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FUSION PROTEINS COMPRISING PROGRANULIN

CROSS-REFERENCE TO RELATED APPLICATIONS
(0061} This application claims priority to U.S. Provisional Application No. 62/686,579, filed
June 18, 2018, and U.S. Provisional Application No. 62/746,338, filed October 16, 2018, the

disclosures of which are hereby incorporated by reference in their entirety for all purposes.

BACKGROUND
[8662] Frontoternporal dementia (FTD) is a progressive neurodegenerative disorder which
accounts for 5-10% of all patients with dementia and 10-20% of patients with an onset of
dementia before 65 years (Rademakers et al | Nat Rev Newrol 8(8):423-34, 2012). While
several genes have been linked to FTD, one of the most frequently mutated genes in FID is
GRN, which maps to human chromosome 17q21 and encodes the cysteine-rich protein
progranulin (PGRN) (also known as proepithelin and acrogranin). Highly-penetrant mutations
in GRN were first reported in 2006 as a cause of autosomal dominant forms of familial FTD
{Baker et al, Nafure. 442(7105)916-9, 2006, Cruts et al, Nomwre 2006 Aug
24;442(7105).920-4; Gass et al., Hum Mol Gener. 15(201:2988-3001, 2006). Recent estimates
suggest that GRN mutations account for 53-20% of FTD patients with positive family history

and 1-5% of sporadic cases (Rademakers et al |, supra).

DESCRIPTION
(8003} Provided herein are fusion proteins comprising a progranulin polypeptide or a variant
thereof and methods of use thereof for treating progranulin-associated disorders (e.g., a

neurodegenerative disease, such as frontotemporal dementia (FTD)).

8004} An aspect of the disclosure includes a protein comprising: (a) a modified Fe
polypeptide dimer that specifically binds TIR; and (b) a progranulin polypeptide. In some
embodiments, the protein is used in therapy. In some embodiments, the protein is used in the

treatment of a neurodegenerative disease.

[9065]  Another aspect of the disclosure includes a protein comprising: {a) an Fc polypeptide;

and (b) a progranulin polypeptide. In some embodiments of this aspect, the F¢ polypeptide: (1)
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does not include a variable domain, (i) includes a hinge or partial hinge region, and/or (ii1)

includes modifications such that the Fc polypeptide specifically binds transferrin receptor.

[9066]  In another aspect, provided herein is a protein coruprising: {(a) a single progranulin
polypeptide or a variant thereof, (b} a first Fc polypeptide that is linked to the progranulin
polypeptide or the variant thercof of (a); and (¢) a second Fe polypeptide that forms an Fc dimer
with the first Fc polypeptide. In some embodiments, the first Fc polypeptide and/or the second
Fe polypeptide does not include an immunoglobulin heavy and/or light chain variable region
sequence or an antigen-binding portion thereof. The protein can comprise exactly one

progranulin polypeptide or a variant thereof.

(8007} Insome embodiments of this aspect, the progranulin polypeptide comprises an anmino
acid sequence having greater than 90% identity, or at least 95% identity to the amino acid
sequence of SEQ D NO:212. In certain embodiments, the progranulin polypeptide comprises

the amino acid sequence of SEQ 1D NG:212.

{8008} In some embodiments, the first Fc polypeptide s linked to the progranulin
polypeptide or the variant thereof by a peptide bond or by a polypeptide linker. In some
embodiments, the polypeptide linkeris 110 50, 1 t0 25, 110 20, or 1 to 10 amino acids in fength.
For example, the polypeptide linker may be 3 to 50, 3 t0 25, 5t0 50, 510 25, 510 20, or 10 to
25 amino acids in length. Io some embodiments, the polypeptide linker 15 a flexible
polypeptide linker. The flexible polypeptide linker may be a glycine-rich linker, e.g., G4S

(SEQ 1D NO:277) or (G+S) (SEQ ID NO:276).

[860%9]  In some embodiments, the N-terminus or the C-terminus of the first Fe polypeptide

is linked to the progranulin polypeptide.

(8018} In another aspect, provided herein is a protein comprising: {(a) a first Fc polypeptide
that is linked to a first progranulin polypeptide or a varant thereof, and (b) a second Fc
polypeptide that is linked to a second progranulin polypeptide or a variant thereof, wherein the
first Fo polypeptide and the second Fe polypeptide form an Fe dimer and wherein the first Fc

polypeptide and/or the second Fc polypeptide specifically binds to a transferrin receptor.

(8611} In some embodiments of this aspect, the first F¢ polypeptide and/or the second Fc
polypeptide does not include an immunoglobulin heavy and/or light chain variable region

sequence or an antigen-binding portion thereof.

ba
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[8612] In some embodiments, each of the first and second progranulin polypeptides
comprises an amino acid sequence having greater 90%, or at least 95% 1dentity to the amino
acid sequence of SEQ ID NO:212. In certain embodiments, each of the first and second

progranulin polypeptides comprises the amino acid sequence of SEQ ID NO:212.

[8013] In some embodiments, the first Fo polypeptide i3 linked to the first progranulin
polypeptide or the variant thereof by a peptide bond or by a polypeptide linker and wherein the
second Fc polypeptide is linked to the second progranulin polypeptide or the variant thereof by
a peptide bond or by a polypeptide linker. In some embodiments, the polypeptide linker is 1
to 50, 1 to 25, 1 t0 20, or 1 to 10 amino acids n length. For example, the polypeptide linker
may be 3 to 50, 3 t0 25, 5 t0 50, 5 to 25, 5 to 20, or 10 10 25 amino acids in length. In some
embodiments, the polypeptide linker is a tlexible polypeptide linker. The tlexible polypeptide
linker may be a glycine-rich linker, e.g., G4S (SEQ ID NG:277) or (GaSh (SEQ 1D NO:276).
In some embodiments, the first Fc polypeptide and/or the second Fc polypeptide does not
include an nmomunoglobulin heavy and/or light chain variable region sequence or an antigen-

binding portion thereof.

(8014} In some embodiments, the N-terminus or the C-terminus of the first Fc polypeptide
is linked to the first progranulin polypeptide, and the N-terminus or the C~terminus of the

second Fe polypeptide is linked to the second progranulin polypeptide.

(8815} In some embodiments, the N-terminus of the first Fc polypeptide is linked to the C-
terminus of the first progranulin polypeptide, and the N-terminus of the second Fe polypeptide

is linked to the C-terminus of the second progranulin polypeptide.

[8016] In some embodiments, the N-terminus of the first Fc polypeptide is linked to the C-
ternunus of the first progranulin polypeptide, and the C-terminus of the second Fc polypeptide

is linked to the N-terminus of the second progranulin polypeptide.

8817} In some embodiments, the C-terminus of the first Fc polypeptide 1s linked to the N-
terminus of the first progranulin polypeptide, and the C-terminus of the second Fe polypeptide

is linked to the N-terminus of the second progranulin polypeptide.

[8018] In some embodiments of the previous two aspects, the first Fc polypeptide is a
modified Fc polypeptide and/or the second Fe polypeptide is a modified Fc polypeptide. In

some embodiments, the first Fo polypeptide and the second Fc polypeptide each contain

(%7
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modifications that promote heterodimerization. In some embodiments, the Fc dimer is an Fe

heterodimer,

(8019} In some embodiments of the previous two aspects, one of the Fc polypeptides has a
T366W substitution and the other Fe polypeptide has T3665, L368A, and Y407V substitutions,
according to EU numbering. In some embodiments, the first Fc polypeptide contains the
T3608, L368A, and Y407V substitutions and the second Fc polypeptide contains the T366W

suhstitytion.

(8028} In some embodiments of the first aspect, the first Fo polypeptide is linked to the
progranulin polypeptide and comprises the amino acid sequence of any one of SEQ ID
NOS:213, 214, 225, and 226, and the second F¢ polypeptide comprises the amino acid
sequence of SEQ 1D NO:261.

(8621} In some embodiments of the second aspect, the first Fc polypeptide is linked to the
tirst progranulin polypeptide and comprises the amino acid sequence of any one of SEQ ID
NOS:213,214, 225, and 226, and the second Fc polypeptide is linked to the second progranulin
polypeptide and comprises the amino acid sequence of any one of SEQ ID NOS:237, 238, 249,

and 250,

(8622} In some embodiments of the previcus two aspects, the first Fe polypeptide contains
the T366W substitution and the second Fc polypeptide contains the T366S, L368A, and Y407V

substitutions.

(80231 In some embodiments of the first aspect, the first Fc polypeptide is linked to the
progranulin polypeptide and comprises the amino acid sequence of any one of SEQ ID
NOS:237, 238, 249, and 250, and the second Fc polypeptide comprises the sequence of SEQ
D NO:267.

(8024} In some embodiments of the second aspect, the first Fc polypeptide is linked to the
first progranulin polypeptide and comprises the amino acid sequence of any one of SEQ ID
NOS:237, 238, 249, and 250, and the second Fe polypeptide is linked to the second progranulin
polypeptide and comprises the amino acid sequence of any one of SEQ ID NOS 213, 214, 225,

and 226,

(8025} In some embodiments, the first Fc polypeptide and/or the second Fc polypeptide

comprises a native FcRn binding site.
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(8026} In some embodiments, the first Fc polypeptide and the second Fc polypeptide do not

have effector function.

(802717 In some embodiments, the first Fc polypeptide and/or the second Fe polypeptide
includes a modification that reduces effector function. In certain embodiments, the
modification that reduces effector function is the substitutions of Ala at position 234 and Ala

at position 235, according to EU numbering.

(8028} In some embodiments, the first Fc polypeptide and/or the second Fe polypeptide
comprises amino acid changes relative to the native Fc sequence that extend serum halt-life.
In certain embodiments, the amino acid changes comprise substitutions of Leu at position 428
and Ser at position 434, according to EU numbering. In certain embodiments, the amino acid

changes comprise a substitution of Ser or Ala at position 434, according to EU numbering,

(8629} In some embodiments, the first Fc polypeptide and/or the second Fe polypeptide
specifically binds to a transferrin receptor. In certain embodiments, the first Fc polypeptide

and/or the second Fe polypeptide binds to the aptcal domain of the transferrin receptor.

(8838} In some embodiments, the first Fe polypeptide and/or the second Fo polypeptide
comprises at least two substitutions at positions selected from the group consisting of 384, 386,
387, 388, 389, 390, 413, 416, and 421, according to EU numbering. In some embodiments,
the first F¢ polypeptide and/or the second Fe polypeptide includes substitutions at least three,
four, five, six, seven, eight, or mine of the positions. In some embodiments, the first Fc
polypeptide and/or the second Fc polypeptide further comprises one, two, three, or four
substitutions at positions comprising 380, 391, 392, and 415, according to EU numbering. In
certain embodiments, the first Fc polypeptide and/or the second Fc polypeptide further
comprises oneg, two, or three substitutions at positions comprising 414, 424, and 426, according
to EU numbering. In particular embodiments, the first Fc polypeptide and/or the second Fc
polypeptide comprises Trp at position 388, In some embodiments, the first Fc polypeptide
and/or the second Fc polypeptide comprises an aromatic amino acid at position 421 {e.g., Trp

or Phe at position 421}.

(8631} In some embodiments, the first Fc polypeptide and/or the second Fc polypeptide
comprises at feast one posttion selected tfrom the following: position 380 is Trp, Leu, or Gly;
position 384 i1s Tyr or Phe; position 386 is Thr; position 387 is Glu; position 388 is Trp; position
389 1s Ser, Ala, Val, or Asn; posttion 390 is Ser or Asn; position 413 13 Thr or Ser; position

415 1s Glu or Ser; position 416 is Glu; and position 421 is Phe.
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[8032] In some embodiments, the first Fc polypeptide and/or the second Fc polypeptide
comprises 2, 3,4, 5,6,7, 8,9, 10, or 11 positions selected from the following: position 380 is
Trp, Leu, or Glu; position 384 is Tyr or Phe; position 386 is Thr; position 387 is Glu; position
388 1s Trp; position 389 is Ser, Ala, Val, or Asn; position 390 is Ser or Asn; position 413 13
Thr or Ser; position 415 is Glu or Ser; position 416 1s Glu; and position 421 is Phe. In certain
embodiments, the first Fc polypeptide and/or the second Fe polypeptide comprises 11 positions
as follows: posttion 380 is Trp, Leu, or Glu; position 384 is Tyr or Phe; position 386 is Thr,
position 387 is Glu; position 388 is Trp; position 389 is Ser, Ala, Val, or Asn; position 390 is
Ser or Asn; position 413 is Thr or Ser; position 415 18 Glu or Ser; position 416 is Glu; and

position 421 is Phe.

[8033] Insome embodiments, the first Fc polypeptide and/or the second Fc polypeptide has
a CH3 domain with at feast 85% identity, at least 90% identity, or at least 95% identity to amino

acids 111-217 of any one of SEQ ID NOS:34-38, 58, 60-90, 136, and 137-210.

{0034} In certain embodiments, the residues atleast 5, 6,7, 8,9, 10, 11, 12, 13, 14, 15, or 16
of the positions corresponding to EU index positions 380, 384, 386, 387, 388, 389, 390, 391,
392,413,414, 415,416, 421, 424 and 426 of any one of SEQ 1D NOS:34-38, 58, 60-90, 136,
and 137-210 are not deleted or substituted.  In some embodiments, the first Fe polypeptide
and/or the second Fc polypeptide comprises the amino acid sequence of any one of SEQ ID
NOS:136-210.  In certain embodiments, the first F¢ polypeptide and/or the second Fc
polypeptide comprises the amino acid sequence of any one of SEQ ID NOS: 136, 138, 150,
162, 174, 186, and 198. In certain embodiments, the first Fc polypeptide and/or the second Fo
polypeptide comprises the amino acid sequence of SEQ 1D NO: 150, In certain embodiments,
the first Fc polypeptide and/or the second Fc polypeptide comprises the amino acid sequence

of SEQ ID NO:136.

[8635] In some embodiments, the binding of the protein to the transferrin receptor does not

substantially inhibit binding of transferrin to the transferrin receptor.

[8036] In some embodiments, the first Fc polypeptide and/or the second Fc polypeptide has
an amino acid sequence 1dentity of at least 75%, or at least 80%, 85%, 90%, 92%, or 95%, as
compared to the corresponding wild-type Fc polypeptide. The corresponding wild-type Fc

polypeptide may be a human IgG1, 1gG2, 1gG3, or IgG4 Fe polypeptide.

[8637] In some embodiments, uptake of the progranulin polypeptide into the brain 15 at least

ten-fold greater as compared to the uptake of the progranulin polypeptide in the absence of the
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tirst Fc polypeptide and/or the second Fc polypeptide or as compared to the uptake of the
progranulin polypeptide without the modifications to the first Fe polypeptide and/or the second

Fc polypeptide that result in transferrin receptor binding.

(8038} In some embodiments, the first Fc polypeptide is not modified to bind to a blood-
brain barrier receptor and the second Fe polypeptide is modified to specifically bind to a
transferrin receptor. In some embodiments, the first Fc polypeptide is modified to specifically
bind to a transferrin receptor and the second Fe polypeptide is not modified to bind to a biood-

brrain barrier receptor.

18039} In some embodiments, the progranulin polypeptide or the variant thereof binds to
sortilin or prosapesin. In particular embodiments, the progranulin polypeptide or the variant

thereof binds to soriilin,

(8648} In another aspect, provided herein is a protein comprising: {(a) a first Fc polypeptide
that 1s linked to a progranulin polypeptide through a polypeptide linker; and (b} a second F¢
polypeptide that forms an Fc dimer with the first Fc polypeptide, wherein the first Fc
polypeptide comprises hole mutations T3665, L368A, and Y407V and the second Fco

polypeptide comprises a knob mutation T366W, according to EU numbering scheme.

(8641} In some embodiments, (a) comprises the sequence of any one of SEQ 1D NOS:213,

214, 225, and 226 and (b) comprises the sequence of SEQ ID NO:261.

[0042] In some embodiments, the second Fc polypeptide further comprises TfR-binding

mutations.

180431 In some embodiments, (a) comprises the sequence of any one of SEQ ID NOS:213,

214, 225, and 226 and (b) comprises the sequence of SEQ ID NO:273.

[8044] In another aspect, provided herein is a protein comprising: {(a) a first F¢ polypeptide
that is linked to a programulin polypeptide through a polypeptide linker; and (b} a second Fc
polypeptide that forms an Fc dimer with the first Fc polypeptide, wherein the first Fc
polypeptide comprises a knob mutation T3606W and the second Fc polypeptide comprises hole

mutations 136685, L368A, and Y407V, according to EU numbering scheme.

[8045] In some embodiments, (a) comprises the sequence of any one of SEQ ID NOS:237,

238, 249, and 250 and (b} comprises the sequence of SEQ ID N{O:267.
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[0646] In some embodiments, the first Fc polypeptide further comprises TfR-binding

mutations.

100471  In some embodiments, (a) comprises the sequence of SEQ ID NO:274 or 275 and (b)

comprises the sequence of SEQ ID NG:267.

18048} In another aspect, provided herein is a protein comprising: {a) a first F¢ polypeptide
that 15 linked to a first progranulin polypeptide through a polypeptide linker; and (b) a second
Fc polypeptide that is linked to a second progranulin polypeptide through a polypeptide linker,
wherein the first and second Fe polypeptides form an Fo dimer, the first Fc polypeptide
comprises hole mutations 13668, L368A, and Y407V, the second Fc polypeptide comprises a
knob mutation T366W, and wherein the N-terminus of the first programulin polypeptide s
linked to the C-terminus of the first F¢ polypeptide through the polypeptide linker and the N-
ternunus of the second progranulin polypeptide is hinked to the C-terminus of the second F¢

polypeptide through the polypeptide linker.

108491  In some embodiments, {a) comprises the sequence of SEQ ID NG:213 or 214 and (b)

comprises the sequence of SEQ ID NO:237 or 238,

[0050] In some embodiments, the second Fc polypeptide further comprises TtR-binding

mutations.

(8651} Insome embodiments, (a) comprises the sequence of SEQ IDNO:213 or 214 and (b)
comprises the sequence of SEQ ID NO:274.

(8052} In another aspect, provided herein 1s a protein comprising: {(a) a first Fc polypeptide
that 1s linked to a first progranulin polypeptide through a polypeptide linker; and (b) a second
Fc polypeptide that is linked to a second progranulin polypeptide through a polypeptide linker,
wherein the first and second Fe polypeptides form an Fc dimer, the first Fc polypeptide
comprises hole mutations T366S, L368A, and Y407V, the second Fc polypeptide comprises a
knob mutation T366W, and wherein the C-terminus of the first progranulin polypeptide is
linked to the N-terminus of the first Fc polypeptide through the polypeptide linker and the C-
terminus of the second progranulin polypeptide is linked to the N-terminus of the second Fe

polypeptide through the polypeptide linker.

(8053} Insome embodiments, (a} comprises the sequence of SEQ 1D NO:225 or 226 and (b)

comprises the sequence of SEQ ID NG:249 or 250
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(8054} In some embodiments, the second Fc polypeptide further comprises TfR-binding

mutations.

[0055]  In some embodiments, (a) comprises the sequence of SEQ 1D NO:225 or 226 and (b)

comprises the sequence of SEQ ID NG:275.

18856} In another aspect, provided herein is a protein comprising: {a) a first Fc polypeptide
that 15 linked to a first progranulin polypeptide through a polypeptide linker; and (b) a second
Fc polypeptide that is linked to a second progranulin polypeptide through a polypeptide linker,
wherein the first and second Fe polypeptides form an Fo dimer, the first Fc polypeptide
comprises hole mutations 13668, L368A, and Y407V, the second Fc polypeptide comprises a
knob mutation T366W, and wherein the N-terminus of the first programulin polypeptide s
linked to the C-terminus of the first Fc polypeptide through the polypeptide linker and the C-
ternunus of the second progranulin polypeptide is linked to the N-terminus of the second F¢

polypeptide through the polypeptide linker.

198571  In some embodiments, {a) comprises the sequence of SEQ ID NO:213 or 214 and (b}

comprises the sequence of SEQ 1D NG:249 or 250.

[0058] In some embodiments, the second Fc polypeptide further comprises TtR-binding

mutations.

(8639} Insome embodiments, (a) comprises the sequence of SEQ ID NO:213 or 214 and (b)
comprises the sequence of SEQ ID NO:275.

[8068] In another aspect, provided herein 1s a protein comprising: (a) a first Fc polypeptide
that is linked to a progranulin polypeptide through a polypeptide linker; and (b} a second Fc
polypeptide that forms an Fc dimer with the first Fc polypeptide, wherein the first Fe
polypeptide comprises hole mutations T3665, L368A, and Y407V and the second Fe
polypeptide comprises a knob mutation T366W, according to EU numbering scheme, and TIR-

binding mutations.

8061} In some embodiments of this aspect, (3) comprises the sequence of any one of SEQ

IDNOS:213, 214, 225, and 226 and (b} comprises the sequence of SEQ 1D NO:281.

[8062] In some embodiments of this aspect, (a) comprises the sequence of any one of SEQ}

D NOS:213, 214, 225, and 226 and (b) comprises the sequence of SEQ ID N(O.286.
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[8063] In some embodiments of this aspect, the second Fc polypeptide further comprises
L234A and L235A mutations with or without P329G mutation, and/or M428L and N434S
mutations, according to EU numbering scheme. In particular embodiments, (a) comprises the
sequence of any one of SEQ ID NOS:213, 214, 225, and 226 and (b} comprises the sequence
of any one of SEQ ID NGS:210 and 282-285. In particular embodiments, (a) comprises the
sequence of any one of SEQ ID NOS:213, 214, 225, and 226 and (b} comprises the sequence
of any one of SEQ 1D NOS:209 and 287-290. In particular embodiments, (a) comprises the
sequence of any one of SEQ 1D NOS:213, 214, 225, and 226 and (b} comprises the sequence

of SEQ ID NO: 291,

[8064] Insome embodiments of this aspect, the first Fc polypeptide further comprises L.234A
and L235A mutations with or without P329G mutation, and/or M428L and N434S mutations,
according to EU numbering scheme. In particular embodiments, {8) comprises the sequence
of any one of SEQ D NOS:215-224 and 227-236 and (b} comprises the sequence of SEQ ID
NO:281. In particular embodiments, {a) comprises the sequence of any one of SEQ ID

NOS:215-224 and 227-236 and (b) comprises the sequence of SEQ 1D NG:286.

[8065] In some embodiments of this aspect, each of the first and second Fc¢ polypeptides
turther comprises L234A and L235A mutations with or without P329G mutation, and/or
M4281. and N4348 mutations, according to EU numbering scheme. In particular embodiments,
(a) comprises the sequence of any one of SEQ ID NOS:215-224 and 227-236 and (b) comprises
the sequence of SEQ ID NO:210 and 282-285. In particular embodiments, (a) comprises the
sequence of any one of SEQ ID NOS:215-224 and 227-236 and (b} comprises the sequence of
SEQ 1D NO:209 and 287-290. Tu particular emabodiments, (a) comprises the sequence of any

one of SEQ 1D NOS:215-224 and 227-236 and (b) comprises the sequence of SEQ ID NO:291.

[8666] In particular embodiments, {a) comprises the sequence of SEQ ID NGO:215 and (b)
coraprises the sequence of SEQ 1D NO:210. In particular erabodiments, (a) comprises the
sequence of SEQ ID NO:227 and (b) comprises the sequence of SEQ D NO:210. In particular
embodiments, {a) comprises the sequence of SEQ ID NG:215 and (b) comprises the sequence
of SEQID N(O:291. In particular embodiments, () comprises the sequence of SEQ 1D NG:227
and {(b) comprises the sequence of SEQ ID NO:291.

18667} In another aspect, provided herein is a polypeptide comprising an Fc polypeptide that
is linked to a progranulin polypeptide or a variant thereof, wherein the Fc polypeptide contains

one or more modifications that promote its heterodimerization to another Fc polypeptide.

16
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[8068] In some embodiments, the progranulin polypeptide comprises an amino acid
sequence having greater than 90%, or at least 95% 1dentity to the amino acid sequence of SEQ
ID NO:212. In certain embodiments, the progranulin polypeptide comprises the amino acid

sequence of SEQ ID NO:212.

[806%9] In some embodiments, the Fc polypeptide is linked to the progranulin polypeptide or
the variant thereof by a peptide bond or by a polypeptide linker. In some embodiments, the
polypeptide linker 15 1 t0 50, 1 to 25, 1 t0 20, or 1 to 10 anuno acids in length. For example,
the polypeptide linker may be 3 t0 50, 3 10 25, 510 50, S to 25, 5 to 20, or 10 to 25 amino acids
in length. In certain embodiments, the polypeptide linker 1s a flexible polypeptide linker. The
flexible polypeptide linker may be a glycine-rich linker {e.g., G4S (SEQ IDNG:277y or (GsSh
(SEQ D NO:276)).

[0076] In some embodiments, the N-terminus or the C-terminus of the Fc polypeptide is

linked to the progranulin polypeptide.

196711  In some embodiments, the Fe polypeptide contains T366S, L368A, and Y407V

substitutions, according to EU numbering.

(8072} Insome embodiments, the polypeptide comprises the amine acid sequence of any one

of SEQ 1D NOS:213, 214, 225, and 226.
[8673] In certain embodiments, the Fc polypeptide contains a T366W substitution.

(8074} Insome embodiments, the polypeptide comprises the amino acid sequence of any one

of SEQ TD NOS:237, 238, 249, and 250.

(00751  In some embodiments, the Fc polypeptide comprises a modification that reduces
effector function. In certain embodiments, the modification that reduces effector function is

the substitutions of Ala at position 234 and Ala at position 235, according to EU numbering.

[8676] Insome embodiments, the polypeptide comprises the amino acid sequence of any one

of SEQ 1D NOS:215, 216, 227, 228, 239, 240, 251, and 252,

(8077} In some embodiments, the Fc polypeptide comprises amino acid changes relative to
the native F¢ sequence that extend serum half-life. In some embodiments, the amino acid
changes comprise substitutions of Leu at position 428 and Ser at position 434, according to EU

numbering.

11
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(8078} Insome embodiments, the polypeptide comprises the amino acid sequence of any one

of SEQ ID NOS:219-222, 231-234, 243-246, and 255-258.
190781 In some embodiments, the Fc polypeptide turther comprises TfR-binding mutations,

{80808} In some embodiments, the progranulin polypeptide or the variant thereof binds to
sortilin or prosaposin. In particular embodiments, the progranulin polypeptide or the variant

thereof binds to sortilin,

(6081} In another aspect, provided herein is a method of treating a progranulin-associated
disorder, the method comprising administering a protein or polypeptide disclosed herein to a
patient in need thereof, wherein the progranulin-associated disorder is selected from the group
consisting of a neurodegenerative disease, atherosclerosis, a disorder associated with TDP-43,

and age-related macular degeneration (AMD).

[8682] In another aspect, provided herein is a method of increasing the amount of a
programulin polypeptide or a variant thereof in a patient having a progranulin-associated
disorder, the method comprising adroinistering a protein or polypeptide disclosed herein to the
patient, wherein the progranulin-associated disorder is selected from the group consisting of a
neurodegenerative disease, atherosclerosis, a disorder associated with TDP-43, and age-related

macular degeneration (AMD).

[6083] In another aspect, provided herein is a method of decreasing cathepsin D activity ina
patient having a progranulin-associated disorder, the method comprising administering a
protein or polypeptide disclosed herein to the patient, wheretn the progranulin-associated
disorder is selected from the group consisting of a neurodegenerative disease, atherosclerosis,

a disorder associated with TDP-43, and age-related macular degeneration (AMD).

[6084] In another aspect, provided herein is a method of increasing lysosomal degradation
in a patient having a progranulin-associated disorder, the method comprising administering a
protein or polypeptide disclosed herein to the patient, wherein the progranulin-associated
disorder is selected from the group consisting of a neurcdegenerative disease, atherosclerosis,

a disorder associated with TDP-43, and age-related macular degeneration (AMD).

[8685] In some embodiments of the methods described herein, the progranulin-associated
disorder is a neurodegenerative disease. In some embodiments of the methods described
herein, the neurodegenerative disease is selected from the group consisting of frontotemporal

dementia (FTD), neuronal ceroid lipofuscinosis (NCL), Niemann-Pick disease type A (NPA),

12
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Niemann-Pick disease type B (NPB), Niemann-Pick disease type C (NPC), C90ORF72-
associated amyotrophic lateral sclerosis (ALSYFTD, sporadic ALS, Alzheimer’s disease (AD),
Gaucher's disease {e.g., Gaucher’s disease types 2 and 3}, and Parkinson’s disease. In some

embodiments, the neurodegenerative disease is frontotemporal dementia (FTD).

[8686] In some embodiments, the patient has a mutation in a gene encoding the progranulin

polypeptide.

(8087} In another aspect, provided herein is a pharmaceutical composition comprising any
of the proteins described herein or any of the peptides described herein and a pharmaceutically

acceptable carrier.

{6088} In another aspect, provided i1s a method for evaluating a compound or monitoring a
subject’s response to a compound, pharmaceutical composition, or dosing regimen thereof
{(e.g.. response to a Fe dimer:PGRN fusion protein described herein) for treating a progranulin-
associated disorder, the method comprising: {(a) measuring an abundance of one or more
bis(monoacylglycero)phosphate (BMP) species in a test sample from a subject having a
progranulin-associated disorder, wherein the test sample or subject has been treated with the
compound or pharmaceutical composition thereof (e.g., treated with a Fc¢ dimer: PGRN fusion
protein described herein); (b) comparing the difference in abundance between the one or more
BMP species measured in {a) and one or more reference values; and (¢} determining from the
comparison whether the compound, pharmaceutical composition, or dosing regimen thereof
(e.g., a Fc dimer:PGRN fusion protein described herein) improves one or more BMP species

levels for treating a progranulin-associated disorder.

(8089} Insome embodiments, the methods provided herein further comprise treating another
test sample or subject with another compound and selecting a candidate compound that

improves the one or more BMP species levels.

18090} In some embodiments, the methods provided herein further comprise (d) maintaining
or adjusting the amount or frequency of administration of the compound {e.g., a Fc
dimer PGRN fusion protein described herein} to the test sample or subject; and {e)

administering the compound to the test sample or to the subject.

(8091} In another aspect, provided is a method tor identifying a subject having, or at risk of
having, a progranulin-associated disorder, the method comprising. (a) measuring the

abundance of one or more BMP species in a test sample from the subject; (b) comparing the

13
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difference in abundance between the one or more BMP species measured in (a) and one or
more reference values; and (¢} determining from the comparison whether the subject has a

progranulin-associated disorder.

[00%2] In some embodiments, the methods provided herein further comprise administering
to the subject a compound {e.g, a Fc dimerPGRN fusion protein described herein) for
improving the one or more BMP species ievels for treating a progranulin-associated disorder.
In some embodiments, at least one of the one or more signs or symptorms of a progranulin-

associated disorder are ameliorated following treatment.

(8093} In some embodiments, treatment comprises administering progranulin, a dertvative
thereof, or a pharmaceutical composition thereof (¢.g., administering a Fc dimer: PGRN fusion
protein described herein) to the subject. In some embodiments, the progranulin derivative
contains a chemical moiety or peptide fragment that aliows the progranulin to cross the blood
brain barrier {e.g., a progranulin derivative such as a Fe dimer:PGRN fusion protein described
herein). In some embodiments, treatment comprises administering a library of compounds to

a plurality of subjects or test samples.

[8694] Insome embodiments, the reference value is measured in a reference sample obtained
trom a reference subject or a population of reference subjects. In some embodiments, the
reference value is the abundance of the one or more BMP species measured in a reference
sample. In some embodiments, the reference sample is the same type of cell, tissue, or fluid as
the test sample. Io some embodiments, at least two reference values from different types of

cell, tissue, or fluid 1s measured.

[8095] In some embodiments, the reference sample is a healthy control. In some
embodiments, the reference subject or population of reference subjects do not have a
progranulin-associated disorder or a decreased level of progranulin.  In particular
embodiments, the reference subject or population of reference subjects do not have any signs

or symptoms of such a disorder.

[8696] In some embodiments, BMP species levels are increased in bone marrow-derived
macrophages that are derived i vifro from bone marrow cells of a subject having, or at risk of
having, a progranulin-associated disorder as compared to a healthy control or a control not

related to a progranulin-associated disorder.
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(8097} Insome embodiments, BMP species fevels are decreased in liver, brain, cerebrospinal
fluid, plasma, or urine of a subject having, or at risk of having, a progranulin-associated
disorder as compared to a healthy control or a control not related to a progranulin-associated

disorder.

[8098] In some embodiments, the abundance of a BMP species in the test sample of a subject
having, or at risk of having, a progranulin-associated disorder has at least about a 1.2-fold, 1.5-
told, or 2-fold difference compared to a reference value of a control such as a healthy control
or a control not related to a progranulin-associated disorder. In other embodiments, the
abundance of a BMP species in the test sample of a subject having, or at risk of having, a
progranulin-associated disorder has about a 1.2-fold to about 4-fold difference compared to a
reference value of a control such as a healthy control or a conirol not related to a progranulin-
associated disorder. Tn some embodiments, the difference compared to a reference value is
about 2-fold to about 3-fold. In some embodiments, the subject has a disorder associated with
a decreased level of progranulin and/or one or more signs or symptoms of a disorder associated

with a decreased level of progranulin.

(8099} In some embodiments, the reference value is the BMP species value prior to
treatment. In some embodiments, the subject is treated for a decreased level of progranuhin or
a progranulin-associated disorder, and the test sample comprises one or more pre-treatment test
samples that are obtained from the subject before treatment has started and one or more post-
treatment test samples that are obtained from the subject after treatment has started. In some
embodiments, the method further comprises determining that the subject is responding to the
treatment when the abundance of at least one of the one or more BMP species post-treatment
shows an improvement over the one or more BMP species pre-treatment relative to a healthy

control.

[81068] In some embodiments, the methods comprise (a) measuring an abundance of one or
more bis{monoacylglycero)phosphate (BMP) species in a test sample obtained from a subject;
{(b) treating the test sample or subject with a compound, pharmaceutical composition, or dosing
regimen thereof (e.g., treating the test sample or subject with a Fc dimer: PGRN fusion protein
described herein); (¢) measuring an abundance of one or more BMP species in a test sample
obtained from the treated subject, and (d) comparing the abundance of the one or more BMP
species measured in steps (a) and (c); and (¢} determining whether the compound or a dosing

regimen improves BMP levels for treating a progranulin-associated disorder.

Ju—
(V4]
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(8161} In some embodiments, two or more post-treatment test samples are obtained at
different time points after treatruent has started, and the roethod further comprises deterruining
that the subject is responding to treatment when the abundance of at least one of the one or
more BMP species measured in a post-treatment sample 1s a) lower in bone marrow-derived
macrophage (BMDM) or b} higher in liver, brain, cerebrospinal fluid, plasma, or urine than the
abundance of the corresponding one or more BMP species measured in the pre-treatment
sample. In some embodiments, the subject is determined to be responding to the treatment
when the abundance of at least one of the one or more BMP species measured in a post-
treatment sample is a) at least about 1.2-fold lower in BMDM or b) at least about 1 2-fold
higher in liver, brain, cerebrospinal fluid, plasma, or urine than the abundance of the

corresponding one or more BMP species measured in the pre-treatment sample.

(01062} In some embodiments, the improved BMP species level is an improvement over the
BMP species level prior to treatment relative to the reference value of a control such as a
healthy control or a control not related to a progranulin-associated disorder. In some
embodiments, the improved BMP species level ts closer in value to the control than the pre-
treatment BMP species level is to the control. In some embodiments, the improved BMP
species level has a difference compared to the control of less than 15%, 10%, or 5%. In some
embodiments, the improved BMP species level has a ditference compared to a healthy control
of less than 10% or 5%. In some embodiments, the improved BMP species level has a

difference compared to a healthy control of less than 5%.

(0163} In some embodiments, the method further comprises determining that the subject is
responding to the treatment when the abundance of at least one of the one or more BMP species
measured in at least one of the one or more post-treatment test samples is about the same as the

corresponding reference value of a healthy control.

[8184] In some embodiments, the test or reference sample or one or more reference values
comprises or relates to a cell, a tissue, whole blood, plasma, serum, cerebrospinal fluid,
interstitial fluid, sputum, urine, feces, bronchioalveolar lavage tluid, lymph, semen, breast
milk, amniotic fluid, or a combination thereof. In some embodiments, the cell is a peripheral
blood mononuclear cell (PBMC), a bone marrow-derived macrophage (BMDM), a retinal
pigmented epithelial (RPE) cell, a blood cell, an erythrocyte, a leukocyte, a neural cell, a
microglial cell, a brain cell, a cerebral cortex cell, a spinal cord cell, a bone marrow cell, aliver

cell, a kidney cell, a splenic cell, a lung cell, an eye cell, a chorionic villus cell, a muscle cell,

16



WO 2019/246071 PCT/US2019/037695

a skin cell, a fibroblast, a heart cell, a lymph node cell, or a combination thereof. In some
embodiments, the cell is a cultured cell. In some embodiments, the cultured cell is a BMDM

or an RPE cell.

(81065} In some embodiments, the tissue comprises brain tissue, cerebral cortex tissue, spinal
cord tissue, liver tissue, kidney tissue, muscle tissue, heart tissue, eye tissue, retinal tissue, a
lymph node, bone marrow, skin tissue, blood vessel tissue, lung tissue, spleen tissue, valvular
tissue, or a combination thereof. In some embodiments, the test and/or reference sample is
purified from a cell and/or a tissue and comprises an endosome, a lysosome, an extracellular

vesicle, an exosome, a microvesicle, or a combination thereof.

[0186] In some embodiments, the one or more BMP species comprise two or more BMP
species. In some embodiments, the one or more BMP species comprise BMP(16:0 18:1),
BMP(16:0 18:2), BMP(18:0 18:0), BMP(18:0 18:1), BMP(18:1 18:1), BMP(16:0 20:3),
BMP(18:1 20:2), BMP(18:0 20:4), BMP(16:0 22:5), BMP(20:4 20:4), BMP(22:6 22:6),
BMP(20:4 20:5), BMP(18:2 18:2), BMP(16:0_20:4), BMP(18:0 18:2), BMP(18:0¢ 22:6),
BMP(18:1e 20:4), BMP(18:3_22:5), BMP(20:4 22:6), BMP(18:0e 20:4), BMP(18:2 20:4),
BMP(18:1 22:6), BMP(18:1 20:4), BMP(18:0_22:6), or a combination thereof.

(81067} In some embodiments, the one or more BMP species comprise BMP(18:1 18:1),
BMP(18:0 20:4), BMP(20:4 20:4), BMP{22:6 22:6), BMP(20:4 22:6), BMP{18:1 22:6),
BMP(18:1 20:4), BMP(18:0 22:6), BMP(18:3 22:5), or a combination thereof.

(8108} In some embodiments, the test sample comprises a cultured cell and the one or more
BMP species comprise BMP(18:1 18:1). In some embodiments, the test sample comprises
plasma, tissue, urine, cerebrospinal thuid (CSF), and/or brain or liver tissue, and the one or
more BMP species comprise BMP(22:6 22:6). In some embodiments, the test sample
comprises liver tissue and the one or more BMP species comprise BMP(22:6 22:6),
BMP(18:3 22:5), or a combination thereof. In some embodiments, the test sample comprises
CSF or wvrine and the one or more BMP species comprise BMP(22:6 22:6). In some
embodiments, the test sample comprises microglia and the one or more BMP species comprise

BMP(18:3 22:5).

(8109} In some embodiments, the abundance of the one or more BMP species 1s measured
using a method selected from the group consisting of liquid chromatography-mass
spectrometry (LC-MS), hiquid chromatography-tandem mass spectrometry (LC-MS/MS), gas

chromatography-mass  spectrometry  (GC-MS), gas chromatography-tandem  mass

17



WO 2019/246071 PCT/US2019/037695

spectrometry (GC-MS/MS), enzyme-linked immunosorbent assay (ELISA), and a combination
thereof. In some embodiments, an internal BMP standard 1s used to measure the abundance of
the one or more BMP species in step (a) and/or determine the corresponding reference value.
In some embodiments, the internal BMP standard comprises a BMP species that is not naturally
present in the subject and/or the reference subject or population of reference subjects. In some

embodiments, the internal BMP standard comprises BMP(14:0 14:0}.

(0116} In some embodiments, the progranulin-associated disorder is a disorder related to
progranulin expression, processing, glycosylation, cellular uptake, trafficking, and/or function.
In some embodiments, the subject and/or the reference subject or population of reference
subjects have a decreased level of progranulin and/or a disorder associated with a decreased
level of progranulin, and the test sample has been contacted with a candidate compound {(e.g.,
a Fc¢ dimer: PGRN fusion protein described herein). In some embodiments, the subject and/or
the reference subject or population of reference subjects have one or more signs or symptoms
of the disorder associated with a decreased level of progranulin. In some embodiments, the
subject and/or the reference subject or population of reference subjects have a mutation in a
granulin (GRN) gene. In some embodiments, the mutation in the GRN gene decreases
progranulin expression and/or activity. In some embodiments, the progranulin-associated
disorder is atherosclerosis, Gaucher’s disease, or age-related macular degeneration (AMD). In
some embodiments, the progranulin-associated disorder 1s Gaucher’s disease type 1. In some
embodiments, the progranulin-associated disorder is a disorder associated with TDP-43. In

other embodiments the TDP-43 associated disorder is AD or ALS.

(8111} In some embodiments, the subject and/or the reference subject is a human, a non-

human primate, a rodent, a dog, or a pig.

[0112] In another aspect, the present disclosure provides a kit for monitoring progranulin
levels in a subject. In some erobodirnents, the kit comprises a bis(monoacylglycero)phosphate
{(BMP) standard for measuring the abundance of one or more BMP species in a test sample
obtained from the subject and/or a reference sample obtained from a reference subject or a
population of reference subjects. In some embodiments, the BMP standard comprises a BMP
species that is not naturally present in the subject and/or reference subject. In some

embodiments, the BMP standard comprises BMP(14.0 14:0).

(8113} In some embodiments, the kit further comprises reagents for obtaining the sample

trom the subject and/or reference subject, processing the sample, measuring the abundance of
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the one or more BMP species, or a combination thereof. In some embodiments, the kit further

comprises instructions for use.

[0114] In another aspect, the present disclosure provides a non-human transgenic animal
comprising (a} a nucleic acid that encodes a chimeric TR polypeptide comprising: (i) an apical
domain having at least 90% identity to SEQ ID NO:296 and (i1) the transferrin binding site of
the native TfR polypeptide of the animal, and (b} a knockout of the GRN gene, and wherein

the chimeric TR polypeptide is expressed in the brain of the animal.

[0115] Insome embodiments, the apical domain comprises the amino acid sequence of SEQ
D NO:296. In some embodiments, the apical domain comprises the amino acid sequence of

SEQ ID NO:297, SEQ ID NO:298, or SEQ ID NO:299.

[8116] In some embodiments, the chimeric TIR polypeptide comprises an amino acid

sequence having at least 95% identity to SEQ 1D N300

(8117} In some embodiments, the animal expresses a level of the chimeric TIR polypeptide
in brain, liver, kidney, or lung tissue within 20% (e.g., 18%, 16%, 14%, 12%, 10%, 8%, 6%,
or 4%) of the level of expression of TtR in the same tissue of a corresponding wild-type animal

of the same species.

[8118] In some embodiments, the animal comprises a red blood cell count, level of
hemoglobin, or level of hematocrit within 20% (e.g., 18%, 16%, 14%, 12%, 10%, 8%, 6%, or
4%} of the red blood cell count, level of hemoglobin, or level of hematocrit in a corresponding

wild-type animal of the same species.

101191 In some embodiments, the nucleic acid sequence encoding the apical domain
comprises a nucleic acid sequence having at least 95% (e.g., 97%. 98%, or 99%) identity to

SEQ ID NO:301

(8128} Insome embodiments, the animal is homozygous or heterozygous for the nucleic acid

encoding the chimeric TIR polypeptide.

(0121} In some embodiments, the knockout of the GRN gene comprises a deletion of exons

1-4 of the GRN gene.
8122} In some embodiments, the animal is a mouse or a rat.
18123} Inanother aspect, the present disclosure provides a protein comprising: {a) a moditied

Fc polypeptide dimer that specifically binds TIR; and (b} a progranulin polypeptide. In some
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embodiment, the protein further comprises: (c) a polypeptide linker, wherein the polypeptide

linker links the modified F¢ polypeptide dimer to the progranulin polypeptide.

[0124] In some embodiments, the modified Fe polypeptide dimer specitically binds to the

apical domain of TR,

(8125} In some embodiments, the modified Fc polypeptide dimer comprises at least two
substitutions at positions selected from the group consisting of 384, 386, 387, 388, 389, 390,
413, 416, and 421, according to EU numbering, of one Fc polypeptide. In some embodiments,
the modified Fc polypeptide dimer comprises substitutions at at least three, four, five, six,
seven, eight, or nine of the positions of one Fc¢ polypeptide. In some embodiments, the
modified Fc polypeptide dimer further comprises one, two, three, or four substitutions at
positions comprising 380, 391, 392, and 415, according to EU sumbering, of one Fe
polypeptide. In some embodiments, the modified Fc polypeptide dimer further comprises one,
two, or three substifutions at positions comprising 414, 424, and 426, according to EU

numbering, of one Fc polypeptide.

[8126] Incertain embodiments, the modified Fc polypeptide dimer comprises Trp at position
388 of one Fc polypeptide. In certain embodiments, the modified Fe polypeptide dimer
comprises at least one position selected from the following: position 380 1s Trp, Leu, or Gly;
position 384 1s Tyr or Phe; position 386 13 Thr; position 387 is Glu; position 388 153 Trp; position
389 1s Ser, Ala, Val, or Asn; position 390 is Ser or Asn; position 413 is Thr or Ser; position

415 13 Glu or Ser; position 416 1s Glu; and position 421 is Phe of one Fe polypeptide.

(8127} In some embodiments, the modified Fc polypeptide dimer comprises 2, 3, 4, 5, 6, 7,
8,9, 10, or 11 positions selected from the following: position 380 is Trp, Leu, or Glu; position
384 is Tyr or Phe; position 386 is Thr; position 387 1s Glu; position 388 is Trp; position 389 is
Ser, Ala, Val, or Asn; position 390 is Ser or Asn; position 413 is Thr or Ser; position 415 is

Glu or Ser; position 416 is Glu; and position 421 is Phe of one Fc polypeptide.

[0128] In some embodiments, the modified F¢ polypeptide dimer comprises a first Fo
polypeptide CH3 domain with at least 85% identity, at least 90% identity, or at least 95%
identity to amino acids 111-217 of any one of SEQ 1D NOS:34-38, 58, 60-90, 136, and 137-
210. In certain embodiments, the modified Fc polypeptide dimer comprises the amino acid
sequence of any one of SEQ ID NOS:136-210. In certain embodiments, the modified Fc
polypeptide dimer comprises the amino acid sequence of any one of SEQ 1D NOS:136, 138,

150, 162, 174, 186, and 198.
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(8129} In some embodiments, the modified Fc polypeptide dimer comprises an Fc
polypeptide having an amino acid sequence identity of at least 75%, or at least 80%, 853%, 90%,

92%, or 95%, as compared to the corresponding wild-type Fe polypeptide.

(8130} In some embodiments, the modified Fc polypeptide dimer does not include an
immunoglobulin heavy and/or light chain variable region sequence or an antigen-binding

portion thereof.

(8131} In some embodiments, the C-terminus of an Fc polypeptide in the modified Fe
polypeptide dimer is linked to the N-termivus of the progranulin polypeptide. In some
embodiments, the the polypeptide linker links the C-terminus of the Fc polypeptide in the

modified Fc polypeptide dimer to the N-terminus of the progranulin polypeptide.

[8132] In some embodiments, the C-terminus of the progranuhin polypeptide is linked to the
N-terminus of an Fc polyvpeptide in the modified Fe polypeptide dimer. In some embodiments,
the polypeptide linker links the C-terminus of the progranulin polypeptide to the N-terminus

of the Fc polvpeptide in the modified Fc polypeptide dimer.
191331 In some embodiments, any of the proteins described herein can be used in therapy.

[0134] In some embodiments, any of the proteins described herein can be used in treating a

neurodegenerative disease.

[8135] In some embodiments, any of the proteins described herein can be used in treating a
neurodegenerative disease selected from the group consisting of Alzheimer’s disease, primary
age-related  tavopathy, lewy body dementia, progressive supranuclear palsy (PSP),
frontotemporal dementia, frontotemporal dementia with parkinsonism linked to chromosome
17, argyrophilic grain dementia, amyotrophic lateral sclerosis, amyotrophic lateral
sclerosis/parkinsonism-dementia complex of Guam (ALS-PDC), corticobasal degeneration,
chronic traumatic encephalopathy, Creutzfeldt-Jakob disease, dementia pugilistica, diffuse
veurofibrillary tangles with calcification, Down’s syndrome, tanulial British dementia, familial
Danish  dementia, Gerstmann-Straussler-Scheinker disease, globular glial tauopathy,
Guadeloupean parkinsonism with dementia, Guadelopean PSP, Hallevorden-Spatz disease,
hereditary diffuse leukoencephalopathy with spheroids (HDLS), inclusion-body myositis,
multiple system atrophy, myotonic dystrophy, Nasu-Hakola disease, neurofibrillary tangle-
predominant dementia, Niemann-Pick disease type C, pallido-ponto-nigral degeneration,

Parkinson’s disease, Pick’s disease, postencephalitic parkinsonism, prion protein cerebral
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amylotd angiopathy, progressive subcortical gliosis, subacute sclerosing panencephalitis, and

tangle ouly dementia.

[0136] In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc¢ polypeptide that forms an Fe
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:213
and (b} comprises the sequence of SEQ 1D NO:273.

(01371  In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc polypeptide that forms an Fe
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:214

and (b} comprises the sequence of SEQ 1D NO:273.

[0138] In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc polypeptide that forms an Fe
dimer with the first Fe polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:22S
and (b} comprises the sequence of SEQ 1D NO:273.

(8139} In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a) a first Fe polypeptide that 15 linked to a progranulin
polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that is linked to a
progranulin polypeptide through a polypeptide linker, wherein the second Fc polypeptide forms
an Fc dimer with the first Fc polypeptide, and wherein (a) comprises the sequence of SEQ ID

NGO:213 and (b) comprises the sequence of SEQ ID NO:274.

(014061 In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that 1s linked to a
progranulin polypeptide through a polypeptide linker, wherein the second Fc polypeptide forms
an Fc dimer with the first Fc polypeptide, and wherein (a) comprises the sequence of SEQ ID

NG:213 and (b) comprises the sequence of SEQ D NO:275.

{8141} In another aspect, the present disclosure provides a protein for use in treating a

neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
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polypeptide through a polypeptide linker; and (b) a second Fc polypeptide that is linked to a
progranulin polypeptide through a polypeptide linker, wherein the second Fe polypeptide forms
an F¢ dimer with the first Fc polypeptide, and wherein (3) comprises the sequence of SEQ ID

NG:225 and (b) comprises the sequence of SEQ ID NG:275.

[8142] In another aspect, the present disclosure provides a protein for use 1n treating a
neurodegenerative disease, comprising (a) a first Fc polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that forms an Fc
dimer with the first Fe polypeptide, wherein {a) comprises the sequence of SE(Q ID NO:213

and {(b) comprises the sequence of SEQ ID NO:261.

[8143] In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a) a first Fc polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that forms an Fc
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SE(Q ID NG:225

and {b) comprises the sequence of SEQ 1D N(O:261.

[8144] In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a) a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that forms an Fc
dimer with the first Fe polypeptide, wherein (a) comprises the sequence of SEQ ID NG:215

and {b) comprises the sequence of SEQ 1D NO:110.

18145} In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a) a first Fe polypeptide that is Hoked to a progranulin
polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that forms an Fc
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:227

and {b) comprises the sequence of SEQ 1D NO:110.

18146} In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and {b) a second Fc polypeptide that forms an Fc
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:215

and {b) comprises the sequence of SEQ 1D N(:273.

18147} In another aspect, the present disclosure provides a protein for use in treating a

neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
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polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that forms an Fc
dimer with the first Fe polypeptide, wherein (a) comprises the sequence of SEQ ID NG:227

and {b) comprises the sequence of SEQ 1D N(O:273.

{8148} In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a) a first Fe polypeptide that is Hoked to a progranulin
polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that forms an Fc
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:215

and {b) comprises the sequence of SEQ 1D N(:282.

18149} In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a) a first Fc polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and {b) a second Fc polypeptide that forms an Fc
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:227

and {b) comprises the sequence of SEQ 1D N(:282.

{81586} In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc¢ polypeptide that forms an Fe
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:215
and (b) coruprises the sequence of SEQ 1D NO:284.

(01511  In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc¢ polypeptide that forms an Fe
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D N(O:227
and (b} comprises the sequence of SEQ 1D NO:284.

(015821 In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that forms an F¢
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:21S

and (b} comprises the sequence of SEQ 1D NO:28S.

[8153] In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin

polypeptide through a polypeptide linker; and (b} a second Fc polypeptide that forms an F¢
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dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D N(O:227
and (b) coruprises the sequence of SEQ 1D NO:285.

[0154] In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc¢ polypeptide that forms an Fe
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:215
and (b} comprises the sequence of SEQ 1D NO:210.

[0185]  In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc polypeptide that forms an Fe
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D N(O:227

and (b} comprises the sequence of SEQ 1D NO:210.

(8156} In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a} a first Fe polypeptide that is linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc polypeptide that forms an Fe
dimer with the first Fe polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:21S
and (b} comprises the sequence of SEQ 1D NO:291.

(8157} In another aspect, the present disclosure provides a protein for use in treating a
neurodegenerative disease, comprising (a) a first Fe polypeptide that 15 linked to a progranulin
polypeptide through a polypeptide linker; and (b) a second Fc polypeptide that forms an Fc
dimer with the first Fc polypeptide, wherein (a) comprises the sequence of SEQ 1D NO:227
and (b} comprises the sequence of SEQ 1D NO:291.

BRIEF DESCRIPTION OF THE DRAWINGS
[0158] FIG. 1A shows a schematic drawing of three Fo dimer: PGRN fusion proteins Fusion
1, Fusion 2, and Fusion 3. In Fusion 1 and Fusion 2, the N-terminus of PGRN is fused to the
C-terminus of the Fc polypeptide that does not contain TfR-binding mutations (indicated by
star) by way of a (GaSh hnker (SEQ ID NO:276) and a GsS linker (SEQ ID NO:277),
respectively. In Fusion 3, the C-terminus of PGRN is fused to the N-terminus of the Fc
polypeptide that does not contain TfR-binding mutations (indicated by star) by way of a (GsSh

linker.

[\
(V4]



WO 2019/246071 PCT/US2019/037695

(8159} FIG. 1B shows SDS-PAGE gels demonstrating that fusion proteins Fusion 1, Fusion

2, and Fusion 3 each containing one PGRN molecule were purified to greater than 83% purity.

19166} FIG 1C is a schematic drawing showing the Fe dimer: PGRN fusion proteins Fusion
4. Fusion 5, and Fusion 6. In Fusion 4, each of the two PGRN molecules is fused to the C-
terminus of an F¢ polypeptide by way of the hnker (GaS) (SEQ ID NO:276). One PGRN
molecule 1s fused to C-terminus of the Fc polypeptide containing TiR-binding mutations
(indicated by star), while the other PGRN molecule 1s fused to C-terminus of the Fe polypeptide
without the TfR-binding mutations. In Fusion S, one PGRN molecule is fused to the N-
terminus of the Fe polypeptide containing TfR-binding mutations (indicated by star) by way of
the linker {G45)2, while the other PGRN molecule is fused to the C-terminus of the other Fe
polypeptide without the TfR-binding mutations. In Fusion 6, each of the two PGRN molecules
ts fused to the N-termunus of an Fc polypeptide by way of the linker (GaS):. Oune PGRN
molecule is fused to N-terminus of the Fc polypeptide containing TiR-binding mutations
(indicated by star), while the other PGRN molecule 1s fused to N-terminus of the Fe

polypeptide without the TIR-binding mutations.

(8161} FIG. 1D shows that Fo dimer:PGRN fusion proteins Fusion 4 and Fusion 5 each

containing two PGRN molecules were purified to greater than 85% purity.

(0162} FIG. 1E 15 a schematic drawing showing the Fe dimer: PGRN fusion proteins Fusion
7 and Fusion 8 Both fusion proteins Fusion 7 and Fusion 8 contain Fc polypeptides that do
not contain TIR-binding mutations. In Fusion 7, the N-terminus of PGRN 1s fused to the C-
terminus of an Fc polypeptide by way of the Hoker (GsS) (SEQ D NO:276). In Fusion §, the
C-terminus of PGRN is fused to the N-terminus of an Fe polypeptide by way of the linker

{GaSha.

19163} FIGS. 2A and 2B show efficient cellular uptake of recombinant PGRN and Fe
dimer: PGRN fusion proteins (Fusion 1, Fusion 2, and Fusion 3} as indicated by both PGRN
(FIG. 2ZA) and Fc stainings (FIG. 2B).

(8164} FIG. 3 shows Fe dimer PGRN fusion proteins (Fuston 1, Fusion 2, and Fusion 3 were

able to rescue of the proteolvtic deficits in GRN KO BMDMs.

[0168] FIG. 4 shows the dose-response of Fe dimer: PGRN fusion proteins (Fusion 1, Fusion
3, Fusion 4, and Fusion 5} in an endo-lyscsomal proteolysis assay using a Bodipy-BSA

comjugate (DQ-BSA).
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(8166} FIG. 5 shows Fe dimer: PGRN fusion proteins (Fusion 1, Fusion 2, and Fusion 3} were

able to rescue elevated cathepsin D activity observed in the GRY KO BMDMs.

(8167} FIGS. 6A-6D show Fc dimer:PGRN fusion protein Fusion 1 was able to rescue
elevated mRNA levels of the lysosomal genes (rsl, Tmem 066, and FPsap in the GRN KO
BMDMs.

[8168] FIGS. 7A and 7B show that Fo dimer PGRN fusion proteins Fusion 1 and Fusion 3
displayed similar pharmacokinetic profiles in plasma and liver samples of WT mice dosed with

these fusion proteins.

[0168] FIGS. 8A and 8B show scatter plots with mean and SEM indicated for concentrations
of Fc dimer: PGRN fusion proteins Fusion 1 and Fusion 3 in nM that were measured in brain
lysates and hiver lysates, respectively, of WT and hTR mice at 4 hours post-dosing. Data were
generated using a biotinylated goat polyclonal human progranulin detection antibody (R&D

Systems #BAF2420).

(01761 FIG. 9A shows a scatter plot with mean and SEM indicated for brain:plasma ratios of

-

Fc¢ dimer:PGRN fusion proteins Fusion 1 and Fusion 3 normalized to Fusion 3 in W

(8171} FIG. 98 shows a scatter plot with mean and SEM indicated for brain:liver ratios of

Fc dimer:PGRN fusion proteins Fusion 1 and Fusion 3 normalized to Fusion 3 10 WT.

(8172} FIGS. 10A and 10B show a scatter plot with mean and SEM indicated for
concentrations of Fc dimer:PGRN fusion proteins Fusion 1 and Fusion 3 in nM that were
measured in brain lysates and liver lysates, respectively, of WT and hTiR mice at 4 hours post-

dosing. Data were generated using a detection antibody targeting a site in Fe.

8173} FIGS. 11A and 11B show a scatter plot with mean and SEM indicated for
concentrations of Fe dimer:PGRN fusion proteins Fusion | and Fusion 3 in ng/mg total protein
that were measured in brain lysates and liver lysates, respectively, of WT and hTfR mice at 4

hours post-dosing. Data were generated using a detection antibody targeting a site in Fe.

[0174] FIGS. 12A and 12ZB show semi-log plots of the time course of mean plasma
concentrations in nM of Fo dimer:PGRN fusion proteins Fusion 1 and Fusion 3, respectively,

in hTIR and WT mice.
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(8175} FIGS. 12C and 12D show scatter plots with mean and SEM indicated for plasma
concentrations in nM of Fc dimer: PGRN fusion proteins Fusion 1 and Fusion 3 at 0.25 hr and

4 hr post-dosing, respectively.

8176} FIGS. 13A and 13B show increased levels of bis(monoacylglycerojphosphate (BMP)
species in bone marrow-derived macrophages (BMDMSs) of GRN knockout mice compared to
wild-type. FIG. 13A shows that treating GRN knockout mouse BMDMs with Fe dimer:PGRN
tusion proteins Fusion 11 and Fusion 12 shown in Table 1 of Example | reduced elevated
BMP(18:1_18:1) levels. FIG. 13B shows that treating GRN knockout mouse BMDMs with Fe
dimer:PGRN fusion proteins Fusion 11 and Fusion 12 reduced elevated BMP (20:4 20:4)

levels.

(8177} FIGS. 13C and 13D show that treating GRN knockout mouse BMDMs with
recombinant progranulin {Adipogen) or progranulin expressed by lentivirus reduced elevated

BMP levels (total BMP as well as 18:1_18:1).

18178} FIG. 14A shows decreased BMP 44:12 in the periphery liver, plasma, and uring of
RN knockout mice compared to wild-type.

(8179} FIG. 14B shows decreased BMP 44:12 in cerebrospinal fluid (CSF) and brain of the

central nervous system (CNS) compared to wild-type.

(6188} FIG. 15 shows that GREN knockout mice ranging from 2 to 19 months exhibited age-
independent reduction in plasma BMP 44:12 compared to wild-type.

(0181} FIGS. 16A and 16B show that treatment of GRN knockout mice with Fo dimer:PGRN
fusion proteins Fusion 11 and Fusion 12 increased liver BMP 44:12 and 20:4_20:4 levels.
(8182} FIG. 17 shows that treatment of GRN knockout mice with Fc dimer PGRN fusion
proteins Fusion 11 and Fusion 12 increased plasma BMP 44:12 levels,

[8183] FIG. 18 shows that treatment of GRN knockout mice with F¢ dimer:PGRN fusion

proteins Fusion 11 and Fusion 12 increased urine BMP 44:12 levels (normalized to creatine).

(0184} FIG. 19 shows that treatment of GRV knockout mice with Fe dimer:PGRN fusion

proteins Fusion 11 and Fusion 12 increased CSF BMP 44:12 levels.

