e.g., as described in U.S. Pat.
No. 5,641,870, for example. Such linear anttbody fragments can be monospecific or bispecific.
j66]  The term "antibody derivative® as used herein refers to a molecule comprising a full-
length antibody or an antigen-binding fragment thereof, wherein one or more amino acids are
chemically modified or substituted. Chemical modifications that can be used in antibody
derivative includes, e.g., alkylation, PEGylation, acylation, ester formation or amide formation or

the like, e.g., for linking the antibody to a second molecule. Exemplary modifications include
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PEGylation {e.g., cysteine~ PEGylation), biotinylation, radiclabeling, and conjugation with a
second agent {such as 3 cytotoxic agent}.

{B867]  Antibodies herein include “ammo acid sequence variants” with altered antigen-binding
or biological activity. Examples of such amino acid alterations include antibodies with enhanced
affinity for antigen {e.g. “affinity matured” antibodies), and antibodies with altered Fc region, if
present, e.g. with altered (increased or diminished) antibody dependent cetlular cytotoxicity
(ADCC) and/or complement dependent cytotoxicity (CDC) (see, for example, WO 00/42072,
Presta, L. and WO 99/51642, 1duocsogie et al); and/or increased or diminished serum half-life
(see, for example, W000/42072, Presta, L.},

{9088] A “multispecific molecule” comprises an antibody, or an antigen-binding fragment
thereof, which 1s associated with or linked to at least one other functional molecule (e.g. another
peptide or protein such as another antibody or ligand for a receptor) thereby forming a molecule
that binds to at least two different binding sites or target molecules. Exemplary multispecific
molecules include bi-specific antibodies and antibodies linked to soluble receptor fragments or
ligands.

{3868]  The term “human antibody”, as used herein, is intended to include antibodies having
variable regions in which both the framework and CDR regions are derived from (1.¢,, are
identical or essentially identical to) human germline immunoglobulin sequences. Furthermore, if
the antibody contains a constant region, the constant region also 15 “derived from”™ human
germling immunoglobulin sequences. The human antibodies of the invention can include amino
acid residues not encoded by human germline immunoglobulin sequences {e.g., mutations
mtroduced by random or site-specific mutagenesis in vitro or by somatic mutation in viva}.
However, the term “human antibody”, as used herem, 18 not intended to include antibodies in
which CDR sequences derived from the germiine of another mammalian species, such as a
mouse, have been grafted onto human framework sequences.

IB878) A “humanized” antibody 1s a human/non-human chimeric antibody that contains a
mintmal sequence derived from non-human immunoglobulin. For the most part, humanized
antibodies are human immunoglobulins (recipient antibody) in which residues from a
hypervariable region of the recipient are replaced by residues from a hypervariable region of a
non-human species {donor antibody} such as mouse, rat, rabbit, or non-human primate having the

desired specificity, affinity, and capacity. In some instances, FR residues of the human
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mmunoglobulin are replaced by corresponding non-human residues. Furthermore, humanized
antibodies can comprise restdues that are not found in the recipient antibody or in the donor
antibody. These modifications are made to further refine antibody performance. In general a
humanized antibody will comprise substantially all of at least one, and typically two, variable
domains, in which all or substantially all of the hypervariable loops correspond to those of a non-
human immunoglobulin and all or substantially all of the FR residues are those of a human
mmmunoglobulin sequence. The humanized antibody can optionally also comprise at least a
portion of an immunoglobulin constant region (Fc), typically that of a human immunocglobulin
For further details, see, e.g., Jones et al, Nature 321:522-525 (1986}; Riechmann et al., Nature
332:323-329 (1988); and Presta, Curr. Op. Struct. Biol. 2:393-596 (1992}, WO 92/02190, US
Patent Application 20060073137, and U.S. Pat. Nos. 6,750,325, 6,632,927, 6,639,055,
6,548,640, 6,407,213, 6,180,370, 6,054,297, 5,020,212, 5,895,205, 5,886,152, 5,877,293,
5,869,610, 5,821,337, 5,821,123, 5,770,196, 5,777,085, 5,766,886, 5,714,350, 5,693,762,
5,693,761, 5,530,101, 5,585,089, and 5,225,339,

{04711 The term “hypervariable region” when used herein refers to the amino acid residues of
an antibody that are respousible for antigen binding. The hypervariable region generally
comprises amino acid residues from a “complementarity-determining region” or “CDR”
(residues 24-34 (L1), 50-56 (L2} and 89-97 (L.3) 10 the light-chain variable domain and 31-35
(H1), 50-65 (H2) and 95-102 (H3) in the heavy-chain vaniable domain; (Kabat et al. (1991}
Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and
Human Services, NIH Publication No. 91-3242) and/or those residues from a “hypervariable
ioop” (residues 26-32 (L1), 50-52 (1.2} and 91-96 (L.3) n the hight-chain variable domam and 26~
32 (H1), 53-55 (H2) and 96-101 (H3) in the heavy-chain vanable domain; Chothia and Lesk, 1.
Mol. Biol. 1987, 196:901-917). Typicaily, the numbering of amino acid residues in this region is
performed by the method described in Kabat et al |, supra. Phrases such as “Kabat position”,
“variable domain residue numbering as in Kabat” and “according to Kabat” herein refer to this
numbering system for heavy chain variable domains or light chain variable domains. Using the
Kabat numbering system, the actual linear amino acid sequence of a peptide can contain fewer or
additional amino acids corresponding to a shortening of, or insertion into, a FR or CDR of the
variable domain. For example, a heavy chain variable domain can include a single amino acid

msert {residue 5Za according to Kabat) after residue 52 of CDR H2 and inserted residues {e.g.
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residues 82a, 82b, and 82¢, etc. according to Kabat) after heavy chain FR residue 82, The Kabat
numbering of residues can be determined for a given antibody by alignment at regions of
homology of the sequence of the antibody with a “standard” Kabat numbered sequence.

{0472] “Framework region” or “FR” residues are those VH or VL residues other than the
CDRs as herein defined.

{80731 An “epitope” or “binding site” is an area or region on an antigen to which an antigen-
binding peptide {such as an antibody} specifically binds. A protein epitope can comprise amino
actd residues directly involved in the binding {also called the immunodominant component of the
epitope) and other amino acid residues, which are not directly involved in the binding, such as
aming acid residues which are effectively blocked by the specifically antigen binding peptide (in
other words, the amino acid residue is within the “solvent-excluded surface” and/or “footprint”
of the specifically antigen binding peptide).

j0874] A “paratope” is an area or region of an antigen-binding portion of an antibody that
specifically binds an antigen. Unless otherwise stated or clearly contradicted by context, a
paratope can comprise amino acid residues directly involved 1 epitope binding, several of which
are typically in CDRs, and other amino acid residues, which are not directly 1nvolved in the
binding, such as amino acid residues which are effectively blocked by the specifically bound
antigen (in other words, the amino acid residue 1s within the “solvent-excluded surface” and/or
“footprint” of the specifically bound antigen).

{0875]  An “antibody that binds to the same epitope” as a reference antibody refers to an
antibody that blocks binding of the reference antibody to its antigen in a competition assay by
50% or more, and conversely, the reference antibody blocks binding of the antibody to its
antigen in a competition assay by 50% or more.

{B876]  An “isolated” antibody is one which has been separated from a component of its natural
envirgnment. In some embodiments, an antibody 1s purified to greater than 95% or 99% purity as
determined by, for example, electrophoretic {e.g., SDS-PAGE, isoelectric focusing (1EF},
capillary electrophoresis) or chromatographic {e.g., ion exchange or reverse phase HPLC). Fora
review of methods for assessment of antibody purity, see, e.g., Flatman et al, J. Chromatogr. B
848:79-87 (2007).

{0877]  The term “admimstering” with respect to the methods of the invention, means a method

for therapeutically or prophylactically preventing, treating or ameliorating a syndrome, disorder
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or disease as described herein by using a conjugate of the invention or a form, composttion or
medicament thereof. Such methods include administering an effective amount of said antibody,
antigen-binding fragment thereof, or conjugate, or a form, composition or medicament thereof at
different times during the course of a therapy or concurrently in a combination form. The
methods of the invention are to be understood as embracing all known therapeutic treatment
regimens.

{0878] The ability of a target antibody to “block” the binding of a target molecule to a natural
target ligand, means that the antibody, in an assay using soluble or cell-surface associated target
and hgand molecules, can detectably reduce the binding of a target molecule to the higand in a
dose-dependent fashion, where the target molecule detectably binds to the ligand in the absence
of the antibody.

{097¢] The “blood-brain barrier” or “BBB” refers a physiological barrier between the
peripheral circulation and the brain and spinal cord which is formed by tight junctions within the
brain capillary endothelial plasma membranes, creating a tight barrier that restricts the transport
of molecules into the brain. The BBB can restrict the transport of even very small molecules
such as urea (60 Daltons) into the brain. Examples of the BBB include the BBB within the brain,
the blood-spinal cord barrier within the spinal cord, and the blood-retinal barrier within the
retina, all of which are contiguous capillary barriers within the CNS. The BBB also encompasses
the blood-CSF barrier {choroid plexus) where the barrier 1s comprised of ependymal cells rather
than capiilary endothelial cells.

[@G8GE A “blood-brain barrier receptor” (abbreviated “R/BBB” herein) 1s an extracellujar
membrane-linked receptor protein expressed on brain endothelial cells which 1s capable of
transporting molecules across the BBB or be used to transport exogenous administrated
molecules. Examples of R/BBB include, but are not limited 1o, transferrin receptor (TR}, insulin
receptor, insulin-like growth factor receptor (IGF-R), low density lipoprotein receptors including
without limitation low density Hipoprotein receptor-related protein 1 (LRP1) and low density
lipoprotein receptor-related protein 8 (LRPB}, and heparin-binding epidermal growth factor-like
growth factor (HB-EGF). An exemplary R/BBB herein is transferrin receptor {TfR).

{0081 The “central nervous system” or “CNS” refers to the complex of nerve tissues that

control bodily function, and includes the brain and spinal cord.
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{DaO82] A “compugate” as used herein refer to a protein covalently linked to one or more
heterologous molecule(s), including but not limuted to a therapeutic peptide or protein, an
antibody, a label, or a neurological disorder drug.

{0483]  As used herein the term “coupled” refers to the joining or connection of two or more
objects together. When referring to chemical or biological compounds, coupled can refer to a
covalent connection between the two or more chemical or biclogical compounds. By way of a
non-limiting example, an antibody of the invention can be coupled with a peptide of interest to
form an antibody coupled peptide. An antibody coupled peptide can be formed through specific
chemical reaciions designed to conjugate the antibody to the peptide. In certain embodiments, an
antibody of the invention can be covalently coupled with a peptide of the invention through a
linker. The linker can, for example, be first covalently connected to the antibody or the peptide,
then covalently connected to the peptide or the antibody.

J0884] An “effective amount” or “therapeutically effective amount” of an agent, e g., a
pharmaceutical formulation, refers to an amount effective, at dosages and for periods of time
necessary, to achieve the desired therapeutic or prophylactic result.

{B885] A “linker” as used herein refers to a chemucal linker or a single chain peptide linker that
covalently connects two different entities. A linker can be used to connect any two of an
antibody or a fragment thereof, a blood brain barrier shuttle, a fusion protein and a conjugate of
the present invention. The hinker can connect, for example, the VH and VL m scFv, or the
monocional antibody or antigen-binding fragment thereof with a therapeutic molecule, such as a
second antibody. In some embodiment, if the monovalent binding entsty comprises a scFv
directed to TR, preferably huTIR1, and the therapeutic molecule comprises an antibody directed
to a CNS target, such as Tau, then the linker can connect the scFv to the antibody directed to
Tau. Single chain peptide linkers, comprised of from 1 10 25 amino acids, suchas 1,2, 3,4, 5, 6,
7,8 9,10, 11,12, 13, 14,15, 16, 17, 18,19, 20, 21, 22, 23, 24, or 25 amino acids, joined by
peptide bonds, can be used. In certain embodiments, the amino acids are selected from the
twenty naturally occurring amino acids. In certain other embodiments, one or more of the amino
acids are selected from glycine, alanine, proline, asparagine, glutamine and lysine. Chemical
finkers, such as a hydrocarbon linker, a polyethylene glycol (PEG) linker, a polypropylene glycol
(PPG) linker, a polysaccharide linker, a polyester linker, a hybrid linker consisting of PEG and

an embedded heterocycle, and a hydrocarbon chain can also be used.
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{886] A “newrological disorder” as used herein refers to a disease or disorder which affects
the NS and/or which has an etiology in the CNS. Exemplary CNS diseases or disorders mclude,
but are not limited to, neuropathy, amyloidosis, cancer, an ocular disease or disorder, viral or
microbial infection, inflammation, ischemia, neurodegenerative disease, seizure, behavioral
disorders, and a lysosomal storage disease. For the purposes of this application, the UNS will be
understood to include the eye, which is normally sequestered from the rest of the body by the
blood-retina barrier. Specific examples of neurological disorders include, but are not imited to,
neurcodegenerative diseases {including, but not limited to, Lewy body disease, postpoliomyelitis
syndrome, Shy-Draeger syndrome, olivopontocerebellar atrophy, Parkinson's disease, multiple
system atrophy, striatonigral degeneration, spinocerebellar ataxia, spinal muscular atrophy),
tauopathies (including, but not limited to, Alzheimer disease and supranuclear palsy}, prion
diseases (including, but not limited to, bovine spongiform encephalopathy, scrapie, Creutz-feldt-
Jakob syndrome, kuru, Gerstmann-Straussler-Scheinker disease, chronic wasting disease, and
fatal familial insomnia), bulbar palsy, motor neuron disease, and nervous system
heterodegenerative disorders {including, but not limited to, Canavan disease, Huntington's
disease, neuronal ceroid-lipofuscinosis, Alexander's disease, Tourette's syndrome, Menkes kinky
hair syndrome, Cockayne syndrome, Halervorden-Spatz syndrome, lafora disease, Rett
syndrome, hepatolenticular degeneration, Lesch-Nyhan syndrome, and Unvernicht-Lundborg
syndrome), dementia (including, but not imited to, Pick's disease, and spimocerebellar ataxia),
cancer {e.g. of the CNS and/or brain, including brain metastases resulting from cancer elsewhere
m the body).
{Ba87] A “neurclogical disorder drug” 1s a drug or therapeutic agent useful mn treating or
ameliorating the effects of one or more neuwrclogical disorder(s). Neurological disorder drugs of
the invention include, but are not limited to, small molecule compounds, antibodies, peptides,
proteins, natural ligands of one or more CNS target(s), modified versions of natural ligands of
one or more UNE target(s), aptamers, inhibitory nucleic acids (1.e., small inhtbitory RNAs
{siRNA) and short hairpin RNAs (shRNA)), ribozymes, or active fragments of any of the
foregoing. Exemplary neurological disorder drugs of the invention are described herein and
mclude, but are not limited to: antihodies, aptamers, proteins, peptides, inhibtiory nucleic acids
and small molecules and active fragments of any of the foregoing that either are themselves or

specifically recognize and/or act upon (1.e., inhibit, activate, or detect) a CNS antigen or target
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molecule such as, but not himited to, amylowd precursor protein or portions thereof, amylowd beta,
beta-secretase, gamma-secretase, tau, alpha-synuclein, parkin, huntingtin, DR6, presenilin,
ApoE, ghioma or other CNS cancer markers, and neurotrophins Non-limiting examples of
neurclogical disorder drugs and the corresponding disorders they may be used to treat: Brain-
derived neurotrophic factor (BDNF}, Chronic brain injury (Neurogenesis), Fibroblast growth
factor 2 (FGF-2), Anti-Epidermal Growth Factor Receptor Brain cancer, (EGFR)-antibody, Glial
cell-line derived neural factor Parkinson's disease, {GDNF), Brain-derived neurotrophic factor
{BDNF) Amyotrophic lateral sclerosis, depression, Lysosomal enzyme Lysosomal storage
disorders of the brain, Ciliary neurotrophic factor (CNTF) Amyoirophic lateral sclerosis,
Neuregulin-1 Schizophrenia, Anti-HER?2 antibody (e g. trastuzumab) Brain metastasis from
HER2-positive cancer.

{0088] The term “pharmaceutical formulation” refers to a preparation which 1s in such form as
to permit the biological activity of an active ingredient contained therein to be effective, and
which contains no additional components which are unacceptably toxic to a subject to which the
formulation would be admunistered.

{O888]  As used herein, “pharmaceutically acceptable carrier or diluent” means any substance
suttable for use 10 admuinistering to an individual. For example, a pharmaceutically acceptable
carrier can be a sterile aqueous solution, such as phosphate buffer saline (PBS) or water-for-
myection,

{0898]  As used heren, “pharmaceutically acceptable salis” means physiologically and
pharmaceutically acceptable salts of compounds, such as oligomeric compounds or
oligonucleotides, 1.e., salts that retain the desired biological activity of the parent compound and
do not impart undesired toxicological effects thereto.

{B891]  Pharmaceutically acceptable acidic/anionic salts for use in the invention include, and
are not limited to acetate, benzenesulfonate, benzoate, bicarbonate, bitartrate, bromide, calcium
edetate, camsylate, carbonate, chloride, citrate, dihydrochloride, edetate, edisylate, estolate,

glutamate, glycollylarsanilate, hexylresorcinate,

L] E =1

esylate, fumarate, glyceptate, gluconate
hydrabamine, hyvdrobromide, hydrochloride, hydroxynaphthoate, iodide, isethionate, lactate,
lactobionate, malate, maleate, mandelate, mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, pamoate, pantothenate, phosphate/diphosphate, polygalacturonate,

salicylate, stearate, subacetate, succinate, sulfate, tannate, tartrate, teoclate, tosylate and
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triethiodide. Organic or inorganic acids also include, and are not limited to, hydriodic,
perchloric, sulfuric, phosphoric, propionic, glycolic, methanesulfonic, hydroxyethanesulfonig,
oxalic, Z-naphthalenesulfonic, p-toluenesulfonic, cyclohexanesulfamic, saccharinic or
triftuoroacetic acid. Pharmaceutically acceptable basic/cationic salts include, and are not limited
to aluminum, 2-amine-2-hydroxymethyl-propane-1,3-diol {(also known as
tris(thydroxymethyDaminomethane, tromethane or “TRIS™}, ammonia, benzathine, t-butylamine,
calcium, chloroprocaine, choling, cyclohexylamine, diethanolaming, ethylenediamine, hthium,
L-lysine, magnesium, meglumine, N-methyl-D-glucamine, piperidine, potassium, procaine,
quinine, sodium, triethanclamine, or zinc.

{0892] “Polypeptide” or “protein” means a molecule that comprises at least two amino acid
residues linked by a peptide bond to form a polypeptide. Small polypeptides of less than 50
amino acids may be referred to as “peptides”.

{8093} The phrases “sequence identity” or “percent (%} sequence identity” or “% identity” or
“% 1dentical t0” when used with reference to an amino acid sequence describe the number of
matches {“huts”) of identical amino acids of two or more aligned amino acid sequences as
compared to the number of amino acid residues making up the overall length of the amino acid
sequences. In other terros, using an alignment, for two or more sequences the percentage of
amino acid residues that are the same (e.g. 90%, 91%, 92%, 93%, 94%, 95%, 97%., 98%, 99%,
or 100% wdentity over the full-length of the amuno acid sequences) may be determined, when the
sequences are compared and aligned for maximum correspondence as measured using a
sequence comparison algorithr as known 1o the art, or when manually aligned and visually
mspected. The sequences which are compared to determine sequence identity may thus differ by
substitution{s}, addition(s) or deletion(s) of amino acids. Suitable programs for aligning protein
sequences are known to the skilled person. The percentage sequence dentity of protein
sequences can, for example, be determined with programs such as CLUSTALW, Clustal Omega,
FASTA or BLAST, e.g. using the NCBI BLAST algorithm (Alischul SF, et al (1997}, Nucleic
Acids Res. 25:3389-34072).

{0894] The term “substantially identical” in the context of two amine acid sequences means
that the sequences, when optimally aligned, such as by the programs GAP or BESTFIT using

default gap weighis, share at least about 50 percent sequence identity. Typically sequences that
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are substantially identical will exhibit at least about 60, at least about 70, at least about 80, at
least about 90, at least about 95, at least about 98, or at least about 99 percent sequence 1dentity.
{B88]  “Specific binding” or “specifically binds” or “binds” refer to antibody binding to an
antigen or an epitope within the antigen with greater affinity than for other antigens. Typically,
the antibody binds to the antigen or the epitope within the antigen with a dissociation constant
{(¥.p) of about 1x10™® M or less, for example about 1x10” M or less, about 1x101" M or less,
about 1x107" M or less, or about 1x107? M or less, typically with a Kp that is at least one
hundred fold less than its Ko for binding to a non-specific antigen (e.g., BSA, casein). Kb is the
equilibrium dissociation constant, a ratio of kei/kon, between the antibody and its antigen. Kb
and affinity are inversely related. The “on-rate” (kou} is a constant used to characterize how
quickly the antibody binds to its target. The “off-rate” (kotr) is & constant used to characterize
how quickly an antibody dissociates from its target. The dissociation constant Ko can be
measured using standard procedures. For example, the Kp of an antibody can be determined by
using surface plasmon resonance, such as by using a biosensor system, e.g., a Biacore® system,
or by using bio-layer interferometry technology, such as an Octet RED96 system. The smaller
the value of the Kb of an antibody, the higher affinity that the antibody binds to a target antigen.
Antibodies that specifically bind to the antigen or the epitope within the antigen can, however,
have cross-reactivity to other related antigens, for example to the same antigen from other
species (homologs), such as human or monkey, for exarople Macaca fascicularis (cynomeolgus,
cyno), Pan trogiodyres (chimpanzee, chimp} or Callithrix jacchus {common marmoset,
marmoset). While a monospecific antibody specifically binds one antigen or one epitope, &
bispecific antibody specifically binds two distinct antigens or two distinct epitopes.

{0686] The term “subject” as used herein refers to a mammal. Mammals mclude, but are not
fimited to, domesticated amimals {e.g., cows, sheep, cats, dogs, and horses), primates (e.g.,
humans and non-human primates such as monkeys), rabbits, and rodents {e.g., mice and rais). In
certain embodiments, the individual or subject is a human. When the subject is human, they can
also be referred to as a “patient”.

