One of ordinary skill in the art will appreciate that any combination of the foregoing methods
may be employed to engineer an antibody (and/or dosage regimen for same) with the optimum balance
between (i) the desirably low affinity for primate or human TfR that will maximize transport of the
antibody and any conjugated compounds into the CNS; (i) the affinity of the conjugated compound
{(including as a nonlimiting example, a second or further antigen-binding specificity in the anti-
human/cyno TR antibody) for its CNS antigen, since this is relevant to the amount of the compound
that needs to be present in the CNS to have a therapeutic effect; (iii) the clearance rate of the anti-
human/cynoT{R antibody; (iv) the lability of the anti-TfR/conjugated compound at low pH to facilitate
release of the conjugated compound on the CNS/brain side of the BBB, and (v) the impact on
reticulocyte populations.

it will also be appreciated that the reticulocyte-depleting effect recognized herein of anti-TfR
antibody administration may be useful in the treatment of any disease or disorder where
overproliferation of reticulocytes is problematic. For example, in congenital polycythemia or
neoplastic polycythemia vera, raised red blood cell counts due to hyperproliferation of, e.g.,
reticulocytes, results in thickening of blood and concomitant physiological symptoms. Administration
of an anti-human/cyno TIR antibody of the disclosure wherein at least partial effector function of the
antibody was preserved would permit selective removal of immature reticulocyte populations without
impacting normal transferrin transport into the CNS. Dosing of such an antibody could be modulated
such that acute clinical symptoms could be minimized (ie, by dosing at a very low dose or at widely-
spaced intervals), as well-understood in the art.

Anti-TfR/BACE] and anti-TfR/Abeta are each promising and novel therapeutic candidates for
the treatment of Alzheimer’s disease. Furthermore, receptor mediated transport (RMT)-based
bispecific targeting technology opens the door for a wide range of potential therapeutics for CNS
diseases. The disclosure provides methods of engineering BBB-penetrant therapeutics that greatly
improve transport across the BBB and CNS distribution of the therapeutic without depletion of
reticulocytes.

In ene-a_first aspect, there is provided an isolated antibody that binds to human transferrin

receptor (TfR) and non-human primate TR, wherein the antibody does not inhibit the binding of
transferrin to TR, wherein the antibody comprises HVR-HI, HVR-H2. and HVR-H3, respectively
comprising the amine acid sequences of SEQ D NOs: 53, 156 and 55; and comprises HVR-L1, HVR-
L2, and HVR-L3. respectively comprising the amino acid sequences of SEQ ID NOs: 50, 51 and 52.
In one embodiment, the binding is specific binding. In another embodiment, the antibody further does
not inhibit the binding of human hemachromatosis protein (“HFE”) to TiR. In anether-a second
aspect, there is provided an isolated antibody that binds to human TR and non-human primate TR,
wherein the antibody does not inhibit the binding of transferrin to TfR, and wherein one or more
properties of the antibody have been modified to reduce or eliminate the impact of the antibody on
reticulocytes and/or reduce the severity or presence of acute clinical symptoms in a subject or
mammal treated with the antibody, wherein the antibody comprises HVR-HI1, HVR-H2, and HVR-H3,
respectively comprising the amino acid sequences of SEQ ID NOs: 53, 156 and 53: and comprises
HVR-L1, HVR-L.2, and HVR-L3, respectively comprising the amino acid sequences of SEQ ID NQOs:
50, 51 and 52. In one embodiment, the binding is specific binding. In one embodiment, the antibody
is a monoclonal antibody. In another embodiment, the antibody is a human antibody. In another
embodiment, the antibody is a humanized antibody. In another embodiment, the antibody is a
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VH sequence of SEQ ID NO: 15. In another such embodiment, the antibody comprises a VL
sequence of SEQ ID NO: 12 and a VH sequence of SEQ ID NO: 16. In another such embodiment,
the antibody comprises a VL sequence of SEQ ID NO: 13 and a VH sequence of SEQ ID NO: 17.
In another such embodiment, the antibody comprises a VL sequence of SEQ ID NO: 14 and a VH
sequence of SEQ ID NO: 18. In another such embodiment, the antibody comprises a VL sequence
of SEQ ID NO: 19 and a VH sequence of SEQ ID NO: 20. In another such embodiment, the
antibody comprises a VL sequence of SEQ ID NO: 21 and a VH sequence of SEQ ID NO: 25. In
another such embodiment, the antibody comprises a VL sequence of SEQ ID NO: 22 and a VH
sequence of SEQ ID NO: 26. In another such embodiment, the antibody comprises a VL sequence
of SEQ ID NO: 23 and a VH sequence of SEQ ID NO: 27. In another such embodiment, the
antibody comprises a VL sequence of SEQ ID NO: 24 and a VH sequence of SEQ ID NO: 28. In
another such embodiment, the antibody comprises a VL sequence of SEQ ID NO: 105 and a VH
sequence of SEQ ID NO: 108. In another such embodiment, the antibody comprises a VL
sequence of SEQ ID NO: 111 and a VH sequence of SEQ ID NO: 114. In another such
embodiment, the antibody comprises a VL sequence of SEQ ID NO: 117 and a VH sequence of
SEQ ID NO: 120. In another such embodiment, the antibody comprises a VL sequence of SEQ ID
NO: 123 and a VH sequence of SEQ ID NO: 126. In another such embodiment, the antibody
comprises a VH sequence of (a) SEQ ID NO: 108, {(b) SEQ ID NO: 114, (¢) SEQ ID NO: 120 or
(d) SEQ ID NO: 126. In another such embodiment, the antibody comprises a VL sequence of (a)
SEQ ID NO: 105, (b) SEQ ID NO: 111, {c) SEQ ID NO: 117, or (d) SEQ ID NO: 123.
In aﬁe%hes—d thnd aspecl there is prowded an antlbody compnsmg—