[0185] FIGS. 20A and 20B show that treatment of GRN knockout mice with Fc dimer:PGRN
fusion proteins Fusion 11 and Fusion 12 increased brain BMP 44:12 and 20:4 20:4 levels,

respectively.
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[0186] FIGS 21A-21C show that Fusion 11 and Fusion 12 were able to cross the BBB in the
brain of GEKN KO/WTIR KI mice.

DETAILED DESCRIPTION

I INTRODUCTION

(0187} Wehave developed fusion proteins that include a progranulin polypeptide or a variant
thereof linked to an Fc polypeptide. These proteins can be used to treat progranulin-associated
disorders {(e.g., a neurodegenerative disease, such as frontotemporal dementia (FTD)). In some
cases, the protein includes a dimeric Fc polypeptide, where one of the Fc polypeptide
monomers 18 linked to the progranulin polypeptide. The Fc polypeptides can increase
progranulin levels and, in some cases, can be modified to confer additional functional

properties onto the protein.

[0188] Progranulin (PGRN) (also known as proepithelin and acrogranin) 1s a cysteine-rich
protein encoded by the gene GRN, which maps to human chromosome 17¢21. Progranulin is
a lysosomal protein as well as a secreted protein consisting of seven and a half tandem repeats
of conserved granulin peptides, each of which is about 60 amino acid long and can be released
through cleavage by various extracellular proteases {e.g., elastase) and lysosomal proteases
(e.g., cathepsin L) (Kao et al | Nat Rev Neurosci. 18(6):325-333, 2017). Generally, progranulin
is believed to play both cell-autonomous and non-cell autonomous roles in the control of innate
immunity as well as the function of lysosomes, where it regulates the activity and levels of
various cathepsins and other hydrolases (Kaoc et al |, supra}. Progranulin also has a neurotrophic

function and promotes neurite outgrowth and neuronal survival (Kao et al | supra).

[0189] Also described herein are fusion proteins that facilitate delivery of a progranulin
polypeptide across the blood-brain barrier (BBB). These proteins comprise an Fc polypeptide
and a modified Fe¢ polypeptide that form a dimer, and a progranulin polypeptide linked to the
Fc region and/or the modified Fc region. The modified Fe region can specifically bind 10 a

BBB receptor such as a transterrin receptor {TfR).
I DEFINITIONS
(8190} Asused herein, the singular forms “a,” “an,” and “the” include plural referents unless

the content clearly dictates otherwise. Thus, for example, reference to “a polypeptide” may

include two or more such molecules, and the like.
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(8191} As used herein, the terms “about” and “approximately,” when used to modify an
amount specified in a numeric value or range, indicate that the numeric value as well as
reasonable deviations from the value known to the skilled person in the art, for example + 20%,

+ 10%, or = 5%, are within the intended meaning of the recited value.

[8192] As used herein, the term “BMP” refers to bis{monoacylglycerolphosphate. BMP 13
a glycerophospholipid that is negatively charged (e.g. at the pH normally present within late

endosomes and lysosomes) having the structure depicted in Formula T

Q
Ly

O3 4 o 12

HOG 0"5?‘"() OH

o {.

BMP molecules comprise two fatty acid side chains. R and R’ in Formula I represent
independently selected saturated or unsaturated aliphatic chains, each of which typically
containg 14, 16, 18, 20, or 22 carbon atoms. When a fatty acid side chain 1s unsaturated, it can
contain 1, 2, 3, 4, 5, 6, or more carbon-carbon double bonds. Furthermore, a BMP molecule
can contain one or two alkyl ether substituents, wherein the carbony! oxygen of one or both
fatty acid side chains is replaced with two hydrogen atoms. Nomenclature that is used herein
to describe a particular BMP species refers to a species having two fatty acid side-chains,
wherein the structures of the fatty acid side chains are indicated within parentheses in the BMP
tormat (e.g., BMP{(18:1 18:1}) The numerals follow the standard fatty acid notation format
of number of “fatty acid carbon atomsnumber of double bonds.” An “e- prefix is used to
indicate the presence of an alkyl ether substituent wherein the carbonyl oxygen of the fatty acid
side chain 1s replaced with two hydrogen atoms. For example, the “e” in “BMP(16:0e_18:0Y”

denotes that the side chain having 16 carbon atoms is an alkyl ether substituent.

[0193] A “progranulin polypeptide” or “PGRN polypeptide” refers to a cysteine-rich,
lysosomal protein encoded by the gene GRN. A progranulin polypeptide may comprise a
human progranulin sequence, e.g., the sequence of SEQ D NO:211 or 212, A progranulin
polypeptide may be a pre-mature progranulin having the sequence of SEQ ID NO:211, in which
the first 17 amino acids indicate the signal peptide. A progranulin polypeptide may be a mature
progranulin in which the 17-amino acid signal peptide is cleaved. A mature progranulin may
comprise the sequence of SEQ ID NG:212. A progranulin polypeptide may 1nclude a sequence

from a non-human species, e.g., mouse (accession no. NP_032201.2), rat (NP _058809.2 or
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NP 001139314.1), and chimpanzee (XP 0167871441 or XP 016787145.1) in either pre-

mature or mature form.

[0194] A “progranulin polypeptide variant” or “PGRN polypeptide variant” refers to a
functional variant of a wild-type progranulin that has at least 90% sequence identity {(e.g., 92%,
94%, 96%, 98%, or 99% sequence identity) to a mature wild-type progranulin polypeptide
{e.g., SEQID NO:212). A progranulin polypeptide variant may have similar functions as those
of a wild-type progranulin, e.g., where the progranulin polypeptide variant also binds sortilin
or prosaposin, regulates the activity and levels of various lysosomal proteins {e.g., cathepsins),
promotes neurite outgrowth and neuronal survival, and/or any other function described herein.
The progranulin polvpeptide variant comprises granulins G, F, B, A, C, D, and E of a full-

length progranulin (e.g., SEQ ID NO:212).

[01958] The term “progranulin-associated disorder” refers to any pathological condition
relating to progranulin including expression, processing, glycosylation, cellular uptake,
trafficking, and/or function. The term “disorder associated with a decreased level of
progranulin” refers to any pathological condition that directly or indirectly results from a level
of progranulin that is insufficient to enable (i.e., is too low to enable) normal physiclogical
function within a cell, a tissue, and/or a subject, as well as a precursors to such a condition. In
some embodiments, the progranulin-associated disorder 1s a neurodegenerative disease (e.g.,

frontotemporal dementia (FTD)) or a lysosomal storage disorder.

18196] The term “progranulin level” refers to the amount, concentration, and/or activity level
of progranulin that is present, either in a subject or in a sample (e.g., a sample obtained from a
subject}. A progranulin level can refer to an absolute amount, concentration, and/or activity
level of programulin that is present, or can refer to a relative amount, concentration, and/or
activity level. The term also refers to the amount or concentration of a progranulin polypeptide

and/or progranulin mRNA {e.g., expressed from a GRN gene) that is present.

(01971 The term “bone marrow-derived macrophage” or “BMDM” refers to a macrophage
cell that is generated or derived /7 viro from a mammalian bone marrow {e.£., a bone marrow
obtained from a subject). As a non-limiting example, BMDMSs can be generated by culturing
undifferentiated bone marrow cells in the presence of a cytokine such as macrophage colony-

stiraulating factor (M-CSF).

[8158] A “transferrin receptor” or “TfR” as used in the context of this disclosure refers to

transferrin receptor protein 1. The human transterrin receptor 1 polypeptide sequence is set
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torth in SEQ ID NO:92. Transferrin receptor protein 1 sequences from other species are also
known {e.g, chimpanzee, accession number XP 003310238.1; rhesus monkey,
NP 001244232 1; dog, NP 001003111 1; cattle, NP_001193506.1; mouse, NP 035768 1; rat,
NP _073203.1; and chicken, NP 990587.1}). The term “transferrin receptor” also encompasses
allelic variants of exemplary reference sequences, e.2., human sequences, that are encoded by
a gene at a transferrin receptor protein 1 chromosomal locus. Full-length transterrin receptor
protein includes a short N-terminal intracellular region, a transmembrane region, and a large
extraceliular domain. The extraceliular domain is characterized by three domains: a protease-

like domain, a helical domain, and an apical domain.

[0199] As used heretn, the term “Fc polypeptide” refers to the C-terminal region of a
naturally occurring immunoglobulin heavy chain polypeptide that is characterized by an Ig fold
as a structural domain. An Fc polypeptide contains constant region sequences including at
least the CH2 domain and/or the CH3 domain and may contain at least part of the hinge region.

In general, an Fe polypeptide does not contain a variable region.

[8208] A “modified Fe polypeptide” refers to an F¢ polypeptide that has at least one
mutation, e.g., a substitution, deletion, or insertion, as compared to a wild-type
immunoglobulin heavy chain Fc polypeptide sequence, but retains the overall Ig fold or

structure of the native Fc polypeptide.

182061} As used herein, the term “Fc polypeptide dimer” refers to a dimer of two Fc
polypeptides. Tn some embodiments, the two Fe polypeptides dimerize by the interaction
between the two CH3 domains. If hinge regions or parts of the hinge regions are present in the
two Fe polypeptides, one or more disulfide bonds can also form between the hinge regions of

the two dimerizing Fc polypeptides.

102621 A “modified Fe polypeptide dimer” refers to a dimer of two Fe polypeptides in which
at least one Fc polypeptide is a modified Fc polypeptide that has at least one mutation, e.g., a
substitution, deletion, or insertion, as compared to a wild-type immunoglobulin heavy chain Fo
polypeptide sequence. For example, a modified Fc polypeptide dimer specifically binds TR
and has at least one modified Fc polypeptide having at least one mutation, e.g., a substitution,
deletion, or insertion, as compared to a wild-type immunoglobulin heavy chain Fc polypeptide

sequence.

18263] The term “FcRu” refers to the neonatal Fe receptor. Binding of Fe polypeptides to

FcRn reduces clearance and increases serum half-life of the Fc polypeptide. The human FcRn
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protein is a heterodimer that is composed of a protein of about 50 kDa in size that is similar to
a major histocompatibility (MHC) class T protein and a 2-microglobulin of about 15 kDa in

size.

182064] As used herein, an “FcRn binding site” refers to the region of an Fe polypeptide that
binds to FeRn. In human IgG, the FcRn binding site, as numbered using the EU index, includes
T250, L251, M252, 1253, 8254, R2SS, T256, T307, E380, M428, H433, N434, H435, and
Y436, These positions correspond to positions 20 to 26, 77, 150, 198, and 203 to 206 of SEQ
IDNO:1.

182065]  As used herein, a “native FcRn binding site” refers to a region of an Fe polypeptide
that binds to FcRn and that has the same amino acid sequence as the region of a naturally

occurring Fe¢ polypeptide that binds to FcRn.

[0206] The terms “CH3 domain” and “CH2 domain” as used herein refer to immunoglobulin
constant region domain polypeptides. For purposes of this application, a CH3 domain
polypeptide refers to the segment of amino acids from about position 341 to about position 447
as numbered according to the EU numbering scheme, and a CH2 domain polypeptide refers to
the segment of amino acids from about position 231 to about position 340 as numbered
according to the EU numbering scheme and does not include hinge region sequences. CH2
and CH3 domain polypeptides may also be numbered by the IMGT (ImMunoGeneTics)
numbering scheme in which the CH2 domain numbering 1s 1-110 and the CH3 domain
numbering is 1-107, according to the IMGT Scientific chart numbering (IMGT website). CH2
and CH3 domains are part of the Fc region of an immunoglobulin. An Fe region refers to the
segment of amino acids from about position 231 to about position 447 as numbered according
to the EU numbering scheme, but as used herein, can include at least a part of a hinge region
of an anttbody. An tllustrative hinge region sequence is the human IgG1 hinge sequence

EPKSCDKTHTCPPCP (SEQ ID NG:S1).

(02067} The terms “wild-type,” “native,” and “naturally occurring” with respect to a CH3 or

{CH2 domatin are used herein to refer to a domain that has a sequence that occurs in nature.

(8208} In the context of this disclosure, the term “mutant” with respect to a mutant
polypeptide or mutant polynucleotide is used interchangeably with “variant.” A variant with
respect 10 a given wild-type CH3 or CHZ domain reference sequence can include naturally
occurring allelic variants. A “non-naturally” occurring CH3 or CH2 domain refers to a variant

or mutant domain that 1s not present in a cell in nature and that is produced by genetic
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meodification, e.g., using genetic engineering technology or mutagenesis techniques, of a native
CH3 domain or CH2 domain polynucleotide or polypeptide. A “variant” includes any domain
comprising at least one amino acid mutation with respect to wild-type. Mutations may include

substitutions, insertions, and deletions.

[8209] The term “amino acid” refers to naturally occurring and synthetic amino acids, as
well as amino acid analogs and amino acid mimetics that function in a manner similar to the

naturally occurring amino acids.

[6218] Naturally occurring amino acids are those encoded by the genetic code, as well as
those amino acids that are later modified, e.g., hydroxyproline, y-carboxyglutamate and O-
phosphoserine. “Amino acid analogs” refers to compounds that have the same basic chenucal
structure as a naturally occurring amino acid, 7.e., an o carbon that is bound to a hydrogen, a
carboxyl group, an amino group, and an R group, e.g., homoserine, norleucine, methionine
sulfoxide, methionine methyl sulfonium.  Such analogs have modified R groups (e.g,
norleucine) or modified peptide backbones, but retain the same basic chemical structure as a
naturally occurring amino actd. “Amino acid mimetics” refers to chermical compounds that
have a structure that is different from the general chemical structure of an amino acid, but that

function 1n a manner similar to a naturally occurring amino acid.

(0211} Natorally occurring g-amino acids include, without limitation, alanine (Ala), cysteine
(Cys), aspartic acid {Asp), glutamic acid {(Glu), phenylalanine (Phe), glycine (Gly), histidine
(His), isoleucine (Ile), arginine {Arg), lysine (Lys), leucine (Leu), methionine (Met), asparagine
{Asn), proline (Pro), glutamine {Gln), serine (Ser), threonine (Thr), valine (Val), tryptophan
{(Trp), tyrosine (Tyr), and combinations thereof. Stereoisomers of a naturally-occurring -
amino acids include, without limitation, D-alanine {I3-Ala), D-cysteine (I-Cys), D-aspartic
acid (D-Asp), D-glutamic acid (D-Glu), D-phenylalanine (D-Phe), D-histidine (D-His), D-
isoleucine (D-Ile), D-arginine (D-Arg), D-lysine (D-Lys), D-leucine (D-Leu), D-roethionine
(D-Met}, D-asparagine (D-Asn}, D-proline (D-Pro), D-glutamine (D-Gln), D-serine (D-Ser),
D-threorune (D-Thr), D-valine (D-Val), D-tryptophan (D-Trp), D-tyrosine (D-Tyr), and

combinations thereof

16212} Amino acids may be referred to herein by either their commonly known three letter
symbols or by the one-letter symbols recommended by the TUPAC-IUB Biochemical

Nomenclature Commission.
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[0213] The terms “polypeptide” and “peptide” are used interchangeably herein to refer to a
polymer of amino acid residues in a single chain. The terms apply to amino acid polymers in
which one or more amino acid residue is an artificial chemical mimetic of a corresponding
naturally occurring amino acid, as well as to naturally occurring amino acid polymers and non-
naturally occurring amino acid polymers. Amino acid polymers may comprise entirely L-

amino acids, entirely D-amino acids, or a mixture of L and D amino acids.

[0214] The term “protein” as used herein refers to either a polypeptide or a dimer (7.e, two)
or multimer {i.e., three or more) of single chain polypeptides. The single chain polypeptides
of a protein may be joined by a covalent bond, e.g., a disulfide bond, or non-covalent

interactions.

[6215] The term “conservative substitution,” “conservative mutation,” or “conservatively
modified variant” refers to an alteration that results in the substitution of an amino acid with
ancther amino acid that can be categorized as having a similar feature. Examples of categories
of conservative aming acid groups defined in this manner can include: a “charged/polar group”
including Glu (Glutamic acid or E), Asp (Aspartic acid or D), Asn {(Asparagine or N), Gin
{(Glutamine or @), Lys (Lysine or K}, Arg (Arginine or R}, and His (Histidine or H}; an
“aromatic group” including Phe (Phenylalanive or F), Tyr (Tyrosine or Y), Trp (Tryptophan or
W), and (Histidine or Hj;, and an “aliphatic group” tncluding Gly (Glycine or G), Ala (Alanine
or A}, Val (Valine or V), Leu (Leucine or L}, e (Isoleucine or 1), Met {(Methionine or M), Ser
{Serine or 8), Thr {Threonine or T), and Cys (Cysteine or £}, Within each group, subgroups
can also be identitied. For example, the group of charged or polar amino acids can be sub-
divided into sub-groups including: a “positively-charged sub-group” comprising Lys, Arg and
His; a “negatively-charged sub-group” comprising Glu and Asp; and a “polar sub-group”
coraprising Aso and Gln. In another example, the aromatic or cyclic group can be sub-divided
into sub-groups including: a “nitrogen ring sub-group” comprising Pro, His and Trp; and a
“phenyl sub-group” comprising Phe and Tyr. In another further example, the aliphatic group
can be sub-divided into sub-groups, e.g., an “aliphatic non-polar sub-group” comprising Val,
Leu, Gly, and Ala; and an “aliphatic slightly-polar sub-group” comprising Met, Ser, Thr, and
Cys. Examples of categories of conservative mutations include amino acid substitutions of
amino acids within the sub-groups above, such as, but not limited to: Lys for Arg or vice versa,
such that a positive charge can be maintained; Glu for Asp or vice versa, such that a negative
charge can be maintained; Ser for Thr or vice versa, such that a free -OH can be maintained;

and Gln for Asn or vice versa, such that a free -NH:z can be maintained. In some embodiments,

L2
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hydrophobic amino acids are substituted for naturally occurring hydrophobic amino acid, e.g.,

in the active site, to preserve hydrophobicity.

[0216] The terms “identical” or percent “identity,” in the context of two or more polypeptide
sequences, refer to two or more sequences or subsequences that are the same or have a specified
percentage of amino acid residues, e.g., at least 60% identity, atleast 65%, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, or at least 95% or greater, that are identical over
a specified region when compared and aligned for maximum correspondence over a
comparison window, or designated region as measured using a sequence comparison algorithm

or by manual alignment and visual inspection.

(8217} For sequence comparison of polypeptides, typically one amino acid sequence acts as
a reference sequence, to which a candidate sequence is compared. Alignment can be performed
using various methods available to one of skill in the art, e.g., visual alignment or using publicly
available software using known algorithms to achieve maximal alignment. Such programs
include the BLAST programs, ALIGN, ALIGN-2 {Genentech, South San Francisco, Calit') or
Megalign (DNASTAR) The parameters eraployed for an alignment to achieve maximal
alignment can be determined by one of skill in the art. For sequence comparison of polypeptide
sequences for purposes of this application, the BLASTP algorithm standard protein BLAST

for aligning two proteins sequence with the default parameters is used.

[6218] The terms “corresponding to,” “determined with reference t0,” or “numbered with
reference to” when used in the context of the identification of a given amino acid residue in a
polypeptide sequence, refers to the position of the residue of a specified reference sequence
when the given amino acid sequence is maximally aligned and compared to the reference
sequence. Thus, for example, an amino acid residue in 3 modified Fc polypeptide “corresponds
to” an amino acid in SEQ ID NO:1, when the residue aligns with the amino acid in SEQ ID
NO: 1 when optimally aligned to SEQ ID NO:1. The polypeptide that is aligned to the reference

sequence need not be the same length as the reference sequence.

(8219} A “binding affinity” as used herein refers to the strength of the non-covalent
interaction between two molecules, e.g., a single binding site on a polypeptide and a target,
e.g., transferrin receptor, to which it binds. Thus, for example, the term may refer to 1:1
interactions between a polypeptide and its target, unless otherwise indicated or clear from
context. Binding affinity may be quantified by measuring an equilibrium dissociation constant

(Ku), which refers to the dissociation rate constant (kg, time™) divided by the association rate
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constant (ka, time" M™). Kp can be determined by measurement of the kinetics of complex
formation and dissociation, e.g., using Surface Plasmon Resonance (SPR) methods, ez, a
Biacore™ system; kinetic exclusion assays such as KinExA"; and BioLayer interferometry
{e.g., using the ForteBio® Octet” platform). As used herein, “binding affinity” includes not
only formal binding affinities, such as those reflecting 1:1 interactions between a polypeptide
and its target, but also apparent affinities for which Kp’s are calculated that may reflect avid

binding.

18228} The phrase “specifically binds” or “selectively binds” 1o a target, e.g,, transferrin
receptor, when referring to a polypeptide comprising a transferrin receptor-binding moedified
F¢ polypeptide as described herein, refers to a binding reaction whereby the polypeptide binds
to the target with greater affinity, greater avidity, and/or greater duration than it binds to a
structurally different target, e.g., a target not in the transfernin receptor family. In typical
embodiments, the polypeptide has at least 5-fold, 10-fold, 25-fold, 50-fold, 100-fold, 1000-
fold, 10,000-fold, or greater affinity for a transfernin receptor compared to an unrelated target
when assayed under the same affinity assay conditions. The term “specific binding,”
“specifically binds to,” or “is specific for” a particular target {e.g., TfR), as used herein, can be
exhibited, for example, by a molecule having an equilibrium dissociation constant Kp for the
target to which it binds of, e.g., 10 M or smaller, e.g., 107" M, 10°M, 107 M, 10 M, 10" M,
10719 M, 107 M, or 1072 M. In some embodiments, a modified Fo polypeptide specifically
binds to an epitope on a transferrin receptor that is conserved among species {e.g., structurally
conserved among species), e.g., conserved between non-human primate and human species
(e.g., structurally conserved between non-human primate and human species). In some

embodiments, a polypeptide may bind exclusively to a human transferrin receptor.

(0221} The terms “treatment,” “treating,” and the like are used herein to generally mean
obtaining a desired pharmacologic and/or physiologic effect. “Treating” or “treatment” may
refer to any indicia of success in the treatment or amelioration of a disease, including
progranulin-associated disorders, such as neurodegenerative diseases {e.g., frontotemporal
dementia (FTD), neuronal ceroid lipofuscinosis (NCL), Niemann-Pick disease type A (INPA),
Niemann-Pick disease type B (NPB), Niemann-Pick disease type C (NPC), C9ORF72-
associated amyotrophic lateral sclerosis (ALSYFTD, sporadic ALS, Alzheimer’s disease (AD),
Gaucher’s disease (e.g, Gaucher’'s disease types 2 and 3), and Parkinson's disease),
atherosclerosis, a disorder associated with TDP-43, and age-related macular degeneration

(AMD), including any objective or subjective parameter such as abatement, remission,
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improvement in patient survival, increase in survival time or rate, diminishing of symptoms or
making the disorder more tolerable to the patient, slowing in the rate of degeneration or decline,
or improving a patient’s physical or mental well-being. The treatment or amelioration of
symptoms can be based on objective or subjective parameters. The effect of treatment can be
compared to an individual or pool of individuals not receiving the treatment, or to the same

patient prior to treatment or at a ditferent time during treatment.

(0222} The term “subject,” “individual,” and “patient,” as used interchangeably herein, refer
to a mammal, including but not limited to humans, non-human primates, rodents {e.g., rats,
mice, and guinea pigs), rabbits, cows, pigs, horses, and other mammalian species. In one

embodiment, the patient is a human,

[6223] The term “pharmaceutically acceptable excipient” refers 1o a non-active
pharmaceutical ingredient that is biologically or pharmacologically compatible for use in

humans or animals, such as but not limited to a buffer, carrier, or preservative.

19224} As used herein, a “therapeutic amount” or “therapeutically effective amount” of an

agent 18 an amount of the agent that treats symptoms of a disease in a subject.

102253} The term “administer” refers to a method of delivering agents, compounds, or
compositions to the desired site of biological action. These methods include, but are not limited
to, topical delivery, parenteral delivery, intravenous delivery, intradermal delivery,
intramuscular delivery, intrathecal delivery, colonic delivery, rectal delivery, or intraperitoneal
delivery. In one embodiment, the polypeptides described herein are administered

intravenously.

IiL PROGRANULIN REPLACEMENT THERAPY

18226] In some aspects, described herein is a fusion protein that comprises: (i) an Fe
polypeptide, which may contain medifications {e.g., one or more modifications that promote
heterodimerization) or may be a wild-type Fe polypeptide; and a progranulin polypeptide; and
(11} an Fc polypeptide, which may contain modifications {e.g., one or more modifications that
promote heterodimerization) or may be a wild-type Fc polypeptide; and optionally a
progranulin polypeptide. In some embodiments, one or both Fc polypeptides may contain
modifications that result in binding to a blood-brain barrier (BBB) receptor, e.g., a transferrin
receptor (TR). The progranulin polypeptide may be deficient in neurodegenerative diseases.

The progranulin polypeptide may be deficient in frontotemporal dementia (FTD), as well asin
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other diseases, such as Gaucher's disease and Alzheimer’s disease (AD). A progranulin
polypeptide incorporated into the fusion protein may bind to sortilin or prosaposin. In
particular embodiments, the progranulin polypeptide incorporated into the fusion protein to

sortilin.

(82277 In some embodiments, a fusion protein comprising a progranulin polypeptide and
optionally a modified Fc polypeptide that binds to a BBB receptor, e.g., a TfR-binding Fc

polypeptide, comprises a variant of a progranulin polypeptide.

(0228} In some embodiments, a progranulin polypeptide or a variant thereof, that is present
in a fusion protein described herein, retains at least 25% of its activity compared to its activity
when not joined to an Fe¢ polypeptide or a TfR-binding Fec polypeptide. In some embodiments,
a progranulin polypeptide or a variant thereof, that is present in a fuston protein described
herein, retains at least 10%, or at least 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, of iis activity compared to its activity when
not joined to an Fc polypeptide or a TfR-binding Fec polypeptide. In some embodiments, a
progranulin polypeptide or a variant thereof, that 1s present in a fusion protein described herein,
retains at least 80%, 85%, 90%, or 95% of its activity compared 1o its activity when not joined
to an Fc peolypeptide or a TfR-binding Fc polypeptide. A fusion protein described herein can
be an Fe dimer PGRN fusion protein comprising: {a) a sequence that has at least 85% identity,

at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ ID
N(O:215, and (b} a sequence that has at least 85% identity, at least 90% identity, at least 95%
identity, or 100% identity to the sequence of SEQ ID NO:210. A fusion protein described
herein can be an Fe dimerPGRN fusion protein comprising: {a) a sequence that has at least
85% 1dentity, at least 90% 1dentity, at least 95% identity, or 100% identity to the sequence of
SEQ ID NG:227, and (b) a sequence that has at least 83% identity, at least 90% identity, at
least 95% identity, or 100% identity to the sequence of SEQ ID NO:210. A fusion protein
described herein can be an Fo dimer: PGRN fusion protein comprising: {a) a sequence that has
at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to the
sequence of SEQ ID NO:215, and (b) a sequence that has at least 85% identity, at feast 90%
identity, at least 95% identity, or 100% identity to the sequence of SEQ 1D NO:291. A fusion
protein described herein can be an Fc dimerPGRN fusion pmteiﬂ comprises: an Fc
dimer:PGRN fusion protein comprising: {(a) a sequence that has at least 83% identity, at least

0% 1dentity, at least 95% identity, or 100% identity to the sequence of SEQ ID NO:227, and
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{b) a sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or

100% identity to the sequence of SEQ 1D NO:291.

(8228} In some embodiments, fusion to an F¢ polypeptide does not decrease the expression
and/or activity of the progranulin polypeptide or variant thereof. In some embodiments, fusion
to a TiR-binding Fc polypeptide does not decrease the expression and/or activity of the

progranulin polypeptide.

Iv. INDICATIONS

[02306] In some embodiments, the fusion proteins described herein comprising a progranulin
polypeptide are useful in the treatment of one or more neurodegenerative diseases selected
from the group consisting of Alzheimer’s disease, primary age-related tauopathy, lewy body
dementia, progressive supranuclear palsy (PSP), frontotemporal dementia, frontotemporal
dementia with parkinsonism linked to chromosome 17, argyrophilic grain dementia,
amyotrophic lateral sclerosis, amyotrophic lateral sclerosis/parkinsonism-dementia complex of
Guam (ALS-PDC), corticobasal degeneration, chronic traumatic encephalopathy, Creutzfeldt-
Jakob disease, dementia pugilistica, diffuse neurofibritlary tangles with calcification, Down’s
syndrome, familial British dementia, familial Danish dementia, Gerstmann-Straussler-
Scheinker disease, globular glial tauopathy, Guadeloupean parkinsonism with dementia,
Guadelopean PSP, Hallevorden-Spatz disease, hereditary diffuse leukoencephalopathy with
spheroids (HDLS), inclusion-body myositis, nmultiple system atrophy, myotonic dystrophy,
MNasu-Hakola disease, neurofibrillary tangle-predominant dementia, Niemann-Pick disease
type C, pallido-ponto-nigral degeneration, Parkinson’s disease, Pick’s disease, postencephalitic
parkinsonism, prion protein cerebral amyloid angiopathy, progressive subcortical gliosis,

subacute sclerosing panencephalitis, and tangle only derentia.

102311 A progranulin-associated disorder may be a neurodegenerative disease. A number of
neurodegenerative diseases may be caused by or linked to lysosomal storage disorders
characterized by the accurmulation of undigested or partially digested macromolecules, which
ultimately results in cellular and organismal dysfunction as well as clinical abnormalities.
Lysosomal storage disorders are defined by the type of accumulated substrate, and may be
classtfied as cholesterol storage disorders, sphingolipidoses, oligosaccharidoses,
mucolipidoses, mucopolysaccharidoses, lipoprotein storage disorders, neuronal ceroid
lipofuscinoses, and others. In some cases, lysosomal storage disorders also include deficiencies

or defects in proteins that result in accumulation of macromolecules, such as proteins necessary
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tor normal post-translational modification of lysosomal enzymes, or proteins important for
proper lysosomal trafficking. Examples of neurodegenerative diseases that may be caused by
or linked to lysosomal storage disorders include, e.g, frontotemporal dementia (FTD),
neuronal ceroid lipofuscinosis (NCL), Niemann-Pick disease type A (NPA), Niemann-Pick
disease type B (NPB), Niemann-Pick disease type C (NPC}, COORF72-associated amyotrophic
lateral sclerosis (ALSYFTD, sporadic ALS, Alzheimer’s disease (AD), Gaucher’s disease {e.g.,
Gaucher’s disease types 2 and 3}, and Parkinson's disease. Examples of other progranulin-
associated disorders include, e.g., atherosclerosis, a disorder associated with TDP-43, and age-
related macular degeneration (AMD).  Such progranulin-associated disorders (e.g, a
neurodegenerative disease, such as frontotemporal dementia (FTD}) may benefit from the
tusion proteins or polypeptides comprising a progranulin polypeptide or a variant thereof as

described herein.

16232} Frontotemporal dementia (FTD) 15 a progressive neurodegenerative disorder. FTD
includes a spectrum of choically, pathologically, and genetically heterogeneous diseases
presenting selective involvement of the frontal and temporal lobes (Gazzina et al, Fur J
Pharmacol 817:76-85, 2017). Clinical manifestations of FTD include alterations in behavior
and personality, frontal executive deficits, and language dysfunction. Based on the diversity
of clinical phenotypes, different presentations have been identified, such as behavioral variants
of FTD (bvFTD) and primary progressive aphasia (PPA), which can etther be the
nonfluent/agrammatic variant PPA (avPPA) or the semantic variant PPA (svPPA). These
clinical presentations can also overlap with atypical parlansonism, such as corticobasal
syndrome (CBS), progressive supranuclear palsy (PSP), and amyotrophic lateral sclerosis
(ALS) (Gazzina et al., Fur J Pharmacol. 817.76-85, 2017). FTD 1s associated with various
neuropathological hallmarks, including tau pathology in neurons and astrocytes or cytoplasmic
ubiquitin inclusions in neurons. The Trans-activating DNA-binding Protein with a molecular
weight of 43 kiDa (TDP-43) is the most prominent, ubiguitinated protein pathology
accumulating in the majority of cases of FTD as well as in ALS (Petkau and Leavitt, Trends
Newrosci. 37(71.388-98, 2014). FTD 13 a significant cause of early-onset dementia with up to
80% of cases presenting between ages 45 and 64, The disease also presents a significant
tamilial component, with about 30-50% of cases reporting family history of the disease (Petkau

and Leavitt, supra).

16233} While several genes have been linked to FTD, one of the most frequently mutated

genes in FTD 15 GRN, which maps to hursan chromosome 17q21 and encodes the cysteine-
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rich protein progranulin {also known as proepithelin and acrogranin). Recent estimates suggest
that GRN mutations account for 5-20% of FTD patients with positive family history and 1-5%
of sporadic cases (Rademakers et al | supra). The precise molecular and cellular mechanisms
underlying neurodegeneration and disease processes in GRN-associated FTD are unknown,
although phenotypic characterization of GRN-knockout mice combined with histological
analyses of patients’ brain suggests that both inflammation and lysosomal defects are central
to the disease (Kao et al., Nar Key Neurosci. 18(6):325-333, 2017). Indeed, massive gliosis is
present in cortical regions of patients (Lui et al | Cell. 165(4):921-35, 2016} and lipofuscin, a
lysosomal pigment denoting lysosomal disorder, has been reported in the eye and cortex of
mutated (RN carriers including both presymptomatic individuals and patients (Ward et al., Sci

Transi Med. 9(385), 2017).

[0234] More than seventy GRN disease mutations have been reported and mapped
throughout the gene, where they result in confirmed or predicted loss of function (LOF) alleles
(Ji et al. J Med Genet. 54:145-154, 2017). Most heterozygous mutations linked to FTD cause
about 50% reduction in mRNA level primarily as a result of non-sense mRNA decay and a
comparable reduction in progranulin protein level (Petkau and Leavitt, supra; Kao et al,
supray. Lower levels of progranulin are also found in the blood (serum) and cerebrospinal fluid
(CSF)Y of carriers, including presymptomatic individuals (Finch et al., Naf Rev Newrosci.
18(6):325-333, 2017, Goossens et al., Alzheimers Res Ther. 10(1).31, 2018, Meeter et al,
Dement Geriatr Cogn Dis Extra. 6(2):330-340, 2016). Therefore, haplo-insufficiency is
believed to be the main disease mechanism in GRN-associated FTD, suggesting that therapeutic
approaches that elevate programulin levels in carriers may delay the age of onset as well as the
progression of FTD (Petkau and Leavitt, supra; Kao et al., supra). This notion 1s supported by
human genetic studies indicating that a vanant of the gene TMFEAMI06F both enhances the
levels of progranulin by 25% and delay the age of onset of GRN-associated FTD by 13 years

{Nicholson and Rademakers, Acta Neuropathol. 132(5).639-651, 2016},

18235] Homozygous GRN mutations have also been reported, although carriers present a
vastly different clinical phenotype known as neuronal ceroid lipofuscinosis (NCL) (Batten
disease; incidence 1-2.5 in 100,000 live births, Cotman et al., Cwrr Neuro! Neurosci Rep.
13(8):366, 2013), which is a lysosomal storage disorder (Smith et al., Am J Hum CGenet.
90(6):1102-7, 2012; Almeida et al., Neurobiol Aging. 41.200.¢1-200.e5, 2016). GRNisin fact
one of the 14 ceroid-lipofuscinosis neuronal {LN) genes reported to be linked to NCL and

GRN 18 also known as CLN1T (Kollmann et al., Biochim Biophys Acia. 1832(11):1866-81,

42



WO 2019/246071 PCT/US2019/037695

2013). The fusion proteins or polypeptides comprising a progranulin polypeptide or a variant
thereof as described herein may exhibit anti-inflamroatory properties and enhances lysosomal

function, either of which may be beneficial in NCL.

16236} Patients with Gaucher’s disease who carry homozygous mutations in the GBA gene
have lower levels of progranulin in their serum (Jian et al., LBioMedicine 11:127-137, 2016).
Parkinson’s disease patients with heterozygous mutations in GBA may also have lower levels
of progranulin. The fusion proteins or polypeptides comprising a progranulin polypeptide or a
variant thereof as described herein may provide therapeutic benefits in treating Gaucher’s

disease or Parkinson’s disease.

10237} Varants in GRN have been linked to AD {(Rademakers et al, supra; Brouwers et al
Neurology. 71{9).656-64, 2008; Lee et al , Newrodegener Dis. 8(4):216-20, 2011, Viswanathan
et al,, Am J Med Genet B Neuropsychiatr Genet. 150B(5).747-50, 2009} and the TDP-43
pathology is comumon in the brain of AD patients (Youmans and Wolozin, Fxp Newrol
237(1).90-5, 2012). Progranulin gene delivery has also been shown to decrease amvloid
burden in mouse models of AD (van Kampen and Kay, Plo§ One. 12(8):e0182896, 2017).
Thus, the tusion proteins or polypeptides comprising a progranulin polypeptide or a variant

thereof as described herein may also confer therapeutic benefits in treating AD.

[0238] Niemann-Pick disease types A and B (NPA and NPB) result from mutations in the
gene encoding acid sphingomyelinase (SMPD1). Niemann-Pick disease type C (NPC) results
from mutations in the genes involved in cholesterol transport, f.e., NPCl and NPC2 (Kolter
and Sandhoff, Annu Kev Cell Dev Biol 21:81-103, 2005, Kobayashi et al., Nar Cell Biol.
{2y 113-8, 1999). The fusion proteins or polypeptides comprising a progranulin polypeptide
ot a variant thereof as described herein may provide therapeutic benefits in treating NPA, NPB,

and/or NPC.

(8239} The vast majority of ALS cases present the TDP-43 pathology, which is also shared
with patients harboring GRN mutations (Petkau and Leavitt, 7Trends Neurosci. 37(7):388-98,
2014; Rademakers et al, Naf Rev Newrol 8(8)423-34, 2012). Among all ALS cases,
GGGGCC repeat expansions within the COORF72 gene are the most common cause of ALS
and a significant cause of FTD. The average mutation frequencies reported in North American
and Buropean populations are 37% for familial ALS, 6% for sporadic ALS, 21% for familial
FTD, and 6% for sporadic FTD patients (Rademakers et al, supra). Additionally, the
TAMEM 1068 variant that 1s protective in GRN-associated FTD 15 also protective in FTD patients
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harboring repeat expansions in the COORF72 gene {(van Blitterswijk et al | Acta Neuropathol.
127(3):397-406, 2014). The fusion proteins or polypeptides comprising a programulin
polypeptide or a variant thereof as described herein may reduce TDP-43 pathology in
CO0ORF72-associated ALS/FTD by promoting lysosomal function and/or decreasing

inflammation.

[6240] AMD is a degenerative disease and a major cause of blindness in the developed
world. It causes damage to the macula, a small spot near the center of the retina and the part
of the eye needed for sharp, central vision. The degenerative changes in the eye and loss of
vision may be caused by impaired function of lysosomes and harmful protein accumulations
behind the retina (Viiri etal., PloS One. 8(7).e69563, 2013). As the disease progresses, retinal
sensory cells in the central vision area are damaged, leading to loss of central vision. The
tusion proteins or polypeptides comprising a programulin polypeptide or a variant thereof as

described herein may provide therapeutic benefits in treating AMD.

V. FC POLYPEPTIDE MODIFICATIONS FOR BLOOD-BRAIN BARRIER (BBB)
RECEPTOR BINDING

18241} In some aspects, provided herein are fusion proteins that are capable of being
transported across the blood-brain barrier (BBB). Such a protein comprises a modified Fc
polypeptide that binds to a BBB receptor. BBB receptors are expressed on BBB endothelia, as
well as other cell and tissue types. In some embodiments, the BBB receptor is transferrin

receptor (TR},

[0242] Amino acid residues designated in various Fc¢ modifications, including those
introduced in a modified Fc polypeptide that binds to a BBB receptor, e.g., TIR, are numbered
herein using EU index numbering. Any Fc polypeptide, e.g,, an IgGl, 1gG2, 1gG3, or IgG4 Fe
polypeptide, may have modifications, e.g., amino acid substitutions, in one or more positions

as described herein.

[0243] A modified {e.g., enhancing heterodimerization and/or BBB receptor-binding) Fo
polypeptide present in a fusion protein described herein can have at least 70% identity, at least
75% identity, at least 80% identity, at least 85% identity, at least 90% identity, or at least 95%
identity to a native F¢ region sequence or a fragment thereof, e.g., a fragment of at least 50
amino acids or at least 100 amino acids, or greater in length. In some embodiments, the native

Fc amino acid sequence 1s the Fe region sequence of SEQ ID NO:1. In some embodiments,
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the moditied Fc polypeptide has at least 70% identity, at least 75% identity, at least 80%
identity, at least 85% identity, at least 90% identity, or at least 95% identity to amino acids 1-
110 of SEQ ID NG: 1, or to amino acids 111-217 of SEQ ID NG 1, or a fragment thereof, e.g.,

a fragment of at least 50 amino acids or at least 100 amino acids, or greater in length.

18244} In some embodiments, a modified {e.g., enhancing heterodimerization and/or BBB
receptor-binding} Fc polypeptide comprises at least 50 amino acids, or at least 60, 65, 70, 75,
80, 85, 90, or 95 or more, or at least 100 amino acids, or more, that correspond to a native Fc
region amino actd sequence. In some embodiments, the modified Fc polypeptide comprises at
least 25 contiguous amino acids, or at least 30, 35, 40, or 45 contiguous anineo acids, or 5O
contiguous aning acids, or at least 60, 65, 70, 75, 80 85, 90, or 95 or more contiguous amino
acids, or 100 or more contiguous amino acids, that correspond to a native Fc region amino acid

sequence, such as SEQ ID NO: 1.

10245]  In some embodiments, the domain that is modified for BBB receptor-binding activity
is a human Ig CH3 domain, such as an IgGl CH3 domain. The CH3 domain can be of any IgG
subtype, i.e., from IgGl, 1gG2, Ig(G3, or IgG4. Inthe context of IgG1 antibodies, a CH3 domain
refers to the segment of amino acids from about position 341 to about position 447 as numbered

according to the EU numbering scheme.

[0246] In some embodiments, the domain that 1s modified for BBB receptor-binding activity
is a human Ig CHZ domain, such as an IgG CH2 domain. The CH2 domain can be of any Ig(c
subtype, i.e., from IgGl, 1gG2, IgG3, or IgG4. Inthe context of IgG1 antibodies, a CH2 domain
refers to the segment of amino acids from about position 231 to about position 340 as numbered

according to the EU numbering scheme.

(02471 In some embodiments, a modified (e.g., BBB receptor-binding) Fc polypeptide
present in a fusion protein described herein comprises at least one, two, or three substitutions;
and in some embodiments, at least four five, six, seven, eight, nine, or ten substitutions at anino
acid positions comprising 266, 267, 268, 269, 270, 271, 295, 297, 298, and 299, according to

the EU numbering scheme.

[0248] In some embodiments, a modified (e.g., BBB receptor-binding) Fc polypeptide
present in a fusion protein described herein comprises at least one, two, or three substitutions;
and in some embodiments, at least four, five, six, seven, eight, or nine substitutions at amingo
acid positions comprising 274, 276, 283, 285, 286, 287, 288, 289, and 290, according to the

EU numbering scheme.

BN
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[6249] In some embodiments, a modified {(e.g., BBB receptor-binding) Fc polypeptide
present in a fusion protein described herein comprises at least one, two, or three substitutions;
and in some embodiments, at least four, five, six, seven, eight, nine, or ten substitutions at
amino acid positions comprising 268, 269, 270, 271, 272, 292, 293, 294, 296, and 300,

according to the EU numbering scheme.

[6256] In some embodiments, a modified {(e.g., BBB receptor-binding) Fc polypeptide
present in a fusion protein described herein comprises at least one, two, or three substitutions;
and in some embodiments, at least four, five, six, seven, eight, or nine substifutions at amino
acid positions comprising 272, 274, 276, 322, 324, 326, 329, 330, and 331, according to the

EU numbering scheme.

(02511 In some embodiments, a modified {(e.g., BBB receptor-binding) Fc polypeptide
present in a fusion protein described herein comprises at least one, two, or three substitutions;
and in some embodiments, at least four, five, six, or seven substitutions at amino acid posttions
comprising 345, 346, 347, 349, 437, 438, 439, and 440, according to the EU numbering

scheme.

18252] In some embodiments, a modified (e.g, BBB receptor-binding) Fc polypeptide
present in a fusion protein described herein comprises at least one, two, or three substitutions;
and in some embodiments, at least four, five, six, seven, eight, or nine substitutions at amino
acid positions 384, 386, 387, 388, 389,390, 413, 416, and 421, according to the EUJ numbering

scheme.

FcRn hinding sites

18283] In certain aspects, modified (e.g., BBB receptor-binding) Fe polypeptides, or Fe
polypeptides present in a fusion protein described herein that do not specifically bind to a BBB
receptor, can also comprise an FcRn binding site. In some embodiments, the FeRn binding site

is within the Fc polypeptide or a fragment thereof.

16254} In some embodiments, the FcRn binding site comprises a native FcRan binding site.
In some embodiments, the FcRuo binding site does not comprise amino acid changes relative to
the amino acid sequence of a native FcRn binding site. In some embodiments, the native FcRn
binding site is an IgG binding site, e.g., a human IgG binding site. In some embodiments, the

FcRn binding site comprises a modification that alters FcRn binding.
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(8255} In some embodiments, an FcRn binding site has one or more amino acid residues that
are mutated, e.g., substituted, wherein the mutation{s) increase serum half-life or do not
substantially reduce serum half-life (i.e., reduce serum half-life by no more than 25% compared
to a counterpart modified Fe polypeptide having the wild-type residues at the mutated positions
when assayed under the same conditions). In some embodiments, an FcRn binding site has
one or more amino acid residues that are substituted at positions 250-256, 307, 380, 428, and

33-436, according to the EU numbering scheme.

182586} In some embodiments, one or more residues at or near an FcRao binding site are
mutated, relative to a native human Ig(G sequence, to extend serum half-life of the moditied
polypeptide. In some embodiments, mutations are introduced into one, two, or three of
positions 252, 254, and 256. In some embodiments, the mutations are M252Y, §2547T, and
T256E. In some embodiments, a modified Fc polypeptide further comprises the routations
M252Y, 82547, and T256E. In some embodiments, a modified Fc polypeptide comprises a
substitution at one, two, or all three of positions T307, E380, and N434, according to the EU
numbering scheme. ln some embodiments, the mutations are T307Q and N434A. In some
embodiments, a modified Fc polypeptide comprises mutations T307A, E380A, and N434A. In
some embodiments, a moditied Fe polypeptide comprises substitutions at positions T250 and
M428, according to the EU numbering scheme. In some embodiments, the modified Fe
polypeptide comprises mutations T250Q and/or M428L. In some embodiments, a modified Fc
polypeptide comprises substitutions at positions M428 and N434, according to the EU
numbering scheme. In some embodiments, the modified Fe polypeptide comprises routations
M4281 and N4348. In some embodiments, a modified Fe polypeptide comprises an N4348 or

N434A mutation.
VI TRANSFERRIN RECEPTOR-BINDING FC POLYPEPTIDES
[8237] This section describes generation of modified Fe polypeptides in accordance with the

disclosure that bind to transferrin receptor (TtR) and are capable of being transported across

the blood-brain barrier (BBB).

TR -bindine Fe polvpepiides comprising mutations in the CH3 domain

[0258] In some embodiments, a modified Fe polypeptide that specifically binds to TR
comprises substitutions in a CH3 domain. In some embodiments, a modified Fe polypeptide

comprises a human Ig CH3 domain, such as an IgG CH3 domain, that 1s modified for TiR-
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binding activity. The CH3 domain can be of any Ig(s subtype, i.e., from 1gG1, g2, 1gG3, or
IgG4. In the context of IgG antibodies, a CH3 domain refers to the segment of amino acids
from about position 341 to about position 447 as numbered according to the EU numbering

scheme.

18239] In some embodiments, a modified Fe polypeptide that specifically binds to TR binds
to the apical domain of TR and may bind to TR without blocking or otherwise inhibiting
binding of transferrin to TtR. In some embodiments, binding of transferrin to TR is not
substantially inhibited. In some embodiments, binding of transferrin to TtR is inhibited by less
than about 50% (e.g., less than about 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5%;). In
some embodiments, binding of transferrin to TR s inhibited by less than about 20% (e.g., less
than about 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 0%, 5%,

4%, 3%4, 2%, or 1%).

18260} In some embodiments, a modified Fc polypeptide that specifically binds to TR
comprises at least two, three, four, five, six, seven, eight, or nine substitutions at positions 384,
386, 387, 388, 389, 390, 413, 416, and 421, according to the EU numbering scheme.
Hustrative substitutions that may be introduced at these positions are shown in Tables 6 and 7
at the end of the Examples section. In some embodiments, the amino acid at position 388
and/or 421 is an aromatic amino acid, e.g., Trp, Phe, or Tyr. In some embodiments, the amino
acid at position 388 is Trp. In some embodiments, the aromatic amino acid at position 421 1s

Trp or Phe.

(8261} In some embodiments, at least one position as follows is substituted: Leu, Tyr, Met,
or Val at position 384; Leu, Thr, His, or Pro at position 386; Val, Pro, or an acidic amino acid
at position 387; an aromatic amino acid, e.g., Trp at position 388; Val, Ser, or Ala at position
389; an acidic amino acid, Ala, Ser, Leu, Thr, or Pro at position 413; Thr or an acidic amino
acid at position 416, or Trp, Tyr, His, or Phe at position 421, In some embodiments, the
modified Fc polypeptide may comprise a conservative substitution, e.g., an amino acid in the
samne charge grouping, hydrophobicity grouping, side chain ring structure grouping (e.g.,
aromatic amino acids), or size grouping, and/or polar or non-polar grouping, of a specified
amino acid at one or more of the positions in the set. Thus, for example, lle may be present at
posttion 384, 386, and/or position 413, In some embodiments, the acidic amino acid at position
one, two, or each of positions 387,413, and 416 1s Glu. In other embodiments, the acidic amino

acid at one, two or each of positions 387, 413, and 416 15 Asp. In some embodiments, two,
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three, four, tive, six, seven, or all eight of positions 384, 386, 387, 388, 389, 413, 416, and 421

have an amino acid substitution as specified in this paragraph.

(92621 In some embodiments, an Fc polypeptide that is modified as described in the
preceding two paragraphs comprises a native Asn at position 390, In some embodiments, the
modified Fe polypeptide comprises Gly, His, Gin, Ley, Lys, Val, Phe, Ser, Ala, or Asp at
position 390. In some embodiments, the modified Fc polypeptide further comprises one, two,
three, or four substitutions at positions comprising 380, 391, 392, and 415, according to the EU
numbering scheme. In some embodiments, Trp, Tyr, Leu, or Gln may be present at position
380. In some embodiments, Ser, Thr, Gln, or Phe may be present at position 391, In some

embodiments, Gln, Phe, or His may be present at position 392, In some embodiments, Giu

may be present at position 415,

(0263} Incertain embodiments, the modified Fc polypeptide comprises two, three, four, five,
six, seven, eight, nine, ten, or eleven positions selected from the following: Trp, Leu, or Glu at
position 380; Tyr or Phe at position 384; Thr at position 386; Glu at position 387; Trp at
position 388; Ser, Ala, Val, or Asn at position 389; Ser or Asn at position 390; Thr or Ser at
position 413; Glu or Ser at position 415; Glu at position 416; and/or Phe at position 421, In
some embodiments, the modified Fc polypeptide comprises all eleven positions as follows:
Trp, Leu, or Glu at position 380; Tyr or Phe at position 384; Thr at position 386, Glu at position
387 Trp at position 388; Ser, Ala, Val, or Asn at position 389; Ser or Asn at position 390; Thr
or Ser at position 413; Glu or Ser at position 415; Glu at position 416; and/or Phe at posttion

421

(0264} In certain embodiments, the modified Fc polypeptide comprises Leu or Met at
position 384; Leu, His, or Pro at position 386; Val at position 387; Trp at position 388; Val or
Ala at position 389; Pro at position 413; Thr at position 416; and/or Trp at position 421. In
some embodiments, the modified Fc polypeptide further comprises Ser, Thr, Gln, or Phe at
position 391, In some embaodiments, the maodified Fc polypeptide further comprises Trp, Tyr,
Leu, or Gln at position 380 and/or Gln, Phe, or His at position 392. In some embodiments, Trp
is present at position 380 and/or Gln is present at position 392. In some embodiments, the

modified Fc polypeptide does not have a Trp at position 380,

18265] In other embodiments, the modified Fe polypeptide comprises Tyr at position 384;
Thr at position 386; Glu or Val and position 387; Trp at position 388; Ser at position 389; Ser

or Thr at position 413; Glu at position 416; and/or Phe at position 421, In some embodiments,
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the modified Fc polypeptide comprises a native Asn at position 390, In certain embodiments,
the modified Fc polypeptide further comprises Trp, Tyr, Leu, or Gln at position 380; and/or
Glu at position 415, In some embodiments, the modified Fe polypeptide further comprises Trp

at position 380 and/or Glu at position 415.

18266] In additional embodiments, the modified Fe polypeptide further comprises one, two,
or three substitutions at positions comprising 414, 424, and 426, according to the EU
numbering scheme. In some embodiments, position 414 is Lys, Arg, Gly, or Pro; position 424

is Ser, Thr, Glu, or Lys; and/or position 426 is Ser, Trp, or Gly.

18267} In some embodiments, the modified Fc polypeptide comprises one or more of the
following substitutions: Trp at position 380; Thr at position 386; Trp at position 388; Val at
posttion 389; Thr or Ser at position 413; Glu at position 415; and/or Phe at position 421,

according to the EU numbering scheme.

[0268] In some embodiments, the modified Fc polypeptide has at least 70% identity, at least
75% identity, at teast 80% identity, at least 85% identity, at least 90% identity, or at least 95%
identity to amino acids 111-217 of any one of SEQ ID NOS:4-90, 93-96, and 101-104 {(e.g,,
SEQ 1D NOS:34-38, S8, and 60-90). In some embodiments, the modified Fe polypeptide has
at least 70% identity, at least 75% identity, at least 80% identity, at least 85% identity, at least
90% identity, or at least 95% identity to any one of SEQ ID NOS:4-90, 93-96, and 101-104
{e.g., SEQ ID NOS:34-38, 58, and 60-90). In some embodiments, the modified Fc polypeptide
coraprises the amino acids at EU 1ndex positions 384-390 and/or 413-421 of any one of SEQ}
I NOS:4-90, 93-96, and 101-104 {e.g,, SEQ 1D NOS:34-38, 58, and 60-90). In some
embodiments, the modified Fc polypeptide comprises the amino acids at EU index positions
380-390 and/or 413-421 of any one of 4-90, 93-96, and 101-104 (e.g., SEQ [D NOS:34-38, S8,
and 60-90). In some embodiments, the moditied Fc polypeptide comprises the amino acids at
EU index positions 380-392 and/or 413-426 of any one of SEQ ID NOK:4-90, 93-96, and 101-
104 (e.g., SEQ ID NOS:34-38, 58, and 60-90).

18269} In some embodiments, the modified Fc polypeptide has at least 75% i1dentity, at least
80% 1dentity, at least 85% 1dentity, at least 90% identity, or at least 95% identity to any one of
SEQ 1D NOS:4-90, 93-96, and 101-104 (e.g., SEQ ID NOS:34-38, 58, and 60-90), and further
comprises at feast five, six, seven, eight, nine, ten, eleven, twelve, thirteen, fourteen, fifteen, or
sixteen of the positions, numbered according to the EU index, as follows: Trp, Tyr, Leu, Gln,

or Glu at position 380; Leu, Tyr, Met, or Val at position 384; Leu, Thr, His, or Pro at position
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3806; Val, Pro, or an acidic amino acid at position 387, an aromatic amino acid, e.g., Trp, at
position 388; Val, Ser, or Ala at position 389; Ser or Asn at position 390; Ser, Thr, Gln, or Phe
at position 391; Gln, Phe, or His at position 392; an acidic amino acid, Ala, Ser, Leu, Thr, or
Pro at position 413; Lys, Arg, Gly or Pro at position 414; Glu or Ser at position 415; Thr or an
acidic amino acid at position 416; Trp, Tyr, His or Phe at position 421; Ser, Thr, Glu or Lys at

position 424; and Ser, Trp, or Gly at position 426.

(0276} In some embodiments, the modified Fc polypeptide comprises the amino acid
sequence of any one of SEQ ID NOS8:34-38, 58, and 60-90. In other embodiments, the
modified Fe polypeptide comprises the anmuino acid sequence of any one of SEQ ID NOS:34-

38, 58, and 60-90, but in which one, two, or three amino acids are substituted.

(6271} In some embodiments, the modified Fe polypeptide comprises additional mutations
such as the mutations described in Section VII below, including, but not limited to, a knob
mutation {e.g., T366W as numbered with reference to EU numbering), hole mutations {e.g.,
T3665, L368A, and Y407V as numbered with reference to EU numbering), mutations that
modulate effector function {e.g, L234A, L235A, and/or P329G {(e.g., L.234A and L235A) as
numbered with reference to EU numbering), and/or mutations that increase serum stability
{e.g, M252Y, 82547, and T256E as numbered with reference to EU numbering). By way of
iHustration, SEQ 1D NOS:136-210 provide non-limiting examples of moditied Fc polypeptides
with mutations in the CH3 domain (eg, clones CH3C3521.17, CH3C3520.1,
CH3C 35232, CH3(C35233, CH3C35234, C(CH3C3521.172, and CH3(.3523)

comprising one or more of these additional mutations.

10272} In some embodiments, the modified Fe polypeptide comprises a knob mutation {e.g.,
T366W as numbered with reference to EU numbering) and has at least 85% identity, at least
90% identity, or at least 95% identity to the sequence of any one of SEQ ID NOS: 136, 137,
149, 161, 173, 185, and 197, In some embodiments, the modified Fc polypeptide comprises
the sequence of any one of SEQ D NOS:136, 137, 149, 161, 173, 185, and 197, In some
embodiments, the modified Fe polypeptide comprises the sequence of SEQ 1D NO:136.

192731 In some embodiments, the modified Fc polypeptide comprises a knob mutation {e.g.,
T366W as numbered with reference to EU numbering) and mutations that modulate effector
function (e.g,, L234A, L235A, and/or P329G {e.g., L234A and L.235A) as numbered with
reference to EU numbering), and has at least 85% identity, at least 90% identity, or at least

95% identity to the sequence of any one of SEQ ID NOS:138, 139, 150, 151, 162, 163, 174,
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175, 186, 187, 198, 199, 209, and 210. In some embodiments, the modified Fc polypeptide
comprises the sequence of any one of SEQ 1D NOS: 138, 139, 150, 151, 162, 163, 174, 175,
186, 187, 198, and 199. In some embodiments, the modified Fc polypeptide comprises the
sequence of SEQ ID NO:150.

18274} In some embodiments, the modified Fe polypeptide comprises a knob mutation (e.g.,
T366W as numbered with reference to EU numbering} and mutations that increase serum
stability {e.g.,, M252Y, 82547, and TZ56E as numbered with reference to EU numbering), and
has at least 85% identity, at least 90% identity, or at least 95% identity to the sequence of any
one of SEQ ID NOS: 140, 152, 164, 176, 188, and 200. In some embodiments, the modified
F¢ polypeptide comprises the sequence of any one of SEQ 1D NOKS:140, 152, 164, 176, 18§,
and 200,

(8275} In some embodiments, the modified Fe polypeptide comprises a knob mutation {e.g.,
T366W as numbered with reference to EU numbering), mutations that modulate effector
function {e.g,, L234A, L235A, and/or P329G {e.g, L234A and L235A) as numbered with
reference to EU numbering), and mutations that increase serum stability (e.g,, M252Y, 8254T,
and T250F as numbered with reference to EU numbering), and has at least 85% identity, at
least 90% identity, or at least 95% identity to the sequence of any one of SEQ ID NOS: 141,
142, 153,154,165, 166, 177, 178, 189, 190, 201, and 202. In some embodiments, the modified
Fc polypeptide comprises the sequence of any one of SEQ 1D NOS: 141, 142, 153, 154, 165,
166, 177, 178, 189, 190, 201, and 202.

[8276] In some embodiments, the modified Fc polypeptide comprises hole mutations {e.g.,
T3668, L368A, and Y407V as numbered with reference to EU numbering) and has at least
85% identity, at least 90% identity, or at least 95% tdentity to the sequence of any one of SEQ
IDNOGS: 143, 155, 167, 179, 191, and 203 In some embodiments, the modified Fc polypeptide
comprises the sequence of any one of SEQ 1D NOS:143, 155, 167, 179, 191, and 203,

6277} In some embodiments, the modified Fc polypeptide comprises hole mutations {e.g.,
T3665, L368A, and Y407V as numbered with reference to EUJ numbering) and mutations that
modulate effector function {(e.g., L234A, L2354, and/or P329G (e.g., L234A and L.235A) as
numbered with reference to EU numbering), and has at least 85% identity, at least 90% identity,
or at least 95% 1dentity to the sequence of any one of SEQ 1D NOS: 144, 145, 156, 157, 168,
169, 180, 181, 192, 193, 204, and 205. In some embodiments, the modified Fc polypeptide
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comprises the sequence of any one of SEQ ID NOS:144, 145, 156, 157, 168, 169, 180, 181,
192, 193, 204, and 205.

192781 In some embodiments, the moditied Fc polypeptide comprises hole mutations {e.g.,
T3665, L308A, and Y407V as numbered with reference to EU numbering) and mutations that
increase serurn stability {e.g, M252Y, 82547, and T256F as numbered with reference to EU
numbering), and has at least 85% identity, at least 90% identity, or at least 95% identity to the
sequence of any one of SEQ ID NOS: 146, 158, 170, 182, 194, and 206. In some embodiments,
the modified Fe polypeptide comprises the sequence of any one of SEQ ID NOS: 146, 158, 170,
182, 194, and 206.

