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WHAT IS CLAIMED IS:

1.

A method of transporting a compound across the blood-brain barrier in a subj ect
comprising exposing an antibody which binds with low affinity to a blood~brai}1ﬁ’g arrier
receptor (BBB-R) coupled to a compound to the blood-brain barrier such th;a,ff‘t"he antibody
transports the compound coupled thereto across the blood-brain barrier, ;yﬁjerein reduction

of red blood ceil levels in the subject upon antibody administration to }«ﬁe subject s

decreased or eliminated. /

A method of increasing exposure of the CNS of a subject to a comiaound wherein the
compound is coupled to an antibody which binds with low at;f’ nity to a BBB-R, thereby
increasing the exposure of the CNS to the compound, andf,xi;rherem reduction of red blood
cell levels in the subject upon compound-coupled anti?ﬁéy administration to the subject is

decreased or eliminated, I

s

Y

. A method of decreasing clearance of a compounclﬂadmmmtered to a subject, wherein the

compound is coupled to an antibody which bmﬂs with low affinity to a BBB-R, such that
the clearance of the compound is decreasedy anci wherein reduction of red blood cell levels
in the subject upon compound-coupled ?;ﬁitibody administration to the subject is decreased

or eliminated. ) /

S

. A method of increasing retention it the CNS-of a compound administered to a subject,

wherein the compound is coupléi‘l to an antibody which binds with low affinity to a BBB-
R, such that the retention in, tﬁe CNS of the compound is increased, and wherein reduction
of red blood cell levels m/{;w subject upon compound-coupled antibody administration to
the subject is decreasg& or eliminated.

A method of optin;i’ﬁng the pharmcokinetics and/or pharmacodynamics of a compound to
be efficacious m the CNS in a subject, wherein the compound is coupled to an antibody
which binds )mth low affinity to a BBB-R, and the antibody is selected such that its
affinity for the BBB-R after coupling to the compound results in an amount of transport of
the annb()dy conjugated to the compound across the BBB that optimizes the
thyrr{acokmeﬂcs and/or pharmacodynamics of the compound in the CNS, wherein

g@“éuction of red blood cell levels in the subject upon compound-coupled antibody

/ administration to the subject is decreased or eliminated.

/6. A method of treating a neurological disorder in a mammal comprising treating the

mammal with an antibody that binds a BBB-R and is coupled to a compound, wherein the
antibody has been selected to have a low affinity for the BBB-R and thereby improves
CNS uptake of the antibody and coupled compound, and wherein reduction of red blood
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10.

il

12.

I13.

14.

15.

16.

cell Ievels in the subject upon compound-coupled antibody administration to the subjec /1/5
decreased or eliminated. /
The method of any of claims 1-6, wherein the BBB-R is selected from the group /
consisting of transferrin receptor (TfR), insulin receptor, insulin-like growth f; écir
receptor (IGF receptor), low density lipoprotein receptor-related protein & Vi RPS), low
density lipoprotein receptor-related protein 1 (LRP1), glucose transport: /’j}’;Gi.ut}) and
heparin-binding epidermal growth factor-like growth factor (HB-EGEj

The method of claim 7, wherein the BBB-R is TfR. /

The method of claim 8, wherein the red blood cells are 1mmatuf§red blood cells.

The method of claim 9, wherein the immature red blood ce 1§ are reticulocytes.

The method of claim 10, wherein reduction of retlculocy;ee levels is accompanied by acute
clinical symptoms. f}f

s
J

The method of claim 11, wherein one or more propértzes of the antibody have been
modified to reduce the impact of the antibody on retlcuiocytc levels and/or reduce the
severity or presence of acute clinical symptoms in the subject or mammal.

The method of claim 12, wherein the one; 6r more properties are sefected from the effector
function of the antibody Fc region, thcfcomplernent activation function of the antibody and
the affinity of the antibody for the }‘BB -R.

The method of claim 13, wherez}ﬁiche one or more properties are selected from the effector
function of the antibody Fc Egﬁgfion and the complement activation function of the antibody,
and wherein the effector ;@%Ction or complement activation function has been reduced or
climinated relative to Jg{,f{;rild-type antibody of the same isotype.

The method of clai}ﬁ’ﬁm, wherein the effector function is reduced or eliminated by a
method selecte%ﬁ%m reduction of glycosylation of the antibody, modification of the
antibody iso:gyf;e to an isotype that naturally has reduced or eliminated effector function,
and modi’;gifé;tion of the Fc region.

