
BBB-R or anti-BBB-R/compound for the BBB-R is measured using BIACORE analysis. In 

another embodiment, the dissociation half-life of the anti-BBB-R or anti-BBB-R/compound for the BBB-R 

is measured using a competition binding assay, such as a competition ELISA. 

In another embodiment, the antibody is selected from a panel of antibodies based upon the affinity of 
5 the selected antibody. In another embodiment, the antibody is engineered to have the desired affinity. In 

one such embodiment, the antibody is generated using any art-known protein engineering methodology 
including, but not limited to, phage display, yeast display, random 
mutagenesis, and site-directed mutagenesis. 

In another embodiment, a compound is covalently coupled to the antibody. In one such embodiment, 
10 the compound is joined to the antibody by a linker. In one such embodiment, the linker is cleavable. In 

another such embodiment, the linker is not cleavable. In another such embodiment, the compound is directly 
linked to the antibody. In one such embodiment, the antibody is a 
multispecific antibody and the compound forms one portion of the multispecific antibody. In 
another such embodiment, the multispecific antibody comprises a first antigen binding site which binds the 

15 BBB-R and a second antigen binding site which binds a brain antigen. In another 
such embodiment, 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 (HER2), Tau, 
apolipoprotein E4 (ApoE4), alpha-synuclein, CD20, huntingtin, prion protein (PrP), leucine rich repeat 
kinase 2 (LRRK2), parkin, presenilin 1, presenilin 2, gamma secretase, death receptor 6 (DR6), amyloid 

20 precursor protein (APP), p75 neurotrophin receptor (p75NTR)> interleukin 6 receptor (IL6R), TNF receptor 
1 (TNFR1), interleukin 1 beta (TL1 p), 
and caspase 6. In another such embodiment, the multispecific antibody binds both TfR and BACE1. In 
another such embodiment, the multispecific antibody binds both TfR and Abeta. In another such 
embodiment, the multispecific antibody is labeled. In another embodiment, the compound is reversibly 

25 coupled to the antibody such that the compound is released from the antibody concurrent with 
or after BBB transport. 

It will be appreciated that any of the foregoing aspects may be applied singly or in 
combination with the foregoing embodiment. 

In one aspect, there is provided use of an antibody that binds with low affinity to a TfR 
30 li-H-paeH^-W-eed-eel-Hevels-for the manufacture of a medicament for treating a neurological disorder, 

or more properties of the antibody have been modified to reduce the impact of the antibody on 
reticulocyte levels and/or reduce the severity or presence of acute clinical symptoms in a subject such that 
reduction of red blood cell, levels in the subject upon antibody administration is decreased or eliminated. 
In one aspect, there is provided use of the antibody as described herein for the manufacture of a medicament 

35 for treating a neurological disorder. 
In another embodiment, the disclosure provides the use of an antibody that binds with low affinity to 

a BBB-R and that does not reduce red blood cell levels for the manufacture of a medicament for treating a 
neurological disorder. Any of the foregoing described low-affinity 
anti-BBB-R antibodies or any of the low-affinity anti-BBB-R antibodies described elsewhere 

40 herein may be used in the method. 
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Ill one aspect, there is provided an antibody that binds with low affinity to a TfR aftd-wkieh-dees-i* 
•iffipsei-f:0d-feieed~eell-4eveis-for use in treating a neurological disorder, wherein one or more 
properties of the antibody have been modified to reduce the impact of the antibody on reticulocyte 
levels and/or reduce the severity or presence of acute clinical symptoms in a subject such that 
reduction of red blood cell levels in the subject upon antibody administration is decreased or 

In one aspect, there is provided an antibody as described herein for use in treating a neurological 
disorder. 

In another embodiment, the disclosure provides an antibody that binds with low affinity 
10 to a BBB-R and that does not reduce red blood cell levels for use in treating a neurological 

disorder. Any of the foregoing described low-affinity anti-BBB-R antibodies or any of the 
low-affinity anti-BBB-R antibodies described elsewhere herein may be used in the method. 

In another embodiment, the disclosure provides a method of transporting a therapeutic compound, 
such as a neurological disorder drug, across the blood-brain barrier comprising 

15 exposing the anti-BBB-R antibody coupled with a neurological disorder drug to the blood-
brain barrier such that the antibody transports the neurological disorder drug coupled thereto 
across the blood-brain barrier, wherein the antibody does not reduce red blood cell levels. 

The disclosure additionally provides a method of treating a neurological disorder in a mammal 
comprising treating the mammal with a multispecific antibody that binds both a 

20 blood-brain barrier receptor (BBB-R) and a brain antigen, wherein the anti-BBB-R antibody 
has been selected to have a low affinity for the BBB-R and thereby improves brain uptake of 
the anti-brain antigen antibody, and wherein administration of the antibody does not decrease 
red blood cell levels. 

The disclosure additionally provides a method of treating a disease or disorder associated 
25 with or caused by elevated red blood cell levels in a subject comprising 

administering an anti-TfR antibody comprising at least partial effector function to the subject. 
In one embodiment, the administering step is at a dose and/or dose frequency calibrated to minimize acute 
clinical symptoms of the antibody administration. 

It will be understood that any of the foregoing methods and compositions of the 
disclosure may be combined with one another and/or with the further aspects and embodiments of the disclosure 

described in the specification herein. 

