wo 2015/027082 A 1[I NI 0E VO 0O O 0O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/027082 A1l

26 February 2015 (26.02.2015) WIPOIPCT
(51) International Patent Classification: (74) Agents: VARMA, Anita et al.; Ropes & Gray LLP,
CO7K 19/00 (2006.01) A61K 38/16 (2006.01) Prudential Tower, 800 Boylston Street, Boston, MA 02199
CO7K 14/475 (2006.01)  AGIP 9/10 (2006.01) (US).
CO7K 16722 (2006.01) ABIP 35/00 (2006.01) (81) Designated States (uniess otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,
PCT/US2014/052130 AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
. o BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(22) International Filing Date: DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
21 August 2014 (21.08.2014) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(26) Publication Language: English OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
(30) Priority Data: SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
61/868,713 22 August 2013 (22.08.2013) Us N, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
61/906,270 19 November 2013 (19.11.2013) US ZW.
61/906,849 20 November 2013 (20.11.2013) US  (84) Designated States (unless otherwise indicated, for every
(71) Applicant: ACCELERON PHARMA, INC. [US/US]; kind of regional protection available): ARIPO (BW, GH,
128 Sidney Street, Cambridge, MA 02139 (US). GM, KE, LR, LS, MW, MZ, NA, RW, 8D, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(72) Inventors: KUMAR, Ravindra; 421 Arlington Street, Ac- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
ton, MA 01720 (US). GRINBERG, Asya; 12468 Main DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Campus Drive, Lexington, MA 02421 (US). SAKO, Di- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
anne, S.; 14 Mystic Street, Medford, MA 02155 (US). CA- SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
STONGUAY, Roselyne; 32 Grace Street, Malden, MA GW, KM, ML, MR, NE, SN, TD, TG).
02148 (US). STEEVES, Rita; 68 Collincote Street, Stone- o 0

ham, MA 02180 (US).

with international search report (Art. 21(3))

(54) Title: TGF-BETA RECEPTOR TYPE I VARIANTS AND USES THEREOF

1 MPGQELRTVN GSQOMLLVLLV

LSWLPHGGAL

SLAEASRASE PGPSELHSED

51 SRFRELRKRY EDLLTRLRAN

101 LHLRISRAAL PEGLPEASRL

151 QAPALHLRLS PPP3QSDQLL

201 DHCPLGPGRC CRLHTVRASL

QSWEDSNTDL
HRALFRLSPT
AESSSARFPQL
EDLGWADWVL

VPAPAVRILT PEVRLGSGGH

ASRSWDVTRP LRROQLSLARP
ELHLRPOAAR

SPREVQVTMC

GRRRARARNG
IGACPSQFRA

251 ANMHAQIKTS LHRLKEDTVP

APCCVPASYN

PMVLIQKTDT GVSLQTYDDL

301 LAKDCHCI (SEQ ID NO:

1

FIGURE 1

(57) Abstract: In certain aspects, the present disclosure relates to polypeptides comprising a truncated, ligand-binding portion of the
extracellular domain of TPRII polypeptide useful to selectively antagonize a TPRII ligand. The disclosure further provides composi-
tions and methods for use in treating or preventing TGFp associated disorders.



10

15

20

25

WO 2015/027082 PCT/US2014/052130

TGF-BETA RECEPTOR TYPE II VARIANTS AND USES THEREOF

CROSS-REFERENCE TO RELATED APPLICATION

[0001 This application claims priority from United States provisional application
61/868,713, filed on August 22, 2013; United States provisional application 61/906,270, filed
on November 19, 2013; and United States provisional application 61/906,849, filed
November 20, 2013. The disclosure of the priority application is incorporated herein by

reference in its entirety.
BACKGROUND OF THE INVENTION

[0002] Members of the transforming growth factor-beta (TGFp) superfamily are
pleiotropic cytokines involved in essential cellular functions such as proliferation,
differentiation, apoptosis, motility, extracellular matrix production, tissue remodeling,
angiogenesis, immune response, cell adhesion, and also play a key role in pathophysiology of
disease states as different as chronic inflammatory conditions and cancer. Members of the
TGFp superfamily have been classified into major family groupings, which include TGFfs,
bone morphogenetic proteins (BMP), osteogenic proteins (OP), growth and differentiation
factors (GDF), inhibins/activins, mullerian inhibitory substances (MIS) and glial derived
neurotrophic factors (GDNF).

[0003] TGFp superfamily members transduce their signals across the plasma
membrane by inducing the formation of heteromeric complexes of specific type I and type 11
serine/threonine kinase receptors, which in turn activate a particular subset of SMAD proteins
(some inhibitory and some excitatory). The SMAD molecule compounds relay the signals

into the nucleus where they direct transcriptional responses in concert with other proteins.

[0004] Dysfunctional TGFp superfamily signaling has been linked to several
clinical disorders including cancer, fibrosis, bone diseases, diabetic nephropathy, as well as

chronic vascular diseases such as atherosclerosis.

[0005] Thus, it is an object of the present disclosure to provide compositions and

methods for modulating TGFp superfamily signaling.
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SUMMARY OF THE INVENTION

[0006] In part, the disclosure provides TPRII polypeptides and the use of such
TBRII polypeptides as selective antagonists for GDF15, TGFB1 or TGFB3. As described
herein, polypeptides comprising part or all of the TBRII extracellular domain (ECD), with or
without additional mutations, bind to and/or inhibit GDF15, TGFB1 or TGFB3 with varying
affinities. Thus, in certain aspects, the disclosure provides TBRII polypeptides for use in
selectively inhibiting TGFf superfamily associated disorders.

[0007] In certain aspects, the disclosure provides polypeptides comprising
mutations and/or truncations in the extracellular domain of TPRIIL. In certain aspects, the
disclosure provides a TPRII fusion polypeptide comprising a first amino acid sequence from
the extracellular domain of TPRRII and a heterologous amino acid sequence, wherein the first
amino acid sequence comprises or consists of an amino acid sequence at least 80%, at least
85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99%
identical or identical to a) a sequence beginning at any of positions 23 to 35 of SEQ ID NO: 5
and ending at any of positions 153 to 159 of SEQ ID NO: 5 or b) a sequence beginning at any
of positions 23 to 60 of SEQ ID NO: 6 and ending at any of positions 178 to 184 of SEQ ID
NO: 6.

[0008] In certain aspects the disclosure provides polypeptides comprising a wild-
type or altered and/or truncated extracellular domain of TPRII fused to at least a portion of
the Fc domain of a human IgG2. Thus in certain aspects, the disclosure provides a TBRII
fusion polypeptide comprising a first amino acid sequence from the extracellular domain of
TPBRII and a heterologous amino acid sequence, wherein the first amino acid sequence
comprises or consists of an amino acid sequence at least 80%, at least 85%, at least 90%, at
least 95%, at least 96%, at least 97%, at least 98%, at least 99% identical or identical to a) a
sequence beginning at any of positions 23 to 35 of SEQ ID NO: 5 and ending at any of
positions 153 to 159 of SEQ ID NO: 5 or b) a sequence beginning at any of positions 23 to 60
of SEQ ID NO: 6 and ending at any of positions 178 to 184 of SEQ ID NO: 6, and wherein
the polypeptide comprises a second polypeptide sequence that comprises at least a constant
domain of a human IgG2 and may optionally comprise or consist of an amino acid sequence
that is at least 80%, at lecast 85%, at least 90%, at least 95%, at least 96%, at least 97%, at
least 98%, at least 99% identical to SEQ ID NO: 19, and wherein an linker is optionally
positioned between the first polypeptide and the second polypeptide. An example of the is
provided as SEQ ID NO:50 and is encoded by the nucleic acid sequence of SEQ ID NO:51.
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In certain embodiments, the disclosure provides polypeptides with an amino acid sequence
that comprises or consists of an amino acid sequence that is at least 80%, 85%, 90%, 95%,
96%, 97%. 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO:50. In
certain embodiments, the disclosure provides polypeptides that are encoded by a nucleic acid
sequence that comprises or consists of a nucleic acid sequence that is at least 80%, 85%,
90%, 95%, 96%, 97%. 98%, 99% or 100% identical to the nucleic acid sequence of SEQ ID
NO:51.

[0009] In some embodiments, the first amino acid sequence comprises or consists of
the sequence beginning at position 23 of SEQ ID NO: 5 and ending at position 159 of SEQ
ID NO: 5. In some embodiments, the first amino acid sequence comprises or consists of the
sequence beginning at position 29 of SEQ ID NO: 5 and ending at position 159 of SEQ ID
NO: 5. In some embodiments, the first amino acid sequence comprises or consists of the
sequence beginning at position 35 of SEQ ID NO: 5 and ending at position 159 of SEQ ID
NO: 5. In some embodiments, the first amino acid sequence comprises or consists of the
sequence beginning at position 23 of SEQ ID NO: 5 and ending at position 153 of SEQ ID
NO: 5. In some embodiments, the first amino acid sequence comprises or consists of the
sequence beginning at position 29 of SEQ ID NO: 5 and ending at position 153 of SEQ ID
NO: 5. In some embodiments, the first amino acid sequence comprises or consists of the
sequence beginning at position 35 of SEQ ID NO: 5 and ending at position 153 of SEQ ID
NO: 5.

[0010] Insome embodiments, the first amino acid sequence comprises or consists of
the sequence beginning at position 23 of SEQ ID NO: 6 and ending at positions 184 of SEQ
ID NO: 6. In some embodiments, the first amino acid sequence comprises or consists of the
sequence beginning at position 29 of SEQ ID NO: 6 and ending at position 184 of SEQ ID
NO: 6. In some embodiments, the first amino acid sequence comprises or consists of the
sequence beginning at position 23 of SEQ ID NO: 6 and ending at position 178 of SEQ ID
NO: 6. In some embodiments, the first amino acid sequence comprises or consists of the
sequence beginning at position 29 of SEQ ID NO: 6 and ending at position 178 of SEQ ID
NO: 6.

[0011] In some embodiments, the first amino acid sequence comprises or consists of
a sequence that has a D at the position corresponding to position 36 of SEQ ID NO: 47 and/or
a K at the position corresponding to position 76 of SEQ ID NO: 47.
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[0012] In certain aspects, the disclosure provides a TRRII fusion polypeptide
comprising a first amino acid sequence at least 80%, at least 85%, at least 90%, at least 95%,
at least 96%, at least 97%, at least 98%, at least 99% identical or identical to the sequence of
SEQ ID NO: 7 or SEQ ID NO: 13, or active fragment thereof, and a second heterologous
portion, wherein the first amino acid sequence has a D at the position corresponding to
position 36 of SEQ ID NO: 47 and/or a K at the position corresponding to position 76 of SEQ
ID NO: 47.

[0013] In some embodiments, the first amino acid sequence comprises an N-
terminal truncation of 1-12 amino acids corresponding to amino acids 1-12 of SEQ ID NO: 7
or 1-37 amino acids corresponding to amino acids 1-37 of SEQ ID NO: 13. In some
embodiments, the first amino acid sequence comprises an N-terminal truncation of 6 amino
acids corresponding to amino acids 1-6 of SEQ ID NO: 7 or SEQ ID NO: 13. In some
embodiments, the first amino acid sequence comprises an N-terminal truncation of 12 amino
acids corresponding to amino acids 1-12 of SEQ ID NO: 7 or 37 amino acids corresponding
to amino acids 1-37 of SEQ ID NO: 13. In some embodiments, the first amino acid sequence
comprises a C-terminal truncation of 1-6 amino acids corresponding to amino acids 137-132
of SEQ ID NO: 7 or amino acids 162-157 of SEQ ID NO: 13. In some embodiments, the
first amino acid sequence comprises a C-terminal truncation of 6 amino acids corresponding
to amino acids 132-137 of SEQ ID NO: 7 or amino acids 157-162 of SEQ ID NO: 13. In
some embodiments, the first amino acid sequence comprises an insertion corresponding to
SEQ ID NO: 18 between the residues corresponding to positions 117 and 118 of SEQ ID NO:
47.

[0014] In some embodiments, the heterologous portion comprises one or more
polypeptide portions that enhance one or more of: in vivo stability, in vivo half life,
uptake/administration, tissue localization or distribution, formation of protein complexes,
and/or purification. In some embodiments, the heterologous portion comprises a polypeptide
portion selected from: an immunoglobulin Fc domain and a serum albumin. In a further

embodiment, the immunoglobulin Fc domain is joined to the TPRII polypeptide by a linker.

[0015] In some embodiments, the polypeptide includes one or more modified amino
acid residues selected from: a glycosylated amino acid, a PEGylated amino acid, a

farnesylated amino acid, an acetylated amino acid, a biotinylated amino acid, an amino acid

4-
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conjugated to a lipid moiety, and an amino acid conjugated to an organic derivatizing agent.

In some embodiments, the polypeptide is glycosylated.

[0016] In certain aspects, the disclosure provides a TBRII fusion polypeptide
comprising a first amino acid sequence consisting of a portion of the extracellular domain of
TBRII that comprises an amino acid sequence that is at least 80%, at least 85%, at least 90%,
or at least 95% identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-
49, and a second heterologous portion. In certain aspects, the disclosure provides a TPRII
fusion polypeptide comprising a first amino acid sequence consisting of a portion of the
extracellular domain of TPRII that comprises an amino acid sequence that is at least 96%
identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49, and a
second heterologous portion. In certain aspects, the disclosure provides a TRRII fusion
polypeptide comprising a first amino acid sequence consisting of a portion of the
extracellular domain of TPRII that comprises an amino acid sequence that is at least 97%
identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49, and a
second heterologous portion. In certain aspects, the disclosure provides a TRRII fusion
polypeptide comprising a first amino acid sequence consisting of a portion of the
extracellular domain of TPRII that comprises an amino acid sequence that is at least 98%
identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49, and a
second heterologous portion. In certain aspects, the disclosure provides a TRRII fusion
polypeptide comprising a first amino acid sequence consisting of a portion of the
extracellular domain of TPRII that comprises an amino acid sequence that is at least 99%
identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49, and a
second heterologous portion. In certain aspects, the disclosure provides a TRRII fusion
polypeptide comprising a first amino acid sequence consisting of a portion of the
extracellular domain of TPRII that comprises an amino acid sequence is an amino acid

sequence selected from SEQ ID NOs: 7-17 and 47-49 and a second heterologous portion.

[0017] In certain aspects, the disclosure provides a polypeptide comprising or
consisting of an amino acid sequence that is at least 80%, at least 85%, at least 90%, or at
least 95% identical to an amino acid sequence selected from SEQ ID NOs: 25, 27, 29, 31, 33,
35,37, 39, 41 and 43 or the portion therecof with the leader sequence removed, e.g., a
polypeptide comprising or consisting of an amino acid sequence that is at least 80%, at least

85%, at least 90%, or at least 95% identical to an amino acid sequence selected from SEQ ID

-5-
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NOs: 53, 54, 55, 56, 57, 58, 59, 60, 61, and 62. In certain aspects, the disclosure provides a
polypeptide comprising or consisting of an amino acid sequence that is at least 96% identical
to an amino acid sequence selected from SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41 and
43 or the portion thereof with the leader sequence removed, e.g., a polypeptide comprising or
consisting of an amino acid sequence that is at least 96% identical to an amino acid sequence
selected from SEQ ID NOs: 53, 54, 55, 56, 57, 58, 59, 60, 61, and 62. In certain aspects, the
disclosure provides a polypeptide comprising or consisting of an amino acid sequence that is
at least 97% identical to an amino acid sequence selected from SEQ ID NOs: 25, 27, 29, 31,
33, 35, 37, 39, 41 and 43 or the portion thereof with the leader sequence removed, e.g., a
polypeptide comprising or consisting of an amino acid sequence that is at least 97% identical
to an amino acid sequence selected from SEQ ID NOs: 53, 54, 55, 56, 57, 58, 59, 60, 61, and
62. In certain aspects, the disclosure provides a polypeptide comprising or consisting of an
amino acid sequence that is at least 98% identical to an amino acid sequence selected from
SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41 and 43 or the portion thereof with the leader
sequence removed, ¢.g., a polypeptide comprising or consisting of an amino acid sequence
that is at least 98% identical to an amino acid sequence selected from SEQ ID NOs: 53, 54,
55, 56,57, 58, 59, 60, 61, and 62. In certain aspects, the disclosure provides a polypeptide
comprising or consisting of an amino acid sequence that is at least 99% identical to an amino
acid sequence selected from SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41 and 43 or the
portion thereof with the leader sequence removed, ¢.g., a polypeptide comprising or
consisting of an amino acid sequence that is at least 99% identical to an amino acid sequence
selected from SEQ ID NOs: 53, 54, 55, 56, 57, 58, 59, 60, 61, and 62. In certain aspects, the
disclosure provides a polypeptide comprising or consisting of an amino acid sequence
selected from SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41 and 43 or the portion thercof
with the leader sequence removed, ¢.g., a polypeptide comprising or consisting of an amino

acid sequence selected from SEQ ID NOs: 53, 54, 55, 56, 57, 58, 59, 60, 61, and 62.

[0018] In certain aspects, the disclosure provides a TRRII polypeptide comprising of
an amino acid sequence encoded by a nucleic acid that hybridizes under stringent conditions
to a complement of a nucleotide sequence selected from SEQ ID NOs: 26, 28, 30, 32, 34, 36,
38, 40, 42 and 44.

[0019] In each of the foregoing, the TPRII polypeptide may be selected that it does
not include a full-length TBRII ECD. A TBRII polypeptide may be used as a monomeric

-6-
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protein or in a dimerized form. A TBRII polypeptide may also be fused to a second
polypeptide portion to provide improved properties, such as increased half-life or greater case
of production or purification. A fusion may be direct or a linker may be inserted between the
TBRII polypeptide and any other portion. A linker may be structured or unstructured and may
consist of 1, 2, 3, 4, 5, 10, 15, 20, 30, 50 or more amino acids, optionally relatively free of

secondary structure.

[0020] In some embodiments, a TPRII polypeptide of the disclosure binds human

GDF15 with an equilibrium dissociation constant (Kp) less than 1 x 10 M.

[0021] In some embodiments, a TBRII polypeptide of the disclosure has a
glycosylation pattern characteristic of expression of the polypeptide in CHO cells.

[0022] In some embodiments, the disclosure provides a homodimer comprising two

TBRII polypeptides of the disclosure.

[0023] In some embodiments, the disclosure provides an isolated polynucleotide
comprising a coding sequence for the TPRII polypeptides of the disclosure. In some
embodiments, the disclosure provides a recombinant polynucleotide comprising a promoter
sequence operably linked to the isolated polynucleotide. In some embodiments, the
disclosure provides a cell transformed with an isolated polynucleotide or a recombinant
polynucleotide of the disclosure. In some embodiments, the cell is a mammalian cell. In
some embodiments, the cell is a CHO cell or a human cell. In some embodiments, the cell is

an HEK-293 cell.

[0024] In certain aspects, the disclosure provides a pharmaceutical preparation
comprising the TPRII polypeptides or homodimers of the disclosure and a pharmaceutically

acceptable excipient.

[0025] In certain aspects, the disclosure provides a method of modulating the
response of a cell to a TGFf superfamily member, the method comprising exposing the cell

to a TPRII polypeptide or homodimer of the disclosure.
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[0026] In certain aspects, the disclosure provides a method of treating a disease or
condition associated with a TGFP superfamily member in a patient in need thereof, the
method comprising administering to the patient an effective amount of the TPRII
polypeptides or homodimers of the disclosure. In some embodiments, the TGFp superfamily

member is TGFB1, TGFB3 or GDF15.

[0027] In some embodiments, the disease or condition is a cancer. In some
embodiments, the cancer is selected from stomach cancer, intestinal cancer, skin cancer,

breast cancer, melanoma, bone cancer and thyroid cancer.

[0028] In some embodiments, the disease or condition is a fibrotic or sclerotic
disease or disorder. In some embodiments, the fibrotic or sclerotic disease or disorder is
selected from scleroderma, atherosclerosis, liver fibrosis, diffuse systemic sclerosis,
glomerulonephritis, neural scarring, dermal scarring, radiation-induced fibrosis, hepatic

fibrosis, and myelofibrosis.

[0029] In some embodiments, the discase or condition is heart disease.

[0030] In some embodiments, the disease or condition is selected from hereditary
hemorrhagic telangiectasia (HHT), Marfan syndrome, Loeys-Dietz syndrome, familial
thoracic aortic aneurysm syndrome, arterial tortuosity syndrome, pre-eclampsia,

atherosclerosis, restenosis, and hypertrophic cardiomyopathy/congestive heart failure.

[0031] In certain aspects, the disclosure provides an antibody, or antigen binding

fragment thereof, that binds to GDF15 and blocks the interaction between GDF15 and TBRII.

[0032] In certain aspects, the disclosure provides a GDF15 polypeptide comprising
the amino acid sequence of SEQ ID NO: 1 or a fragment thereof that binds TPRII, wherein
the GDF15 polypeptide is at least 95%, at least 96%, at least 97%, at least 98%, or at least

99% pure, with respect to protein contaminants.

[0033] In certain aspects, the disclosure provides a GDF15 polypeptide comprising
the amino acid sequence of SEQ ID NO: 1 or a fragment thereof that binds to a TPRII
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polypeptide of the disclosure, wherein the GDF15 polypeptide is at least 95%, at least 96%,

at least 97%, at least 98%, or at least 99% pure, with respect to protein contaminants.

[0034] In some embodiments, the GDF15 polypeptide binds TPRII with an
equilibrium dissociation constant (Kp) of no greater than 10° M. In some embodiments, the
GDF15 polypeptide binds to a TRRII polypeptide of the disclosure with an equilibrium

dissociation constant (Kp) of no greater than 10™ M.

[0035] In some embodiments, the GDF15 polypeptide is produced by expression in
CHO cells.

[0036] In certain aspects, the disclosure provides a method of concentrating or
purifying GDF15, comprising contacting a sample containing GDF15 with a TBRII
polypeptide of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] Figure 1 shows the amino acid sequence of native precursor for human
GDF15 (NCBI reference seq: NP_004855.2). Solid underline indicates mature GDF15
(residues 197-308), with N-terminus determined by sequencing. Dotted underline denotes

leader (residues 1-29).

[0038] Figure 2 shows a nucleotide sequence encoding native precursor for human
GDF15. Solid underline indicates the sequence encoding mature GDF15 (nucleotides 589-
924), and dotted underline denotes the sequence encoding the leader (nucleotides 1-87). A
silent mutation (G456A) used to disrupt a Sfol site in NM_004864.2 is double underlined.

[0039] Figure 3 shows the amino acid sequence of native precursor for murine
GDF15 (NP_035949.2). Solid underline indicates mature GDF15 (residues 192-303), with

N-terminus determined by sequencing. Dotted underline denotes leader (residues 1-30).

[0040] Figure 4 shows a nucleotide sequence encoding native precursor for murine
GDF15 (derived from NM_011819.2). Solid underline indicates the sequence encoding
mature GDF15 (nucleotides 574-909), and dotted underline denotes the sequence encoding
the leader (nucleotides 1-90).
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[0041] Figure 5 shows the amino acid sequence of native precursor for the B (short)
isoform of human TGF receptor type 11 (hnTBRII) (NP_003233.4). Solid underline indicates
the mature extracellular domain (ECD) (residues 23-159), and double underline indicates
valine that is replaced in the A (long) isoform. Dotted underline denotes leader (residues 1-

22).

[0042] Figure 6 shows the amino acid sequence of native precursor for the A (long)
isoform of human TPRII (NP_001020018.1). Solid underline indicates the mature ECD
(residues 23-184), and double underline indicates the splice-generated isoleucine substitution.

Dotted underline denotes leader (residues 1-22).

[0043] Figure 7 shows N-terminal alignment of hTBRIIgr truncations and their
hTBRIljene counterparts. The 25-amino-acid insertion present in hTRIjoqe truncations is
underlined. Note that the splicing process causes the valine flanking the insertion site in the
short isoform to be replaced by an isoleucine in the long isoform. Boxed sequence denotes

leader.
DETAILED DESCRIPTION OF THE INVENTION
1. Overview

[0044] Proteins described herein are the human forms, unless otherwise specified.
NCBI references for the proteins are as follows: human TBRII isoform A (hTPRIon,),
NP 001020018.1; human TBRII isoform B (hTBRIIsher), NP 003233.4; human GDF15,
NP _004855.2; murine GDF15, NP_035949.2. Sequences of native TBRII and GDF15

proteins from human and mouse are set forth in Figures 1-6.

[0045] The TGFp superfamily contains a variety of growth factors that share
common sequence elements and structural motifs. These proteins are known to exert
biological effects on a large variety of cell types in both vertebrates and invertebrates.
Members of the superfamily perform important functions during embryonic development in
pattern formation and tissue specification and can influence a variety of differentiation
processes, including adipogenesis, myogenesis, chondrogenesis, cardiogenesis,
hematopoiesis, neurogenesis, and epithelial cell differentiation. By manipulating the activity
of a member of the TGFf family, it is often possible to cause significant physiological

changes in an organism. For example, the Piedmontese and Belgian Blue cattle breeds carry

-10-
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a loss-of-function mutation in the GDFS (also called myostatin) gene that causes a marked
increase in muscle mass. Grobet et al., Nat Genet. 1997, 17(1):71-4. Similarly, in humans,
inactive alleles of GDF8 are associated with increased muscle mass and, reportedly,

exceptional strength. Schuelke et al., N Engl J Med 2004, 350:2682-8.

[0046] TGFp signals are mediated by heteromeric complexes of type I (e.g. TBRI)
and type II (e.g. TBRII ) serine/ threonine kinase receptors, which phosphorylate and activate
downstream SMAD proteins upon ligand stimulation (Massagu¢, 2000, Nat. Rev. Mol. Cell
Biol. 1:169-178). These type I and type I receptors are transmembrane proteins, composed
of a ligand-binding extracellular domain with cysteine-rich region, a transmembrane domain,
and a cytoplasmic domain with predicted serine/threonine specificity. Type I receptors are
essential for signaling; and type II receptors are required for binding ligands and for
expression of type I receptors. Type I and II receptors form a stable complex after ligand
binding, resulting in phosphorylation of type I receptors by type II receptors. TGFp has three
mammalian isoforms, TGFB1, TGFB2 and TGFP3, each with distinct functions in vivo. The
binding of TGFPs to TPRII is a crucial step in initiating activation of the TGFf signaling
pathway, leading to phosphorylation of SMAD2, and translocation of the activated
SMAD2/SMAD4 complex to the nucleus to modulate gene expression.

[0047] Growth differentiation factor 15 (GDF15) is a member of the TGFf family.
Like other ligands in the TGFf superfamily, which contain a characteristic cysteine knot
motif, mature GDF15 is synthesized with a larger prodomain (Harrison et al., Growth Factors
29:174,2011; Shi et al., Nature 474:343, 2011) that is removed through cleavage by a furin-
like protease at the canonical RXXR site to generate mature dimeric GDF15. GDF15 has
been described in the literature as macrophage inhibitory cytokine-1 (MIC-1), placental bone
morphogenic protein (PLAB), placental transforming growth factor beta (PTGFp), prostate
derived factor (PDF), and non-steroidal anti-inflammatory activated gene-1 (NAG-1)
reflecting the different functions that have been implied for this protein. GDF15 has been
linked to several physiologic and pathologic conditions. For example, GDF15 is highly
expressed in the placenta, and is necessary for the maintenance of pregnancy. GDF15
concentration is also notably increased in the serum of patients with prostate, colorectal, or
pancreatic cancer, as well as glioma. GDF15 has not been shown biochemically to bind or
interact directly with any receptor. The present disclosure relates in part to the discovery that

the TGFP type II receptor, TPRII, binds to GDF15 with high affinity and is a functional
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receptor for GDF15. TPRRII fusion polypeptides, and other polypeptides containing a ligand-
binding portion of TPRII are demonstrated herein to inhibit GDF15-induced gene activation.
The potent inhibition of GDF15 signaling provides evidence that TRRII is a functional type 11
receptor for GDF15, opening a new avenue for therapeutic interventions in this signaling
pathway. Therefore, in part, the disclosure identifies a physiological, high-affinity receptor
for GDF15 polypeptides.

[0048] Surprisingly, soluble TRRII polypeptides are shown herein to have highly
specific, high-affinity binding for GDF15. TBRII is the known type II receptor for TGF and
binds with high affinity to TGFp1 and TGFB3. Human TBRII occurs naturally in at least two
isoforms — A (long) and B (short) — generated by alternative splicing in the extracellular
domain (ECD) (Figures 6 and 5 and SEQ ID NOS: 6 and 5). The long isoform has a 25-
amino-acid insertion and the splicing process causes the valine flanking the insertion site in
the short isoform to be replaced by an isoleucine in the long isoform. Soluble receptor
ectodomains can function as scavengers or ligand traps to inhibit ligand-receptor interactions.
Ligand traps such as soluble TPRII-Fc fusion proteins incorporating the native TPRII
extracellular domain (ectodomain) will function as pan-inhibitors against TBRII ligands,
including, TGFB1, TGFB3 and based on the findings disclosed herein, GDF15. While in
some therapeutic settings this broader spectrum of ligand-binding and signal inhibition may
be advantageous, in other settings a more selective molecule may be superior. It is highly
desirable for ligand traps such as TPRII ectodomain polypeptides to exhibit selective ligand-
binding profiles. The present disclosure relates to the surprising discovery that polypeptides
comprising a truncated portion of the extracellular domain of TPRII and/or mutations within
the extracellular domain have differential inhibitory effects on cell signaling by GDF15,
TGFB1 or TGFP3. In part, the disclosure provides ligand traps, generated by a series of
mutations and/or truncations in the extracellular domain of TPRII, that exhibit varying
ligand-binding profiles distinct from that of the native TPRII extracellular domain. The
variant TPRII polypeptides disclosed herein provide advantageous properties relative to the
native full-length extracellular domain, and may be used to selectively inhibit pathways

mediated by the different TBRII ligands in vivo.

[0049] Thus, in certain aspects, the disclosure provides TPRII polypeptides as
antagonists of GDF15, TGFB1 or TGF3 for use in treating various GDF15-, TGFB1- or

TGFB3-associated disorders. While not wishing to be bound to any particular mechanism of
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action, it is expected that such polypeptides act by binding to GDF15, TGFB1 or TGFB3 and

inhibiting the ability of these ligands to form ternary signaling complexes.

[0050] The terms used in this specification generally have their ordinary meanings
in the art, within the context of this invention and in the specific context where each term is
used. Certain terms are discussed below or elsewhere in the specification, to provide
additional guidance to the practitioner in describing the compositions and methods of the
invention and how to make and use them. The scope or meaning of any use of a term will be

apparent from the specific context in which the term 1is used.

2. TBRII Polvpeptides

[0051] Naturally occurring TPRII proteins are transmembrane proteins, with a
portion of the protein positioned outside the cell (the extracellular portion) and a portion of
the protein positioned inside the cell (the intracellular portion). Aspects of the present
disclosure encompass variant TBRII polypeptides comprising mutations within the
extracellular domain and/or truncated portions of the extracellular domain of TBRIL. As
described above, human TPRII occurs naturally in at least two isoforms — A (long) and B
(short) — generated by alternative splicing in the extracellular domain (ECD) (Figures 6 and 5
and SEQ ID NOS: 6 and 5). SEQ ID NO: 7, which corresponds to residues 23-159 of SEQ
ID NO: 5, depicts the native full-length extracellular domain of the short isoform of TBRII.
SEQ ID NO: 13, which corresponds to residues 23-184 of SEQ ID NO: 6, depicts the native
full-length extracellular domain of the long isoform of TPRIL. Unless noted otherwise, amino
acid position numbering with regard to variants based on the TPRII short and long isoforms
refers to the corresponding position in the native precursors, SEQ ID NO: 5 and SEQ ID
NO:6, respectively.

[0052] In certain embodiments, the disclosure provides variant TBRII polypeptides.
A TBRII polypeptide of the disclosure may bind to and inhibit the function of a TGFf3
superfamily member, such as but not limited to, GDF15, TGFB1 or TGFB3. TPRII
polypeptides may include a polypeptide consisting of, or comprising, an amino acid sequence
at least 80% identical, and optionally at least 85%, 90%, 95%, 96%, 97%, 98%, 99%, or
100% identical to a truncated ECD domain of a naturally occurring TBRII polypeptide, whose
C-terminus occurs at any of amino acids 153-159 of SEQ ID NO: 5. TBRII polypeptides may

include a polypeptide consisting of, or comprising, an amino acid sequence at least 80%
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identical, and optionally at least 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to
a truncated ECD domain of a naturally occurring TBRII polypeptide, whose C-terminus
occurs at any of amino acids 178-184 of SEQ ID NO: 6. Optionally, a TBRII polypeptide
does not include more than 5 consecutive amino acids, or more than 10, 20, 30, 40, 50, 52,
60, 70, 80, 90, 100, 150 or 200 or more consecutive amino acids from a sequence consisting
of amino acids 160-567 of SEQ ID NO: 5 or from a sequence consisting of amino acids 185-
592 of SEQ ID NO: 6. The unprocessed TPRII polypeptide may either include or exclude
any signal sequence, as well as any sequence N-terminal to the signal sequence. As
elaborated herein, the N-terminus of the mature (processed) TPRII polypeptide may occur at
any of amino acids 23-35 of SEQ ID NO: 5 or 23-60 of SEQ ID NO: 6. Examples of mature
TBRII polypeptides include, but are not limited to, amino acids 23-159 of SEQ ID NO: 5 (set
forth in SEQ ID NO: 7), amino acids 29-159 of SEQ ID NO: 5 (set forth in SEQ ID NO: 9),
amino acids 35-159 of SEQ ID NO: 5 (set forth in SEQ ID NO: 10), amino acids 23-153 of
SEQ ID NO: 5 (set forth in SEQ ID NO: 11), amino acids 29-153 of SEQ ID NO: 5 (set forth
in SEQ ID NO: 48), amino acids 35-153 of SEQ ID NO: 5 (set forth in SEQ ID NO: 47),
amino acids 23-184 of SEQ ID NO: 6 (set forth in SEQ ID NO: 13), amino acids 29-184 of
SEQ ID NO: 6 (set forth in SEQ ID NO: 15), amino acids 60-184 of SEQ ID NO:6 (set forth
in SEQ ID NO: 10), amino acids 23-178 of SEQ ID NO: 6 (set forth in SEQ ID NO: 16),
amino acids 29-178 of SEQ ID NO: 6 (set forth in SEQ ID NO: 49), and amino acids 60-178
of SEQ ID NO: 6 (set forth in SEQ ID NO: 47). Likewise, a TRRII polypeptide may
comprise a polypeptide that is encoded by nucleotides 73-465 of SEQ ID NO: 30, nucleotides
73-447 of SEQ ID NO: 34, nucleotides 73-465 of SEQ ID NO: 38, nucleotides 91-465 of
SEQ ID NO: 38, or nucleotides 109-465 of SEQ ID NO: 38, or silent variants thercof or
nucleic acids that hybridize to the complement thereof under stringent hybridization
conditions (generally, such conditions are known in the art but may, for example, involve
hybridization in 50% v/v formamide, 5x SSC, 2% w/v blocking agent, 0.1% N-
lauroylsarcosine, and 0.3% SDS at 65°C overnight and washing in, for example, 5x SSC at
about 65°C). It will be understood by one of skill in the art that corresponding variants based
on the long isoform of TPRII will include nucleotide sequences encoding the 25-amino acid
insertion along with a conservative Val-lle substitution at the flanking position C-terminal to
the insertion. The TPRII polypeptides accordingly may include isolated extracellular portions
of TPRRII polypeptides, including both the short and the long isoforms, variants thereof
(including variants that comprise, for example, no more than 2, 3, 4, 5, 10, 15, 20, 25, 30, or

35 amino acid substitutions in the sequence corresponding to amino acids 23-159 of SEQ ID
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NO: 5 or amino acids 23-184 of SEQ ID NO: 6), fragments thereof, and fusion proteins
comprising any of the foregoing, but in each case preferably any of the foregoing TPRII
polypeptides will retain substantial affinity for at least one of GDF15, TGFB1 or TGFf3.
Generally, a TBRII polypeptide will be designed to be soluble in aqueous solutions at

biologically relevant temperatures, pH levels, and osmolarity.

[0053] In some embodiments, the variant TBRII polypeptides of the disclosure
comprise one or more mutations in the extracellular domain that confer an altered ligand
binding profile. A TBRII polypeptide may include one, two, five or more alterations in the
amino acid sequence relative to the corresponding portion of a naturally occurring TBRII
polypeptide. In some embodiments, the mutation results in a substitution, insertion, or
deletion at the position corresponding to position 70 of SEQ ID NO: 5. In some
embodiments, the mutation results in a substitution, insertion, or deletion at the position
corresponding to position 110 of SEQ ID NO: 5. Examples include, but are not limited to, an
N to D substitution or a D to K substitution in the positions corresponding to positions 70 and
110, respectively, of SEQ ID NO: 5. Examples of such variant TBRII polypeptides include,
but are not limited to, the sequences set forth in SEQ ID NO: 8, SEQ ID NO:14, SEQ ID NO:
12 and SEQ ID NO: 17. A TBRII polypeptide may comprise a polypeptide or portion thercof
that is encoded by nucleotides 73-483 of SEQ ID NO: 26, nucleotides 73-465 of SEQ ID NO:
42 or silent variants thereof or nucleic acids that hybridize to the complement thereof under

stringent hybridization conditions.

[0054] In some embodiments, the variant TBRII polypeptides of the disclosure
further comprise an insertion of 36 amino acids (SEQ ID NO: 18) between the pair of
glutamate residues (positions 151 and 152 of SEQ ID NO: 5, or positions 176 and 177 of
SEQ ID NO: 6) located near the C-terminus of the human TPRII ECD, as occurs naturally in
the human TBRII isoform C (Konrad et al., BMC Genomics 8:318, 2007).

[0055] The disclosure further demonstrates that TBRII polypeptides can be modified
to selectively antagonize TPRII ligands. Data presented here show that Fc fusion proteins
comprising shorter N-terminally and C-terminally truncated variants of TBRII polypeptides
display differential inhibitory effects on cellular signaling mediated by GDF15, TGFB1 and
TGFB3. Specifically, N-terminally truncated variants beginning at amino acids 29 or 35 of
SEQ ID NO: 5 and carrying, respectively, a 6- or 12-amino acid N-terminal truncation of the
extracellular domain, were found to inhibit GDF15 most potently, TGFB3 least potently and
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TGFp1 to an intermediate degree, compared to the full length extracellular domain of the
short isoform of TPRII. C-terminally truncated variants, ending at amino acid 153 of SEQ ID
NO: 5 and carrying a 6-amino acid C-terminal truncation of the extracellular domain had no
substantial effect on ligand binding and may therefore be used interchangeably with full
length versions. An N to D substitution at the position corresponding to position 70 of SEQ
ID NO: 5, was found to inhibit TGFB3 potently, have intermediate effect on GDF15 and
negligible effect on TGFB1. The N70 residue represents a potential glycosylation site.
Further, an Fc fusion protein comprising a D to K substitution at the position corresponding
to position 110 of SEQ ID NO: 5, was found to inhibit GDF15 most potently, TGFf1 least
potently and TGF3 to an intermediate degree compared to compared to the full length
extracellular domain of the short isoform of TPRII. The region around position 110 has not
been associated with selectivity for the known TPRII ligands TGFB1, TGFB2 and TGFf3.
Thus, unexpectedly, TBRII polypeptides that contain mutations in the ECD, such as but not
limited to, N70D and D110K (the numbering of the residues corresponds to that of SEQ ID
NO: 5) and/or begin between amino acids 29 and 35 and/or terminate between amino acid
153 and amino acid 159 are all expected to be active and exhibit widely different inhibitory
potencies towards the different ligands. Any of these truncated variant forms may be

desirable to use, depending on the clinical or experimental setting.

[0056] In certain embodiments, a TPRII polypeptide binds to GDF15, and the TPRII
polypeptide does not show substantial binding to TGFB1 or TGFB3. In certain embodiments,
a TPRII polypeptide binds to TGF1, and the TPRII polypeptide does not show substantial
binding to GDF15 or TGFB3. In certain embodiments, a TPRII polypeptide binds to TGF[33,
and the TPRII polypeptide does not show substantial binding to GDF15 or TGFS1. Binding
may be assessed using purified proteins in solution or in a surface plasmon resonance system,

. ™
such as a Biacore * system.

[0057] In certain embodiments, a TPRII polypeptide inhibits GDF15 cellular
signaling, and the TPRRII polypeptide has an intermediate or limited inhibitory effect on
TGFB1 or TGFP3. In certain embodiments, a TBRII polypeptide inhibits TGFB1 cellular
signaling, and the TPRRII polypeptide has an intermediate or limited inhibitory effect on
GDF15 or TGFB3. In certain embodiments, a TRRII polypeptide inhibits TGFB3 cellular
signaling, and the TPRRII polypeptide has an intermediate or limited inhibitory effect on
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GDF15 or TGFB1. Inhibitory effect on cell signaling can be assayed by methods known in
the art.

[0058] Taken together, an active portion of a TPRII polypeptide may comprise
amino acid sequences 23-153, 23-154, 23-155, 23-156, 23-157, or 23-158 of SEQ ID NO: 5,
as well as variants of these sequences starting at any of amino acids 24-35 of SEQ ID NO: 5.
Similarly, an active portion of a TBRII polypeptide may comprise amino acid sequences 23-
178, 23-179, 23-180, 23-181, 23-182, or 23-183 of SEQ ID NO: 6, as well as variants of
these sequences starting at any of amino acids 24-60 of SEQ ID NO: 6. Exemplary TPRII
polypeptides comprise amino acid sequences 29-159, 35-159, 23-153, 29-153 and 35-153 of
SEQ ID NO: 5 or amino acid sequences 29-184, 60-184, 23-178, 29-178 and 60-178 of SEQ
ID NO: 6. Variants within these ranges are also contemplated, particularly those having at
least 80%, 85%, 90%, 95%, or 99% identity to the corresponding portion of SEQ ID NO: 5 or
SEQ ID NO: 6. A TBRII polypeptide may be selected that does not include the sequence
consisting of amino acids 160-567 of SEQ ID NO:5 or amino acids 185-592 of SEQ ID
NO:6.

[0059] As described above, the disclosure provides TPRII polypeptides sharing a
specified degree of sequence identity or similarity to a naturally occurring TPRII polypeptide.
To determine the percent identity of two amino acid sequences, the sequences are aligned for
optimal comparison purposes (e.g., gaps can be introduced in one or both of a first and a
second amino acid or nucleic acid sequence for optimal alignment and non-homologous
sequences can be disregarded for comparison purposes). The amino acid residues at
corresponding amino acid positions are then compared. When a position in the first sequence
is occupied by the same amino acid residue as the corresponding position in the second
sequence, then the molecules are identical at that position (as used herein amino acid
"identity" is equivalent to amino acid "homology"). The percent identity between the two
sequences is a function of the number of identical positions shared by the sequences, taking
into account the number of gaps, and the length of each gap, which need to be introduced for

optimal alignment of the two sequences.

[0060] The comparison of sequences and determination of percent identity and
similarity between two sequences can be accomplished using a mathematical algorithm
(Computational Molecular Biology, Lesk, A. M., ed., Oxford University Press, New York,

1988; Biocomputing: Informatics and Genome Projects, Smith, D. W, ed., Academic Press,
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New York, 1993; Computer Analysis of Sequence Data, Part 1, Griffin, A. M., and Griffin,
H. G., eds., Humana Press, New Jersey, 1994; Sequence Analysis in Molecular Biology, von
Heinje, G., Academic Press, 1987; and Sequence Analysis Primer, Gribskov, M. and

Devereux, J., eds., M Stockton Press, New York, 1991).

[0061] In one embodiment, the percent identity between two amino acid sequences
is determined using the Needleman and Wunsch (J Mol. Biol. (48):444-453 (1970)) algorithm
which has been incorporated into the GAP program in the GCG software package (available
at http://www.gcg.com). In a specific embodiment, the following parameters are used in the
GAP program: either a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14,
12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, or 6. In yet another embodiment, the
percent identity between two nucleotide sequences is determined using the GAP program in
the GCG software package (Devereux, J., et al., Nucleic Acids Res. 12(1):387 (1984))
(available at http://www.gcg.com). Exemplary parameters include using a NWSgapdna.CMP
matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 4, 5, or 6.
Unless otherwise specified, percent identity between two amino acid sequences is to be
determined using the GAP program using a Blosum 62 matrix, a GAP weight of 10 and a
length weight of 3, and if such algorithm cannot compute the desired percent identity, a

suitable alternative disclosed herein should be selected.

[0062] In another embodiment, the percent identity between two amino acid
sequences is determined using the algorithm of E. Myers and W. Miller (CABIOS, 4:11-17
(1989)) which has been incorporated into the ALIGN program (version 2.0), using a
PAM120 weight residue table, a gap length penalty of 12 and a gap penalty of 4.

[0063] Another embodiment for determining the best overall alignment between
two amino acid sequences can be determined using the FASTDB computer program based on
the algorithm of Brutlag et al. (Comp. App. Biosci., 6:237-245 (1990)). In a sequence
alignment the query and subject sequences are both amino acid sequences. The result of said
global sequence alignment is presented in terms of percent identity. In one embodiment,
amino acid sequence identity is performed using the FASTDB computer program based on
the algorithm of Brutlag et al. (Comp. App. Biosci., 6:237-245 (1990)). In a specific
embodiment, parameters employed to calculate percent identity and similarity of an amino
acid alignment comprise: Matrix=PAM 150, k-tuple=2, Mismatch Penalty=1, Joining
Penalty=20, Randomization Group Length=0, Cutoff Score=1, Gap Penalty=5 and Gap Size
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Penalty=0.05.

[0064] TPRII polypeptides may additionally include any of various leader
sequences at the N-terminus. Such a sequence would allow the peptides to be expressed and
targeted to the secretion pathway in a cukaryotic system. See, e.g., Ernst et al., U.S. Pat. No.
5,082,783 (1992). Alternatively, a native TPRII signal sequence may be used to effect
extrusion from the cell. Possible leader sequences include native leaders, tissue plasminogen
activator (TPA) and honeybee mellitin (SEQ ID NOs. 22-24, respectively). Examples of
TPBRII-Fc fusion proteins incorporating a TPA leader sequence include SEQ ID NOs: 25, 27,
29, 31, 33, 35, 37, 39, 41, and 43. Processing of signal peptides may vary depending on the
leader sequence chosen, the cell type used and culture conditions, among other variables, and
therefore actual N-terminal start sites for mature TRRII polypeptides may shift by 1, 2, 3, 4 or
5 amino acids in either the N-terminal or C-terminal direction. Examples of TRRII-Fc fusion
proteins include SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 53, 54, 55, 56, 57, 58,
59, 60, 61, and 62, as shown herein with the TBRII polypeptide portion underlined (see
Examples). It will be understood by one of skill in the art that corresponding variants based
on the long isoform of TPRII will include the 25-amino acid insertion along with a

conservative Val-lle substitution at the flanking position C-terminal to the insertion.

[0065] In certain embodiments, the present disclosure contemplates specific
mutations of the TPRII polypeptides so as to alter the glycosylation of the polypeptide. Such
mutations may be selected so as to introduce or eliminate one or more glycosylation sites,
such as O-linked or N-linked glycosylation sites. Asparagine-linked glycosylation
recognition sites generally comprise a tripeptide sequence, asparagine-X-threonine (or
asparagine-X-serine) (where “X” is any amino acid) which is specifically recognized by
appropriate cellular glycosylation enzymes. The alteration may also be made by the addition
of, or substitution by, one or more serine or threonine residues to the sequence of the wild-
type TPRII polypeptide (for O-linked glycosylation sites). A variety of amino acid
substitutions or deletions at one or both of the first or third amino acid positions of a
glycosylation recognition site (and/or amino acid deletion at the second position) results in
non-glycosylation at the modified tripeptide sequence. Another means of increasing the
number of carbohydrate moieties on a TPRII polypeptide is by chemical or enzymatic
coupling of glycosides to the TPRII polypeptide. Depending on the coupling mode used, the

sugar(s) may be attached to (a) arginine and histidine; (b) free carboxyl groups; (c) free
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sulthydryl groups such as those of cysteine; (d) free hydroxyl groups such as those of serine,
threonine, or hydroxyproline; (¢) aromatic residues such as those of phenylalanine, tyrosine,
or tryptophan; or (f) the amide group of glutamine. These methods are described in WO
87/05330 published Sep. 11, 1987, and in Aplin and Wriston (1981) CRC Crit. Rev.
Biochem., pp. 259-306, incorporated by reference herein. Removal of one or more
carbohydrate moieties present on a TPRII polypeptide may be accomplished chemically
and/or enzymatically. Chemical deglycosylation may involve, for example, exposure of the
TBRII polypeptide to the compound trifluoromethanesulfonic acid, or an equivalent
compound. This treatment results in the cleavage of most or all sugars except the linking
sugar (N-acetylglucosamine or N-acetylgalactosamine), while leaving the amino acid
sequence intact. Chemical deglycosylation is further described by Hakimuddin et al. (1987)
Arch. Biochem. Biophys. 259:52 and by Edge et al. (1981) Anal. Biochem. 118:131.
Enzymatic cleavage of carbohydrate moieties on TPRII polypeptides can be achieved by the
use of a variety of endo- and exo-glycosidases as described by Thotakura et al. (1987) Meth.
Enzymol. 138:350. The sequence of a TPRII polypeptide may be adjusted, as appropriate,
depending on the type of expression system used, as mammalian, yeast, insect and plant cells
may all introduce differing glycosylation patterns that can be affected by the amino acid
sequence of the peptide. In general, TBRII polypeptides for use in humans will be expressed
in a mammalian cell line that provides proper glycosylation, such as HEK293 or CHO cell
lines, although other mammalian expression cell lines, yeast cell lines with engineered

glycosylation enzymes, and insect cells are expected to be useful as well.

[0066] This disclosure further contemplates a method of generating mutants,
particularly sets of combinatorial mutants of a TBRII polypeptide, as well as truncation
mutants; pools of combinatorial mutants are especially useful for identifying functional
variant sequences. The purpose of screening such combinatorial libraries may be to generate,
for example, TPRII polypeptide variants which can act as either agonists or antagonist, or
alternatively, which possess novel activities all together. A variety of screening assays are
provided below, and such assays may be used to evaluate variants. For example, a TBRII
polypeptide variant may be screened for ability to bind to a TBRII ligand, to prevent binding
of a TPRII ligand to a TPRII polypeptide or to interfere with signaling caused by a TPRII
ligand. The activity of a TBRII polypeptide or its variants may also be tested in a cell-based

or in vivo assay, particularly any of the assays disclosed in the Examples.
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[0067] Combinatorially-derived variants can be generated which have a selective or
generally increased potency relative to a TBRII polypeptide comprising an extracellular
domain of a naturally occurring TPRII polypeptide. Likewise, mutagenesis can give rise to
variants which have serum half-lives dramatically different than the corresponding wild-type
TBRII polypeptide. For example, the altered protein can be rendered either more stable or
less stable to proteolytic degradation or other processes which result in destruction of, or
otherwise elimination or inactivation of, a native TBRII polypeptide. Such variants, and the
genes which encode them, can be utilized to alter TBRII polypeptide levels by modulating the
half-life of the TPRII polypeptides. For instance, a short half-life can give rise to more
transient biological effects and can allow tighter control of recombinant TBRII polypeptide
levels within the patient. In an Fc fusion protein, mutations may be made in the linker (if

any) and/or the Fc portion to alter the half-life of the protein.

[0068] A combinatorial library may be produced by way of a degenerate library of
genes encoding a library of polypeptides which each include at least a portion of potential
TBRII polypeptide sequences. For instance, a mixture of synthetic oligonucleotides can be
enzymatically ligated into gene sequences such that the degenerate set of potential TPRII
polypeptide nucleotide sequences are expressible as individual polypeptides, or alternatively,

as a set of larger fusion proteins (e.g., for phage display).

[0069] There are many ways by which the library of potential TBRII polypeptide
variants can be generated from a degenerate oligonucleotide sequence. Chemical synthesis of
a degenerate gene sequence can be carried out in an automatic DNA synthesizer, and the
synthetic genes then be ligated into an appropriate vector for expression. The synthesis of
degenerate oligonucleotides is well known in the art (see for example, Narang, SA (1983)
Tetrahedron 39:3; Itakura et al., (1981) Recombinant DNA, Proc. 3rd Cleveland Sympos.
Macromolecules, ed. AG Walton, Amsterdam: Elsevier pp273-289; Itakura et al., (1984)
Annu. Rev. Biochem. 53:323; Itakura ct al., (1984) Science 198:1056; ke ct al., (1983)
Nucleic Acid Res. 11:477). Such techniques have been employed in the directed evolution of
other proteins (see, for example, Scott et al., (1990) Science 249:386-390; Roberts et al.,
(1992) PNAS USA 89:2429-2433; Devlin et al., (1990) Science 249: 404-406; Cwirla et al.,
(1990) PNAS USA 87: 6378-6382; as well as U.S. Patent Nos: 5,223,409, 5,198,346, and
5,096,815).
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[0070] Alternatively, other forms of mutagenesis can be utilized to generate a
combinatorial library. For example, TPRII polypeptide variants can be generated and isolated
from a library by screening using, for example, alanine scanning mutagenesis and the like
(Ruf et al., (1994) Biochemistry 33:1565-1572; Wang et al., (1994) J. Biol. Chem. 269:3095-
3099; Balint et al., (1993) Gene 137:109-118; Grodberg et al., (1993) Eur. J. Biochem.
218:597-601; Nagashima et al., (1993) J. Biol. Chem. 268:2888-2892; Lowman et al., (1991)
Biochemistry 30:10832-10838; and Cunningham et al., (1989) Science 244:1081-1085), by
linker scanning mutagenesis (Gustin et al., (1993) Virology 193:653-660; Brown et al.,
(1992) Mol. Cell Biol. 12:2644-2652; McKnight et al., (1982) Science 232:316); by
saturation mutagenesis (Meyers et al., (1986) Science 232:613); by PCR mutagenesis (Leung
et al., (1989) Method Cell Mol Biol 1:11-19); or by random mutagenesis, including chemical
mutagenesis, etc. (Miller et al., (1992) A Short Course in Bacterial Genetics, CSHL Press,
Cold Spring Harbor, NY; and Greener et al., (1994) Strategies in Mol Biol 7:32-34). Linker
scanning mutagenesis, particularly in a combinatorial setting, is an attractive method for

identifying truncated (bioactive) forms of TPRII polypeptides.

[0071] A wide range of techniques are known in the art for screening gene products
of combinatorial libraries made by point mutations and truncations, and, for that matter, for
screening cDNA libraries for gene products having a certain property. Such techniques will
be generally adaptable for rapid screening of the gene libraries generated by the
combinatorial mutagenesis of TPRII polypeptides. The most widely used techniques for
screening large gene libraries typically comprises cloning the gene library into replicable
expression vectors, transforming appropriate cells with the resulting library of vectors, and
expressing the combinatorial genes under conditions in which detection of a desired activity
facilitates relatively easy isolation of the vector encoding the gene whose product was
detected. Preferred assays include TPRII ligand binding assays and ligand-mediated cell

signaling assays.

[0072] In certain embodiments, the TPRII polypeptides of the disclosure may
further comprise post-translational modifications in addition to any that are naturally present
in the TPRII polypeptides. Such modifications include, but are not limited to, acetylation,
carboxylation, glycosylation, phosphorylation, lipidation, pegylation (polyethylene glycol)
and acylation. As a result, the modified TPRII polypeptides may contain non-amino acid

elements, such as polyethylene glycols, lipids, mono- or poly-saccharides, and phosphates.
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Effects of such non-amino acid elements on the functionality of a TBRII polypeptide may be
tested as described herein for other TBRII polypeptide variants. When a TBRII polypeptide is
produced in cells by cleaving a nascent form of the TPRII polypeptide, post-translational
processing may also be important for correct folding and/or function of the protein. Different
cells (such as CHO, HeLa, MDCK, 293, WI38, NIH-3T3 or HEK-293) have specific cellular
machinery and characteristic mechanisms for such post-translational activities and may be

chosen to ensure the correct modification and processing of the TBRII polypeptides.

[0073] In certain aspects, functional variants or modified forms of the TPRII
polypeptides include fusion proteins having at least a portion of the TRRII polypeptides and
one or more fusion domains. Well-known examples of such fusion domains include, but are
not limited to, polyhistidine, Glu-Glu, glutathione S transferase (GST), thioredoxin, protein
A, protein G, an immunoglobulin heavy chain constant region (Fc), maltose binding protein
(MBP), or human serum albumin. A fusion domain may be selected so as to confer a desired
property. For example, some fusion domains are particularly useful for isolation of the fusion
proteins by affinity chromatography. For the purpose of affinity purification, relevant
matrices for affinity chromatography, such as glutathione-, amylase-, and nickel- or cobalt-
conjugated resins are used. Many of such matrices are available in “kit” form, such as the
Pharmacia GST purification system and the QIAexpress ™ system (Qiagen) useful with
(HISe) fusion partners. As another example, a fusion domain may be selected so as to
facilitate detection of the TPRII polypeptides. Examples of such detection domains include
the various fluorescent proteins (e.g., GFP) as well as “epitope tags,” which are usually short
peptide sequences for which a specific antibody is available. Well known epitope tags for
which specific monoclonal antibodies are readily available include FLAG, influenza virus
haemagglutinin (HA), and c-myc tags. In some cases, the fusion domains have a protease
cleavage site, such as for Factor Xa or Thrombin, which allows the relevant protease to
partially digest the fusion proteins and thereby liberate the recombinant proteins therefrom.
The liberated proteins can then be isolated from the fusion domain by subsequent
chromatographic separation. In certain preferred embodiments, a TBRII polypeptide is fused
with a domain that stabilizes the TBRII polypeptide in vivo (a “stabilizer” domain). By
“stabilizing” is meant anything that increases serum half life, regardless of whether this is
because of decreased destruction, decreased clearance by the kidney, or other
pharmacokinetic effect. Fusions with the Fc portion of an immunoglobulin are known to

confer desirable pharmacokinetic properties on a wide range of proteins. Likewise, fusions to
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human serum albumin can confer desirable properties. Other types of fusion domains that
may be selected include multimerizing (e.g., dimerizing, tetramerizing) domains and

functional domains.

[0074] As specific examples, the present disclosure provides fusion proteins
comprising variants of TRII polypeptides fused to one of three Fc domain sequences (e.g.,
SEQ ID NOs: 19, 20, and 21). Optionally, the Fc domain has one or more mutations at
residues such as Asp-265, Lys-322, and Asn-434 (numbered in accordance with the
corresponding full-length IgG). In certain cases, the mutant Fc domain having one or more
of these mutations (e.g., Asp-265 mutation) has reduced ability of binding to the Fcy receptor
relative to a wildtype Fc domain. In other cases, the mutant Fc domain having one or more of
these mutations (e.g., Asn-434 mutation) has increased ability of binding to the MHC class I-
related Fc-receptor (FCRN) relative to a wildtype Fc domain.

[0075] It is understood that different elements of the fusion proteins may be
arranged in any manner that is consistent with the desired functionality. For example, a
TBRII polypeptide may be placed C-terminal to a heterologous domain, or, alternatively, a
heterologous domain may be placed C-terminal to a TBRII polypeptide. The TBRII
polypeptide domain and the heterologous domain need not be adjacent in a fusion protein,
and additional domains or amino acid sequences may be included C- or N-terminal to either

domain or between the domains.

[0076] As used herein, the term "immunoglobulin Fc domain" or simply “Fc” is
understood to mean the carboxyl-terminal portion of an immunoglobulin chain constant
region, preferably an immunoglobulin heavy chain constant region, or a portion thercof. For
example, an immunoglobulin Fc region may comprise 1) a CH1 domain, a CH2 domain, and
a CH3 domain, 2) a CH1 domain and a CH2 domain, 3) a CH1 domain and a CH3 domain, 4)
a CH2 domain and a CH3 domain, or 5) a combination of two or more domains and an
immunoglobulin hinge region. In a preferred embodiment the immunoglobulin Fc region
comprises at least an immunoglobulin hinge region a CH2 domain and a CH3 domain, and

preferably lacks the CH1 domain.

[0077] In one embodiment, the class of immunoglobulin from which the heavy
chain constant region is derived is IgG (Igy) (y subclasses 1, 2, 3, or 4). Other classes of

immunoglobulin, IgA (Iga), IgD (Igd), IgE (Ige) and IgM (Ign), may be used. The choice of
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appropriate immunoglobulin heavy chain constant region is discussed in detail in U.S. Pat.
Nos. 5,541,087 and 5,726,044. The choice of particular immunoglobulin heavy chain
constant region sequences from certain immunoglobulin classes and subclasses to achieve a
particular result is considered to be within the level of skill in the art. The portion of the
DNA construct encoding the immunoglobulin Fc region preferably comprises at least a
portion of a hinge domain, and preferably at least a portion of a CH3 domain of Fc gamma or

the homologous domains in any of IgA, IgD, IgE, or IgM.

[0078] Furthermore, it is contemplated that substitution or deletion of amino acids
within the immunoglobulin heavy chain constant regions may be useful in the practice of the
methods and compositions disclosed herein. One example would be to introduce amino acid
substitutions in the upper CH2 region to create an Fc variant with reduced affinity for Fc

receptors (Cole et al. (1997) J. Immunol. 159:3613).

[0079] In certain embodiments, the present disclosure makes available isolated
and/or purified forms of the TPRII polypeptides, which are isolated from, or otherwise
substantially free of (e.g., at least 80%, 90%, 95%, 96%, 97%, 98%, or 99% free of), other
proteins and/or other TPRII polypeptide species. TPRII polypeptides will generally be

produced by expression from recombinant nucleic acids.

[0080] In certain embodiments, the disclosure includes nucleic acids encoding
soluble TPRRII polypeptides comprising the coding sequence for an extracellular portion of a
TBRII protein. In further embodiments, this disclosure also pertains to a host cell comprising
such nucleic acids. The host cell may be any prokaryotic or eukaryotic cell. For example, a
polypeptide of the present disclosure may be expressed in bacterial cells such as E. coli,
insect cells (e.g., using a baculovirus expression system), yeast, or mammalian cells. Other
suitable host cells are known to those skilled in the art. Accordingly, some embodiments of

the present disclosure further pertain to methods of producing the TPRII polypeptides.

3. Nucleic Acids Encoding TBRII Polvpeptides

[0081] In certain aspects, the disclosure provides isolated and/or recombinant
nucleic acids encoding any of the TPRII polypeptides, including fragments, functional
variants and fusion proteins disclosed herein. SEQ ID NO: 26, 28, 30, 32, 34, 36, 38, 40, 42,
and 44 encode variants of TPRII extracellular domain fused to an IgG2 Fc or an N-terminally

truncated IgG1 Fc domain. The subject nucleic acids may be single-stranded or double
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stranded. Such nucleic acids may be DNA or RNA molecules. These nucleic acids may be
used, for example, in methods for making TPRII polypeptides or as direct therapeutic agents

(e.g., in an antisense, RNAI or gene therapy approach).

[0082] In certain aspects, the subject nucleic acids encoding TBRII polypeptides are
further understood to include nucleic acids that are variants of SEQ ID NOs: 26, 28, 30, 32,
34, 36, 38, 40, 42, and 44. Variant nucleotide sequences include sequences that differ by one

or more nucleotide substitutions, additions or deletions, such as allelic variants.

[0083] In certain embodiments, the disclosure provides isolated or recombinant
nucleic acid sequences that are at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%
identical to SEQ ID NOs: 26, 28, 30, 32, 34, 36, 38, 40, 42, and 44. One of ordinary skill in
the art will appreciate that nucleic acid sequences complementary to SEQ ID NOs: 26, 28, 30,
32, 34, 36, 38, 40, 42, and 44, and variants of SEQ ID NOs: 26, 28, 30, 32, 34, 36, 38, 40, 42,
and 44 are also within the scope of this disclosure. In further embodiments, the nucleic acid
sequences of the disclosure can be isolated, recombinant, and/or fused with a heterologous

nucleotide sequence, or in a DNA library.

[0084] In other embodiments, nucleic acids of the disclosure also include nucleotide
sequences that hybridize under highly stringent conditions to the nucleotide sequences
designated in SEQ ID NOs: 26, 28, 30, 32, 34, 36, 38, 40, 42, and 44 complement sequences
of SEQ ID NOs: 26, 28, 30, 32, 34, 36, 38, 40, 42, and 44, or fragments thereof. As
discussed above, one of ordinary skill in the art will understand readily that appropriate
stringency conditions which promote DNA hybridization can be varied. For example, one
could perform the hybridization at 6.0 x sodium chloride/sodium citrate (SSC) at about 45°C,
followed by a wash of 2.0 x SSC at 50°C. For example, the salt concentration in the wash
step can be selected from a low stringency of about 2.0 x SSC at 50°C to a high stringency of
about 0.2 x SSC at 50°C. In addition, the temperature in the wash step can be increased from
low stringency conditions at room temperature, about 22°C, to high stringency conditions at
about 65°C. Both temperature and salt may be varied, or temperature or salt concentration
may be held constant while the other variable is changed. In some embodiments, the
disclosure provides nucleic acids which hybridize under low stringency conditions of 6 x

SSC at room temperature followed by a wash at 2 x SSC at room temperature.
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[0085] Isolated nucleic acids which differ from the nucleic acids as set forth in SEQ
ID NOs: 26, 28, 30, 32, 34, 36, 38, 40, 42, and 44 due to degeneracy in the genetic code are
also within the scope of the disclosure. For example, a number of amino acids are designated
by more than one triplet. Codons that specify the same amino acid, or synonyms (for
example, CAU and CAC are synonyms for histidine) may result in “silent” mutations which
do not affect the amino acid sequence of the protein. However, it is expected that DNA
sequence polymorphisms that do lead to changes in the amino acid sequences of the subject
proteins will exist among mammalian cells. One skilled in the art will appreciate that these
variations in one or more nucleotides (up to about 3-5% of the nucleotides) of the nucleic
acids encoding a particular protein may exist among individuals of a given species due to
natural allelic variation. Any and all such nucleotide variations and resulting amino acid

polymorphisms are within the scope of this disclosure.

[0086] It will be appreciated by one of skill in the art that corresponding variants
based on the long isoform of TPRII will include nucleotide sequences encoding the 25-amino
acid insertion along with a conservative Val-Ile substitution at the flanking position C-
terminal to the insertion. It will also be appreciated that corresponding variants based on
cither the long (A) or short (B) isoforms of TRRII will include variant nucleotide sequences
comprising an insertion of 108 nucleotides, encoding a 36-amino-acid insertion (SEQ ID NO:
18), at the same location described for naturally occurring TRII isoform C (see

Exemplification).