18897} The term “transferrin receptor” or “TfR,” as used herein, refers to a cell surface
receptor necessary for cellular iron uptake by the process of receptor-mediated endocytosis.
carrier protein for transferrin. A TR 18 involved i iron uptake in vertebrates and 1s regulated in

response to intracellular iron concentration. ¥t imports iron by internalizing the transferrin-tron
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complex through receptor-mediated endocytosis. Two transferrin receptors 1o humans,
transferrin receptor 1 and transferrin receptor 2, have been characterized. Both these receptors
are transmembrane glycoprotems, TR is a high affinity ubiquitously expressed receptor. TfR2
binds to transferrin with a 25-30-fold lower affinity than TIR1. The expression of TIR2 1
restricted to certain cell types and is unaffected by intracellular iron concentrations. In one
embodiment, the T{R is a human TfR comprising the amino acid sequence as in Schneider et al.
Nature 311: 675-678 (1984}, for example. It can have a molecular weight of about 180,000
Dalton, having two subunits each of apparent molecular weight of about 90,000 Dalion.
Preferably, the TR is a human TIR1

{9098] A “target antigen” or “brain target,” as used herein, refers to an antigen and/or molecule
expressed in the CNS, including the brain, which can be targeted with an antibody or small
molecule. Examples of such antigens and/or molecules include, without limitation: beta-secretase
1 {BACET1), amyloid beta {Abeta), epidermal growth factor receptor (EGFR), human epidermal
growth facter receptor 2 (HER2), Tau, apolipoprotein E4 (ApoE4), alpha-synuclein, D20,
huntingtin, prion protein (PrP), leucine rich repeat kinase 2 (LRRK2), parkin, presenilin I,
presentlin 2, gama secretase, death receptor 6 (DR6), amyloid precursor protein (APP), p75
neurotrophin receptor {(p73NTR), and caspase 6. In some embodiments, the target antigen 1s
BACE!L In some embodiments, the target antigen 15 Tau

{089%]  As used herein, “treatment” {(and grammatical variations thereof such as “treat” or
“treating”} refers to clinical intervention m an attempt to alter the natural course of the individual
being treated, and can be performed either for prophylaxis or during the course of clinical
pathology. Destrable effects of treatment include, but are not imited to, preventing occurrence or
recurrence of disease, alleviation of symptoms, dimimishment of any direct or indirect
pathological consequences of the disease, preventing metastasis, decreasing the rate of disease
progression, amelioration or palliation of the disease state, and remission or improved prognosis.
in some embodiments, antibodies of the invention are used to delay development of a disease or
to slow the progression of a disease.

{B3188]  Antibodies or immunogiobuling can be assigned to five major classes, namely IgA,
1D, IgE, 12G and 1gM, depending on the heavy chain consiant domain amino acid sequence.
1gG 15 the most stable of the five types of ummunoglobuling, having a serum half-life in humans

of about 23 days. IgA and IgG are further sub-classified as the isotypes IgA:, IgAs, 1gGr, 19,
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1gGs and IgGa. Each of the four 1gG subclasses has different biological functions known as
effector functions. These effector functions are generally mediated through interaction with the
Fe receptor (FoyR) and/or by binding Clq and fixing complement. Binding to FeyR can lead to
antibody dependent cell mediated cytolysis or antibody-dependent cellular cytotoxicity (ADCC),
whereas binding to complement factors can lead to complement mediated cell lysis or
complement-dependent cytotoxicity ({CDC). An anti-TR antibody of the invention, or a
therapeutic or diagnostic antibody to be conjugated or fused to the anti-TIR antibody can have no
or minimal effector function, but retains its ability to bind FeRn, the binding of which can be a
primary means by which antibodies have an extended in vivo half-life.

j608181] Binding of FcyR or complement {e.g., Clq) to an antibody is caused by defined
protein-protein interactions at the so-called Fc part binding site. Such Fc part binding sites are
known in the art. Such Fe part binding sites include, e.g., characterized by the amino acids 1.234,
L1235, D270, N297, E318, K320, K322, P331, and P329 (numbering according to EU index of
Kabat). In some embodiment, an anti-TfR antibody of the invention, or a therapeutic or
diagnostic antibody to be conjugated or fused to the anti-TIR antibody contains one or more
substitutions 11 one or more Fe part binding sites to eliminate the effector function. For example,
an anti-TR antibody of the invention, or a therapeutic or diagoostic antibody to be conjugated or
fused to the anti-TIR antibody can contain a Fe region containing one ot more of the following
substitutions: substitution of proline for glutamate at residue 233, alanine or valine for
phenylalanine at residue 234 and alanine or glutamate for leucine at residue 235 (EU numbering,
Kabat, E. A. et al. (1991) Sequences of Proteins of Iromunological Interest, 5th Ed. U.S. Dept. of
Health and Human Services, Bethesda, Md., NIH Publication no. 91-3242}. Preferably, the
antibody of interest contains one, two or three mutations of L234A 1.235A and P331S (EU
numbering, Kabat).

[G0182]  Antibodies of subclass 1gG1, TgG2, and IgG3 usually show complement activation
mehuding C1q and C3 binding, whereas 5G4 does not activate the complement system and does
not bind Clqand/or C3. Human IgG4 Fc region has reduced ability to bind FeyR and
complement factors compared to other [gG sub-types. Preferably, an anti-TR antibody of the
mvention, or a therapeutic or diagnostic antibody 1o be conjugated or fused to the anti- TR
aniibody comprises a Fc region derived from human 1gG4 Fe region. More preferably, the Fe

region contains human Ig(G4 Fe region having substitutions that eliminate effector function. For
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example, removing the N-linked glycosylation site in the IgG4 Fc region by substituting Ala for
Asn at restdue 297 (EU numbering} 1s another way to ensure that residual effector activity 1s
eliminated.

Anti-TIR Antibodies and antigen binding fragments thereof

1B8183] In one general aspect, the application relates to an antibody or an antigen binding
fragment thereof that binds to a primate TR, such as a human T{R or a monkey TfR, and the
antibody or an antigen binding fragment thereof i1s optimized for delivering an agent to the brain
of a subject in need thereof The relationship between the binding affinity of an anti-TIR
antibody to the TR and iranscytosis efficiency has been described previously as improved
transcytosis with decreased affinity for TIR (Yu, Zhang et al. 2011, Sci Transi Med 3(84):
84rad4) The inventors of the present invention surprisingly discovered a more nuanced
relationship between affinity and transcytosis efficiency than what has been previously
described, with influence from both on- and off-rates impacting brain concentration. In
particular, a neutral off-rate that is neither too fast nor too slow is required for optimal brain PK
and PD of an agent (such as an mAb) to be efficiently delivered by the anti-TfR antibody or
antigen binding fragment thereof.

{80104] Preferably, an anti-TfR antibody or antigen binding fragment thereof of the
application 15 pH-sensitive, e.g., it has different binding affinities to TfR at different pHs. For
example, an anti-TfR antibody of the application can bind to cell surface TfR at a neutral pH,
such as physiological pH {e.g., pH 7.4}, with high affimity, but upon mternahization info an
endosomal compartment, dissociates from TR at an acidic pH, such as the relatively lower pH
(pH 5.0-6.0}. Affinity 1s a measure of the strength of binding between two moieties, e.g., an
antibody and an antigen. Affinity can be expressed m several ways. One way 18 in terms of the
dissociation constant (Kp) of the interaction. Kb can be measured by routine methods, include
equilibrium dialysis or by directly measuring the rates of antigen-antibody dissociation and
association, the ko (kd or kais) and ken (o1 ka) rates, respectively (see e.g., Narure, 1993 361:186-
87). The ratio of kotr'kon cancels all parameters not related to affinity, and is equal to the
dissociation constant Ko (see, generally, Davies et al., Annual Rev Biochem, 1990 59:439-473).
Thus, a smaller Kp means a higher affinity. Another expression of affinity 1s Ka, which is the
mverse of Kb, or kew/kosr. Thus, a higher ¥, means a higher affinity. For example, an antibody or

antigen binding fragment thereof for use in a composition and/or method of the application can
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be an antibody or fragment thereof that binds to a TfR with a Ko of 1 nanomolar {(nM, 1077 M) or
more at a neutral pH (e.g., pH 6.8-7.8), such as a physiological pH {e.g., pH 7.4}, and dissociates
from TR with a kas of 107 sec™ or more at an acidic pH (e.g., pH 4.5-6.0), such as pH5.0).
{60188]  Accordingly, a general aspect of the application relates to an anti-TfR antibody or
antigen-binding fragment thereof for delivering an agent to the brain of a subject in need thereof,
wherein the anti-TfR antibody or antigen-binding fragment thereof binds to a transferrin receptor
(TfR), preferably human TIR1, with a dissociation constant Ko of at least 1 nM, preferably 1 nM
t0 500 nM, at neutral pH and an off-rate constant kq of at least 107 sec™ | preferably 10 to 10
sec’!, at an acidic pH, preferably pH 5.
{00186]  In one embodiment, the anti-TfR antibody or antigen-binding fragment thereof of the
application has an off-rate constant ke of 2 x 107 10 2x 10% sec”!, suchas 2x 102, 1 x 1072, 9x
1073, 8 x 107, 7x 103, 6 x 107, 5% 103, 4x 107, 3 x 107, 2x 107, 1 x 107, 9 x 10% §x 10, 7x
104, 6x 10% 5x 10, 4x 104 3x 10%, 2 x 10" sec’!, or any value in between, at the neutral pH.
{01687]  In certain embodiments, the antibody or antigen binding fragment thereof that binds to
human TfR is a single variable domain on a heavy chain (VHH) antibody comprising heavy
chain complementarity determining regions (HCDRs) HCDR1, HCDRZ and HCDR3 having the
amino acid sequences of:
(3 SEQID NOs: 7, § and 9, respectively;

(11}  SEQID NOs: 317, 318 and 319, respectively;

(v  SEQID NOs: 324, 325 and 326, respectively;

(iv)  SEQID NOs: 331, 332 and 333, respectively; or

(vy SEQID NOs: 338, 339 and 340, respectively.
{GG188]  Preferably, 1t 15 3 VHH fragment comprising an amino acid sequence having at least
B0%, such as at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%,
sequence identity to SECQ ID NO: 6, 316, 323, 330, or 337,
1B818%]  In other embodiments, the antibody or antigen binding fragment thereof that binds to
human TIR comprises a heavy chain variable region comprising heavy chain complementarity
determining regions (HCDRs) HCDR1, HCDRZ2 and HCDR3, and a light chain variable region
comprising light chain complementarity determining regions (LCDRs) LCDRI, LCDR2 and
LCDR3, wherein the HCDRI, HCDR2, HCDR3, LCDRI, LCDRZ and LCDR3 have the amino

acid sequences of:
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292,293, 294, 295, 296, and 297, respectively;
279, 280, 281, 282, 283 and 284, respectively;

29,30, 31, 32, 33 and 34, respectively;
57, 58, 59, 60, 61 and 62, respectively;
g5, 86, 87, 88, 89 and 90, respectively;
110, 111, 112, 113, 114 and 115, respectively;
135, 136, 137, 138, 139 and 140, respectively;

WO 2021/205358
{1y SEQID NOs
(1)  SEQID NOs:
() SEQID NOs:
(ivy SEQID NOs:
(v} SEQID NOs:
(vi) SEQIDNQOs
(viiy SEQID NOs
(viii) SEQID NOs: 191, 192, 193, 194,
(ix) SEQID NOs: 244, 245, 246, 247,
{x} SEQID NOs: 263, 264, 265, 266,
(xi) SEQID NOs: 345, 346, 347, 348
(xi) SEQID NOs: 355, 356, 357, 358,
(xii1}  SEQID NOs: 365, 366, 367, 368
(xiv) SEQID NOs: 375,376, 377, 378,
(xv) SEQID NOs: 385, 386, 387, 388
(xviy  SEQID NOs: 395,396,377, 398,
(xvii}  SEQ ID NOs: 405, 406, 407, 408
(xvit)  SEQID NOs: 415, 416, 417, 418,
{xix} SEQID NOs: 425, 426, 427, 428,
(xx) SEQID NOs: 435, 436, 437, 438,
{(xxi})  SEQ I NQOs: 445,
{(oa)  SEQ ID NOs: 455, 456, 457, 458,
{xxu1)  SEQID NOs: 465,
(xxiv}  SEQID NOs: 475, 476, 477, 478,
{xxv) SEQID NOs: 485,
{xxvi}  SEQID NOs: 495
(xxvii)  SEQID NOs: 505
(xxviti}  SEQID NOs: 515,
{(xxix})  SEQID NQOs: 525,
(xxx} SEQID NOs: 535,
(xxxi)  SEQ ID NOs: 545,

195 and 196, respectively,
248 and 249, respectively;

267 and 268, respectively;

, 349 and 350, respectively;

359 and 360, respectively;

, 369 and 370, respectively;

379 and 380, respectively;

, 389 and 390, respectively;

399 and 400, respectively;

, 409 and 410, respectively;

419 and 420, respectively;
429 and 430, respectively;

439 and 440, respectively;

446, 447, 448, 449 and 450, respectively,

459 and 460, respectively;

466, 467, 468, 469 and 470, respectively;

479 and 480, respectively;

486, 487 488, 489 and 490, respectively;
496, 497 498, 499 and 500, respectively;
, 506, 507, 508, 509 and 510, respectively;
516, 517, 518, 519 and 520, respectively;
526, 527, 528, 529 and 530, respectively;
536, 537, 538, 539 and 540, respectively; or
546, 347, 548, 549 and 550, respectively.

33

PCT/1B2021/052889



WO 2021/205358 PCT/1B2021/052889

{B81E8]  In other embodiments, an antibody or antigen binding fragment thereof of the
apphication competes with an antibody or antigen binding fragment exemplified herein. The
binding site of an antibody or antigen can be determined by known methods such as ELISA,
Western blot, ete. In certain embodiments, such a competing aniibody binds to the same epitope
{(e.g., a linear or a conformational epitope) that is bound by an exemplified antibody or antigen
binding fragment thereof. Detailed exemplary methods for mapping an epitope to which an
aniibody binds are provided in Morris, G. E., (ed.}, “Epitope Mapping Protocols,” In: Methods in
Molecular Biology, Vol 66, Humana Press, Totowa, N.J. (1996}, An “antibody that binds to the
same epitope” as a reference antibody refers to an antibody that blocks binding of the reference
antibody to its antigen in a competition assay by 50% or more, and conversely, the reference
anttbody blocks binding of the antibody to its antigen in a competition assay by 50% or more.
{83131] Preferably, the antibody or antigen-binding fragment thereof is single-chain variable
fragment (scFv) comprising the heavy chain variable region (Hv) covalently linked to the light
chain variable region (Lv) via a flexible linker. The scFv can retain the specificity of the original
mmmunoglobulin, despite removal of the constant regions and the introduction of the linker. Ina
scFv, the order of the domains can be either Hv-linker- Lv, or Ly-linker- Hy. The linker can be
designed de novo or derived from known protein structure to provide a compatible length and
conformational in bridging the variable domains of a scFv without serious steric interference.
The linker can have 10 to about 25 amino acids 1n length. Preferably, the linker is a peptide
linker spanning about 3.5 nm (35 A) between the carboxy terminus of the variable domain and
the amino terminus of the other domain without affecting the ability of the domains to fold and
form an intact antigen-binding site (Huston et al., Methods in Enzymology, vol. 203, pp. 46-88,
1991, which is mcorporated herein by reference in 1fs entirety}. The linker preferably comprises
a hydrophilic sequence in order to avoid mtercalation of the peptide within or between the
variable domains throughout the protein folding { Argos, Journal of Molecular Bivlogy, vol. 211,
no. 4, pp. 943-958, 1990). For example, the linker can comprise Gly and Ser residues and/or
together with the charged residues such as Glu, Thr and Lys interspersed to enhance the
solubility. In one embodiment, the linker has the amino acid sequence of SEQ 1D NO: 314
{GTEGKSSGSGSESKST). Any other suitable linker can also be used in view of the present

disclosure.
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{B81E2]  In some embodiments, the scFv comprises an amino acid sequence having at least
80%, such as at least 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or 100%,
sequence wdentity to the amino acid sequences of SEQ ID N{O: 278, 291, 28, 56, 84, 109, 134,
162, 190, 218, 243, 262, 344, 354,364, 374, 384, 394, 404, 414, 424, 434, 444, 454, 464, 474,
484,494, 504, 514, 524, 534 or 544.

{88113]  In a preferred embodiment, an antibody or antigen binding fragment thereof that binds
to TR, preferably human TfR1, does not contain a free cysteine.

{88114  An anti-TfR antibody or antigen-binding fragment thereof (such as a VHH or s¢Fv
fragment) can be produced using suttable methods in the art in view of the present disclosure.
For example, a VHH or scFv fragment can be recombinantly produced by growing a
recombinant host cell (such as a bacterial, yeast or mammalian cell) under suitable conditions for
the production of the antibody fragment and recovering the fragment from the cell culture.

Brain shutile construct

{88115]  An optimized RMT brain delivery platform is developed using the transferrin receptor
(TfR) by enhancing the intrinsic transcytosis efficiency, extending peripheral pharmacokinetics,
and engineering for an acceptable safety profile while maintaining efficacy of the therapeutic
mAb. The interplay between transcytosis receptor affinity and brain concentration in hurnan TR
knock-in roice 15 studied. A thorough study of binding kinetics demonstrate that for optirnal
brain PK and PD of mAbs, a neutral off-rate that is neither too fast nor too slow 1s required. The
enhanced brain delivery observed m mice was confirmed in cynomolgus monkey.

[@G1i6] Itisalso discovered that engineered antibody constant region with increased binding
to the neonatal Fe receptor {FeRn) resulted in decreased peripheral clearance and enhancement in
brain concentration,

{B8117] Additional Fe mutations are introduced to abolish binding to Fe gamma receptors
(FeyR) and avoid effector function mediated toxicity. When coupled with a high affinity anti-Tau
binding mAb, these mutations prevent effector function mediated toxicity in the periphery while
maintaining antibody dependent phagocytosis {ADP) through a novel, non-FeyR mechanism for
microglial uptake and target degradation. This mechanism is dependent upon internalization
through the T{R receptor and is more efficient in promoting target degradation than traditional
FoyR mediated ADP without the stimulating the secretion of pro-inflammatory cytokines. To the

knowledge of the inventors, this is the first report of non-FcyR mediated ADP, representing a
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novel, efficient, non-inflammatory mechanism for phagocytosis that can be exploited for a
variety of therapeutic apphications.

{BRIIB]  Accordingly, in one general aspect, the application relates to an antibody-targeted
brain delivery system comprising an anti- TfR antibody or antigen binding fragment thereof of
the application. The anti-TIR antibody or antigen binding fragment thereof can be used to
deliver a therapeutic or diagnostic agent into a cell {e.g., a cancer cell} or 2 BBB system. Agents
that can be delivered inchude any neurological disorder drug or agent that can be used to detect or
analyze a neurological disorder drug. For example, such agent can be neurotrophic factors,
inchuding, but not limited to, nerve growth factor (NGF), brain derived neurotrophic factor
(BDNEF), ciliary neurctrophic factor (CNTF), glial cell-line neurotrophic factor {GDNF) and
msulin-like growth factor (IGF); neuropeptides, including, but not limited to, Substance P,
neurcpeptideY, vasoactive intestinal peptide (VIP), gamma-amino-butyric acid (GABA),
dopamine, cholecystokinin (CCK), endorphins, enkephalins and thyrotropin releasing hormone
(TRH); cytckines; anxiolytic agents; anticonvulsants; polynucleotides and transgenes, including,
for example, small interfering RNAs and/or antisense oligos; or antibodies or antigen binding
fragments thereof that bind to a brain target. An anti-hTfR antibody or antigen binding fragment
thereof of the application can be an effective means to enhance the delivery of an agent of
interest from the blood mto the brain and function there.

{66119} In particular, an agent of mterest can be delivered in a combined form or linked to an
anti- TR antibody or antigen binding fragment thereof of the application, parenterally, e.g.,
ntravenously. For example, the agent can be non-covalently attached to the anti-TfR antibody or
antigen binding fragment thereof. The agent can also be covalently attached to the anti-TIR
antibody or antigen binding fragment thereof to form a conjugate. In certain embodiments, the
conjugation is by construction of a protein fusion {(i.e., by genetic fusion of the two genes
encoding an anti-TIR antibody or antigen binding fragment thereof and a neurological disorder
drug and expression as a single protein}. Known methods can be used to link an agent to an
anttbody or antigen binding fragment thereof in view of the present disclosure. See, for example,
Wu et al., Nar Biotechnol | 23(9):1137-46, 2005, Trail et al., Cancer Immuno! Immunother.,
52(5):328-37, 2003, Saito et al., Adv Drug Deliv Rev., 55(2):199-215, 2003; Jones &t

al., Pharmaceutical Research, 24(9).1759-1771, 2007
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{B8138]  In some embodiments, a therapeutic or diagnostic agent to be delivered to the brain
and an anti-THR antibody or antigen binding fragment thereof can be covalently linked together
{or conjugated} via a non-peptide hinker or a peptide Hoker. Examples of non-peptide linkers
include, but are not fimited to, polyethylene glycol, polypropylene glycol, copolymer of ethyfene
glycol and propylene glycol, polvoxyethylated polyol, polyvinyl alcohol, polysaccharides,
dextran, polyvinyl ether, biodegradable polymer, polymerized lipid, chitins, and hyaluronic acid,
or derivatives thereof, or combinations thereof. A peptide linker can be a peptide chain
consisting of 1 to S0 amino acids linked by peptide bonds or a derivative thereof, whose N-
terminus and C-terminus can be covalently linked fo an anti-TfR antibody or an antigen binding
fragment thereof

{88121}  In certain embodiments, a conjugate of the application is a multi-specific antibody
comprising a first antigen binding region which binds a TR and a second antigen binding region
which binds a brain antigen, such as beta-secretase 1 (BACE1}, tau, and the other brain antigens
disclosed herein. Techniques for making multi-specific antibodies imclude, but are not limited to,
recombinant co-expression of two immunoglobulin heavy chain-light chain pairs having
different specificities (see Milstein and Cuello, Narure 305: 537, 1983), WO 93/08829, and
Traunecker et al, EMBO 7. 10: 3655, 1991}, and “koob-in-hole” engineering {see, e.g., U.S.
Patent No. 5,731,168). Multi-specific antibodies can also be made by engineering electrostatic
steering effects (WO 2009/089004A1); cross-linking two or more antibodies or fragments (see,
e.g., US Patent No. 4,676,980, and Brennan et al, Science, 229: 81, 1985); using leucine zippers
{(see, e.g., Kostelny etal, J Jmmunol., 148(5). 1547-1553,1992)}; using “diabody” technology
(see, e.g., Hollinger et al, Proc. Natl. Acad. Sci. USA, 90.6444-6448, 1993)); using single-chain
Fv {(sFv} dimers (see, e.g. Gruber et al, J. Immunol 152:5368 {(1994}); and preparing trispecific
antibodies as described, e g, Tutt et al. J fmmunol 147. 60, 1991, A multi-specific antibody
of the application also encompasses antibodies having three or more functional antigen binding
sites, including “Octopus antibodies” or “dual-variable domain immunoglobuling” {DVDs) {see,
e.g. US 2006/0025576A1, and Wu et al. Nature Biotechnology, 25(111:1290-7, 2007). A multi-
specific antibody of the application also encompasses a “Dual Acting Fab” or “DAF” comprising
an antigen binding region that binds to TIR as well as the brain antigen {e.g. BACE1 or Tau)
(see, LIS 2008/0069820, for example). In one embodiment, the antibody is an antibody

fragment, various such fragments being disclosed herein.
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{B8122]  In one embodiment, a multi-specific antibody of the application is a fusion construct
comprising an anti-TfR antibody or antigen-binding fragment thereof of the application
covalently linked {or fused} to a second antibody or antigen binding fragment thereof.
Preferably, the second antibody or antigen binding fragment thereof binds to a brain target, such
as BACE, tau or other brain antigens, such as those described herein. The anti-TfR antibody or
antigen-binding fragment thereof can be fused to the carboxy- and/or amino- terminus of a light
and/or heavy chain of the second antibody or antigen binding fragment thereof, directly orviaa
tinker.