The rriefﬁod of claim 15, wherein the glycosylation of the antibody 1s reduced by a method
seiee‘ted from: production of the antibody in an environment that does not permit wild-type

glycosylatlon removal of carbohydrate groups already present on the antibody; and

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

. The method of claim 16, wherein the antibody is produced in a non-mammalian cell

production system, or where the antibody is produced synthetically.
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18. The method of claim 16, wherein the Fe 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. /
19. The method of claim 13, wherein the effector function is reduced or eliminate, by at least
one modification of the Fc region. {,/

I
20. The method of claim 19, wherein the effector function or complement g,@“%ivation function

is reduced or climinated by deletion of all or a portion of the Fc regiofi, or by engineering

the antibody such that it does not inchude an Fe region or non-Fe région competent for

effector function or complement activation function. f/ '

21. The method of claim 19, wherein the modification 1s selecteﬁ(ffrom' a point mutation of
the Fc region to impair binding to one or more Fe recept@’fs 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, 3{3 335, 338, 340, 373, 376, 382, 388§,
389, 414, 416, 419, 434, 435, 437, 438, and 439‘5 a point mutation of the Fc region to
impair binding to Ciq selected from the foll@wmg positions: 270, 322, 329, and 321;
eliminating some or all of the Fc regmn a‘ﬁd a point mutation at position 132 of the CHI
domain. ff‘

22. The method of claim 11, wherein ‘qudose amount and/or frequency of administration is
modulated to reduce the conce%ﬁg;cion of antibody to which the red blood cells are
exposed. ,f

23, The method of claim 11, W’herem the antibody is modified to comprise pH-sensitive
binding to the BBB- R /

24, The method of cialﬁg,n 1 1, wherein a further compound is administered in addition to the
antibody. é

25. The method of clann 24, wherein the further compound is responsible for or contributes to
the lack oﬁ rcductlon of reticulocyte levels.

26. The method of claim 25, wherein the further compound protects reticulocytes from
anhbodyurel ated depletion or supports the growth, development, or reestablishment of
E@trculocytes.

2’éffi{fhe method of claim 26, wherein the further compound is selected from erythropoietin
(EPO), an iron supplement, vitamin C, folic acid, and vitamin B12.

28. The method of claim 26, wherein the further compound is red blood cells or reticulocytes

from the same or another subject.

—
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29,

30.

31

32,

33.

34,

35,
36.

37.
38.

39,
40),
. The method of cieurn 3‘8 wherein the IC50 is from about 100 nM o about 100uM.
42,

41

43,

44.

46.

2043/641860-

The method of claim 13, wherein the affinity of the antibody for the BBB-R 15 further
decreased. /
The method of any of claims 1-29, further comprising the step of monitoring the si'i/bject
for depletion of red blood cells. /

The method of any of claims 1-30, wherein the compound is a neurologlca}fc'ﬂsorder drug
or an imaging agent. /Xf

The method of any of claims 2-30, wherein the increase or decrease }sf’;’neasured relative to
a wild-type antibody of the same isotype not having lowered afﬁrfl}tf/ for the BBB-R.

The method of any of claims 1-30, wherein the antibody does %@t impair the binding of the
BBB-R to one or more of its native ligands. /
The method of any of claims 1-30, wherein the b]ood-br?ﬁ%arﬂer is in a mammal,

The method of claim 34, wherein the mammal has a n?fi}o}ogical disorder.

The method of claim 35, wherem the neurologlcdl chsordcr 1s selected from the group
consisting of Alzheimer’s discase (AD), stroke, dementm muscular dystrophy (MD),
multiple sclerosis (MS), amyotrophic lateral sclerosw (ALS), cystic fibrosis, Angelman’s

syndrome, Liddle syndrome, Parkinson’s @mease, Pick’s disease, Paget’s disease, cancer,
and traumatic brain injury. j,;fj/
The method of claim 34 wherein the, rr;ammai is 2 human.

The method of any of claims 1- 30 wherem the antibody has an IC50 for the BBB-R from
about 1 nM to about 100 uM S

The method of claim 3§, wherem the IC50 is from about 5 nM to about 100pM.

The method of claim 38 wherem the IC50 1is from about 50 nM to about 100uM.

The method of any of claims 1-30, wherein the antibody has an affinity for the BBB-R
from about 5 nM to about 50 uM.

The methodrof any of claims 1-30, wherein the antibody coupled to the compound has an
affinity fof’{;he BBB-R from about 30 nM to about 30 pM.

The method of any of claims 1-30, wherein the antibody coupled to the compound has an

afﬁmty for the BBB-R from about 30 nM to about I uM.

. The method of any of claims 1-30, wherein the antibody coupled to the compound hasa

jdleOCldi}Ol’l half-life for the BBRB-R from about 30 seconds to about 5 minutes, or from

about 30 seconds to about 2 minutes.
The method of claim 8, wherein the antibody does not inhibit the binding of TR to

transferrin,

—_—
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47.

48,

49.

50.

51.

52.
53.
54.

55.

56.

.;‘fj?

"7,
58,

The method of any of claims 1-30, wherein the antibody coupled to the compound is /
administered at a therapeutic dose. /
The method of claﬁn 47, wherein the therapeutic dose is BBB-R-saturating, (/f/
The method of any of claims 1-30, wherein the antibody is a multispecific anti’ﬁody and
the compound optionally forms one portion of the multispecific antibody. / |

The method of claim 49 wherein the multispecific antibody comprises ;y’z’ﬁrst antigen

binding site which binds the BBB-R and a second antigen binding si}éywhich binds a brain
The method of claim 50, wherein the brain antigen is Selectedﬁ{fom the group consisting

antigen.

of: beta-secretase 1 (BACE!L), Abeta, epidermal growth fac {;{r receptor (EGFR), human
epidermal growth factor receptor 2 (HER2), tau, apohpoﬁitem E4 (ApoE4), alpha-
synuclein, CD20, huntingtin, prion protein (PrP), Ieuc;fgze rich repeat kinase 2 (LRRK2},
parkin, presenilin 1, presenilin 2, gamma ‘;ecretase f‘cica,th receptor 6 (DR6), amyloid
precursor protein (APP), p75 neurotrophin recepfor {(p75NTR), and caspase 6.