In one embodlment the antlbody is selected from the group consmtmg of antlboches TA4,
8A2, 15D2, 10D11, 7B10, 15G11, 16GS5, 13C3, 16G4, 16F6, 7G7, 4C2, 1B12, and 13D4. In one
such embodiment, the antibody is 7A4. In another such embodiment, the antibody is 8A2. In
another such embodiment, the antibody is 15D2. In another such embodiment, the antibody is
10D11. In another such embodiment, the antibody is 7B10. In another such embodiment, the
antibody is 15G11. In another such embodiment, the antibody is 16G5. In another such
embodiment, the antibody is 13C3. In another such embodiment, the antibody is 16G4. In another
such embodiment, the antibody is 16F6. In another such embodiment, the antibody is 7G7. In
another such embodiment, the antibody is 4C2. In another such embodiment, the antibody is
1B12. In another such embodiment, the antibody is 13D4.

In one embodiment of any of the foregoing, the antibody is further affinity matured. In one
such embodiment, the antibody is selected from the group consisting of 15G11.vl, 15G11.v2,
15G11.v3, 15G11.v4, 15G11.v5, TA4vl; TA482, TA4N3, TA4 V4, TA4NS, TAANG6, TA4NVT,

TA4VS, TA4N9, TA4.v10, TA4.v11, TA4V12, TA4.v13, TA4.v14, TA4v15, TGT.v1, 16F6.v1,

23



16F6.v2, 16F6.v3 and 16F6.v4. In one such embodiment, the antibody is 15G11.v1l. In another
such embodiment, the antibody is 15G11.v2. In another such embodiment, the antibody is
15G11.v3. In another such embodiment, the antibody is 15G11.v4. In another such embodiment,
the antibody is 15G11.vS. In another such embodiment, the antibody is 7A4.v1l. In another such
embodiment, the antibody is 7A4.v2. In another such embodiment, the antibody is 7A4.v3. In
another such embodiment, the antibody is 7A4.v4. In another such embodiment, the antibody is
7A4.v5. In another such embodiment, the antibody is 7A4.v6. In another such embodiment, the
antibody is 7A4.v7. In another such embodiment, the antibody is 7A4.v8. In another such
embodiment, the antibody is 7A4.v9. In another such embodiment, the antibody is 7A4.v10. In
another such embodiment, the antibody is 7A4.v11. In another such embodiment, the antibody is
7A4.v12. In another such embodiment, the antibody is 7A4.v13. In another such embodiment, the
antibody is 7A4.vi4. In another such embodiment, the antibody is 7A4.v15. In another such
embodiment, the antibody is 7G7.vl. In another such embodiment, the antibody is 16F6.vl. In
another such embodiment, the antibody is 16F6.v2. In another such embodiment, the antibody is
16F6.v3. In another such embodiment, the antibody is 16F6.v4. In another such embodiment, the
antibody is 15G11.N52A. In another such embodiment, the antibody is 16F6.v4. In another such
embodiment, the antibody is 15G11.T53A. In another such embodiment, the antibody is 16F6.v4,
In another such embodiment, the antibody is 15G11.W92A. In another such embodiment, the
antibody is 16F6.v4.

In amethes-a fourth aspect, there is provided an isolated antibody that binds to the same
epitope on TfR as ¢ i 3 ik 5t ibod

e 3-16F6- . : : the antibody of the third
aspect. In one embodiment, the antibody is modified at one or more amino acid positions in the
VH or VL to the amino acid indicated for that position in Figures 4E-1 and 4E-2. In another
embodiment, the antibody comprises a sequence or one or more HVR sequences corresponding to
that of or one or more of those set forth for any one of the clones in Figures 3 and 4 and Figures
4E-1 and 4E-2. In another embodiment, the antibody comprises a VH or VL sequence
corresponding to that of set forth for any one of the clones in Figures 3 and 4 and Figures 4E-1 and
4E-2. In another embodiment, the antibody comprises one or more HVR sequences corresponding
to one or more of those set forth for any one of the clones in Figures 3 and 4 and Figures 4E-1 and
4E-2.

?

In one embodiment, the one or more properties of the antibody are selected from the
effector function of the antibody Fc region, the complement activation function of the antibody
and the affinity of the antibody for TfR. In one such embodiment, the property is the effector
function of the antibody Fc region. In another such embodiment, the property is the complement
activation function of the antibody. In another such embodiment, the property is the affinity of the
antibody for TfR. In one such embodiment, the effector function or complement
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precursor protein (APP), p75 neurotrophin receptor (p75NTR), and caspase 6. In another such
embodiment, the multispecific antibody binds both TfR and BACElL. In another such
embodiment, the multispecific antibody binds both TR and Abeta. In another such embodiment,
the therapeutic compound is a neurological disorder drug.

In ene-a fifth aspect, there is provided an isolated nucleic acid encoding any of the
foregoing antibodies. In anether-a sixth aspect, there is provided a host cell comprising the nucleic
acid described herein. In anether-a seventh aspect, there is provided a method of producing an
antibody comprising culturing the host cell described herein so that the antibody is produced and
optionally further comprising recovering the antibody from the host cell. In another embodiment,
the disclosure provides a host cell comprising such nucleic acid. In another embodiment, the
disclosure provides a method of producing any of the foregoing antibodies comprising culturing
such host cell so that the antibody is produced and optionally further comprising recovering the
antibody from the host cell.

In ene-an eighth aspect, there is provided a pharmaceutical formulation comprising any of
the foregoing antibodies and a pharmaceutically acceptable carrier.