[0087] In certain embodiments, the recombinant nucleic acids of the disclosure may
be operably linked to one or more regulatory nucleotide sequences in an expression construct.
Regulatory nucleotide sequences will generally be appropriate to the host cell used for
expression. Numerous types of appropriate expression vectors and suitable regulatory
sequences are known in the art for a variety of host cells. Typically, said one or more
regulatory nucleotide sequences may include, but are not limited to, promoter sequences,
leader or signal sequences, ribosomal binding sites, transcriptional start and termination
sequences, translational start and termination sequences, and enhancer or activator sequences.
Constitutive or inducible promoters as known in the art are contemplated by the disclosure.
The promoters may be either naturally occurring promoters, or hybrid promoters that
combine elements of more than one promoter. An expression construct may be present in a

cell on an episome, such as a plasmid, or the expression construct may be inserted in a
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chromosome. In a preferred embodiment, the expression vector contains a selectable marker
gene to allow the selection of transformed host cells. Selectable marker genes are well

known in the art and will vary with the host cell used.

[0088] In certain aspects disclosed herein, the subject nucleic acid is provided in an
expression vector comprising a nucleotide sequence encoding a TPRII polypeptide and
operably linked to at least one regulatory sequence. Regulatory sequences are art-recognized
and are selected to direct expression of the TPRII polypeptide. Accordingly, the term
regulatory sequence includes promoters, enhancers, and other expression control elements.
Exemplary regulatory sequences are described in Goeddel; Gene Expression Technology:
Methods in Enzymology, Academic Press, San Diego, CA (1990). For instance, any of a wide
variety of expression control sequences that control the expression of a DNA sequence when
operatively linked to it may be used in these vectors to express DNA sequences encoding a
TBRII polypeptide. Such useful expression control sequences, include, for example, the early
and late promoters of SV40, tet promoter, adenovirus or cytomegalovirus immediate early
promoter, RSV promoters, the lac system, the trp system, the TAC or TRC system, T7
promoter whose expression is directed by T7 RNA polymerase, the major operator and
promoter regions of phage lambda , the control regions for fd coat protein, the promoter for
3-phosphoglycerate kinase or other glycolytic enzymes, the promoters of acid phosphatase,
e.g., Pho3, the promoters of the yeast a-mating factors, the polyhedron promoter of the
baculovirus system and other sequences known to control the expression of genes of
prokaryotic or cukaryotic cells or their viruses, and various combinations thereof. It should
be understood that the design of the expression vector may depend on such factors as the
choice of the host cell to be transformed and/or the type of protein desired to be expressed.
Moreover, the vector's copy number, the ability to control that copy number and the
expression of any other protein encoded by the vector, such as antibiotic markers, should also

be considered.

[0089] A recombinant nucleic acid included in the disclosure can be produced by
ligating the cloned gene, or a portion thereof, into a vector suitable for expression in either
prokaryotic cells, eukaryotic cells (yeast, avian, insect or mammalian), or both. Expression
vehicles for production of a recombinant TRRII polypeptide include plasmids and other

vectors. For instance, suitable vectors include plasmids of the types: pPBR322-derived
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plasmids, pEMBL-derived plasmids, pEX-derived plasmids, pBTac-derived plasmids and

pUC-derived plasmids for expression in prokaryotic cells, such as E. coli.

[0090] Some mammalian expression vectors contain both prokaryotic sequences to
facilitate the propagation of the vector in bacteria, and one or more eukaryotic transcription
units that are expressed in eukaryotic cells. The pcDNAI/amp, pcDNAI/neo, pRc/CMV,
pSV2gpt, pSV2neo, pSV2-dhfr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg derived
vectors are examples of mammalian expression vectors suitable for transfection of eukaryotic
cells. Some of these vectors are modified with sequences from bacterial plasmids, such as
pBR322, to facilitate replication and drug resistance selection in both prokaryotic and
cukaryotic 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 proteins in cukaryotic cells. Examples of other viral (including retroviral)
expression systems can be found below in the description of gene therapy delivery systems.
The various methods employed in the preparation of the plasmids and in transformation of
host organisms are well known in the art. For other suitable expression systems for both
prokaryotic and eukaryotic cells, as well as general recombinant procedures, see Molecular
Cloning A Laboratory Manual, 3rd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring
Harbor Laboratory Press, 2001). In some instances, it may be desirable to express the
recombinant polypeptides 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 pAcUW1), and pBlueBac-derived vectors
(such as the B-gal containing pBlueBac III).

[0091] In certain embodiments, a vector will be designed for production of the
subject TPRII polypeptides in CHO cells, such as a Pcmv-Script vector (Stratagene, La Jolla,
Calif.), pcDNA4 vectors (Invitrogen, Carlsbad, Calif.) and pCI-neo vectors (Promega,
Madison, Wisc.). In a preferred embodiment, a vector will be designed for production of the
subject TPRII polypeptides in HEK-293 cells. As will be apparent, the subject gene
constructs can be used to cause expression of the subject TBRII polypeptides in cells
propagated in culture, e.g., to produce proteins, including fusion proteins or variant proteins,

for purification.

[0092] This disclosure also pertains to a host cell transfected with a recombinant

gene including a coding sequence (e.g., SEQ ID NOs: 26, 28, 30, 32, 34, 36, 38, 40, 42, or
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44) for one or more of the subject TPRII polypeptides. The host cell may be any prokaryotic
or eukaryotic cell. For example, a TBRII polypeptide disclosed herein may be expressed in
bacterial cells such as E. coli, insect cells (e.g., using a baculovirus expression system), yeast,

or mammalian cells. Other suitable host cells are known to those skilled in the art.

[0093] Accordingly, the present disclosure further pertains to methods of producing
the subject TBRII polypeptides. For example, a host cell transfected with an expression
vector encoding a TPRII polypeptide can be cultured under appropriate conditions to allow
expression of the TPRII polypeptide to occur. The TPRII polypeptide may be secreted and
isolated from a mixture of cells and medium containing the TPRII polypeptide.
Alternatively, the TBRII polypeptide may be retained cytoplasmically or in a membrane
fraction and the cells harvested, lysed and the protein isolated. A cell culture includes host
cells, and media. Suitable media for cell culture are well known in the art. The subject
TBRII polypeptides can be isolated from cell culture medium, host cells, or both, using
techniques known in the art for purifying proteins, including ion-exchange chromatography,
gel filtration chromatography, ultrafiltration, electrophoresis, immunoaffinity purification
with antibodies specific for particular epitopes of the TPRII polypeptides and affinity
purification with an agent that binds to a domain fused to the TBRII polypeptide (e.g., a
protein A column may be used to purify an TRRII-Fc fusion). In a preferred embodiment, the
TBRII polypeptide is a fusion protein containing a domain which facilitates its purification.
As an example, purification may be achieved by a series of column chromatography steps,
including, for example, three or more of the following, in any order: protein A
chromatography, Q sepharose chromatography, phenylsepharose chromatography, size
exclusion chromatography, and cation exchange chromatography. The purification could be

completed with viral filtration and buffer exchange.

[0094] In another embodiment, a fusion gene coding for a purification leader
sequence, such as a poly-(His)/enterokinase cleavage site sequence at the N-terminus of the
desired portion of the recombinant TPRII polypeptide, can allow purification of the expressed
fusion protein by affinity chromatography using a Ni*" metal resin. The purification leader
sequence can then be subsequently removed by treatment with enterokinase to provide the
purified TPRII polypeptide (e.g., see Hochuli et al., (1987) J. Chromatography 411:177; and
Janknecht et al., PNAS US4 88:8972).
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[0095] Techniques for making fusion genes are well known. Essentially, the joining
of various DNA fragments coding for different polypeptide sequences is performed in
accordance with conventional techniques, employing blunt-ended or stagger-ended termini
for ligation, restriction enzyme digestion to provide for appropriate termini, filling-in of
cohesive ends as appropriate, alkaline phosphatase treatment to avoid undesirable joining,
and enzymatic ligation. In another embodiment, the fusion gene can be synthesized by
conventional techniques including automated DNA synthesizers. Alternatively, PCR
amplification of gene fragments can be carried out using anchor primers which give rise to
complementary overhangs between two consecutive gene fragments which can subsequently
be annealed to generate a chimeric gene sequence (see, for example, Current Protocols in

Molecular Biology, eds. Ausubel et al., John Wiley & Sons: 1992).

[0096] Examples of categories of nucleic acid compounds that are antagonists of
TBRII, TGFP1, TGFP3 and GDF15 include antisense nucleic acids, RNAi constructs and
catalytic nucleic acid constructs. A nucleic acid compound may be single or double stranded.
A double stranded compound may also include regions of overhang or non-complementarity,
where one or the other of the strands is single-stranded. A single-stranded compound may
include regions of self-complementarity, meaning that the compound forms a so-called
“hairpin” or “stem-loop” structure, with a region of double helical structure. A nucleic acid
compound may comprise a nucleotide sequence that is complementary to a region consisting
of no more than 1000, no more than 500, no more than 250, no more than 100 or no more
than 50, 35, 30, 25, 22, 20 or 18 nucleotides of the full-length TBRII nucleic acid sequence or
ligand nucleic acid sequence. The region of complementarity will preferably be at least 8
nucleotides, and optionally at least 10 or at least 15 nucleotides, such as between 15 and 25
nucleotides. A region of complementarity may fall within an intron, a coding sequence, or a
noncoding sequence of the target transcript, such as the coding sequence portion. Generally,
a nucleic acid compound will have a length of about 8 to about 500 nucleotides or base pairs
in length, such as about 14 to about 50 nucleotides. A nucleic acid may be a DNA
(particularly for use as an antisense), RNA, or RNA:DNA hybrid. Any one strand may
include a mixture of DNA and RNA, as well as modified forms that cannot readily be
classified as either DNA or RNA. Likewise, a double-stranded compound may be
DNA:DNA, DNA:RNA or RNA:RNA, and any one strand may also include a mixture of
DNA and RNA, as well as modified forms that cannot readily be classified as either DNA or

RNA. A nucleic acid compound may include any of a variety of modifications, including one
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or modifications to the backbone (the sugar-phosphate portion in a natural nucleic acid,
including internucleotide linkages) or the base portion (the purine or pyrimidine portion of a
natural nucleic acid). An antisense nucleic acid compound will preferably have a length of
about 15 to about 30 nucleotides and will often contain one or more modifications to improve
characteristics such as stability in the serum, in a cell or in a place where the compound is
likely to be delivered, such as the stomach in the case of orally delivered compounds and the
lung for inhaled compounds. In the case of an RNAIi construct, the strand complementary to
the target transcript will generally be RNA or modifications therecof. The other strand may be
RNA, DNA, or any other variation. The duplex portion of double-stranded or single-stranded
“hairpin” RNAI construct will preferably have a length of 18 to 40 nucleotides in length and
optionally about 21 to 23 nucleotides in length, so long as it serves as a Dicer substrate.
Catalytic or enzymatic nucleic acids may be ribozymes or DNA enzymes and may also
contain modified forms. Nucleic acid compounds may inhibit expression of the target by
about 50%, 75%, 90%, or more when contacted with cells under physiological conditions and
at a concentration where a nonsense or sense control has little or no effect. Preferred
concentrations for testing the effect of nucleic acid compounds are 1, 5 and 10 micromolar.

Nucleic acid compounds may also be tested for effects on, for example, angiogenesis.

4. Alterations in Fe-fusion proteins

[0097] The application further provides TRRII-Fc fusion proteins with engineered or
variant Fc regions. Such antibodies and Fc fusion proteins may be useful, for example, in
modulating effector functions, such as, antigen-dependent cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC). Additionally, the modifications may improve
the stability of the antibodies and Fc fusion proteins. Amino acid sequence variants of the
antibodies and Fc fusion proteins are prepared by introducing appropriate nucleotide changes
into the DNA, or by peptide synthesis. Such variants include, for example, deletions from,
and/or insertions into and/or substitutions of, residues within the amino acid sequences of the
antibodies and Fc fusion proteins disclosed herein. Any combination of deletion, insertion,
and substitution is made to arrive at the final construct, provided that the final construct
possesses the desired characteristics. The amino acid changes also may alter post-
translational processes of the antibodies and Fc fusion proteins, such as changing the number

or position of glycosylation sites.
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[0098] Antibodies and Fc fusion proteins with reduced effector function may be
produced by introducing changes in the amino acid sequence, including, but are not limited
to, the Ala-Ala mutation described by Bluestone et al. (see WO 94/28027 and WO 98/47531;
also see Xu et al. 2000 Cell Immunol 200; 16-26). Thus, in certain embodiments, antibodies
and Fc fusion proteins of the disclosure with mutations within the constant region including
the Ala-Ala mutation may be used to reduce or abolish effector function. According to these
embodiments, antibodies and Fc fusion proteins may comprise a mutation to an alanine at
position 234 or a mutation to an alanine at position 235, or a combination thereof. In one
embodiment, the antibody or Fc fusion protein comprises an IgG4 framework, wherein the
Ala-Ala mutation would describe a mutation(s) from phenylalanine to alanine at position 234
and/or a mutation from leucine to alanine at position 235. In another embodiment, the
antibody or Fc fusion protein comprises an IgG1 framework, wherein the Ala-Ala mutation
would describe a mutation(s) from leucine to alanine at position 234 and/or a mutation from
leucine to alanine at position 235. The antibody or Fc fusion protein may alternatively or
additionally carry other mutations, including the point mutation K322A in the CH2 domain
(Hezareh et al. 2001 J Virol. 75: 12161-8).

[0099] In particular embodiments, the antibody or Fc fusion protein may be
modified to either enhance or inhibit complement dependent cytotoxicity (CDC). Modulated
CDC activity may be achieved by introducing one or more amino acid substitutions,
insertions, or deletions in an Fc region (see, ¢.g., U.S. Pat. No. 6,194,551). Alternatively or
additionally, cysteine residue(s) may be introduced in the Fc region, thereby allowing
interchain disulfide bond formation in this region. The homodimeric antibody thus generated
may have improved or reduced internalization capability and/or increased or decreased
complement-mediated cell killing. See Caron et al., J. Exp Med. 176:1191-1195 (1992) and
Shopes, B. J. Immunol. 148:2918-2922 (1992), W099/51642, Duncan & Winter Nature 322:
738-40 (1988); U.S. Pat. No. 5,648,260; U.S. Pat. No. 5,624,821; and W(094/29351.

5. GDF15- TBRII signaling

[0100] The present disclosure relates in part to the discovery that the TGFp type 11
receptor (TPRII) binds to GDF15 with high affinity. Heretofore, GDF15 has not been shown
biochemically to bind or interact directly with a receptor. Inadequate or inappropriate ligand
purification could be a potential reason for the inactivity of commercially available GDF15.

Exemplary GDF15 polypeptides demonstrating a TBRII binding activity and methods of
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making and purifying such polypeptides are disclosed herein. Sequences of native precursor
GDF15 proteins and nucleotides from human and mouse are set forth in Figures 1-4. Mature
human GDF15 extends from residues 197 to 308 of SEQ ID NO: 1. Similarly, mature mouse
GDF15 extends from residues 192 to 303 of SEQ ID NO: 3. In certain embodiments, the
present disclosure makes available isolated and/or purified forms of the GDF15 polypeptides
or fragments thereof, which are isolated from, or otherwise substantially free of (e.g., at least
80%, 90%, 95%., 96%., 97%, 98%, or 99% free of), other proteins and/or other GDF15
polypeptide species. The GDF15 polypeptides of the disclosure bind to TBRII with high
affinity. Binding may be assessed using purified proteins in solution or in a surface plasmon
resonance system, such as a Biacore' " system. The GDF15 polypeptides will have an
affinity (a dissociation constant) of about 10°, 107, 10™, 10 M or less for TRRII
polypeptides. Preferably, the GDF15 polypeptides of the disclosure are isolated and purified
according to methods described herein. GDF15 polypeptides will generally be produced by

expression from recombinant nucleic acids.

[0101] GDF15 polypeptides may include a polypeptide consisting of, or comprising,
an amino acid sequence at least 80% identical, and optionally at least 85%, 90%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the GDF15 polypeptide of SEQ ID NO: 1 or SEQ ID
NO: 3, or a functional fragment thereof. GDF15 polypeptides may include a polypeptide
consisting of, or comprising, an amino acid sequence at least 80% identical, and optionally at
least 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the GDF15 polypeptide
comprising residues 197 to 308 of SEQ ID NO: 1 or residues 192 to 303 of SEQ ID NO: 3, or
a functional fragment thereof. The unprocessed GDF15 polypeptide may either include or
exclude any signal sequence, as well as any sequence N-terminal to the signal sequence. A
GDF15 polypeptide may include variants of SEQ ID NO: 1 or SEQ ID NO: 3, or portions
thereof, corresponding to 197 to 308 of SEQ ID NO: 1 or residues 192 to 303 of SEQ ID NO:
3, respectively (including variants that comprise, for example, no more than 2, 3, 4, 5, 10, 15,
20, 25, 30, or 35 amino acid substitutions in the sequence of SEQ ID NO: 1 or SEQ ID NO:
3), fragments thereof, and fusion proteins comprising any of the foregoing, but in each case
preferably any of the foregoing GDF15 polypeptides will possess substantial affinity for a
TBRII polypeptide.

[0102] In certain embodiments, the GDF15 polypeptides of the disclosure may

further comprise post-translational modifications in addition to any that are naturally present
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in the GDF15 polypeptides. Such modifications include, but are not limited to, acetylation,
carboxylation, glycosylation, phosphorylation, lipidation, pegylation (polyethylene glycol)
and acylation. As a result, the modified GDF15 polypeptides may contain non-amino acid
elements, such as polyethylene glycols, lipids, mono- or poly-saccharides, and phosphates.
Effects of such non-amino acid elements on the functionality of a GDF15 polypeptide may be
tested as described herein for other GDF15 polypeptides. When a GDF15 polypeptide is
produced in cells by cleaving a nascent form of the GDF15 polypeptide, post-translational
processing may also be important for correct folding and/or function of the protein. Different
cells (such as CHO, HeLa, MDCK, 293, WI38, NIH-3T3 or HEK-293) have specific cellular
machinery and characteristic mechanisms for such post-translational activities and may be

chosen to ensure the correct modification and processing of the GDF15 polypeptides.

[0103] In certain embodiments, the disclosure includes nucleic acids encoding
precursor and mature GDF15 polypeptides. In further embodiments, this disclosure also
pertains to a host cell comprising such nucleic acids. The host cell may be any prokaryotic or
cukaryotic cell. For example, a polypeptide of the present disclosure may be expressed in
bacterial cells such as E. coli, insect cells (e.g., using a baculovirus expression system), yeast,
or mammalian cells. Other suitable host cells are known to those skilled in the art.
Accordingly, some embodiments of the present disclosure further pertain to methods of

producing the GDF15 polypeptides.

[0104] In certain aspects, the disclosure provides isolated and/or recombinant
nucleic acids encoding any of the GDF15 polypeptides, including fragments, functional
variants and fusion proteins disclosed herein. The subject nucleic acids may be single-
stranded or double-stranded. Such nucleic acids may be DNA or RNA molecules. These
nucleic acids may be used, for example, in methods for making GDF15 polypeptides or as

direct therapeutic agents (e.g., in an antisense, RNA1 or gene therapy approach).

[0105] In certain aspects, the subject nucleic acids encoding GDF15 polypeptides
are further understood to include nucleic acids that are variants of SEQ ID NO: 1 or SEQ ID
NO: 3. Variant nucleotide sequences include sequences that differ by one or more nucleotide

substitutions, additions or deletions, such as allelic variants.

[0106] In certain embodiments, the disclosure provides isolated or recombinant

nucleic acid sequences that are at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%
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identical to SEQ ID NO: 1 or SEQ ID NO: 3. One of ordinary skill in the art will appreciate
that nucleic acid sequences complementary to SEQ ID NO: 1 or SEQ ID NO: 3 and variants
of SEQ ID NO: 1 or SEQ ID NO: 3 are also within the scope of this disclosure. In further
embodiments, the nucleic acid sequences of the disclosure can be isolated, recombinant,

and/or fused with a heterologous nucleotide sequence, or in a DNA library.

[0107] In other embodiments, nucleic acids of the disclosure also include nucleotide
sequences that hybridize under highly stringent conditions to the nucleotide sequences
designated in SEQ ID NO: 1 or SEQ ID NO: 3, complement sequences of SEQ ID NO: 1 or
SEQ ID NO: 3, or fragments thercof. As discussed above, one of ordinary skill in the art will
understand readily that appropriate stringency conditions which promote DNA hybridization
can be varied. For example, one could perform the hybridization at 6.0 x sodium
chloride/sodium citrate (SSC) at about 45°C, followed by a wash of 2.0 x SSC at 50°C. For
example, the salt concentration in the wash step can be selected from a low stringency of
about 2.0 x SSC at 50°C to a high stringency of about 0.2 x SSC at 50°C. In addition, the
temperature in the wash step can be increased from low stringency conditions at room
temperature, about 22°C, to high stringency conditions at about 65°C. Both temperature and
salt may be varied, or temperature or salt concentration may be held constant while the other
variable is changed. In some embodiments, the disclosure provides nucleic acids which
hybridize under low stringency conditions of 6 x SSC at room temperature followed by a

wash at 2 x SSC at room temperature.

[0108] Isolated nucleic acids which differ from the nucleic acids as set forth in SEQ
ID NO: 1 or SEQ ID NO: 3 due to degeneracy in the genetic code are also within the scope of
the disclosure. For example, a number of amino acids are designated by more than one
triplet. Codons that specify the same amino acid, or synonyms (for example, CAU and CAC
are synonyms for histidine) may result in “silent” mutations which do not affect the amino
acid sequence of the protein. However, it 1s expected that DNA sequence polymorphisms
that do lead to changes in the amino acid sequences of the subject proteins will exist among
mammalian cells. One skilled in the art will appreciate that these variations in one or more
nucleotides (up to about 3-5% of the nucleotides) of the nucleic acids encoding a particular
protein may exist among individuals of a given species due to natural allelic variation. Any
and all such nucleotide variations and resulting amino acid polymorphisms are within the

scope of this disclosure.
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[0109] In certain embodiments, the recombinant nucleic acids of the disclosure may
be operably linked to one or more regulatory nucleotide sequences in an expression construct.
Regulatory nucleotide sequences will generally be appropriate to the host cell used for
expression. Numerous types of appropriate expression vectors and suitable regulatory
sequences are known in the art for a variety of host cells. Typically, said one or more
regulatory nucleotide sequences may include, but are not limited to, promoter sequences,
leader or signal sequences, ribosomal binding sites, transcriptional start and termination
sequences, translational start and termination sequences, and enhancer or activator sequences.
Constitutive or inducible promoters as known in the art are contemplated by the disclosure.
The promoters may be either naturally occurring promoters, or hybrid promoters that
combine elements of more than one promoter. An expression construct may be present in a
cell on an episome, such as a plasmid, or the expression construct may be inserted in a
chromosome. In a preferred embodiment, the expression vector contains a selectable marker
gene to allow the selection of transformed host cells. Selectable marker genes are well

known in the art and will vary with the host cell used.

[0110] In certain aspects disclosed herein, the subject nucleic acid is provided in an
expression vector comprising a nucleotide sequence encoding a GDF15 polypeptide and
operably linked to at least one regulatory sequence. Regulatory sequences are art-recognized
and are selected to direct expression of the GDF15 polypeptide. Accordingly, the term
regulatory sequence includes promoters, enhancers, and other expression control elements.
Exemplary regulatory sequences are described in Goeddel; Gene Expression Technology:
Methods in Enzymology, Academic Press, San Diego, CA (1990). For instance, any of a wide
variety of expression control sequences that control the expression of a DNA sequence when
operatively linked to it may be used in these vectors to express DNA sequences encoding a
GDF15 polypeptide. Such useful expression control sequences, include, for example, the
carly and late promoters of SV40, tet promoter, adenovirus or cytomegalovirus immediate
carly promoter, RSV promoters, the lac system, the trp system, the TAC or TRC system, T7
promoter whose expression is directed by T7 RNA polymerase, the major operator and
promoter regions of phage lambda, the control regions for fd coat protein, the promoter for 3-
phosphoglycerate kinase or other glycolytic enzymes, the promoters of acid phosphatase, ¢.g.,
Pho3, the promoters of the yeast a-mating factors, the polyhedron promoter of the
baculovirus system and other sequences known to control the expression of genes of

prokaryotic or cukaryotic cells or their viruses, and various combinations thereof. It should
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be understood that the design of the expression vector may depend on such factors as the
choice of the host cell to be transformed and/or the type of protein desired to be expressed.
Moreover, the vector's copy number, the ability to control that copy number and the
expression of any other protein encoded by the vector, such as antibiotic markers, should also

be considered.

[0111] A recombinant nucleic acid included in the disclosure can be produced by
ligating the cloned gene, or a portion thereof, into a vector suitable for expression in either
prokaryotic cells, eukaryotic cells (yeast, avian, insect or mammalian), or both. Expression
vehicles for production of a recombinant GDF15 polypeptide include plasmids and other
vectors. For instance, suitable vectors include plasmids of the types: pPBR322-derived
plasmids, pEMBL-derived plasmids, pEX-derived plasmids, pBTac-derived plasmids and

pUC-derived plasmids for expression in prokaryotic cells, such as E. coli.

[0112] Some mammalian expression vectors contain both prokaryotic sequences to
facilitate the propagation of the vector in bacteria, and one or more eukaryotic transcription
units that are expressed in eukaryotic cells. The pcDNAI/amp, pcDNAI/neo, pPRc/CMYV,
pSV2gpt, pSV2neo, pSV2-dhfr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg derived
vectors are examples of mammalian expression vectors suitable for transfection of eukaryotic
cells. Some of these vectors are modified with sequences from bacterial plasmids, such as
pBR322, to facilitate replication and drug resistance selection in both prokaryotic and
cukaryotic 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 proteins in cukaryotic cells. Examples of other viral (including retroviral)
expression systems can be found below in the description of gene therapy delivery systems.
The various methods employed in the preparation of the plasmids and in transformation of
host organisms are well known in the art. For other suitable expression systems for both
prokaryotic and eukaryotic cells, as well as general recombinant procedures, see Molecular
Cloning A Laboratory Manual, 3rd Ed., ed. by Sambrook, Fritsch and Maniatis (Cold Spring
Harbor Laboratory Press, 2001). In some instances, it may be desirable to express the
recombinant polypeptides 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 pAcUW1), and pBlueBac-derived vectors
(such as the B-gal containing pBlueBac III).
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[0113] In a preferred embodiment, a vector will be designed for production of the
subject TPRII polypeptides in CHO cells, such as a Pcmv-Script vector (Stratagene, La Jolla,
Calif.), pcDNA4 vectors (Invitrogen, Carlsbad, Calif.), pCI-neo vectors (Promega, Madison,
Wisc.) and UCOE™-derived vectors (Millipore). As will be apparent, the subject gene
constructs can be used to cause expression of the subject GDF15 polypeptides in cells
propagated in culture, e.g., to produce proteins, including fusion proteins or variant proteins,

for purification.

[0114] This disclosure also pertains to a host cell transfected with a recombinant
gene including a coding sequence (e.g., SEQ ID NO: 1 or SEQ ID NO:3) for one or more of
the subject GDF15 polypeptides. The host cell may be any prokaryotic or eukaryotic cell.
For example, a GDF15 polypeptide disclosed herein may be expressed in bacterial cells such
as E. coli, insect cells (e.g., using a baculovirus expression system), yeast, or mammalian
cells. Other suitable host cells are known to those skilled in the art. In a preferred

embodiment, a GDF15 polypeptide disclosed herein is expressed in CHO cells.

[0115] Accordingly, the present disclosure further pertains to methods of producing
the subject GDF15 polypeptides. For example, a host cell transfected with an expression
vector encoding a GDF15 polypeptide can be cultured under appropriate conditions to allow
expression of the GDF15 polypeptide to occur. The GDF15 polypeptide may be secreted and
isolated from a mixture of cells and medium containing the GDF15 polypeptide.
Alternatively, the TBRII polypeptide may be retained cytoplasmically or in a membrane
fraction and the cells harvested, lysed and the protein isolated. A cell culture includes host
cells and media. Suitable media for cell culture are well known in the art. The subject
GDF15 polypeptides can be isolated from cell culture medium, host cells, or both, using
techniques known in the art for purifying proteins, including ion-exchange chromatography,
gel filtration chromatography, ultrafiltration, electrophoresis, immunoaffinity purification
with antibodies specific for particular epitopes of the GDF15 polypeptides and affinity
purification with an agent that binds to a domain fused to the GDF15 polypeptide (e.g., a
protein A column may be used to purify an GDF15-Fc fusion). In a preferred embodiment,
the GDF15 polypeptide is a fusion protein containing a domain which facilitates its
purification. As an example, purification may be achieved by a series of column
chromatography steps, including, for example, three or more of the following, in any order:

protein A chromatography, Q sepharose chromatography, phenylsepharose chromatography,
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size exclusion chromatography, and cation exchange chromatography. The purification could

be completed with viral filtration and buffer exchange.

[0116] In a preferred embodiment, the subject GDF15 polypeptides are purified
from culture media using a series of cation-exchange column chromatography steps.
Examples of the material used for the cation exchange column can be resins having
substituents such as carboxymethyl (CM), sulfoethyl (SE), sulfopropyl (SP), phosphate (P)
and sulfonate (S). Examples of the material used for the cation exchange column
chromatography include SP Sepharose™ Fast Flow, Q Sepharose™ Fast Flow, DEAE
Sepharose™ Fast Flow, Capto™ S, Capto™ DEAE (GE Healthcare), S HyperCel™ (Pall),
TOYOPEARL GigaCap S-650 (TOSOH) or weak cation exchangers such as carboxymethyl.

SP Sepharose™ Fast Flow and Q Sepharose™ Fast Flow are preferred.

[0117] To begin purification, parameters of the conditioned media from host cells
stably expressing a GDF15 polypeptide, such as pH, ionic strength, and temperature may be
adjusted if necessary. In some embodiments, a chromatography column is flushed and
equilibrated with one or more solutions prior to contact with a polypeptide containing
supernatant. Such solutions can include, for example, a buffer (e.g., Tris, MES, HEPES,
histidine, phosphate or sodium acetate, e.g., between 1-500 mM, 25-100 mM, 15-30 mM or
20 mM), and/or salt (e.g., NaCl, NaPO, sodium acetate, or CaCl,, e.g., between 0-2 M, 1-2 M
or 500 mM-1M). The pH of an equilibration solution generally ranges from 3.5-10 (e.g.,
between pH 3.5-6, 4.0-5.5, 4.5-4.8 or 4.7). After contacting a column with a polypeptide
containing fluid, the bound column can be washed. Wash solutions can include a buffer (e.g.,
Tris, MES, HEPES, histidine, phosphate, or sodium acetate, ¢.g., between 1-500 mM, 25-100
mM, 15-30 mM or 20 mM), and/or salt (e.g., NaCl, NaPOQa, sodium acetate, or CaCl,, e.g.,
between 0-2 M, 1-2 M, 100 mM-1M or 100 mM-500 mM), and/or an additive (e.g.
guanidine, urea, sucrose, arginine, or an arginine derivative), and/or a solvent (e.g., ethanol,
acetonitrile, or polyethylene glycol). Wash solutions generally have a pH between 3.5 and 10
(e.g., a pH between 4.5-8.0). Polypeptides can be eluted from a column using a step or
gradient change in pH, salt type, salt concentration, solvent type, solvent concentration,
displacer type, displacer concentration, or a combination thereof. In general, to clute a
polypeptide from a column, the medium is contacted with an elution buffer. In some
embodiments, an elution buffer elution buffer contains a buffer (e.g., HEPES or Tris, e.g., 10-

100 mM, 25-75 mM or 50 mM) and/or contains a salt (e.g., NaCl or CaCl,, e.g., 0-2 M, e.g.,
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10-100 mM). In some embodiments, an elution buffer may contain glycine, acetic acid, or
citric acid (e.g., 20-250 mM, or 150 mM). An clution buffer may also contain acetic acid
(e.g., 20 mM to about 50 mM), an additive (e.g. guanidine, urea, or sucrose, ¢.g., 1-10 M, 2-8
M or 6 M), and/or a solvent (e.g., ethanol, acetonitrile, polyethylene glycol, e.g., 1-10%
solvent, e.g., 5% solvent). The pH of the elution buffer may range from about 5.0 to about
10.0. In some embodiments, pH can be changed (e.g., gradually) to produce a gradient
elution. In some embodiments, the pH of the clution buffer is about 8.0. In some

embodiments, a series of column chromatography steps are performed.

[0118] The data presented herein demonstrates that TBRII polypeptides act as
antagonists of GDF15 signaling. Although soluble TPRII polypeptides, and particularly
TPBRII-Fc, are preferred antagonists, other types of GDF15 antagonists are expected to be
useful, including anti-GDF15 antibodies, anti-TBRII antibodies, antisense, RNAIi or
ribozyme nucleic acids that inhibit the production of GDF15 or TBRII and other inhibitors of
GDF15 or TPRII, particularly those that disrupt GDF15-TBRII binding.

[0119] An antibody that is specifically reactive with a GDF15 polypeptide and
which either binds to GDF15 polypeptide so as to compete with its binding to TBRII
polypeptide (binding competitively) or otherwise inhibits GDF15-mediated signaling may be
used as an antagonist of GDF15 polypeptide activities. Likewise, an antibody that is
specifically reactive with a TRRII polypeptide and which disrupts GDF15 binding may be

used as an antagonist.

[0120] By using immunogens derived from a GDF15 polypeptide or a TBRII
polypeptide, anti-protein/anti-peptide antisera or monoclonal antibodies can be made by
standard protocols (see, for example, Antibodies: A Laboratory Manual ed. by Harlow and
Lane (Cold Spring Harbor Press: 1988)). A mammal, such as a mouse, a hamster or rabbit
can be immunized with an immunogenic form of the GDF15 polypeptide, an antigenic
fragment which is capable of eliciting an antibody response, or a fusion protein. Techniques
for conferring immunogenicity on a protein or peptide include conjugation to carriers or other
techniques well known in the art. An immunogenic portion of a GDF15 or TPRII
polypeptide can be administered in the presence of adjuvant. The progress of immunization
can be monitored by detection of antibody titers in plasma or serum. Standard ELISA or
other immunoassays can be used with the immunogen as antigen to assess the levels of

antibodies.

41-



10

15

20

25

30

WO 2015/027082 PCT/US2014/052130

[0121] Following immunization of an animal with an antigenic preparation of a
GDF15 polypeptide, antisera can be obtained and, if desired, polyclonal antibodies can be
isolated from the serum. To produce monoclonal antibodies, antibody-producing cells
(Iymphocytes) can be harvested from an immunized animal and fused by standard somatic
cell fusion procedures with immortalizing cells such as myeloma cells to yield hybridoma
cells. Such techniques are well known in the art, and include, for example, the hybridoma
technique (originally developed by Kohler and Milstein, (1975) Nature, 256: 495-497), the
human B cell hybridoma technique (Kozbar et al., (1983) Immunology Today, 4: 72), and the
EBV-hybridoma technique to produce human monoclonal antibodies (Cole et al., (1985)
Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, Inc. pp. 77-96). Hybridoma cells
can be screened immunochemically for production of antibodies specifically reactive with a
GDF15 polypeptide and monoclonal antibodies isolated from a culture comprising such

hybridoma cells.

[0122] The term “antibody” as used herein is intended to include fragments thercof
which are also specifically reactive with a subject polypeptide. Antibodies can be fragmented
using conventional techniques and the fragments screened for utility in the same manner as

described above for whole antibodies. For example, F(ab), fragments can be generated by
treating antibody with pepsin. The resulting F(ab)> fragment can be treated to reduce

disulfide bridges to produce Fab fragments. The antibody of the present invention is further
intended to include bispecific, single-chain, chimeric, humanized and fully human molecules
having affinity for an TBRII or GDF15 polypeptide conferred by at least one CDR region of
the antibody. An antibody may further comprise a label attached thereto and able to be

detected (e.g., the label can be a radioisotope, fluorescent compound, enzyme or enzyme co-

factor).

[0123] In certain embodiments, the antibody is a recombinant antibody, which term
encompasses any antibody generated in part by techniques of molecular biology, including
CDR-grafted or chimeric antibodies, human or other antibodies assembled from library-
selected antibody domains, single chain antibodies and single domain antibodies (e.g., human
Vy proteins or camelid Vyy proteins). In certain embodiments, an antibody of the invention
is a monoclonal antibody, and in certain embodiments, the invention makes available
methods for generating novel antibodies. For example, a method for generating a

monoclonal antibody that binds specifically to a GDF15 polypeptide or TBRII polypeptide
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may comprise administering to a mouse an amount of an immunogenic composition
comprising the antigen polypeptide effective to stimulate a detectable immune response,
obtaining antibody-producing cells (e.g., cells from the spleen) from the mouse and fusing the
antibody-producing cells with myeloma cells to obtain antibody-producing hybridomas, and
testing the antibody-producing hybridomas to identify a hybridoma that produces a
monoclonal antibody that binds specifically to the antigen. Once obtained, a hybridoma can
be propagated in a cell culture, optionally in culture conditions where the hybridoma-derived
cells produce the monoclonal antibody that binds specifically to the antigen. The monoclonal

antibody may be purified from the cell culture.

[0124] The adjective “specifically reactive with” as used in reference to an antibody
is intended to mean, as is generally understood in the art, that the antibody is sufficiently
selective between the antigen of interest (e.g., a GDF15 polypeptide) and other antigens that
are not of interest that the antibody is useful for, at minimum, detecting the presence of the
antigen of interest in a particular type of biological sample. In certain methods employing the
antibody, such as therapeutic applications, a higher degree of specificity in binding may be
desirable. Monoclonal antibodies generally have a greater tendency (as compared to
polyclonal antibodies) to discriminate effectively between the desired antigens and cross-
reacting polypeptides. One characteristic that influences the specificity of an
antibody:antigen interaction is the affinity of the antibody for the antigen. Although the
desired specificity may be reached with a range of different affinities, generally preferred
antibodies will have an affinity (a dissociation constant) of about 10"6, 10'7, 10"8, 107 or less.
Given the high affinity between GDF15 and TBRII, it is expected that a neutralizing anti-

GDF15 or anti-TPRII antibody would generally have a dissociation constant of 10” or less.

[0125] In addition, the techniques used to screen antibodies in order to identify a
desirable antibody may influence the properties of the antibody obtained. For example, if an
antibody is to be used for binding an antigen in solution, it may be desirable to test solution
binding. A variety of different techniques are available for testing interaction between
antibodies and antigens to identify particularly desirable antibodies. Such techniques include
ELISAs, surface plasmon resonance binding assays (c.g., the Biacore'™ binding assay,
Biacore AB, Uppsala, Sweden), sandwich assays (e.g., the paramagnetic bead system of
IGEN International, Inc., Gaithersburg, Maryland), western blots, immunoprecipitation

assays, and immunohistochemistry.
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[0126] Examples of categories of nucleic acid compounds that are GDF15 or TPRII
antagonists include antisense nucleic acids, RNAi constructs and catalytic nucleic acid
constructs. A nucleic acid compound may be single- or double-stranded. A double-stranded
compound may also include regions of overhang or non-complementarity, where one or the
other of the strands is single-stranded. A single-stranded compound may include regions of
self-complementarity, meaning that the compound forms a so-called “hairpin” or “stem-loop”
structure, with a region of double helical structure. A nucleic acid compound may comprise a
nucleotide sequence that is complementary to a region consisting of no more than 1000, no
more than 500, no more than 250, no more than 100 or no more than 50, 35, 30, 25, 22, 20 or
18 nucleotides of the full-length GDF15 nucleic acid sequence or TRRII nucleic acid
sequence. The region of complementarity will preferably be at least 8 nucleotides, and
optionally at least 10 or at least 15 nucleotides, such as between 15 and 25 nucleotides. A
region of complementarity may fall within an intron, a coding sequence or a noncoding
sequence of the target transcript, such as the coding sequence portion. Generally, a nucleic
acid compound will have a length of about 8 to about 500 nucleotides or base pairs in length,
such as about 14 to about 50 nucleotides. A nucleic acid may be a DNA (particularly for use
as an antisense), RNA or RNA:DNA hybrid. Any one strand may include a mixture of DNA
and RNA, as well as modified forms that cannot readily be classified as either DNA or RNA.
Likewise, a double-stranded compound may be DNA:DNA, DNA:RNA or RNA:RNA, and
any one strand may also include a mixture of DNA and RNA, as well as modified forms that
cannot readily be classified as either DNA or RNA. A nucleic acid compound may include
any of a variety of modifications, including one or modifications to the backbone (the sugar-
phosphate portion in a natural nucleic acid, including internucleotide linkages) or the base
portion (the purine or pyrimidine portion of a natural nucleic acid). An antisense nucleic acid
compound will preferably have a length of about 15 to about 30 nucleotides and will often
contain one or more modifications to improve characteristics such as stability in the serum, in
a cell or in a place where the compound is likely to be delivered, such as the stomach in the
case of orally delivered compounds and the lung for inhaled compounds. In the case of an
RNAI construct, the strand complementary to the target transcript will generally be RNA or
modifications thercof. The other strand may be RNA, DNA or any other variation. The
duplex portion of double-stranded or single-stranded “hairpin” RNAi construct will
preferably have a length of 18 to 40 nucleotides in length and optionally about 21 to 23
nucleotides in length, so long as it serves as a Dicer substrate. Catalytic or enzymatic nucleic

acids may be ribozymes or DNA enzymes and may also contain modified forms. Nucleic
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acid compounds may inhibit expression of the target by about 50%, 75%, 90% or more when
contacted with cells under physiological conditions and at a concentration where a nonsense
or sense control has little or no effect. Preferred concentrations for testing the effect of

nucleic acid compounds are 1, 5 and 10 micromolar.

6. Screening Assavs

[0127] In certain aspects, the present invention relates to the use of TPRII
polypeptides (e.g., soluble TPRII polypeptides) and GDF15 polypeptides to identify
compounds (agents) which are agonist or antagonists of the GDF15-TBRII signaling pathway.
Compounds identified through this screening can be tested to assess their ability to modulate
GDF15 signaling activity in vitro. Optionally, these compounds can further be tested in

animal models to assess their ability to modulate tissue growth in vivo.

[0128] There are numerous approaches to screening for therapeutic agents for
modulating tissue growth by targeting GDF15 and TBRII polypeptides. In certain
embodiments, high-throughput screening of compounds can be carried out to identify agents
that perturb GDF15 or TPRII-mediated cell signaling. In certain embodiments, the assay is
carried out to screen and identify compounds that specifically inhibit or reduce binding of a
TBRII polypeptide to GDF15. Alternatively, the assay can be used to identify compounds
that enhance binding of a TBRII polypeptide to GDF15. In a further embodiment, the
compounds can be identified by their ability to interact with a GDF15 or TBRII polypeptide.

[0129] A variety of assay formats will suffice and, in light of the present disclosure,
those not expressly described herein will nevertheless be comprehended by one of ordinary
skill in the art. As described herein, the test compounds (agents) of the invention may be
created by any combinatorial chemical method. Alternatively, the subject compounds may be
naturally occurring biomolecules synthesized in vivo or in vitro. Compounds (agents) to be
tested for their ability to act as modulators of tissue growth can be produced, for example, by
bacteria, yeast, plants or other organisms (e.g., natural products), produced chemically (e.g.,
small molecules, including peptidomimetics), or produced recombinantly. Test compounds
contemplated by the present invention include non-peptidyl organic molecules, peptides,
polypeptides, peptidomimetics, sugars, hormones, and nucleic acid molecules. In a specific
embodiment, the test agent is a small organic molecule having a molecular weight of less

than about 2,000 daltons.
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[0130] The test compounds of the invention can be provided as single, discrete
entities, or provided in libraries of greater complexity, such as made by combinatorial
chemistry. These libraries can comprise, for example, alcohols, alkyl halides, amines,
amides, esters, aldehydes, ethers and other classes of organic compounds. Presentation of
test compounds to the test system can be in either an isolated form or as mixtures of
compounds, especially in initial screening steps. Optionally, the compounds may be
optionally derivatized with other compounds and have derivatizing groups that facilitate
isolation of the compounds. Non-limiting examples of derivatizing groups include biotin,
fluorescein, digoxygenin, green fluorescent protein, isotopes, polyhistidine, magnetic beads,

glutathione S transferase (GST), photoactivatible crosslinkers or any combinations thereof.

[0131] In many drug screening programs which test libraries of compounds and
natural extracts, high throughput assays are desirable in order to maximize the number of
compounds surveyed in a given period of time. Assays which are performed in cell-free
systems, such as may be derived with purified or semi-purified proteins, are often preferred
as “primary” screens in that they can be generated to permit rapid development and relatively
casy detection of an alteration in a molecular target which is mediated by a test compound.
Moreover, the effects of cellular toxicity or bioavailability of the test compound can be
generally ignored in the in vitro system, the assay instead being focused primarily on the
effect of the drug on the molecular target as may be manifest in an alteration of binding

affinity between a TPRII polypeptide and GDF15.

[0132] Merely to illustrate, in an exemplary screening assay of the present
invention, the compound of interest is contacted with an isolated and purified TBRII
polypeptide which is ordinarily capable of binding to GDF15. To the mixture of the
compound and TPRII polypeptide is then added a composition containing a TBRII ligand.
Detection and quantification of TBRII/GDF15 complexes provides a means for determining
the compound's efficacy at inhibiting (or potentiating) complex formation between the TPRII
polypeptide and GDF15. The efficacy of the compound can be assessed by generating dose
response curves from data obtained using various concentrations of the test compound.
Moreover, a control assay can also be performed to provide a baseline for comparison. For
example, in a control assay, isolated and a purified GDF15 is added to a composition
containing the TPRII polypeptide, and the formation of TBRII/GDF15 complex is quantitated

in the absence of the test compound. It will be understood that, in general, the order in which
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the reactants may be admixed can be varied, and can be admixed simultaneously. Moreover,
in place of purified proteins, cellular extracts and lysates may be used to render a suitable

cell-free assay system.

[0133] Complex formation between the TRRII polypeptide and GDF15 may be
detected by a variety of techniques. For instance, modulation of the formation of complexes
can be quantitated using, for example, detectably labeled proteins such as radiolabeled (e.g.,
2p, S, 1C or *H), fluorescently labeled (e.g., FITC), or enzymatically labeled TBRII
polypeptide or GDF15, by immunoassay, or by chromatographic detection.

[0134] In certain embodiments, the present invention contemplates the use of
fluorescence polarization assays and fluorescence resonance energy transfer (FRET) assays in
measuring, either directly or indirectly, the degree of interaction between a TBRII polypeptide
and its binding protein. Further, other modes of detection, such as those based on optical
waveguides (PCT Publication WO 96/26432 and U.S. Pat. No. 5,677,196), surface plasmon
resonance (SPR), surface charge sensors, and surface force sensors, are compatible with

many embodiments of the invention.

[0135] Moreover, the present invention contemplates the use of an interaction trap
assay, also known as the “two hybrid assay,” for identifying agents that disrupt or potentiate
interaction between a TPRII polypeptide and its binding protein. See for example, U.S. Pat.
No. 5,283,317; Zervos et al. (1993) Cell 72:223-232; Madura et al. (1993) J Biol Chem
268:12046-12054; Bartel et al. (1993) Biotechniques 14:920-924; and Iwabuchi et al. (1993)
Oncogene 8:1693-1696). In a specific embodiment, the present invention contemplates the
use of reverse two hybrid systems to identify compounds (e.g., small molecules or peptides)
that dissociate interactions between a TPRII polypeptide and its binding protein. See for
example, Vidal and Legrain, (1999) Nucleic Acids Res 27:919-29; Vidal and Legrain, (1999)
Trends Biotechnol 17:374-81; and U.S. Pat. Nos. 5,525,490; 5,955,280; and 5,965,368.

[0136] In certain embodiments, the subject compounds are identified by their ability
to interact with a TRRII or GDF15 polypeptide of the invention. The interaction between the
compound and the TPRII or GDF15 polypeptide may be covalent or non-covalent. For
example, such interaction can be identified at the protein level using in vitro biochemical
methods, including photo-crosslinking, radiolabeled ligand binding, and affinity
chromatography (Jakoby WB et al., 1974, Methods in Enzymology 46: 1). In certain cases,
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the compounds may be screened in a mechanism based assay, such as an assay to detect
compounds which bind to a GDF15 or TPRII polypeptide. This may include a solid-phase or
fluid-phase binding event. Alternatively, the gene encoding a GDF15 or TPRII polypeptide
can be transfected with a reporter system (e.g., B-galactosidase, luciferase, or green
fluorescent protein) into a cell and screened against the library preferably by a high-
throughput screening or with individual members of the library. Other mechanism-based
binding assays may be used, for example, binding assays which detect changes in free
energy. Binding assays can be performed with the target fixed to a well, bead or chip or
captured by an immobilized antibody or resolved by capillary electrophoresis. The bound
compounds may be detected usually using colorimetric or fluorescence or surface plasmon

resonance.

[0137] In certain aspects, the present invention provides methods and agents for
modulating (stimulating or inhibiting) GDF15-mediated cell signaling. Therefore, any
compound identified can be tested in whole cells or tissues, in vitro or in vivo, to confirm
their ability to modulate GDF15 signaling. Various methods known in the art can be utilized

for this purpose.

7. Exemplary Therapeutic Uses

[0138] As used herein, a therapeutic that “prevents” a disorder or condition refers to
a compound that, in a statistical sample, reduces the occurrence of the disorder or condition
in the treated sample relative to an untreated control sample, or delays the onset or reduces
the severity of one or more symptoms of the disorder or condition relative to the untreated
control sample. The term “treating” as used herein includes amelioration or elimination of
the condition once it has been established. In either case, prevention or treatment may be
discerned in the diagnosis provided by a physician and the intended result of administration

of the therapeutic agent.

[0139] The disclosure provides methods of treating or preventing a disease or
condition associated with a TGFf superfamily member by administering to a subject an
effective amount of a TBRII polypeptide, including a TPRII-Fc fusion protein or nucleic acid
antagonists (e.g., antisense or siRNA) of the foregoing, hereafter collectively referred to as
“therapeutic agents”. In some embodiments the disease or condition is associated with

dysregulated GDF15, TGFB1 or TGFf3 signaling. Also provided are methods and
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compositions for treating certain cardiovascular or vascular disorders. In addition, the
disclosure provides methods and compositions for treating or preventing cancer. In addition,
the disclosure provides methods and compositions for treating or preventing fibrotic disorders

and conditions.

[0140] In particular, polypeptide therapeutic agents of the present disclosure are
useful for treating or preventing chronic vascular or cardiovascular diseases. Exemplary
disorders of this kind include, but are not limited to, heart disease (including myocardial
disease, myocardial infarct, angina pectoris, and heart valve disease); renal disease (including
chronic glomerular inflammation, diabetic renal failure, and lupus-related renal
inflammation); disorders associated with atherosclerosis or other types of arteriosclerosis
(including stroke, cerebral hemorrhage, subarachnoid hemorrhage, angina pectoris, and renal
arteriosclerosis); thrombotic disorders (including cerebral thrombosis, thrombotic intestinal
necrosis); complications of diabetes (including diabetes-related retinal disease, cataracts,
diabetes-related renal disease, diabetes-related neuropathology, diabetes-related gangrene,
and diabetes-related chronic infection); vascular inflammatory disorders (systemic lupus
erythematosus, joint rheumatism, joint arterial inflammation, large-cell arterial inflammation,
Kawasaki disease, Takayasu arteritis, Churg-Strauss syndrome, and Henoch-Schoenlein
purpura); diabetic vasculopathies; and cardiac disorders such as congenital heart discase,
cardiomyopathy (e.g., dilated, hypertrophic, restrictive cardiomyopathy), and congestive
heart failure. Exemplary disorders further include, but are not limited to, hereditary
hemorrhagic telangiectasia (HHT), Marfan syndrome, Loeys-Dietz syndrome, familial
thoracic aortic aneurysm syndrome, arterial tortuosity syndrome, pre-eclampsia, and

restenosis.

[0141] The TBRII polypeptide can be administered to the subject alone, or in
combination with one or more agents or therapeutic modalities, e.g., therapeutic agents,
which are useful for treating TGFp associated cardiovascular disorders and/or conditions. In
certain embodiments, the second agent or therapeutic modality is chosen from one or more
of: angioplasty, beta blockers, anti-hypertensives, cardiotonics, anti-thrombotics,
vasodilators, hormone antagonists, endothelin antagonists, calcium channel blockers,
phosphodiesterase inhibitors, angiotensin type 2 antagonists and/or cytokine

blockers/inhibitors
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[0142] In particular, polypeptide therapeutic agents of the present disclosure are
useful for treating or preventing a cancer (tumor). The terms “cancer” and “cancerous” refer
to or describe, the physiological condition in mammals that is typically characterized by
unregulated cell growth/proliferation. Examples of cancer, or neoplastic disorders, include
but are not limited to, carcinoma, lymphoma, blastoma, sarcoma, and leukemia. More
particular examples of such cancers include squamous cell cancer, cancer of the peritoneum,
hepatocellular cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical
cancer, ovarian cancer, liver cancer, bladder cancer, hepatoma, breast cancer, colon cancer,
colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney cancer,
prostate cancer, vulval cancer, thyroid cancer, hepatic carcinoma, stomach cancer, intestinal
cancer, skin cancer, bone cancer, gastric cancer, melanoma, and various types of head and
neck cancer, including squamous cell head and neck cancer. Other examples of neoplastic
disorders and related conditions include esophageal carcinomas, thecomas, arrhenoblastomas,
endometrial hyperplasia, endometriosis, fibrosarcomas, choriocarcinoma, nasopharyngeal
carcinoma, laryngeal carcinomas, hepatoblastoma, Kaposi's sarcoma, skin carcinomas,
hemangioma, cavernous hemangioma, hemangioblastoma, retinoblastoma, astrocytoma,
glioblastoma, Schwannoma, oligodendroglioma, medulloblastoma, neuroblastomas,
rhabdomyosarcoma, osteogenic sarcoma, leiomyosarcomas, urinary tract carcinomas, Wilm's
tumor, renal cell carcinoma, prostate carcinoma, abnormal vascular proliferation associated
with phakomatoses, and Meigs' syndrome. A cancer that is particularly amenable to
treatment with the therapeutic agents described herein may be characterized by one or more
of the following: the cancer has elevated TPRII levels detectable in the tumor or the serum,
increased GDF15, TGFB1 or TGFPB3 expression levels or biological activity, is metastatic or

at risk of becoming metastatic, or any combination thereof.

[0143] In certain embodiments of such methods, one or more polypeptide
therapeutic agents can be administered, together (simultaneously) or at different times
(sequentially). In addition, polypeptide therapeutic agents can be administered with another

type of compounds for treating cancer or for inhibiting angiogenesis.

[0144] In certain embodiments, the subject methods of the disclosure can be used
alone. Alternatively, the subject methods may be used in combination with other
conventional anti-cancer therapeutic approaches directed to treatment or prevention of

proliferative disorders (e.g., tumor). For example, such methods can be used in prophylactic
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cancer prevention, prevention of cancer recurrence and metastases after surgery, and as an
adjuvant of other conventional cancer therapy. The present disclosure recognizes that the
effectiveness of conventional cancer therapies (e.g., chemotherapy, radiation therapy,
phototherapy, immunotherapy, and surgery) can be enhanced through the use of a subject

polypeptide therapeutic agent.

[0145] A wide array of conventional compounds have been shown to have anti-
neoplastic or anti-cancer activities. These compounds have been used as pharmaceutical
agents in chemotherapy to shrink solid tumors, prevent metastases and further growth, or
decrease the number of malignant cells in leukemic or bone marrow malignancies. Although
chemotherapy has been effective in treating various types of malignancies, many anti-
neoplastic compounds induce undesirable side effects. It has been shown that when two or
more different treatments are combined, the treatments may work synergistically and allow
reduction of dosage of cach of the treatments, thereby reducing the detrimental side effects
exerted by each compound at higher dosages. In other instances, malignancies that are
refractory to a treatment may respond to a combination therapy of two or more different

treatments.

[0146] When a therapeutic agent disclosed herein is administered in combination
with another conventional anti-neoplastic agent, either concomitantly or sequentially, such
therapeutic agent may enhance the therapeutic effect of the anti-neoplastic agent or overcome

cellular resistance to such anti-neoplastic agent. This allows decrease of dosage of an anti-

neoplastic agent, thereby reducing the undesirable side effects, or restores the effectiveness of

an anti-neoplastic agent in resistant cells.

[0147] According to the present disclosure, the polypeptide therapeutic agents
described herein may be used in combination with other compositions and procedures for the
treatment of diseases. For example, a tumor may be treated conventionally with surgery,
radiation or chemotherapy combined with the TBRII polypeptide, and then the TPRII
polypeptide may be subsequently administered to the patient to extend the dormancy of

micrometastases and to stabilize any residual primary tumor.

[0148] In certain aspects of the invention, other therapeutic agents useful for
combination tumor therapy with a TBRII polypeptide include other cancer therapies: e.g.,

surgery, cytotoxic agents, radiological treatments involving irradiation or administration of
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radioactive substances, chemotherapeutic agents, anti-hormonal agents, growth inhibitory
agents, anti-neoplastic compositions, and treatment with anti-cancer agents listed herein and

known in the art, or combinations thercof.

[0149] The term "cytotoxic agent” as used herein refers to a substance that inhibits
or prevents the function of cells and/or causes destruction of cells. The term is intended to
include radioactive isotopes (e.g., AP 111123 vy R R, Sm'>?, Bi?'%, P*? and
radioactive isotopes of Lu), chemotherapeutic agents ¢.g. methotrexate, adriamicin, vinca
alkaloids (vincristine, vinblastine, etoposide), doxorubicin, melphalan, mitomycin C,
chlorambucil, daunorubicin or other intercalating agents, enzymes and fragments thereof such
as nucleolytic enzymes, antibiotics, and toxins such as small molecule toxins or
enzymatically active toxins of bacterial, fungal, plant or animal origin, including fragments
and/or variants thereof, and the various antitumor or anticancer agents disclosed below.

Other cytotoxic agents are described below. A tumoricidal agent causes destruction of tumor

cells.

[0150] A "chemotherapeutic agent" is a chemical compound useful in the treatment
of cancer. Examples of chemotherapeutic agents include alkylating agents such as thiotepa
and CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsulfan and
piposulfan; aziridines such as benzodopa, carboquone, meturedopa, and uredopa;
ethylenimines and methylamelamines including altretamine, triethylenemelamine,
trietylenephosphoramide, tricthiylenethiophosphoramide and trimethylolomelamine;
acetogenins (especially bullatacin and bullatacinone); delta-9-tetrahydrocannabinol
(dronabinol, MARINOL®); beta-lapachone; lapachol; colchicines; betulinic acid; a
camptothecin (including the synthetic analogue topotecan (HY CAMTIN®), CPT-11
(irinotecan, CAMPTOSAR®), acetylcamptothecin, scopolectin, and 9-aminocamptothecin);
bryostatin; callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic
analogues); podophyllotoxin; podophyllinic acid; teniposide; cryptophycins (particularly
cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin (including the synthetic
analogues, KW-2189 and CBI-TMl); eleutherobin; pancratistatin; a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine, cyclophosphamide,
estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide hydrochloride,
melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil mustard;

nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and
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ranimnustine; antibiotics such as the enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall (see, ¢.g., Agnew, Chem Intl. Ed. Engl.,
33: 183-186 (1994)); dynemicin, including dynemicin A; an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic
chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMY CIN® doxorubicin
(including morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such
as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, porfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,
zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic
acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs
such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine, doxifluridine,
enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide, mitotane,
trilostane; folic acid replenisher such as folinic acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; eniluracil; amsacrine; bestrabucil; bisantrene; edatraxate; demecolcine;
diaziquone; elfornithine; elliptinium acetate; an epothilone; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidamine; maytansinoids such as maytansine and ansamitocins;
mitoguazone; mitoxantrone; mopidanmol; nitraerine; pentostatin; phenamet; pirarubicin;
losoxantrone; 2-ethylhydrazide; procarbazine; PSK® polysaccharide complex (JHS Natural
Products, Eugene, OR); razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2',2"-trichlorotriethylamine; trichothecenes (especially T-2 toxin, verracurin A,
roridin A and anguidine); urethan; vindesine (ELDISINE®, FILDESIN®); dacarbazine;
mannomustine; mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside ("Ara-C");
thiotepa; taxoids, e.g., TAXOL® paclitaxel (Bristol-Myers Squibb Oncology, Princeton,
N.J.), ABRAXANE™ Cremophor-free, albumin-engineered nanoparticle formulation of
paclitaxel (American Pharmaceutical Partners, Schaumberg, Illinois), and TAXOTERE®
doxetaxel (Rhone-Poulenc Rorer, Antony, France); chlorambucil; gemcitabine (GEMZAR®);
6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as cisplatin and
carboplatin; vinblastine (VELBAN®); platinum; etoposide (VP- 16); ifosfamide;

mitoxantrone; vincristine (ONCOVIN®); oxaliplatin; leucovovin; vinorelbine
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(NAVELBINE®); novantrone; edatrexate; daunomycin; aminopterin; ibandronate;
topoisomerase inhibitor RFS 2000; difluoromethylornithine (DMFO); retinoids such as
retinoic acid; capecitabine (XELODA®); pharmaceutically acceptable salts, acids or
derivatives of any of the above; as well as combinations of two or more of the above such as
CHOP, an abbreviation for a combined therapy of cyclophosphamide, doxorubicin,
vincristine, and prednisolone, and FOLFOX, an abbreviation for a treatment regimen with

oxaliplatin (ELOXATIN™) combined with 5-FU and leucovovin.

[0151] Also included in this definition are anti-hormonal agents that act to regulate,
reduce, block, or inhibit the effects of hormones that can promote the growth of cancer, and
are often in the form of systemic, or whole-body treatment. They may be hormones
themselves. Examples include anti-estrogens and selective estrogen receptor modulators
(SERMs), including, for example, tamoxifen (including NOLVADEX® tamoxifen),
EVISTA® raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY1 17018,
onapristone, and FARESTON® toremifene; anti-progesterones; estrogen receptor down-
regulators (ERDs); agents that function to suppress or shut down the ovaries, for example,
luteinizing hormone-releasing hormone (LHRH) agonists such as LUPRON® and
ELIGARD® leuprolide acetate, goserelin acetate, buserelin acetate and tripterelin; other anti-
androgens such as flutamide, nilutamide and bicalutamide; and aromatase inhibitors that
inhibit the enzyme aromatase, which regulates estrogen production in the adrenal glands,
such as, for example, 4(5)-imidazoles, aminoglutethimide, MEGASE® megestrol acetate,
AROMASIN® exemestane, formestane, fadrozole, RIVIS OR® vorozole, FEMARA®
letrozole, and ARIMIDEX® anastrozole. In addition, such definition of chemotherapeutic
agents includes bisphosphonates such as clodronate (for example, BONEFOS® or
OSTAC®), DIDROC AL® ctidronate, NE-58095, ZOMET A® zoledronic acid/zoledronate,
FOSAMAX® alendronate, AREDIA® pamidronate, SKELID® tiludronate, or ACTONEL®
risedronate; as well as troxacitabine (a 1,3-dioxolane nucleoside cytosine analog); antisense
oligonucleotides, particularly those that inhibit expression of genes in signaling pathways
implicated in aberrant cell proliferation, such as, for example, PKC-alpha, Raf, H-Ras, and
epidermal growth factor receptor (EGF-R); vaccines such as THERATOPE® vaccine and
gene therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and
VAXID® vaccine; LURTOTECAN® topoisomerase 1 inhibitor; ABARELIX® rmRH;
lapatinib ditosylate (an ErbB-2 and EGFR dual tyrosine kinase small-molecule inhibitor also
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known as GW572016); and pharmaceutically acceptable salts, acids or derivatives of any of

the above.

[0152] A "growth inhibitory agent” when used herein refers to a compound or
composition which inhibits growth of a cell either in vitro or in vivo. Thus, the growth
inhibitory agent may be one which significantly reduces the percentage of cells in S phase.
Examples of growth inhibitory agents include agents that block cell cycle progression (at a
place other than S phase), such as agents that induce Gl arrest and M-phase arrest. Classical
M-phase blockers include the vincas (vincristine and vinblastine), taxanes, and topoisomerase
IT inhibitors such as doxorubicin, epirubicin, daunorubicin, etoposide, and bleomycin. Those
agents that arrest Gl also spill over into S-phase arrest, for example, DNA alkylating agents
such as tamoxifen, prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-
fluorouracil, and ara-C. Further information can be found in The Molecular Basis of Cancer,
Mendelsohn and Israel, eds., Chapter 1, entitled "Cell cycle regulation, oncogenes, and
antineoplastic drugs" by Murakami et al. (WB Saunders: Philadelphia, 1995), especially p.
13. The taxanes (paclitaxel and docetaxel) are anticancer drugs both derived from the yew
tree. Docetaxel (TAXOTERE®, Rhone -Poulenc Rorer), derived from the European yew, is a
semisynthetic analogue of paclitaxel (TAXOL®, Bristol-Myers Squibb). Paclitaxel and
docetaxel promote the assembly of microtubules from tubulin dimers and stabilize
microtubules by preventing depolymerization, which results in the inhibition of mitosis in

cells.

[0153] In still other embodiments, TBRII polypeptides may be useful in the
treatment or prevention of fibrosis. As used herein, the term "fibrosis" refers to the aberrant
formation or development of excess fibrous connective tissue by cells in an organ or tissue.
Although processes related to fibrosis can occur as part of normal tissue formation or repair,
dysregulation of these processes can lead to altered cellular composition and excess
connective tissue deposition that progressively impairs to tissue or organ function. The
formation of fibrous tissue can result from a reparative or reactive process. Fibrotic disorders
or conditions include, but are not limited to, fibroproliferative disorders associated with
vascular diseases, such as cardiac disease, cerebral disease, and peripheral vascular disease,
as well as tissues and organ systems including the heart, skin, kidney, peritoneum, gut, and
liver (as disclosed in, ¢.g., Wynn, 2004, Nat Rev 4:583-594, incorporated herein by

reference). Exemplary disorders that can be treated include, but are not limited to, renal
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fibrosis, including nephropathies associated with injury/fibrosis, ¢.g., chronic nephropathies
associated with diabetes (e.g., diabetic nephropathy), lupus, scleroderma, glomerular
nephritis, focal segmental glomerular sclerosis, and IgA nephropathy; gut fibrosis, e.g.,
scleroderma, and radiation-induced gut fibrosis; liver fibrosis, ¢.g., cirrhosis, alcohol-induced
liver fibrosis, biliary duct injury, primary biliary cirrhosis, infection or viral-induced liver
fibrosis, congenital hepatic fibrosis and autoimmune hepatitis; and other fibrotic conditions,
such as cystic fibrosis, endomyocardial fibrosis, mediastinal fibrosis, sarcoidosis,
scleroderma, spinal cord injury/fibrosis, myelofibrosis, vascular restenosis, atherosclerosis, ,
injection fibrosis (which can occur as a complication of intramuscular injections, especially
in children), endomyocardial fibrosis, retroperitoneal fibrosis, and nephrogenic systemic

fibrosis.