{08123] In one embodiment, the anti-TfR antibody or antigen-binding fragment thereof is
fused to the carboxy-terminus of a light chain of the second antibody or antigen binding
fragment thereof, directly or via a linker.

{83124]  In ancther embodiment, the anti-TfR antibody or antigen-binding fragment thereof is
fused to the amino-terminus of a light chain of the second antibody or antigen binding fragment
thereof, directly or via a linker.

{80128] Inanother embodiment, the anu-TfR antibody or antigen-binding fragment thereof is
fused to the carboxy-terminus of a heavy chain of the second antibody or antigen binding
fragment thereof, directly or via a linker.

{83138]  In another embodiment, the anti-TfR antibody or antigen-binding fragment thereof is
fused to the amno-terminus of a heavy chain of the second antibody or antigen binding fragment
thereof, directly or via a hinker.

{86127  Ina preferred embodiment, a fusion construct of the application comprises an anti-TfR
antibody or antigen-binding fragment thereof, preferably an anti-huTIR1 VHH or scFv fragment,
of the application covalently linked, via a linker, to the carboxy ternunus of only one of the two
heavy chains of a second antibody or antigen binding fragment thereof that binds to a brain
target. Preferably, the linker has the amino acid sequence of SEQ 1D NG: 312 or SEQ ID NG:
313.

{88128] To facilitate the formation of a heterodimer between the two heavy chains, e.g., one
with a fusion of the anti-TfR antibody or antigen-binding fragment thereof and one without, or
one contatning the Fc for the anti-TfR arm and one for the anti-brain target arm, heterodimeric
mutations mtroduced into the Fc of the two heavy chains. Examples of such Fc mutations

mclude, but are not imited to, the Zymework mutations (see, e.g., US 10,457,742} and the “knob
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m hole” mutations {see, e.g., Ridgway et al., Protein Eng., 9(7): 617-621, 1996). Other
heterodimer mutations can also be used in the invention. In some embodiment, a modified CH3
as described herein is used to facilitate the formation of a heterodimer between the two heavy
chains.

IB812%] [naddition to the heterodimeric mutations, other mutations can also be introduced. In
some embodiment, the Fc region of the fusion construct or bispecific antibody further comprises
one or more mutations that alter {increase or diminish), preferably eliminate ADCC/CBC (such
as the AAS mutations described herein}, and/or one or more mutations that alter (increase or
diminish), preferably increase, the binding of the fusion construct or bispecific antibody to FeRn
(such as the YTE mutations described herein). In some embodiment, one or more cysteine
residues in the fusion construct or bispecific antibody are substituted with other aming acids,
such as serine.

{88138] In certain embodiments, a fusion construct of the application comprises:

{1) a first heavy chain having an amino acid sequence that is at least 80%, such as at least
85%, 90%, 95% or 100%, identical to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 301, 304, 307, 285, 288, 298, 10, 13, 16, 19, 22, 25, 35, 38,
41,44, 47, 50, 53, 63, 66, 69, 72,75, 78, 81, 91, 94, 97, 100, 103, 106, 116, 119, 122,
125, 128, 131, 141, 144, 147, 150, 153, 156, 159, 169, 172, 175, 178, 181, 184, 187, 197,
200, 203, 206, 209, 212, 213, 225, 228, 231, 234, 237, 240, 250, 252, 256, 259, 269, 272
275,320, 327, 334, 341, 351, 361, 371, 381, 391, 401, 411, 421, 431, 441, 451, 461 and
471;

>

(2} two light chams each independently having an amino acid sequence that 1s at least 80%,
such as at least 85%, 90%, 95% or 100%, identical to an amino acid sequence selected
from the group consisting of 302, 305, 308, 286, 289, 299, 11, 14, 17, 20, 23, 26, 36, 39,
42,45 48, 51, 54, 64, 67,70, 73,76, 79, 82,92, 95, 98, 101, 104, 107, 117, 120, 123,
126, 129, 132, 142, 145, 148, 151, 154, 157, 160, 176, 173, 176, 179, 182, 185, 188, 198
201, 204, 207, 210, 213, 216, 226, 229, 232, 235, 238, 241, 251, 253, 257, 260, 270, 273
276, 321, 328, 335, 342, 352, 362, 372, 382, 392, 402, 412, 422, 432, 442, 452, 462 and

>

472, respectively; and
(3} a second heavy chain having an amino acid sequence that is at least 80%, such as at least

85%, 90%, 95% or 100%, identical to an amino acid sequence selected from the group
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consisting of 303, 306, 309, 287, 290, 300, 12, 15, 18, 21, 24, 27, 37, 40, 43, 46, 49, 52,
55,65,68, 71,74, 77, 80, &3, 93, 96, 99, 102, 105, 108, 118, 121, 124, 127, 130, 133,
143, 146, 149, 152, 155, 158, 161, 171, 174,177, 180, 183, 186, 189, 199, 202, 205, 208,
21%, 214, 217,227, 230, 233, 236, 239, 242, 252, 254, 258, 261, 271, 274, 277,322, 329,
336, 343, 353, 363, 373, 383, 393, 403, 413, 423, 433, 443, 453, 463 and 473,
respectively.
{08131} A conjugate, such as a multi-specific antibody or fusion construet, of the application
can be produced by any of a number of technigues known in the art in view of the present
disclosure. For example, it can be expressed from a recombinant host cells, wherein expression
vector(s) encoding the heavy and light chains of the fusion construct or multi-specific antibody is
(are) transfected into a host cell by standard techniques. The host cells can be prokaryotic or
eukaryotic host cells.
{08132] Inan exemplary system, one or more recombinant expression vectors encoding the
heterodimeric two heavy chains and the light chains of a fusion construct of the application is/are
ntroduced nto host cells by transfection or electroporation. The selected transformant host cells
are cultured to allow for expression of the heavy and hight chains under conditions sufficient to
produce the fusion construct, and the fusion construct is recovered from the culture medium.
Standard molecular biology techniques are used to prepare the recombinant expression vector,
transfect the host cells, select for transformants, culture the host cells and recover the protein
construct from the culture medium.
{6G133]  The application provides an isolated nucleic acid encoding the amino acid sequence
of an anti-TIR antibody or antigen binding fragment thereof alone or as part of a fusion construct
or multispecific antibody 1n any of the embodiments described herein or any of the claims. The
1solated nucleic acid can be part of a vecior, preferably an expression vector.
{¢6134]  In another aspect, the application relates to a host cell transformed with the vector
disclosed herein. In an embodiment, the host cell is a prokaryotic cell, for example, £. cofi. In
another embodiment, the host cell 15 a eukaryotic cell, for example, a protist cell, an animal cell,

g but

t=2]

a plant cell, or a fungal cell. In an embodiment, the host cell s a mammalian cell includin
not limited to, CHO, COS, NSO, SP2, PER .6, or a fungal cell, such as Saccharomyces
cerevisiae, or an insect cell, such as 89,

Pharmaceutical composition and related methods
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{B8138]  The mvention also relates to pharmaceutical compositions, methods of preparation and
methods for use thereof.

{BR136]  In another general aspect, the invention relates to a pharmaceutical composition,
comprising an anti-TfR antibody or antigen binding fragment thereof or a conjugate thereof of
the invention and a pharmaceutically acceptable carrier. The anii-TfR antibody or antigen
binding fragment thereof or conjugate {such as a multi-specific antibody or fusion construct) of
the invention is also useful in the manufacture of a medicament for therapeutic applications
mentioned herein. The pharmaceutically accepiable carrier can be any suitable excipient,
diluent, filler, salt, butfer, stablizer, solubilizer, oil, ipd, lipid contaming vesicle, microsphere,
liposomal encapsulation, or other material well known in the art for use in pharmaceutical
formulations. 1t will be understood that the characteristics of the carrier, exciptent or diluent will
depend on the route of administration for a particular application.

{08137}  Accordingly, in one embodiment, the application relates to a method of transporting a
therapeutic or diagnostic agent across the blood-brain barrier (BBB) comprising exposing an
anti-TfR antibody or antigen binding fragment thereof coupled to the therapeutic or diagnostic
agent to the blood- brain barrier such that the antibody or antigen binding fragment thereof
transports the agent coupled thereto across the blood- brain barrier. In one embodiment, the
agent 15 a neurological disorder drug. In another embodiment, the agent is an imaging agent or an
agent for detecting a neurological disorder. Preferably, the antt-TfR antibody or antigen binding
fragment thereof or conjugate thereof does not impair the binding of the TIR o 1ts native ligand
transferrin. The antibody specifically binds to TfR in such a manner that it does not inhibit
binding of the TfR to transferrin. In some embodiment, the BBB 1s in a mammal, preferably a
primate, such as a human, more preferably a human having a neurclogical disorder. In one
embodiment, the neurological disorder 1s selected from the group consisting of Alzhenner's
disease {AD}), stroke, dementia, muscular dystrophy (MD), multiple sclerosis (MS), amyotrophic
lateral sclerosis (ALS), cystic fibrosis, Angelman's syndrome, Liddle syndrome, Parkinson's
disease, Pick's disease, Paget's disease, cancer, and traumatic brain injury.

IB8138] In one embodiment, an anti-TfR antibody or antigen binding fragment thereof, ora
conjugate thereof of the application, 1s used to detect a neurological disorder before the onset of
symptoms and/or to assess the severity or duration of the disease or disorder. The antibody,

antigen binding fragment or conjugate thereof permits detection and/or imaging of the

41



WO 2021/205358 PCT/1B2021/052889

neurological disorder, including 1maging by radiography, tomography, or magnetic resonance
maging (MRI).

iB813%]  In ancther embodiment, an anti-TIR antibody or antigen binding fragment thereof, or a
conjugate thereof, 1s used in treating a neurclogical disorder {(&.g., Alzheimer's disease),
comprising administering to a subject in need of the treatment an effective amount of anti-TIR
anttbody or antigen binding fragment thereof, or a conjugate thereof. In some embodiments, the
method further comprises administering to the subject an effective amount of at least one
additional therapeutic agent.

183148] In anocther embodiment, the application relates to the use of an anti-TfR antibody or
antigen binding fragment or conjugate thereof of the application in the manufacture or
preparation of a medicament. In one embodiment, the medicament is for treatment of
neurclogical disease or disorder. In a further embodiment, the medicament is for use in a method
of treating neurological disease or disorder comprising administering to an individual having
neurclogical disease or disorder an effective amount of the medicament.

{88141] Another general aspect of the application relates to a method of inducing antibody
dependent phagocytosis (ADP) without stimulating secretion of a pro-inflammatory cytokine in a
subject 1n need thereof, comprising administering to the subject a complex comprising a
therapeutic antibody or antigen binding fragment thereof coupled to, preferably covalently
coryugated to, the antigen-binding fragment thereof of an anti-TfR antibody binding fragment
according to an embodiment of the application, wherein the therapeutic antibody or antigen
binding fragment thereof does not have effector function. For example, the therapeutic antibody
or antigen binding fragment thereof can comprise one or more amino acid modifications that
reduces or eliminates the effector function, such as the ADCC or CDC, such as mutations that
reduce or abolish the binding to Fe gamma receptor. Such mutations can be at positions 1.234,
1.235, D270, N297 E318 K320, K322, P331, and P329, such as one, two or three mutations of
1.234A, L235A and P3318, wherein the numbering of amino acid residues is according to the EU
index as set forth in Kabat. In one embodiment, the therapeutic antibody or antigen binding
fragment thereof binds specifically to tau aggregates.

{03142]  In some embodiments, the method further comprises administering to the subject an
effective amount of at least one additional therapeutic agent. In certain embodiments, an

additional therapeutic agent is a therapeutic agent effective to treat the same or a different
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neurological disorder as the anti-TIR antibody or antigen binding fragment or conjugate thereof
15 being employed to treat. Exemplary additional therapeutic agents include, but are not imuted
to: the various neurclogical drugs described above, cholinesterase inhibitors (such as donepezil,
galantamine, rovastigmine, and tacrine), NMDA receptor antagonists (such as memantine},
amyloid beta peptide aggregation inhibitors, antioxidants, y-secretase modulators, nerve growth
factor (NGF} mimics or NGF gene therapy, PPARy agonists, HMS-CoA reductase inhibitors
(statins), ampakines, calcium channel blockers, GABA receptor antagonists, glycogen synthase
kinase mhibiiors, intravenous immunoglobulin, muscarinic receptor agonists, nicrotinic receptor
modulators, active or passive amyloid beia peptide immunization, phosphodiesterase inhibitors,
serotonin receptor antagonists and anti-amyloid beta peptide antibodies. In certain embodiments,
the at least one additional therapeutic agent is selected for its ability to mitigate one or more side
effects of the neurological drug. The additional therapeutic agent can be adnunistered in the
same or separate formulations and administered together or separately with the anti-TfR antibody
or antigen binding fragment or conjugate thereof. The anti-TfR antibody or antigen binding
fragment or conjugate of the application can be administered prior to, simultaneously with,
and/or following, the administration of the additional therapeutic agent and/or adjuvant. The anti-
TR antibody or antigen binding fragment or conjugate thereof of the application can also be
used in combination with other interventional therapies such as, but not hmited to, radiation
therapy, behavioral therapy, or other therapies known in the art and appropriate for the
neurological disorder to be treated or prevented.

{6G143]  The anti-TIR antibody or antigen binding fragment or conjugate thereof of the
application {and any additional therapeutic agent} can be administered by any suitable means,
mcluding parenteral, mtrapulmonary, and intranasal, and, if desired for local treatment,
miralestonal administration. Parenteral infusions include intramuscular, intravenous, intraarterial,
mtraperitoneal, or subcutaneous admimstration, depending in part on whether the administration
1s brief or chronic. Various dosing schedules inchuding but not limited to single or multiple
administrations over various time- points, bolus administration, and pulse infusion are
contemplated herein.

{83144] For the prevention or treatment of a disease, the appropriate dosage of an anti-TfR
aniibody or antigen binding fragment or conjugate thereof of the application (when used alone or

in combination with one or more other additional therapeutic agents) will depend on various
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factors, such as the type of disease to be treated, the type of antibody or conjugate, the severity
and course of the disease, whether the antibody, antigen binding fragment or conjugate thereof is
administered for preventive or therapeutic purposes, previous therapy, the patient's ¢linical
history and response to the antibody, the physiological state of the subject {including, e.g., age,
body weight, health), and the discretion of the attending physician. Treatment dosages are
optimally titrated to optimize safety and efficacy. The antibody, antigen binding fragment or
conjugate thereof is suitably administered to the patient at one time or over a series of treatments.
{03145%]  According to particular embodiments, a therapeutically effective amount refers {o the
amount of therapy which s sufficient to achieve one, two, three, four, or more of the following
effects: (1) reduce or ameliorate the severity of the disease, disorder or condition to be treated or
a symptom associated therewith; (11} reduce the duration of the disease, disorder or condition to
be treated, or a symptom associated therewith; (i11) prevent the progression of the disease,
disorder or condition to be treated, or a symptom associated therewith; (iv) cause regression of
the disease, disorder or condition to be treated, or a symptom associated therewith; (v} prevent
the development or onset of the disease, disorder or condition to be treated, or a symptom
associated therewith; (vi) prevent the recurrence of the disease, disorder or condition to be
treated, or a symptom associated therewith; (vis) reduce hospitalization of a subject having the
disease, disorder or condition to be treated, or a symptom associated therewith; (viii) reduce
hospitalization length of a subject having the disease, disorder or condition to be treated, ora
symptom associated therewith; (ix) increase the survival of a subject with the disease, disorder or
condition to be treated, or a symptom associated therewith; (x1} inhibit or reduce the disease,
disorder or condition to be treated, or a symptom associated therewith m a subject; and/or (x11}
enhance or inprove the prophylactic or therapeutic effect(s) of another therapy.

{B8146] In another aspect, the application relates to an article of manufacture (such as a kit)
containing materials useful for the treatment, prevention and/or diagnosis of the disorders
described above is provided. The article of manufacture comprises a container and a label or
package insert on or associated with the container. Suitable containers include, for example,
bottles, vials, syringes, 1V solution bags, etc. The containers can be formed from a variety of
materials such as glass or plastic. The container holds a composition which is by itself or
combined with another composition effective for treating, preventing and/or diagnosing the

condition and may have a sterile access port (for example the container may be an intravenous
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solution bag or a vial having a stopper pierceable by a hypodermic injection needle). At least one
active agent 1n the composition is an antibody, antigen binding fragment thereof or a conjugate
of the application. The label or package msert indicates that the composition is used for treating
the condition of choice. Moreover, the article of manufacture can imclude (3) a first container
with a composition contained therein, wherein the composition comprises an antibody, antigen
binding fragment thereof or a conjugate of the application; and (b) a second container with a
composttion contained therein, wherein the composition comprises a further cytotoxic or
otherwise therapeutic agent. The article of manufacture in this embodiment of the mvention can
further inchude a package insert indicating that the compositions can be used to treat a particular
condition. Optionally, the article of manufacture can further comprise a second (or third)
container comprising a pharmaceutically acceptable buffer, such as bacteriostatic water for
mjection (BWEFT), phosphate-butfered saline, Ringer's solution and dextrose solution. It can
further include other materials desirable from a commercial and user standpoint, including other

buffers, diluents, filters, needles, and syringes.

EMBODIMENTS
{86147] The invention provides also the following non-limiting embodiments.

. Avanti-TfR antibody or antigen-binding fragment thereof for delivering an agent
to the brain of a subject 10 need thereof, wherein the anti-TR antibody or antigen-binding
fragment thereof binds to a transferrin receptor {TfR), preferably human TIR1, witha
dissociation constant KD of at least 1 oM at a neutral pH and an off-rate constant kd of at least
10 sec™! at an acidic pH, preferably the pH 5.

ta.  The anti-TfR antibody or antigen-binding fragment thereof of embodiment 1,
having a dissociation constant KD of 1 nM to 500 oM, such as 1 M, 10 nM, 50 nM, 100 nM,
200 nM, 300 nM, 400 nM, 300 nM, or any value in between, at the neutral pH.

Ib.  The anti-TIR aniibody or antigen-binding fragment thereof of embodiment 1 or
1a, having an off-rate constant kd of 107 sec™ to 107 sec™, such as 107, 107, 102, 107 sec” or
any value in between, at the acidic pH.

2. The anii-TfR antibody or antigen-binding fragment thereof of any one of
embodiments 1 to 1b, having an off-rate constant kd of 2 x 107 t0 2 x 10" sec”!, preferably 2.0 x

107 sec”!, at the neutral pH.

45



WO 2021/205358

PCT/1B2021/052889

2a. The anti-TfR antibody or antigen-binding fragment thereof of embodiment 2,

wherein the off-rate constant kd at the neutral pH is 2 x 107 t0 2x 10 sec™, such as 2x 107, 1 x

107, 9x 107, 8x 167

2

7x 107, 6x 107, 5x 107, 4x 107, 3% 107, 2x 107, 1 x 107, 9x 10 8 x

104, 7x10% 6x10% 5% 10% 4x 10% 3 x 10%, 2 % 10 sec’, or any value in between.

3. The anti-TtR aniibody or antigen-binding fragment thereof of any one of

embodiments 1 to 2a, comprising:

(1} @ heavy chain variable region comprising heavy chain complementarity

determining regions (HCDRs) HCDR1, HCDR2 and HCDR3, and a light chain variable region

comprising light chain complementarity determining regions (LCDRs) LCDR1, LCDRZ and
LCDR3, wherein the HCDR1, HCDRZ, HCDR3, LCDR1, LCDR2 and LCDR3 have the amino

acid sequences of:

1.

il.
1ii.
1v.
v.
Vi,
Vil
Vil

1%,

X1,
Xit.
XiiL
XIV.
XV.
XVi.

XVIL.

XVii1.

XiX.

xXX.

SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NQs:
SEQ ID NOs;
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:
SEQ ID NOs:

292,293, 294, 295, 296, and 297, respectively;
279, 280, 281, 282, 283 and 284, respectively;
29,30, 31, 32, 33 and 34, respectively;

$7, 58, 59, 60, 61 and 62, respectively;

85, 86, 87, 88, 89 and 90, respectively;

110, 111, 112, 113, 114 and 115, respectively;
135, 136, 137, 138, 139 and 140, respectively;
191, 192, 193, 194, 195 and 196, respectively;
244, 245 246, 247, 248 and 249, respectively,
263,264, 265, 266, 267 and 268, respectively;
345, 346, 347, 348, 349 and 350, respectively;
355, 356, 357, 358, 359 and 360, respectively;
365,366, 367, 368, 369 and 370, respectively;
375, 376, 377, 378, 379 and 380, respectively;
385,386, 387, 388, 389 and 390, respectively;
395,396, 377, 398, 399 and 400, respectively;
405, 406, 407, 408, 409 and 410, respectively;
415,416, 417, 418, 419 and 420, respectively;
425, 426, 427, 428, 429 and 430, respectively;
435,436, 437, 438, 439 and 440, respectively;
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xxi.  SEQID NOs: 445, 446, 447, 448, 449 and 450, respectively;

xxi.  SEQID NOs: 455, 456, 457, 458, 459 and 460, respectively;

xxiit. SEQID NOs: 463, 466, 467, 468, 469 and 470, respectively;

xxiv. SEQID NOQOs: 475, 476, 477, 478, 479 and 480, respectively;

xxv.  SEQID NOs: 485, 486, 487, 488, 489 and 490, respectively;

xxvi. SEQ ID NOs: 495, 496, 497, 498, 499 and 500, respectively;

xxvil. SEQID NOs: 505, 506, 507, 508, 509 and 510, respectively;

xxviil, SEQ ID NQs: 515, 516, 517, 518, 519 and 520, respectively;

xxix. SEQID NOs: 525, 526, 527, 528, 529 and 530, respectively;

xxx.  SEQID NOs: 535, 536, 537, 538, 539 and 540, respectively; or

xxxi.  SEQID NOs: 545, 546, 547, 548, 349 and 550, respectively; or

(2} a single variable domain on a heavy cham (VHH) comprising heavy chain
complementarity determining regions (HCDRsY HCDR1, HCDR2Z and HCDR3 having the amino
acid sequences of:

i SEQID NOs: 7, 8 and 9, respectively;

1. SEQID NOs: 317, 318 and 319, respectively;

i, SEQ ID NOs: 324, 325 and 326, respectively;

rv. SEQID NOs: 331, 332 and 333, respectively; or

v. SEQID NOs: 338, 339 and 340, respectively

4. The antibody or antigen-binding fragment thereof of embodiment 3, being a VHH
fragment comprising an amino acid sequence having at least 80%, such as at feast 85%, 90%,
95% or 100%, sequence 1dentity to SEQ ID NO: 6, 316, 323, 330, or 337.