The method of claim 51, wherein the multlspe(:lﬂc antibody binds both TfR and BACE]1.
The method of claim 51, wherein the multispemﬁc antibody binds both T{R and Abeta.

A method of improving the safety in a §ubject of an antibody that binds a BRB-R
comprising m0d1fymg one Or more pr()pemcs of the antibody such that administration of
the antibody decreases or ehmmates reduction of red blood cell levels in the subject
observed upon admlmstratm%wof the unmodified antibody.

A method of making an agﬁ%ody useful for transporting a compound across the BBB with
improved safety comp?i-s‘;{ng selecting an antibody specific for a blood-brain barrier
receptor (BBB-R) that has a desirably low affinity for the BBB-R, and modifying one or
more propertics E_;_fiihe antibody such that administration of the antibody decreases or
eliminates red}xgﬁon of red blood cell levels in the subject observed upon administration of
the unmodiﬁed antibody.

The method of claims 54 or 55 wherein the BBB-R is selected from the group consisting
of traxfsfemn receptor (TfR), insulin receptor, insulin-like growth factor receptor (IGF
reoéptor) low density lipoprotein receptor-related protein & (LRPR), low density
hpoprotcm receptor-related protein 1 (LRP1), glucose transporter 1 {Glutl) and heparin-
binding epidermal growth factor-like growth factor (HB-EGF).

The method of claim 56 wherein the BBB-R is transferrin receptor (TfR).

The method of claim 57, wherein the red blood cells are reticulocytes.
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The method of claim 58, wherein reduction of reticulocyte levels is accompanied by acfte
clinical symptoms.

The method of claim 59, wherein the one or more propertics is selected from the éffector
function of the antibody Fc region, the complement activation function of theantibody and
the affinity of the antibody for the BBB-R. /

The method of claim 60, wherein the one or more properties is selectedArom the effector
function of the antibody Fc region and the complement activation funéion of the antibody,
and wherein the effector function or the complement activation gl ction has been reduced
or eliminated relative to a wild-type antibody of the same motype

The method of claim 61, wherein the effector function is r%d{;ced or eliminated by a
method selected from reduction of glycosylation of the F@l{{%ibody, modification of the
antibody isotype to an isotype that naturally has redt%f_@;‘éd or eliminated effector function,

and modification of the Fc region, y ’

The method of claim 62, wherein the glycosylgffz}n of the antibody is reduced by a method
selected from: production of the antibody m‘éfr; environment that does not permit wild-type
glycosylation; removal of carbohydrate gfgups already present on the antibody; and
modification of the antibody such that w1id -type glycosylation does not occur.

The method of claim 63, wherem the antibody is produced in a non-mammalian celi
production system, or where t}.ﬁ&p an’abody 1§ produced synthetically.

The method of claim 63, W}}e;em the Fc region of the antibody comprises a mutation at
position 297 such that ti{g"’fifild-type asparagine residuc at that position is replaced with
another amino acid tl}_‘a’fﬁinterferes with glycosylation at that position

The method of cla;';ré 62, wherein the effector function or the complement activation
function is redl};g’gd or climinated by at least one modification of the Fc region or the non-
Fe region of the antibody.

The meth@"g of claim 66, wherein the effector function or complement activation function
18 reduced or eliminated by deletion of all or a portion of the Fe region, or by engineering

the/ﬁntlbody such that it does not include an Fe region competent for effector function or

c:omplement activation function.

. The method of claim 66, 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, 4353 437, 438, and 439; a point mutation of the Fc region to impair

1.16
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binding to Clq selected from the following positions: 270, 322, 329, and 321, elimi:x(g/tjég
some or all of the Fc region, and a point mutation at position 132 of the CHI1 domaid.

The method of claim 59, wherein the dose amount and/or frequency of adrninistra{i/;m is
modulated to reduce the concentration of antibody to which the red blood cellg’are
exposed. J//

The method of claim 59, wherein the antibody is modified to comprise yﬁ-sensitive
binding to the BBB-R. '/f”

The method of claim 60, wherein the affinity of the antibody for tl}é'" BBB-R is further
decreased. f ’

The method of claim 71, wherein the decrease is measured r/g,l’gidve to a wild-type antibody
of the same isotype not having lowered affinity for the Bl??ﬁ-R.

The method of claims 54 or 55, wherein the affinity fogﬁhe BBB-R is from about 1 nM to
about 100 pM.

7
The method of claim 73, wherein the antibody ha:;afgn 1C50 of from about 1uM to about

#
r

106 uM. i

The method of claim 73, wheremn the 1C50 }s"ffmm about 5 nM to about 100 uM.

The method of ¢laim 73, wherein the IC %@3 is from about 50 nM to about 100 uM.