[0154] As used herein, the terms "fibrotic disorder”, "fibrotic condition," and
"fibrotic disease," are used interchangeably to refer to a disorder, condition or disease
characterized by fibrosis. Examples of fibrotic disorders include, but are not limited to
sclerotic disorders (e.g., scleroderma, atherosclerosis, diffuse systemic sclerosis), vascular
fibrosis, pancreatic fibrosis, liver fibrosis (¢.g., cirrhosis), renal fibrosis, musculoskeletal
fibrosis, cardiac fibrosis (e.g., endomyocardial fibrosis, idiopathic myocardiopathy), skin
fibrosis (e.g., scleroderma, post-traumatic, operative cutancous scarring, keloids and
cutancous keloid formation), eye fibrosis (e.g., glaucoma, sclerosis of the eyes, conjunctival
and corneal scarring, and pterygium), myelofibrosis, progressive systemic sclerosis (PSS),
chronic graft-versus-host disease, Peyronie's disease, post-cystoscopic urethral stenosis,
idiopathic and pharmacologically induced retroperitoneal fibrosis, mediastinal fibrosis,
proliferative fibrosis, neoplastic fibrosis, Dupuytren's disease, strictures, neural scarring,

dermal scarring and radiation induced fibrosis.

[0155] As used herein, inhibition of the fibrotic response of a cell, includes, but is
not limited to the inhibition of the fibrotic response of one or more cells within the liver (or
liver tissue); one or more cells within the kidney (or renal tissue); one or more cells within
muscle tissue; one or more cells within the heart (or cardiac tissue); one or more cells within
the pancreas; one or more cells within the skin; one or more cells within the bone, one or

more cells within the vasculature, one or more stem cells, or one or more cells within the eye.

[0156] The present invention contemplates the use of TPRII polypeptides in

combination with one or more other therapeutic modalities. Thus, in addition to the use of
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TBRII polypeptides, one may also administer to the subject one or more "standard" therapies
for treating fibrotic disorders. For example, the TRRII polypeptides can be administered in
combination with (i.c., together with) cytotoxins, immunosuppressive agents, radiotoxic
agents, and/or therapeutic antibodies. Particular co-therapeutics contemplated by the present
invention include, but are not limited to, steroids (e.g., corticosteroids, such as Prednisone),
immune-suppressing and/or anti-inflammatory agents (e.g., gamma-interferon,
cyclophosphamide, azathioprine, methotrexate, penicillamine, cyclosporine, colchicine,
antithymocyte globulin, mycophenolate mofetil, and hydroxychloroquine), cytotoxic drugs,
calcium channel blockers (e.g., nifedipine), angiotensin converting enzyme inhibitors (ACE)
inhibitors, para-aminobenzoic acid (PABA), dimethyl sulfoxide, transforming growth factor

beta (TGFp) inhibitors, interleukin-5 (IL-5) inhibitors, and pan caspase inhibitors.

[0157] Additional anti-fibrotic agents that may be used in combination with TBRII
polypeptides include, but are not limited to, lectins (as described in, for example, U.S. Patent
No.: 7,026,283, the entire contents of which is incorporated herein by reference), as well as
the anti-fibrotic agents described by Wynn et al (2007, J Clin Invest 117:524-529, the entire
contents of which is incorporated herein by reference). For example, additional anti-fibrotic
agents and therapies include, but are not limited to, various anti-inflammatory/
immunosuppressive/ cytotoxic drugs (including colchicine, azathioprine, cyclophosphamide,
prednisone, thalidomide, pentoxifylline and theophylline), TGFp signaling modifiers
(including relaxin, SMAD7, HGF, and BMP7, as well as TGFpI, TBRI, TBRII, EGR-I, and
CTGF inhibitors), cytokine and cytokine receptor antagonists (inhibitors of IL-1B, IL-5, IL-6,
IL- 13, IL-21, IL-4R, IL-13Ral, GM-CSF, TNF-a, oncostatin M, WISP-I, and PDGFs),
cytokines and chemokincs (IFN-y, IFN-o/f, IL-12, IL-10, HGF, CXCLI0, and CXCL11),
chemokine antagonists (inhibitors of CXCLI, CXCL2, CXCL12, CCL2, CCL3, CCL6,
CCL17, and CCL18), chemokine receptor antagonists (inhibitors of CCR2, CCR3, CCRS,
CCR7, CXCR2, and CXCR4), TLR antagonists (inhibitors of TLR3, TLR4, and TLRY),
angiogenesis antagonists (VEGF-specific antibodies and adenosine deaminase replacement
therapy), antihypertensive drugs (beta blockers and inhibitors of ANG 11, ACE, and
aldosterone), vasoactive substances (ET-1 receptor antagonists and bosetan), inhibitors of the
enzymes that synthesize and process collagen (inhibitors of prolyl hydroxylase), B cell
antagonists (rituximab), integrin/adhesion molecule antagonists (molecules that block alfl
and avp6 integrins, as well as inhibitors of integrin-linked kinase, and antibodies specific for

ICAM-I and VCAM-I), proapoptotic drugs that target myofibroblasts, MMP inhibitors
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(inhibitors of MMP2, MMP9, and MMP12), and TIMP inhibitors (antibodies specific for
TIMP-1).

[0158] The TBRII polypeptide and the co-therapeutic agent or co-therapy can be
administered in the same formulation or separately. In the case of separate administration,
the TPRII polypeptide can be administered before, after, or concurrently with the co-
therapeutic or co-therapy. One agent may precede or follow administration of the other agent
by intervals ranging from minutes to weeks. In embodiments where two or more different
kinds of therapeutic agents are applied separately to a subject, one would generally ensure
that a significant period of time did not expire between the time of each delivery, such that
these different kinds of agents would still be able to exert an advantageously combined effect

on the target tissues or cells.

8. Pharmaceutical Compositions

[0159] The therapeutic agents described herein (e.g., TBRII polypeptides) may be
formulated into pharmaceutical compositions. Pharmaceutical compositions for use in
accordance with the present disclosure may be formulated in conventional manner using one
or more physiologically acceptable carriers or excipients. Such formulations will generally

be substantially pyrogen-free, in compliance with most regulatory requirements.

[0160] In certain embodiments, the therapeutic method of the disclosure includes
administering the composition systemically, or locally as an implant or device. When
administered, the therapeutic composition for use in this disclosure is in a pyrogen-free,
physiologically acceptable form. Therapeutically useful agents other than the TPRII
signaling antagonists which may also optionally be included in the composition as described
above, may be administered simultaneously or sequentially with the subject compounds (e.g.,

TBRII polypeptides) in the methods disclosed herein.

[0161] Typically, protein therapeutic agents disclosed herein will be administered
parentally, and particularly intravenously or subcutanecously. Pharmaceutical compositions
suitable for parenteral administration may comprise one or more TBRII polypeptides in
combination with one or more pharmaceutically acceptable sterile isotonic aqueous or
nonaqueous solutions, dispersions, suspensions or emulsions, or sterile powders which may
be reconstituted into sterile injectable solutions or dispersions just prior to use, which may

contain antioxidants, buffers, bacteriostats, solutes which render the formulation isotonic with
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the blood of the intended recipient or suspending or thickening agents. Examples of suitable
aqueous and nonaqueous carriers which may be employed in the pharmaceutical
compositions of the disclosure include water, ethanol, polyols (such as glycerol, propylene
glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils, such
as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can be
maintained, for example, by the use of coating materials, such as lecithin, by the maintenance

of the required particle size in the case of dispersions, and by the use of surfactants.

[0162] The compositions and formulations may, if desired, be presented in a pack or
dispenser device which may contain one or more unit dosage forms containing the active
ingredient. The pack may for example comprise metal or plastic foil, such as a blister pack.

The pack or dispenser device may be accompanied by instructions for administration

[0163] Further, the composition may be encapsulated or injected in a form for
delivery to a target tissue site. In certain embodiments, compositions of the present invention
may include a matrix capable of delivering one or more therapeutic compounds (e.g., TBRII
polypeptides) to a target tissue site, providing a structure for the developing tissue and
optimally capable of being resorbed into the body. For example, the matrix may provide
slow release of the TPRII polypeptides. Such matrices may be formed of materials presently

in use for other implanted medical applications.

[0164] The choice of matrix material is based on biocompatibility, biodegradability,
mechanical properties, cosmetic appearance and interface properties. The particular
application of the subject compositions will define the appropriate formulation. Potential
matrices for the compositions may be biodegradable and chemically defined calcium sulfate,
tricalcium phosphate, hydroxyapatite, polylactic acid and polyanhydrides. Other potential
materials are biodegradable and biologically well defined, such as bone or dermal collagen.
Further matrices are comprised of pure proteins or extracellular matrix components. Other
potential matrices are non-biodegradable and chemically defined, such as sintered
hydroxyapatite, bioglass, aluminates, or other ceramics. Matrices may be comprised of
combinations of any of the above mentioned types of material, such as polylactic acid and
hydroxyapatite or collagen and tricalcium phosphate. The bioceramics may be altered in
composition, such as in calcium-aluminate-phosphate and processing to alter pore size,

particle size, particle shape, and biodegradability.
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[0165] In certain embodiments, methods of the invention can be administered for
orally, e.g., in the form of capsules, cachets, pills, tablets, lozenges (using a flavored basis,
usually sucrose and acacia or tragacanth), powders, granules, or as a solution or a suspension
in an aqueous or non-aqueous liquid, or as an oil-in-water or water-in-oil liquid emulsion, or
as an elixir or syrup, or as pastilles (using an inert base, such as gelatin and glycerin, or
sucrose and acacia) and/or as mouth washes and the like, each containing a predetermined
amount of an agent as an active ingredient. An agent may also be administered as a bolus,

electuary or paste.

[0166] In solid dosage forms for oral administration (capsules, tablets, pills,
dragees, powders, granules, and the like), one or more therapeutic compounds of the present
invention may be mixed with one or more pharmaceutically acceptable carriers, such as
sodium citrate or dicalcium phosphate, and/or any of the following: (1) fillers or extenders,
such as starches, lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such as,
for example, carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose,
and/or acacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as agar-agar,
calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium
carbonate; (5) solution retarding agents, such as paraffin; (6) absorption accelerators, such as
quaternary ammonium compounds; (7) wetting agents, such as, for example, cetyl alcohol
and glycerol monostearate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants,
such a talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl
sulfate, and mixtures thereof; and (10) coloring agents. In the case of capsules, tablets and
pills, the pharmaceutical compositions may also comprise buffering agents. Solid
compositions of a similar type may also be employed as fillers in soft and hard-filled gelatin
capsules using such excipients as lactose or milk sugars, as well as high molecular weight

polyethylene glycols and the like.

[0167] Liquid dosage forms for oral administration include pharmaceutically
acceptable emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In
addition to the active ingredient, the liquid dosage forms may contain inert diluents
commonly used in the art, such as water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl
alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils (in particular,

cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol, tetrahydrofuryl
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alcohol, polyethylene glycols and fatty acid esters of sorbitan, and mixtures thereof. Besides
inert diluents, the oral compositions can also include adjuvants such as wetting agents,
emulsifying and suspending agents, sweetening, flavoring, coloring, perfuming, and

preservative agents.

[0168] Suspensions, in addition to the active compounds, may contain suspending
agents such as ethoxylated isostearyl alcohols, polyoxyethylene sorbitol, and sorbitan esters,
microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,

and mixtures thereof.

[0169] The compositions of the invention may also contain adjuvants, such as
preservatives, wetting agents, emulsifying agents and dispersing agents. Prevention of the
action of microorganisms may be ensured by the inclusion of various antibacterial and
antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like. It
may also be desirable to include isotonic agents, such as sugars, sodium chloride, and the like
into the compositions. In addition, prolonged absorption of the injectable pharmaceutical
form may be brought about by the inclusion of agents which delay absorption, such as

aluminum monostearate and gelatin.

[0170] It is understood that the dosage regimen will be determined by the attending
physician considering various factors which modify the action of the subject compounds of
the invention (e.g., TBRII polypeptides). The various factors include, but are not limited to,
the patient's age, sex, and diet, the severity disease, time of administration, and other clinical
factors. Optionally, the dosage may vary with the type of matrix used in the reconstitution
and the types of compounds in the composition. The addition of other known growth factors
to the final composition, may also affect the dosage. Progress can be monitored by periodic
assessment of bone growth and/or repair, for example, X-rays (including DEXA),

histomorphometric determinations, and tetracycline labeling.

[0171] In certain embodiments, the present invention also provides gene therapy for
the in vivo production of TRRII polypeptides. Such therapy would achieve its therapeutic
effect by introduction of the TBRII polynucleotide sequences into cells or tissues having the
disorders as listed above. Delivery of TBRII polynucleotide sequences can be achieved using

a recombinant expression vector such as a chimeric virus or a colloidal dispersion system.
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Preferred for therapeutic delivery of TPRII polynucleotide sequences is the use of targeted

liposomes.

[0172] Various viral vectors which can be utilized for gene therapy as taught herein
include adenovirus, herpes virus, vaccinia, or, preferably, an RNA virus such as a retrovirus.
Preferably, the retroviral vector is a derivative of a murine or avian retrovirus. Examples of
retroviral vectors in which a single foreign gene can be inserted include, but are not limited
to: Moloney murine leukemia virus (MoMuLV), Harvey murine sarcoma virus (HaMuSV),
murine mammary tumor virus (MuMTV), and Rous Sarcoma Virus (RSV). A number of
additional retroviral vectors can incorporate multiple genes. All of these vectors can transfer
or incorporate a gene for a selectable marker so that transduced cells can be identified and
generated. Retroviral vectors can be made target-specific by attaching, for example, a sugar,
a glycolipid, or a protein. Preferred targeting is accomplished by using an antibody. Those
of skill in the art will recognize that specific polynucleotide sequences can be inserted into
the retroviral genome or attached to a viral envelope to allow target specific delivery of the
retroviral vector containing the TPRII polynucleotide. In a preferred embodiment, the vector

is targeted to bone or cartilage.

[0173] Alternatively, tissue culture cells can be directly transfected with plasmids
encoding the retroviral structural genes gag, pol and env, by conventional calcium phosphate
transfection. These cells are then transfected with the vector plasmid containing the genes of

interest. The resulting cells release the retroviral vector into the culture medium.

[0174] Another targeted delivery system for TBRII polynucleotides is a colloidal
dispersion system. Colloidal dispersion systems include macromolecule complexes,
nanocapsules, microspheres, beads, and lipid-based systems including oil-in-water emulsions,
micelles, mixed micelles, and liposomes. The preferred colloidal system of this invention is a
liposome. Liposomes are artificial membrane vesicles which are useful as delivery vehicles
in vitro and in vivo. RNA, DNA and intact virions can be encapsulated within the aqueous
interior and be delivered to cells in a biologically active form (see e.g., Fraley, et al., Trends
Biochem. Sci., 6:77, 1981). Methods for efficient gene transfer using a liposome vehicle, are
known in the art, see e.g., Mannino, et al., Biotechniques, 6:682, 1988. The composition of
the liposome is usually a combination of phospholipids, usually in combination with steroids,

especially cholesterol. Other phospholipids or other lipids may also be used. The physical
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characteristics of liposomes depend on pH, ionic strength, and the presence of divalent

cations.

[0175] Examples of lipids useful in liposome production include phosphatidyl
compounds, such as phosphatidylglycerol, phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine, sphingolipids, cerebrosides, and gangliosides. Illustrative
phospholipids include egg phosphatidylcholine, dipalmitoylphosphatidylcholine, and
distearoylphosphatidylcholine. The targeting of liposomes is also possible based on, for

example, organ-specificity, cell-specificity, and organelle-specificity and is known in the art.

[0176] The disclosure provides formulations that may be varied to include acids and

bases to adjust the pH; and buffering agents to keep the pH within a narrow range.

EXEMPLIFICATION

[0177] The invention now being generally described, it will be more readily
understood by reference to the following examples, which are included merely for purposes
of illustration of certain embodiments of the present invention, and are not intended to limit

the invention.
Example 1. Generation of bioactive GDF15

[0178] GDF15 (also known as macrophage-inhibitory cytokine-1) has not been
shown biochemically to bind or interact directly with any receptor. Applicants first tried
without success to identify a native receptor with high-affinity binding to GDF15 using
commercially available human GDF15 (R&D Systems) produced in mammalian CHO cells.
Like other ligands in the TGFf superfamily, which contain a characteristic cysteine knot
motif, mature GDF15 is synthesized with a larger prodomain (Harrison et al., Growth Factors
29:174,2011; Shi et al., Nature 474:343, 2011) that is removed through cleavage by a furin-
like protease at the canonical RXXR site to generate mature dimeric GDF15. Since
inadequate or inappropriate ligand purification could be a potential reason for inactivity of
commercially available GDF15, Applicants tested different purification procedures for

GDF15.
Stable Expression of GDF15 in CHO Cells

[0179] Applicants used CHO cells to express human GDF15 (hGDF15) and murine

GDF15 (mGDF15) for further studies. The amino acid sequence of native precursor for
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hGDF15 is shown in Figure 1, and a corresponding nucleotide sequence (with a silent, single
nucleotide substitution compared to the native sequence) is shown in Figure 2. The native
amino acid and nucleotide sequences for mGDF15 precursor are shown in Figures 3 and 4,
respectively. For expression in CHO cells, UCOE " -based constructs encoding human or
murine GDF15 precursor were stably transfected into a CHO-PACE cell line. Clones were
selected in methotrexate levels of 10 nM, 20 nM, and 50 nM, and any clones that formed
colonies (one or two per methotrexate concentration) were then pooled. No gene
amplification was performed since it is difficult to amplify UCOE" pools while maintaining
stability of expression. Instead of dilution cloning, high-expressing pools were identified and

used for generating hGDF15 and mGDF15.
Purification of Human GDF15

[0180] To begin purification, conditioned media from CHO cells stably expressing
hGDF15 was adjusted to pH 4.7 with acetic acid. After incubation of media for 10 min at
ambient temperature, precipitate was removed by centrifugation. Supernatant was filtered
with a 0.8 pm disposable filter. An SP Sepharose™ Fast Flow column (GE Healthcare) was
equilibrated with buffers A (20 mM sodium acetate, pH 4.7) and B (20 mM sodium acetate,
IM NaCl, pH 4.7). Loading was performed at 100 cm/hr. The column was washed with
20% B (200 mM NaCl) until no more protein eluted from the column and then washed back
to 0% B to remove any residual salt. Protein was eluted with 50 mM Tris, 6M urea, pH 8.0
(Tristurea pool) until no more protein eluted from the column, followed by elution with 50
mM Tris, 6M urea, 1M NaCl, pH 8.0 (Tris+urea+salt pool). Each pool was dialyzed in 50
mM 4-morpholineethanesulfonic acid (MES, pH 6.5) overnight at 4°C.

[0181] GDFI15 found in the Tristureatsalt pool was degraded based on Western
blot analysis, so this pool was discarded. The Tristurea pool was loaded on a Q Sepharose™
Fast Flow column (GE Healthcare) previously equilibrated with buffers A (50 mM MES, pH
6.5) and B (50 mM MES, 1M NaCl, pH 6.5). The flow-through was collected, and the
column was washed with 10% B (100 mM NacCl), followed by a 10-50% B gradient (100-500
mM NaCl) over five column volumes at 120 cm/hr. After evaluation of the flow-through and
wash fractions by Western blot, protein was found mainly in the flow-through. The flow-
through was injected on a reverse-phase preparative C4 column (Vydac) attached to a HPLC,
with buffers A (water/0.1% TFA) and B (acetonitrile/0.1% TFA). A 25-40% B gradient over
1 h at 4.5 mL/min produced the best resolution. Collected fractions were evaluated by SDS-
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PAGE gel (Sypro Ruby) and Western blot to select those for concentration in a centrifugal

evaporator.
Purification of Murine GDF15

[0182] The pH of the conditioned media was adjusted to pH 4.7 with acetic acid.
After incubation of media for 10 min at ambient temperature, precipitate was removed by
centrifugation. Supernatant was filtered with a 0.8 pm disposable filter. An SP Sepharose™
Fast Flow column (GE Healthcare) was equilibrated with buffers A (20 mM sodium acetate,
pH 4.7) and B (20 mM sodium acetate, 1M NaCl, pH 4.7). Loading was performed at 100-
150 cm/hr, and the column was washed with buffer A until no more protein eluted from the
column. A wash was performed at 60% B (600 mM NacCl) for 3-4 column volumes, followed
by elution with 100% B (1M NaCl) for 3-4 column volumes. Elution continued with 50 mM

Tris, 6M urea, pH 8.0, to remove any protein still bound to the resin.

[0183] Non-reduced samples of SP-column fractions were analyzed by Western
blot. Although most protein was found in the Tris-eluted fractions, previous experiments
have indicated that mGDF15 found in these fractions is essentially inactive, so it was not
used for further purification. Instead, purification was continued with protein found in the
100% B elution (salt-clution pool). This pool was injected on a reverse-phase preparative C4
column (Vydac) attached to a HPLC. Buffer A was water/0.1% TFA and buffer B was
acetonitrile/0.1% TFA. Protein was eluted with a 25-40% B gradient over 1 h at 4.5 mL/min.
After evaluation of the reverse-phase column fractions by SDS-PAGE gel (Sypro Ruby) and
Western blot, the fractions containing pure mGDF15 were pooled and concentrated in a

centrifugal evaporator.

[0184] The identities of hGDF15 and mGDF15 were each confirmed by N-terminal
sequencing. Both types of purified GDF15 stimulated SMAD?2/3 phosphorylation in two

different cell lines, thereby providing confirmation of ligand activity.

Example 2. Identification of a TGFp superfamily receptor with high-affinity binding to
GDF15

[0185] Once active GDF15 protein was obtained, receptor-Fc fusion proteins
comprising TGFp superfamily receptors were screened for binding to human or murine
GDF15 that was generated and purified as described in Example 1. These fusion proteins
incorporated an IgG1 Fc domain and were either purchased from R&D Systems or generated

in-house. Among the five type Il receptors (TGF receptor type 11, activin receptor type 1A,
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activin receptor type 1IB, BMP receptor type 11, and MIS receptor type II), only TGFf
receptor type IT (TBRII) exhibited detectable binding to GDF15 (k, =2.92 x 10° M's™; ky =
0.001 s™), as determined by surface plasmon resonance with captured receptor-Fc fusion
proteins. hGDF15 bound to captured hTPBRII-Fc at 37°C with an equilibrium dissociation
constant (Kp) of 9.56 nM. None of the seven type I receptors (ALK1, ALK2, ALK3, ALK4,
ALKS, ALK6, and ALK?7) displayed detectable binding to GDF15 (mGDF15 at 20 nM or
200 nM).

[0186] Human TBRII occurs naturally in at least two isoforms — A (long) and B
(short) — generated by alternative splicing in the extracellular domain (ECD) (Figures 5, 6).
The hTBRII-hG1Fc fusion protein (R&D Systems) used for the screening described above
incorporates the wild-type TPRIIsnor isoform. In a follow-up analysis, the affinity of
mGDF15 binding to a fusion protein incorporating the wild-type TPRIIj,ng isoform (R&D
Systems) was found by surface plasmon resonance to be very similar to that of the fusion
protein incorporating the TPR 1o isoform (Kps at 37°C were 2.7 nM and 4.8 nM,
respectively). Having observed general equivalence of these short and long isoforms with
regard to GDF15 binding, Applicants then generated a receptor-Fc fusion protein consisting
of the wild-type ECD of hTPRILgor (SEQ ID NO: 7) fused at its C-terminus with a human
IgG2 Fc domain via a minimal linker. Unless noted otherwise, amino acid position
numbering with regard to variants based on the TPRII short and long isoforms refers to the
corresponding position in the native precursors, SEQ ID NO: 5 and SEQ ID NO: 6,

respectively.

[0187] Given the high-affinity binding of TPRII to GDF15, we tested whether
TPBRII could be used as an inhibitor of GDF15. The fusion protein hTPRIIgor(23-159)-
hG2Fc was tested in A549 cells transfected with a reporter gene containing a CAGA-12
promoter construct and was found to inhibit hGDF15-induced gene activation in such cells
with an ICso 0of 0.15-0.5 nM. Potent inhibition of GDF15 signaling by the hTRIIgx ECD
provides additional evidence that TPRII is the high-affinity receptor for GDF15. Even
though GDF15 exhibited no detectable binding to ALKS under cell-free conditions,
suppression of endogenous ALKS mRNA by siRNA methodology markedly reduced
mGDF15-mediated signaling in A549 cells (a human pulmonary epithelial cell line)
compared to control treatment. In contrast, suppression of other type I receptors (ALK?2,
ALK3, ALK4, and ALK7) by siRNA methodology failed to alter GDF15-mediated signaling
in A549 cells. This result indicates that the GDF15 ternary signaling complex includes

-66-



10

15

20

25

30

WO 2015/027082 PCT/US2014/052130

ALKS (TGFp receptor type 1) as its type I receptor and thus provides corroborating evidence
for TBRII as a functional type Il receptor for GDF15.

Example 3. Generation of receptor fusion protein variants
TPRII ECD variants

[0188] Since TPRII also binds with high affinity to TGFB1 and TGFf3, native
TPBRII-Fc fusion protein affects signaling of these ligands as well as GDF15. While in some
therapeutic settings this broader spectrum of ligand binding may be advantageous, in other
settings a more selective molecule may be superior. Therefore, Applicants sought
polypeptides with enhanced or reduced selectivity for GDF15 by generating fusion proteins
comprising variants of human TBRII ECD. The wild-type hTBRIIsno(23-159) sequence
shown below (SEQ ID NO: 7) served as the basis for five receptor ECD variants listed below
(SEQ ID NO: 8-12). A wild type hTBRIIs0(23-159) was fused to an Fc¢ portion of IgG2 to
generate a novel, base Fc fusion construct. See SEQ ID Nos. 50, 51 and 52, below.

1 TIPPHVOKSV NNDMIVTDNN GAVKEFPQLCK FCDVRESTCD NQKSCMSNCS
51 ITSICEKPQE VCVAVWRKND ENITLETVCH DPKLPYHDEFI LEDAASPKCI
101 MKEKKKPGET FEFMCSCSSDE CNDNIIFSEE YNTSNPD (SEQ ID NO: 7)

(1) The hTPRpo(23-159/D110K) amino acid sequence shown below (SEQ ID NO: 8), in

which the substituted residue is underlined.

1 TIPPHVOKSV NNDMIVTDNN GAVKEFPQLCK FCDVRESTCD NQKSCMSNCS
51 ITSICEKPQE VCVAVWRKND ENITLETVCH DPKLPYHKFI LEDAASPKCI
101 MKEKKKPGET FEFMCSCSSDE CNDNIIFSEE YNTSNPD (SEQ ID NO: 8)

(2) The N-terminally truncated hTPRIIshon(29-159) amino acid sequence shown below (SEQ
ID NO: 9).

1 QKSVNNDMIV TDNNGAVKEFP QLCKEFCDVRE STCDNQKSCM SNCSITSICE
51 KPOQEVCVAVW RKNDENITLE TVCHDPKLPY HDFILEDAAS PKCIMKEKKK
101 PGETFFMCSC SSDECNDNII FSEEYNTSNP D (SEQ ID NO: 9)

(3) The N-terminally truncated hTBRILg0(35-159) amino acid sequence shown below (SEQ
ID NO: 10).

1 DMIVTDNNGA VKEPQLCKEC DVRESTCDNQ KSCMSNCSIT SICEKPQEVC
51 VAVWRKNDEN ITLETVCHDP KLPYHDFILE DAASPKCIMK EKKKPGETFEF
101 MCSCSSDECN DNIIFSEEYN TSNPD (SEQ ID NO: 10)
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(4) The C-terminally truncated hTPRIIgor(23-153) amino acid sequence shown below (SEQ
ID NO: 11).

1 TIPPHVOKSV NNDMIVTDNN GAVKEFPQLCK FCDVRESTCD NQKSCMSNCS
51 ITSICEKPQE VCVAVWRKND ENITLETVCH DPKLPYHDEFI LEDAASPKCI
101 MKEKKKPGET FEFMCSCSSDE CNDNIIFSEE Y (SEQ ID NO: 11)

(5) The C-terminally truncated hTBRIIsno(23-153/N70D) amino acid sequence shown below
(SEQ ID NO: 12), in which the substituted residue is underlined.

1 TIPPHVQKSV NNDMIVTDNN GAVKFPQLCK FCDVRESTCD NQKSCMSDCS
51 ITSICEKPQE VCVAVWRKND ENITLETVCH DPKLPYHDEFI LEDAASPKCI
101 MKEKKKPGET FFMCSCSSDE CNDNIIFSEE Y (SEQ ID NO: 12)

[0189] Applicants also envision five corresponding variants (SEQ ID NO: 14-17)
based on the wild-type hTBRIjong(23-184) sequence shown below (SEQ ID NO: 13), in
which the 25 amino-acid insertion is underlined. Note that splicing results in a conservative
amino acid substitution (Val—lIle) at the flanking position C-terminal to the insertion.
Sequence relationships among several hTBRIIgor variants and their hT BRIl o, counterparts

are indicated in Figure 7.

1 TIPPHVOKSD VEMEAQKDEI ICPSCNRTAH PLRHINNDMI VTDNNGAVKF

51 POLCKFCDVR FEFSTCDNQKSC MSNCSITSIC EKPQEVCVAV WRKNDENITL
101 ETVCHDPKLP YHDFILEDAA SPKCIMKEKK KPGETEFEFMCS CSSDECNDNI
151 IFSEEYNTSN PD (SEQ ID NO: 13)

(1) The hTBRILione(23-184/D135K) amino acid sequence shown below (SEQ ID NO: 14), in

which the substituted residue 1s double underlined.

1 TIPPHVOKSD VEMEAQKDEI ICPSCNRTAH PLRHINNDMI VTDNNGAVKF

51 POLCKFCDVR FEFSTCDNQKSC MSNCSITSIC EKPQEVCVAV WRKNDENITL
101 ETVCHDPKLP YHKFILEDAA SPKCIMKEKK KPGETFFMCS CSSDECNDNI
151 IFSEEYNTSN PD (SEQ ID NO: 14)

(2) The N-terminally truncated hTBRII,ne(29-184) amino acid sequence shown below (SEQ
ID NO: 15).

1 QKSDVEMEAQ KDEITCPSCN RTAHPLRHIN NDMIVTDNNG AVKEFPQLCKEFE
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51 CDVRESTCDN QKSCMSNCSI TSICEKPQEV CVAVWRKNDE NITLETVCHD
101 PKLPYHDFIL EDAASPKCIM KEKKKPGETE FMCSCSSDEC NDNIIFSEEY
151 NTSNPD (SEQ ID NO: 15)

(3) The N-terminally truncated hTBRII,ne(60-184) amino acid sequence shown below (same
as SEQ ID NO: 10).

1 DMIVTDNNGA VKEPQLCKEC DVRESTCDNQ KSCMSNCSIT SICEKPQEVC
51 VAVWRKNDEN ITLETVCHDP KLPYHDFILE DAASPKCIMK EKKKPGETFEF
101 MCSCSSDECN DNIIFSEEYN TSNPD (same as SEQ ID NO: 10)

(4) The C-terminally truncated hTBRIIj,ne(23-178) amino acid sequence shown below (SEQ
ID NO: 16).

1 TIPPHVOKSD VEMEAQKDEI ICPSCNRTAH PLRHINNDMI VTDNNGAVKF

51 POLCKFCDVR FEFSTCDNQKSC MSNCSITSIC EKPQEVCVAV WRKNDENITL
101 ETVCHDPKLP YHDFILEDAA SPKCIMKEKK KPGETEFEFMCS CSSDECNDNI
151 IFSEEY (SEQ ID NO: 16)

(5) The C-terminally truncated hTPRIIj,ne(23-178/N95D) amino acid sequence shown below
(SEQ ID NO: 17), in which the substituted residue is double underlined.

1 TIPPHVOKSD VEMEAQKDETI TICPSCNRTAH PLRHINNDMI VTDNNGAVKF

51 POLCKFCDVR FSTCDNQKSC MSDCSITSIC EKPOQEVCVAV WRKNDENITL
101 ETVCHDPKLP YHDFILEDAA SPKCIMKEKK KPGETEFEFMCS CSSDECNDNI
151 IFSEEY (SEQ ID NO: 17)

[0190] Additional TBRII ECD variants include:

(A) The N- and C-terminally truncated hTBRILsnor(35-153) or hTPRILjone(60-178) amino acid
sequence shown below (SEQ ID NO: 47).

1 DMIVTDNNGA VKFPQLCKFC DVRESTCDNQ KSCMSNCSIT SICEKPQEVC
51 VAVWRKNDEN ITLETVCHDP KLPYHDFILE DAASPKCIMK EKKKPGETEFF
101 MCSCSSDECN DNIIFSEEY (SEQ ID NO: 47)

(B) The N- and C-terminally truncated hTBRIIs,(29-153) amino acid sequence shown
below (SEQ ID NO: 48).

1 OKSVNNDMIV TDNNGAVKEFP QLCKEFCDVRE STCDNQKSCM SNCSITSICE
51 KPOEVCVAVW RKNDENITLE TVCHDPKLPY HDFILEDAAS PKCIMKEKKK
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101 PGETFFMCSC SSDECNDNII FSEEY (SEQ ID NO: 48)

(C) The N- and C-terminally truncated hTBRIIj;ng(29-178) amino acid sequence shown
below (SEQ ID NO: 49).

1 QKSDVEMEAQ KDEITCPSCN RTAHPLRHIN NDMIVTDNNG AVKEFPQLCKEFE

51 CDVRESTCDN QKSCMSNCSI TSICEKPQEV CVAVWRKNDE NITLETVCHD
101 PKLPYHDFIL EDAASPKCIM KEKKKPGETE FMCSCSSDEC NDNIIFSEEY
(SEQ ID NO: 49)

[0191] Any of the above variants (SEQ ID NO: 8-12, 14-17, and 47-49) could incorporate
an insertion of 36 amino acids (SEQ ID NO: 18) between the pair of glutamate residues
(positions 151 and 152 of SEQ ID NO: 5, or positions 176 and 177 of SEQ ID NO: 6) located
near the C-terminus of the hTBRII ECD, as occurs naturally in the hTBRII isoform C (Konrad
et al.,, BMC Genomics 8:318, 2007).

GRCKIRHIGS NNRLQRSTCQ NTGWESAHVM KTPGFR (SEQ ID NO: 18)

[0192] As an example, the paired glutamate residues flanking the optional insertion site are

denoted below (underlined) for the hTPRIIspo(29-159) variant (SEQ ID NO: 9).

1 QKSVNNDMIV TDNNGAVKEP QLCKFCDVRE STCDNQKSCM SNCSITSICE
51 KPOEVCVAVW RKNDENITLE TVCHDPKLPY HDFILEDAAS PKCIMKEKKK
101 PGETEFEFMCSC SSDECNDNII FSEEYNTSNP D (SEQ ID NO: 9)

Fe domain variants

[0193] hTPRII-hFc fusion proteins were generated in which five hTBRIIgor variants
described above were each fused at their C-terminus (via a minimal linker) to a human 1gG2

Fc domain, which has the following amino acid sequence (SEQ ID NO: 19):

1  VECPPCPAPP VAGPSVEFLFP PKPKDTLMIS RTPEVTCVVV DVSHEDPEVQ
51  FNWYVDGVEV HNAKTKPREE QFNSTEFRVVS VLTVVHQODWL NGKEYKCKVS
101 NKGLPAPIEK TISKTKGQPR EPQVYTLPPS REEMTKNQVS LTCLVKGEYP
151 SDIAVEWESN GQPENNYKTT PPMLDSDGSE FLYSKLTVDK SRWOOGNVES
201 CSVMHEALHN HYTQKSLSLS PGK (SEQ ID NO: 19)
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Applicants envision hTBRII-hFc¢ fusion proteins comprising alternative Fc

domains, including full-length human IgG1 F¢ (hG1Fc) (SEQ ID NO: 20, below) and N-
terminally truncated human IgG1 Fc (hG1Fcgor) (SEQ ID NO: 21, below). Optionally, a

polypeptide unrelated to an Fc domain could be attached in place of the Fc domain.

1

51

101

151

201

1

51

101

151

201

GGPKSCDKTH
DVSHEDPEVK
NGKEYKCKVS
LTCLVKGEFYP
SRWOOGNVE'S

THTCPPCPAP
VKENWYVDGV
VSNKALPAPI
YPSDIAVEWE
FSCSVMHEAL

Leader sequence variants

[0195]

(1) Native: MGRGLLRGLWPLHIVLWTRIAS (SEQ ID NO: 22)

TCPPCPAPEL
FNWYVDGVEV
NKALPAPIEK
SDIAVEWESN
CSVMHEALHN

ELLGGPSVEL
EVHNAKTKPR
EKTISKAKGO
SNGOPENNYK
HNHYTQKSLS

LGGPSVFLEP
HNAKTKPREE
TISKAKGOPR
GOPENNYKTT
HYTOKSLSLS

FPPKPKDTLM
EEQYNSTYRV
PREPQVYTLP
TTPPVLDSDG
LSPGK

(SEQ ID NO:

PKPKDTLMIS
QYNSTYRVVS
EPQOVYTLPPS
PPVLDSDGSFEF

PGK (SEQ

ISRTPEVTICV
VSVLTVLHQD
PSREEMTKNQ
SFFLYSKLTV

The following three leader sequences were considered:

RTPEVTCVVV
VLTVLHODWL
REEMTKNOQVS
FLYSKLTVDK

ID NO: 20)

VVDVSHEDPE
WLNGKEYKCK
VSLTCLVKGEFE
DKSRWOOGNV

21)

(2) Tissue plasminogen activator (TPA): MDAMKRGLCCVLLLCGAVFVSP (SEQ ID

NO:

23)

(3) Honey bee melittin (HBML): MKFLVNVALVEMVVYISYIYA (SEQ ID NO:

24)

Expression of hTPRII-hFc fusion proteins

[0196]

The selected hTPRII-hFc protein variants incorporate the TPA leader and

have the unprocessed amino-acid sequences shown in SEQ ID NOs: 25, 29, 33, 37, and 41

(see Example 5). Corresponding nucleotide sequences for these variants are SEQ ID NOs:

26, 30, 34, 38, and 42. Selected hTPRII-hFc variants, each with a G2F¢c domain (SEQ ID

NO: 19), were expressed in HEK-293 cells and purified from conditioned media by filtration

and protein A chromatography. Purity of samples for reporter gene assays was evaluated by

SDS-PAGE and Western blot analysis.
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[0197]
unprocessed amino-acid sequences shown in SEQ ID NOs: 27, 31, 35, 39, and 43, and

Applicants envision additional hTBRII-hFc protein variants with the

corresponding nucleotide sequences shown in SEQ ID NOs: 28, 32, 36, 40, and 44.

[0198]
5  159)-hG2Fc (SEQ ID NO: 50 is shown below.

The amino acid sequence of the wild-type short construct hTPRIIg0(23-

10

TIPPHVQKSV
ITSICEKPQE
MKEKKKPGET
PVAGPSVELE
VHNAKTKPRE
KTISKTKGQP
NGOPENNYKT

NNDMIVTDNN
VCVAVWREKND
FEMCSCSSDE
PPKPKDTLMI
EQFNSTEFRVV
REPQVYTLPP
TPPMLDSDGS

GAVKFPQLCK
ENITLETVCH
CNDNIIFSEE
SRTPEVTCVV
SVLTVVHODW
SREEMTKNQV
FFLYSKLTVD

FCDVRESTCD
DPKLPYHDFI
YNTSNPDTGG

NOKSCMSNCS
LEDAASPKCI
GVECPPCPAP

VDVSHEDPEV
LNGKEYKCKV
SLTCLVKGEY
KSRWOOGNVE

OFNWYVDGVE
SNKGLPAPIE
PSDIAVEWES
SCSVMHEALH

NHYTOKSLSL
[0199]

SPGK (SEQ ID NO: 50)

This protein was expressed from a construct including a TPA leader

15

20

25

30

sequence, as shown below (SEQ ID NO:52). Dotted underline denotes leader, and solid

underline denotes linker.

1

51

101

151

201

251

301

351

MDAMKRGLCC

VLLLCGAVEV

SPGATIPPHV

QLCKFCDVRF
TVCHDPKLPY
FSEEYNTSNP
TCVVVDVSHE
HODWLNGKEY
KNQVSLTCLV
LTVDKSRWQO

STCDNQKSCM
HDFILEDAAS
DTGGGVECPP

DPEVQFNWYV
KCKVSNKGLP
KGEFYPSDIAV
GNVESCSVMH

SNCSITSICE
PKCIMKEKKK
CPAPPVAGPS
DGVEVHNAKT
APTEKTISKT
EWESNGQPEN
EALHNHYTQK

QKSVNNDMIV
KPOEVCVAVW
PGETFFMCSC
VELFPPKPKD
KPREEQEFNST
KGOPREPOQVY
NYKTTPPMLD
SLSLSPGK

(SEQ ID NO:

[0200]

51
101
151
201
251
301

52)

TDNNGAVKEP
RKNDENITLE
SSDECNDNIT
TLMISRTPEV
FRVVSVLTVV
TLPPSREEMT
SDGSEFFLYSK

The nucleic acid sequence encoding SEQ ID NO:52 is shown below:

ATGGATGCAA

TGAAGAGAGG

GCTCTGCTGT

GTGCTGCTGC

TGTGTGGAGC

TTAATAACGA
CAACTGTGTA
ATCCTGCATG
AAGTCTGTGT
ACAGTTTGCC

CATGATAGTC
AATTTTGTGA
AGCAACTGCA
GGCTGTATGG
ATGACCCCAA

ACTGACAACA
TGTGAGATTT
GCATCACCTC
AGAAAGAATG
GCTCCCCTAC

72-

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGAGAACAT
CATGACTTTA

CAGAAGTCGG
CAAGTTTCCA
ACAACCAGAA
AAGCCACAGG
AACACTAGAG
TTCTGGAAGA
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351 TGCTGCTTCT CCAAAGTGCA TTATGAAGGA AAAAAAAAAG CCTGGTGAGA
401 CTTTCTTCAT GTGTTCCTIGT AGCTCTGATG AGTGCAATGA CAACATCATC
451 TTCTCAGAAG AATATAACAC CAGCAATCCT GACACCGGTG GTGGAGTCGA
501 GTGCCCACCG TGCCCAGCAC CACCTGTGGC AGGACCGTCA GTCTTCCTCT
551 TCCCCCCAAA ACCCAAGGAC ACCCTCATGA TCTCCCGGAC CCCTGAGGTC
601 ACGTGCGTGG TGGTGGACGT GAGCCACGAA GACCCCGAGG TCCAGTTCAA
651 CTGGTACGTG GACGGCGTGG AGGTGCATAA TGCCAAGACA AAGCCACGGG
701 AGGAGCAGTT CAACAGCACG TTCCGTGTGG TCAGCGTCCT CACCGTCGTG
751 CACCAGGACT GGCTGAACGG CAAGGAGTAC AAGTGCAAGG TCTCCAACAA
801 AGGCCTCCCA GCCCCCATCG AGAAAACCAT CTCCAAAACC AAAGGGCAGC
851 CCCGAGAACC ACAGGTGTAC ACCCTGCCCC CATCCCGGGA GGAGATGACC
901 AAGAACCAGG TCAGCCTGAC CTGCCTGGTC AAAGGCTTCT ACCCCAGCGA
951 CATCGCCGTG GAGTGGGAGA GCAATGGGCA GCCGGAGAAC AACTACAAGA

1001 CCACACCTCC CATGCTGGAC TCCGACGGCT CCTTCTTCCT CTACAGCAAG
1051 CTCACCGTGG ACAAGAGCAG GTGGCAGCAG GGGAACGTCT TCTCATGCTC
1101 CGTGATGCAT GAGGCTCTGC ACAACCACTA CACGCAGAAG AGCCTCTCCC
1151 TGTCTCCGGG TAAA (SEQ ID NO: 51)

Example 4. Differential ligand inhibition by receptor fusion protein variants in cell-

based assay

[0201]

A reporter gene assay in A549 cells was used to determine the ability of

hTPRII-hFc variants to inhibit activity of GDF15, TGFB1, TGFB2, and TGFB3. This assay
is based on a human lung carcinoma cell line transfected with a pGL3(CAGA)12 reporter
plasmid (Dennler et al, 1998, EMBO 17: 3091-3100) as well as a Renilla reporter plasmid
(PRLCMYV) to control for transfection efficiency. The CAGA motif is present in the
promoters of TGFB-responsive genes (for example, PAI-1), so this vector is of general use for

factors signaling through SMAD2 and SMAD3.

[0202] On the first day of the assay, A549 cells (ATCC®: CCL-185™) were
distributed in 48-well plates at 6.5x10* cells per well. On the second day, a solution
containing 10 ug pGL3(CAGA)12, 100ng pRLCMYV, 30 ul X-tremeGENE 9 (Roche
Applied Science), and 970 ul OptiMEM (Invitrogen) was preincubated for 30 min, then
added to Eagle’s minimum essential medium (EMEM, ATCC®) supplemented with 0.1%
BSA, which was applied to the plated cells (500 ul/well) for incubation overnight at room
temperature. On the third day, medium was removed, and cells were incubated overnight at

37°C with a mixture of ligands and inhibitors prepared as described below.
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[0203] Serial dilutions of test articles were made in a 48-well plate in a 200 pl
volume of assay buffer (EMEM + 0.1 % BSA). An equal volume of assay buffer containing
the test ligand was added to obtain a final ligand concentration equal to the EC50 determined
previously. Human GDF15 and murine GDF15 were generated in-house (see above), while
human TGFB1, human TGF2, and human TGF3 were obtained from PeproTech. Test
solutions were incubated at 37°C for 30 minutes, then 250 ul of the mixture was added to all
wells. Each concentration of test article was determined in duplicate. After incubation with
test solutions overnight, cells were rinsed with phosphate-buffered saline, then lysed with
passive lysis buffer (Promega E1941) and stored overnight at -70°C. On the fourth and final
day, plates were warmed to room temperature with gentle shaking. Cell lysates were
transferred in duplicate to a chemiluminescence plate (96-well) and analyzed in a
luminometer with reagents from a Dual-Luciferase Reporter Assay system (Promega E1980)

to determine normalized luciferase activity.

[0204] This assay was used to screen receptor fusion protein variants for potential
inhibitory effects on cell signaling by TBRII ligands. Consistent with previous reports
concerning wild-type TPRIIgon-Fc and TPRILone-Fe (del Re et al., J Biol Chem 279:22765,
2004), none of the variants tested were able to inhibit TGFB2, even at high concentrations.
However, hTPRII-hFc variants unexpectedly showed differential inhibition of cellular
signaling mediated by GDF15, TGFB1, and TGFB3. Compared with wild-type TBRIIghor(23-
159)-G2Fc, the TPRIIshor(23-159/D110K)-G2Fc¢ variant exhibited potent inhibition of
GDF15 but loss of inhibition of TGFB1 and greatly reduced inhibition (~50 fold) of TGFf3
(see table below). Position 110 is located in the “hook” region of TPRII (Radaev et al., J Biol
Chem 285:14806, 2010) but has not been suggested to confer selectivity among the
recognized TPRII ligands TGFB1, TGFB2, and TGFB3. Thus, this variant displays a profile
of differential ligand inhibition in which GDF135 is inhibited most potently, TGFp1 least
potently, and TGF3 to an intermediate degree.

1Csp (nM)
Construct mGDFI5 | hTGFpI hTGFp3
(35 ng/ml) | (640 pg/ml) | (270 pg/ml)

Full-length

wild-typo ECD TRRILpon(23-159)-G2Fc ~0.12 1.73 0.14
Full-length ECD

with D110K TPRILp0r(23-159/D110K)- ~0.7 | ND(>73.6) ~69

. G2Fc
substitution

ND, not determined
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[0205] In a second experiment, potencies of variants with N-terminally truncated
TBRII ECD were compared with that of full-length wild-type TBRII ECD. As shown in the
table below, TPRIsnor(29-159)-G2Fc and TRRILghor(35-159)-G2Fc¢ displayed a greatly
diminished ability to inhibit TGFB3 but an undiminished (N’A6) or only slightly diminished
(N’A12) ability to inhibit GDF15 compared to TRRIIshor(23-159)-G2Fc (wild-type). Effects
of N-terminal truncation on inhibition of TGFB1 compared to wild-type were intermediate in
magnitude. Thus, these two variants exhibit a profile of differential ligand inhibition in
which GDF15 is inhibited most potently, TGFB3 least potently, and TGFf1 to an

intermediate degree.

ICsp (mM)
Construct (I;OG?rFlllsz hTGFBl | HTGFp3
ne/ml) (640 pg/ml) | (270 pg/ml)
i‘ﬂ:ilf}g% D TPRILgor(23-159)-G2Fc 0.14 - 0.53 0.52 0.37
N’A6 ECD TPRILgor(29-159)-G2Fc 0.40 2.05 ND (> 7.5)
N’A12 ECD TPRILuor(35-159)-G2Fc 0.92 2.51 ND (> 7.5)

ND, not determined

[0206] In a third experiment, we determined the effect on potency of a N70D
substitution in a C-terminally truncated TBRII ECD. This aspartate residue represents a
potential glycosylation site. As shown in the table below, TPRIspor(23-153/N70D)-G2Fc
displayed greatly diminished ability to inhibit TGFB1 and virtually undiminished ability to
inhibit TGFB3 compared to TPRIsnor(23-153)-G2Fc. Effects of N70D substitution on
inhibition of GDF15 compared to both TRRIIsno(23-153)-G2Fc and wild-type were
intermediate in magnitude. Thus, the C-terminally truncated variant with N70D substitution
exhibits a profile of differential ligand inhibition in which TGFf3 is inhibited most potently,
TGFp1 least potently, and GDF15 to an intermediate degree.

1Cs0 (nM)
Construct hGDF15 | WTGFBl | WTGFp3
(70 ng/ml) | (640 pg/ml) | (270 pg/ml)

Full-length

wild- v ECD TRRTLp0n(23-159)-G2Fc 0.14 ND ND
C*A6 ECD TRRLpor(23-153)-G2Fc 0.18 2.62 0.14
C"A6 ECD with TPRI g0 23-153/N70D)-

N70D substitution | G2Fe 242 17.7 0.28
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[0207] Together, these results demonstrate that Applicants have generated
truncations and mutations of the TRRII ECD that exhibit widely different ligand binding
profiles. Notably, this demonstration reveals that properly expressed and purified GDF15
interacts directly with TBRII and can be differentially inhibited by fusion proteins comprising

variants of the TBRII ECD. Activity profiles of these variants can be summarized in the

following table.
Summary of Ligand Selectivity
Degree of Ligand Inhibition
Construct .
Potent Moderate Negligible

. GDF15
full'gg%th Wil AR T (23-159)-G2Fc TGFp1 TGFp2

ype TGFB3
Full-length ECD TGFpI
with D110K TPRIgor(23-159/D110K)-G2Fc GDF15 TGFR3 TGFB2

substitution

, TGFp2
N’A6 ECD TBRLpor(29-159)-G2Fc GDF15 TGFBI TGFB3
N’A12 ECD TR Lpor(35-159)-G2Fc GDF15 TGFBI ¥g£E§
C’A6 ECD with TGFp1
N70D substitution TPRILper(23-153/N70D)-G2Fc TGFR3 GDF15 TGFB2

[0208] We predict that the TPRII g ECD counterparts of these TR0t ECD
variants will exhibit similar ligand selectivity. In addition, a C’A6 truncated ECD (such as
SEQ ID NOs: 11 and 16 for the TPRILsor and TPRII ,ng isoforms, respectively) can be used

as a base sequence for TPRIIgor or TPRILjone in Which to introduce mutations and N-terminal

truncations.
Example 5. Exemplary hTBRII-hFc¢ nucleic acids and proteins

[0209] This example summarizes nucleic acid constructs that can be used to express
TBRII constructs in HEK-293 or CHO cells, according to the methods provided herein in
order to provide the proteins isolated from cell culture. In each case the mature protein
isolated from cell culture will have the leader sequence (dotted underline in each sequence

below) removed.

[0210] Item 1 shows the amino acid sequence of hTBRIIghor(23-159/D110K)-hG2Fc
(SEQ ID NO: 25). Double underline indicates D110K substitution. Dotted underline denotes

leader, and solid underline denotes linker.

1 MDAMKRGLCC VLLLCGAVEV SPGATIPPHV QKSVNNDMIV TDNNGAVKEP
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51

101

151

201

251

301

351

hG2Fc¢ (SEQ ID NO: 26). Double underline indicates D110K substitution. Dotted underline

QLCKFCDVRF
TVCHDPKLPY
FSEEYNTSNP
TCVVVDVSHE
HODWLNGKEY
KNQVSLTCLV
LTVDKSRWQO

(SEQ ID NO:

STCDNQKSCM
HEKFILEDAAS
DTGGGVECPP

DPEVQFNWYV

KCKVSNKGLP

KGEFYPSDIAV

GNVESCSVMH
25)

SNCSITSICE
PKCIMKEKKK
CPAPPVAGPS
DGVEVHNAKT
APTEKTISKT
EWESNGQPEN
EALHNHYTQK

PCT/US2014/052130

KPOEVCVAVW
PGETFFMCSC
VELFPPKPKD
KPREEQEFNST
KGOPREPOQVY
NYKTTPPMLD
SLSLSPGK

[0211]

RKNDENITLE
SSDECNDNIT
TLMISRTPEV
FRVVSVLTVV
TLPPSREEMT
SDGSEFFLYSK

Item 2 shows a nucleotide sequence encoding hTBRIgho(23-159/D110K)-

denotes leader, and solid underline denotes linker.

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

1001
1051
1101
1151

ATGGATGCAA

TGAAGAGAGG

GCTCTGCTGT

GTGCTGCTGC

TGTGTGGAGC

TTAATAACGA
CAACTGTGTA
ATCCTGCATG
AAGTCTGTGT
ACAGTTTGCC
TGCTGCTTCT
CTTTCTTCAT
TTCTCAGAAG
GTGCCCACCG
TCCCCCCAAA
ACGTGCGTGG
CTGGTACGTG
AGGAGCAGTT
CACCAGGACT
AGGCCTCCCA
CCCGAGAACC
AAGAACCAGG
CATCGCCGTG
CCACACCTCC
CTCACCGTGG
CGTGATGCAT
TGTCTCCGGG

CATGATAGTC
AATTTTGTGA
AGCAACTGCA
GGCTGTATGG
ATGACCCCAA
CCAAAGTGCA
GTGTTCCTGT
AATATAACAC
TGCCCAGCAC
ACCCAAGGAC
TGGTGGACGT
GACGGCGTGG
CAACAGCACG
GGCTGAACGG
GCCCCCATCG
ACAGGTGTAC
TCAGCCTGAC
GAGTGGGAGA
CATGCTGGAC
ACAAGAGCAG
GAGGCTCTGC
TAAA

ACTGACAACA
TGTGAGATTT
GCATCACCTC
AGAAAGAATG
GCTCCCCTAC
TTATGAAGGA
AGCTCTGATG
CAGCAATCCT
CACCTGTGGC
ACCCTCATGA
GAGCCACGAA
AGGTGCATAA
TTCCGTGTGG
CAAGGAGTAC
AGAAAACCAT
ACCCTGCCCC
CTGCCTGGTC
GCAATGGGCA
TCCGACGGCT
GTGGCAGCAG
ACAACCACTA

(SEQ ID NO:

-77-

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGAGAACAT
CATAAGTTTA
AAARAAAALG
AGTGCAATGA
GACACCGGTG

CAGAAGTCGG
CAAGTTTCCA
ACAACCAGAA
AAGCCACAGG
AACACTAGAG
TTCTGGAAGA
CCTGGTGAGA
CAACATCATC
GTGGAGTCGA

AGGACCGTCA
TCTCCCGGAC
GACCCCGAGG
TGCCAAGACA
TCAGCGTCCT
AAGTGCAAGG
CTCCAAAACC
CATCCCGGGA
AAAGGCTTCT
GCCGGAGAAC
CCTTCTTCCT
GGGAACGTCT
CACGCAGAAG

GTCTTCCTCT
CCCTGAGGTC
TCCAGTTCAA
AAGCCACGGG
CACCGTCGTG
TCTCCAACAA
AAAGGGCAGC
GGAGATGACC
ACCCCAGCGA
AACTACAAGA
CTACAGCAAG
TCTCATGCTC
AGCCTCTCCC

26)
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Item 3 shows the amino acid sequence of hTPRIshon(23-159/D110K)-

hG1Fcaorr (SEQ ID NO: 27). Double underline indicates D110K substitution. Dotted

underline denotes leader, and solid underline denotes linker.

1 MDAMKRGLCC VLLLCGAVFV SPGATIPPHV QKSVNNDMIV TDNNGAVKEP
51 QLCKFCDVRE STCDNQKSCM SNCSITSICE KPQEVCVAVW RKNDENITLE
101 TVCHDPKLPY HEKFILEDAAS PKCIMKEKKK PGETFFMCSC SSDECNDNITI
151 FSEEYNTSNP DTGGGTHTCP PCPAPELLGG PSVFLFPPKP KDTLMISRTP
201 EVTCVVVDVS HEDPEVKENW YVDGVEVHNA KTKPREEQYN STYRVVSVLT
251 VLHODWLNGK EYKCKVSNKA LPAPIEKTIS KAKGQPREPQ VYTLPPSREE
301 MTKNQVSLTC LVKGFYPSDI AVEWESNGQP ENNYKTTPPV LDSDGSEFFLY
351 SKLTVDKSRW QOGNVESCSV MHEALHNHYT QKSLSLSPGK
(SEQ ID NO: 27)
[0213] Item 4 shows a nucleotide sequence encoding hTPRIIshor(23-159/D110K)-

15

20

25

30

35

hG1Fcghort (SEQ ID NO: 28). Double underline indicates D110K substitution. Dotted

underline denotes leader, and solid underline denotes linker.

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901
951

ATGGATGCAA

TGAAGAGAGG

GCTCTGCTGT

GTGCTGCTGC

TGTGTGGAGC

TTAATAACGA
CAACTGTGTA
ATCCTGCATG
AAGTCTGTGT
ACAGTTTGCC
TGCTGCTTCT
CTTTCTTCAT
TTCTCAGAAG
CACATGCCCA
TCCTCTTCCC
GAGGTCACAT
GTTCAACTGG
CGCGGGAGGA
GTCCTGCACC
CAACAAAGCC
GGCAGCCCCG
ATGACCAAGA
CAGCGACATC

CATGATAGTC
AATTTTGTGA
AGCAACTGCA
GGCTGTATGG
ATGACCCCAA
CCAAAGTGCA
GTGTTCCTGT
AATATAACAC
CCGTGCCCAG
CCCAAAACCC
GCGTGGTGGT
TACGTGGACG
GCAGTACAAC
AGGACTGGCT
CTCCCAGCCC
AGAACCACAG
ACCAGGTCAG
GCCGTGGAGT

ACTGACAACA
TGTGAGATTT
GCATCACCTC
AGAAAGAATG
GCTCCCCTAC
TTATGAAGGA
AGCTCTGATG
CAGCAATCCT
CACCTGAACT
AAGGACACCC
GGACGTGAGC
GCGTGGAGGT
AGCACGTACC
GAATGGCAAG
CCATCGAGAA
GTGTACACCC
CCTGACCTGC
GGGAGAGCAA

-78-

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGAGAACAT
CATAAGTTTA
AAARAAAALG
AGTGCAATGA
GACACCGGTG

CAGAAGTCGG
CAAGTTTCCA
ACAACCAGAA
AAGCCACAGG
AACACTAGAG
TTCTGGAAGA
CCTGGTGAGA
CAACATCATC
GTGGAACTCA

CCTGGGGGGA
TCATGATCTC
CACGAAGACC
GCATAATGCC
GTGTGGTCAG
GAGTACAAGT
AACCATCTCC
TGCCCCCATC
CTGGTCAAAG
TGGGCAGCCG

CCGTCAGTCT
CCGGACCCCT
CTGAGGTCAA
AAGACAAAGC
CGTCCTCACC
GCAAGGTCTC
AAAGCCAAAG
CCGGGAGGAG
GCTTCTATCC
GAGAACAACT
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[0214]

Item 5 shows the amino acid sequence of hTPRII0(29-159)-hG2F¢ (SEQ ID NO:

TCTCCCTGTC CCCGGGTAAA

(SEQ ID NO:

PCT/US2014/052130

29). Dotted underline denotes leader, and solid underline denotes linker.

VLLLCGAVEV

SPGAQKSVNN

1 MDAMKRGLCC
51  DVRFSTCDNOQ
101 KLPYHDFILE
151  TSNPDTGGGV
201  VSHEDPEVQF
251  GKEYKCKVSN
301 TCLVKGFYPS
351  RWQQGNVFSC

[0215]

KSCMSNCSIT
DAASPKCIMK
ECPPCPAPPV
NWYVDGVEVH
KGLPAPIEKT
DIAVEWESNG
SVMHEALHNH

SICEKPQEVC
EKKKPGETFF
AGPSVFLEPP
NAKTKPREEQ
ISKTKGQPRE
QPENNYKTTP

DMIVTDNNGA
VAVWRKNDEN
MCSCSSDECN
KPKDTLMISR
FNSTEFRVVSV
POVYTLPPSR
PMLDSDGSEF

ACAAGACCAC GCCTCCCGTG CTGGACTCCG ACGGCTCCTT CTTCCTCTAT
AGCAAGCTCA CCGTGGACAA GAGCAGGTGG CAGCAGGGGA ACGTCTTCTC
ATGCTCCGTG ATGCATGAGG CTCTGCACAA CCACTACACG CAGAAGAGCC
28)

VKEFPQLCKEC
ITLETVCHDP
DNITFSEEYN
TPEVTCVVVD
LTVVHQDWLN
EEMTKNQVSL
LYSKLTVDKS

YTOKSLSLSP

GK

(SEQ

ID NO:

Item 6 shows a nucleotide sequence encoding hTPRIL,0(29-159)-hG2Fc¢ (SEQ ID

NO: 30). Dotted underline denotes leader, and solid underline denotes linker.

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901

ATGGATGCAA

TGAAGAGAGG

GCTCTGCTGT

GTGCTGCTGC

TGTGTGGAGC

TCACTGACAA
GATGTGAGAT
CAGCATCACC
GGAGAAAGAA
AAGCTCCCCT
CATTATGAAG
GTAGCTCTGA
ACCAGCAATC
ACCACCTIGTG
ACACCCTCAT
GTGAGCCACG
GGAGGTGCAT
CGTTCCGTGT
GGCAAGGAGT
CGAGAAAACC
ACACCCTGCC
ACCTGCCTGG

CAACGGTGCA
TTTCCACCTG
TCCATCTGTG
TGACGAGAAC
ACCATGACTT
GAAAAAARARAA
TGAGTGCAAT
CTGACACCGG

GTCAAGTTTC
TGACAACCAG
AGAAGCCACA
ATAACACTAG
TATTCTGGAA
AGCCTGGTGA
GACAACATCA
TGGTGGAGTC

GCAGGACCGT
GATCTCCCGG
AAGACCCCGA
AATGCCAAGA
GGTCAGCGTC
ACAAGTGCAA
ATCTCCAAAA
CCCATCCCGG
TCAAAGGCTT

CAGTCTTCCT
ACCCCTGAGG
GGTCCAGTTC
CAAAGCCACG
CTCACCGTCG
GGTCTCCAAC
CCAAAGGGCA
GAGGAGATGA
CTACCCCAGC

-79-

GGTTAATAAC
CACAACTGTG
AAATCCTGCA
GGAAGTCTGT
AGACAGTTTG
GATGCTGCTT
GACTTTCTTC
TCTTCTCAGA
GAGTGCCCAC
CTTCCCCCCA
TCACGTGCGT
AACTGGTACG
GGAGGAGCAG
TGCACCAGGA
AAAGGCCTCC
GCCCCGAGAA
CCAAGAACCA
GACATCGCCG

GACATGATAG
TAAATTTTGT
TGAGCAACTG
GTGGCTGTAT
CCATGACCCC
CTCCAAAGTG
ATGTGTTCCT
AGAATATAAC
CGTGCCCAGC
AAACCCAAGG
GGTGGTGGAC
TGGACGGCGT
TTCAACAGCA
CTGGCTGAAC
CAGCCCCCAT
CCACAGGTGT
GGTCAGCCTG
TGGAGTGGGA
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951 GAGCAATGGG CAGCCGGAGA ACAACTACAA GACCACACCT CCCATGCTGG
1001 ACTCCGACGG CTCCTTCTTC CTCTACAGCA AGCTCACCGT GGACAAGAGC
1051 AGGTGGCAGC AGGGGAACGT CTTCTCATGC TCCGTGATGC ATGAGGCTCT
1101 GCACAACCAC TACACGCAGA AGAGCCTCTC CCTIGTCTCCG GGTAAA
(SEQ ID NO: 30)
[0216] Item 7 shows the amino acid sequence of hTBRIIghort(29-159)-hG1Fcehort (SEQ
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25

30

35

ID NO: 31). Dotted underline denotes leader, and solid underline denotes linker.

51
101
151
201
251
301

351

[0217]

MDAMKRGLCC

VLLLCGAVEV

SPGAQKSVNN

DVRFSTCDNQ
KLPYHDFILE
TSNPDTGGGT
VDVSHEDPEV
LNGKEYKCKV
SLTCLVKGFY
KSRWQQGNVF

KSCMSNCSIT
DAASPKCIMK
HTCPPCPAPE
KFNWYVDGVE
SNKALPAPIE
PSDIAVEWES
SCSVMHEALH

SICEKPQEVC
EKKKPGETFF
LLGGPSVFELF
VHNAKTKPRE
KTISKAKGQOP
NGOPENNYKT
NHYTOKSLSL

DMIVTDNNGA
VAVWRKNDEN
MCSCSSDECN
PPKPKDTLMI
EQYNSTYRVV
REPQVYTLPP
TPPVLDSDGS
SPGK

(SEQ ID NO:

VKEFPQLCKEC
ITLETVCHDP
DNITFSEEYN
SRTPEVTCVV
SVLTVLHODW
SREEMTKNQV
FFLYSKLTVD
31)

Item 8 shows a nucleotide sequence encoding hTBRIIghort(29-159)-hG1F¢sport

(SEQ ID NO: 32). Dotted underline denotes leader, and solid underline denotes linker.