4a. The antibody or antigen-binding fragment thereof of embodiment 2, wherein the
VHH fragment comprises the amino acid sequence of SEQ ID NG: 6, 316, 323, 330, or 337.

5. The anttbody or antigen-binding fragment thereof of embodiment 3, being a
single-chain variable fragment (scFv} comprising the heavy chain variable region (VH)
covalently linked to the light chain variable region (VL) via a linker, such as a peptide linker
having about 10 to about 25 amino acids in length.

5a. The antibody or antigen-binding fragment thereof of embodiment 5, wherein the

VH is linked to the amino-terminus of the VL via the linker in the scFv.
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Sh. The antibody or antigen-binding fragment thereof of embodiment 5, whereim the
VH 15 linked to the carboxy-terminus of the VL. via the linker o the scFv.

S¢. The antibody or antigen-binding fragment thereof of ernbodiment 5a or 5b,
wherein the linker comprises one or more of Gly and Ser, with one or more interspersed Glu, Thr
and Lys residues, preferably the linker has the amino acid sequence of SEQ ID NO: 314

5d. The antibody or antigen-binding fragment thereof of embodiment 5S¢, wherein the
scHv comprises the HCDR1, HCDR2, HCDR3, LCDR1, LCDR2 and LCDR3 having the amino
actd sequences of SEQ 1D NQOs: 279, 280, 281, 282, 283 and 284, respectively, or SEQ 1D NOs:
292, 293,294, 295, 296, and 297, respectively;

Se. The antibody or antigen-binding fragment thereof of embodiment 5, wherein the
scFv comprises an amino acid sequence having at feast 80%, such as at least 85%, 90%, 95% or
100%, sequence identity to the amino acid sequences of SEQ ID NO: 278, 291, 28, 56, 84, 109,
134, 162, 190, 218, 243, 262, 344, 354, 364, 374, 384, 394, 404, 414, 424, 434, 444, 454, 464,
474, 484, 494, 504, 514, 524, 534 or 544,

5 The antibody or antigen-binding fragment thereof of embodiment Se, wherein the
scFv comprises the amino acid sequence of SEQ 1D NO: 278, 291, 28, 56, 84, 109, 134, 162,
190, 218, 243, 262, 344, 354, 364, 374, 384, 394, 404, 414, 424, 434, 444, 454, 464, 474, 484,
494, 504, 514, 524, 534 or 544,

Sg The antibody or antigen-binding fragment thereof of embodiment Se, wherein the
scFv comprises the amino acid sequence of SEQ ID NO: 278, 291, 162 or 218,

5h. An antibody or antigen-binding fragment thereof that binds to the same epitope of
the antibody or antigen-binding fragment thereof of any one of embodiments 3 to Sg.

51 An antibody or antigen-binding fragment thereof that competes with the antibody
or antigen-binding fragment thereof of any one of embodiments 3 to 5g in binding to the TIR.

51. The anttbody or antigen-binding fragment thereof of any one of embodiments 3 to
51, binding to human TfR1 with a dissociation constant K of 1 to 500 nM, such as T nM, 10
nM, 50 nM, 100 nM, 200 nM, 3060 nM, 400 nM, 500 nM, or any value in between, at pH7 4.

5k, The antibody or antigen-binding fragment thereof of any one of embodiments 3
to 5}, binding to human TfR1 with an off-rate constant kd of 10 to 107! sec™, such as 107, 107,

107, 107 sec” or any value in between, at pHS.
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6. A complex comprising the antibody or antigen-binding fragment thereof of any
one of embodiments 1 to 5k coupled to a therapeutic or diagnostic agent.

6a. The complex of embodiment 6, wherein the antibody or antigen-binding fragment
thereof is coupled o the therapeutic or diagnostic agent noncovalently.

6b. The complex of embodiment 6, wherein the antibody or antigen-binding
fragment thereof is coupled to the therapeutic or diagnostic agent covalently to form a conjugate.

6¢. The complex of embodiment 6, wherein the antibody or antigen-binding fragment
thereof is covalently linked to the therapeutic or diagnostic agent via a linker.

6d. The complex of embodiment 6¢, wherein the linker is a non-peptide linker, such
as polyethylene glycol, polypropylene glycol, copolymer of ethylene glyveol and propylene
glyeol, polyoxyethylated polvol, polyvinyl alcohol, polysaccharides, dextran, polyvinyl ether,
biodegradable polymer, polymerized lipid, chitins, and hyaluronic acid, or derivatives thereof, or
combinations thereof.

te. The complex of embodiment 6¢, wherein the linker is a peptide linker, such as a
peptide chain consisting of 1 to 50 amino acids hinked by peptide bonds or a derivative thereof.

of. The complex of any one of embodiments 6 to 6e, wherein the antibody or antigen-
binding fragment thereof 1s coupled to the diagnostic agent for detecting a neurological disorder,
preferably, the diagnostic agent is an agent for postiron emission tomography (PET), or an agent
for IDK.

6g. The complex of any one of embodiments 6 to 6e, wherein the antibody or antigen-
binding fragment thereof 1s coupled to a therapeutic agent, preferably a neurological disorder
drug.

6h. The complex of embodiment 6g, wheremn the neurological disorder drug s
selected from the group consisting of small molecule compounds, antibodies, peptides, proteins,
natural ligands of one or more UNS target(s), modified versions of natural ligands of one or more
CNS target(s), aptamers, inhibitory nucleic acids (i.e., small inhibitory RNAs (siRNA} and short
hairpin RNAs (shRNA}}, ribozymes, and active fragments of the foregoing.

6i. The complex of embodiment 6g, wherein the neurclogical disorder drug is
selected from the group consisting of antibodies, aptamers, proteins, peptides, inhibitory nucleic
acids and small molecules and active fragments of any of the foregoing that either are themselves

or specifically recognize and/or act upon (1.e., inhibit, activate, or detect) a CNS antigen or target
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molecule such as, but not himited to, amylowd precursor protein or portions thereof, amylowd beta,
beta-secretase, gamma-secretase, tau, alpha-synuclein, parkin, huntingtin, DR6, presenilin,
ApoE, ghioma or other CNS cancer markers, and neurotrophins Non-limiting examples of
neurclogical disorder drugs and the corresponding disorders they may be used to treat: Brain-
derived neurotrophic factor (BDNF}, Chronic brain injury (Neurogenesis), Fibroblast growth
factor 2 (FGF-2), Anti-Epidermal Growth Factor Receptor Brain cancer, (EGFR)-antibody, Glial
cell-line derived neural factor Parkinson's disease, {GDNF), Brain-derived neurotrophic factor
{BDNF) Amyotrophic lateral sclerosis, depression, Lysosomal enzyme Lysosomal storage
disorders of the brain, Ciliary neurotrophic factor (CNTF) Amyoirophic lateral sclerosis,
Neuregulin-1 Schizophrenia, Anti-HER?2 antibody (e g. trastuzumab) Brain metastasis from
HER2-positive cancer.

7. The complex of embodiment &, being a multi-specific antibedy comprising a first
antigen binding region which binds a TfR and a second antigen binding region which binds a
brain antigen (or brain target), wherein the first antigen binding region comprises the antigen-
binding fragment thereof of any one of embodiments 1 to 3k

Ta. The multi-specific antibody of embodiment 7, wherein the bramn target is selected
from the group consisting of beta-secretase | (BACE1), amyloid beta ( Abeta), epidermal growth
factor receptor (EGFR), human epidermal growth factor receptor 2 (HERZ), Tau, apolipoprotein
E4 (ApoE4), alpha-synuclein, CD20, huntingtin, prion protein (PrP), leucine rich repeat kinase 2
(LRREZ2), parkin, presenilin 1, presenulin 2, gamma secretase, death receptor 6 (DR}, amyloid
precursor protein (APP), p75 neurotrophin receptor (p75NTR}, and caspase 6.

7b. The multi-specific antibody of embodiment 7a, wherein the second antigen
binding region binds a BACET or Tau.

T¢. The multi-specific antibody of any one of embodiments 7 to 7b, wherein the first
antigen binding region is covalently linked to a first Fc¢, and the second antigen binding region is
covalently linked to a second Fe.

7d. The multi-specific antibody of embodiment 7¢, wherein the first Fe 1s different
from the second Fc in one or more amino acid residues to facilitate the formation of a
heterodimer between the first Fe and the second Fe.

8. The multi-specific antibody of any one of embodiments 7 to 7d, being a fusion

construct comprising the antibody or antigen-binding fragment thereof of any one of
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embodiments 1 to Sk covalently linked a second antibody or antigen binding fragment thereof
that binds the brain antigen (or brain target).

8a. The fusion construct of embodiment &, wherein the antibody or antigen-binding
fragment thereof of any one of embodiments 1 to 5k 1s covalently linked, preferably via a hinker,
to the amino-terminus of a heavy chain of the second antibody or antigen binding fragment
thereof.

8b. The fusion construct of embodiment 8, wherein the antibody or antigen-binding
fragment thereof of any one of embodiments 1 to 5k 1s covalently linked, preferably via a linker,
to the amino-terminus of a light chain of the second antibody or antigen binding fragment
thereof.

8c. The fusion construct of embodiment 8, wherein the antthody or antigen-binding
fragment thereof of any one of embodiments 1 to 5k 1s covalently linked, preferably via a linker,
to the carboxy-ternminus of a light chain of the second antibody or antigen binding fragment
thereof.

8d. The fusion construct of embodiment 8, wherein the antibody or antigen-binding
fragment thereof of any one of embodiments 1 to Sk is covalently linked, preferably via a linker,
to the carboxy-terninus of a heavy chain of the second antibody or antigen binding fragment
thereof.

9. The fusion construct of embodirnent 8d, wherein the antibody or antigen-binding
fragment thereof any one of ermnbodiments 1 to 5k 1s covalently hinked, via a linker, to the
carboxy terminus of ouly one of the two heavy chains of the second antibody or antigen binding
fragment.

9a. The fusion construct of any one of embodiments 8a to 9, wherein the linkeris a
peptide hnker comprising one or more of Gly and Ser, preferably the linker has the amino acid
sequence of SEQ ID NO: 312 or SEQ 1D NOG: 313,

9b. The fusion construct of any one of embodiments 8 to 9a, wherein the second
anttbody or antigen binding fragment thereof comprise a first Fe in its first heavy chainand a
second Fc in its second heavy chain, and the first Fc is different from the second Fc in one or
more amino acid restdues to facilitate the formation of a heterodimer between the first Fe and the

second Fe.
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S¢. The multi-specific antibody of embodiment 7d or the fusion construct of
embodiment 9b, wherein the first Fe contains one or more “knob” mutations and the second Fe
contains more or more corresponding “hole” mutations, or vice versa {see, e.g., U.8. Patent No.
5,731,168, Ridgway et al., Protein Eng., (7). 617-621, 1996, for the “knob-m-hole” mutations,
which are incorporated herein by reference in its entirety), preferably a Knob mutation of
T366W and a hole mutation of T3668, L368A or Y407V,

9d. The multi-specific antibody of embodiment 7d or the fusion construct of
embodiment 9b, wherein each of the first F¢ and the second Fc comprises a modified
heterodimeric CH3 domain as compared to a wild-type CH3 domain polypeptide, preferably, the
modified heterodimeric CH3 domain comprises one or more mutations as described in
US10,457,742.

Ye. The multi-specific antibody or fuston construct of embodiment 9d, wherein the
modified heterodimeric CH3 domain of the first Fc comprises amino acid modifications at
positions T350, 351, F405, and Y407, and the modified heterodimeric CH3 domain of the
second Fe comprises amino acid modifications at positions T350, T366, K392 and T394.

9f. The multi-specific antibody or fusion construct of embodiment ¢, wherein the
amino acid modification at position T350 1s T3S0V, T3501, T3S0L or T350M; the amino acid
modification at position L351 15 L351Y; the amino acid modification at position F405 15 F4054,
F403V, F405T or F40S8; the anuno acid modification at position Y407 15 Y407V, Y407A or
Y4071, the amine acid modification at position T366 15 T366L, T3661, T366V or T366M, the
amino acid modification at position K392 13 K392F, K392L or K392M, and the amino acid
modification at position T394 15 T394W.

9g. The multi-specific antibody or fusion construct of embodiment e, wherein the
modified heterodimeric CH3 domain of the first Fo comprises mutations T350V, L351Y, F405A
and Y407V, and the modified heterodimeric CH3 domain of the second Fe comprises mutations
T350V, T366L, K392L and T394W, or vice versa.

10. The multi-specific antibody or fusion construct of any one of embodiments 7-9g,
wherein the Fc region of the multi-specific antibody or fusion construct further comprises
substitutions that alter (increase or diminish), preferably increase, the binding of the second

aniibody or antigen binding fragment thereof to neonatal Fe receptor (FcRnj.
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10a.  The multi-specific antibody or fusion construct of embodiment 10, wherein the
second antibody or antigen binding fragment thereof comprises one or more mutations in the Fc
domain that enhance binding of the fusion to the neonatal Fo receptor (ReRnj.

10b.  The multi-specific antibody or fusion construct of embodiment 10 or 10a, wherein
the one or more mutations enhance the binding at an acidic pH.

10c.  The multi-specific antibody or fusion construct of embodimentiOb, wherein the
Fc of the second antibody has the M252Y/S254T/T256E (YTE) mutations, wherein the
numbering of amino acid residues is according to the EU index as set forth in Kabat.

11 The multi-specific antibody or fusion construct of any one of embodiments 7-10¢,
wherein the Fc region of the multi-specific antibody or fusion construct further comprises
substitutions that alter (increase or diminish), preferably reduces or eliminates the effector
function.

1ta.  The multi-specific antibody or fusion construct of embodiment 11, wherein the
second antibody or antigen binding fragment thereof comprises one or more mutations in the Fe
domain that reduce or eliminate the effector function, such antibody dependent cellular
cytotoxicity {ADCC) or complement dependent cytotoxicity (CDC).

11b.  The mulu-specific antibody or fusion construct of embodiment 11a, wherein the
Fe of the second antibody has one or more amino acid modifications at positions 1234, 1235,
D270, N297, B318, K320, K322, P331, and P329, wherein the numbering of amino acid residues
1s according to the EU index as set forth in Kabat.

Tie.  The multi-specific antibody or fusion construct of embodiment 11b, wheren the
Fc of the second antibody has one, two or three mutations of L234A, 1.2354 and P331S (the
AAS mutations).

12. The multi-specific antibody or fusion construct of any one of embodiments 7 to
11¢, wherein the first antigen binding region or the antibody or antigen-binding fragment thereof
does not contain cysteine.

13. The multi-specific antibody or fuston construct of embodiments 7 to 12, wherein
the second antigen binding region or the second antibody or antigen binding fragment thereof
binds Tau, preferably comprising the HCDR1, HCDRZ, HCDR3, LCDR1, LCDR2 and LCDR3
having the amino acid sequences of SEQ 1D Nos: 554 10 559, respeciively, preferably, the

second antibody is a monoclonal antibody comprising a heavy chain having the amino acid
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sequence of SEQ ID NO: 310 and a light chain having the amino acid sequence of SEQ 1D NO:

311
14

(1)

(2)

()

The fusion construct of embodiment 9, comprising:
a first heavy chain having an amino acid sequence that is at least 30%, such as at least
85%, 90%, 95% or 100%, 1dentical to an amino acid sequence selected from the
group consisting of SEQ ID NOs: 301, 304, 307, 285 | 288, 298, 10, 13, 16, 19, 22,
25,35, 38, 41, 44 47, 50, 53, 63, 66, 69, 72, 75, 78, 81, 91_ 94, 97, 100, 103, 106,
116,119, 122, 125, 128, 131, 141, 144, 147, 150, 153, 156, 159, 169, 172, 175, 178,
181, 184, 187, 197, 200, 203, 206, 209, 212, 215, 225, 228, 231, 234, 237, 240, 250,
252,256, 259, 269, 272, 275, 320, 327, 334, 341, 351, 361, 371, 381, 391, 401, 411,
421,431, 441, 451, 461 and 471
two light chains each independently having an amino acid sequence that is at least
80%, such as at least 85%, 90%, 95% or 100%, identical to an amino acid sequence
selected from the group consisting of 302, 305, 308, 286, 289, 299, 11, 14, 17, 20, 23,
26, 36,39, 42, 45, 48, 51, 54, 64, 67,70, 73, 76, 79, 82, 92, 95, 98, 101, 104, 107,
117,120, 123, 126, 129, 132, 142, 145, 148, 151, 154, 157, 160, 170, 173, 176, 179,
182, 185, 188, 198, 201, 204, 207, 210, 213, 216, 226, 229, 232, 235, 238, 241, 251,
253,257, 260, 270, 273 276, 321, 328, 335, 342, 352, 362, 372, 382, 392, 402, 412,
422 432 442 452 462 and 472, respectively; and
a second heavy cham having an anmino acid sequence that 1s at least 80%, such as at
teast 85%, 90%, 95% or 100%, 1dentical to an ammno acid sequence selected from the
group consisting of 303, 306, 309, 287, 290, 300, 12, 15, 18, 21, 24, 27, 37, 40, 43,
46, 49,52, 55, 65, 68,71, 74,77, 80, 83, 93, 96, 99, 102, 105, 108, 118, 121, 124,
127,130, 133, 143, 146, 149, 152, 155, 158, 161, 171, 174, 177, 180, 183, 186, 189,
199, 202, 205, 208, 211, 214, 217, 227, 230, 233, 236, 239, 242, 252, 254, 258, 261,
271,274, 277,322,329, 336, 343, 353, 363, 373, 383, 393, 403, 413, 423, 433, 443,
453463 and 473, respectively.

14a. The fusion construct of embodiment 14, wherein the two light chains have an

identical amino acid sequence.

14b.

The fusion construct of embodiment 14, wherein the two light chains have

different amino acid sequences.
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t4c.  The fusion construct of embodiment 14, wherein:

{1} the first heavy chain has the amino acid sequence selected from the group consisting
of SEQ 1D NOGs: 301, 304, 307, 285, 288, 298, 10, 13, 16, 19, 22, 25, 35, 38, 41, 44,
47,50, 53,63, 66, 69,72, 75,78, 81, 91, 94, 97, 100, 103, 106, 116, 119, 122, 123,
128, 131, 141, 144, 147,150, 153, 156, 159, 169, 172, 175, 178, 181, 184, 187, 197,
200, 203, 206, 209, 212, 215, 225, 228, 231, 234, 237, 240, 250, 252, 256, 259, 269,
272,275, 320, 327, 334, 341, 351, 361, 371, 381, 391, 401,411, 421, 431, 441, 451,
461 and 471,

(2) the two light chains each have the amino acid sequence selected from the group
consisting of 302, 305, 308, 286, 289, 200, 11, 14, 17, 20, 23, 26, 36, 39, 42, 45, 48,
51,54, 64, 67,70, 73, 76,79, 82, 92, 95, 98101, 104, 107, 117, 120, 123, 126, 129,
132, 142, 145, 148, 151, 154, 157, 160, 170, 173, 176, 179, 182, 185, 188, 198, 201,
204, 207, 210, 213, 216, 226, 220, 232, 235, 238, 241, 251, 253, 257, 260, 270, 273
276,321, 328, 335, 342, 352, 362, 372, 382, 392, 402, 412, 422, 432, 442, 452, 462
and 472, respectively; and

(3) the second heavy chain has the amino acid sequence selected from the group
consisting of 303, 306, 309, 287, 290, 300, 12, 15, 18, 21, 24, 27, 37, 40, 43, 46, 49,
52,55, 65,68, 71, 74, 77, 80, 83, 93, 96, 99, 102, 105, 108, 118, 121, 124, 127, 130,
133, 143, 146, 149, 152, 155, 158, 161, 171, 174, 177, 180, 183, 186, 189, 199, 202,
205, 208, 211, 214, 217, 227, 230, 233, 236, 239, 242, 252, 254, 258, 261, 271, 274,
277,322,329, 336, 343, 353, 363, 373, 383, 393, 403, 413, 423, 433, 443, 453, 463
and 473, respectively.

14d.  The fusion construct of embodiment 14, wherein:

{1} the first heavy chain has the amino acid sequence of SEQ ID NOs: 285, 288, 298, or
301,

(2} the two light chains each have the amino acid sequence of 286, 289, 299 or 302,
respectively; and

(3) the second heavy chain has the amino acid sequence of 287, 290, 300 or 303,
respectively.

15, An isolated nucleic acid encoding the antibody or antigen-binding fragment of

any one of embodiments 1-5k or the fusion construct of any one of embodiments 7-14d.
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16. A vector comprising the 1solated nucleic acid of claim 15
17. A host cell comprising the nucleic acid of embodiment 15 or the vector of

embodiment 16.

18. A method of producing the antibody or antigen-binding fragment of any one of
embodiments 1-5k or the fusion construct of any one of embodiments 7-14d, comprising
culturing a cell comprising a nucleic acid encoding the antibody or antigen-binding fragment or
the fusion construct under conditions to produce the antibody or antigen-binding fragment the
fusion construct, and recovering the antibody or antigen-binding fragment, the conjugate or the
fusion construct from the cell or cell culture.

19. A pharmaceutical composition comprising the antibody or antigen-binding
fragment of any one of embodiments 1-Sk, the complex of any one of embodiments 6-61, or the
multi-specific antibody or fusion construct of any one of embodiments 7-14d, and a
pharmaceutically acceptable carrier.

20. A method of treating or detecting a neurological disorder in a subject in need
thereof, comprising administering to the subject an effective amount of the antibody or antigen-
binding fragment of any one of embodiments 1-3k, the complex of any one of embodirents 6-61,
or the multi-specific antibody or fusion construct of any one of embodiments 7-144, or the
pharmaceutical composition of embodiment 19,

21 A method of increasing delivery of a therapeutic or diagnostic agent to the brain
of a subject m need thereof, comprising admunistering to the subject a conjugate comprising the
therapeutic or diagnostic agent coupled to the antibody or antigen-binding fragment thereof of
any one of embodiments 1-5k.

