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TGF-BETA RECEPTOR TYPE U FUSION PROTEINS AND USES THEREQOF

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the bencfit of priority from U.S. Provisional Application No.
5 62/501,229, filed on May 4, 2017, from U.S. Provisional Application No. 62/510,422 filed
on May 24, 2017; and from U.S. Provisional Application No. 62/578.674, filed on Getober

30, 2017. The foregoing applications are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION
10 Members of the transforming growth factor-beta {TGEFB) superfamily are pleiotropic
cytokines involved in cssential 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 TGFB superfanuly
15  bhave been classified into major family groupings, which mclude TGFps, bone morphogenetic
proteins {BMP), osteogenic proteins (OP), growth and differentiation factors (GDF),
inhibins/activins, mullerian inhibitory substances (MIS) and ghial derived neurotrophic
factors (GDNF).
TGFR superfamily members transduce their signals across the plasma membrane by
20 mducing the formation of heteromeric complexes of specific type Tand type 11
senne/threonine kinase receptors, which in tum activate a particular subset of SMAD proteins
{some inhibitory and some excitatory). The SMAD molecule compounds relay the signals
into the nucleus where thev direct transcriptional responses in concert with other proteins.
Dysfimetional TGEFR superfamily signaling has been hinked to several clinical
25 disorders including cancer, fibrosis, bone diseases, diabetic nephropathy, as well as chronic
vascilar discascs such as atherosclerosis.
Thus, it is an object of the present disclosure to provide compositions and methods for

modelating TGFB superfamily signaling.

30 SUMMARY OF THE INVENTION
In part, the disclosure provides TBRII polypeptide fusion proteins and the use of such
fusion proteins as selective antagonists for TGFB1 or TGFB3. As descnbed herein,

polypeptides comprising part or all of the TRRH extracellular domain (ECD), with or without
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additional mutations, bind to and/or inhubit TGFBY or TGFR3 with varving affinities. In
particular, TRRII polvpeptides comprising a heterologous portion {e.g., an Fc
immunoglobulin domain) and a linker of at least 10 amino acids in length {e.z.. a linker
having the anuno acid sequence of SEQ D NO: 6) are associated with surprisingly superior
TGEFRT and TGEFR3 binding properties as compared to TBRI polypeptides having a shorter
linker. Thus, in certain aspects, the disclosure provides TRRIE polypeptides for use in
selectively inhibiting TGS superfanuly associated disorders.