The method of claim 73, wherein the}éSO is from about 100 nM to about 100 uM.

The method of any of claims 54-7 1¢,f¢€{fherein the antibody has an affinity for the BBB-R
from about 5 nM to about 50 ;,LMK

The method of any of claimsﬁﬁi? 1, wherein the antibody has a dissociation half-life for
the BBB-R from about 30}(§’ébonds to about 5 minutes, or from about 30 seconds to about
2 minutes. Af‘d

The method of clair;(_;s’f 34 or 55 wherein the antibody is selected from a panel of antibodies

based upon the dfﬁ%zty of the selected antibody.

. The method of _,épiaims 54 or 55, wherein the antibody is engineered to have the affinity.
82.

The methogf(;f claims 54 or 55 comprising coupling the antibody with a therapeutic
compouz}.cf

The n}ethod of claim &2 wherein the therapeutic compound is a neurological disorder

i
&

drug.

'I?Be method of claim 82, wherein the antibody coupled to the compound has an affinity for

/the BBB-R from about 30 nM to about 30 uM.

@s.

The method of claim 83, wherein the antibody is a multispecific antibody and the

compound optionally forms one portion of the multispecific antibody.

117
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94.

95.
96.

98.

The method of claims 54 or 55 wherein the antibody is a multispecific antibody whiaﬁf |
comprises a first antigen binding site which binds the BBB-R and a second armg;;
binding site which binds a brain antigen. /

The method of claim 86, wherein the brain antigen is selected from the grou’p consisting
of: beta-secretase 1 (BACED), Abeta, epidermal growth factor receptor E%FR) human
epidermal growth factor receptor 2 (HER?2), tau, apolipoprotein E4 (/} oE4), alpha-
synuclem CD20, huntingtin, prion protein (PrP), leucine rich rep;,ft kinase 2 {LRRK2),
parkin, presenilin 1, presenilin 2, gamma secretase, death reccpt/ or 6 (DR6), amyloid

precursor protein (APP), p75 neurotrophin receptor (p7 SNTRﬁ and caspase 6.

. The method of claim 87, wherein the multispecific ¢ cmtabod/y binds both TR and BACE].
. The method of claim 87, wherein the multispecific antlbody binds both TfR and Abeta.
. The method of any of claims 54-88, wherein the anﬁgody does not impair the binding of

the BBB-R to one or more of its native 11gands /S

The method of claim 90, wherein the anubody does not inhibit the binding of TR to
transferrin, ,ﬁ

An antibody which binds to a BBB-R, éyi‘f%erein the affinity of the antibody for the BBB-R
is from about 5 nM to about 50 j.LMJ‘;ﬁijfthC dissociation half-life of the antibody for the
BBB-R is from about 30 secon dé;fg about 2 minutes, and wherein one or more properties
of the antibody have been mq’kc_i{%ed to reduce at least one undesired side effect on red
blood cells,

The antibody of claim 92 wherem the BBB-R is selected from the group consisting of
transferrin receptor CI‘fR) insulin receptor, insulin-like growth factor receptor (JGF
receptor), low densny lipoprotein receptor-related protein 8 (LRP8), low density
lipoprotein re%pptomelated protein 1 (LRP1), glucose transporter 1 (Glut1) and heparin-
binding epidéf;mal growth factor-like growth factor (HB-EGF).

The dntlbody of claim 93 wherein the BBB-R is transferrin receptor (TIR).

The aﬂ’ubody of claim 94, wherein the red blood cells are reticulocytes.

The antlbody of claim 95, wherein the at least one undesired side effect on red blood cells

J_xs eelccted from reduction of reticulocyte levels and acute clinical symptoms.

. The antibody of claim 96, wherein the one or more properties is selected from the effector

function of the antibody Fc region, the complement activation function of the antibody and
the affinity of the antibody for the BBB-R.
The antibody of claim 97, wherein the one or more properties is selected from the effector

function of the antibody Fec region and the complement activation function of the antibody,
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and wherein the effector function or complement activation function has been redueéd or
climinated relative to a wild-type antibody of the same isotype.

99. The antibody of claim 98, wherein the effector function is reduced or elimin%ted by a
method selected from reduction of glycosylation of the antibody, modiﬁc%ﬁign of the
antibody isotype to an isotype that naturally has reduced or eliminated §f§ector function,

&
and modification of the Fc region. /

/

100. The antibody of clatm 99, wherein the glycosylaﬁon of the antik"fédy 15 reduced by a
method selected from: production of the antibody in an cnv::romncnt that does not permit
wild-type glycosylation; removal of carbohydrate groups airc ady present on the antibody;
and modification of the antibody such that wild-type giycosyi ation does not occur.

101. The antibody of claim 100, wherein the antibody i iy produced in a non-mammalian cell
production system, or where the antibody is produg;,ed synthetically.

102. The antibody of claim 100, wherein the Fc rc;g’ﬂm of the antibody comprises a mutation
at position 297 such that the wild-type asparﬁne residue at that position is replaced with
another amino acid that interferes with g].égcfgsyiation at that position.