22. A method of transporting a therapeutic or diagnostic agent across the blood-bram
barrier (BBB) comprising exposing an anti-TfR antibody or antigen binding fragment thereof of
any one of embodiments 1-5k coupled to the therapeutic or diagnostic agent to the blood- brain
barrier such that the antibody or antigen binding fragment thereof transports the agent coupled
thereto across the blood- brain barrier.

23. A method of delivering a therapeutic or diagnostic agent across the blood-brain
barrier (BBB) of a subject in need thereof, comprising administering to the subject a complex
comprising the therapeutic or diagnostic agent coupled to, preferably covalently conjugated to,

the antibody or antigen-binding fragment thereof of any one of embodiments 1 t0 S.
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24, A method of mducing antibody dependent phagocytosis (ADP} without
stimulating secretion of a pro-inflammatory cytokine in a subject in need thereof, comprising
administering to the subject a2 complex comprising a therapeutic antibody or antigen binding
fragment thereof coupled to, preferably covalently conjugated to, the antigen-binding fragment
thereof of any one of embodiments 1 to 5, wherein the therapeuiic antibody or antigen binding
fragment thereof comprises one or more mutations in the Fe domain that reduce or eliminate the
effector function, such antibody dependent cellular cytotoxicity (ADCC) or complement
dependent cytotoxicity {CDC).

24a.  The method of embodiment 23, wherein the therapeutic antibody or antigen
binding fragment thereof comprises one or more amino acid modifications at positions L.234,
L1235, D270, N297, E318, K320, K322, P331, and P329, wherein the numbering of amino acid
residues 1s according to the EU index as set forth in Kabat.

24b.  The method of embodiment 24a, wherein the therapeutic antibody or antigen
binding fragment thereof comprises one, two or three mutations of L234A) £.235A and P3318.

25 The method of any one of embodiments 20 -24b, wherein the subject is in need of
a treatment of a neurological disorder, preferably the neurological disorder 1s selected from the
group consisting of neurodegenerative diseases (such as Lewy body disease, postpoliomyelitis
syndrome, Shy-Draeger syndrome, olivopontocerebellar atrophy, Parkinson's disease, multiple
system atrophy, striatonigral degeneration, spinocerebellar ataxia, spinal muscular atrophy),
tanopathies (such as Alzheimer disease and supranuclear palsy}, prion diseases (such as bovine
spongiform encephalopathy, scrapie, Creutz-feldt-Jakob syndrome, kury, Gerstmann-Straussier-
Schemnker disease, chronic wasting disease, and fatal famibial insomnia), bulbar palsy, motor
neuron disease, and nervous system heterodegenerative disorders {such as Canavan disease,
Huntington's disease, neuronal ceroid-lipofuscinosis, Alexander's disease, Tourette's syndrome,
Menkes kinky hair syndrome, Cockayne syndrome, Halervorden-Spatz syndrome, lafora disease,
Rett syndrome, hepatolenticular degeneration, Lesch-Nyhan syndrome, and Unverricht-
Lundborg syndrome), dementia (such as Pick's disease, and spinocerebellar ataxia), and cancer
of the NS and/or brain (such as brain metastases resulting from cancer elsewhere 10 the body}.

26. The method of any one of embodiments 20 to 25, wherein the antibody or
antigen-binding fragment thereof, the complex, the multispecific antibody, the fusion construct

or the pharmaceuiical composition 15 administered intravenously.
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27. The method of any one of embodiments 21 to 26, wherein the therapeutic agent or
therapeutic antibody or antigen binding fragment thereof 1s a neurological disorder drug.

28. The method of any one of embodiments 21 to 23, wherein the agent 1S an imaging
agent or an agent for detecting a neurclogical disorder.

29. The method of any one of embodiments 20-28, wherein the anti-TtR antibody or
antigen binding fragment thereof, complex or fusion thereof, does not impair the binding of
the TR to its native ligand transferrin.

30. The method of any one of embodiments 20 to 29, wherein the admunistration
reduces Fe-mediated effector function.

31 The method of any one of embodiments 21 to 30, wherein the administration does
not induce rapid reticulocyte depletion.

32. The method of embodiment 31, wherein the therapeutic antibody or antigen
binding fragment thereof binds specifically to tau aggrepates

33. The method of any one of embodiments 20-32, wherein the subject is a primate,
such as a human, more preferably a human having a neurological disorder.

34, The method of embodiment 33, wherein the neurological disorder is selected from
the group consisting of Alzheimer's disease (AD), stroke, dementia, muscular dystrophy (MD),
multiple sclerosis (MS), amyotrophic lateral sclerosis {ALS), cystic fibrosis, Angelman's
syndrome, Liddle syndrome, Parkinson's disease, Pick's disease, Paget's disease, cancer, and
traumatic brain mjury.
[6G148] The following examples of the invention are to further 1Hustrate the nature of the
mvention. It should be understood that the following examples do not limit the mvention and the

scope of the mvention 1s to be determined by the appended claims.

EXAMPLES
Example 1
{0(149] While the blood-brain barrier (BBB) prevents harmful substances from entering the
brain and 1s essential for brain homeostasis, it presents a formidable obstacle for efficiently
delivering drugs to the brain. Towards this end, a monocional antibody (mAb) brain shuttle
platform was developed that penetrates the BBB and results in substantially higher brain

concentrations than mAb alone.

58



WO 2021/205358 PCT/1B2021/052889

Antibody Generation (OMT vais and Ablexis Mice)

[6G15G]  OMT rats (OmniRat® from Ligand Pharmaceuticals) and Ablexis mice (Ablexis,
LLC, San Diego, CA} were immunized with human (SEQ 1D NO: 1), cyno (SEQ 1D NO: 2) and
marmoset (SEQ 1D NG: 3) transferrin receptor {(TfR) using repetitive immunizations multiple
sites {RIMMS) protocols for 46 days {Ablexis}, 49 days (OMT) or 50 days (OMT). Briefly,
animals were repeatedly immunized at multiple subcutaneous sites proximal to regional draining
lymph nodes. Serum titration (ELISA, enzyme-linked immunosorbent assay} was done at day 32
{OMT) or day 35 (Ablexis} and all animals show generally low to modest titers on human, cyno,
and marmoset TfR, and no titers on the negative control. Lymph nodes were harvested from
sera-positive rats and mice and fused to generate hybridomas.

{0151} Hybridomas were first screened by Meso Scale Discovery (MSD) or ELISA for
binding to HEK293T huTfR (human transferrin receptor) expressing celis. Al these hits were
then tested in the confirmatory screen. In the confirmatory screen on fluorescence-activated cell
sorting (FACS) MDCK-huTfR cells (Madin-Darby canine kidney cells) and pBECs
{(Microvascular Endothelial Cells, endogenous huTiR expression) were used and MDCK
(parental) cells were used as negative cell line. After confirmatory sereen, 616 TR specific cell
binders were identified (binding etther/or/both huTIR expressing cells). From these 616 hits, 340
were binding on pBECS and MDCE-huTfR cells, 16 were binding on pBECS only and 260 were
binding on MDCK-huTfR only.

{83 The hybridomas that bound pBECs and MDCEK-huTfR cells were then assessed for
binding to rat TfR (SEQ 1D NO: 4) and mouse TR (SEQ ID NO: 5), checked for internalization
m pBECs and cornpetition with TFR. RNA lysates were prepared for those mAbs that were
human, cyno and marmoset cross-reactive and internalized without competing for TfR. Antibody

V-region sequencing data was obtamed.

Antibody Generation (Liama)

{B8153]  For the generation of single domam (VHH) antibodies against human TfR with cross
reactivity to cyno, mouse and rat, two Hamas were used for immumizations at Abcore {animal
16631 and 1663L) 1n project 4521, Antibody titers were determined by ELISA using TIR
protein (1 pg/ml). Three bleeds from the two animals were tested and both amimals showed good

early titers.
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{B3154] Phage display was done at Abcore using their standard protocol. Two libraries were
made: Labrary 1 (452L-1) from the second bleed of both anumals, and Library 2 (452L-2} from
the second and third bleed. Plasmid DNA from 12 random individual clones were sequenced
and >80% contained VHH inserts with the correct reading frame. Both phage display libraries
were screened with human TR using standard Abcore panning procedures. Three rounds of
panning with human TR at 10 pg/ml were done. After panning, 94 individual clones were
screened by phage ELISA for specific binding to protease-activated receptor 1 (Part) N-terminal
domain and non-specific binding to BSA (bovine serum albumin}. Cross reactivity with cyno,

mouse, and rat TR was measured. 94 clones were selected for sequence analysis.

Phage Amtibody Generation

{0B188] Phage libraries were panned against biotinylated huTfR, complexed with transferrin,
The biotinylated complex was captured on streptavidin magnetic beads (Dynal) and exposed to
the de novo pIX Fab libraries which were pre-incubated with transferrin protein at a final
concentration of 100 oM {round 1 and 2} or 50 oM {round 3 and 4). Non-specific phages were
washed away in PBS-Tween and bound phages were recovered by infection of MC1061F” E.
coli cells. Phages were amplified from these cells overnight and panning was repeated for a total
of four rounds. Following four rounds of biopanning, monoclonal Fabs were screened for
binding to human transferrin receptor in an ELISA. Clones that demonstrated binding to
transferrin receptor were sequenced in the heavy and light chain variable regions.

{83188]  Examples of TfR antibodies or antigen binding fragments of the invention are
summarized in Table 1a below.

{08157}  The binding affinities (KD, kon or ka and koff or kdis or kd) of the anti-TfR mAbs, as
part of the tripod fusion constructs (BBBB constructs) described in more detail below, to TfR at
neutral pH (7.4) and acidic pH (5) were measured using the following biolayer interferometry

method. The results are shown in Table 1b below.
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Table 1b
Neutral pH Acidic pH

scbv mAb KD (M | kon{1/Ms) | kdis(1/s) KD (Vb kon{1/Ms} kdis{ 1/s)
TR 14 BBBB432
SEQ 1D: SEQ ID:
316 326, 321,

322 1.13E-08 | 1.67E+05 1.89E-03 1.44E-08 1.81E+03 2.59E-03
TiR1S BBBB433
SEQ ID: SEQ ID:
323 327, 328,

329 1.328-08 | 1.63E+DS 2.46E-03 776509 1.83E+05 1.428-03
TR16 BBBB436
SEQ SEQID:
330 334, 335,

336 9.88E-09 | 1 350E+05 1.480-03 6.87E-0% 1.72E+05 1.18E-03
TR17 BBBB439
SEQ ID: SEQ 1D:
337 341, 342,

343 3.65E-08 | 2.06E+05 7.51E-03 4.02E-08 2.01E+03 8.07E-03
TRIS BRBB45Y
SEQ ID: SEQ ID:
344 351, 352,

353 1.08E-09 | 1.24E+03 1.345-04 9.44E-09 1.44E+03 1.35E-03
TIR1Y BBBB464
SEQ 1 SEQID:
354 361, 362,

363 529E-08 1 3 09E+04 2.69E8-04 6.44E-08 5.29E+04 3.40E-03
TR20 BBBB467
SEQ D SEQ ID:
364 371,372,

373 1.03E-08 | 6.95E+04 7.14E-04 9.25E-08 0.66E+04 6.16E-03
TiR21 BBBB476
SEQ ID: SEQ ID:
374 381, 382,

383 6.98E-09 1.67E+03 FI7E-03 1.138-08 1.79E+0S 2.02E-03
TiR22 BBBB478
SEQ 1D SEQID:
384 391, 392,

383 1.317E-09 { 1.03E+05 1.218-04 3.58E-08 1.08E+03 3.85E-03
TR23 BEBBB479
SEQ D SEQ ID:
394 401, 402,

403 2.68E-08 | 3.01E+04 8.03E-04 6.2E-08 3.94E+04 2.44E-03
TiR24 BRBB482
SEQ ID: SEQ ID:
404 411, 412,

413 4.63E-09 | 2.68E+04 1.24E-04 2.78E-08 3.75E+04 1.04E-03
TIR23 BBBB486
SEQ 1D SEQID:
414 421, 422,

423 <1 QE-12 9.79E+04 | <1.0E-07 1.36E-08 1.14E405 1.56E-03
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Tripod construct design
TR26 BBBBSG60
SEQ D SEQID:
424 431, 432,
433 8. 72E-09 | 6 96E+04 6.078-04 2.62E-08 8.0G3E+04 2.11E-03
TiR27 BBBB56G4
SEQ D SEQ 1D
343 441, 442,
443 0.96E-09 | 8.82E+04 6.14E-04 5.58E-08 8.51E+04 4.75E-03
TR28 BBBB308
SEQ ID: SEQ ID:
444 451, 452,
453 5.64E-09 | 1.09E+03 6.14E-04 S5.57E-08 1.12E+05 6.24E-03
TR29 BBBBS(S
SEQ ID: SEQ ID:
454 63, 64, 65 6.45E-08 | 7.10E+03 4.58E-04 1.53E-05 3.41E+02 5.22E-03
TR30 BBBBS22
SEQ ID: SEQ ID:
464 471, 472,
473 520E-08 | 3527E+03 2.79E-04 1.66E-03 3.80E+02 6.36E-~03
TiR31 BRBR32Y
SEQ 1D SEG ID:
474 481, 482,
483 2. 11E-09 1.10E+03 2.318-04 4.68-08 1.99E+05 S.01E-03
TiR32 BBBB330
SEQ I SEQ ID:
484 491, 492,
453 3.92E-09 | 1.21E+03 4.76E-04 292807 6.79E+04 1.98E-02
TR33 BBBBS32
SEQ D SEQ ID:
494 01, 502,
503 5.1E-09 | 2.00E+05 1.02E-03 2.24E-08 2. 314E+G3 4.78E-03
TiR34 BRBB338
SEQID: SEQ I
304 511, 512,
313 1.62E-08 | 2.07E+D3 3.35E-03 2.96E-07 1.07E+05 3.17E-02
TiR35 BBBB339
SEQ I SEQ ID:
514 521, 522.
523 2.76E-10 | 9.35E+04 2.598-05 5.03E-08 3.92E+04 4.49E-03
TR36 BBBBS46
SEQ D SEQ ID:
524 531, 532,
533 1.19E-08 | 7.15E+04 8.48E-04 §.2E-07 6.32E+04 7.56E-03
TiR37 BBBB346
SEQID: SEQ I
334 541, 542,
343 1.68E-09 | 8.51E+04 {.435-04 3.62E-08 9.40E+04 3.40E8-03
TIR38 BBBB347
SEQ I SEQID:
544 351, 582,
553 3.18E-09 | 1 90E+05 6.05E-04 5.98E-08 1.77E+05 1.06E-02
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{BRISR]  Antibodies were generated against the TfR by immunizing rodents and llamas. The
resultant mAbs were screened for binding competition with transferrin and non-competitive
mAbs formatted as scFv or nanobodies in a tripod mAb (also named TTP mAb) architecture and
characterized. The tripod 1s used to deliver a substance of interest (e.g., 2 monoclonal antibody)
to the brain. More specifically, a tripod construct (FIG. 1) containing a fusion of an antigen
binding fragment of an antibody against TR and a monoclonal antibody of interest (mAb} was
developed to help the mAb penetrate the BBB and result in substantially higher brain
concenirations of the mAb than the mAb alone.

183159] For example, a tripod mAb consists of the therapeutic mAb with a TfR binding scFv
or nancbody appended to the C-terminus of one antibody heavy chain using a short, flexible
linker. Tripod mAbs were analysed for characteristics that have been previously described to
enhance transcytosis (reviewed in Goulatis and Shusta 2017): valency, binding affinity, pH
dependent binding, and rapid internalization in brain endothelial cells (Figures 2-4).

{01868] Heavy and light chain variable sequences of an antibody against TfR were fused in a
single genetic construct as the single-chain vartiable fragment (scFv) using the following format,
He GTEGKSSGSGSESKST (SEQ ID NO: 314) Le. The scFv or a VHH against TfR was then
fused to the C-terminus of the heavy chain (He) of an antibody of interest using either GGSGGS
(SEQ ID NO: 312) or GGAGGA (SEQ ID NO: 313) linker. The Zymeworks heterodimerization
mutations in CH3 were utilized 1 the antibody He (He A: T350V_L351Y F405A Y407V, He
B T350V_T366L K392 T394W) to generate the tripod construct (Figure 1), which 15 also
referred to as a tripod mAb. A tripod mAb contains two fight chains with the 1dentical amino
acid sequence and two heavy chains with different amino acid sequences. Only one of the two
heavy chains 1s fused to a scFv or VHH of a TR antibody of the mvention and the two heavy
chains also differ in their constant regions to facilitate heterodimerization between the two heavy
chains. Thus, each tripod mAb according to an embodiment of the application is associated with
three amino acid sequences: the amino acid sequence of the first heavy chain fused to the antigen
binding fragment of a TfR antibody, the amino acid sequence of the light chain, and the amino
acid sequence of the second heavy chain not fused to the antigen binding fragment of a TIR

antthody.

Tripod expression and purification
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{B83161] Tripod mAbs were expressed in CHO-Expi cells and purified using Protein A affinity
chromatography followed by Size Exclusion chromatography or Ton-exchange chromatography.

{BRI62]  Examples of the Tripod mAbs made are provided in Table 2a:

Table 2a

Tripod mAb scFv VHH VL VH SEQ | VHH/scFv

name component component | component | SEQ D | [D NO SEQIDNO
name (target} name name NO

BBBB434 B21M (IgGl TIR1 11 12/10 6
AAS)

BBBB978 BACE TR 14 13/15 G
(1pG1AAS)

BBBBI0O0Y | Tau (I1gGl) TiR1 17 16/18 6

BBBB1011 | Tau (IgGl Tirl 20 19/21 6
AASYTE)

BBBB1073 | B-amyloid Tfrl 23 22/24 &

BBBB1215 | B2IM (1gG4 TiR1 26 25127 G
PAA)

BBBBS0T | B2IM (IgG1 TR2 36 35/37 28
AAS)

BBBBOS1 B2IM (IgGhH TiR2 39 38/40 28

BBBB979 BACE TIR2 42 41/43 28
{1eG1AAS)

BBBB1520 | Tau (IgGl TfR2 45 44/46 28
AASYTE)

BBBB1018 | Tau (IgGl) TR2 48 47/49 28

BBBBI076 | B-amyloid TIRZ 51 50/52 28

BBBB1216 | B21M (IgG4 TIR2 54 53/55 28
PAA)

BBBB30¢S B21M (IgGl TIR3 64 65/65 56
AAS)

BBBBY46 | B2IM (1sG1) TfR3 7 66/68 56

BBBBY9%47 | BACE TR3 70 69/71 56
(IgG1AAS)

BBBB1023 | Tau (IgGl TR3 73 72/74 56
AASYTE)

BBBB1021 | Tau (Ig(G1) TIR3 76 75/77 56

BBBB1079 | B-amylowd TfR3 79 78/80 56

BBBBI217 | B2I1M (1gG4 TR3 2 81/83 56
PAA)

BBBBS2Z0 B2IM (IgGl TiR4 92 91/93 84
AAS)
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Tripod mAb schv VHH VL VH SEQ | VHH/scFv
name component component | component | SEQ ID | ID NO SEQ ID NO
name (target} name name NG

BBBB97S | BACE TiR4 95 94/96 84
(IgG1AAS)

BBBB1026 | Tau (IgGl TiR4 98 97/99 84
AASYTE)

BBBB1024 | Tau (IgGl) TiR4 101 100/102 | 84

BBBB1082 | B-amyloid TfR4 104 103/105 | 84

BBBBI218 | B2IM (IgG4 TiR4 107 106/108 | 84
PAA)}

BBBBS34 | BZIM (IgGl TERS 117 116/118 | 109
AAS)

BBBB94S | B2IM (oGl TIRS 120 119/121 | 169

BBBB973 | BACE TfRS 123 122/124 | 109
{I1aG1AAS)

BBBB1035 | Tau (1gG1 TIRS 126 125/127 | 109
AASYTE)

BBBBI033 | Tau (IgGl) TIRS 129 128/130 | 109

BBBBI1219 | BZI1M (IgG4 TIRS 132 131/133 | 109
PAA)

BBBB337 | B21M (IgGl TIRG 142 141/143 | 134
AAS)

BBBBO89 | B2IM (1gGl) TIRE 145 144/156 | 134

BBBB977 | BACE TiR6 148 147/149 | 134
(IgG1AAS)

BBBB1038 | Tau (IgGl TIRG 151 150/152 | 134
AASYTE)

BBBB1036 | Tau (IgGl) TIRG 154 153/155 1134

BBBB1085 | B-amyloid TIRG 1587 36/158 1134

BBBB1220 | B21M (1G4 TIRG 160 59/161 | 134
PAA)

BBBBS43 | BZIM (IgGl TR7 170 1697171 | 162
AAS)

BBBB1112 | B2IM (Gl TiR7 173 172/174 1162

BBBB969 | BACE TfR7 176 175/177 | 162
(IgGlAAS)

BBBB1048 | Tau (1gGl TIR7 179 178/18C | 162
AASYTE)

BBBBI046 | Tau (1gG1) TIR7 182 181/183 | 162

BBBB1088 | B-amyloid TIR7 185 184/186 | 162

BBBB1221 | B21M (Ig(G4 TIR7 188 187/189 | 162
PAA)

BBBB356 | B21M (12G1 TfR8 198 197/199 | 190
AASY
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Tripod mAb schv VHH VL VH SEQ | VHH/scFv
name component component | component | SEQ ID | ID NO SEQ ID NO
name (target} name name NG

BBBBOG3 | B2IM (IeGl) TiRSE 201 200/202 1190

BBBB983 | BACE TIRS 204 203/205 | 190
(I¢G1AAS)

BBBB1051 | Tau {(1gGl TfRS 207 206/208 | 190
AASYTE)

BBBB1049 | Tau (I1gG1) TfR3 210 209/211 | 190

BBBBI091 | B-amyloid TIRE 213 212/214 11590

BBEBBI1222 | B2IM (IgG4 TIRS 216 215/72%7 | 190
PAA)

BBBB357 | BZ1M dgGl TIRS 226 225/227 | 218
AAS)

BBBB970 | BACE TfRY 229 228/230 | 218
{I1aG1AAS)

BBBB105S | Tau (1gG1 TIRS 232 231/233 {218
AASYTE)

BBBBI0S3 | Tau (IgGl) TIRY 235 234/236 | 218

BBBB1094 | B-amyloid TIRS 238 237/239 | 218

BBBB1223 | B2I1M (dg(G4 TfR9 241 240/242 | 218
PAA)

BBBB354 | B21M (1z2G1 TIR1O 251 250/252 | 243
AASY

BBBB932 | B2IM (IeGl) TiR10 254 253/255 | 243

BBBB383 | BACE TRIO 257 256/258 | 243
{IcG1AAS)