In ene-a ninth aspect, there is provided any of the foregoing antibodies for use as a
medicament. In anether-a tenth aspect, there isprovided the use of any of the foregoing antibodies
in the manufacture of a medicament for the treatment of a neurological disorder. In one such
embodiment, the neurological disorder is selected from the group consisting of a neuropathy
disorder, a neurodegenecrative disease, cancer, an ocular disease disorder, a seizure disorder, a
lysosomal storage disease, amyloidosis, a viral or microbial disease, ischemia, a behavioral
disorder, and CNS inflammation.

In anether-an eleventh aspect, there is provided any of the foregoing antibodies for use in
the treatment of a neurological disorder. In one such embodiment, the neurological disorder is
selected from the group consisting of a neuropathy disorder, a neurodegenerative disease, cancer,
an ocular disease disorder, a seizure disorder, a lysosomal storage disease, amyloidosis, a viral or
microbial disease, ischemia, a behavioral disorder, and CNS inflammation.

In another-a_twelfth aspect, there is provided any of the foregoing antibodies for use in
transporting one or more compounds across the BBB. In-anetheraspeet;Also disclosed is use of
any of the foregoing antibodies in the manufacture of a medicament for transporting one or more
compounds across the BBB is provided.

In anether-a thirteenth aspect, there is provided use-of-an antibody described herein in-the
mantfacture-ofa-medicament-for use in transporting a compound across the BBB in a subject,
wherein_ when the antibody is exposed to the BBB, such-that-the antibody transports the compound
coupled thereto across the BBB. In one embodiment, a method of transporting a compound across
the BBB in a subject is provided, comprising exposing any of the foregoing antibodies to the BBB
such that the antibody transports the compound coupled thereto across the BBB. In another such
embodiment, the BBB is in a human subject. In another such embodiment, the dose amount
and/or frequency of administration is modulated to reduce the concentration of antibody to
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which red blood cells are exposed. In another such embodiment, the method further comprises the
step of monitoring the subject for depletion of red blood cells. In another such embodiment, the
antibody coupled to the compound is administered at a therapeutic dose. In one such embodiment,
the therapeutic dose is TfR-saturating. In another such embodiment, administration of the
antibody is at a dose and/or dose frequency calibrated to minimize acute clinical symptoms of the
antibody administration.

In anether-a fourteenth aspect, there is provided use-ef-an antibody described herein in-the
manufacture—of—a-medicament—for_use in increasing exposure of the CNS of a subject to a
compound, wherein when the antibody is exposed to the BBB, such-that-the antibody transports
the compound coupled thereto across the BBB. In another embodiment, a method of increasing
exposure of the CNS of a subject to a compound is provided, comprising exposing any of the
foregoing antibodies to the BBB such that the antibody transports the compound coupled thereto
across the BBB. In another such embodiment, the BBB is in a human subject. In another such
embodiment, the dose amount and/or frequency of administration is modulated to reduce the
concentration of antibody to which red blood cells are exposed. In another such embodiment, the
method further comprises the step of monitoring the subject for depletion of red blood cells. In
another such embodiment, the antibody coupled to the compound is administered at a therapeutic
dose. In one such embodiment, the therapeutic dose is TfR-saturating. In another such
embodiment, administration of the antibody is at a dose and/or dose frequency calibrated to
minimize acute clinical symptoms of the antibody administration.

In anether-a fifteenth aspect, there is provided use-of-an antibody described herein in-the
mapufacture—of-a—medicament—for yse in_increasing retention in the CNS of a compound
administered to a subject, wherein when the antibody is exposed to the BBB, such-that-the
retention in the CNS of the compound is increased. In one embodiment, a method of increasing
rentention in the CNS of a compound administered to a subject is provided, comprising exposing
any of the foregoing antibodies to the BBB such that the retention in the CNS of the compound is
increased. In another such embodiment, the BBB is in a human subject. In another such
embodiment, the dose amount and/or frequency of administration is modulated to reduce the
concentration of antibody to which red blood cells are exposed. In another such embodiment, the
method further comprises the step of monitoring the subject for depletion of red blood cells. In
another such embodiment, the antibody coupled to the compound is administered at a therapeutic
dose. In one such embodiment, the therapeutic dose is TfR-saturating. In another such
embodiment, administration of the antibody is at a dose and/or dose frequency calibrated to
minimize acute clinical symptoms of the antibody administration.

In ene-a sixteenth aspect, there is provided use of an antibody described herein in the
manufacture of a medicament for treating a neurological disorder in a mammal. In one
embodiment, a method of treating a neurological disorder in a mammal is provided, comprising
treating the mammal with any of the foregoing antibodies. In one such embodiment, the
neurological disorder is selected from the group consisting of a neuropathy disorder, a
neurodegenerative disease, cancer, an ocular disease disorder, a seizure disorder, a lysosomal
storage disease, amyloidosis, a viral or microbial disease, ischemia, a behavioral disorder, and
CNS inflammation. In another such embodiment, the neurological disorder
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WHAT IS CLAIMED IS:

1. An isolated antibody that binds to human transferrin receptor (TfR) and/primate

TR, wherein the antibody does not inhibit the binding of transferrin to TR,

2. An isolated antibody that binds to human TfR and primate TR Avherein the
antibody does not inhibit the binding of transferrin to TfR, and wherein ong/6r more properties of
the antibody have been modified to reduce or eliminate the impact of thg/antibody on reticulocytes

and/or reduce the severity or presence of acute clinical symptoms in &/subject or mammal treated

with the antibody.
3. The antibody of claim 1 or 2, which is a monoglonal antibody.
4, The antibody of claim 1 or 2, which is a iman, humanized, or chimeric antibody.

