
blood-brain barrier (BBB). Past studies have shown that a very small percentage (approximately 

0.1%) of an IgG circulating in the bloodstream crosses through the BBB into the CNS 

(Felgenhauer, KIM. Wschr. 52: 1158-1164 (1974)), where the CNS concentration of the antibody 

may be insufficient to permit a robust effect. 	It was previously found that the percentage of the 

antibody that distributes into the CNS could be improved by exploiting BBB receptors (ie, 

transferrin receptor, insulin receptorand the like) (see, e.g., W09502421). 	For example, the anti- 

BBB receptor antibody can be made multispecific to target one or more desired antigens in the 

CNS, or one or more heterologous molecules can be coupled to the anti-BBB receptor antibody; in 

either case, the anti-BBB receptor antibody can assist in delivering a therapeutic molecule into the 

CNS across the BBB. 

However, targeting a BBB receptor with a traditional specific high-affinity antibody 

generally resulted in limited increase in BBB transport. 	It was later found by Applicants that the 

magnitude of antibody uptake into and distribution in the CNS is inversely related to its binding 

affinity for the BBB receptor amongst the anti-BBB antibodies studied. 	For example, a low- 

affinity antibody to transferrin receptor (TfR) dosed at therapeutic dose levels greatly improves 

BBB transport and CNS retention of the anti-TfR antibody relative to a higher-affinity anti-TfR 

antibody, and makes it possible to more readily attain therapeutic concentrations in the CNS 

(Atwal et al., Sci. Transl. Med. 3, 84ra43 (2011)). 	Proof of such BBB transport was achieved 

using a bispecific antibody that binds both TfR and the amyloid precursor protein (APP) cleavage 

enzyme, 13-secretase (BACE1). A single systemic dose of the bispecific anti-TfRJBACE1 antibody 

engineered using the methodology of the iii-v-Len4i-e-ndisclosure not only resulted in significant 

antibody uptake in brain, but also dramatically reduced levels of brain AB1 _40  compared to 

monospecific anti-BACEI alone, suggesting that BBB penetrance affects the potency of anti- 

BACEI. (Atwal et al., Sci. Transl. Med. 3, 84ra43 (2011); Yu et al., Set Transl. Med. 3, 84ra44 

(2011)). 
Those data and experiments highlighted several causative mechanisms behind increasing 

uptake of an antibody into the CNS using a lower-affinity antibody approach. 	First, high affinity 

anti-BBB receptor (BBB-R) antibodies (e.g., anti-TfRA  from Atwal et al. and Yu et al., supra) 

limit brain uptake by quickly saturating the BBB-R in the brain vasculature, thus reducing the total 

amount of antibody taken up into the brain and also restricting its distribution to the vasculature. 

Strikingly, lowering affinity for the BBB-R improves brain uptake and distribution, with a robust 

shift observed in localization from the vasculature to neurons and associated neuropil distributed 

within the CNS. Second, the lower affinity of the antibody for the BBB-R is proposed to impair 

the ability of the antibody to return to the vascular side of the 
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BBB via the BBB-R from the CNS side of the membrane because the overall affinity of the 

antibody for the BBB-R is low and the local concentration of the antibody on the CNS side of the 

BBB is non-saturating due to the rapid dispersal of the antibody into the CNS compartment. 

Third, in vivo, and as observed for the TfR system, antibodies with less affinity for the BBB-R are 

not cleared from the system as efficiently as those with greater affinity for the BBB-R, and thus 

remain at higher circulating concentrations than their higher-affinity counterparts. 	This is 

advantageous because the circulating antibody levels of the lower-affinity antibody are sustained at 

therapeutic levels for a longer period of time than the higher-affinity antibody, which consequently 

improves uptake of antibody in brain for a longer period of time. Furthermore, this improvement 

in both plasma and brain exposure may reduce the frequency of dosing in the clinic, which would 

have potential benefit not only for patient compliance and convenience but also in lessening any 

potential side effects or off-target effects of the antibody and/or of a therapeutic compound 

coupled thereto. 

The low-affinity BBB-R antibodies described in the above-referenced work were selected 

/engineered to avoid interference with the natural binding between transferrin and the TfR, and 

thus to avoid potential iron transport-related side effects. 	Nonetheless, upon administration of 

certain of these antibodies in mice, some marked side effects were observed. The mice displayed a 

primary response of robust depletion of reticulocyte populations accompanied by rapid onset acute 

clinical symptoms. 	Though the mice recovered from both the acute clinical symptoms and the 

decreased reticulocyte levels in due course, avoiding or otherwise mitigating this impact on 

reticulocytes is clearly desirable for an anti-TfR antibody to be able to be used safely as a 

therapeutic molecule. 	It was found that the primary response to anti-TfR administration (robust 

reticulocyte depletion and acute clinical signs) is driven in large part by the antibody-dependent 

cell-mediated cytotoxicity (ADCC) activity of the antibody, while the residual reticulocyte 

depletion effect is mediated by the complement pathway. 

These prior studies utilized mouse antibodies which bound specifically to mouse TfR, but 

which did not specifically recognize primate or human TfR. Accordingly, the . w ntiendisclosure 

provides antibodies and functional parts thereof which do specifically recognize both primate and 

human TfR, in order to facilitate safety and efficacy studies in primates with the antibodies prior to 

therapeutic or diagnostic use in humans. In vitro studies using a human erythroblast cell line and 

primary bone marrow cells treated with the anti-human TfR antibodies of the in centiondisclosure 

demonstrated 	that a robust depletion of TfR-positive erythroid cells is also observable in 

human/primate cellular systems as it is in mice (see, e.g., Example 4). 
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Accordingly, also provided herein are modifications to the antibodies of the inventiondisclosure to 

greatly reduce or eliminate the unwanted reduction in the TfR-expressing reticulocyte population 

upon anti-TM administration while still enabling the enhanced BBB transport, increased CNS 

distribution and CNS retention provided by the anti-human/primate TM antibodies administered at 

therapeutic concentrations. Several general approaches to mitigate the observed effect of the anti- 

TfR antibodies of the invertioridisclosure on both the primary and residual reticulocyte depletion 

are provided herein, and may be used singly or in combination. 

In one approach, the effector function of the anti-human/cyno TfR antibody is reduced or 

eliminated in order to reduce or eliminate ADCC activity. In another approach, the affinity of the 

anti-human/cyno TM antibody for human or primate TfR is further lessened such that interactions 

of the antibody with the reticulocyte population are less detrimental to that population. 	A third 

approach is directed to reducing the amount of anti-human/cyno TfR antibody that is present in the 

plasma to reduce exposure of the reticulocyte population to potentially detrimental concentrations 

of the antibody. A fourth approach seeks to protect, stabilize and/or replenish reticulocyte 

populations such that any potential depletion of the reticulocyte population in circulation or in 

bone marrow by administration of the anti-human/cyno TfR antibody is avoided, lessened, or 

mitigated. 

Effector function reduction or elimination, as described herein, may be accomplished by: 

(i) reduction or elimination of wild-type mammalian glycosylation of the antibody, (for example, 

by producing the antibody in an environment where such glycosylation cannot occur, by mutating 

one or more carbohydrate attachment points such that the antibody cannot be glycosylated, or by 

chemically or enzymatically removing one or more carbohydrates from the antibody after it has 

been glycosylated); (ii) by reduction or elimination of the Fc receptor-binding capability of the 

anti-human/cyno TfR antibody (for example, by mutation of the Fe region, by deletion within the 

Fc region or elimination of the Fc region); or (iii) by utilization of an antibody isotype known to 

have minimal or no effector function (ie., including but not limited to IgG4). 

Decreasing antibody complement activation, as described herein, may be accomplished by 

reduction or elimination of the C I q binding capability of the anti-human/cyno TM antibody (for 

example, by mutation of, deletion within or elimination of the Fc region, or by modifying the non- 

Fc portion of the anti-human/cyno TM antibody), or by otherwise suppressing activation or 

activity of the complement system (for example, by co-administering one or more complement 

pathway activation or complement pathway activity inhibitors). 
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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; (ii) the affinity 

of the conjugated compound (including as a nonlimiting example, a second or further antigen-

binding specificity in the anti-human/cyno TfR 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/cynoTfR 	antibody; 	(iv) 	the lability 	of the 	anti- 

TM/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 TfR antibody of the invc, 	' 	disclosure wherein at least 

partial effector function of the antibody was preserved would pennit 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/BACE1 and anti-TfR/Abeta are each promising and novel therapeutic candidates 

for the treatment of Alzheimer's disease. Furtheiniore, receptor mediated transport (RMT)-based 

hispecific 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. 

Accordingly, i,. 2 first embodiment, tl es invention proviccaln one aspect, there is provided 

an isolated antibody that binds to human transferrin receptor (TfR) and primate TfR, wherein the 

antibody does not inhibit the binding of transferrin to TfR. In one txpe-e-tembociiment, the binding 

is specific binding. In another aspeet-; embodiment, the antibody further does not inhibit the binding 

of human hemachromatosis protein ("HFE'') to TfR. 	In another aspect. there is provided an 

isolated antibody that binds to human TfR and 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. 

binding is 	binding. In 	 the In one rift 	embodiment, embodiment, the 	specific 	one asocctembodiment, 	antibody 

is a monoclonal antibody. 	In another aspeetembodiment, the antibody is a human antibody. 	In 

another '.' 	- embodiment, the antibody is a humanized antibody. 	In another {-Hp ...oLL-lembodiment, 

the antibody is a 
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chimeric antibody. hi another itepeeiembodiment, the antibody is an antibody fragment that binds 

human TfR and primate TfR. hi another aspeetembodiment, the primate TfR is from cynomolgous 
monkey. 