18279} In some embodiments, the modified Fc polypeptide comprises hole mutations {e.g.,
136068, L368A, and Y407V as numbered with reference to EU numbering), mutations that
modulate eftector function {e.g., L234A, L235A, and/or P329G (e.g., L234A and L235A) as
numbered with reference to EU numbering), and mutations that increase serum stability {e.g.,
M232Y, 82347, and T256E as numbered with reference to EU numbering), and has at least
85% identity, at least 90% identity, or at least 95% identity to the sequence of any one of SEQ}
IDNOS: 147, 148,159, 160, 171, 172, 183, 184, 195, 196, 207, and 208. In some embodiments,
the modified Fc polypeptide comprises the sequence of any one of SEQ ID NOS: 147, 148, 159,
160, 171, 172, 183, 184, 195, 196, 207, and 208.

16280} In some embodiments, a modified Fc polypeptide that specifically binds to TR
comprises at least two, three, four, five, six, seven, or eight substitutions at positions 345, 346,
347,349,437, 438, 439, and 440, according to the EU numbering scheme. Hustrative modified
Fe polypeptides are provided 1n SEQ ID NOS:111-115 In some embodiments, the modified
Fc polypeptide comprises Gly at position 437, Phe at position 438; and/or Asp at position 440,
In some embodiments, Glu is present at position 440. In certain embodiments, the modified
Fe polypeptide comprises at least one substitution at a position as follows: Phe or Ile at position
345; Asp, Glu, Gly, Ala, or Lys at position 346; Tyr, Met, Leu, Hle, or Asp at position 347; Thr
or Ala at position 349; Gly at position 437; Phe at position 438, His Tyr, Ser, or Phe at position
439; or Asp at position 440. In some embodiments, two, three, four, five, six, seven, or all
eight of positions 345, 346, 347, 349, 437, 438, 439, and 440 and have a substitution as
specified in this paragraph. In some embodiments, the modified Fc polypeptide may comprise
a conservative substitution, e.g., an amino acid in the same charge grouping, hydrophobicity

grouping, side chain ring structure grouping {e.g., aromatic amino acids), or size grouping,

O
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and/or polar or non-polar grouping, of a specified amino acid at one or more of the positions

in the set.

10281} In some embodiments, the modified Fc polypeptide has at least 70% 1dentity, at least
75% identity, at feast 80% identity, at least 85% identity, at least 90% identity, or at least 95%
identity to amino acids 111-217 of any one of SEQ ID NGS: 111-115. In some embodiments,
the meoditied Fc polypeptide has at least 70% identity, at least 75% identity, at least 80%
identity, at least 85% identity, at least 90% identity, or at least 95% identity to SEQ ID
NOS:111-115. In some embodiments, the modified Fc polypeptide comprises the amino acid
sequence of any one of SEQ 1D NOS:111-115 In other embodiments, the modified Fc
polypeptide comprises the amino acid sequence of any one of SEQ ID NOS:111-115, but in

which one, two, or three amino acids are substituted.

TiR-binding Fc polvpeptides comprising mutations in the CH2 domain

[0282] In some embodiments, a modified Fc polypeptide that specifically binds to TIR
comprises substitutions in a CH2 domain. In some embodiments, a modified Fe polypeptide
comprises a human Ig CH2 domain, such as an IgG CH2 domain, that is modified for T{R-
binding activity. The CHZ2 domain can be of any IgG subtype, i.e., from IgGl, IgG2, 1gG3, or
IgG4. In the context of IgG antibodies, a CH2 domain refers to the segment of amino acids
tfrom about position 231 to about position 340 as numbered according to the EU numbering

scheme.

16283} Insome embodiments, a modified Fc polypeptide that specifically binds to TfR binds
to the apical domain of TIR and ray bind to TR without blocking or otherwise inhibiting
binding of transferrin to TIR. In some embodiments, binding of transferrin to TiR is not
substantially inhibited. In some embodiments, binding of transterrin to TR is inhibited by less
than about 50% (e.g., less than about 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, or 5%). In
some embodiments, binding of transferrin to TR s inhibited by less than about 20% (e.g., less
than about 19%, 18%, 17%, 16%, 15%, 14%, 13%, 12%, 11%, 10%, 9%, 8%, 7%, 6%, 5%,

4%, 3%, 2%, or 1%).

[0284] In some embodiments, a modified Fc polypeptide that specifically binds to TR
comprises at least two, three, four, five, six, seven, eight, or nine substitutions at positions 274,
276, 283, 285, 286, 287, 288, and 290, according to the EU numbering scheme. Hlustrative
modified Fc polypeptides are provided in SEQ ID NOS:116-120. In some embodiments, the

modified Fc polypeptide comprises Glu at position 287 and/or Trp at position 288. In some
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embodiments, the moditied Fc polypeptide comprises at least one substitution at a position as
tollows: Glu, Gly, Gin, Ser, Ala, Asn, Tyr, or Trp at position 274; Ile, Val, Asp, Glu, Thr, Ala,
or Tyr at position 276; Asp, Pro, Met, Leu, Ala, Asn, or Phe at position 283; Arg, Ser, Ala, or
Gly at position 285; Tyr, Trp, Arg, or Val at position 286; Glu at position 287; Trp or Tyr at
posttion 288; Gin, Tyr, His, lle, Phe, Val, or Asp at position 289; or Leu, Trp, Arg, Asn, Tyr,
or Val at position 290. In some embodiments, two, three, four, five, six, seven, eight, or all
nine of positions 274, 276, 283, 285, 286, 287, 288, and 290 have a substitution as specified in
this paragraph. In some embodiments, the modified Fc polypeptide may comprise a
conservative substitution, e.g., an amino acid in the same charge grouping, hydrophobicity
grouping, side chain ring structure grouping (e.g., aromatic amino acids), or size grouping,
and/or polar or non~polar grouping, of a specified amino acid at one or more of the positions

in the set,

16285} In some embodiments, the modified Fc polypeptide comprises Glu, Gly, Gln, Ser,
Ala, Asn, or Tyr at posttion 274; He, Val, Asp, Glu, Thr, Ala, or Tyr at position 276 Asp, Pro,
Met, Leu, Ala, or Asn at position 283; Arg, Ser, or Ala at position 285; Tyr, Trp, Arg, or Val
at position 286; Glu at position 287; Trp at position 288; GIn, Tyr, His, He, Phe, or Val at
position 289, and/or Leu, Trp, Arg, Asn, or Tyr at position 290. In some embodiments, the
modified Fc polypeptide comprises Arg at position 285; Tyr or Trp at position 286; Glu at

posttion 287 Trp at position 288; and/or Arg or Trp at position 290.

[6286] In some embodiments, the modified Fc polypeptide has at least 70% 1dentity, at least
75% 1dentity, at least 80% identity, at least 85% identity, at least 90% identity, or at least 95%
identity to amino acids 1-110 of any one of SEQ 1D NOS:116-120. In some embodiments, the
modified Fc polypeptide has at least 70% identity, at least 75% identity, at least 80% identity,
at least 85% identity, at least 90% identity, or at least 95% identity to SEQ 1D NOS:116-120.
In some embodiments, the modified Fc polypeptide comprises the amino acid sequence of any
one of SEQ D NOS:116-120. In other embodiments, the modified Fc polypeptide comprises
the amino acid sequence of any one of SEQ ID NOS:116-120, but in which one, two, or three

amino acids are substituted.

{0287} In some embodiments, a modified Fc polypeptide that specifically binds to TR
comprises at least two, three, four, five, six, seven, eight, nine, or ten substitutions at positions
266, 267, 268, 269, 270, 271, 295, 297, 298, and 299, according to the EU numbering scheme.

lHustrative modified Fc polypeptides are provided in SEQ ID NOS:121-125.  In some
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embodiments, the modified Fc polypeptide comprises Pro at position 270, Glu at position 295,
and/or Tyr at position 297, In some embodiments, the modified Fc polypeptide comprises at
least one substitution at a position as follows: Pro, Phe, Ala, Met, or Asp at position 266; Glin,
Pro, Arg, Lys, Ala, He, Leu, Glu, Asp, or Tyr at position 267; Thr, Ser, Gly, Met, Val, Phe,
Trp, or Leu at position 268, Pro, Val, Ala, Thr, or Asp at position 269; Pro, Val, or Phe at
position 270; Trp, Gln, Thr, or Glu at position 271; Glu, Val, Thr, Leu, or Trp at position 295;
Tyr, His, Val, or Asp at position 297; Thr, His, Gin, Arg, Asn, or Val at position 298; or Tyr,
Asn, Asp, Ser, or Pro at position 299, In some embodiments, two, three, four, five, six, seven,
eight, mine, or all ten of positions 266, 267, 268, 269, 270, 271, 295, 297, 298, and 299 have a
substitution as specified in this paragraph. In some embodiments, a modified Fc polypeptide
may comprise a conservative substitution, e.g., an amino acid in the same charge grouping,
hydrophobicity grouping, side chain ring structure grouping {e.g., aromatic amingo acids), or
size grouping, and/or polar or non-polar grouping, of a specitied amino acid at one or more of

the positions in the set.

[6288] In some embodiments, the moditied Fc polypeptide comprises Pro, Phe, or Ala at
position 266, Gin, Pro, Arg, Lys, Ala, or He at position 267; Thr, Ser, Gly, Met, Val, Phe, or
Trp at position 268; Pro, Val, or Ala at position 269; Pro at position 270; Trp or Gin at position
271; Glu at position 295; Tyr at position 297; Thr, His, or Gln at position 298; and/or Tyr, Asn,

Asp, or Ser at position 299

[6289] In some embodiments, the modified Fc polypeptide comprises Met at posttion 260,
Leu or Glu at position 267, Trp at position 268; Pro at position 269; Val at position 270; Thr
at posttion 271; Val or Thr at position 295; His at position 197; His, Arg, or Asn at position

198; and/or Pro at posttion 299,

(0290} In some embodiments, the modified Fc polypeptide comprises Asp at position 266;
Asp at position 267; Leu at position 268; Thr at position 269; Phe at position 270; Gin at
position 271; Val or Leu at position 295; Val at position 297; Thr at position 298; and/or Pro

at position 299.

16281} In some embodiments, the modified Fc polypeptide has at least 70% 1dentity, at least
75% identity, at feast 80% identity, at least 85% identity, at least 90% identity, or at least 95%
identity to amino acids 1-110 of any one of SEQ ID NOS:121-125. In some embodiments, the
modified Fc polypeptide has at least 70% identity, at least 75% identity, at least 80% identity,

at least 85% identity, at least 90% identity, or at least 95% identity to SE(Q} 1D NOS:121-125.
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In some embodiments, the modified Fe polypeptide comprises the amino acid sequence of any
one of SEQ D NOS:121-125. In other embodiments, the modified Fe polypeptide comprises
the amino acid sequence of any one of SEQ ID NOS:121-125, but in which one, two, or three

amino acids are substituted.

18252} In some embodiments, a modified Fc polypeptide that specifically binds to TR
comprises at least two, three, four, five, six, seven, eight, nine, or ten substitutions at positions
268, 269, 270, 271, 272, 292, 293, 294, and 300, according to the EU numbering scheme.
lHustrative modified Fc polypeptides are provided in SEQ ID NOS:126-130.  In some
embodiments, the modified Fc polypeptide comprises at least one substitution at a position as
follows: Val or Asp at position 268; Pro, Met, or Asp at position 269; Pro or Trp at position
270; Arg, Trp, Glu, or Thr at position 271, Met, Tyr, or Trp at position 272; Leu or Trp at
position 292; Thr, Val, Hle, or Lys at position 293; Ser, Lys, Ala, or Leu at position 294, His,
Leu, or Pro at position 296; or Val or Trp at position 300. In some embodiments, two, three,
four, five, six, seven, eight, nine, or all ten of positions 268, 269, 270, 271, 272, 292, 293, 294,
and 300 have a substitution as specified in this paragraph. In some embodiments, the modified
Fe¢ polypeptide may comprise a conservative substitution, e¢.g., an amino acid in the same
charge grouping, hydrophobicity grouping, side chain ring structure grouping {e.g., aromatic
amino acids), or size grouping, and/or polar or non-polar grouping, of a specified amino acid

at one or more of the positions in the set.

[6293] In some embodiments, the modified Fc polypeptide comprises Val at position 26§;
Pro at position 269; Pro at position 270; Arg or Trp at position 271; Met at position 272; Leu
at position 292; Thr at position 293; Ser at position 294; His at position 296; and/or Val at

position 300,

[0294] In some embodiments, the modified Fc polypeptide comprises Asp at position 268;
Met or Asp at position 269; Trp at position 270; Glu or Thr at position 271, Tyr or Trp at
position 272; Trp at position 292; Val, e, or Lys at position 293; Lys, Ala, or Leu at position

294; Leu or Pro at position 296, and/or Trp at position 300,

[0285] In some embodiments, the modified Fc polypeptide has at least 70% 1dentity, at least
75% identity, at feast 80% identity, at least 85% identity, at least 90% identity, or at least 95%
identity to amino acids 1-110 of any ove of SEQ 1D NOS:126-130. In some embodiments, the
modified Fc polypeptide has at least 70% identity, at least 75% identity, at least 80% identity,

at least 85% identity, at least 90% identity, or at least 95% identity to SE(} 1D NOS:126-130.
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In some embodiments, the modified Fe polypeptide comprises the amino acid sequence of any
one of SEQ 1D NOS:126-130. In other embodiments, the modified Fe polypeptide comprises
the amino acid sequence of any one of SEQ ID NOS:126-130, but in which one, two, or three

amino acids are substituted.

[0296] In some embodiments, a modified Fc polypeptide that specifically binds to TfR has
at least two, three, four, five, six, seven, eight, nine, or ten substitutions at positions 272, 274,
276, 322, 324, 326, 329, 330, and 331, according to the EU numbering scheme. Hlustrative
modified Fe polypeptides are provided in SEQ 1D NOS:131-135. In some embodiments, the
modified Fc polypeptide comprises Trp at position 330, In some embodiments, the modified
Fc polypeptide comprises at least one substitution at a position as follows: Trp, Val, He, or Ala
at position 272; Trp or Gly at position 274; Tyr, Arg, or Glu at position 276; Ser, Arg, or Gln
at position 322, Val, Ser, or Phe at position 324; Hle, Ser, or Trp at position 326; Trp, Thr, Ser,
Arg, or Asp at position 329; Trp at position 330; or Ser, Lys, Arg, or Val at position 331. In
some embodiments, two, three, four, five, six, seven, eight, or all nine of positions 272, 274,
276, 322, 324, 326, 329, 330, and 331 have a substitution as specified in this paragraph. In

k) k)

some embodiments, the modified Fo polypeptide may comprise a conservative substitution,
e.g., an amino acid in the same charge grouping, hydrophobicity grouping, side chain ring
structure grouping (e.g., aromatic amino acids), or size grouping, and/or polar or non-polar

grouping, of a specified amino acid at one or more of the positions in the set.

(6297} In some embodiments, the modified Fc polypeptide comprises two, three, four, five,
six, seven, eight, or nine positions selected from the following: position 272 is Trp, Val, Ile, or
Ala; position 274 13 Trp or Gly; position 276 1s Tyr, Arg, or Glu; position 322 18 Ser, Arg, or
Gln; position 324 1s Val, Ser, or Phe; position 326 is lle, Ser, or Trp; position 329 is Trp, Thr,
Ser, Arg, or Asp, position 330 is Trp; and position 331 1s Ser, Lys, Arg, or Val. In some
embodiments, the modified Fc polypeptide comprises Val or Ile at position 272; Gly at position
274; Arg at position 276; Arg at position 322; Ser at position 324; Ser at position 326, Thr, Ser,

ot Arg at position 329; Trp at position 330; and/or Lys or Arg at position 331.

16298} In some embodiments, the modified Fc polypeptide has at least 70% identity, at least
75% 1dentity, at least 80% identity, at least 85% identity, at least 90% identity, or at least 95%
identity to amino acids 1-110 of any one of SEQ 1D NOS:131-135. In some embodiments, the
modified Fe polypeptide has at least 70% 1dentity, at least 75% identity, at least 80% identity,

at least 85% identity, at least 90% identity, or at least 95% identity to SEQ 1D NOS:131-135.
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In some embodiments, the modified Fe polypeptide comprises the amino acid sequence of any
one of SEQ D NOS:131-135. In other embodiments, the modified Fe polypeptide comprises
the amino acid sequence of any one of SEQ ID NOS:131-135, but in which one, two, or three

amino acids are substituted.

VI ADDITIONAL FC POLYPEPTIDE MUTATIONS

(82991 Insome aspects, a tusion protein described herein comprises two Fe polypeptides that
may each comprise independently selected modifications or may be a wild-type Fc polypeptide,
e.g., a human IgGl Fe polypeptide. In some embodiments, one or both Fc polypeptides
contains one or more modifications that confer binding to a blood-brain barrier (BBB) receptor,
e.g., transferrin receptor (TfR). Non-limiting examples of other mutations that can be
introduced into one or both Fe polypeptides include, e.g., mutations to increase serum stability,
to modulate effector function, to influence glycosylation, to reduce immunogenicity in humans,

and/or to provide for knob and hole heterodimerization of the Fe polypeptides.

(03606} In some embodiments, the Fc polypeptides present in the fusion protein
independently have an amino acid sequence identity of at least about 75%, 76%, 77%, 78%,
79%. 80%, 81%, §2%, 83%, 84%, 85%, 86%, 87%, 88%, 39%, 90%, 91%, 92%, 93%, 94%,
05%, 96%, 97%, 98%, or 99% to a corresponding wild-type Fc polypeptide {e.g., a human

IgG1, 1g(G2, 1gG3, or IgG4 Fe polypeptide).

(8361}  In some embodiments, the F¢ polypeptides present in the fusion protein include knob
and hole mutations to promote heterodimer formation and hinder homodimer formation.
Generally, the modifications introduce a protuberance {(“knob”) at the interface of a first
polypeptide and a corresponding cavity {“hole”} in the interface of a second polypeptide, such
that the protuberance can be positioned in the cavity so as to promote heterodimer formation
and thus hinder homodimer formation. Protuberances are constructed by replacing small amino
acid side chains from the interface of the first polypeptide with larger side chains {e.g., tyrosine
or tryptophan). Compensatory cavities of identical or similar size to the protuberances are
created in the interface of the second polypeptide by replacing large amino acid side chains
with smaller ones (e.g., alanine or threonine). In some embodiments, such additional mutations
are at a position in the Fc polypeptide that does not have a negative effect on binding of the

polypeptide to a BBB receptor, e.g., TIR.
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(8302} Inone illustrative embodiment of a knob and hole appreach tfor dimerization, position
366 {(numbered according to the EU numbering scheme) of one of the F¢ polypeptides present
in the fusion protein comprises a tryptophan in place of a native threonine. The other Fc
polypeptide in the dimer has a valine at position 407 (numbered according to the EU numbering
scheme} in place of the native tyrosine. The other Fc polypeptide may further comprise a
substitution in which the native threonine at position 366 {(numbered according to the EU
numbering scheme) 1s substituted with a serine and a native leucine at posttion 368 {(numbered
according to the EUJ numbering scheme) is substituted with an alanine. Thus, one of the Fc
polypeptides of a fusion protein described herein has the T366W knob mutation and the other
Fe polypeptide has the Y407V mutation, which is typically accompanied by the T3668 and

1.368 A hole mutations.

[8303] In some embodiments, modifications to enhance serum half-life may be introduced.
For example, in some embodiments, one or both Fc polypeptides present in a fusion protein
described herein may comprise a tyrosine at position 252, a threonine at position 254, and a
glutamic acid at position 256, as numbered according to the EU numbering scheme. Thus, one
or both Fc polypeptides may have M2S2Y, S2547, and T256FE substitutions. Alternatively,
one or both Fc polypeptides may have M428L and N434S substitutions, as numbered according
to the EU numbering scheme. Alternatively, one or both Fe polypeptides may have an N4348

or N434A substitution.

[8364] In some embodiments, one or both Fo polypeptides present in a fusion protein
described herein may comprise modifications that reduce effector function, 7e., having a
reduced ability to induce certain biological functions upon binding to an Fc¢ receptor expressed
on an effector cell that mediates the effector function. Examples of antibody effector functions
include, but are not limited to, Clg binding and complement dependent cytotoxicity (CDC),
Fc receptor binding, antibody-dependent celi-mediated cytotoxicity (ADCC), antibody-
dependent cell-mediated phagocytosis (ADCP), down-regulation of cell surface receptors {e.g.,
B cell receptor), and B-cell activation. Effector functions may vary with the antibody class.
For example, native human 1gG1 and IgG3 antibodies can elicit ADCC and CDC activities
upon binding to an appropriate Fo receptor present on an immune system cell; and native
human fgG1, 1eG2, 1gG3, and 1g(G4 can elicit ADCP functions upon binding to the appropriate

Fc receptor present on an immune cell.
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[8305] In some embodiments, one or both Fc polypeptides present in a fusion protein
described herein may also be engineered to contain other modifications for heterodimerization,
e.g., electrostatic engineering of contact residues within a CH3-CH3 interface that are naturally

charged or hydrophobic patch modifications.

18366] In some embodiments, one or both Fc polypeptides present in a fusion protein

described herein may include additional modifications that modulate etfector function.

(8307} In some embodiments, one or both Fc polypeptides present in a fusion protein
described herein may comprise modifications that reduce or eliminate effector function.
Hustrative Fe polypeptide mutations that reduce effector function include, but are not limited
to, substitutions in a CH2 domain, e.g., at positions 234 and 235, according to the EU
numbering scheme. For example, in some embodiments, one or both Fc¢ polypeptides can
comprise alanine residues at positions 234 and 235 Thus, one or both Fe polypeptides may

have L234A and L235A (LALA) substitutions.

[0368] Additional Fc polypeptide mutations that modulate an effector function include, but
are not limited to, the following: position 329 may have a mutation in which proline is
substituted with a glycine or arginine or an amino acid residue large enough to destroy the
Fc/Fey receptor interface that is formed between proline 329 of the Fc and tryptophan residues
Trp 87 and Trp 110 of FeyRIH. Additional iHlustrative substitutions include S228P, E233P,
L235E, N297A, N297D, and P3318S, according to the EU numbering scheme. Multiple
substitutions may also be present, e.g., 1L.234A and L235A of a human IgG1 Feregion; L2344,
L235A, and P329G of a human IgG1 Fc region; 8228P and L.235E of a human Ig(G4 Fc region;
J234A and G237A of a human Ig(G1 Fe region; L234A, L.235A, and G237A of a human IgG1
Fc region; V234A and G237A of a human IgG2 Fc region; L235A, G237A, and E318A of a
human IgG4 Fc region; and S228P and L236E of a human IgG4 Fe region, according to the
EU numbering scheme. In some embodiments, one or both Fc polypeptides may have one or
more amino acid substitutions that modulate ADCC, e.g., substitutions at positions 298, 333,

and/or 334, according to the EU numbering scheme.

HHustrative Fe polvpentides comprising additional mutations

[0369] By way of non-limiting example, one or both Fc polypeptides present in a fusion
protein described herein may comprise additional mutations including a knob mutation {e.g.,

T366W as numbered according to the EU numbering scheme), hole mutations (e.g, T3668,
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L368A, and Y407V as numbered according to the EU numbering scheme), mutations that
modulate effector function {(e.g., L234A, L2354, and/or P329G (e.g., L234A and L.235A) as
numbered according to the EU numbering scheme), and/or mutations that increase serum
stability (e.g., M252Y, S2547T, and T256E as numbered according to the EU numbering

scheme}.

[8318] Insome embodiments, an Fc polypeptide may have a knob mutation {e.g., T306W as
numbered according to the EU numbering scheme) and at least 85% identity, at least 90%
identity, or at least 95% identity to the sequence of any one of SEQ 1D NOS: 1, 4-90, and 111~
135 In some embodiments, an F¢ polypeptide having the sequence of any one of SEQ D

NOS:1, 4-90, and 111-135 may be modified to have a knob mutation.

(8311} Insome embodiments, an Fe polypeptide may have a knob mutation {e.g., T306W as
numbered according to the EU numbering scheme), mutations that modulate etfector function
{e.g., L234A, L235A, and/or P329G {e.g., L234A and L.235A) as numbered according to the
EU numbering scheme), and atleast 85% identity, at least 90% identity, or at least 95% identity
to the sequence of any one of SEQ ID NGOS: 1, 4-90, and 111-135. In some embodiments, an
Fc polypeptide having the sequence of any one of SEQ ID NOS:1, 4-90, and 111-135 may be

modified to have a knob mutation and muiations that modulate effector function.

(03121 In some embodiments, an Fc polypeptide may have a knob mutation {e.g., TI60W as
numbered according to the EU numbering scheme), mutations that increase serum stability
(e.g., M252Y, S254T, and T256E as numbered according to the EU numbering scheme), and
at least 85% identity, at least 90% identity, or at feast 95% identity to the sequence of any one
of SEQ 1D NOS:1, 4-90, and 111-135. In some embodiments, an F¢ polypeptide having the
sequence of any one of SEQ 1D NOS: 1, 4-90, and 111-135 may be modified to have a knob

mutation and mutations that increase serum stability.

[8313] In some embodiments, an Fc polypeptide may have a knob mutation {e.g., T366W as
numbered according to the EU numbering scheme}, mutations that modulate effector function
{e.g., L234A, L235A, and/or P329G (e.g., L234A and L235A) as numbered according to the
EU numbering scheme), mutations that increase serum stability {(e.g,, M252Y, 82547, and
T2Z56F as numbered according to the EU numbering scheme}, and at least 85% identity, at least
90% 1dentity, or at least 95% identity to the sequence of any one of SEQ ID NOS: 1, 4-90, and

111-135. In some embodiments, an Fc polypeptide having the sequence of any one of SEQ ID
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NOS:1, 4-90, and 111-135 may be modified to have a knob mutation, mutations that modulate

effector function, and mutations that increase serum stability.

[0314] In some embodiments, an Fc polypeptide may have hole mutations {e.g.,, T3668,
L368A, and Y407V as numbered according to the EU numbering scheme) and at least 85%
identity, at feast 90% identity, or at least 95% identity to the sequence of any one of SEQ ID
NOS:1, 4-90, and 111-135. In some embodiments, an Fc polypeptide having the sequence of

any one of SEQ ID NOS:1, 4-90, and 111-135 may be modified to have hole mutations.

(03151 In some embodiments, an Fc polypeptide may have hole mutations {e.g.,, T3668,
L368A, and Y407V as numbered according to the EU numbering scheme), mutations that
modulate effector function (e.g, L234A, L235A, and/or P329G (e.g., L234A and L235A) as
numbered according to the EU numbering scheme), and at least 85% identity, at least 90%
identity, or at least 95% identity to the sequence of any one of SEQ 1D NOS: 1, 4-90, and 111-
135, In some embodiments, an Fe polypeptide having the sequence of any one of SEQ ID
NOS:1, 4-90, and 111-135 may be modified to have hole mutations and mutations that

modulate effector function.

18316] In some embodiments, an Fc polypeptide may have hole mutations (e.g., T36685,
L368A, and Y407V as numbered according to the EU numbering scheme), mutations that
increase serum stability {e.g,, M252Y, 82547, and T256E as numbered according to the EU
numbering scheme), and at least 85% identity, at least 90% identity, or at least 95% identity to
the sequence of any one of SEQ 1D NOS:1, 4-90, and 111-135. In some embodiments, an F¢
polypeptide having sequence of any one of SEQ ID NOS: 1, 4-90, and 111-135 may be modified

to have hole mutations and mutations that increase serum stability.

(8317} In some embodiments, an Fc polypeptide may have hole mutations {e.g., T36685,
L368A, and Y407V as numbered according to the EU numbering scheme), mutations that
modulate effector function (e.g, L234A, L235A, and/or P329G (e.g., L234A and L235A) as
numbered according to the EU numbering scheme), mutations that increase serum stability
{e.g., M252Y, 82547, and T256F as numbered according to the EU numbering scheme}, and
at least 85% 1dentity, at least 90% identity, or at least 95% identity to the sequence of any one
of SEQ ID NOS:1, 490, and 111-135. In some embodiments, an Fc polypeptide having the
sequence of any one of SEQ ID NOS:1, 4-90, and 111-135 may be modified to have hole
mutations, mutations that modulate effector function, and mutations that increase serum

stability.
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VIIL  HILLUSTRATIVE FUSION PROTEINS COMPRISING A PROGRANULIN
POLYPEPTIDE

(8318} In some aspects, a fusion protein described herein comprises a first Fe polypeptide
that 1s linked to a progranulin polypeptide or a variant thereof, and a second Fe polypeptide
that forms an Fe dimer with the first Fo polypeptide. In some embodiments, the first Fe
polypeptide and/or the second Fe polypeptide does not include an immunoglobulin heavy
and/or light chain variable region sequence or an antigen-binding portion thereof. In some
embodiments, the first Fc polypeptide is a modified Fc polypeptide and/or the second Fe
polypeptide is a modified Fc polypeptide. In some embodiments, the second Fc polypeptide is
a modified Fe polypeptide. In some embodiments, the rodified Fe polypeptide contains one
or more modifications that promote its heterodimerization to the other Fc polypeptide. Insome
embodiments, the modified Fc polypeptide contains one or more modifications that reduce
effector function. In some embodiments, the modified Fe polypeptide contains one or more
modifications that extend serum half-life. In some embodiments, the moditied Fc polypeptide
containg one or more modifications that confer binding to a blood-brain barrier (BBB } receptor,

e.g., transferrin receptor {TfR).

(8319} In other aspects, a fusion protein described herein comprises a first polypeptide chain
that comprises a modified Fe polypeptide that specifically binds to a BBB receptor, e.g., TIR,
and a second polypeptide chain that comprises an Fc polypeptide which dimerizes with the
modified Fe polypeptide to form an Fe dimer. A progranulin polypeptide may be linked to
either the first or the second polypeptide chain. In some embodiments, the progranulin
polypeptide 1s hinked to the second polypeptide chain. In some embodiments, the protein
comprises two progranulin polypeptides, each linked to one of the polypeptide chains. In some
embodiments, the Fe polypeptide may be a BBB receptor-binding polypeptide that specifically
binds to the same BBB receptor as the modified Fc polypeptide in the first polypeptide chain.

In some embodiments, the Fe polypeptide does not specifically bind to a BBB receptor.

(8320} Insome embodiments, a fusion protein described herein comprises a first polypeptide
chain comprising a modified Fc polypeptide that specifically binds to TIR and a second
polypeptide chain that comprises an Fc polypeptide, wherein the modified Fc polypeptide and
the F¢ polypeptide dimerize to from an Fo dimer. In some embodiments, the progranulin

polypeptide is linked to the first polypeptide chain. In some embodiments, the progranulin
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polypeptide is linked to the second polypeptide chain. In some embodiments, the Fc

polypeptide does not specifically bind to a BBB receptor, e.g., TIR.

(03211  In some emubodiments, a fusion protein described heretn comprises a first polypeptide
chain that comprises a maodified Fc polypeptide that binds to TIR and comprises a T366W
(knob) substitution; and a second polypeptide chain that comprises an Fe¢ polypeptide
comprising T3668, L368A, and Y407V (hole) substitutions. In some embodiments, the
modified Fc polypeptide and/or the Fc polypeptide further comprises L234A and L23SA
(LALA) substitutions. In some embodiments, the modified Fc polypeptide and/or the Fc
polypeptide further comprises M252Y, 8254T, and T256E (YTE) substitutions. In some
embodiments, the modified Fc polypeptide and/or the Fc polypeptide further comprises L234A
and L235A (LALA) substitutions and M252Y, 52547, and T256E (YTE) substitutions. In
some embodiments, the modified Fc polypeptide and/or the Fe polypeptide comprises human

IgG1 wild-type residues at positions 234, 235, 252, 254, 256, and 366.

18322} In some embodiments, the modified Fc polypeptide comprises the knob, LALA and
YTE mutations as specified for any one of SEQ 13 NOS:93-96, 136, 137-142, 149-154, 161-
166, 173-178, 185-190, and 197-202, and has at least 85% identity, at least 90% identity, or at
least 95% identity to the respective sequence; or comprises the sequence of any one of SEQ ID
NOS:93-96, 136, 137-142, 149-154, 161-166, 173-178, 185-190, and 197-202. In some
embodiments, the Fc polypeptide comprises the hole, LALA, and YTE mutations as specified
for any one of SEQ ID NOS:97-100 and has at least 85% identity, at least 90% identity, or at
least 95% 1dentity to the respective sequence; or comprises the sequence of any one of SEQ ID
NOS:97-100. In some embodiments, the modified Fe polypeptide comprises any one of SEQ
ID NOS:93-96, 136, 137-142, 149-154, 161-166, 173-178, 185-190, and 197-202, and the F¢
polypeptide comprises any one of SEQ ID NOK:97-100. Tn some embodiments, the N-terminus
of the medified Fc polypeptide and/or the Fe polypeptide includes a portion of an 1gG1 hinge
region {e.g, DKTHTCPPCP; SEQ ID NO:109). In some embodiments, the modified Fc
polypeptide has at least 85%, at least 90%, or at ieast 95% identity to any one of SEQ ID
NOS: 110, 209, and 210, or comprises the sequence of any one of SEQ ID NOS: 110, 209, and
210,

[6323] Insome embodiments, a fusion protein described herein comprises a first polypeptide
chain that comprises a modified Fc polypeptide that binds to TIR and comprises T3668,

L368A, and Y407V (hole} substitutions; and a second polypeptide chain that comprises an Fc

jop}
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polypeptide comprising a T366W (knob) substitution. In some embodiments, the modified Fe
polypeptide and/or the Fc polypeptide further comprises L234A and L235A (LALA)
substitutions. In some embodiments, the modified Fe polypeptide and/or the Fe polypeptide
further comprises M252Y, 82547, and T256E (YTE) substitutions. In some embodiments, the
moditied Fc polypeptide and/or the Fc polypeptide further comprises L234A and L235A
(LALA} substitutions and M252Y, 8254T, and T2356E (YTE) substitutions. In some
embodiments, the modified Fc polypeptide and/or the Fc polypeptide comprises human IgGl

wild-type residues at positions 234, 235, 252, 254, 256, and 366.

[8324] In some embodiments, the modified Fc polypeptide comprises the hole, LALA, and
YTE mutations as specified for any one of SEQ ID NOS:101-104, 143-148, 155-160, 167-172,
179-184, 191-196, and 203-208, and has at least 85% identity, at feast 90% identity, or at least
95% 1dentity to the respective sequence; or comprises the sequence of any one of SEQ ID
NOS:101-104, 143-148, 155-160, 167-172, 179-184, 191-196, and 203-208. In some
ernbodiments, the Fc polypeptide comprises the knob, LALA, and YTE mutations as specified
for any one of SEQ ID NOS:105-108 and has at least 85% identity, at least 90% identity, or at
least 95% 1dentity to the respective sequence; or comprises the sequence of any one of SEQ ID
NOS:105-108. In some embodiments, the modified Fe polypeptide comprises any one of SEQ
ID NOS:101-104, 143-148, 155-160, 167-172, 179-184, 191-196, and 203-208, and the Fc¢
polypeptide comprises any one of SEQ 1D NOS:105-108. In some embodiments, the N-
terminus of the modified Fc polypeptide and/or the Fe polypeptide includes a portion of an

IgGl hinge region (e.g., DKTHTCPPCP; SEQ ID NO:109).

[8325] Insome embodiments, a progranulin polypeptide present in a fusion protein described
herein 1s linked to a polypeptide chain that comprises an Fc¢ polypeptide having at least 85%,
at least 90%, or at least 95% identity to any one of SEQ 1D NOS:97-100, or conprises the
sequence of any one of SEQ H» NOS:97-100 (e.g.. as a fusion polypeptide). In some
embodiments, the progranulin polypeptide is linked to the Fc polypeptide by a linker, such as
a flexible linker, and/or a hinge region or portion thereof (e.g, DKTHTCPPCP;, SEQ ID
NG:109). In some embodiments, the fusion protein comprises a modified Fc polypeptide
having at least 85%, at least 90%, or at least 95% ideuntity to any one of SEQ 3 N(OS:93-96,
136, 137-142, 149-154, 161-166, 173-178, 185-190, and 197-202, or comprises the sequence
of any one of SEQ ID NOS:93-96, 136, 137-142, 149-154, 161-166, 173-178, 185-190, and
197-202. In some embodiments, the N-terminus of the Fe¢ polypeptide and/or the moditied Fe

polypeptide includes a portion of an IgGl hinge region (e.g., DKTHTCPRCP; SEQ ID
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NO:109). In some embodiments, the progranulin polypeptide comprises a sequence having
greater than 90%, or at least 95% identity to SEQ 1D NO:212, or comprises the sequence of
SEQ ID NO:212. In some embodiments, the modified Fe polypeptide has at least 85%, at least
90%, or at least 95% identity to any one of SEQ ID NOS: 110, 209, and 210, or comprises the
sequence of any one of SEQ 1D NOS:110, 209, and 210,

[8326] Insome embodiments, a progranulin polypeptide present in a fusion protein described
herein is linked to a polypeptide chain that comprises an Fc polypeptide having at least §85%,
at least 90%, or at least 95% identity to any one of SEQ 1D NOS:105-108, or comprises the
sequence of any one of SEQ ID NOS:105-108 (e.g., as a fusion polypeptide). In some
embodiments, the progranulin polypeptide is linked to the Fe polypeptide by a linker, such as
a flexible linker, and/or a hinge region or portion thereof {e.g, DKTHTCPPCP; SEQ ID
NO:109). In some embodiments, the progranulin polypeptide comprises a sequence having
greater than 90%, or at least 95% identity to SEQ D NO:212, or comprises the sequence of
SEQ ID NGO:212. In some embodiments, the fusion protein comprises a modified Fe
polypeptide having at least 85%, at least 90%, or at least 95% identity to any one of SEQ 1D
NOS:101-104, 143-148, 155-160, 167-172, 179-184, 191-196, and 203-208, or comprises the
sequence of any one of SEQ ID NOS:101-104, 143-148, 155-160, 167-172, 179-184, 191-196,
and 203-208. In some embodiments, the N-terminus of the F¢ polypeptide and/or the moditied
Fc polypeptide includes a portion of an IgG1 hinge region {e.g., DKTHTCPPCP, SEQ ID
NO:109).

(8327} Insome embodiments, a progranulin polypeptide present in a fusion protein described
herein s linked to a polypeptide chain that comprises a modified Fe polypeptide having at least
85%, at least 90%, or at least 95% identity to any one of SEQ 1D NOS:93-96, 136, 137-142,
149-154, 161-166, 173-178, 185-190, and 197-202, or comprises the sequence of any one of
SEQ ID NOS:93-96, 136, 137-142, 149-154 161-166, 173-178, 185-190, and 197-202 {e.g,
as a fusion polypeptide). In some embodiments, the progranulin polypeptide is linked to the
modified Fc polypeptide by a linker, such as a flexible linker, and/or a hinge region or portion
thereof (e.g., DKTHTCPPCP; SEQ ID NO:109). In some embodiments, the progranulin
polypeptide comprises a sequence having greater than 90%, or at least 95% identity to SEQ 1D
NO:212, or comprises the sequence of SEQ 1D NG:212. In some embodiments, the fusion
protein comprises an Fe polypeptide having at least 85%, at least 90%, or at least 95% identity
to any one of SEQ D NOS:97-100, 149 and 150, or comprises the sequence of any one of SEQ
D NOS:97-100, 149 and 150, In some embodiments, the N-terminus of the modified Fc
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polypeptide and/or the Fc polypeptide includes a portion of an Ig(G1 hinge region {(e.g,
DKTHTCPPCP: SEQ ID NO:109).

[8328] Insome embodiments, a progranulin polypeptide present in a fusion protein described
herein is linked to a polypeptide chain that comprises a modified Fe polypeptide having at least
85%, at least 90%, or at least 95% identity to any one of SEQ ID NOS:101-104, 143-148, 155-
160, 167-172, 179-184, 191-196, and 203-208, or comprises the sequence of any one of SEQ
D NOS:101-104, 143-148, 155-160, 167-172, 179-184, 191-196, and 203-208 (e.g, as a
fusion polypeptide). In some embodiments, the progranulin polypeptide ts linked to the
modified Fc polypeptide by a linker, such as a flexible linker, and/or a hinge region or portion
thereof {e.g., DKTHTCPPCP, SEQ ID NO:109). In some embodiments, the progranulin
polypeptide comprises a sequence having greater than 90%, or at least 95% identity to SEQ ID
NO:212, or comprises the sequence of SEQ 1D NO:212. In some embodiments, the fusion
protein comprises an Fe polypeptide having at least 85%, at least 90%, or at least 95% identity
to any one of SEQ ID NOS:105-108, or comprises the sequence of any one of SEQ ID
NOS:105-108. In some embodiments, the N-terminus of the modified Fc¢ polypeptide and/or
the Fe polypeptide includes a portion of an IgGl hinge region (e.g., DKTHTCPPCP; SEQ ID
NG 109).

F¢ DimerPGRN Fusion Proteins

[0329] In one embodiment, an Fc dimer:PGRN fusion protein comprises: (a) a first Fe
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker (e.g,,
GGGGSGGGGES (SEQ D NO276) or GGGGS (BEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T36685, L368A, and Y407V, according to EU numbering
scheme, and (b) a second Fc polypeptide comprising knob mutation T366W, according to EU
numbering scheme. In some embodiments, the C-terminus of the progranulin polypeptide 1s
linked to the N-terminus of the first Fc polypeptide directly or through a polypeptide linker. In
some embodiments, the N-terminus of the progranulin polypeptide is linked to the C-terminus
of the first Fc polypeptide directly or through a polypeptide linker. In some embodiments, the
first and/or second Fc polypeptide may further be linked to an fgG1 hinge region or a portion
thereof {e.g., SEQ ID NO: 91 or 109). In some embodiments, (a) comprises a sequence that
has at least 85% identity, at least 90% identity, at feast 95% identity, or 100% identity to the

sequence of SEQ D NO:213, 214, 225, or 226, and (b) comprises a sequence that has at least
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85% identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of

SEQ ID NG:261.

[8338] In one embodiment, an Fc dimer:PGRN fusion protein comprises. {a) a first Fo
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGES (SEQ D NO:276) or GGGGS (SEQ 1D NO:.277)), wherein the first Fe
polypeptide comprises hole mutations T366S, L368A, and Y407V and L234A and 1L.235A
(LALA} mutations, according to EU numbering scheme, and (b} a second Fc polypeptide
comprising knob mutation T366W, according to EU numbering scheme. In some
embodiments, the C-terminus of the progranulin polypeptide is linked to the N-terminus of the
first F¢ polypeptide directly or through a polypeptide linker. In some embodiments, the N-
terminus of the progranulin polypeptide is linked to the C-terminus of the first Fc polypeptide
directly or through a polypeptide linker. In some embodiments, the first and/or second Fc
polypeptide may further be linked to an IgG1 hinge region or a portion thereof (e.g., SEQ ID
NG: 91 or 109). In some embodiments, (a) comprises a sequence that has at least 85% identity,
at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ ID
NGO:215, 216, 227, or 228, and (b) comprises a sequence that has at least 85% identity, at least

90% 1dentity, at least 95% identity, or 100% identity to the sequence of SEQ ID N(:261.

(8331} In one embodiment, an Fc dimerPGRN fusion protein comprises: {a) a first Fo
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGES (SEQ D NO276) or GGGGS (BEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T366S, L368A, and Y407V and L234A L.235A, and
P329G (LALAPG) mutations, according to EU numbering scheme, and (b) a second F¢
polypeptide comprising knob mutation T366W, according to EU numbering scheme. In some
emnbodiments, the C-terminus of the progranulin polypeptide 1s linked to the N-terminus of the
first Fc polypeptide directly or through a polypeptide linker. In some embodiments, the N-
ternunus of the progranulin polypeptide is linked to the C-terminus of the first Fc polypeptide
directly or through a polypeptide linker. In some embodiments, the first and/or second Fc
polypeptide may further be linked to an IgG1 hinge region or a portion thereof (e.g., SEQ ID
NO: 91 or 109). In some embodiments, (3) comprises a sequence that has at least 85% identity,
at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ ID
NG:217, 218, 229, or 230, and (b) comprises a sequence that has at least 85% 1dentity, at least

90% identity, at least 95% identity, or 100% identity to the sequence of SEQ ID NO:261.
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[6332] In one embodiment, an Fc¢ dimer:PGRN fusion protein comprises: {a} a first Fc
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fc
polypeptide comprises hole mutations T366S, L368A, and Y407V and M428L and N434S (LS)
mutations, according to EU numbering scheme, and (b) a second Fe¢ polypeptide comprising
knob mutation T366W, according to EU numbering scheme. In some embodiments, the C-
terminus of the progranulin polypeptide is linked to the N-terminus of the first Fc polypeptide
directly or through a polypeptide linker. In some embodiments, the N-terminus of the
progranulin polypeptide is linked to the C-terminus of the first Fe polypeptide directly or
through a polypeptide linker. In some embodiments, the first and/or second Fc polypeptide
may further be linked to an Ig(G1 hinge region or a portion thereof (e.g., SEQ ID NO: 91 or
109}, In some embodiments, (a) comprises a sequence that has at least 85% identity, at least
90% identity, at least 95% identity, or 100% identity to the sequence of SEQ 1D NO:219, 220,
231, or 232, and (b) comprises a sequence that has at least 85% identity, at least 90% identity,

at least 95% identity, or 100% identity to the sequence of SEQ ID NO:261.

[8333] In one embodiment, an Fc dimer:PGRN fusion protein comprises: {a) a first Fc
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker (e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T366S8, L368A, and Y407V, L.234A and L235A (L ALA)
mutations, and M428L and N4348 (LS) mutations, according to EU numbering scheme, and
{b) a second Fe polypeptide comprising knob mutation T366W, according to EU numbering
scheme. In some embodiments, the C-terminus of the progranulin polypeptide 1s linked to the
N-terminus of the first Fc polypeptide directly or through a polypeptide linker. In some
embodiments, the N-terminus of the progranulin polypeptide is linked to the C-terminus of the
tirst Fo polypeptide directly or through a polypeptide linker. In some embodiments, the first
and/or second Fe polypeptide may further be linked to an Ig(G1 hinge region or a portion thereof
{e.g., SEQ ID NO: 91 or 109). In some embodiments, (a) comprises a sequence that has at
least 85% identity, at least 90% i1dentity, at feast 95% identity, or 100% identity to the sequence
of SEQ 1D N(O:221, 222, 233, or 234, and (b) comprises a sequence that has at least 85%
identity, at least 90% identity, at least 95% 1dentity, or 100% 1dentity to the sequence of SEQ

D NG:Zel

[0334] In one embodiment an Fc dimer:PGRN fusion protein comprises: (a) a first Fe

polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker (e.g,,
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GGGGSGGGGS (SEQ D NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T3665, L368A, and Y407V, L234A, L235A, and P329G
(LALAPG) mutations, and M428L and N4348S (LS} mutations, according to EU numbering
scheme, and (b) a second Fe polypeptide comprising knob mutation T366W, according to EU
numbering scheme. In some embodiments, the C-terminus of the progranulin polypeptide is
linked to the N-terminus of the first Fc polypeptide directly or through a polypeptide linker. In
some embodiments, the N-terminus of the progranulin polypeptide 13 linked to the C-terminus
of the first Fc polypeptide directly or through a polypeptide linker. In some embodiments, the
first and/or second Fc polypeptide may further be linked to an IgG1 hinge region or a portion
thereof {e.g., SEQ ID NO: 91 or 109). In some embodiments, {a) comprises a sequence that
has at least 83% identity, at least 90% identity, at least 95% identity, or 100% identity to the
sequence of SEQ D NO:223, 224, 235, or 230, and {b) comprises a sequence that has at least
85% identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of

SEQ ID NO.261.

[6335] In one embodiment, an Fc dimer:PGRN fusion protein comprises: {a} a first Fe
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T366S, L368A, and Y407V, according to EU numbering
scheme, and (b} a second Fc polypeptide comprising knob mutation T366W and L.234A and
L235A (LALA) mutations, according to EU numbering scheme. In some embodiments, the C-
terminus of the progranulin polypeptide is linked to the N-terminus of the first Fc polypeptide
directly or through a polypeptide linker. In some embodiments, the N-terminus of the
progranulin polypeptide is linked to the C-terminus of the first Fc¢ polypeptide directly or
through a polypeptide linker. In some embodiments, the first and/or second Fc polypeptide
may further be linked to an IgG1 hinge region or a portion thereof {e.g., SEQ ID NO: 91 or
109}, In some embodiments, (a) comprises a sequence that has at least 85% identity, at least
90% identity, at least 95% identity, or 100% identity to the sequence of SEQ 1D NG:213, 214,
225, or 226, and (b) comprises a sequence that has at least 85% 1dentity, at least 90% identity,

at least 95% identity, or 100% identity to the sequence of SEQ ID NO:262.

[8336] In one embodiment, an Fc¢ dimer:PGRN fusion protein comprises: {a} a first Fc
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fc

polypeptide comprises hole mutations T366S, L368A, and Y407V, according to EU numbering
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scheme, and (b) a second Fc polypeptide comprising knob mutation T366W and L234A,
L235A, and P329G (LALAPG) mutations, according to EU numbering scheme. In some
embodiments, the C-terminus of the progranulin polypeptide is linked to the N-terminus of the
first Fc polypeptide directly or through a polypeptide linker. In some embodiments, the N-
terminus of the progranulin polypeptide is linked to the C-terminus of the first Fc polypeptide
directly or through a polypeptide linker. In some embodiments, the first and/or second Fc
polypeptide may further be linked to an Ig(G1 hinge region or a portion thereof (e.g., SEQ ID
NG: 91 or 109). In some embodiments, (a} comprises a sequence that has at least 85% identity,
at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ ID
NO:213, 214, 225, or 226, and (b) comprises a sequence that has at least 85% identity, at least

90% 1dentity, at least 95% ideutity, or 100% identity to the sequence of SEQ ID NO:263.

(8337} In one embodiment, an F¢ dimer:PGRN fusion protein comprises: {a) a first Fo
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGES (SEQ D NO:276) or GGGGS (SEQ 1D NO:.277)), wherein the first Fe
polypeptide comprises hole mutations T3608, L368A, and Y407V, according to EU numbering
scheme, and (b) a second Fe polypeptide comprising knob mutation T366W and M428L and
N4348 (LS) mutations, according to EU numbering scheme. In some embodiments, the C-
terminus of the progranulin polypeptide is linked to the N-terminus of the first Fc polypeptide
directly or through a polypeptide linker. In sorse embodiments, the N-terminus of the
programulin polypeptide is linked to the C-terminus of the first Fc polypeptide directly or
through a polypeptide linker. In some embodiments, the first and/or second Fe polypeptide
may further be linked to an IgG1 hinge region or a portion thereof {e.g, SEQ ID NO: 91 or
109}). In some embodiments, (a) comprises a sequence that has at least 85% identity, at least
90% identity, at least 95% identity, or 100% identity to the sequence of SEQ 1D N(:213, 214,
228, or 226, and {b) comprises a sequence that has at least 85% identity, at least 90% identity,

at least 95% dentity, or 100% identity to the sequence of SEQ ID N(O.264.

18338} In one embodiment, an Fc dimerPGRN fusion protein comprises: {a) a first Fo
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGES (SEQ D NO276) or GGGGS (BEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T3668, L368A, and Y407V, according to EU numbering
scheme, and (b) a second Fe polypeptide comprising knob mutation T366W, L234A and
L235A (LALA) mutations, and M428L and N434S8 (LS) mutations, according to EU

numbering scheme. In some embodiments, the C-terminus of the progranulin polypeptide 13
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linked to the N-terminus of the first Fc polypeptide directly or through a polypeptide linker. In
some embodiments, the N-terminus of the progranulin polypeptide 1s linked to the C-terminus
of the first Fc polypeptide directly or through a polypeptide linker. In some embodiments, the
first and/or second Fe polypeptide may further be linked to an IgG1 hinge region or a portion
thereof (e.g.,, SEQ ID NO: 91 or 109}, In some embodiments, {a) comprises a sequence that
has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to the
sequence of SEQ D NO:213, 214, 225, or 220, and {b) comprises a sequence that has at least
85% 1dentity, at least 90% 1dentity, at least 95% identity, or 100% identity to the sequence of

SEQ ID NO:.265.

[6339] In one embodiment, an Fc dimer:PGRN fusion protein comprises: {a} a first Fe
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGS (SEQ ID NG:276) or GGGGS (SEQ 1D NG:277)), wherein the first Fe
polypeptide comprises hole mutations T3665, L368A, and Y407V, according to EU numbering
scheme, and (b} a second Fc polypeptide comprising knob mutation T366W, L234A, L235A,
and P329G (LALAPG) mutations, and M428L and N434S (LS) mutations, according to EU
numbering scheme. In some embodiments, the C-terminus of the progranulin polypeptide is
linked to the N-terminus of the first Fc polypeptide directly or through a polypeptide linker. In
some embodiments, the N-terminus of the progranulin polypeptide is linked to the C-terminus
of the first Fe polypeptide directly or through a polypeptide hinker. In some embodiments, the
tirst and/or second Fc polypeptide may further be linked to an Ig(G1 hinge region or a portion
thereof {e.g., SEQ 1D NO: 91 or 109). Tn some embodiments, {(a) comprises a sequence that
has at least 85% identity, at least 90% identity, at feast 95% identity, or 100% identity to the
sequence of SEQ 1D NO:213, 214, 225, or 226, and (b} comprises a sequence that has at least
85% identity, at least 90% identity, at least 95% identity, or 100% tdentity to the sequence of

SEQ ID NG 266,

[8340] In one embodiment, an Fc dimer:PGRN fusion protein comprises: {a) a first Fc
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker (e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T3665S, L368A, and Y407V and L234A and L235A
(LALA} mutations, according to EU numbering scheme, and (b} a second Fc polypeptide
comprising knob mutation T366W and L234A and L235A (LALA) mutations, according to
EU numbering scheme. In some embodiments, the C-terminus of the progranulin polypeptide

13 linked to the N-terminus of the first Fo polypeptide directly or through a polypeptide linker.
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In some embodiments, the N-terminus of the progranulin polypeptide is linked to the C-
terminus of the first Fo polypeptide directly or through a polypeptide linker. In some
embodiments, the first and/or second Fc polypeptide may further be linked to an IgG1 hinge
region or a portion thereof (e.g., SEQ 1D NO: 91 or 109). In some embodiments, {a) comprises
a sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:21S, 216, 227, or 228, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to
the sequence of SEQ ID N(:262. In one embodiment, an Fc dimer:PGRN fusion protein
coruprises: {a) a sequence that has at least 85% 1dentity, at least 90% identity, at least 95%
identity, or 100% identity to the sequence of SEQ I NO:215, and (b) a sequence that has at
least 85% 1dentity, at least 90% identity, at least 95% identity, or 100% identity to the sequence
of SEQ I N(G:210. In one embodiment, an Fc dimerPGRN fusion protein comprises: (3} a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ 1D NO:227, and (b} a sequence that has at least 85% identity,
at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ ID
NG:210. In one embodiment, an Fo dimerPGRN fusion protein comprises: {a) a sequence that
has at least 85% identity, at least 90% identity, at feast 95% identity, or 100% identity to the
sequence of SEQ ID NO:215, and (b) a sequence that has at least 83% identity, at least 90%
identity, at least 95% tdentity, or 100% identity to the sequence of SEQ ID NG:291. In one
embodiment, an Fc dimer:PGRN fusion protein comprises: {(a) a sequence that has at least 85%
identity, at least 90% identity, at least 95% identity, or 100% 1dentity to the sequence of SEQ
ID NO:227, and (b) a sequence that has at least 85% identity, at least 90% identity, at least

95% identity, or 100% identity to the sequence of SEQ ID NO:291.

[6341] In one embodiment, an Fc dimer:PGRN fusion protein comprises: {a} a first Fe
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T3608, L368A, and Y407V and L234A, L.235A, and
P329G (LALAPG) mutations, according to EU numbering scheme, and (b} a second Fe
polypeptide comprising knob mutation T366W and L234A, L235A, and P329G (LALAPG)
mutations, according to EU numbering scheme. In some erobodirnents, the C-terminus of the
progranulin polypeptide is linked to the N-terminus of the first Fc polypeptide directly or
through a polypeptide linker. In some embodiments, the N-terminus of the progranulin

polypeptide is linked to the C-terminus of the first Fc polypeptide directly or through a
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polypeptide linker. In some embodiments, the first and/or second Fc polypeptide may further
be linked to an IgG1 hinge region or a portion thereof (e.g., SEQ 1D NO: 91 or 109). In some
embodiments, {a) comprises a sequence that has at least 85% identity, at least 90% identity, at
least 95% identity, or 100% identity to the sequence of SEQ ID NG:217, 218, 229, or 230, and
{b) comprises a sequence that has at least 85% identity, at least 90% identity, at least 95%

identity, or 100% identity to the sequence of SEQ ID NO:263.

[8342] In one embodiment, an Fc dimer:PGRN fusion protein comprises: {a) a first Fc
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker (e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T366S, L.368A, and Y407V and M428L and N434S (L§)
mutations, according to EU numbering scheme, and (b) a second Fc polypeptide comprising
knob mutation T366W and M428L and N434S (LS) mutations, according to EU vumbering
scheme. In some embodiments, the C-terminus of the progranulin polypeptide 1s linked to the
N-termunus of the first Fe polypeptide directly or through a polypeptide linker. In some
embodiments, the N-terminus of the progranulin polypeptide is linked to the C-terminus of the
tirst Fo polypeptide directly or through a polypeptide linker. In some embodiments, the first
and/or second Fe polypeptide may further be linked to an Ig(G1 hinge region or a portion thereof
{e.g., SEQ ID NO: 91 or 109). In some embodiments, (a) comprises a sequence that has at
least 85% identity, at least 90% i1dentity, at feast 95% identity, or 100% identity to the sequence
of SEQ 1D N(O:219, 220, 231, or 232, and (b) comprises a sequence that has at least 85%
identity, at least 90% identity, at least 95% 1dentity, or 100% 1dentity to the sequence of SEQ

ID NG:Ze4d.

[0343] In one embodiment, an Fc dimer:PGRN fusion protein comprises: (a) a first Fe
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker (e.g,,
GGGGSGGGGS (SEQ D NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T366S, L368A, and Y407V and L234A and L235A
{(LALA) mutations, according to EU numbering scheme, and (b) a second Fc polypeptide
comprising knob mutation T366W and M428L and N434S (L S) mutations, according to EU
numbering scheme. In some embodiments, the C-terminus of the progranulin polypeptide is
linked to the N-terminus of the first Fc polypeptide directly or through a polypeptide linker. In
some embodiments, the N-terminus of the progranulin polypeptide 1s linked to the C-terminus
of the first Fc polypeptide directly or through a polypeptide linker. In some embodiments, the

first and/or second Fc polypeptide may further be linked to an IgG1 hinge region or a portion

~J
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thereof {e.g., SEQ ID NO: 91 or 109). In some embodiments, {a) comprises a sequence that
has at least 83% identity, at least 90% identity, at least 95% identity, or 100% identity to the
sequence of SEQ 1D NO:215, 2106, 227, or 228, and (b} comprises a sequence that has at least
85% identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of

SEQ ID NO.264.

[8344] In one embodiment, an Fc¢ dimer:PGRN fusion protein comprises: {a) a first Fc
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T3668, L368A, and Y407V and L234A, L235A, and
P329G (LALAPG) mutations, according to EU sumbering scheme, and (b) a second Fe¢
polypeptide comprising knob mutation T366W and M428L and N4348 (LS) mutations,
according to EU nurmnbering scheme. In some embodiments, the C-terminus of the progranulin
polypeptide is linked to the N-terminus of the first Fc polypeptide directly or through a
polypeptide linker. In some ernbodiments, the N-terminus of the progranulin polypeptide i3
linked to the C-terminus of the first Fc polypeptide directly or through a polypeptide linker. In
some embodiments, the first and/or second Fe polypeptide may further be linked to an IgGl
hinge region or a portion thereof {e.g., SEQ ID NG: 91 or 109). In some embodiments, (a}
comprises a sequence that has at least 85% identity, at least 90% 1dentity, at least 95% identity,
or 100% 1dentity to the sequence of SEQ 1D NG:217, 218, 229, or 230, and (b) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% 1dentity, or 100%

identity to the sequence of SEQ ID NQO:264.

[8345] In one embodiment, an Fc dimer:PGRN fusion protein comprises: {a) a first Fo
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGES (SEQ D NO:276) or GGGGS (SEQ 1D NO:.277)), wherein the first Fe
polypeptide comprises hole mutations T366S, L368A, and Y407V and M428L and N434S (LS)
mutations, according to EU numbering scheme, and (b) a second Fc polypeptide comprising
knob mutation T366W and L.234A and L2Z35A (LALA) mutations, according to EU numbering
scheme. In some embodiments, the C-terminus of the progranulin polypeptide is linked to the
N-terminus of the first Fc polypeptide directly or through a polypeptide linker. In some
embodiments, the N-terminus of the progranulin polypeptide is linked to the C-terminus of the
first Fe polypeptide directly or through a polypeptide linker. In some embodiments, the first
and/or second Fc polypeptide may further be linked to an Ig(G1 hinge region or a portion thereof

(e.g.. SEQ ID NO: 91 or 109). In some embodiments, (a) comprises a sequence that has at
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least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence
of SEQ ID NOG:219, 220, 231, or 232, and (b) comprises a sequence that has at least 85%
identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ

D NG:262.

18346] In one embodiment, an Fc dimer:PGRN fusion protein comprises: (a) a first Fe
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ ID NG:277)), wherein the first Fe
polypeptide comprises hole mutations T3668, L368A, and Y407V and M428L. and N434S (LS)
mutations, according to EU numbering scheme, and (b) a second Fc¢ polypeptide comprising
knob mutation T366W and L2344, L2354, and P329G (LALAPG) mutations, according to
EU numbering scheme. In some embodiments, the C-terminus of the progranulin polypeptide
ts Hinked to the N-terminus of the first Fe polypeptide directly or through a polypeptide linker.
In some embodiments, the N-terminus of the progranulin polypeptide is linked to the C-
terminus of the first Fc polypeptide directly or through a polypeptide hinker. In some
embodiments, the first and/or second Fe polypeptide may further be linked to an IgG1 hinge
region or a portion thereof (e.g., SEQ ID NO: 91 or 109). In some embodiments, {(a) comprises
a sequence that has at least 85% 1dentity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ 1D NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ ID N(:263.