5. The antibody of claim 1 or 2, which # an antibody fragment that binds human TfR
and primate TfR.

6. The antibody of claim 1 or 2¢'wherein the antibody comprises HVR-L3, HVR-H2,
and HVR-H3, respectively comprising the amino acid sequences of: SEQ ID NOs: 31, 33 and 34;
SEQ 1D NOs: 36, 38 and 39; SEQ ID/NOs: 36, 40 and 34; SEQ ID NOs: 42, 43 and 44; SEQ ID
NOs: 31,’33 and 34; SEQ ID NOs/46, 48 and 49; SEQ ID NQOs: 52, 54 and 55; SEQ 1D NOs: 52,
58 and 59; SEQ ID NOs: 62, 6% and 55; SEQ ID NOs: 52, 65 and 55; SEQ ID NOs: 68, 69 and 70;
SEQ ID NOs: 73, 75 and 7¢/ SEQ ID NOs: 79, 81 and 82; SEQ ID NOs: 79, 83 and 84; SEQ ID
NOs: 87, 89 and 90; SEQ'ID NOs: 93, 95 and 96; SEQ ID NOs: 99, 101 and 102; SEQ ID NOs:
127, 33 and 34; SEQ JD NOs:52, 156 and 55; SEQ ID NOs:, 52, 157 and 55, or SEQ ID NOs:,
155, 54 and 55.

The antibody of claim 1 or 2, wherein the antibody comprises HVR-H1, HVR-H2,
3, respectively comprising the amino acid sequences of: SEQ ID NOs: 32, 33 and 34,
NOs: 37, 38 and 39; SEQ ID NOs: 32, 40 and 34; SEQ ID NOs: 37, 43 and 44; SEQ ID
NOs/32, 33 and 34; SEQ ID NOs: 47, 48 and 49; SEQ ID NOs: 53, 54 and 55; SEQ ID NOs: 53,
58 and 59; SEQ ID NOs: 53, 63 and 55; SEQ ID NOs: 53, 65 and 55; SEQ ID NOs: 53, 69 and 70;
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SEQ ID NOs: 74, 75 and 76; SEQ ID NOs: 80, 81 and 82; SEQ ID NOs: 80, 83 and 84; SEQ I
NOs: 88, 89 and 90; SEQ 1D NOs: 94, 95 and 96; SEQ ID NOs: 100, 101 and 102; SEQ ID XOs:
53, 156 and 55 or SEQ ID NOs: 53, 157 and 55.

8. The antibody of claim 7, further comprising HVR-L1, HVR-L2, and AVR-L3,
respectively comprising the amino acid sequences of: SEQ ID NOs: 29, 30 and 3}, SEQ ID NOs:
35, 30 and 36; SEQ ID NOs: 41, 30 and 42; SEQ ID NOs: 29, 30 and 31; SEQ/ID NOs: 45, 30 and
46; SEQ ID NOs: 50, 51 and 52; SEQ ID NOs: 56, 57 and 52; SEQ ID NOg: 60, 61 and 62; SEQ
ID NOs: 60, 64 and 52; SEQ ID NOs: 66, 67 and 68; SEQ ID NOs: 71, 72 and 73; SEQ ID NOs:
77,78 and 79; SEQ ID NOs: 85, 86 and 87; SEQ ID NOs: 91, 92 and’93; SEQ ID NOs: 97, 98 and
99, SEQ ID NOs: 29, 30 and 127 or SEQ ID NOs: 50, 51 and 15/

9. The antibody of claim 1, comprising HVR-LY, HVR-L2, and HVR-L3,
respectively comprising the amino acid sequences of: SE@ ID NOs: 29, 30 and 31; SEQ ID NOs:
35, 30 and 36; SEQ ID NOs: 41, 30 and 42; SEQ ID NOs: 29, 30 and 31; SEQ ID NOs: 45, 30 and
46; SEQ ID NOs: 50, 51 and 52; SEQ ID NOs: 56,, " and 52; SEQ ID NOs: 60, 61 and 62; SEQ
ID NOs: 60, 64 and 52; SEQ 1D NOs: 66, 67 a SEQ ID NOs: 71, 72 and 73; SEQ ID NOs:

a
b.  an HVR-BZ sequence of SEQ ID NO: 48, 69, 101, 156 or 157;

~H3 sequence of SEQ ID NO: 49, 76, or 102;

c. an HVR
d. JVR-L1 sequence of SEQ ID NO: 45, 66 or 97,
e. g HVR-L2 sequence of SEQ ID NOs: 30, 67 or 98; and

/ an HVR-L3 sequence of SEQ ID NOs: 46, 68 or 102.

The antibody of claim 1 or 2, comprising (a) a VH sequence having at least 95%
sequgnce identity to the amino acid sequence of SEQ ID NO: 7, 8, 9, 10, 15, 16, 17, 18, 20, 25, 26,
27,28, 108, 114, 120, 126, 153 or 154; (b) a VL sequence having at least 95% sequence identity to
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the amino acid sequence of SEQ IDNO:4, §, 6, 11, 12, 13, 14, 19, 21, 22, 23, 24, 105, 111, 117,

123, 151 or (c) a VH sequence as in (a) and a VL sequence as in (b).

12.

IS o

A

SEE

o

T o®

a0

o

16.

The antibody of claim 11, comprising a VH sequence of

SEQ ID NO: 108;
SEQ ID NO: 114;
SEQ ID NO: 120,
SEQ ID NO: 126;
SEQ IDNO: 153; or
SEQ ID NO: 154.