In one 	, 	a-embodiment, the antibody comprises HVR-L3, HVR-H2, and 

HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 31, 33 and 34. In 
the-abm another aspect of 	e embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR- 

H3 respectively comprising the amino acid sequences of SEQ ID NOs: 36, 38 and 39. In another 
the pct of 	-above-embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 36, 40 and 34. 	In another 
. 

Ise 	bove embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 42, 43 and 44. 	hi another 
- 	-; '-hove 	 the asp 	 embodiment, 	antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 31, 33 and 34. 	In another 
- 	' as-pe 	ic above embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 46, 48 and 49. 	In another 
teepsft-tebe-above-embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 52, 54 and 55. 	In another 

1 	 --embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 52, 58 and 59. 	In another 
embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 62, 63 and 55. 	In another 
asi ect 	 --embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 
respectively comprising the amino acid sequences of SEQ ID NOs: 52, 65 and 55. 	In another 

embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 68, 69 and 70. 	In another 
1 atepeeibe41-thee-abembodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 73, 75 and 76. 	In another 
- aspect of th 	embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 79, 81 and 82. 	In another 
meet of the above-embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 79, 83 and 84. 	In another 
the a&peet of 	above -embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 87, 89 and 90. 	In another 
aspect of-the above-embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 93, 95 and 
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96. In 	 the 	 HVR-L3, HVR-H2, another aspect of4he above .-embodiment, 	antibody comprises 	 and 

HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 99, 101 and 102. In 

the 	 HVR-L3, HVR-H2, and HVR- another aspect otst-howiawesembodiment, 	antibody comprises 

H3 respectively comprising the amino acid sequences of SEQ ID NOs: 127, 33 and 34. In another 

the 	 HVR-L3, HVR-H2, and HVR-H3 aspect of 	sheer-embodiment, 	antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 52, 156 and 55. 	In another 

t 	' 	- 	 the 	 HVR-L3, HVR-H2, 	HVR-H3 aspect of 	embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 52, 157 and 55. 	In another 

the 	 HVR-L3, HVR-H2, and HVR-H3 aspeetos+f-the-ahotie embodiment, 	antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 155,54 and 55 

In one &Tee-tool-I-4 ‘ 	---.e embodiment, the antibody comprises HVR-H1, HVR-H2 and 

HVR-H3, respectively comprising the amino acid sequences of SEQ ID NOs: 32, 33 and 34. In 

tilt:, • 	 the 	 HVR-H1, HVR-H2, and HVR- another aspect of 	embodiment, 	antibody comprises 

H3 respectively comprising the amino acid sequences of SEQ ID NOs: 37, 38 and 39. In another 

the 	 the 	 HVR-H1, HVR-H2, 	HVR-H3 aspect of 	above embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ Ill NOs: 32, 40 and 34. 	In another 

'' ‘ 	 the antibody comprises HVR-H1, HVR-H2, and HVR-H3 aspeei- 	ow-embodiment, 

respectively comprising the amino acid sequences of SEQ ID NOs: 37, 43 and 44. 	In another 

- 	 the 	 HVR-H1, HVR-H2, and HVR-H3 a, pest of 	embodiment, 	antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 32, 33 and 34. 	In another 

the 	 HVR-H1, HVR-H2, and HVR-H3 embodiment, 	antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 47, 48 and 49. 	In another 

the- 	 the 	comprises HVR-H1, HVR-H2, and HVR-H3 aspect of 	,:t 	.z embodiment, 	antibody 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 54 and 55. 	In another 

the 	 HVR-H 1, HVR-H2, and HVR-H3 embodiment, 	antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 58 and 59. 	In another 

1Ite 	 the 	 HVR-H1, HVR-H2, and HVR-H3 aspect of 	above embodiment, 	antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 63 and 55. 	In another 

the 	 HVR-H1, HVR-H2, 	HVR-H3 asabow embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 65 and 55. 	In another 

aspe -, 	' 	- 	- embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 69 and 70. 	In another 

' embodiment, the antibody comprises HVR-H1, HVR-H2, and 
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HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 74, 75 and 76. In 

another aspeet-4-acrt--abrowe-embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR- 

H3 respectively comprising the amino acid sequences of SEQ ID NOs: 80, 81 and 82. In another 

 the 	 HVR-H1, HVR-H2, and HVR-H3 sect---4-hove-embodiment,a 	 antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 80, 83 and 84. 	In another 

the 	 the 	 HVR-H1, HVR-H2, and HVR-H3 awe!, of 	above embodiment, 	antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 88, 89 and 90. 	In another 

the--aiiembodiment, the 	comprises HVR-H1, HVR-H2, and HVR-H3 asyseet of 	 antibody 

respectively comprising the amino acid sequences of SEQ ID NOs: 94, 95 and 96. 	In another 

awe-etc-of 	: a> 	. embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 100, 101 and 102. In another 

' 	 the 	 HVR-H1, HVR-H2, and HVR-H3 alio-ye-embodiment, 	antibody comprises 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 156 and 55. 	In another 

asp-- 	' 	---alcsav-e-embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 157 and 55. 

In one aspeet-of-the--abeivt-embodiment, the antibody comprises HVR-L1, HVR-L2, and 

HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 31. In 

the 	 HVR-L1, HVR-L2, 	HVR-L3 another 	 t-embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 35, 30 and 36. 	In another 

the 	 HVR-L1, HVR-L2, 	HVR-L3 

	

above embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 41, 30 and 42. 	In another 

aces 	 embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 31. 	In another 

the above the 	 HVR-Ll, HVR-L2, 	HVR-L3 aspect of 	-embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 45, 30 and 46. 	In another 

the 	 HVR-L1, HVR-L2, 	HVR-L3 aspect-cache--above embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 50, 51 and 52. 	In another 

ast-i 	 embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 56, 57 and 52. 	In another 

aspee-t--4-the-abeve-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 60, 61 and 62. 	In another 

P-Pse 	 the 	 HVR-L1, HVR-L2, 	HVR-L3 above embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 60, 64 and 52. 	In another 

avpeet-,94-Ithe-iii+aire-embodiment, the antibody comprises HVR-L1, HVR-L2, and 
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HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 66, 67 and 68. In 

the-above the antibody comprises HVR-L1, HVR-L2, and HVR-L3 another aspect: of 	-embodiment, 

respectively comprising the amino acid sequences of SEQ ID NOs: 71, 72 and 73. 	In another 

the antibody comprises HVR-L1, HVR-L2, and HVR-L3 aspect osti--tlw above embodiment, 
respectively comprising the amino acid sequences of SEQ ID NOs:77, 78 and 79. 	In another 

the antibody comprises HVR-Ll, HVR-L2, and HVR-L3 aspeet-eff-the ahoete-embodiment, 

respectively comprising the amino acid sequences of SEQ ID NOs: 85, 86 and 87. 	In another 

es-peat-4 	: we-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 91, 92 and 93. 	In another 

the 	 the antibody comprises HVR-L1, HVR-L2, and HVR-L3 aspect of 	a ew-embodiment, 

respectively comprising the amino acid sequences of SEQ ID NOs: 97, 98 and 99. 	In another 

embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 127. 	In another 

Iab 	-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 50, 51 and 155. 

In one ' :,' ' 	ft 	' 	e embodiment, the antibody comprises HVR-L1, HVR-L2, and 

HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 31 and 

HVR-H1, HVR-H2 and HVR-H3, respectively comprising the amino acid sequences of SEQ ID 

NOs: 32, 33 and 34. In another 	 '-embodiment, the antibody comprises HVR-L1, 

HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 35, 30 

and 36 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid sequences of 

39. In 	 the 	 the 	comprises SEQ ID NOs: 37, 38 and 	another aspect of 	abeee-embodiment, 	antibody 

HVR-Ll, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 35, 30 and 36 and HVR-Hl, HVR-H2, and HVR-H3 respectively comprising the amino acid 

NOs: 32, 40 	34. In 	 dee-abeembodiment, the sequences of SEQ ID 	 and 	another aspect of 

antibody comprises HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid 

sequences of SEQ ID NOs: 41, 30 and 42 and HVR-Hl, HVR-H2, and HVR-H3 respectively 

43 	44 	In comprising the amino acid sequences of SEQ ID NOs: 37, 	and 	another asp ict of-Else 

the 	comprises HVR-L1, HVR-L2, and HVR-L3 respectively above embodiment, 	antibody 

comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 31 and HVR-H1, HVR-H2, and 

HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 32, 33 and 34. In 

another ripe ' 	' 	' ' 	' embodiment, the antibody comprises HVR-Ll, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 45, 30 and 46 and HVR-H1, 

HVR-H2, and HVR-H3 respectively comprising the amino 
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SEQ ID NOs: 47, 48 	49. In 	 '4414e-abeve-embodiment, the antibody acid sequences of 	 and 	another trsNct o 

comprises HVR-L1, HVR-L2, and FIVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 50, 51 and 52 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid 