(8347} In one embodiment, an Fc dimer:PGRN fusion protein comprises: {a) a first Fc
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker {e.g.,
GGGGSGGGGS (SEQ ID NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fc
polypeptide comprises hole mutations T366S8, L368A, and Y407V, L.234A and L235A (L ALA)
mutations, and M428L and N4348 (LS) mutations, according to EU numbering scheme, and
(b} a second Fc polypeptide comprising knob mutation T366W, L234A and L235A (LALA)
mutations, and M428L and N434S (LS) mutations according to EU numbering scheme. In
some embodiments, the C-terminus of the progranulin polypeptide is linked to the N-terminus
of the first Fc polvpeptide directly or through a polypeptide linker. In some embodiments, the
N-terminus of the progranulin polypeptide is linked to the C-terminus of the first Fc
polypeptide directly or through a polypeptide hinker. In some embodiments, the first and/or
second Fc polypeptide may further be linked to an IgG1 hinge region or a portion thereof (e.g.,

SEQID NG: 91 or 109). In some embodiments, {(a) comprises a sequence that has at least 85%
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identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ
1D NG:221, 222, 233, or 234, and (b) comprises a sequence that has at least 85% identity, at

least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ 1D N(O:265.

[0348] In one embodiment, an Fc dimer:PGRN fusion protein comprises: (a) a first Fe
polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker (e.g,,
GGGGSGGGGS (SEQ D NO:276) or GGGGS (SEQ 1D NO:277)), wherein the first Fe
polypeptide comprises hole mutations T3665, L368A, and Y407V, L234A, L235A and P329G
(LALAPG) mutations, and M428L and N4345 (LS} mutations, according to EU numbering
scheme, and (b} a second Fc polypeptide comprising knob mutation T366W, L234A L23SA,
and P329G (LALAPG) mutations, and M428L and N434S (LS) mutations, according to EU
numbering scheme. In some embodiments, the C-terminus of the progranulin polypeptide is
linked to the N-terminus of the first Fc polypeptide directly or through a polypeptide linker. Tn
some embodiments, the N-terminus of the progranulin polypeptide is linked to the C-terminus
of the first Fe polypeptide directly or through a polypeptide hinker. In some embodiments, the
first and/or second Fc polypeptide may further be linked to an Ig(G1 hinge region or a portion
thereof {e.g,, SEQ ID NO: 91 or 109). In some embodiments, {a) comprises a sequence that
has at least 85% identity, at least 90% identity, at feast 95% identity, or 100% identity to the
sequence of SEQ 1D NO:223, 224 235, or 236, and (b} comprises a sequence that has at least
85% identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of

SEQ ID NOG:266.

(83491 In any of the embodiments described above, an Fc dimer:PGRN fusion protein may
comprise a first Fc polypeptide having the knob mutation T366W and the second Fc
polypeptide having the hole mutations T3668, L308A, and Y407V, in which the first Fc
polypeptide 1s linked to a progranulin polypeptide directly or through a polypeptide linker.

18330]  In aoy of the embodiments described above, a progranulin polypeptide may also be
linked to the second Fc polypeptide, creating an Fc dimer:PGRN fusion protein comprising
two progranulin polypeptides. For example, the C-terminus of the first and second progranulin
polypeptides may be linked to the N-terminus of the first and second Fc polypeptides,
respectively, directly or through a polypeptide linker. In another example, the N-terminus of
the first and second progranulin polypeptides may be linked to the C-terminus of the first and
second Fe polypeptides, respectively, directly or through a polypeptide linker. In ancther

example, the C-terminus of the first progranulin polypeptide may be linked to the N-terminus
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of the first Fc polypeptide, and the N-terminus of the second progranulin polypeptide may be
linked to the C-terminus of the second Fc polypeptide. In another example, the N-terminus of
the first progranulin polypeptide may be linked to the C-terminus of the first Fc polypeptide,
and the C-terminus of the second progranulin polypeptide may be linked to the N-terminus of
the second Fc polypeptide. In some embodiments of the Fc dimer:PGRN fusion protein
comprising two progranulin polypeptides, wherein each of the two programulin polypeptides is
linked to an Fc polypeptide through a polypeptide linker, the two polypeptide linkers in the
fusion protein can be the same or different. For example, the two polypeptide linkers can each

independently be a Glys-Ser linker (SEQ 1D NO:277) or a (Glya-Ser) linker (SEQ 1D NO:276).

[8351] Inany of the embodiments described above, the first Fe polypeptide or the second Fe
polypeptide may comprise TfR-binding mutations. In some embodiments, the first Fc
polypeptide may comprise TfR-binding mutations. The first Fe polypeptide may comprise a
sequence of any one of SEQ 1D NOS: 101, 102, 143-145, 155-157, 167-169, 179-181, 191-193,
and 203-205. In some embodiments, the second Fc polypeptide may comprise TfR-binding
mutations. The second Fc polypeptide may comprise a sequence of any one of SEQ ID
NOS:93, 94, 136-139, 149-151, 161-163, 173-175, 185-187. and 197-199. In some

embodiments, both the first and second Fc polypeptides may comprise TfR-binding mutations.

183521 In particular embodiments, an Fo dimer: PGRN fusion protein comprises: (a) a first
Fc¢ polypeptide linked to a progranulin polypeptide directly or through a polypeptide linker
{e.g.. GGGGSGGGES (REQ 1D NO:276) or GGGGS (SEQ ID NO:277)), wherein the first Fc
polypeptide comprises hole mutations T36685, L368A, and Y407V, according to EU numbering
scheme, and (b) a second Fc polypeptide comprising knob mutation T366W, according to EU
numbering scheme, and TfR-binding mutations. In some embodiments, the C-terminus of the
progranulin polypeptide is linked to the N-ternmunus of the first Fe polypeptide directly or
through a polypeptide linker. In some embodiments, the N-terminus of the progranulin
polypeptide 1s linked to the C-terminus of the first Fc polypeptide directly or through a
polypeptide linker. In some embodiments, the first and/or second Fe polypeptide may further
be linked to an IgG1 hinge region or a portion thereof (e.g., SEQ D NG: 91 or 109}, In some
embodiments, the first and/or second Fc polypeptide may comprise L234A and L235A with or

without P329G mutations, and/or M428L and N4348 (LS) mutations.

[8353] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a

sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
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identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b} comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% 1dentity to

the sequence of SEQ D NG:281.

18354} In certain embodiments of the Fc dimerPGRN fusion protein, {a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% 1dentity, or 100%
identity to the sequence of SEQ ID NO:215, 216, 227, or 228, and (b} comprises a sequence
that has at least 85% 1dentity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SE( 1D NO:281.

18355} In certain embodiments of the Fc dimerPGRN fusion protein, {a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:217, 218, 229, or 230, and (b} comprises a sequence
that has at least 85% 1dentity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SE( 1D NO:281.

183586} In certain embodiments of the Fc dimerPGRN fusion protein, () comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:281.

(8357} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:221, 222, 233, or 234, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NQO:281.

[8358] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ 1D NO:223, 224, 235, or 236, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NQO:281.

[8359] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%

identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b) comprises a sequence
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that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:210.

[8368] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(O:282.

(8361} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(O:283.

[8362] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:284.

[8363] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95%% identity, or 100%
identity to the sequence of SEQ [ NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:285.

[8364] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ D NO:215, 216, 227, or 228, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(3:210.

[8365] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95% identity, or 100%

identity to the sequence of SEQ 1D NO:217, 218, 229, or 230, and (b) comprises a sequence
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that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:282.

[8366] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(O:283.

(8367} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:215, 216, 227, or 228, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(O:283.

[8368] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% tdentity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:217, 218, 229, or 230, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ ID N(:283.

[8369] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95%% identity, or 100%
identity to the sequence of SEQ D NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:210.

[8376] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ D NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(:282.

(8371} In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95% identity, or 100%

identity to the sequence of SEQ 1D N(:221, 222, 233, or 234, and (b) comprises a sequence
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that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:284.

18372} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:223, 224, 235, or 236, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(O:285.

[8373] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NQO:286.

[8374] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:215, 216, 227, or 228, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:286.

(8378} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95%% identity, or 100%
identity to the sequence of SEQ D NO:217, 218, 229, or 230, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:286.

[8376] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ D NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N{:286.

(8377} In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95% identity, or 100%

identity to the sequence of SEQ 1D N(:221, 222, 233, or 234, and (b) comprises a sequence
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that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:286.

(8378} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:223, 224, 235, or 236, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NQO:286.

(8378} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(G:209.

[0380] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:287.

(0381} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95%% identity, or 100%
identity to the sequence of SEQ [ NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:288.

[6382] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ [ NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N{:289.

[6383] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95% identity, or 100%

identity to the sequence of SEQ 1D N(:213, 214, 225, or 226, and (b) comprises a sequence
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that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NG:290.

[8384] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:213, 214, 225, or 226, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NQO:291.

[8385] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:215, 216, 227, or 228, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(G:209.

[0386] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% tdentity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:217, 218, 229, or 230, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:287.

(0387} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95%% identity, or 100%
identity to the sequence of SEQ D NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:288.

[6388] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ D NO:215, 216, 227, or 228, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to
the sequence of SEQ 1D N{:2Z88.

[6389] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95% identity, or 100%

identity to the sequence of SEQ 1D NO:217, 218, 229, or 230, and (b) comprises a sequence

o2d]
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that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:288.

[8388] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(G:209.

(8381} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ 1D NO:219, 220, 231, or 232, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:287.

[8392] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% tdentity, at least 95% identity, or 100%
identity to the sequence of SEQ 1D NO:221, 222, 233, or 234, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:289.

[8393] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95%% identity, or 100%
identity to the sequence of SEQ [ N(O:223, 224, 235, or 236, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D NO:290.

[8394] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ [ N(O:223, 224, 235, or 236, and (b) comprises a sequence
that has at least 85% identity, at least 90% identity, at least 95% identity, or 100% identity to

the sequence of SEQ 1D N(:291.

[8395] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% 1dentity, at least 95% identity, or 100%

identity to the sequence of SEQID N(G:215, and (b) comprises a sequence that has at least 85%
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identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ

D NO:210.

[8386] In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NG:227, and (b) comprises a sequence that has at least 85%
identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ

ID NO:210.

(8387} In certain embodiments of the Fc dimerPGRN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:215, and (b) comprises a sequence that has at least 85%
identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ

D NO:291.

[8398] In certain embodiments of the Fc dimerPGRIN fusion protein, (a) comprises a
sequence that has at least 85% identity, at least 90% identity, at least 95% identity, or 100%
identity to the sequence of SEQ ID NO:227, and (b) comprises a sequence that has at least 85%
identity, at least 90% identity, at least 95% identity, or 100% identity to the sequence of SEQ

D NG:291.

[0399] In any of the embodiments described above, the partial hinge (DKTHTCPPCP (SEQ
1D NG:109)) and/or the glycine-rich linker present in the sequence of any one of SEQ ID
NOS:200, 210, 213-275, and 281-291 may be removed. In certain embodiments, the Fc
dimer:PGRN fusion protein comprises a sequence of any one of SEQ 1D NOS:209, 210, 213-
275, and 281-291 without the partial hinge and/or the glycine-rich linker. In other
embodiments, the partial hinge present in the sequence of any one of SEQ 1D NOS:209, 210,
213-275, and 281-291 may be replaced by a full hinge sequence (e.g., EPKSCDKTHTCPPCP
(SEQ ID NO©1). In any of the embodiments described above, the partial hinge
(DKTHTCPPCP (SEQ 1D NO:109)) and/or the glycine-rich linker present in the sequence of
SEQ D NO:215 or 227 may be removed. In certain embodiments, the Fe dimer PGRIN fusion
protein comprises a sequence of SEQ D NO:21S or 227 without the partial hinge and/or the
glycine-rich linker. In other embodiments, the partial hinge present in the sequence of SEQ ID
NO:215 or 227 may be replaced by a full hinge sequence (e.g., EPKSCDKTHTCPPCP (SEQ
ID NO:91)).
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IX. BINDING PROPERTIES

{8400} Fusion proteins described herein may have a broad range of binding affinities. For
example, 1n some embodiments, a protein has an affinity for a blood-brain barrier (BBB)
receptor, e.g., transferrin receptor (TfR), ranging anywhere from | pM to 10 uM. In some

embodiments, the affinity for TR ranges from 1 nM to 5 pM, or from 10 nM to 1uM.

(0461} Methods for analyzing binding affinity, binding kinetics, and cross-reactivity to
analyze binding to a BBB receptor, e.g,, TR, are known in the art. These methods include,
but are not hmited to, solid-phase binding assays (e.g., ELISA assay), immunoprecipitation,
surface plasmon resonance (e.g, Biacore™ {(GE Healthcare, Piscataway, NI}}, kinetic
exclusion assays {e.g., KinExA®), flow cytometry, fluorescence-activated cell sorting (FACS),
BioLayer interferometry (e.g., Octet® (FortéBio, Inc., Menlo Park, CA}}, and Western blot
analysis. In some embodiments, ELISA is used to determine binding affinity and/or cross-
reactivity. Methods for performing ELISA assays are known in the art and are also described
in the Example section below. In some embodiments, surface plasmon resonance (SPR} is
used to determine binding affinity, binding kinetics, and/or cross-reactivity. In some
embodiments, kinetic exclusion assays are used to determine binding affinity, binding kinetics,
and/or cross-reactivity. In some embodiments, BioLayer interferometry assays are used to

determine binding affinity, binding kinetics, and/or cross-reactivity.

X. LINKAGE BETWEEN PROGRANULIN  POLYPEPTIDES AND FC
POLYPEPTIDES

[04062] In some embodiments, a fusion protein described herein comprises two Fc
polypeptides as described herein and one or both of the Fc polypeptides may further comprise
a partial or full hinge region. The hinge region can be from any immunoglobulin subclass or
isotype. An illustrative immunoglobulin hinge is an Ig( hinge region, such as an IgG1 hinge
region, e.g., human [gG1 hinge amino acid sequence EPKSCDKTHTCPPCP (SEQ ID NO:91)
or a portion thereof (e.g., DKTHTCPPCP; SEQ ID NO:109). In some embodiments, the hinge

region is at the N-terminal region of the Fc polypeptide.

18403} In some embodiments, the partial hinge (DKTHTCPPCP (SEQ ID NO:109)}) present
in the sequence of any one of SEQ ID NOS:213-275 may be removed. In other emnbodiments,
the partial hinge (DKTHTCPPCP (SEQ 1D NO:109)) present in the sequence of any one of
SEQ 1D NOS:213-275 may be replaced by the full hinge (EPKSCDKTHTCPPCP (SEQ ID
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NO:91)). In some embaodiments, the partial hinge (DKTHTCPPCP (SEQ ID NG:109)) present
n the sequence of SEQ ID NOS:215 or 227 may be rernoved. In other embodiments, the partial
hinge (DKTHTCPPCP (SEQ 1D NO:109)) present in the sequence of SEQ D NO:215 or 227
may be replaced by the full hinge (EPKSCDKTHTCPPCP (SEQ ID NO:21)).

[8404] In some embodiments, an Fc polypeptide is joined to the progranulin polypeptide by
a linker, e.g., a polvpeptide linker. In some embodiments, the Fc polypeptide is joined to the
progranulin polypeptide by a peptide bond or by a polypeptide linker, e.g., 15 a fusion
polypeptide. The polypeptide linker may be configured such that it allows for the rotation of
the progranulin polypeptide relative to the Fc polypeptide to which it is joined; and/or is
resistant to digestion by proteases. Polypeptide linkers may contain natural amino acids,
unnatural amino acids, or a combination thereof. In some embodiments, the polypeptide linker
may be a flexible linker, e.g., containing amino acids such as Gly, Asn, Ser, Thr, Ala, and the
like. Such linkers are designed using known parameters and may be of any length and contain
any number of repeat units of any length {(e.g., repeat units of Gly and Ser residues). For
example, the linker may have repeats, such as two, three, four, five, or more Glys-Ser repeats
or a single Glys-Ser. In some embodiments, the polypeptide linker may include a protease

cleavage site, e.g., that is cleavable by an enzyme present in the central nervous system.

[0465] 1n some embodiments, the progranulin polypeptide is joined to the N-terminus of the
Fc polypeptide, e.g., by a Glys-Ser linker (SEQ ID NO:277) or a (Glys-Ser)p hnker (SEQ 1D
N(:276). In some embodiments, the Fc¢ polypeptide may comprise a hinge sequence or partial
hinge sequence at the N-terminus that is joined to the linker or directly joined to the progranulin

polypeptide.

[0466] In some embodiments, the progranulin polypeptide is joined to the C-terminus of the
Fc polypeptide, e.g., by a Glys-Ser linker (SEQ ID NO:277) or a (Glys-Ser)y hnker (SEQ ID
N(:276). In some embodiments, the C-terminus of the Fe polypeptide 18 directly joined to the

progranulin polypeptide.

(8407} In some embodiments, the polypeptide linker between the Fe polypeptide and the
progranulin polypeptide can have 3-200 (e.g., 3-180, 3-160, 3-140, 3-120, 3-100, 3-80, 3-60,
3-40, 3-20, 3-10, 3-5, 5-200, 10-200, 20-200, 40-200, 60-200, 80-200, 100-200, 120-200, 140-
200, 160-200, 180-200, 3, 5, 7. 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150,
160, 170, 180, 190, or 200) amino acids. Suitable polypeptide linkers are known in the art
{e.g., as described in Chen ef ¢l Adv. Drug Deliv Rev. 65(10):1357-1369, 2013), and include,
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tor example, polypeptide linkers containing flexibie amino acid residues such as glycine and
serine. 1o certain embodiments, a polypeptide linker can be a polyglycine linker, e.g., (Gly)n,
in which n is an integer between 1 and 10. In certain embodiments, a polypeptide linker can
contain motifs, e.g, multiple or repeating motifs, of (GS), (GGSh, (GGGGS (SEQ ID
NOG:27T, (GGSG (SEQ 1D NO:3064), or (SGGG (SEQ ID N(O:305)),, in which n is an
integer between 1 and 10. In other embodiments, a polypeptide linker can also contain amino
acids other than glvcine and serine, e.g,, KESGSVSSEQLAQFRSLD (8EQ H» N(O:306),
EGKSSGSGSESKST (SEQ ID NO:307), and GSAGSAAGSGEF (SEQ 1D NO:308). In other
emnbodiments, polypeptide hinkers can also be rigid polypeptide linkers. In some embodiments,
rigid polypeptide linkers can adopt an a-helical conformation, which can be stabilized by
intra-segment hydrogen bonds and/or intra-segment salt bridges. Examples of rnigid
polypeptide linkers include, but are not limited to, A(EAAAK WA (SEQ ID N(:309), in which
1 18 an integer between 2 and S, and {XP), in which X is Ala, Lys, or Glu, and n is an integer

between 1 and 10, as described in Chen ef al. Adv. Drug Deliv Rev. 65(10):1357-1369, 2013,

[8408] In some embodiments, the progranulin polypeptide is jotned to the Fe polypeptide by
a chemical cross-linking agent. Such conjugates can be generated using well-known chemical
cross-linking reagents and protocols. For example, there are a large number of chemical cross-
linking agents that are known to those skilled 1n the art and useful for cross-linking the
polypeptide with an agent of interest.  For example, the cross-linking agents are
hetergbifunctional cross-linkers, which can be used to link molecules in a stepwise manner.
Heterobifunctional cross-linkers provide the ability to design more specific coupling methods
for conjugating proteins, thereby reducing the occurrences of unwanted side reactions such as
homo-protein polymers. A wide variety of heterobifunctional cross-linkers are known in the
art, including N-hydroxysuccinimide (NHS} or its  water soluble analog N-
hydroxysulfosuccinimide (sulfo-NHS), succinimidyl 4-(N-maleimidomethyljcyclohexane-1-
carboxylate (SMCC), m-maleimidobenzovl-N-hydroxysuccinimide ester (MBS), N-
succinimidyl {4-iodoacetyl) aminobenzoate (SIAB), succinimidyl 4-{p-
maleimidophenylbutyrate {(SMPRB), 1-ethyl-3-(3-dimethylaminopropyljcarbodiimide
hydrochloride  (EDC),  4-succimmidyloxycarbonyl-a-methyl-a-(2-pyridyldithic)-tcluene
(SMPT), N-succinimidyl 3-(2-pyridyldithiojpropionate (SPDP), and succinimidyl 6-[3~(2-
pyridyldithio)propionatethexanoate (LC-SPDP).  Those cross-linking agents having N-
hydroxysuccinimide moieties can be obtained as the N-hydroxysuifosuccinimide analogs,

which generally have greater water solubility. In addition, those cross-linking agents having
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disulfide bridges within the linking chain can be synthesized instead as the alkyl derivatives so
as to reduce the amount of linker cleavage /n vivo. In addition to the heterobifunctional cross-
linkers, there exist a number of other cross-linking agents including homobifunctional and
photoreactive cross-linkers. Disuccinimidyl subcrate (DSS), bismaleimidohexane (BMH) and
dimethylpimelimidate. 2ZHCl (DMP) are examples of useful homobifunctional cross-linking
agents, and bis-[B-(4-azidosalicylamidojethyl]disultide (BASED) and N-succinimidyl-6{4'-
azido-2'-nitrophenylaminojhexanocate (SANPAH) are examples of useful photoreactive cross-

linkers.

XI. EVALUATION OF EFFECTS OF FUSION PROTEINS

[8409] Activity of fusion proteins described herein that comprise a progranulin polypeptide
or a variant thereof, can be assessed using various assays, including assays that measure activity
in vitro or in vive. As described in the Examples, cellular uptake of the fusion proteins
described herein may be assayed using bone marrow derived macrophages (BMDMs) and
immunostaining with antibodies against human progranulin and human Fc. Proteolysis activity
of the cells after the cells are treated with the fusion proteins described herein may be measured
using the DQ-BSA assay described in Example 4. Cellular effects caused by GRN mutation
{e.g., increased cathepsin D activity and elevated mRNA levels of lysosomal genes such as
Cisl, Imem 106b, and Psap) may be evaluated again after the cells are treated with the fusion
proteins described herein (Examples ¢ and 7). Fluorgenic probes and ¢PCR techniques may
be used in these assays. Finally, pharmacokinetic properties and brain uptake of the fusion
proteins described herein may be determined using wild-type and/or transgenic mice, as shown

in Examples 9 and 10.

(8418} For cellular samples, the assay may include disrupting the cells and breaking open

microvesicles. Disruption of cells may be achieved by using freeze-thawing and/or sonication.

In some embodiments, a tissue sample 18 evaluated. A tissue sample can be evaluated using
-

multiple free-thaw cycles, e.g, 2, 3, 4, 5, or more, which are performed before the sonication
step to ensure that microvesicles are broken open.

(04111 Samples that can be evaluated by the assays described herein include, e.g., brain,
liver, kidney, hung, spleen, plasma, serum, cerebrospinal fluid (CSF), and urine. In some
embodiments, CSF samples from a patient receiving a fusion protein comprising a progranulin

polypeptide or a variant thereot as described herein may be evaluated.
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XL BIS(MONOCACYLGLYCERQO)PHOSPHATE (BMP)

(8412} Provided herein are methods of monitoring the levels of progranulin (e.g., in a sample,
in a cell, in a tissue, and/or 1o a subject), wherein determining the level of progranulin
comprises measuring the abundance of bis{monoacylglycerojphosphate (BMP) (e.g, in the

sample, cell, tissue, and/or subject).

[8413] In some embodiments of methods of the present disclosure, the abundance of a single
BMP species is measured. In some embodiments, the abundance of two or more BMP species
is measured. In some embodiments, the abundance of at least two, three, four, five, or more of
the BMP species in Table 3 ts measured. When the abundance of two or more BMP species is

measured, any combination of different BMP species can be used.

[8414] Insome embodiments, the abundance of more than one BMP species can be summed,
and the total abundance will be compared to a reference value. For example, the abundance of
eachof 1.2,3.4.5,6, 7,89 10, 11,12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22. 23, 24, 25, 26,
7,28, 29,30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, S,
52,53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67, 68, 69,70, 71, 72, 73,74, 75, 76,
77.78. 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 101,
102, 103, 104, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120,
121,122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137, 138, 139,
140, 141, 142, 143, 144, 145, 146, 147, or more BMP species {e.g., the BMP species listed in

Table 3) can be summed, and the total asbundance then compared to a reference value.

[8415] In some cases, one or more BMP species may be differentially expressed (e.g., more
or less abundant) in one type of sample when compared to anocther, such as, for example, cell-
based samples (e.g., cultured cells) versus tissue-based or blood samples. Accordingly, in some
embodiments, the selection of the one or more BMP species (i.e., for the measurement of
abundance) depends on the type of sample. In some embodiments, the one or more BMP
species comprise BMP(18:1 18:1), e.g., when a sample {(e.g., a test sample and/or a reference
sample} is bone marrow-derived macrophage (BMDM). In other embodiments, the one or
more BMP species comprise BMP(22:6 22:6), e.g., when a sample coraprises tissue (e.g., brain

tissue, ltver tissue) or plasma, urine, or USF.

18416} In some embodiments, an internal BMP standard {e.g., BMP(14:0 14:0}) is used to

measure the abundance of one or more BMP species in a sample and/or determine a reference
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value {e.g., measure the abundance of one or more BMP species in a reference sample). For
example, a known amount of the internal BMP standard can be added to a sample (e.g., a test
sample and/or a reference sample) to serve as a calibration point such that the amount of one
or more BMP species that are present in the sample can be determined. In some embodiments,
a reagent used in the extraction or isolation of BMP from a sample {(e.g., methanol} is “spiked”
with the internal BMP standard. Typically, the internal BMP standard will be one that does

not naturally occur in the subject.

X IDENTIFICATION OF SUBJECTS HAVING, OR AT RISK OF HAVING, A
PROGRANULIN-ASSOCIATED DISORDER

(8417} In some embodiments, a subject {e.g., a target subject) is determined to have a
progranulin-associated disorder or a decreased level of progranulin when the abundance of at
least one (e.g., a at least 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 65, 70, 75, 80,
85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, or more) BMP species (e.g., the
BMP species listed in Table 3) in a test sample is higher when the test sample is a BMDM or
lower when the test sample is liver, brain, cerebrospinal fluid, plasma, or urine than a reference
value of a corresponding cell, tissue, or fluid of a healthy control or a control not related to a

progranulin-associated disorder.

[0418] In some embodiments, a subject {e.g, a target subject) is determined to have a
progranulin-associated disorder or a decreased level of progranulin when the abundance of at
leastone {e.g, 1, 2,3,4,5, 6,7, 89,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, or all
23) of the BMP species selected from the group consisting of BMP(16:0 18:1),
BMP(16:0 18:2), BMP(18:0 18:0), BMP(18:0 18:1), BMP(18:1 18:1), BMP(16:0 20:3),
BMP(18:1 20:2), BMP(18:0 20:4), BMP(16:0 22:5), BMP(20:4 20:4), BMP(22:6 22:6),
BMP(20:4 20:5), BMP(18:2 18:2), BMP(16:0_20:4), BMP(18:0 18:2), BMP(18:0¢ 22:6),
BMP(18:1e 20:4), BMP(20:4_22:6), BMP(18:0e_20:4), BMP(18:2_20:4), BMP(18:1 22:6),
BMP(18:1 20:4), BMP(18:0 22:6), and BMP(18:3 22:5) 15 elevated in BMDM or decreased
in liver, brain, cerebrospinal fluid, plasma, or urine compared to a reference value of a
corresponding cell, tissue, or fluid of a healthy conirol or a control not related to a progranuiin-

associated disorder.

(8419} In some embodiments, a subject {e.g., a target subject) is determined to have a
progranulin-associated disorder or a decreased level of progranulin when the abundance of at

leastone{e.g., 1,2,3,4,5,6,7, orall 8) of the BMP species selected from the group consisting
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of BMP(18:1 18:1), BMP(18:0 20:4), BMP(20:4 20:4), BMP(22:6 22:6), BMP(20:4 22:6),
BMP(18:1 22:6), BMP(18:1 20:4), BMP(18:0 22:6) and BMP(18:3 22:5) is elevated in
BMDM or decreased in hiver, brain, cerebrospinal fluid, plasma, or urine compared to a
reference value of a corresponding cell, tissue, or fluid of a healthy control or a control not

related to a progranulin-associated disorder.

(8420} In some embodiments, a subject is determined to have a progranulin-associated
disorder or a decreased level of progranulin when BMP(18:1 18:1) levels are elevated in
BMDM compared to a reference value of a healthy control or a control not related to a
progranulin-associated disorder. In other embodiments, a subject is determined to have a
progranulin-associated disorder or a decreased level of progranmulin when BMP(22:6 22:6) are
decreased in plasma, urine, cerebrospinal fluid (CSF), and/or brain or liver tissue compared to
a reference value of a healthy control or a control not related to a progranulin-associated
disorder. In other embodiments, a subject is determined to have a progranulin-associated
disorder or a decreased level of progranulin when BMP(22:6 22:6) and/or BMP(18:3 22:5)
levels are decreased in liver tissue. In other embodiments, a subject is determined to have a
progranulin-associated disorder or a decreased level of progranulin when BMP({18:3 22:5)

levels are decreased in microglia.

18421} In some embodiments, a subject {e.g,, a target subject} is determined to have a
progranulin-associated disorder or a decreased level of progranulin when the abundance of at
least one of the BMP species {e.g., measured in a test sample) is at least about 1.1-fold (e.g.,
about 1.1-fold, 1.2-fold, 1.3-fold, 1 4-fold, 1.5-fold, 2-fold, 2.5-fold, 3-fold, 3.5-fold, 4-fold,
4.5-fold, 5-fold, 5.5-fold, 6-fold, 6.5-told, 7-fold, 7.5-fold, 8-fold, 8 5-fold, 9-fold, 9.5-fold,
10-fold, or more) higher in BMDM or lower in liver, brain, cerebrospinal fluid, plasma, or
urine compared to a reference value of a corresponding cell, tissue, or fluid of a healthy control

or a control not related to a progranulin-associated disorder.

(8422} In some embodiments, a subject {e.g, a target subject} is determined to have a
progranulin-associated disorder or a decreased level of progranulin when the abundance of at
least one of the BMP species (e.g., measured in a test sample) is at least about 1.2-fold to about
4-fold (e.g., at least about 1.2-fold, 1.3-fold, 1 4-fold, 1.5-fold, 1 6-fold, 1.7-fold, 1 8-fold, 1.9-
fold, 2-fold, 2. 1-fold, 2 2-fold, 2.3-fold, 2 4-fold, 2 5-fold, 2. 6-fold, 2.7-fold, 2.8-fold, 2.9-fold,
3-fold, 3.1-fold, 3 2-fold, 3 3-fold, 3. 4-fold, 3 5-fold, 3.6-fold, 3.7-fold, 3.8-fold, 3.9-fold, or

4-foldy higher than a reference value {e.g, a corresponding reference value). In some
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embodiments, a subject is determined to have a progranulin-associated disorder or a decreased
level of progranulin when the abundance of at least one of the BMP species is about 2-fold to
about 3-fold (e.g., about 2-fold, 2.1-fold, 2.2-fold, 2.3-fold, 2.4-fold, 2.5-fold, 2.6-told, 2.7-
fold, 2.8-fold, 2 .9-fold, or 3-fold) higher in BMDM or lower in liver, brain, cerebrospinal fluid,
plasma, or urine compared to a reference value of a corresponding cell, tissue, or fluid of a

healthy control or a control not related to a progranulin-associated disorder.

XIV., MONITORING RESPONSE TO TREATMENT

(84231 In one aspect, the present disclosure provides methods for monitoring progranulin
levels in a subject (e.g., a target subject). In another aspects, provided are methods for

monitoring a subject’s response to a compound, pharmaceutical composition, or dosing

tusion protein described herein} for treating a progranulin-associated disorder.

(0424} Typically, the abundance of each of the one or more BMP species in a test sample
will be compared to one or more reference values {e.g., a corresponding reference value). In
some embodiments, a BMP value is measured before treatment and at one or more time poinis
atter treatment. The abundance value taken at a later time point can be compared to the value
prior to treatment as well as to a control value, such as that of a healthy or diseased control, to
determine how the subject is responding to the therapy. The one or more reference values can
be from different cells, tissues, or fluids corresponding to the cell, tissue, or fluid of the test

sample.

[0425] In some embodiments, the reference value is the abundance of the one or more BMP
species that 1s measured in a reference sample. The reference value can be a measured
abundance value {e.g.,, abundance value measured in the reference sample), or can be derived
or extrapolated from a measured abundance value. In some embodiments, the reference value
is a range of values, e.g., when the reference values are obtained from a plurality of samples or
a population of subjects. Furthermore, the reference value can be presented as a single value
{e.g., a measured abundance value, a mean value, or a median value) or a range of values, with

or without a standard deviation or standard of error.
18426] When two or more test samples are obtained (e.g., from a subject), the time points at

which they are obtained can be separated by about 1,2, 3,4, 5,06,7,8, 9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39,

Ne)
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40,41, 42, 43,44, 45, 46,47, 48 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, or more minutes;
about 1,2,3,4,5,6,7.8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or more
hours; about 1, 2, 3,4, 5,6, 7, or more days; about 1, 2,3, 4, 5,6, 7, 8,9, 10, or more weeks;
or even longer. When three or more test samples are obtained, the time intervals between when
each test sample is obtained can all be the same, the intervals can all be different, or a

combination thereof.

(0427} In some embodiments, both the first test sample and the second test sample are
obtained from a subject (e.g., a target subject} after the subject has been treated, i.e., the first
test sample is obtained from the subject at an earlier time point during treatment than the second
test sample. In some embodiments, the first test sample is obtained before the subject has been
treated for the disorder associated with a decreased level of progranulin (7.e., a pre-treatment
test sample) and the second test sample is obtained after the subject has been treated for the
disorder associated with a decreased level of progranulin (7.e., a post-treatment test sample).
In some embodiments, more than one {e.g., 1,2, 3,4, 5,6, 7, 8, 9, 10, or more) pre-treatment
and/or posi-treatment test samples are obtained from the subject. Furthermore, the number of

pre-treatrment and post-treatment test samples that are obtained need not be the same.

(8428} In some embodiments, it may be determuned that the subject 1s not responding to the
treatment when the abundance the BMP species measured is within about 1%, 2%, 3%, 4%,
584, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, or 20°%; of the

reference value.

[6429] When a subject (e.g., a target subject) is not responding to treatment {e.g., for a
disorder associated with a decreased level of progranulin}, in some embodiments, the dosage
of one or more therapeutic agents {(e.g., progranulin} is altered (e.g., increased) and/or the
dosing interval is altered {(e.g., the time between doses is decreased). In some embodiments,
when a subject 15 not responding to treatment, a ditferent therapeutic agent (s selected. In some
embodiments, when a subject is not responding to treatment, one or more therapeutic agents is

discontinued.

XV. BMP DETECTION TECHNIQUES

[8438] Insome embodiments, antibodies can be used to detect and/or measure the abundance
of one or more BMP species. BMP species bound to the antibody can be detected such as by

microscopy or enzyme-linked iramunosorbent assay (ELISA).

96



WO 2019/246071 PCT/US2019/037695

(8431} In other embodiments, mass spectrometry {(MS) is used to detect and/or measure the
abundance of one or more BMP species according to methods of the present disclosure. Mass
spectrometry is a technique in which compounds are ionized, and the resulting ions are sorted
by their mass-to-charge ratios {(abbreviated m/Q, m/q, nv/Z, or mv/z). A sample (e.g,, comprising
a BMP molecule), which can be present in gas, liquid, or solid form, isionized, and the resulting
1ons are then accelerated through an electric and/or magnetic field, causing them to be separated
by their mass-to-charge ratios. The ions ultimately strike an ion detector and a mass
spectrogram is generated. The mass-to-charge ratios of the detected ions, together with their
relative abundance, can be used to identify the parent compound(s), sometimes by correlating
known masses {(e.g., of entire or intact molecules} to the masses of the detected ions and/or by

recognition of patterns that are detected in the mass spectrograr.

(04321 Mass spectrometers typically include at least four primary components: (1) a sample
inlet device {e.g,, a vaporizer}, (2} an ionization device, (3) an ion path, and (4} an ion detector.
In addition, mass spectrometers commonly comprise a device that converts samples into a form
suitable for the inlet device and/or separates compounds that are present within the sample,
which in some embodiments can be a chromatography device (e.g, liguid or gas
chromatography) or a solid target for matrix-assisted laser desorption/ionization (MALDI) or
another technique suitable for solid samples. Mass spectrometers also commonly comprise a
device for signal processing of detector signals (e.g., an analog-digital converter (ADC)) and/or

software for the processing, analysis, and display of detector signals.

[0433] The sample inlet device facilitates the transition of a solid or liguid specimen into the
gaseous phase, which 15 required for subsequent processing and analysis. The ioruzation device
can utilize, for example, hard ionization (e.g., electron tonization} or soft ionization {e.g., fast
atom bombardment (FAB), chemical ionization (C1), electrospray ionization (ESDH, MALDI,
or atmospheric-pressure chemical ionization (APCI)). ESI methods comprise passing a
solution through a length of capillary tube, to the end of which is applied a high positive or
negative electric potential. Sclution reaching the end of the tube is vaporized into a jet or spray
comprising very small droplets of solution in solvent vapor. This spray of droplets flows
through an evaporation chamber that ts heated slightly to prevent condensation and to evaporate
solvent. As the droplets get smaller, the electrical surface charge density increases until the

natural repulsion between like charges causes ions as well as neutral molecules to be released.
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(8434} In the ion path, ions transition from a near atmospheric pressure environment to the
low pressure (e.g,, high vacuum) environment of the mass analyzer, which separates the ions
according to their mass-to-charge ratios, and are moved towards the ion detector. The ion
detector 1s commonly an electron multiplier or a microchannel plate that releases a cascade of

electrons in response to being struck by an ion.

[0435] Difterent types of mass analyzers can be used, examples of which include sector field
mass analyzers, time-of-flight (TOF) mass analyzers, and quadrupole mass analyzers. Sector
field mass analyzers use a static electric and/or magnetic field to modify the ion path and/or
velocity, effectively bending the trajectories of the tons according to their mass-to-charge
ratios. lons with higher charges and/or lower masses will be deflected more than ions with
lower charges and/or higher masses. A TOF mass analyzer uses an electric field to accelerate
the ions through a specified potential, and the time that an 1on takes to strike the detector is
measured. If all of the ions have the same charge, then their velocities will only differ as a
function of their masses, and 1ons with lower masses will strike the detector first. Quadrupole
mass analyzers employ one or more sets of four parallel rods (a set of four paraliel rods being
known as a quadrupole) to generate oscillating electrical fields that stabilize or destabilize the
paths of tons as they pass through an electric quadrupole field {(e.g., radio frequency (RF)
gquadrupole file) that is created between the four rods. In particular, only 1ons within a specific
range of mass-to-charge ratios are allowed to pass though the mass analyzer at any given time.
However, by varying the potentials on the rods, a wide range of mass-to-charge ratios can be
swept rapidly. Mass-to-charge ratios can be swept either continuously or by specitying discrete

jumps.

[8436] As opposed to single mass spectrometry (MS) that uses a single mass analyzer {e.g.,
quadrupole), tandem mass spectrometry (MS/MS) uses a series of mass analyzers (e.g., three
mass analyzers} to perform multiple rounds of mass spectrometry, typically having a molecule
fragmentation step in between. As a non-limiting example, MS/MS instruments commonly
employ three quadrupole mass analvzers. The first quadrupole (Q1) can act as a first mass
filter, separating a species or protein of interest from a larger heterogeneous population. The
second quadruple (32) can act as a collision chamber that stabilizes the 1ons that have passed
through Q1 and can be filled with a low-pressure gas, with which the ions collide, causing them
to fragment (collision-induced-fragmentation {CID)). The third quadrupole (Q3) canact as a
second mass filter that separates the fragments produced in Q2 and passes them along to the

detector. Alternatively, instead of performing tandern mass spectrometry in space, tandem
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mass spectrometry can be performed over time using a single mass analyzer, such as when a
quadrupole ton trap is used and the field is varied over time. Brefly, a quadrupole ion trap
works based on the same physical principles as a quadrupole mass analyzer, but the ions are
trapped within the quadrupole (i.¢., the electric field changes faster than the time required for
the ions to escape} and are selectively ejected over time by varying the field generated by the

quadrupole.

(8437} Several methods can be used for fragmentation, including but not limited to CID,
electron capture dissociation (ECD), electron transfer dissociation (ETD), infrared multiphoton
dissociation (IRMPD), blackbody infrared radiative dissociation (BIRD), electron-detachment

dissociation (EDDD), and surface-induced dissociation (SID).

[6438] Tandem mass spectrometers can be used to run different types of experiments,
including full scans, product 1on scans, precursor ion scans, neutral loss scans, and selective
{or multiple) reaction monitoring {SRM or MRM) scans. In a full scan experiment, the entire
mass range or a portion thereof} of both mass analyzers (e.g., Q1 and 3} are scanned and the
second mass analyzer {e.g., Q2) does not contain any collision gas. This allows all ions
contained in a sample to be detected. In a product ion scan experiment, a specific mass-to-
charge ratio is selected for the first mass analyzer {(e.g., Q1}, the second mass analyzer {e.g.,

123 ts filled with a collision gas to fragment ions baving the selected mass-to-charge ratio, and
then the entire mass range (or a portion thereof) of the third mass analyzer {e.g., Q3) is scanned.
This allows all fragment ions of a selected precursor ion to be detected. In a precursor ton scan
experiment, the entire mass range {(or a portion thereof) of the first mass analyzer {e.g., Q1) is
scanned, the second mass analyzer {e.g., 32} is filled with collision gas to fragment lons falling
within the scan range, and a specific mass-to-charge ratio is selected for the third mass analyzer
(e.g., Q3). By correlating the time between detection of a product 1on and the particular mass-
to-charge ratio that was selected just prior to its detection, this type of experiment can allow a
user to determine which precursor 1on(s) may have generated the product ion of interest. Ina
neutral Toss scan experiment, the entire mass range (or a portion thereof) of the first mass
analyzer (e.g., Q1) 1s scanned, the second mass analyzer {e.g., Q2) is filled with collision gas
to fragment all 1ons within the scan range, and the third mass analyzer (e.g., 33} 1s scanned
across a specified range that corresponds to the fragmentation-induced loss of a single specific
mass that has occurred for every potential ion in the precursor scan range. This type of
experiment permits the identification of all precursors that have lost a particular chemical group

of interest (e.g., a methyl group) in common. In an MRM experiment, one specific mass-to-
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charge ratio is selected for the first mass analyzer {e.g., Q1), the second mass analyzer {e.g.,
(32} 1s filled with collision gas, and the third mass analyzer {e.g., Q3) is set for another specific
mass-to-charge ratic. This type of experiment permits the highly specific detection of
molecules that are known to fragment into the products that are selected for in the third mass
analyzer. MS and MS/MS methods are described further in Grebe er af. Clin. Biochem. Kev.

{2011) 32:5-31, hereby incorporated by reference in its entirety for all purposes.

[0439] Furthermore, MS and MS/MS techniques can be coupled with hiquid chromatography
{LC) or gas chromatography (GC) techniques. Such liquid chromatography-mass spectrometry
(LC-MS), liquid chromatography-tandem mass spectrometry (LC-MS/MS), gas
chromatography-mass spectrometry {GC-MS), and gas chromatography-tandem mass
spectrometry (GC-MS/MS) methods allow for enhanced mass resolving and mass determining

over what 18 typically possible with MS or MS/MS alone.

104401 Liquid chromatography refers to a process in which one or more components of a
fluid solution are selectively retarded as the fluid uniformly percolates through a column of a
finely divided substance, or through capiliary passageways. The retardation results from the
distribution of the components of the mixture between one or more stationary phases and the
bulk fluid (i.e., mobile phase), as the fhuid moves relative to the stationary phase(s). High
performance liquid chromatography (HPLC), also sometimes known as “high pressure liqud
chromatography,” is a variant of LC in which the degree of separation is increased by forcing

the mobile phase under pressure through a stationary phase, typically a densely packed column.

(6441} Furthermore, ultra high performance liquid chromatography (UHPLC), also known
as “ultra high pressure liquid chromatography,” or “ultra performance liquid chromatography
(UPLC),” ts a variant of HPLC that is performed using much higher pressures than traditional

HPLC techniques.

(8442} In some embodiments, the size of particles in the column is less than about 2.0 um
{e.g., about 1.9 pm, 1.8 wm, 1.7 um, 1.6 ym, 1.5 um, or smaller). In some embodiments, the

particle size is about 1.7 um.

[0443] In some embodiments, the working pressure on the column 1s about 400 bar to about

1,000 bar (e.g., about 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 900, 950, or 1,000 bar).

18444} In some embodiments, during chromatography the temperature of the column is

maintained at a temperature between about 40 °C and about 60 °C {(e.g., about 40 °C, 41 °C, 42
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°C, 43 °C, 44 °C, 45°C, 46 °C, 47 °C, 48 °C, 409 °C, 50°C, 51 °C, 52°C, 53 °C, 54 °C, 55 °C, 56

°C, 57 °C, 58 °C, 59 °C, or 60 °C). In some embodiments, the column is maintained at a

temperature of about 55 °C.

[0445]

In some embodiments, the flow rate of the column 1s between about 0.10 mL/minute

and about ¢.50 mL/minute {e.g., about 0.10 mL/minute, 0.11 mL/muinute, 0.12 mL/minute, 0.13

mbi/minute, 0.14
mL/minute, 0.19
mi/minute, 0.24
0.29

0.34

mi/minute,

mi/minute,

mL/minute,
mL/minute,
ml/minute,
mL/minute,

mb/minute,

0.15
0.20
0.25
0.30
0.35

mi/minute,
mL/minute,
mL/minute,
mL/minute,

mb./minute,

0.16
0.21
0.26
0.31
0.36

0.17

%0}
ey

mL/minute,
mL/minute,
0.27
0.32
0.37

ml/minute,
mL/minute,

mL/minute,

mb/minute, 0.18
mL/minute, 0.23
0.28
0.33
0.38

mi/minute,
mL/minute,

mi/minute,

0.39
0.44

0.40 0.41

0.46

0.42 0.43

0.48

mL/minute, mb/minute, mi/minute, mL/minute, mL/minute,

mL/minute, mL/minute, 0.45 mL/minute, ml/minute, 0.47 mL/minute,
mi/minute, 0.49 mL/minute, or 0.50 mL/minute}. In some embodiments, the flow rate is about

0.40 mL/minute.

18446] The gradient elution can be made using two solvents (e.g., A and B solvents). In
some embodiments, the A solvent is 10 mM ammonium formate + 0.1% formic acid in water
and the B solvent is acetomtrile with 0.1% formic acid. In some embodiments, the gradient is
produced by the following method: 5% A and 95% B for 1 minute, changed to 50% A and 50%
B over 6 minutes, changed to 5% A and 95% B over 0.1 muinutes, then maintained at 5% A and

95% B for 4.9 minutes. Once the compounds are separated by L.C, HPLC, or UHPLC, they

may be introduced into the mass spectrometer.

(0447} Gas chromatography refers to a method for separating and/or analyzing compounds
that can be vaporized without being decomposed. The mobile phase is a carrier gas that is
typically an inert gas (e.g, helium) or an unreactive gas {e.g., nitrogen), and the stationary
phase is typically a microscopic liquid or polymer layer positioned on an inert solid support
inside glass or metal tubing that serves as the “column.” As the gaseous compounds of interest
interact with the stationary phase within the column, they are differentially retarded and eluted
from the column at different times. The separated compounds can then be introduced into the

mass spectrometer.

[8448] In some embodiments, antibody-based methods are used to detect and/or measure the
abundance of one or more BMP species. Non-limiting examples of suitable methods include

enzyme-linked immunosorbent assay (ELISA), immunofluorescence, and radiotmmunoassay
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(RIA) techniques. Methods for performing ELISA, immunofluorescence, and RIA technigues

are known in the art.

10449} Any number of sample types can be used as a test sample and/or reference sample in
methods of the present disclosure so long as the sample comprises BMP in an amount sufficient
for detection such that the abundance can be measured. Non-limiting examples include cells,
tissues, blood (e.g., whole blood, plasma, serum), fluids {e.g., cerebrospinal fluid, urine,
bronchicalveolar lavage fluid, lymph, semen, breast milk, amniotic fluid), feces, sputum, or
any combination thereof. Non-limiting examples of suitable cell types include bone marrow-
derived macrophages (BMDMs), blood cells {e.g., peripheral blood mononuclear cells
(PBMCs), erythrocytes, leukocytes), neural cells {e.g, brain cells, cerebral cortex cells, spinal
cord cells), bone marrow cells, liver cells, kidney cells, splenic cells, lung cells, eye cells (e.g,,
retinal cells such as retinal pigmented epithelial (RPE) cells), chorionic villus cells, muscle
cells, skin cells, fibroblasts, heart cells, lymph node cells, or a combination thereof. In some
emnbodiments, the sample comprises a portion of a cell. In some embodiments, the sample 13
purified from a cell or a tissue. Non-limiting examples of purified samples include endosomes,

lysosomes, extracellular vesicles {e.g., exosomes, microvesicles), and combinations thereof,

(04561 In some embodiments, the sample (e.g, test sample and/or reference sample)
comprises a cell thatis a cultured cell. Non-limiting examples include BMBDMs and RPE cells.
BMDMs can be obtained, for example, by procuring a sample comprising PBMCs and

culturing the monocyies contained therein,

(84511 Non-limiting examples of suitable tissue sample types include neural tissue {e.g.,
brain tissue, cerebral cortex tissue, spinal cord tissue), liver tissue, kidney tissue, muscle tissue,
heart tissue, eye tissue {e.g., retinal tissue), lymph nodes, bone marrow, skin tissue, blood
vessel tissue, lung tissue, spleen tissue, valvular tissue, and a combination thereof In some
ernbodiments, a test sample and/or a reference sample comprises brain tissue or liver tissue. In

some embodiments, a test and/or a reference sample comprises plasma.

XVI NUCLEIC ACIDS, VECTORS, AND HOST CELLS

(8452} Polypeptide chains contained in the fusion proteins as described herein are typically
prepared using recombinant methods. Accordingly, in some aspects, the disclosure provides
isolated nucleic acids comprising a nucleic acid sequence encoding any of the polypeptide

chains comprising Fe polypeptides as described herein, and host cells into which the nucleic
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acids are introduced that are used to replicate the polypeptide-encoding nucleic acids and/or to

express the polypeptides. In some embodiments, the host cell is eukaryotic, e.g., a human cell.

(84531 In another aspect, polynucleotides are provided that comprise a nucleotide sequence
that encodes the polypeptide chains described herein. The polynucleotides may be single-
stranded or double-stranded. Tn some embodiments, the polynuclectide is DNA. Tu particular

embodiments, the polynucleotide is cDNA. In some embodiments, the polynucleotide is RNA.

(8454} The disclosure provides an isolated nucleic acid comprising a nucleic acid sequence
encoding a polypeptide having the sequence of any one of SEQ 1D NOS: 110, 210, 213-215,
225,227,261, 273-275, 282, 284, 285, and 291.

18455} The disclosure provides an isolated nucleic acid comprising a nucleic acid sequence

encoding a polypeptide having the sequence of SEQ 1D NG:215.

[8436] The disclosure provides an 1solated nucleic acid comprising a nucleic acid sequence

encoding a polypeptide having the sequence of SEQ D NG:210.

(8457} The disclosure provides an isolated nucleic acid comprising a nucleic acid sequence

encoding a polypeptide having the sequence of SEQ 1D NG:227.

(80458} The disclosure provides an isolated nucleic acid comprising a nucleic acid sequence

encoding a polypeptide having the sequence of SEQ 1D NO:291.

[8439] The disclosure provides isolated nucleic acids comprising (a} a nucleic acid sequence
encoding a polypeptide having the sequence of SEQ ID NO:215, and (b) a nucleic acid

sequence encoding a polypeptide having the sequence of SEQ ID NO:210.

(0460} The disclosure provides isolated nucleic acids comprising (a) a nucleic acid sequence
encoding a polypeptide having the sequence of SEQ ID NG:227, and (b) a nucleic acid

sequence encoding a polypeptide having the sequence of SEQ 1D NG:210.

[8461] The disclosure provides isolated nucleic acids comprising (a} a nucleic acid sequence
encoding a polypeptide having the sequence of SEQ ID NO:215, and (b) a nucleic acid

sequence encoding a polypeptide having the sequence of SEQ ID NO:291.

(8462} The disclosure provides isolated nucleic acids comprising (a) a nucleic acid sequence
encoding a polypeptide having the sequence of SEQ ID NO:227, and (b) a nucleic aaid

sequence encoding a polypeptide having the sequence of SEQ 1D NO:291.
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[0463] In some embodiments, the polynucleotide is included within a nucleic acid construct.
In some embodiments, the construct is a replicable vector. In some embodiments, the vector
is selected from a plasmid, a viral vector, a phagemid, a yeast chromosomal vector, and a non-

episomal mammalian vector.

[8464] In some embodiments, the polynucieotide 1s operably hinked to one or more
regulatory nucleotide sequences in an expression construct. In one series of embodiments, the
nucleic acid expression constructs are adapted for use as a surface expression library. In some
embodiments, the library is adapted for surface expression in yeast. In some embodiments, the
library is adapted for surface expression in phage. In another series of embodiments, the
nucleic acid expression constructs are adapted for expression of the polypeptide in a system
that permits isolation of the polypeptide in milligram or gram quantities. In some
embodiments, the system 15 a mamyoalian cell expression system. In some embodiments, the

system is a yeast cell expression system.

18465} Expression vehicles for production of a recombinant polypeptide include plasmids
and other vectors. For instance, suitable vectors include plasmids of the following types:
pBR322-derived plasmids, pEMBL-derived plasmids, pEX-derived plasmids, pBTac-derived
plasmids, and pUC-derived plasmids for expression in prokaryotic cells, such as fo. coli. The
pcDNAVamp, pcDNAVneo, pRe/CMY, pSV2gpt, pSVZneo, pSV2-dhifr, pTk2, pRSVneo,
pMSG, pSVT7, pko-neo, and pHyg-derived vectors are examples of mammalian expression
vectors suitable for transfection of eukaryotic cells. Alternatively, derivatives of viruses such
as the bovine papilloma virus (BPV-1}, or Epstein-Barr virus (pHEBo, pREP-derived, and
p205) can be used for transient expression of polypeptides in eukaryotic cells. In some
embodiments, it may be desirable to express the recombinant polypeptide by the use of a
baculovirus expression system. Examples of such baculovirus expression systems include
pVL-derived vectors {such as pVL1392, pVL1393, and pVL941)}, pAcUW-derived vectors
(such as pAcUW 1), and pBlueBac-derived vectors. Additional expression systems include

adenoviral, adeno-associated virus, and other viral expression systems.

[8466] Vectors may be transformed into any suitable host cell. In some embodiments, the
host cells, e.g., bacteria or yeast cells, may be adapted for use as a surface expression library.
In some cells, the vectors are expressed in host cells to express relatively large quantities of the
polypeptide. Such host cells include mammalian cells, yeast cells, insect cells, and prokaryotic

cells. In some embodiments, the cells are mammalian cells, such as Chinese Hamster Gvary
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(CHO) cell, baby hamster kidney (BHK) cell, NSO cell, YO cell, HEK293 cell, COS cell, Vero

cell, or Hel.a cell.

(8467} A host cell transfected with an expression vector encoding one or more Fo
polypeptide chains as described herein can be cultured under appropriate conditions to allow
expression of the one or more polypeptides to occur. The polypeptides may be secreted and
isolated from a mixture of cells and medium containing the polypeptides. Alternatively, the
polypeptides may be retained in the cytoplasm or in a membrane fraction and the cells

harvested, lysed, and the polypeptide isolated using a desired method.
XVH. THERAPEUTIC METHODS

[8468] A fusion protein in accordance with the disclosure may be used therapeutically to
treat progranulin-associated disorders {e.g., a neurodegenerative disease (e.g., FTD, NCL,
NPA, NPB, NPC, COORF72-associated ALS/FTD, sporadic ALS, AD, Gaucher’s disease
{e.g., Gaucher’s disease types 2 and 3), and Parkinson's disease), atherosclerosis, a disorder

associated with TDP-43, and AMD).

184697 A fusion protein described herein that comprises a progranulin polypeptide or a
variant thereof may be administered to a subject at a therapeutically effective amount or dose.
Hustrative dosages include a dose range of about 1 mg/kg to about 100 mg/kg, or about 10
mg/kg to about 50 mg/ke, can be used. The dosages, however, may be varied according to
several factors, including the dose frequency, the chosen route of administration, the
formulation of the composition, patient response, the severity of the condition, the subject’s
weight, and the judgment of the prescribing physician. The dosage can be increased or
decreased over time, as required by an individual patient. In some embodiments, a patient
initially is given a low dose, which is then increased to an efficacious dosage tolerable to the

patient.

18476} In vanous embodiments, a fusion protein described herein is administered
parenterally. In some embodiments, the protein is administered intravenously. Intravenous
administration can be by infusion, e.g., over a period of from about 10 to about 30 minutes, or
over a period of at feast 1 hour, 2 hours, or 3 hours. In some embodiments, the protein is
administered as an intravenous bolus. Combinations of infusion and bolus adnunistration may

also be used.
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10471} In some parenteral embodiments, a fusion protein is administered intraperitoneally,

subcutaneously, intradermally, or intramuscularly.  In some embodiments, the protein is

administered intradermally or intramuscularly. In some embodiments, the protein is

administered intrathecally, such as by epidural administration, or intracerebroventricularly.

18472} In other embodiments, a fusion protein may be administered orally, by pulmonary
administration, intranasal administration, intraccular administration, or by topical
administration. Pulmonary administration can also be emploved, e.g., by use of an inhaler or

nebulizer, and formulation with an aerosolizing agent.

XVIiL PHARMACEUTICAL COMPOSITIONS AND KITS

104731 In other aspects, pharmaceutical compositions and kits comprising a fusion protein in

accordance with the disclosure are provided.

Pharmaceutical compositions

18474} Guidance for preparing formulations for use in the disclosure can be found in any
number of handbooks for pharmaceutical preparation and formulation that are known to those

of skili in the art.

[8475] In some embodiments, a pharmaceutical composition comprises a fusion protein as
described herein and further comprises one or more pharmaceutically acceptable carriers and/or
excipients. A pharmaceutically acceptable carrier includes any solvents, dispersion media, or
coatings that are physiologically compatible and that do not interfere with or otherwise inhibit

the activity of the active agent.

(04761 In some embodiments, the carrier is suitable for intravenous, intrathecal, intraocular,
intracerebroventricular, inframuscular, oral, intraperitoneal, transdermal, topical, or
subcutaneous administration. Pharmaceutically acceptable carriers can contain one or more
physiologically acceptable compounds that act, for example, to stabilize the composition or to
increase or decrease the absorption of the polypeptide. Physiologically acceptable compounds
can include, for example, carbohydrates, such as glucose, sucrose, or dextrans, antioxidants,
such as ascorbic acid or glutathione, chelating agents, low molecular weight proteins,
corapositions that reduce the clearance or hydrolysis of the active agents, or excipients or other
stabilizers and/or buffers. Other pharmaceutically acceptable carriers and their formulations

are also available in the art.
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(8477} The pharmaceutical compositions described herein can be manufactured, e.g, by
means of conventional mixing, dissolving, granulating, dragee-making, erulsifying,
encapsulating, entrapping, or lyophilizing processes. The following methods and excipients

are exemplary.

[8478] For oral admirustration, a fusion protein as described herein can be formulated by
combining it with pharmaceutically acceptable carriers that are well known in the art. Such
carriers enable the compounds (e.g., fusion proteins as described herein) to be formulated as
tablets, pills, dragees, capsules, emulsions, lipophilic and hydrophilic suspensions, liquids,
gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient to be treated.
Pharmaceutical preparations for oral use can be obtained by mixing the fusion proteins with a
solid excipient, optionally grinding a resulting mixture, and processing the mixture of granules,
after adding suitable auxiliaries, if desired, to obtain tablets or dragee cores. Suitable excipients
include, for example, fillers such as sugars, including lactose, sucrose, mannitol, or sorbitol;
cellulose preparations such as, for example, maize starch, wheat starch, rice starch, potato
starch, gelatin, gum tfragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium
carboxymethylcellulose, and/or polyvinylpyrrolidone. If desired, disintegrating agents can be
added, such as a cross-linked polyvinyl pyrrolidone, agar, or alginic acid or a salt thereof such

as sodium alginate.

(80479} As disclosed above, a fusion protein as described herein can be formulated for
parenteral administration by injection, e.g., by bolus injection or continuous infusion. For
injection, the fusion protein can be formulated into preparations by dissolving, suspending, or
emulsifying them 1o an agueous or nonagqueous solvent, such as vegetable or other similar oils,
synthetic aliphatic acid glycerides, esters of higher aliphatic acids or propylene glycol; and if
desired, with conventional additives such as solubilizers, isotonic agents, suspending agents,
emulsifying agents, stabilizers, and preservatives. In some embodiments, the fusion protein
can be formulated in agqueous solutions, such as physiologically compatible bufters, non-
limiting examples of which include Hanks’s solution, Ringer’s solution, and physiological
saline buffer. Formulations for injection can be presented in unit dosage form, e.g., in ampules
or in multi-dose containers, with an added preservative. The compositions can take such forms
as suspensions, solutions, or emulsions in oily or aquecus vehicles, and can contain formulatory

agents such as suspending, stabilizing, and/or dispersing agents.
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[8480] In some embodiments, a fusion protein as described herein is prepared for delivery in
a sustained-release, controlled release, extended-release, timed-release, or delayed-release
formulation, for example, in semi-permeable matrices of solid hydrophobic polymers
containing the active agent. Various types of sustained-release materials have been established
and are well known by those skilled in the art. Extended-release formulations include film-
coated tablets, multiparticulate or pellet systems, matrix technologies using hydrophilic or
lipophilic matenials and wax-based tablets with pore-forming excipients. Usually, sustained
release formulations can be prepared using naturally-occurring or synthetic polymers, for
instance, polymeric vinyl pyrrolidones, such as polyvinyl pyrrolidone;, carboxyvinyl
hydrophilic polymers; hvdrophobic and/or hydrophilic hydrocolioids, such as methylcellulose,
ethylcellulose,  hydroxypropyleellulose,  and  hydroxypropyhuethyleellulose;  and

carboxypolymethviene.