The antibody of claim 11, comprising a VL segtience of

SEQ ID NO:105;
SEQ ID NO: 111;
SEQ ID NO: 117;
SEQ ID NO: 123; or
SEQ ID NO: 151.

An antibody comprising;

a VH sequence of $EQ ID NO:108 and a VL sequence of SEQ 1D NO:105;
a VH sequence of SEQ ID NO:114 and a VL sequence of SEQ ID NO: 111;
a VH sequengé of SEQ ID NO:120 and a VL sequence of SEQ ID NO: 117,
a VH sequénce of SEQ ID NO:126 and a VL sequence of SEQ ID NO: 123;
a VH sgquence of SEQ ID NO: 153 and a VL sequence of SEQ ID NO: 105,
a VH sequence of SEQ ID NO: 154 and a VL sequence of SEQ ID NO: 105;

H sequence of SEQ ID NO: 108 and a VL sequence of SEQ ID NO: 155.

The antibody of claim 15, wherein the antibody is further affinity matured.
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17.  The antibody of claim 16, wherein the antibody is selected from the group
consisting of 15G11.vl, 15G11.v2, 15G11.v3, 15G11.v4, 15G11.v5, TA4vl; TA4.v2, TA4.y
TA4v4, TAAVS, TA4.v6, TA4.VT, TA4.v8, TA4VD, TA4.v10, TA4.v1l, TA4v12, TA4 V1A,
7A4.v14,7A4.v15, 7GT7.v1, 16F6.v1, 16F6.v2, 16F6.v3, 16F6.v4, I5G11.N52A, 15G¥1.T53A and
15GI1.W92A.

18.  The antibody of claim 17, wherein the antibody is modified at gfie or more amino
acid positions in the VH or VL to the amino acid indicated for that position/in Figures 4E-1 and
4E-2.

19.  The antibody of claim 1 or 2, comprising a sequence/or one or more HVR

sequences corresponding to that of or one or more of those set fpfth for any onc of the clones in

Figures 3, 4 and 23.

20.  Anisolated antibody that binds to the sarde epitope on TR as an antibody selected
from the group consisting of antibodies 7A4, 8A2, 1502, 10D11, 7B10, 15G11, 16GS5, 13C3,
16G4, 16F6, 7G7, 4C2, 1B12, 13D4, 15G11.vl, 1AG11.v2, 15G11.v3, 15G11.v4, 15G11.v5,
TA4V1; TA4V2, TA4N3, TA4 VA, TAANS, TAFVE, TA4VT, TA4VE, TA4NY, TA4Vv10, TA4 V1T,
TAANV12, TA4.v13, TA4v14, TA4.v15, TG4, 16F6.v1, 16F6.v2, 16F6.v3, 16F6.v4,
15G11.N52A, 15G11.T53A or 15G11. W

21.  The antibody of claiml 2, wherein the one or more properties are selected from the
effector function of the antibodyA'c region, the complement activation function of the antibody,

the half-lifc of the antibody agd the affinity of the antibody for TfR.

22.  The antibgdy of claim 21, wherein the one or more properties are selected from the

effector function of the antibody Fc region and the complement activation function of the
antibody, and whegtin the effector function or complement activation function has been reduced or

eliminated relafve to a wild-type antibody of the same isotype.

23 The antibody of claim 22, wherein the effector function is reduced or eliminated by
a method selected from reduction of glycosylation of the antibody, modification of the antibody
isotype to an isotype that naturally has reduced or eliminated effector function, and modification of

the Fc region.
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24.  The antibody of claim 23, wherein the glycosylation of the antibody is reduced b a
method selected from: production of the antibody in an environment that does not permit wid-type
glycosylation; removal of carbohydrate groups already present on the antibody; and modification

of the antibody such that wild-type glycosylation does not occur.

25.  The antibody of claim 24, wherein the antibody is produced in a ngh-mammalian

cell production system, or where the antibody is produced synthetically.

26.  The antibody of claim 24, wherein the Fc region of the antibody comprises a
mutation at position 297 such that the wild-type asparagine residue at ghat position is replaced with

another amino acid that interferes with glycosylation at that positiof.

27.  The antibody of claim 23, wherein the effector function is reduced or eliminated by

at least one modification of the Fc region.

28.  The antibody of claim 27, wherein the gffector function or complement activation
function is reduced or eliminated by deletion of all 8r a portion of the Fc region, or by engineering
the antibody such that it does not include an Fc pégion or non-Fc region competent for effector

function or complement activation function.

29.  The antibody of claim 27¢wherein the modification is selected from: a point
mutation of the Fc region to impair bihding to one or more Fc receptors selected from the
following positions: 234, 235, 238, 239, 248, 249, 252, 254, 265, 268, 269, 270, 272, 278, 289,
292,293, 294, 295, 296, 297, 298, 301, 303, 322, 324, 327, 329, 333, 335, 338, 340, 373, 376,
382,388, 389,414, 416, 419, 434, 435, 437, 438, and 439; a point mutation of the F¢ region to
impair binding to Clq s¢ teted from the following positions: 270, 322, 329, and 321; eliminating

some or all of the Fc yégion, and a point mutation at position 132 of the CH1 domain.

30.  THe antibody of claim 29, wherein the modification is at least one point mutation of

the Fc region #0 impair binding to one or more Fc receptors selected from 234, 235, 2635, 297 and
329.

31.  The antibody of claim 30, wherein the modification is at positions 297 or 265 and
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32.  The antibody of claim 30, wherein the modification is at positions 234, 235 and
329.

33.  The antibody of claim 31, wherein the modification is N297G; D265A apd N297A
or D265A and N297G.

34. The antibody of claim 31, wherein the modification is L234A, L235A, and P329G.

35.  The antibody of claim 21 or 22, wherein the one or more properties is the half-life

of the antibody.