53, 54 	55. 	In 	 the sequences of SEQ ID NOs: 	and 	another aspect of the above embodiment, 	antibody 

comprises HVR-L1, IIVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 56, 57 and 52 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid 

58 	59. 	In 	 the 	 the sequences of SEQ ID NOs: 53, 	and 	another aspect of 	embodiment, 	antibody 

comprises HVR-L1, HVR-L2, and EIVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 60, 61 and 62 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid 

sequences of SEQ ID NOs: 53, 63 and 55. 	In another aspee4,- 	-embodiment, the antibody 

comprises IIVR-LI, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 60, 64 and 52 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid 

ID NOs: 53, 65 	55. 	In 	 the 	bodiment, the antibody sequences of SEQ 	 and 	another aspect of 

comprises IIVR-L1, HVR-L2, and FIVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 66, 67 and 68 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid 

sequences of SEQ ID NOs: 53, 69 and 70. 	In another pa 	 mbodiment, the antibody 

comprises HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 71, 72 and 73 and HVR-H1, IIVR-H2, and HVR-H3 respectively comprising the amino acid 

NOs: 74, 75 	76. 	In 	 the 	 the sequences of SEQ ID 	 and 	another aspect of 	above-embodiment, 	antibody 

SEQ ID comprises HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of 

NOs:77, 78 and 79 and HVR-H1, IIVR-H2, and HVR-H3 respectively comprising the amino acid 

sequences of SEQ ID NOs: 80, 81 and 82. 	In another • r 	' ' - 	eve-embodiment, the antibody 

SEQ ID comprises HVR-L1, HVR-L2 and HVR-L3 respectively comprising the amino acid sequences of 

NOs: 77, 78 and 79, and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid 

sequences of SEQ ID NOs: 80, 83 and 84. 	In another 	 4-embodiment, the antibody 

comprises HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 85, 86 and 87 and HVR-H1, FIVR-H2, and HVR-H3 respectively comprising the amino acid 

ID NOs: 88, 89 	90. 	In 	 the move--embodiment, the antibody sequences of SEQ 	 and 	another sapect of 

comprises HVR-LI, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 91, 92 and 93 and HVR-H1, EIVR-H2, and HVR-H3 respectively comprising the amino acid 

ID NOs: 94, 95 	96. In 	 fthc-abeiye-embodiment, the sequences of SEQ 	 and 	another aspect 	 antibody 
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comprises HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of 

SEQ ID NOs: 97, 98 and 99 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the 
amino acid sequences of SEQ ID NOs: 100, 101 and 102. 	In another n., 	- 	' 	' 	)-ve 
embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 respectively comprising the 

amino acid sequences of SEQ ID NOs: 29, 30 and 127 and HVR-H1, HVR-H2 and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 32, 33 and 34. 	hi another 
he -tom-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 50, 51 and 52 and HVR-H1, 

HVR-H2 and HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 53, 156 
and 55. In 	 HVR-Ll, another aspect of:the-above embodiment, the antibody comprises 	HVR-L2, 
and HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 50, 51 and 52 

and HVR-H1, HVR-H2 and HVR-H3 respectively comprising the amino acid sequences of SEQ 
ID NOs: 53, 157 	55. 	In 	 - ' 	- and 	another aspect att,th 	embodiment, the antibody comprises 
HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 50, 51 and 155 and HVR-H1, HVR-H2 and HVR-H3 respectively comprising the amino acid 
sequences of SEQ ID NOs: 53, 54 and 55. 

In one aspect cttht 	embodiment, the antibody comprises at least one HVR-H1, 

HVR-H2, HVR-H3, HVR-L1, HVR-L2, or HVR-L3 sequence selected from the group of 

sequences consisting of an HVR-Hl sequence of SEQ ID NO: 47, 53, or 100; an HVR-H2 

sequence of SEQ ID NO: 48, 69, 101, 156 or 157;an HVR-H3 sequence of SEQ ID NO: 49, 76, or 

102; an HVR-L1 sequence of SEQ ID NO: 45, 66 or 97; an HVR-L2 sequence of SEQ ID NOs: 

30, 67 or 98; and an HVR-L3 sequence of SEQ ID NOs: 46, 68 or 102. 

In one aspect of Fhb-above-embodiment, the antibody comprises (a) a VH sequence having 

at least 95% sequence 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 the amino acid sequence of SEQ ID NO:4, 5, 6, 11, 12, 13, 14, 19, 21, 22, 23, 

24, 105, 111, 117, 123 or 151; or (c) a VH sequence as in (a) and a VL sequence as in (b). In one 

such aspeetembodiment, the antibody comprises a VL sequence of SEQ ID NO: 4 and a VH 

sequence of SEQ ID NO: 7. 	In another such aspec4embodiment. the antibody comprises a VL 

sequence of SEQ ID NO: 5 and a VH sequence of SEQ ID NO: 8. 	In another such 

VL aspethembodiment, the antibody comprises a 	sequence of SEQ ID NO: 5 and a VH sequence 

of SEQ ID NO: 9. In another such asps-tembodiment, the antibody comprises a VL sequence of 

SEQ ID NO: 6 and a VH sequence of SEQ ID NO: 10. In another such aspeetembodiment, the 

antibody comprises a VL sequence of SEQ ID NO: 11 and a VH sequence of SEQ ID NO: 15. In 

another such a p 	tembodiment, the antibody comprises 
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a VL sequence of SEQ ID NO: 12 and a VH sequence of SEQ ID NO: 16. 	In another such 

asi eetembodiment, the antibody comprises a VL sequence of SEQ ID NO: 13 and a VH sequence 

of SEQ ID NO: 17. In another such aspee4embodiment, the antibody comprises a VL sequence of 

SEQ ID NO: 14 and a VH sequence of SEQ ID NO: 18. In another such aspe-e.-tembodiment, the 

antibody comprises a VL sequence of SEQ ID NO: 19 and a VH sequence of SEQ ID NO: 20. In 

another such aspeelembodiment, the antibody comprises a VL sequence of SEQ ID NO: 21 and a 

VH sequence of SEQ ID NO: 25. 	In another such asp :tvet-- embodiment, the antibody comprises a 

VL sequence of SEQ ID NO: 22 and a VH sequence of SEQ ID NO: 26. 	In another such 

a-spectembodiment, the antibody comprises a VL sequence of SEQ ID NO: 23 and a VH sequence 

of SEQ ID NO: 27. In another such astreetembodiment, the antibody comprises a VL sequence of 

SEQ ID NO: 24 and a VH sequence of SEQ ID NO: 28. In another such aspc-e-t- embodiment, the 

antibody comprises a VL sequence of SEQ ID NO: 105 and a VH sequence of SEQ ID NO: 108. 

In another such aspeetembodiment, the antibody comprises a VL sequence of SEQ ID NO: I 1 1 

and a VH sequence of SEQ ID NO: 114. 	In another such aspeetembodiment, the antibody 

comprises a VL sequence of SEQ ID NO: 117 and a VH sequence of SEQ ID NO: 120. In another 

such asfectembodiment, the antibody comprises a VL sequence of SEQ ID NO: 123 and a VH 

SEQ ID NO: 126. In 	 VL sequence of 	 another such aspek,-lembodintent, the antibody comprises a 

sequence of SEQ ID NO: 105 and a VH sequence of SEQ ID NO: 153. 	In another such 

aspeetembodiment, the antibody comprises a VL sequence of SEQ ID NO: 105 and a VH sequence 

of SEQ ID NO: 154. In another such asteoembodiment, the antibody comprises a VL sequence of 

SEQ ID NO: 151 and a VH sequence of SEQ ID NO: 108. In another such Hist .3i-e-Aembodiment, the 

antibody comprises a VH sequence of (a) SEQ ID NO: 108, (b) SEQ ID NO: 114, (c) SEQ ID NO: 

120 or (d) SEQ ID NO: 126. 	In another such aspeeriembodiment, 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 	 the 	is 	from the one 	 embodiment 	, 	antibody 	selected 	group consisting 

of antibodies 7A4, 8A2, 15D2, 10D11, 7B10, 15G11, 16G5, 13C3, 16G4, 16F6, 7G7, 4C2, 1B12, 

13D4. 	In 	 the 	 is 	7A4. 	In and 	 one 	such 	aspeciembodiment, 	antibody 	 another 	such 

aspeetembodiment, the antibody is 8A2. In another such aspeetembodiment, the antibody is 15D2. 

In another such aspectembodiment, the antibody is 10D11. In another such aspeetembodiment,  the 

antibody is 7B10. 	In another such aspeetembodiment, the antibody is 15G11. 	In another such 

aspeetembodiment, the antibody is 16G5. 	In another such aspectembodiment, the antibody is 

13C3. 	In 	another 	such 	asneetembodiment, 	the 	antibody 	is 	I6G4. 	In 	another 	such 

aspeetembodiment, the antibody is I6F6. In another such aspectembodiment, the antibody is 7G7. 

In another such astpe-c4embodimcnt, the antibody is 4C2. 	In another such itspiembocliment, the 

is 1B12. In 	 the 	is 13D4. antibody 	 another such aspectembodiment, 	antibody 
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In one nshectembodiment of any of the foregoing, the antibody is further affinity matured. 