{04817 Typically, a pharmaceutical composition for use in 77 vive administration 1s sterile.
Sterilization can be accomplished according to methods known in the art, e.g, heat

steritization, steam stertlization, steride {iltration, or irradiation.

10482} Dosages and desired drug concentration of pharmaceutical compositions described
herein may vary depending on the particular use envisioned. Suitable dosages are also
described in Section XVII above,

Kits

18483} Insome embodiments, a kit for use in treating a progranulin-associated disorder {e.g.,
a neurodegenerative disease {e.g., FTD, NCL, NPA, NPB, NPC, CO0ORF72-assoctated
ALS/FTD, sporadic ALS, AD, Gaucher’s disease (e.g,, Gaucher’s disease types 2 and 3}, and
Parkinson's disease), atherosclerosis, a disorder associated with TDP-43, and AMD)

comprising a fusion protein as described herein is provided.

18484} In some embodiments, the kit further comprises one or more additional therapeutic
agents. For example, in some embodiments, the kit comprises a fusion protein as described
herein and further comprises one or more additional therapeutic agents for use in the treatment
of progranulin-associated disorders {e.g., a neurodegenerative disease {e.g., FTD)). In some
embodiments, the kit further comprises instructional materials containing directions {i.e.,
protocols) for the practice of the methods described herein (e.g., instructions for using the kit
for admirnustering a fusion protein comprising the progranulin polypeptide across the biood-

brain barrier}. While the instructional materials typically comprise written or printed materials,
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they are not himited to such. Any medium capable of storing such instructions and
communicating them to an end user 1s conternplated by this disclosure. Such media include,
but are not limited to, electronic storage media (e.g., magnetic discs, tapes, cartridges, chips),
optical media {e.g., CD-ROM}, and the like. Such media may include addresses to internet

sites that provide such instructional materials,

XIX., TRANSGENIC ANIMALS

[6485] Fursther, the disclosure also provides non-buman transgenic animals that comprise {a)
a nucleic acid that encodes a chimeric TR polypeptide comprising: (1) an apical domain having
at least 90% identity to SEQ 1D NO:296 and (i1) the transferrin binding site of the native TfR
polypeptide of the animal, and (b} a knockout of the GRN gene, and wherein the chimeric TR
polypeptide 1s expressed in the brain of the animal. The chimeric forms of the transferrin
receptor include a non-human (e.g., mouse} mammalian transferrin binding site and an apical
domain that is heterologous to the domain containing the transferrin binding site. These
chimeric receptors can be expressed in transgenic animals, particularly where the transferrin
binding site is derived from the transgenic animal species and where the apical domain 13
derived from a primate (e.g., human or monkey). The chimeric TR polypeptide can comprise
an anmino acid sequence having at least 95% (e.g., 97%, 98%, or 99%) identity to SEQ ID
NG:300. Also described heretn is a polyunucleotide encoding a chimeric transferrin receptor
that comprises a non-human mammalian transferrin binding site and an apical domain having
an amino acid sequence at least 80%, 90%, 95%, or 98% identical to SEQ ID N(G:296. The
nucleic acid sequence encoding the apical domain can comprise a nucleic acid sequence having
at least 95% (e.g., 97%, 98%, or 99%) identity to SEQ 1D NO:301. The transgenic animal can
be homozygous or heterozygous for the nucleic acid encoding the chimeric TR polypeptide.

Further, the knockout of the GRN gene can comprise a deletion of exons 1-4 of the GRNV gene.

[0486] Methods for generating transgenic knock-in mice have been published in the literature
and are well known to those with skill in the art. A method to generate a human TfR knock-in
mouse includes pronuclear injection into single cell embryos, in for example C57BI6 mice,
followed by embryo transfer to pseudo pregnant females. More specifically, Cas9, sgRNAs,
and a donor DNA, are introduced into the embryos. The donor DNA encodes the human apical
domain coding sequence that has been codon optimized for expression in mouse. The apical
domain coding sequence can be flanked with a left and right homology arm. The donor

sequence 18 designed in this manner such that the apical domain 1s to be inserted after the fourth
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mouse exon, and is immediately flanked at the 3’ end by the ninth mouse exon. A founder
male from the progeny of the female that received the embryos can then be bred to wild-type
females to generate F1 heterozygous mice. Homozygous mice can be subsequently generated

from breeding of F1 generation heterozygous mice.

[8487] The disclosure also provides a non-human, for example, non-primate, transgenic
animal {e.g., a mouse or a rat) expressing such chimeric TtRs and a knockout of the GRN gene
and the use of the non-human transgenic animal to screen for polypeptides that can cross the
BBB by binding to human transferrin receptor (huTiR) /n vive. In some embodiments, the
non-human transgenic animal contains a native transferrin receptor (such as a mouse transferrin
receptor (mT{R)}), in which the apical domain is replaced with an orthologous apical domain
having an amino acid sequence at least 80%, 90%, 95%, or 98% identical to SEQ D NO:296,
thereby leaving the native transferrin binding site and the majority, e.g., atleast 70%, or at least
75%, of the sequence encoding the transferrin receptor intact. This non-human transgenic
animal thus maximally retains the transferrin-binding functionality of the endogenous
transferrin receptor of the non-human animal, including the ability to maintain proper iron
homeostasis as well as bind and transport transferrin.  As a result, the transgenic animal is
healthy and suitable for use in discovery and development of therapeutics for treating brain

diseases.

XX, EXAMPLES

[0488] The present disclosure will be described in greater detail by way of specific examples.
The following examples are offered for tllustrative purposes only, and are not intended to limit
the disclosure in any manner. Those of skill in the art will readily recognize a variety of
noneritical parameters which can be changed or modified to yield essentially the same results.
Efforts have been made to ensure accuracy with respect to numbers used {e.g., amounts,
temperatures, efc.), but some experimental error and deviation may be present. The practice of
the present disclosure will employ, unless otherwise indicated, conventional methods of protein
chemistry, biochemistry, recombinant DNA techniques and pharmacology, within the skill of
the art. Such techniques are explained fully in the literature. Additionally, it should be apparent
to one of skill in the art that the methods for engineering as applied to certain libraries can also

be applied to other hibranies described herein.
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Example 1. Recombinant Fc DHmer: PGRN Fusion Protein Expression and Purification.

[048%9] To express the recombinant Fo dimer:PGRN fusion proteins in Expi293 (Thermo-
Fisher), cells were transfected at 2x10° cells/mL density with Expifectamine™ 293 /plasmid
DNA complex according to manufacturer’s instructions {Thermo-Fisher}. After transfection,

5 oy

cells were incubated at 37 °C with a hunudified atmosphere of 6-8% COa in an orbital shaker

™ transfection enhancer

{(Infors HT Maultitron}. On day one post-transfection, Expifectamine
1 and 2 were added to the culture. Media supernatant was harvested by centrifugation after 96-
hour post-transfection. The clarified supernatant was supplemented with EDTA-free protease

inhibitor (Roche) and was stored at -80 °C.

104961 For recombinant fusion protein isolation, clarified media supernatant was loaded on
HiTrap MabSelect SuRe Protein A affinity column (GE Healthcare Life Sciences) and washed
with wash buffer I (PBS buffer pH 7.4) and wash buffer Il (PBS buffer pH 7.4 and 150 mM
Na(l). The fusion protein was eluted in 5¢ mM QB citrate buffer pH 3.0 with 150 mM NaCl.
Immediately after elution, the arginine-succinate buffer (1 M arginine, 685 mM succinic acid
pH 5.0) was added to adjust the pH. Protein aggregates were separated from monodispersed
fusion proteins by size exclusion chromatography (SEC) on Superdex 200 increase 16/60 GL
column (GE Healthcare Life Sciences). The SEC mobile phase was kept in arginine-succinate
pH 5.0 buffer. All chromatography steps were performed on AKTA pure or AKTA Avant

systems (GE Healthcare Life Sciences).

(8481} FIG. 1A 13 a schematic drawing showing three Fc dimerPGRN fusion proteins
Fusion 1, Fusion 2, and Fusion 3. In Fusion 1 and Fusion 2, the N-terminus of PGRN is fused
to the C~terminus of the Fe polypeptide that does not contain TiR-binding mutations (indicated
by star) by way of a (G48)2 linker (SEQ 1D NG:276) and a GuS linker (SEQ 1D NO:277),
respectively.  In Fusion 3, the C-terminus of PGRN is fused to the N-terminus of the F¢
polypeptide that does not contain TfR-binding mutations (indicated by star) by way of a ((;z8h

~

linker. FIG. 1B shows that Fusion 1, Fusion 2, and Fusion 3 each containing one PGRN

2

molecule were purified to greater than 85% purity.

(8492} FIG. 1C is a schematic drawing showing the Fo dimer:PGRN fusion protein Fusion
4, Fusion 5, and Fusion 6. In Fusion 4, each of the two PGRN molecules is fused to the C-
terminus of an Fe polypeptide by way of the linker (G4S)2. One PGRN molecule 1s fused to C-
terminus of the Fc polypeptide containing TfR-binding mutations {indicated by star}, while the

other PGRN molecule is fused to C-terminus of the Fe polypeptide without the TiR-binding
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mutations. In Fusion 5, one PGRN molecule is fused to the N-terminus of the Fc polypeptide
containing TiR-binding mutations (indicated by star) by way of the linker (GaS), while the
other PGRN molecule is fused to the C-terminus of the other Fc polypeptide without the TIR-
binding mutations. In Fusion 6, each of the two PGRN molecules is fused to the N-terminus
of an Fc polypeptide by way of the linker (GaSh. One PGRN molecule is fused to N-terminus
of the F¢ polypeptide containing TfR-binding mutations (indicated by star), while the other
PGRN molecule is fused to N-terminus of the Fc polypeptide without the TiR-binding
mutations. FIG. 1D shows that fusion proteins Fusion 4 and Fusion 5 each containing two

PGRN molecules were purified to greater than 85% purity.

[6493] Other Fc dimer:PGRN fusion proteins include Fusion 7 and Fusion & (FIG. 1E). Both
tusion proteins Fusion 7 and Fusion 8 contain Fc polypeptides that do not contain TfR-binding
mutations. In Fusion 7, the N-erminus of PGRN is fused to the C-terminus of an Fc¢
polypeptide by way of the linker (Ga8}2. In Fusion 8, the C-terminus of PGRN is fused to the
N-terminus of an Fc polypeptide by way of the linker (GsS). Additional Fe dimerPGRN

fuston proteins are described tn Table 1 below, which lists the sequences for each fusion

protein.
Table 1. Sequences of Fc Dimer PGRN

F¢ F¢ Polypeptide and PGRN Fe¢ Polypeptide or Fc Polypeptide and
Dimer:PGRN PGRN

Fusion 1 Partial hinge-Fc polypeptide with hole Partial hinge-Fc polypeptide with T{R-

murtations-(G4 Sy -PGRN: SEQ ID NG:213 | binding (CH3C 35.21.17) and kaob
rautation: SEQ ID NO:273
Fusion 2 Partial hinge-Fc polypeptide with hole Partial hinge-Fc polypeptide with TfR-

mutations-GyS-PGRN: SEQ 1D NO:214 binding (CH3C.35.21.17) and knob
mutation; SEQ [D NO:273

Partial hinge-Fc polypeptide with TIR-
binding (CH3C 352117 and kncb
mutation; SEQ D NG:273

Fusion 3 PGRN-{(G;5),-Partial hinge-Fc polypeptide

with hole mwtations: SEQ 1D NG:225

LALA mutations~((G48),-PGRN: SEQ ID
NO215

Fusion 4 Partial hinge-Fc polvpeptide with hole Partial hinge-Fc polypeptide with TIR-
mutations~((G43)~-PGRIN: SEQ ID N(G:213 | binding (CH3C.35.21.17) and knob
mutation-(G43),-PGRN: SEG ID NO:274
Fusion 5 Partial hinge-Fc polypeptide with hole PGRN-{(3,5),-Partial hinge-Fc polypeptide
mutations~((3,8),~-PGRN: SEQ ID N(O:213 | with TfR-binding (CH3C35.21.17) and
knob mutation: SEQ ID NO:275
Fusion o PGRIN-(G45),-Partial hinge-F¢ polypeptide | PGRN-{G48),-Partial hinge-Fe polyvpeptide
with hole mutations: SEQ D NG:225 with TiR-binding (CH3C33.21.17) and
knob motation; SEQ ID NO:275
Fusion 7 Partial hinge-Fc polypeptide with hole Partial hinge-Fc polypeptide with knob
mutations-(G4S)-PGRN: SEQ ID NO:213 | nwtation: SEQ ID N(O:261
Fusion 8 PGRN-{GyS),-Partial hinge-Fe polvpeptide | Partial hinge-Fc polypeptide with knob
with hole motations; SEQ 1D N(:225 mutation: SEQ 1D NO:Z61
Fusion 9 Partial hinge-Fc polyvpeptide with hole and | Partial hinge-Fc polvpeptide with TIR-

binding (CH3C.35.21) and knob and
LALA mutations: SEQ 1D NO: 110,
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Fe
Dimer:PGRN

Fe Polypeptide and PGRN

F¢ Polypeptide or Fo Polypeptide and
PGRN

Fusion 16

PGRN-(G45):-Partial hinge-Fc polypeptide
with hole and LAL A mutations: SEQ 1D
NO:227

Partial hinge-Fc polypeptide with TfR-
binding (CH3(C.35.21) and knob and
LALA mutations: SEQ ID NO: 110,

Fusion 11

Partial hinge-Fc polypeptide with hole and
LALA mutations-{GS)»-PGRN: SEQ ID
NG:215

Partial hinge-Fc polypeptide with TIR-
binding (CH3C35.21.17) and kaob and
LALA mutations: SEQ 1D N(O:291

Fusion 12

PGRN~{GyS),-Partial hinge-Fc polypeptide
with hole and LAL A mutations: SEQ ID
NO:227

Partial hinge-Fc polypeptide with TIR-
binding (CH3C35.21.17) and knob and
LALA mutations; SEQ ID N(O:291

Fusion 13

Partial hinge-Fc polypeptide with hole and
LALA mutations~((G:8),-PGRN: SEQ ID
NO215

Partial hinge-Fc polvpeptide with TR~
binding (CH3C.35.21.17) and knob
mutation: SEQ 1D NO:273

Fusion 14

PGRN-(G45),-Partial hinge-F¢ polypeptide
with hole and LAL A mutations: SEQ [D
NO:227

Partial hinge-Fc polypeptide with TIR-
binding (CH3C.35.21.17) and knob
mutation: SEQ ID NO:273

Fusion 15

Partial hinge-Fc polypeptide with hole and
LALA mutations-{G48).-PGRN: SEQ 1D
NO:215

Partial hinge-Fc polypeptide with TIR-
binding (CH3(35.23.2) and knob and
LALA mutations: SEQ ID NO:210

Fusion 16

PGRN-{GySy-Partial hinge-Fe polypeptide
with hole and LALA mutations: SEQ D
N(:227

Partial hinge-Fc polypeptide with TIR-
biading (CH3C35.23.2) and knob and
LALA mutations; SEQ 1D NQ:210

Fusion 17

Partial hinge-Fc polypeptide with hole and
LALA mutations~((G48),-PGRN: SEQ ID
NO215

Partial hinge-Fc polvpeptide with TR~
binding (CH3(35.23.2) and knob and
LALAPG mutations: SEQ 1D NO:282

Fusion 18

PGRN-(G4S)-Partial hinge-F¢ polypeptide
with hole and LAL A mutations: SEQ [D
NO:227

Partial hinge-Fc polypeptide with TIR-
binding (CH3{35.23.2) and knob and
LALAPG mutations: SEQ ID N(3:282

Fusion 19

Partial hinge-Fc polypeptide with hole and
LALA mutations-{(548),-PGRN: SEQ 1D
NO:21S

Partial hinge-Fc polypeptide with TfR-
binding (CH3(C35.23.2) and knob, LALA,
and LS mutations: SEQ ID NO:284

Fusion 20

PGRN-{(G;5),-Partial hinge-Fc polypeptide
with hole and LALA mwtations: SEQ ID
NG:227

Partial hinge-Fc polypeptide with TIR-
binding (CH3C35.23.2) and knob, LALA,
and LS mutations: SEQ ID NO:284

Fusion 21

Partial hinge-Fc polvpeptide with hole and
LALA mutations-{(:8),-PGRN: SEQ D
NG:215

Partial hinge-Fc polypeptide with TIR-
binding (CH3C35.23.2) and knob,
LALAPG, and LS mutations: SEQ 1D
NO:285

Fusion 22

PGRN~{G48),-Partial hinge-Fc polypeptide
with hole and LAL A mutations: SEQ 1D
NO:227

Partial hinge-Fc polypeptide with T{R-
binding (CH3{35.23.2) and kaob,
LALAPG, and LS mwatations: SEQ 1D
N3:285

Example 2. Recombinant Fe Dimer:PGRN Fusion Protein Binding to hTIR and Sertilin.

[0484] Al surface plasmon resonance {SPR) experiments were performed on a GE
Healthcare Biacore SK instrument with Series S Sensor Chip CMS and HBS-EP+ running
buffer at 25 °C. To measure the binding affinity of the fusion proteins for hTIR, the sensor
chip was iromobilized with streptavidin and biotinylated-AviTag-hTfR was captured. Single-
cycle kinetics was used with a 3-fold concentration series of fusion protein analvte ranging

from 25 nM = 2 uM, allowing for 80 seconds of contact time, 180 seconds of dissociation time,
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and a flow rate of 30 ul/min. A steady-state aftinity model was used to demonstrate that the

fusion proteins are capable of binding hTfR.

[0493] To measure the binding affinuty for sortilin, the fusion proteins were captured using
a sensor chip that was immobilized with a GE Healthcare human antibody capture kit. Multi-
cycle kinetics was used with a 3-fold concentration series of sortilin analyte ranging from 0.4
oM — 100 nM, allowing for 300 seconds of contact time, 600 seconds of dissociation timae, and
a flow rate of 30 ul/min. A 1:1 kinetics model was used to evaluate the binding kinetics of
sortilin binding. The binding affinities of two Fc dimer:PGRIN fusion proteins to sortilin are
as follows: Fusion 1. 19 oM and Fusion 2: 19 nM, which are similar to the sortilin binding
affinity for PGRN reported in literature (about 18 nM). Fusion 3 did not appear to bind sortilin.
Fc tusion at C-terminus of PGRN might block the sortilin binding site of PGRN. Alternatively,
immobilized Fc used tn the Biacore assay might cause steric hinderance for sortilin to access

the C-terminus of PGRN.
Example 3. Cellular Uptake,

18456] Bone marrow derived macrophages (BMDMs) isolated from GRN WT and KO mice
were treated for 16 h with 50 nM recombinant progranulin (PGRN} (Adipogen), 50 nM Fc¢
dimer:PGRN fusion proteins, or human PGRN lentivirus. Fixed BMDMs were immunostained
with antibodies against human PGRN (R&D Systems) and human Fc (Thermo Fisher
Scientific). Cellular uptake was quantified with an Opera Phenix high-content imaging
platform (PerkinElmer) in confocal mode. Treatment with recombinant PGRN and full-length
F¢ dimerPGRN fusion proteins (Fusion 1, Fusion 2, and Fusion 3} led to robust increase in
cellular PGRN, as shown by both PGRN and Fe stainings (FIGS. 2A and 2B), indicating
efficient uptake. The granulin E fusion protein (SEQ 1D NO:280 (Partial hinge-Fc polypeptide
with hole routations-{(G4S):-Granulin E fusion {(amino acids 497-593 of SEQ ID NO:211))

dimerized with Fc polypeptide with knob mutations} was used as a negative control.
Example 4. Proteolysis Assay.

DO-BSA assay

184577 DQ-BSA Red is BSA protein heavily conjugated with BODIPY Red dye. DQ-BSA
Red is a fluorogenic substrate (max excitation at 590 nm, emission at 615 nm) for resident
proteases of the endo-lysosomal system. Once DQ-BSA is hydrolyzed to smaller dye-labeled

peptides inside lysosomes, the strong self-quenching effect conferred by heavy labeling of
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Bodipy dye is relieved, producing a large increase in fluorescence that is amenable to

quantitation by confocal microscopy.

[0488] In experiments, BMDMs isolated from GRN WT and KO mice were treated for 6 h
with a final concentration of 10 pg/mb DQ-BSA Red in complete media. This time period
allowed for DQ-BSA to bepassively loaded into cells by fluid phase endocytosis, leading to its
distribution throughout the endo-lysosomal network, and ultimately to its proteclysis in

lysosomes.

[0499] After the 6 h treatment was completed, BMDMs were washed three times with PBS
and fixed with 4% PFA in PBS for 15 min. To label cellular maclei for confocal microscopy,
fixed BMDMs were treated with | pg/mLDAPI(Thermo-Fisher) in PBS for 10 min and imaged
on an Opera-Phenix high content imaging platform (PerkinElmer). Unquenched Bodipy-Red
signal was measured by excitation at 568 nm and endo-lysosomal proteolysis was guantified
by calculating the integrated Bodipy spot area per cell using an automated analysis module

built in Harmony software (PerkinElmer).

[8508] GREN WT and KO BMDMs were pre-treated with 50 nM recombinant PGRN
(Adipogen), 50 oM Fc dimer:PGRN fusion proteins, or human PGRN lentivirus for 48 h. A
quenched tluorogenic Bodipy-BSA conjugate (DQ-BSA Red, Thermo Fisher Scientific) was
added to pre-treated BMDMs at a final concentration of 10 ug/mb for 6 h. Unquenched
Bodipy-Red signal was measured by excitation at 568 nm using an Opera Phenix high-content
imaging platform (PerkinElmer) in confocal mode. Endo-lysosomal proteolysis was quantified
by calculating the integrated Bodipy spot area per cell using an automated analysis module
built in Harmony software (PerkinElmer). Fo dimer:PGRN fusion proteins showed either
complete (Fusion 1) or partial (Fusion 2 and Fusion 3) rescue of impairment of proteolytic
deficits in KO BMDMs (FIG. 3). As shown in FIG. 3, the granulin E fusion protein (SEQ ID
NO:280 (Partial hinge-Fc¢ polypeptide with hole mutations-{G+S)-Granulin E fusion {amino
acids 497-593 of SEQ ID NO:211)) dimerized with Fe polypeptide with knob mutations) failed

to rescue proteolysis.
Example 5. Bodipy-B5A Conjugate Dose-Response,

[05¢1] WT and KO GHN BMDMs were treated for 24 h in a Bodipy-BSA conjugate (B(Q-
BSA) assay with semi-log dose-titrations {100 nM down to 10 pM) of Fe dimer:PGRN fusion

-

proteins (Fusion 1, Fusion 3, Fusion 4, and Fusion 5). Endo-lysosomal proteclysis was
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determined as described previcusly. Fusion 5 showed evidence of enhanced potency in the

DQ-BSA (FIG. 4).
Example 6. Cathepsin D Assay.

[8562] A fluorogenic probe was used to measure cathepsin D activity in cellular lysates.
GRN WT and KO BMDMs were treated for 72 h with Fe dimer:PGRN fusion proteins at 50
uM, then the cells were lysed in CST tysis buffer. Cell lysate was diluted into the low pH assay
buffer and mixed with the fluorogenic probe. Cathepsin D activity was read on a plate reader
and calculated as fold over WT untreated. Three fusion proteins (Fusion 1, Fusion 2, and
Fusion 3) showed partial rescue of the elevated cathepsin D activity observed in the GRN KO

BMDMs (FIG. 5).
Example 7. Lysosomal Gene Dysregulation.

[8563] GRN WT and KO BMDMs were treated for 72 b with Fc dimer: PGRN fusion protein
Fusion | between S nM and 50 nM. Cells were lysed and RNA was extracted using Cell-to-
CT kit (Fisher Scientific). mRNA levels of lysosomal genes Crs, Tmem [06b, and Psap were
measured by qPCR. Treatment with Fc dimer:PGRN fusion protein Fusion 1 showed partial

rescue of the elevation of the lysosomal genes in the GRN KO BMDMs (FIGS. 6B-6D).
Example 8. Pharmacokinetic Properties of Fusion Proteins in Plasma and Liver.,

[8504] W'T mice were dosed once at 10 mg/kg of Fc dimer: PGRN fusion protein Fusion | or
Fusion 3, and plasma samples were obtained at the timepoints indicated. Liver was
homogenized in CST lysis buffer using bead homogenization. The concentration of each Fe
dimer:PGRN fusion protein was measured by ELISA in both plasma and terminal liver samples
using an Fe-capture-PGRN-detection architecture. PK profiles indicate similar clearance and

halt-lives of the two fusion proteins (FIGS. 7A and 7B).
Example 9. Brain Uptake of Fusion Proteins in h'TIR Knock-In Mice.

[850658] This study aimed to determine whether the Fo dimerPGRN fusion proteins (Fusion
1 and Fusion 3} can be detected in the brain of mice expressing hTR (for a description of the
mice, see, e.g., US Patent No. 10,143,187). The fusion proteins were injected via the tail vein
into hTIR knock-in (hTfR KT} (homozygous) and non-transgenic mice in an effort to determine
if human progranulin (hWPGRN} can be detected in the brain of hTfR K1 mice and if so, what is
the fold increase of hPGRN in the hT{R K1 mice over that in the non-transgenic injected mice

lacking the hTfR.
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Maierials and Methods

[0566] Amnimals: The mice used for this study were obtained from JAX Laboratories and
consisted of 16 hTER KI (homozygous) mice and 10 non-transgenic C57BL/6 males at 8 weeks
of age. Animals were housed in standard conditions in the vivarium with ad ibifum access to

food and water at least 7 days prior to the initiation of the study.

Table 2. Study Design/Experimental Groups

Genotype Protein | Dose (mg/kg) Enm%gmﬁts n/group hssiii?;tiiim be M?;e;;ai
i Vehicle - 13, 4 4 Plasma, brain, liver NA
(h@?{f{iigm) Fusion 1 50 15. 4 5 Plasma, brain liver 7.5 mg
- Fusion 3 50 15, 4 6 Plasma, brain, liver 7.5 mg
WT Fusion | 50 15,4 3 Plasma, brain, liver 7.5 mg
Fusion 3 30 13, 4 5 Plasma, brain, liver 7.5 mg

[0567] Animal allocation to experimental groups: All animals used in this study were males

but were distributed equally in each experimental group to account for differences across litters.

18508} Formulation: Fo dimer:PGRN fusion proteins Fusion 1 and Fusion 3 were used at

5.87 mg/mb and 4 98mg/mL, respectively.

(8509} Overall procedures: Experimental conditions were alternated when collecting tissues.

Antmal groups and sample collections were randomized.

(8518} In-life procedures: Submandibular bleeds were performed using 3 mm lancets
{GoldenRod animal lancets). Plasma collection: Blood was collected in EDTA tubes (Sarstedt
Microvette SO0 K3E, Ref# 201341102) and slowly tnverted 10 times. For small volumes of
blood (<100 uL), blood was collected in EDTA tubes with capillary tube (Sarstedt Microvette
100 K3E, Ref# 201278100). EDTA tubes were immediately stored in the fridge until plasma
preparation. The time between storage and preparation did not exceed 1 hour. The time of
collection and time of processing were followed consistently. The tubes were centrifuged at
12,700 rpm for 7 minutes at 4 °C. Plasma (top layer) was transferred to 0.6 mL Matrix tubes

with rubber seal. Matrix tubes were snap frozen on dry ice before transferring to -80 °C.

18511} Terminal fluids/tissue collection procedures: Animals were deeply anesthetized via
intraperitoneal {1.p.} injection of 2.5% Avertin and then tissues were collected in the order as

described below:
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[6512] Samples collected before intracardiac perfusion: Plasma collection: Blood was
collected via cardiac puncture using a 1 mL Terumo tuberculin syringe attached to a 25 gauge
needle (Ref# 85-01T2516) (Not pre-conditioned with EDTA). The needle was then detached
and the blood was transterred to EDTA tubes (Sarstedt Microvette 500 K3E, Ref# 201341102)
and slowly inverted 10 times. Following this procedure, post collection methods were

continued as described above in In-Life Procedures.

[0513] For samples collected after intracardiac perfusion, animals were transcardially
perfused for 5 minutes with ice cold PBS using a peristaltic pump (Gilson Inc. Minipuls
Evolution F110701) at a flow rate of 5 mL/minute. For tissues that can be dissected and pre-
weighted during collection, the samples were placed directly into 1.5 mL Eppendorf tubes.
Tissues were collected in the following order: Liver {post-perfusion): about 100 mg of liver
was collected into 1.5 mL Eppendorf tubes. Eppendorf tubes were snap frozen on dry ice
before transferring to -80 °C. Brain: Right hemisphere was dissected into PK and other brain
pieces. Both 50 mg PK and remaining brain pieces were collected into 1.5 ml Eppendorf
tubes. Eppendorf tubes were snap frozen on dry ice before transferring to -80 °C. Left
hemisphere was placed in 4 mL of freshly made 4% paratormaldehyde at 4 °C for 72 hours and
then transferred to 30% sucrose for 72 hours before being cut on the freezing microtome

coronally at 30 pm/section.

Protocol for homogeenization

[8514] Homogenization buffer was made by maling a 1X of the Cell Signaling Technology
10X Cell lysts bufter (Cat No: 9803} (1X butfer: 20 mM Tris-HCI (pH 7.5), 150 mM NaCl, 1
mM Na:EDTA, | mM EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, | mM §-
glycerophosphate, 1 mM NasVOs, 1 pg/mbL leupepting and supplementing with 1X protease
inhibitor (Complete, Mini Protease Inhibitor cocktail tablets, Roche Cat. No. 04693124001}
and 1X phosphatase inhibitor (PhosSTOP, Roche, Cat. No. 04906837001). Lysis buffer was
added at about 10X volume of tissue weight for brain and liver samples in 1.5 mL tubes. A3
mm tungsten carbide bead (Qragen, Cat. No. 69997) was added to each tube and the tubes
loaded into TissuelLyser Cassetts. Samples were homogenized on the TissueLyser 1T (Qiagen
Cat. No. 85300) at 29 Hz for 6 minutes (2x 3 minute runs). Samples were then removed and
run at max speed {18,000xg) on the tabletop centrifuge for 30 minutes at 4 °C. The supernatant
was transferred to a new 1.5 mbL Eppendorftube and protein concentration was measured using

BCA.
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Protocol for Fe capture of hPGRIN in ELISA

[0518] For the ELISA, 384-well clear microplates {Thermo Fisher Scientific 464718) were
coated with a donkey polyclonal antibody specific for human Fe (Jackson ImmunoResearch #
709-0006-098}. The capture antibody was diluted to a final concentration of 1 pg/mL ina
sodium biocarbonate buffer. 25 ul/well of the capture coating solution was added to each

assay plate, and the plates were incubated overnight at 4 °C.

[8516] On the day of the assay, the assay plates were washed 3 times with PBST buffer using
an automated plate washer (Biotek), after which 80 pl/well of a blocking solution (5% BSA
in PBST buffer) was added. The assay plates were incubated in the blocking solution for at
least 1 hour at room temperature. During the blocking, dilutions of the plasma, liver lysate,
and brain lysate samples were prepared tn assay diluent buffer (1% BSA in PBST) in 96-well
polypropylene V-bottom plates (Greiner Bio-One 651201). For plasma, serial dilutions of
1:30, 1100, 1:1000, 1:10,000, 1:100,000, and 1:1,000,000 were prepared. For liver, serial
dilutions of 1:20, 1:100, 1:200, 1:400, and 1:800 were prepared. For brain, serial dilutions of
1:10 and 1:40 were prepared. In addition, standard curve samples ranging from 2 nM to 0 oM
in concentration were prepared for both Fusion 1 and Fusion 3 using the same source material
as was used for the dosing. For all samples and standards, a minimum volume of 100 pl. was

prepared 1n the 96-well plates.

18517} After blocking, assay plates were washed 3 times with PBST using the plate washer,
and then a liquid transfer robot (Hamilton) was used to transfer 25 pl. of each standard or
sample (in duplicate) to the assay plates. Following sample transfer, assay plates were covered

and incubated for 2 hours at room temperature.

[0518] A detection antibody solution was prepared by dilution of a biotinylated goat
polyclonal human progranulin detection antibody (R&D #BAF2420; FIGS. 8A, 8B, 94, and
9B) or another detection antibody targeting a site in Fo (FIGS. 10A, 10B, 11A and 11B)toa
final concentration of 0.5 pg/mL in the assay diluent buffer. After sample incubation, plates
were washed 6 times with PBST using the plate washer (rotating the plates 180 degrees after
the first 3 washes), and 25 ul/well of the detection solution was added to the plates. Assay
plates were incubated for 1 hour at room temperature with the detection antibody, after which
they were washed 3 times with PBST on the plate washer. A working solution of streptavidin-

HRP (Jackson Immunoresearch #016-030-084) was prepared by diluting the streptavidin-HRP
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stock 1:50,000 in assay diluent buffer. 25 ul/well of this solution was added to each well and

plates were incubated 1 hour at room temperature.

[0518]  After streptavidin-HRP incubation, plates were washed 3 times with PBST oo the
plate washer, and 25 pl/well of 1-Step Ultra-TMB substrate solution {Thermo Fisher #34029)
was added to the assay plates. Assay plates were incubated at room temperature for
approximately 10 minutes to allow color to develop, after which 25 pl/well of BioFX 450 nm
Liquid Stop Solution (Surmodics # LSTP-1000-01) was added. After stop solution addition,

plates were read using the absorbance mode of a plate reader (BioTek).

{65208} Raw absorbance data from the ELISA was analyzed by first subtracting the
background absorbance signal (from wells containing no sample or standard in the assay
diluent) from all assay wells. The means of the standard curve samples were fit to a four
parameter logistic model equation using GraphPad Prism software, and the fit was used to
calculate the concentration of Fusion 1 and Fusion 3 in each plasma or tissue lysate sample
(after correcting for the sample dilution). For the brain and liver lysates, the concentrations
were multiplied by 10 to adjust for the dilution of tissue during lysate preparation to obtain the

concentration value in the original tissue sample.
Results

(0521} The brain and liver levels of Fo dimer:PGRN fusion proteins in hTfR and WT mice
are shown in FIGS. 8A and 8B (geverated using the biotinylated goat polyclonal human
progranulin detection antibody (R&D #BAF2420}). hTfR mice showed significant increase in
Fc dimer:PGRN fusion proteins uptake compared to that of WT mice. FIGS. 9A and 9B show
the brain:plasma ratios and brain:liver ratios, respectively, of Fe dimer PGRN fusion proteins
Fusion 1 and Fusion 3 normalized to Fusion 3 in WT. Further, FIGS. 10A, 10B, 11A, and 11B
{generated using a different detection antibody that targets a site in Fc) also show that the hTIR
mice had more F¢ dimer:PGRN fusion proteins uptake in the brain compared to that of WT
mice.

Example 106, Pharmacokinetic Properties of Fusion Proteins in Plasma.

(05227 WT mice were dosed once at 10 mg/kg of Fe dimer: PGRN fusion protein Fusion 1 or
Fusion 3, and plasma samples were obtained at the timepoints indicated. The concentration of
each Fc dimerPGRN fusion protein was measured by ELISA in plasma samples using an Fc-

capture-Fe-detection architecture. The detection antibody used detects a site in Fe of the fusion
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proteins. FIGS. 12A and 12B indicate mean plasma concentrations of Fusion 1 and Fusion 3.
FIGS. 12C and 12D indicate the plasma concentrations of Fusion 1 and Fusion 3 at 0.25 hr and

4 hr post dosing.
Example 11. Modified Fec Polypeptides That Bind te TR,

[0523] This example describes modifications to Fe polypeptides to confer transferrin

receptor { TR ) binding and transport across the blood-brain barrier (BBB).

18524} Unless otherwise indicated, the positions of amino acid residues in this section are

numbered based on EU index numbering for a human IgG1l wild-type Fc region.

Generation and characterization of Fe polvpeptides comprisine modifications at positions 384,

386,387, 388,389, 390,413, 416, and 421 (CH3C clones)

(8525} Yeast libraries containing Fc regions having modifications introduced into positions
including anmino acid positions 384, 386, 387, 388, 389,390, 413, 416, and 421 were generated
as described below. [Hustrative clones that bind to TR are shown in Tables 6 and 7 at the end

of the Examples section.

[8526] After an additional two rounds of sorting, single clones were sequenced and four
unique sequences were tdentified. These sequences had a conserved Trp at position 388, and
all had an aromatic residue (Z.e., Trp, Tyr, or His) at position 421, There was a great deal of

diversity at other positions.

185277 The four clones selected from the library were expressed as Fc fusions to Fab
fragments in CHO or 293 cells, and purified by Protein A and size-exclusion chromatography,
and then screened for binding to human TR 1u the presence or absence of holo-Tf by ELISA.
The clones all bound to human TfR and the binding was not affected by the addition of excess
(5 uM) holo-Tf Clones were also tested for binding to 293F cells, which endogenously express
human TR, The clones bound to 293F cells, although the overall binding was substantially

weaker than the high-affinity positive control.

[8828] Next, it was tested whether clones could nternalize in TfR-expressing cells using
clone CH3C 3 as a test clone. Adherent HEK 293 cells were grown in 96-well plates to about
80% contluence, media was removed, and samples were added at 1 uM concentrations: clone
CH3C 3, anti-TIR benchmark positive control antibody {(Ab204), anti-BACE! benchmark
negative control antibody (Ab107), and human IgG isotype control {obtained from Jackson

Immunoresearch). The cells were incubated at 37°C and 8% CO: concentration for 30 minutes,
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™

then washed, permeabilized with 0.1% Triton  X-100, and stained with anti-human-IgG-Alexa
Fluor™ 488 secondary antibody. After additional washing, the cells were imaged under a high
content fluorescence microscope (7.e., an Opera Phenix’ system), and the number of puncta
per cell was quantified. At 1 uM, clone CH3C .3 showed a similar propensity for internalization

to the positive anti-TIR control, while the negative controls showed no internalization.
Further engineering of clones

(8529} Additional libraries were generated to improve the affinity of the initial hits against
human TfR using a soft randomization approach, wherein DNA oligos were generated to
introduce soft mutagenesis based on each of the original four hits. Additional clones were
identified that bound TtR and were selected. The selected clones fell into two general sequence
groups. Group 1 clones (G.e., clones CH3C 18, CH3(C 21, CH3C 25, and CH3C.34) had a semi-
conserved Leu at position 384, a Leu or His at position 386, a conserved and a semi-conserved
Val at positions 387 and 389, respectively, and a semi-conserved P-T-W motif at positions 413,
416, and 421, respectively. Group 2 clones had a conserved Tyr at position 384, the motif
TXWSX at positions 386-390, and the conserved motif §/T-E-F at positions 413, 416, and 421,
respectively. Clones CH3C.18 and CH3C 35 were used in additional studies as representative

members of each sequence group.
Lpitope mapping

(05361 To deternune whether the engineered Fe regions bound to the apical domain of TR,
TR apical domain was expressed on the surface of phage. To properly fold and display the
apical domain, one of the loops had to be truncated and the sequence needed to be circularly
permuted. Clones CH3C 18 and CH3C .35 were coated on ELISA plates and a phage ELISA
protocol was followed. Briefly, after washing and blocking with 1% PBSA, dilutions of phage
displaying were added and incubated at room temperature for 1 hour. The plates were
subsequently washed and anti-M13-HRP was added, and after additional washing the plates
were developed with TMB substrate and quenched with 2N Ha8G4. Both clones CH3C 18 and

CH3C 35 bound to the apical domain in this assay.
Paratope mapping

(8531} Tounderstand which residues in the Fo domain were most important for TR binding,
a series of mutant clone CH3C. 18 and clone CH3C .35 Fc regions was created in which each

mutant had a single position in the TR binding register mutated back to wild-type. The
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resulting variants were expressed recombinantly as Fe-Fab fusions and tested for binding to
hurman or cyno TIR. For clone CH3C 35, positions 388 and 421 were important for binding;

reversion of either of these to wild-type completely ablated binding to human TIR.
Binding characterization of maturation clones

16532} Binding ELISAs were conducted with purified Fe-Fab fusion variants with human or
cyno TIR coated on the plate, as described above. The variants from the clone CH3C 18
maturation library, clone CH3C .3 2-1, clone CH3( 3 2-5, and clone CH3( 3.2-19, bound
human and cyno TR with approximately equivalent ECso values, whereas the parent clones

CH3C .18 and CH3C 35 had greater than 10-fold better binding to human versus cyno TR,

[8533] Next, it was tested whether the modified Fc polypeptides internalized in human and
monkey cells. Using the protocol described above, internalization in human HEK 293 cells
and rhesus LLC-MKZ cells was tested. The variants that similarly bound human and cyno TR,
clones CH3C .3 2-5 and CH3C.3.2-19, had significantly improved internalization in LLC-MK2

cells as compared with clone CH3C 35,
Additional engineering of clones

[0534] Additional engineering to further affinity mature clones CH3C 18 and CH3C.35
involved adding additional mutations to the positions that enhanced binding through direct
interactions, second-shell interactions, or structure stabilization. This was achieved via
generation and selection from an “NNK walk” or “NNK patch” library. The NNK walk library
involved making one-by-one NN mutations of residues that are near to the paratope. By
looking at the structure of F¢ bound to FcyRI (PDB ID: 4W40), 44 residues near the original
modification positions were identified as candidates for interrogation. Specifically, the
following residues were targeted for NNK mutagenesis: K248, R255, Q342, R344, E34S,
Q347, T359, K360, N361, Q362, 8364, K370, E380, E382, $383, G385, Y391, K392, T393,
D399, $400, D401, §403, K409, L410, T411, V412, K414, 5415, Q418, Q419, G420, V422,
F423, 8424, 8426, 438, 8440, 8442, 1443, S444, P4458 (G446, and K447, The 44 single
potnt NNK libraries were generated using Kunkel mutagenesis, and the products were pooled

and introduced to yeast via electroporation, as described above for other yeast librasies.

[8535] The combination of these mini-libraries {each of which had one position mutated,
resulting 1in 20 variants) generated a small library that was selected using veast surface display

for any positions that lead to higher affinity binding. Selections were performed as described
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above, using TfR apical domain proteins. After three rounds of sorting, clones from the
enriched yeast library were sequenced, and several “hot-spot” positions were identified where
certain point mutations significantly improved the binding to apical domain proteins. Forclone
CH3C 35, these mutations included E380 (mutated to Trp, Tyr, Leu, or Gin} and 8415 {mutated
to Glu). The sequences of the clone CH3C .35 single and combination mutants are set forth in
SEQ ID NOS:27-38. For clone CH3C 18, these mutations included E380 (mutated to Trp, Tyr,
or Leu) and K392 {mutated to Gln, Phe, or His}. The sequences of the clone CH3C. 18 single

mutants are set forth in SEQ ID NOS:21-26.

Additional maturation libraries to improve clone CH3C 35 affinity

[0536] An additional library to identify combinations of mutations from the NNK walk
library, while adding several additional positions on the periphery of these, was generated as
described for previous yeast libraries. In this library, the YxXTEWSS (SEQ 1D NO:302) and
TxxExooxxF motifs were kept constant, and stx positions were completely randomized: E380,
K392, K414, 8415, 5424, and S426. Positions E380 and 5415 were included because they
were “hot spots” 1n the NNK walk library. Positions K392, 8424, and 5426 were included

because they make up part of the core that may position the binding region, while K414 was

selected due to its adjacency to position 415,

105371 Thus library was sorted, as previously described, with the cyno TR apical domain
only. The enriched pool was sequenced after five rounds, and the sequences of the modified

regions of the identified vnique clones are set forth 1n SEQ 1D NOS:42-59.

[8838] The next hibraries were designed to further explore acceptable diversity in the main
binding paratope. Each of the original positions (384, 386, 387, 388, 389, 390, 413, 416, and
421) plus the two hot spots (380 and 415} were individually randomized with NNK codons to
generate a series of single-position saturation mutagenesis libraries on yeast. In addition, each
position was individually reverted to the wild-type residue, and these individual clones were
displayed on yeast. It was noted that positions 380, 389, 390, and 415 were the only positions
that retained substantial binding to TR upon reversion to the wild-type residue (some residual

but greatly diminished binding was observed for reversion of 413 to wild-type).

{85391 The single-position NNK librartes were sorted for three rounds against the human
TR apical domain to collect the top ~5% of binders, and then at feast 16 clones were sequenced

from each hibrary. The results indicate what amino acids at each position can be tolerated
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without significantly reducing binding to human T{R, in the context of clone CH3C35 A

surmary is below:

Position 380: Trp, Leu, or Glu;
Position 384: Tyr or Phe;
Position 386 Thr only;
Position 387 Ghu only;
Position 388: Trp only;

Position 389 Ser, Ala, or Val (although the wild type Asn residue seems to retain some binding,

it did not appear following hibrary sorting);
Position 390: Ser or Asn;

Position 413 Thr or Ser;

Position 415 Glu or Ser;

Position 416: Glu only; and

Position 421: Phe only.

[0540] The above residues, when substituted into clone CH3C 35 as single changes or in
combinations, represent paratope diversity that retains binding to TR apical domain. Clones
having mutations at these positions include those shown in Table 7, and the sequences of the

CH3 domains of these clones are set forth in SEQ D NOS:34-38, 58, and 60-90.
Example 12. Additional Fc Positions That Can Be Modified to Confer TR Binding.

18541} Additional modified Fc polypeptides that bind to transferrin receptor (TR} were
generated having modifications at alternative sites in the Fc region, e.g, at the following
postiions:
positions 274, 276, 283, 285, 286, 287, 288, and 290 (CH2AZ2 clones);
positions 266, 267, 268, 269, 270, 271, 295, 297, 298, and 299 (CH2C clones);
positions 268, 269, 270, 271, 272,292, 293, 294, and 300 (CH2ZD clones);
positions 272, 274, 276, 322, 324, 326, 329, 330, and 331 (CH2E3 clones); or
positions 345, 346, 347, 349, 437, 438, 439, and 440 (CH3B clones).
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(8542} llustrative CH3B clones that bind to TR are set forth in SEQ ID NOS:111-115.
Hustrative CH2ZAZ2 clones that bind to TtR are set forth in SEQ ID NOS:116-120. Hlustrative
CH2C clones that bind to TR are set forth in SEQ 1D NOS:121-125. Hlustrative CH2D clones
that bind to TR are set forth in SEQ ID NOS:126-130. Hlustrative CH2ZE3 clones that bind to
TR are set forth in SEQ D NOS:131-135.

Example 13. Methods.

(eneration of Phage-Display Libranes

[8543] A DNA template coding for the wild-type human Fo sequence was synthesized and
incorporated into a phagemid vector. The phagemid vector contained an ompA or pelB leader
sequence, the Fc insert fused to ¢-Myc and 6xHis (SEQ ID NO:303) epitope tags, and an amber

stop codon followed by M13 coat protein pHL

18544} Primers containing “NNK” tricodons at the desired positions for modifications were
generated, where N is any DNA base (e, A, C, G, or Ty and K is either Gor T. Alternatively,
primers tor “soft” randomization were used, where a mix of bases corresponding to 70% wild-
type base and 10% of each of the other three bases was used for each randomization position.
Libraries were generated by performing PCR amplification of fragments of the Fc region
corresponding to regions of randomization and then assembled using end primers containing
SAT restriction sites, then digested with SfiT and ligated into the phagemid vectors.
Alternatively, the primers were used to conduct Kunkel mutagenesis. The ligated products or
Kunkel products were transformed into electrocompetent F. cofi cells of strain TG1 {obtained
from Lucigen®). The 2. coli cells were infected with M13K07 helper phage after recovery and
grown overnight, after which library phage were precipitated with 5% PEG/NaCl, resuspended
in 15% glycerol in PBS, and frozen until use. Typical library sizes ranged from about 10° to
about 10" transformants. Fc-dimers were displayed on phage via pairing between plii-fused
Fc¢ and soluble Fc not attached to pIlI (the latter being generated due to the amber stop codon

before plif).

Generation of Yeast-Displav Libraries

185457 A DNA template coding for the wild-type human Fc sequence was synthesized and
incorporated into a yeast display vector. For CH2 and CH3 libraries, the Fe polypeptides were
displayed on the AgaZp cell wall protein. Both vectors contained prepro leader peptides with

a Kex?2 cleavage sequence, and a c-Myc epitope tag fused to the terminus of the Fe.
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[8546] Yeast display libraries were assembled using methods similar to those described for
the phage libraries, except that amplification of fragments was performed with primers
containing homologous ends for the vector. Freshly prepared electrocompetent yeast (7.e.,
strain EBY 100) were electroporated with linearized vector and assembled library inserts.
Electroporation methods will be known to one of skill in the art.  After recovery in selective
SD-CAA media, the yeast were grown to confluence and split twice, then induced for protein
expression by transferring to SG-CAA media. Typical library sizes ranged from about 107 to
about 10’ transformants. Fc-dimers were formed by pairing of adjacently displayed Fc

MOoNnomers.

(ieneral Methods for Phace Selection

(6547} Phage methods were adapted from Phage Display: A Laboratory Manual {Barbas,

2001). Additional protocol details can be obtained from this reference.
Plate sorting methods

[0548] Antigen was coated on MaxiSorp® microtiter plates (typically 1-10 pg/mL) overnight
at 4°C. The phage libraries were added into each well and incubated overnight for binding.
Microtiter wells were washed extensively with PBS containing 0.05 % Tween® 20 (PBST) and
bound phage were eluted by incubating the wells with acid (typically 50 mM HCI with 500
mM KCL or 100 mM glycine, pH 2.7) for 30 minutes. Eluted phage were neutralized with 1
M Tris (pH 8) and amplified using TG1 cells and M13/KO7 helper phage and grown overnight
at 37°C 1n 2Y'T media containing SO pg/ml. carbenacillin and 50 ug/mL Kanamycin. The titers
of phage eluted from a target-containing well were compared to titers of phage recovered from
a non-target-containing well to assess enrichment.  Selection stringency was increased by
subsequently decreasing the incubation time during binding and increasing washing time and

number of washes.
Bead sorting methods

18549] Antigen was biotinylated through free amines using NHS-PEG4-Biotin (obtained
from Pierce ). For biotinylation reactions, a 3- to 5-fold molar excess of biotin reagent was
used in PBS. Reactions were quenched with Tris followed by extensive dialysis in PBS. The
bictinylated antigen was immobilized on streptavidin-coated magnetic beads, {(i.e., M280-
streptavidin beads obtained Thermo Fisher). The phage display libraries were incubated with

the antigen-coated beads at room temperature for 1 hour. The unbound phage were then
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removed and beads were washed with PBST. The bound phage were eluted by incubating with
50 mM HCI containing 500 M KCI {or 0.1 M glycine, pH 2.7) for 30 ruionutes, and then

neutralized and propagated as described above for plate sorting.

18550} After three to five rounds of panning, single clones were screened by either
expressing Fe on phage or solubly in the 2. coli periplasm. Such expression methods will be
known to one of skill in the art. Individual phage supernatants or periplasmic extracts were
exposed to blocked ELISA plates coated with antigen or a negative control and were
subsequently detected using HRP-conjugated goat anti-Fc  (obtained from Jackson
Immunoresearch) for periplasmic extracts or anti-M13 (GE Healthcare) for phage, and then
developed with TMB reagent {obtained from Thermo Fisher). Wells with ODuso values greater
than around 5-fold over background were considered positive clones and sequenced, after

which some clones were expressed either as a soluble Fe fragment or tused to Fab fragments

General Methods for Yeast Selection

Bead sorting (Magnetic-assisted cell sorting (MACS)) methods

(8551} MACS and FACS selections were performed similarly to as described in Ackerman,
et al. 2009 Biotechnol. Prog. 25(3), 774. Streptavidin magnetic beads (e.g., M-280 streptavidin
beads from ThermoFisher) were labeled with bictinylated antigen and incubated with veast
{(typically 5-10x library diversity}). Unbound yeast were removed, the beads were washed, and

bound yeast were grown in selective media and induced for subsequent rounds of selection.
Fluorescence-uctivated cell sorting (FACS) methods

{8552} Yeast were labeled with anti-c-Myc antibody 10 monitor expression and biotinylated
antigen {(concentration varied depending on the sorting round). In some experiments, the
antigen was pre-mixed with streptavidin-Alexa Fluor®™ 647 in order to enhance the avidity of
the interaction. In other expertments, the biotinylated antigen was detected after binding and
washing with streptavidin-Alexa Fluor™ 647. Singlet yeast with binding were sorted using a
FACS Aria Il cell sorter. The sorted yeast were grown in selective media then induced for

subsequent selection rounds.
[8833] After an enniched yeast population was achieved, yeast were plated on SD-CAA agar
plates and single colonies were grown and induced for expression, then labeled as described

above to determine their propensity to bind to the target. Positive single clones were
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subsequently sequenced for binding antigen, after which some clones were expressed either as

a soluble Fc fragment or as fused to Fab fragments.

General Methods for Screening

Screening by L1184

105541 Clones were selected from panning outputs and grown in individual wells of 96-well
deep-well plates. The clones were either induced for periplasmic expression using
autoinduction media (obtatned from EMD Millipore) or infected with helper phage for phage-
display of the individual Fc variants on phage. ELISA plates were coated with antigen,
typically at 0.5 mg/mL overnight, then blocked with 196 BSA before addition of phage or
periplasmic extracts. After a 1-hour incubation and washing off unbound protein, HRP-
conjugated secondary antibody was added (i e., anti-Fc or anti-M 13 for soluble Fc or phage-
displayed Fc, respectively) and incubated for 30 minutes. The plates were washed again, and
then developed with TMB reagent and quenched with 2N sulfuric acid. Absorbance at 450 nm
was quantified using a plate reader (BioTek™) and binding curves were polotted using Prism
software where applicable. In some assays, soluble transferrin or other competitor was added

during the binding step, typically at significant molar excess.
Screening by flow cytometry

[8885] Fcvariant polypeptides (expressed etther on phage, in periplasmic extracts, or solubly
as fusions to Fab fragments) were added to cells in 96-well V-bottom plates (about 100,000
cells per well in PBS+1%BSA (PBSA)), and incubated at 4 °C for 1 hour. The plates were
subsequently spun and the media was removed, and then the cells were washed once with
PBSA. The cells were resuspended in PBSA containing secondary antibody (typically goat
anti-human-IgG-Alexa Fluor™ 647 (obtained from Thermo Fisher)). After 30 minutes, the
plates were spun and the media was removed, the cells were washed 1-2 times with PBSA, and
then the plates were read on a tlow cytometer (i.¢., a FACSCanto™ I flow cytometer). Median
fluorescence values were calculated for each condition using Flowlo software and binding

curves were plotted with Prism software.
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Example 14. Lipidomics and Mass Spectrometry Methods.

Mass Spectrometry Sample Preparation

18336] Cells (e.g, bone marrow-derived macrophages (BMDMs)) were washed thoroughly
with PBS, and BMP species were extracted with methanol spiked with BMP(14:0 14:0) as an
internal standard. Following extraction of BMP species with methanol, samples were vortex
mixed and centrifuged at 14,000 rpm and 4 °C for 20 minutes. Supernatants were then

transferred to liquid chromatography-mass spectrometry vials for further analysis.

10557} Tissue samples were weighed (e.g., 20 mg) and then homogenized in methanol (200
ul) spiked with BMP(14:0_14.:0) using a Tissuel.vser homogenizer {{Jiagen, Valencia, CA,
USA). Homogenates were spun at 14,000 rpm for 20 minutes at 4 °C. Supernatants were then

transferred to liquid chromatography-mass spectrometry vials for further analysis.

[0558] Biofluids (10 pl.) were protein-precipitated with methanol (100 pl) containing
BMP(14:0 14:0) and spun at 14,000 rpm for 20 min, 4 °C. Supernatants were then transferred

to liquid chromatography-mass spectrometry vials for further analysis.

Lipidomics Procedures

(85589} Overall procedures: Animal groups and sample collection were randomized during

lipid extraction.

(0560} Extraction of lipids and metabolites from urine: Urine was collected into Thermo
Matrix Tubes and stored at -80 °C. Urine was thawed on ice and centrifuged at 1,000 xg for
10 minutes at 4 °C to remove particulates. 10 pL of urine was transferred into 2.0 mL Safe-
Lock Eppendorf tube (Eppendorf Cat#022600044) and 200 pl of ice~-cold MS-grade methanol
containing internal standard mix (2 puL per sample). Samples were vortexed for 5 minutes at
2,500 rpm.  Samples were centrifuged for 20 minutes at 21,000 xg at 4 °C.  Methanol
supernatant was transferred to LOCMS glass vials in 96 well plate. Samples were stored at -80

oC until run on LCMS,

18561} Extraction of lipids and metabolites from plasma: Plasma samples were thawed on
ice. Plasma/serum (10 pL) or urine (20 ul) were transferred into a 2 mL Safe-Lock Eppendort
tube (Eppendorf Cat#022600044). Ice cold MS-grade methanol (200 ul) containing internal
standard mix (2 pb. per sample) was vortexed for S min and then centrifuged for 20 min at

21,000 xg at 4 °C. Methanol supernatant was transterred into LCMS glass vials in 96 well-
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plates for lipidomics and metabolomics analysis. Samples were stored at -80 °C until run on

LCMS.

18562} Extraction of iptds and metabolites from brain: Frontal cortex of mouse brain (18-20
mg} was transferred into 2 mL Safe-Lock Eppendorf tube (Eppendort Cat#022600044) that
was kept in dry ice containing a 5 mom stainless steel bead (QIAGEN Cat#699389). MS-grade
methanol (400 ul) containing internal standard mix (2 pL per sample) was added. Tissues
were homogenized with Tissuelyser for 30 sec at 25 Hz in the cold room and then centrifuged
for 20 min at 21,000 xg at 4 °C (bead left in the tube}. Methanol supernatant was transferred
into new 1.5 mL Eppendorf vials and left at -20 °C for 1 hour to allow further precipitation of
proteins. Vials were centrifuged for 20 min at 21,000 xg at 4 °C and the methanol supernatant
was transferred in LOMS glass vials for lipidomics and metabolomics analysis. Samples stored

at -80 °C until run on LCMS.

18563} Extraction of lipids and metabolites from CSF. CSF was collected from mouse with
the pipet method. CSF (5 pl) was added to ice-cold MS-grad MeOH (100 pL) containing
internal standard mix (0.2 ul. per sarople) directly in glass vials. Glass vials with CSF and

MeOH were vortexed for 5 minutes and directly run on LCMS.

(8564} Extraction of lipids and metabolites from liver: liver (20 mg) was transterred intoa 2
ml Safe-Lock Eppendorf tube (Eppendort Cat#022600044) kept in dry ice containing a 5 mm
stainless steel bead (QIAGEN Cat#69989). MS-grade methanol (400 yL} containing internal
standard mix (2 pl. per sample) was then added. Tissues were homogenized with Tissuelyser
for 30 sec at 25 Hz (in the cold room) and centrifuged for 20 min at 21,000 xg at 4 °C (bead
left in the tube). The methanol supernatant was transferred to new 1.5 mL Eppendorf vials and
left at -20 °C for three hours to allow further precipitation of proteins. Vials were centrifuged
for 20 min at 21,000 xg at 4 °C, and the methanol supernatant was transferred to LCMS glass

vials for ipidomics and metabolomics analysis. Samples stored -80 °C until run on LCMS.

Liguid Chromatography-Mass Spectrometry

[0565] BMP analyses were performed by liquid chromatography (Shimadzu Nexera X2
system, Shimadzu Scientific Instrument, Columbia, MD, USA) coupled to electrospray mass
spectrometry (Sciex 6500+ QTRAP, Sciex, Framingham, MA, USA). For each analysis, 5 L
of sample was injected onto a BEH amide 1.7 um, 2.12150 mm column (Waters Corporation,
Milford, Massachusetts, USA) using a flow rate of 040 mL/min. at 55 °C. Mobile phase A

consisted of water with 10 mM ammontum formate + 0.1% formic acid. Mobile phase B
8

131
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consisted of acetonitrile with 0.1% formic acid. The gradient was programmed as follows:
(0.0-1.0 min. at 95% B; 1.0-7.0 mun. t0 50% B, 7.0-7.1 min. to 95% B; and 7.1-12.0 min. at
95% B. Electrospray ionization was performed in the negative-ion mode using the following
settings: curtain gas at 25, collision gas was set at medium, ion spray voltage at -4500;
temperature at 600; 1on source gas 1 at 50; jon source gas 2 at 60; colliston energy at -50, CXP
at -15; DP at -60; EP at -10; dwell time at 20 ms. Data acquisition was performed using Analyst
1.6.3 {Sciex) in multiple reaction monitoring mode (MRM). BMP species were detected using
the MRM transition parameters reported in Table 3. BMP species were quantified using
BMP(14.0_14:0) as the internal standard. BMP species were identified based on their retention
times and MRM properties. Quantification was performed using MultiQuant 3.02 (Sciex) after
correction for 1sotopic overlap. BMP species were normalized to either total protein amount,
tissue weight or biofluid volume. Protein concentration was measured using the bicinchoninic

acid (BCA) assay (Pierce, Rocktord, IL, USA).

[8866] Precursor (Q1) [M-HY and product ion (Q3) m/z transitions were used to measure
BMP species. The BMP species were identified from the Q1 and (33 values according to Table
3. Abbreviations are used herein to refer to species with two side-chains, where the structures
of the fatty acid side chains are indicated within parentheses in the BMP format (e.g.,
BMP(18:1 18:1)). The numerals follow the standard fatty acid notation format of number of
fatty acid carbon atoms : number of double bonds. The “e-" prefix is used to indicate the
presence of an alkyl ether substituent (e.g., BMP (16:0e_18:0)) where the carbony! oxygen of
the fatty acid side chain is replaced with two hydrogen atoms. Alternatively the BMP species
can be referred to generically according to the total number of carbon atoms : total number of

double bonds; species having similar values can be distinguished by their Q1 and Q3 values.