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801

ATGGATGCAA

TGAAGAGAGG

GCTCTGCTGT

GTGCTGCTGC

TGTGTGGAGC

TCACTGACAA
GATGTGAGAT
CAGCATCACC
GGAGAAAGAA
AAGCTCCCCT
CATTATGAAG
GTAGCTCTGA
ACCAGCAATC
AGCACCTGAA
CCAAGGACAC
GTGGACGTGA
CGGCGTGGAG
ACAGCACGTA
CTGAATGGCA
CCCCATCGAG

CAACGGTGCA
TTTCCACCTG
TCCATCTGTG
TGACGAGAAC
ACCATGACTT
GAAAAAARARAA
TGAGTGCAAT
CTGACACCGG

GTCAAGTTTC
TGACAACCAG
AGAAGCCACA
ATAACACTAG
TATTCTGGAA
AGCCTGGTGA
GACAACATCA
TGGTGGAACT

CTCCTGGGGG
CCTCATGATC
GCCACGAAGA
GTGCATAATG
CCGTGTGGTC
AGGAGTACAA
AAAACCATCT

GACCGTCAGT
TCCCGGACCC
CCCTGAGGTC
CCAAGACAAA
AGCGTCCTCA
GTGCAAGGTC
CCAAAGCCAA

-80-

GGTTAATAAC
CACAACTGTG
AAATCCTGCA
GGAAGTCTGT
AGACAGTTTG
GATGCTGCTT
GACTTTCTTC
TCTTCTCAGA
CACACATGCC
CTTCCTCTTC
CTGAGGTCAC
AAGTTCAACT
GCCGCGGGAG
CCGTCCTGCA
TCCAACARAAG
AGGGCAGCCC

GACATGATAG
TAAATTTTGT
TGAGCAACTG
GTGGCTGTAT
CCATGACCCC
CTCCAAAGTG
ATGTGTTCCT
AGAATATAAC
CACCGTGCCC
CCCCCAAAAC
ATGCGTGGTG
GGTACGTGGA
GAGCAGTACA
CCAGGACTGG
CCCTCCCAGC
CGAGAACCAC
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851 AGGTGTACAC CCTGCCCCCA TCCCGGGAGG AGATGACCAA GAACCAGGTC

901 AGCCTGACCT GCCTGGTCAA AGGCTTCTAT CCCAGCGACA TCGCCGTGGA

951 GTGGGAGAGC AATGGGCAGC CGGAGAACAA CTACAAGACC ACGCCTCCCG

1001 TGCTGGACTC CGACGGCTCC TTCTTCCTCT ATAGCAAGCT CACCGTGGAC

1051 AAGAGCAGGT GGCAGCAGGG GAACGTCTTC TCATGCTCCG TGATGCATGA

1101 GGCTCTGCAC AACCACTACA CGCAGAAGAG CCTCTCCCTIG TCCCCGGGTA

1151 ARA (SEQ ID NO: 32)

[0218] Item 9 shows the amino acid sequence of hTPRILgor(35-159)-hG2Fc (SEQ ID

NO: 33). Dotted underline denotes leader, and solid underline denotes linker.

1 MDAMKRGLCC VLLLCGAVFV SPGADMIVTD NNGAVKFPQL CKFCDVRFST
51 CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD
101 FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDT
151 GGGVECPPCP APPVAGPSVE LFPPKPKDTL MISRTPEVTC VVVDVSHEDP
201 EVOFNWYVDG VEVHNAKTKP REEQENSTEFR VVSVLTVVHQ DWLNGKEYKC
251 KVSNKGLPAP IEKTISKTKG QPREPQVYTL PPSREEMTKN QVSLTCLVKG
301 FYPSDIAVEW ESNGQPENNY KTTPPMLDSD GSEFFLYSKLT VDKSRWQOGN
351  VEFSCSVMHEA LHNHYTQKSL SLSPGK (SEQ ID NO: 33)
[0219] Item 10 shows a nucleotide sequence encoding hTPRIIspor(35-159)-hG2Fc (SEQ

ID NO: 34). Dotted underline denotes leader, and solid underline denotes linker.

20

25

30

35

1 ATGGATGCAA TGAAGAGAGG GCTCTGCTGT GTGCTGCTGC TGTGTGGAGC
51 AGTCTTCGTT TCGCCCGGCG CCGACATGAT AGTCACTGAC AACAACGGTG
101 CAGTCAAGTT TCCACAACTG TGTAAATTTT GTGATGTGAG ATTTTCCACC
151 TGTGACAACC AGAAATCCTG CATGAGCAAC TGCAGCATCA CCTCCATCTG
201 TGAGAAGCCA CAGGAAGTCT GTGTGGCTGT ATGGAGAAAG AATGACGAGA
251 ACATAACACT AGAGACAGTT TGCCATGACC CCAAGCTCCC CTACCATGAC
301 TTTATTCTGG AAGATGCTGC TTCTCCAAAG TGCATTATGA AGGAAAAAAA
351 AAAGCCTGGT GAGACTTTCT TCATGTGTTC CTGTAGCTCT GATGAGTGCA
401 ATGACAACAT CATCTTCTCA GAAGAATATA ACACCAGCAA TCCTGAC&EE
451 GGTGGTGGAG TCGAGTGCCC ACCGTGCCCA GCACCACCTG TGGCAGGACC
501 GTCAGTCTTC CTCTTCCCCC CAAAACCCAA GGACACCCTC ATGATCTCCC
551 GGACCCCTGA GGTCACGTGC GTGGTGGTGG ACGTGAGCCA CGAAGACCCC
601 GAGGTCCAGT TCAACTGGTA CGTGGACGGC GTGGAGGTGC ATAATGCCAA
651 GACAAAGCCA CGGGAGGAGC AGTTCAACAG CACGTTCCGT GTGGTCAGCG
701 TCCTCACCGT CGTGCACCAG GACTGGCTGA ACGGCAAGGA GTACAAGTGC
751 AAGGTCTCCA ACAAAGGCCT CCCAGCCCCC ATCGAGAAAA CCATCTCCAA

81-
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801 AACCAAAGGG CAGCCCCGAG AACCACAGGT GTACACCCTG CCCCCATCCC

851 GGGAGGAGAT GACCAAGAAC CAGGTCAGCC TGACCTGCCT GGTCAAAGGC

901 TTCTACCCCA GCGACATCGC CGTGGAGTGG GAGAGCAATG GGCAGCCGGA

951 GAACAACTAC AAGACCACAC CTCCCATGCT GGACTCCGAC GGCTCCTTCT

1001 TCCTCTACAG CAAGCTCACC GTGGACAAGA GCAGGTGGCA GCAGGGGAAC

1051 GTCTTCTCAT GCTCCGTGAT GCATGAGGCT CTGCACAACC ACTACACGCA

1101 GAAGAGCCTC TCCCTGTICTC CGGGTAAA (SEQ ID NO: 34)

[0220] Item 11 shows the amino acid sequence of hTBRIIghor(35-159)-hG1Fcghore (SEQ ID

NO: 35). Dotted underline denotes leader, and solid underline denotes linker.

1 MDAMKRGLCC VLLLCGAVFV SPGADMIVTD NNGAVKFPQL CKFCDVREST
51 CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD
101  FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDT
151  GGGTHTCPPC PAPELLGGPS VFLFPPKPKD TLMISRTPEV TCVVVDVSHE
201 DPEVKEFNWYV DGVEVHNAKT KPREEQYNST YRVVSVLTVL HQDWLNGKEY
251 KCKVSNKALP APIEKTISKA KGQPREPQVY TLPPSREEMT KNQVSLTCLV
301 KGEYPSDIAV EWESNGQPEN NYKTTPPVLD SDGSEFEFLYSK LTVDKSRWQOQ
351 GNVFSCSVMH EALHNHYTQK SLSLSPGK (SEQ ID NO: 35)

[0221] Item 12 shows a nucleotide sequence encoding hTPRIIshort(35-159)-hG 1FCghort

(SEQ ID NO: 36). Dotted underline denotes leader, and solid underline denotes linker.
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1 ATGGATGCAA TGAAGAGAGG GCTCTGCTGT GTGCTGCTGC TGTGTGGAGC
51 AGTCTTCGTT TCGCCCGGCG CCGACATGAT AGTCACTGAC AACAACGGTG
101 CAGTCAAGTT TCCACAACTG TGTAAATTTT GTGATGTGAG ATTTTCCACC
151 TGTGACAACC AGAAATCCTG CATGAGCAAC TGCAGCATCA CCTCCATCTG
201 TGAGAAGCCA CAGGAAGTCT GTGTGGCTGT ATGGAGAAAG AATGACGAGA
251 ACATAACACT AGAGACAGTT TGCCATGACC CCAAGCTCCC CTACCATGAC
301 TTTATTCTGG AAGATGCTGC TTCTCCAAAG TGCATTATGA AGGAAAAAAA
351 AAAGCCTGGT GAGACTTTCT TCATGTGTTC CTGTAGCTCT GATGAGTGCA
401 ATGACAACAT CATCTTCTCA GAAGAATATA ACACCAGCAA TCCTGAC&EE
451 GGTGGTGGAA CTCACACATG CCCACCGTGC CCAGCACCTG AACTCCTGGG
501 GGGACCGTCA GTCTTCCTCT TCCCCCCAAA ACCCAAGGAC ACCCTCATGA
551 TCTCCCGGAC CCCTGAGGTC ACATGCGTGG TGGTGGACGT GAGCCACGAA
601 GACCCTGAGG TCAAGTTCAA CTGGTACGTG GACGGCGTGG AGGTGCATAA
651 TGCCAAGACA AAGCCGCGGG AGGAGCAGTA CAACAGCACG TACCGTGTGG
701 TCAGCGTCCT CACCGTCCTG CACCAGGACT GGCTGAATGG CAAGGAGTAC
751 AAGTGCAAGG TCTCCAACAA AGCCCTCCCA GCCCCCATCG AGAAAACCAT

-82-



10

15

20

25

30

35

WO 2015/027082

801
851
901
951
1001
1051
1101

[0222]

CTCCAAAGCC
CATCCCGGGA
AAAGGCTTCT
GCCGGAGAAC
CCTTCTTCCT
GGGAACGTCT
CACGCAGAAG
(SEQ ID NO:

AAAGGGCAGC
GGAGATGACC
ATCCCAGCGA
AACTACAAGA
CTATAGCAAG
TCTCATGCTC
AGCCTCTCCC

CCCGAGAACC
AAGAACCAGG
CATCGCCGTG
CCACGCCTCC
CTCACCGTGG
CGTGATGCAT
TGTCCCCGGG

ACAGGTGTAC
TCAGCCTGAC
GAGTGGGAGA
CGTGCTGGAC
ACAAGAGCAG
GAGGCTCTGC
TAAA

PCT/US2014/052130

ACCCTGCCCC
CTGCCTGGTC
GCAATGGGCA
TCCGACGGCT
GTGGCAGCAG
ACAACCACTA

36)

Item 13 shows the amino acid sequence of hTBRIIgor(23-153)-hG2Fc (SEQ ID

NO: 37). Dotted underline denotes leader, and solid underline denotes linker.

1
51
101
151
201
251
301

351

[0223]

MDAMKRGLCC

VLLLCGAVEV

SPGATIPPHV

QLCKFCDVRFE
TVCHDPKLPY
FSEEYTGGGV
VSHEDPEVQF
GKEYKCKVSN
TCLVKGFYPS
RWQQGNVESC

STCDNQKSCM
HDFILEDAAS
ECPPCPAPPV
NWYVDGVEVH
KGLPAPIEKT
DIAVEWESNG
SVMHEALHNH

SNCSITSICE
PKCIMKEKKK
AGPSVFLEPP
NAKTKPREEQ
ISKTKGQPRE
QPENNYKTTP
YTOKSLSLSP

QKSVNNDMIV
KPOEVCVAVW
PGETFFMCSC
KPKDTLMISR
FNSTEFRVVSV
POVYTLPPSR
PMLDSDGSEF

GK (SEQ

TDNNGAVKEP
RKNDENITLE
SSDECNDNIT
TPEVTCVVVD
LTVVHQDWLN
EEMTKNQVSL
LYSKLTVDKS

ID NO: 37)

Item 14 shows a nucleotide sequence encoding hTPRIIspo(23-153)-hG2Fc (SEQ

ID NO: 38). Dotted underline denotes leader, and solid underline denotes linker.

1
51
101
151
201
251
301
351
401
451
501
551
601
651
701

ATGGATGCAA

TGAAGAGAGG

GCTCTGCTGT

GTGCTGCTGC

TGTGTGGAGC

TTAATAACGA
CAACTGTGTA
ATCCTGCATG
AAGTCTGTGT
ACAGTTTGCC
TGCTGCTTCT
CTTTCTTCAT
TTCTCAGAAG
ACCACCTIGTG
ACACCCTCAT
GTGAGCCACG
GGAGGTGCAT
CGTTCCGTGT

CATGATAGTC
AATTTTGTGA
AGCAACTGCA
GGCTGTATGG
ATGACCCCAA
CCAAAGTGCA
GTGTTCCTGT
AATATACCGG

ACTGACAACA
TGTGAGATTT
GCATCACCTC
AGAAAGAATG
GCTCCCCTAC
TTATGAAGGA
AGCTCTGATG
TGGTGGAGTC

GCAGGACCGT
GATCTCCCGG
AAGACCCCGA
AATGCCAAGA
GGTCAGCGTC

CAGTCTTCCT
ACCCCTGAGG
GGTCCAGTTC
CAAAGCCACG
CTCACCGTCG

-83-

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGAGAACAT
CATGACTTTA
AAAAAARAADNG
AGTGCAATGA
GAGTGCCCAC
CTTCCCCCCA
TCACGTGCGT
AACTGGTACG
GGAGGAGCAG
TGCACCAGGA

CAGAAGTCGG
CAAGTTTCCA
ACAACCAGAA
AAGCCACAGG
AACACTAGAG
TTCTGGAAGA
CCTGGTGAGA
CAACATCATC
CGTGCCCAGC
AAACCCAAGG
GGTGGTGGAC
TGGACGGCGT
TTCAACAGCA
CTGGCTGAAC
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[0224]

GGCAAGGAGT
CGAGAAAACC
ACACCCTGCC
ACCTGCCTGG
GAGCAATGGG
ACTCCGACGG
AGGTGGCAGC
GCACAACCAC
(SEQ ID NO:

ACAAGTGCAA
ATCTCCAAAA
CCCATCCCGG
TCAAAGGCTT
CAGCCGGAGA
CTCCTTCTTC
AGGGGAACGT
TACACGCAGA

GGTCTCCAAC
CCAAAGGGCA
GAGGAGATGA
CTACCCCAGC
ACAACTACAA
CTCTACAGCA
CTTCTCATGC
AGAGCCTCTC

AAAGGCCTCC
GCCCCGAGAA
CCAAGAACCA
GACATCGCCG
GACCACACCT
AGCTCACCGT
TCCGTGATGC
CCTGTCTCCG

PCT/US2014/052130

CAGCCCCCAT
CCACAGGTGT
GGTCAGCCTG
TGGAGTGGGA
CCCATGCTGG
GGACAAGAGC
ATGAGGCTCT
GGTAAA

38)

Item 15 shows the amino acid sequence of hTPRIspor(23-153)-hG1Fcehorr (SEQ ID

NO: 39). Dotted underline denotes leader, and solid underline denotes linker.

1
51
101
151
201
251
301

351

[0225]

MDAMKRGLCC

VLLLCGAVEV

SPGATIPPHV

QLCKFCDVRFE
TVCHDPKLPY
FSEEYTGGGT
VDVSHEDPEV
LNGKEYKCKV
SLTCLVKGFY
KSRWQQGNVF

STCDNQKSCM
HDFILEDAAS
HTCPPCPAPE
KFNWYVDGVE
SNKALPAPIE
PSDIAVEWES
SCSVMHEALH

SNCSITSICE
PKCIMKEKKK
LLGGPSVFELF
VHNAKTKPRE
KTISKAKGQOP
NGOPENNYKT
NHYTOKSLSL

QKSVNNDMIV
KPOEVCVAVW
PGETFFMCSC
PPKPKDTLMI
EQYNSTYRVV
REPQVYTLPP
TPPVLDSDGS
SPGK

(SEQ ID NO:

TDNNGAVKEP
RKNDENITLE
SSDECNDNIT
SRTPEVTCVV
SVLTVLHODW
SREEMTKNQV
FFLYSKLTVD
39)

Item 16 shows a nucleotide sequence encoding hTBRIshort(23-153)-hG1FCghort

(SEQ ID NO: 40). Dotted underline denotes leader, and solid underline denotes linker.

1
51
101
151
201
251
301
351
401
451
501
551
601
651

ATGGATGCAA

TGAAGAGAGG

GCTCTGCTGT

GTGCTGCTGC

TGTGTGGAGC

TTAATAACGA
CAACTGTGTA
ATCCTGCATG
AAGTCTGTGT
ACAGTTTGCC
TGCTGCTTCT
CTTTCTTCAT
TTCTCAGAAG
AGCACCTGAA
CCAAGGACAC
GTGGACGTGA
CGGCGTGGAG

CATGATAGTC
AATTTTGTGA
AGCAACTGCA
GGCTGTATGG
ATGACCCCAA
CCAAAGTGCA
GTGTTCCTGT
AATATACCGG

ACTGACAACA
TGTGAGATTT
GCATCACCTC
AGAAAGAATG
GCTCCCCTAC
TTATGAAGGA
AGCTCTGATG
TGGTGGAACT

CTCCTGGGGG
CCTCATGATC
GCCACGAAGA
GTGCATAATG

GACCGTCAGT
TCCCGGACCC
CCCTGAGGTC
CCAAGACAAA

-84-

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGAGAACAT
CATGACTTTA
AAAAAARAADNG
AGTGCAATGA
CACACATGCC
CTTCCTCTTC
CTGAGGTCAC
AAGTTCAACT
GCCGCGGGAG

CAGAAGTCGG
CAAGTTTCCA
ACAACCAGAA
AAGCCACAGG
AACACTAGAG
TTCTGGAAGA
CCTGGTGAGA
CAACATCATC
CACCGTGCCC
CCCCCAAAAC
ATGCGTGGTG
GGTACGTGGA
GAGCAGTACA
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701 ACAGCACGTA CCGTGTGGTC AGCGTCCTCA CCGTCCTGCA CCAGGACTGG

751 CTGAATGGCA AGGAGTACAA GTGCAAGGTC TCCAACAAAG CCCTCCCAGC

801 CCCCATCGAG AAAACCATCT CCAAAGCCAA AGGGCAGCCC CGAGAACCAC

851 AGGTGTACAC CCTGCCCCCA TCCCGGGAGG AGATGACCAA GAACCAGGTC

901 AGCCTGACCT GCCTGGTCAA AGGCTTCTAT CCCAGCGACA TCGCCGTGGA

951 GTGGGAGAGC AATGGGCAGC CGGAGAACAA CTACAAGACC ACGCCTCCCG
1001 TGCTGGACTC CGACGGCTCC TTCTTCCTCT ATAGCAAGCT CACCGTGGAC

1051 AAGAGCAGGT GGCAGCAGGG GAACGTCTTC TCATGCTCCG TGATGCATGA
1101 GGCTCTGCAC AACCACTACA CGCAGAAGAG CCTCTCCCTIG TCCCCGGGTA
1151 ARA (SEQ ID NO: 40)

[0226] Item 17 shows the amino acid sequence of hTBRIg(23-153/N70D)-hG2Fc (SEQ

ID NO: 41). Double underline indicates N70D substitution. Dotted underline denotes leader,

15
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and solid underline denotes linker.

1 MDAMKRGLCC VLLLCGAVFV SPGATIPPHV QKSVNNDMIV TDNNGAVKEP
51 QLCKFCDVRE STCDNQKSCM SDCSITSICE KPQEVCVAVW RKNDENITLE
101 TVCHDPKLPY HDFILEDAAS PKCIMKEKKK PGETFFMCSC SSDECNDNII
151 FSEEYTGGGV ECPPCPAPPV AGPSVEFLEFPP KPKDTLMISR TPEVTCVVVD
201 VSHEDPEVQEF NWYVDGVEVH NAKTKPREEQ EFNSTERVVSV LTVVHQDWLN
251 GKEYKCKVSN KGLPAPIEKT ISKTKGQPRE POQVYTLPPSR EEMTKNQVSL
301 TCLVKGEFYPS DIAVEWESNG QPENNYKTTP PMLDSDGSFEEF LYSKLTVDKS
351 RWOOGNVESC SVMHEALHNH YTQKSLSLSP GK (SEQ ID NO: 41)
[0227] Item 18 shows a nucleotide sequence encoding hTRRIIsno(23-153/N70D)-hG2Fc

(SEQ ID NO: 42). Double underline indicates N70D substitution. Dotted underline denotes

leader, and solid underline denotes linker.

1 ATGGATGCAR TGAAGAGAGG GCTCTGCTGT GIGCTGCIGC TGTGTGGAGC
51 AGTCTTCGTT TCGCCCGGCG CCACGATCCC ACCGCACGTT CAGAAGTCGG
101 TTAATAACGA CATGATAGTC ACTGACAACA ACGGTGCAGT CAAGTTTCCA
151 CAACTGTGTA AATTTTGTGA TGTGAGATTT TCCACCTGTG ACAACCAGAA
201  ATCCTGCATG AGCGACTGCA GCATCACCTC CATCTGTGAG AAGCCACAGG
251 AAGTCTGTGT GGCTGTATGG AGAAAGAATG ACGAGAACAT AACACTAGAG
301 ACAGTTTGCC ATGACCCCAA GCTCCCCTAC CATGACTTTA TTCTGGAAGA
351 TGCTGCTTCT CCAAAGTGCA TTATGAAGGA AAAAAAAAAG CCTGGTGAGA
401 CTTTCTTCAT GTGTTCCTGT AGCTCTGATG AGTGCAATGA CAACATCATC
451 TTCTCAGAAG AATATACCGG TGGTGGAGTC GAGTGCCCAC CGTGCCCAGC
501 ACCACCTGTG GCAGGACCGT CAGTCTTCCT CTTCCCCCCA AAACCCAAGG

-85-
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551 ACACCCTCAT GATCTCCCGG ACCCCTGAGG TCACGTGCGT GGTGGTGGAC
601 GTGAGCCACG AAGACCCCGA GGTCCAGTTC AACTGGTACG TGGACGGCGT
651 GGAGGTGCAT AATGCCAAGA CAAAGCCACG GGAGGAGCAG TTCAACAGCA
701 CGTTCCGTGT GGTCAGCGTC CTCACCGTCG TGCACCAGGA CTGGCTGAAC
5 751 GGCAAGGAGT ACAAGTGCAA GGTCTCCAAC AAAGGCCTCC CAGCCCCCAT
801 CGAGAAAACC ATCTCCAAAA CCAAAGGGCA GCCCCGAGAA CCACAGGTGT
851 ACACCCTGCC CCCATCCCGG GAGGAGATGA CCAAGAACCA GGTCAGCCTG
901 ACCTGCCTGG TCAAAGGCTT CTACCCCAGC GACATCGCCG TGGAGTGGGA
951 GAGCAATGGG CAGCCGGAGA ACAACTACAA GACCACACCT CCCATGCTGG
10 1001 ACTCCGACGG CTCCTTCTTC CTCTACAGCA AGCTCACCGT GGACAAGAGC
1051 AGGTGGCAGC AGGGGAACGT CTTCTCATGC TCCGTGATGC ATGAGGCTCT
1101 GCACAACCAC TACACGCAGA AGAGCCTCTC CCTGTCTCCG GGTAAA
(SEQ ID NO: 42)
[0228] Item 19 shows the amino acid sequence of hTRILghor(23-153/N70D)-hG1FCghort
15 (SEQ ID NO: 43). Double underline indicates N70D substitution. Dotted underline denotes
leader, and solid underline denotes linker.
1 MDAMKRGLCC VLLLCGAVFV SPGATIPPHV QKSVNNDMIV TDNNGAVKEP
51 QLCKFCDVRE STCDNQKSCM SDCSITSICE KPQEVCVAVW RKNDENITLE
101 TVCHDPKLPY HDFILEDAAS PKCIMKEKKK PGETFFMCSC SSDECNDNII
20 151 FSEEYTGGGT HTCPPCPAPE LLGGPSVFLEF PPKPKDTLMI SRTPEVTCVV
201 VDVSHEDPEV KFNWYVDGVE VHNAKTKPRE EQYNSTYRVV SVLTVLHQDW
251 LNGKEYKCKV SNKALPAPIE KTISKAKGQP REPQVYTLPP SREEMTKNQV
301 SLTCLVKGEY PSDIAVEWES NGQPENNYKT TPPVLDSDGS FELYSKLTVD
351 KSRWQQGNVE SCSVMHEALH NHYTOQKSLSL SPGK (SEQ ID NO: 43)
25  [0229] Item 20 shows a nucleotide sequence encoding hTRIL0(23-153/N70D)-
hG1Fcaorr (SEQ ID NO: 44). Double underline indicates N70D substitution. Dotted
underline denotes leader, and solid underline denotes linker.
1 ATGGATGCAA TGAAGAGAGG GCTCTGCTGT GIGCTGCTGC TGTGTGGAGC
51 AGTCTTCGTT TCGCCCGGCG CCACGATCCC ACCGCACGTT CAGAAGTCGG
30 101  TTAATAACGA CATGATAGTC ACTGACAACA ACGGTGCAGT CAAGTTTCCA
151 CAACTGTGTA AATTTTGTGA TGTGAGATTT TCCACCTGTG ACAACCAGAA
201 ATCCTGCATG AGCGACTGCA GCATCACCTC CATCTGTGAG AAGCCACAGG
251 AAGTCTGTGT GGCTGTATGG AGAAAGAATG ACGAGAACAT AACACTAGAG
301 ACAGTTTGCC ATGACCCCAA GCTCCCCTAC CATGACTTTA TTCTGGAAGA
35 351 TGCTGCTTCT CCAAAGTGCA TTATGAAGGA AAAAAAAAAG CCTGGTGAGA
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401 CTTTCTTCAT GTGTTCCTGT AGCTCTGATG AGTGCAATGA CAACATCATC

451 TTCTCAGAAG AATATACCGG TGGTGGAACT CACACATGCC CACCGTGCCC

501 AGCACCTGAA CTCCTGGGGG GACCGTCAGT CTTCCTCTTC CCCCCAAAAC

551 CCAAGGACAC CCTCATGATC TCCCGGACCC CTGAGGTCAC ATGCGTGGTG

601 GTGGACGTGA GCCACGAAGA CCCTGAGGTC AAGTTCAACT GGTACGTGGA

651 CGGCGTGGAG GTGCATAATG CCAAGACAAA GCCGCGGGAG GAGCAGTACA

701 ACAGCACGTA CCGTGTGGTC AGCGTCCTCA CCGTCCTGCA CCAGGACTGG

751 CTGAATGGCA AGGAGTACAA GTGCAAGGTC TCCAACAAAG CCCTCCCAGC

801 CCCCATCGAG AAAACCATCT CCAAAGCCAA AGGGCAGCCC CGAGAACCAC

851 AGGTGTACAC CCTGCCCCCA TCCCGGGAGG AGATGACCAA GAACCAGGTC

901 AGCCTGACCT GCCTGGTCAA AGGCTTCTAT CCCAGCGACA TCGCCGTGGA

951 GTGGGAGAGC AATGGGCAGC CGGAGAACAA CTACAAGACC ACGCCTCCCG

1001 TGCTGGACTC CGACGGCTCC TTCTTCCTCT ATAGCAAGCT CACCGTGGAC

1051 AAGAGCAGGT GGCAGCAGGG GAACGTCTTC TCATGCTCCG TGATGCATGA

1101 GGCTCTGCAC AACCACTACA CGCAGAAGAG CCTCTCCCTG TCCCCGGGTA

1151  AA (SEQ ID NO: 44)

[0230] Item 21 shows the mature amino acid sequence (i.e., without the leader sequence) of

hTPRshor(23-159/D110K)-hG2Fc (SEQ ID NO: 53). Double underline indicates D110K
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30

substitution. Single underline denotes linker.

[0231]

QLCKFCDVRF
TVCHDPKLPY
FSEEYNTSNP
TCVVVDVSHE
HODWLNGKEY
KNQVSLTCLV
LTVDKSRWQO

STCDNQKSCM
HKFILEDAAS
DTGGGVECPP
DPEVQFNWYV
KCKVSNKGLP
KGFYPSDIAV
GNVFSCSVMH

(SEQ ID NO:53)

TIPPHV
SNCSITSICE
PKCIMKEKKK
CPAPPVAGPS
DGVEVHNAKT
APTEKTISKT
EWESNGQPEN
EALHNHYTQK

QKSVNNDMIV
KPOEVCVAVW
PGETFFMCSC
VELFPPKPKD
KPREEQEFNST
KGOPREPOQVY
NYKTTPPMLD
SLSLSPGK

TDNNGAVKEP
RKNDENITLE
SSDECNDNIT
TLMISRTPEV
FRVVSVLTVV
TLPPSREEMT
SDGSEFFLYSK

Item 22 shows the mature amino acid sequence (i.c., without the leader sequence) of

hTBRIIgper(23-159/D110K)-hG1F g0y (SEQ ID NO: 54). Double underline indicates

D110K substitution. Single underline denotes linker.

TIPPHV QKSVNNDMIV TDNNGAVKEP

QLCKFCDVRE STCDNQKSCM SNCSITSICE KPQEVCVAVW RKNDENITLE

TVCHDPKLPY HKFILEDAAS PKCIMKEKKK PGETFFMCSC SSDECNDNII
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[0232]

FSEEYNTSNP
EVTCVVVDVS
VLHODWLNGK
MTKNQVSLTC
SKLTVDKSRW

NO: 54)

Item 23 shows the mature amino acid sequence (i.c., without the leader sequence) of

DTGGGTHTCP
HEDPEVKFNW
EYKCKVSNKA
LVKGFYPSDI
OQGNVFSCSV

PCPAPELLGG
YVDGVEVHNA
LPAPIEKTIS
AVEWESNGQP
MHEALHNHYT

PCT/US2014/052130

PSVFLFPPKP
KTKPREEQYN
KAKGOPREPQ
ENNYKTTPPV
OKSLSLSPGK

KDTLMISRTP
STYRVVSVLT
VYTLPPSREE
LDSDGSFFLY

(SEQ ID

hTPRIshort(29-159)-hG2Fc (SEQ ID NO: 55). Single underline denotes linker.

[0233]

DVRFSTCDNQ
KLPYHDFILE
TSNPDTGGGV
VSHEDPEVQF
GKEYKCKVSN
TCLVKGFYPS
RWQQGNVESC

Item 24 shows the mature amino acid sequence (i.c., without the leader sequence) of

KSCMSNCSIT
DAASPKCIMK
ECPPCPAPPV
NWYVDGVEVH
KGLPAPIEKT
DIAVEWESNG
SVMHEALHNH

OKSVNN
SICEKPQEVC
EKKKPGETFF
AGPSVFLEPP
NAKTKPREEQ
ISKTKGQPRE
QPENNYKTTP
YTOKSLSLSP

DMIVTDNNGA
VAVWRKNDEN
MCSCSSDECN
KPKDTLMISR
FNSTEFRVVSV
POVYTLPPSR
PMLDSDGSEF

GK (SEQ

VKEFPQLCKEC
ITLETVCHDP
DNITFSEEYN
TPEVTCVVVD
LTVVHQDWLN
EEMTKNQVSL
LYSKLTVDKS

ID NO: 55)

hTBRUshort(29-159)-hG1Fcshore (SEQ ID NO: 56). Single underline denotes linker.

DVRESTCDNQ
KLPYHDFILE
TSNPDTGGGT

VDVSHEDPEV
LNGKEYKCKV
SLTCLVKGEY

KSCMSNCSIT
DAASPKCIMK
HTCPPCPAPE
KFNWYVDGVE
SNKALPAPIE
PSDIAVEWES

OKSVNN
SICEKPQEVC
EKKKPGETFF
LLGGPSVFELF
VHNAKTKPRE
KTISKAKGQOP
NGOPENNYKT

DMIVTDNNGA
VAVWRKNDEN
MCSCSSDECN
PPKPKDTLMI
EQYNSTYRVV
REPQVYTLPP
TPPVLDSDGS

VKEFPQLCKEC
ITLETVCHDP
DNITFSEEYN
SRTPEVTCVV
SVLTVLHODW
SREEMTKNQV
FFLYSKLTVD

KSRWOOGNVE SCSVMHEALH NHYTOKSLSL SPGK (SEQ ID NO: 56)

[0234] Item 25 shows the mature amino acid sequence (i.e., without the leader sequence) of

hTPRIshort(35-159)-hG2Fc (SEQ ID NO: 57). Single underline denotes linker.

DMIVTD NNGAVKEFPQL CKFEFCDVREST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD
FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDT
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[0235]

GGGVECPPCP
EVOFNWYVDG
KVSNKGLPAP
FYPSDIAVEW

VESCSVMHEA

APPVAGPSVE
VEVHNAKTKP
IEKTISKTKG
ESNGOPENNY
LHNHYTOKSL

PCT/US2014/052130

LFPPKPKDTL MISRTPEVTC

REEQFNSTFR VVSVLTVVHQ

QPREPOQVYTL PPSREEMTKN

KTTPPMLDSD GSEEFLYSKLT

VVVDVSHEDP
DWLNGKEYKC
QVSLTCLVKG
VDKSRWQOGN

SLSPGK

(SEQ ID NO:

57)

Item 26 shows the mature amino acid sequence (i.c., without the leader sequence) of

hTPBRIshort(35-159)-hG1Fcshorr (SEQ ID NO: 58). Single underline denotes linker.

CDNQKSCMSN
FILEDAASPK
GGGTHTCPPC
DPEVKEFNWYV
KCKVSNKALP
KGEFYPSDIAV
GNVESCSVMH

CSITSICEKP
CIMKEKKKPG
PAPELLGGPS
DGVEVHNAKT
APTEKTISKA
EWESNGQPEN
EALHNHYTQK

DMIVTD
QEVCVAVWRK
ETFEMCSCSS
VELFPPKPKD
KPREEQYNST
KGOPREPOQVY
NYKTTPPVLD
SLSLSPGK

NNGAVKEFPQL
NDENITLETV
DECNDNIIF'S
TLMISRTPEV
YRVVSVLTVL
TLPPSREEMT
SDGSEFFLYSK

(SEQ ID NO:

CKFCDVREST
CHDPKLPYHD
EEYNTSNPDT
TCVVVDVSHE
HODWLNGKEY
KNQVSLTCLV
LTVDKSRWQO
58)

[0236] Item 27 shows the mature amino acid sequence (i.e., without the leader sequence) of

20

25

30

hTPRIshor(23-153)-hG2Fc (SEQ ID NO: 59). Single underline denotes linker.

[0237]

QLCKFCDVRF
TVCHDPKLPY
FSEEYTGGGV

VSHEDPEVQF
GKEYKCKVSN
TCLVKGEYPS
RWOOGNVESC

STCDNQKSCM
HDFILEDAAS
ECPPCPAPPV
NWYVDGVEVH
KGLPAPIEKT
DIAVEWESNG
SVMHEALHNH

TIPPHV
SNCSITSICE
PKCIMKEKKK
AGPSVFLEPP
NAKTKPREEQ
ISKTKGQPRE
QPENNYKTTP
YTOKSLSLSP

QKSVNNDMIV
KPOEVCVAVW
PGETFFMCSC
KPKDTLMISR
FNSTEFRVVSV
POVYTLPPSR
PMLDSDGSEF

GK (SEQ

TDNNGAVKEP
RKNDENITLE
SSDECNDNIT
TPEVTCVVVD
LTVVHQDWLN
EEMTKNQVSL
LYSKLTVDKS

ID NO: 59)

Item 28 shows the mature amino acid sequence (i.¢., without the leader sequence) of

hTPRRshort(23-153)-hG1Fcshorr (SEQ ID NO: 60). Single underline denotes linker.

TIPPHV

QLCKFCDVRE STCDNQKSCM SNCSITSICE

TVCHDPKLPY HDFILEDAAS PKCIMKEKKK

FSEEYTGGGT HTCPPCPAPE LLGGPSVFELFE

VDVSHEDPEV KENWYVDGVE VHNAKTKPRE
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LNGKEYKCKV SNKALPAPIE KTISKAKGQP REPQVYTLPP SREEMTKNQV

SLTCLVKGEY PSDIAVEWES NGQPENNYKT TPPVLDSDGS FEFLYSKLTVD

KSRWOOGNVE SCSVMHEALH NHYTOKSLSL SPGK

QLCKFCDVRFE
TVCHDPKLPY
FSEEYTGGGV
VSHEDPEVQF
GKEYKCKVSN
TCLVKGFYPS
RWQQGNVESC

QLCKFCDVRF
TVCHDPKLPY
FSEEYTGGGT

VDVSHEDPEV
LNGKEYKCKV
SLTCLVKGEY
KSRWOOGNVE

STCDNQKSCM
HDFILEDAAS
ECPPCPAPPV
NWYVDGVEVH
KGLPAPIEKT
DIAVEWESNG
SVMHEALHNH

STCDNQKSCM
HDFILEDAAS
HTCPPCPAPE
KFNWYVDGVE
SNKALPAPIE
PSDIAVEWES
SCSVMHEALH

INCORPORATION BY REFERENCE

substitution. Single underline denotes linker.

TIPPHV
SDCSITSICE
PKCIMKEKKK
AGPSVFLFPP
NAKTKPREEQ
TSKTKGQPRE
QPENNYKTTP
YTQKSLSLSP

substitution. Single underline denotes linker.

TIPPHV
SDCSITSICE
PKCTMKEKKK
LLGGPSVFLF
VHNAKTKPRE
KTISKAKGQP
NGQPENNYKT
NHYTQKSLSL

individually indicated to be incorporated by reference.
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QKSVNNDMIV
KPOEVCVAVW
PGETFFMCSC
KPKDTLMISR
FNSTEFRVVSV
POVYTLPPSR
PMLDSDGSEF
GK (SEQ

QKSVNNDMIV
KPOEVCVAVW
PGETFFMCSC
PPKPKDTLMI
EQYNSTYRVV
REPQVYTLPP
TPPVLDSDGS
SPGK

(SEQ ID NO:

(SEQ ID NO: 60)

Item 29 shows the mature amino acid sequence (i.c., without the leader sequence) of

hTBRshor(23-153/N70D)-hG2Fc (SEQ ID NO: 61). Double underline indicates N70D

TDNNGAVKEP
RKNDENITLE
SSDECNDNIT
TPEVTCVVVD
LTVVHQDWLN
EEMTKNQVSL
LYSKLTVDKS
ID NO: 61)

Item 30 shows the mature amino acid sequence (i.c., without the leader sequence) of

hTBRUshort(23-153/N70D)-hG1Fcghore (SEQ ID NO: 62). Double underline indicates N70D

TDNNGAVKEP
RKNDENITLE
SSDECNDNIT
SRTPEVTCVV
SVLTVLHODW
SREEMTKNQV
FFLYSKLTVD
62)

All publications and patents mentioned herein are hereby incorporated by

reference in their entirety as if each individual publication or patent was specifically and

While specific embodiments of the subject matter have been discussed, the
above specification is illustrative and not restrictive. Many variations will become apparent

to those skilled in the art upon review of this specification and the claims below. The full
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scope of the invention should be determined by reference to the claims, along with their full

scope of equivalents, and the specification, along with such variations.
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We Claim:

1. A TPBRII fusion polypeptide comprising a first amino acid sequence from the
extracellular domain of TBRII and a heterologous amino acid sequence, wherein the first
amino acid sequence consists of an amino acid sequence at least 80% identical to:

a) a sequence beginning at any of positions 23 to 35 of SEQ ID NO: 5 and ending at
any of positions 153 to 159 of SEQ ID NO: 5 or

b) a sequence beginning at any of positions 23 to 60 of SEQ ID NO: 6 and ending at

any of positions 178 to 184 of SEQ ID NO: 6.

2. The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 23 of SEQ ID NO: 5 and ending at position
159 of SEQ ID NO: 5.

3. The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 29 of SEQ ID NO: 5 and ending at position
159 of SEQ ID NO: 5.

4. The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 35 of SEQ ID NO: 5 and ending at position
159 of SEQ ID NO: 5.

5. The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 23 of SEQ ID NO: 5 and ending at position
153 of SEQ ID NO: 5.

6. The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 29 of SEQ ID NO: 5 and ending at position
153 of SEQ ID NO: 5.

7. The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 35 of SEQ ID NO: 5 and ending at position
153 of SEQ ID NO: 5.
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8. The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 23 of SEQ ID NO: 6 and ending at positions
184 of SEQ ID NO: 6.

9. The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 29 of SEQ ID NO: 6 and ending at position
184 of SEQ ID NO: 6.

10.  The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 23 of SEQ ID NO: 6 and ending at position
178 of SEQ ID NO: 6.

11.  The TPRII fusion polypeptide of claim 1, wherein the first amino acid sequence
consists of the sequence beginning at position 29 of SEQ ID NO: 6 and ending at position
178 of SEQ ID NO: 6.

12. The TPRII fusion polypeptide of any one of claims 1 to 11, wherein the first amino
acid sequence consists of a sequence that has a D at the position corresponding to position 36

of SEQ ID NO: 47 and/or a K at the position corresponding to position 76 of SEQ ID NO: 47.

13. A TPBRII fusion polypeptide comprising a first amino acid sequence at least 80%
identical to the sequence of SEQ ID NO: 7 or SEQ ID NO: 13, or active fragment thereof,
and a second heterologous portion, wherein the first amino acid sequence has a D at the
position corresponding to position 36 of SEQ ID NO: 47 and/or a K at the position
corresponding to position 76 of SEQ ID NO: 47.

14.  The TPRI fusion polypeptide of claim 13 wherein the first amino acid sequence
comprises an N-terminal truncation of 1-12 amino acids corresponding to amino acids 1-12

of SEQ ID NO: 7 or 1-37 amino acids corresponding to amino acids 1-37 of SEQ ID NO: 13.

15. The TPRII fusion polypeptide of claim 13 or 14, wherein the first amino acid
sequence comprises an N-terminal truncation of 6 amino acids corresponding to amino acids

1-6 of SEQ ID NO: 7 or SEQ ID NO: 13.
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16. The TPRII fusion polypeptide of claim 13 or 14, wherein the first amino acid
sequence comprises an N-terminal truncation of 12 amino acids corresponding to amino acids
1-12 of SEQ ID NO: 7 or 37 amino acids corresponding to amino acids 1-37 of SEQ ID NO:
13.

17.  The TPRII fusion polypeptide of any one of claims 13 to 16, wherein the first amino
acid sequence comprises a C-terminal truncation of 1-6 amino acids corresponding to amino

acids 137-132 of SEQ ID NO: 7 or amino acids 162-157 of SEQ ID NO: 13.

18. The TPRII fusion polypeptide of any one of claims 13 to 17, wherein the first amino
acid sequence comprises a C-terminal truncation of 6 amino acids corresponding to amino

acids 132-137 of SEQ ID NO: 7 or amino acids 157-162 of SEQ ID NO: 13.

19.  The TPRII fusion polypeptide of any one of claims 1 to 18, wherein the first amino
acid sequence comprises an insertion corresponding to SEQ ID NO: 18 between the residues

corresponding to positions 117 and 118 of SEQ ID NO: 47.

20.  The TPRII fusion polypeptide of any one of claims 1 to 19, wherein the heterologous
portion comprises one or more polypeptide portions that enhance one or more of: in vivo
stability, in vivo half life, uptake/administration, tissue localization or distribution, formation

of protein complexes, and/or purification.

21.  The TPRII fusion polypeptide of any one of claims 1 to 20, wherein the heterologous
portion comprises a polypeptide portion selected from: an immunoglobulin F¢ domain and a

serum albumin.

22.  The TBRII fusion polypeptide of claim 21, wherein the immunoglobulin Fc domain is
joined to the TPRII polypeptide by a linker.

23.  The TBRII fusion polypeptide of any one of claims 1 to 22, wherein the polypeptide
includes one or more modified amino acid residues selected from: a glycosylated amino acid,
a PEGylated amino acid, a farnesylated amino acid, an acetylated amino acid, a biotinylated
amino acid, an amino acid conjugated to a lipid moiety, and an amino acid conjugated to an

organic derivatizing agent.
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24.  The TBRII fusion polypeptide of claim 23, wherein the polypeptide is glycosylated.

25. A TPBRII fusion polypeptide comprising a first amino acid sequence consisting of a
portion of the extracellular domain of TBRII that comprises an amino acid sequence that is at
least 95% identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49,

and a second heterologous portion.

26. A TPBRII fusion polypeptide comprising a first amino acid sequence consisting of a
portion of the extracellular domain of TBRII that comprises an amino acid sequence that is at
least 97% identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49,

and a second heterologous portion.

27. A TPBRII fusion polypeptide comprising a first amino acid sequence consisting of a
portion of the extracellular domain of TBRII that comprises an amino acid sequence that is at
least 98% identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49,

and a second heterologous portion.

28. A TPBRII fusion polypeptide comprising a first amino acid sequence consisting of a
portion of the extracellular domain of TBRII that comprises an amino acid sequence that is at
least 99% identical to an amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49,

and a second heterologous portion.

29. A TPBRII fusion polypeptide comprising a first amino acid sequence consisting of a
portion of the extracellular domain of TRRII that comprises an amino acid sequence is an
amino acid sequence selected from SEQ ID NOs: 7-17 and 47-49 and a second heterologous

portion.

30. A polypeptide comprising an amino acid sequence that is at least 95% identical to an
amino acid sequence selected from SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 53,
54, 55, 56, 57, 58, 59, 60, 61, and 62.

31. A polypeptide comprising an amino acid sequence that is at least 97% identical to an

amino acid sequence selected from SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 53,
54, 55, 56, 57, 58, 59, 60, 61, and 62.
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32. A polypeptide comprising an amino acid sequence that is at least 98% identical to an
amino acid sequence selected from SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 53,
54, 55, 56, 57, 58, 59, 60, 61, and 62.

33. A polypeptide comprising an amino acid sequence that is at least 99% identical to an
amino acid sequence selected from SEQ ID NOs: 25, 27, 29, 31, 33, 35, 37, 39, 41,43, 53, 54,
55,56, 57, 58, 59, 60, 61, and 62.

34. A polypeptide comprising an amino acid sequence selected from SEQ ID NOs: 25,
27,29, 31, 33, 35, 37, 39, 41, 43, 53, 54, 55, 56, 57, 58, 59, 60, 61, and 62.

35. A TPRII polypeptide comprising an amino acid sequence encoded by a nucleic acid
that hybridizes under stringent conditions to a complement of a nucleotide sequence selected

from SEQ ID NOs: 26, 28, 30, 32, 34, 36, 38, 40, 42 and 44.

36.  The polypeptide of any one of claims 1 to 35, wherein the polypeptide binds human

GDF15 with an equilibrium dissociation constant (Kp) less than 1 x 10™® M.

37.  The polypeptide of any one of claims 1 to 36, wherein the polypeptide has a
glycosylation pattern characteristic of expression of the polypeptide in CHO cells.

38. A homodimer comprising two polypeptides as defined in any of claims 1 to 37.

39.  An isolated polynucleotide comprising a coding sequence for the polypeptide of any

one of claims 1 to 37.

40. A recombinant polynucleotide comprising a promoter sequence operably linked to a

polynucleotide of claim 39.

41. A cell transformed with an isolated polynucleotide of claim 35 or a recombinant

polynucleotide of claim 40.
42, The cell of claim 41, wherein the cell is a mammalian cell.

43. The cell of claim 42, wherein the cell is a CHO cell or a human cell.
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44. A pharmaceutical preparation comprising the polypeptide of any of claims 1 to 37 or

the homodimer of claim 38 and a pharmaceutically acceptable excipient.

45. A method of modulating the response of a cell to a TGF superfamily member, the
method comprising exposing the cell to a polypeptide of any one of claims 1 to 37 or the

homodimer of claim 38.

46. A method of treating a discase or condition associated with a TGFf superfamily
member in a patient in need thereof, the method comprising administering to the patient an

effective amount of a polypeptide of any of claims 1 to 37 or the homodimer of claim 38.

47.  The method of claim 46, wherein the TGF superfamily member is TGFB1, TGFfB3 or
GDF15.

48. The method of claim 46 or 47, wherein the disease or condition is a cancer.

49, The method of claim 48, wherein the cancer is sclected from stomach cancer,

intestinal cancer, skin cancer, breast cancer, melanoma, bone cancer and thyroid cancer.

50. The method of claim 46 or 47, wherein the disease or condition is a fibrotic or

sclerotic disease or disorder.

51. The method of claim 50, wherein the fibrotic or sclerotic disease or disorder is
selected from scleroderma, atherosclerosis, liver fibrosis, diffuse systemic sclerosis,
glomerulonephritis, neural scarring, dermal scarring, radiation-induced fibrosis, hepatic

fibrosis, and myelofibrosis.

52. The method of claim 46 or 47, wherein the disease or condition is heart disease.

53. The method of claim 46 or 47, wherein the disease or condition is selected from
hereditary hemorrhagic telangiectasia (HHT), Marfan syndrome, Loeys-Dietz syndrome,
familial thoracic aortic aneurysm syndrome, arterial tortuosity syndrome, pre-eclampsia,

atherosclerosis, restenosis, and hypertrophic cardiomyopathy/congestive heart failure.
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54.  An antibody, or antigen binding fragment thereof, that binds to GDF15 and blocks the
interaction between GDF15 and TPRIL.

55. A GDF15 polypeptide comprising the amino acid sequence of SEQ ID NO: 1 or a
fragment thereof that binds TPRII, wherein the GDF15 polypeptide is at least 95% pure, with

respect to protein contaminants.

56. A GDF15 polypeptide comprising the amino acid sequence of SEQ ID NO: 1 or a
fragment thereof that binds to a polypeptide of any one of claims 1 to 37, wherein the GDF15

polypeptide is at least 95% pure, with respect to protein contaminants.

57.  The GDFI1S5 polypeptide of claim 55, wherein the GDF15 polypeptide binds TBRII

with an equilibrium dissociation constant (Kp) of no greater than 10™ M.

58.  The GDFIS5 polypeptide of claim 56, wherein the GDF15 polypeptide binds to a
polypeptide of any one of claims 1 to 37 with an equilibrium dissociation constant (Kp) of no

greater than 107 M.

59.  The GDF15 polypeptide of any of claims 55 to 58, wherein the polypeptide is
produced by expression in CHO cells.

60. A method of concentrating or purifying GDF15, comprising contacting a sample

containing GDF15 with a polypeptide of any of claims 1 to 37.

61. A polypeptide that comprises an amino acid sequence that is at least 90% identical to

the amino acid sequence of SEQ ID NO:50.

62. A polypeptide of claim 61 that comprises an amino acid sequence that is at least 95%

identical to the amino acid sequence of SEQ ID NO:50.

63. A polypeptide of claim 61 that comprises an amino acid sequence that is at least 99%

identical to the amino acid sequence of SEQ ID NO:50.

64. A polypeptide of claim 61 that comprises an amino acid sequence that is identical to

the amino acid sequence of SEQ ID NO:50.

98-
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65. A polypeptide of claim 61 that consists of an amino acid sequence that is identical to

the amino acid sequence of SEQ ID NO:50.

66. A nucleic acid that encodes a polypeptide of any of claims 61-65.

67. A nucleic acid comprising the nucleic acid sequence of SEQ ID NO: 51.

68. A polypeptide produced by expressing the nucleic acid of claim 67 in a mammalian
cell.

69.  The polypeptide of claim 68, wherein the mammalian cell is a Chinese Hamster
Ovary cell (CHO cell).

-99.
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1 MPGQELRTVN GSQMLLVLLYV LSWLPHGGAL SLAEASRASE PGPSELHSED
51  SRFRELRKRY EDLLTRLRAN QSWEDSNTDL VPAPAVRILT PEVRLGSGGH
101  LHLRISRAAL PEGLPEASRL HRALFRLSPT ASRSWDVTRP LRRQLSLARP
151  QAPALHLRLS PPPSQSDQLL AESSSARPQL ELHLRPQAAR GRRRARARNG
201 DHCPLGPGRC CRLHTVRASL EDLGWADWVL SPREVQVTMC IGACPSQFRA
251  ANMHAQIKTS LHRLKPDTVP APCCVPASYN PMVLIQKTDT GVSLQTYDDL
301  LAKDCHCI (SEQ ID NO: 1)

FIGURE 1

SUBSTITUTE SHEET (RULE 26)
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ATGCCCGGGC

AAGAACTCAG

2/8

GACGGTGAAT

GGCTCTCAGA

PCT/US2014/052130

TGCTCCTGGT

AGGCGAGCCG
TCCAGATTCC
GCGGGCCAAC
CTGCAGTCCG
CTGCACCTGC
CTCCCGCCTT
CGTGGGACGT
CAGGCACCCG
CCAACTGCTG
TGCGGCCGCA
GACCACTGTC

CGCAAGTTTC
GAGAGTTGCG
CAGAGCTGGG
GATACTCACG
GTATCTCTCG
CACCGGGCTC
GACACGACCG
CGCTGCACCT
GCAGAATCTT
AGCCGCCAGG
CGCTCGGGCC

CCGGGACCCT
GAAACGCTAC
AAGATTCGAA
CCAGAAGTGC
GGCCGCCCTT
TGTTCCGGCT
CTGCGGCGTC
GCGACTGTCG
CGTCCGCACG
GGGCGCCGCA
CGGGCGTTGC

CAGAGTTGCA
GAGGACCTGC
CACCGACCTC
GGCTGGGATC
CCCGAGGGGC
GTCCCCGACG
AGCTCAGCCT
CCGCCGCCGT
GCCCCAGCTG
GAGCGCGTGC

TCTCTGGCCG
CTCCGAAGAC
TAACCAGGCT
GTCCCGGCCC
CGGCGGCCAC
TCCCCGAGGC
GCGTCAAGGT
TGCAAGACCC
CGCAGTCGGA
GAGTTGCACT
GCGCAACGGG

TGCCGTCTGC

ACACGGTCCG

CGCGTCGCTG

GAAGACCTGG

GCTGGGCCGA

TTGGGTGCTG

TCGCCACGGG

AGGTGCAAGT

GACCATGTGC

ATCGGCGCGT

GCCCGAGCCA

GTTCCGGGCG

GCAAACATGC

ACGCGCAGAT

CAAGACGAGC

CTGCACCGCC

TGAAGCCCGA

CACGGTGCCA

GCGCCCTGCT

GCGTGCCCGC

CAGCTACAAT

CCCATGGTGC

TCATTCAAAA

GACCGACACC

GGGGTGTCAC

TCCAGACCTA

TGATGACTTG

TTAGCCAAAG

ACTGCCACTG

CATA

FIGURE 2

(SEQ ID NO: 2)
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201

251

301

MAPPALQAQP

PGGSQLRFLL

3/8

FLLLLLLLLS

OLNADELRGR
OLLLRVNRAS
RAPALRLRLT
GPGRCCHLET

FODLLSRLHA
LSOGLPEAYR
PPPDLAMLPS
VOATLEDLGW

NOSREDSNSE
VHRALLLLTP
GGTQLELRLR
SDWVLSPRQOL

PCT/US2014/052130

WPSOGDALAM
PSPDPAVRIL
TARPWDITRP
VAAGRGRRSA
QLSMCVGECP

PEQRPSGPES
SPEVRLGSHG
LKRALSLRGP
HAHPRDSCPL
HLYRSANTHA

QIKARLHGLOQ

PDKVPAPCCV

PSSYTPVVLM

HRTDSGVSLO

TYDDLVARGC

HCA

(SEQ ID NO:

3)

FIGURE 3

SUBSTITUTE SHEET (RULE 26)



WO 2015/027082

1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
751
801
851
901

ATGGCCCCGC

CCGCGCTCCA

4/8

GGCCCAGCCT

CCAGGCGGCT

PCT/US2014/052130

CTCAACTGAG

AGGGGGACGC
CAACTCAACG
GCTGCATGCC
ACCCAGCTGT
CAGCTGCTAC
AGCCTACCGC
CCTGGGACAT
CGTGCTCCCG
GCTGCCCTCT
GCAGGGGGCG
GGTCCAGGGC

CCTGGCAATG
CCGACGAGCT
AACCAGAGCC
CCGGATACTC
TCCGCGTCAA
GTGCACCGAG
CACTAGGCCC
CATTACGCCT
GGCGGCACGC
CCGAAGCGCG
GCTGCTGTCA

CCTGAACAGC
ACGGGGTCGC
GAGAGGACTC
AGTCCAGAGG
CCGGGCGTCG
CGCTGCTCCT
CTGAAGCGTG
GCGCCTGACG
AGCTGGAACT
CATGCGCACC

GACCCTCCGG
TTCCAGGACC
GAACTCAGAA
TGAGATTGGG
CTGAGTCAGG
GCTGACGCCG
CGCTCAGCCT
CCGCCTCCGG
GCGCTTACGG
CAAGAGACTC

TGGCCATCGC
CCCTGAGTCC
TGCTGAGCCG
CCAAGTCCTG
GTCCCACGGC
GTCTCCCCGA
ACGGCCCGCC
CCGGGGACCC
ACCTGGCTAT
GTAGCCGCCG
GTGCCCACTG

CTTGGAGACT

GTGCAGGCAA

CTCTTGAAGA

CTTGGGCTGG

AGCGACTGGG

TGCTGTCCCC

GCGCCAGCTG

CAGCTGAGCA

TGTGCGTGGG

CGAGTGTCCC

CACCTGTATC

GCTCCGCGAA

CACGCATGCG

CAGATCAAAG

CACGCCTGCA

TGGCCTGCAG

CCTGACAAGG

TGCCTGCCCC

GTGCTGTGTC

CCCTCCAGCT

ACACCCCGGT

GGTTCTTATG

CACAGGACAG

ACAGTGGTGT

GTCACTGCAG

ACTTATGATG

ACCTGGTGGC

CCGGGGCTGC

CACTGCGCT

(SEQ ID NO: 4)

FIGURE 4
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mgrgllrglw

ckfcdvrfst

plhivlwtri

cdngkscmsn

5/8

astipphvgk

PCT/US2014/052130

svnndmivtd

nngavkfpgl

csitsicekp

gevcvavwrk

ndenitletv

chdpklpyhd

filedaaspk

cimkekkkpg

etffmcscss

decndniifs

eeyntsnpdl
wetgktrklm
gkgrfaevyk
henilgflta
gsslargiah
slrldptlsv
alvlwemtsr
psfwlnhggi

scseekiped

llvifgvtgi
efsehcaiil
aklkgntseqg
eerktelgkg
lhsdhtpcgr
ddlansggvg
cnavgevkdy
gmvcetltec

gslnttk

sllpplgvai
eddrsdisst
fetvavkifp
ywlitafhak
pkmpivhrdl
tarymapevl
eppfgskvre
wdhdpearlt

FIGURE 5

sviiifycyr
canninhnte
yeeyaswkte
gnlgeyltrh
kssnilvknd
esrmnlenve
hpcvesmkdn
agcvaerfse

(SEQ ID NO:

SUBSTITUTE SHEET (RULE 26)

vnrggklsst
llpieldtlv
kdifsdinlk
viswedlrkl
ltccledfgl
sfkgtdvysm
vlrdrgrpei
lehldrlsgr
S5)
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51

101

151

201

251

301

351

401

451
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551

mgrgllrglw

ahplrhinnd

plhivlwtri

mivtdnngav

6/8

astipphvgk
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sdvemeagkd

eiicpscnrt

kfpglckfcd

vristcdngk

scmsncsits

icekpgevcev

avwrkndeni

tletvchdpk

lpyhdfiled

aaspkcimke

kkkpgetffm

cscssdecnd

niifseeynt

snpdlllvif

lgvaisviii
disstcanni
vkifpyeeya
afhakgnlge
vhrdlkssni
apevlesrmn
skvrehpcve
earltaqgcva

(SEQ ID NO:

fycyrvnragg
nhntellpie
swktekdifs
yltrhviswe
lvkndltccl
lenvesfkqgt
smkdnvlrdr
erfselehld
6)

klsstwetgk
ldtlvgkgrtf
dinlkhenil
dlrklgssla
cdfglslrld
dvysmalvlw
grpeipsfwl

rlsgrscsee

FIGURE 6

trklmefseh
aevykaklkg
gfltaeerkt
rgiahlhsdh
ptlsvddlan
emtsrcnavyg
nhggigmvce

kipedgslnt

SUBSTITUTE SHEET (RULE 26)

gvtgisllpp
caiileddrs
ntseqgfetva
elgkgywlit
tpcgrpkmpi
sggvgtarym
evkdyeppfg
tltecwdhdp
tk
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Native Leader Sequence

10 20 30
Native TPRII short IMGRGLLRGLWPLHIVLWTRIASlTIPPHVQKS

30
TPRRIshort(23-X) TIPPHVQKS

30

10 20 30
Native TBRII long IMGRGLLRGLWPLHIVLWTRIASlTIPPHVQKS

30
TBRIlong(23-X) TIPPHVQKS

30

TBRIljong(60-X)

FIGURE 7

SUBSTITUTE SHEET (RULE 26)
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Splice Insertion (25 aa)

35

_________________________ VNNDMIV. ..
35

_________________________ VNNDMIV. ..
35

_________________________ VNNDMIV. ..
35

DMIV...
40 50 60

DVEMEAQKDETIICPSCNRTAHPLRHINNDMIV. . .

40 50 60
DVEMEAQKDETIICPSCNRTAHPLRHINNDMIV. . .

40 50 60
DVEMEAQKDEIICPSCNRTAHPLRHINNDMIV. . .

60
DMIV...

FIGURE 7 (continued)

SUBSTITUTE SHEET (RULE 26)
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SRFRELRKRY EDLLTRLRAN QSWEDSNTDL VPAPAVRILT PEVRLGSGGH
LHLRISRAAL PEGLPEASRL HRALFRLSPT ASRSWDVTRP LRRQLSLARP
QAPALHLRLS PPPSQSDQLL AESSSARPQL ELHLRPQAAR GRRRARARNG
DHCPLGPGRC CRLHTVRASL EDLGWADWVL SPREVQVTMC IGACPSQFRA

ANMHAQIKTS LHRLKPDTVP APCCVPASYN PMVLIQKTDT GVSLQTYDDL

LAKDCHCI (SEQ ID NO: 1)
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1. — B8k B TBRI T AME T 5 — Z LR 7 5 A1 R YR 2 A 1R /7 A I TBRI T @it & %
JW, Forp BT IR B — S LR 7 51 B 5 LR R 81 22 20 80% R — 14 1) S 2 R 7 S 4H K -

a) UTSEQ ID NO: 5/23-35hLf4E—NFliET-SEQ 1D NO: 5/9153-15947 AL —
751, 55,

b) #HTFSEQ ID NO: 6[123-60ff4E—NFliET-SEQ ID NO: 6[J178-184AL I {E—
1751

2. BURZRIMTBRITEN & 2 Ik, b i 28 — = B R P FI 46 T-SEQ ID NO: 5[1)23
A ANIEFSEQ ID NO: 5 15947 K] F14H ik o

3. BUMZERIMTBRITEL & 2 ik, b i 28 — = B R P FI H 46 T-SEQ ID NO: 5[1)29
A ANIEFSEQ ID NO: 5 15947 K] F14H ik o

4. BUFIER L TBRITAEN & 22 ik, Forb ik 28 — s BE R P #I 46 T-SEQ ID NO: 5[1)35
A ANIEFSEQ ID NO: 5 15947 K] 5 F14H ik o

5. BUMZRIMTBRITEN G 2 ik, b i 28 — = B R P FIH 46 T-SEQ ID NO: 5[1)23
A ANIEFSEQ ID NO: 5 15347 K] F14H ik o

6. BURZRIMTBRITRN G 2 ik, b i 28 — = B R P FI 46 T-SEQ ID NO: 5[1)29
AL ANIEFSEQ ID NO: 5 15347 K] F14H ik o

7. BURZERIMTBRITEN G 2 Ik, b i 28 — = B R P FI 46 T-SEQ ID NO: 5[1)35
A ANIEFSEQ ID NO: 5 15347 K] F14H ik o

8. BUMZRIMTBRITEN G 2 Ik, Horh i 28 — = B R P FI 46 T-SEQ ID NO: 6123
AL ANIEFSEQ ID NO: 6] 1844 K] > F1I4H. ik o

9. BUMZRIMTBRITEL G 2 Ik, Hrh rid 28 — = B R P S 46 T-SEQ ID NO: 6129
AL ANIEFSEQ ID NO: 6] 1844 K] > F1I4H ik o

10. BURIZERIFTBRITRL A 2 Ik, Hod plrid 58 — & LR 7 Z1 i 46 T-SEQ 1D NO: 6123
A ANIEFSEQ ID NO: 6] 1787 1K) > F14H ik o

11. BURIZERIFTBRI TR A 2 Ik, Hor plrid 58 — & R 7 #1 FH 46 T-SEQ 1D NO: 6[1)29
A ANIEFSEQ ID NO: 6] 178711 F14H ik o

12, AUCRIESR1I-11THAE— TR TBRIT@l & 2 Ik, HA BT 238 — &R 7 I e A S T
SEQ ID NO: 47(36hLf iz B AL HADM/BLAEAI Y T-SEQ ID NO: 47HI 7647 Hfr B b HAK
() 7 51 2H 1 o

13. —FhTBRITFE& 2 ik, Ho4 75 5SEQ ID NO: 78ESEQ ID NO: 13 F%IH & /80%
[5) 1k B 55— B R 7 1) B LT 1 Y BRI B8 — SRR R 0, Herh B 5 — S L R R B E AH Y
T-SEQ 1D NO: 47364 1Az B AL HADA/BAEAH S T-SEQ 1D NO: 47/I7647 1A B Ak B
HKo

14. AURESRI3MTBRITFR & 2 Ik, Horh Frak & — 2 25 18 77 41 6 3 #H 24 T-SEQ 1D NO:
TR IEFR1-12/01- 12N R FEFRE A 24 T-SEQ 1D NO: I3[R FEER 1-37THI1-37T MR LB HIN
Ui PR o

15. BCRZER138C 14 TBRITRL & 2 ik, Hoh pirid 28 — R L IR 7 #1A & AH 24 T-SEQ 1D
NO: 78ESEQ 1D NO: 13ffZ MR 1 -6 64 % I FR N & FE

16. BCRZER138E 14 TBRITREL A 2 ik, Hoh pirid 28 — R AL IR 7 #1A  AH 24 T-SEQ 1D

2
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NO: THIEIERRI-12F 12 R FEFR B A 24 F-SEQ 1D NO: 13 EFEFR1-37THI3TANE IR N
Ui P o

17. AUCRIER13-16HAE— T TBRI TRl & 2 Ik, H i id 58 — A R 7y 5 M4 T
SEQ ID NO: T7{IEIERE137-1328SEQ ID NO: 13MEEEBR 1621571 1-6/N 8 JEFR 11 O a8k
W o

18. AUHIER13-1THAE— B TBRI TR & 2 Ik, K prid 58 — A R 7y 5 M4 T
SEQ ID NO: 75 E:M132-1378SEQ ID NO: 13[4 IR 157-162010 62 3 1R 1) C it %
W o

19. BUFIER1-18HE— IR TBRI Tfk & 2 Ik, Hod AT iR 55 — & 4R 7 F B & 7EAH 2
T-SEQ ID NO: A7THIL17TAILI8ALA AL 2 (B A AH 4 T-SEQ ID NO: 18HJ#dA .