In one such as:ucetembodiment, the antibody is selected from the group consisting of 15G11.v1, 

15G11.v2, 15G11.v3, 15G11.v4, 15G11.v5, 7A4.v1; 7A4.v2, 7A4.v3, 7A4.v4, 7A4.v5, 7A4.v6, 

7A4.v7, 7A4.v8, 7A4.v9, 7A4.v10, 7A4.v11, 7A4.v12, 7A4.v13, 7A4.v14, 7A4.v15, 7G7.v1, 

16F6.v1, 16F6.v2, 16F6.v3, 16F6.v4, 15G11.N52A, 15G11.T53A and 15611.W/92A. In one such 

tepec-tembodiment, the antibody is 15G11.v1. In another such frspeetembocliment, the antibody is 

15G11.v2. 	In another such a-spesteinbodiment, the antibody is 15G11.v3. 	In another such 
t',:i‘fe-c-tembodiment, the antibody is 15G11.v4. In another such aspectembodiment, the antibody is 

15G11.v5. 	In another such as• embodiment, the antibody is 	7A4.v1. 	In another such 
aspectembodiment, the antibody is 7A4.v2. 	In another such cipc.ctembodiment, the antibody is 
7A4.v3. 	In 	another 	such 	aspectembodiment, 	the antibody is 	7A4.v4. 	In another such 

embodiment, the antibody is 7A4.v5. 	In another such as!.)eetembodirnent, the antibody is 
7A4.v6. 	In 	another 	such 	' sietembodiment, 	the 	antibody 	is 	7A4.v7. 	In 	another 	such 
ik-Teetembodiment, the antibody is 7A4.v8. 	In another such uspeclembodiment, the antibody is 
7A4.v9. 	In another such ustec4embodiment, the antibody is 7A4.v10. 	In another such 
iftteetcmbodiment, the antibody is 7A4.v11. 	In another such as-peetembodiment, the antibody is 
7A4.v12. 	In another such Li-s-ocetembodiment, the antibody is 7A4.v13. 	In another such 
aspectembodiment, the antibody is 7A4.v14. 	In another such uspectembodiment, the antibody is 
7A4.v15. 	In another such aspectembodiment, 	the antibody is 	7G7.v1. 	In another such 
aspectembodiment, the 	is 16F6.v1. 	In antibody 	 another such aTectembodiment, the antibody is 
16F6.v2. 	In another such u&pe-etembodiment, 	the antibody is 	16F6.v3. 	In another such 

is aspectembodiment, the antibody 	16F6.v4. 	In another such 	embodiment, the antibody is 
15611.N52A. 	In another such aspeefemboiliment, the antibody is 15011.T53A. In another such 
•thstpeetembodiment, the antibody is 15G11.W92A. 

In 	 is one 	 above-embodiment, the antibody 	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 	 the another aspect of 	abewc—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 	4E-2. 	In and 	another u-.4pect i_ 	 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 	-peatthe another ad-of 	abviv-v—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 aspe 	 ye-embodiment, the antibody is coupled to a therapeutic compound. 

In another as-frecto-).f-th-e—abeve-embodiment, the antibody is coupled to an imaging agent or a label. 

In one such ais.peetembodiment, the antibody is a multispecific antibody and the therapeutic 

compound optionally forms one portion of the multispecific antibody. In one such 
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eiembodiment, the multispecific antibody comprises a first antigen binding site which binds 

TfR 	and 	a 	second 	antigen 	binding 	site 	which 	binds 	a 	brain 	antigen. 	In 	one 	such 

asp-eel-embodiment, the brain antigen is selected fi-om the group consisting of: beta-secretase 1 

(BACE1), Abeta, epidermal growth factor receptor (EGFR), human epidelinal growth factor 

receptor 2 (HER2), tau, apolipoprotein E (ApoE), alpha-synuclein, CD20, huntingtin, prion protein 

(PrP), leucine rich repeat kinase 2 (LRRIC), parkin, presenilin 1, presenilin 2, gamma secretase, 

death receptor 6 (DR6), amyloid precursor protein (APP), p75 neurotrophin receptor (p75NTR), 

and caspase 6. In another such a-s-peetembodiment, the multispecific antibody binds both TfR and 

BACE1. In another such tispcctembodiment, the multispecific antibody binds both TfR and Abeta. 

In another such as seetembodiment, the therapeutic compound is a neurological disorder drug. 

In one as 	,f-the—abev-t—embodiment, 	 isolated the rn\e-ntiondisclosure provides an 

nucleic acid encoding any of the foregoing antibodies. 	In another aspectembodiment, the 

fir\emiondiselosure 	provides 	a 	host 	cell 	comprising 	such 	nucleic 	acid. 	In 	another 

ffspectembodiment, the in-,,ei+fieticiisclosure 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 	 inv-enfien(lisclosure one aspect-- 	embodiment, the 	 provides a pharmaceutical 

formulation comprising any of the foregoing antibodies and a pharmaceutically acceptable carrier. 

In one 	 —embodiment, the invontimidisclosure provides any of the 

foregoing antibodies for use as a medicament. 	In 	 the another aspe4 of 	ab(we-embodiment, the 

i-fiw-nfieridisclosure provides the use of any of the foregoing antibodies in the manufacture of a 

medicament for treating a neurological disorder. 	In one such 	:- 	etembodiment, 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 	 the 	 invenfiendisclosure another a,- 	: ,}f 	above embodiment, the 	 provides any of the 
foregoing antibodies for use in treating a neurological disorder. 	In one such Efsteetembodiment, 

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 	 the 	 'Fnfidisclosure another aspect of 	abo‘e-embodiment, the 	-v-E-n- 	 provides any of the 

foregoing antibodies for use in transporting one or more compounds across the BBB. In another 

aspect-Hr 
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the foregoing 	in the 41t, above embodiment, use of any of 	 antibodies 	manufacture of a medicament 

for transporting one or more compounds across the BBB is provided. 

In one aped of the-ahtyct-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 —itst+ectembodiment, the dose 

amount and/or frequency of administration is modulated to reduce the concentration of antibody to 

blood 	 In 	 further which red 	cells are exposed. 	another such aspeciembodiment, the method 

comprises the step of monitoring the subject for depletion of red blood cells. 	In another such 

aspeetembocliment, the antibody coupled to the compound is administered at a therapeutic dose. 

In one 	such as-reteinbocliment, 	the therapeutic dose is 	TM-saturating. 	In another such 

a-speetembodiment, administration of the antibody is at a dose and/or dose frequency calibrated to 

minimize acute clinical symptoms of the antibody administration. 

In 	 increasing 	 CNS another Etweet--V-4bc abov,:-embodiment, a method of 	exposure of the 	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 aspeelembediment, the BBB is in a human subject. In another such thsreet-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 aftneelembodiment, the method 

further comprises the step of monitoring the subject for depletion of red blood cells. 	In another 

such aspeetembodiment, the antibody coupled to the compound is administered at a therapeutic 

dose. 	In one such aspcctembodiment. the therapeutic dose is TfR-saturating. 	In another such 

aspet. embodiment, administration of the antibody is at a dose and/or dose frequency calibrated to 

minimize acute clinical symptoms of the antibody administration. 

In one thipe -et-etti-h-e-ahtwe-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 . tett -et:embodiment, the BBB is in a human subject. 	In another such t-  /fp'e,eternbodiment, 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 aspee-tembodiment, the method 

further comprises the step of monitoring the subject for depletion of red blood cells. 	In another 

such asp&etembodiment, the antibody coupled to the compound is administered at a therapeutic 

dose. 	In one such aspeoJembodiment, the therapeutic dose is TfR-saturating. 	In another such 

mbodiment, administration of the antibody is 
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at a dose and/or dose frequency calibrated to minimize acute clinical symptoms of the antibody 

administration. 

In one ifs- 	 .)ve 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 asjwietembodiment, 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 h.*+peet; embodiment, the neurological 
disorder is in a human subject. 	In another such E Lfspeelembodiment, the dose amount and/or 

frequency of administration is modulated to reduce the concentration of antibody to which the re 

blood cells are exposed. In another such aspeegembodirnent, the method further comprises the step 

of monitoring the subject for depletion of red blood cells. In another such as-pmembodiment, the 

antibody coupled to 	the 	compound 	is 	administered 	at a therapeutic dose. 	In one such 
..,*,-.;peembodinient, the therapeutic dose is TfR-saturating. 	In another such ' .:as-peetembodiment, 
administration of the antibody is at a dose and/or dose frequency calibrated to minimize acute 

clinical symptoms of the antibody administration. 

In another 	 the invLift-i-o+tclisclosure embodiment, 	 provides an isolated antibody that binds to 

human TfR and primate TM, wherein the antibody does not inhibit the binding of transferrin to 

TfR, and wherein one 	more 	 have been 

	

or 	properties of the antibody 	 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. 	In 	one 

a-speembodiment, the binding is specific binding. 	In another feipeelernbodiment, the antibody 

further does not inhibit the binding of HFE to TfR. 	In 	 is one cspectembodiment, the antibody 	a 

monoclonal antibody. In another aspectembodirnent, the antibody is a human antibody. In another 

is ifspectembodiment, the antibody 	a humanized antibody. 	In another ai4cetembodiment, the 

antibody is a chimeric antibody. 	In another asiretem hodiment, the antibody is an antibody 

fragment that binds human TfR and 	TfR. In primate 	another asneelembodiment, the primate TfR 

is from cynomolgous monkey. 