Table 3. BMP Species and MRM Transition Parameters

Total carbon
Name atoms ; total g1 O3
unsaturations
BMP(14:0_14:0) BMP(28:0) 6655 2272
BMP(14:0_16:0) BMP(30:0) 693.6 2552
BMP(14:0_16:1) BMP(30:1) 691.6 2532
BMP(14:0_18:0) BMP(32:0) 7216 2832
BMP(14:0_18:1) BMP(32:1) 719.6 281.2
BMP{(14:0_18:2) BMP{32:2} 7176 2792
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Total carbon
Name atoms : fotal Q1 3
unsaturations
BMP(14:0_18:3) BMP(32:3) 7156 2772
BMP(14:0 20:1) BMP(34:1) 747.6 3062
BMP(14:0 20:2) BMP(34:2) 7456 367.2
BMP(14:0 20:3) BMP(34:3) 7436 3652
BMP(14:0 20:4) BMP(34:4) 7416 3032
BMP(14:0 20:5) BMP(34:5) 739.6 361.2
BMP(14:0 22:4) BMP(36:4) 769.6 3312
BMP(14:0 22:5) BMP(36:5) 767.6 3292
BMP(14:0 22:6) BMP{36:6} 765.6 3272
BMP(16:0_16:0) BMP(32:0) 7216 25852
BMP((16:0_16:1) BMP(32:1) 719.6 2532
BMP(16:0_18:0) BMP(34:0) 7496 2832
BMP(16:0_18:1) BMP(34:1) 747.6 281.2
BMP(16:0_18:2) BMP(34:2) 7456 2762
BMP(16:0 18:3) BMP(34:3) 743.6 2772
BMP(16:0 20:1) BMP(36:1) 775.6 309.2
BMP(16:0 20:2) BMP(36:2) 773.6 3G7.2
BMP(16:0_20:3) BMP(36:3) 7716 305.2
BMP(16:0_20:4) BMP(36:4) 769.6 303.2
BMP(16:0_20:5) BMP(36:5) 767.6 361.2
BMP(16:0 22:4) BMP(38:4) T97.6 3312
BMP(16:0 22:5) BMP(38:5) 7956 3292
BMP((16:0 _22:6) BMP(38:6) 793.6 3272
BMP(6:1_16:1) BMP(32:2) 7176 2532
BMP(16:1_18:0) BMP(34:1) 747.6 2832
BMP(16:1_18:1) BMP(34:2) 7456 281.2
BMP(16:1 18:2) BMP(34:3) 743.6 2792
BMP(16:1_18:3) BMP(34:4) 741.6 2772
BMP(6:1 20:1) BMP(36:2) 773.6 309.2
BMP(16:1_20:2) BMP(36:3) 7716 3G7.2
BMP(16:1_20:3) BMP(36:4) 769.6 3052
BMP(16:1_20:4) BMP(36:5) 767.6 303.2
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Total carbon
Name atoms : fotal Q1 3
unsaturations
BMP(16:1_20:5) BMP(36:6) 765.6 361.2
BMP(16:1 22:4) BMP(38:5) 7936 3312
BMP(16:1 22:5) BMP(38:6) 793.6 3292
BMP(16:1 22:6) BMP(38:7) 791.6 3272
BMP(16:0¢ 14:0) BMP(40:0) 6795 2272
BMP(16:0¢_16:0) BMP(32:0) 707.6 2352
BMP(16:0¢_18:0) BMP(34:0) 735.6 2832
BMP(16:0¢_18:1) BMP(34:1} 733.6 281.2
BMP(16:0e 18:2) BMP(34:2) 7316 2792
BMP(16:0¢ 18:3) BMP(34:3) 7296 2772
BMP(16:0e 20:3) BMP(36:3) 7576 3652
BMP(16:0¢_20:4) BMP(36:4) 7556 303.2
BMP(16:0¢c_20:5) BMP(36:5) 7536 361.2
BMP(16:0¢ 22:4) BMP(38:4) 783.6 3312
BMP(16:0¢ 22:6) BMP(38:6) 778.6 3272
BMP(16:1e 14:0) BMP(30:1) 6775 2272
BMP(16:1¢ 16:0) BMP(32:1) 7036 25852
BMP(16:1e 18:0) BMP(34:1) 733.6 283.2
BMP(16:1¢_18:1) BMP(34:2) 7316 281.2
BMP(16:1c_18:2) BMP(34:3) 729.6 279.2
BMP(16:1e 18:3) BMP(34:4) 7276 277.2
BMP(16:1¢ 20:3) BMP(36:4) 7556 305.2
BMP(16:1e 20:4) BMP(36:5) 7536 363.2
BMP(16:1e 20:5) BMP(36:6) 7516 3012
BMP(16:1c 22:4) BMP(38:5) 781.6 3312
BMP(16:1¢_22:6) BMP(38:7) 777.6 3272
BMP(18:0 18:0) BMP(36:0) 777.6 2832
BMP(18:0_18:1) BMP(36:1) 775.6 2812
BMP(15:0 18:2) BMP(36:2) 773.6 2792
BMP(18:0_18:3) BMP(36:3) 7716 2772
BMP(8:0 20:1) BMP(38:1) 803.6 3062
BMP(18:0_20:2) BMP(38:2) 801.6 367.2
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Total carbon
Name atoms : fotal Q1 3
unsaturations
BMP(18:0_20:3) BMP(38:3) 799.6 3652
BMP(18:0_20:4) BMP(38:4) 7976 303.2
BMP(18:0 20:5) BMP(38:5) 7956 30612
BMP(18:0 22:4) BMP(40:4) &25.6 3312
BMP(18:0 22:5) BMP(40:5) 823.6 3292
BMP(18:0 22:6) BMP(40:6) 8216 327.2
BMP(18:1_18:1) BMP(36:2) 773.6 281.2
BMP(18:1_18:2) BMP(36:3) 771.6 279.2
BMP(18:1 18:3) BMP(36:4) 769.6 277.2
BMP(14:1 20:1) BMP(38:2) 8016 3¢9.2
BMP(18:1 20:2) BMP(38:3) 799.6 3672
BMP(1%:1_20:3) BMP(38:4) 7976 3052
BMP(18:1 20:4) BMP(38:5) 795.6 303.2
BMP(18:1_20:5) BMP(38:6) 7936 3012
BMP(18:1 22:4) BMP(40:5) 823.6 3312
BMP(18:1 22:5) BMP(40:6) &21.6 3292
BMP(14:1 22:6) BMP(40:7) 8196 3272
BMP(18:2 18:72) BMP(36:4) 769.6 2792
BMP(18:2 18:3) BMP(36:5) 767.6 277.2
BMP(18:2 20:1) BMP(38:3) 799.6 309.2
BMP(18:2 20:2) BMP(38:4) 797.6 3672
BMP(18:2 20:3) BMP(38:5) 7956 305.2
BMP(18:2 20:4) BMP(38:6) 793.6 363.2
BMP(1%:2 20:5) BMP(38:7) 7916 3012
BMP(18:2 22:4) BMP(40:6) 8216 3312
BMP(18:2 22:5) BMPA0:7) 8196 3262
BMP(18:2 22:6) BMP(40:8) 8176 3272
BMP(18:3 18:3) BMP(36:6) 765.6 2772
BMP(14:3 20:1) BMP(38:4) 7976 309.2
BMP(18:3 20:2) BMP(38:5) 795.6 3G7.2
BMP(18:3 20:3) BMP(38:6) 793.6 3052
BMP(18:3 20:4) BMP(38:7) 791.6 303.2
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Total carbon
Name atoms : fotal Q1 3
unsaturations
BMP(18:3 20:5) BMP(38:8) 789.6 361.2
BMP(18:3 22:4) BMPA0:7) 8196 3312
BMP(18:3 22:5) BMP(40:8) 8176 3292
BMP(18:3 22:6) BMP(40:9) &15.6 3272
BMP(18:0¢c 14:0) BMP(32:0) 7075 2272
BMP(18:0¢ 16:0) BMP(34:0) 7356 2352
BMP(18:0¢c_18:0) BMP(36:0) 763.6 2832
BMP(18:0¢_18:1) BMP(36:1) 761.6 281.2
BMP(18:0e 18:2) BMP(36:2) 759.6 2793
BMP(18:0¢c 18:3) BMP(36:3) 7576 2772
BMP(18:0e 20:3) BMP(38:3) 785.6 3652
BMP(18:0¢c_20:4) BMP(38:4) T83.6 303.2
BMP(18:0¢c_20:5) BMP(38:5) 781.6 361.2
BMP(18:0¢c 22:4) BMP(40:4) 8116 3313
BMP(18:0¢ 22:6) BMP(48:6) 8076 3273
BMP(18:1e 14:0) BMP(32:1) 705.5 2272
BMP(18:1¢ 16:0) BMP(34:1) 7336 25852
BMP(18:1¢ I8:0) BMP(36:1) 761.6 283.2
BMP(18:1¢c_18:1) BMP(36:2) 759.6 281.2
BMP(18:1¢c_18:2) BMP(36:3) 7576 2793
BMP(18:1e 18:3) BMP(36:4) 7556 277.2
BMP(18:1¢ 20:3) BMP(38:4) 7836 305.2
BMP(18:1e 20:4) BMP(38:5) 781.6 363.2
BMP(18:le 20:5) BMP(38:6) 7796 3012
BMP(18:1¢c 22:4) BMP(40:5) 809.6 3313
BMP(18:1¢_22:6) BMP40:7) 80356 3273
BMP(20:3 20:3) BMP(40:6) 8216 305.2
BMP(20:3 20:4) BMP(40:7) &19.6 363.2
BMP(20:3 20:5) BMP(40:%) 8176 3G1.2
BMP(20:3 22:4) BMP(42:7) a47.6 331.3
BMP(20:3 22:5) BMP(42:8) 84356 3293
BMP(20:3 22:6) BMP(42:9) 8436 3273
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Total carbon
Name atoms : fotal Q1 3
unsaturations
BMP(20:4 20:4) BMP(40:8) 8176 303.2
BMP(20:4_20:5) BMP(40:9) 8156 3012
BMP(20:4 22:4) BMP(42:8) 8436 3313
BMP20:4 22:5) BMP(42:9) 8436 3293
BMP(20:4 22:6) BMP(42:1¢) 8416 3273
BMP(20:5 20:5) BMP(40:10) %13.6 361.2
BMP(20:5 22:4) BMP(42:9) 8436 3313
BMP(20:5 22:5) BMP(42:10) 841.6 3293
BMP(20:5 22:6) BMP(42:11) 839.6 3273
BMP(22:4 22:4) BMP(44:%) 873.6 3313
BMP(22:4 22:5) BMP(44:9) &71.6 3293
BMP(22:4 22:6) BMP(44:1¢) 869.6 3273
BMP(22:6 22:6) BMP(44:12) 865.6 3272

Example 15, Treaitment of BMDMS From GRV Knockout Mice.

185677 BMDMs were derived in vifro from bone marrow of wild-type and GRN knockout
mice using a similar method as in Trouplin et al. /. Vs, Exp. 2013 (81) 50966, but recombinant
M-CSF was added directly to the cell growth media to induce differentiation. The BMDMs
were treated for 72 hours with 50 nM Fe dimer:PGRIN fusion proteins Fusion 11 and Fusion
12 of Table 1 or RSV (respiratory syneytial virus) control. Cellular lipids were extracted via
addition of methanol containing an internal standard mixture and BMP abundance was
measured by hquid chromatography-mass spectrometry (LC-MS/MS) on a Q-trap 6500
(SCIEX). As shown in FIGS. 13A and 13B, the abundance of BMP(18:1 18:1} and
BMP(20:4 20:4) was increased in BMDMs from untreated GEN knockout mice compared to
the wild-type control. Furthermore in separate experiments (three technical repetitions) as
shown in FIGS. 13C and 13D, total BMP and BMP(18:1 18:1) abundance decreased in the
GRN knockout BMDMs that were treated with either recombinant progranulin (Adipogen) or

progranulin expressed by lentivirus.

[0568] BMP species that were found to have increased abundance in BMDMs derived from
granulin (GRV) knockout animals are shown in Table 4. Species that exhibited particularly

marked increases in abundance are marked with an asterisk.

~J
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Table 4. Elevated BMP Species in BMDM of GRN KO Mice

BMP(16:0_18:1)

BMP(16:0_18:2)

BMP(18:0_18:0)

BMP(180_18:1)

BMP(18:1 I8:1)*

BMP(16:0_20:3)

BMP(18:1_20:2)

BMP(I8:0_20:4)*

BMP(16:0_22:5

BMP(20:4_20:4)*

BMP(22:6 22:6)*

BMP(26:4 20:3)

BMP(18:2_18:2)

BMP(16:0_20:4)

BMP(18:0_18:2)

BMP(18:0c_22:6)

BMP(i8:1e 20:4)

BMPQ0:4 22:6)*

BMP(18:0c_20:4)

BMP(182_20:4)

BMP(18:1 22:6)*

BMP(I8'1 20:4)*

BMP(18:0_22:6)*

Example 16, Treaiment of GRNVN KO Mice to Rescue Phenotypes.

18569} Fusion 11 and Fusion 12 of Table 1 were injected viz the tail vein into GRN WT and
GRN KO mice to determine whether peripheral and CNS GRV KO phenotypes can be rescued

tollowing a single 50 mg/kg injection.
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Maierials and Methods

[8576] Amimals: The mice used for this study were obtained from JAX Laboratories and
consisted of 21 GRN KO mice (n=12 males, n=9 females) and 10 GRN WT mice (n=5 males,
n=5 females) age 3-5 months (Table 5}. Animals were housed in standard conditions in the
vivarium with ad libinm access to food and water at least 7 days prior to the initiation of the

study.

Table 5. Study Design/Experimental Groups

Genotype Protein Time points (h) n/group
Vehicle 0.5, 24,48, 96 4
Vehicle 05,24 4
GRN KO Fusion 11 0.5, 24, 48 96 5
Fusion 11 0.5, 24 4
Fusion 12 0.5, 24, 48, 96 4
WT Vehicle 0.5, 24, 48, 96 5
Vehicle 0.5, 24 5

(05711  Animal allocation to experimental groups: Mice were distributed equally 1o each

experimental group to account for differences across litters, gender, and age.

18572} Formulation: Fc dimer:PGRN fusion proteins Fusion 11 and Fusion 12 were used at

5.05 mg/mL and 4.90 mg/mL saline, respectively.

[8873] Overall procedures: Experimental conditions were alternated when collecting tissues.

Animal groups and sample collections were randomized.

(0574} In-life procedures: Submandibular bleeds were performed using 3 mm lancets
(GoldenRod animal lancets). Plasma collection: Blood was collected in EDTA tubes (Sarstedt
Microvette 500 K3E, Ref# 201341102) and slowly inverted 10 times. For small volumes of
blood (<100 uL), blood was collected in EDTA tubes with capillary tube (Sarstedt Microvette
100 K3E, Ref# 201278100}, EDTA tubes were immediately stored in the fridge until plasma
preparation. The time between storage and preparation did not exceed | hour. The time of
collection and time of processing were followed consistently. The tubes were centrifuged at
12,700 rpm for 7 minutes at 4 °C. Plasma (top layer) was transferred to 0.6 mL Matrix tubes
with rubber seal. Matrix tubes were snap frozen on dry ice before transferring to -80 °C. Urine
collection: Urine was collected by restraining mice in a plastic weigh boat, causing most of

them to expel urine 1nto the weigh boat. The urine was collected with a p200 pipet, transferred
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to 0.6 mL matrix tubes with rubber seal. Matrix fubes were snap frozen on dry ice before

transferring to -80 °C.

105751  Terminal fluids/tissue coliection procedures: Animals were deeply anesthetized via
intraperitoneal (i.p.) injection of 2.5% Avertin and then tissues were collected in the order as

described below:

[8876] Samples collected before intracardiac perfusion: Plasma collection: Blood was
collected via cardiac puncture using a 1 mL Terumo tuberculin syringe attached to a 25 gauge
needle (Ref# S8-01T2516) (Not pre-conditioned with EDTA). The needle was then detached
and the blood was transterred to EDTA tubes {Sarstedt Microvette 500 K3E, Ref# 201341102)
and slowly inverted 10 times. Following this procedure, post collection methods were
continued as described above in In-Life Procedures. Cerebrospinal fluid collection: The three
muscle lavers on the back of the neck were peeled back with small scissors and forceps and the
area surrounding the revealed cisterna magna was cauterized to prevent contamination from
blood, and the membrane was cleaned with a Q-tip and PBS. The membrane was dried and
the cisterna magna was punctured with the tip of a 28 V2 gauge insulin syringe needle. A p20
pipet was then quickly placed over the newly punctured hole and CSF drawn up into the pipet
tip. CSF was placed in a 0.5 mL Lo-bind Eppendorf tube and spun at 12,700 rpm for 7 minutes
at 4 °C. The CSF supernatant was transferred to a 0.5 mL Lo-bind Eppendort tube and snap

frozen on dry ice before transferring to -80 °C.

18577} For samples collected after wntracardiac perfusion, animals were transcardially
perfused for 5 minutes with ice cold PBS using a peristaltic pump (Gilson Inc. Minipuls
Evolution F110701) at a flow rate of 5 mL/minute. For tissues that could be dissected and pre-
weighed during collection, the samples were placed directly into 1.5 mbL Eppendorf tubes.
Tissues were collected in the following order: Liver (post-perfusion): about 150 mg of liver
was collected into 1.5 mL Eppendorf tubes. Eppendorf tubes were snap frozen on dry ice
before transferring to -80 °C. Eye: both eyes were removed, muscle and optic nerve removed,
and eyes placed 10 a single 1.5 mL Eppendorf tube. Eppendorf tubes were snap frozen on dry
ice before transferring to -80 °C. Brain: right hemisphere without olfactory bulb and
cerebellum was collected and weighed before placing in 1.5 mbL Eppendorf tubes. Eppendorf

tubes were snap frozen on dry ice before transferring to -80 °C.
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[8578] As shown in FIGS. 14-20, administration of Fo dimer:PGRN fusion proteins Fusion
11 and Fusion 12 was found to increase and restore BMP levels 1n the liver, plasma, urine,

CSF, and brain.
Example 17. Fusion Proteins Crossing the BBE.

{8579} Fusion 11 and Fusion 12 of Table 1 were injected vig the tail vein into GRN KO mice
{Jackson Laboratory, Stock No. 013175) crossed with h TR KI mice (GRN KO/ATIR KI mice)
to test their ability to cross the BBB. A description of the hTfR KI mice can be found in
International Patent Publication No. WO2018152285. To generate GRN KO/MTIR K1 mice, in
the first round of breeding, GRN heterozygous (GRN HET) mice were crossed to the TfR™/™
KI homozygous (TREM KT HOM) mice to generate GRN HET x TIR™™ K1 HET progeny.
The GRN HET x TfR™" KI HET mice were then crossed to the TfR™™ Ki HOM mice to get
GRN HET x TfR™™ Ki HOM progeny in this second round. In the third and final round of
breeding, GRN HET x TR™" KJ HOM mice were crossed to GRN HET x TIR™™ X1 HOM

mice to generate the final GRN KO x TfR™™ K1 HOM mice that were used in this study.

[0580] 2-3 months old GRN KO/hTIR KI mice were dosed with 50 mg/kg intravenously vig
the tatl vein with either sterile saline (vehicle), Fusion 7, Fusion 11, or Fusion 12 (Table 3}
Mice were sedated with avertine 24 hours after the treatment and a cardiac puncture was
performed to collect whole blood for plasma isolation. Animals were transcardially perfused
with chilled 1X PBS at a rate of 5 mL/minute for 5-8 minutes, or until the livers were cleared
of blood. A 100 mg portion of the liver was collected and the left hemisphere of the brain was

collected and immediately snapped frozen on dry ice.

Table 8 Study Design/Experimental Groups

Molecule | Cell Line | Genotype (w;?:?g) ;;ﬁi MN/group | Material {mg)
. s -3d, i y
Saline N/A FfR.KI N/A ’r §) N/A
. . GRN ; ~3d, « s
Saline N/A KO/TRKI N/A 1d* 5 N/A
. GRN -3d
Tus IF 50 ’ 5
Fusion 11 HEK KO/TR KI 50 14 5 18
. - GRN -3d
: 2 HEK , . 5 i 5
Fusion 12 HEK KO/TIR KI 0 14+ 5 18
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Bose Time

(mg/kg) | point | VEOUP | Material (mg)
ey K% g

Molecule | Celi Line | Genotype

Fusion 7 HEK GRN 50 -3d

KO/TRKI 1d* 4 18

[0581] Tissue samples were weighed and were homgenized in 10X volume by weight cell
lysis butfer (Cell Signaling Technologies; 20 mM Tuas-HCL pH 7.5, 150 oM Na(l, 1 mM
Na:EDTA, 1 mM EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 mM beta-
glycerophosphate, T mM NasVO4, and 1 pg/ml leupeptin) supplemented with 1X protease
inhibitor (Roche) and 1X phosphatase inhibitor (Roche}. Samples were homogenized using
the TissueLyzer with 3 mm metal beads for 2x 3min at 29 Hz. Following homogenization,
samples were spun at maximum speed on the tabletop centrifuge for 20 minutes at 4 °C.
Supernatant was transterred to new tubes and the Fc-PGRN ELISA assay (Fe capture and
PGRN detection ELISA) and Fe-Fc ELISA assay (Fc capture and Fe detection ELISA) were

run using those samples.

[0582] The data in FIGS. 21A-21C shows that Fusion 11 and Fusion 12 were able to cross
the BBB in the brain of GRN KO/ATIR KI mice.
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Table 6. CH3 Domain Modifications

PCT/US2019/037695

Clone name |Group| 384 | 385|386 | 387 | 388 | 389 {390 {391 4131414 141514161417 1418[419
Wild-type | wa ; | BN | ; DK S wWiQ| o
t K {8 WiQ|Q

2 K|S wiglo

3 K|S WwWiQ| 0

4 K8 wWiQ |0

17 2 Kis Wi0|Q
18 i K8 wiQg |0
21 1 KIS WwWiQ| 0
25 i K1Ss wWiQ|0o
34 i K8 WilQ |0
35 2 Kis8 WiQ|Q
44 2 KisS wiglo
51 1/2 K1Ss wWiQ|0o
3.1-3 i v lg wlolo
3.1-9 { Ki8 Wi0 | Q
3.2-5 i K {8 Wi |0
3.2-19 ! K |8 wWIil0o |0
3.2-1 i K i8S Wi0o|0
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Table 7. Additional CH3 Domain Modificaiions

Clone ® - wliaialolalg

nane [sa =t b sl B o s ol S

Wild-type A ' Q| Q F
35.20.1 F TIEIW| 8|S T EVE F
35202 Y TIEIWIALS T ElE F
35.20.3 Y TIEIWIVI{S T ElE F
35204 Y TIEIWIS{S S ElE F
35.20.5 F TIEIWIALS T ElE F
35.20.6 . F TIEIW{VI{S T ElE ¥
35.21a.d W F TIEIW{S|S T ElE ¥
352142 W Y TIEIWIA|S T ElE ¥
35.21.a3 W Y TIEIW{VI{S T ElE ¥
3521.a4 W Y TIEIWISI|S S E|E F
35.21.a.5 W ¥ TIEIW]A|S T E|E F
35.21a6 W ¥ TIEIWIVIS T E|E F
35231 ¥ TIEIWLS T E|E F
35232 Y TIEIWIA T EIlE F
35233 Y TIEIWIV T EIlE F
35234 Y TIEI{W!S S EIE F
35233 ¥ TIEIWIA T EIlE F
35236 . ¥ TIEIWIV T EIE F
33241 W ¥ TIEIWIS T EIE F
35242 W Y TIEIWIA T EIE F
335243 W Y TIEIWIV T EIE F
35244 W Y TIEiIWIS 5 EIlE ¥
35243 W ¥ TIEiIWIA T EIlE F
35246 W ¥ TIEIWIVI. T ElE F
3521174 L ¥ TIEIWIS (S T EIlE ¥
35.21.17.2 L Y TIEIWIAS T EVE F
35.21.173 L Y TIEIWIVIS T EVE F
3521174 L Y TIEIW| 8|S S EVE F
35.21.17.5 L F TIEIWIAS T EVE F
3521176 L F TIEIWIVI]S T EIE F
35.20 . Y TIEIWIS|S T EIE F
35.21 W Y TIEIWIS|S T EIE F
35.22 W Y TIEIW!IS T . E F
33.23 . Y TIEIWIS T ElE F
35.24 W Y TIEIWIS . T ElE F
35.21.17 L Y TIEIWIS{S T ElE F
35 N390 Y TIEiIW! S T E F

16583} It is understood that the examples and embodiments described herein are for

ittustrative purposes ooly and that various modifications or changes in light thereof will be

suggested to persons skilled in the art and are to be included within the spirit and purview of
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this application and scope of the appended claims. The sequences of the sequence accession

numbers cited herein are hereby incorporated by reference.
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INFORMAL SEQUENCE LISTING
SEQ 1D Sequence Drescription
NG:

] APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFRN Wild-type human Fc
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY sequence
KCKVSNKALPAPIEK TISKAK GOPREPQVY TLPPSRDELTKNQVSLT o
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTY | Positions 231-447 EU
DKSRWQOQGNVFSCSVMHEALHNHY TQKSLSLSPGK fndex pumbering

2 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN CH2 domain sequence
WY VDGVEVHNAK TEPREEQYNSTYRVVSVLTVLHODWLNGKEY o o
KCKVSNKALPAPIEK TISKAK positions 231-340 EU

index numbering

3 GOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQ | CH3 domain sequence
PENNYKTTPPVLDSDGSFFLY SKLTVDESRWOQGNVFSCSVMHEA B
LHNHSITQRSLSLSPGI{ Positions 341-447 EU

index mumbering

4 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKRN Clone CH3C.1
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEK TISKAK GOPREPQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESLGLYVWVYGYKTTPPVLDSDGSFFLYSKLTV
AKSTWOQQGW VFSCSVMHEALHNHY TORSLSLSPGK

5 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN Clone CH3C 2
WY VDGVEVHNAK TEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEK TISKAK GOPREPQVY TLPPSRDELTKNQVSLT
CLVKGFYPSPHAVEWESYGTVWSHYKTTPPVLDSDGSFFLYSKLTY
SKSEWQQGY VFSCSVMHEALHNHY TQKSLSLSPGK

6 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN Clone CH3C 3
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEK TISKAK GOPREPQVYTLPPSRDEL TKNQVSLT
CLVKGFYPSPHAVEWESYGTEWSQYK TTPPVLDSDGSFFLYSKLTV
EKSDWQQGH VFSCSVMHEALHNHY TQK.SLSLSPGK

7 APELLGGPSVFLFPPKPKDTLMISRTPEVTCYVVDVSHEDPEVKFN Clone CH3C 4
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSEHAVEWESVGTPWAL YK TTPPVLDSDGSFFLY SKLTV
LKSEWQQGWVFSCSYMHEALHNHY TQKSLSLSPGK

8 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN Clone CH3C.17

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGFYPSDIAVEWESY GTVWSKYKTTPPVLDSDGSFFLYSKLTV
SKSEWQQGFVFSCSVMHEALHNHY TQKSLSLSPGK




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription
NO:
9 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN Clone CH3C 18

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESLGHVWAVYKTIPPVLDSDGSFFLYSKLTV
PKSTWOQOGWVFSCSVMHBEALHNHYTOKSLSLSPGK

10

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESLGLVWVGYKTTPPVLDSDGSFFLYSKLTV
PRSTWOQOQGWVFSCSVMHEALHNHY TQRSLSLESPGK

Clone CH3C .21

i1

APELLGGPSVFLFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSLT
CLVKGFYPSHHAVEWESMGHVWVGYKTTPPVLDSDGSFFLYSKLT
VBKSTWOQOQGWVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(C .25

12

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKOGFYPSDIAVEWESLGLVWVESKTTPPVLDSDGSFFLY SKLTV
PKSTWOQOGWVFSCSVMHEALHNHY TOQKSLSLSPGK

Clone CH3C 34

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESYGTEWSSYKTTPPVLDSDGSFFLYSKLTV
TKSEWQQGFVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C .35

14

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFRN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESY GTEWSNYRTTPPVLDSDGSFFLY SKLTV
SESEWQOQGFVFSCSVMHEALHNHYTQRSLSLESPGK

Clone CH3C .44

APELLGGPSVFLFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSHAVEWESLGHVWVGYKTTPPVLDSDGSFRFLYSKLTY
SESEWQOQGWVFSCSVMHEALHNHYTQRSLELSPGK

Clone CH3C 51

16

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSLT
CLVKGFYPSEHAVEWESLGHVWYVATKTTPPVLDSDGSFFLYSKLTVY
PESTWOQOQGWVFSCEVMHEALHNHY TOQKSLSLESPGK

Clone CH3C3.1-3
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17

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESLGPVWVHTIKTTPPVLDSDGSFFLYSKLTY
PKSTWOQOGWVFSCSVMHBEALHNHYTOKSLSLSPGK

Clone CH3(C.3.1-9

I8

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESLGHVWVDQKTTPPVLDSDGSFFLYSKLTY
PRSTWOQOQGWVFSCSVMHEALHNHY TQRSLSLESPGK

Clone CH3(C.3.2-5

19

APELLGGPSVFLFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSLT
CLVKGFYPSDIAVEWESLGHVWVNOQKTTPPVLDSDGSFFLY SKLTV
PESTWOQOQGWVFSCEVMHEALHNHY TOQKSLSLESPGK

Clone CH3(C.3.2-19

20

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSDHAVEWESLGHVWVNFKTTPPVLDSDGSFFLYSKLTV
PKSTWOQOGWVFSCSVMHEALHNHY TOQKSLSLSPGK

Clone CH3C3.2-1

21

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSDIAVWWESLGHVWAVYKTTPPVLDSDGSFFLYSKLT
VPEKSTWOOQGWVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C 148 variant

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSLT
CLVKGFYPSHAVEWESLGHVWAVYKTTPPVLDSDGSFRFLYSKLTY
PESTWOOGWVESCEVMHEALHNHYTOKSLSLEPGK

Clone CH3C 18 variant

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFRN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVYWESLGHVWAVYKTTPPVLDSDGSFFLYSKLT
VPKSTWOOGWVFSCSVMHEALHNHYTOKSLSLSPGE

Clone CHAC.18 vavant

24

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVEWESLGHVWAVYQTTPPVLDSDGSFFLYSKLTV
PKSTWOQOGWVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C. 18 variant

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYVDVSHEDPEVEFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISK AKGQOPREPQVY TLPPSRDELTENQVSLT
CLVEGFYPSDIAVEWESLGHVWAVYFTTPPVLDSDGSFFLYSKLTV
PKSTWOOGWVFSCSVMHEALHNHYTOKSLSLSPGE

Clone CH3C.18 variant

26

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSEPHAVEWESLGHVWAVYHTTPPVLDSDGSFFLYSKLTV
PESTWOOGWVFSCSVMHEALHNHY TORSLSLSPGK

Clone CH3C 148 variant

148
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27

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESLGHVWAVYKTTPPVLDSDGSFFLYSKLT
VPKSTWOQOGWVFRSCSVMHEALHNHY TOKSLSLSPGK

Clone CH3(C.35.13

28

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESLGHVWAVYQTTPPVLDSDGSFFLYSKLTY
PRSTWOQOQGWVFSCSVMHEALHNHY TQRSLSLESPGK

Clone CH3(C.35.14

APELLGGPSVFLFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSLT
CLVKGFYPSBHAVWWESLGHVWAVYQTTPPVLDSDGSFFLYSKLT
VEKSTWOQQGWVEFSCSVMHEALHNHYTQESLSLSPGK

Clone CH3(C.35.158

30

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVWWESLGHVWVNQKTTPPVLDSDGSFFLYSKLT
VPKSTWOQOGWVYFSCSVMHEATLHNHYTOQKSLSLSPGK

Clone CH3(C 35.16

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGEYPSDIAVEWESLGHVWYNQOTIPPVLDSDGSFFLYSKLTV
PKSTWOQOQGWVFSCSVMHEALHNHY TOKSLSLSPGK

Clone CH3C.35.17

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESLGHVWVNQQTTPPVLDSDGSFFLYSKLT
VPKSTWOOGWVFSCEVMHEALHNHYTQRSLSLSPGK

Clone CH3C.35.18

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVWWESYGTEWSSYKTTPPVLDSDGSFRFLYSKLTY
TKSEWQQGFVFSCSVMHEALHNHYTQKSLSLSPGK

Clone CH3C.35.19

34

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVEWESYGTEWSSYKTIPPVLDSDGSFFLYSKLTV
TKEEWOOGFVFESCSVMHEALHNHYTORSLSLSPGK

Clone CH3(C.35.20

(98]
U

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISK AKGQOPREPQVY TLPPSRDELTENQVSLT
CLVEGFYPSDIAVWWESYGTEWSSYKTTPPVLDSDGSFFLYSKLTY
TREEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.21
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36

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESYGTEWSNYKTTPPVLDSDGSFFLYSKLTV
TRKSEWQOQGFVFSCSVMHEALHBNHYTOKSLSLSPGK

Clone CH3C.35.22

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLYSKLTV
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

Clone CH3(C.35.23

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISK AKGQOPREPQVY TLPPSRDELTENQVSLT
CLVEGFYPSDIAVWWESYGTEWSNYRTTPPVLDSDGSFFLYSKLTY
TREEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.24

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVIHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSDIAVEWESY GTEWSNYKTTPPVLDSDGSFFLY SKLTV
TKSEWQOQGFVFSCSVMHEALHNHY TQKSLSLSPGK.

Clone CH3C.35N163

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGEFYPSDIAVEWESYGTEWSSYQTTPPVLDSDGSEFLY SKLTV
TKSEWQOGFVFSCSVMHEALHNHY TQKSLSLSPGK

Cione CH3C.35 K1650

41

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISK AKGQOPREPQVY TLPPSRDELTENQVSLT
CLVEGFYPSDIAVEWESYGTEWSNYQTTPPVLDSDGSFFLY SKLTV
TKSEWQQGFVFSCSVMHEALHNHYTOQRSLSLSPGK

Clone CH3C 35.N163.
K1650Q

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVELWESYGTEWSSYKTTPPVLDSDGSFFLYSKLTV
TKSEWQOOQGFVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(C.35.21.1

43

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGEYPSDIAVLWESYGTEWSSYRTTIPPVLDSDGSFFLYSKLTV
TKSEWQOGFVFSCSVMHEA LHNHY TOKSLSLSPGK

Clone CH3(C.35.21.2

44

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSLT
CLVKGFYPSHAVEWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTY
TREEWQOGFVFSCSVMHEALHNHY TOKSLSLSPGK

Clone CH3C.35.21.3

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVLWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TGEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3C 3521 .4
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46

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVLWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TREEWQOQGFVFSCWVMHEALHBNHYTOKSLSLSPGK

Clone CH3C.35.21.5

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESYGTEWSSYRTTPPVLDSDGSFRFLYSKLTY
TKEEWOQOGFVESCWVMHEALHNHYTOKSLSLSPGK

Clone CH3(C 35216

48

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISK AKGQOPREPQVY TLPPSRDELTENQVSLT
CLVEGFYPSDIAVLWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TREEWQOQGFVFTCWVMHEALHNHYTOKSLSLSPGK

Clone CH3(C.35.21.7

49

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVIHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSDIAVLWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TREEWQOGFVFTCGVMHEALHNHYTOKSLSLSPGE

Clone CH3C.35.21.8

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVLWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TREEWQOQGFVFECWVMHEALHNHYTOKSLSLSPGK

Clone CH3(C.35.21.9

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVLWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TREEWQOQGFVFRKCWVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.21.10

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESYGTEWSSYRTTPPVLDSDGSFRFLYSKLTY
TPEEWOOGFVEFKCWVMHEALHNHY TOKSLSLSPGK

Clope CH3C 352111

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGFYPSDIAVWWESYGTEWSSYRTTPPVLDSDGSFFLY SKLTV
TREEWQOGFVFSCSVMHEALHNHY TOKSLSLSPGK

Clone CH3C.35.21.12

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKOFYPSDIAVWWESYGTEWSSYRTTPPVLDSDGSFFLY SKLTV
TGEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C 3521.13

4
Cn

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESYGTEWSSYRTTPPVLDSDGSFFLY SKLTV
TREEWQOQGFVFTCWVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.21.14

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVWWESYGTEWSSYRTTPPVLDSDGSFFLY SKLTV
TGEEWOQOGFVFTCWVMHEALHNHYTQKSLSLEPGK

Clone CH3(C.35.21.15
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57

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TREEWQOQGFVFTCGVMHEALHNHYTOKSLSLSPGK

Clone CH3(C.35.21.16

58

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVELWESYGTEWSSYKTTPPVLDSDGSFFLYSKLTV
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

Clone CH3C.3521.17

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISK AKGQOPREPQVY TLPPSRDELTENQVSLT
CLVEGFYPSDIAVLWESYGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TREEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.21.18

60

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVIHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKOFYPSDIAVEWESFGTEWSSYRTTPPVLDSDOGSFFLY SKLTVT
KEEWOQOGFVESCSVMHEALHNHY TOKSLSLSPGK.

Clone CH3C.35.20.1

61

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESYGTEWASYRKTTPPVLDSDGSFFLY SKLTV
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.35.20.2

62

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESYGTEWVSYRKTTPPVLDSDGSFFLYSKLTY
TRKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.20.3

63

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESYGTEWSSYKTTPPVLDSDGSFFLYSKLTV
SKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(.35.20.4

64

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGFYPSDIAVEWESFGTEWASYKTTPPVLDSDGSFFLY SKLTV
TKEEWOQOGFVESCSVMHBEALHNHYTOKSLSLSPGK

Clone CH3(.35.20.5

65

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKOFYPSDIAVEWESFGTEWVSYKTTPPVLDSDGSFFLY SKLTV
TRKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(C.35.20.6

66

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESFGTEWSSYRTTPPVLDSDGSFFLYSKLTV
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C3521.a1

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVWWESYGTEWASYRTIPPVLDSDGSFFLYSKELTV
TRKEEWOQOGFVFESCSVMHEALHNHYTOKSLSLSPGI

Clone CH3C. 352132




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription
NO:
68 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN Clone CH3C 35.21.a3

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESYGTEWVSYKTTPPVLDSDGSFFLYSKLTV
TRKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

69

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVWWESYGTEWSSYKTTPPVLDSDGSFRFLYSKLTY
SKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.3521.a4

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISK AKGQOPREPQVY TLPPSRDELTENQVSLT
CLVEGFYPSDIAVWWESFGTEWASYKTTPPVLDSDGSFFLYSKLTY
TREEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.21.a.3

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVIHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSEHAVWWESFGTEWVSYKTTPPVEDSDGSFFLYSKLTV
TRKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.21.a6

72

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESFGTEWSNYRKTTPPVLDSDGSFFLY SKLTV
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.35.23.1

-3
"™

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESYGTEWANYKTTPPVLDASDGSFFLY SKLTV
TRKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.23.2

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESYGTEWYNYKTTPPVLDSDGSFRFLY SKLTVY
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

Clone CH3( 35233

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGFYPSDIAVEWESY GTEWSNYKTTPPVLDSDGSFFLY SKLTV
SKEEWOQOGFVFSCSVMHEALHNBY TOKSLSLSPGK

Clone CH3(C.35.23.4

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSDHAVEWESFGTEWANYKTTPPVLDSDGSFFLYSKLTV
TRKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.23.5

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESFGTEWVNYRTTPPVLDSDGSFFLYSKLTV
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.35.23.6

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVWWESFGTEWSNYKTTPPVLDSDGSFFLYSKLTV
TRKEEWOQOGFVFESCSVMHEALHNHYTOKSLSLSPGI

Clone CH3C.35.24.1




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription
NO:
79 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN Clone CH3(C.35.24.2

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESYGTEWANYKTTPPVLDSDGSFFLYSKLT
VIKEEWOOGFVFSCSVMHEALBNHYTOKSLSLSPGK

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGEFYPSDIAVWWESYGTEWVNYKTTPPVLDSDGSFFLYSKLT
VIKEEWOOGFVFSCSVMHEALHNHYTORSLSLSPGK

Clone CH3( 35243

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISK AKGQOPREPQVY TLPPSRDELTENQVSLT
CLVEGFYPSDIAVWWESYGTEWSNYRTTPPVLDSDGSFFLYSKLTY
SKEEWOQOGFVFSCSVMHEALHNHYTOQRSLSLSPGK

Clone CH3(C.35.24.4

82

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVIHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSDIAVWWESFGTEW ANYKTTPPVLDSDGSFFLYSKLTV
TRKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.24.5

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVWWESFGTEWVNYKTTPPVLDSDGSFFLYSKLETV
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.35.24.6

34

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVLWESFGTEWSSYKTTPPVLDSDGSFFLYSKLTVT
KEEWOQOQGFVFSCSVMHEALBNHYTOKSLSLSPGK

Clone CH3C33.21.17.1

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESYGTEWASYKTTPPVLDSDGSFFLYSKLTV
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

Clope CH3C3521.17.2

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGEFYPSDIAVLWESYGTEWVSYKTTPPVLDSDGSFFLY SKLTV
TKEEWOQOGFVESCSVMHBEALHNHYTOKSLSLSPGK

Clone CH3C 3521173

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSEHAVLWESYGTEWSSYKTTPPVLDSDGSFFLYSKLTV
SKEEWOOGFVESCSYVMHEALHNHY TOKSLSLSPGE

Clone CH3C.3521.174

g8

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVLWESFGTEWASYRKTTPPVLDSDGSFFLY SKLTV
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3C.3521.17.5

39

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVLWESFGTEWVSYKTTPPVLDSDGSFFLY SKLTV
TRKEEWOQOGFVFESCSVMHEALHNHYTOKSLSLSPGI

Clone CH3C.35.21.17.6




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription
NO:
90 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN Clone CH3C.35.N3%0

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESYGTEWSNYRKTTPPVLDSDGSFFLYSKLTY
TRKSEWQOQGFVFSCSVMHEALHBNHYTOKSLSLSPGK

91

EPKSCDKTHTCEPCP

Human 1gG1 hinge
amino acid sequence

92

MMDOQARSAFSNLFGGEPLSY TRFSLARQVDGDNSHVEMKLAVDEE
ENADNNTKANVTKPKRCSGSICY GTIAVIVFFLIGFMIGY LGYCK GV
EPKTECERLAGTESPVREEPGEDFPAARRLY WDDLKRKLSEKLDST
DFTGTIKLELNENSY VPREAGSQKDENL ALY VENQFREFKLSKVWR
DOHFVKIQVEDSAONSVHVDKNGRLVYLVENPGGYVAYSKAATYV
TGKLVHANFGTKKDFEDLYTPVYNGSIVIVRAGKITFAEK VANAESL
NAIGVLIYMDOTKFPIVNAELSFFGHAHLGTGDPYTPGFPSFNHTOF
PPSRSSGLPNIPVQTISRAAAEKLFGNMEGDCPSDWKTDSTCRMVT
SESENVKLTVSNVLEEIKILNIFGVIKGFVEPDHYVVVGAQRDAWG
PGAAKSGVGTALLLEKLAQMFESDMVLKDGFOPSRSIIFASWSAGDEG
SVGATEWLEGYLSSLHLKAFTYINLDKAVLGTSNFKVSASPLLY T
EXTMONVKHPVTGQFLYODSNWASKVEKLTLDNAAFPFLAYSGIP
AVSFCFCEDTDYPYLGTTMDTYKELIERIPELNKVARAAAEVAGQOF
VIKLTHDVELNLDYERYNSQLLSFVRDLNQYRADIKEMGLSLOWL
YRARGDFFRATSRLTTDFGNAEKTDRFVMKKLNDRVMRVEYHFLS
PYVEPKESPFRHVFWGSGSHTLPALLENLKLREKQNNGAFNETLFRN
QLALATWTIQGAANALSGDVWDIDNEF

Human transfernn
receptor protein 1
(TFRD)

93

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSL
WCLVKGFYPSDIAVWWESYGTEWSSYKTTPPVLDSDGSFFLYSKL
TVTKEEWQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3C.35.21 with
kunob mutation

APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNOQVSL

WCLVKGFYPSDIAVWWESYGTEWSSYKTTPPVLDSDGSFFL Y SKE
TVTKEEWOQOQGFVFSCSVMHEALHNHY TOKSLSLSPGK

Clone CH3C.35.21 with
knob and LALA
mutations

APELLGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVENKALPAPIEKTISK AKGOPREPOQVY TLPPSRDELTRKNQVSLWCL

EEWQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.21 with
knob and YTE mutations

96

APEAAGGPSVFLFPPKPEDTLYITREPEVICVVVDVSHEDPEVEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSL
WCLVKGFYPSDIAVWWESYGTEWSSYKTTPPVLDSDGSFFLYSKL
TVIKEEWQOQGFVFSCSVMHEALHNHYTOKSLSLSPGE

Clong CH3C.35.21 with
knob, LALA, and YTE
mitations

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLS
CAVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSFFLVEKLTY
DKSRWQQGNVESCSVMBEALHNHYTOKSLSLSPGE

Fe sequence with hole
mutations




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription
NO:

98 APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFEN Fc sequence with bole
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY and LALA mutations
KCRKVSNKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSLS
CAVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLVSKLTV
DKSRWOQOGNVFSCSVMHBEALHNHY TOKSLSLSPGK

99 APELLGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNW | Fe sequence with hole
YVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHOQDWLNGREYKC and YTE mutations
KVENKALPAPIEKTISKAKGOPREPOQVY TLPPSEDELTRNQVSLSCA
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLVSKLTVDK
SRWQOQGNVFSCEVMHEALHNHYTOQRSLSLSPGK

160 APEAAGGPSVFLFPPKPEDTLYTTREPEVTICVVVDVSHEDPEVEFN Fe sequence with hole,
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY LALA, and YTE
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSLS mutations
CAVEGFYPSDIAVEWESNGOPENNYKTTEPVLDSDGSFFLVSKLTY
DEKSRWOQOQGNVFSCSVMHEALHNHY TQRSLSLSPGK

161 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN Clope CH3C.35.21 with
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY hole mutations
KCEVSNEALPAPIEKTISKAKGQOPREPOVYTLPPSRDELTKNQVSLS
CAVKGFYPSDIAVWWESY GTEWSSYKTTPPVLDSDGSFFLVSKLTV
TKEEWOOGFVESCSVMHEALHNHYTORSLSLSPGK

162 APEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVEFN Clone CH3C.35.21 with
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY hole and LALA
KCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSRDELTENQVSLS nintations
CAVKGFYPSDIAVWWESYGTEWSSYRTTPPVLDSDGSFFLVSKLTV
TREEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

103 APELLGGPSVFLFPPEPKDTLYITREPEVTCVVVDVSHEDPEVEKFNW | Clone CH3C 3521 with
YVDGVEVHNAKTEPREEQYNSTYRVVSVLTVEHQDWLNGKEYKC | hole and YTE mutations
KVSENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTRNQVSLSCA
VKGFYPSDIAVWWESYGTEWSSYKTTPPVLDSDGSFFLVSKLTVTR
EEWOQOGFVFSCSVMHBEALHNHYTOKSLSLSPGK

104 APEAAGGPSVELFPPKPEDTLYITREPEVTCVVVDVSHEDPEVEFN Clone CH3C 3521 with
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY hole, LALA, and YTE
KCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDELTKNOVSLS mutations
CAVEGFYPSDIAVWWESYGQTEWSSYKTTPPVLDSDGSFFLVEKLTY
TRKEEWQOGFVESCSVMHEALHNHYTOKSESLSPGE

105 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFRN Fo sequence with knob
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY rantation
KCKVENKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOOGNVFSCSVMHEALHNHYTOKSLSLSPGE

106 APEAAGGPSVFLFPPKPKODTLMISRTPEVTICVVVDVSHEDPEVEFN Fe sequence with koob
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY and LALA mutations
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNOQVSL
WCLVKGFYPSDIAVEWESNGOQPENNYK TTPPVLDSDGSFFLYSKLT
VDKSRWOQOGNYVFSCSVMHEALHNHYTOKSLSLSPGE

107 APELLGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNW | Fc sequence with knob
YVDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHOQDWLNGREYKC and YTE mutations
KVENKALPAPIEKTISKAKGOPREPOQVY TLPPSEDELTRNQVSLWCL
VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDK
SRWOQOGNVESCEVMHEALHNHYTOKSLSLSPGK

108 APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVEFN Fc sequence with kaob,

WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDEKSRWOQOQGNVFSCSVMHEALHNHYTOKSLSLSPGK

LALA, and YTE
nugtations

156
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SEQID
NG:

Diescription

169

DKTHTCPPCP

Portion of human IgGl
hinge sequence (Partial
hinge)

110

DEKTHTCPPCPAPEAAGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO

DWLNGEKEYKCEVSNEALPAPIEKTISKAKGOQPREPQVYTLPPSRDE

LTENQVSLWCLVKGFYPSDIAVWWESY GTEWSSYKTTPPVLDSDG
SFFLY SKLTVTKEEWQQGFVESCSVMHEALHNHYTOQKSLSLSPGIC

Clone CH3C.35.21 with
knob and LALA
mutations and portion of
human [gGl hinge
SEquence

111

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKALPAPIEK TISK AKGOPRFDYVTTLPPSRDELTKNQVSLT
CLVKGFYPSHAVEWESNGQOPENNYKTTPPVLDSDGSFRLYSKLTY
DESRWOOGNVFSCSVMHEALHNHY GFHDLSLSPGE

Clone CH3B.1

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFRN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCRKVENKALPAPIEKTISKAKGOPRFDMVTTLPPSRDEL TKNQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOOGNVESCSVMHBEALHNHY GFHDLSLSPGK

Clone CH3B.2

113

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPRFEYVTTLEPSRDELTKNQVSLT
CLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTY
DKSRWOOGNVEFSCSYMHEALHNHY GFHDLSLSPGK

Clone CH3B.3

114

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVYVDVSHEDPEVKFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNEALPAPIEKTISKAKGOPRFEMVTTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DESERWOQGNVFSCSVMHEALHNHYGFHDLSLSPGK

Clone CH3B A4

113

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPRFELVTTLPPSRDELTKNQVSLT
CLVKGFYPSDHAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKLTV
DESRWOOGNVFSCSVMHEALHNHY GFHDLSESPGK

Clone CH3B.5

116

APELLGGPSVFLFPPEKPRKDTLMISRTPEVTCVVVDVSHEDPEVEFIW
YVDGVDVRYEWQLPREEQGYNSTYRVVSVLTVLHODWLNGKEYR

CKVSNKALPAPIEK TISKARKGOPREPQVYTLPPSRDELTKNQVSLTC
LVEGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLY SKLTVD
KSRWQOQOGNVFSCSVMHEALHNHYTOKSLSLSPGK.

Clone CH2A2.1

117

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVGEY
WYVDGVPVSWEWYWPREEQYNSTYRVVSVLTVLHODWENGKEY
KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOOGNVESCSVMHBEALHNHY TOKSLSESPGK

Clone CH2A2.2

118

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOFD
WYVDOVMYRREWHRPREEQYNSTYRVVSVLTVLEOQDWLNGKEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTY
DKSRWOOGNVESCSVMBEALHNHYTOKSLSLSPGE

Clone CH2A23

119

APELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVSFEW
YVDGVPVRWEWOWPREEQYNSTYRVVSEVLTVLHODWLNGKEYK
CEVSNEKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTENQVSLTC
LVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SELTVD

KSEWOOGNVFSCEVMHEALHNHYTORSLSLSPGK

Clone CH2A2 4
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120

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVAFTW
YVDOGVPVRWEWOQNPREEQYNSTYRVVAVLTVLHQDWLNGKEYK

CKVSNKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLTC

LVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVD

KSRWOOQGNVFSCSVMHEALBNHYTOKSLSLSPGK

Clone CH2A2.5

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDPOTPPWEVEFN
WYVDOVEVHNAKTKPREEEYYTYYRVVSVLTVLHODWLNGKEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTY
DKSRWOOGNVESCSVMBEALHNHYTOKSLSLSPGE

Clone CH2C 1

APELLGGPSVFLFPPKPRKDTLMISRTPEVTCVVVDPPSPPWEVKEFNW
YVDGVEVHENAKTKPREEEY YSNYRVVSVLTVLHQDWLNGKEYKC
KVENKALPAPIEKTISKAKGOPREPOVY TLPPSEDELTRNQVSLTCL

VKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDK

SRWOQOGNVESCEVMHEALHNHYTOKSLSLSPGK

Clone CH2C 2

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDPOTPPWEVKEFN
WYVDGVEVHNAKTKPREEEYYSNYRVVSVLTVLHODWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLT
CLVKGFYPSDHAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKLTV
DESRWOOGNVFSCSVMHEALHNHY TOKSLSLSPGK

Clone CH2C 3

124

APELLGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDFRGPPWEVEFN
WYVDGVEVHNAKTEPREEEYYHDYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOOGNVEFSCSVMHEALHNHY TOKSLSLSPGK

Clone CH2C 4

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDPOTVPWEVKFRN

WYVDGVEVHNAKTKPREEEYYSNYRVVSVLTVLHODWILNGKEY

KCKVENKALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOOGNVFSCSVMBEALHNHY TOKSLSLSPGK

Clone CH2C .5

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSVPPRMVYKFN
WY VDOVEVHNAKTKSUTSQHNSTVRVVSVLITVLHODWLNGKEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNOQVSLT
CLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTY
DKSRWOOGNVESCSVMBEALHNHYTOKSLSLSPGE

Clone CH2D 1

APELLGGPSVFLFPPKPKDTEMISRTPEVTCVVVDVIVPPWMVKEN
WYVDGVEVHNAKTKSLTSOHNSTVRVVSVLTVLHOQDWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLY
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTV
DESRWOOGNVFSCSVMHEALHNHY TOKSLSLSPGK

Clone CH2ZD 2

128

APELLGGPSVELFPPEKPKDTLMISRTPEVTICVVVDYVSDMWEYVKFN
WYVDGVEVHNAKTEPWVKQLNSTWRVVSVLTVLHQDWENGKE
YELCKVSNKALPAPIEKTISK AKGOPREPOQVY TLPPSRDELTKNQVSL
TCLVKGFYPSDIAVEWESNGOQPENNYK TTPPVLDSDGSFFLYSKLT
VDKSRWOOGNVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH2D 3

129

APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSEDDWTWVEFN
WYVDGVEVHNAKTEPWIAQPNSTWRVVSVLTVLHOQDWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOOGNVEFSCSVMHEALHNHY TOKSLSLSPGK

Clone CH2D 4

130

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSDDWEWVKEFN
WYVDGVEVHNAKTKPWELOLNSTWRYVVSVLTVEHQDWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOOGNVESCSVMHBEALHNHY TOKSLSESPGK

Clone CH2D .S
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131

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPWVWEY
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCSVVNIALWWSIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLT
CLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOOGNVESCSVMHBEALHNHY TOKSLSESPGK

Clone CH2E3.1

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPVVGFR
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCRVSNSALTWKIEKTISKAKGOPREPQVYTLPPSRDEL TKNOQVSLT
CLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTY
DKSRWOOGNVESCSVMBEALHNHYTOKSLSLSPGE

Clone CH2E3.2

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPVVGER
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCRVSNSALSWRIEK TISKAKGOPREPOQVYTLPPSRDELTKNQVSLT
CLVEGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DESEWOOQGNVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CHZ2E3.3

134

APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPIVGFRW
YVDGVEVHNARKTKPREEQYNSTYRVVSVLTVEHQDWLNGKEYKC
RVSNSALRWRIEKTISKAKGOPREPOQVYTLPPSRDELTKNOQVSLTCL
VEGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLY SKLTVDK
SRWOOGNVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH2E3 4

APELLGGPSVFLFPPEPKDTLMISRTPEVICVVVDVSHEDPAVGEFE
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCQVFNWALDWVIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSL
TCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKELT
VDKSRWOOGNVFSCEVMHEALHNHYTOQRSLSLSPGK

Clone CH2E3.5

136

APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSL
WCLVEGFYPSDIAVEWESYGTEWSSYKTTPPVLDSDGSFFLYSKLT
VIKEEWOOGFVFSCSVMHEALBNHYTOKSLSLSPGK

Clone CH3C.35.21.17
with knob and LALA
mutations

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTEKNQVSL
WCLVEGEFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFFLYSKELT
VIKEEWOOGFVFSCSVMHEALHNHYTORSLSLSPGK

Clone CH3(C.35.20.1
with knob mutation

APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVERVEHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFFLYSKLT
VIKEEWQOGFVESCSVMHEALHNHY TOKSLSLSPGK

Clone CH3(C.35.20.1
with koob and LALA
nwtations

139

APEAAGGPSVFLFPPKPEDTLMISRTPEVTICVVVEVSHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALGAPIEKTISKAK GOPREPOVYTLPPSRDELTKNQVSL
WCLVKGFYPSDHAVEWESFGTEWSSYRTTPPVLDSDGSFFLYSKLT
VIKEEWOQOGFVESCSVMHEALHNHY TOKSLSLSPGK.