103. The antibody of claim 99, wheremn t;gzgeffector function or complement activation
function is reduced or eliminated byat least one modification of the Fc region or the non-
Fe region. :

104. The antibody of claim 103?;17‘&7%161‘6?‘11 the effector function or complement activation
function is reduced or elimiﬁgted by deletion of all or a portion of the Fc region, or by

f"‘

engineering the antibod;g#ﬁuch that it does not include an Fe regiorn competent for effector
function. (

105. The antibody of clcum 103, wherein the modification is selected from: a point mutation
of the Fc regwn to impair binding to one or more Fc receptors seiected from the following
positions: 238 239,248, 249, 252, 254, 265, 208, 269, 270, 272, 278, 289, 292, 293, 294,
295, 296 297 298, 301, 303, 322, 324, 327, 320, 333, 338, 340, 373, 376, 382, 388, 389,
414, 4}6 410, 434, 435, 437, 438, and 439; a point mutation of the F¢ region to impair
bmdmg to Clq selected from the following positions: 270, 322, 329, and 321; eliminating
spme or all of the Fc region, and a point mutation at position 132 of the CHI domain.

7

1 06 The antibody of claim 97, wherein the antibody is modified to comprise pH-sensitive
binding to the BBB-R.

107. The antibody of claim 97, wherein the affinity of the antibody for the BBB-R is further

decreased.

s
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108. The antibody of claim 107, wherein the decrease is measured relative to ﬁd—tyé
antibody of the same isotype not having lowered affinity for the BBB-R.
#

109. The antibody of claim 92, wherein the affinity is measured as an 1C50. 7

#

110. The antibody of claims 92 wherein the antibody is selected from a panel 95 antibodies

based upon the affinity of the selected antibody. _ rd

111. The antibody of claim 92 wherein the antibody is engineered to ha\_ffe"‘jih.e affinity.

112, The antibody of claim 92, further coupled with a therapeutic cozﬁgound.

113. The antibody of claim 112 wherein the therapeutic compoun%fi’é a neurological disorder
drug. /

114, The antibody of claim 112, wherein the antibody Coupled'/f;i() the compound has an
affinity for the BBB-R from about 30 nM to about 30 f.iM

115. The antibody of claim 112, wherein the antibody 1 1s 2 multispecific antibody and the
compound optionally forms one portion of the m@ﬁspcmﬁc antibody.

116, The antibody of claim 92 wherein the aniibczgfj//} 1s a multispecific antibody which
comprises a first antigen binding site which b{nds the BBB-R and a second antigen
binding site which binds a brain cm‘ugen /

117. The antibody of claim 116, wherem the brain antigen is selected from the group

consisting of: beta-secretase 1 (BAC;EI) Abeta, epidermal growth factor receptor (EGFR),
human epidermal growth factor receptor 2 (HER2), tau, apolipoprotein E4 (ApoE4),
alpha-symuclein, CD20, huntzggtm, prion protein (PrP), leucine rich repeat kinase 2
{LRRK?2), parkin, preseniiii}ffrl, presenilin 2, gamma secretase, death receptor 6 (DR#6),
amyloid precursor grotg;;ﬁ{ (APP), p75 neurotrophin receptor (p75NTR), and caspase 6.

118. The antibody of cldﬁ*n 117, wherein the multispecific antibody binds both TfR and
BACE]. gﬁ

119, The antibod};f‘gf claim 117, wherein the multispecific antibody binds both TR and
Abeta, 4

120. The annbody of any of claims 92-119, wherein the antibody does not impair the binding
of the BBBnR to one or more of its native ligands.

121. The antibody of claim 120, wherein the antibody does not inhibit the binding of TR to

traanemn

122 Use of an antibody that binds with low affinity to a BBB-R and that does not impact red

f blood cell levels for the manufacture of a medicament for treating a neurological disorder.

/123, Useofthe antibody of any of claims 92-121 for the manufacture of 2 medicament for

treating a neurological disorder.
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124. An antibody that binds with low affinity to a BBB-R and which does not impact red
blood cell levels for use in treating a neurological disorder. /
125.  An antibody of any of claims 92-121 for use in treating a neurological disgpﬂer.
126. A method of treating a disease or disorder associated with or caused byﬁfévated red

blood cell levels in a subject comprising administering an anti-TfR anti;a'édy comprising at

&
r

least partial effector function to the subject. J
127. The method of claim 126, wherein the administering step is atﬁfd‘fdose and/or dose

’f’ - . . 3
frequency calibrated to minimize acute clinical symptoms of thé antibody administration.

[y
%)
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WHAT IS CLAIMED IS:

. A method of transporting a compound across the blood-brain barrier in a subject

comprising exposing an antibody which binds with low affinity to a blood-brain barrier
receptor (BBB-R) coupled to a compound to the blood-brain barrier such that the
antibody transports the compound coupled thereto across the blood-brain barrier,
wherein reduction of red blood cell levels in the subject upon antibody administration to

the subject is decreased or eliminated.

. A method of increasing exposure of the CNS of a subject to a compound, wherein the

compound s coupled to an antibody which binds with low affinity to a BBB-R, thereby
increasing the exposure of the CNS to the compound, and wherein reduction of red
blood cell levels in the subject upon compound-coupled antibody administration to the

subject is decreased or eliminated.