36.  The antibody of claim 35 wherein the half-life is ingreased by a modification in the
FcRn binding domain of the antibody at a position selected fromy’ 252, 254, 256, 434 and 436.

37.  The antibody of claim 36, wherein the modification is at positions 252, 254 and
256.

38. The antibody of claim 36, wherein the modification is at positions 434 and 436.
39, The antibody of claim 37, whergin the modification is M252Y, S254T and T256E.
40.  The antibody of claim 38, #herein the modification is N434A and Y4361

41.  The antibody of clainy2, wherein the antibody is combined with a further
compound that mitigates or contrjbutes to the reduction of impact on reticulocyte levels or acute

clinical symptoms

42.  The antibody of claim 41, wherein the further compound protects reticulocytes from
antibody-related depleffon or supports the growth, development, or reestablishment of

reticulocytes.

43, he antibody of claim 42, wherein the further compound is selected from
erythropoiein (EPO), an iron supplement, vitamin C, folic acid, and vitamin B12, or is red blood

cells or géticulocytes.
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44, The antibody of claim 21, wherein the affinity of the antibody for TfR is decreaged,

as measured relative to a wild-type antibody of the same isotype not having lowered affini
TR,

45.  The antibody of claim 1 or 2, wherein the antibody has a KD or IC50/for TfR of
about 1 pM to about 100 pM.

46.  The antibody of claim 1 or 2, wherein the antibody is coupled to a therapeutic

compound.

47.  The antibody of claim 46, wherein the antibody is a pfultispecific antibody and the

therapeutic compound optionally forms one portion of the multiggecific antibody.

48.  The antibody of claim 47, wherein the multigpecific antibody comprises a first
antigen binding site which binds TfR and a second antigen binding site which binds a brain

antigen.

49, The antibody of claim 48, whereiny/the brain antigen is selected from the group
consisting of: beta-secretase 1 (BACE1), Abetd, epidermal growth factor receptor (EGFR), human
epidermal growth factor receptor 2 (HER2)/tau, apolipoprotein E (ApoE), alpha-synuclein, CD20,
huntingtin, prion protein (PrP), leucine yfch repeat kinase 2 (LRRK2), parkin, presenilin 1,
presenilin 2, gamma secretase, death feceptor 6 (DR6), amyloid precursor protein (APP), p75

neurotrophin receptor (p75SNTR), And caspase 6.

50.  The antibody ¢f claim 49, wherein the multispecific antibody binds both TfR and
BACEIL.

51.  The apfibody of claim 49, wherein the multispecific antibody binds both TfR and
Abeta.

52. /The antibody of claim 46, wherein the therapeutic compound is a neurological

disorder dipg.
53.  Anisolated nucleic acid encoding the antibody of any of claims 1 to 52.

54 A host cell comprising the nucleic acid of claim 53.

134




10

15

20

55. A method of producing an antibody comprising culturing the host cell of claim 5
so that the antibody is produced and optionally further comprising recovering the antibody figm

the host cell.

56. A pharmaceutical formulation comprising the antibody of any of claim$ 1-55 and a

pharmaceutically acceptable carrier.
57. The antibody of any of claims 1-52 for use as a medicament.
58. The antibody of claim 1 for use in the treatment of a neurglogical disorder.

59.  The antibody of claim 58, wherein the neurological disorder is selected from the
group consisting of a neuropathy disorder, a neurodegenerative di§ease, cancer, an ocular disease
disorder, a seizure disorder, a lysosomal storage disease, amylgidosis, a viral or microbial disease,

ischemia, a behavioral disorder, and CNS inflammation.

60. The antibody of any of claims 1-52 for Mse in transporting one or more compounds

across the BBB.

61.  Use of the antibody of claim 1 i the manufacture of a medicament for the

treatment of a neurological disorder.

62.  The use of claim 61, whérein the neurological disorder is selected from the group

consisting of a neuropathy disorder, 4 neurodegenerative disease, cancer, an ocular disease
disorder, a seizure disorder, a lysgsomal storage disease, amyloidosis, a viral or microbial disease,

ischemia, a behavioral disordef, and CNS inflammation.

63. Use of theAntibody of claim 1 in the manufacture of a medicament for transporting

one or more compoungds across the BBB.

64.  Usé of an antibody of claim 46 in the manufacture of a medicament for transporting
a compound agfoss the BBB in a subject, wherein the antibody is exposed to the BBB such that

the antibody transports the compound coupled thereto across the BBB.
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65.  Use of an antibody of claim 46 in the manufacture of a medicament for increasi

exposure of the CNS of a subject to a compound, wherein the antibody is exposed to the B

such that the antibody transports the compound coupled thereto across the BBB.

66.  Use of an antibody of claim 46 in the manufacture of a medicament fof increasing
retention in the CNS of a compound administered to a subject, wherein the antibody is exposed to

the BBB such that the retention in the CNS of the compound is increased.

67.  Use of an antibody of claim 46 in the manufacture of a medicament for treating a

neurological disorder in a mammal.

68.  The use of claim 67, wherein the neurological disopfer is selected from the group

consisting of a neuropathy disorder, a neurodegenerative diseagé, cancer, an ocular disease

disorder, a seizure disorder, a lysosomal storage disease, amyfloidosis, a viral or microbial disease,

ischemia, a behavioral disorder, and CNS inflammation.

69.  The use of any of claims 64-68, wheréin the BBB or neurological disorderisina

human subject.

70. The use of claim 69, wherein the dose amount and/or frequency of administration is
modulated to reduce the concentration of gatibody to which the red blood cells are exposed.