Clone CH3(C.35.20.1
with knob and LALAPG
nugtations

140

APELLGGPSVFLFPPEKPKDTLYITREFEVICVVVDVSHEDFEVKEFNW
YVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPIEKTISK AKGQPREPGVYTLPPSRDELTKNOQVSLWCL
VEGFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFFLYSKLTVTRE
EWQQGFVFSCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.35.20.1
with knob and YTE
mutations

141

APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDIVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNOQVSL
WCLVKGFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFFLYSKLT
VTKEEWOOQGFVFSCSVMHEALBNHYTOKSLSLSPGK

Clone CH3C.35.20.1
with knob, LALA, and
YTE moptations
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SEQ D Sequence Diescription
NO:
142 APEAAGGPSVFLFPPKPRDTLYITREPEVTCVVVDVESHEDPEVKEN Clone CH3C.35.20.1

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALGAPIEEKTISKAKGOPREPOVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFFLYSKLT
VIKEEWOOGFVFSCSVMHEALBNHYTOKSLSLSPGK

with knob, LALAPG,
and YTE muiations

143

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLS
CAVKGFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFRFLVEKLTY
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

Clone CH3(C.35.20.1
with hole mutations

144

APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVERVSHEDPEVKEN

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY

KCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSRDELTENQVSLS
CAVKGFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFFLVSKLTV

TREEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(C.35.20.1
with hole and LALA
nwtations

APEAAGGPSVFLFPPKPEDTLMISRTPEVTCVVVRIVSHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALGAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS
CAVEGFYPSDIAVEWESFGTEWSSYK TTPPVLDSDGSFFLVSKLTV
TRKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.20.1
with hole and LALAPG
nugtations

146

APELLGGPSVFLFPPEKPKDTLYITREFEVICVVVDVSHEDFEVKEFNW
YVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVSNKALPAPIEKTISK AKGQPREPOVY TLPPSRDELTKNQVSLSCA
VEGFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFFLVSKLTVTERE
EWQQGFVFSCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.35.20.1
with hole and YTE
mutations

APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDIVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCRKVSNKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSLS
CAVKGEYPSDIAVEWESFGTEWSSYKTIPPVLDSDGSFFLVSKLTY
TRKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.20.1
with hole, LALA, and
YTE moptations

148

APEAAGGPSVFLFPPKPKDTLYTREPEVTCVVVEVSHEDPEVKEN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALGAPERETISKAKGOPREPOVYTLPPSRDEL TENQVSLS
CAVKGFYPSDIAVEWESFGTEWSSYKTTPPVLDSDGSFRFLVEKLTY
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

Clone CH3(C.35.20.1
with hole, LALAPG, and
YTE muiations

149

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFEN

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSL

WCLVRKGEYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLYSKL
TYIKEEWOOGFVESCSVMBEALHNHYTOKSLSLSPOK

Clone CH3(C.35.23.2
with knob mutation

APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVEVSHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNQVSL

WCLVKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLYSKL
TVIKEEWQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.23.2
with koob and LALA
nugtations

151

APEAAGGPSVFLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALGAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLYSKL
TVIKEEWOOGFVFSCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.3523.2
with knob and LALAPG
mutations

APELLGGPSVFLFPPKPKDTLYITREPEVICVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVEHODWLNGKEYKC
KVSNKALPAPIEEKTISKAKGQPREPOVYTUPPSRDELTENQVSLWCL
VKGFYPSDHAVEWESYGTEWANYKTTPPVLDSDGSFFLY SKETVTK
EEWQOGFVFSCSVMHEALHNHYTOQKSLSLSPGK

Clone CH3(.35.23.2
withknob and YTE
mutations
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SEQ D Sequence Diescription
NO:
153 APEAAGGPSVFLFPPKPRDTLYITREPEVTCVVVDVESHEDPEVKEN Clone CH3(C.35.23.2

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSL
WCLVEGFYPIDIAVEWESYGTEWANYKTTPPVLDSDGSFFLYSKL
TVTEKEEWOOQGFVFSCSVMHEALHNHYTOKSLSLSPGK

with knob, LALA, and
Y¥'TE mutations

APEAAGGPSVFLFPPKPKDTLYTREPEVTCVVVEVSHEDPEVKEN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALGAPERETISKAKGOPREPOVYTLPPSRDEL TENQVSL
WCLVEGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLYSKL
TVTKEEWOOGFVFSCEVMHEALHNHYTOKSLSLEPGK

Clone CH3(C 35232
with knob, LALAPG,
and YTE mutations

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSRDELTENQVSLS
CAVKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLVSKLTV
TREEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(C.35.23.2
with hole mtations

APEAAGGPSVFLFPPKPEDTLMISRTPEVTCVVVRVSHEDPEVKEN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLS
CAVEGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLYSKLTV
TRKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.23.2
with hole and LALA
nugtations

157

APEAAGGPSVFLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALGAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLS
CAVEGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLVSKLTY
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.3523.2
with hole and LALAPG
mutations

APELLGGPSVFLFPPKPKDTLYITREPEVICVVVDVSHEDPEVKFNW
YVDGVEVHNAKTKPREEQYNSTYRVVSVLTVEHODWLNGKEYKC
KVSNKALPAPIEKTISK AKGQPREPOQVY TLPPSRDELTEKNQVSLICA

VKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLVSKLETVTK
EEWOQOGFVFESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(.35.23.2
with hole and YTE
mutations

APEAAGGPSVFLFPPKPKDTLYTREPEVTCVVVEVSHEDPEVKEN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLS
CAVKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLVSKLTY
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

Clone CH3(C.3523.2
with hole, LALA and
YTE mutations

160

APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFRN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALGAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS
CAVKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDGSFFLVSKLTV
TKEEWOQOGFVESCSVMHBEALHNHYTOKSLSLSPGK

Clone CH3(.35.23.2
with hole, LALAPG, and
YTE mutations

i61

APELLGGPSVEFLFPPKPKDTEMISRTPEVTCVVVDVSHEDPEVKFN

WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNQVSL

WCLVKGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLYSKL
TVIKEEWQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.33.23.3
with knob mutation

162

APEAAGGPSVFLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLYSKL
TVIKEEWOOGFVFSCSVMHEALHNHYTOKSLSLSPGE

Clone CH3(C.35.233
with knob and LALA
mutations

163

APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEFN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALGAPEKTISKAKGOPREPOVYTLPPSRDEL TENQVSL
WCLVKGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLYSKE
TVTEEEWOOQGFVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(.35.23.3
with knob and LALAPG
mutations
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164 APELLGGPSVFLFPPKPKDTLYITREPEVICVVVDVSHEDPEVKEFNW Clone CH3C.35.233
YVDGVEVHNAKTKPREEQYNSTYRVVEVLTVEHODWLNGKEYKC with knob and YTE
KVSNKALPAPIEKTISK AKGQPREPOQVY TLPPSRDELTEKNQVSLWCL rontations
VKGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLY SKETVTK
EEWOQOGFVFESCSVMHEALHNHYTOKSLSLSPGK

165 APEAAGGPSVFLFPPKPKDTLYTREPEVTCVVVEVSHEDPEVKEN Clone CH3( 35233
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY with knob. LALA and
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTEKNQVSL YTE muotations
WCLVEGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLYSKL
TVTKEEWOOGFVFSCEVMHEALHNHYTOKSLSLEPGK

166 APEAAGGPSVFLFPPRKPKDTLYITREPEVTCVVVDVSHEDPEVKFRN Clone CH3(C.35.233
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY with knob, LALAPG,
KCKVSNKALGAPIEKTISKAKGQOPREPOVYTLPPSRDELTENQVSL and YTE mutations
WL VEGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLYSKL
TVTKEEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

167 APELLGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVSHEDPEVKFN Clone CH3C.35.23.3
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY with hele mutations
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLS
CAVEGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLYSKLTV
TREEWOQOGEFVESCSVMHEALHNHYTOKSLSLSPGK

168 APEAAGGPSVFLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKEN Clone CH3C.35233
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY with hole and LALA
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS mutations
CAVEGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLVSKLTY
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

169 APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEFN Clone CH3(C.35.233
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY with hole and LALAPG
KCRKVSNKALGAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSLS mutations
CAVKGEFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLVEKLTY
TRKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

176 APELLGGPSVFLFPPKPKDTLYITREPEVICVVVDVSHEDPEVKFNW Clone CH3( 35233
YVDGVEVHNAKTKPREEQYNSTYRVVASVLTVLHOQDWENGEEYKC with hole and YTE
KVSNKALPAPERTISKAKGQPREPOVYTLPPSRDEL TKNQVSLSCA mutations
VKGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLVSKLTVIK
EEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

171 APEAAGGPSVFLFPPRKPKDTLYITREPEVTCVVVDVSHEDPEVKFRN Clone CH3(C.35.233
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY with hole, LALA, and
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS YTE mutatons
CAVKGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLVSKLTV
TREEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

172 APEAAGGPSVFLFPPKPEDTLYTTREPEVTICVVVDVSHEDPEVEFN Clone CH3C.35.233
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQDWINGKEY | with hole, LALAPG, and
KCKVENKALGAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS YTE mutations
CAVEGFYPSDIAVEWESYGTEWVNYKTTPPVLDSDGSFFLYSKLTV
TREEWOQOGEFVESCSVMHEALHNHYTOKSLSLSPGK

173 APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN Clone CH3C 35234
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY with knob mutation
KCKVENKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESYGTEWSNYRTTPPVLDSDGSFFLYSKLT
VSKEEWOQOGFVESCEVMHEALHNHYTOKSLSLEPGK

174 APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEFN Clone CH3(C.35.23 .4

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNOQVSL
WCLVKGFYPSDIAVEWESYGTEWSNYKTTPPYLDSDGSFFL Y SKLT
VSKEEWQOGFVESCSVMHBEALHNHYTOKSLSLEPGK

with knob and LALA
mutations
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175 APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFEN Clone CH3(C.35.23 4
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY with knob and LALAPG
KCKVSNKALGAPIEEKTISKAKGOPREPOVYTLPPSRDELTKNQVSL rontations
WCLVKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLYSKLT
VSKEEWQOGFVESCSVMHBEALHNHYTOKSLSLEPGK

176 APELLGGPSVFLFPPKPKDTLYITREPEVICVVVDVSHEDPEVKFNW Clone CH3{ 35234
YVDGVEVHNAKTKPREEQYNSTYRVVASVLTVLHOQDWENGEEYKC with knob and YTE
KVSNKALPAPERTISKAKGQPREPOVYTLPPSRDEL TKNQVSLWCL mutations
VKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLY SKLTVSK
EEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGK

177 APEAAGGPSVFLFPPRKPKDTLYITREPEVTCVVVDVSHEDPEVKFRN Clone CH3(C.35.23.4
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY with knob, LALA, and
KCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTENQVSL YTE muiations
WCLVEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLYSKLT
VESKEEWQOQGEFVESCSVMHEALHNHYTOKSLSLSPGE

178 APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVEFN Clone CH3C.3523.4
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY with knob, LALAPG,
KCKVENKALGAPIEKTISKAK GOPREPOVYTLPPSRDELTKNQVSL and YTE mutations
WCLVKGFYPSDHAVEWESYGTEWSNYKTTPPVLDSDGSFFLY SKLT
V3KEEWOOGFVESCSVMHEALHNHY TOKSL SLSPGK

179 APELLGGPSVFLFPPEPRKDTLMISRTPEVTCVVVDVSHEDPEVKEFN Clone CH3C 35234
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY with hole nmutations
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS
CAVEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVERLTV
SEEEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

180 APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEFN Clone CH3(C.35.23 .4
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY with hole and LALA
KCRKVSNKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSLS mutations
CAVKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVSKLTV
SKEEWQOQGFVFSCSVMHEALHNHYTORKSLALAPGK

181 APEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVEFN Clone CH3{ 35234
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY with hole and LALAPG
KCKVENEALGAPERETISKAKGOPREPOVYTLPPSRDEL TENQVSLS mutations
CAVKGFYPSDIAVEWESYGTEWSNYETTPPVLDSDGSFFLVSKLTV
SKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

182 APELLGGPSVFLFPPKPEKDTLYITREPEVTCVVVDVSHEDPEVKFNW Clone CH3(C.35.23.4
YVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC with hole and YTE
KVSENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTRNQVSLSCA nwtations
VKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVSKLTVSK
EEWOQOGFVFSCSVMHBEALHNHYTOKSLSLSPGK

183 APEAAGGPSVFLFPPKPEDTLYTTREPEVTICVVVDVSHEDPEVEFN Clone CH3C 35234
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY with hole, LALA, and
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNOQVSLS YTE mutations
CAVEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVSKELTV
SKEEWOOGFVESCSYVMHEALHNHY TOKSLSLSPGE

184 APEAAGGPSVFLFPPKPEDTLYITREPEVICVVVDVSHEDPEVEFN Clone CH3C 35234
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY | with hole, LALAPG, and
KCKVENKALGAPIEKTISKAKGOPREPOQVYTLPPSRDELTKNQVSLS YTE mutations
CAVEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVERLTV
SEEEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

185 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN Clone CH3C.35.21.17.2

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQPREPOVYTLPPSRDELTKNOQVSL
WCLVKGFYPSDIAVEWESYGTEWASYKTTPPYLDSDGSFFL Y SKLT
VTKEEWOOQGFVFSCSVMHEALBNHYTOKSLSLSPGK

with knob mutation
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186 APEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFEN Clone CH3C.35.21.17.2

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESYGTEWASYKTTPPVLDSDGSFFLYSKLT
VIKEEWOOGFVFSCSVMHEALBNHYTOKSLSLSPGK

with knob and LALA
mutations

187

APEAAGGPSVFLFPPKPKODTLMISRTPEVTICVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALGAPERETISKAKGOPREPOVYTLPPSRDEL TENQVSL
WCLVEGFYPSDIAVLWESYGTEWASYKTTPPVLDSDGSFFLYSKLT
VIKEEWOOGFVFSCSVMHEALHNHYTORSLSLSPGK

Clope CH3C3521.17.2
with knob and LALAPG
mtations

APELLGGPSVFLFPPKPEKDTLYITREPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHODWLNGKEYKC
KVENKALPAPIEKTISKAKGOPREPOQVY TLPPSEDELTRNQVSLWCL
VKGFYPSDIAVLWESYGTEWASYKTTPPVLDSDGSFFLYSKLTVIK
EEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3(C3521.17.2
with knob and YTE
nwtations

189

APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVEFN
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY
KCKVENKALPAPIEK TISKAK GOPREPQVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESYGTEWASYKTTPPVLDSDGSFFLY SKLT
VIKEEWOQOGFVESCSVMHEALHNHY TOKSLSLSPGK.

Clone CH3C.35.21.17.2
with knob, LALA, and
YTE mutations

190

APEAAGGPSVFLFPPKPEDTLYITREPEVICVVVDVSHEDPEVEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALGAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESYGTEWASYRTTPPVLDSDGSFFLYSKLT
VTEEEWOQOQGFVFSCSVMHEALHNHY TOKSLSLSPGE

Clone CH3C.3521.17.2
with knob, LALAPG,
and YTE mutations

191

APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCRKVSNKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSLS
CAVKGFYPSDIAVLWESYGTEWASYKTTIPPVLDSDGSFFLVSKLTV
TRKEEWOOGFVESCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.35.21.17.2
with hole nmwtations

192

APEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVEFN
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY
KCKVENEALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLS
CAVKGFYPSDIAVLWESYGTEWASYE TTPPVLDSDBGSFFLVSKLTV
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

Clope CH3C3521.17.2
with hole and LALA
mtations

APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVERVEHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALGAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS
CAVKGFYPSDIAVLWESYGTEWASYKTTPPVLDSDGSFFLVSKLTV
TKEEWOQOGFVESCSVMHBEALHNHYTOKSLSLSPGK

Clone CH3(C3521.17.2
with hole and LALAPG
nwtations

194

APELLGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNW
YVDGVEVHNARKTKPREEQYNSTYRVVSVLTVEHQDWLNGKEYKC
KVSNKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSLSCA
VEGFYPSDIAVLWESYGTEWASYKTTPPVLDSDGSFFLVSKLTVTK
FEEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

Clone CH3C.3521.17.2
with hole and YTE
nugtations

195

APEAAGGPSVFLFPPKPEDTLYITREPEVICVVVDVSHEDPEVEFN
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS
CAVEGFYPSDIAVLWESYGTEWASYKTTPPVLDSDGSFFLVEKLTV
TKEEWOQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Clone CH3C 3521.17.2
with hole, LALA, and
YTE mutations

196

APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDIVSHEDPEVKEN
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALGAPEKTISKAKGOPREPOVYTLPPSRDELTENQVSLS
CAVKGFYPSDIAVLWESYGTEWASYKTTPPVLDSDGSFFLVSKLTV
TRKEEWOQOGFVFESCSVMHEALHNHYTOKSLSLSPGI

Clone CH3(C 3521.17.2
with hole, LALAPG, and
YTE moptations
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197 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVEKFRN Clone CH3C.35.23 with
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY krob mutation
KCKVENKALPAPIEKTISKAKGOPREPOVYTLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLYSKLT
VTKEEWOOQGFVFSCSVMHEALHENHYTOKSLSLAPGK

198 APEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVEFN Clone CH3C.35.23 with
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY knob and LALA
KCKVENEALPAPIEKTISKAKGOPREPOVY TLPPSRDELTEKNQVSL mutations
WCLVEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLYSKLT
VIKEEWOOGFVFSCSVMHEALHNHYTORSLSLSPGK

199 APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVERVEHEDPEVKEN Clone CH3C.35.23 with
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY knob and LALAPG
KCKVSNKALGAPIEKTISKAKGQOPREPOVYTLPPSRDELTENQVSL nwtations
WCLVEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLYSKLT
VIKEEWQOGFVFSCSVMHEALHNHYTORSLSLSPGK

266 APELLGGPSVFLFPPKPKDTLYITREPEVTCVVVDVSHEDPEVKFNW | Clone CH3C.35.23 with
YVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVEHQDWLNGKEYKC | knob and YTE mutations
KVSENKALPAPIEKTISK AKGOPREPOQVY TLPPSRDELTKNOQVSLWCL
VEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLYSKLTVTK
EEWOOGFVESCSVMHEALHNHYTOKSLSLSPOK

201 APEAAGGPSVFLFPPKPEDTLYITREPEVICVVVDVSHEDPEVEFN Clone CH3C.35.23 with
WYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEY knob, LALA, and YTE
KCKVENKALPAPIEKTISKAKGOPREPQVY TLPPSRDELTKNQVSL mutations
WCLVKGFYPSDIAVEWESYGTEWSNYRTTPPVLDSDGSFFLYSKLT
VTEEEWOQOQGFVFSCSVMHEALHNHY TOKSLSLSPGE

202 APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDIVSHEDPEVKEN Clope CH3C.35.23 with
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY knob, LALAPG, and
KCKVSNKALGAPIEEKTISKAKGOPREPOVYTLPPSRDELTKNQVSL YTE mutations
WCLVKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLYSKLT
VTKEEWOOQGFVFSCSVMHEALHENHYTOKSLSLAPGK

203 APELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN Clone CH3C.35.23 with
WYVDOVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWINGEEY hole mudations
KCKVENEALPAPIEKTISKAKGOPREPOQVY TLPPSRDELTKNQVSLS
CAVKGFYPSDIAVEWESYGTEWSNYETTPPVLDSDGSFFLVSKLTV
TKEEWOOGFVESCEVMHEALHNHYTORSESLSPGK

204 APEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVERVEHEDPEVKEN Clone CH3C.35.23 with
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEY hole and LALA
KCKVANKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS nwtations
CAVKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVSKLTV
TREEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

205 APEAAGGPSVFLFPPKPEDTLMISRTPEVTICVVVEVSHEDPEVKEN Clone CH3C 3523 with
WYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQDWILNGKEY hole and LALAPG
KCKVENKALGAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLS pratations
CAVEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVSKELTV
TREEWOQOGEFVESCSVMHEALHNHYTOKSLSLSPGK

206 APELLGGPSVFLFPPEPKDTLYITREPEVTCVVVDVSHEDPEVKENW | Clone CH3(C.35.23 with
YVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHODWLNGKEYKC | hole and YTE mutations
KVSNKALPAPIEKTISK AKGQPREPOVY TLPPSRDELTKNQVSLSCA
VEGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVSKLTVTK
EEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGE

267 APEAAGGPSVFLFPPKPKDTLYITREPEVTCVVVDIVSHEDPEVKEN Clope CH3C.35.23 with

WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCEVSNEALPAPIEKTISKAKGQOPREPOVYTLPPSRDELTKNQVSLS
CAVKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGSFFLVSKLTV
TRKEEWOQOGFVFESCSVMHEALHNHYTOKSLSLSPGI

hole, LALA, and YTE
mutations
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208 APEAAGGPSVFLFPPKPRDTLYITREPEVTCVVVDVESHEDPEVKEN Clone CH3(.35.23 with
WYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY hole, LALAPG, and
KCKVSMNKALGAPIEKTISK AKGOQPREPOVYTLPPSRDELTKNQVSLS YTE mutations
CAVKGFYPSDIAVEWESYGTEWSNYKTTPPVLDSDGRFFLVSKLTY
TEEEWOQOGFVFSCSVMHEALHNHYTOKSLSLSPGK

209 DKTHTCPPCPAPEAAGGPSVELFPPEPKDTEMISRTPEVICVVVDVS | Clone CH3C3521.17.2
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO with knob and LALA
DWLNGEEYKCEVSNEALPAPIEK TISKAKGOPREPOVYTLPPSRDE | muatations and portion of
LTENQVSLWCLVKGFYPSDIAVEWESYGTEWASYKTTPPVLDSDG huraan {pGl hinge
SFFLYSKLTVTKEEWQOQGFVESCSVMHEALHNHYTOKSLSLSPGK sequence

216 DKTHTCPPCPAPEAAGGPSVFLFPPKPRKDTLMISRTPEVTCVVVDVS Clone CH3C.35.23.2
HEDPEVKFNWYVDGVEVHNAKTEPREEQGYNSTYRVVSVLTVLHG with koob and LALA
DWLNGKEYRKCKVENKALPAPIEK TISKAKGOQPREPOQVYTLPPSRDE | mmiations and portion of
LTKNOVSLWCLVKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDG homan IgGl hinge
SFFLYSKLTVTKEEWQQGFVFSCSVMHEAL HNHYTQRSLILIPGK sequence

211 MWTLVSWVALTAGLVAGTRCPDGQFCPVACCLDPGGASYSCCRP pre-mature progranulin
LLDEWPTTLSRHLGGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAV (PGRN) polypeptide
ACGDGHBCCPRGFHCSADGRSCFORSGNNSVGAIQCPDSQRFECPDY
STCCVMVDGSWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITP
TGTHPLAKKLPAQRTNRAVALSSSVMCPDARSRCPDGSTCCELPSG
KYGCCPMPNATCCSDHLHCCPODTVCDLIQSKCLSKENATTDLLTK
LPAHTVGDVKCDMEVSCPDGY TCCRLOSGAWGCCPFTQAVCCED
HIHCCPAGFTCDTQRGTCEQGPHOVFWMEK APAHLSLPDPOALKR
DVPCDNVESCPSSDTCCQLTSGEWGCCPIPEAVCCSDHOHCCPOGY
TCVAEGOCORGSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGQ
TCCPSLGGSWACCOLPHAVCCEDROHCCPAGYTONVKARSCEKEY
VSAQPATRFLARSPHYGVEKDVECGEGHFCHDNQTCCRDNROGWAC
CPYROQGVCCADRRHCCPAGFRCAARGTKCLRREAPRWDAPLRDP
ALRQLL

212 TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV gature PGRN
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG polypeptide

RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGK YGCCPMPNATCCSDHLHC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VOCEDROQHCCPAGYTCNVK ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLL
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213

DKTHTCPPCPAPELLGGPSVELFPPKPRDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEK TISK AK GOPREPOVY TLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGKG
GGGRGGOGSTROPDGQFCPVACCLDPGGASY SCCRPLLDKWPTTL
SRHLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCC
PRGFHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCOVMVDG
SWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKK
LPAQRTNRAVALSSSVMCPDARSRCPDGSTOCELPSGK YGCCPMPN
ATCCSDHLHCCPODTVCDLIQSKCLSKENATTDLLTRLPAHTVGDY
KCDMEVSCPDGY TCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHOVPWMEK APAHLSLEDPOALKRDVPCDNVSSC
PSSDTCCQLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCOR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRUCAARGTKCLEREAPRWDAPLRDPALROLL

Partial hinge-Fc
polypeptide with hole
mutations~((G,3),-PGRN

214

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALPAPIEKTISK AKGOPREPOVYTLPPSRDE
LTENGQVSLSCAVEKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWOQOQGNVFSCSVMHEALHNHY TQKSLILSPGKG
GGOGSTROPDGOFCPVACCLDPGGASYSCCORPLLDKWPTTLSRHLG
GPCOVDAHCSAGHSCIFTVSGTSSCOPFPEAVACGDGHHCCPROEH
CSADGRSCFORSGNNSVGAIQCPRSQFECPDESTCCVMVDGSWGC
CPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQR
TNRAVALSSSVMCOPDARSROPDGSTCCELPSCGKYGCCPMPNATCCS
DHLECCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDM
EVSCPRGYTCCRLOSGAWGUCPFTQAVCCEDHIHCCPAGFTCDTO
KGTCEQGPHOVPWMEKAPAHLSLPDPOALKRDVPCDNVSSCPSSD

VAGLEKMPARRASLSHPRDIGCDQHTSCPVGOTCCPSLGGSWACC
QLPHAVCCEDROHCCPAGYTONVEARSCEKEVYSAQPATFLARSE
HVGVEDVECGEGHFCHDNQTCCRDNROGWACCPYRQGVCCADR
RHCCPAGFRCAARGTKCLEREAPRWDAPLRDPALRQLL

Partial binge-Fc
polypeptide with hole
mtations-Gy 3-PGRN

DKTHTCPPCPAPEAAGGPSVELFPPRPKDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEK TISK AKGOPREPOVY TLPPSRDE
LTKNQVSLSCAVEGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGKG
GGGSGGGGSTROPDGQFCPVACCLDPGGASY SCCRPLLDEWPTTL
SRHLGGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCC
PRGFHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDRSTCCVMYDG
SWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKK
LPAQRTNRAVALSSSVMCPDARSRCPDGSTOCELPSGKYGCCPMPN
ATCCSDHLHCCPQDTVCDLIQSKCLSKENATTDLLTKLPAHTVGDV
KCDMEVSCPRGYTCCRLOSGAWGCCPFTOAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHQVPWMEK APAHLSLPDPOQALKRDVPCDNVSSC
PSSDTCCOLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCQR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGOQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRCAARGTKCLRREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with hole
and DALA mutations-

(G345),-PGRN
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216

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQ
DWILNGKEYRKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGS
FFLVSKLTVDEKSRWOQOGNVESCSVMHEEALHNHY TOKSLSLSPGKG
GGOGSTROPDGOFCPVACCLDPGGASYSCCORPLLDKWPTTLSRHLG
GPCOVDAHCSAGHSCIFTVSGTSSCOPFPEAVACGDGHHCCPROEH
CSADGRSCFORSGNNSVGAIQCPRSQFECPDESTCCVMVDGSWGC
CPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQR
TNRAVALSSSVMCOPDARSROPDGSTCCELPSCGKYGCCPMPNATCCS
DHLHCCPODTVCDLIQSKCLSKENATTDLLTRKLPAHTVGDVKCDM
EVSCPDGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGERTCDTO
KGTCEQGPHOQVPWMEKAPAHLSLPDPOALKRDVPCDNVSSCPSSD
TCCOLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCOVAEGOCORGSE]
VAGLEKMPARRASLSHPRDIGCDOQHTSCPVGOQTCCPSLGGSWACC
QLPHAVCCEDROHCCPAGY TONVKARSCEKEVVSAQPATFLARSP
HVGVEDVECGEGHFCHDNQTCCRDNROGWACCPYRQGVCCADR
RHCCPAGFRCAARGTKCLEREAPRWDAPLRDPALRQLL

Partial hinge-Fc
polypeptide with hole
and LALA mutations-

(345-PGRN

DKTHTCPPCPAPEAAGGPSVELFPPRPKDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALGAPIEKTISK AKGQPREPQVY TLPPSRDE
LTKNQVSLSCAVEGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGKG
GGGRGGOGSTROPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTL
SRHLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCC
PRGFHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCOVMVDG
SWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKK
LPAQRTNRAVALSSSVMCPDARSRCPDGSTOCELPSGK YGCCPMPN
ATCCSDHLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDY
KCDMEVSCPRGYTCCRLOSGAWGCCPFTOAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHQVPWMEK APAHLSLPDPOQALKRDVPCDNVSSC
PSSDTCCOLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCQR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGOQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRUCAARGTKCLEREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with hole
and LALAPG nwtations-
((545),-PGRN

218

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALGAPIEKTISK AKGQPREPQVYTLPPSRDE
LTENGQVSLSCAVEKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWOQOQGNVFSCSVMHEALHNHY TQKSLILSPGKG
GGGSTRCPDGOQFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLG
GPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPROFH
CSADGRSCFORSGNNSVGAIQCPRSQFECPDFSTCCVMVDGSWGC
CPMPQASCCEDRVHCCPHGAFCDL VHTRCITPTGTHPLAKKLPAQR
TNRAVALSSSVMUPDARSRCPDGSTCCELPSCKYGCCPMPNATCCS
DHLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDM
EVSCPRGYTCCRLOSGAWGUCPFTQAVCCEDHIHCCPAGFTCDTO
KGTCEQGPHOVPWMEKAPAHLSLPDPOALKRDVPCDNVSSCPSSD

VAGLEKMPARRASLSHPRDIGCDQHTSCPVGOTCCPSLGGSWACC
QLPHAVCCEDROHCCPAGYTONVEARSCEKEVYSAQPATFLARSE
HVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADR
RHCCPAGFRCAARGTKCLRREAPRWDAPLRDPALRQLL

Partial binge-Fc
polypeptide with hole
and LALAPG nwtations-
Gy S-PGRN
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219

DKTHTCPPCPAPELLGGPSVELFPPKPRDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEK TISK AK GOPREPOVY TLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWOQGNVFSCSVLHEALHSHYTOKSLSLSPGKGG
GGSGGGOGSTRCPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSR
HLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPR
GFHCSADGRSCFORSGNNSVGAIQCPDSQFECPDFSTCOVMVDGS
WGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKL
PAQRTNRAVALSSSVMCPDARSRCPDGSTCCELPSGKY GOCPMPN
ATCCSDHLHCCPODTVCDLIQSKCLSKENATTDLLTRLPAHTVGDY
KCDMEVSCPDGY TCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHOVPWMEK APAHLSLEDPOALKRDVPCDNVSSC
PSSDTCCQLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCOR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRUCAARGTKCLEREAPRWDAPLRDPALROLL

Partial hinge-Fc
polypeptide with hole
and LS nutations-
({35%-PGRN

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALPAPIEKTISK AKGOPREPOVYTLPPSRDE
LTENGQVSLSCAVEKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
FFLVSKLTVDE SRWOQONVFSCSVLHEALHSHYTOQKSLSLSPGKGG
GGSTRCPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSRHLGGP
COVDAHCSAGHSCIFTVSGTSSCOPFPEAVACGDGHHCCPRGFHOS
ADGRSCFORSGNNSVGAIQCPDSQFECPDESTCCVMYVDGSWGCCP
MPOASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTN
RAVALSSSVMUPDARSRCPDGSTCCELPSGKYGUCPMPNATCCSD
HLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDME
VSCPDGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGHFTCDTOK
GTCEQGPHOQVPWMEK APAHLSLPDPOQALKRDVPCDNVSSCPSSDT
CCOLTSGEWGCCPIPEAVOCSDHOHCCPOGY TCVARGOQUORGRELY
AGLEKMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCO
LPHAVCCEDROHCCPAGYTONVKARSCEKEVVSAQPATRFLARSPH
VOVKDVECGEGHFCHDNQTCCRDNROGWACCPYROQGVUCADRR
HCCPAGFRCAARGTRECLRREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with hole
and LS mutations-Gy5-
PGRN

221t

DKTHTCPPCPAPEAAGGPSVELFPPRPKDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEK TISK AKGOPREPOVY TLPPSRDE
LTKNQVSLSCAVEGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVLHEALHSHYTOK SLSLSPGKGG
GOSGGGGSTROPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSR
HLGGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHICCPR
GFHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVIIGS
WGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKL
PAQRTNRAVALSSSVMCPDARSRCPDGSTCCELPSGKY GCCPMPN
ATCCSDHLHCCPQDTVCDLIQSKCLSKENATTDLLTKLPAHTVGDV
KCDMEVSCPRGYTCCRLOSGAWGCCPFTOAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHOVPWMEK APAHLSLPDPOALKRDVPCDNVSSC
PSSDTCCOLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCQR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGOQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRCAARGTKCLRREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with hole
LALA and LS
mwtations-(G43),-PGRN
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222

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQ
DWILNGKEYRKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGS
FFLVSKLTVDESRWOQONVESCSVLEEALHSHYTOKSLALAPGK GG
GGSTRCPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSRHLGGP
COVDAHCSAGHSCIFTVSGTSSCOPFPEAVACGDGHHCCPRGFHOS
ADGRSCFORSGNNSVGAIQCPDSQFECPDESTCCVMYVDGSWGCCP
MPOASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTN
RAVALSSSVMUPDARSRCPDGSTCCELPSGKYGUCPMPNATCCSD
HLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVECDME
VSCPDGYTCCRLOSCGAWGCCPFTQAVCCEDHIHCCPAGFTCDTOK
GTCEQGPHOQVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSEDT
CCOLTSGEWGCCPIPEAVCCSDHOHCCPOGY TCVARGQCORGSELY
AGLEKMPARRASLSHPRDIGCDOQHTSCPVGQTCCPSLGGSWACCQ
LPHAVCCEDRQHCCPAGYTCNVKARSCEKEVYVSAQPATFLARSPH
VOVKDVECGEGHFCHDNQTCCRDNROGWACCPYROQGVUCADRR
HCCPAGFRCAARGTRECLRREAPRWDAPLRDPALROLL

Partial hinge-Fc
polypeptide with hole,
LALA and LS
mutations-{53-PGRN

DKTHTCPPCPAPEAAGGPSVELFPPRPKDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALGAPIEKTISK AKGQPREPQVY TLPPSRDE
LTKNQVSLSCAVEGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWQQGNVFSCSVLHEALHSHYTOK SLSLSPGKGG
GGSGGGOGSTRCPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSR
HLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPR
GFHCSADGRSCFORSGNNSVGAIQCPDSQFECPDFSTCOVMVDGS
WGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKL
PAQRTNRAVALSSSVMCPDARSRCPDGSTCCELPSGKY GOCPMPN
ATCCSDHLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDY
KCDMEVSCPRGYTCCRLOSGAWGCCPFTOAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHOVPWMEK APAHLSLPDPOALKRDVPCDNVSSC
PSSDTCCOLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCQR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGOQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRUCAARGTKCLEREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with hole,
LALAPG, and LS
mwtations-(G43),-PGRN

224

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALGAPIEKTISK AKGQPREPQVYTLPPSRDE
LTENGQVSLSCAVEKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
FFLVSKLTVDKSRWOQOGNVFSCSVLHEALHSHYTOKSLSLSPGKGG
GOSTRCPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSRHLGGP
COVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCS
ADGRSCFORSGNNSVGAIQCPDSQFECPDESTCCVMVDGSWGCCP
MPOASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLARKKLPAQRTN
RAVALSSSVMCUCPDARSRCPDOGSTCCELPSGKYGCCPMPNATCCSD
HUHCCPODTVCDLIQSKCLSKENATTDLLTEKLPAHTVGDVKCDME
VSCPDGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGHFTCDTOK
GTCEQGPHOQVPWMEK APAHLSLPDPOQALKRDVPCDNVSSCPSSDT
CCOLTSGEWGCCPIPEAVOCSDHOHCCPOGY TCVARGOQUORGRELY
AGLEKMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCO
LPHAVCCEDROQHCCPAGYTONVKARSCEKEVYVSAQPATFLARSPH
VGVEDVECGEGHFCHDNQTCCRDNROQGWACCPYROQGVCCADRR
HCCPAGFRCAARGTKCLRREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with hole,
LALAPG, and LS
mtations-Gy 3-PGRN
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223

TROPDGOFCPVACCLDPGGASY SCORPLLDEWPTTLIRHLGGPCOY
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG
RECFORSGNNAVGAIQUPDSQFECPDFSTCCVMVBGESWGUCPMPO
ASCCEDRVHCCPHGAFCDLVHTRCOITPTGTHPLAKKLPAQRTNRAVY
ALSSSVMUPDARSRCPDGSTCCELPSGRKYGCOPMPNATCCSBHLEC
CPODTVUODLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCGAWGCCPFTQAVOCEDHIHCCPAGEFTCRTOKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TRGEWGCCPIPEAVCOSDHOHCCPOOGY TCVAEGQCORGREIVAGLE
KMPARRASLSHPRDIGUCDOHTSCPVGOQTCCPSLGGIWACCOQLPHA
VCCEDRQHCCPAGYTCNVEARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROGWACCPYRQGVUCADRRHCCPA
GFRCAARGTKCLEREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVENKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTK
NOVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VKL TVDKSEWOOOGNVESCSVMHEALHNHYTOKSLSLSPGK

PGRN~((3,8),-Partial
hinge-Fc polvpeptide
with hole nwitations

226

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VOCEDROQHCCPAGYTCNVK ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEK TISK AK GOPREPQVY TLPPSRDELTENQVSL
SCAVEGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLVSKLT
VDKSRWOOGNVESCSVMHEALHNHY TQKSLSLSPGK

PORN-GyS-Partial
hinge-Fc polypeptide
with hole mutations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTOKGTCE
QCPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHQACCPOGY TCVAEGQOQRGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDRQHCCPAGY TCNVK ARSCEKEVVSAQPATFLARSPHVGVE
DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NOKEYKCK VSNKALPAPIEK TISK AK GOPREPQVYTLPPSRDELTK
NQVSLSCAVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFFL
VSKLTVDKSRWOQGNVFSCSVMHEALHENHYTQKSLSLSPGK.

PGRN-(G4S)y,-Partial

hinge-Fc polypeptide

with hole and LALA
moutations
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SEQ D Sequence Diescription
NO:
228 TRCPDGOFCPVACCLDPGGASY SCCRPLLDEWPTTLARHLGGPCOV PGRN-(4S-Partial

DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG
RECFORSGNNAVGAIQUPDSQFECPDFSTCCVMVBGESWGUCPMPO
ASCCEDRVHCCPHGAFCDLVHTRCOITPTGTHPLAKKLPAQRTNRAVY
ALSSSVMUPDARSRCPDGSTCCELPSGRKYGCOPMPNATCCSBHLEC
CPODTVUODLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCGAWGCCPFTQAVOCEDHIHCCPAGEFTCRTOKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOQGYTCVAEGQCORGREIVAGLE
KMPARRASLSHPRDIGUCDOHTSCPVGOQTCCPSLGGIWACCOQLPHA
VCCEDRQHCCPAGYTCNVEARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROGWACCPYRQGVUCADRRHCCPA
GFRCAARGTKCLEREAPRWDAPLRDPALRQLLGGGGSDETHTCPP
CPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEF
NWYVDGVEVHNARKTKPREEQGYNSTYRVVEVLTVLHODWLNGKE
YRKCKVSNKALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNQVSL
SCAVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLVESKLT
VDKSRWOOGNVFSCEVMHEALHNHYTOQRSLSLSPGK

hinge-Fc polvpeptide
with hole and LALA
mutations

229

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VOCEDROQHCCPAGYTCNVK ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NOKEYKCK VSNKALGAPIEK TISKAKGOPREPQVY TLPPSRDELTK
NOQVSLSCAVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFEL
VSKLTVDKSRWOOQGNVESCSVMHEALHNHY TOKSLSLSPGK

PGRN~G,S),-Partial
hinge-Fc polypeptide
with hole and LALAPG
moutations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTOKGTCE
QCPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHQACCPOGY TCVAEGQOQRGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDRQHCCPAGY TCNVK ARSCEKEVVSAQPATFLARSPHVGVE
DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSDKTHTCPP
CPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALGAPIEKTISK AKGOQPREPQVY TLPPSRDELTENQVS
LSCAVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLVSKL
TVDKSRWOQOGNVFSCSVMHEALHNHY TOKSLSLSPGK

PORN-GyS-Partial
hinge-Fc polypeptide
with hole and LALAPG
moutations




WO 2019/246071

PCT/US2019/037695

Z

Sequence

Diescription

TROPDGOFCPVACCLDPGGASY SCORPLLDEWPTTLIRHLGGPCOY
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG
RECFORSGNNAVGAIQUPDSQFECPDFSTCCVMVBGESWGUCPMPO
ASCCEDRVHCCPHGAFCDLVHTRCOITPTGTHPLAKKLPAQRTNRAVY
ALSSSVMUPDARSRCPDGSTCCELPSGRKYGCOPMPNATCCSBHLEC
CPODTVUODLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCGAWGCCPFTQAVOCEDHIHCCPAGEFTCRTOKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TRGEWGCCPIPEAVCOSDHOHCCPOOGY TCVAEGQCORGREIVAGLE
KMPARRASLSHPRDIGUCDOHTSCPVGOQTCCPSLGGIWACCOQLPHA
VCCEDRQHCCPAGYTCNVEARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROGWACCPYRQGVUCADRRHCCPA
GFRCAARGTKCLEREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVENKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTK
NOVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VKL TVDKSEWOOONVESCSVLHEALHSHY TOKSESLSPGE

PGRN~((3,8),-Partial
hinge-Fc polvpeptide
with hole and LS
mutations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VOCEDROQHCCPAGYTCNVK ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEK TISK AK GOPREPQVY TLPPSRDELTENQVSL
SCAVEGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLVSKLT
VDKSRWOOGNVFSCSVLHEALHSHY TOKSLSLSPGE.

PGRN-G4S-Partial
hinge-Fc polypeptide
with hole and LLS
moutations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTOKGTCE
QCPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHQACCPOGY TCVAEGQOQRGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDRQHCCPAGY TCNVK ARSCEKEVVSAQPATFLARSPHVGVE
DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NOKEYKCK VSNKALPAPIEK TISK AK GOPREPQVYTLPPSRDELTK
NQVSLSCAVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFFL
VSKLTVDKSRWOQGNVFSCSVLHEALHSHYTOKSLSLSPGK

PGRN-(G4S)y,-Partial

hinge-Fc polypeptide

with hole, LALA, and
LS mutations




WO 2019/246071 PCT/US2019/037695

SEQ D Sequence Diescription
O

Z

234 | TRCPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSRHLGGPCOV || PGRN-G,S-Partial
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG | hinge-Fe polypeptide
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCOVMVDGSWGCCPMPG | with hole, LALA, and
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV LS mutations
ALSSSVMCPDARSRCPDGSTCCELPSGK YGCCPMPNATCCSDHLHC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDRQHCCPAGY TCNVE ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALROLLGGGGSDE THTCRP
CPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAK TKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEK TISK AKGOPREPQVY TLPPSRDELTKNQVSL
SCAVEGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFLVSKLT
VDKSRWOOGNVFSCSVLHEALHSHY TOKSLSLSPGE.

o)
(%)
L

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV PGRN-~({5;3);-Partial
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG hinge-Fc polypeptide
RSCFORSGNNSVGAIQCPDSQFECPDEFSTCCVMVDGSWGCCPMPOQ | with bole, LALAPG. and
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV LS mutations
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHC
CPODTVUODLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCGAWGCCPFTQAVOCEDHIHCCPAGEFTCRTOKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOQGYTCVAEGQCORGREIVAGLE
KMPARRASLSHPRDIGUCDOHTSCPVGOQTCCPSLGGIWACCOQLPHA
VCCEDRQHCCPAGYTCNVKARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROQGWACCPYRQGVCCADRREHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALROQLLGGGGSGGGGSDKT
HTCPPCPAPEAAGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NGKEYKCKVSNKALGAPIEKTISKAKGOPREPQVYTLPPSRDELTK
NOVSLSCAVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFL
VKL TVDKSEWOOONVESCSVLHEALHSHY TOKSESLSPGE

236 TRCPDOCOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOQV PORN-GyS-Partial
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG hinge-Fc polypeptide
RSCFORSGNNSVGAIQCPDSQFECPDEFSTCCVMVDGSWGCCPMPOQ | with bole, LALAPG. and
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV LS mutations
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHC
CPODTVCDLIQSKCLSKENATTDLETKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCAWGCCPFTQAVCCEDHIHCCPAGEFTCDTOKOTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDINVSSCPRSDTCCOL
TSGEWGCCPIPEAVCCSDHOQHCCPOQGYTCVAEGQCORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDROQHCCPAGYTCNVK ARSCEREVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROQGWACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLEREAPRWDAPLRDPALRQLLGGGGSDKTHTCPP
CPAPEAAGGPSVFLFPPKPEKDTLMISRTPEVTCVVVDVYSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVAVLTVLHODWLNGKE
YRKCKVISNEKALGAPIEKTISKAKGOQPREPQVYTLPPSRDELTKNQVS
LACAVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLVSKL
TVDKSRWOOGNVESCSVLHEALHSHY TOKSLSLSPGE
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SEQID
NG:

Sequence

Diescription

23

~3

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQ
DWILNGKEYRKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDE
LTKNOQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWOOQGNVFSCSVMHEALHNHYTOQKSLSLSPGK
GGOGSGOOGSTROPDGOFCPVACCLDPGGASYSCORPLLDEKWPTT
LARHLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHC
CPRGFHCSADGRSCFORSGNNSVGAIQCPDSQFECPDIFSTCCVMVD
GSWOCCPMPOQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAK
KEPAQRTNRAVALSSSVMCPDARSRCPDGSTCCELPSGEY GCOPMP
NATCCSDHLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD
VECDMEVSCPDGYTCCRLOSGAWGCCPFTOAVCCEDHIHCCPAGE
TCDTOKGTCEQGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSS
CPSSDTCCOLTSGEWGCCPIPEAVCCSDHOHCCPOQGYTCVAEGQCQ
RGSEIVAGLEKMPARRASLSHPRDIGCDOQHTSCPVGOTCCPSLGGS
WACCOQLPHAVCCEDROHCCPAGYTCNVEARSCEKEVVSAQPATE
LARSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVC
CADRRHCCPAGFRCAARGTRCLRREAPERWDAPLEDPALROLL

Partial hinge-Fc
polvpeptide with knob
mutations~((G,3),-PGRN

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALPAPIEKTISK AKGOPREPOVYTLPPSRDE
LTENQVSLWCLVKGFYPSDHAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWOOGNVFSCSVMHEALHNHYTOQRSLSLSPGK
GGOGGSTROPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSRHEL
GGPCOVDAHCSAGHSCIEFTVSGTESCCPFPEAVACGDGHHCOPRGY
HCSADGRSCFORSGNNSVGATIQCPDSQFECPDFSTCCVMVDGSWG
CCPMPOASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQ
RTNRAVALSSSVMCPDARSRCPDGSTCCELPSGKY GCCPMPNATC
CSPHLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCD
MEVSCPDGYTCCRLQSGAWGCCPFTQAVCCEDHIHCCPAGFTCDT
QRGTCEQGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSS
DTCCQLTSGEWGCCPIPEAVCUSDHQHECCPOGYTCVAEGQCQRGS
EIVAGLEKMPARRASLSHPRDIGCDQHTSCPVGOTCCPSLGGSWAC
COLPHAVCCEDROQHCCPAGYTONVRKARSCEKEVVSAQPATFLARS
PHVGVEDVECGEGHFCHDNQTCCRDNROGWACCPYROQGVCCAD
RRHCCPAGFRCAARGTRCLRREAPRWDAPLEDPALRQLL

Partial binge-Fc
polypeptide with knob
mtations-Gy 3-PGRN

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALPAPIEKTISK AKGOPREPOVYTLPPSRDE
LTENQVSLWCLVKGFYPSDHAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWOOGNVFSCSVMHEALHNHYTOQRSLSLSPGK
GGOGSGOGGSTRCPDGOFCPVACCLDPGGASY SCCRPLLDKWRTT
LSRHLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHC
CPROGFHCSADGRAICFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVD
GSWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAK
KLPAQRTNRAVALSSSVMCPDARSRCPDGRTCCELPSGKY GCCPMP
NATCCSDHLHCCPQDTYVCDLUIQSKCLSKENATTDLLTKLPAHTVGD
VRKCDMEVRCPDOGYTCCRLOSGAWGCCPFTCAVCCEDHIBCCPAGE
TCOTOQKGTCEQGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSS
CPSSDTCCQLTSGEWGCCPIPEAVCCSDHOHCCPOGYTCVARGQCQ
RGSEIVAGLEKMPARRASLSHPRDIGCDOQHTSCPVGQTCCPSLGGS
WACCOLPHAVCCEDROHCCPAGY TONVK ARSCEKEVVSAQPATY
LARSPHVGVKDVECGEGHFCHDNQTCCRDNROQGWACCPYRQGVC
CADRRHCCPAGFRCAARGTKCLRREAPRWDAPLEDPALROLL

Partial binge-Fc
polypeptide with knob
and DALA mutations-

(G345),-PGRN
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SEQID
NG:

Sequence

Diescription

240

DKTHTCPPCPAPEAAGGPSVELFPPKPK D TLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHENAK TKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNK ALPAPIEK TISK AK GOPREPOVY TLPPSRDE
LTKNQVSLWCLVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDG
SFFLYSKLTVDKSRWOQGNVFSCSVMHEALHNHY TOK SLSLSPGK.
GGGGSTRCPDGOFCPYACCLDPGGASYSCCRPLLDKWPTTLSRHL
GGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGE
HOSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCOVMVDGS WG
CCPMPOASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQ
RTNRAVALSSSVMCPDARSRCPDGSTCCELPSGKY GCOPMPNATC
“SDHLHCCPODTVUDLIGSK CLSKENATTDLLTKLPAHTVGDVKCD
MEVSCPDGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDT
OKGTCEOGPHOVEWMEK APAHLSLPDPOALKRDVPCDNVSSCPSS
DTCCOLTSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQCORGS
EIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGOTCCPSLGGSWAC
COLPHAVCCEDRQHCCPAGYTCNVK ARSCEKEVYSAQPATFLARS
PHVGVKDVECGEGHFUCHDNOTCCRDNROGWACCPYROGVCCAD
RRHCCPAGFRCAARGTECLRREAPRWDAPLRDPALROLL

Partial hinge-Fc
polvpeptide with knob
and LALA mutations-

(345-PGRN

241

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALGAPIEKTISK AKGQPREPQVYTLPPSRDE
LTENQVSLWCLVKGFYPSDHAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWOOGNVFSCSVMHEALHNHYTOQRSLSLSPGK
GGOGSGOOGSTROPDGOFCPVACCLDPGGASYSCORPLLDEKWPTT
LARHLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHC
CPRGFHCSADGRSCFORSGNNSVGAIQCPDSQFECPDIFSTCCVMVD
GSWOCCPMPOQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAK
KEPAQRTNRAVALSSSVMCPDARSRCPDGSTCCELPSGEY GCOPMP
NATCCSDHLECCPQDTVCDLIQSK CLSKENATTBLLTKLPAHTVGD
VRKCDMEVRCPDOGYTCCRLOSGAWGCCPFTCAVCCEDHIBCCPAGE
TCOTOQKGTCEQGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSS
CPSSDTCCQLTSGEWGCCPIPEAVCCSDHOHCCPOGYTCVARGQCQ
RGSEIVAGLEKMPARRASLSHPRDIGCDOQHTSCPVGQTCCPSLGGS
WACCOLPHAVCCEDROHCCPAGY TONVK ARSCEKEVVSAQPATY
LARSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVC
CADRRHCCPAGFRCAARGTRCLRREAPERWDAPLEDPALROLL

Partial binge-Fc
polypeptide with knob
and LALAPG nwtations-
(G345),-PGRN

242

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALGAPIEKTISK AKGQPREPQVYTLPPSRDE
LTENQVSLWCLVKGFYPSDHAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWOOGNVFSCSVMHEALHNHYTOQRSLSLSPGK
GGGGSTRCPDGOFCPVACCLDPGGASYSCCRPLLDKWPTTLSRHL
GOPCOVDAHCSAGHRCIFTVRGTSSCCPFPEAVACGDGHHCCPROE
HCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGSWG
CCPMPOQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQ
RTNRAVALSSSVMCPDARSRCPDGSTCCELPSGKY GCCPMPNATC
CSDHLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCD
MEVSCPDGYTCCRLQSGAWGCCPFTQAVCCEDHIHCCPAGFTCDT
QRGTCEQGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSS
DTCCQLTSGEWGCCPIPEAVCUSDHQHECCPOGYTCVAEGQCQRGS
EIVAGLEKMPARRASLSHPRDIGCDQHTSCPVGOTCCPSLGGSWAC
COLPHAVCCEDROQHCCPAGYTOCNVKARSCEKEVVSAQPATFLARS
PHVGVKDVECGEGHFCHDNQTCCRDNROQGWACCPYROGVICCAD
RRHCCPAGFRCAARGTRKCLRREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with knob
and LALAPG nwtations-
{(34S-PGRN




WO 2019/246071

PCT/US2019/037695

SEQID
NG:

Sequence

Diescription

243

DKTHTCPPCPAPELLGGPSVELFPPKPRDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEK TISK AK GOPREPOVY TLPPSRDE
LTKNQVSLWCLVKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTOKSLSLSPGKG
GGGRGGOGSTROPDGQFCPVACCLDPGGASY SCCRPLLDKWPTTL
SRHLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCC
PRGFHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCOVMVDG
SWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKK
LPAQRTNRAVALSSSVMCPDARSRCPDGSTOCELPSGK YGCCPMPN
ATCCSDHLHCCPODTVCDLIQSKCLSKENATTDLLTRLPAHTVGDY
KCDMEVSCPDGY TCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHOVPWMEK APAHLSLEDPOALKRDVPCDNVSSC
PSSDTCCQLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCOR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRUCAARGTKCLEREAPRWDAPLRDPALROLL

Partial hinge-Fc
polvpeptide with knob
and LS nutations-
({35%-PGRN

244

DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALPAPIEKTISK AKGOPREPOVYTLPPSRDE
LTENQVSLWCLVKGFYPSDHAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWOOGNVFSCSVLHEALHSHYTOKSLSLSPGKG
GGOGSTROPDGOFCPVACCLDPGGASYSCCORPLLDKWPTTLSRHLG
GPCOVDAHCSAGHSCIFTVSGTSSCOPFPEAVACGDGHHCCPROEH
CSADGRSCFORSGNNSVGAIQCPRSQFECPDESTCCVMVDGSWGC
CPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQR
TNRAVALSSSVMCOPDARSROPDGSTCCELPSCGKYGCCPMPNATCCS
DHLECCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDM
EVSCPRGYTCCRLOSGAWGUCPFTQAVCCEDHIHCCPAGFTCDTO
KGTCEQGPHOVPWMEKAPAHLSLPDPOALKRDVPCDNVSSCPSSD

VAGLEKMPARRASLSHPRDIGCDQHTSCPVGOTCCPSLGGSWACC
QLPHAVCCEDROHCCPAGYTONVEARSCEKEVYSAQPATFLARSE
HVGVEDVECGEGHFCHDNQTCCRDNROGWACCPYRQGVCCADR
RHCCPAGFRCAARGTKCLEREAPRWDAPLRDPALRQLL

Partial binge-Fc
polypeptide with knob
and LS mutations-Gy5-

PGRN

DKTHTCPPCPAPEAAGGPSVELFPPRPKDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEK TISK AKGOPREPOVY TLPPSRDE
LTENQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTOK SLSLSPCGKG
GGGSGGGGSTROPDGQFCPVACCLDPGGASY SCCRPLLDEWPTTL
SRHLGGPCQVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCC
PRGFHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDRSTCCVMYDG
SWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKK
LPAQRTNRAVALSSSVMCPDARSRCPDGSTOCELPSGKYGCCPMPN
ATCCSDHLHCCPQDTVCDLIQSKCLSKENATTDLLTKLPAHTVGDV
KCDMEVSCPRGYTCCRLOSGAWGCCPFTOAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHQVPWMEK APAHLSLPDPOQALKRDVPCDNVSSC
PSSDTCCOLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCQR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGOQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRCAARGTKCLRREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with knob
LALA and LS
mwtations-(G43),-PGRN




WO 2019/246071

PCT/US2019/037695

SEQID
NG:

Sequence

Diescription

246

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQ
DWILNGKEYRKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDE
LTKNOQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDEKSRWOQONVFSCSVLHEALHSHY TOKSLSLSPOKG
GGOGSTROPDGOFCPVACCLDPGGASYSCCORPLLDKWPTTLSRHLG
GPCOVDAHCSAGHSCIFTVSGTSSCOPFPEAVACGDGHHCCPROEH
CSADGRSCFORSGNNSVGAIQCPRSQFECPDESTCCVMVDGSWGC
CPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQR
TNRAVALSSSVMCOPDARSROPDGSTCCELPSCGKYGCCPMPNATCCS
DHLHCCPODTVCDLIQSKCLSKENATTDLLTRKLPAHTVGDVKCDM
EVSCPDGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGERTCDTO
KGTCEQGPHOQVPWMEKAPAHLSLPDPOALKRDVPCDNVSSCPSSD
TCCOLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCOVAEGOCORGSE]
VAGLEKMPARRASLSHPRDIGCDOQHTSCPVGOQTCCPSLGGSWACC
QLPHAVCCEDROHCCPAGY TONVKARSCEKEVVSAQPATFLARSP
HVGVEDVECGEGHFCHDNQTCCRDNROGWACCPYRQGVCCADR
RHCCPAGFRCAARGTKCLEREAPRWDAPLRDPALRQLL

Partial hinge-Fc
polypoptide with knob,
LALA and LS
mutations-(3,8-PGRN

DKTHTCPPCPAPEAAGGPSVELFPPRPKDTLMISRTPEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALGAPIEKTISK AKGQPREPQVY TLPPSRDE
LTENGQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWQQGNVFSCSVLHEALHSHYTOK SLSLSPCGKG
GGGRGGOGSTROPDGQFCPVACCLDPGGASY SCCRPLLDKWPTTL
SRHLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCC
PRGFHCSADGRSCFQRSGNNSVGAIQCPDSQFECPDFSTCOVMVDG
SWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKK
LPAQRTNRAVALSSSVMCPDARSRCPDGSTOCELPSGK YGCCPMPN
ATCCSDHLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDY
KCDMEVSCPRGYTCCRLOSGAWGCCPFTOAVCCEDHIHCCPAGFT
CDTOKGTCEQGPHQVPWMEK APAHLSLPDPOQALKRDVPCDNVSSC
PSSDTCCOLTSGEWGCCPIPEAVCCSDHOHCCPQGYTCVAEGQCQR
GSEIVAGLEKMPARRASLSHPRDIGCDOHTSCPVGOQTCCPSLGGSW
ACCQLPHAVCCEDRQHCCPAGY TONVKARSCEKEVVSAQPATFLA
RSPHVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCA
DRRHCCPAGFRUCAARGTKCLEREAPRWDAPLRDPALROLL

Partial binge-Fc
polypeptide with kunob,
LALAPG, and LS
mwtations-(G43),-PGRN

248

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALGAPIEKTISK AKGQPREPQVYTLPPSRDE
LTENQVSLWCLVKGFYPSDHAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDKSRWOOGNVFSCSVLHEALHSHYTOKSLSLSPGKG
GGGSTRCPDGOQFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLG
GPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPROFH
CSADGRSCFORSGNNSVGAIQCPRSQFECPDFSTCCVMVDGSWGC
CPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQR
TNRAVALSSSVMUPDARSRCPDGSTCCELPSCKYGCCPMPNATCCS
DHLHCCPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDM
EVSCPRGYTCCRLOSGAWGUCPFTQAVCCEDHIHCCPAGFTCDTO
KGTCEQGPHOVPWMEKAPAHLSLPDPOALKRDVPCDNVSSCPSSD

VAGLEKMPARRASLSHPRDIGCDQHTSCPVGOTCCPSLGGSWACC
QLPHAVCCEDROHCCPAGYTONVEARSCEKEVYSAQPATFLARSE
HVGVKDVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADR
RHCCPAGFRCAARGTKCLRREAPRWDAPLRDPALRQLL

Partial binge-Fc
polypeptide with kunob,
LALAPG, and LS
mtations-Gy 3-PGRN




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription
NO:
249 TRCPDGOFCPVACCLDPGGASY SCCRPLLDEWPTTLARHLGGPCOV PGRN{{(3,43),-Partial

DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG
RECFORSGNNAVGAIQUPDSQFECPDFSTCCVMVBGESWGUCPMPO
ASCCEDRVHCCPHGAFCDLVHTRCOITPTGTHPLAKKLPAQRTNRAVY
ALSSSVMUPDARSRCPDGSTCCELPSGRKYGCOPMPNATCCSBHLEC
CPODTVUODLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCGAWGCCPFTQAVOCEDHIHCCPAGEFTCRTOKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TRGEWGCCPIPEAVCOSDHOHCCPOOGY TCVAEGQCORGREIVAGLE
KMPARRASLSHPRDIGUCDOHTSCPVGOQTCCPSLGGIWACCOQLPHA
VCCEDRQHCCPAGYTCNVEARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROGWACCPYRQGVUCADRRHCCPA
GFRCAARGTKCLEREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVENKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTK
NOVSLWCLVRKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSKLTVDEKSEWQOGNVESCSVMHEALHNHYTOKSLSLSPGE

hinge-Fc polvpeptide
with knob mutations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VOCEDROQHCCPAGYTCNVK ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEK TISK AK GOPREPQVY TLPPSRDELTENQVSL
WCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOOGNVESCSVMHEALHNHY TQKSLSLSPGK

PORN-GyS-Partial
hinge-Fc polypeptide
with knob muiations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTOKGTCE
QCPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHQACCPOGY TCVAEGQOQRGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDRQHCCPAGY TCNVK ARSCEKEVVSAQPATFLARSPHVGVE
DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NOKEYKCK VSNKALPAPIEK TISK AK GOPREPQVYTLPPSRDELTK
NQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWOQGNVFSCSVMHEALHNHYTQKSLSLSPGK.

PGRN-(G4S)y,-Partial

hinge-Fc polypeptide

with knob and LALA
moutations




WO 2019/246071

PCT/US2019/037695

SEQID
NG:

Sequence

Diescription

252

TROPDGOFCPVACCLDPGGASY SCORPLLDEWPTTLIRHLGGPCOY
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG
RECFORSGNNAVGAIQUPDSQFECPDFSTCCVMVBGESWGUCPMPO
ASCCEDRVHCCPHGAFCDLVHTRCOITPTGTHPLAKKLPAQRTNRAVY
ALSSSVMUPDARSRCPDGSTCCELPSGRKYGCOPMPNATCCSBHLEC
CPODTVUODLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCGAWGCCPFTQAVOCEDHIHCCPAGEFTCRTOKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TRGEWGCCPIPEAVCOSDHOHCCPOOGY TCVAEGQCORGREIVAGLE
KMPARRASLSHPRDIGUCDOHTSCPVGOQTCCPSLGGIWACCOQLPHA
VCCEDRQHCCPAGYTCNVEARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROGWACCPYRQGVUCADRRHCCPA
GFRCAARGTKCLEREAPRWDAPLRDPALRQLLGGGGSDETHTCPP
CPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEF
NWYVDGVEVHNARKTKPREEQGYNSTYRVVEVLTVLHODWLNGKE
YRKCKVSNKALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOOGNVESCSVMHEALHNHYTOKSLSLSPGK

PGRN-(GyS-Partial
hinge-Fc polvpeptide
with knob and LALA

mutations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VOCEDROQHCCPAGYTCNVK ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NOKEYKCK VSNKALGAPIEK TISKAKGOPREPQVY TLPPSRDELTK
NOVSLWCLVEGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFL
YSKLTVDKSRWOQGNVESCSVMHEALHNHY TOKSLSLSPGK

PGRN~G,S),-Partial
hinge-Fc polypeptide
with knob and LALAPG
moutations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTOKGTCE
QCPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHQACCPOGY TCVAEGQOQRGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDRQHCCPAGY TCNVK ARSCEKEVVSAQPATFLARSPHVGVE
DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSDKTHTCPP
CPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALGAPIEKTISK AKGOQPREPQVY TLPPSRDELTENQVS
LWCLVKGFYPSDIAVEWESNGOPENN YK TTPPVLDSDGSFFLYSKL
TVDKSRWOQOGNVFSCSVMHEALHNHY TOKSLSLSPGK

PORN-GyS-Partial
hinge-Fc polypeptide
with knob and LALAPG
moutations




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription
NO:
255 TRCPDGOFCPVACCLDPGGASY SCCRPLLDEWPTTLARHLGGPCOV PGRN{{(3,43),-Partial

DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG
RECFORSGNNAVGAIQUPDSQFECPDFSTCCVMVBGESWGUCPMPO
ASCCEDRVHCCPHGAFCDLVHTRCOITPTGTHPLAKKLPAQRTNRAVY
ALSSSVMUPDARSRCPDGSTCCELPSGRKYGCOPMPNATCCSBHLEC
CPODTVUODLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCGAWGCCPFTQAVOCEDHIHCCPAGEFTCRTOKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TRGEWGCCPIPEAVCOSDHOHCCPOOGY TCVAEGQCORGREIVAGLE
KMPARRASLSHPRDIGUCDOHTSCPVGOQTCCPSLGGIWACCOQLPHA
VCCEDRQHCCPAGYTCNVEARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROGWACCPYRQGVUCADRRHCCPA
GFRCAARGTKCLEREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGKEYKCKVENKALPAPIEKTISKAKGOPREPOQVYTLPPSRDELTK
NOVSLWCLVRKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSKLTVDESEWOOONVESCSVLHEALHSHYTOKSESLSPGE

hinge-Fc polvpeptide
with knob and LS
mutations

256

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VOCEDROQHCCPAGYTCNVK ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSDKTHTCPP
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEK TISK AK GOPREPQVY TLPPSRDELTENQVSL
WCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLT
VDKSRWOOGNVFSCSVLHEALHSHY TOKSLSLSPGE.