. A method of decreasing clearance of a compound administered to a subject, wherein the

‘compound is coupled to an antibody which binds with low affinity to a BBB-R, 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.

4. A method of increasing retention in the CNS of a compound administered to a subject,

wherein the compound is coupled to an antibody which binds with low affinity to a
BBB-R, such that the retention in the CNS of the compound is increased, and wherein
reduction of red blood cell levels in the subject upon compound-coupled antibody

administration to the subject is decreased or eliminated.

. A method of optimizing the pharmcokinetics and/or pharmacodynamics of a compound

to be efficacious in the CNS in a subject, wherein the compound is coupled to an
antibody which binds with low affinity to 2 BBB-R, and the antibody is selected such
that its affinity for the BBB-R after coupling to the compound results in an amount of
transport of the antibody conjugated to the compound across the BBB that optimizes the
pharmacokinetics 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.

. Use of an antibody that binds a BBB-R and is coupled to a compound, wherein the

antibody has been selected to have a low atfinity for the BBB-R and thereby improves
CNS uptake of the antibody and coupled compound, in the manufacture of a medicament

for treatment of a neurological disorder in a mammal, wherein reduction of red blood
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cell levels in the subject upon compound-coupled antibody administration to the subject

1s decreased or eliminated.

. The method of any of claims 1-5 or the use of claim 6, wherein the BBB-R is selected

from the group consisting of transferrin receptor (TfR), insulin receptor, insulin-like
growth factor receptor (IGF receptor), low density lipoprotein receptor-related protein 8
(LRP8), low density lipoprotein receptor-related protein 1 (LRP1), glucose transporter 1
(Glutl) and heparin-binding epidermal growth factor-like growth factor (HB-
EGF),wherein:

1) optionally the BBB-R is TIR, or

i1) optionally the red blood cells are immature red blood cells, or

i11) optionally the immature red blood cells are reticulocytes, or

iv}) optionally reduction of reticulocyte levels is accompanied by acute clinical
symptoms, or

v) optionally one or more properties of the antibody have been modified to reduce the
impact of the antibody on reticulocytie levels and/or reduce the severity or presence of
acute clinical symptoms in the subject or mammal, or

vi) optionally the one or more properties are selected from the effector function of the
antibody Fc region, the complement activation function of the antibody and the affinity
of the antibody for the BBB-R, or

vii) optionally 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, or

viii) optionally 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, or

ix} optionally 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, or

x) optionally the antibody is produced in a non-mammalian cell production system, or

where the antibody is produced synthetically, or
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xi) optionally 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.

The method of claim 7viii), wherein optionally the effector function is reduced or
eliminated by at least one modification of the Fc region, or

wherein optionally the effector function or complement activation function is reduced or
eliminated by deletion of all or a portion of the Fe 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 pomt 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, 254, 295, 296, 297,

- 298,301, 303, 322, 324, 327, 329, 333, 335, 338, 340, 373, 376, 382, 388, 389, 414,

416, 419, 434, 435, 437, 438, and 439; a point mutation of the Fc region to impair
binding to Clq selected from the following positions: 270, 322, 329, and 321;
eliminating some or all of the Fc region, and a point mutation at position 132 of the CH1
domain.

The method of claim 7iv), wherein: i) the dose amount and/or frequency of
administration is modulated to reduce the concentration of antibody to which the red
blood cells are exposed, or

i) the antibody is modified to comprise pH-sensitive binding to the BBB-R, or

iii) a further compound is to be administered in addition to the antibody.

The method of claim 9iii), wherein 1) the further compound is responsible for or
contributes to the lack of reduction of reticulocyte levels, or

i) optionally the further compound protects reticulocytes from antibody-related
depletion or supports the growth, development, or reestablishment of reticulocytes.

The method of claim 10ii), wherein the further compound is selected from erythropoietin
(EPO), an iron supplement, vitamin C, folic acid, and vitamin B12, or

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

The method of claim 7vi), wherein the affinity of the antibody for the BBB-R is further
decreased.

The method of any of claims 1-12, further comprising the step of monitoring the subject

for depletion of red blood cells.
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19.

20.
21.

The method of any of claims 1-13, wherein: i) the compound is a neurological disorder
drug or an imaging agent, or i1} the antibody does not impair the binding of the BBB-R
to one or more of its native ligands, or iii) the blood-~brain barrier is in a mammal, or iv)
the antibody has an IC50 for the BBB-R from about 1 nM to about 100 uM, or v) the
antibody has an affinity for the BBB-R from about 5 nM to about 50 uM, or vi) the
antibody coupled to the compound has an affinity for the BBB-R from about 30 nM to
about 30 uM, or vii) the antibody coupled to the compound has an affinity for the BBB-
R from about 30 nM to about 1 M, or viii) the antibody coupled to the compound has a
dissociation half-life for the BBB-R from about 30 seconds to about 5 minutes, or from
about 30 seconds to about 2 minutes, or ix) the antibody coupled to the compound is to
be administered at a therapeutic dose, and or x) the antibody is a multispecific antibody
and the compound optionally forms one portion of the multispecific antibody.