In one affi-x. 	 embodiment, the antibody comprises HVR-L3, HVR-H2, and 

HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 31, 33 and 34. In 
another r m c 	4hc—aboArc-embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR- 

H3 respectively comprising the amino acid sequences of SEQ ID NOs: 36, 38 and 39. In another 
FJ146e-e. e—embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 36, 40 and 34. 	In another 
embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 42, 43 and 
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44. In 	 t  the 	 the 	 HVR-L3, HVR-H2, another aspect of 	a. ovieembodiment, 	antibody comprises 	 and 
HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 31, 33 and 34. In 

the 	 HVR-L3, HVR-H2, 	HVR- another aspect of 	above-embodiment, the antibody comprises 	 and 

H3 respectively comprising the amino acid sequences of SEQ ID NOs: 46, 48 and 49. In another 
aspechaef  theveabobebembodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs:52, 54 and 55. 	In another 
the 	 the 	 HVR-L3, HVR-H2, above embodiment, 	antibody comprises 	 and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 52, 58 and 59. 	In another 
the 	 the 	 HVR-L3, HVR-H2, 	HVR-H3 aspect of 	above-embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 62, 63 and 55. 	In another 
-e-embodiment, the 	 HVR-L3, HVR-H2, 	HVR-H3 aft+. 	 antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs:52, 65 and 55. 	In another 

--alvevebembodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 68, 69 and 70. 	In another 
' 	 the 	 HVR-L3, HVR-H2, tub-pact of •th 	h embodiment, 	antibody comprises 	 and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 73, 75 and 76. 	In another 
the the 	 HVR-L3, HVR-H2, 	HVR-H3 taped of 	-above -embodiment, 	antibody comprises 	 and 

respectively comprising the amino 	acid sequences of SEQ ID NOs: 79, 81 and 82. 	In another 
aspect  of 	 embodiment, 	antibody comprises 	 and the above 	 the 	 HVR-L3, HVR-H2, 	HVR-H3 
respectively comprising the amino acid sequences of SEQ ID NOs: 79, 83 and 84. 	In another 

the 	 HVR-L3, HVR-H2, 	HVR-H3 aTec 	 embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs:87, 89 and 90. 	In another 
the 	 HVR-L3, HVR-H2, 	HVR-H3 above-embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 93, 95 and 96. 	In another 

the 	 HVR-L3, HVR-H2, 	HVR-H3 above-embodiment, 	antibody comprises 	 and 
respectively comprising the amino acid sequences of SEQ ID NOs: 99, 101 and 102. In another 

embodiment, the antibody comprises HVR-L3, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 127, 33 and 34. 
In 	 the 	 the 	 HVR-HI, HVR-H2 one aspect of 	above-embodiment, 	antibody comprises 	 and 

HVR-H3, respectively comprising the amino acid sequences of SEQ ID NOs: 32, 33 and 34. In 

another eapeet--944-leeekeverembodiment, the antibody comprises HVR-H1, HVR-H2, and HVR- 

H3 respectively comprising the amino acid sequences of SEQ ID NOs: 37, 38 and 39. In another 

thebabbee-embodiment, the 	 HVR-H1, HVR-H2, 	HVR-H3 aspect of 	 antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 32, 40 and 34. In 
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another aweet 	 embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR- 

H3 respectively comprising the amino acid sequences of SEQ ID NOs: 37, 43 and 44. In another 
the • 	 HVR-Hl, Pared, of 	embodiment, the antibody comprises 	HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 32, 33 and 34. 	In another 
theiftes,ressembodiment, 	 HVR-H1, HVR-H2, aspect of 	 the antibody comprises 	 and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 47, 48 and 49. 	In another 
*het 	 the 	 HVR-H1, appesa of 	embodiment, 	antibody comprises 	HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 54 and 55. 	In another 
she 	 the 	 HVR-H1, HVR-H2, of 	ea-e-embodiment, 	antibody comprises 	 and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 58 and 59. 	In another 
aspec-a-e4-.' the abase-embodiment, the antibody comprises HVR-Hl, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 63 and 55. 	In another 
' 	 the 	 HVR-Hl, HVR-H2, 	HVR-H3 afrpee, 	a-abeve embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 53, 65 and 55. 	In another 
aspect-o-f-tha : 	' 	embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR-H3 
respectively comprising the amino acid sequences of SEQ ID NOs: 53, 69 and 70. 	In another 
wapeet-o-f-the-alawa-embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 74, 75 and 76. 	In another 
R-SI-3ee, 	 -embodiment, the antibody comprises HVR-Hl, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 80, 81 and 82. 	In another 
b4-we-embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 80, 83 and 84. 	In another 
she 	 HVR-H1, HVR-H2, aspect of 	above-embodiment, the antibody comprises 	 and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 88, 89 and 90. 	In another 
the aspect of 	above embodiment, the antibody comprises HVR-H1, HVR-H2, and HVR-H3 

respectively comprising the amino acid sequences of SEQ ID NOs: 94, 95 and 96. 	In another 
the 	 HVR-Hl, HVR-H2, 	HVR-H3 -the-above embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 100, 101 and 102. 
In 	 the 	 HVR-L1, HVR-L2, one icapeet--e-f-alo ve-embodiment, 	antibody comprises 	 and 

HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 31. 	In 

another aapec-a-ofthaa-abebae-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 35, 30 and 36. 	In another 

aspect  o€-411e-aneve-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 41, 30 and 42. In 
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f 	hoae-embodiment, 	 HVR-L2, another aspect c the a 	 the antibody comprises HVR-L1, 	and HVR-L3 
respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 31. 	In another 

' s 	 the 	 HVR-Ll, HVR-L2, 	HVR-L3 acpee 	e'cove embodiment, 	antibody comprises 	 and 
respectively comprising the amino acid sequences of SEQ ID NOs: 45, 30 and 46. 	In another 

1the 	 HVR-L1, HVR-L2, 	HVR-L3 aspect of -het-embodiment, 	antibody comprises 	 and 
respectively comprising the amino acid sequences of SEQ ID NOs: 50, 51 and 52. 	In another 

thet-abo-ve 	 HVR-L1, HVR-L2, aspect of 	embodiment, the antibody comprises 	 and HVR-L3 
respectively comprising the amino acid sequences of SEQ ID NOs: 56, 57 and 52. 	In another 

-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 60, 61 and 62. 	In another 
the above 	 the 	 HVR-L1, HVR-12, 	HVR-L3 aspect-of 	embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 60, 64 and 52. 	In another 
the 	 HVR-L1, HVR-L2, 	HVR-L3 aspect of 	embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 66, 67 and 68. 	In another 
aapes 	' 	- 	- embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 71, 72 and 73. 	In another 
the 	 HVR-L1, HVR-L2, 	HVR-L3 aspect of 	a-embodiment, 	antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs:77, 78 and 79. 	In another 
avec 	' '' (1 	-- embodiment, the antibody comprises HVR-L1, HVR-L2 	and HVR-L3 
respectively comprising the amino acid sequences of SEQ ID NOs: 85, 86 and 87. 	In another 

' 	- 	 HVR-L1, HVR-L2 aspect 	. , 	, 	embodiment, the antibody comprises 	 and HVR-L3 
respectively comprising the amino acid sequences of SEQ ID NOs: 91, 92 and 93. 	In another 

4,1 	 the 	 HVR-L1, HVR-L2, 	HVR-L3 aspect of 	ve-embodiment, 	antibody comprises 	 and 
respectively comprising the amino acid sequences of SEQ ID NOs: 97, 98 and 99. 	In another 

the 	 the 	 HVR-L1, HVR-L2, 	HVR-L3 aspect of 	above embodiment, 	antibody comprises 	 and 
respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 127. 

In 	 the 	 HVR-L1, one as cot of 	above-embodiment, the antibody comprises 	HVR-L2, and 

HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 31 and 

HVR-H1, HVR-H2 and HVR-H3, respectively comprising the amino acid sequences of SEQ ID 

NOs: 32, 33 and 34. In another asps 	 embodiment, the antibody comprises HVR-L1, 

HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 35, 30 

and 36 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid sequences of 

SEQ ID NOs: 37, 38 	39. In 	 the • 	) 	 the and 	another aspect of 	embodiment, 	antibody comprises 

HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid 
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sequences of SEQ ID NOs: 35, 30 and 36 and HVR-H1, HVR-H2, and HVR-H3 respectively 

comprising the 	 SEQ ID NOs: 32, 40 	34. In 	 the amino acid sequences of 	 and 	another aspect of 
a-19~-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 respectively 

comprising the amino acid sequences of SEQ ID NOs: 41, 30 and 42 and HVR-Hl, HVR-H2, and 

HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 37, 43 and 44 In 

thetembodiment, the 	 HVR-L1, HVR-L2, 	HVR-L3 another aspect of 	 antibody comprises 	 and 

respectively comprising the amino acid sequences of SEQ ID NOs: 29, 30 and 31 and HVR-H1, 

HVR-H2, and HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 32, 33 

and 34. In another • : 	- 	' 	7.2 embodiment, the antibody comprises HVR-L1, HVR-L2, , 	,,-• 	, 	, 

and HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 45, 30 and 46 

and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid sequences of SEQ 

ID NOs: 47, 48 	49. In 	 the 	 the 	 HVR- and 	another aspect of 	ale-embodiment, 	antibody comprises 