20 BURIZE R 1-199 A — T TBRT LR A 22 K , o A1 Fridk SR 50 20 A0 & $g sy LA R — bk
Z B — A A2 HKER S AR N R T R 2 R IR/ AT e AL A R A
JRE G AR ORI/ B A4k o

21 BURZER1-20FAF— T TBRI LR A 22 K , o A Fridk e 20 A & ik B LA R I 2 K
B4y G BEERER AP e 45 MR A IS A AR A

22 BURE R 21 TBRI TRl & 2 Ik , oA B o % BRI Fe 25 M 3l i #2 Sk 5 TBRIT £
IRIESZ .

23 BURIZE R 1-229(F— T TBRI LR & 2 ik, HoA frid 2 KGR B DL R — a2
MBI R TRTR AL L R R VR & R R L R LR LB L R R
MR E IR 5 G TR0 86 & R 5 A HIATAE I & A

24 BURIZER23F TBRI TR A 2 Ik, FHorh Bridk 22 KB 4k

25. —FHTBRITELG Z 0K, HA S HA S 5L ESEQ 1D NO: 7-17HI47-490) ZH FL 1R T
HIA 2 /0 95%H — 1 F R IE R 7 S TBRT T AR AN — 35843 21 A ) 55— R R 7 51 AN &F —
SRR o

26. —FHTBRITELG 2 0K, HA S HAS 5L ESEQ ID NO: 7-17HI47-490) 2 B 1R T
FIA 2 /D97%H — M F EIE R 7 I TBRT AR AN — 35843 2H A 55 — R R 7 51 AN &F —
SRR o

27. —FHTBRITENG Z 0K, HA S HAS 5L ESEQ ID NO: 7-17HI47-490) 2 B 1R T
HIA 2 /0 98%H — 1 H R IE R 7 I TBRT T AR M) — 3843 2H A 55 — R L R 7 51 AN &F —
SRR o

28. —FHTBRITELG Z MK, HA S HA S 5L EHSEQ ID NO: 7-17HI47-490) & FL 1R T
HIA 2 /0 99%H — M H R IE R 7 I TBRT T AR AN — 3843 2H A ) 55 — R R 7 51 AN &F —
SRR o

29. —FHTBRITRELG Z 0K, HA S A S 2L HSEQ ID NO: 7-17HI47-490) 2 FL IR 7
YR LR T B TBRT T &MU — 5 43 2 ) 26 — R R 17 41 A — S Y 4

30. —FhZ Ak, & 5% ESEQ ID NO: 25.27.29.31.33.35.37.39.41.43.53.54,
55.56.57.58.59.60.61F1621) 2 FL L /7 ¥ A 22/ 95%[F] — P 2 FE R T 41 -

31. —FhE ik, A& 5% ESEQ ID NO: 25.27.29.31.33.35.37.39.41.43.53.54,
55.56.57.58.59.60.61F1621) 2 FL L /7 ¥ A 22 /D 9T%[R — ) = LR T 41 -
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32. —FhE ik, A& 5% ESEQ ID NO: 25.27.29.31.33.35.37.39.41.43.53.54,
55.56.57.58.59.60.61F1621) 2 FL L /7 ¥ A 22/ 98%[F] — P ) FE R T 41 -

33. —MZhk, HA & 5% ESEQ ID NO: 25.27.29.31.33.35.37.39.41.43.53.54,
55.56.57.58.59.60.61F1621) 2 FL L /7 51| A 22/ 99%[F] — P ) LR T 41 -

34. —FhZ ik, HAEIEBESEQ ID NO: 25.27.29.31.33.35.37.39.41.43.53.54.55.
56.57.58.59.60.61F162F¢) 2 e 41 o

35. —FRTBRITZ Ik, HAL St A8 ™% 25 T 56 HSEQ ID NO: 26.28.30.32.34.36.
3840 A2 FNA4I AL T IR T B T AR 7 51 2248 A% B S A 1) = 24 1R 7 471

36. BUFIZR1-359F T 2 Bk, Hrp Bk Z BELL/NF1 x 107 MIK P fid =5 % £k
(Kn) &4 NGDF15.

3T KRN E R 1-36HAF— T 22 ik, Hor ik 22 K 2L A CHOZH g Hh 22 JIR SRk o A 1 ik
I

38 — A E A, FAL AP BOR) R 1-37 T — TR 2 11 2 Ik

39. — oy B 2R TR , FALS BRI E R 1-37H T — T 2 K gwtd /7571

40, — PP EMH Z R, HA & SRR ZER 39 2 B B BOE BN A8 T 1751

AL — MR, e BRI E R 351 73 B 1 2 4% B R BRI 2R 40/ LA 2 A% H IR FA AL

42 BURER AT A0 A, Forb i 20 B A2 1l 3L 3 o 4 i

43 BUMIER A2 A0 A, Forb i i 20 i & CHOZH i B\ 4

44 —FR 2337, FL AL S BRI B SR 1-37H AT — T 1) 22 R ESRCRI 2 3R 3811 [R] — 4 A
252 LT I A .

A5 — P 5 21 B XS TG BIE S B 03 1) N 25 1) 7 2% 5 B g v /0, 5 Ao 41 e 5% & T L)
BUR1-37THAT — T 22 IKEUAUR] 225K 381 [ — 24k

46 . —FRyaIT A 75 B B 1 5 TGFBEE S A 03 A R BB I B 8 1) 7 7%, BT il 5 i
BLFERLE T B AR RBCR B SR 1-37H AT — T 1) 22 IR BB R B3R 381 [F] — Bk .

A7 URELRAGR 7%, Horb BT TGRBHE S i I, 71 /2 TGFB1  TGFB3ELGDF 15,

A8 BRI ELSRAGEAT I 7325 , oA I 2 903 B0 400 A i

49 BRI ER A 7%, Horh i i izt B B o s B S SR SR 308 i e A
DR e

50 . FUHNEE SR 46 BRAT (1) 7712 , He v il 9 9 B D e £ 448 A BSORTE A 32 T3 BT 0

51. BRI R 500 77 7% , o vp Br il £F 2 Ak sl A A4 5 975 B E 328 F B 17 95 20 ik o5 A Al
1o AR 4EAL R IE TE RS VI NER IS R AR REIR T B B R RIR T B U 15
(AR SEA  FF AT 4R AL R BE 2T 4E 4L

52 KRN EE R A6 BRAT 1) 7712 , Fe v il 9 9 B D 7 40 7 o

53 KR EL R A6 AT 715 » Forb e 95 96 B0 00 36 1 8 A% A H I P B 4 i A8 5KOE
(HHT) \ 5 75 255 AiE \Loeys—Di etz 5 A AiE « S0 1 10 1 B kIR 2% & 4E S KT i 25 5 1E e R
TR B FEREAL | PR 78 RO JE B Co U / A8 ML A O 3 2

54 . —Fh 5GDF1545 & FFBH WrGDF 15 A1 TBRT T2 8] i) +H ELAF FH A 4 B JR 45 & A B

55. —FREL{SEQ ID NO: 1HIZFERR 7 51 s 45 5 TBRITIY Fr BXIGDF15 2 JIk , o iy
IRGDF15 2 AR XS T8 1 i e 28 /0 95%46 1) .«

4
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56. — P ESEQ ID NO: 1HZIEIR T HI 8 H SRR R 1-37THE—TH) Z kS &
(1) 7 B RIGDF15 22 ik , e BT iR GDF 15 22 JIKAFXS T2 1 0I5 e 220 95%4Li 1)

57. AU RS55IGDF152 ik, H i BTiRGDR 152 IR LAAS KT 1078 MRS - 47 fift 5 s %k
(Kp) 455 TBRIT.

58. B ER56MIGDF152% ik, H A AT IRGDF152 Bk PAAS K F107° M) “F 5 filt =55 % %
(Ko) SAURIE R 1-37FR /2 — T Z RS &

59 . B A ZFE R 55-58H AT — i1 GDF 152 ik , o o Firid 22 ik i isk 7E CHOZM i Hh T8 7=

60 . — PPk 48 s 2 ALGDF 151 77 7% , Birid 75 v5 B 545 5 45 GDF 1 51 FF i 5 BRI 25k 1-37
HAT— T 1Y) 22 AR ik

61. —FZ Ik, A5 5SEQ ID NO: 50/ 2L H L /7 41 2 /0 90%IA] — M i 2R R 7 51 .

62. AUFIEER61H 2 Mk, A 5SEQ ID NO: 50/ S JE 8 51145 3 2 95%|F — 1t (1) 4,
BER T o

63. AUFIEER61HI 2 Mk, A 5SEQ ID NO: 50/ S L8 7 51145 3 2 99%|F] — 1t (1) 44,
BEBR T o

64. RUAIER61MZ Ik, Hf & 5SEQ 1D NO: 50/ & 3 BL 41 A [R] 1 2R R R 1)

65. BUFIZER61 2, i 5SEQ 1D NO: 504 3 Ha 5 71 A8 (1) & L e 5 91 4L R«

66. —FL IR , HImID AR ZL R 61-65H AL — I £ ik

67. —FIZER, A SEQ ID NO: S51IZR 4.

68 . — i 1o 7RI L sh P4 i Hh SREBUR E R 6 TIRAZ IR 7= AL 22 K

69 . BUFIEL R 6811 22 ik , FHh BTk i 2L sh P 4 it 2 v [ 6 B 99 S0 (CHO4M i ) .
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TGF-BZ2 A | | BUTF (R K H i

[0001]  AHICHITERIAZ X 5] H

AHITE R 201348 H22 H #2521 56 [ I iy H 1561/868, 713.20134F 11 H19H #2581
3 ImI B 1E61/906, 270 F120134E 11 H20 H #2532 1 S [ I i) B 1561/906 , 84918 e B - At
SRR IE I A TN 2 a5 LA AR S & B A .
[0002] ‘& Ay

ALK B (TGFB) IR M R 0 Z 5 B an 3 5E /A0 R T 18 3 B ARk o =
A HH SRR I AR R G B L A R B S R A i Th RE Y 2 A A R 1, I LB FEAR
18 14 98 1 T 150 AN S A [ 140 2 73 R 4 ) o 38 A B 2 wh e OB A FH o TG BB ST 1) ok 174
WA F ) Ky A, HBFETCRB B A4 & B (BMP) BicE 82 H (0P) AE KN4k
Kl ¥ (GDF) < 28/ 30iE 25 mul Ler ian M4 5T (MTS ) A4 48 ot S A7 2B AP 4278 772 R+
(GDNF).
[0003]  TGFBHEZ kil il it 5 SHE R TRV T T R 2 AR/ 0 2 IR MG 2k R R E A 1A
(TR B T K AT 5 5 R e 3, BT IR B A 3 T S0 4R 2 I 28 1) SMAD B 1 (— S 40 i 4 , —
SE T ) - SMADZ FAL S DI AS AR E AN (EE R EAIS R EEA KGR R %R
[0004]  ThfE K I TGEBME K IRAE 5 % T 5 JLFNIG PRWIIE A ¢ , BLHE e A1 4546 50 -
R 5 B 5 DA S A8 i 9 5 51 T s ik s RE A AL,
[0005]  [A[L, AN FF AR —A B Fr2 2t T T TCFB XS 5 4 S A G AT
%o
[0006] % BHMEA

TERFFEE b AR AT B TRBETBRI T 2 SRR TBRIT 2 Bk AE NGDF15 . TGFB1EY TGFB3
(R BEPEFE BRI FH & o WA SO R , A0 5 A B A H B R AR () TBRI T ARk (ECD ) i 5 7
AT 2 K, CAAS R 25 F0 3 25 F /84 GDF 15  TGFB 1 B TGFB3 « A itk , 7 3 L8 75 1hT , AR
ANFFANEFRALTBRIT 2 Tk T a8 £ 30 1) TGF Bt S I AH O
[0007]  {EFELLTT TR, AN TT N A AL AETBR T T A it A/ 45 4055 98 A8 A/ B 48k 0 1) 2 ik o £
FELETTTH AN T A SR AL SR B TBRT T AN 56 — & LR T 41 A 7 IR 2 2L 1R 7 51 1) T
BRITRE& £ Ik, A o — & HW 58S Ha) isT-SEQ 1D NO: 5)23-350 I /E— A1k
T-SEQ ID NO: 5f153-15967 FAE—A B 7 FEkb) 4 T-SEQ 1D NO: 6/23-60AL I AF—>
AI1ET-SEQ ID NO: 6)178-18447 BI4E—ANH 75114 22 280%. 22 /085%. 22 /190% . 42 71>95%.
22/1396% 22 /97%- 22 21098%- A2 /199% (] — 1 BAHIR] 1) ZE IR )T 41 Bl FLZH R
[0008]  7ERELLTT T, AN T AR BEE & 5 N TG Fe 25 M35 1) 22 /b — i 4 Rl & 1 T8
RTT ) B A 28 i o5 73 A/ el it %) B 33D 22 K o ERT UG AE B 67 T, A A FF N A A 7oK
H TBRT T 75 i 25— 2 BE R e 51 AN e YR 2 R R Y A TBRT T k& 22 ik, oAb 28 — U TR 7
AL Ha) i T-SEQ 1D NO: 5/23-3547 fI4E—/MF11ET-SEQ ID NO: 5/J153-15907 /1 1E
— NPT 5 Eb) 45T SEQ 1D NO: 6[123-600% 14— A1k FTSEQ ID NO: 6[1178-1841;
FRAE— N 20 45 780% 45 71:85% 25 7090% £ /095% 25 /96% . %5 /b97%. %5 /98% ., % /1>
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99%[7] — P B AR A 1) = IE R 7 %) ml bl L2 ek, H I Brid 2 K& 28 — 2 KP4, 38— 2 Ak
7L Fr B N TG 1H E 45 M35k, B n] R385 5SEQ 1D NO: 196 Z/080%. 2 />85%.
F/590% 2 /95% . 2 /096% . F/97%. 2 /98% 28 /D 99%[F] — M () S FE R FE A1) Bl HLZH A
H A AT T 238 — 2 BRI EE — 2 Kz 8] o — AN BASEQ 1D NO: 50%2 £, 3 H SEQ
ID NO:5S1MIAZIR T 5 dihd o 75 FELE STt 7 Srh , A A PN A IR AL A A8 5SEQ 1D NO:50
() & LR - 94 22 /80% 85%90%+ 95% 96% 97% 98% 99%K, 1 00%[7] — 11 ) 28 2 /5 1) 1 /.
FAH B S LR 7 91 1) 22 IR o AE FR A St 7 =, A A TN A SR A5 5 SEQ 1D NO:51
(R A% 1 5145 %2 71280% 85% 90% 95% + 96% 97% 98%  99%E 100% 5] — 14 ft) 4% B 15 1) 1%, 1 e 4.
DA I TR ES)

[0009]  7E—usji )y 2, B — 2R 7 A 5 46 T-SEQ 1D NO: 592347 flikF-SEQ 1D
NO: 5159 7 H1 sl B F A il o 7 — S8 S 7 Sovb, 25— R R 7 #1165 46 T-SEQ 1D
NO: 52967 F11EFSEQ ID NO: 515901 )7 51 B i F2H o 7E — LE St 7 2P, 38— &
R 750 & 45 FSEQ ID NO: 593547 F11EFSEQ ID NO: 515947 /1 7 51 5k iy H:4H ik .
1E—Sesitir R, 55— LR VI & 46 T-SEQ 1D NO: 5/23f7 A1k FSEQ 1D NO: 5/
153021 7 91 Bl FH L2 Rl o 7E — B8 St 7 S, 25— 2 A IR P AL & 46 T-SEQ 1D NO: 5029
ArANIET-SEQ ID NO: 515347 1 /7 # B HH H A il o 7 — LSt 7 o, 28— 2 LR 7 51 A
HUETSEQ ID NO: 5/I35ALANIET-SEQ 1D NO: 5R1534LH) 41 8l il HL2H ik

[0010] 7 —usji )y 2, B — 2R 7 /A 5 46 T-SEQ 1D NO: 6[92347 Al ikF-SEQ 1D
NO: 6184021 7 H1) Bl i H A o 7 — S8 St 7 S b, 25— R LR 7 #1165 46 T°SEQ 1D
NO: 6129067 F11EF-SEQ ID NO: 61184411 JF 51 Bl i H4H il o 7E — LE St 7 P, 38— &
R 75 & 45T SEQ ID NO: 6A92347 F11EFSEQ ID NO: 6/ 178471 7 51 5k iy H:4H ik .
E— LSy /b, BB — R R 7 A S 45T SEQ 1D NO: 6/290A7 F11EF-SEQ 1D NO: 6[)
178057 1) 5 41 5 i FL4H A%

[0011]  7E—SLsijifi 7y R o, 55— 2 AR 7 5 AL & 7EAH 29 T-SEQ 1D NO: 4713601 1L B
Ab BAADFI /S AEA 24 F-SEQ 1D NO: A7 764147 B AL H A K 51 51 20 7«

[0012]  7EF:SLTy T, AN FF N A ALE S 5SEQ ID NO: 78SEQ ID NO: I3[ F4IE &
/180%- 25 /85%- £ /90% 45 /95% . 45 71:96% . 22 /97% ., 25 /98% . 25 /99%[F] — 1 Bl AH ] 1) 4
— S BEIR Y A B E M i BOFNSE — R R AR A I TBRI TRk & 22 Ik, o rh 28 — S B R P P AEAH
*FSEQ 1D NO: 4736147 B AL B A D /BRI FSEQ ID NO: 47HI 7647 1 & 4b
HAK,

[0013] 7 —usji )y 2, B — 2RI 7 A 5 A4 T-SEQ ID NO: 7R & LR I-12/1-
I2ADFAEFRBAT 2 TSEQ 1D NO: I3[R EER1-37191-37/ & 24 TR N Ui 8 k5 o 75— L8 5 it
g S R T A S A T SEQ ID NO: 7EESEQ ID NO: 13MIZ LR 1-6/161 4
SR AN A o 7E — SE St 7 R, B8 — AR P S A AL TSEQ 1D NO: THI S EE IR 1 -
12012 Z B FRBAE 4 T-SEQ 1D NO: I3[ ZE R 1-37 1) 374N 2 JE R (1 Ny bk oL o /1 — LB 5
Wi 77 Ze, B S R AL A A2 T-SEQ ID NO: THE EEES137-1328KSEQ ID NO: 13
FAIER162-157 1) 1-6 2 IR A Coit i o 7E — S8 St 7 R, 38— &R 7 S & A2 T
SEQ ID NO: 75 :M132-1378SEQ ID NO: 13f\ & JER 1571620162 3 R (1) C it 8%
Tl o AE— LSt T S, B — R IR P A A 5 fEAH 24 T-SEQ 1D NO: A7 117ANL 1847 Y Fk Ik
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Z [AJ A 24 FSEQ 1D NO: 18fJ4d A .

[0014] 7 —LLsSTjfi 5 o, RIRE B EF 3 LT —FEZ Mi— s 2 A2 K5
P P R M AR P 21 A R A T VLG L B A R R R SR T O/ B A AL 7R
—BESit R, SR S IR E LR 2 KR e EREE AP S A IS B B A .
16N — AT R, G ER B A Fe 45 M@ it 23k 5 TBR1T 2 IR IEH%

[0015]  7E—2Lsijii 7 &, 2 IKEFEIE B DL B — DB AME IR 1) R BB ik 2L - B 2Lk
R RO AR IR L R R R RR OB R EM R R IR 5 8 By
BAME LR SE HUATERIG AR IR AE— LS ZBrp , 2 KB .

[0016]  FEELETTIH , AN TTF N ASRHETBRITAN & Z Bk, K & H A& 5% ESEQ ID NO:
T-1TRIAT-A9) G TR [ 51 %5 /0 80% - 5 /0 85% 5 /90%:K 22 /> 95%[R] — 1 1) S HE R 1 41l 1)
TBRI TR A M — 5 53 2H B 28— SRR 7 B AN B8 — Rl 70 o AE SR L5 T, AN 254
HETBRITAL A 2 Ik, A&t AL 5% I SEQ ID NO: 7-17RIA7T-49/) Z LR 7 514 % /96%
[ — P4 () G R 7 H1 A TBR T M A1) — 3870 2 s 1) 28 — S TR 7 91 R0 28— S B 4 o 7
FLLTTTE, AN TN AP TBRITI G 2 ik, A S R 68 5 HSEQ 1D NO: 7-17H147-49
AR T 5 A 2D 97%[R — PR Z LR T 41 I TBRT T A8 — 3873 2H B ) 28 — = 2L R
JPANANES = R o5 AR R T T, A A FF N AL TBRI TG Z 1K, KA Ha & 5k
SEQ ID NO: 7-17HI4T-A9K) G FE ML 7 5147 28 A 98% ]V A 2 SL AR F7 A1 (K TBR T TR A MY
— 53 2H R B — BRI T A AN S R R Ay o AE SR T T, AR A TF N AR AL TBRI TR A 2
i, HAEHAaE 5% ASEQ 1D NO: 7T-17HI4T-490 ZEERR 7 516 % /> 99%[m — My & &
% 15 1 B TBR T L A M — 50 53 2H s 1) 28— SRR 7 B R B — R0 70 o AR SR LE 5 T , A8
AR RGETBRITRR & 2 MK, A F R O& Z2EHSEQ 1D NO: 7T-17TMI47T-498 2 2B 5 41
IR 7 41 B TBR T THE A MF) — 384 4 i) 28— R L R 7 71 A28 — S U 40 o

[0017]  FERLLTT 1, AN WAL EF 5% ASEQ ID NO: 25.27.29.31.33.35.37,
39.41 M43 FE G 514G 25 /080% . 2 2185% . &5 /90% 8k, 2 />95%[H] — 1t () S I R 7 1) 1l H:
BT 7 A Bk 25 1038 23 B HH L 40 s 22 0k, 9 o, B0 & S5 FISEQ 1D NO: 53.54.55.56.57
581596061 FI621) ZIER 7 5| 22 /080%. 22 /85% 45 /90%mk, 42 /1 95%H] — 14 it & IE IR P
H 5 FC A R 22 0K o AR SR EE T T, AN A ER L B 5 FSEQ 1D NO: 25.27.29.31,
33.35.37.39. 41 143 IR FE 51 A 2 /0 96%[m] — M i) & W2 e 4 B e 1 5 2 51 2 1 1
Ay B b H A R 22 Bk, 50, & 5% I SEQ ID NO: 53.54.55.56.57.58.59.60.61 F162f¢]
QIR )T A 22/ 96%I) — VI S 34 R 7 471 B L2 B 22 0K o 7 SR8 7 T, AR A TF N 542
AL 5% I SEQ ID NO: 25.27.29.31.33.35.37.39.41 M43 & LR 5 514 &/ 97%[E —
PR S B BR 7 H B 1T 57 21 ik 25 10 350 40 B8 b 4H By 22 0K, 9, B 5%k B SEQ 1D
NO: 53.54.55.56.57.58.59.60.61F162[{] Z 1R T 5 A & A97%IR — VL TR 7 71 5
HAH B 2 IR AE R LT T, A A FF N AR AL 5 51 HSEQ ID NO: 25.27.29.31.33.35,
373941 M43 R IR 7 H1| A 22 /0 98%[H] — 1 I = BE 1R J 7 A1 B IL AT 5 77 F1 o 2 1 38 70 B e
HAH R Z BE, BN, 55 5% E SEQ ID NO: 53.54.55.56.57.58.59.60.61 F162f%) 2 Lz
FF 30 28 /0 98%[A] — 1 1 & L R 7 41 Bl L 2H R 22 Bk o 78 RSl 5 T, AR A TF N RIS
516 ESEQ ID NO: 25.27.29.31.33.35.37.39.41 M43 S F W8 7 514 2 /D 99%[a] — 1 1)
IR T A B 757 AR 25 100 4 B LA o 2 K, il an , 1 & 5% EH SEQ 1D NO:
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53.54.55.56.57.58.59.60.61 FI621) 2 HE L 7 ¥4 22 /D 99%[E — 1 1) 2 FE 1R 7 41 i pH 2
JSC) 22 K AE R TT T, A A TF N A IR Eik H SEQ ID NO: 25.27.29.31.33.35.37.39,
41 R4 31 F L 7 H B L FT 57 BB 25 10030 40 55 el L2 i) 22 K, 49 o, £ 55 3% EH SEQ - 1D
NO: 53.54.55.56.57.58.59.60.61F162/1) 5 3 1% 7 71 5% i HL2H 51 22 ik

[0018]  FERELLTSHT, ARA TN AT AL S 7R ™ 4% 251 F S5E E SEQ 1D NO: 26.28.30.
32.34.36.38.40 42 144 A% T L 17 FI TLAR T 51 2258 B A% R G (1) L 25 R )7 51 (P TBRT T
Z k.

(00191  fERTHI$E R — ", iTEFEABRE 2 KTBRIT ECDRITBRITZ HK . TBRTT £ Ik AT
FAE SRR 1 il R 3 TBRT T 22 ko T 5 585 — 22 K 43 Al A DA B A Sc it 1) 1 5, 491
UNHE K 2= 77 HA B TR 25 5 A= p= sk A4 o il T DL & BB, BT R Sk 4 N TBRTT 2 ik AT f]
Hoe oy 2 18] Fek v UL 45 M AL Bl AR 25 M40, AT 1.2.3.4.5.10.15.20.30. 50> 8¢
B2 AN IR AT IR A A & S5

[0020]  #F— LSSzt 7y e, RAFF R AERITBRITZ IELL/NTF1 x 107 ME) P16 fifd 5 3 5
(Kn) &4 NGDF15.

[0021]  fE—bsjfi J5 =rh , A A JF N & A TBRITZ2 fik B A CHOZH ff v 22 Jik 28 15 45 7 f) i 3k
I

[0022] 7 —esijii /7 R, A AT N AR A S ARATF N ERI2/NTBRITZ IKH[F 5
U

[0023]  fFE—Lesjifi 5 R, AN TN B B AR T A TBRIT 2 K1) 4 )7 51 1)
BRI ZAAT IR AL — LS B, A AT N ERMAE 590 B0 2 TR A SUEHN
JRBN TP A E A 2 AR o A — ST B, A AT BB AR A TN A1 55 B 1)
Z AR E H 2 AT TRFEA I AU o 75— RSt 77 S, 401 2 e L sh P 4 o 7 — S 51
it 75 ZE R, 4G A2 CHOZH g Bl N\ 41 Y o 75 — L St /7 S+, 21 2 HEK-293 211 fd

[0024]  EHELLTT T , AR AT N A S HEE B AR AT N AR TBRIT 2 KB R — SR AAFn 22
AT SZ IR 770 (1) 245 4 1) 51

[0025]  7F F-SLT7 T, AN T P 28 SR A 1 71 20 M o TGR BB 2 1 Jl 0 1) 25 ) T 4 » BTk 7
PRALFE AT A B R T A AT N A TBRI L 2 JIKER[R] — 5 Ak

[0026]  FERLLLTT I, AR AT NS BEIEIT A 77 2200 B8 1 5 TCFBIEE S5 i A K1) i
BRI T TR B RS T B E A ERNI A AT N A TBRIT 2 JKER — R4k 75—
BE STt 7 22, TGF B 5 e Ji iR 2 TGFB1 . TGFB3EYGDF 15,

[0027] 5 —LL5 it J7 S, o BL0S O A Jae i o 7E — S8 ST S, SRk B R W
B T LR BB 2R iy i A IR R

[0028] 75— L5t 77 S , I I 73 100 A 4T 4 4K BICIE Ak 95 078 BT RE o 7E — RS it 77 SR
21 2 A BSR4 9 903 B IE A2 1 R 7 0 B K OR R R AL, L R AR 4R AL 5RiE PR R G EREAL L I
BRVE'S 9 AR Z A (neural scarring) SRR L A U5 T I 21 4E A H4F 44k
B BELT 4E1L

[0029]  7E—Usjiti 77 22 M, 2 B L A2 0o I 97

[0030]  7F—Ljii J7 S8 , g B 9L 36 38t A% 1t I 1 B 4 I 9KORE (HHT) 55 07 2%
A fiE(Marfan syndrome).Loeys—DietzZE & S IR 3= B kBT 25 A 4iF B RKE it 25 &
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ESE BTN SR FE AL, | B 72 RO JEE A Co U / A8 I A 00 5 0
[0031]  ZERELLT7TH], AN AT N A HE 4 5 GDF 1545 & 37 FH WrGDF 15 F1TBRT I 22 ] f) 48 H.1E FH
PR s bR 45 & B
[0032]  FEHELLTFTH , AN TN AFEHLEL ESEQ 1D NO: 1 IR 5B L 45 & TBRITHY
FrBYHIGDR 1522 Bk, oA A% T 88 3 55 42, GDF15 % ik & /095% & 7096% . /b 97% . &
/b98%aY 22 /99%4i 1)
[0033]  FER-LLT5H, AATFNAIRAEA A SEQ ID NO: LR IR F o Has & AN TN
RITBRIT Z K1 A BEIGDF15 2 Jik , J iR AR T 85 1 005 444 , GDF 15 2 ik 9 &8 /95% ., & /b
96%- 22 /97%- & /L98%ak £ /99%4fi 1] .
[0034]  fE—LLspjifi 7 R op ,GDF15 2 BREAAS K F107° MI¥) T4 fi 25 3 0 (Ko) 45 &5 TBRIT . 7
— LBt 7 A, GDF 152 IR LAAS K F107° ME T 7 i 25 5 H (Ko ) 45 & A A FF N 2 I TBRT T
Z k.
[0035]  7E—uusitjfiy 22+, GDF15 2 Ik i i /£ CHOH A Hh ek 7= A
[0036]  FEFELLTT I, A A JF N A ALK 45 s 4L GDF 151 7%, ik T s & A
GDF 15 i 5 A AT N 25 B TBRIT 2 Ik F il
[0037]  Bf K fajid

15275 NGDF 15/ R AR A 2 JE 18 5 41| (NCBI 2 2% 5 41] :NP_004855.2) o 520 F Ril£k
TR AEIGDR1S (5%3E£197-308) , LA 1@k il Fe I 5 il Nt o B2 28 Rk R a5 7 471 (5%
#1-29),
[0038]  [&]2E 7~ 4h NGDF15 M R AR BIARHIAZ T B /7 51 o SE O N I 28 R IR m b i BAGDF 15
(7 5 (B 2 589-924) , i 28 T R 26 R /R dm b 1 3 7 51 10 )7 41 (R IR 1-87) « F T 1k 3R
NM_004864 . 21 STo {7 s I UTER TEAZ (G456A) FIRU T K ZkHR H
[0039] &3 2/~ FGDF 15[ K IR TR & 2R )7 41 (NP_035949.2) o Szl T KU 2R 3R 7 i
[FJGDF15 (%5k3:192-303) , ELA 8k il 3 0 2 frNwig o B2 28 T RIZ R n 1T 37 51 (5 £ 1-30) o
[0040] &4 7= 4w i B GDF 151 R AR BT AR A% R /7 41 CRIE T-NM_011819.2) o Szt T K1
2 X R It R EAGDF 150 5 51 (M T R 574-909) , F 48 T RIZk T m g is it 5 7110 5 51 (%
FER1-90) .
[0041] &5 I/R NTGFBZARTTZY (WTBRIT) (IB () [H) Fh 28 () R AR H A 1 S B R 7 41 (NP
003233.4) . 520 F RILE R IR A AME (ECD)  (5%3E23-159) , WU R RIZERRA (K ) [FFp A
Ho A B R I AR - R 2R RIZR RO | T 7 1 (TR %R 1-22) .
[0042]  [E6E 8 ATBRITHIA () R AP ALY R AR BRI 2 25 R 7 41 (NP_001020018.1) o 5K
O FRIZER R BGARIECD (5%7£23-184) , XU F RIZe R n 8y 82 7= AL 1) S R IR AR B 28
RN ET T 791 (7% 1-22) .
[0043]  [&]73/RhTBRI Il k5 S HehTBRI Tty A (R N3 U Xof o A7 72 T-hTBRT Tl 45 1 259
FIETRAE N FH N RN R th o v = BT 72 5| kD 0] 22 3] P 24 ) 48 A7 R ) B 2 BR A A ]
R 1) S R B e o T O REAR R ) 31 3RO AT 57 911
[0044] K BHVER

1. Mk

ARICATR TR NRE BRAE S A UEEH 88 1 BINCBT 2 51 40k < ATBRIT[R FpALA
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(hTBRIIk),NP_001020018.1; ATBRIT[A#B (hTBRITs) ,NP_003233.4; AGDF15,NP_
004855.2; FGDF15,NP_035949. 2. & 1-6H 25 th N FI/NE ) R AR TBRITAIGDF 1588 H 11 /751
[0045]  TGFBMEZK IR & A 2 A KR 1, H B A ILE I 721 o AR IS5 1 5 7 o O i 28 2
H RAE A ME S RN TC B HE B R 3 A o0 22 P i 2R 0 e 35 A= W0 R o 2008 SRR I ol DR 7
Y AN SR AL I VR NG B BHTAD R ¥ B 22 )R8 , AT 20 5 Mo A 12 , A0 45 B 107 T 1 UL
RAE VR O MR AE A A B e R AR R b B AR B A3 AL o B I B TGRB SR i X, 17
G ] S AR ) R AR A . 5 WP iedmontese MBelgian Bluef f Fh7E
GDF8  (7NFR LI AE A HM i) 25 ) J5 R A 4% 45 51 S LA o 72 B 5 38 ) Th g B 2k 2848 . Grobe t
&, Nat Genet. 1997, 17(1):71-4.25Uth, 76 A, GDFSH TG 14 2547 JE K] 5 LA Joit &
BN AN R 3 I e SR EE A ¢ . Schuelke®5 N Engl J Med 2004,350:2682-8.

[0046]  TGF-BA55 32 T2 (FIUITBRT) ANTTAY (I ANTBRIT ) 22 Z 1R / 75 Z BRI 52 AR 1) 57 5%
FERNG, FITR 52 A4 7E BEAA BT 18 U SMAD AR 3 B R A4 18005 R I SMAD & 1 (Massagu
¢,2000,Nat. Rev. Mol. Cell Biol. 1:169-178) iXS6TRFITIRYZ A EE A, A
A8 VR X A4 25 B A8 95 5 23 R R LA T ) 22 T IR / 75 2 PR e 1 1) i
JR 45 R o TR 2 AR AT S 5 ST 75 0 5 TT Y 52 440 45 A5 O AR RN R TA TR 5244 Fr b 75
() TR AT TR 2 AR FEBUAR S5 5 Ja T AR € M 2 G4, S BT 32 A4 T TR S AR PR 4K, . TGFB
HAT 3R LS04 [E) Fh U TGFB1 JTGFB2 ANTGFBS , 5% H 1E/K Py H A AR AR [H i Thie . TCRFB 5 TB
RITHIZE G A2 51 K S EUSMAD2 T R AL I TGFBAE 5 e S B A8 AL G AL SMAD2 / SMADA & & 14 %
i& A DL SE R FRIA I S D IR

[0047] A KAr40IH 715 (GDF15) 2 TGFBI M AL 51 - 57 A Fr A 1 L I R R 45 27 11
TGFBHE S IR (1) e B Bl —#F , & B A BOR AT (prodomain) () B A GDF 15 (Harrison
2 Growth Factors 29:174, 2011;Shi%¥, Nature 474:343, 2011), 1% gy b £ 475y
FIRXXRAE A3 4% 35 MR 2 1 IR 2 1 I8 D)1 2 DA P A2 24 — 2R GDF 15 . GDF 1 5.7F SCHiR HH 4 4
AR E AN AR -1 (MIC-1) AR B TR kA2 82 1 (PLAB) iR LA K (R 7B
(PTGFB) I 71 i A7 A2 IR -7~ (PDF) AR SR PT R WE 2L K -1 (NAG-1) , R BR 13X Fh 8 [ S B
B 2 AN R Thig - GDF 155 LA AE 33 F0995 B A% i A ¢ . 6 40, GDF 157 fG A =y k04 , - B2
Y 3R A Uk T 0 75 14  GDF 1 594K B 3 75 £B A 11T B MR8 &5 W B M e i Jo g L B 0 28 8 R )
R 137 P T 0 . A 2R BHGDF 15 7E - Wk 2 b B AT AAT 52 AR &5 & sl AR B AR o AR A T
W AEER 31 S TGFB TTA 2 ARTBRIT LA =25 Al ) 5 GDF15645 & H & GDF 15/ T e 32 A4 1 &K I o
ASCUESETBRI TRA 22 IR 248 TBRT T FC A4 25 A 38 2 1 8 22 KM IGDF 15175 3 (1) J: 1
1k, - GDF 1518 5 %5 S (145 S 32 AL TBRI T /& GDF 1 5/¥) Thfg T TR AZ AR KIEE , JF 8 T T 1E %
SEESEBAETRBIT T I PRI, fE MRS L, AATFHN AL E TEDF15%
JOR P A B 2 1) vy 5 A ) 52 A

[0048]1 M- RH L , A SC R B Al I BRI T 22 BE X GDF 15 B A s ks etk s A 145 & .
TBRIT 2 O AIHITGFBAY TT M 5244 , 3F LA S5 A1 1 S5 TGFB1 A TGFB3 4% & o ATBRIT LA i Jifg 4
15, (ECD ) {y al AR BT 432 77 A () 22 /b 2R R R A (A (KD AIB (%8 ) RARTELE (K6 A5 FISEQ 1D
NO: 6F15) o K[ AP Y HLAG 25 S JE PR i\ , BY 432k A 5| JES (B4 1] M B 1 i A7 R 22
P 0 A () A Y e 1 5 o IR e o R P S AR Y A 3 AT R T R R B AR B B (11 gand
trap) AR FH LA 301 O A4 — 52 44 AH T A FH o BCAARE BH (81 2148 N R SR TBRT 1A #1485 #4)35k (a 4h

11
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1) AT TBRI T-Femh & 25 19 ) AT A2 & R TBRT T 44 (AU 4E TGFBL \ TGFB3 FIAR 4 A< 3L A TF I
78 45 BRGDF15) iRz #1575 (pan—inhibi tor) AR A . BRARTE — S8R T 5 R, IX R 72
IR AR & AE ST e 2 B RN BELEE =T, B REFENN o 7ol se B+
T B N BRI FO AR 45 G R AR I L AR B B L 49 anTBRT T M AN 22 K - AR A FF 253 K BA R
SRR R I, BEL T TBR T A &1k iy A8 38 4 AR / B A &1k P 1) 5748 1) 22 KX FHGDF 15
TGFB1ELTGFB3 5 i I A M (5 5 e T B A A R HI AR FH o AESERIFR BE b, AR A TF I 2 £t
H TBRI T AN ) — Z 51 5848 A/ sl i 72 2R L B 58 AN [E] T R AR TBRI T I ANk i AN [ 1)
T Ak 485 5 R A PR RE AR BB o A SC A TR AS AR TBR T T 22 Sk B2 A AH o T 7% 4R 4K i 413, 1) 15 F)
PRI, HF BAAR P AT T2 B Ve A 6 B AN R TBRT TRCAR A SR 42
(00491  [AIt, 76 FE L5 T, AN FF N SR AETBRT T 22 JIK A AGDF 15 TGFB1 8K TGFB3 I #5471 77
1697 & FHGDF 15— TGFB1 - TCFB3—AH I E o B IRAN Ay B 2 AT AT RE IR AT P AL A () SR 4
{EFH TR 2 Bkl ik 5GDF15 . TGFB1E TGFB3 45 & | X el AL = 0B 5 S B &
PRI RE 2724 H .
[0050] AT it B P50 AR 1E — A B A HAE AU 70 A8 BH 8 S N FRE A FH & AR TR 1) ¢
SEH NI IE A S NI EUAR UL BRI T R RE , DLAE R A K B 2
A W RN 7 3 AR ) 2 R FH B AT TESE X S i AR AN T o A FHRTE (R B 1 R
B ARTE I ATAT L FH 0 0 el 3 2 SCHIHE 2 21 2 LA o
[0051] 2. TBRIIZ Ak

FARFAEMITBRI T2 [ 2 B I A 1, o 8 1 o i) — 30062 T 4i i #h (3843 ), & A
JRA— 80530 T 20 B P9 (B PN 35853 ) o AR A FF A 510 O T L4660 5 TBRT T B AM 3 N 1 AR
1/ B 4 M R A AR AR TBRIT 22 Ik i b ik , ATBRIT LA @ it g #M 8 (ECD) i m] 4%
B AR ) B D 2FR R AR (A () FIB () ) RARAFLE (EI6 FI5FISEQ 1D NO: 6415) o #H4
T-SEQ ID NO: 5R5%FE23-159(KISEQ ID NO: 7, /~TBRIT )% [F] AL R 4R 4K fu Sk . A
24F-SEQ ID NO: 6f{)5%3E23-184fKSEQ ID NO: 13, ~TBRITK[F] R0 ) R SR 4K &b
. R AE S A UL BH , 75 A SGJE T TBRT T AR 7] i 24 ) A5 A (1) G S R 7 B G5 73 Tl R HB R
SRETARSEQ ID NO: 5FISEQ ID NO: 6% AN A7 B o
[0052]  FERLLLSLRf T Sorh , KA TF N AR HERARTBRITZ K A A FF N A TBRIT 2 Ik 7]
G55 A TG B ZX I i IR I Th e , Frid s i 451 an{H AN PR T-GDF 15\ TGFB1 B TGFB3 . TBRIT £
JR AT A0 45 B 5 R ARTEAE A TBRT T 22 ik ) AR 4 F ECD 25 #g dak ( HLCoi HU B ZESEQ 1D NO: 5HYER
FEFR153-159ME— A B ) A 2 /b80%[H — M AT 1% 5 /0 85%90% 95%96%97%- 98% 99% ¥,
100%]F] — P 1) & E TR 7 51 4 i Bl AL 7 BT ik 2 JE 1R 1 H1I 1 22 K . TBRTT 2 kT B 6 | 5 R AR
FEAERITBRI T 22 K ) #8k KE (I ECD 2 A4y 8 ( L Coii HIWAESEQ 1D NO: 6% & JE R 1781844 E—
AR ) A > 80%[F] — 1 AT 3% & 1>85%.90% 95%+ 96% - 97% - 98% 99%EK, 1 00% &) — P ) 58 L
7 5 20 BB AL BT iR R L 7 5 ) 22 IR AT IR TBRI T 2 IRAS B HG R H HHSEQ 1D NO: 5HIE
FEB160-56TAH BN FFI ek H BHSEQ ID NO: 6K & 35 185-5924H K ¥ 8 41l (1) K T-5 i
SR R K T°10.20.30.40.50.52.60.70.80.90.100. 15088 20088 B £ ML 5 FE /R . R
NI TBRIT 2 kAl B35 B QG AEATE 5 7 51 L R AB 5 7 BN R AR AT 72 51 o A STl
A, A CHD TR ) TBRIT 2 KRNI v HILAESEQ 1D NO: 5 AR 23-358KSEQ ID NO:
6112360 AE— M 4b o ILFATBRIT 2 IR 1) SEA A5 AR T-SEQ ID NO: 52 3 1R23-159
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(SEQ ID NO: 7AF7~)-SEQ ID NO: 5MJZFERLZ29-159 (SEQ ID NO: 9FT7~).SEQ ID NO: 5
P& FEER35-159 (SEQ ID NO: 10f77~)-SEQ ID NO: 5MJZFER23-153 (SEQ ID NO: 11
Jfi7n ) SEQ ID NO: 5AZIERE29-153 (SEQ ID NO: 48F7x).SEQ ID NO: 5/ % JEEE 35—
153 (SEQ ID NO: 47ff7~).SEQ ID NO: 6HZAEl&23-184 (SEQ ID NO: 13ff7~).SEQ ID
NO: 6f2 2K 29-184 (SEQ ID NO: 15fr7~).SEQ ID NO: 6f2d2£f£60-184 (SEQ ID
NO: 10H77~)-SEQ ID NO: 6% FEfR23-178 (SEQ ID NO: 16ff75).SEQ ID NO: 6H]Z &
1%29-178 (SEQ ID NO: 49fi7~)FISEQ ID NO: 64 IER60-178 (SEQ ID NO: 47Hi/R).
[ FEHD, TBRIT 22 BRI & FHSEQ 1D NO: 30fIAZIFMR73-465.SEQ 1D NO: 34MIZ RT3~
447 .SEQ ID NO: 38K TFR73-465.SEQ ID NO: 38[K#%H91-4658(SEQ ID NO: 38
%R 109-46588 H JTER AR AR BUAE ™4 24 28 S5 A (T Id 2 488 e A 4 L RN ) , {H AT 451 4
BAELES0% v/ v EEIZ 5x SSC2% w/vEH 5.0, 1% N- HAHE:BENIZ R A10.3% SDSHFE65C
ARSI HAEF W5 SSCHFEZY65°C R i) 5 H EAMNT FI A5 IR R dm G ) 2 K
AN LT, 2T TBRTT A [R) i 214 (1) A S A8 A4 ] 64 4 i 251 S ZE R 4 A\ LA
T e N ) Cg 1) ) BRAE B Ak ) AR 7 Va l — T 1e (U A% PR /7 51 TBRT T 22 JIK (R b vl (.36 28
FOTBRITZ2 BRI B A 23 » B 6 J AN () b 28 79 2 L FL AR A (L35 491 78 A 24 F-SEQ 1D NO:
5 FEFR23-1598SEQ 1D NO: 62 JEfR 231841 FE A 1 & A K F2.3.4.5.10.15.
2025308 35N ZIEFRHUAR AR ) L A BEREL S AT iR A — AN & B B, (IS A
BRI AT IR TBRIT 2 IR AT — AN K5 AR FEXFGDF 15 TGFB1 8, TGFB3 Hp ) 22 2 — Fh ) FE A7
7o — M5 P TBRIT 2 IR A7 AE W) 5 AH OC TR E  pHK P AT BE SR VB 0% IR iRk B R ]
BT IR A

[0053]  7E—LLSTjif 7 S, AR AT N A HIAZPRTBR T 22 JPK A7 B A1k 7 e 248 1 e 1k
SEORHIE —ANE AN RAZ JTBRIT 2 IR n] R A IR 7 41 BLHE AR X T RARAFAEMI TBRI T 2
RE AR LR 4311\ 2 5N B EE 2 /N A0  FE — L85l 7 R, RAZ SIS F-SEQ 1D NO: 5
(107 OASE (YA 5 ALk 1) AR i N BCR 2K o FE — L S it 7 S8, R R 8 24 T-SEQ 1D NO: 51
11047 17 B A Y BAR 4 N BBk 2K o SE B AL FEAE AN R T 29 S AH 24 F-SEQ 1D NO: 5[J70F0
110467 B o7 B AN DEUAR ERD R KHLAR o Frik AR AR TBRI T 22 JIk (1) SE 45 (45 {H AR T-SEQ 1D
NO: 8.SEQ ID NO:14.SEQ ID NO: 12F1SEQ ID NO: 17Hr7~E%1.TBRITZ ik ] £ 2 HiSEQ
ID NO: 26MIF%HER73-483.SEQ 1D NO: 42f )% HERT3-465 B HITUER AR BLAE ™ M 24 52 5
PN 5HEAFINIRAE IR b 1) 2 Ik e =4 .

[0054]  FE—LsLji 7 B, AR AT N AR ZRTBRIT 2 PRI A2 T ATBRIT ECDI) Ciii
B T S S R HR 6T (SEQ ID NO: 5 151F11526784SEQ ID NO: 61176 F117747) 2 8]
36N LR (SEQ ID NO: 18)Hydd A, iR SRAFAE T NTBRIT A AP AICH ) — ¥ (Konrad 55,
BMC Genomics 8:318,2007).

[0055]  RATFF N A —DAE S AT X TBRT T 2 IR AT &40 A B 35 HUTBR I TRC A4 - L Ak
PO ELHE R , A5 TBRT T 22 K A 45 K8 A4 Nty A11C ity 288 R () AR AR (Y P e i A 2R (1 S s o JE ik
GDF15.TGFB1FITGFB3 /1T B A HAE = i T A [l R # A FH o ELAR I , & 3I0 5 TBRT 1K [
PRI K B AMERAREL , 45T SEQ 1D NO: SR IERR 298135 7 Al #45 B 4k s 6 k124
A PR N i R L P N i 483 A A B A A A A1IGDF 15, S AN A R A I TGEB3 , 1 # #1| TGFB1 22
HSEFE R 1ETSEQ 1D NO: SHUZIERR 153 FF 45 17 B M a1 64 2 2 R oty 468 R 117 Co A8 4 A8
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PR AR S G WA LR R, R vl 5 KO A #58 A & AH 4 T-SEQ 1D NO: 5/970
KA B AL RN ZE DEUAR A R I TCFB3 A GDF 1 5545 H 454 B , - % TGFB 1 EL A 7T 20 (1) 1k
F o NTO%% F: 27 WT i B B8 A A7 5o b A1, R L5 TBRT T4 [ F 28Y 1) 2 K g AR EL , £ 25
F24T-SEQ ID NO: 511047 HI67 B AL D EKEUCHIFefit & 8 F oA S HIGDF 15 Fe A
B RO ANHITCEBL AMHI TGRB3 2t 25 F2 B . 1 1OAZ P U i X 45 5 2 K0 B TBRI TR AR TGFB1 L TGF
B2FITGFB3 [ 16 B 14 T0 5% o D] Bk, M AEAS B 19 2 , T 2 ECDIY) 58242 451 4 {E AN BR T-N70D Al
DI10K (BRFERI%W 5 AH24T-SEQ ID NO: 5995 ) I/ B d6 T & FE MR 29 F135 2 [A] Al /B 1k T
AR 1532 FE R 159 A I TBRTT 22 Ak 3 35 14 , I HXT 1A 5] 1 e 4 35 i s R AN AH ]
[N R RE o AT RE 75 ZEAE FH IR L R AT s AT — A IR B T I PR B SE B0 7S 5t o

[0056]  FEXHELesjiyy S, TBRITZ Ik 5GDF1545 &, HTBRITZ KA 7R HTGFB1ELTGEB3
SR A B o EHEME S 77 Ze P, TBRIT 2 ik S5 TGFB14E5 4, HTBRITZ KA /R HGDF 158 TGFR
B S, B AL RS T7 S8 b, TBRTT 2 JIK S5 TGRS £ , HLTBRTTZ KA i2 7R 55 GDF 155K TGR
BISE R4S A o AT TEA VR Bl 7E 3 11 25 B TR L3R R 4L (Il aBiacore™ R 4% i FH4lifb 1Y &
H R 45 A

[0057]  7FREdesti 7 i, TBRTTZ K HHIGDR 154 e (524 5, B TBRITZ iK% TGFB1 8%
TGFB3AA 25 uliA PR I HIAE FH o fE R LSt 77 22 v, TBRIT 2 R4 TGFBL A M (5 = 4%
5, TBRIT 2 JIKXFGDF 158K TGFB3 A Hh &5 5l A R (1) 4 i E FH o 7 FELe St 7 S8+, TBRIT 2 ik
I TCFB34H M5 5 4% 5, HLTBRIT £ kX GDF 158, TCFB1 B A o 2 5% A5 R (1 3041 4 FH o o 4
W A5 5 5% T B A AR mT e e AR Ak 2 k0 A VA VAR

[0058]  ra ,TBRIIZ HKMIIE M4 W AL&SEQ ID NO: 5 FEER 7 5123-153.23-154,
23-155.23-156.23-1578§23-158, DL 2 4H-FSEQ ID NO: 5 & FERR 24351 4F— M ix ik
JF AN AR o [ R4, TBRTT 22 KA TE 14358 70 T A5 SEQ 1D NO: 61 & LR T 4123-178.23-
179.23-180.23-181.23-1828¢23-183LA A4 T-SEQ ID NO: 62 F:fR24-60/1 A — NI
LY B 51 (AR A o 51 O TBRIT 22 ik A5 SEQ 1D NO: 5HUZ IEEE 7 4129-159.35-159 .23
153.29-153F135-15384SEQ ID NO: 6HZ LML T 5129-184.60-184.23-178.29-178F160-
178,187 & 1 IX BL i [H] P (A2 44, 45 731 & 55 SEQ 1D NO: 58(SEQ 1D NO: 6FIAHR &R &
/1>80%-85%+90%- 95%5%99%[F] — 14 I AL 4 . P IS AELFEHSEQ ID NO: 5/ & FE R 160-56 75K,
SEQ ID NO: 6% 2 3R 185-5924 B £ 1 TBRIT £ ik .

(00591 40 b FriR , A AT WAL S RIRAEAERITBRIT 2 Ik SLAG 0 #2 FE 1 7 91 [A] — 1
AU I TBRIT 2 IK o S 1 M€ 24N LR 7 H1 ) 1 43 G IR) — 1, 6k F gk AT bl oo T A
FELC R H B (5140, mT 78 25— A28 — R R EUZ IR 17 9 1) — AN sl AN A 5l NS A T Bt
bl Xt 3 AT 208 AE R Y8 7 51 T e B ) o 4R S EU 8 bH N 283 R 7 B A P R IR Tk 3 - 2
AN — LB 5 5 R A AR AL B AR 1) R R R R L A, AR AL B AL
g3 T2 AR ) (AR S R IR IR — 147 &8 [F) T2 561 “FVs " ) . % B R 25l A2
J7 5 I B R PR B 25 AL ) B BRI 25 S AL BE 24N 13 B TE) 1R B 29 B IR) — 4 2 3 B Bl 3
(1) AR T o7 BB ) eR B

[0060] /3 71 (1) b B A2 AN 3 B 1 1 49 b [R) — 1 AARLARL A 10 U0 5 mT 87 FH 2 B0 58 %
(Computational Molecular Biology, Lesk, A. M.%w#%H, Oxford University Press,

New York, 1988;Biocomputing: Informatics and Genome Projects, Smith, D. W.Z%
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%5, Academic Press, New York, 1993;Computer Analysis of Sequence Data, Part
1, Griffin, A. M.fIGriffin, H. G.%%%5, Humana Press, New Jersey, 1994;
Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987;
PL K Sequence Analysis Primer, Gribskov, M.FIDevereux, J.Zw%5, M Stockton
Press, New York, 1991).

[0061]  FE — A sLii 7 Zh, MBS B GCOHR A B GAPTE F (RT3 Hhttp://
www.gcg.com)F i NeedlemanfWunsch (J Mol. Biol. (48):444-453 (1970))% =, ME
2R EE TR P A B 20 bE [R) — 1 o 72— AN AR SE e J7 28 o, 7EGAPRE e vp A F 1 51 S 4
Blosum 62%fF% 8 PAM250H S, 16.14.12.10.8 6541 25 AL AL E FI1.2. 3.4 5861 K FEFL
B AE N AN ST Fo T 2L E R R A TE] ) 23 B[R] — 1 8 FHGCG R A6 i GAPAR Fr Ml 7€
(Devereux, J.%, Nucleic Acids Res. 12(1):387 (1984)) (wm[3kHhttp://
www . gcg . com) o 78 P B S H B4 FINWS gapdna . CMPAERE F140.50 .60 7054801 4% AL AL
A1.2.3.4 5861 BEAUE o SR AR S5 A B, 15 W 2> Z 2R R Fr 41 18] 1 B 0 BE [R) — 1A P
Blosum 624 F% . 104 7% LA A3 FEALEE , N HIGAPRE Pl 5 , 7 HAn SR ik B3k e ik
THE I B B 23 B[R] — 1, DS 3 A ST A T I 6 3 1) #8328 7 Vs

[0062]  7E 55— ANSEHti 7 =, B HEE S BIALTGNAE 77 (2. 0RO HIME. Myers#IW. Miller
HI%L% (CABIOS, 4:11-17 (1989)), i HIPAMI 204 B Ak 3% | 121 25 A A< $11 73 A4 23 oL
$153 M 5E 20~ A EE IR 7 F A1 B 7y be TR] — 1

[0063] U 5E 2SR FE R 7 51 A] 1) e FE A AR LU XS () 7 — AN St 77 8 o1 B FH 2% T-Brut lag®s
(Comp. App. Biosci., 6:237-245 (1990)) 5L FASTDBH AR 7 5E o 75 7 51 EL X
e, W P B R R B S8 N B R R P 81 o T Ik 4 SR 1 G S O 45 SR DL B b TR) — 1 g B
PLPRHE AR — AL T R, FIER T B A — 1 N % T Brutlag% (Comp. App. Biosci.,
6:237-245 (1990) ) FLILIIFASTDBIF LA 7 AT o 7E — AN HAR S 77 Ze b, Tt 5
RFERR LT B B 3 b A — PR AR 1 2 H B4 - FERE=PAM 150, k—Je4H=2, B Hic 111 50=1,
#1717 (Joining Penalty)=20,BENL4H K & (Randomization Group Length)=0, %15 &
S H=1, AL 4y =5 A AL K/ 1 43=0. 05

[0064]  TBRITZ kAT 53 A4 N b 1) AN [5] 5 -5 Fp SURI AT — A o I 7 21U AT s v ik ik I 5
7] FA% AR GE 1 73 Wi 4% - 2 W WNErns 55, SE [ L4565, 082,783 (1992) . B , AT H
RARTBRIIAE 5 7 41 LA S I AR HEHS o mTRE B -5 7 2 B HE R AR T2 7 1) A 2R 41 5 il
JEUBE P (TPA) RN B i35 ik (43 I SEQ TD NO. 22-24) .35 NTPART 5 5 5 TBRTT-Fcfil
AEANSEBAFESEQ 1D NO: 25.27.29.31.33.35.37.3941F143 {5 5 K ¥ in L w] Bt fir
IR HT T 720 o P2 SIS Y R0 7% Sk A (R e AR 2 A4k, DR B K TBRI T 22 K )
S BRN AL 4G AL 1 AT ENSG Bk Co 7 I RS 3N 12243\ 4TS AN AL R - TBRT T-Fe il & 4 11 1 52 471
FLFESEQ NO: 25.27.29.31.33.35.37.39.41.43.53.54.55.56.57.58.59.60.61F162, W14
ST RNEHR 7R B TBRIT 22 B 73 Bt (2 W SE A5 ) o AR STURE AR N AN T i, 2T TBRITHY
[ it R P R B AR A T B 45 254 2 FE IR A4 A\ DA S A N 1R Coig 4 AU 32457 B AL F) R ~F Val-T1e
AR

[0065]  7FFELLs it 77 S, AN TN 2575 FETBR1T 2 K IK R 5 98748 DL B0 AR 22 BRIV pl 564k
Al PERX R RAR AL AT 5T AN BRI R — A B MR AL A, 49 an0—T5m R A0 A7 il SN-THCH

15



CN 105658672 A ﬁﬁ HH :F; 11/57 71

SEAAT R o R AR 2 2 1) AR 2 A AR AT A — M 5 5 3 1) 4 A 2 A AR 5 1 3R A1 11
ZREFP A, B R A B X - RR (SR & BEG-X- 22 AR ) (Horp X7 AT R LR ) o ik 7]
BRI — A2 A 2 IR B BIR TR It 2 B AE R TBRI T B e 41, sl A — A~ a2 A~
22 R R BR TR AR BT AR TUTBR T 2 IR 7 41, SR AT 5038 (6T 0- BB 2840 47 £ o 7
WAL R AL £ 5 — BB — R R R 7 B — N B A 25 R 2 IR B B R O (R /B
TEESE AL B AR BRI ) FEABE = K7 21 b BB SEA  FETBRTT 22 JBK b 38 impi 6 4>
M E 16 55— 7 v 2 i S TBRTT 2 ik Ab 4 B IBC A A K o AR 41 BT R R R A 7 =X,
APEREERE R (a) AR A ZIR s (b) W R 2 ;s (o) W B S 2 , 49 - B R 1 3 % 5 (d)
WEBS IR , W in 22 2R 7 R IR BRI R R I R 55 5 (e) J5 Rk 2 , 9] 2R T S T 2 R Bk
TR 75 R IE s 8 (F) B EU IR I e % 28 o 1X 85 7772 L1987 49 H 11 H A A W0 87/
053304 KzAplinFfiWriston (1981) CRC Crit. Rev. Biochem., ££259-30671, @1t 5] H
SEE A S AT A S TV AN/ B TV SE I TBRT T 22 ik b AR I — AN B 22 AN B B 20 1 i
F2 A EFEEAL ] BRI WK TBRT T 22 JIK 58 8% T4 &) — 96 FR be i R B S5 (Rl Ak & 0 o 1%
Tl A B S 0 o T2 2 W (N 2 T e 3 ] 26 BN 2 T 2 LR ) DA A 90 K38 2 BR BT A6 B g )
E, Rl ORFF 2 B R T 81 T B A LA 532 WHakimudd in%§ (1987) Arch. Biochem.
Biophys. 259:52f1Edge%$(1981) Anal. Biochem. 118:131.A]4%Thotakura®$(1987)
Meth. Enzymol. 138:3508id , i i FH 25 P U bE 7 i A0 41 DR 7 B 5€ i TBRIT 22 Ak 1
(R0 8 20 TR BEFE D) 1] o 3 4, T AR B R H B 3R 0E R RAY, A TBRIT 2 Ik 7 41, IR A
U 7L B I B S HRUORIAR 0 4 i 25 7T 51 N ] 52 Bk oA 1) G 25 B2 3 271 5 ) 1) AS [) i 2 A A
oI F , AT ANMITBRIT 2 ik v] 75 52 A 22 8 2 A0 1 0 L sh P 4 i &R (451 nHEK 293 5K
CHOAM i R ) HH R 1A , B AR AL E 0 FLah W Rk A M &R B TR oo 1 2 A0 g 1 19 1
YA R L R Rt

[0066] AT P 4530 2 R = AR TEARAR VKRB BUE TBRI L 2 K1 41 & S AR A DL R # 5%
AR 792 s S RAR AR G AT T %5 08 IR AR T 41 o T e 1% SR 4H & SCRE ) H (1) AT A
S AT ARSI EEE bR ECE B 2 A HE R TBRT T 2 KA 44 . T T $2 4L &l
7 22 0 5 V2 X I 5 V2 AT SR VAN AR A o 51, AT X 5 TBRI T LA 25 A I e/ 9iiE TBRIT
Z WRARAA, DAB IETBRTTEC AR 5 TBRIT 2 k&5 & BTl TBRITBCAA 51 A2 115 5 ¥ F B AT 7
T 240 R PR 00 5 2 B PR I 9 R AR i) A St 48] A S A ART I v R, I TBR T T 22 Ikl
FLARRIP)IEE o

(00671 W] LL7= AR AHGT T8 RARAELE I TBRT T 22 K I B ZM f TBR T T 22 Jik L A i 45 v %
I R AR 2H A SRR AR AR [R)RE M, 75 48 AT 5 I3 2 75 30 B8 2 R 1A A A BT
A TUTBRIT 22 IR A8 0 o 451 G, o {8 50738 1) 2 11 o %) 8 1 7K A e AR B 3 BIOR SATBRT T 22 Jik ik
IRECL i 7 2 B B v 1 e o R T AR B AR E o m A X AR A R G R A A 1Y
JEPR 8 YA TBRI T 22 IR 2 75 B SR DA TBR T T 22 Ik /K T o 451, 466 140 2 75 S AT 5 b s it 8
A0 B IR 0] Fe VI P Hh s ) BB 3 N IR B TBRIT 22 kK F o FEF e & 85 1, AT 7
B3k CAna 105 ) A/ BRF e 3873 o 3047 SR A DL el % B 1 T 77 1

(00681  mJ e it 2t 22 Ik S J2 (1) BE R 1 187 S = AR 26 S, BiTik 22 k4% AL & ml e )
TBRIT 2 K7 51 22—y B an , v ARG 7 V2% & BB TR R A ) 5 2 W 7 51i%
B, A AT REMI TBRT T 2 B A% F7 R 17 41 04 fai FF 20 nTAE AN 3 22 KRk, sl 1B v — K
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fil A H 1 RIE (B A TR AR R R )

[0069]  fEAEVF 2 0] TR FESEAL E IR T 217 AL mT BE I TBRT T 22 KR4 1 SCRE I 7 ¥4 o W I
Fe R 75 B AL 22 G BT 7E H SIDNAG A 3E 4T , & BOERAR 5 5 AT R IA K & 1& Bk %
B2 o TR IR SEAZ IR I 5 B AR S AR T JE 0 (2 WL il inNarang , SA (1983) Tetrahedron
39:3;Ttakurazs(1981) Recombinant DNA, Proc. 3rd Cleveland Sympos.
Macromolecules, F4AG Walton,Amsterdam: Elsevier, #273-28971 ;Itakura%
(1984) Annu. Rev. Biochem. 53:323;Itakura®(1984) Science 198:1056; ke
(1983) Nucleic Acid Res. 11:477) XRFARC N HFHEHEH B E BT (S0
BlinScottZE(1990) Science 249:386-390;RobertsZ$(1992) PNAS USA 89:2429-2433;
Dev1inZ¥(1990) Science 249:404-406;CwirlaZs(1990) PNAS USA 87: 6378-6382; LA A
FKEEFI55,223,409.5,198,346f15,096,815) .