BRIEF DESCRIPTION OF THE FIGURES 

Figures 1A-1.E depict the results of experiments assessing the affinities of anti-
transferrin receptor ("TfR'') and anti-TfR/beta-secretase ("BACE1") variants for TfR, as well 

35 as concentrations of the antibody and A(3I_40 after administration in mice, as described in 
Example 1. The competitive ELISA assay results in Figure 1A show that anti-TfR/BACEl 
variants and anti-TfR variants have distinct affinities for TfR. Figures IB and ID show, 
respectively, mean serum and brain antibody concentrations in wild-type mice after a single 50 
mg/kg intravenous injection of control IgG, anti-BACEl, or an anti-TfR/BACEl variant (n= 6 

40 per group). Figures 1C and IE show, respectively, plasma and brain concentrations of Af3i_40 
in these same treated mice, as a marker of the activity of the injected antibody. 
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WHAT IS CLAIMED IS: 
1. Use of an antibody which binds to a transferrin receptor (TfR) in the manufacture of a 

medicament for transporting a compound across the blood-brain barrier, wherein the 
antibody is coupled to the compound, and wherein the antibody binds TfR with, low 
affinity and wherein one or more properties of the antibody have been modified to reduce 
the impact of the antibody on reticulocyte levels and/or reduce the severity or presence of 
acute clinical symptoms in a subject such that reduction of red blood cell levels in the 
subject upon antibody administration is decreased or eliminated. 

2. The use of claim 1, wherein the compound is a neurological disorder drug or an imaging 
agent. 

~T3. The use of claim 4-2, for treating a neurological disorder in the subject, wherein the 
compound is a neurological disorder drug.-r 

^•.4. The use of any one of the preceding claims-l-ef-isteiTfi 2, 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. 

4- 5, The use of claim 3-4, 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. 

&?6. The use of claim 45, 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. 

£T7. The use of claim #6, wherein the antibody is produced in a non-mammalian cell 
production system, or where the antibody is produced synthetically. 

-7r8. The use of any one of the preceding claims, wherein the Fc region of the antibody 
comprises a mutation at position 2.97 such that the wild-type asparagine residue at that 
position is replaced with another amino acid that interferes with glycosylation at that 
position. 
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&T9. The use of claim 45, 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 the 

antibody such that it does not include an Fc region or non-Fc region competent for effector 

function or complement activation function, or 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: 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, 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 

CHI domain 

9-. 10. The use of any one of the preceding claims, wherein the antibody coupled to the 

compound is to be administered with a further compound selected from erythropoietin 

(EPO), an iron supplement, vitamin C, folic acid, and vitamin B 12, or wherein the further 

compound is red blood cells or reticulocytes from the same or another subject. 

11. The use of any one of the preceding claims, wherein the subject is monitored for 

depletion of red blood cells. 

disefder dmg-e?-afr4fflagffig-6ge^ 

12. The use of any one of the preceding claims, wherein the antibody does not impair the 

binding of the TfR to transferrin. 

13. The use of any one of the preceding claims, wherein the antibody has an IC50 for the TfR 

from about 1 nM. to about 100 j.iM, or from about 5 nM to about 100 {iM, or from about 50 

nM to about 100 (iM, or from about 100 nM to about 100 \xM. 

14. The use of any one of the preceding claims, wherein the antibody has an affinity for the 

TfR from about 5 nM to about 50 fiM. 

112 



15. The use of any one of the preceding claims, wherein the antibody coupled to the 

compound has an affinity for the TfR from about 30 nM to about 30 jiM, or from about 30 

nM to about 1 JIM. 

16. The use of any one of the preceding claims, wherein the antibody coupled to the 

compound has a dissociation half-life for the TfR. from about 30 seconds to about 5 

minutes, or from about 30 seconds to about 2 minutes. 

17. The use of any one of the preceding claims, wherein the antibody is a multispecific 

antibody and the compound optionally forms one portion of the multispecific antibody. 

18. The use of claim S3, 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 injury. 

19. The use of any one of the preceding claims wherein the subject is human. 

20. The use of claim 17 wherein the multispecific antibody comprises a first antigen binding 

site which binds the TfR and a second antigen binding site which binds a brain antigen. 

21. The use of claim 20, 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 (HER2), tau, apolipoprotein E4 (ApoE4), 

alphasynuclein, CD20, huntingtin, prion protein (PrP), leucine rich repeat kinase 2 

(LRRK2), parkin, presenilin I, presenilin 2, gamma secretase, death receptor 6 (DR6), 

amyloid precursor protein (APP), p75 neurotrophin receptor (p75NTR), and caspase 6. 

22. The use of claim 20, wherein the multispecific antibody binds both TfR and BACE1, or 

wherein the multispecific antibody binds both TfR and Abeta. 

23. A method of making an antibody useful for transporting a compound across the BBB with 

improved safety comprising selecting an antibody specific for a transferrin receptor (TfR) 
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53. The antibody of any one of claims 39 to 52, wherein the antibody does not inhibit the 

binding of TfR to transferrin. 

54. Use of an antibody that binds with low affinity to a TfR md tlmt does not impact red blood 

cell levels-for the manufacture of a medicament for treating a neurological disorder* 

wherein one or more properties of the antibody have been modified to reduce the impact 

of the antibody on reticulocyte ievels and/or reduce the severity or presence of acute 

cl inical symptoms in a subiect such that reduction of red blood cell levels in the subject 

upon antibody administration, is decreased or eliminated. 

55. Use of the antibody of any one of claims 39 to 53 for the manufacture of a medicament for 

treating a neurological disorder. 

56. An antibody that binds with low affinity to a TfR and whioh dooo not impact rod blood cell 

fe-vefc-for use in treating a neurological disorder, wherein one or more properties of the 

antibody have been modified to reduce the impact of the antibody on reticulocyte levels 

and/or reduce the severity or pre series of acute clinical syn iDtoms in a subiect such that 

reduction of red blood cell level s in the subiect upon antih odv administration is decreased 

or eliminated. 

57. An antibody of any one of claims 39 to 53 for use in treating a neurological disorder. 
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