L1, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 50, 

51 and 52 and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid 

SEQ ID NOs: 53, 54 	55. 	In 	 ' ' sequences of 	 and 	another aspect of 	, 	embodiment, the 

antibody comprises HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid 

sequences of SEQ ID NOs: 56, 57 and 52 and HVR-H1, HVR-H2, and HVR-H3 respectively 

comprising the amino acid sequences of SEQ ID NOs: 53, 58 and 59. 	In another i :re'   •-)41-the 
the 	 HVR-L1, HVR-L2, 	HVR-L3 above embodiment, 	antibody comprises 	 and 	respectively 

comprising the amino acid sequences of SEQ ID NOs: 60, 61 and 62 and HVR-Hi, HVR-H2, and 

HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 53, 63 and 55. In 

another as_ 	' 	• ow-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 60, 64 and 52 and HVR-H1, 

HVR-H2, and HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 53, 65 

55. In 	 the 	 HVR-Ll, HVR-L2, and 	another a-spec-lc-of 	ahretve-embodiment, the antibody comprises 

and HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 66, 67 and 68 

and. HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid sequences of SEQ 

ID NOs: 53, 69 	70. In 	 the 	 the 	 HVR- and 	another as-pee-4-4 	above embodiment, 	antibody comprises 

L1, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 71, 

72 and 73 and HVR-Hl, HVR-H2, and HVR-H3 respectively comprising the amino acid 

SEQ ID NOs: 74, 75 	76. 	In 	• 	41-tht, 	 the sequences of 	 and 	another 	.: a 	above-embodiment, 

antibody comprises HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid 

sequences of SEQ ID NOs:77, 78 and 79 and HVR-H1, HVR-H2, and HVR-H3 respectively 

comprising the amino 
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acid 	 SEQ ID NOs: 80, 81 	82. In 	 --embodiment, sequences of 	 and 	another aiiiis‹...44-statilc 	 the 
antibody comprises HVR-L1, HVR-L2 and HVR-L3 respectively comprising the amino acid 

sequences of SEQ ID NOs: 77, 78 and 79, and HVR-H1, HVR-H2, and HVR-H3 respectively 

comprising the amino acid sequences of SEQ ID NOs: 80, 83 	84. 	In 	 the and 	another aspect of 
alppw---embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 respectively 

comprising the amino acid sequences of SEQ ID NOs: 85, 86 and 87 and HVR-H1, HVR-H2, and 

HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 88, 89 and 90. In 

another aspea:tapabeve-embodiment, the antibody comprises HVR-L1, HVR-L2, and HVR-L3 

respectively comprising the amino acid sequences of SEQ ID NOs: 91, 92 and 93 and HVR-H1, 

HVR-H2, and HVR-H3 respectively comprising the amino acid sequences of SEQ ID NOs: 94, 95 
and 96. In another aspect-44 	' 	) embodiment, the antibody comprises HVR-Ll, HVR-L2, 

and HVR-L3 respectively comprising the amino acid sequences of SEQ ID NOs: 97, 98 and 99 

and HVR-H1, HVR-H2, and HVR-H3 respectively comprising the amino acid sequences of SEQ 
ID NOs: 100, 101 and 102. In another : 	- 	f the-abase-embodiment, the antibody comprises 
HVR-L1, HVR-L2, and HVR-L3 respectively comprising the amino acid sequences of SEQ ID 

NOs: 29, 30 and 127 and HVR-H1, HVR-H2 and HVR-H3 respectively comprising the amino acid 
sequences of SEQ ID NOs: 32, 33 and 34. 

In one asp --4 	c 	' embodiment, the antibody comprises at least one HVR-H1, HVR-H2, 

HVR-H3, HVR-L1, HVR-L2, or HVR-L3 sequence selected from the group of 	sequences 

consisting of an HVR-H1 sequence of SEQ ID NO: 47, 53, or 100; an HVR-H2 sequence of SEQ 

ID NO: 48, 69, or 101;an HVR-H3 sequence of SEQ ID NO: 49, 76, or 102; an HVR-Ll sequence 

of SEQ ID NO: 45, 66 or 97; an HVR-L2 sequence of SEQ ID NOs: 30, 67 or 98; and an HVR-L3 

sequence of SEQ ID NOs: 46, 68 or 102. 

In one 	 embodiment, the antibody comprises (a) a VH sequence having 

at least 95% sequence 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 or 126; (b) a VL sequence having at least 95% sequence 

identity to the amino acid sequence of SEQ ID NO:4, 5, 6, 11, 12, 13, 14, 19, 21, 22, 23, 24, 105, 

111, 117 or 123; or (c) a VH sequence as in (a) and a VL sequence as in (b). 	In one such 

the 	 VL 	 SEQ ID NO: 4 embodiment, 	antibody comprises a 	sequence of 	 and a VH sequence 

of SEQ ID NO: 7. In another such espeatembodiment, the antibody comprises a VL sequence of 

SEQ ID NO: 5 and a VH sequence of SEQ ID NO: 8. In another such aspeetembodiment, the 

antibody comprises a VL sequence of SEQ ID NO: 5 and a VH sequence of SEQ ID NO: 9. In 

another such at lestembodiment, the antibody comprises a VL sequence of SEQ ID NO: 6 and a 

VH sequence of SEQ ID NO: 10. In another such aspeetembodiment, the antibody comprises a 

VL sequence of SEQ ID NO: 11 and a 
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VH 	 SEQ ID NO: 15. In sequence of 	 another such cspec-tembodimcnt, 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 : .' 	etembodiment, the antibody comprises a VL sequence of 
SEQ ID NO: 14 and a VH sequence of SEQ ID NO: 18. In another such aspeetembodiment, the 
antibody comprises a VL sequence of SEQ ID NO: 19 and a VH sequence of SEQ ID NO: 20. In 
another such aspeetembodirnent, the antibody comprises a VL sequence of SEQ ID NO: 21 and a 
VH sequence of SEQ ID NO: 25. 	In another such aftesembodiment, the antibody comprises a 
VL sequence of SEQ ID NO: 22 and a VH sequence of SEQ ID NO: 26. 	In another such 
&s-poc-tembociiment, the antibody comprises a VL sequence of SEQ ID NO: 23 and a VH sequence 

SEQ ID NO: 27. In 	 VL of 	 another such cimeetembodiment, the antibody comprises a 	sequence of 
SEQ ID NO: 24 and a VH sequence of SEQ ID NO: 28. In another such aspa-tembodiment, the 
antibody comprises a VL sequence of SEQ ID NO: 105 and a VH sequence of SEQ ID NO: 108. 
In another such aspeetembodiment, the antibody comprises a VL sequence of SEQ ID NO: 1 1 1 
and a VH sequence of SEQ ID NO: 114. 	In another such ‘ ,' -tembodiment, the antibody 
comprises a VL sequence of SEQ ID NO: 117 and a VH sequence of SEQ ID NO: 120. In another 

the 	 VL 	 SEQ ID NO: 123 	VH such asoc&ternbodiment, 	antibody comprises a 	sequence of 	 and a 
sequence of SEQ ID NO: 126. 	In another such ' .zepectembodiment, the antibody comprises a VH 
sequence of (a) SEQ ID NO: 108, (b) SEQ ID NO: 114, (c) SEQ ID NO: 120 or (d) SEQ ID NO: 
126. 	In another such ma-speEmembodiment, 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 another aspect. there is provided an antibody comprising: 
a. 	a VH sequence of SEQ ID NO:108 and a VL sequence of SEQ ID NO:105: 
h. 	a VIA sequence of SEQ ID 1\10:114 and a VL sequence of SEQ ID NO: 111 ; 
c. a V11 sequence of SEQ ID NO:120 and a VL sequence of SEQ ID NO: 117: 
d. a VI-I sc uence of SES ID NO:126 and a VL sequence of SE• ID NO: 123: 
e. a VH sequence 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; 
g. 	a VH sequence of SEQ ID NO: 108 and a VL sequence of SEQ ID NO: 155. 
In 	 is 	from one it;1 eel of-the-embodiment-a-199Y-e, the antibody 	selected 	the group consisting 

of antibodies 7A4, 8A2, 15D2, 10D11, 7B10, 15611, 1665, 13C3, 1664, 16F6, 767, 4C2, 1B12, 
and 	13D4. 	In 	one 	such 	astreetembodiment, 	the 	antibody 	is 	7A4. 	In 	another 	such 
aspeetembodiment, the antibody is 8A2. In another such aspeetembodiment, the antibody is 15D2. 
In another such a-Teetcmbodiment, the antibody is 10D11. In another such as-4-reei-embodiment, the 
antibody is 7B10. 	In another such asTseetembodiment, the antibody is 15611. 	In another such 
as-peegembodiment, the antibody is 1665. 	In another such aspeetembodiment, the antibody is 
13C3. 	In 	another 	such 	aspeetembodiment, 	the 	antibody 	is 	1664. 	In 	another 	such 
sspeetembodiment, the antibody is 16F6. In another such aspec4embodiment, the antibody is 767. 
In 	 the 	is 4C2. 	In another such asra-tembodiment, 	antibody 	another such aspectembodi.ment, the 
antibody is 1B12. In another such Esne-etembodiment, the antibody is 13D4. 

In one as-peGtemhodiment of any of the foregoing, the antibody is further affinity matured. 