The method of any of claims 2-13, wherein the increase or decrease is measured relative
to a wild-type antibody of the same isotype not having lowered affinity for the BBB-R.
The method of claim 14iii), wherein the mammal has a neurological disorder,

wherein optionally 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.

The method of claim 14iii) wherein the mammal is a human.

The method of claim 14iv), wherein the IC50 is from about 5 nM to about 100uM, or
wherein the IC50 is from about 50 nM to about 100uM, or

wherein the IC50 is from about 100 nM to about 100uM.

The method of claim 7i), wherein the antibody does not inhibit the binding of TfR to
transferrin. |

The method of claim 14ix), wherein the therapeutic dose is BBB-R-saturating.

The method of claim 14x) wherein the multispecific antibody comprises a first antigen
binding site which binds the BBB-R and a second antigen binding site which binds a
brain antigen,

wherein optionally the brain antigen is selected from the group consisting of: beta-
secretase 1 (BACEL), Abeta, epidermal growth factor receptor (EGFR), human
epidermal growth factor receptor 2 (HER2), tan, apolipoprotein E4 (ApoE4), alpha-
synuclein, CD20, huntingtin, prion protein (PrP), leucine rich repeat kinase 2 (LRRK2),
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22.

23,

24.

parkin, presenilin I, presenilin 2, gamma secretase, death receptor 6 (DR6), amyloid
precursor protein (APP), p75 neurotrophin receptor (p75NTR), and caspase 6, or
wherein optionally the multispecific antibody binds both TfR and BACE]L, or

wherein the multispecific antibody binds both TfR and Abeta.

A method of improving the safety in a subject of an antibody that binds a BBB-R.
comprising modifying one or more properties of the antibody such that administration of
the antibody decreases or eliminates reduction of red blood cell levels in the subject
observed upon administration of the unmodified antibody.

A method of making an antibody useful for transporting a compound across the BBB
with improved safety comprising selecting an antibody specific for a blood-brain barrier
receptor (BBB-R) that has a desirably low affinity for the BBB-R, and modifying one or
more properties of the antibody such that administration of the antibody decreases or
eliminates reduction of red blood cell levels in the subject observed upon administration
of the unmodified antibody.

The method of claims 22 or 23 wherein the BBB-R is selected from the group consisting
of transferrin receptor {TfR), insulin receptor, insulin-like growth factor receptor (1GF
receptor), low density lipoprotein receptor-related protein 8 (LRP8), low density
lipoprotein receptor-related protein 1 (LRP1), glucose transporter 1 (Glutl) and heparin-
binding epidermal growth factor-like growth factor (HB-EGF), wherein:

i) optionally the BBB-R 1s transferrin receptor (TfR), or |

ii) optionally the red blood cells are reticulocytes, or

iii) optionally reduction of reticulocyte levels is accompanied by acute clinical
symptoms, or

iv) optionally the one or more properties is selected from the effector function of the
antibody Fc region, the complement activation function of the antibody and the affinity
of the antibody for the BBB-R, or
v) optionally the one or more properties is selected from the effector fanction of the
antibody Fc region and the complement activation function of the antibody, and wherein
the effector function or the complement activation function has been reduced or
eliminated relative to a wild-type antibody of the same isotype, or

vi) optionally 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, or
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vii) optionally 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, or

viii) optionally wherein the antibody is produced in a non-mammalian cell production
system, or where the antibody is produced synthetically, or

ix) 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.

The method of claim 24vi), wherein the effector function or the complement activation
function is reduced or eliminated by at least one modification of the Fc region or the
non-Fe region of the antibody, wherein:

1) optionally 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 competent for effector function or complement
activation function, or

i1} 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 Fe region to impair binding to Clq
selected from the following positions: 270, 322, 329, and 321, eliminating some or all of
the Fe region, and a point mutation at position 132 of the CH1 domain. |

The method of claim 24iii), wherein the dose amount and/or frequency of administration
is modulated to reduce the concentration of antibody to which the red blood cells are
exposed, or

wherein the antibody is modified to comprise pH-sensitive binding to the BBB-R.

The method of claim 24iv), wherein the affinity of the antibody for the BBB-R is further
decreased,

wherein optionally the decrease is measured relative to a wild-type antibody of the same
isotype not having lowered affinity for the BBB-R. _

The method of claims 22 or 23, wherein: i) the affinity for the BBB-R is from about 1
nM to about 100 uM, or ii) the antibody is selected from a panel of antibodies based

upon the affinity of the selected antibody, or iii) the antibody is engineered to have the
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affinity, or iv) the antibody is coupled with a therapeutic compound, or v) the antibody is
a multispecific antibody which comprises a first antigen binding site which binds the
BBB-R and a second antigen binding site which binds a brain antigen.

The method of claim 281), wherein the antibody has an IC50 of from about InM to about
100 puM, or

wherein the IC50 is from about 5 nM to about 100 uM, or

wherein the IC50 is from about 50 nM to about 100 uM, or

wherein the IC50 is from about 100 nM to about 100 pM.