[0070] B3, o] M A EFH R = A H G ST B, nl R UL R 578, 38 1 i1 M S
JErb s AR B TBRTT 22 IRARAA - il U oA = IR 415 22 55 (Ruf 55 (1994) Biochemistry 33:
1565-1572;Wang%5(1994) J. Biol. Chem. 269:3095-3099;Balint%%(1993) Gene 137:
109-118;GrodbergZ$(1993) Eur. J. Biochem. 218:597-601;NagashimaZ$(1993) 7J.
Biol. Chem. 268:2888-2892;Lowman®$(1991) Biochemistry 30:10832-10838; L %
Cunningham®$(1989) Science 244:1081-1085) ;i@ it £k %L (Gustin% (1993)
Virology 193:653-660;BrownZ5(1992) Mol. Cell Biol. 12:2644-2652;McKnight%%
(1982) Science 232:316) ;i@ M A1548 (MeyersZE(1986) Science 232:613);iH it PCR
FHAF (Leung®%(1989) Method Cell Mol Biol 1:11-19) ;8 iMidFEHLEAE , IkIL A
AFLE(Millerd5(1992) A Short Course in Bacterial Genetics,CSHL Press,Cold
Spring Harbor,NY; LA KGreenerZ8(1994) Strategies in Mol Biol 7:32-34).%23L334H
A FEMEHE Y =T, 2 AT S s (EYEE) E AR TBRIT 2 K AW 51 177
o

(00711  A4uidel 2 20 F T 07 ik Ja ik w5 58 A8 R4 0 1) 4 1 4H & SCZE B 2L A P2 W) AN AE 3X 5 T
75 178 EL AT ol JoR 1) 25 BB P 0 ) c DNA ST ) 45 Py AR o IR S R — e vl 3 FH - PRk i e E
TBRIT 2 BRI 2H 5 17578 Pl 7 A 1R 2 DR ST < i) V2 R FH ) 976 34 K 28 6 IR ST 2 1 R 38
FiE e IR ST v B 22 mT A2 A ) Rk B A b, FH AR B0 SO EE R A A & I A, I A2 o
v T VRS DA R T RS 25 2 . 5 G s JE 7 A gt ke I ) i DRI R B8R () 2% 1 T, RIBHH &
FE R o AR I T v S TBR T TG AR 45 & M E vE ABLAR N S A IS = 7 S I e v .

[0072]  7EREULsEjl 7 R, BR RIRAFAE T TBRIT 2 KA B AEAB I LA AN , A A T AR TB
RTT 2 ikad o] A 75 B0 38 e A2 1 X R R E AR T 4 Bh b R AL BB VB IR L IR 1k
RO (RO ) ML . R B TBRIT 2 R nT & B AE R BR A7) Bl SR 4 —
Mt I 5T BRRE B 22 B B R I o W4 A SR R FUE TBRIT 22 IR AR 7 TH i , MiX SRR 2
LR B4 XS TBRIT 22 BR A ThEe MR /E FH - an SETBRIT 22 B 76 40 fg b i ik D) #ITBRI T 22 Bk ) 87
AT A IR i E T2 B IR AT 2 AN/ B D RE AR AT R 40 B X T SR
e AN [ R 4 i (4510 4 CHO W HeLa JMDCK . 293 \WT38 NTH-3T3 8 HEK293 ) A ¢ ik () 41 A
PLES AR AL, AT de 33 AN 8] i 48 i AR R TBRT T 22 K1) IE A A 1 A0 0 T .

[0073]  fERCLLT T, TBRITZ JIKH D e A (A Bz 1 1 AL 65 B A TBRIT 2 ik 2= /b — 87
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F—AN 8k 2 AR A 25 A ) il B 8 & IR ISR 45 A3 A% B ) R ) SE 91 B FEAELAS PR T 5%
HEFE Glu-Glu AW H RS B HE (GST) VIR b 2 AR H WG A ) Bk 1 L 1E
X (Fe) 22 ZF iS5 &8 E (MBP) BN ML & H o PGSR Al A 45 M I3 DU At i 75 i M ot
4N, — Lol & g5 A R ) v T E I SE A E TS S R G BB N TSR A H ), Al
FH T 25 AZ A 325 10 A DG 268 51T, 491 Gn 78 e H IR 885 %0 I ik B 8% 6 R0 Ml R AR 4845 0 I
BRZRA W o X L M VE 2 FhoaT DL SR E7 T 3RS, il inPharmacia GSTZH4L RS FIT]
55 (HISe) il BC B ik — LA QT Aexpress™ &4t (Qiagen) o /E N 7 —ANSL 1, Al g B @t &
SERI LR HETBRI T 22 JBR AR A DN o 3 ARG I &5 ) ) SIZ A7) B, 455 % P 2 S B 10 (491 i GEP ) DA &
“RALFRE” , FIEH R KT A, n RS R DA 5 3R 15 FRE M B v B e AR 1) AR B
JE R0 B AR S AL FEFLAG YL 83 75 1ML 456 2 (HA) Fllc—my e bR 3% fE— LB L T, Al A 25 F 3k
B A& A B EIAL S () R - Xa B e B 0 DI RIAL i) , F A VA DG B A B0 2 T AL A&
A TN R CE B ARG, A IS BE JE B E T B MR g R 3y B R LT
B R SR IR 1) St 7 S, TBRIT 22 ik 5544 A A TBR T T 22 JIK 1) 25 35 ( “Fa e 71 &
) RGBTl “Fae” B8 K M5 1 75 BA AT AT S48, AR iX 2 15 42 R AR R sk b
TR PR e 230 12 . C S S BREE E I F e 7 R & MR T 2 Fhi B ik
B % B 2530 1 PR . [ RE, 5N LIS 1 2 I Rl 4 T 37 B 75 R P o o ml e B
RilEr 5 R ) L e SR T AL FE 2 SR Ak (0 — SR A DU SR AK) 25 I AN D e 5 M3k

[0074]  {ERBEARSA), AN TN B PR AL S 5 3ANFe 45 13807 51 2 — (B WSEQ 1D NO:
19.20F121) & I TBRIT 2 R AR AR I & i o AT 1R F e 25 M3 AE 451 i As p—265 . Ly s—322 411
Asn—434%5 5k (F A R 2K TgCom s ) b B A — AN B Z AN RAS AR FELLAF IR, AT
B A e gh ik, B XL RAR) — D2 AN (B 4nAsp-26558 78 ) () S AF U F e 25 My 4 5 Fc
Y R AWRE IR AR BB N A T B AE R F e 5 M3k, B A X R — P 2
AN (B HNASn—4345875 ) [ RAS IR c 45 MYk SMHC T8 ISFc—32 44K (FeRN) 45 & 1K g T4 .
[0075] Y fi#, fil & A BN sy ol DL B a5 Dhae it — B AT Ao 7 NS - 4 , o] s
TBRITZ Ik B T S Y 45 A 3 ¥ Cofy , B, DK SR U 45 M3 &L T-TBRIT 2 KA Coify - TBRIT 22 fik
GE R IEORD S 45 R AR R B B 1 R AN 6 AR, I HLAT— 25 A 38 C i BN B 7 465 ) 38 2 [
AL S I B R T A

[0076] A SCHr IR TE “Gu i BRER I Fe 25 M3 BRI AR “Fe” Z2RE @y 2 48 o L 3R 1 ik E
S X I H P28 BRER 1 4 1 5 X110 22k i 8 4 BRCHG 350 2 o 491 a , B e BRER I Fe X T L5 1)
CHI1 45 ¥4 38,  CH2 &5 M3 FICHB S5 /0 3,, 2)  CH1 45 R 3k FICH2 £5 #4945, 3)  CHI &5 A3 AICH3 45 44
,4) CH245 M3 ACH3 25 M3, 505 ) P A~ BB 2 A 45 M 3R G e Bk B LV B BE IX I 21 65 o 7E
— ML) SE i R, Ja e Bk BT I Fe XL 7 28 /D G 3 BR R 1 80 (X CH2 45 FA  FCH3 45 44
5, FEOL e Bk = CH1 45 a5

[0077]  FE—ANsLjta g SEHp , BRI B XORIR T H AR i s Bk A R N 16 (Tgy ) (v
W2K1.2.384) o i ff FH R BRI H e 28 A 1gA (Tga). IgD (Igd).IgE (Ige)RITgM
(Tgw) . A id B BRER ([ 81 E X IR B EMS IR T 26 E % F)55,541,087/15,726,044.
JIRASRE 5B 45 SR ) R B R L A0 2 3K B 1 200 R S P 4 1 S % Kl 1 L R E X
F10 3 AR R A ARSI B AR IK P 1A o 2 4 928 BR AR 1 Fe [X [ DNARA B A4 1 351 3 A i A0 55
BEESEI 2 D — 880 AR IEFe v (M CHaZ M3k B Tg A TgD T gEE T gMAT—Fii ) [] I 25 #4
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W Z D —E 5.
[0078]  hAh, T S 2 Bk A 1 B A1 E X A 2 PR ) BRUAR Bk 2% T F T St AR SO T
THEFH G o — A L] s Z 2 R B 51N _EBCH2 X DL 7= A2 X Fe 52 AR 1 5% 1 7 &I
FIFcAE {4 (ColeZ(1997) J. Immunol. 159:3613).
[0079]  FERLLLSLRf 7 Sorh , A QTN AT IRAFTBRIT 2 IR 43 B A/ sl ai b e =0, | =
BHERE R/ B B TBRIT 2 JTE 245 B9 5l DLl 1 77 38 A AN 2 (451 4n 22 21:80%  90%  95% - 96%
97%.98%EL99%I% A ) Fo B B 1 B A/ B B TBRIT 22 Ik o TBRTT 22 Jik— % AT 3@ i A B 2H % 1%
RILK A
[0080]  7FHELLSTyif 7 EH , AN TN A ELHE AL & TBRT T A (A M AR 40 14 4w i 5 21 1) 4 4
AIVAYETBRITZ AR EI LR o AEHE— P I SEHTT R, AN TN I AL & IR LR A8 &
R o 75 2 2 M R L SR A AT A 2 P B A L A5 G S AN T P R 22 K T A 2 T 4
(B KRB (E. coli) ) B B4 (5 s AR #3808 540 ) T B B0 7L 20 4 4 i
FIE B A E M TE 0 A AR N T3 T RN o PRI, AR A T P 25 ) — 8 S i 5 Rk
BB R PR HETBRIT 2 k) 2
[0081] 3. #wALTBRIIZ AKIAZIR

TERELE T T, AR A TN AP HE RIS A ST A FF I TBRIT 2 Ik (ELHE Fr B D A8 PR FHh &
T )R —Fh a0 B k% AN /5 B 40 % 2 . SEQ 1D NO: 26.28.30.32.34.36.38.40.4240
4495 51gG2 FealiNum A 1gGl Fedh t sl G 1 TBRTT A AME I AR 44 . 32 AL IR n A
BOUUEE I o 3% K% R AT DL AEDNABRNA > T o X S A% R v] FH 1451 4n - il 4% TBRI T 22 Bk i) 7 92
R B AT AR B RIRTT 71 (B AN 7E [ S S RNAT BREE RV ) o
[0082]  FEREUL 5T, Bk —45 T @, MBS TRRI T £ Ik 1) 3= FA% R 3% 4 9SEQ 1D NO: 26,
28.30.32.34.36.38.40 42 144 AR IR - L ARAL IR 7 ) B FE R — B2 TR
AR AR N BRI % T A 7] 0 7 81 48] a8 A7 26 R AR 44
[0083]  FER-LLSi Ty R, RAATF N ESEHESSEQ ID NO: 26.28.30.32.34.36.38.40.
42 M1447 2 /:80%85% 90%- 95% - 96% 97% 98% 99%EK 1 00%[7] — 12k ) 73 BS A% B 5 %71 1, =2 20 4%
R 7 1) o A AT Al 15 AR N BN AAIRE], 5SEQ 1D NO: 26.28.30.32.34.36.38.40.42F144
HAMYAZERFE A AISEQ ID NO: 26.28.30.32.34.36.38.40 .42 F144 /) 2R B IE ANA A TF A
TG AR LS S T S AR A TN LR T 41 0] LA 4y 25 1) ELAH () A/ Bl R
PR IR 7 5 il A BUCEDNASC
[0084]  7EFH &Sl 7 EH , AN AT N BRI B IS BLFETE = A% 244 T 5 SEQ 1D NO: 26,
28.30.32.34.36.38.40 42 F144+ Fil 2 FI % R )7 41 ELSEQ 1D NO: 26.28.30.32.34.36.
38,40 A2 F44 1) B A7 VB B4 A8 BT BR 7 41 o W1 b BT i , AR 4 il 4 RN TR 2%
Sy 1 i AT LA e AR AR BEDNA 58 1R 3 1) 7™ s M 2R A o B 2, T AEG . O x AN/ FT R R A
(SSC) FFZ145°CHAT 423, $:2.0 x SSCTHH0°CHE B, i M £12.0 x SSCF50°CHYJ
TRAS PRI Z90.2 x SSCT50°C I E AR I, BB PR D BRI SRR B - 54, i A IR ()22
C) N BT A 1 25 A3 1 e i 20 SR IR R P 3 24065 °C 1 (1) 13 P A 1 25 o UL RN 3 7 2 35
AR, Bl AT DR i P B R R R 1R, T el s o — AN B AR S T B, A A TN
BIRMAES x SSCT MMV Ag M 25 11F T A8 HE 2 x SSCT ZHIRPEHRMAZIR «
[0085]  Hy Tt A% S5 LI ) 31 AT BUAS[E) F-SEQ 1D NO: 26.28.30.32.34.36.38.40.4241
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44T R IZR I 5 B IR W AE AR A T N A BITE N o 40, 2 M 5 R A R — A =Bk g
SE o 48 i [F] — S JE R 1) %5 1 B[R] S5 5 1 (5 inCAURICAC 2 2H &= BRI [F] X% 65 ¥-) , i) &
B R B ) E LR 7 AR “UTER” 98748 o SR , T A 720 L 34 4 i o ] A7 e A s 5
i 3 R U IR E T 9 3R FIDNAJT 31 2 35 o AR AR N SR B, BT R SRS 2
DRI A 4K BT B3, 7 25 78 WM ) AN 2 18], 3% Be AR 40 P A7 78 S b5y 8 B E BRI AR IR I — Al 2
MEEIR (2 2 213-5% % H R ) H AT FI A X B B IR T3 2 2R 2 S PE 7R
AANFFHNERITEE N -

[0086] A& AR N G2 NN TR B, 3T TBRI TR [6] Foh 28 4 AH B AR AR o] B35 2w i 26N 2
FETR e N DA KA N Coty (1 0 324 B A ) PR 57 Val -1 1e U A IR 7 41 . IE BN IR FY, 36 F-T
BRITHY K (A) B (B) [7) Foh 28 1y AH B AR A4 o] A0 356 A0 25 72 R IRAE AE I TBRI T [A) A B C i ik 46 []
P B AL RS 36N LR 4 A (SEQ ID NO: 18) 108/ 4% R I+ N 1 2B 44K 4% T 18 1 41|
(Z W)

(00871  FERLLLSL T B, fERIEM R, AN TN AR HAKR TS5 — A2 A
AL R T AN E ROERE TR 78— AT IE T TR E I 1E 3 A A L i
T & MrE EAER &G RIEEAE A S IE TP 2 KM iR — 2 N IR
7208 P AFEEAR T 8 8 7 20 102 7 5 8UE 5 P 81 R A 2 A A R SRR IR
FIFNZE b 73 B 46 7 91 N2 1 7 3 J 38 9 1 BSOS VD P 81 o AR 8 T N 25 28 RS A AT
O A A R A 31 805 T Y SR B« JB 3 1T DL RARFEAER JA 31 B AN th— R 3)
T TR E R ARG BT RIE M EAR T AL T 0B B I (g an ook ) |, 5% R0k
PR A AT 4 N B4 R T o 7 — MR I S8t 7 2R, SRR B B e B 0 B R DL R A% 4L
15 = AL e 45 o 128 B 1O Ja DR A AR AU AR P L R0, I RT il i SR P 40 4 3 4 i e
[0088]  FEA AT FELL TS TH, fEAL & G TBRIT £ Ik FF 5 2 /b — AN 15 7 41 B 0E £
[P A% B IR 7 5 1) R IR B AR HR A 32 UL IR o A 55 7 F1) 0 AR A A N 1, HE R ok T8 3 3R
IETBRIT 2 K o (R, ARAE 45 5 F1 046 5 207 389 558 7 AL e SRR V% sk o 7 9 14 1 4
AR F-Goeddel ;Gene Expression Technology: Methods in Enzymology, Academic
Press, San Diego, CA (1990) 15141, 24 5DNAF F1 45 X% FL I 2 il DNA 7 51 235 1) 4 Fih
I VR 7 HI AT — P, AT 4% B T I 2L 304 DL RIA 4w iS TBRT T 2 IR DNAJF 41 X A A 3R
KRR 7 FIALFE B AnSVAO ) B3 JE 31 I I 5 201 te t JA Bl 1 b B8 5l B 40 i s 7557
B R B30T \RSVIEBN T lac KRG trp RYETACEKTRC R4t LR IAZTT RNAR AR S
IT7 J3 Bh 1 Wk R AR M) EE R IE DRI 5 301 X L fdAh5a i B AT X 3-TE IR H VR T
Pl B HG B A B 1Y) 3 BT R T R R I JE 2l 1 (B 4nPhob ) (I BRa—SZ B K ¥ IR 3l IR
JHEE RAN 2 AR (polyhedron) J& &1~ A1, 044 il J5 A% 20 i B3 5 4% 40 i B3 00 25 1) 2L [
RIEWHE T S B PG NG TR, RIS TG T DL R IR R &, a0 fr
AL TS AR I B AN/ BB RIE I B PR A L AN, I B R AR DL I i
DI RE A0 B Z a8 S AR AT FL B B o (i AR R bRl ) R IE .

(00891 ] & i % v P 1 B R B L3 B B 2 0l TR R AZ AN AL - A% A (B BE V& VR
SRR LB ) B TR R R R R AR AR AT N BT AR E AR T A AT
BRIT 2 JIK () s B4 A48 DR AN & 3k 51l 4, 38 1) #4 A3 B 78 J5AZ 4 e (91 Gn oK
JrFT B ) o 2Rk g LA 2R i R - pBR322T A JFURE  pEMBL AT A JFURE  pEXAT A JFUKE  pBTac
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T A UKL A pUCHT AE BTk o

[0090]  — by FL AW W) RIS BARRE & A R T2 L 40 1w H B HE R E AT 8, X5 EAZ
2 A R IA I — N AN EAZ S S BT o peDNAT /amp . peDNAT /neo~pRe/CMV . pSV2gpt .
pSV2neopSV2-dhfr.pTk2.pRSVneopMSGpSVT7 .pko—neo FlpHy g fiTAE A4 /& 3 T 5% Y B A%
21 HE P R 7L B 7 R TS S AR T S 451 o K A AR 1Y) — L P R T 4 o Rz (4 npBR322) 1Y 7 31
A, AR T 76 J5 A% 20 B RN S0 A% 40 i 4 = v 52 R RNBEA T 25 M PP e 4% - B, W R o a4
FLk I8 i 75 (BPV-1) 8 3% (2955 8 (pHEBo « pREPAT AL M Al p205 ) 5595 B AT A2 W7 35 4% 40 i W
I FRIR H T e B (AT [ S i B8 ) Rk RGUM SLgn] 2 WL T T FERT AR I R4
(R IR o FH T JBOREL i 25 A1 3 A2 P 3% A Hb 1) & b 07 1k o AR s Ak P 1 ey o 6k 3 R A A 3
AR ENHEAEMRERG U L@EHEH T, Z WMolecularCloning A
Laboratory Manual, 253hK, #wiESambrook, FritschfiManiatis (Cold Spring Harbor
Laboratory Press, 2001).fEX:2etENL T, Al 6875 Bl L R HAFIR G R R IE RGUkK A E
H 2 K 3K AT IR 75 R aE R 80 1Y S5 B FE p VL AT A= 24k (5 inp VL1392 . pVL1393F1
pVLI41)  pAcUWHT A= H M (5] WpAcUW1 ) FpBlueBacfiT Az 244 (4 417 B-gal I pBlueBac
I11).

[0091]  fERELLsififi 7 22, vl & v fECHOZM M H 7= A B TBRT T 22 JIK 1 A4 , 1 WiPemv—
Script#fh(Stratagene,La Jolla,Calif.).pcDNA4#%44 (Invitrogen,Carlsbad,Calif.)
FpCI-neo# /A (Promega,Madison,Wisc. ). fE—/MILIELII SL it /7 ZH, A ¥ 7EHEK-293 41
Ff R AR S RRTBRTT 22 IR B # 44 o 2 98 , ] e FH 3 0k (R ) g Ak 7 T 335 7 ik v 0 1) 4
i = RATBRIT 22 IR , 5 4n A2 2 ) o (R il & B B B iR BR B ) DA 44k

[0092]  AAFHNEEW K HEHE— 1 Z A FBTBRIT Z K 465 /7 51 (5] 4nSEQ 1D
NO: 26.28.30.32.34.36.38.40.425444 ) [ 5 2 FE D5 5 GL 1) 15 3= A0 1 - 40w DA A2 AR
A7 S A% B AL MY o 51 G, AR SC A TR TBRT T 22 IR AT 76 41 B 40 i (1 an R I i) « B 4 il
(3 G At AT PR B3R 08 R G0 ) I B BURT AL Bh ) A0 M 2208 o FL e 60 1) 1 = A A 2 A 4
WHE AN AT FIR .

[0093]  [Rlth, AN TN RS — PP Jo 7= 8 FRUTBRTT 2 IR0 75 v o B, v ¥ FH 9w TBRT T
Z IR R AR G115 IR SO VFTBRIT £ IR IA K AR A& KA F RS 57 . n] A TBRIT
Z K W FE AT B AN A TBRTT 2 IR 1 5 72 TR A W 0 35 ok . 53, I {HTBRIT 2 Ik
PRIF7E L 0T 8RR JBEEE 5 SR S OR SRR A M 2o 2 R 1 0 - AR R R R A B0 4 1 32 4
Fh R o F T A M 85 5% 1Y) G 0k 5 73 22 i AR AU AR T JA R ) o AT R FH AR A3 8 R ) FH T4tk
A BREOA, B B A BT BRI YRR T B YR VR UK ST TBRIT 2 kY
R 8 R AL R T U HEAT 1) S e o A Al DL R A 45 A S TBRIT 2 K fl & 1) 45 M35 4
JREAT ) S RN 2l A (B AnAZE (A A v] SR EEAL TBRT T-Fef@l &5 4) K 32 RITBRT T 22 ik M 41 i 35
FRE M E A BN A B R AR — MR ST T R, TBRIT 2 kA2 & A (e ik Hoali
) R RS S A A0, 8 S — R A B R TP BRIA B 4iAk , Bk 22 SR HE 45 AT e
I 1) B = R E B 22 Bl vk AR I EMTIE QBRI BE SRS Z BT v 2R 3 B A W e I E AT
TR R/INHERH E ATV AN BH B 52 4 E M o ik v o B 0 Y8 AN Rk BE 4R ST R

[0094] 7 57— ANSLiiti g7 e, S ai A a7 3 7 41 (5 Gn FEZH TBRT T 22 JIK 1) Fir 75 515 7 ) N
- (His) /R DI BT 55 77 510 ) ) il i DR, ] SR04 NG =" 4 A il iot 5 A0 2 AT
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o RIE R A A AT A SRS AL T TP B RE JE R A e A R 2 L A5 2 Ak
HITBRITZ ik (02 W Hochuli%$(1987) J. Chromatography 411:177;LL & Janknecht
2 PNAS USA 88:8972).
[0095] il 4 Fib & FE IR AT AR A BT R 0 ) o R B, SRS AN [ 22 ik 80 4] 4% FDNA F B
R MR IR R AT 5 SR FH T 3% 12 04 Vi B A i » B ) 12 P9 DDV AL DA SR B 5 0 R
ity » T8 24 I RN 26 1 A ity P Tl G T Ak DA G AN T B I R AT R R B A S —
ANt 75 ZE R, Al A SRR T E Ik R R R, L EE E BIDNAS BN . B3, WA TR AN IE
SRFLPR R Bz ) 7 A TR IS H g () 8 0 53R4T 26 R B IPCRYT 3, BTk B (R BB 5
"R kB3 &K 4 (Z WLl nCurrent Protocols in Molecular Biology, 4wkH
AusubelZ%, John Wiley & Sons:1992).
(00961  YESNTBRIT.TGFB1.TGFB3FIGDF 1548470 7 1 1% B AL ) 24 Sl 1) SE A5 A0 356 e SUAX TR
RINA T 44 282 4RI A0 PR A% B A A o A B AL 5 mT DA B BORURE 1Y) o XUBE AL & 03 mT L4
FLAR BRI — 25 B 0 — 25 B RE I S M o X B R B ANX . RBE L S T BHE B IR EANX , B
TR BT BB AA DR e 25 46 DX 0 BT 1B O 7 B 25317 254 AL S Wl A5 DL N 4%
TR IT A, Ho 5 A A K TBRT TR 17 51 B ECAARAZ R 172 Z111 1000/ VAN BB 50040 AN
112504 AL 1004 B A BT 50.35.30.25.22 . 2088 1 8% FRZH B i) [X 4 H4h o HAMX
ik N ZE D8N TR AT ZE D108 E /D I5ME TR , Bl a0/ T 15 25 M R 2 1] . H.
FNX AT IE NSEIE SR S T b A AR GRS R A R B AN gD T B Ay R S )
(1)K B — M ] A 298 - 215004 A% 7 R BB 2 X6, 91 A 24 14~ 24950 /M % R o A% 2 7T LA /2 DNA
CREAIRS T FAE e X)) \RNABRNA : DNAZR A4 o AT — 2% 4 v G FEDNAFIRNAF) Ve & 7 LA B AN
25 5y VAR IDNABKRNATAE T =X o [ B , SUEE AL & 97T LLSZDNA : DNA \DNA : RNABKRNA : RNA , 4T
— K BEIE ] AL FEDNAFIRNARI VR G 5 LA S AN 53 VAN DNABKRNA AR T X AR A A P ]
BLFE S FME R AE — B, B 4G E 2R CR IR LR 0 WS - B e 350 70, B0 46 A% P R 1) ) Bl 2t
053 (RSP R PRI N4 B IE 553 ) 1 — P Bl 22 PMB I o I SRR A & P BE T AR 3 S 4
15-2330/MZ R , H FLd & F — Fhek 2 P am DL ot R v 4 an 78 137 40 M 54k &4
R AT e 3% 3% 22 AR A (9 e 1 AR IE AL A VIR S 0 TN E S XA & = A )
H AR E 1 o FERNAT A AR L T, 5 B S ) RN e — PR RNAB AR IR . S — 2%
5] DL ZRNA DNABRAT A0 I 28 S 4 o WUBE B BB R 7 RNAT R4 AR 1) 0L A% 35 o A K
AR N 18-40 METF IR AT IR K [ N 21 -23 MG TR, HE e FIE VIR BN AT Ak
¥R B B E A% R (enzymatic nucleic acid)n] DLJ& A% EFaiDNARE , 75 HiE v & F B .
YR AR T AR H e LB SO I L A 1R Bl WA 1 RS T 5 20 e
fi i, A% R AL A mT 3 bR Ak £950% . 75% . 90%ER 5 = o MR AZ FR AL & M B4 TR e ik
WPE 1 5FNLOTIEE 7K ot v] IR AZ R AX A 00 91 dan of A8 2 s D A FH o
[0097] 4. Fe-Rh&EARAEL

AR HIE RS A BUE I Fe X 8i AR AR X [ TBRTT-Fe@i & & [ « X RPiik SFemi A &
B 451 G R YO8 T S Ag S 45 an AR B D 1) 40 P R 4 (ADCC ) AR i M 1 441 e 75 1
(CDC) o WAk, A& AT it Hifd SFc i & 8t A B AR 8 P o 8 A 0% 0 A% P R A8 A 51 NDNAEK,
I KA BRI & PR S P el A 8 I R LR T A1 AR o 1% AR B0 HE 451 an AR ST A FF T
W SFcil & 8 A I ZE IR T 51 P9 R = 10 Bk A/ sl N RN/ B o EAT B2k Al N FIEAR

22
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[AEART 2H G DA AT B e 2 A R A, SR A B AR A B P 75 R M o R R A A AR v e AR T
P 5Pt & 8 E BB S D0 T, el A i A0 A7 s 2 H Bl
(00981 WIS AR Sl N IR T A, A HAR T-Bluestone &5 (2 WWO 94/28027 Al
WO 98/47531; %% MXu2k, 2000 Cell Immunol 200;16-26)#iikAla~AlaZSAs, K74
RN T THRE B R B PRSPl & 8 A o Rk, 75 S st 77 S b, B EE X N I 248 (|
FhiAla-AlaZe 78 ) A A T B B PR SFe il &8 A n] AR B AR B I BR 250N T ThRE - $2 X
BB T R, DU SF e/l A B 1 v RS 723447 2 TN & BRIV S AR Bl 7E 23547 2 TH AR I R A%
B A A — AT R PR SRl & 8 B AL TeGAM 28, o Ala-Ala R A 1 #iik
FE23447 K T R 2 P9 2R 1) 2848 F /B AE 23507 M 7 B 82 31 A R BRI 3R A8 o E 5 — 5K
W7 PR EF el & B E A S TeGIM4E , b Ala-AlaRAZ W iR 723467 S 2R 2
PR 2R IR SR A2 I/ B AE 2350 A s ZA IR 21 TN 2 BR 1) &AL  HL A BlF c il & 2 ) AT £ ik B g 1485
M H T A A FECH2 45 My 11 R AFK322A (Hezareh®s, 2001 J Virol. 75: 12161-8).
[0099]  7F EARK)SLitir R, Al S PuiRk sk Fe il & 8 (A 34T 48 1 LA 386 55 410 1) 49 6t ¢ AR 1
AR EEME (CDC) o AT I — N B2 A EU AR R B 4l N B 2K 5] A FeX, SR SLIILSZ 115 1
CDCYEVE (S WAL [H £ F]56,194,551 ) « 2 IR BRI AL , PR 1 R 5k 2 5] ANFc X, AT
FVFAEAZ X B 7] Wi o bbb 7 AR B[R] — SR P Ak T B ot s B A 0 P AL R0/ 8%
5 B Rk 59 I AMA N SR 4 R AE . S WCarons, J. Exp Med. 176:1191-1195 (1992)
FShopes, B. J. Immunol. 148:2918-2922 (1992);W099/51642;DuncanfiWinter
Nature 322: 738-40 (1988);3[E L H55,648,260;3%FH L F|55,624,821 f1W094/
29351,
[0100] 5. GDFI5-TBRII{E5# S

KNTFN BI85 K TGRB TIRYAZ2 4K (TBRIT) LA 35 1 1 5 GDF1545 & 1) KB . 124 R
1b, KRR BAGDFIGIEE Y 5 | H B 5 2 AR 45 & BB ELAE H - A 78 70 BASE M I Bk afifk m]
HE A2 117 W A 3R A3 (1) GDF 152 3 1 AT BE J5 K] o AR ST A JF T UESETBRI T 45 & & M 1) 7= 1 14:GDF 15
2 Bk A 24 A2 A IX S 2 BRI 751 o ok BN FIV/INRR IO R SR AT AR GDF 1588 ) FIAZ R 1) 1 471
LB -4 2 NGDF15AASEQ ID NO: 1f#)5k3E197 ZE A 22308 - [F] F:Hh1 , 8 241 /N GDF 15
MSEQ ID NO: 3f5EIE 1924 {H 42303 o 75 FLE STt 77 R , AN TF N B AFEAS n 3k M H e
iR/ B B GDF 15 2 IR 4y B sl Ll ) 77 S AR AN B (45 4 22 2280% . 90% -+ 95% + 96%
97%. 98%EX.99% % A ) Ho e 2 [ B A/ B B GDF 1522 Ik 2R A GDF 15 22 ik Bl e Fr B AR 40 159 A/
A IR A A T A HIGDF 1522 Ik LA 38 A1 1 S5 TBRIT4E & o A 48 VAR T B 78 6 T 45 58 1
IR RS (BlnBiacore™ &40 ) A , 4 FHAEAL K & A FVE 45 & o X T TBRIT £ Jik ,GDF15%
AT B 5107107107107 MEEE /INFI 215 R0 77 (A 18 3 580 o A0 30 5 R AS SC T i 5 9243 15
4iAY A A TF N 25 1GDF 1522 ik « GDF 152 ik — fci i M B 20 A R e ik Sk A
[0101]  GDF15Z kA fudEH 5SEQ ID NO: 18ESEQ ID NO: 3f¥JGDF15% ik H & /80%F —
P A3 5 7185%.90%. 95% 96% 97% 98% . 99%k, 1 00%[F] — 4 (1) S JE B8 17> 51 20 i il A, &5 ik
RIER T AN 2 BRI DI RE Fr B -GDF15 2 Ik AT A5 H 560 & SEQ ID NO: 1[9%k%E197-308
B(SEQ 1D NO: 3f%%2£192-303GDF15% kA % />80%[F] — 4 L%k 25 2 85%.90%- 95%
96%-97%- 98%-99%5% 1 00%7] — 4 (1) Z J 1R 7 F1 2H e B B0 2 B ik S B IR 7 21 1Y) 22 Ik Bl e T e
Jr B AR I T #GDF 15 2 ik o] A8 s AN WG AL 15 5 7 51 LA & AE 5 7 21N R AEART 7 31
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GDF15£ Ik i €1 ESEQ ID NO: 18KSEQ ID NO: 3ufH:/» HIAH24FSEQ ID NO: 1/J197-308
B SEQ TD NO: 3f%EFE19-303003 77 A2 & (B4 FESEQ 1D NO: 1EESEQ 1D NO: 3[yJF41
AL B IIA K F2.3.4.5.10.15.20.25. 308354 FE R B A AR 44 ) L e A BOAA0 & iy
BIE—DPIRE O HIESFHE S T, R IERTIRGDF15 2 JRIAE— AR TBRIT £ k] A
HHEASEI I

[0102]  fEF-ses i 5 =y, [ R ARAFEAE T GDF 1522 ik o AT TS 1 LA &b, 45 28 TT I 22 1
GDF 152 JIk i ] A, & B 1% S5 B0 o IX AR AL FE (AR T 2 BE b R AL BE 340 B IR AL B
TR A (B 2 ) A AL o IR U, A RIGDF 15 22 Ik AT & SR R R B B o » Bl i 56 2
T NG BT R B2 R RN ER IR o P AN SO SGH EGDF 16 22 ik T T P , WX ek
1% 1% 43 %Y GDF 1522 ik 1) T RE P (1K) 45 FH - 2 SR GDF 15 22 ik 76 241 o v 38 ik 1) #IGDF 15 %2 ik () 38 A=
T AR, B S I X0 T8 A B IE 64 & A0/ B et nT B 0 B 22 % T IR R
S v I, AN [E] B 48 B (491 7 CHO JHeLa JMDCK . 293 \WI 38 \NTH-3T3E{HEK-293 ) E. A 55k 1) 2 o
BLES AR AL, AT de 3 A [8] 0 248 P DA A PR GDF 156 22 K1) IE A A 1 A0 T .

[0103]  7ERELLsij g S H , AN JF I 2 B0 4 G i 5T AR AR ZAGDF 15 22 IR I AX R o 75 B S
Jiti 77 G, AN TE N AR Je B X AL R I T MY - 1iF A0 i mT DA A iR A% B A
TR o 451 40 AR 28 T PR 1) 22 IR 70 20 A 40 P (A9 oK T AT B ) < B R 00 o () A P AR
BRIERG) TR FL A an i b Rk . e A IE I 15 40 i AR AR N 2 s
(1) o DRI, A 8 T N 25 1) — e St 7 S8 3808 Je " A= GDF 15 22 IR 71

[0104]  7ERELLTTTH , AN TF N AR FE MG AL A8 SCA FFIGDF15 % ik (ELHE F Bt L DR AR A0
R A B ) AT — PP 43 55 R0/ B EE A A% R o 2 A% IR 1T DA BABE BB OUBE 1Y) o IX ZRAZ R 1] LA
FEDNABRNAS; ¥ o IX LEA% % AT FH 451 40 FH 1 1] £ GDF 15 22 Ik ¥ 777 v Hh Bl FH AR B2 K76 97 57
(A TE 2 U)W RNAT B R 73 077

[0105] 71 HELLT5 [, Zm b GDF 152 JIK I 3 A% R B3t — D3 AR N B0 46 /E ASEQ 1D NO: 1
B(SEQ 1D NO: 3[JARMRMIALIR - A AL T R 17> 51 AL 48 DRl — > B 22 A A% EF B HUAR S Vs o e
SR TANF] 7 51, 48] 48 A7 36 R AR 44

[0106]  7FR-LLsji 77 orp , RAFF A HEAE5SEQ 1D NO: 18(SEQ ID NO: 3% % /080%.
85%-90%+95%96%- 97%- 98%- 99%5K,100%[H] — V£ [1] 73 B 4% IR )7 41| X HE 2H A% IR 17 31) o AN A4
HEARN BRAIRE], 5SEQ ID NO: 1B{SEQ 1D NO: 3HAMAZERFFIFSEQ 1D NO: 18X
SEQ ID NO: MR YE NA AT N AW TEH A o 75 H St 7 S, RN TN AL TIR
7B BT DL 2y B 1) B A/ B S SURRE T R 7 SRk BFEDNASC E A o

[0107]  FEH S /7 S H , AN A T 2 B BRI BLHE 7 15y 4% 26 T~ 5 SEQ 1D NO: 18,
SEQ ID NO: 3#EHIEF R /F%.SEQ ID NO: 1EESEQ ID NO: 3 H %MNFHEH H B 4258
AR T 4 dn b , A @ B AR N R 5 7 #F, T DASUR (R 3EDNA S 52 1) A 18 1Y)
FERGHE S BN, I 7E6. 0 xEALEN/FTIE BR8N (SSC) W F 2945 C il AT 238, #:%2.0 x SSC
F50°CHes B, i hZ92.0 x SSCT50°CHIMIE™AKPERIZ10.2 x SSCTH0°CHY & k&P,
PP R ER IR BT o T 4, AT SR (Z122°C ) TR AR ™ kM 2 2 T Ve 16528 BRIV R
B Z165°C T 1 57 M 1 S o B S AN R 35 mT oA, B R R AR B B R R T e
B R AR AR T R AR AT N AR BEES x SSCT = IR A% 1 2544 F IR
LHEE2 x SSCTHIR MK .
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[0108]  F T3t 4L 5 A 1 fi 1k Fr U [R] T-SEQ ID NO: 18ESEQ ID NO: 3P mAZBRMI 4
BB MAEARRNTFN RGN A, 2 Fha i A R — A=A 48 5E 48 € [ — 2 5
PR (1) 3 - B [A) S S (51 N CAUARICACH2 2H &R 1 [R) SUE RS ) , n] R EUAS 2 e i 1 A
QLR T A “TUER” TRAL SR , TR AE IR 7L 30 V0 40 i b v] A7 A2 i 5 5| e = jUER B i a2
1% 7 51 AR FRIDNAFP 51 22 251 o AU N BN AN TR B, B T R SR S5 A B DRI AR AL BT 8, £
25 E WD AR 2 T8] X e AR AN T AEAE iR o8 B 3 BRI — M M IR (2 2
213-5% % H IR ) T o AR AT FH T A 3K RA% B IR AL AT 1S 2 5 R 2 S PEHAE A 20 TF N A1
TGN .

[0109]  FEFELLSTH J7 E , AERIA M AR, KRN TN B HEHAKKR A 5 — A2 A
WL R 7 50 A ROERE WA E IR PP 81— AR AT T F T 3R i 18 A0 o A s L
TN AE 32 40 B R R AR A G A T R ARV 2 2R AL TR — AN e N AT EH IR
7208 P RFEEAR T 8 8 7 21 102 7 5 8UE 5 P81 A 2 A A R SRR IR
FWFIZE 15 51 BRI AT 46 Fp 51 N2 11 Fp 31 R 3 oit 1 BOB0E Y0 P 91 o AR A TT N 2525 R AR 450
CLANI R 3 31 85 R 8 JR 31 J3 31 AT LU R ARAEAER )3 8 T BORAS 1tk —F B 3)
TR IO B I A J3 BT o AR SR AT A7 76 T 20 MR B s (9 an Jsokr ) |, B3 R GE
R AR AT 4l N e A rh o AE — MR IR ) SET 77 R, RIS BAA & H bR D B R DL R b
15 A0 M) A28 1 o e AR AT FE DR 2 AN AU A T A TR, I AT T i >R FH ) i 32 4 T 5 32
[0110]  FEARSL AR FELLTT T, FEAL & ZMiSGDF 15 2 Ik FF 5 2 /b — AN 7 518 JOE
A% R 7 51 B ZR a8 Bk 52 4k = AL IR - A 719 7 31 A2 AR BB A A, HE R $E k48 3 3R
IKGDF1522 i o ALt , ARAE P15 7 21 B0 45 3 811 38 9 RH B 3R A% Te A o 7 9 1k 1) A
AR F-Goeddel ;Gene Expression Technology: Methods in Enzymology, Academic
Press, San Diego, CA (1990) 15141, 24 5DNAF F1 45 X% FL I 2 il DNA 7 51 235 1) 4% Fih 3
KR EE P B B AR — P, T FH T3 e g8k ik DL R IR S i GDF 15 22 K IXIDNA 7 471  1IX S8 FHI &
K AR PP B AL 5 A SVAO IR 53 J5 31 ARG I 5 20 7 te t SR Zh 1 s 75 5L 40 i i B3 5L
B R B30 7 \RSVIEBN T lac KRG trp RYETACEKTRC R4t LR IAZTT RNAR AR S
HITT RN I R AN 32 EHR N EE I NS 3l 1 X FdAh5e a5 ) IR I L 3R IR H iR ¥k
ity =G B W PR R Bl 1) )5 30T BR P R I )5 3l 1 (B aPhob ) (B BRa— 2 LA 1 )5 31 AR
B RGN 2 AR R 31 A E 0 ) 5% A0 A Bl A% 2 i s R B ) R R R IE I e
G Je FeS P G o N T, RIBEAR B BT AT EGRE T DL R X R R R B AR A 18 S 4
F A e 3 AN/ BB R R I B 1 B SR A o e A, 3 N R AR B DB 5 i DL e AN
H A B G A AT A L B B B (B i JRbm i) I 360 .

(01111 w3l o o e e 1) PR Bl L 8 0 42 20 T FE JRUAZ A MG L A A M (B B V& VR R
B FL BN ) B AR I B AR R R A AR A TN BT AAE I AR T AR E A
GDF 152 Jik i) 2 128 AR 45 ook A& 30 o 9, 538 1) 0B 435 1 -1 78 J5 A 41 B (491 2
KIGHF 3 ) T A 1) LR 2B ) Ji ok : pBR322%7 4E Jii kL « pEMBLAT A= B kL  pEXAT A ki
pBTac 1A i A pUCHT AR JiT ki

[0112]  — sy IS W R B AR RE &8 R T B A B rh BT JEAZ T 51, XS E R
2 R IA I — N AN EAZ S S BT o peDNAT /amp . peDNAT /neo~pRe/CMV . pSV2gpt .
pSV2neopSV2-dhfr.pTk2.pRSVneopMSG.pSVT7 .pko—neoFlpHy g fiT A4 £ A4 /& 3 T 5% Yk B A%
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21 HEL P R 7L B 7 R T S AR T S 451 o K A A 1) — L P R T 4 o Rz (48 npBR322) 1Y 7 1)
et , AR T 76 J5 A% 20 RN S0 A% 40 i o = v 52 R FgEA T 25 M Pt e 4%« B, W R o a4
FLKJRT 7 (BPV-1) B3R 2 99 2% (pHEBo  pREPIT A M) Flp205 ) 4555 25 7 A= W 7E FAZ 40 Hh [
I FRIR 5 0T e B (LT [ S B8 ) Rk RGUM SLg n] 2 WL T T ZERT AR I R4
(R IR o FH T JBOREL i 25 FH1E 3 A2 P 3% A Hb 1) & b 07 1k 0 AR s Ak P 1 ey o 6 3 R A A
AR ENHEAEMRERG U @B HEH T, Z WMolecularCloning A
Laboratory Manual, 253hK, #wiESambrook, FritschfiManiatis (Cold Spring Harbor
Laboratory Press, 2001).fEX:2etENL T, Al 6875 Bl L R HAFIR G R R IE RGkK A E
H 2 K X AT IR 55 R aE R 80 1Y L9 B FE pVLAT A= %4k (5 inp VL1392 . pVL 13931
pVLI41)  pAcUWHT A= H M (5] WpAcUW1 ) FpBlueBacfiT A= £ 44 (4 407 B-gal I pBlueBac
I11).

[0113]  fE—"MLIERYSLHE R H , v 51T 7ECHOAH A HH 7= A= 3= U TBRT T 2 K 1 4k , 451 4
Pemv—Script# & (Stratagene,La Jolla,Calif.).pcDNA4#f&(Invitrogen,Carlsbad,
Calif.)MpCl-neo#ifd (Promega,Madison,Wisc. ) FIUCOE ™ fiTA#4A& (Millipore) . 4R,
A5 A = A ) T AR A T 5% 7 2 v B 1) A0 i P A 32 BIGDF 15 2 IR R IA , il an = AR BR
R (B FERLG A B AR E ) DLEZL .

[0114]  RAIFANFIEW K AHE M — DB A 1 GCDF15 2 ik 8 %4 6% Fr 51 (5] inSEQ 1D
NO: 1BSEQ ID NO:3) ) E 25 Jk PRl % L 1) 15 2 20 M o 75 5 20 M 7T LA AT AT 5 A B B A% A
1, AR SC A FF I GDF 15 22 Ik v 78 20 B 41 Bt (451 oK i A B ) « B2 A B (49 4 R AR IR 9 2
FIK RS ) BB AL AR H 3R0A o B A I I A 41 B AR A R N B3 2 R
FE—MIIER) ST S, A SCATTIGDF 152 IR FECHOZI L Hh 323

[0115]  [RIh, AR BAHE—5 8 K = AE 2 BIGDF 1522 ki 7 ik o i, m] K I 9mRGGDF 1522 Jik
1) 28 AR GL 1) 4 32 ZM BRLAE Fo VFGDF 15 22 JTR 3R A & A 1) Gl 26 A R 15 77 - AT f#GDF 15 2 Ik
53 W FF AR B AN 2 GDF 15 2 IR 55 72 JE IR S0 b 70 5 ok o 803, nT{ETBRIT 2 Ik %¢
TN BT AR 43 v, SR FE SOk R AR I 23 B B 1 0T - 4R RS SR 0 H 1 - 4B A s 97
B o T 8% 7 0] G i 1 7 e A AR AU A T A R o R SR FH AR A L i B Tl B e
JRIEAR , CLFE B 22 4 JZ Mk Bk ek D8 S AT v BB 8V S HL YK S XS GDF 15 22 Ik 1) 4 8
RALA R P PR AT ) S s gtk DL & 456 5 GDF 15 22 Ik Rl 1) 45 A 380 ) 4 o adt
1T 2B Faifh, () anAsE A #E ] SR 464LGDF15-Fcilt &47) , ¥ 3 BIGDF 15 % ik M 4 ffd 15 77
B 1 E M B o B R AR AL I SE Tt T 22, GDF15 2 ik 2 & A (2 i H a4k
() S5 e S R B o 0, I — RN B A JE T A2 R0 B 44k, B i 25 SR 45 451 Gn AT 4] it
JF IR B =P EE 22 R AR 1 JE ATV QB AR HEEE IR E AT 2R I B e BE A E AT
RANHEBH JZ BT AN BH B 128 e JZ AT v o Al ] P s B 0 9 RN 22 il B8 R SE Rl o

(o116l fE—AMRIEH)SEHTT R, R — RYIFH S 738 At Z 4 2 58 1 £ 8IGDF 15 2 ik
IR a4 o BT BH S 158 $ b B AR SE AT RL 2 B ] an R R (CM) i £ i
(SE) A A 2 (SP) B PR 25k (P) AR PR 22 (S ) A5 AR I B i o FH T FH B8 1 58 3k JZ AL B 4
B SE B F5SP Sepharose ™ Fast Flow.Q Sepharose™ Fast Flow.DEAE Sepharose ™
Fast Flow.Capto™ S.Capto™ DEAE (GE Healthcare).S HyperCel ™ (Pall).
TOYOPEARL GigaCap S—650 (TOSOH)EY 55 FH B -A2 #efA 5] 4R Ff AL AL i SP Sepharose ™

26



CN 105658672 A ﬁﬁ HH :F; 22/57

Fast Flow#l1Q Sepharose™ Fast Flow.

(01171 Sy 7 IFaa4ift, 7 ZE0T, ol 8715 A2 RIAGDF15 2 Ik 1 40 f i 26 A 85 7R 1 2
0, 1 A pH | B8 SRR FE o AE — SE STt T =, PR ENTAE R S S 2 K BB
I — P B8 22 Py 0 o X ISV R P B A8 2% R (8 A AT 1-500 mML25-100 mM
15-30 mMxZ [A]B%20 mMfFI 5]t Tris JMES HEPES 20 23 % . B 1% 6 51 20 B 4 ) A/ 3k (4l Ay
F0-2 M.1-2 ME500 mM—1M2 8] (51 aiNaCl NaPO4 . 2 FRAN B CaCl ) o V-7 I VK i) pHI) Y6 [
— M 93.5-10 (ST pH 3.5-6.4.0-5.5.4.5-4.82 [A]8k4.7) AEAS K 5 & Z KA HiAA
FEfb 5, AT PR G AT S PRI T R 2 e (9 a0 /T 1-500 mM.25-100 mM.15-30
mMZ (B 820 mMEIWITris MESHEPES  2H 2 2 - iR 2k B8 £ BR8N A1/ Bl 6 (51 i /v -0-2
M.1-2 M. 100 mM-1MEZ100 mM—-500 mM [H]f¥ 451 40NaCl NaPOs. £ BRENECaClz) FH /B N
(BRI IR « ERE R R IR B 2R AT A M) /s 770 (1 2,85 LS BUR 20 %) o ek
IR — AN T3 5102 B pH (FlhnsT-4.5F18 . 02 [A] (I pH) o AT K A pH . #5284 | #h
WPE TSRS VI R FE S B RS A B R B B L A 0 2D B FE AR A, 4 22 ST
FEFR B . — R 5, 9 1 22 IR AT A e it , A5 555 577 i 5 0t 0 9% o v i 7 — LS St 7
e, e G2 P A A S (451 10-100 mML25-75 mMEE50 mMf¥) 5 iiHEPESE Tris ) Fi1/
& A R (B an0-2 M. 4n10-100 mMI¥) %1 WiNaCl85.CaClz) o 7E — L& 5Tt /7 S8 , e it 2% ot
AT & H &R L BT B R (1] 1120-250 mMEK 150 mM) o 36 Bt 22 W 38 o] &0 2. 1% (151
1120 mM-%350 mM) FRINF (B An1-10 M.2-8 MBK6 M4t il i =5 e ) A/ m5 375 7] (4] 4
LB NG VR O B, BN -10% 7)1 A 5% 7)) o 36 B 22 PR pHIF) Y6 Bl AT 205 0-4)
1000 7E—He5 it 7 S, AT U (B niZ 2 o8 ) pHRA ™ A= FE e it o 75— L8 St 77 2
Ve 2 MR I pHoN 298 . 00 75— Se S it 5 B, BET — R ENT P IR

[0118]  ASCIEMLAE AL A , TBRIT 2 Ik FHAEGDF 1515 5 3% S5 P « B AR AT TBRIT
Z IR VRE AR TBRTT-Fe 2 AR IE M FE BT, (E2 T 3L & 28 B I GDF 155 B A& A FH , A3
FHIGDF 158 TBRT I 7™ A= [l HLGDF 1 5H 044 L TBRI THiAA = X ¥ JRNA1 B K% g A% B3 FIGDF 1585, T
BRI T FL & #0704 ) R B RGDF 1 5-TBRI 145 & ) 3 k1l 71)

[0119]  5GDF15% ks Btk J)e N H 5GDF15 2 Bk 45 & ffi 15 5 H 55 o o & (G55 P Hh &5
) TBRITZ KB A 77 AN HIGDF 154 3 (1015 5 4% T B AR vl FHAEGDF15 2 K& 1 1 45
PO [FRE M, STBRIT 2 KA e 5Pk I B2 B IR GDF 1545 & [Pt iA vl FAEFE il

[0120]  w]3id Ay 5 %, 48 B R VR -T-GDF15% KK TBRIT £ Bk i 4 % J& , 1l 4 Hi 85 3 i/ Bt
BT 0 7 Bl B T P F A (2 WA iAntibodies: A Laboratory Manual, HarlowAlLane%s
#(Cold Spring Harbor Press: 1988)).MZLah¥y, 5 un/NR & R 55 ml 4% R 20
[FIGDF152 ik e W 175 S HUAR B2 (1) P B aliih & 8 1 S e 20 o It DL 2R 1 o Ok B 8 iR
PER B AR QLTS 53R A sA ST T 8 A S e BR AT R FIAFAE N 45 T GDF 158 T8
RTT 2 JOR I 9 928 Ji A4 35843 o 3 s A 00 10 4 B3 L 7 e 40 o AR 255 A7 M ) 7 88 42 v ) 3o 2 o o] 7
FARRUEELTSASY I B 428 Wl 7 92 FH A9 S A E R R VPN LAk K

(01211 7E5h4) FHGDF 15 2 K[ Pt J5 il 26 Wb AT S e 2 P s, nIRAS i , 40w 22, vl
ML 70 8 2 e BEBUAR O 1 P AR B S R AR, i) N G S F R ) S IS SR B A
ST AR EZL TR ) 5 S 36 o o 4 7 4 B k5 T 92 55 7K 2B A 40 . (4] a8 R 4 A ) ik 5, 49 381
He A 988 A MY o 3K 2SR R AR A3 Ak BT R D, L HE 8 n 2 A2 R R (B W i Kohler Al
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Milstein,(1975) Nature,256:495-497HF &) : AB4HMI A £ AR (Kozbar % (1983)
Immunology Today, 4: 72);LL R r=4 N B g FE TR IIEBV - 228 J i A (Cole 5 (1985)
Monoclonal Antibodies and Cancer herapy, Alan R. Liss, Inc. Z77-9611).0] %%
PR A S T e 2 2 TR AR M L 77 A 5 GDF 15 2 IR S I S B s , I AL 25 3 28 24 52 9 44
L35 7 o3 B R e BE B .

[0122]  ASCAE IR TE “Biik” B fE 35 R A5 32 8 2 IR e 1t OB ) 1 B TR FH
ARG 7 B L, IR LA S B T S8 BB [ R 1) 77 v X 20 9 028 v B o 45 4n, mT ad
I H B A ARG BIF (ab) 2 F B . il A B FTA3E (ab) o b B, LUK 8 IE JR 45 2 Fab
Fr B AR R BRI BLAARIE B R B HE URE 7 1 B RS N TR RN SE BN 1, H B bk
1) 22 /b —ASCDRIX $2 4 ) RFTBRTITERGDF 15 2 K S A g Ak ie il 0 7 5 2 i 9 H g%
For R AR AC (B b 12 T A2 SO 1 (R AL 25 S R e 4 g Bl i A IR 1)

[0123]  FERLLLs 7 b, Pulkg EA PR, Z ARG OFEE @S 55 T EAR 4
I AEAT HiAd , A FECORFE A PTAAR B IR G PUAAR « N BT B SC R PR 5 A IS e i) Ho e 4t
A B BT AR RT B — S A A (481 o A Vel 1 B0 D6 (came11d) VimER ) o 7E SR LE S0 7
F AR PR B RE B, AR R L S 7 S, AN K B AT SRAS PR A AR B T
AN, 77 A 5 GDF 15 2 JIRELTBRT T 22 KR 11 45 & 1 B v B B AR ) J732: , il B4 25 T/ R
— 8 B IR ARORIE AT A WU g5 N B D 22 IR SR SRR 2 S 5 R /N BRAS B P AR
AHHE (14045 3 BRI A0 , FEK P Pr R 4R S IR A Rl G L 15 2 e PR s g,
Pk 222 90 DL %5 8 7 A SRR e R S 1 B FE DR I 250 . — B B T IR 0 50T
AT KE 2R A IR AR AR S TR 385 AT e 7E A S ST AR A M 7 AR S P SRR e M 4 A 1 L e
B BUAR I 35 75 2 F N HAHH o n] AR5 72 0 2lifb B B s FE AR

[0124]  IEUnARASUIS0GE 5 BRAR I — 4%, F T3 L PUIR I 25w <5 Y AN = =i
PURLE H AR HUE (B NGDF15 2 k) 5 H ek HAni i < B A R 8k 3 5 ik bifs =
AT BT AR A8 B AR PR it 2R 2 A s I H AR SR B A7 A 1 0 o 78 LS5 FPu A& 1 77 724
YBIT IV, ESE S RT RE TR SR AR R I R e M B SRR PRI B A X A P L
JRANAE XN 2 IR AR a3 (5 2 s FE ST AR LG ) o 82 ma 4 - o A BAE R4 R 1 1
—/NMRFAE  FUARXT BRI 2R 0 ) o BUAR AT FEAN R S A e Bl N I8 B P TR R e 1k (H R — R
PRI PR AT Z9107°.1077.10 %10 55 /NI B A 77 (fif 855 450 o B FEGDF 15 FITBRI T2
645 RSB AN g, T T R R TGDR 15 8 L TBR T THTAR — % ml HL A5 10 mig 58 ARG 1) i 55 3 %
(01251 S54b, TR A DL %5 5 B 5 EEM U I B AT 520 B 750 4 1 14 Joia o 4510 4, 2
RYUARYE H TR g a s, W] ge /7 2 R 45 6 - v 3R18 T IE Bk fnd i
Z TA) B AH ELAE T DL 58 R 0l 7 ZE I BRI & PR R HR o X R HOR B HEELTSA VR 1 %5 551
PR ILPREE Al s v (B anBiacore M4s 4l 2% , Biacore AB,Uppsala,Sweden ) J&.0adll 57
(B hnimfg R 248, IGEN International,Inc.,Gaithersburg,Maryland) .25 EH i ERZF 4o
JEEUTTUE W 58 12 A0 T e A 2R 227

(01261  YEJNGDF15ELTBRI T4 4T 77 B A% FR AL & ) 2 ) (1) SEAGI A0 e SUAZ TR RNAT 4 A7 Al
AL A% FR A R A A TR AL A W ] L 2 B BIOBURE IS o XURE AL 5 3 vl A6 R B 1 — 2%
B 5 — S BRI 98 H v X BE B ARMX LR AL S AT B B R EAMX , iR AW R
B RUIE e 45 16 X [P BT il R I B 2238 45 LR S T B 5 LU N R IR T, H S
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H A IS 4 K GDF L5 R 2 /7 F1| BR TBRI TAZ IR 7 41 1 10001 AN I 5004 VAN i 2504 AN
100 AN 50.35.30.25.22, 2088 1 8/ 2% 1 & 2H Bl 1) X 38 B b o BRMX AR e o 22 /08
MMEHIR ATIE R D108 R DI Z IR , 51 in15-25MZ H IR - B AMX 1] ¥ N FE e 1)
W& T G i 7 AU EAE SRS 7 B, B a0 gwb 13 1038 40 A R AL A I K B — T S £98-4
500 % H R A IE X , B i 2114~ 2950 MZ IR LR 7T LAAEDNA - (e 33T FAE S L)
RNABRNA : DNAZ& & 44 o AT — 25 55 1] B FEDNAFIRNA I VR A9 LA S AN 25 55 YA 25 I DNABRNA 1) &
itk FRE , WAL ST L DNA : DNA .DNA : RNAEERNA : RNA , 4T — 2% 4% 35 7] €0, 35 DNA FIRNA
IIREH , LA A 55 YA 2 I DNABKRNA B T 3 o A% R AL 0 vl L3 % S A AT — Fh, £
T B 28 (RARAZIR 1 WE - R Be 0 43 » 0 G AZ 7 R IR 68 ) BBl 25450 43 (R SR A I T NEE A i
WE 873 ) I — Pk 2 FE I [ X BR AL & I B T AL i S 29 15- 2930 M IR , 7 Hid
WS FhEZ FE M DA SR AN AE L3 L 40 B Ak A AR R RE A 30 E K BB AL (1)
WNTE AR IE A YIRS OU T N E XA & 010 5 ) o 1 R e M o 7ERNA T A4
MG LT 5 5 B8 S ) B M e — B RNA B HAB ) » 57— 2% i 1T DL 2 RNA DNABR AT fr] H
BAR W BUBE B B R 27 RNAT RS B A P SO A48 40 R 1 B R AL e A 1840 M R
R BN 2921 - 23 ME T IR, R E e AR VIR R AT o A A0 PR A% R B AR A% R T A A2 A%
fifg o DNAR , 3+ H IS v & B8 X 24 78 AR B4 R A Hrp I8 Skl SO R L% 1F
FHECH %A E KR T 5 20 B2 A, A2 IR AL G 4 mT 00 1) B b 2 1K 08 £5.0%  75%  90% B
B i M AL B AL S P FHI AL I8 IR B R 1 5 AT O BE /R o
(01271 6. fdkillEik

TERELL T TH , AR B S TBRTT 22 Ik (45l 4n ml 5 4 TBRTT 2 JIK ) FIGDF15 % Ik 4 e 1 R
GDF15-TBRI {5 5 % F i 12 0 B AN 71 B LRI A A4 (1 o2 ) (49 P o 1) 56 Je et 3% ol i i
% 5 AL A AT T DAY HeAR A S GDE 1545 5 8% SR T 1 it 11 AT IE AT EE S
TR A X6 X e Ak A R AT MUK DA VPN LA P 1 15 4 2 A K1) g
[0128] A5 ¥F 224t I8 ¥ [A) GDF 15 A TBRT T 22 ik i -1 4 4 A K 0 8 ¥ 9 77 1K) T 1 o 76
S S, nT T B R AL S I I L% 8 T HRGDF 5B TBRT T /1 T 1 4l (5 = % 3 1)
VIR o E L S it 7y 2 H , AT BT W 5 925 DA 7 44 0 4 5 o 5 M S 1 BB IR TBR T T 2 ik 5
GDF15Z5 A Ak &4 B, T il e v mT T 45 e 3 9R TBR11 2 Ik 5GDF 1545 & b &4 -
76— NSzt 7 Zerh, A 5 GDF 158 TBRI T 22 Bk AR B A FHIK e 1ok K &9 .
(01291 & il e T2 350 w3 2 75 22, SR T AR H8 AR 0 F I 4%, AR A ) 57 JE 5 R N 5347
TR ARAE AR ST A IR 00 % T 2o A SCRTIR , Al 3d I AT AT 240 64 25 5 V7= AR AR R B
WIS (W) - B3, T 8L S P mT LU AR PN AR A E BR RARAFLE R AW 53 1 o A DU
S H A 2H A KR AUE R B8 21 A0 &4 (W 53 ) ] a3t 48] an 4 1 T Bk AR A Bl B AR
Y= (BN R AR P24 ) DAL 22 72 AR (B a0/ 7, B G IR ) B DL VR P2 A o AR
A 25 FE ARG A S P B S AR SRR A LA T IR 2 0K IR AU B R VR o T fE—
A BARR) ST e IV R A NN T TR/ T 292, 00018 /K 1.
[0130] 7% B IS0 & 40T DA — 1R 2 BOSE R B 4t , B3 DU IR 2 1) SCE SRt , 491 G
T I A B b 2 ) % 1) SC P & 3% S ST P T B 9 T B e R i A B TR T T L TE AT AL
G e 20 18 R g IR AL RIS & YT 2 B EUE G IR
W, JCFLAE A 97 18 20 B AT RS P AT AT IR L B AR A R G R T &
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AT AR AT A E A R IER RSB AR AR VRO R EH R R
(digoxygenin) LRt e E A AN 2 VI Z IR HEARK - 0 Bt H RS FE R g (GST)  n] A 4L
[R5 BB AT

(01311 FEJAAL S W) S E AR ARSE UMV 22 25T e R e A, 75 8 v JE 2 0 5 vk DA ASE
TEZS 7€ I 8] N AE A 9 1 A & P 20 H B KAk 72 TC A ZR 48 (451 o o] R i 1 B e 2 AL 1)
W E BATA) R AT B E v AR N W Tk, BN AT P AR TR A R 4 DL A VR
A AR 6 25 5 Ak I BB A S 0 2 0 T REAR TR R e Ak R AR S R G —
frT 72 R 6 A S A1) A B B B AR R RE R AR L 0 v S i AR AR 2N 43 T
BEARIAE L, 40 mT RILAETBRIT 2 K AIGDF 152 [R] 45625 A T B 2038

[0132] AR ZA ISR , 72 4% K BRI Zn A 0 e M v v, 4 B btk &4 518 % §e % 5 GDF 15
5G4 B AATAL I TBRIT 2 B4 . S8 S5 I AL S M) FITBRIT 2 IRIFR & P I & A T8
RITHECAAR Y 254 - TBRIT/GDF 155 A A i A I R0 5 8 U g 4 1 FH 100 5 £ & o i o) (o
5% ) TETBRIT 2 K FHGDF 152 [A] ¥ s 5 A A ) TR ) - B o ] e ek A FH A [ 94 B2 1 i B A
E WIS 21 0 B0 22 0550 5 SN h 26 SR VPAN A IR DK e A 5 38 T EAT 6 BRIE L DA
FRALLE BIE L 1 an, 225 BRI e A, K e B A2 I GDF L5 NN & B TBRIT 2 IR H &4
b, R RIS S, B I E TBRIT/GDF1I6E SR T B . N 1 i, — M m] A AR vl ff
SR BT » 3 ELAT CARI VR A o b4, T A 40 B2 By AR o 2 4 2 Al AL i) 2R
H AL A 18 1) JC AR E RS

[0133]  mJiEid & FhFe A, A TBRIT 2 K FNGDF 152 8] B & A AR HZ 1 o 451 4 , ] 456 FH 45 v
K MFRAC I 8 R, AU AR iE (B 4n2P L *°S M Cal’H) L 3 e kRic (I RNFTTC) 2R AR ic
fRITBRIT % JIKEGDF 15 , i 3 G 8 il i B i ok 2 AP AGH U, o 120 7 52 6 A T BT TR 5

[0134]  FERLLLSI 7 R, AR B2 JEAE H sl A e TBRIT 2 Ik 5 H 4 A& A A K
FHEAE FHBIFREE A, SR 56 Im iR Il e v2: Aok 6 LR fE &= 7% #% (FRET) Wl e vk Aok, Heta
M5 3, BN T 6 G (PCTA A SW0 96/26432 155 [H L F)55,677,196) R H 5B T4k
FLHR (SPR) 2% [H] L A %[22 AR 1] g A% S AR A WU 7 X008 T A R BH I V5 2 S8t 7 56 o
[0135]  pbAb, A% BH 25 Fe R F A HAE AR € v (interaction trap assay), ZJRFR “XL
AEMEE(two hybrid assay)”, 8 THPLEUIE MR TBRIIZ K5 H &5 & E A H K AHEAEH
I 57 . 2 WA S5 [E 5 155,283,317 Zervos 5 (1993) Cell 72:223-232;Maduras
(1993) J Biol Chem 268:12046-12054;Bartel%$(1993) Biotechniques 14:920-924 ;DA
JeIwabuchiZ®(1993) Oncogene 8:1693-1696) . 7F—/ > BEARH) sLjits Jy 2 b, A HH 2% FE K
HR N AAE 24t (reverse two hybrid system)% € S METBRITZ K5 H s &5 H A1
FHEAE A S Y (B an/Jy 1 801K « 2 Wl anvidal FLegrain, (1999) Nucleic Acids
Res 27:919-29;Vidal flLegrain, (1999) Trends Biotechnol 17:374-81;VA & FEE L F
55,525,490.5,955,280415,965, 368,