PGRN-G4S-Partial
hinge-Fc polypeptide
with knob and L5
moutations

e
L
~3

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTOKGTCE
QCPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHQACCPOGY TCVAEGQOQRGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDRQHCCPAGY TCNVK ARSCEKEVVSAQPATFLARSPHVGVE
DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NOKEYKCK VSNKALPAPIEK TISK AK GOPREPQVYTLPPSRDELTK
NQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFL
YSKLTVDKSRWOQGNVFSCSVLHEALHSHY TOKSLSLSPGK

PGRN-(G4S)y,-Partial
hinge-Fc polypeptide
with knob, LALA, and
LS mutations




WO 2019/246071

PCT/US2019/037695

SEQID
NG:

Sequence

Diescription

258

TROPDGOFCPVACCLDPGGASY SCORPLLDEWPTTLIRHLGGPCOY
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG
RECFORSGNNAVGAIQUPDSQFECPDFSTCCVMVBGESWGUCPMPO
ASCCEDRVHCCPHGAFCDLVHTRCOITPTGTHPLAKKLPAQRTNRAVY
ALSSSVMUPDARSRCPDGSTCCELPSGRKYGCOPMPNATCCSBHLEC
CPODTVUODLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DOYTCCRLOSCGAWGCCPFTQAVOCEDHIHCCPAGEFTCRTOKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TRGEWGCCPIPEAVCOSDHOHCCPOOGY TCVAEGQCORGREIVAGLE
KMPARRASLSHPRDIGUCDOHTSCPVGOQTCCPSLGGIWACCOQLPHA
VCCEDRQHCCPAGYTCNVEARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNROGWACCPYRQGVUCADRRHCCPA
GFRCAARGTKCLEREAPRWDAPLRDPALRQLLGGGGSDETHTCPP
CPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKEF
NWYVDGVEVHNARKTKPREEQGYNSTYRVVEVLTVLHODWLNGKE
YRKCKVSNKALPAPIEKTISKAKGOPREPOVY TLPPSRDELTKNQVSL
WCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLT
VDEKSRWOOGNVESCSVLHEALHSHY TOKSLSLSPGE

PGRN-(G,S-Partial
hinge-Fc polvpeptide
with knob, LALA, and
LS mutations

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGD VK CDMEVSCP
DOYTCCRLOSGAWGCCPFTQAVCCEDHTHCCPAGFTCDTORGTCE
QGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOHCCPOGY TCVAEGQOORGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VOCEDROQHCCPAGYTCNVK ARSCEKEVVSAQPATFLARSPHVGVK
DVECGEGHFCHDNQTCCRDNRQGW ACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWL
NOKEYKCK VSNKALGAPIEK TISKAKGOPREPQVY TLPPSRDELTK
NOVSLWCLVEGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGSFFL
YSKLTVDKSRWOQGNVESCSVLHEALHSHY TOKSLSLSPGE.

PGRN-(GySy-Partial

hinge-Fc polypeptide

with knob, LALAPG,
and LS mations

260

TRCPDGOFCPVACCLDPGGASY SCCRPLLDKWPTTLSRHLGGPCOV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGRGHHCCPRGFHCSADG
RSCFQRSGNNSVGAIQCPDSQFECPDFSTCCVMVDGS WGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGKYGCCPMPNATCCSDHLHEC
CPODTVCDLIQSKCLSKENATTDLLTKLPAHTVGDVKCDMEVSCP
DGYTCCRLOSGAWGCCPFTQAVCCEDHIHCCPAGFTCDTOKGTCE
QCPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHQACCPOGY TCVAEGQOQRGSEIVAGLE
KMPARRASLSHPRDIGCDOHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDRQHCCPAGY TCNVK ARSCEKEVVSAQPATFLARSPHVGVE
DVECGEGHFCHDNQTCCRDNRQGWACCPYRQGVCCADRRHCCPA
GFRCAARGTKCLRREAPRWDAPLRDPALRQLLGGGGSDKTHTCPP
CPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKF
NWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALGAPIEKTISK AKGOQPREPQVY TLPPSRDELTENQVS
LWCLVKGFYPSDIAVEWESNGOPENN YK TTPPVLDSDGSFFLYSKL
TVDKSRWOQOGNVFSCSVLHEALHSHY TQKSLSLSPGE.

PORN-GyS-Partial
hinge-Fc polypeptide
with knob, LALAPG,

and LS mations




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription

NO:

261 DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS Partial binge-Fc
HEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQ sequence with knob
DWILNGKEYRKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDE rantation
LTKNOQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSKLTVDEKSRWOOGNVESCSVMHEALHNHYTQKSLSLSPGK

262 DKTHTCPPCPAPEAAGGPSVFLFPPEPKDTLMISRTPEVICYVVDVS Partial hinge-Fc
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHO sequence with knob and
DWLNGEEYKCEVSNEALPAPIFKTISK AKGOPREPOVYTLPPSRDE LALA mutations
LTENGQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG
SFFLYSELTVDKSRWOOONVFSCSVMHEALHNHYTORSLSLSPGK

263 DEKTHTCPPCPAPEAAGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVS Partial hinge-Fc
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ sequence with knob and
DWLNGKEYKCEVSNEALGAPIEKTISKAKGOQPREPQVYTLPPSRDE LALAPG nwtations
LTENQVSLWCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDG
SFFLY SKELTVDKSRWOOGNVFSCSVMHEALHNHYTQESLSLSPGK

264 DETHTCPPCPAPELLGGPSVFLFPPKPEDTLMISRTPEVTCVVVDIVE Partial hinge-Fc
HEDPEVKFNWYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQ sequence with knob and
DWLNGKEYRKCKVENKALPAPIEK TISKAKGOPREPOQVYTLPPSRDE L3 mutations
LTKNOQVSLWCLVEGFYPSDIAVEWESNGOPENNYK TTPPVLDSDG
SFFLYSKLTVRKSRWOQOGNVESCSVEHEALHSHYTOKSLSLSPGK

265 DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTFEVICVVVDVYS Partial hinge-Fc
HEDPEVKFNWYVDGVEVHNAKTRPREEQYNSTYRVVSVLTVLHQ sequence with knob,
DWLNGKEYKCKVENKALPAFIEK TISKAKGOPREPQVYTLPPSEDE LALA and LS
LTKNOQVSLWCLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG mutations
SFFLYSKLTVDKSRWOOGNVESCSVEHEALHSHYTOKSLSLSPGK

266 DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS Partial binge-Fc
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO sequence with knob,
DWILNGKEYRKCKVSNKALGAPIEKTISKAKGOPREPOQVYTLPPSRDE LALAPG, and LS
LTKNOQVSLWCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDG rantations
SFFLYSKLTVDEKSRWOOQGNVESCSVEHEALHSHYTOKSLSLSPGK

267 DKTHTCPPCPAPELLGGPSVFRLFPPKPKDTLMISRTPEVTICVVVDVS Partial hinge-Fc
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHO sequence with hole
DWLNGEEYKCEVSNEALPAPIFKTISK AKGOPREPOVYTLPPSRDE mutations
LTENQVSLSCAVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGS
FFLVSKLTVDKSRWOOONVFSCSVMHEALHNHY TQKSLSLSPGK

268 DEKTHTCPPCPAPEAAGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVS Partial hinge-Fc
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ sequence with bole and
DWLNGKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDE LALA mutations
LTRKNQVSLSCAVKGFYPSIHAVEWESNGOPENNYKTTPPVLDSDGS
FFLVSKLTVDRSRWOOGNVEFSCSVMHEALHNHYTOKSLSLSPGK

269 DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTEMISRTPEVTICVVVDVS Partial hinge-Fc
HEDPEVKFNWYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQ sequence with bole and
DWLNGKEYKCKVSNKALGAPIEKTISKAKGOQPREPQYVYTLPPSRDE LALAPG nwtations
LTKNOQVSLSCAVKGFYPSEMAVEWESNGOPENNYKTTPPVLDSDGS
FFLVSKLTVDKSRWOOGNVESCSVMHEALHNHYTOKSLSLSPGE

270 DKTHTCPPCPAPELLGGPSVFLFPPKPEDTLMISRTPEVTCVVVDYS Partial hinge-Fc
HEDPEVKFNWYVDGVEVHNAKTRPREEQYNSTYRVVSVLTVLHQ sequence with hole and
DWLNGKEYKCKVENKALPAFIEK TISKAKGOPREPQVYTLPPSEDE LS mutations
LTKNQVSLSCAVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGS
FFLVSKLTVDKSEWOOGNVESCSVLHEALHSHYTOKSLSESPGK

271 DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS Partial binge-Fc

HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO
DWLNGKEYKCEVSNKALPAPIEKTISK AKGOPREPOVYTLPPSRDE
LTENGQVSLSCAVEKGFYPSDIAVEWESNGOPENNYK TTPPVLDSDGS
FFLVSKLTVDESREWOQGNVESCSVLHEALHSHYTOKSLSESPGK

sequence with hole,
LALA and LS
moutations
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SEQID
O

Z

Sequence

Diescription

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQ
DWILNGKEYRKCKVSNKALGAPIEKTISKAKGOPREPOQVYTLPPSRDE
LTKNQVSLSCAVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGS
FFLVSKLTVDESRWOOGNVESCSVLHEALHSHYTOKSLSESPGK

Partial hinge-Fc
sequence with hole,
LALAPG, and LS
mutations

DKTHTCPPCPAPELLGGPSVFRLFPPKPKDTLMISRTPEVTICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHO
DWLNGEEYKCEVSNEALPAPIFKTISK AKGOPREPOVYTLPPSRDE
LTENQVSLWCLVKGFYPSBHAVLWESYGTEWSSYETTPEVLDSDG
SFFLYSKLTVIKEEWQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Partial hinge-
CH3(.35.21.17 Fc knob

274

DEKTHTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTICVVVDVE
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHGQ
DWLNGEKEYKCEVSNEALPAPIEKTISKAKGOQPREPQVYTLPPSRDE
LTENOVSLWCLVKGFYPSDIAVEWESYGTEWSSYKTTPPVLDSDG
SFFLY SKLTVTKEEWQQGFVESCSVMHEALHNHYTOQKSLSLSPGEG
GGGSGGGGSTROPDGOFCPVACCLDPGGASYSCCRPLLDEWPTTL
SRHLGGPCOVDAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCC
PRGFHCUSADGRSCFORSGNNSVGAIQCPDSQFECPDFSTCCVMVDG
SWGCCPMPQASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKK
LPAQRTNRAVALSSSVMCPDARSRCPDGSTCCELPSGRYGCCPMPN
ATCCSDHLHCCPODTVCDLIGSKCLSKENATTDLLTKLPAHTVGDY
KCBMEVSCPDGYTCCRLOSGAWGCCPFTOQAVCCEDHIHCCPAGKT
COTOKGTCEQGPHOVPWMEKAPAHLSLPDPQALKRDVPCDNVSSC
PSSDTCCOLTSGEWGCCPIPEAVCCSDHOHCCPOGYTCVAEGQCOR
GSEIVAGLEKMPARRASL SHPRDIGCDOHTSCPVGOQTCCPSLGGRW
ACCOLPHAVCCEDROHCCPAGYTUNVKARSCEKEVVSAQPATFLA
RSPHVGVEKDVECGEGHFCHDNQTCCRDNRQGWACCPYROQGVCCA
DREHCCPAGFRCAARGTKCLRREAPRWDAPLRDPALRQOLL

Partial hinge-
CH3(.35.21.17 Fc knob-
(G4S)-PGRN

TRCPDGQFCPVACCLDPGGASYSCCRPLLDKWPTTLSRHEBLGGPCQV
DAHCSAGHSCIFTVSGTSSCCPFPEAVACGDGHHCCPRGFHCSADG
RECFORSGNNSVGAIQCPDSQFECPDEFSTCCVMVDGSWGCCPMPQ
ASCCEDRVHCCPHGAFCDLVHTRCITPTGTHPLAKKLPAQRTNRAV
ALSSSVMCPDARSRCPDGSTCCELPSGEKYGCCPMPNATCCSDHLHC
CPOQDTVCDLIQSKCLSKENATTRLLTKLPAHTVGDVKCDMEVSCP
DGYTCCRLOSGAWGCCPFTOQAVCCEDHIHCCPAGFTCDTOQKGTCE
QGPHOVPWMEKAPAHLSLPDPOQALKRDVPCDNVSSCPSSDTCCOL
TSGEWGCCPIPEAVCCSDHOQHCCPOGYTCVAEGOUQRGSEIVAGLE
KMPARRASLSHPRDIGCDOQHTSCPVGQTCCPSLGGSWACCQLPHA
VCCEDROQHCCPAGYTONVKARSCEREVVSAQPATFLARSPHVGVE
DVECGEGHFCHDNQTCCRDNROQGWACCPYROGVCCADRRHCCPA
GFRCAARGTECLRREAPRWDAPLRDPALRQLLGGGGSGGGGSDKT
HTCPPCPAPELLGGPSVFLFPPKPRDTLMISRTPEVTCVVVDVSHED
PEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWL
NGEKEYKCKVSNKALPAPIEKTISKAKGOQPREPQVYTLPPSRDELTK
NOVSLWCLVKGFYPSDIAVLWESY GTEWSSYRTTPPVLDSDGSFFL
YSKLTVIKEEWQOQGEFVESCSVMHEALHNHYTOQRSLSLSPGE

PORN-(GySh-Partial
hinge-CH3(.35.21.17 Fc
knob

GQGOSGGEES

Polypeptide linker

GGGGS

Polypeptide linker

MWTLVSWVALTAGLVAG

Progranulin signal
SEquence

DVECGEGHFCHDNQTCCRDNROGWACCPYRQGVUCADRRHCCPA
GFRCAARGTKCL

Granulin E (amino acids
518-373 of SEQ 1D
NG:21H
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SEQ D Sequence Diescription

NO:

280 DKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS Partial binge-Fc
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ polypeptide with hole
DWILNGKEYRKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPSRDE outations~(GaS -
LTKNQVSLSCAVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGS Grannlin E fusion
FFLVSKLTVDEKSRWOOQOGNVFSCSVMHEALHNHYTQKSLSLSPGKG | (amino acids 497-593 of
GGGRGGGGRKEVVSAQPATFLARSPHVGVKDVECGEGHFCHDNQT SEQ ID NG:211)
CCRDNROGWACCPYRQGVCCADRRHCCPAGFRCAARGTKCLRRE
APRWDAPLRDPALROLL

281 DKTHTCPPCPAPELLGGPSVFRLFPPKPKDTLMISRTPEVTICVVVDVS Partial hinge-Clone
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHG |+ CH3(C 35232 with knob
DWLNGEEYKCEVSNEALPAPIFKTISK AKGOPREPOVYTLPPSRDE mutation
LTENQVSLWCLVKGFYPSEHAVEWESY GTEWANYKTTPPVLDSDG
SFELYSKLTVIKEEWQOGFVESCSVMHEALHNHY TOKSLSESPGE

282 DKTHTCPPCPAPEAAGGPSVILFPPRPKDTLMISRTPEVICVVVDVS Partial hinge-Clone
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHG | CH3C.35.23.2 with knob
DWLNGEKEYKCEVSNEALGAPIEKTISKAKGOPREPQVYTLPPSRDE | and LALAPG mutations
LTENQVSLWCLVKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDG
SFFLY SKLTVTKEEWQOGFVESCSVMHEALHNHYTOKSLSLSPGE

283 DETHTCPPCPAPELLGGPSVFLFPPKPEDTLMISRTPEVTCVVVDIVE Partial hinge-Clone
HEDPEVKFNWYVDGVEVHNAKTEPREEQYNSTYRVVSVLTVLHQ | CH3C.35.23.2 with knob
DWLNGKEYRKCKVENKALPAPIEK TISKAKGOPREPOQVYTLPPSRDE and LS mutations
LTKNOQVSLWCLVEKGFYPSDIAVEWESYGTEWANYKTTPPVLDSDG
SFFLYSKLTVTIKEEWOOGFVFESCSVLHEALHSHYTOK SLSLSPGK

284 DKTHTCPPCPAPEAAGGPSVFLFPPKPEDTLMISRTFEVICVVVDVS Partial hinge-Clone
HEDPEVKFNWYVDGVEVHNAKTRPREEQYNSTYRVVSVLTVLHQ CH3C 35232 with
DWLNGKEYKCKVENKALPAFIEK TISKAKGOPREPQVYTLPPSEDE knob, LALA and LS
LTKNQVSLWCLVEGFYPSDIAVEWESYGTEWANYKTTPPVLDSDG mutations
SFFLYSKLTVTKEEWOOGEFVFSCSVLHEALHSHYTOKSLESLSPGK

285 DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVS Partial hinge-Clone
HEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQ CH3C.35.23.2 with
DWINGKEYRKCKVSNKALGAPIEKTISKAKGQOPREPOQVYTLPPSRDE | knob, LALAPG, and LS
LTKNOQVSLWCLVKGFYPSIHAVEWESYGTEWANYKTTPPVLDSDG rontations
SFFLYSKLTVIKEEWOQOGFVESCSVLHEALHSHY TOKSLSLSPGE

286 DKTHTCPPCPAPELLGGPSVFRLFPPKPKDTLMISRTPEVTICVVVDVS Partial hinge-Clone
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHO CH3C3521.17.2 with
DWLNGEEYKCEVSNEALPAPIFKTISK AKGOPREPOVYTLPPSRDE knob mutation
LTENQVSLWCLVKGFYPSEHAVEWESYGTEWASYKTTEPVLDSDG
SFFLYSKLTVIKEEWQOGFVESCSVMHEALHNHYTOKSLSLSPGE

287 DEKTHTCPPCPAPEAAGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVS Partial hinge-Cione
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQ CH3C35.21.17.2 with
DWLNGKEYKCEVSNEALGAPIEKTISKAKGOQPREPQVYTLPPSRDE fnob and LALAPG
LTENQVSLWCLVKGFYPSDIAVEWESYGTEWASYKTTPPVLDSDG nmtations
SFFLY SKLTVTKEEWQOGFVESCSVMHEALHNHYTOKSLSLSPGE

288 DETHTCPPCPAPELLGGPSVFLFPPKPEDTLMISRTPEVTCVVVDIVE Partial hinge-Clone
HEDPEVKFNWYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQ CH3C35.21.17.2 with
DWLNGKEYRKCKVENKALPAPIEK TISKAKGOPREPOQVYTLPPSRDE knob and LS owtations
LTKNOQVSLWCLVEKGFYPSDIAVLWESYGTEWASYKTTPPVLDSDG
SFFLYSKLTVTIKEEWOOGFVFESCSVLHEALHSHYTOK SLSLSPGK

289 DKTHTCPPCPAPEAAGGPSVFLFPPKPEDTLMISRTFEVICVVVDVS Partial hinge-Clone

HEDPEVKFNWYVDGVEVHNAKTRPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVENKALPAFIEK TISKAKGOPREPQVYTLPPSEDE
LTKNOQVSLWCLVEGFYPSDIAVLWESYGTEWASYKTTPPVLDSDG
SFFLYSKLTVTKEEWOOGFVFSCSVLHEALHSHYTOKSLSLSPGE

CH3(C.3521.17.2 with
knob, LALA, and LS
mitations




WO 2019/246071 PCT/US2019/037695
SEQ D Sequence Diescription
NO:
290 DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVS Partial hinge-Clone

HEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQ
DWILNGKEYRKCKVSNKALGAPIEKTISKAKGOPREPOQVYTLPPSRDE
LTENQVSLWCLVKGFYPSDIAVLWESYGTEWASYKTTPPVLDSDG
SFELYSKLTVIKEEWQOGFVESCSVLHEALHSHY TOKSLSLSPGE

CH3C.3521.17.2 with
knob, LALAPG, and L8
mtations

291

DKTHTCPPCPAPEAAGGPSVFLFPPEPKDTLMISRTPEVICYVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVEVLTVLHO
DWLNGEEYKCEVSNEALPAPIFKTISK AKGOPREPOVYTLPPSRDE
LTENQVSLWCLVKGFYPSBHAVLWESYGTEWSSYETTPEVLDSDG
SFFLYSKLTVIKEEWQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Partial hinge-Clone
CH3(C.3521.17 with
knob and LALA
rmutations

292

DEKTHTCPPCPAPEAAGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVS
HEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHGQ
DWLNGKEYKCEVSNEALGAPIEKTISKAKGOQPREPQVYTLPPSRDE
LTENQVSLWCLVKGFYPSDIAVLWESYGTEWSSYRTTPPVLDSDG
SFFLY SKLTVTKEEWQOGFVESCSVMHEALHNHYTOKSLSLSPGE

Partial hinge-Clone

CH3C.33.21.17 with

knob and LALAPG
nmtations

293

DETHTCPPCPAPELLGGPSVFLFPPKPEDTLMISRTPEVTCVVVDIVE
HEDPEVKFNWYVDGVEVHNAKTEKPREEQYNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKALPAPIEK TISKAKGOPREPQVYTLPPSRDE
LTKNOQVSLWCLVEGFYPSDIAVLWESYGTEWSSYKTTPPVLDSDG
SFFLYSKLTVTIKEEWOOGFVFESCSVLHEALHSHYTOK SLSLSPGK

Partial hinge-Clone
CH3C.35.21.17 with
knob and LS mutations

294

DKTHTCPPCPAPEAAGGPSVFLFPPKPEDTLMISRTFEVICVVVDVS
HEDPEVKFNWYVDGVEVHNAKTRPREEQYNSTYRVVSVLTVLHQ

DWLNGKEYKCKVENKALPAFIEK TISKAKGOPREPQVYTLPPSEDE
LTKNQVSLWCLVEGFYPSDIAVLWESYGTEWSSYKTTPPVLDSDG

SFFLYSKLTVTKEEWOOGFVFSCSVLHEALHSHYTOKSLSLSPGE

Partial hinge-Clone
CH3C.3521.17 with
knob, LALA, and LS

mutations

DKTHTCPPCPAPEAAGGPSVFLFPPKPKDTLMISRTPEVICVVVDVS
HEDPEVEFNWY VDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHO

DWILNGKEYRKCKVSNKALGAPIEKTISKAKGOPREPOQVYTLPPSRDE
LTKNOQVSLWCLVKGFYPSIHAVLWESYGTEWSSYKTTPPVLDSDG

SFELYSKLTVIKEEWQOGFVESCSVLHEALHSHY TOKSLSLSPGE

Partial hinge-Clone
CH3C3321.17 with
knob, LALAPG, and LS
rantations

296

AQNSVIVDKNGREVYLVENPGGY VAYSKAATVTGKLVHANFGTK
KDFEDLYTPYVNGSIVIVRAGKITFAEK VANAESENAIGVEIYMDOQTK
FPIVNAELSFFGHAHLGTGDPYTPGFPSFNHTOFPPSRSSGLPNIPV(
TISRAAABKLFGNMEGDCPSDWETDSTCRMVTSESKNVKLTVSN

Apical domain insert of
hurnan transferrin
receptor protein |

{(TFRD)

297

AQNSYIOVDENGGLVYLVENPGGYVAYSKAATVTGKLVHANFGTK
KDFEDLDSPYNGSIVIVRAGKITFAEK VANAESLNAIGVLIYMDQTK
FPIVKADLSFFGHAHLGTGDPYTPGFPSFNHTOFPPSQSSGLPNIPVQ
TISRAAAEKLFGNMEGDCPSDWKTDSTCKMVTSENKSVKLTVEN

Apical domaun of
Macaca mulatta {rhesus
monkey) TIR (NCBI
Reference Sequence
NP 001244232 1y, it has
95% identity to the
apical domain of the
native homan TR

298

AQNSVIIVDEKNGSLVYLVENPGGY VAYSKAATVTGKLVHANFGTK
KDFEDLHTPVNGSIVIVRAGKITFAEKVANAESENATIGVLIYMDOQTK
FPIVNAELSFFGHAHLGTGDPYTPGFPSFNHTOFPPSRSSGLPNIPV(
TVSRAAAEKLFGNMEGDCPSDWKTDSTCRMVTSESKNVKLTVSN

Apical domain of
chimpanzec TR (NCBI
Reference Sequence
XP 003310238.1); it is
98% identical to the
apical domain of the
native human TiR
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SEQ D Sequence Diescription

NG:

299 AQNSVIIVDRNGGLVYLVENPGGY VAYSKAATVTGKLVHANFGTK Apical domain of
KDFEDLDSPVNGSIVIVRAGKITFAEKVANAESLNAIGVLIYMDQTK Macaca fascicularis
FPIVKADLSFFGHAHLGTGDPYTPGFPSFNHTQFPPRQSSGLPNIPVQ | (cyvnomolgous monkey)
TISRAAAEKLFGNMEGDCPSDWKTDSTCKMVTSENKSVKLTVSEN TR (NCBI Reference

Sequence
XP 005545315), it 1s
96% identical to the
apical domain of the
native buman TR

360 MMDOARSAFSNLEFGGEPLSYTRESLARQVDGDNSHVEMKLAADEEEN Chimeric TR

ADNNMEKASVRKPEKRENGRLCFAAIALVIFFLIGFMSGYLGY polypeptide sequence
expressed in transgenic
mouse {The italicized
portion represents the
cytoplasmic domain, the
bolded portion represents
the transmembrane
domain, the portion in
grev represents the
exiracellviar domain, and
the bold and understined
portion represents the
apical domain)

301 GCTCAGAACTCCOTGATCATCGTGGATAAGAACGGCCGGITGGT | DNA sequence of human
GTACCTGGTGGAGAACCCTGGCGGATACGTGGCTTACTCTAAGG apical domain igsed
CCGUTACCGTGACAGGCAAGCTGGTGCACGCCAACTTCGGAACC
AAGAAGGACTTTGAGCGATCTGTACACACCAGTGAACGGCTCTAT
CGTGATCGTGCGCGUTGGAAAGATCACCTTCGCCGAGAAGGTGES
CTAACGCCGAGAGCCTGAACGCCATCGGCGTGCTGATCTACATG
GATCAGACAAAGTTTCCCATCGTGAACGCTGAGCTGTCTTTCTTT
GGACACGCTCACCTGGGCACCGGAGACCCATACACACCCGGATT
CCCTAGCTTTAACCACACCCAGTTCCCCCCTTCCAGGTCTAGCGE
ACTGCCAAACATCCOCGTGCAGACAATCAGCAGAGLCGUTGLCG
AGAAGCTGTTTGGCAACATGCGAGGGAGACTGCCCCTCCGATTGCG
AAGACCGACTCTACATGTAGGATGGTGACCTCCGAGTCAAAAAA
TGTCAAACTCACCOGTGTCCAAT

302 YXTEWSS Library motif

303 oxtis His tag

304 GGSG Polypeptide linker

365 SGGG Polypeptide finker

306 KESGSVSSEQLAQFRSLD Polypeptide Iimker

307 EGKSSGSGSESKST Polypeptide linker

308 GSAGSAAGSGEF Polypeptide linker

369 AEAAAKA Polypeptide linker
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WHAT IS CLAIMED Ik

1 A protein comprising:

(a} a single progranulin polypeptide or a variant thereof,

(b} a first Fc polypeptide that 1s linked to the progranulin polypeptide or the variant
thereof of {a); and

(¢} a second Fc polypeptide that forms an Fe dimer with the first Fe polypeptide,

wherein the protein comprises exactly one progranulin polypeptide or variant

thereof.

2. The protein of claim 1, wherein the tirst Fc¢ polypeptide and/or the second
Fc polypeptide does not include an immunoglobulin heavy and/or light chain vartable region

sequence or an antigen-binding portion thereof.

~

3. The protein of claim 1 or 2, wherein the progranulin polypeptide comprises
an amino acid sequence having greater than 90% wdentity, or at least 95% identity to the amino

acid sequence of SEQ ID NO:212.

P

4 The protein of claim 3, wherein the progranulin polypeptide comprises the

amino acid sequence of SEQ ID NG:212.

5. The protein of any one of claims 1 to 4, wherein the first Fc polypeptide is

finked to the progranulin polypeptide or the variant thereof by a peptide bond or by a polypeptide

linker.

6. The protein of claim S, wherein the polypeptide linker is 1 to 50 amino acids
in length.

7. The protein of claim 5 or 6, wherein the polypeptide linker is a flexible
polypeptide linker.

8. The protein of claim 7, wherein the flexible polypeptide linker is a glycine-

rich linker.
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9. The protein of claim 8, wherein the glycine-rich linker 1s Gu3 (SEQ ID

NO:277) or (GsS) (SEQ ID NO:276).

10, The protein of any one of claims 1 to 9, wherein the N-terminus or the C-

terminus of the first Fc polypeptide is linked to the progranulin polypeptide.

11 A protein comprising:

{a) a first Fc polypeptide that is linked to a first progranulin polypeptide or a variant
thereof’ and

{b} a second Fc polypeptide that 1s hinked to a second progranulin polypeptide or a
variant thereof,

wherein the first Fc polypeptide and the second Fe polypeptide form an Fe dimer
and wherein the first Fc polypeptide and/or the second Fe polypeptide specifically binds o a

transferrin receptor.

12. The protein of claim 11, wherein the first F¢ polypeptide and/or the second
Fc polypeptide does not include an immunoglobulin heavy and/or light chain vartable region

sequence or an antigen-binding portion thereof.

13, The protein of claim 11 or 12, wherein each of the first and second

progranulin polypeptides comprises an anmuno acid sequence having greater 90%, or at least 95%

tdentity to the amino acid sequence of SEQ D NO:212.

14, The protein of claim 13, wherein each of the first and second progranulin

polypeptides comprises the amino acid sequence of SEQ 1D NO:212.

15 The protein of any one of claims 11 to 14, wherein the first Fc polypeptide
is linked to the first progranulin polypeptide or the variant thereof by a peptide bond or by a
polypeptide linker and wherein the second Fo polypeptide is linked to the second progranulin

polypeptide or the variant thereof by a peptide bond or by a polypeptide linker.

16.  The protein of claim 15, wherein the polypeptide linker 15 T to 50 amino

acids in length.
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17. The protein of claim 1S5 or 16, wherein the polypeptide linker 18 a flexible

polypeptide linker.

18 The protein of claim 17, wherein the flexible polypeptide linker is a glycine-

rich linker.

19, The protein of claim 18, wherein the glycine-rich linker 1s GuS (SEQ 1D
NO:277) or (GaS) (SEQ ID NG:276).

20. The protein of any one of claims 11 to 19, wherein the N-terroinus of the
first Fc polypeptide 1s linked to the C-terminus of the first progranulin polypeptide and wherein
the N-terroinus of the second Fe polypeptide 15 linked to the C-terminus of the second progranulin

polypeptide.

21, The protein of anv one of claims 11 to 19, wherein the N-terminus of the
first Fc polypeptide is linked to the C-terminus of the first progranulin polypeptide and wherein
the C-terminus of the second Fc polypeptide is linked to the N-terminus of the second progranulin

polypeptide.

22, The protein of any one of claims 11 to 19, wherein the C-terminus of the
first Fe polypeptide is linked to the N-terminus of the first progranulin polypeptide and wherein
the C~terminus of the second Fc polypeptide is linked to the N-terminus of the second progranulin

polypeptide.

23, The protein of any one of claims 1 to 22, wherein the first Fc polypeptide 1s

a modified Fc polypeptide and/or the second Fc polypeptide is a modified Fc polypeptide.

24, The protein of any one of claims 1 to 23, wherein the first Fo polypeptide

and the second Fc polypeptide each contain modifications that promote heterodimerization.

25. The protein of claim 24, wherein the Fc dimer 1s an Fc heterodimer.
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26. The protein of claim 24 or 25, wherein one of the Fc polypeptides has a
T366W substitution and the other Fc polypeptide has T36685, L368A, and Y407V substitutions,

according to EU numbering.

27. The protein of claim 26, wherein the first Fc polypeptide contains the
T3668, L368A, and Y407V substitutions and the second Fc polypeptide contains the T366W

substitution.

28. The protein of any one of claims 1 to 10 and 23 to 27, wherein the first Fc
polypeptide is linked to the progranulin polypeptide and comprises the amino acid sequence of
any one of SEQ 1D NOS:213, 214, 225, and 226, and the second Fc¢ polypeptide comprises the
amino acid sequence of SEQ ID NG:261.

29 The protein of any one of claims 11 to 27, wherein the first Fc polypeptide
is linked to the first progranulin polypeptide and comprises the amino acid sequence of any one of
SEQ D NOS:213, 214, 225, and 226, and the second Fc polypeptide 1s linked to the second
progranulin polypeptide and comprises the amino acid sequence of any one of SEQ [ NOS:237,

238, 249, and 250.

30. The protein of claim 26, wherein the first Fc polypeptide contains the
T366W substitution and the second Fo polypeptide contains the T366S, L368A, and Y407V

substitutions.

3t The protein of any one of claims 1 to 10, 23 to 26, and 30, wherein the first
F¢ polypeptide is linked to the progranulin polypeptide and comprises the amino acid sequence of
any one of SEQ D NOS:237, 238, 249, and 250, and the second Fc polypeptide comprises the
sequence of SEQ ID NO:267.

32. The protein of any one of claims 11 to 26 and 30, wherein the first Fe
polypeptide is linked to the first progranulin polypeptide and comprises the amino acid sequence
of any one of SEQ 1D NOS:237, 238, 249, and 250, and the second F¢ polypeptide is linked to the
second progranulin polypeptide and comprises the amino acid sequence of any one of SEQ ID

NOS:213, 214, 225, and 226.
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33. The protein of any one of claims 1 to 32, wherein the first Fc polypeptide

and/or the second Fe polypeptide comprises a native FcRa binding site.

34 The protein of any one of claims 1 to 33, wherein the first Fc polypeptide

and the second Fc polypeptide do not have effector function.

3S. The protein of any one of claims 1 to 33, wherein the first Fc polypeptide

and/or the second Fc polypeptide includes a modification that reduces effector function.

36.  The protein of claim 35, wherein the modification that reduces effector

function 1s the substitutions of Ala at position 234 and Ala at position 235, according to EU

numbering.

37. The protein of any one of claims 1 to 36, wherein the first Fo polypeptide
and/or the second Fc polypeptide comprises amino actd changes relative to the native Fe sequence

that extend serum haif-life.

38. The protein of claim 37, wherein the amino acid changes comprise

substitutions of Leu at position 428 and Ser at position 434, according to EU numbering.

39, The protein of claim 37, wherein the amino acid changes comprise a

substitution of Ser or Ala at posttion 434, according to EU numbering.

40. The protein of any one of claims 1 to 39, wherein the first Fc polypeptide

and/ot the second Fe polypeptide specifically binds to a transtertin receptor.

41, The protein of claim 40, wherein the first Fe polypeptide and/or the second

Fc polypeptide binds to the apical domain of the transferrin receptor.

42, The protein of claim 40 or 41, wherein the first Fc polypeptide and/or the
second Fe¢ polypeptide comprises at least two substitutions at positions selected from the group

conststing of 384, 386, 387, 388, 389, 390, 413, 416, and 421, according to EU numbering,
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43, The protein of claim 42, wherein the first Fe polypeptide and/or the second
Fc polypeptide includes substitutions at at least three, four, five, six, seven, eight, or nine of the

positions.

44 The protein of claim 42 or 43, wherein the first Fc polypeptide and/or the
second Fc¢ polypeptide further comprises one, two, three, or four substitutions at positions

comprising 380, 391, 392, and 415, according to EU numbering.

45, The protein of any one of claims 42 to 44, wherein the first Fc polypeptide
and/or the second Fc polypeptide further comprises one, two, or three substitutions at positions

comprising 414, 424, and 426, according to EU numbering.

46. The protein of any one of claims 42 to 45, wherein the first Fc polypeptide

and/or the second Fe polypeptide comprises Trp at position 388,

47. The protein of any one of claims 42 to 46, wherein the first Fc polypeptide

and/or the second Fec polypeptide comprises an aromatic amino acid at position 421.

48.  The protein of claim 47, wherein the aromatic amino acid at position 421 1s

Trp or Phe.

49 The protein of any one of claims 42 to 48, wherein the first Fc polypeptide
and/or the second Fc polypeptide comprises at least one position selected from the following:
position 380 is Trp, Leu, or Glu; position 384 is Tyr or Phe; position 386 is Thr; position 387 is
Glu; position 388 18 Trp; position 389 1s Ser, Ala, Val, or Asn; position 390 is Ser or Asn; position

413 is Thr or Ser; position 415 1s Glu or Ser; position 416 is Glu; and position 421 is Phe.

50. The protein of claim 49, wherein the first Fc polypeptide and/or the second
Fe¢ polypeptide comprises 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 positions selected trom the following:
position 380 15 Trp, Leu, or Glu; position 384 is Tyr or Phe; position 386 1s Thr; position 387 is
Glu; position 388 is Trp; position 389 1s Ser, Ala, Val, or Asn; position 390 is Ser or Asn; position

413 1s Thr or Ser; position 415 1s Glu or Ser; position 416 is Glu; and position 421 is Phe.
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51, The protein of claim 50, wherein the first Fc polypeptide and/or the second
Fc polypeptide comprises 11 positions as follows: position 380 is Trp, Leu, or Glu; position 384
is Tyr or Phe; position 3806 1s Thr; position 387 1s Glu; position 388 is Trp; position 389 1s Ser,
Ala, Val, or Asn; position 390 1s Ser or Asn; position 413 is Thr or Ser; position 415 1s Glu or Ser;

position 416 is Glu; and position 421 is Phe.

52. The protein of claim 50 or 51, wherein the first Fc polypeptide and/or the
second Fe polypeptide has a CH3 domain with at least 85% identity, at least 90% identity, or at
least 95% identity to amino acids 111-217 of any one of SEQ 1D NOS:34-38, 58, 60-90, 136, and
137-210.

53. The protein of claim S2, wherein the residues at at least 5,6, 7, 8,9, 10, 11,
12,13, 14, 15, or 16 of the positions corresponding to EU index positions 380, 384, 386, 387, 388,
389, 390, 391, 392, 413, 414, 415, 416, 421, 424 and 426 of any one of SEQ ID NOS:34-38, 58,
60-90, 136, and 137-210 are not deleted or substituted.

54.  The protein of claim 52 or 53, wherein the first Fc polypeptide and/or the

second Fc polypeptide comprises the amino acid sequence of any one of SEQ 1D NOS:136-210.

55. The protein of claim 54, wherein the first Fc polypeptide and/or the second
F¢ polypeptide comprises the amino acid sequence of any one of SEQ ID NOS:136, 138, 150, 162,
174, 186, and 198.

56.  The protein of any one of claims 1 to 55, wherein the binding of the protein
to the transferrin receptor does not substantially inhibit binding of transferrin to the transterrin

receptor.

57. The protein of any one of claims 1 to 56, wherein the first Fc polypeptide
and/or the second Fe polypeptide has an amino acid sequence identity of at least 75%, or at least

80%, 85%, 90%, 92%, or 95%, as compared to the corresponding wild-type Fc polypeptide.

58. The protein of claim 57, wherein the corresponding wild-type Fe

polypeptide is a human 1gG1, 1gG2, 1gG3, or IgG4 Fe polypeptide.
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59. The protein of any one of claims 1 to 38, wherein uptake of the progravulin
polypeptide into the brain is at least ten-fold greater as compared to the uptake of the progranulin
polypeptide in the absence of the first F¢ polypeptide and/or the second Fe polypeptide or as
compared to the uptake of the progranulin polypeptide without the modifications to the first Fe

polypeptide and/or the second Fe polypeptide that result in transferrin receptor binding.

60. The protein of any one of claims 1 to 59, wherein the first F¢ polypeptide is
not modified to bind to a blood-brain barrier receptor and the second Fe polypeptide 13 modified

to specifically bind to a transferrin receptor.

61. The protein of any one of claims 1 to 59, wherein the first Fc¢ polypeptide is
modified to specifically bind to a transferrin receptor and the second Fe polypeptide i3 not modified

to bind to a blood-brain barrier receptor.

62.  The protein of any one of claims 1 to 61, wherein the progranulin

polypeptide or the vanant thereof binds to sortilin or prosaposin.

63.  The protein of claim 62, wherein the progranulin polypeptide or the variant

thereof binds to sortilin,

64. A protein comprising:

{a) a first Fc polypeptide that is linked to a progranulin polypeptide through a
polypeptide hinker, and

(b} a second Fc polypeptide that forms an Fc dimer with the first Fc polypeptide,

wherein the first Fc polypeptide comprises hole mutations T3668, L368A, and
Y407V and the second Fc polypeptide comprises a knob mutation T366W, according to EU

numbering scheme.

65. The protein of claim 64, wherein {(a) comprises the sequence of any one of

SEQ ID NOS:213, 214, 225, and 226 and (b) comprises the sequence of SEQ ID NG:261

66.  The protein of claim 64, wherein the second Fc polypeptide further

comprises TiR-binding mutations.



WO 2019/246071 PCT/US2019/037695

67.  The protein of claim 66, wherein (a) comprises the sequence of any one of

SEQ ID NOS:213, 214, 225, and 226 and (b) comprises the sequence of SEQ ID NG:273.

68, A protein comprising:

{(a) a first Fc polypeptide that is linked to a progranulin polypeptide through a
polypeptide linker; and

(b} a second Fc polypeptide that forms an Fc dimer with the first Fc polypeptide,

wherein the first Fe polypeptide comprises a knob mutation T366W and the second
Fe polypeptide comprises hole mutations T3668S, L368A and Y407V, according to EU numbering

scheme.

69. The protein of claim 68, wherein (a) comprises the sequence of any one of

SEQ ID NOS:237, 238, 249, and 250 and (b) comprises the sequence of SEQ ID NO:267.

70. The protein of claim 68, wherein the first Fc polypeptide further comprises

TtR-binding mutations.

71, The protein of claim 70, wherein {(a) cormprises the sequence of SEQ 1D

NO:274 or 275 and (b) comprises the sequence of SEQ ID NG:267.

72. A protein comprising:

{a) a first Fc polypeptide that is hinked to a first progranulin polypeptide through a
polypeptide hinker, and

{b) a second Fc polypeptide that is linked to a second progranulin polypeptide
through a polypeptide linker,

wherein the first and second Fc polypeptides form an Fe dimer, the first Fe
polypeptide comprises hole mutations T3665, L368A, and Y407V, the second Fc polypeptide
comprises a knob mutation T366W, and

wherein the N-terminus of the first progranulin polypeptide is linked to the C-
terminus of the first Fo polypeptide through the polypeptide linker and the N-terminus of the
second progranulin polypeptide 1s linked to the C-terminus of the second Fc polypeptide through

the polypeptide linker.
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73.  The protein of claim 72, wherein {(a) comprises the sequence of SEQ ID

N(O:213 or 214 and (b} comprises the sequence of SEQ ID NO:237 or 238.

74. The protein of claim 72, wherein the second Fc polypeptide further

comprises TfR-binding mutations.

7S. The protein of claim 74, wherein (a) comprises the sequence of SEQ 1D

NO:213 or 214 and (b} comprises the sequence of SEQ ID NO:274.

76. A protein comprising:

(a) a first Fc polypeptide that is linked to a first progranulin polypeptide through a
polypeptide linker; and

(b} a second Fc¢ polypeptide that is linked to a second progranulin polypeptide
through a polypeptide linker,

wherein the first and second Fec polypeptides form an Fo dimer, the first Fc
polypeptide comprises hole mutations T3665, L368A, and Y407V, the second Fc polypeptide
comprises a knob mutation T366W, and

wherein the C-terminus of the first progranulin polypeptide is linked to the N-
terminus of the first Fc polypeptide through the polypeptide linker and the C-terminus of the
second progranulin polypeptide is linked to the N-terminus of the second Fe polypeptide through

the polypeptide linker.

77.  The protein of claim 76, wherein (a) comprises the sequence of SEQ ID

NO:225 or 226 and (b) comprises the sequence of SEQ ID NO:249 or 250.

78. The protein of claim 76, wherein the second Fc polypeptide further

comprises TfR-binding mutations.

79. The protein of claim 78, wherein (a) comprises the sequence of SEQ 1D

NO:225 or 226 and (b) comprises the sequence of SEQ 1D N(.275.

80. A protein comprising:
(a} a first Fc polypeptide that 1s hinked to a first progranulin polypeptide through a

polypeptide linker; and
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{b} a second Fc polypeptide that is linked to a second progranulin polypeptide
through a polypeptide linker,

wherein the first and second Fc polypeptides form an Fc dimer, the first Fc
polypeptide comprises hole mutations T3665, L368A, and Y407V, the second Fc polypeptide
comprises a knob mutation T366W, and

wherein the N-terminus of the first progranulin polypeptide is linked to the C-
terminus of the first Fc polypeptide through the polypeptide linker and the C-terroinus of the
second progranulin polypeptide is linked to the N-terminus of the second Fc polypeptide through

the polypeptide linker.

81 The protein of claim 80, wherein (a) comprises the sequence of SEQ ID

NO:213 or 214 and (b) comprises the sequence of SEQ 1D NO:249 or 250.

82. The protein of claim 80, wherein the second Fc polypeptide further

comprises TIR-binding mutations.

83.  The protein of claim 82, wherein (a) comprises the sequence of SEQ 1D

NG:213 or 214 and (b} comprises the sequence of SEQ ID NO:27S.

84. A protein comprising:

{(a) a first Fc polypeptide that is linked to a progranulin polypeptide through a
polypeptide linker; and

{b} a second Fc polypeptide that forms an Fc dimer with the first Fc polypeptide,

wherein the first Fc polypeptide comprises hole mutations T3665, L368A, and
Y407V and the second Fc polypeptide comprises a knob mutation T366W, according to EU

numbering scheme, and TIR-binding mutations.

85, The protein of claim 84, wherein (a} comprises the sequence of any one of

SEQ ID NGS:213, 214, 225, and 226 and (b) comprises the sequence of SEQ 1D NO:281 or 286,

2

86.  The protein of claim 84, wherein the second Fc polypeptide further
comprises L.234A and L235A mutations with or without P329G mutation, and/or M428L and

N434S mutations, according to EU numbering scheme.
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87 The protein of claim 86, wherein (a) corprises the sequence of any one of
SEQ ID NOS:213, 214, 225, and 226 and (b) comprises the sequence of any one of SEQ ID
NOS:209, 210, 282-285, and 287-291.

88. The protein of claim 84, wherein the first Fc polypeptide further comprises
L234A and L235A mutations with or without P329G mutation, and/or M428L and N4348

mutations, according to EU numbering scheme.

89. The protein of claim 88, wherein (a} comprises the sequence of any one of

SEQ ID NOS:215-224 and 227-236 and (b) comprises the sequence of SEQ ID NO:281 or 286.

90.  The protein of claim 84, wherein each of the first and second Fc
polypeptides further comprises £L.234A and L235A mutations with or without P329G mutation,

and/or M428L and N4348S mutations, according to EU numbering scheme.

o1, The protein of claim 90, wherein {a) comprises the sequence of any one of
SEQ D NOS:215-224 and 227-236 and (b) comprises the sequence of SEQ 1D NO:209, 210, 282-
285, and 287-291.

92. A polypeptide comprising an Fe polypeptide that is linked to a progranulin
polypeptide or a variant thereof, wherein the Fc polypeptide contains one or more modifications

that promote its heterodimerization to another Fe polypeptide.

93. The polypeptide of claim 92, wherein the progranulin polypeptide
comprises an amino acid sequence having greater than 90%, or at least 95% identity to the amino

acid sequence of SEQ 1D NG:212.

94, The polypeptide of claim 93, wherein the progranulin polypeptide

comprises the amino acid sequence of SEQ D NO:212.

95 The polypeptide of any one of claims 92 to 94, wherein the Fc polypeptide
is linked to the progranulin polypeptide or the variant thereof by a peptide bond or by a polypeptide

Linker.
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96. The polypeptide of claim 95, wherein the polypeptide linkeris 1 to 50 amino

acids in length.

97.  The polypeptide of claim 95 or 96, wherein the polypeptide linker is a

flexible polypeptide linker.

08. The polypeptide of claim 97, wherein the flexible polypeptide linker 15 a

glycine-rich linker,

99, The polypeptide of claim 98, wherein the glycine-rich linker 15 G485 (SEQ
1D NO:277) or (GaS) (SEQ ID NO:276),

100.  The polypeptide of any one of claims 92 10 99, wherein the N-terminus or

the C-terminus of the Fc polypeptide is linked to the progranulin polypeptide.

101,  The polypeptide of any one of clairas 92 to 100, wherein the Fc polypeptide

contains T366S, L368A, and Y407V substitutions, according to EU numbering.

102, The polypeptide of claim 101, wherein the polypeptide comprises the amino

acid sequence of any one of SEQ 1D NOS:213, 214, 225, and 226.

103.  The polypeptide of any one of claims 92 to 100, wherein the Fc polypeptide

contains a T366W substitution.

104.  The polypeptide of claim 103, wherein the polypeptide comprises the amino

acid sequence of any one of SEQ ID NOS:237, 238, 249, and 250

105.  The polypeptide of any one of claims 92 to 104, wherein the Fc polypeptide

comprises a modification that reduces effector function.

106. The polypeptide of claim 105, wherein the modification that reduces
effector function 1s the substitutions of Ala at position 234 and Ala at position 235, according to

EU numbering.
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107.  The polypeptide of claim 106, wherein the polypeptide comprises the amino

acid sequence of any one of SEQ D NOS: 215, 216, 227, 228, 239, 240, 251, and 252,

108.  The polypeptide of any one of claims 92 to 107, wherein the Fc polypeptide

comprises amino acid changes relative to the native Fe sequence that extend serum half-life.

109.  The polypeptide of claim 108, wherein the amino acid changes comprise

substitutions of Leu at position 428 and Ser at position 434, according to EU numbering.

110, The polypeptide of claim 109, wherein the polypeptide comprises the amino

acid sequence of any one of SEQ ID NOS:219-222, 231-234, 243-246, and 255-258.

111, The polypeptide of any one of claims 92 to 110, wherein the Fc polypeptide

turther comprises TIR-binding mutations.

112, The polypeptide of any one of claims 92 to 111, wherein the progranulin

polypeptide or the variant thereof binds to sortilin or prosaposin.

113, The polypeptide of claim 112, wherein the progranulin polypeptide or the

variant thereof binds to sortilin.

114, A method of treating a progranulin-associated disorder, the method
comprising administering the protein of any one of claims 1 to 91 or the polypeptide of any one of
claims 92 to 113 to a patient in need thereof, wherein the progranulin-associated disorder is
selected from the group consisting of a neurodegencrative disease, atherosclerosis, a disorder

associated with TDP-43, and age-related macular degeneration {AMD).

115, A method of increasing the amount of a progranulin polypeptide or a variant
thereof in a patient having a progranulin-associated disorder, the method comprising administering
the protein of any one of claims 1 to 91 or the polypeptide of any one of claims 92 to 113 to the
patient, wherein the progranulin-associated disorder is selected from the group consisting of a
neurodegenerative disease, atherosclerosis, a disorder associated with TDP-43, and age-related

macular degeneration (AMD).
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116. A method of decreasing cathepsin D activity in a patient having a
progranulin-associated disorder, the method comprising administering the protein of any one of
claims 1 to 91 or the polypeptide of any one of claims 92 to 113 to the patient, wherein the
progranubin-associated disorder is selected from the group consisting of a neurodegenerative
disease, atherosclerosis, a disorder associated with TDP-43, and age-related macular degeneration
(AMD).

117 A method of increasing lysosomal degradation in a patient having a
progranulin-associated disorder, the method comprising administering the protein of any one of
claims 1 to 91 or the polypeptide of any oune of claims 92 to 113 to the patient, wherein the
progranulin-associated disorder is selected from the group consisting of a neurodegenerative
disease, atherosclerosis, a disorder associated with TDP-43, and age-related macular degeneration
(AMD).

118, The method of any one of claims 114 to 117, wherein the progranulin-

associated disorder is a neurodegenerative disease.

119,  The method of claim 118, wherein the neurodegenerative disease is selected
from the group consisting of frontotemporal dementia (FTD), neuronal ceroid lipofuscinosis
{INCL}, Niemann-Pick disease type A (NPA), Niemann-Pick disease type B (NPB}, Niemann-Pick
disease type C (NPC), COORF72-associated amyotrophic lateral sclerosis (ALSYFTD, sporadic

ALS, Alzheimer’s disease (AD), Gaucher's disease, and Parkinson’s disease.

120, The method of claim 119, wherein the neurodegenerative disease is

frontotemporal dementia (FTD).

121, The method of any one of claims 114 to 120, wherein the patient has a

mutation in a gene encoding the progranulin polypeptide.

122, A pharmaceutical composition comprising the protein of any one of claims

1to 91 or the polypeptide of any one of claims 92 to 113 and a pharmaceutically acceptable carrier.

123, A non-human transgenic animal comprising (a) a nucleic acid that encodes

a chimeric TIR polypeptide comprising: (1) an apical domain having at least 90% identity to SEQ
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1D N(:296 and (i1} the transferrin binding site of the native TR polypeptide of the animal, and
(b} a knockout of the GRN gene, and wherein the chimeric TIR polypeptide 1s expressed in the

brain of the animal,

124, The animal of claim 123, wherein the apical domain comprises the amino

acid sequence of SEQ 1D NO:296.

125, The animal of claim 123, wherein the apical domain comprises the amino

acid sequence of SEQ 1D NG:297, SEQ ID NG:298, or SEQ ID NO:259

126, The animal of any one of claims 123 to 125, wherein the chimneric TIR

polypeptide comprises an amino acid sequence having at least 95% identity to SEQ ID NO:300.

127.  The animal of any one of claims 123 to 126, wherein the animal expresses
a level of the chimeric TR polypeptide in brain, liver, kidney, or lung tissue within 20% of the
level of expression of TIR in the same tissue of a corresponding wild-type animal of the same

species.

128.  The animal of any one of claims 123 to 127, wherein the animal comprises
a red blood cell count, level of hemoglobin, or level of hematocrit within 20% of the red blood
cell count, level of hemoglobin, or level of hematocrit in a corresponding wild-type animal of the

same species.

129, The animal of any one of claims 123 to 128, wherein the nucleic acid
sequence encoding the apical domain comprises a nucleic acid sequence having at least 95%

identity to SEQ ID NO:301.

130.  The animal of any one of claims 123 to 129, wherein the animal 1s

homozygous or heterozygous for the nucleic acid encoding the chimeric TIR polypeptide.

131, The animal of any one of claims 123 to 130, wherein the knockout of the

GRN gene comprises a deletion of exons 1-4 of the GRN gene.

132, The animal of any one of claims 123 to 131, wherein the animal is a

mouse or a rat.
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133, A protein comprising: {(a) a modified Fe polypeptide dimer that

spectfically binds TIR; and (b) a programulin polypeptide.

134, The protein of claim 133, further comprising: {¢) a polypeptide linker,
wherein the polypeptide linker links the modified Fc polypeptide dimer to the progranulin

polypeptide.

135, The protein of claim 133 or 134, wherein the modified Fc polypeptide

dimer specifically binds to the apical domain of TIR.

136.  The protein of any one of claims 133 to 135, wherein the modified Fc
polypeptide dimer comprises at least two substitutions at positions selected from the group
consisting of 384, 386, 387, 388, 389,390, 413, 416, and 421, according to EU numbering, of
one Fc polypeptide.

137.  The protein of any one of claims 133 to 136, wherein the modified Fe
polypeptide dimer comprises substitutions at at least three, four, five, six, seven, eight, or nine of

the positions of one Fc polypeptide.

138, The protein of any one of claims 133 to 137, wherein the modified Fc
polypeptide dimer further comprises one, two, three, or four substitutions at positions comprising

380, 391, 392, and 4135, according to EU numbering, of one Fc polypeptide.

139, The protein of any one of claims 133 to 138, wherein the modified Fc
polypeptide dimer further comprises one, two, or three substitutions at positions comprising 414,

424, and 426, according to EU numbering, of one Fc polypeptide.

140.  The protein of any one of claims 133 to 139, wheretn the modified Fc

polypeptide dimer comprises Trp at position 388 of one Fe polypeptide.

141, The protein of any one of claims 133 to 140, wherein the modified Fe
polypeptide dimer comprises at least one position selected from the following: position 380 13
Trp, Leu, or Glu; position 384 is Tyr or Phe; position 386 is Thr; position 387 is Glu; position

388 18 Trp; position 389 18 Ser, Ala, Val, or Asn; position 390 15 Ser or Asn; position 413 is Thr
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or Ser; position 415 is Glu or Ser; position 416 is Glu; and position 421 is Phe of one Fe

polypeptide.

142, The protein of any one of claims 133 to 141, wherein the modified Fe
polypeptide dimer comprises 2, 3, 4, 5,6, 7, 8,9, 10, or 11 positions selected from the following:
position 380 is Trp, Leu, or Ghu; position 384 1s Tyr or Phe; position 3806 is Thr; position 387 is
Gl position 388 1s Trp, position 389 1s Ser, Ala, Val, or Asn; position 390 is Ser or Asn;
position 413 is Thr or Ser; position 415 1s Glu or Ser; position 416 is Glu; and position 421 is

Phe of one F¢ polypeptide.

143, The protein of any one of claims 133 to 142, wherein the modified Fe
polypeptide dimer comprises a first Fo polypeptide CH3 domain with at least 85% identity, at
least 90% identity, or at least 95% identity to amino acids 111-217 of any one of SEQ 1D

N{8:34-38, 58, 60-90, 136, and 137-210.

144, The protein of any one of claims 133 to 143, wherein the modified Fc

polypeptide dimer comprises the anuino acid sequence of any one of SEQ ID NOS:136-210.

145, The protein of any one of claims 133 to 144, wherein the modified F¢
polypeptide dimer comprises the amino acid sequence of any one of SEQ 1D NOS:136, 138, 150

162, 174, 186, and 198.

2

146.  The protein of any one of claims 133 to 145, wherein the modified Fc
polypeptide dimer comprises an Fo polypeptide having an amino acid sequence identity of at
feast 75%, or at least 80%, 85%, 90%, 92%, or 95%, as compared to the corresponding wild-type

Fc polypeptide.

147, The protein of any one of claims 133 to 146, wherein the modified Fe
polypeptide dimer does not include an immunoglobulin heavy and/or light chain vartable region

sequence Or an antigen-binding portion thereof.

148.  The protein of any one of claims 133 to 147, wherein the C-terminus of an
Fe polypeptide in the modified Fe polypeptide dimer 1s linked to the N-terminus of the

progranulin polypeptide.

3
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149 The protein of any one of claims 133, 134, and 148, wherein the
polypeptide linker links the C-terminus of the Fc polypeptide in the modified Fc polypeptide

dimer to the N-terminus of the progranulin polypeptide.

150, The protein of any one of claims 133 to 147, wherein the C-terminus of
the progranulin polypeptide is linked to the N-terminus of an Fe polypeptide in the modified Fc

polypeptide dimer.

151, The protein of any one of claims 133, 134, and 150, wherein the
polypeptide linker links the C-terminus of the progranulin polypeptide to the N-terminus of the

Fc polypeptide in the moditied Fc polypeptide dimer.
152, The protein of any one of claims 1 to 91 and 133 to 151 for use in therapy.

153, The protein of any one of claims 1 to 91 and 133 to 151 for use in treating

a neurodegenerative disease.

154.  The protein of any one of claims 1 to 91 and 133 to 151 for use in treating
a neurodegenerative disease selected from the group consisting of Alzheimer’s disease, primary
age-related tauopathy, lewy body dementia, progressive supranuclear palsy (PSP),
frontotemporal dementia, frontotemporal dementia with parkinsonism linked to chromosome 17,
argyrophilic grain dementia, amyotrophic lateral sclerosis, amyotrophic lateral
sclerosis/parkinsonism-dementia complex of Guam (ALS-PDC), corticobasal degeneration,
chronic traumatic encephalopathy, Creutzfeldt-Jakob disease, dementia pugilistica, diffuse
neurcfibrillary tangles with calcification, Down’s syndrome, familial British dementia, familial
Danish dementia, Gerstmann-Straussler-Scheinker disease, globular glial tavopathy,
Guadeloupean parkinsonism with dementia, Guadelopean PSP, Hallevorden-Spatz disease,
hereditary diffuse leukoencephalopathy with spheroids (HIDLS), inclusion-body myositis,
multiple system atrophy, myotonic dystrophy, Nasu-Hakola disease, neurotibriliary tangle-
predominant dementia, Niernann-Pick disease type C, pallido-pounto-nigral degeneration,
Parkinson’s disease, Pick’s disease, postencephalitic parkinsonism, prion protein cerebral
amyloid angiopathy, progressive subcortical gliosis, subacute sclerosing panencephalitis, and

tangle only dementia.
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155, A protein for use in treating a neurodegenerative disease, comprising

{a) a first Fc polypeptide that is linked to a progranulin polypeptide through a
polypeptide hinker; and

(b} a second Fc polypeptide that forms an Fc dimer with the first Fc polypeptide,

wherein (a) comprises the sequence of SEQ ID NO:215 and (b) comprises the

sequence of SEQ ID NO:210.

156. A protein for use in treating a neurodegenerative disease, comprising

{a) a first Fc polypeptide that is linked to a progranulin polypeptide through a
polypeptide hinker, and

(b} a second Fc polypeptide that forms an Fc dimer with the first Fc polypeptide,

wherein (a) comprises the sequence of SEQ ID NO:227 and (b) comprises the

sequence of SEQ ID NO:210.

157 A protein for use in treating a neurcdegenerative disease, comprising

{(a) a first Fc polypeptide that is linked to a progranulin polypeptide through a
polypeptide hinker, and

(b} a second Fc polypeptide that forms an Fc dimer with the first Fc polypeptide,

wherein (a) comprises the sequence of SEQ ID NG:215 and (b) comprises the

sequence of SEQ 1D NOG:291.

158. A protein for use in treating a neurodegenerative disease, comprising

{(a) a first Fc polypeptide that is linked to a progranulin polypeptide through a
polypeptide linker; and

(b} a second Fc polypeptide that forms an Fc dimer with the first Fc polypeptide,

wherein (a) comprises the sequence of SEQ ID NO:227 and (b) comprises the

sequence of SEQ 1D NOG:291.

159, The protein for use of any one of claims 155 to 158, wherein the
neurodegenerative disease is selected from the group consisting of Alzheimer’s disease, primary
age-related tauopathy, lewy body dementia, progressive supranuclear palsy (PSP),

frontotemporal dementia, frontotemporal dementia with parkinsonism linked to chromosome 17,
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argyrophilic grain dementia, amyotrophic lateral sclerosis, amyotrophic lateral
sclerosis/parkinsonism-dementia complex of Guam (ALS-PDC), corticobasal degeneration,
chronic traumatic encephalopathy, Creutzfeldi-Jakob disease, dementia pugilistica, diffuse
neurcfibrillary tangles with calcification, Down’s syndrome, familial British dementia, familial
Danish dementia, Gerstmann-Straussler-Scheinker disease, globular glial tavopathy,
Guadeloupean parkinsonism with dementia, Guadelopean PSP, Hallevorden-Spatz disease,
hereditary diffuse leukoencephalopathy with spheroids (HDLS), inclusion-body myositis,
multiple system atrophy, myotonic dystrophy, Nasu-Hakola disease, neurotibriliary tangle-
predominant dementia, Niernann-Pick disease type C, pallido-pounto-nigral degeneration,
Parkinson’s disease, Pick’s disease, postencephalitic parkinsonism, prion protein cerebral
amyloid angiopathy, progressive subcortical gliosis, subacute sclerosing panencephalitis, and

tangle only dementia.
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