In one such aL;Nctembodiment, the antibody is selected from the group consisting of 15611.v1, 

15611.v2, 15611.v3, 15611.v4, 15611.v5, 7A4.v1; 7A4.v2, 7A4.v3, 7A4.v4, 7A4.v5, 7A4.v6, 

7A4.v7, 7A4.v8, 7A4.v9, 7A4.v10, 7A4.v1I, 7A4.v12, 7A4.v13, 7A4.v14, 7A4.v15, 7G7.v1, 

16F6.v1, 
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16F6.v2, 16F6.v3 and 16F6.v4. 	In one such aspc-ernbodiment, the antibody is 15G11.v1. 	In 
another such aspecrembodiment, the antibody is 15611.v2. 	In another such th-sm-membodiment, 
the antibody is 15G11.v3. 	In another such aL,peeteinhodiment, the antibody is 15G11.v4. 	In 

the 	is 15611.v5. 	In another such aspectembodiment, 	antibody 	 another such ffs-pcet: embodiment, 
the antibody is 7A4.v1. 	In another such asp,:etembodiment, the antibody is 7A4.v2. 	In another 
such a-sTeetembodiment, the antibody is 7A4.v3. In another such aspeetembodiment, the antibody 
is 7A4.v4. 	In another such aspeetembodiment, the antibody is 7A4.v5. 	In another such 
aspeetembodiment, the antibody is 7A4.v6. 	In another such aspeeiembodiment, the antibody is 
7A4.v7. 	In 	another 	such 	a-stectembodiment, 	the 	antibody 	is 	7A4.v8. 	In 	another 	such 
as-peetembodiment, the antibody is 7A4.v9. 	In another such aspeetembodiment, the antibody is 
7A4.v10. 	In another such aspectembodiment, 	the antibody is 7A4.v11. 	In another such 
atteetembodiment, the antibody is 7A4.v12. 	In another such aspeetembodiment, the antibody is 
7A4.v13. 	In another such aspectembodiment, the antibody is 7A4.v14. 	In another such 
aspeetembodiment, the antibody is 7A4.v15. 	In another such aspec,4embodimcnt, the antibody is 
7G7.v1. 	In 	 the 	is 	16F6.v1. 	In another such 	aspectembodiment, 	antibody 	 another such 

is 16F6.v2. 	In 	 is aspeetembodiment, the antibody 	 another such aspectembodiment, the antibody 
16F6.v3. 	In another 	such 	aspe:Aembodiment, 	the antibody is 	16F6.v4. 	In another such 
aspeetembodiment, the antibody is 15G11.N52A. 	In another such aspeetemhodiment, the 
antibody is 16F6.v4. 	In another such ',‘eetembodiment, the antibody is 15011.T53A. In another 
such aspeemboditnent, the antibody is 16F6.v4. In another such aspeeiembodiment, the antibody 
is 15611.W92A. In another such aveetembodiment, the antibody is 16F6.v4. 

In another aspect, there is provided an isolated antibody that binds to the same epitope on 

TfR as an antibody selected from the group consisting of antibodies 7A4, 8A2. 15D2, 10D11. 

7B10, 15611 	1605. 13C3, 1604, 16F6, 767, 4C2, 1B12, 13D4, 15011.v1, 15011.v2. 15G11.v3, 

15611.v4, 	15611.v5, 	7A4.v1; 	7A4.v2 	7A4.v3, 	7A4.v4, 	7A4.v5, 7A4.v6, 	7A4.v7 	7A4.v8, 

7A4.v9, 7A4.v10, 7A4.v11, 7A4.v12, 7A4.v13, 7A4.v14, 7A4.v15 	7G7.v1. 16F6.v1. 16F6.v2 

16F6.v3, 16F6,v4, 1561 I .N52A, 1501 I .T53A or 15011.W92A. 

In 	 is one ist+eet-e-f-the abo-re embodiment, the antibody 	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 LitItt.,--, 	' 	,: ' 	... 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 aspect-ef-ilac-a-boembodiment, the 

antibody comprises a VH or VL sequence corresponding to that of set forth for any one of the 

in Figures 3 	4 	Figures 4E-1 	4E-2. In 	-„,c), 	the clones 	 and 	and 	 and 	another it-s-pof 	-43 ,e-rt=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 a 	:,. 	' 	- :„ 	o 	\ eembodiment, the one or more properties of the antibody are 

selected from the effector function of the antibody Fc region, the complement activation function 

	

the antibody and the 	 the 	for TfR. 	In 	 the of 	 affinity of 	antibody 	 one such aspectembodiment, 

is the 	function 	the 	Fc 	In property 	effector 	of 	antibody 	region. 	another such aspectembodiment the 

property 	is 	the 	complement 	activation 	function 	of 	the 	antibody. 	In 	another 	such 

aspeelembodiment, 	the 	property 	is 	the 	affinity 	of the 	antibody 	for TfR. 	In 	one such 

the 	function aspectembodiment, 	effector 	or complement 
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function has been activation 	 reduced or eliminated relative to a wild-type antibody of the same 

isotype. 	In one i..,-ye-c-:ternboditnent, 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. 

In one such ac,p2e4embodiment, the effector function is reduced or eliminated by reduction 

the 	In of glycosylation of 	antibody. 	one such aTT,,vtembodiinent, 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. 	In one such 

sspeewmbodiment, the glycosylation of the antibody is reduced by a production of the antibody in 

an environment that does not permit wild-type glycosylation, such as production in a non-

mammalian cell production system or where the antibody is produced synthetically. In one such 

is 	in 	 In aspeetembodiment, the antibody 	produced 	a non-mammalian cell production system. 

the 	is 	 In another such 	aspce-tembodiment, 	antibody 	produced 	synthetically. 	another such 

'thspeettembodiment, the glycosylation of the antibody is reduced by modification of the antibody 

such that wild-type glycosylation does not occur, such as 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. 

In 	 function is 	 by another such aspec.-embodiment, the effector 	 reduced or eliminated 	at 

least one modification of the Fc region. 	In one such aveetembodiment, 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. 	In 	another 	such 

us3{-etembodiment, the at least one modification of the Fc region 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, 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 CHI domain. 	In one such as-peetembodiment, 

the modification is a point mutation of the Fc region to impair binding to Clq selected from the 

following positions: 270, 322, 329, and 321. In another such aspectembodiment, the modification 

is elimination of some or all of the Fc region. In another such 	:erspeetembodiment, complement- 

triggering function is reduced or eliminated by deletion of all or a portion of the Fc region, or by 

engineering the antibody such 
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that it does not include an Fc region that engages the complement pathway. 	In one such 

the 	is 	from 	Fab 	 In asnectembodiment, 	antibody 	selected 	a 	or a single chain antibody. 	another such 

aspeetembodiment, the non-Fc region of the antibody is modified to reduce or eliminate activation 

of the complement pathway by the antibody. In one such -a-speetembodiment, the modification is a 

point mutation of the CH1 region to impair binding to C3. 	In one such frspcc-tembodiment, the 

point mutation is at position 132 (see, e.g., Vidarte et al., (2001) J. Biol. Chem. 276(41): 38217- 

38223). 

In one aspeetembodiment, the antibody the half-life of the antibody is increased by a 

modification in the FcRn binding region. 	In one ' : 	-,embodiment, the modification is a 

substitution in an amino acid selected from the following positions: 251 256, 285, 290, 308, 314, 

385, 389, 428, 434, 436, 238, 265, 272, 286, 303, 305, 307, 311, 312, 317, 340, 356, 360, 362, 

376, 378, 380, 382, 413, 424 or 434. 	In one aspeetembodiment the modification is a substitution 

selected from the following: M252Y, S254T, T256E, N434A and Y436I. 

In one aspeetembodiment, the antibody is combined with a further compound that mitigates 

or contributes to the reduction of impact on reticulocyte levels or acute clinical symptoms. In one 

such 	it-;embodiment, 	the 	further compound 	protects 	reticulocytes 	from 	antibody-related 

depletion or supports the growth, development, or reestablishment of reticulocytes. 	In another 

such aspeetembodiment, 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. 

In one aspecvt- ,e444 J '' 	..: embodiment, the affinity of the antibody for TfR is decreased, as 

measured relative to a wild-type antibody of the same isotype not having lowered affinity for TfR. 

In one such frs-ptlembodiment, the antibody has a ICD or IC50 for TfR of about 1 pM to about 

100 µM. In another a-sp-.3ctembodiment, the dose amount and/or frequency of administration of 

the antibody is modulated to reduce the concentration of the antibody to which the red blood cells 

are exposed. 

In one a 	 i±vt-' embodiment, the antibody is coupled to a therapeutic compound. 

In another ihsi4,,,,4:4-( 	-embodiment, the antibody is coupled to an imaging agent or a label. 

In one such 	e stembodiment, the antibody is a multispecific antibody and the therapeutic 

compound 	optionally 	forms 	one 	portion 	of the 	multispecific 	antibody. 	In 	one 	such 

aspeetembodiment, the multispecific antibody comprises a first antigen binding site which binds 

TfR 	and 	a 	second 	antigen 	binding 	site 	which 	binds 	a 	brain 	antigen. 	In 	one 	such 

astpeembodiment, 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 E (ApoE), 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 
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precursor protein (APP), p75 neurotrophin receptor (p75NTR), and caspase 6. 	In another such 
aspee-tembodiment, the multispecific antibody binds both TfR and BACE1. 	In another such 
a pit embodiment, the multispecific antibody binds both TfR and Abeta. 	In another such 
	embodiment, the therapeutic compound is a neurological disorder drug. 