The method of any of claims 22-27, wherein the antibody has an affinity for the BBB-R
from about 5 nM to about 50 uM, or

wherein the antibody has a dissociation half-life for the BBB-R from about 30 seconds to
about 5 minutes, or from about 30 seconds to about 2 minutes.

The method of claim 28iv) wherein: 1) the therapeutic compound is a neurological
disorder drug, or

it) the antibody coupled to the compound has an affinity for the BBB-R from about 30
nM to about 30 pM.

The method of claim 311), wherein the antibody is a multispecific antibody and the
compound optionally forms one portion of the multispecific antibody.

The method of claim 28v), 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), 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 precursor protein (APP), p75 neurotrophin receptor (p75SNTR), and
caspase 6.

The method of claim 33, wherein (i) the multispecific antibody binds both TR and
BACEIL, or

(i) the multispecific antibody binds both T{R and Abeta.

The method of any of claims 22-341), wherein the antibody does not impair the binding
of the BBB-R to one or more of its native ligands,

wherein optionally the antibody does not inhibit the binding of TIR to transferrin.

An antibody which binds to a BBB-R, wherein the affinity of the antibody for the BBB-
R is from about 5 nM to about 50 uM or the dissociation half-life of the antibody for the

BBB-R is from about 30 seconds to about 2 minutes, and wherein one or more properties
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of the antibody have been modified to reduce at least one undesired side effect on red
blood cells.

The antibody of claim 36 wherein i) the BBB-R is selected from the group consisting of
transferrin receptor (T1R), insulin receptor, insulin-like growth factor receptor (IGF
receptor), low density lipoprotein receptor-related protein 8§ (LRPS), low density
lipoprotein receptor-related protein 1 (LRP1), glucose transporter 1 {Glutl) and heparin-
binding epidermal growth factor-like growth factor (HB-EGF), wherein:

ii) optionally the BBB-R is transferrin receptor (T{R), or

1i1) optionally the red blood celis are reficulocytes, or

v} optionally at least one undesired side effect on red blood cells is selected from
reduction of reticulocyte levels and acute clinical symptoms, or

v) optionally one or more properties is selected from the effector function of the
antibody Fc region, the complement activation function of the antibody and the affinity
of the antibody for the BBB-R, or

vi} optionally one or more properties is 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, or

vii) optionally 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, or

viii) optionally 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, or

ix) optionally wherein the antibody is produced in a non-mammalian cell production
system, or where the antibody 1s produced synthetically, or

x) 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.

The antibody of claim 37vii), wherein the effector function or complement activation
function is reduced or eliminated by at least one modification of the Fe region or the

non-Fe region,
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44,

wherein optionally 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 competent for effector 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
C1q selected from the following positions: 270, 322, 329, and 321, eliminating some or
all of the Fe region, and a point mutation at position 132 of the CH1 domain.

The antibody of claim 37v), wherein: i) the antibody is modified to comprise pH-
sensitive binding to the BBB-R, or

it) the affinity of the antibody for the BBB-R is further decreased.

The antibody of claim 39ii), wherein the decrease is measured relative to a wild-type
antibody of the same isotype not having lowered affinity for the BBB-R.

The antibody of claim 36, wherein: i} the affinity is measured as an 1C50, or

ii) the antibody is selected from a panel of antibodies based upon the affinity of the
selected antibody, or

iii) the antibody is engineered to have the affinity, or

iv) the antibody is further coupled with a therapeutic compound.

The antibody of claim 41iv) wherein the therapeutic compound is a neurological disorder
drug, or

wherein the antibody coupled to the compound has an affinity for the BBB-R from about
30 nM to about 30 uM, or

wherein the antibody is a multispecific antibody and the compound optionally forms one
portion of the multispecific antibody.

The antibody of claim 36 wherein the antibody is a multispecific antibody which
comprises a first antigen binding site which binds the BBB-R and a second antigen
binding site which binds a brain antigen.

The antibody of claim 43, wherein the brain antigen is selected from the group
consisting of: beta-secretase 1 (BACEL), 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
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(DR6), amyloid precursor protein (APP), p75 neurotrophin receptor (p75NTR), and
caspase 0.

The antibody of claim 44, wherein the multispecific antibody binds both TfR and
BACEL, or

wherein the multispecific antibody binds both TR and Abeta.

The antibody of any of claims 36-45, wherein the antibody does not .impair the binding
of the BBB-R to one or more of its native ligands.

The antibody of claim 46, wherein the antibody does not inhibit the binding of TR to
transferrin,

Use of an antibody that binds with low affinity to a BBB-R and that does not impact red
blood cell levels for the manufacture of a medicament for treating a neurological
disorder.

Use of the antibody of any of ciaims 36-47 for the manufacture of a medicament for
treating a neurological disorder.

An antibody that binds with low affinity to a BBB-R and which does not impact red
blood cell levels for use in treating a neurological disorder.

An antibody of any of claims 36-47 for use in treating a neurological disorder.

Use of an anti-TfR antibody comprising at least partial effector function in the
manufacture of a medicament for treating a disease or disorder associated with or caused
by elevated red blood cell levels,

The use of claim 52, wherein the antibody 1s to be administered at a dose and/or dose
frequency calibrated to minimize acute clinical symptoms of the antibody

administration.
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