71. The use of claim 69,
depletion of red blood cells.

her comprising the step of monitoring the subject for

72.  The use of claim/09, wherein the antibody coupled to the compound is
administered at a therapeutic dose.

73.  The use oflaim 72, wherein the therapeutic dose is TfR-saturating.

74.  Theugé of claim 69, wherein administration of the antibody is at a dose and/or dose
frequency calibrat c{ to minimize acute clinical symptoms of the antibody administration.
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WHAT IS CLAIMED IS:

1. An isolated antibody that binds to human transferrin receptor (TfR) and non-human
primate TR, wherein the antibody does not inhibit the binding of transferrin to TfR, wherein the
antibody comprises HVR-HI1, HVR-H2, and HVR-H3, respectively comprising the amino acid
sequences of SEQ 1D NOs: 53, 156 and 55; and comprises HVR-L1, HVR-L2, and HVR-L3,
respectively comprising the amino acid sequences of SEQ ID NOs: 50, 51 and 52.

2. An isolated antibody that binds to human TfR and non-human primate TfR,
wherein the antibody does not inhibit the binding of transferrin to TR, and wherein one or more
properties of the antibody have been modified to reduce or eliminate the impact of the antibody on
reticulocytes and/or reduce the severity or presence of acute clinical symptoms in a subject or
mammal treated with the antibody, wherein the antibody comprises HVR-H1, HVR-H2, and
HVR-H3, respectively comprising the amino acid sequences of SEQ ID NOs: 53, 156 and 55; and
comprises HVR-L1, HVR-L.2, and HVR-L3, respectively comprising the amino acid sequences of
SEQ ID NOs: 50, 51 and 52.

3. The antibody of claim 1 or 2, which is a monoclonal antibody.

4, The antibody of claim 1 or 2, which is a human, humanized, or chimeric antibody.

5. The antibody of claim 1 or 2, which is an antibody fragment that binds human TfR
and primate TiR.

6. The antibody of claim 1 or 2, comprising (a) a VH sequence having at least 95%

sequence identity to the amino acid sequence of SEQ ID NO: 153; (b) a VL sequence having at
least 95% sequence identity to the amino acid sequence of SEQ ID NO: 105 or (c) a VH sequence

as in (2) and a VL sequence as in (b).
7. The antibody of claim 6, comprising a VH sequence of SEQ ID NO: 153.
8. The antibody of claim 6, comprising a VL sequence of SEQ ID NO: 105.

9. An antibody comprising a VH sequence of SEQ ID NO: 153 and a VL sequence of
SEQ ID NO: 105.
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10.  Anisolated antibody that binds to the same epitope on TR as the antibody of claim

11. The antibody of claim 2, wherein the one or more properties are selected from the
effector function of the antibody Fc region, the complement activation function of the antibody,

the half-life of the antibody and the affinity of the antibody for T{R.

12, The antibody of claim 11, wherein the one or more properties are selected from the
effector function of the antibody Fc region and the complement activation function of the
antibody, and wherein the effector function or complement activation function has been reduced or

eliminated relative to a wild-type antibody of the same isotype.

13.  The antibody of claim 12, wherein the effector function is reduced or eliminated by
a method selected from reduction of glycosylation of the antibody, modification of the antibody
isotype to an isotype that naturally has reduced or eliminated effector function, and modification

of the Fc region.

14.  The antibody of claim 13, wherein the glycosylation of the antibody is reduced by a
method selected from: production of the antibody in an environment that does not permit wild-
type glycosylation; removal of carbohydrate groups already present on the antibody; and

modification of the antibody such that wild-type glycosylation does not occur.

15.  The antibody of claim 14, wherein the antibody is produced in a non-mammalian

cell production system, or where the antibody is produced synthetically.

16.  The antibody of claim 14, wherein the Fc region of the antibody comprises a
mutation at position 297 such that the wild-type asparagine residue at that position is replaced with

another amino acid that interferes with glycosylation at that position.

17.  The antibody of claim 13, wherein the effector function is reduced or eliminated by

at least one modification of the Fc region.

18.  The antibody of claim 17, wherein the effector function or complement activation

function is reduced or eliminated by deletion of all or a portion of the Fc region, or by engineering
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the antibody such that it does not include an Fc region or non-Fc region competent for effector

function or complement activation function.

19.  The antibody of claim 17, wherein the modification is selected from: a point
mutation of the Fc region to impair binding to one or more Fc receptors selected from the
following positions: 234, 235, 238, 239, 248, 249, 252, 254, 265, 268, 269, 270, 272, 278, 289,
292,293, 294, 295, 296, 297, 298, 301, 303, 322, 324, 327, 329, 333, 335, 338, 340, 373, 376,
382, 388, 389, 414, 416, 419, 434, 435, 437, 438, and 439; a point mutation of the Fc region to
impair binding to Clq selected from the following positions: 270, 322, 329, and 321; eliminating

some or all of the Fc region, and a point mutation at position 132 of the CH1 domain.

20.  The antibody of claim 19, wherein the modification is at least one point mutation of
the Fc region to impair binding to one or more Fc receptors selected from 234, 235, 265, 297 and
329.

21.  The antibody of claim 20, wherein the modification is at positions 297 or 265 and
297.

22. The antibody of claim 20, wherein the modification is at positions 234, 235 and
329,

23, The antibody of claim 21, wherein the modification is N297G; D265A and N297A
or D265A and N297G.

24, The antibody of claim 21, wherein the modification is 1L.234A, 1.235A, and P329G.

25.  The antibody of claim 11 or 12, wherein the one or more properties is the half-life

of the antibody.