In one aspect. there is €4C--thei.fiew-e-embothiti-c-iit, the-in-v - 	• 	- provided 	an isolated 
nucleic acid encoding any of the foregoing antibodies. In another aspect, there is provided a host 
cell comprising the nucleic acid described herein. In another 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. hi another 
usnectembodiment, the inventiondisclosure provides a host cell comprising such nucleic acid. 	In 
another 8-spe-e-tembodiment, the i-n-Yenti-ofidisclosure 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 one aspect-ol-flit-ahove-oni 	• 	' 	, there is inve 	• 	provideds a phati 	iaceutical 
formulation comprising any of the foregoing antibodies and a pharmaceutically acceptable carrier. 

In 	 gi-e-a 	 there 	' 	' 	 the foregoing one aspect of 	mhodiment, 	is- 	Ft provideds any of 
antibodies for use as a medicament. In another aspect-4-the-abov,,-t.. 	h 	mat, there 
provideds the use of any of the foregoing antibodies in the manufacture of a medicament for 
treatip g-athe treatment of a neurological disorder. In one such aspectembodiment, 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 aspect 	' 	‘-ab*-R--enib 	at, there istheniv-cntion provide& any of the 
foregoing antibodies for use in the treatment of =eath=rg a neurological disorder. 	In one such 
as-ozetembodiment, 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. 

1 	 In another aspect-o4=-14-fe 	above; 	end  odim 	there is-i-t-o-enron provideds any of the 
foregoing antibodies for use in transporting one or more compounds across the BBB. In another 

the 	 the foregoing 	in the aspect 	above embudiment, use of any of 	 antibodies 	manufacture of a 
medicament for transporting one or more compounds across the BBB is provided. 

In another aspect, there is provided use of an antibody described herein in the manufacture 
of a medicament for transporting a compound across 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. In one asp-eet-- 	' 	(' 	n-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 

the BBB is in 	human 	In 	 • 	 the dose aspee 	 a 	subject. 	another such 	; .; 	embodiment, 
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 aspeetembodiment, the method further 
comprises the step of monitoring the subject for depletion of red blood cells. 	In another such 
iti-icciemhodiinent, the antibody coupled to the compound is administered at a therapeutic dose. 
In one 	such 	L ' 	embodiment, 	the 	therapeutic 	dose 	is 	TfR-saturating. 	In 	another such 
aspeetembodiment, administration of the antibody is at a dose and/or dose frequency calibrated to 
minimize acute clinical symptoms of the antibody administration. 

hi another as iect there is 	-ovided use of an antibody described herein in 	e manufacture  
of a medicament for 	as' 1 r ex osure of he CNS of a subject to a corn ound wherein  
antibody is exposed to the BBB such that the antibody transports the compound coupled thereto 

BBB. 	In 	"..aspeet—M,` the 	 method of increasing exposure of across the 	another 	 ahewtembodiment, a 
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 aspeetembodiment, the BBB is in a human subject. 	In another such 
aspectembodiment, 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 
ail 	lembodiment, the method further comprises the step of monitoring the subject for depletion 
of red blood cells. 	In another such aspeetembodiment, the antibody coupled to the compound is 
administered at a therapeutic dose. 	In one such uspectembodiment, the therapeutic dose is TfR- 
saturating. 	In another such aspectembodiment, administration of the antibody is at a dose and/or 
dose frequency calibrated to minimize acute clinical symptoms of the antibody administration. 

In another aspect, there is provided use of an antibody described herein in the manufacture 
of a medicament for 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. In one a-ste °, 	: 	- 	- 	- 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 

BBB is in 	human 	In 	 the such as-pectembodiment, the 	a 	subject. 	another such aspectembodiment, 
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 itsp&atembodiment, 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 aspeetembodiment, the therapeutic dose is TfR-saturating. 	In another such 
i13 	ectembodiment, administration of the antibody is at a dose and/or dose frequency calibrated to 
minimize acute clinical symptoms of the antibody administration. 

hi one aspect, there is provided use of an antibody described herein in the manufacture of a 
for 	 disorder in 	 In medicament 	treating a neurological 	 a mammal. 	one aspect 

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 am-lee+. 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 aspeetembodiment, the neurological disorder 
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is in a human subject. 	In another such asipai-iembodiment, the dose amount and/or frequency of 

administration is modulated to reduce the concentration of antibody to which the re blood cells are 

exposed. In another such aspeAembodiment, the method further comprises the step of monitoring 

the subject for depletion of red blood cells. 	In another such sthi+p' tietembodiment, the antibody 

coupled to the compound is administered at a therapeutic dose. 	In one such aspectembodiment, 

the therapeutic dose is TM-saturating. 	In another such aspectembodiment, administration of the 

antibody is at a dose and/or dose frequency calibrated to minimize acute clinical symptoms of the 

antibody administration. 

In 	 the inventio-Hdiselosure 	 isolated 	 binds another embodiment, 	 provides an 	antibody that 	to 

the same epitope on TfR as an antibody selected from the group consisting of antibodies 7A4, 

8A2, 15D2, 10D11, 7B10, 15G11, 16G5, 13C3, 16G4, 16F6, 7G7, 4C2, 1B12, 13D4, 15G11.v1, 

15G11.v2, 15G11.v3, 15G11.v4, 15G11.v5, 7A4.v1; 7A4.v2, 7A4.v3, 7A4.v4, 7A4.v5, 7A4.v6, 

7A4.v7, 7A4.v8, 7A4.v9, 7A4.v10, 7A4.v11, 7A4.v12, 7A4.v13, 7A4.v14, 7A4.v15, 7G7.v1, 

16F6.v1, 16F6.v2, 16F6.v3, 16F6.v4 15G11.N52A, 15G11.T53A and 15G11W92A. 

In another embodiment, a method of decreasing clearance of a compound administered to a 

subject is provided, wherein the compound is coupled to an antibody which binds with low 

affinity to TfR, such that the clearance of the compound is decreased, and wherein reduction of 

red blood cell levels in the subject upon compound-coupled antibody administration to the subject 

is decreased or eliminated. 

In another embodiment, a method of optimizing the pharmeokinetics and/or 

pharmacodynamics of a compound to be efficacious in the CNS in a subject is provided, wherein 

the compound is coupled to an antibody which binds with low affinity to TfR, and the antibody is 

selected such that its affinity for TfR after coupling to the compound results in an amount of 

transport of the antibody conjugated to the compound across the BBB that optimizes the 

phaimacokinetics and/or pharmacodynamics of the compound in the CNS, wherein reduction of 

red blood cell levels in the subject upon compound-coupled antibody administration to the subject 

is decreased or eliminated. 

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 of the 

vet 	disclosure described in the specification herein. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 depicts a three-dimensional crystal structure of a TfR dimer in complex with Tf, 

based on the pdb file 3SM9. The non-Tf-binding apical region of TfR is labeled. 
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55. A method of producing an antibody comprising culturing the host cell of claim 54 

so that the antibody is produced and optionally further comprising recovering the antibody from 

the host cell. 

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

5 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 	eatme 	of a neurological disorder. 

59. The antibody of claim 58, wherein the neurological disorder is selected from the 

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

10 disorder, a seizure disorder, a lysosomal storage disease, amyloidosis, a viral or microbial disease, 

ischemia, a behavioral disorder, and CNS inflammation. 

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

across the BBB. 

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

15 treatment of a neurological disorder. 

62. The use of claim 61, 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. 

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

one or more compounds across the BBB. 

64. Use of an antibody of claim 46 in the manufacture of a medicament fore  

transporting a compound across the BBB in a subject, wherein the et 

antibody is exposed441Lei-airu-4-6 to the BBB such that the antibody transports the compound 

25 coupled thereto across the BBB. 
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65. 	Use of an antibody of claim 46 in the manufacture of a medicament forAmmethoc 

increasing exposure of the CNS of a subject to a compound, wherein the 	 will-1g an 

is 	 '16 to the BBB 	that the antibody transports the compound antibody 	exposed of claim 	 such 

5 

coupled thereto across the BBB. 

66. Use of an antibody of claim 46 in the manufacture of a medicament forAcinetimeref 

thevemprini increasing retention in the CNS of a compound administered to a subject, wherein 

is exposedof e4iti4e to the BBB such that the retention in the CNS of the e.--mt).-usint.t ar_ antibody 

compound is increased. 

67. Use of an antibody of claim 46 in the manufacture of a medicamento 

disorder in 10 treating a neurological 	a mammal comps  

/16. claini 

15 

68. The wdhoduse of claim 67, 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. 

69. The 	 claims 64-68, wherein the BBB or neurological disorder met'7oduse of any of 

is in a human subject. 

70. The 

	

	of claim 69, wherein the dose amount and/or frequency of metheduse 

20 

administration is modulated to reduce the concentration of antibody to which the red blood cells 

are exposed. 

71. The 

	

	 69, further comprising the step of monitoring the subject rrteduse of claim 

25 

for depletion of red blood cells. 

72. The feetuse of claim 69, wherein the antibody coupled to the compound is 

administered at a therapeutic dose. 

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

74. The met-heduse of claim 69, 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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