BBBB1224 | B21M (dg(G4 TfR10 260 259/261 | 243
PAA)

BBBB36§ | B21M (IgGl TiR11 270 2697271 | 262
AAS)

BBBB934 | B2IM (IgGl) TiR11 273 273/274 {262

BBBB426 | BACE TR 276 275/277 | 262
{JeG1AAS)

BBBB1136 | Tau{IgGl TiRI2 286 285/287 | 278
AASYTE)

BBBB1134 | Tau (IgGl) TfR12 289 288/290 1 278

BBBB1133 | Tau (1gGl TIR13 299 298/300 | 291
AASYTE)

BBBB1131 | Tau (I1gG1) TIRI3 302 301/303 | 291

BBBB1166 | B-amyloid TIRI3 305 304/306 | 291

BBBB432 | B21M (dgGl TfR14 321 320/322 | 316
AAS

BBBB435 1§ B21M (12G1 TfR1S 328 327/329 | 323
AAS
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Tripod mAb schv VHH VL VH SEQ | VHH/scFv
name component component | component | SEQ ID | ID NO SEQ ID NO
name (target} name name NG

BBBB436 | B2IM (IgGl TiR16 335 334/336 | 330
AAS

BBBB439 | BZIM (IgGl TR17 342 341/343 | 337
AAS

BBBB459 | B21M (IgGl TfRI8 352 351/353 | 344
AAS

BBBB464 | B21M (dgGl TfR19 362 361/363 | 354
AAS

BBBB467 | B2IM (1gGl TR20 372 3717373 | 364
AAS

BBBB476 | B2IM (IgGl TiR21 382 381/383 | 374
AAS

BBBB478 | BZ1M (gGl TiR22 392 391/393 | 384
AAS

BBBB479 | B2IM (IgGl TfR23 402 401/403 | 394
AAS

BBBB482 | B2IM (1gGl TR24 412 411/413 | 404
AAS

BBBB436 | B2IM (IgGt TIR25 422 421/423 | 414
AAS

BBBBSOO | B2IM (IgGl TR26 432 431/433 | 424
AAS

BBBB504 | B21M (IgGl TiR27 442 441/443 | 434
AAS

BBBBS0S | B21M (1gGl TR23 452 451/453 | 444
AAS

BBBBS09 | B2IM (1gGl TR29 462 461/463 | 454
AAS

BBBBS2Z | BZIM (IgG! THR30 472 471/473 | 464
AAS

BBBB329 | BZ1M Gl TIR31 482 481/483 | 474
AAS

BBBB330 | B2IM (IgGt TfR32 492 491/493 | 484
AAS

BBBBS32 | B2IM (1gGl TfR33 502 501/503 | 494
AAS

BBBBS38 | B2IM (IgGt TIR34 512 511/513 | 504
AAS

BBBBS39 | B2IM (1eGl TIR33 522 521/523 | 514
AAS

BBBB540 | B21M (IgGl TfR30 532 S31/533 | 524
AAS
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Tripod mAb schv VHH VL VH SEQ | VHH/scFv
name component component | component | SEQ ID | ID NO SEQ ID NO
name (target} name name NG
BBBBS46 | B2IM (IgGl TIR37 542 541/543 | 534
AAS
BBBBS47 | BZIM (IgGl TIR38 552 551/553 | 544
AAS

Cell binding and TIR specificity

{BRI63] Tripod mAbs were analysed for characteristics that have been previously described to
enhance transcytosis (reviewed in Goulatis and Shusta 2017} valency, binding affinity, pH
dependent binding, and rapid internalization in brain endothelial cells (Figures 2-4).

{68164] Human brain endothelial cells (hCMECI3, 50,00 cells) were incubated with 10
ug/mL purified tripod mAb and allowed to incubate overnight at 4°C in either the presence or
absence of 10x molar concentration of huTfR1 ECD (SEQ ID NO: 1}, Cells were fixed and
washed the following morning, incubated with secondary antibody (Jackson Immunosciences
Cat#f 109-546-170), washed again and then analyzed by FACS. Positive binders were defined as
having binding signal greater than 2-fold over isotype control and a ratio of binding

signal/binding signal with TfR ECD = 2 (Table 2b).

Table 2b: hCMECD3 cell binding and specificity for tripod mAbs.

Antibody Binding Antibody Binding
without TIR with TIR Ratio
Protein Bateh ID{SEQ ID NOs: {Rep 1| Rep 2 | Ave Signal | Rep 1 | Rep 2| Ave Signal

BBBB434 16, 11,12 1749 | 1403 1577 808 | 834 821 1.9
BBBB50I 33,36,37 2281 | 1848 2065 307 | 790 649 3.18
BBBBS509 63, 64, 653 1921 | 1814 1868 632 | 626 629 2.97
BBBB3520 91,92, 93 3413 | 3588 3501 766 | 874 820 427
BBBB334 116,117, 118 § 3378 | 3246 3312 782 | 849 816 4.06
BBBB337 141, 142, 143 § 3667 | 3531 3599 841 | 803 822 438
BBBB343 169,170, 171 § 1490 | 1291 1391 776 | 738 757 1.84
BBBB336 197, 198, 199 | 3262 | 3539 3401 711 | 749 730 4.66
BBBB337 225,226,227 | 2394 | 2204 2299 327 | 361 344 6.68
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{B3168]  Additional hCMECD3 cell binding assay was conducted to measure specificity for

additional tripod mAbs, and the results of which are shown mn Table 2¢ below:

Table 2¢.
A{QG‘:‘% yersions
Name Binding Target Bescription Eil ka {10} &d fiis} KE {0}
TR {4.2E€4 {3 RIS 25E-03 | {6 243 TEE-GE
TR !
™R 1108 24E02
ChE3he {2.42:4 8HEDS
Coghe 7THTUERY | {42142 343E-00
BEBBE122% =3} CDashe 5210 g4 2\ BEBRMA BEBBO07 S {B.88+3 14EDS

Transferrin competition

{081s6] MDCK cells expressing recombinant human transferrin receptor were plated at 10,000

cells per well in a MAG0O0O0 384 HB plate and cultured for 18 hours in DMEM media

supplemented with 10% FBS and 500 pg/ml Geneticin. Prior to the assay the cells were

mcubated in serum-free DMEM media supplemented with SuM Monensin for thna 37°C CO2

meubator and then for 30 minutes at room temperature with StartingBlock (PBS) supplemented

with SuM Monensin. The cells in alternate rows of the plate were incubated for 30 minutes at

room temperature with 2. 7mg/mil. human holo transferrin prepared in serum-free DMEM media

supplemented with 5uM Monensin. Test antibodies were diluted to Spg/ml 10 serum-free

DMEM media supplemented with SpM Monensin and added to duplicate wells containing the

holo transferrin or to duplicate wells that received no transterrin and then incubated for that

room temperature. The supernatants were removed and 2 ug/mL Sulfo-TAG labeled anti-human

anttbody was added to each well and incubated for 30 minutes at room teraperature. All wells

were washed with PBS and Surfactant-Free MSD Read Buffer T was added. The plates were

read on an MSD SECTOR® S600 rmager.

{88167} Statistical analysis including mean, standard deviation and R8D were performed in

Excel Any samples with an RSD >235% were excluded. The mean values of the test antibodies

mcubated in the presence of transferrin were compared against the mean values in the absence of

transferrin. Antibodies with values in the presence of transferrin that were <70% of the values in

the absence of transferrin were considered ligand competitive (Table 3},
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Sample ID | SEQ ID NO: | w/o Tf avg value | with Tf avg value | Relative % Ab binding
BBBB434 10,11, 12 1758 1762 1003
BBBB50O1 35,36,37 1348 1618 126.0
BBBBS09 63, 64, 65 282 447 158.6
BBBB320 91,92,93 1369 1798 1313
BBBB334 i16, 117, 118 1350 1141 84.5
BBBB337 | 141, 142, 143 1504 1851 1231
BBBB343 169, 176, 171 225 233 103.8
BBBB336 | 197, 198,199 1246 1531 1229
BBBBS5S7 | 225,226,227 398 330 88.7

Internalization
{66168 Homan brain endothelial cells (hCMEC/D3) were plated at 10,000 cells/well in

Collagen-coated 384-well Cell Carrier Ultra plates (Perkin Elmer) and allowed to attach for 16

hours at 37°C i a hunudified incubator. The cells (50,00 cells) were then incubated with 200

ug/mL purified tripod mAb and allowed to incubate at 37°C for one hour. The cells were fixed,

washed and incubated with a fluorescently labeled secondary antibody for one hour. The celis

were then washed again and incubated with fluorescently labeled actin stain, Phalloidin, and

nuclear stain, Hoeschst 33342 Cells were washed again and imaged using the ImageXpress

Micro (Molecular Devices) with a 40x objective. Internalizing mAbs were identified on the basis

of colocalization with Phalloidin using MetaXpress 6.0. All mAbs from Tables 2 and 3 were

positive for internalization.

Affinity Analysis & pH-dependent binding, species cross-veactivity

186169}

Affinity and pH dependency were initially measured using a Forte Bio Octet Platform.

Biotinylated huTfR was immobilized on streptavidin sensors and mAbs associated for 180

seconds i 0. 1M Phosphate pH 7.4. Dissociation was completed for 300 seconds in either 0.1M
Phosphate pH 7.4 or 0.1M Phosphate pH S {Table 4). Preferably, a tripod mAb of interest has a
high binding affinity at pH7.4 and low binding affinity at pHS, e.g., KD > InM and kd > 10™

sec”t preferably about 107 at pH 5, such that the tripod mAb binds to TfR at a neutral pH (e.g.,
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pH7.4) and dissociates from TiR at an acidic pH {e.g., pH3). Preferably, the KD at the acidic pH

and the neutral pH and are similar, such as at a ratio of KD acidic/KD neutral of about 1.5

Table 4; Kinetic rate constants measured using the Octet platform to huTfR.

pH 7.4 Dissociation pH S Dissociation Ratio

Sample ID 1 KD (M) | kon (1/Ms) | kdis (1/s) | KD M) | kop (1/Ms) | kgis (1/s) jpH S/pH 74
BBBB434 | 1 73E-08 | 1.53E+03 | 2.64E-03 {2.45E-08 | 1.66E+05 |4.06E-03 154
BBBB301 | 1.60E-08 | 147E+05 | 2.35E-03 | 1.68E-08 | 1.53E+05 |2.57E-03 1.09
BEBBS0Y | 6.45E-08 | 7.10E+03 | 4.58E-04 | 1.336-05 | 3.41E+02 |3.22E-03] 1139
BBBB520 {3.28E-09 | 1.33E+03 | 5.00E-04 | 7.32E-08 | 1.39E+05 |1.02E-02] 2041
BBBB334 | 1.15E-08 | 7526404 | 8.63E-04 | 7.14E-08 | 7.67E+04 | S48E-03] 633
BBBB337{3.77E-10 | 1.38E+05 | 5.22E-05 |4.42E-08 | 137E+05 [6.05E-03] 11581
BBBBS543 | 8 29E-08 | 2.63E+03 | 2.18E-02 | 1L.62E-03 | 9.86E+03 | 1.60E-01 733
BBBB336 | <1.0E-12 | 8.57E+04 | <1.0E-07 | 1.99E-08 | 1.07E+05 |2.13E-03| Faster
BBBB337 | 2.94E-08 | 2.28E+05 | 6.69E-03 | 2.13E-06 | 2.97E+04 |633E-02] 946

{8178} To gain additional accuracy for affinity measurements, tripod mAb affinity for huTfR
was determined using surface plasmon resonance (SPR) on a BioRad Proteon mnstrament,
Prote(On XPR36 system. An Fe capture surface was generated by coupling anti-IgG Fec mAb
{Jackson ImmumoResearch} to a GLC chip (BioRad} using the amine-couphing chemistry
(BioRad). Tripod mAbs were captured using a concentration of 0.3 ug/ml, flowed for 30
seconds at 60 ul./min for a target density of 120 R1UJ huTIR was then flowed over the
immobilized tripod mAbs at concentrations from 3.125 — 800 nM (in a 4-fold serial dilution} for
3 min (at 530 pL/min) association followed by dissociation for 10 minutes at 50 ul/min. The chip
surface was regenerated with two 18 second pulses of 100 mM HsPOs (Sigma) at 100 uL/min.
The collected data were processed using ProteOn Manager software V3.1.0.6 (BioRad). First, the
data was corrected for background using inter-spots. Then, double reference subtraction of the
data was performed by using the buffer injection for analyte injections. The kinetic analysis of
the data was performed using a Langmuir 1.1 binding model. The result for each mAb was
reported in the format of Ka (On-rate), Kd (Off-rate) and KD (equilibrium dissociation constant)
(Table 5).
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Table 8 Bindimg affinuty of anti-TIR brain shuttles for TIR when fused to B21M mAb or BACE

mAb.

BZiM mAb BACE mAb
mAb
(B21IM/BA ka
CE) {1/is) kd (1/s} | KD (M) ka (1/Ms) ke {1/} KD (M)
BBBB434/
BBBB978 | 5.3%E+05 | 2.34E-03 | 4.34E-0S | (4 2340.14)E+05 | (2.67+0.06)E-03 | (6.31+0.10)E-09
BBBRB501/
BBBB979 | 2.45E+05 | 2.45E-03 | 1.00E-08 | (2.60+0.15YE+05 | (2.67+0.05)E-03 | (1.03+0.06)E-08
BBBB520/
BBEBBY73 | 6.31E+05 | 6.28E-04 | 9.95E-10 | (3.91+0.4E+05 | (65901 DE-04 | (1.12+0.09)E-09
BBBB534/
BBBBO73 | 1.03E+05 | 5.50E-04 | 5.35E-09 | (1.08+0.060)E+05 | (4343035)E-04 | (4.03+:0.46)E-09
BBBB337/
BEBB977 | 7.34E+05 | 2.55E-04 | 3.48E-10 | (6.75x0.50)E+03 | (1.32+0.08)E-04 | (2.27=0.28)E-10
BBBB543/
BBBB3%6Y 3.27E+05 | 1.80E-02 | 5.80E-C8 {2.73£0.03)E+05 {2.2320.21)E-02 {8.1610.92}E-08
BBBB356/
BBBB983 | 1.94E+05 | 1.70E-04 | 8.78E-10 | (1.99+£0.10)E+03 | <B.67E-05 <4 36E-10
BBBB357/
BBBBO70 | 4.22E+05 | 6.43E-03 | 1.52E-08 | (3.43£0.09E+H03 | (7.21:030)E-03 | (2.09+£0.05)E-08
BBBB3354/ | {14.4£0.5 (2.2140.1 | (1.5420.2
BBBB383 | 9)F+05 NE-02 JE-08 (1LIE0.29E405 | (2.00=01)E-02 | (1.79£0.2)E-08
BBBB368/ | (5.98=0.2 | (6.06x14 | (1.1x0.21
BBBB426 | 7T)E+05 NE-02 YE-07 (85520 15E+H05 | (JL1E0.65)E-02 | (1.3+0.68)E-07
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{83171} pH dependent binding was assessed using the SPR (proteon) method described above,
except during the dissociation the buffer pH was stepped down from 7.4 10 6.5 10 6.0. The
mdividual sensorgrams were evaluated and scored for pH dependent binding if the off-rate was
faster as the pH decreased {example in Figure 3}.

IBBI72]  Species cross-reactivity was assessed using the same method as for determining
binding affimty, except the TiRs used were cyno (SEQ [D NO: 2}, marmoset (SEQ ID NO: 3},
rat {(SEQ 1D NO: 4) and mouse (SEQ ID NO: 5). No rat or mouse cross-reactive mAbs were

identified. Cyno and marmoset cross-reactive tripod mAbs were identified (Table 6},

Table 6: Species cross-reactivity for selected tripod mAbs

Cynomolgus Marmoset

mAB | ka(U/Ms) | kd (I/s) | KD (M) | ka (1/Ms) | kd (1/s) | KD (M)

BBBRBS26 | 5.208+05 | 2.52BE-04 | 477E-10 | 3.73E+05 | 3.66E-04 | 3.81E-10
BBBBS534 | 2.44E+05 | 7.78E-03 | 3.19E-08 | 2. 10E+0S | 4.99E-04 | 2.38E-09
BBBB337 | 6188405 | 8.83E-05 | 1.43E-10 | 2.66E+05 | 6.56E-05 | 2.46E-10
BBBBSE43 | 2.50E+05 | 291E-02 | L17E-07 | 2.04E+05 | 773E-03 | 3.80E-08

BBBBSS6 | 8 68E+04 | 2.05E-03 | 2.36E-08 | 4 73E+04 | 1.04E-03 | 2.20E-08
BBBBSS87 | 2.95E+05 | 1.86E-02 | 6.31E-08 | 1.91E+0S | 1.53E-02 | 8.03E-08

{88173]  Ananti-TIR antibody or antigen-binding fragment of the invention can be used to
deliver any type of immunoglobulin. Similar results have been observed with IeGl and IgG4

therapeutic mAbs delivered by the tripod structure (data not shown).

Mouse pharmacokinetics and pharmacodynamics and anti-BACE mAb brain shuttles

{86174] To analyze the impact of binding properties on transcytosis an i vivo PK/PD study
was completed n mice. CS57BL/6-Tfretm2618(TFRC)Arte mice (Taconic Artemis) were
adrinistered with test articles by IV bolus mjection (13 mg/kg, 10mi/kg). At the scheduled
timepoints mice were anesthetized by inhalation 1soflurane. Blood collected via cardiac punciure,
and plasma processed. Mouse brain was collected following whole-body perfusion with 5 mls of

0.9% saline solution. The collected brain sample (minus cerebellum) was split into right/left
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henmuspheres, snap frozen in liquid nitrogen, and stored at -70°C unti} tissue homogenization and
captllary depletion processing.

{BRITS]  None of the TIR binding molecules were cross-reactive with murine TIR so human
TR KI mice were used to assess transcytosis. The tripod mAb was formatted with an anti-beta
secretase 1 (BACE!L) antagonist mAb to allow for pharmacodynamic assessment of the mAb
following transcytosis into the brain. BACET cleaves beta-amyloid to release Af1.4¢ The
mbibition of BACE] 15 measured by quantitating the concentration of the product AP0 in the
brain. Mice were dosed intravenously with two tripod mAbs, BBBB383 and BBBB426, along
with the control mAb, BBBB456. BBBB456 is the anti-BACE! antagonist mAb alone.
BBBB383 and BBBB426 differ only n their affinity for TIR, Ko = 18 sM and 130 oM
respectively. Brain exposure was determined following perfusion and capillary depletion to
reduce interference from mAb in blood or retained within the vascular endothebium (Johnsen,
Burkhart et al. 2017). The brain concentration of hoth BBBB383 and BBBB426 was enhanced
over BBBB456 at all imepoints, with BBBB383 having greater mAb brain concentration than
BBBB426. A strong PK/PD relationship was observed with mAb brain concentration correlative
with a reduction in Ao levels. The fower plasma exposure of both TfR containing mAbs 1s
attributed to TMDD through binding to TfR m the periphery.

{83176]  Selected anti-TIR brain shuttles were then fused to a prototypical anti-BACE (B-
secretase} mAb and binding affinity was reassessed using same method as described above. As
shown in Table §, the affinity of the anti-TR brain shuttles was sumilar when fused to B21M
mAb {(anti-human respiratory syncytial virus) and anti-BACE antagonist mAb. Internalization
was assessed for selected molecules and found unchanged from internalization observed when
the anti-TIR brain shuttle was fused to B21M mAb.

{88177 Since none of the anti-TfR brain shuttles bound to mouse or rat TR, in vivo rodent
studies were conducted i buTIR knock-in mice (C57BL/6-THretm261 8(TFRO) Arte mice
{Taconic Artemis)) using the prototypical anti-BACE antagonist mAb (BBBB456, SEQ 1D NOs:
307, 308 and 309). The anti-BACE antagonist mAb was selected as a model PD system for
measuring inhibition of BACE! (through the concentration of its product peptide, AB1-40), a
reflection of the amount of mAD that was trafficked to the brain.

{BGI78] The first in vivo study assessed the PK/PD relationship in the brains of huTfR mice.
The knock-in (KI) mice were dosed at 13 mg/kg i.v. with BBBB383 (SEQ ID NQs: 256, 257 and
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2583, BBBB426 (SEQ ID NQOs: 275, 276 and 277) and BBBB456 (8EQ ID N(O: 307, 308 and
309). Brains and plasma were harvested at 4, 24 and 72 hours. At the scheduled timepoints, mice
were anesthetized by inhalation of 1softurane. Mouse brains from KI mice were collected
following whole-body perfusion with 5 mL of 0.9% saline solution. The collected brain sample
{minus cerebellum} was sphit into right/left hemispheres, snap frozen in liquid nitrogen, and
stored at -70°C until tissue homogenization and capillary depletion processing.

{83179} For sample preparation of the capillary-depleted brain tissue lysates, individual
weights were obtained for the brain hemispheres to measure drug concentration. The brain tissue
samples were added to a calculated volume of modified dPBS buffer (2.5-3 uL buffer per 1 mg
tissue) containing protease inhibitor (Pierce; A32955) and transferred to Lysing Matrix D (MP
Biomedicals™; 6913-100) tubes. Tissue samples were homogenized at 2.9 n/s for 15 seconds
using a Bead Ruptor 24 Elite (Omni International}. The total cell suspension was transferred into
a new tube and mixed with an equal volume of a 26% dextran buffer (13% final dextran
concentration). Mixed tissue homogenate was centrifuged at 2,000 g for 10 minutes at 4°C.
Carefully, the upper layer {capillary-depleted fraction) was separated from the remaining sample
and transferred to a new tube containing 10x RIPA lysis buffer (Millipore™; 20-188). Capillary-
depleted samples plus lysis buffer were vortexed well, centrifuged at 14,000 rpm for 30 nmunutes
at 4°C, and supernatant transferred to a new tube. Brain tissue sample lysates were etther stored
frozen at -70°C or measured for protein concentrations using BCA protein assay kit {Pierce™;
232273 Final brain tissue sample lysates were normalized to 7 mg/ml total protein concentration
prior to immunoassay determination of BBB-enabled mAbs.