[0136]  fERLEESLHE 7 S, i Fe 5 A A W O TBRTT B GDF 15 22 JIRAH B4 FH 0 i 71Kk S5 52
FENE D) A E P AITBRITELGDF 152 Ik 8] (1) AH BAE F AT DA S B sl AR L0 1 o 1 T
KR ANEAL T EEAE R A UK E S X RA AR, ARG BB TR R = AR
Fe A 2 & AR A ZE M7 (Jakoby WBZE,1974 ,Methods in Enzymology 46:1).1F 385
N ATAE L T ML W 8 v i e A A A, 91 oA S5 GDF 158 TBRT T 2 ik 45 & AL & Wi
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DE 2 o 3% ] B35 ] AH B AR 45 & FAF o B, P S GDF 158 TRRIT 22 KA 2 PRl 5 4 18 &
g (FInB—F AP g EOC R O E ) R R b, ik i i v
MGt X0 ST EE EAT 7 16 B STE I AN B R EAT I 3 o TR 2 T FE ML 5 A D E v
ks I EH BE AR A 45 5 e v o 5 G DN e v AT L e T L S Bk B8R Fr Bl [ A it
PRAF IR BHE B A5 FL Wk 70 B8 O BERR 2EAT o — M AT K B Bk B D'k B AR T 55 2 TR L 4R
far & & AL S .
[(0137]  FERLMLT7 I, AR BHHE At A 757 RIS H]) GDF16/ S 4IRS 55 S 177
TERI) 5T o IR B, AT FEAR AR B AR A L SE AT A Bl 23 H e B S AT AL A, DR S
WTTGDF1515 5% FHIRE /7. Al K AU O RN B & Fh 7 E T H 1
[0138] 7. ZRffhiasT N

A B TP e O BL VR TT 252 48 UL S, ARG T FEA Y, 5 ARG
X HEAE S AH LG ek 2D V697 R i AR R JPRE BSOS DL IR K AR L B 5 R VR T 0 HERE L AR LG, IE 220
31 BRI 1O ) — A 22 i R AR B P AT i B D P — o il 22 R R A 71 B R B o AR S
i AR TE Y897 ARG OL — BRI OGS BURBR R O fEAE — 15 0L T, Al 2 i 25
(RIS R 25 T35 97 7RI TR S5 SRSk 20 T BRTT
[0139]  ARIFNAEHRMIEL LS T2 \E AR ERNTBRITIZ Ik (HFEFTRTBRITZ KHTB
RIT-Fefh& 85 H BUZBR FE B (B Wl e XHEsiRNA) , R SCRFRN “YRI7 777 ) iR 97 Bl ikl 5
TGF B S B 53 AH 2 19 998 B8 L 1) 7 % o AE— B8 S i 7 S8 HR , S B 4 L5 GDF 15, TGFB1
BUTGEB3E 5 % T R A I IC L it F V697 280 1 4875 98 B A8 5 i 1) D7 VE AN 540
A s AT B SR T I6 T BT S B T VA A A AR AN SR TG
J7 BT £F 4E A o RE A L ) 7 VA RN A4
[0140] &Mt , A 0 JF N 1) 2 BKIG Y7 750 RT F 1697 R 18 14 i 8 Bl0s I 0
X R 7~ A P o3 i B 4 AE AN PR T 0o o8 CELFE o LR o JULRGE 2 o B0 AT O IR 5 ) 5 '
Jos CELFEAE 1 B /N ER 280 R R i PR S v ARG AE G B 4R ) 5 15 sh Tk ol AR A A Bl B S8 Y
%) 30 Ji R A, A 5 i (/B 3 R i S L e P B s b I o 8T A Sl A4 ) 5 A
JoaE B i I A T 1 AR YR B IR BE ) + 0 JR 9 5 ACRE (0 F5 B PR3 AH 5 B 98 < 3 PR o 0 R
T AH OB T3 B PRI A O #2295 R R I A 5 PR RRE PR 6 AH A8 MR 2k Y ) 5 I A8 48 M i e
(RS BEIRIE O KR « 5 15 Bk 28 K 4R B B ik 4 110 5 « KBk 8\ Churg—
StraussZi& iE VG k-2 BUE A 45 9#% (Henoch—Schoenlein purpura) ) ; B FR I ML 955 25 A
SO JUE T E 48] 4001 5 R o MR  2Co JUL (A8 s 28 RS JEE 2R L R ok o JULS ) 0 78 ML 2 00 7 3
5 o 7~ (911 9 1 3 B 4 AE AN FIR T8 A% 14 H I PR B 40 I A B 5kORE (HHT) L 55 5 255 1iE Loey s—
DietzZi A AE  ZAE I 3= B kRS 27 A 1E B RKIE 28 A A e IR T A3 2
(01411 w] sl el 5 n] B 3677 TGRBAH IO L 9 i AN/ BYJs 1 1) — i El 22 i 24 71 8 7R 7
77 G ST 7)) 4H A K TBRIT 2 Ik 4h T 32l &  AERE LSt 77 S, B8 — 24577 8lit 97 77 X
I E PR — e e I RO R S BRE W) PuE MR 24 a0 25 PR 2 I 35K 24
PRERAEDUN N R R A5 P07 405 108 T 0 751 i I 15 A A ) 5 I A R R R 2 A BT AN/
B 24 i R] - BEL O 551/ 00 1 741
[(0142]  HA&HbE , AN 0 FF N A1) 2 VG 97 77 mT F 3697 BIRDT JiE (e ) o AR TE “JiE”
FHSERE )7 A2 48 B HL AR AU I8 9 40 B A K/ BB B AN 52 425 1] 1) I 7L Bsh ) AR 3 = L o e
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SiE BB R P 7 0 ) S B LR AE AN PR 95 S PR 98 U 40 PR JRg PR 9 AR P ML o 3 SR Y B
LA SE A9 B RE itk b B 40 e IS BT A e < 5 J e R e e e ol 40 e R % 0
Jes < ON SRS TR B PO L T 40 B RE LR < 45 e < 45 P EL e < 1 B P R T R T
FRIeE < B S8 1 A e B e  FFODR R e S B O S e R VR e B e R R NS
PSR () Sk S000e , ELFR IR b 57 4B Sk 3000 o JPf g 1 9 R FNAF S5 L ) HL B s B s i
Jegs ~ V6 FEE 200 PR JRE  B9 EL 58 R ORE L s PN A A L PN SR ALE 4T 4 RIRT L KB R | A
S5 W VR 2 P8 | R R 7 RJRE (Kaposi s sarcoma) « 2 JHCSE « L9980 L I 2R I 459988 ik
1135 200 P9 R O 4 R T A T R Bl e S 4 R - e 0 R 2 A 8 s IR B
PR 2 R A 2 2T MR B SOV PRLIRE i VP PROIRE P03 e 4 7R R TR
(Wilm’s tumor) ' 4O 5T 51 BRI  ERE P B8 R0 98 973 A S0 S I 38 398 A6 UM v o8 B AE
(Meigs’ syndrome) .55 H3&E T FA SCATIR I8 I FVETT R RE U RFAE /] 72 DL R —Fhak 2
T« SR LA 7 e B i 335 o AT RS I 5 TBRI 17K S s GDF 15 . TGFB1 8% TCF B33 ik /K -5 4= 4
TE TS s A R MR I B AR B B PRI AR , B AT T2 5

[0143]  FEIX LM HELL ST 5 A, Al AE— e (R B ) BOC7EAS [R] I (8] O 51D 45 7 — Fh
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KT T ) 2 R B A AR B RHC IR T IRETY R4 5 2 B BN (i I
B (B %G ) A = A B R (a7 TR 2R BRAR R  F B A S P ) B R v
PERRE , BFEH  BOA/ B8 44, DL AR S TR & P e ) sl 5. P g 7 H e
BB 4 7] o A J g 77 ES0ASE e 44 P R R

(01501 “LhZy697 A7 72 v T I6 97 J e AL G 400 o A 22 35 T TR0 S5 A48 Joe A4 771 , 48] 2
FER IR AICYTOXAN ® It I 5 Joe SR Re 2 15 » 451 40 3 ¥F 22 S P &7 JLAIIR VA 87 ML s 1Y T RE 2,
N2 B R (benzodopa ) « R UK ER 55 % B R (me turedopa ) M1 Fi B IR (uredopa ) ; £ A V.
fg fimethylamelamines, @ /N B % & i /b I - = & % B B f%
(trietylenephosphoramide) . = 1% fi fC R Ik e N =¥ H %5 1% ;acetogenins (JLH &2
bullatacinflbullatacinone) ;6-9-PU S KFkEy (JE K FRE JMARINOL @ ) ; B-lapachone; $i
WA s KK s MR TR 5 2 CEL G A R HE YA & B (HYCAMTIN @ ) \CPT-11 ({373
JFE .CAMPTOSAR ® ) \ £, Pt 58 S i - 2R 1B 45 5 A9 -2 B E ) s & #4125 callystatin; CC-
1065 (CHL3E R 22 >k R AT R AL IR & R ) s REA R = REHR : & e
T EREEIA K CRe ) 2 & BREE A IR LA S BRIEIAAS ) s 247 WAtV T sduocarmycin (RLFEA KK
A4 KW-2189RICB1-TM1 ) ; A 2 spancratistatin; IR  dE 40 & &I, Blan2g T
FRETT BT PO I (M5 W]V T SR PRI G VBT ERER BT RIE D GHT R R TT
JH S B (phenesterine) iR JE B Al 7T  HI i 07 55 RIVT s WEAH SR AR , 491 an = B2 =T SR
B2 RS T IS S EIVT R S Rl T A S ET s PR B Bl andd o p R AR & (B R A
BERAHNEREFEEYIINEHEER o1l (Z0LHWAgnew, Chem Intl. Ed. Engl.,
33: 183-186 (1994)) ;M “IREIMRPA R, WG R EIR R RA BRI E R U
Kl mE m KM REEAG Rt AER KO BT whE R LR E .
authramycin MHRLEAMK HRKER UL R KRC carabicin . KHRAFR ERER .
chromomycinis JHZEHE KD . RAH & HITH 2 6-FERE-5-HMN-L-ERER .
ADRTAMYCIN ® £ Lt B (AL HE S kA -2 b & FUBE G kA -2 2 L0 22 | 2 -tk g ik - &
(pyrrolino)-ZF L EMERHZ R E) FREIWE KR E FELE SR ER. 4
HEZWNM2ZHEZRC) FHEMR ENER MRER HRER EXER EVER.
N ER P ZE HRER VLR OREGKE RS RER R R T A B
AU, 451 4n 2 8 RN 5—FRU PR M5 BE (5-FU ) 5 IR ALAA) , 451 — FH I IR L P S M | i 20
M = FF |l 70 5 MRS SRALLY) , 9] AN B PV L 63 AL NENS L thiamiprine (B S HERS ; B IE AL
WY, A5 22 PO AR (BT 4L 6 BUR R S BRI i SR 2 A URUR K
AV SIRPR T s HEESRER , 9 G0 - 6 52 0 e A 2 I PN PR I AT L SR e 2 N IR B B
fRZ& 2 (anti-adrenals) , il AN & B KRG ORIBH L iy w45 5 R #h 78770 , 49 G S - I s i
TS PN T 5 6 0 I Pl B 5 U B TR 5 JEL R B g 5 22 Y g s bes trabuci 1 U AR B s IR #h 0 s Bk
AKAWNE s HPY B s e 1 forni thine s ORI 8% s PR IH G 22 s IKFTAS & THIREK s R IR s A o 2 0
FICTE ; EH AR EY, a3 5 R AL 22 16 2 KRFCITER s KT B ; IR 1 B
(mopidanmol) ; JEHIFYIE (nitraerine) ;Mf mlfl ] ;phenamet ; Ak A s I8 R IR : 2- L
EE s SRS PSK @ 25 &K (JHS Natural Products, Eugene, OR):& 4 MR
s PEAAC G 5 BB s AR BE A BRI B R s — el ;2,27 , 2" - = LM% im i A R Ot
T-2F & .verracurin A FFfEE ZAManguidine); L FiH ; K FHH# %= (ELDISINE @ |
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FAARELFC (“Ara-C”); ZEBIR s KAZRES, HIUTAXOL @ EAZEE (Bristol-Myers Squibb
Oncology, Princeton, N.J.).ABRAXANE™ Cremophor—free &R A EH TELYIK
#7155 (American Pharmaceutical Partners, Schaumberg, I1linois)#FATAXOTERE @
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il 77 A g (HL B b R 7 AR ) 1 D A Il AR A i 4 (5) - IR M LS B OK R
MEGASE ® B i F b2 fil] . AROMASIN ® f Pt 3630 (4@ 5 30 (7L JEME \RTVIS OR © fRE(ME \FEMARA
® SR i B FTARTMIDEX @ Fif 8 it i o 53 40 A6 T A I 2K e SCELHE B IR &L , 4 an & B
#h (I 4nBONEFOS ® B{0STAC ® ) \DIDROC AL ® 4K % 1K \NE-58095.ZOMET A ® MR IR /1k
SR RR 2k \FOSAMAX ® B2 B2 £ LAREDTA @ W K B2 £k . SKELID ® # & B2 £k 5 ACTONEL ®
FIZEBRIR 21 s LA S iy b Ahe (— L, 3- AU I b i MO RE g SR 5 [ AL H R » e
AEH S5 5w M E TS 5 F@ AR R R RIAN R LFEZTR ] iPKC-a  Raf |
H-Ras 138 57 £ K Kl 7 32 4 (EGF-R ) 5 % 1 , 5 4 THERATOPE @ 325 i Al I8 PR 7 VL % 1, 9l 4
ALLOVECTIN @ % 1 \LEUVECTIN ® % 1 FIVAXID @ £ 1 ; LURTOTECAN @ 5 $1 S #4) il 1 411 1) 751 5
ABARELIX ® rmRH;¥EPEH M % JE (— FhErbB-2 FIEGFR A E 1% 28 BRI i /1N 43 T30 1) 701 , TR R
GW572016) Fl_E iR AF— PR 2457 B Rl 52 1 3 (IR AT A2
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Fi5 BEL Uy 411 A JE) B A2 (A T SHALL AN AL B ) 1 0 1) 770 5 481 4 5 JEC G 1 4% s AR 45 e 114 00 £l
7] o 22 B AR IMBHRE Wr 751 A0 35 K AR AL T8 A= Wil (A B i A AR ) SR A2 b R AR 4 A B T T
PR, a0 2 2 b R R B RA B R VKR ARk & 2 BH G 8 L 0 1) 71 4
AT S BISTAAE S, 451 GnDNAKEAL 1), 51 n At 58 55 IR JE AR VIE R B VBT IR |
W 5—F JRIENE flara-C. B ZH{EE 7 & W The Molecular Basis of Cancer,
MendelsohnflIsrael 4%, 1%, MurakamiZEfr N “Cell cycle regulation,
oncogenes, and antineoplastic drugs (“4HBd VA LR AP ifig 25)” (WB
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Saunders: Philadelphia, 1995), L1300 ALK (BEAZEE N 2 PUARTE ) 2 5K IE T
LR DU 25 o RVE T BRI AZ 1 £ P fih 38 (TAXOTERE ® ,Rhone —Poulenc Rorer) &%
FZBE(TAXOL © ,Bristol-Myers Squibb) )& B « SEAZ I AN 2 PO A SRAR 1E NI R
R ARBE B A, Tl I B 1 SR AR U, X SRR A e 22 2L
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A KR FE AT N IE 5 AU B B 1 — 35 AR (IR S ik R (1) 2% 1 o] 5 B4 B 4 A
AR A B 4 4 2 AT, FLa 0 P 2 S ER B ThRe A 4R SR T BT PR AR B S
B WP S R o £ 2 A 5 R B 190 LT (AN PR T 55 I 92 995 48] o JUEE 975 0 9 AN 1 JE . A
T AE DG ) £ S SEFE PR TAE , DL & SEHARIZR B RGAHE ONE R VB IR A A DG 1
2T 4 G R 0E (A TF T8 4nWynn, 2004 ,Nat Rev 4:583-594, 3@ 1d 5] H4&E & B4 ) .
ALYRTT 7R B PR B R AR T8 4R 4 4b , B 38 5 4500 / 4 440 A B 0 , il n S5 88 IR
T3 S 012 1 B s (A i R M B 995 ) IR BB B2 L NER'E 4% L SR A T B N ER
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TEFIE JEE R G LF 4Lk

[0154]  ASCHr FHARE “AF AL RE « “CF A0 L A “AF 445 s” T B4, 2 48 DA
27 AR AL R AE B3 E 998 0 B I o 21 4 A4 9 5 149 S 48] B0, 475 AR AN IR T B A i (51 s
3 SRS Tk TR 8 M R VEIEAL ) L I 27 R4k L SR IIR AT 24k T 47 440 () o R4 )
B LT AL LR B AT AL O RS 24k (91 o0 Y RSO LT 2 Ak 5 M0 UL ) < B2 IR &1 4
A () Qs 157 995 B3 S5~ TFF AR B IR IR T B R R8BI R T ) < HIR 4 A (451 n 5
6 HR  HR AR LR &5 5 R A BRI T A RN BR3P ) B R A 4 Ak L R AT 1 R G PR AL
(PSS) B MRS AT 1E 0 IR 2 T2 I < JBe e B A 25 I PR TE Bk A5 e A 1 N2 i85 Sk e
J& EF e Ak OB £F 2 AL L 38 2E PR A 2 AL 88 AR R AT 4R AR I A A48 9 (Dupuy tren s
disease) A HPEERRIR I B B RRIR T BRI TRUR 75 3 4T 44k
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FF (ElFFE20) A 1 — Fle 22 Fh A B s ' (sl 4. 200) P I — Fovile 22 b 4 B s LR ZHL 8L 1 —
T 22 P 5 oo I (B0 IR ZELZR) P ) — Pl 22 P A i« B e P 1) — sl 2 b 4 5 2 Bk
— PhElk 2 FPYIAL ; 5 P — PPk 2 R R AE L I RGN R — Fhek 2 R — PPk 2 R4
P ERHR N B — PP a2 AR .

[0156] AR [BE —Fhak 2 Fh e T 7 SN & B TBRIT 2 KA B A o PRtk , BRTBRIT
Z BRI N R CL AR S 30 08 1897 4 AL PORE 1) — Pl 2 b “BRiE” J7 Vs 732 50 . il an
AR TBRIT 2 JHK 5 4H M 55 28 - G 2 0 751 S TS 1k 2 4k 550 R0 / B80T 97 e AR 20 6 (B SE (R ) 45
T o A BH 2 R IR ELAR I S 96 97 R AL S (R AN B T 2R AT B 288 (490 2 I 55 2%, 9 ik Je s )
P FM | 245 R0/ BB 2 24 (B a0 y —FHRER B IE A R e v | R s 7 B I R B K
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TH R ) | I A8 55 5K 2% 4% A Bl 410 1) 77 CACE ) #1177 L 0 — 28 28 28 HH R (PABA)  — FOIE B B 4k
AR FB (TGRB)IHIF A -5 (TL-5) FRHIFFNZ e K 5 B0 17 o
(01571 ] 5TBRITZ MK F I H e P 4F 4ifb 25 B 8 E AR T 54 25 (iR 91 an 55 [
LR :7,026,283, Hog BN FEL 5 HeE & RIASCH ), BL &Wynn%% (2007, Clin
Invest 117:524-529, H5e % 2003 5] 456 BIA SCH ) fR P 44k 24 . il , e
LA YA 245 AT VR TR ANBR T 8 Pt 28 24 / S e 4 i 24 / 40 B 25 14 24 CEL G ROK A B
WA REE A IR IE i I JB A VDI BE fi LB BT RT BRI 080  TGFBAS 5 5 1 1 77 (LT A st
2 \SMAD7 \HGFFIBMP7 LA S TGFB1 . TBRITBRIIEGR—T FICTGF 4 71 ) & i EX 1~ 0 48 it EX 1
ZARFEDF(IL-18.1L-5.1L-6IL-13.1L-21.IL-4R.IL-13Ral .GM-CSF . TNF-a . #i}3& & FIM.
W1SP-THIPDGF ()41l 55) ) « 40 i DX+ A& 4k PR+~ (TFN- v JIFN-a/B.IL-12.IL-10.HGF .
CXCL10FICXCL11) \#afk Rl T4 41771 (CXCL1.CXCL2,CXCL12.CCL2 . CCL3.CCL6 . CCL17 FICCL18
(k7)) S #a Ak PR 52 4445450 771 (CCR2 . CCR3 . CCR5  CCR7  CXCR2 FICXCRA #1174 ) L TLR¥
P (TLR3TLRAFATLROMHHI ) « M5 A= Bl A P71 (VEGF R 57 P 0 A4 0 i 7 M Ui 5 AT
) P IR 25 (ANG 11 ACE M [#] i 1) BREL Iy 751 R0 1 77 ) « I vi& M4 o3 (ET- 132 AR 35 9T
A Fbosetan) & FCRIIN B J5 P Bl 1% 400 ) 551) C e 220 B e Ao BBl 4 ) 5510 ) S B i s b 771 (R 22
P BB A /R TR DU (B Bra 181 FlavB6 B L 2R 1 4 F LA S B BR B 1 A 50
T AU 1) 7 AN TCAM-TFAVCAM— TR S A P AR ) 0L e s UL 40 40 40 02 9% 12 245 W MMP 4 1
71 (MMP2 \MMPOFHIMMP 1 2] 410 61) 1) ) AT IMP A 1) 771) (T IMP— LA Ao e A A4 )
(01581 W] £ [d] — il 57 A 540 il 45 T TBRI T 22 Bk AN 3L v 7 7R Bl B [A) 7 ¥ o« 7 90 B4 25 1) 15
BUN, ATE IR YT B R 7 v 2 A 2 JE B 22 [ 25 T TBRIT 22 ik o — i 24 751 m o - B
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% A 2 b ] 252 () R R B 7 C ) 42 FEAR A T N 2548 FH I 25 0 206 ) o 3 2l 3 —
R R AR T AR, 5K E LA I R AEZE .
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AT 5L AT 5 3 BAA Y (TR T 2 1K) [R] B B 45 T o
(01611 J@ % ] B I 4h CREAR BN B ) 248 T AR SCA I &E A BRI 7. 1& T 8 ok
TR A YIS — Ml Z TR T2 AL J —Fhiek 2 Fh 22 Ll #5532 i 4595
IR VR K AR VAT 43 AR VR B v B L VR B TG B A 77 (BT I by 770 B P I FH AT 2 o
T T S B B ), L mT S A B A7) G )  HVER 7R A ) R0 PO 52 3
SEIB I PEE Ba R s AR v T AR TN B 29 A P S K M R A EIK
PEIAR T LB TG K S LB 2 JolE (B anH a7 B2 R 4 —EAE) A G EMRA Y JHE
W (A an RO e ) AN S A ML (19 e R 20T ) o vl 3t 461 el 0 A et (48] O
R ) » 750 BRI 15 0 3 sk O e BT 75 Bk 428, DA Bl el P 2R T 3 1 77 SR PR 08 24 1)
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[0165]  #ERLLE St Ty S, A K IR D5 T BABI A BL R I 3 AR 4S5 - JRC 77 e )
AT A 70 B R (A6 P TR ), — e oy R AT ] iz A1 g B 78 338 M) RG] S RORE 771 » B
AR KA VA B 7K A YA A R R B TR A 71 A DA A A ik St 0, ZK VR A L ) AR
DN Tt 750 ECH 5 1) A D B 7R (Ao PR A el 451 2 B T R ot s A AT Se] iz 1 s ) A/ B
TEOM TS, 5 S5 TUE BB AR i T R o 24575034 AT AR D DR AL 7R < 245 0 751wk 771
il

(01661 £ I Ak 2 245 1) ol 4% 75 R (FB 8 751 v 7910 AL ) S AR AAL IR S AORE 770458 ) i o —
Pl el 22 b A K I IR T A S 5 — Pl 22 b 24 27 B RT3 32 1) 380 MR 451 Db A IR A s R PR, —
FHAN/BA T AR ARG« (1) TS S 7857, G a0ty « FURE RS 1 & B L 1 2 e A/
BCRERR 5 (2) Rl G 70, 0 G Y S 21 45 2R R IR B W < 2R L M e v Joe T PR AR/ ol 41 {4
JB2 5 (3) AT 1 an T s (4) BRI G B i S BRBR S « B % 38 BOR BT by R R RE ek
PR R ANBRIR AN 5 (5) PR BEL ¥ 77, 1 A e 5 (6) WS Ae Bt 771, Bl == A & 00 (7) 51, 491
e P RTT EFLRGE  R E E  5 (8) MR 7R » o) v e = AT i = 5 (9) e 771, 451 A el
JE RS AE AR IR B B A 3R & Il e SRR AN S R S AN (10) 55 7R o AR T
FrFRALF AR G0 » 2590 24 & W03k T 8 G2 b o AE A I QLB L Sy 70 TR 4
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F5£ 25 225 [R) AN B R PR 2R o AT 228 771 5 ] e FH T~ B8 1) 25k B R A AN A & Wb Ak S M 28
AT AR o 1) e 4 20 A W HR N e 2 0 ) AR K R -t m] 2 i) 7l 5o m ol o s BHVP A B AR
KA/ BB, B WX 2 (BLFEDEXA) A OB 2550 AU IR 2 bRl , SR IR MEFE -

[0171]  FERMES Ty SR rh , A R B IE 3 At F TR N P2 A TBRIT 22 K I DR 79 o 1K 297 vk
AEIE R TBRIT 2 R 7 51 51 N 52 BT ST Z1 s ik 1) 40 A B ZH 23 R, >Rk 21 H VR 97 31
S o AT FH B 2H A AR (19 T Bk A0 B U 3 B ZR 40 ) SE IR TBRI T 2 4% H R 7 1 1) 1 2%
ML TBRIT 2 A% T IR 7 F ) 16 T7 18835 2 A5 P m) g A

(01721 AJ FH T~ A S35 10 56 (R 7 45 1A 4% Mo 23 8 AR (0355 i 25 L JR0 92 3 B R 1 B
M GERNAS 5 (151 G0 S 2 SR B8 ) o 028 I i S B A 72 R B8 I e Sk B AT AR ) o T 4
N B — A AT ) 5 3 S5 3 B 28 AR 1) SEE A8 L5 RS PR T = 53 2 B I3 9 25 (MoMulLV)
Harvey 5 98 B8 (HaMuSV) B3 5L Me3 9 2 (MuMTV ) #1155 3 N 983 )% B8 (Rous  sarcoma
virus, RSV). .72 HEM REFHREBAETTIB AN Z AR A 1 IX S8R T 75 5 &
IR PERRIC A AL, 5 15 0] %5 0 A= AR i 3 A A o ] e 0% B 4 b B T AR A R R
S FE R B A AR R o JE A oA R T8 RO I I F T RE ARSI B RN SRR
2, AR R M 2 AL ER T AN RO S B R R A B S s R, DS TBRIT 2
% TR 1) 52 3 3 97 B3 AR ) AR AR e MR 3 326 o 7 — MR B S it 77 R, SR B 5 i B

Ho

[(0173]  ml, ]l Al R AT % G , 5 2H 4 05% 5% 4T B ) 4 0 I 2 3 73 45 i) 2 [Fl gag
pol Menv (] FURL B Gy o IR o P X Le 40 i & B b 5 DR 1R 304 Sk 7% 4% o i 43 241 R%
TR % s R B R B R R AR

[0174]  TBRITZAZEFIRI 73— FhHL B IE RE R IRIE SRS B R R B K
T2 AR YORTE R BRI Y RS0, LA /KL I FLI - o ] VR Bl P R Jofa A4
P i) A BRI AR R 48 72 T ot Ak o T Joia 4 7 ] Ak A AR P R AR 38 a6 AR i N T 2340
RNA \ DNAFH 58 %95 5544 0] A0 35 7E 7K 14 P 38, DL AE v M 2k ik 22 4R A (2 LB Fraley
%, Trends Biochem. Sci., 6:77,1981) .8 i T AR AR 1) A RS DR 5 4% g 1 A AR Ak
LA, 2 WA iMMannino®% , Biotechniques, 6:682, 1988. Ml 5t {4 i) 41 5 — R W i 1)
WA, — M SIS (UL AR B ) 20 6 ot ] DA A 3 & i i e JH 6 0 ot o I o AR 1) 4 24
R 1 B T pH s 35 55 P AN AR BH S A A RS 0L

(01751 mJ F T 7= AL I SR AR 1) I Jo P Sz 451) 6 i il i BE A & 4 40 G sl I T H ol < T Mg Tk P
ol Tl P I 22 IR ol R Tk . I fie B A < B T G AR 74T 0 i o U B PR I L 455 B e ol M
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FEREA% (egg phosphatidylcholine ) ARAEEL & AR EE HE G A0 — 45 AR EE A A EEAELBRL . AR 95 7]
YA R S T A S e A T B S P 5 R TR R T AT Y, R ELR AR AR L N
(01761 AN FF P 25 & it mT DA 50738 ol 0, 436 T8 AR DA 8 55 pH A % 2% i 741) DA DR 35 pHAE 2 3 [
PP 4D i 5D
[0177] sy

RS AR BT T OREUR A , 18 2 BT 51 S it 49 v B2 25 5 h B AR AR R B B R T B
RSN R T 0 B A B 1) R St 7 =1 H 1, H TG ER A B
(01781  sLZjififl1. A=WiE EGDR15/H I P24

GDF15  (7RFK I Wi 40 i 4 i) 40 B R 77— 1) 7R AE P4k 2 R R B 3 5ATA 52 R &5 A Bk
FHEAE FH o B N B R 2 A FH 7 D ] 345 (9 760 L3l ) CHOAH i A 7= A= i) AGDF15 (R&D
Systems) , % E X GDF15. 24 =25 Fl J145 & R SR SZ MR B ) - 5 8 A 1A 1 2 B 45
B 7 TGFBIE S 1) H e B AR — & B A BOKET I BUGDF15 (Harrison%s,
Growth Factors 29:174, 2011;ShiZ%E, Nature 474:343, 2011), i gy ek i o 76 S8 11
RXXRAZ 3 4 #0 PR B B AE 2 1 B ) BB 25, 7 A A 2R GDF 15 . (R RS 7843 BN A& 24 11
Bic AR 240 AT {8 A2 117 W A 3R A3 I GDF 15 215 (1) mT g JE IR, A LA B i AR T FH F-GDF 15[ AN ]
itk ik
(01791  CHOZM i+ GDF 15/ F2 € ik

H1 35 A FCHOZH g %6 3% AGDF15 (hGDF15) F1ELGDF15 (mGDF15) F T3 — 50 .
hGDF 151 R AR FI AR I 2L 5 51 WL 1, FH R (A% B R 13 51 (5 R SR 7 F AR B B U BR 1) H
— I EREUAR ) UL B 2 .mGDF 15 2 () AR 2 JE R FIAZ R R 1 410 40 ) WL 3 RN e 4. X 7ECHO
AN b ik, K gm b \ BB GDF 1531 4 (1) 3 T-UCOE ™ f) Mg 8 1 A 58 6 4 22 CHO-PACE 4TIl 2 .
PA10 nM.20 nMAI50 nMf) A ZERS Kk 8 v b, SR 5 6 T BV AT A] b B (B R 2
B I B — AN BTN ) o ASBEAT HEDR 48, PR A i LA BEUCOR ™ e [R] I ik Rk (A e 1k %
EEFIEE, 3T 72 EhGDR 15 FImGDF 15 , T A~ & W e e .
[0180]  AGDF15fy4tifh,

N T I IRAAL , F e ZRIEhGDF 151 CHOAH ML 1) 25 AF 55 7R 34 FH A BR R 15 Z2pH 4.7 EI SR
T N B R IR 1005 5 , 8 B Ok R UTHE K HIE 0.8 nm— kM ARt U8
SP Sepharose™ Fast Flow#tt(GE Healthcare) FHZZMRA (20 mMZFE4EN,pH 4.7) FI1B
(20 mMZ BZ4NIM NaCl,pH 4.7)F#i.LA100 cm//NiF#E47T EAEAEFH20% B (200 mM
NaCl) ¥k BRI o5 2 8 1 M AL BE i, 28 J5 [ e 220% BUARR ZHATAT 5% B 1 &1 . B
JFE 50 mM Tris6MK,pH 8.0 (TristlR&FH4) Vel BRI ToH 2 & A R MAEH Peii 32
M50 mM Tris.6MR.IM NaCl,pH 8.0 (Tris+R+E:& W) vEt K && - W7E4C R AE
50 mM 4-FEuk 2 BifEE (MES, pH 6.5)H0@E il %
(01811  MHEEE [ RENZ T A AEAE T Tris+iR+E8 & - h IGDF 154 R, K b 2 22 i% &
HW A TrisHIRE IFY ERER) 2 1 22 rPA (50 mM MES,pH 6.5)FIB (50 mM MES.IM
NaCl,pH 6.5)°F##Q Sepharose™ Fast Flowk:(GE Healthcare) WA K, 4%
FH10% B (100 mM NaCl)¥evss, #0120 cm/ /N FHSAMEARFR K1 10-50% BE & (100-500
mM NaCl) BEis o £ 38 85 1 R BN aE VPAN I H A RN ki 20 I » R BRI i e R I T ok
B BEN S PRA (JK/0.1% TFA)FIB (/0. 1% TFA) [ SHPLCE £2 1) e AH il 4
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BICAKE (Vydac) W FEL/NEF N LL4.5 mL/ 43811 25-40% B FE P= A Fe 40 25 o FITSCAE TR 0
I SDS-PAGE#E [ (Sypro Ruby ) FER [ 5 BN 2B vEAN AL B B T 75 B 0 28 R A TR IR i I

I

[0182]  FLGDF15/y4tifh,

AR AN pHH LR E pH 4. 7T EMEE MR B8R0 8 5 , il B0
B RUTHE % EIEW 0.8 um— IR L JE A 1L V€ . ¥4 SP Sepharose ™ Fast Flow#t (GE
Healthcare) FHZEMKA (20 mMZER%M,pH 4.7)F1B (20 mMZER%H.IM NaCl,pH 4.7)F
17, LL100-150 cm/ /NS BEAT EAE, 4 FHGE M RABE SR B 2IJC B 2 B A R B it . LA
60% B (600 mM NaCl)HEAT BEH3-4 AR, 235 F1100% B (IM NaCl) #3444
Ak2E 50 mM Tris 6MIK,pH 8.0%e Mt AR 2475 SR 45 & ATl 8 1 it .
[0183]  j@ it 85 [ i B8 3 Al SP—AE: 0 3 B AR 3L SR A i o EROR KR 70 B 1 A7 AE T Tris Bk
L 53 S A BT SR 3R 2R B A7 AE T IR L3 43 HH I mGDF 1 536 4 b2 Tovd P 1, PRt AN F T
At M, FAFAET100% BBt (Bh—Fe i & FE4) ) 5 B R gk S 44k, K% & 64
EN SHPLCIE R 1 [ AR il & B C44E (Vydac ) H o 22 i RA K /0. 1% TFA, 2 HRB RN Z I/
0.1% TFAZEL/NIF A LL4.5 mL/ 205 L25-40% BAS & ¥ i 85 19 5 . 75 38 i SDS-PAGE B¢ IR
(Sypro Ruby) FliE H BTEIZE VP S ABAE IR 70 5, & I & F 2imGDF 15 43, FFFE B D 2K
a4
(0184]  hGDF15AImGDF 15F1) & 47 % H 18 ix Nt I 7 11F 552 o P Fh 2 1Y (1) 40 AL ¥ GDF 1 57E R AN AN
[71) ) 40 B 22 Hh B SMAD2 / 3t R A4 » AT i (4t P A v 1A PR IE 5
[0185]  sjtif2. LA J4E-& GDF 1511 TGF Bl 5 e S A4 1) 4 58

— BHAFEIEYERIGDF 158 1, AT S6f 5 42 SIe it 451 1 i 3k 7 A2 A4l A6 1 N 55 5% GDF 151
GGk A B TGP KRS AR I 32 AR -Fefll & B H X Rl & B H B AN 16l Feds M, Ity
FIR&D Systemsk N #7742  FES AN T TR A2 4K (TGFBAZART T 7Y (I R A2 AR T T RYA OS2 32 A
TIBAY \BMPEZART T FIMISSZ AR T T ) v , AU TGFBAZ AR T TR (TBRIT) it /s 5 GDF 151K A 4 i &5
H(ka = 2.92 x 10° M's™'5ka = 0.001 s7"), @I FFSRA 2446 -F el & 8 A R R TH 2% 5
TARSLIR I E chGDF157E37°C N LL9. 56 nMIF) P-4 iR 55 % K (Kp) S 173K hTBRIT-Fe 4 & .7
FhIAY 57 44 (ALK1 \ALK2 \ALK3 .ALK4 \ALK5 \ALK6 FIALK7 ) H 6 — & 7~ 5 GDF 1 5 1 A& M ) 485 &5
(mGDF157E£20 nME§200 nMF ).
(01861  ATBRITLA: I 7 ek (ECD) B w] AR BY 452 7= A 1 22 /b2 b [E B (A () AIB (%2))
RARIEAE (E5.6) o T FR ik MIhTBRIT-hG1Fc & 8 19 (R&D Systems)B NEFAERITH
RT TyalF] P2 o FE R R 3 A v, 38 0 36 11 45 B8 - R S 4R A IWmGDF 15 545 N B AE B TBRT L[]
R (R&D Systems) G 8 H 4G ISR )1 545 NTBRT LalA] AL k& 85 SR A0 R
FAL(KofE3TC R4 AoN2.7 nMAI4.8 nM) o A3 KGDF1545 A W58 F)ax e Jig FNHK (1) [7) F 284 K
B, BB NG =4 T 2 k-Fei & B E , Ho il i i /b Sk fE HCom 5 N 162 Fedhiy
I A A hTBRT Tt B 4 BYECD(SEQ ID NO: 7). Ak B 3Bl , 75 45 %3 T TBRIT4H
HH [R] M B ) A2 AR 1) 28 R AL B i 5 43 il = 48 R AR BT AARSEQ ID NO: 5FISEQ ID NO: 6[F)
FANALE
[0187] % -FTBRITEGDF15/ &2 fl J1 45 6 FATTIAR 7 TBRI T2 75 nf FHEGDF 151 41 ]
Ao 1E FH 256 CAGA-12 J5 B)) ¥ M A (1) i 35 PR e 4 () ASA9 A i U 17 k5 B2 FThTBRT T
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(23-159)-hG2Fc , K ILHAEX K4 LL0. 15-0.5 nMf¥ ICso#HIhGDF 1517 S (1) R RN AL .
GDF 15155 %% S 4ZhTBRI IsECDA RN HlF AL T TBRI T AEGDF 1514 15 37 Al 11 2 AR BAMIE 3z
R GDF 15 7E TE Al e 26 A4 R AN B 5 ALK rl Al 45 4, {2 5 X0 R AR BRAREE , 7EA54941 i
(— P Nt b 5z 40 22 ) v i@ ik s i RNA 5 VR #I PY JRALKS mRNA S 2% P AKmGDF 15/ S {5 5
5 A2 R, AEABA9I A A, st s 1 RNA T V4 i L T2 52 44 (ALK 2 W ALK 3 W ALKAFIALKT)
ToIE M AZGDR 15 SIS S 5 %4 BREW ,GDFIs = HE S S E AR EHEALKS (TGFB
ARTROE N H TR 3244, PR 4R A TBRT T/E JGDF 151 ThRE T T2 52 44 (1) i VI IE 45
[0188]  sLjitaff3. AZAAfhA B AR =R

TBRIT ECDAZfA

RATBRITIA LA i 25 A1 ) 5 TGFB1AITGRB34E A, BT LA R SRTBRI I-Fe il & 8 [ 52 M X 4
BC AL KX GDF15[115 54 T o BOORTE — 283597 T 5t P IR P Z I BCAR S & vl Re 2 B R,
EELEE RN, BREREEN 7 ge iy Rk, dig @it 7= 488 ATBRIT ECDHY
AR Rl T T FROG GDF 1 5de £ M $2 vy B AR 2 K F 1 B B A2 B h TBRT T4 (23-159)
JFHI(SEQ 1D NO: 7) FHE R FI5F 52 ARECDAR /A& (SEQ 1D NO: 8-12) [y S Aili o {5 #F A= U h TP
RIT#(23-159) 5 1gG2/IFc# 2 fih &, 15 B I 2 Ak Fe il & M &4k . 2 W N HIFISEQ 1D
NO. 50.517152,

1 TIPPHVOESYV NNDMIVTDNN GAVEFPQLCEK FCDVEEFSTCD NQESCHMSNCS

1 ITSICERPQE VCVAVWREND ENITLETVCH DPELPYHDFI LEDAASPECI

n

1

o

1 MEEKKKPGET FFMCSCSSDE CHDNIIFSEE YNTSNPD (SEQ ID NO: 7)

(01891 (1) R /~hTBRITw(23-159/D110K) % MR 7% (SEQ ID NO: 8),HrpHLALH
BRI T RIZ6Fr .

TIPPHVQESY NNDMIVTDNN GAVEFPQLCE FPCDVREFSTCD NOKSCMSNCS
51 ITSICERFQE VCVAVWREND ENITLETVCH D?KLP?HEFI LEDAASFPECI
101 MEKEKEKPGET FFMCSCSSDE CNDNMIIFSEE YNTSNEPD (SEQ ID NO: 8)
[0190]1  (2) T RN AIhTBRI I (29-159) & M /41 (SEQ 1D NO: 9).
1 QESVNNDMIV TDNNGAVERFE QLCEFCDVEF STCDNQESCM SNCSITSICE
51 EPOEVCVAVW RENDENITLE TVCHDPELPY HDFILEDAAS PEKCIMEEEKEKE
101 PGETFFMCSC SSDECNDNII FSEEYNTSNP D (SEQ ID HNO: 9)

[0191]  (3) FHE/RNGG#E R ThTBRI I1m(35-159) &2 /7741 (SEQ 1D NO: 10).
1 DMIVTDNNGA VKFPQLCKFC DVRFSTCDNQ KSCMSNCSIT SICEKPQEVC
51 VAVWRENDEN ITLETVCHDP KLPYHDFILE DAASPRCIME EKKKFGETFF
101 MCSCSSDECN DNIIFSEEYNM TSNPD (SEQ ID NO: 10)
[0192]  (4) N ECHEFEAIhTBRI I15(23-153) & LML 741 (SEQ 1D NO: 11),
1 TIFPPHVQESY NNDMIVTDNN GAVEFPOLCE FCDVRFSTCD NQESCMSNCS
51 ITSICEKPQE VCVAVWREND ENITLETVCH DPELPYHDFI LEDAASPECI
101 MKEKKKPGET FEMCSCSSDE CNDNIIFSEE ¥ (SEQ ID NO: 11)
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(01931  (5) N & /CHi L TR I(23-153/N70D) & /R 7 41 (SEQ 1D NO: 12),H
W AT R 2 R R A H o

1 TIPPHVQKSV NNDMIVTDNN GAVEKFPQLCK FCDVRFSTCD NQKSCMSDCS

51 ITSICEEPQE WVCVAVWEEND ENITLETVCH DPELPYHDFI LEDAASPFECI
101 MEEKEKPGET FFMCSCSSDE CNDNIIEFSEE ¥ (SEQ ID NO: 12)
[0194]  HITE NIEHUHZE T LT BroR BFAE RUhTBRI T1x(23-184) /7741 (SEQ 1D NO: 13) 55
FHRL A4 (SEQ ID NO: 14-17), Hor 26N B R AA A H T RIZehs Hh o VE R BT 3 S 80U A
) C3f P 0 37 5 A0 P A S S L R XA (Val—T1e) o JLFIThTBRIT T8 44 K FLhTBRT Titif N4
RIFFHIR R LT
1 TIPPHVQKSD VEMEAQKDEI ICPSCNETAH PLEHINNDMI VTDNNGAVEF
51 POLCKFCDVR FSTCDNQESC MSNCSITSIC EKPQEVCVAV WREKNDENITL
101 ETVCHDPKLP YHDFILEDAA SPKCIMKEKK KPGETFFMCS CSSDECNDNI
151 IFSEEYNTSN PD (SEQ ID NO: 13)
[0195]1 (1) N E/RhTBRITk(23-184/D135K) & FER /741 (SEQ ID NO: 14), H A EUCK
Bk FHXUR R

1 TIFFHVOKSD VEMEAQKDEI ICPSCNRTAH PLRHINNDMI VTDNNGAVKE

51 PQLCKFCDVR FSTCDNQKSC MSNCSITSIC EKPQEVCVAV WRKNDENITL
101 ETVCHDFELP YHEFILEDAA SPECIMKEKK KPGETFFMCS CSSDECNDNI
151 IFSEEYNTSN PD {(SEQ ID NO: 14)

[0196]  (2) T i N ak A I hTBRI Ti(29-184 ) &l 5 41 (SEQ ID NO: 15).

1 QESDVEMEAY KDEIICPSCN RTAHPLEHIN NDMIVTDNNG AVKFPQLCEKF
21 CDVREFSTCDN QESCMSENCSI TSICEKPOEV CVAVWRENDE NITLETVCHD
101 PELEYHDFIL EDAASPECIM KEEKEPGETF FMCSCSSDEC NDNIIFSEEY
151 NTSNPD (SEQ ID NO: 15)
(01971  (3) & RN hTBRI Tr(60-184) & iz 7 41 (5SEQ ID NO: 104HFE]) .
1 DMIVTDNNGA VEFPQLCEFC DVRESTCDND KSCMSNCSIT SICEEKPQEVC
[0198] 51 VAVWRENDEN ITLETVCHDP KLPYHDFILE DAASPECIME EEKKEKFPGETFF

101 MCSCSSDECN DNIIFSEEYN TSNED
(5SEQ ID NO: 104H[A)
(4) T ERCHi# S hTBRI 1x(23-178) & H: S 741 (SEQ ID NO: 16).
1 TIPFHVQESD VEMEAQEDEI ICPSCNRTAH PLEHINWDMI VTDNNGAVEKE
51 POQLCEFCDVE FSTCDNCEKSC MSNCSITSIC EKPQEVCVAV WERENDENITL
101 ETVCHDPELPE YHDFILEDAA SPHECIMKEEE KPGETFFMCS CSSDECHDNI
151 IFSEEY {SEQ 1D NO: 16)

[0199]  (5) N & /RCHEAEE IhTBRI Tk (23-178/N95D) &R )7 41 (SEQ 1D NO: 17),3:
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H AR e 2k F BT RINZR 2
1 TIPPHVQKSD VEMEAQKDEI ICPSCNETAH PLEHINNDMI VTDNNGAVEF
51 PQLCKFCDVR FSTCDNQKSC MSDCSITSIC EKPQEVCVAV WRKNDENITL
101 ETVCHDPELF YHDFILEDAA SPECIMKEEKK KPGETFFMCS CSSDECNDNI
151 IFSEEY (SEQ ID NMGO: 17)
[0200]  H’ETBRIT ECDASAAFHE

(A) R NG AICHH % 46 AUhTBRT T (35-153 ) BRhTBRI Tx(60-178) 28 i i 41 (SEQ
ID NO: 47).

1 DMIVTDNNGA VEFPQLCKFC DVRFSTCDNQ KSCMSNCSIT SICEKPFQEVC
51 VAVWRENDEN ITLETVCHDP KLPYHDFILE DAASFKCIMK EKKKPGETFF
101 MCSCSSDECN DNIIFSEEY (SEQ ID NO: 47)

[0201]  (B) "I o ~Nufm FICHG 5T [ hTBRT I (29-153) & /L 541 (SEQ 1D NO: 48),
1 OESVNNDMIV TDNNGAVEFF QLCEFCDVREF STCDNQESCM SNCSITSICE
51 KPOQEVCVAVW RENDENITLE TVCHDPELFEFY HDFILEDAAS PECIMEEEEK

101 PGETFFMCSC SSDECHNDNII FSEEY {SEQ ID NO: 48)

[0202]  (C) "I & nNi FICHE A AU TBRI 11(29-178) & JE R ¥ 41 (SEQ 1D NO: 49).
1 CKSDVEMEAQ KDETICPSCN RTAHPLRHIN NDMIVTDNNG AVKFPQLCKF
51 CDVRFSTCDN QESCMSNCSI TSICEEPQEV CVAVWRENDE WITLETVCHD
101 PELPYHDFIL EDAASPKCIM EKEKEKPGETF FMCSCSSDEC NWNDNIIEFSEEY
(SEQ ID NO: 493)
[0203] & RARFEAE ThTBRIT[E FHAIC (Konrad%s,BMC Genomics 8:318,2007 ) —#f, oJ
¥ EIRTAREIAE—AN(SEQ ID NO: 8-12.14-17H147-49) 7EA7 FhTBRIT ECDAYCifi b i A 45
AW HRIEXT (SEQ ID NO: 5AJ151A1152478¢SEQ ID NO: 6K 176 117747 ) 2 [Al#5 N36 A
SRR N 741 (SEQ 1D NO: 18).
GRCKIRHIGS NNRLORSTCQ NTGWESAHVM KTPGFR (SEQ ID NO: 18)
[0204] {5t , T 1 K RhTBRI g (29-159) A& (SEQ ID NO: 9) F AT 1% 48 A A7 s 1) i
XA R EE (T RIZ)
1 QESVNNDMIV TDNNGAVEFP QLCEFCDVREF STCDNOESCM SNCSITSICE
51 KPQEVCVAVW RENDENITLE TVCHDPEKLPY HDFILEDAAS PECIMKEKEK
101 PGETFFMCSC SSDECNDNII FSEEYNTSNP D (SEQ ID NO: 9)

[0205]  FeghfyssAr ik
PEAERTBRIT-hFe & 8 1, Hod FiR5FhTBRT IS4k % F 78 o Co G it B Nk ) 5
N1gG2 Fegsitgm 4, HEA FHE IR T (SEQ 1D NO: 19):

43



CN 105658672 A i';ﬁ HH :F; 39/57 BT

1 VECPPCPAPP VAGPSVFLFP PEPEDTLMIS RTPEVICVVV DVSHEDPEVQ

51 FNWYVDGVEV HNAKTEEREE QFNSTFRVVE VLTVVHQDWL NGEEYKCKVS
101 NERGLPAFIEEK TISKTKGQFR EPQOVYITLPPS REEMTKNQVS LICLVEGEYFP
151 SDIAVEWESN GQPEMNYKTT PEMLDSDGSE FLYSKLTVDE SEWQOGNVES
201 CSVMHEALHN HYTQKSLSLS PGK (SEQ ID NO: 19)

FH S N A & &k Fe 45 A3k (U545 A 1gGl Fe (hG1Fc) (SEQ ID NO: 20, .'F)
FINBE A 4G 1 NT1gGl Fe (hG1Fem) (SEQ ID NO: 21, WL F))MIhTBRI I-hFefh &8 1 ATk

W IERE SRS HIBT0 IR 1 2 IR UL B P e 25 145k o

1
51
101
151

201

1
51
101
151
201

GGPKSCDETH
DVSHEDFEVK
NGEEYRCEVS
LTCLVEGEYP
SRWQOQGNVES

THTCPPCPAF
VEFNWYVDGV
VSNEKALFAPI
¥YPSDIAVEWE
FSCSVMHEAL

TCEPCPAPEL
FNWYVDGVEV
NEALFAPIEK
SDIAVEWESHN
CSVMHEALHN

ELLGGPSVFL
EVHNAKTKPR
EKTISKAKGO
SNGQPENNYK
HNHYTQESLS

LGGPSVFLEP
HNAKTKFREE
TISKAKGOPR
GOPENNYETT
HYTQKSLSLS

FPPEPEDTLM
EEQYNSTYRV
FREPOVYTLP
TTPPVLDSDG
L5FGK

PEFKEDTLMIS
QYNSTYRVVS
EPOVYTLFEPS
EEVLDSDGSE
PGE (SEQ

ISRTPEVTCV
VSVLTVLHQD
PSEEEMTEND
SFFLYSKLTV

RTPEVTCVVV
VLTVLHQDWL
REEEMTENQVS
FLYSKLTVDEK
ID NO: 20)

VVDVSHEDPE
WLNGKEYKCK
VSLTCLVKGF
DKSRWQQGNV

{SEQ ID NO: Z21)

[0206] {52148 {4

Z 8T T AT T

(1) RAR :MGRGLLRGLWPLHIVLWTRIAS (SEQ ID NO: 22)

(2) 2H 2345 S5 0% ) (TPA) :MDAMKRGLCCVLLLCGAVEVSP (SEQ ID NO: 23)

(3) 2 4% 75 Ik (HBML ) : MKFLVNVALVEMVVYISYIYA (SEQ ID NO: 24)

hTBRIT-hFefili & 8 H R IA

FEFE I hTBRII-hFe ik H A& B AN TPART T 741, 7 A SEQ ID NO: 25.29.33.37Hl
AR AR IN LR IER 51 (2 WSE 515 ) o 3% £ A5 44K N 1 AZ R 41 SEQ 1D NO:
26.30.34.38H142 . {8 Fri 510 & S5 G2Fc 45 /448, (SEQ ID NO: 19)[KJhTBRII-hFcA8 {4 7EHEK-
29341 th Rk, 8 I PR FIA SR 1 JE MR M SR A 85 IR v a4k 38 i SDS-PAGE A2 3 Jia B
ATV FH 450 32 R 5 R AR S O RS
[0207]  HHiF ATRMIEASEQ ID NO: 27.31.35.39F143 7~ A b0 T & L 18 5 41 ) e
hTBRIT-hFe iR FASAAMISEQ ID NO: 28.32.3640F144 FrmAH N A% H R FE 41 o
[0208] B A= A 45 K EAARTBRI I ( 23-159) ~hG2Fc [ & 2 18 7 41 (SEQ ID NO: 50~
T
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TIPEHVQKSV
ITSICEKPQE
MEEKKKPGET
PVAGPSVELE
VHMNAKTKPEE
KTISKTEGQF
NGQPENNYKT

NMDMIVTDNN
VCVAVWRKND
FFMCSCSSDE
PPEPKDTLMI
EQFNSTFRVV
REPQVYTLEP
TPPMLDSDGS

GAVEFPOLCK
ENITLETVCH
CNDNIIFSEE
SRIFPEVICVV
SVLTVVHQDW
SEEEMTENQV
FFLYSKLTVD

FPCDVRESTCD NQESCMSNCS
DPKLPYHDFI LEDAASPKCI
YNTSNPDTGG GVECPPCPAP
VDVSHEDPEV QEFNWYVDGVE
LNGEKEYKCKV SNEGLPAFPIE
SLTCLVKGFY FSDIAVEWES
KSRWOQGNVEF SCSVMHEALH

NHYTQESLSL SPGEK (SEQ ID NO: 50)

(02091  iZEEE BN T s GLFETPART S Fr 51 A4 244 (SEQ 1D NO

:52) ik ML T X

LRI PP A, S PRI R Rk

1
51
101
151
201
251
301

351

[0210]

1
5l

QLCKFCDVRE STCDNQESCM
TVCHDPELPY HDFILEDAAS
FSEEYNTSNF DTGGGVECEF
TCVVVDVSHE DPEVOFNWYV
HOQDWLNGEEY KCEVSNEGLP
ENQVSLTCLV KGFYPSDIAV
LTVDESRWQQ GNVESCSVMH
(SEQ IDb NO: 52}

SPGATIPPHV
SNCSITSICE
PKCIMKEKKK
CPAPPVAGPS
DGVEVHNAKT
APIEKTISKT
EWESNGQPEN
EALHNHYTOQK

wiLSEQ ID NO: 52/ %ER A S m R -
ATGGATGCAA TGAAGAGAGG GCTCTGCIGT

AGTCTICGTT TCGCCCGECE CCACGATCCC

QESVNNDMIV
KPQEVCVAVW
PGETFFMCSC
VEFLEPPKFED
KPREEQFNST
KGQPREPOVY
NYKTTFPMLD
SLSLSPGK

TDNNGAVKFF
EENDENITLE
SSDECNDNII
TLMISRTPEEV
FEVVSVLTVV
TLPPSREEMT
SDGSFFLYSK

GIGCTGCTGE TGTGIGGAGE
ACCGCACGTT CAGAAGTCGG

101 TTAATAACGA CATGATAGTC ACTGACARACA ACGGTGCAGT CRAGTTTCCA
151 CAACTGTGTA AATTTIGTGA TGTGAGATTT TCCACCTGTG ACAACCAGAA
201 ATCCTGCATG AGURACTGCA GCATCACCTC CATCTGTGAG AAGCCACAGG
251 ARGTCTGTGT GGUTGTATGG AGARRGAATG ACGAGAACAT AACACTAGAG

301

ACAGTTTGCC ATGACCCCAA

GCTCCCCTAC

45

CATGACTTTA TTCTGGAAGA
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351 TGCTGCTTCT CCRAAGTGCA TTATGRAGGAR AARAARAMARG CCTGGTGAGA
401 CTTTCTTCAT GTGTTCCTGT AGCTCTGATG AGTGCAATGA CAARCATCATC
451 TTCTCAGAAG AATATAACAC CAGCAATCCT GACACCGGTG GTGGAGTCGA
501 GTGCCCACCG TGUCCAGCAC CACCTGTGGC AGGACCGTCA GTCITCCTICT
551 TCCCCCCARA ACCCARGGAC ACCCTCATGA TCTCCCGGAC CCCTGAGGTIC
601 ACGTGCGTGG TGGTGGACGT GAGCCACGAA GACCCCGAGGE TCCAGTTCAA
651 CTGGTACGTG GACGGCGTGG AGGIGUCATAA TGCCAAGACA AAGCCACGGG
701 AGGAGCAGTT CRACAGCACG TTCCGTGTGG TCRAGCGTCCT CACCGTCGTE
751 CACCAGGACT GGCTGRACGG CAAGGAGTAC AAGTGCAAGG TCTCCAACAAR
801 AGGCCTCCCA GCCCCCATCG AGAAAACCAT CTCCAAAACC ARMGGGCAGC
851 CCCGAGRACC ACAGGTGTAC ACCCTGCCCC CATCCCGGGAR GGAGATGACC
801 AAGAACCACG TCACCCTGAC CTGCCTGGTC AAAMGGCTTCT ACCCCAGCGA
551 CATCGCCGTG GAGTGGGAGA GCAATGGGCR GCCGGAGAAC AACTACARGR
1001 CCACACCTCC CATGCTGGAC TCCGACGGCT CCTTCITCCT CTACRAGCARG
1051 CTCACCGTIGG ACARAGRAGCAG GTGGCAGCAG GGGRACGTCT TCTCATGCTC
1101 CGTGATGCAT GAGGCTICTGC ACARCCACTA CACGCAGAAG AGCCTCTCCC
1151 TGICTCCGGG TARAR (SEQ ID NO: 31}

SEEAA . 7R ST A0BR A I vk ol I S AR A B AR AR ) 22 S AR

K FASAQZH g, A 1) i 38 F5 R 5 25 I SE hTBR T T-hF e 28 A& #1 #1GDF 15 . TGFB1 . TGFB2 I
TGEB3 MG M (K HE /7 0 1% M 58 1 55 T pGL3 (CAGA) 123 38 5 ki (Dennlerds, 1998, EMBO 17:
3091-3100) LA ftRenilladl i FikL (pRLCMV ) %% G 1) N\ il Jas 4 . 58 DL 458 1) 3% e 23 . CAGA &
FEAFRAE T TGFB- 2 o FE R ) B 57 (B InPAT—1) v, 4 754% #4438 T 38 i SMAD2 ATSMAD3 )
KT E55HS.
[0211]  FEMIERIZE— K, LL6. 5x 10" 4/ FLKFASA94H i (ATCC® : CCL-185 ™ ) 43 A /£ 48
LR S K, S5 4A10 pg pGL3(CAGA)12.100ng pRLCMV.30 ul X-tremeGENE 9
(Roche Applied Science)970 pl OptiMEM (Invitrogen) [ IVA ¥ TG & 3044, 4R f5 N
AAPF80.1% BSAfJEaglefi /N th 75 5% 97 5 (EMEM, ATCC® ) v, K o hn A\ A 4B A2 (500 nl/4L)
HHTEER FRE ISR AR =R, R R FR 5 A0 5 B i il 2% 110 T 4 A ) 741
PR A —RASTC R B LR .
[0212]  7EA8FLAR_L7E200 w1 AARAR A e 22 vhif (EMEM + 0.1 % BSA) Hp il £ 7% S F BRI
TG it o N 25 A 0 P A ) S5 A AR PR 0 5 22 i, 45 281 55 T 2 1 (R ECH 0 1) e 24 it A
WRE - NGDF15MIE GDF157E P &6 7= 4E (WL B 3C) , 1 ATGFB1. ATGFB2F1 ATGFB33k H
PeproTech. R AE3TC iR & 304041, 28 544250 nlIRAEIMAFT A FLH . — Ak
P30 52 25 FE R0 i o 7E SR IR VA TR B 15 5 0 P P i R % b 3R /K R » SR U5 P
NS MR (Promega E1941) 8%, FFAE-T0°C M IRAFE K  E B AR G — R, fE R R R
i V1 [R] BSAS Af F di 2 2 U o 20 PR SR e P — N 4 e 12 14k 7 ROk (96 4L) B, FE ROt
SR HDual-Luciferase Reporter AssayZ4t(Promega E1980)H137# 0 #r LA & IH—
178 e R B -
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(02131 >R Az s A4 o i TBR T THC A4 X 41 B A5 5 5 5 0 ] B (1) $0 4 FH 077 38 52 1k ik
SEATE . 520G B ERITBRI Iig-Fe MTBRI Tk-Fe 4R £ (del Re%%,J Biol Chem
279:22765,2004) — 5, 32 AL AR T 22 76 = FE T o — RE B | TGFB2 . SR MhTRRII-hFc AR
foRHAEAS 21 1 2 7R FHGDF 15 . TGFB1 AITGFB3 43 (1) 40 A5 5 % T 1 22 e ] . S BT AR AU TB
RIT5(23-159)-G2Fc AL , TBRI I1(23-159/D110K ) ~G2F c 4844 i 7R GDF 1 511 45 25 itk , {H 32 2k
TGFBLA 4], HLTGFB3 4 R KFEAC(~504%) (S W FR) EELL0ALAL T TBRITH] “49” [X
(RadaevZs,] Biol Chem 285:14806,2010),{HFH AR FHIEN NI TBRITEAATCFB1 \TGFB2
FNTGFB3 2 ] $& HE e B o (R I , 12 A8 B 7 22 S B A S ) R R AIE , L P GDF 15 8 A 3 b s 411
il , TGFB1 e AN 25 A 4], HTGF B3 40 i 22 v S5 R B o

CN 105658672 A

1Cs (nM)
MR mGDF15 hTGFpI hTGFp3
(35 ng/ml) (640 po/ml} (270 pe/ml)
| A o A
ErHEs TRRIT +(23-159)-G2Fc ~0.12 1.73 0.14
|ECD
SL47 DIIOK 8| :
_ , TRRIT «(23-159/D110K)-G2Fc ~07 ND (> 73.6) ~69
| K&+ K ECD
ND, #ABE
[0214]  fEAE2ANS2IG b, 0 B NI AE M TBRIT ECDIY AB4A [ 2 ik 5 4K B A U TBRI T

ECDIF AT 8o 0 F R A7, 5 TBRI 1 (23-159)-G2Fc  (HEFAE B AHLE , TBRI 5 (29-159) -
G2Fc AITBRI I5(35-159)-G2Fc & 7= I TGRB3 K] it F1 K KU 55 , (B HIHIGDF 151K Bt 1K IR 55
(N” A6)BANIE I 59 (N” A 12) o 5 BFA= R RHEL , N 285 285 0 TGF B 11 9061 () S i) 76 B2 4 b e v
SR o DR, X 2P A I 7 22 SR O AR $U ) R R AIE , FL i GDF 1 5 8 A 3 g 1016, TGFB3 e AN
RO A, TGRB1 4k F ] 22 S5 2 %

ICsq (nM)
r— hGDF15 hTGFBI
R . U1 wrorps
(70 & 112 (640
(270 pg/ml)
ng/ml) pe/ml)
AKIF4E A ECD | TBRII (23-159)-G2Fc |  0.14-0.53 0.52 0.37
| N'A6 ECD TRRII »(29-159)-G2F¢ 0.40 2.05 ND (> 7.5)
N'A12 ECD TPRII w(35-159)-G2Fc 0.92 2.51 ND (> 7.5)
ND, ®AE
[0215]  FEZE3ASLIGH, FRATINE T CunAR A TBRIT ECDH FINTODHAC X & e i1 F - 1%

RA QBRI T IR AT BE R AL A7 2 N R 7, TBRI L (23-153/N70D ) -G2F ¢ ik /x5 TB
RIT#(23-153)-G2FcAHEL , #MHITCFBL Y §E /I KK I 55 , 1 # I TGFB31I g J1 ) L-F- K855 . 5T
BRITx(23-153)—-G2Fc FNEF A A & AHEL , NTODHUA K GDF 154041 i 4 FHE & 2 E R P25 .
PRI I 5 LA NT ODER AR (14 Co A8 2 A8 A% Sk /s 22 S ECAAR D (1D AR AAE 5 AR TGRB3 e A R ggt i o
TCFB1 AN R A 0] , GDF 154k $ | 28 i 25 F2 1
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IC:"II {I‘.IM]
Hak4h hGDFI5 | hTGFpI hTGFp3
(70 ng/mly | (640 pg/ml) | (270 pg/ml)

4444 ECD TPRRI #(23-153N-G2Fc .14 ND ND
C'Ab6 ECD TPREIN (23-153)-G2Fc 018 2.62 0.14
JLAT N70D AKX &

: ] L TRRIT w(23-133/NT70D)-G2Fc 2.42 17.7 0.28
C'A6 ECD

[0216]

SR, X g AR, B G NP4 T BRI R P ECAR &5 A R IERI TBRIT ECDHY
BIEM A RAZY) AEAFE R, % SR BN IE Y RIE AL IGDF15 5 TBRI T EH A EAEH

FF AT RS TBRIT ECDAS A (1 filh 15 25 11 22 57 Ak 40 1) o JX 2830 (1R 35 P ARFALE T ABESS T 1 3%

N
LR d) 6L
Mk : it

A7 &3 T Mg

GDF15
k¥4 A ECD TRRII (23-159)-G2Fc TGFp1 -- TGEFR2

TGFp3
247 DIIOK 5%, TGFpI

TRRI «(23-159/D1 10K)-G2F GDF13 TGFR3
44 % ECD Pkl M P TGFp2
TGFp2
‘A6 ECD TRRII +(29-159)-G2F F15 F
N'A6 EC BRII -G 2Fe GDF15 TGFBI GHRS
TGFp2
N* : TRRI w({35-15M-G2F 15 F
AlL2 ECD i { -G2Fe GDF TGFp1 TGFp3
JLAT NTOD IRAK &4 . TGFp1
TRRIT «{23-153MNT0D)-G2F TGFR3 GDFI13
C*A6 ECD PRIT«(23-13 paske b TGFp2
(02171 FRATTFHIM , iX LETBRT TgECDARAA K] TBRT TECD N N 47004 i 7 AL (R B Ak e 6 1k . 57

Hh,C7 A 6EREGIECD (55 T-TBRT g AU TBRT Tyl #7443 %) HSEQ ID NO: 11f116) 0] FfE

Hor 5] O\ G5 FINSi 4 [ TBRT TiBE TBRT Tty HE Al 7 %71 o

[0218]

SERE5 . IR TBRT T-hFe ks B FaR [ i
% SE Tt IR 1 AT F T 42 8 A SO ALK 5 1 AEHEK-29 3 B CHOZH it o 26 TR TBRT T #4) 44
PLER L M 4T B 15 75 Wb 43 38 0 B SR A A% BR A S 4K o 7E - AP B 0L 1, WA AN B 15 72 W) vk

73 B IR AR ) BB 25 1 P A1 (LA R % PP A R I R 2 T Ril2k) o

[0219]

RN ARZRDT 10K HE LGN R R AT 3 1 41, St T RIZ RS 3k
1 MDAMKRGLCC VLLLCGAVEV SPGATIPPHV QKSVNNDMIV TDNNGAVKFP

48

H1I0 S 7 TBRT T ( 23-159/D110K ) —hG2F e R I FR JE 71 (SEQ 1D NO: 25) X |
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|
101
151
201
251
301
351

QLCKFCDVEFR
TVCHDPELPY
FSEEYNTSNE
TCVVVDVSHE
HODWLNGEEY
KNQVSLTCLV
LTVDESRWQQ

STCDONQKSCM
HKFILEDAAS
DTGGGVECFP
DEEVQEFNWYV
KCEVSNEGLP
KGFYPSDIAV
GNVFSCSVMH

SNCSITSICE
PECIMEEKEKK
CEAPPVAGES
DGVEVHNAKT
APIEKTISKT
EWESNGQPEN
EALHNHYTOK

KEPQEVCVAVW
PGETFFMCSC
VEFLFPPKPKD
KEPREEQFNST
KGOPREPOVY
NYKTTEPFMLD
SLSLSPGK

RENDENITLE
SSDECHWDNIIL
TLMISRTPEV
FRVVSVLTVV
TLFPPSREEMT
SDGSEFLYSK

(SEQ ID NO: 25)

[0220] 5200 B R R ABhTBR]I Ig( 23-159/D110K)~hG2Fc I Hi R £ 41 (SEQ ID NO: 26) .