26.  The antibody of claim 25 wherein the half-life is increased by a modification in the

FcRn binding domain of the antibody at a position selected from: 252, 254, 256, 434 and 436.

27. The antibody of claim 26, wherein the modification is at positions 252, 254 and
256.

28.  The antibody of claim 26, wherein the modification is at positions 434 and 436.
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29.  The antibody of claim 27, wherein the modification is M252Y, S254T and T256E.
30.  The antibody of claim 28, wherein the modification is N434A and Y4361.

31.  The antibody of claim 2, wherein the antibody is combined with a further
compound that mitigates or contributes to the reduction of impact on reticulocyte levels or acute

clinical symptoms

32.  The antibody of claim 31, wherein the further compound protects reticulocytes
from antibody-related depletion or supports the growth, development, or reestablishment of

reticulocytes.

33.  The antibody of claim 32, wherein the further compound is selected from
erythropoietin (EPO), an iron supplement, vitamin C, folic acid, and vitamin B12, or is red blood

cells or reticulocytes.

34.  The antibody of claim 11, wherein the affinity of the antibody for TR is decreased,
as measured relative to a wild-type antibody of the same isotype not having lowered affinity for
TiR.

35.  The antibody of claim 1 or 2, wherein the antibody has a KD or IC50 for TfR of
about 1 pM to about 100 pM.

36.  The antibody of claim 1 or 2, wherein the antibody is coupled to a therapeutic

compound.

37.  The antibody of claim 36, wherein the antibody is a multispecific antibody and the

therapeutic compound optionally forms one portion of the multispecific antibody.

38. The antibody of claim 37, wherein the multispecific antibody comprises a first
antigen binding site which binds TR and a second antigen binding site which binds a brain

antigen.

39. The antibody of claim 38, wherein the brain antigen is selected from the group
consisting of: beta-secretase 1 (BACE1), Abeta, epidermal growth factor receptor (EGFR), human
epidermal growth factor receptor 2 (HER?2), tau, apolipoprotein E (ApoE), alpha-synuclein, CD20,
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huntingtin, prion protein (PrP), leucine rich repeat kinase 2 (LRRK2), parkin, presenilin 1,
presenilin 2, gamma secretase, death receptor 6 (DR6), amyloid precursor protein (APP), p75

neurotrophin receptor (p75NTR), and caspase 6.

40.  The antibody of claim 39, wherein the multispecific antibody binds both TfR and
BACEL.

41.  The antibody of claim 39, wherein the multispecific antibody binds both TfR and
Abeta.

42.  The antibody of claim 36, wherein the therapeutic compound is a neurological

disorder drug.
43.  Anisolated nucleic acid encoding the antibody of any of claims 1 to 42.
44. A host cell comprising the nucleic acid of claim 43.

45. A method of producing an antibody comprising culturing the host cell of claim 44
so that the antibody is produced and optionally further comprising recovering the antibody from
the host cell.

46. A pharmaceutical formulation comprising the antibody of any of claims 1-42 and a

pharmaceutically acceptable carrier.
47.  The antibody of any of claims 1-42 for use as a medicament.
48.  The antibody of claim 1 for use in the treatment of a neurological disorder,

49.  The antibody of claim 48, wherein the neurological disorder is selected from the
group consisting of a neuropathy disorder, a neurodegenerative disease, cancer, an ocular disease
disorder, a seizure disorder, a lysosomal storage disease, amyloidosis, a viral or microbial disease,

ischemia, a behavioral disorder, and CNS inflammation.

50.  The antibody of any of claims 1-42 for use in transporting one or more compounds
across the BBB.
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51.  Use of the antibody of claim 1 in the manufacture of a medicament for the

treatment of a neurological disorder.

52.  The use of claim 51, wherein the neurological disorder is selected from the group
consisting of a neuropathy disorder, a neurodegenerative disease, cancer, an ocular disease
disorder, a seizure disorder, a lysosomal storage disease, amyloidosis, a viral or microbial disease,

ischemia, a behavioral disorder, and CNS inflammation.

53.  The antibody of claim 36 for use in transporting a compound across the BBBina
subject, wherein when the antibody is exposed to the BBB, the antibody transports the compound

coupled thereto across the BBB.

54.  The antibody of claim 36 for use in increasing exposure of the CNS of a subject to
a compound, wherein when the antibody is exposed to the BBB, the antibody transports the

compound coupled thereto across the BBB.

55.  The antibody of claim 36 for use in increasing retention in the CNS of a compound
administered to a subject, wherein when the antibody is exposed to the BBB, the retention in the

CNS of the compound is increased.

56. Use of an antibody of claim 36 in the manufacture of a medicament for treating a

neurological disorder in a mammal.

57.  The use of claim 56, wherein the neurological disorder is selected from the group
consisting of a neuropathy disorder, a neurodegenerative disease, cancer, an ocular disease
disorder, a seizure disorder, a lysosomal storage disease, amyloidosis, a viral or microbial disease,

ischemia, a behavioral disorder, and CNS inflammation.

58.  The antibody or use of any of claims 53-57, wherein the BBB or neurological

disorder is in a human subject.

59. The antibody or use of claim 58, wherein the dose amount and/or frequency of
administration is modulated to reduce the concentration of antibody to which the red blood cells
are exposed.

60.  The antibody or use of claim 58, further comprising the step of monitoring the
subject for depletion of red blood cells.
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61.  The antibody or use of claim 58, wherein the antibody coupled to the compound is
administered at a therapeutic dose.

62.  The antibody or use of claim 61, wherein the therapeutic dose is TfR-saturating.

63.  The antibody or use of claim 58, wherein administration of the antibody is at a dose
and/or dose frequency calibrated to minimize acute clinical symptoms of the antibody
administration.
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