{BGI88] The concentration of BBB-enabled mAbs in mouse brain tissue for PK assessment
was determined using MesoScale Discovery (MSD®; Gatthersburg, MDD} ECLIA technology
developed in a typical sandwich immunocassay format. The assay was performed on MSD
Gold™ Small Spot Streptavidin 96-well plates {Cat: L458A). Briefly, streptavidin-coated plates
were blocked with 1% bovine serum albumin (BSA) in 1x phosphate buffered saline (PBS) for
30 minutes at room temperature. The standard curve was prepared fresh in 50% naive C37BL/6
mouse brain tissue lysates by serial dilution. Frozen quality controls {QCs) prepared in naive
({57BL/6 mouse brain tissue lysates at 2x of the working assay concentration were diluted and
tested with each assay. Master mix contamning the capture (biotinylated anti-human Fe mAb, 1

ug/mb} and detection (ruthenium-labeled anti-human Fc mAb, 0.5 ug/mL) reagents was
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combined with diluted standards, QCs, and samples at a 1:1 volume ratio m the assay plate. The
mixture was incubated for 1 hour wath shaking at room temperature. Assay plates were washed,
and MSD T read buffer {(1x) was added to all weils. Raw data values were read on an MSD
SECTOR® 85600 imager. The standard curve range for the assay was tested at 1-512 ng/mb with
a minimum required sample dilution (MR} of 1.2, yielding a limit of sensitivity of 2 ng/mL in
brain tissue lysates. The MSD output files with the raw ECL counts were imported into Watson
LIMS (Thermo Scientific) and then regressed with a S-parameter logistic fit with 1/H2 weighting.
{803181] The concentration of BBB-enabled mAbs in mouse plasma for PK assessment was
determined using a similar protocol as described above. The standard curve was prepared fresh
i 18% pooled mouse plasma by serial dilution. Frozen QCs prepared in pooled mouse plasma at
10x of the working assay concentration were diluted and tested with each assay. Master mix
containing the capture (biotinylated anti-human Fc mAb, 1 pg/mb) and detection (ruthenium-
labeled anti-human Fc mAb, 0.5 ug/mL) reagents was combined with diluted standards, QCs,
and samples at a 1:1 volume ratio in the assay plate. The mixture was incubated with shaking for
1 hour at room temperature. Assay plates were washed, and MSD T read butfer (1x) was added
to all wells. Raw data values were read on an MSD SECTOR® 8600 imager. The standard curve
range for the assay was tested at 2-512 ng/mL with an MRD of 1:10, yielding a limit of
sensittvity of 20 ng/ml in plasma matrix. The MSD output files with the raw ECL counts were
wuported into Watson LIMS (Thermo Scientific) and the regressed with a S-parameter logistic fit
with 1/F2 weighting.

[6¢182] BACE activity measurements were made by homogenizing mouse brains in 2 mli
lysing matrix D tube (8 ul of 0.4% DEA/50mM NaCl per mg of brain weight, Fast Prep-24 at
6/shakes/sec for 20 sec). Tubes were then centrifuged at 4°C for S min in an Eppendorf
Centrifuge set to a maximum speed. Homogenate (supernatant) was then transferred to precooled
tubes which were then centrifuged for 70 munutes at 13,000 rpm at 4°C. Supernatant was then
transferred to a tube containing 10% of 0.5 M Tris/HCL and frozen at -80°C until assayed. Ap 1~
40 peptide standards and thawed processed brain homogenate are pre-complexed at 1:1 with
ruthenium (Meso Scale Discovery {MSD), R91AN-1) labeled anti-AP antibody. 50 ul of
complex was added to blocked plate containing capture antibody to AP 1-40. After overnight
incubation at 2-8°C with no shaking, plates were washed and 2x read buffer (MSD, RO2TC-1)

added. Plate was read using Meso Sector 8§ 600 (MSD, ICOAA).
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{B8IR3]  Bram shuttle contaming mAbs BBBB383 and BBBB426 were observed to have faster
plasma clearance than the anti-BACE mAb BBBBA456 alone {(Figure SA). However, the converse
was true in the brain with BBBB383 and BBBB426 observed to have increased brain
concentration at all timepoints over the control BBBB456. When the PD effect of BACE
mhibition was measured, both brain shuttle mAbs were observed to mmhibit the activity of BACE
to a greater extent than the control anti-BACE mAb alone. (Figure 5B).

{03184}  Additional brain shuttle containing mAbs were similarly assessed at 4 and 24 hrs
following 13 mg/kg i.v. dosing (Figure 7A-B). Similar to the first study, all brain shuttle mAbs
were observed to have faster plasma clearance than the control anti-BACE mAb. A range of
brain concentration was observed for the brain shuttle mAbs with enhancement in brain
concentration for all except BBBB974. 1t was hypothesized that BBBB974 did not traffic
efficiently to the brain due to its binding kinetics. Specifically, BBBB974 has a slow neutral on-
rate that may prevent efficient association with the TfR in vivo. A tripod mAb conceniration
dependent decrease in AP1-40 levels were also observed for all tripod mAbs except BBBB9E3,
which had an increase in brain concentration over the control BBBB456 but no impact on AB1-
40 concentration (Figure 8). This observation may be due to the binding kinetics, as BBBBO83
has a very slow neutral off-rate which ray prevent the efficient diffusion in the brain that 1s
necessary for BACE inlubition. These data underscore the importance of TR binding kinetics
for both the delivery and function of a therapeutic mAb.

{188} The relationship between affinity and transcytosis efficiency has been described
previously as improved transcytosis with decreased affinity for TR (Yu, Zhang et al. 2011}, a
conclusion that 18 discrepant with the above data. To probe the transcytosis affinity relationship
m more detail, nine tripod mADb were assessed for brain PK/PD in the mouse model described
above. These tripod mAbs differed i affinity for the TR by approximately 100-fold (Kb ranged
from 0.2nM-81uM}. Brain concentration was measured at 24 hours {Cmax bain} following IV
dosing (Figure 17}, As expected, a range of transcytosis efficiency was observed from no
enhancement to ten-fold improvement over the control mAb. The data indicate a more nuanced
relationship between affinity and transcytosis efficiency than what has been previcusly
described, with influence from both on- and off-rates impaciing brain concentration. For
example, no enhancement in brain exposure for BBBB946 over the control mAb was observed,

although it had a Kp= 65nM and a fast off-rate at pH 6. This mAb was unique though, having a
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slower on-rate than other mAbs under study (ke = 10°M ™ 57! compared with k. = 10° M1s7) In
fact, when compared with another tripod antibody, BBBB969, with similar Kp (Ko = 81uM} but
100x faster on-rate the contrast is apparent. BBBB969 enhanced brain concentration by 5.5-fold
demonstrating the importance of a sufficiently fast on-rate for efficient brain delivery. The
efficiency of transcytosis for the other eight mAbs studied can be best described by their off-
rates, with optimal brain delivery occurring at an off-rate that is neither too fast nor too slow
(optimal neutral ka of 2x107 s7). A strong PK/PD relationship was observed for all tripod mAbs
except for BBBBY983, which had 5.5x enhancement in brain concentration but no impact on AP
40 levels. This mAb has a slow neutral off-rate (<8x107 571} which we hypothesize impacts its
ability to diffuse in the brain to the target. Taken together the data demonstrate the importance of
optimizing both the neutral on- and off-rates for optimal brain PK and PD. We observed no

mfluence of binding epitope on TR in the study (data not shown).

Selection of mAbs for cyno studies and assessment of brain shuttles fused to anti-Tau mAb
{BRIB6]  Critical to confirming the ability of the TIR targeting tripod mAbs to enhance
therapeutic antibody brain exposure in humans is demonstrating enhanced brain delivery in non-
human primates. The best performing tripod mAbs in the mouse study (BBBB979 and
BBBB978} did not bind to the cyno TR and were therefore excluded from further study. The
next best, BBBB970 and BBBBY69, both contained a free cysteine residue in the light chain of
the anti-TIR brain shuttle (SEQ ID NGO: 162 and SEQ ID NO: 218). Since free cysteine residues
can coniribute to nonideal biophysical properties during manufacturing, the free cysteines were
mutated to serine residues (SEQ ID NO: 278 and SEQ 1D NO: 2913}

{38187} The new scFvs were fused to the anti-Tau mAb, PT1B844 (SEQ ID NOs: 310 and
311) to generate BBBB1136 (SEQ ID NOs: 285, 286 and 287)/BBBB1134 (SEQ ID NOs: 288,
289 and 290}, and BBBB1133 (SEQ ID NOs: 298, 299 and 300)/BBBB1131 (SEQ ID NOs: 301,
302 and 303) (1gG1 AAS YTE/TgGl). The affinity for huTfR was measured (Table 7).

Table 7: Binding affinity of anti-TfR brain shuttles for huTfR with Cys-Ser mutations fused to
the anti-Tau mAb

ka (1/Ms) ka (1/Ms) KD (M)
BBBB1131 | (2.5340.08)E4+03 | (3.17+0.05)E-02 | (1.2540.05)E-07
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BBBB1133 | (238£0.04)E+05 | (3.23x029E-02 | (1.36+0.15E-07
BBBB1134 | (2 1240, 10)E+05 | (2.4940.11)E-03 | {1.18+0.10)E-08
BBBB1136 | (2.0820.15)E+05 | (2.26+0.06)E-03 | (1.09£0. 1 DHE-08
[66188] BBBB1134/BBBBI1136 maintained very sinular binding to huTIR as

BBBBSS7/BBBBRY70, indicating that neither the Cys-Ser mutation or fusion o the anti-Tau mAb
perturbed the binding affinity for hu TIR. However, BBBB1131/BBBB1133 was approximately
2-fold weaker in binding affinity compared with BBBBS543/BBBB969. To determine if the shuft
in affinity was due to the cys-ser mutation or to fusion to the anti-Tau mAb, the brain shutile
without the mutation but fused to anti-Tau was generated and binding assessed (BBBB1048
{(SEQ ID NOs: 178, 179 and 180)/BBBB1046 (SEQ 1D NOs: 181, 182 and 183}}. The affinity of
the non-mutated BBBB1048/BBBB1046 was very similar to BBBBS543/BBB969, indicating that
the loss of affinity was due to the cys-ser mutation and not due to fusion to the Tau mAb (Table

8},

Table 8: Binding affinity of anti- TR brain shuttles for huTIR fused to the anti-Tau mAb

ka (1/Ms) ka (1/Ms) KD (b
BBBB1046 | (2.63+0.03)E+05 | (1.82+0.15)E-02 | (6.91+0.50)E-08
BBBB1048 (2.5740.14)E+05 | (2.064£0.253E-02 | (7.9940.71)E-08
{88189} Similar to previous studies, internalization was also assessed and fusion of the brain

shuttle to anti-Tau mAb did not impact its ability to imternalize in human brain endothelial cells

(example in Figure 9, mAbs tested are in Table 9).

Table 9: Anti-TER brain shuttles assessed for internalization in human brain endothelial cells.

mAb Internalized
BBBB1046 Yes
BBBB1047 Yes
BBBB1048 Yes
BBBB1052 Yes
BBBBI10S3 Yes
BBBB1054 Yes
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BBBBI10SS Yes
BBBB1131 Yes
BBEBB1132 Yes
BBBB1133 Yes
BBBB1134 Yes
BBBBI1135 Yes
BBBB1136 Yes

Cyno pharmacokinetics of anti-Tau brain shuttle mAbs

{93196] Cynomolgus monkeys were administered with test articles by IV injection {slow
bolus) with the indicated dose. At the scheduled timepoints, cynomolgus monkey brain was
collected and rinsed with cold saline solution following upper body perfusion with saline for
minimum of S minutes. Predefined brain locations were isolated, snap frozen in liquid nitrogen,
and stored at -80°C unti] tissue homogenization and capillary depletion processing,

{00191] BBBB1133, BBBB1136 and BBBB1134 were dosed i.v. at 10 mg/kg along with the
non-brain shuttle-enabled mAbs PT1B844 (Figure 18) and PTIBO16 in cynomolgus monkeys.
Plasma was sampled at 4, 24 and 72 hours. Cynomolgus mounkey brain was collected and rinsed
with cold saline solution following upper body perfusion with saline for minimum of § nminutes.
Predefined brain locations were 1solated, snap frozen in liquid nitrogen, and stored at ~-80°C until
tissue homogenization and capillary depletion processing.

{60192] For sample preparation of the capillary-depleted bram tissue lysates, individual tissue
weights were obtained for the brain locations collected. The brain tissue samples were added to a
calculated volume of modified dPBS buffer (2.5 ul. buffer/T mg tissue) containing protease
mhibitor (Pierce; A32955) and transferred to Lysing Matrix D (MP Biomedicals™; 6913-100)
tubes. Tissue samples were homogenized at 2.9 m/s for 15 seconds using a Bead Ruptor 24 Elite
{Omni International}. The total cell suspension was transferred into a new tube and mixed with
an equal volume of a 26% dextran buffer (13% final dextran concentration). Mixed tissue
homogenate was centrifuged at 2,000g for 10 minutes at 4°C. Carefully, the upper laver
{capillary-depleted fraction) was separated from the remaining sample and transferred to a new
tube containing 10x RIPA lysis buffer (Millipore™; 20-188). Capillary-depleted samples plus

lysis buffer were vortexed well, centrifuged at 14,000 rpm for 30 minutes at 4°C, and supernatant
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transferred to a new tube. Brain tissue sample lysates were either stored frozen at -70°C or
measured for protein concentrations using BCA protem assay kit (Pierce™; 23227}, Final brain
tissue sample lysates were normalized to 7 mg/mL total protein concentration prior to
immunoassay determination of BBB-enabled mAbs.

{B8183] The concentration of BBB-enabled mAbs in cynomolgus monkey brain tissue for PK
assessment was determined using MSD® ECLIA technology developed in a typical sandwich
immunoassay format. The assay was performed on MSD Gold™ Small Spot Streptavidin 96-
well plates. The streptavidin-coated plates were blocked with 1% bovine serum albumin (BSA)
in 1x phosphate buffered saline (PBS) for 30 minutes at room temperature. The standard curve
was prepared fresh in 50% naive cyno brain tissue lysates by serial dilution. Frozen QCs
prepared in naive cyno brain tissue lysates at 2x of the working assay concentration were diluted
and tested with each assay. Master mix containing the capture (biotinylated anti-human Fc mAb,
1 pg/mL} and detection (ruthentum-labeled anti-human Fc mAb, 0.5 pug/ml} reagents was
combined with diluted standards, QCs, and samples at a 1:1 volume ratio in the assay plate. The
mixture was incubated for 1 hour with shaking at room temperature. Assay plates were washed,
and MSD T read buffer {1x) was added to all wells. Raw data values were read on an MSD
SECTOR® 5600 mmager. The standard curve range for the assay was tested at 1 — 512 ng/ml
with a mummum required sample ditution (MRD) of 1:2, vielding a lumit of sensitivity of 2
ng/mk. in brain tissue lysates. The MSD output files with the raw ECL counts were imported into
Watson LIMS (Thermo Scientific) and then regressed with a S-parameter logistic fit with 1/F2
weighting,

{31894] The concentration of BBB-enabled mAbs m cynomolgus monkey plasma for PK
assessment was determined using MSD® ECLIA technology developed 1n a typical sandwich
mmunoassay format. The assay was performed on MSD Gold™ Streptavidin 96-well plates, the
streptavidin-coated plates blocked with 1% bovine serum albumin (BSA) + 0.5% Tween-20 in
1x phosphate buffered saline (PBS) for 30 minutes at room temperature. The standard curve was
prepared fresh in 10% pooled cyno plasma by serial dilation. Frozen QCs prepared in posled
cyno plasma at 10x of the working assay concentration were diluted and tested with each assay.
Master mix containing the capture (bistinylated anti-human Fc mAb, 1 pg/mL) and detection
(ruthenium-labeled anti-human Foc mAb, 1 pg/mL) reagents was combined with diluted

standards, QCs, and samples ata 1:1 volume ratio in the assay plate. The mixture was incubated
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with shaking for 1 hour at room temperature. Assay plates were washed, and MSD T read buffer
{1x) was added to all wells. Raw data values were read on an MSD SECTOR® S$600 smager.
The standard curve range for the assay was tested at 2-512 ng/mL with a pnnimum required
sample ditution (MRD) of 1:10, yielding a limit of sensitivity of 20 ng/mb in plasma matrix. The
MSD output files with the raw ECL counts were imported into Watson LIMS (Thermo
Scientific) and then regressed with a S-parameter logistic fit with 1/42 weighting.

{88198] Brain conceniration was determined for the mAbs across a variety of areas (Figure
10). Brain concentration data were averaged across animals, and each symbol represents a region
of the brain. A 7%, 11x and 11x greater brain concentration was observed for BBBB1134,
BBBB1136 and BBBB1133 respectively, compared with the control mAb. All brain shutile
containing mAbs had increased brain exposure over the non-brain shuttle containing mAbs in
every region of the brain (Figure 11).

{80196] The concentration of mAb in plasma was also determined (Figure 12). Evidence for
TMDD was observed in the periphery, with the tripod mAbs having accelerated clearance over
the control mAb (Figure 18). The mmpact of binding to the neonatal Fe receptor (FeRn) was
evaluated n this study with BBBB1134 and BBBB1136 being identical except in the Fc domain
with BBBB 1136 having the “YTE” mutation (Dall’ Acqua, K, et al. 2006). The “YTE” mutation
enhances binding to FeRn at acidic pH and has been demonstrated to increase the halt-life of
mAbs in multiple species, including humans (Robbie, C, et al. 2013). As would be anticipated,
the addition of the “YTE” mutation resulted in an increased plasma concentration for BBBB1136
compared with BBBB1134. While FcRn 15 a critical receptor in maintaining 1gG homeostasis
and extending the serum half-life of TeG in humans {Roopenian and Akilesh 2007) 1t has also
been implicated as a reverse transcytosis, or efflux, receptor from the brain (Cooper, C, et al.
2013). We were interested in understanding the interplay between these two functions for FeRn,
as improving half-life by increasing the binding affinity for FcRn may have come at the expense
of brain exposure with increased brain efflux. Interestingly, the 2-fold increase in plasma
conceniration was mirrored by a 2-fold increase in brain concentration suggesting that any
potential increase efflux is negligible in this system.

{6197] BBBB1133 had a peripheral half-life most like the mAbs without the brain shuttle,
PT1B844 and PT1B916.

Reticulocyie depletion in cynomolgus monkey
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{BAIRR] A known hability for TR targeting to enhance brain exposure 1s reticulocyte depletion
due to antibody-dependent cell-mediated cytotoxicity (ADCC) of reticulocytes i an Fe-
dependent fashion (Science Transtational Medicine 2013: Vol. §, 183}). mAbs were tested with
WT Ig(Gl (BBBB1134) and the mutations “AAS” (BBBB1136 and BBBB1133) to reduce FeyR
binding for reticulocyte depletion in the cyno PK study. As expected, rapid reticulocyte depletion
was observed for the WT Ig(31 tripod mAb, BBBB1134, but not observed for BBBB1136,
BBBBI1133 or the non-brain shuttle mAbs PT1B844 and PT18916 (Figure 13), confirming the
impact of Fe function on TfR binding mAbs and reticulocyte depletion.

{38199] A third tripod mAb, BBBB1133, was selected for dose-response and repeat dosing
cynomolgus monkey PK. Cynomolgus monkeys were dosed intravenously at 2, 10 and 30 mg/kg
and brain PK determine 48 hours, 7- and 14-days later. Plasma PK was assessed over iwo weeks
(Figure 18A and B). Linear brain PK was observed between 2 and 10 mg/kg and nonlinear brain
PK between 10 and 30 mg/kg. The proposed mechanism of delivery 1s receptor-mediated, which
will be saturable, and the data indicated that 30mg/ke 15 a saturating deose in cynomolgus. Linear
PK was observed in plasma and CSF with a haif-life of approximately 6 days. Repeat dosing
was also completed using the same dose ranges dosed weekly for three weeks (Figure 18C and
D). Evidence for accumulation with repeated dosing of 30mg/kg was observed and is aligned
with the previous observation that 30mg/kg 1s a saturating dose. Linear PK was observed once
again the periphery with no evidence for PK tolerance with repeat dosing.

{BA268]  The reticulocyte data imdicated that effector stlent Fe mAbs are required for the safe
dosing of this brain delivery platform. While avoiding reticuloeyte depletion 15 an rmportant
characteristic for the safety of the therapeutic mAb, this requirement though would prevent using
anti-TfR mediated brain delivery for any therapeutic mAb that requires effector function, like
ADP, for the therapeutic mechanism of action. For example, one potential therapeutic
mechanism of action relies on Fe-dependent microglia phagocytosis of Tau aggregates. By
mhibiting the ability of the brain shuitle mAb to bind to FoyR to prevent reticulocyte depletion,
the mAb would not be able to bind FeyR on microglia cells to promote phagocytosis of Tau
aggregates.

{80201] To explore alternative pathways for ADP, we assessed the ability of the effector silent
tripod mAbs, BBBB1133 and BBBB1136, 0 induce phagocytosis of Tau oligomers in human

IPSC derived microghia celis. Both tripod mAbs induced greater phagocytosis of Tau oligomers
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than the control anti-Tau mADb, PT1BB44, an IgGl mAb (Figure 18A). The ADP of Tau
oligomers by BBBBI1133 has been demonstrated to occur through TR mediated internalization
and can be blocked with the addition of an excess of soluble TIR extracellular domain. Addition
of excess of soluble Fe does not impact ADP, confirming that non-classical ADP utilizes the TR
and not FeyRs (Figure 19B). Similar intracellular trafficking of Tau was observed for
BBBBI1133 as the control mAb (PT1B344) through early endosomes (EEAT) to intermediate
endosomes (Rab17) and finally the lysosome (LAMP1) (Figure 19C).

{88202  To further validate non-classical ADP as a physiological relevant mechanism for Tau
degradation by microglia, we assessed the ability of the tripod mAbs to induce phagocytosis of
human postmortem Alzheimer’s disease brain-derived tau fibrils (PHF-Tau). ADP of PHF-Tau
was measured in both human monoeyte derived macrophages and hurman IPSC derived microgha
cells (Figure 20). Both PT1B844 and BBBB1133 induced the phagocytosis of PHF-Tau at early
umepomts. However, at the later timepoints BBBB1133 continues to induce ADP of PHF-Tau
while PT1B844 mediated ADP stalls. This could be evidence for macrophage and microglial
exhaustion as has been deseribed for classical ADCP (Church, VanDerMeid et al. 2016) and a
potential advantage of non-classical ADP mechanism uiilized by BBBB1133. Similar to the
previously described experiment using Tau oligomers, uptake of Tau is blocked with addition of
an excess amount of soluble TfR demonstrating that this is a TfR-dependent mechanism. To
probe another potential advantage of non-classical ADP over classical ADP, pro-inflammatory
cytokines were measured in the PHF Tau phagocytosis experiment. As expected, classical ADP
mediated by PT18B844 resulted in the secretion of proinflammatory cytokines while non-classical
ADP mediated by BBBB1133 did not.