WU R ZERDTTOKEUAR - HE 28N IR s T 3 2 81, S0 N IR om i 2k

1

51
101
151
201
251
301
351
401
451
501
551
601
651
701
1=l
801
851
501
851
1001
1051
1101
1151

[0221]

ATGGATGCAA

TGAAGAGAGG

GCTCTGCTGT

GTGCTECTGC

TGTGTGGAGC

BGICTICGTT .

TTAATAARCGAR
CAARCTGTGTA
ATCCTGCATG
RAGTCTGTGT
ACAGTTTGCC
TGCTGCTTCT
CTTTCTTCAT
TTCTCRGAAG
GTGCCCACCG
TCCCCCCARR
ACGTGCGTGG
CTGGTACGTG
LGGAGCAGTT
CACCAGGACT
AGGCCTCCCA
CCCGAGAACC
ARGRACCAGG
CATCGCCGTG
CCACACCTCC
CTCACCGTGG
CGTGATGCAT
TGTCTCCGGEG

TCGCCCEGEE,

CATGATAGTC
AATTTTGTGA
AGCAACTGCA
GGCTGTATGGE
ATGACCCCAA
CCAARLGTGCA
GIGITCCTIGT
ARTATAACAC
TGCCCAGCAC
ACCCAAGGAC
TGGTGGACGT
GACGGLGTGGE
CAARCAGCACG
GGCTGARCGEG
GCCCCCARTCG
ACAGGTGTAC
TCAGCCTGAC
GAGTGGGAGA
CATGCTGGAC
ACARGAGCAG
GAGGCTCTGC
TARR

CCACGATCCC
ACTGACAACA
TGTGAGATTT
GCATCACCTC
AGAAAGRATG
GCTCCCCTAC
TTATGAAGGA
AGCTCTGATG
CAGCAATCCT
CACCTGTGGC
ACCCTCATGA
GAGCCACGAA
AGGTGCATAA
TTCCGTGTEG
CARGGAGTAC
AGAAAACCAT
ACCCTGCCCC
CTGCCTGGTC
GCAATGGGCA
TCCGACGGCT
GTGGCAGCAG
ACAACCACTA

(SEQ ID NO:
HE3I0 i 7RhTBRI T (23-159/D110K ) ~hG 1 Fewf) 2 3 R F 411 (SEQ 1D NO: 27) . W

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGAGAACAT
CATARGTTTA
ARAARRAARG
AGTGCRATGA
GACACCGGTG

CAGARGTCGG
CAAGTTTCCA
ACARACCAGAA
ARGCCACRGG
AACACTAGRG
TTCTGGARGA
CCTGGTGAGA
CAARCATCATC
GTGGAGTCGA

AGGACCGTCA
TCTCCCGGAC
GACCCCGAGG
TGCCARGACA
TCAGCGTCCT
AAGTGCAAGS
CTCCARAACT
CATCCCGGGA
ARAGGCTTCT
GCCGGRGRAC
CCTTCTTCCT
GGGARCGTCT
CACGCAGARG

R RD110KHUAR . RE 2k T RIZF o iT & 7 51, Sl T RIZRon ik

49

GTCTTCCTCT
CCCTGAGGTC
TCCAGTTCRA
ARGCCACGGG
CACCGTCGTG
TCTCCAACAA
BAAGGGCRGC
GGAGATGACC
ACCCCAGCGA
ARCTACRARGA
CTACAGCAAG
TCTCATGCTC
AGCCTCTCCC

26)
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51
101
151
201
251
3ol
351

MDAMEKRGLCC

VLLLCGAVEV

QLCKFCDVRE
TVCHDPELEY
FSEEYNTSNP
EVICVVVIDVS
VLHQDWLNGE
MTENQVELTC
SELTVDESEW

STCDNQKSCM
HKFILEDAAS
DTGGGTHTCP
HEDPEVKENW
EYKCKVSNKA
LVKGFYPSDI
QOGNVESCSV

SPGATIPPHV

SNCSITSICE
PKCIMKEKEKK
PCPAPELLGG
IVDGVEVHNA
LPAPIEKTIS
AVEWESNGQPF
MHEALHNHYT

(SEQ ID NO: 27)

[0222]

QESVNNDMIV
KPQEVCVAVW
PGETFEFMCSC
PSVFLFPPKP
KETEPREEQYN
KAKGQPEEFPQ
ENNYKTTPEV
CKSLSLSBGK

TDNHNGAVEFP
RENDENITLE
SSDECNDNII
KDTLMISRTP
STYRVVSVLT
VYTLPPSREE
LDSDGSFFLY

AT R SR ABhTBRI g (23-159/D110K ) ~hG 1Pl 4% 1 £ 41 (SEQ 1D NO: 28).

XU AL RDTTOKEUAR - HE 28N RIS AT 3 7 81, Sl N R R os #2k

1
51
101
151
201
251
301
351
401
451
501
551
60l
631
701
151
acl
851
g0l
951

1001
1051
1101
1151

ATGGATGCAR

TGAAGAGAGG

AGTCTTCGTT

TCGCCCGGCE

TTAATAACGA
CRRCTGTGTA
ATCCTGCATG
BRGICTGTGT
ACAGTTTGCC
TGCTGCTTCT
CTTTCTTCAT
TTCTCAGAAG
CACATGCCCA
TCCTCTTCCC
GAGGTCACAT
GITCRACTGG
CGCGGGAGGA
GTCCTGCACC
CRACARAGCC
GGCAGCCCCG
ATGACCAAGA
CRGCGRCATC

ACARGACCAC
AGCAMLGCTCR
ATGCTCCGTG
TCTCCCTGTIC

CATGATAGTC
ARTTTTGTGA
AGCARACTGCA
GGCTGTATGG
ATGACCCCAA
CCARRGTGCA
GTGTTCCTGT
ARTATARCAC
CCGTGCCCAG
CCCARMRCCC
GCGTGCETGET
TRCGTGGRCG
GCAGTACAAC
AGGACTGGCT
CTCCCRGCCC
AGARCCACAG
ACCAGGTCAG
GCCGTGGAGT

GCCTCCCGTG
CCGTGERCAR
ATGCATGAGE
CCCGGGETAAA

GCICTGCIGT

CCACGATCCC
ACTGACAACA
TGTGAGATTT
GCATCACCTC
AGARAGRATG
GCTCCCCTAC
TTATGAAGGA
AGCTCTGATG
CAGCAATCCT
CACCTGAACT
ARGGACACCC
GGACGTGAGC
GCGTGGAGGET
AGCACGTACC
GAATGGCAAG
CCATCGAGAA
GTGTACACCC
CCTGACCTGC
GGGAGAGCAA

GIGCTGLTIGE

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGAGRACAT
CATAAGTTTA
RAAAARARAG
AGTGCAATGA
GACACCGGTG

JTETIGTGEAGC

CAGRAGTCGG
CAAGTTTCCA
RCAACCAGAR
ARGCCACAGS
AACACTAGAG
TTCTGGAAGA
CCTGGTGAGA
CAACATCATC
GTGGAACTCA

CCTGGGGEEGA
TCATGATCTC
CACGRAGACC
GCATAATGCC
GTGTGGTCAG
GAGTACAAGT
ARCCATCTCC
TGCCCCCATC
CTGGTCARAG
TGGGCAGCCE

CCGTCAGTCT
CCGGACCCCT
CTGAGGTCAA
AAGACAAAGC
CETCCTCACC
GCARGGTCTC
ARAGCCARAG
CCGGGAGGAG
GCTTCTATCC
GAGARRCAAMCT

CTGGACTCCG ACGGCTCCTT CTTCCTCTAT
GAGCAGGTGG CAGCAGGGGA ACGTCTTCTC
CTCTGCACAR CCACTACRCG CAGRAGRGCC

(SEQ ID NO:

50

28)
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[0223]

S5TUE ZNhTBRIT 15 (29-159 ) ~hG2Fc Y & FE R ¥ 41) (SEQ 1D NO: 29) . B2k T Xilzk

FORH A, S0 N RIL IRk .

1
51
101
151
201
251
301
351

L

DVEFSTCONG

KLFYHOFILE
TSNPDTGGGV
VSHEDPEVQF
GKEYKCEKEVSN
TCLVKGFYPS

RWOQGNVESC

KSCMSNCSIT
DAASPRCIME
ECPPCPAPPV
NWYVDGVEVH
KEGLPAPIEKT
DIAVEWESNG
SVMHEALHNH

LTSRN S PL RSV

SICEEKFQEVC
EEEKFPGETFEF
AGPSVFLFPP
NAKTKFEREEQ
ISKTKGOFRE
QPENNYKTTP
YTQRSLSLSP

DMIVTDNNGA
VAVWRENDEN
MCSCSSDECN
KPEDTLMISR
FNSTFRVVSV
POVYTLFESR
PMLDSDGSFEF
GE (SEQ

VEFPQLCEKFC
ITLETVCHDE
DNIIFSEEYN
TPEVTCVVVD
LTVVHQDWLN
EEMTENQVSL
LYSKLTVDKS
ID NO: 29)

[0224]  SE6TE N ZRIShTBR] I (29-159)-hG2Fc R HF R 7 41 (SEQ 1D NO: 30).JEZ

RN KR AT 3 P8, Sl R RIZR R 5k

1
a1
101
131
201
251
301
351
401
451
201
551
601
651
701
751
801
851
501

ATGGATGCAR

AGTCTTCGTT

TGAAGAGAGG

TCGCCCGELG

CCCAGAAGTC

TCACTGACRA
GATGTGAGAT
CAGCATCACC
GGAGAAAGAR
BAGCTCCCCT
CATTATGARG
GTAGCTCTGA
ACCAGCAATC
ACCACCTGTG
ACACCCTCAT
GTGAGCCACG
GGAGGTGCAT
CGTTCCGTGT
GGCARAGGAGT
CGAGARAACC
ACRCCCTGCC
ACCTGCCTGG

CAACGGTGCA
TTTCCACCTG
TCCATCTGTG
TGACGAGRAC
ACCATGRCTT
GAAAMARRAR
TGAGTGCAAT
CTGACACCGG

GTCAAGTITTC
TGACAACCAG
AGARAGCCACA
ATARCACTAG
TATTCTGGARA
AGCCTGGTGA
GACARCATCH
TGETGGAGTC

GCAGGACCGT
GATCTCCCGG
ARGACCCCGA
AATGCCRAGR
GGTCAGCGTC
ACARGTGCAA
ATCTCCARRR
CCCATCCCGG
TCAAAGGCTT

CAGTCTTCCT
RCCCCTGAGG
GETCCAGTTC
CARRGCCACG
CTCACCGTCG
GGTCTCCAAC
CCARAGGGCH
GAGGAGATGA
CTACCCCAGC

51

GCICTGCTGT,

BTGCICCTGE

GGTTAATAAC
CACARACTGTG
AAARTCCTGCA
GGAAGTCTGT
BGACAGTTTG
GATGCTGCTT
GACTTTCTTC
TCTTCTCAGA
GAGTGCCCAC
CTTCCCCCCA
TCACGTGCGT
BACTGGTACG
GGAGGRGCAG
TGCACCAGGA
AARGGCCTCC
GCCCCGAGAA
CCRAGARACCA
GACATCGCCG

GACATGATAG
TARRATTTTIGT
TGAGCAACTG
GTGGCTGTAT
CCATGACCCC
CTCCARAGTG
ATGTGETTCCT
AGARATATRAC
CGTGCCCAGT
AARACCCAAGG
GGTGGETGGAC
TGEACGECGET
TTCARCAGCA
CTGGCTGAAC
CAGCCCCCAT
CCACRGGTGT
GGTCAGCCTG
TGGAGTGGGA
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8951 GAGCAATGGG CAGCCGGAGA ACARCTACAA GACCACACCT CCCATGCTGG
1001 ARCTCCGACGG CTCCTTCTTC CTCTACAGCA AGCTCACCGT GGACAAGAGC
1051 AGGTGGCAGC AGGGGRACGT CTTCTCATGC TCCGTGATGC ATGAGGCTCT
1101 GCACARCCAC TACACGCAGA AGAGCCTCTC CCTGTCTCCG GGTAAA

(SEQ ID HO:

[0225]  ZE7I R /RhTBRI 1m(29-159)—hG1Fcmf 2 3El2 £ 41) (SEQ ID NO: 31).mE4k R4k
FoRHT S FA, Sz PRI TRk,

20)

1
51
101
151
201
251
301

MDAMERGLCC VLLLCGAVEV

DVRFSTCDNQ
KLPYHDFILE
TSNPDIGGGT
VDVSHEDPEV
LNGKEYKCKV
SLTCLVKGFY

KSCMSNCSIT
DAASPECIMK
HTCFPCFRFE
EFNWYVDGVE
SHNEALPAFIE
ESDIAVEWES

SPGAQKSVNN
SICEKPQEVC
EKKKPGETFF
LLGGPSVFLF
VHNAKTKPRE
KTISKAKGQP
NGQPENNYKT

DMIVTDNNGA
VAVWRKNDEN
MCSCSSDECN
PPKPKDTLMI
EQYNSTYRVV
REPOVYTLPP
TEPPVLDSDGS

VEFPQLCKFC
ITLETVCHDP
DNIIFSEEYN
SETPEVICVV
SVLTVLHQDW
SREEMTKNGV
FFLYSKELTVD

351  KSEWQQGNVE SCSVMHEALH

[0226]  #58Ii i R4 ABhTBRT Is( 29-159)-hG1Fewmf i R T 5 (SEQ 1D NO: 32) . B4 T
Y& FRIRAT S 21, 520 T IR Rk

NHYTQKSLSL SPGE {SEQ ID NO: 31)

51  AGICTTCGTT TCGCCCGGCE CCCAGAAGTC GGTTAATAAC GACATGATAG
101 TCACTGACAR CAACGGTGCA GTCAAGTTTC CACAACTGTG TAARATTTTGT
151 GATGTGAGAT TTTCCACCTG TGACAACCAG ARAATCCTGCA TGAGCAACTG
201 CAGCATCACC TCCATCTGTG AGAAGCCACA GGAAGTCTGT GTGEGCTGTAT
251 GCEAGARAGADN TGACGAGARAC ATAACACTAG AGACAGTTTG CCATGACCCC
301 ARGCTCCCCT ACCATGACTT TATTCTGGARA GATGCTGCTT CTCCAAAGTG
351 CATTATGAAG GAAAAARRAR AGCCTGGTGA GACTTTCTTC ATGTGTTCCT
401 GTAGCTCTGA TGAGTGCAAT GACAARCATCA TCTTCTCAGAR AGAATATAAC
451 ACCAGCAATC CTGACACCGGE TGGTGGARCT CACACATGCC CACCGTGCCC
501 AGCACCTGAR CTCCTGGGGGE GACCGTCAGT CTTCCTCTTC CCCCCRAARC
551 CCAMRGGACAC CCTCATGATC TCCCGGACCC CTGAGGTCAC ATGCGTGGTG
601 GTGGACGTGA GCCACGAAGA CCCTGAGGTC AAGTTCAACT GGTACGTGGA
651 CGGCGTGGAG GTGCATAATG CCAAGACAAR GCCGCGGGAG GAGCAGTACA
701 ACAGCACGTA CCGTGTGGTC AGCGTCCTCA CCGTCCTGCA CCAGGACTGG
751 CTGAATGGECA AGGAGTACAA GTGCAAGGTC TCCAACAARG CCCTCCCAGC
801 CCCCATCGAG AAAACCATCT CCAARAGCCAA AGGGCAGCCC CGAGAACCAC

52
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851 AGGTGTACAC CCTGCCCCCA TCCCGGGAGG AGATGACCAA GAARCCAGGTC
901 AGCCTGACCT GCCTGGTCAA AGGCTTCTAT CCCAGCGACA TCGCCGTGGA
951 GTGGGAGAGC AATGGGCAGC CGGAGAACAA CTACAAGACC ACGCCTCCCG
1001 TGCTGGACTC CGACGGCTCC TTCTTCCTCT ATAGCAAGCT CACCGTGGAC
1051 AAGAGCAGGT GGCAGCAGGG GARCGTCTTC TCATGCTCCG TGATGCATGA
1101 GGCTCTGCAC AACCACTACA CGCAGAAGAG CCTCTCCCTG TCCCCGGGTA
1151 AA (SEQ ID NO: 32)

[0227]  ZE9T & /RhTBRI I (35-159)-hG2Fc i & 2 7 %) (SEQ ID NO: 33). HEZk T Rk

HM I, St TR AT

1 MDAMERGLCC VLLLCGAVEV SPGADMIVTD NNGAVKFPQL CKFCDVREST
51 CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD
101 FILEDAASPR CIMREKREPG ETFFMCSCSS DECNDNIIEFS EEYNTSNFDT
151 GGGVECFPCF APPVAGPSVF LFPPKPEDTL MISRTPEVTC VVVDVSHEDP
201 EVQFNWYVDG VEVHNAKTEP REEQFNSTFR VVSVLTVVHO DWLNGEEYKC
251 EKVSNEGLPAFP IEKTISKTEKG QPREPOVYTL PPSREEMTEN QVSLTCLVEKG
301 FYPSDIAVEW ESNGQPENNY KTTPPMLDSD GSFFLYSKLT VDKSRWQQGN
351 VFSCSVMHEA LHNHYTOESL SLSPGK (SEQ ID NO: 33)

[0228]  510T &/~ 4 AGhTBRT I5(35-159)-hG2Fc I R ¥ 511 (SEQ 1D NO: 34) &£k~

RIZZoRRT T P91, 920 T R R Rk

1
5l
101
151
201
251
am
351
401
451
501
551
601
651
701
751

ATGGATGCAR
AGTCTTCGTT

TGARGAGAGG

TCGCCCGGCGE

CCGACATGAT

CAGTCRAGTT
TGTGACAACC
TGAGAAGCCA
ACATRACACT
TTTATTCTGG
ARAGCCTGGT
ATGACAARCAT
GGTGGTGGAG
GTCAGTCTTC
GGACCCCTGA
GAGGTCCAGT
GACARAAGCCA
TCCTCACCGT
ARGGTCTCCA

TCCACAACTG
AGRRATCCTG
CAGGAAGTCT
AGRAGACAGTT
AAGATGCTGC
GAGACTTTCT
CATCTTCTCA
TCGAGTGCCC
CTCITCCCCC
GGTCACGTGC
TCAACTGGTA
CGGGAGGAGC
CGTGCACCAG
ACARAGGCCT

TGTARATTTT
CATGAGCARAC
GTGTGGCTGT
TGCCATGACC
TTCTCCAARG
TCATGTGTTC
GAAGARATATA
ACCGTGCCCA
CRAARCCCAR
GTGGTGGTGGE
CETGGACGGC
AGTTCARACAG
GACTGGCTGA
CCCAGCCCCC

53

GCTCTGCTCT

GTGCTGCTGE

TGTGTGGAGC

AGTCACTGAC
GTGATGTGAG
TGCAGCATCA
ATGGAGARLG
CCAAGCTCCC
TGCATTATGA
CTGTAGCTCT
LCACCRGCRR
GCACCACCTG
GGACACCCTC
ACGTGAGCCA
GTGGAGGTGC
CACGTTCCGT
ACGGCRRAGGA
ATCGAGRARRD

ARCAMCGGETG
ATTTTCCARCC
CCTCCATCTG
ARTGACGAGA
CTACCATGAC
AGGARARARARA
GATGAGTGCA
TCCTGACACC
TGGCAGGACT
ATGATCTCCC
CGRAGRCCCC
ATARATGCCAA
GTGGTCAGCG
GTACAAGTGC
CCATCTCCAR
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801 AACCARAGGG CAGCCCCGAG AACCACAGGT GTACACCCTG CCCCCATCCC
851 GGGAGGAGAT GACCAAGAAC CAGGTCAGCC TGACCTGCCT GGTCAAAGGC
901 TTCTACCCCA GCGACATCGC CGTGGAGTGS GAGAGCAATG GGCAGCCGGA
951 GAACAACTAC AAGACCACAC CTCCCATGCT GGACTCCGAC GGCTCCTTCT
1001 TCCTCTACAG CAAGCTCACC GTGGACAAGA GCAGGTGGCA GCAGGGGAAC
1051 GTCTTCTCAT GCTCCGTGAT GCATGAGGCT CTGCACAACC ACTACACGCA
1101 GAAGAGCCTC TCCCTGTCTC CGGGTAAA {SEQ ID NO: 34)

[0229]

LARHT P, 50 T RIZFTR 5k

1
51
101
151
201
251
301
351

MPAMBRRGLCC,

CDNOKSCMSN
FILEDAASPE

GGGTHTCFPC

DPEVEFNWYV
KCKVSNEALP
KGEYPSDIAV
GNVESCSVMH

NLLLCGAVEY

CSITSICERP
CIMEEKKEFPG
PAPELLGGPS
DGVEVHNAKT
APIEKTISKA
EWESNGQPEN
EALHMHYTOK

[0230]

SPGADMIVTD

GEVCVAVWEEK
ETFFMCSCSS
VELEFPPEPKD
KPREEQYNST
KGQPREPOVY
NYKTTPPVLD
SLSLSPGE

TRIZFIRHT T 78, 920 T R R Rk

ATGGATGCAR TGAAGAGAGGE GCTCTGCTGT

1
51
101
151
201
261
301
i51
401
451
501
551
601
651
701
751

CAGTCAAGTT
TGTGACAACC
TGAGARGCCA
ACATARCACT
TTTATTCTGG
AAAGCCTGGT
ATGACRACAT

GCTGGTGEAR

GGGRCCGTCA
TCTCCCGGAC
GACCCTGAGG
TGCCARGACH
TCAGCGTCCT
RAGTGCAAGG

TCCACRACTG
AGAARATCCTG
CAGGAAGTCT
AGRGACAGTT
ABGATGCTGC
GRAGACTTTCT
CATCTTCTCA
CTCACACATG
GTICTTCCTCT
CCCTGAGGTC
TCARGTTCAA
AAGCCGCGGEGE
CACCGTCCTIG
TCTCCAACAA

TGTAAATTTT
CATGAGCAAC
GTGTGGCTGT
TGCCATGACC
TTCTCCAARAG
TCATGTGTTC
GRAGARTATA
CCCACCGTGC
TCCCCCCARR
ACATGCGTGG
CTGGTACGTG
AGGAGCAGTA
CACCAGGACT
AGCCCTCCCA

54

F11IE 7RhTBRT 155 (35-159 ) ~hG1Fcwft) L 1L 7 81 (SEQ 1D NO: 35) . fEZk T &Il

NNGAVEFPOL
NDENITLETV
DECNDNIIFS
TLMISRTPEV
YRVVSVLTVL
TLFPSREEMT
SDGSFFLYSK

(SEQ ID MNO:

CKECDVREST
CHDPELPYHD
EEYNTSNPDT
TCVVVDVSHE
HODWLNGEEY
ENQVSLTCLV
LTVDKSEWQO
35)

1250 TR g iShTBRI 155 ( 35-159 ) ~hG1FemfI & H 1 £ 511 (SEQ ID NO: 36) . e £k

GTGCTGCTGC
RGTCACTGAC
GTGATGTGAG
TGCAGCATCA
ATGGAGAAAG
CCAAGCTCCC
TGCATTATGA
CTGTAGCTCT
ACACCAGCAR
CCAGCACCTG
RCCCARGGAC
TGGTGGACGT
GACGGCGTGG
CARCAGCACG
GGCTGRATGG
GCCCCCATCG

TGTGTGGAGC
ARCRACGGTG
ATTTTCCACC
CCTCCATCTG
AATGACGAGA
CTACCATGAC
AGGAARAARA
GATGAGTGCA
TCCTGACACC
AACTCCTGGG
ACCCTCATGA
GAGCCACGAA
AGGTGCATAR
TACCGTGTGG
CARGGAGTAC
AGAARACCAT
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801 CTCCAAAGCC AAAGGGCAGC CCCGAGAACC ACAGGTGTAC ACCCTGCCCC
8§51 CATCCCGGGA GGAGATGACC AAGAACCAGG TCAGCCTGAC CTGCCTGGTC
901 AAAGGCTTCT ATCCCAGCGA CATCGCCGTG GAGTGGGAGA GCAATGGGCA
951 GCCGGAGAAC AACTACAAGA CCACGCCTCC CGTGCTGGAC TCCGACGGCT
1001 CCTTCTTCCT CTATAGCAAG CTCACCGTGG ACAAGAGCAG GTGGCAGCAG
1051 GGGAACGTCT TCTCATGCTC CGTGATGCAT GAGGCTCTGC ACAACCACTA
1101 CACGCAGAAG AGCCICTCCC TGTCCCCGGG TAAA
(SEQ ID NO: 386)

[0231] 513 /RhTBRI I(23-153)-hG2Fc Y & FL 2 5 41 (SEQ ID NO: 37). B4k T RilZk

FORH A, S0 N RIL Rk .

1 MDBMERGLOL VLLLCOAVEV SPGATIFPHV. QERSYNHNDMIV. TDRNGAVEFP

51 QLCKFCDVEF STCDNQKSCM SNCSITSICE KPQEVCVAVW REKNDENITLE
101 TVCHDPKLPY HDFILEDAAS FPKCIMEEKKKR FPGETFFMCSC SSDECNDNII
151 FSEEYTGGGV ECPPCPAPPV AGPSVFLFPP KPKDTLMISR TPEVTCVVVD
201 VSHEDPEVQF NWYVDGVEVH MAKTKPREEQ FNSTFRVVSV LTVVHQDWLN
251 GEEYRKCKVSNWN KRGLPAFPIERT ISKTEGQPRE POVYTLPPSR EEMTRNQVSL
30 TCLVKGFYFPS DIAVEWESNG QPENNYKTTEF PMLDSDGSFF LYSKLTVDES
351 RWOQQGNVFSC SVMHEALHNH YTQKSLSLSP GE (SEQ ID NO: 37)

[0232]  EB14350 R /R B TBRI Iig(23-153) ~hG2Fc I RZ T IR FF 41 (SEQ 1D NO: 38). Bk T

RIS 3PP A, 920 T RIZR Rk

51 AGTCTTCGTT TCGCCCGGCG CCACGATCCC ACCGCACGTT CAGAAGTCGG
101 TTAATAACGA CATGATAGTC ACTGACAACA ACGGTGCAGT CAAGTTTCCA
151 CARCTGTGTA AATTTTGTGA TGTGAGATTT TCCACCTGTG ACARACCAGAR
201 ATCCTGCATG AGCAACTGCA GCATCACCTC CATCTGTGAG ARGCCACRAGE
251 BAGTCTGTGT GGCTGTATGG AGAARGRATG ACGAGRACAT AACACTAGRAG
301 ACAGTTTGCC ATGACCCCAR GUCTCCCCTAC CATGACTTTA TTCTGGARAGA
351 TGCTGCTTCT CCAAAGTGCAR TTATGAAGGA AAARABRAALG CCTGGTGAGA
401 CTTTCTTCAT GTGTTCCTGT AGCTCTGATG AGTGCAATGA CAACATCATC
451 TTCTCAGARG AATATACCGE TGGTGGAGTC GAGTGCCCAC CGTGCCCAGC
501 ACCACCTGTG GCAGGACCGT CAGTCTTCCT CTTCCCCCCA AAACCCAAGG
£§51 ACACCCTCAT GATCTCCCGG ACCCCTGCAGG TCACGTGCGT GGTGGTGGAC
601 GTGAGCCACG AAGACCCCGA GGTCCAGTTC AACTGGTACG TGGACGGCGET
651 GGAGGTGCAT AATGCCAAGA CAAAGCCACG GGAGGAGCAG TTCAACAGCA
701 CETTCCGETET GGETCAGCGETC CTCACCGETCGE TGCACCAGGA CTGGCTGRAC

55
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751 GGCAAGGAGT ACAAGTGCAA GGTCTCCAAC ARAGGCCTCC CAGCCCCCAT
801 CGAGARAACC ATCTCCAAAA CCAAAGGGCA GCCCCGAGAA CCACAGGTGT
851 ACACCCTGCC CCCATCCCGG GAGGAGATGA CCRAGRACCA GGTCAGCCTG
901 ACCTGCCTGG TCARAGGCTT CTACCCCAGC GACATCGCCG TGGAGTGGGA
951 GAGCAATGGG CAGCCGGAGA ACAACTACAA GACCACACCT CCCATGCTGG
1001 ACTCCGACGG CTCCTTCTTC CTCTACAGCA AGCTCACCGT GGACAAGAGC
1051 AGGTGGCAGC AGGGGAACGT CTTCTCATGC TCCGTGATGC ATGAGGCTCT
1101 GCACAACCAC TACACGCAGA AGAGCCTCTC CCTGTCTCCG GGTAAA

[0233]

{SEQ ID NO: 38)

LARAT P, 500 T RIZRTR 5k

15T 7RhTBRI I5(23-153 ) ~hG1Fcmft) 3Ry 1 (SEQ 1D NO: 39). B4k T &I

1 MDAMKRGLCC VLLLCGAVFV SPGATIPPHV QKSVNNDMIV TDNNGAVKFP

51 QLCKFCDVEF STCDNOQESCM SNCSITSICE KPQEVCVAVW RENDENITLE

101 TVCHDPELFPY HDFILEDAAS PECIMKEEKEE PGETFFMCSC SSDECNDNII

5] FSEEYTGGGT HTCFPCPAFE LLGGPSVFLF FPKFRKDTLMI SRTFEVTCVV

201 VDVSHEDPEV KFNWYVDGVE VHNAKTEPRE EQYNSTYRVV SVLTVLHQDW

251 LNGEEYKCKV SNEALPAPIE KTISKAKGQP REPOQVYTLPP SREEMTENQV

301 SLTCLVEGEY PSDIAVEWES NGQPEMNYKT TPEVLDSDGES FELYSELTVD

351 ESEWOQQGNVE SCSVMHEALH NHYTOQKSLSL SPGK (SEQ ID NG: 39)
[0234] 48 16W0 i R FBhTBRT I16(23-153)~hG1Femff A% B 2 5 %1 (SEQ 1D NO: 40) . kE4k

PRI T8, S N RIAR Rk .

1
51
101
151
201
251
301
35
401
451
501
351
601
651

ATGGATGCAA

TGRAGAGAGE

AGTCTTCGTT

GCTCTGCTGT

GTGCTGCTGC

TGTGTGGAGC

TTAATAACGR
CAACTGTGTA
ATCCTGCATG
ARAGTCTGTGT
ACAGTTTGCC
TGCTGCTTCT
CTTTCTTCAT
TICTCAGAAG
AGCACCTGAR
CCAAGGACAC
GTGGACGTGA
CGGCGTGGAG

CATGATAGTC
AATTTTGTGA
AGCRACTGCA
GGCTGTATGGE
ATGACCCCAA
CCARMGTGCA
GIGTTCCTGT
BATATACCGE

ACTGACRACA
TGTGAGATTT
GCATCACCTC
AGRAAGRATG
GCTCCCCTAC
TTATGAAGGA
AGCTCTGATG
TGGETEGARCT

CTCCTGGGGGE
CCTCATGATC
GCCACGAAGA
GTGCATAATG

GRCCGTCAGT
TCCCGEGRCCC
CCCTGAGGTC
CCRRGACARD

56

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGAGRACAT
CATGACTTTA
ARARMRRAMG
AGTGCRATGA
CACACATGCC
CTTCCTUTTC
CTGAGGTCAC
ARGTTCAACT
GCCGCGGGEAG

CAGARAGTCGG
CARGTTTCCA
ACARARCCAGAA
AAGCCACAGG
AACACTAGRG
TTCTGGARGA
CCTGGTGAGA
CAACATCATC
CACCGTGECCC
CCCCCAARAC
ATGCGTGGTG
GETACGTGGA
GAGCAGTACA
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701 ACAGCACGTA CCGTGTGGTC AGCGTCCTCA CCGTCCTGCA CCAGGACTGG
751 CTGAATGGCA AGGAGTACAA GTGCAAGGTC TCCARACARAG CCCTCCCAGC
801 CCCCATCGAG AAAACCATCT CCAAAGCCAA AGGGCAGCCC CGAGARCCAC
B51 AGGTGTACAC CCTGCCCCCA TCCCGGGAGG AGATGACCAA GAAMCCRAGGTC
901 AGCCTGACCT GCCTGGTCAR AGGCTTCTAT CCCAGCGACA TCGCCGETGGA
951 GTGGEGEAGAGC AATGGGECAGT CGEGAGARACAR CTACAAGACC ACGUCTCCCG
1001 TGCTEGACTC CGACGGCTCC TTCTTCCTCT ATAGCAAGCT CACCGTGGAC
1051 AAGAGCAGGET GGCAGCAGGSE GAACGTCTTC TCATGCTCCGE TGATGCATGA
1101 GGCTCTGCAC AACCACTACA CGCAGAAGAG CCTCTCCCTG TCCCCGGGTA
1151 AR {(SEQ ID HO: 40)
[0235] %5173 & /RhTBRI Ti5(23-153/N70D)-hG2Fc & K /R FE 51 (SEQ 1D NO: 41) UK

R RRNTODHUA - K2R T RIZ KR 1 3P 41, 5l T RIZRoR 15k

1
al
101
151
201
251
301
51

MDAMERGLCC

QLCKFCDVRF
TVCHDPKLPY
FSEEYTGGGV
VSHEDPEVQF
GKEYKCKVSN
TCLVKGFYPS
RWQQGNVFESC

VLLLCGAVEV

SPGATIPPHV

STCDNQESCM
HDFILECAAS
ECPPCPAPFV
NWYVDGVEVH
KGLPAFPIEKT
DIAVEWESNG
SVMHEALHNH

SDCSITSICE
PECIMKEEKEEK
AGPSVEFLEFFP
NAKTKFREEDQ
ISKTKGQOFRE
QPENNYKTTP
YTOKSLSLSE

QESVNNDMIV
KPQEVCVAVW
BEGETFFMCSC
KPKEDTLMISR
FNSTFRVVEV
POVITLPPSE
PMLDSDGSETY
GE (SEQ

TDNNGAVKEP
RENDENITLE
SSDECHNDNII
TEEVTCVVVD
LTVVHQDWLN
EEMTENQOVSL
LYSKELTVDKS

ID NO: 41)

[0236]  S518TE N ZRIDhTBRI s (23-153/N70D)~hG2Fc 4% 2 ¥ %) (SEQ 1D NO: 42).

UN IR RNTODHUAR o BEZR N R ZR KRR 7 /7 51, S0 RIZR ok

1
51
101
151
201
251
301
351
401
451
501

ATGGATGCAL

TGALAGAGAGE

GCTCTGCTGT

GTGCTGCTGC

TGTGTEGAGE

CCACGATCCC

TTARTAACGA
CAARCTGTGTA
ATCCTGCATG
ARAGTCTGTGT
ACAGTTTGCC
TGCTGCTTCT
CTTTCTTCAT
TTCTCAGAAG
ACCACCTGTG

CATGATAGTC
ARTTTTGTGA
AGCGACTGCA
GGCTGTATGG
ATGACCCCAR
CCAARGTGCA
GTGTTCCTGT
AATATACCGG

ACTGACRACA
TGTGAGATTT
GCATCACCTC
AGARAGAATG
GCTCCCCTAC
TTATGAAGGA
AGCTCTGATG
TEGTGEAGTC

GCAGGACCGT

CAGTCTTCCT

o7

ACCGCACGIT
ACGGTGECAGT
TCCACCTGTG
CATCTGTGAG
ACGAGAACAT
CATGACTTTA
ARRAAARARAG
AGTGCAATGAR
GAGTGCCCAC
CTTCCCCCCA

CAGAAGTCGG
CRAGTTTCCA
ACARACCAGAR
ARGCCACAGG
ARCACTAGAG
TTCTGGARGA
CCTGGTGAGA
CRACATCATC
CGTGCCCAGT
BARACCCAAGG
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551 ACACCCTCAT GATCTCCCGG ACCCCTGAGG TCACGTGCGT GGTGGTGGAC
601 GTGAGCCACG AAGACCCCGA GGTCCAGTTC AACTGGTACG TGGACGGCGT
651 GGAGGTGCAT AATGCCAAGA CAAAGCCACG GGAGGAGCAG TTCAACAGCA
701 CGTTCCGTGT GGTCAGCGIC CTCACCGTCG TGCACCAGGA CTGGCTGAAC
751 GGCAAGGAGT ACAAGTGCAA GGTCTCCAAC ARAGGCCTCC CAGCCCCCAT
801 CGAGAAAACC ATCTCCAAAA CCAAAGGGCA GCCCCGAGAR CCACAGGTGT
851 ACACCCTGCC CCCATCCCGG GAGGAGATGA CCAAGAACCA GGTCAGCCTG
901 ACCTGCCTGG TCARAGGCTT CTACCCCAGC GACATCGCCG TGGAGIGGGA
951 GAGCAATGGG CAGCCGGAGA ACAACTACAR GACCACACCT CCCATGCTGG

1001 ACTCCGACGG CTCCTTCTTC CTCTACAGCA AGCTCACCGT GGACAAGAGC

1051 AGGTGGCAGC AGGGGAACGT CTTCTCATGC TCCGTGATGC ATGAGGCTCT

1101 GCACAACCAC TACACGCAGA AGAGCCTCTC CCTGTCTCCG GGTAAA
(SEQ ID NO: 42)

[0237]

1
51
101
151
201
251
301
351

[0238]

19T 2 7RhTBRI I (23-153/N70D ) ~hG 1 Femft) Z L 7 51 (SEQ ID NO: 43) . XU F
RIERRIRNTODEUAR . E 2R T RIZk KRR 7T T 741, S0 Rl Rk,

MDAMKRGLCC

VLLLCGAVEV

SPGATIPPHV

QLCKFCDVRE
TVCHDPKLPY
FSEEYTGGGT
VDVSHEDPEV
LNGKEYKCKV
SLTCLVKGFY
KSRWQQGNVF

STCDNQESCM
HDFILEDARAS
HTCPPCPAPE
KFNWYVDGVE
SNEALPAFIE
ESDIAVEWES
SCSVMHEALH

SDCSITSICE
PEC IMKEEEE
LLGGPSVFLF
VHNAKTKERE
KTISKRKGQP
NGOPENNYKT
NHYTQKSLSL

CQESVNNDMIV
KPQEVCVAVH
PGETFFMCSC
EPEPEDTIMI
EQYNSTYRVV
BEEPQVYTLEP
TPPVLDSDGS
SPGK

(SEQ ID NO:

TDNNGAVEFP
RENDENITLE
SSDECNDNII
SRTIPEVTCVV
SVLTVLHQDW
SEEEMTENQV
FFLYSKLTVD
43)

20T 5 s R ABhTBRT T ( 23-153/N70D ) ~hG 1 Felf % 8 2 41 (SEQ ID NO: 44).
XN RIZRFRNTODEUAR o BB 28 RIZk R m il T 751, S0 N RIZR R R 23k

1
51
101
151
201
251
301
351

ATGGATGCAA
TTAATARCGA
CAACTGTGTA
ATCCTGCATG
AAGTCTGTGT
ACAGTTTGCC
TGCTGCTTCT

TGAAGAGAGG,
TCGCCCEELE

CATGATAGTC
AATTTTGTGA
AGCGACTGCA
GGCTGTATGG
ATGACCCCAA
CCARAGTGCA

GCTCTGCTET
_CCACGATCCC

BCTGACARCH
TGTGAGATTT
GCATCACCTC
AGARRGARATG
GCTCCCCTAC
TTATGAAGGA

58

GTGCTECTGE,

ACCGCACGTT
ACGGTGCAGT
TCCACCTGTG
CATCTGTGAG
ACGRGRACAT
CATGACTTTA
ARARARARLG

IGTCTCCAGE

CAGARGTCGGE
CAAGTTTCCA
ACARCCAGAR
ARGCCACAGE
ARCACTAGAG
TTCTGGARGA
CCTGGTGAGA
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401 CTTTCTTCAT GTGTTCCTGT AGCTCTGATG AGTGCAATGA CAACATCATC
451 TTCTCAGAAG AATATACCGG TGGTGGAACT CACACATGCC CACCGTGCCC
501 AGCACCTGAA CTCCTGGGGG GACCGTCAGT CTTCCTCTTC CCCCCAAAAC
551 CCAAGGACAC CCTCATGATC TCCCGGACCC CTGAGGTCAC ATGCGTGGTG
601 GTGGACGTGA GCCACGAAGA CCCTGAGGTC AAGTTCAACT GGTACGTGGA
651 CGGCGTGGAG GTGCATAATG CCAAGACAAR GCCGCGGGAG GAGCAGTACA
701 ACAGCACGTA CCGTGTGGTC AGCGTCCTCA CCGTCCTGCA CCAGGACTGG
751 CTGAATGGCA AGGAGTACAA GTGCAAGGTC TCCAACAAAG CCCTCCCAGC
801 CCCCATCGAG AAARCCATCT CCAAAGCCAA AGGGCAGCCC CGAGAACCAC
851 AGGTGTACAC CCTGCCCCCA TCCCGGGAGG AGATGACCAA GARCCAGGTC
901 AGCCTGACCT GCCTGGTCAA AGGCTTCTAT CCCAGCGACA TCGCCGTGGA
951 GTGGGAGAGC AATGGGCAGC CGGAGAACAA CTACARGACC ACGCCTCCCG

1001 TGCTGGACTC CGACGGCTCC TTCTTCCTCT ATAGCAAGCT CACCGTGGAC
1051 AAGAGCAGGT GGCAGCAGGG GAACGTCTTC TCATGCTCCG TGATGCATGA
1101 GGCTCTGCAC AACCACTACA CGCAGAAGAG CCTCTCCCTG TCCCCGGGTA
1151 AA (SEQ ID NO: 44)

[0239]

(SEQ ID NO: 53).XUF RIZ 2 /"D110KEAR . B N Rl Fon ek,

F21 100 B ~hTBRT T4(23-159/D110K) ~hG2F ¢ ¥ 5 A& 3L 188 )5 51 (R IC /T 52 )7 1))

QLCKFCDVEF
TVCHDEPKLPY
FSEEYNTSNE
TCVVVDVSHE
HODWLNGEEY
ENQVSLTCLV
LTVDKSEWQO

STCDNQKSCM
HKFILEDAAS
DTGGGVECEP
DPEVQFNWYV
KCKVSNKGLP
KGFYPSDIAV
GNVFSCSVMH

(SEQ ID NO:53)

[0240]

TIFPHV
SNCSITSICE

PECIMEEKEK

CPAFPPVAGPS
DGVEVHNAET
APIEKTISET
EWESNGQPEN
EALHNHYTQK

QESVNNDMIV
KFQEVCVAVW
PGETFFMCSC
VFLFPPEPKD
KEFREEQFNST
KGOPREBOVY
NYETTEPPMLD
SLSLSPGE

(SEQ ID NO: 54) .U K X¥IZk%RR"D110KEUR . B R Rl 2k m 4k .
TIPPHV QESVNNDMIV TDNNGAVEFEP
QLCKFCDVRF STCDNQKSCM SNCSITSICE KPQEVCVAVW RKNDENITLE
TVCHDPKLPY HEFILEDAAS PRCIMKEKKEK PGETFFMCSC SSDECNDNII

59

TDNNGAVEEP
EENDENITLE
SSDECHNDNII
TLMISRTEEV
FREVVSVLTVV
TLPPSREEMT
SDGSFFLYSK

2200 5 RhTBRT T (23-159/D110K ) —hG 1 F et i VG LR 7 %1 (B /T 5 5 41))
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[0241]

[0242]
ID NO:

[0243]

FSEEYNTSNFP
EVTCVVVDVS
VLHQDWLNGE
MTENQVSLTC
SELTVDESEW
NO: 54)

DTGGGTHTCP
HEDPEVKFNW
EYKCKVSNKA
LVKGFYPSDI

QOGNVFSCSV

PCPAPELLGG
IVDGVEVHNA
LFAFPIEKTIS

PSVFLFPPKP KDILMISETP
KTKFREEQYN STYRVVSVLT
KAKGOPREFD VYTLFPSREE

AVEWESNGQF
MHEALHNHYT

ENNYKTTPEV
QKESLSLSPGK

LDSDGSFELY

(SEQ ID

FH23 T4 ZRhTBRI I (29159 ) ~hG2Fc f il BV L 1R e 51 (BN e T 5 £ %)) (SEQ 1D
NO: 55). 9 FRIZ&R R k.

DVRFSTCDNQ
KLPYHDFILE
TSNPDTGGGV
VSHEDPEVQF
GKEYKCKVSN
TCLVKGFYPS
RWQQGNVFSC

KSCMSNCSIT
DAASPRCIMK
ECFPCPAFPV
NWYVDGVEVH
KGLPAPIEKT
DIAVEWESNG
SVMHEALHNH

QESVNN DMIVTDHNNGA VEFPQLCEKFC

SICEKEQEVC VAVWEKNDEN
EKEKPGETFE MCSCSSDECHN
AGPSVFLFPP KPKDTLMISE
NAKTKFPREEDQ FNSTFRVVSV
ISKTKGQPRE PQVYTLPPSR
QPENNYKTTP PMLDSDGSFEF
YTOKSLSLSE GK {SEQ

ITLETVCHDF
DNIIFSEEYN
TPEVTCVVVD
LTVVHODWLN
EEMTKNQVSL
LYSKLTVDES
ID NO: 55)

24T B /~hTBRI 15(29-159) ~hG1F el i BV L /R 17 41 (BN E RT3 7+ 41 ) (SEQ
56) . HL Rk TRk

DVRFSTCDNQ
ELEYHDFILE
TSNPDTGGGT
VDVSHEDPEV
LNGKEYKCKV
SLTCLVKGFY
KSRWQOGNVF

KSCMSNCSIT
DAASPRCIMEK
HTCEPCPAPE
EFNWYVDGVE
SNEALPAFPIE
BSDIAVEWES
SCSVMHEALH

DESVNN DMIVTDNNGA
SICEKPQEVC VAVWRENDEN
EEKKFGETFF MCSC3SDECHN
LLGGPSVFLF PPKPKDTLMI
VHNAKTEPRE EQYNSTYRVV
KTISKAKGQF REPOVYTLEP
NGQPENNYKT TEEVLDSDGS
NHYTQKSLSL SPGK

(SEQ ID MNO:

VEFPQLCEFC
ITLETVCHDP
ONIIFSEEYN
SETPEVTCVV
SVLTVLHQDW
SREEMTENQV
FELYSKLIVD
56)

25T ZRhTBRT I (35159 ) ~hG2F c ) it AV E S R 7 41| (BN G BT 57 41))  (SEQ 1D
NO: 57). 8 FRIZeRR~FEk.

DMIVTD NNGAVEFPQL CKFCDVRFST
CDNQKSCMSN CSITSICEKP QEVCVAVWRE NDENITLETV CHDPELPYHD
FILEDAASPE CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNEDT

60
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GGGVECPPCP APPVAGPSVE
EVOQFNWYVDG VEVHNAKTEKP
KVSNKGLFAP IEKTISKTKG

LFPPKFEDTL MISRTPEVIC VVVDVSHEDP
EEEQFNSTFR VVSVLTVVHD DWLNGKEYEKC
QPREPQVYTL FPPSREEMTEN QVSLTCLVEG
FYPSDIAVEW ESNGQPENNY KTTPPMLDSD GSFFLYSKLT VDKSEWQQGN
VESCSVMHERA LHNHYTQKSL SLSPGK (SEQ ID NO; 57)

126705 RN TBR1 Lss(35-159)~hG1Fefl) i AR HERE e 51 (4T 57 91 (SEQ
58) .2 T R FR Bk

[0244]
ID NO:

DMIVTD
QEVCVAVWRE
ETFFMCSCSS

NNGAVEFPOL
NDENITLETV
DECNDNIIFS

CKFCDVRFST
CHDPKLPYHD
EEYNTSNPDT

CDNQKSCMSN
FILEDAASFPK

CSITSICEKP
CIMKEKKKPG

[0245]

GGGTHTCPPC
DPEVEEFNWIV
KCEVSNEALF
KEGFYPSDIAV
GNVEFSCSVMH

FE2TIE. 7R TBRT I ( 23-153 ) ~hG2F c i) i BV FE 1R 7 41 (BN e /T 5 %)) (SEQ 1D

PAPELLGGPS
DGVEVHNAKT
APIEKTISKA
EWESNGQFPEN
EALHNHYTQK

NO: 59). B | RlZk R w3k

[0246]
1D NO:

QLCKFCDVEF
TVCHDPELEY
FSEEYTGGGV
VSHEDPEVQOFE
GKEYKCKVSN
TCLVKGFYPS
RWOQGNVESC

28T /RhTBRI 15(23-153) ~hG1F et il L 182 7 41 (B /T 5 7 41)  (SEQ

STCDNQESCHM
HDFILEDAAS
ECPPCPAFEV
NWYVDGVEVH
KGLPAPIEET
DIAVEWESNG
SVMHEALHNH

60) . L N RN FRom k.

VELFPPEPED
KPREEQYNST
KGQPREPQVY
NYKTTPPVLD
SLSLSEGK

TLMISRTPEV
YRVVSVLTVL
TILPPSREEMT
SDGSEFFLYSK

TIPPHV QESVNNDMIV
SNCSITSICE KPQEVCVAVW
PRCIMKEEKK FPGETFFMCSC
AGPSVFLFPP KPKDTLMISE
NAKTKFREEQ FNSTEFRVVSV
ISKTKGOQPEE POQVYTLPPSE
QPENNYKTTP PMLDSDGSFEF
YTORSLSLSE GK (SEQ

TIPPHV QESVNNDMIV

QLCKFCDVRE STCDNQESCM SNCSITSICE KEPQEVCVAVH
TVCHDPELFY HDFILEDAAS PKCIMKEKKK PGETFEFMCSC
FSEEYTGGGT HTCPPCFAPE LLGGPSVFLE PPKPKDTLMI

VDVSHEDPEV EFNWYVDGVE VHNAKTKPRE EQYNSTYRVV

61

TCVVVDVSHE
HODWLNGEEY
ENQVSLTCLV
LTVDESEWQO

(SEQ ID HO: 58)

TDNNGAVEFP
RENDENITLE
SSDECHDNII
TPEVTCVVVD
LTVVHQDWLN
EEMTENQVSL
LYSKLTVDKS
ID NO: 59)

TDHNNGAVEFP
EEMNDENITLE
SSDECNDNII
SRTPEVTCVV
SVLTVLHQDW
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[0247]

LNGEEYRCEV SNEALPAPIE KTISEAKGQF REPOQVYTLEPP SREEMTENQV
SLTCLVEGEY PSDIAVEWES NGQPENNYKT TPPVLDSDGS FFLYSKLTVD

KSRWOOGNVF SCSVMHEALH NHYTQEKSLSL SPGK

2911 7

(SEQ ID NO: 61) XU T XIZEHK/RNTODHUAR, . H1 N Rk t%3k

[0248]

QLCKFCDVRF
TVCHDPKLPY
FSEEYTGGGV
VSHEDPEVQF
GKEYKCKVSN
TCLVKGFYPS
RWQQGNVFSC

30T ZRhTBRT I (23-153/N70D ) ~hG1F e i AR FE 1R 7 71 (R TG HT 5 3 41)

STCDNQESCHM
HDEILEDAAS
ECPPCPAPEV
NWYVDGVEVH
KGLEAPIERT
DIAVEWESNG
SVMHEATLHNH

TIFEHV
SDCSITSICE
PECIMKEEEK
AGPSVFLEPP
NAKTKFREEQ
ISETKGQFRE
QPENNYKTTE
YTOKSLSLSP

QESVNNDMIV
KPQEVCVAVW
PGETFFMCSC
KEPKDTLMISR
FNSTFRVVSV
POVYTLFESR
PMLDSDGSFF

GK (SEQ

(SEQ ID NO: 62). XU T KIZZR/RNTODEAR . B N Rl 2k R rn 25k

QLCKFCDVREF
TVCHDPKLPY
FSEEYTGGGT
VDVSHEDPEV
LMGKEYKCEV
SLTCLVKGFEY
KSEWQOGNVE

STCDONQESCHM
HDFILEDAAS
HTCFEPCPAPE
KFNWYVDGVE
SNEALPAFPIE
PSDIAVEWES
SCSVMHEALH

T1FPHV
SDCSITSICE
PECIMEKEEEK
LLGGPSVELFE
VHNAKTKEPRE
KTISKAKGOP
NGQPENNYKT
NHYTOQKSLSL

DESVNNDMLIV
KPQEVCVAVW
BPGETFFMCSC
PPEFPKDTLMI
EQYNSTYRVV
REPOVYTLEP
TPEFVLDSDGS
SPGK

(SEQ ID NO: &)
RhTBRI1%(23-153/N70D)-hG2F c i 1% 243 88 e 1) (BN B i S5 7 41)

TDNNGAVKFEP
EENDENITLE
SSDECNDNII
TPEVTCVVVD
LTVVHQDWLN
EEMTENQV3L
LYSELTVDES

ID NO: 61)

TDNNGAVEE'P
RENDENITLE
SSDECHMDNII
SRTEPEVICVV
SVLTVLHQDW
SEEEMTENQV
FFLYSKLTVD

{SEQ ID NO: 62)

[0249] @HIL 5 HE S

AICHE S P e AN A i85 5] AR A S
Y el LR B R B I 5 HEE &R
[0250] Eﬁﬁﬁiﬁiﬁj7jimﬂﬁ@iiﬁkﬁkﬁ@??%@,ﬂilzfﬁﬁﬁﬁﬁ4%£%U€W3ﬁtﬁﬁﬁﬁﬂFN§%Uﬁtﬁﬁo§§[]
JALAR i B 15 08 B ORI SR A5, Vi 22 AR Bk A U R N BT 5 A AR A B S WL NS
FERSUR 5K A5 B L 25 [] A 25 FA) AN S LR 58 B S SR AR A SR A 78 A i W ) AN T L

A SO S AR AN ST HE A

62
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1 MPGOELRTVN GSOMLLVLLV LSWLPHGGAL SLAEASRASE PGPSELHSED
51 SRFRELRKRY EDLLTRLRAN QSWEDSNTDL VPAPAVRILT PEVRLGSGGH
101 LHLRISRAAL PEGLPEASRL HRALFRLSPT ASRSWDVTRP LRRQLSLARP
151 QAPALHLRLS PPPSQSDQLL AESSSARPQL ELHLRPQAAR GRRRARARNG
201 DHCPLGPGRC CRLHTVRASL EDLGWADWVIL SPREVQVTMC IGACPSQFRA
251 ANMHAQIKTS LHRLKPDTVP APCCVPASYN PMVLIQKTDT GVSLQTYDDL
301 LAKDCHCI (SEQ ID NO: 1)
K1
1 ATGCCCGGGC AAGAACTCAG GACGGTGAAT GGCTCTCAGA TGCTCCTGGT
51 GTIGCIGGTG CTICTCGTGGC TGCCGCATGE GGGCGCCCTG TCTCTGGCCG
101  AGGCGAGCCG CGCAAGTTTC CCGGGACCCT CAGAGTTGCA CTCCGAAGAC
151  TCCAGATTCC GAGAGTTGCG GAAACGCTAC GAGGACCTGC TAACCAGGCT
201 GCGGGCCAAC CAGAGCTGGG AAGATTCGAA CACCGACCTC GTCCCGGCCC
251 CTGCAGTCCG GATACTCACG CCAGAAGTGC GGCTGGGATC CGGCGGCCAC
301 CTGCACCTGC GTATCTCTCG GGCCGCCCTT CCCGAGGGGC TCCCCGAGGC
351 CTCCCGCCTT CACCGGGCTC TGTTCCGGCT GTCCCCGACG GCGTCAAGGT
401 CGTGGGACGT GACACGACCG CTGCGGCGTC AGCTCAGCCT TGCAAGACCC
451 CAGGCACCCG CGCTGCACCT GCGACTGTCG CCGCCGCCGT CGCAGTCGGA
501 CCAACTGCTG GCAGAATCTT CGTCCGCACG GCCCCAGCTG GAGTTGCACT
551 TGCGGCCGCA AGCCGCCAGG GGGCGCCGCA GAGCGCGTGC GCGCAACGGG
601 GACCACTGTC CGCTCGGGCC CGGGCGTTGC TGCCGTCTGC ACACGGTCCG
651 CGCGTCGCTG GAAGACCTGG GCTGGGCCGA TTGGGTGCTG TCGCCACGGG
701 AGGTGCAAGT GACCATGTGC ATCGGCGCGT GCCCGAGCCA GTTCCGGGCG
751 GCAAACATGC ACGCGCAGAT CAAGACGAGC CTGCACCGCC TGAAGCCCGA
801 CACGGTGCCA GCGCCCTGCT GCGTGCCCGC CAGCTACAAT CCCATGGTGC
851 TCATTCAAAA GACCGACACC GGGGTGTCAC TCCAGACCTA TGATGACTTG
901 TTAGCCAAAG ACTGCCACTG CATA (SEQ ID NO: 2)
X 2
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1 MAPPALOAQP PGGSQLRFLL FLLLLLLLLS WPSQGDALAM PEORPSGPES
51 QLNADELRGR FQDLLSRLHA NQSREDSNSE PSPDPAVRIL SPEVRLGSHG
101 QLLLRVNRAS LSQGLPEAYR VHRALLLLTP TARPWDITRP LKRALSLRGP
151 RAPALRLRLT PPPDLAMLPS GGTQLELRLR VAAGRGRRSA HAHPRDSCPL
201 GPGRCCHLET VQATLEDLGW SDWVLSPRQL QLSMCVGECP HLYRSANTHA
251 QIKARLHGLQ PDKVPAPCCV PSSYTPVVLM HRTDSGVSLQ TYDDLVARGC
301 HCA (SEQ ID NO: 3)
Kl 3
1 ATGGCCCCGC CCGCGCTCCA GGCCCAGCCT CCAGGCGGCT CTCAACTGAG
51 GTICCTIGCTG TTCCTGCTGC TGTTGCTGCT GCTGCTGICA TGGCCATCGC
101  AGGGGGACGC CCTGGCAATG CCTGAACAGC GACCCTCCGG CCCTGAGTCC
151  CAACTCAACG CCGACGAGCT ACGGGGTCGC TTCCAGGACC TGCTGAGCCG
201  GCTGCATGCC AACCAGAGCC GAGAGGACTC GAACTCAGAA CCAAGTCCTG
251  ACCCAGCTGT CCGGATACTC AGTCCAGAGG TGAGATTGGG GTCCCACGGC
301  CAGCTGCTAC TCCGCGTCAA CCGGGCGTCG CTGAGTCAGG GTCTCCCCGA
351  AGCCTACCGC GTGCACCGAG CGCTGCTCCT GCTGACGCCG ACGGCCCGCC
401  CCTGGGACAT CACTAGGCCC CTGAAGCGTG CGCTCAGCCT CCGGGGACCC
451  CGTGCTCCCG CATTACGCCT GCGCCTGACG CCGCCTCCGG ACCTGGCTAT
501 GCTGCCCTCT GGCGGCACGC AGCTGGAACT GCGCTTACGG GTAGCCGCCG
551  GCAGGGGGCG CCGAAGCGCG CATGCGCACC CAAGAGACTC GTGCCCACTG
601  GGTCCAGGGC GCTGCTGTCA CTTGGAGACT GTGCAGGCAA CTCTTGAAGA
651 CTTGGGCTGG AGCGACTGGG TGCTGTCCCC GCGCCAGCTG CAGCTGAGCA
701  TGTGCGTGGG CGAGTGTCCC CACCTGTATC GCTCCGCGAA CACGCATGCG
751  CAGATCAAAG CACGCCTGCA TGGCCTGCAG CCTGACAAGG TGCCTGCCCC
801  GTGCTGTGTC CCCTCCAGCT ACACCCCGGT GGTITCTTATG CACAGGACAG
851  ACAGTGGTGT GTCACTGCAG ACTTATGATG ACCTGGTGGC CCGGGGCTGC
901  CACTGCGCT (SEQ ID NO: 4)
Xl 4
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1 mgrgllrglw plhivlwtri astipphvgk svnndmivtd nngavkfpqgl
51 ckfcdvrfst cdngkscmsn csitsicekp gevcvavwrk ndenitletv
101 chdpklpyhd filedaaspk cimkekkkpg etffmcscss decndniifs
151 eeyntsnpdl llvifgvtgi sllpplgvai sviiifycyr vnrggklsst
201 wetgktrklm efsehcaiil eddrsdisst canninhnte llpieldtlv
251 gkgrfaevyk aklkgntseq fetvavkifp yeevaswkte kdifsdinlk
301 henilgflta eerktelgkqg ywlitafhak gnlgeyltrh viswedlrkl
351 gsslargiah lhsdhtpcgr pkmpivhrdl kssnilvknd ltcclcdfgl
401 slrldptlsv ddlansggvg tarymapevl esrmnlenve sfkgtdvysm
451 alvlwemtsr cnavgevkdy eppfgskvre hpcvesmkdn vlrdrgrpei
501 psfwlnhggi gmvcetltec wdhdpearlt agcvaerfse lehldrlsgr
551 scseekiped gslnttk (SEQ ID NO: 5)

& 5

1 mgrgllrglw plhivlwtri astipphvgk sdvemeagkd eiicpscnrt
51 ahplrhinnd mivtdnngav kfpglckfcd vrfstcdngk scmsncsits
101 icekpgevcv avwrkndeni tletvchdpk lpyhdfiled aaspkcimke
151 kkkpgetffm cscssdecnd niifseeynt snpdlllvif gvtgisllpp
201  lgvaisviii fycyrvnrgqg klsstwetgk trklmefseh caiileddrs
251 disstcanni nhntellpie 1ldtlvgkgrf aevykaklkqg ntsegfetva
301 vkifpyeeya swktekdifs dinlkhenil gfltaeerkt elgkgywlit
351 afhakgnlge yltrhviswe dlrklgssla rgiahlhsdh tpcgrpkmpi
401 vhrdlkssni lvkndltccl cdfglslrld ptlsvddlan sggvgtarym
451 apevlesrmn lenvesfkgt dvysmalvlw emtsrcnavg evkdyeppfg
501 skvrehpcve smkdnvlrdr grpeipsfwl nhggigmvce tltecwdhdp
551 earltaqgcva erfselehld rlsgrscsee kipedgslnt tk

(SEQ ID NO: 6)
Xl 6
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A TPRII 42

TBRIT (23-X)

TBRIT (29-X)

TBRII 5(35-X)

A TPRII Kk

TBRII £(23-X)

TBRII £(29-X)

TBRII £(60-X)

AR/ 7

1 10 20 30
MGRGLLRGIWPTLHIVIWTRIASTIPPHVQKS

30
TIPPHVQKS

30
QKS

1 10 20 30
MGRGLLRGIWPTLHIVIWTRIASTIPPHVQKS

30
TIPPHVQKS

30
QKS
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'59‘#%&‘%)\(25 aa)

35

_________________________ VNNDMIV. ..
35

_________________________ VNNDMIV. ..
35

_________________________ VNNDMIV. ..
35

DMIV...
40 50 60

DVEMEAQKDETTICPSCNRTAHPLRHINNDMIV. . .

40 50 60
DVEMEAQKDEIICPSCNRTAHPLRHINNDMIV. . .

40 50 60
DVEMEAQKDETIICPSCNRTAHPLRHINNDMIV. . .

60
DMIV...

K7 (%)

67



	2.pdf
	扉页
	权利要求书
	说明书
	附图