{08283]  To assess the potential of the AAS IgG1 tripod mAbs to promote uptake of Tau
aggregates in microghia cell, human microgha derived from Induced Pluripotent Stem Cells
(1iPSC) were plated onto 384 well Perkin Elmer Cell Carrier Ultra plates at a diution of 7000
cells per well and maintained in advanced DMEM/F12 media with Glutamax+,
Penicillin/Streptomycin, 1134 (100ng/ml), and GMCSF (10ng/ml). On the day of the assay,
biotinylated phospho-tau oligomers [sequence: SCBiot-
(dPEG4)GTPGSRSRPTIPSLP(pT)PPTREPLL (SEQ ID NO: 315}-amide] were allowed to
complex with streptavidin Alexa Fluor 488 (AF488) at 15-fold molar excess. Labelled phospho-

tau oligomers were then allowed to bind test mAbs at approximately 2X molar excess at room
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temperature for 30 nunutes. The mAb:tau oligomer complex was then delivered to microgha at
20 ul/well. At 2, 4, and 8 hours post incubation, cells were washed twice with phosphate buffered
saline (PBY) and fixed in the presence of 4% paraformaldehyde for 15 minutes at room
temperature. Following fixation, cells were once again washed twice in PBS and mcubated
overmght with LAMP1 primary antibody, a marker for lysosomes, at a concentration of 4 ug/ml
in permeabilization buffer {0.1% saponin+1% Fish skin gelatin} at 4°C. Post incubation, cells
were washed twice with PBS and stained with 1 ug/ml secondary antibody conjugated to Alexa
Fluor 647 in permeabilization buffer for 1 hour at 4°C. Post incubation, cells were washed twice
with PBS, counter-stained with Hoechst DNA stain at 1 ug/mi for 10 minutes at room
temperature in PBS. The cells were then washed one final time 1n PBS, resuspended in 20 ul of
PBS per well and imaged on the Opera Phenix confocal high content microscope. Acquired
images were analyzed using Harmony and ImageJ analysis software. Approximately 500 cells
per condition were scored for the presence of Tau oligomers within phagolysosomal structures,
and labelled with LAMP1 antibody.

{80204] Al brain shuttle mAbs promoted more efficient uptake into phagosomes than the non-
brain shuttle mAb, PT1B844 (Figure 15). Within the brain shuttle mAbs those with full effector
function (BBBB1131, 1134 and 1046} were more efficient than those without effector function.
These data demonstrate that eliminating binding to FoyR to reduce the risk of reticulocyte
depletion should not impact therapeutic efficacy of the anti-Tau mAbs. In fact, TfR-mediated
mternalization and trafficking to the phagolysosome appears more efficient in microglia than did
traditional FeyR mediated phagocyiosis.

{88285  To explore if the observation could be repeated using other targets and cells, the
uptake of RSV F-protein was assessed in human macrophages. Primary human macrophages
were plated onto 384 well Perkin Elmer Cell Carrier Ultra plates at a dilution of approximately
6000 cells per well and cultured in X-VIVO 10 serum-free hematopoietic cell medium
supplemented with 10% FBS, 50 mg/ml macrophage colony-stimulating factor (mCSF) CSF and
25 ng/ml interferon gamuma (IFNy). On the day of the assay, approximately 7-fold molar excess
RSV-F protein (His-tagged F protein complexed with anti-His biotinylated antibody and
streptavidin Alexa Fluor 488) was allowed to bind anti-RSY mAbs (1 ug/m!) at room
temperature for 30 minutes. The mAb:F protein complex was then delivered to macrophages at

20 ul/well. Alexa Fluor 488 labelled E. Coli served as a positive control for phagocytosis. 3
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hours post incubation, cells were washed twice with phosphate buffered saline (PBS) and fixed
m the presence of 4% paraformaldehyde for 15 mmutes at RT. Following fixation, cells were
once again washed twice in PBS and incubated overmight with LAMPI primary antibody, a
marker for lysosomes, at a concentration of 4 ug/ml in permeabilization buffer (0.1%
saponint+1% Fish skin gelatin} at 4°C. Post incubation, cells were washed twice with PBS and
stained with 1 ug/mi secondary antibody conjugated to Alexa Fluor 647 in permeabilization
buffer for 1 hour at 4°C. Post incubation, cells were washed twice with PBS, counter-stained
with Hoechst DNA stain at T ug/ml for 10 minutes at room temperature in PBS. The cells were
then washed one final time in PBS, resuspended in 20 vl of PBS per well and imaged on the
Opera Phenix confocal high content microscope. Acquired images were analyzed using Harmony
and Imagel) analysis software. Approximately 300 cells per condition were scored for the
presence of F protein foct within phagolysosomal structures, labelled with LAMP1 antibody.
J08286] As was observed for Tau and microglia cells, all brain shuttle mAbs promoted more
efficient uptake into phagosomes than the non-brain shuttle mAb, B21M-1gG1 (Figure 16).
However, a difference in uptake between IgGl (BBBBO32 and BBBRBI34) and [gG1 AAS
(BBBB354 and BBBB368) brain shuttle mAbs was not observed. It remains to be deternuned if
a difference between the B21M experiment and the Tau experiment (Figure 15 and Figure 16) 1s
due to the target or the cells. Regardless, the data confirm the robustness of the mechanism
where TiR~-mediated internalization and trafficking to the phagolysosome appears at least as
efficient as traditional FeyR mediated phagocytosis.

{0287]  To the knowledge of the inventors, there has not been any publication describing
exploiting this non-classical ADP mechanism for a therapeutic mAb. While not wishing to be
bound by theonies, it 1s believed that phagocytosis and endocytosis can both lead to degradation
through the convergence of the phagolysosomal paths, such that regardless of the mternalization
trigger (FeyR mediated phagocytosis or TiR-mediated endocytosis), the mternalized cargo 13

trafficked to and degraded by the phagolysosome.

Assessment of the PK/PD relationship in the retina of huliR mice
{60268] Selected anti-TIR brain shuttles were then fused to a prototypical anti-BACE (B~
secretase) mAb and binding affinity was reassessed using same method as described above. As

shown in Table 5, the affinity of the anti-TfR brain shuttles was similar when fused to B21M
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mAb (anti-human respiratory syncytial virus} and anti-BACE antagonist mAb. Internalization
was assessed for selected molecules (Figure 4} and found unchanged from internalization
observed when the anti-THR brain shuttle was fused to B21M mAb.

{G6289]  Since none of the anti-TfR brain shuities bound to mouse or rat TfR, 1n vivo rodent
studies will be conducted in huTIR knock-in mice (C57BL/6-Tiretm2618(TFRC) Arte mice
{Taconic Artemis}} using the prototypical anti-BACE antagonist mAb (BBBB970, BBBB978,
BBBBI83). The anti-BACE antagonist mAb was selected as a model PD system for measuring
mhibition of BACE1 ({through the concentration of its product peptide, AB1-40), a reflection of
the amount of mAb that was trafficked to the bram.

{BA2IB]  The first n vivo study will assess the PK/PD relationship in the retina of huTR mice.
The knock-in {KI) mice will be dosed at 10 mg/kg i.v. with the BBBB970, BBBB973, BBBBI83
and the control BBBB456. Eyes and plasma will be harvested at 4- and 24-hours following
dosing. At the scheduled timepoints, mice will be anesthetized by mmhalation of isofturane.
Mouse eves from KI mice will be collected following whole-body perfusion with 5 mL of 0.9%
saline solution. The collected eye sample (minus the optic nerve) will be snap frozen in liquid
nitrogen, and stored at -70°C until tissue homogenization or prepared for immunchistochemistry.
{9G211] BACE activity measurements will be made by homogenizing mouse eyes in lysing
matrix D tube (8 pl of 0.4% DEA/SO0mM NaCl per myg of brain weight, Fast Prep-24 at
o/shakes/sec for 20 sec). Tubes will then be centrifuged at 4°C for 5 min i an Eppendorf
Centrifuge set to a maximum speed. Homogenate (supernatant} will then transferred to precooled
tubes which were then centrifuged for 70 minutes at 13,000 rpm at 4°C. Supernatant will then be
transferred to a tube contatning 10% of 0.5 M Tris/HCL and frozen at -80°C unti] assayed. AB 1-
40 peptide standards and thawed processed eye homogenate are then pre-complexed at 1:1 with
ruthenium (Meso Scale Discovery (MSD), R91AN-1) labeled anti-AB antibody. 50 ui of
compiex will be added to blocked plate containing capture antibody to AP 1-40. After overnight
meubation at 2-8°C with no shaking, plates will be washed and 2x read buffer (MSD, RO2TC-1)
added. Plate will be read using Meso Sector § 600 (MSD, ICOAA).

Cytokine secretion analysis
{80212] After different treatments on human iPSC-derived microglia, the relative

concentrations of secreted proteins in cell supernatants were measured using antibody-based 29-
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plex immunocassays {Luminex, R&D systems, Cat # LXSAHM-29). The 29 secreted proteins
were: BDNF, CCL3/MIP 1o, CCL20/MIP3e, Grof/MIP2, CXCL10/IP10/CRG2, GCSF, IFNa,
ie, 1.2, IL6, IL10, TL1 7AL1 7o, MCSF, RAGE/AGER, TNFa, CCL2/TE/MCPI,
CCLAMIPIE, CXCLYMIG, FGFb/FGF2, GMCSF, IFNy, 110, IL4, IL8/CXCLE, IL12p70,
11.23, MMP9, Resistin.

PHE Tau

{82131 Postmortem tissue from the cortex obtained from 3 histologically confirmed AD
patient {Braak stage V-VI) was used to generate a pool of partially purified PHF by a modified
method of (Mercken et al., Acta Neuropathologica (1992) 84: 265-272; Greenberg, et al. J. biol.
Chem. {1992} 267: 564-569). Typically, 5 g of parietal or frontal cortex was homogenized in 10
volumes of cold buffer H (10 mM Tris, 800 mM NaCl, 1 mM EGTA and 10% sucrose/ pH 7.4)
using a glass/Teflon Potter tissue homogenizer (IKA Works, Inc; Staufen, Germany) at 1000
rpm. The homogenized material was centrifuged at 27000+=g for 20 min at 4°C. The pellet was
discarded, and the supernatant was adjusted to a final concentration of 1% (w/v) N-

}3 )

lauroyisarcosine and incubated for 2 h at 37°C. Subsequently, the supernatant was centrifuged at
184000>g for 90 min at 20°C. The pellet was carefully washed in PBS and resuspended in
750ul. PBS, aliquoted and frozen at —80°C. The quality of the PHF-tau preparations was
evaluated by the use of AT8/ATS phospho-aggregate selective MSD ELISA. Tau content was
deternmined by western blotting using hTau10 (Janssen R&D) with recombinant 2N4R tau as

calibrant.

Study re the ability of the TR T'TP mAb to potentiate ADP in vivo

{832314] The ability of the TfR TTP mAb to potentiate ADP in vivo was studied in a mouse
model of Tau seeding. The mouse model employed transgenic Tau-P301L mice, expressing the
{ongest huran tau isoform with the P301L mutation {tau-4R/2ZN-P301L) (Terwel, et al. (2003} ]
Biol Chem; 280(5): 3963-73). Due to the lack of mouse TR cross-reactivity of the TTPs, a
mouse surrogate TTP was developed to have similar binding properties to the lead human TfR
TTP and used i this study. The model of Tau seeding involves stereotactic hippocampal
injections of PHF-Tau, which induces a dose-dependent increase 1n tau aggregation
(Vandermeeren, et al., I Alzhetmers Dis. (2018); 65(1): 265-281). Following co-injection of

mAbs, neatralization of Tau seeding by different anti-tau mAbs has demonstrated that the mode]
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1s partially dependent upon Fe-mediated ADP of Tau (Figure 21A). While both anti-Tau mAbs
neutralized Tau seeding compared with the 1sotype control, a statistically significant difference s
observed between the mAb with effector function (mouse 1gG2a) and the mAb without effector
function {mouse 1gG2ac (Vafa, et al., Methods. 2014 Jan 1; 65(1}: 114-26)), demonsirating the
partial dependence of the model on mAb effector function.

BGIIS] A sular study was completed comparing the anti-Tau mAb, PT1B344 with a mouse
1g(G2a Fe, to the PT1B844 TTP mAb with a human IgGl AAS Fe. Co-injection of mAbs was
utilized to normalize for any differences 1o PK properties between the mAb and the TTP mAb.
Both anti-Tau mAbs neutralized Tau seeding compared with the isotype control. TTP mAb
displaved at least the same compared to the mAb with full Fe effector function, suggesting that

non-~classical ADP mechanism s functional in vive (Figare 21B).

Stereotactic injection of PHIF in P3011. mice

[06216] PHF tau seeding studies, including the currently described study, are performed in
compliance with protocols approved by the local ethical committee (628-Tau Spread, Janssen
Pharmaceutica) and national institutions adhering to AAALAC guidelines. Mice expressing the
longest human tau 1soform with the P301L mutation {tau-4R/ZN-P301L) (Terwel et al., 2005;
Peeraer et al., 2015} were single housed in an enriched environment, individually ventilated
cages and under 12/12 h light/dark cycles {(light on at 6:00 AM)}. At the age of 90 +/- 7 days,
mice were randomized over treatment groups and gender and received a unilateral injection in
the right hippocampus {CA1) of AD-derived PHFs (in the presence of anti-Ig(G2a (o= 19); anti
phospho Tau mouse IgG2a {n= 20} or anti-phospho Tau-TTE (n = 20).

{38217] TauP301L mice were deeply anaesthetized with isoflurane (5% in 36% oxygen) and
fixed in a sterectactic frame (Stoelting-Neurostar combination). During the further procedure a
2% isofturane level was maintamned. A 30G syringe (Hamilton) was used for injecting 3 ul in
the right hemusphere at a speed of 0.25 ul/min at the selected coordinates: anteroposterior -2.0,
mediolateral +1.6 from bregma, dorsoventral 1.4 mm from dura. Body weight was monitored
before and weekly after injection, and no differences were observed between treatment and
control groups for all ijection experiments (not shown).

{B3218] Two months after injection, nuce were sacrificed by decapitation and brain tissue from

the ipsilareral hemisphere was snap frozen. Before extraction, tissue was weighed and
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homogenized in 600 gl of buffer H per 100 mg tissue (10 mM Tris, 800 mM Nall, 1 mM
EGTA and 10% sucrose/ pH 7.4). The homogenate was centrifuged at 27 000 x g for 20 min and

supernatant was frozen at -80 °C.

Biochemical analysis MesaScale Discavery (MSD)

{88219 Coating antibody (AT8} was diluted 1n PBS (1 ng/mL) and aliquoted into MSD plates
(30 uL per well) (L15XA, MSD, Rockville, MDD, USA), which were incubated overnight at 4°C.
After washing with 5 x 200 uL. of PBS/0.5%Tween-20, the plates were blocked with 0.1% casein
m PBS and washed again with 5 x 200ul of PBS/0.5% Tween-20. After adding samples and
standards {both diluted in 0.1% casein in PBS), the plates were incubated overnight at 4°C.
Subsequently, plates were washed with 5 x 200 uL of PBS8/0.5% Tween-20, and SULFO-TAG™
conjugated detection antibodies {AT8) in 0.1% casein in PBS were added and incubated for 2 h
at room temperature while shaking at 600 rpm. After a final wash (5 x 200 pL of

PBS/0.53% Tween-20), 150 pL of 2 x buffer T (MSD) was added, and plates were read with an
MSD imager. Raw signals were normalized against a standard curve consisting of 16 dilutions of
a sarcosyl-insoluble prep from postmortem AD brain (PHY) and were expressed as arbitrary
units {AU) PHF . Statistical analysis (ANOV A with Bonferroni correction for multiple testing)
was performed with the GraphPad prism software. P-values < 0.05 were considered as

significantly different.

Discussion

{0238] To achieve an optimized brain delivery platform based on receptor mediated
transeytosis, mAbs were generated that bind specifically to the human transferrin receptor
(huTR) with a range of affinities in a pH-dependent manner. The relationship between TR
binding affinity and transcytosis efficiency has been covered extensively in numerous
publications with a focus on the equilibrium dissociation constant, kp. While Kp 1s an important
measure, it has been surprisingly demonstrated in the invention the criticality of the binding
kinetics, ks and kq, for transcytosis. Inventors discovered that both ou- and off-rates need to be
optimized for efficient transcytosis and pharmacodynamic activity of the therapeutic mAb
delivered. Based on the results, optimal transcytosis occurs when, for example, the k. > 10° M

7

s7'and neutral ka = 2x107 sec’!. While not wishing to be bound by theories, it is hypothesized
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the interplay between on-rate and off-rate 15 critical to ensuring efficient transcellular transport
through the diverse intracellular vesicles responsible for proten trafficking 1n polarized cells
{B82211 It has been demonstrated that dosing tripod mAbs m cynomolgus monkeys results in
6-12x enhancement in brain concentration over a control mAb. Increasing acidic FeRn binding
resulted in reduced peripheral clearance and enhanced brain concentration. Under normal
physiological conditions, FeRn-mediated efflux of antibodies from the brain is likely crucial in
maintaining brain homeostasis by avoiding unwanted inflammation and immune responses in the
brain {Schlachetzk:, Zhu et al. 2002, Roopenian and Akilesh 2007). While the preponderance of
evidence suggests a strong role for FcRn-mediated efflux of antibodies, there does remain some
debate about this clearance mechanism {Garg and Balthasar 2009, Abugayyas and Balthasar
2013). Inventors discovered that increasing the binding affinity for FcRn has a positive impact
on both peripheral and brain concentration, suggesting that any enhanced efflux is insignificant
in this system. Dose response experiments in cynomolgus monkeys using a tripod mAb
demonstrated the saturability of the mechanism of transport, which occurs at 30mg/kg in this
species. Extensive repeat dosing, dose response characterization was also completed in
cynomolgus and will aid greatly in predicting human doses and the utility of this platform for
specific therapeutic applications.

{83232  Reticulocyte depletion s a known safety liability for TfR binding antibodies. 1t was
observed by the inventors that indeed acute and nearly complete reticulocyte depletion can be
observed with an effector function competent mAb. Numerous approaches have been described
to avoid this depletion, including reducing effector function {Couch, 2013 #589} and through
molecular architecture {Weber, 2018 #3590} While mventors utilized a very similar architecture
to one that has been described as sterically capable of attenuating peripheral effector function,
they observed robust reticulocyte depletion with the effector function competent mAb.

{06223  The clear disadvantage to Fc mutagenesis 1s the elimination of effector function from
the therapeutic mAb. For many therapeutic targets in the brain, like beta-amyloid and Tau, ADP
is believed critical to efficacy. Previous work has demonstrated that recycling receptors,
mehuding TIR, can be excluded from sorting fubules and diverted to lysosomes by multivalent
cargo binding (Marsh, 1995, J Cell Biol (1995) 129 (6}: 1509-1522; Weflen, 2013 Mol Biol
Cell. 2013 Aug 1; 24(15) 2398-24050. Inventors demonstrated that this endogenous diversion

of multivalent cargo can be used as an alternative, non-classical, non-FcyR mechanism of ADP.
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Tau internalized through non-classical and classical ADP are trafficked similarly in microghia,
with Tau aggregates trafficking through the endolysosomal system to the lysosome for
degradation. The described non-classical ADP can be exploited for a variety of therapeutic
applications where ADP is necessary for efficacy but classical ADP harmful for safety.

{B8224] The data indicate that non-classical ADP is more efficient than classical ADP,
potentially due to inherent differences in the binding and mternalization between FcyRs and TR,
FeyR mediated internalization requires receptor clustering by the mAb, while TR 15 rapidly
mternalizing and recycling independent of mAb binding. A second potential explanation is
macrophage and microglial exhaustion (Zent, 2017 FEBS J. 2017 Apr; 284(7):1021-1039).
Macrophage exhaustion appears to be dependent upon the length of time the macrophage 15
exposed to the target (Church, VanDerMeid et al 2016, Clin Exp Immmuonol. 2016 Jan; 183(1):90-
101} (Mukundan, 2009, Nat Med. 2009 Nov; 15(11):1266-72), which 15 aligned with our
observation of that classical ADP stalls with time. Observations for macrophage exhaustion have
been made in vitro and in patients, indicating that this exhaustion phenotype may impact
therapeutic efficacy of mAbs with effector function. The non-classical ADP offers an efficacy
advantage, avoiding this exhaustion phenotype by mediating ADP without activating microglia
by binding FeyRs.

{38225] Another advantage of non-classical ADP is that by avoiding microghal activation
ADP occurs without stimulating the production pro-inflammatory c¢ytokines. There remains
debate on the safety of using effector-function competent mAbs n treating diseases 1n the brain,
particularly around increasing neuroinflammation 1 patients who already suffer from chronte
neurcinflammation (reviewed tn {Heneka, 2015 #591}). In addition, there 15 increasing attention
to the role that mflammation plays in the pathogenesis of neurodegenerative disease with the
mphications of increasing mflammation, as well as, the ability to engage or further activate
potentially already exhausted microgha under debate. For example, the toxic impact of classic
ADP on neurons was been demonstrated and hypothesized that effector function competent
mAbs may pose safety risks {Lee, 2016 #592} . The non-classical ADP mechanism described
here avouds the potential newroinflammation habilities by potentiating efficient clearance of Tau
without needing to activate microgha or stimulate release of proinflammatory cyiokines. In

conchusion, a robust brain delivery platform has been characterized for pharmacokinetics,
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pharmacodynamics and safety establishing the robust preclinical characterization needed to
advance to clinical trials.

{B8226] When formatted as scFv brain shutties and fused 1o a prototypical anti-BACE {(beta-
secretase) antagonist mAb, a 4-10x improvement in brain concentration was observed over the
anti-BACE mAb alone following i.v. dosing of transgenic mice expressing huTIR. A strong
PK.PD relationship was also noted, with a dose dependent decrease in beta-amyloid detected.
The best performing brain shuttles enhanced brain delivery more than competitor molecules,
achieving best-in-class delivery through optimized binding interactions between the brain shuttle
and huTIR.

{9G237] The optimized brain shuttles were then fused to PTIB844, a Tau binding mAb. Brain
shuttles fused PT1B844 demonstrated & to 16-fold improvement in brain concentration when
dosed 7.v. in cynomolgus monkey. Similar to the mouse data, the enhancement in brain
concentration exceeded the best brain shuttles reported in literature. In addition to superior brain
PK, the bran shuttles are engineered to reduce Fe-mediated effector function and do not induce
rapid reticulocyte depletion in cynomolgus as has been reported by competitors. Importantly, the
loss of Fe-function doesn’t umpact the effectiveness of the therapeutic Tan mAb, as the brain

shuttle is more efficient at mediating microghal uptake of Tau than PT1B844 alone.

{66228] Tt will be appreciated by those skilled i the art that changes could be made to the
embodiments described above without departing from the broad mventive concept thereof, Itis
understood, therefore, that this invention is not imited to the particular embodiments disclosed,
but it 18 itended to cover modifications within the spurit and scope of the present invention as

defined by the appended claims.
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