In some embodiments, the disclosure provides for a Transforming Growth Factor-f
Receptor I {(TBRID) fusion polypeptide comprising: a) an extracellular domain of a TRRIE
portion; b) a heterologous portion, and ¢) a linker portion; wherein the linker is at least 10
amino acids n length; and wherein the TRRII extracclular domain portion corprises an
amino acid sequence at least 80% identical to! 1) a sequence beginning at any of positions 23
to 33 of SEQ ID NO: | and ending at any of positions 153 to 159 of SEQGID NG: 1oriija
sequence beginning at any of positions 23 to 60 of SEQ 1D NO: 2 and ending at any of
positions 178 to 184 of SEQ ID NO: 2. In some embodiments, the TPRH extracellular
domain portion comprises an amino acid sequence at least 80% i1dentical to a sequence
beginning at any of positions 23 to 353 of SEQ ID NO: 1 and ending at anv of positions 153 1o
159 of SEQ ID NO: 1. In some embodiments, the TRRIT extracetiular domaim portion
comprises an amino acid sequence at least 90% identical to a sequence beginning at any of
positions 23 to 35 of SEQ ID NO: | and ending at any of positions 153 io 159 of SEG D
NG 1. In some embodiments, the TRRH extracellufar domain portion comprises an aming
acid sequence at least 95% identical to a sequence beginning at any of positions 23 to 35 of
SEQ IB NO: 1 and ending at any of positions 153 to 159 of SEQ ID NO: 1. Insome
embodiments, the TR extracellular domain portion comprises an aminge acid sequence at
least 97% identical to a sequence beginning at any of positions 23 to 35 of SEQ ID NG: | and
ending at any of positions 133 1o 159 of SEQ ID NG: 1. In some embodiments, the TPRIL
extraceliular domain portion comprises an amino acid sequence beginning at any of positions
2310 35 of SEQ ID NO: | and ending at any of positions 133 10 159 of SEQIDNG: 1. In
some embodiments, the TRRI extracelular domam portion comprises an amino acid
sequence at least 80% identical to a sequence beginning at any of positions 23 to 60 of SEQ
I NG: 2 and ending at anv of positions 178 to 184 of SEQ 1D NO: 2. In some
cmbodiments, the THRIH extracellular domain portion comprises an amino acid sequence at
least 90% identical to a sequence beginning at any of positions 23 to 60 of SEQ ID NG: 7 and
ending at any of positions 178 to 184 of SEQ 13 NQO: 2. In some embodiments, the TRRIL
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extracclhular domain portion comprises an amino acid sequence at least 95% identical to a
sequence beginning at any of positions 23 to 60 of SEQ ID NO: 2 and ending at any of
posttions 178 to 184 of SEQ 1D NO: 2. In some cmbodiments, the TRRIY extracelivlar
domain portion comprises an amino acid sequence at least 97% identical to a sequence
beginning at any of positions 23 to 60 of SEQ ID N(: 2 and ending at any of positions 178 to
184 of SEQ ID NO: 2. In some embodiments, the TPRYU extracelhilar domain portion
comprises an amino acid sequenae beginning at any of positions 23 to 60 of SEQ 1D NO: 2
and ending at any of positions 178 to 184 of SEQ ID NO: 2. In some embodiments, the
TPRII extracellvlar domain portion comprises an amino acid sequence at least 80% identical
to SEQ 1D NG 18, In some embodiments, the TRRII extracellular domain portion comprises
an amino acid sequence at least 90% identical to SEQ ID NG: 18, In some embodiments, the
THRI extracelhular domain portion comprises an amino acid sequence at least 95% identical
to SEQ 1D NO: 18, In some embodiments, the TPRI extracellular domain portion comprises
an anuno acid sequence at least 97% identical to SEQ 1D NG: 18, In some embodiments, the
TBRII extracellular domain portion comprises the amino acid sequence of SEQ 1D NO: 18,
In some embodiments, the TBRI extracellular domain portion consists of an amine acid
sequence at least 80% identical to a sequence beginning at any of positions 23 to 35 of SEQ
D NO: 1 and ending at any of positions 153 to 159 of SEQ ID NO: 1. In some
embodiments, the TRRH extracelhular domain portion consists of an aming acid sequence at
least 90% identical to a sequence beginning at any of positions 23 to 35 of SEQ ID NO: 1 and
cnding at any of positions 133 to 159 of SEQ I3 NO: 1. In some embodiments, the TRRIT
extracetiular domam portion consists of an amino acid sequence at least 95% identical to a
sequence beginning at any of positions 23 to 33 of SEQ ID NO: 1 and ending at any of
positions 153 to 1539 of SEQ 1D NO: 1. In some embodiments, the TERIH extracellular
domain portion consists of an amino acid sequence at least 97% identical 1o a sequence
beginning at any of positions 23 to 35 of SEQ ID N(: | and ending at any of positions 153 to
159 of SEQ ID NO: 1. In some embodiments, the TPRI extracelhilar domain portion
consists of an amine acid sequence beginning at any of positions 23 to 35 of SEQ 1D NO: 1
and ending at any of positions 153 to 159 of SEQ ID NO: 1. In some embodiments, the
TRRI extracellalar domain portion consists of an amino acid sequence at least 80% identical
1o a sequence beginning at anv of positions 23 to 60 of SEG 1D NG: 2 and ending at any of
posttions 178 to 184 of SEQ 1D NO: 2. In some cmbodiments, the TRRIY extracelivlar
domain portion consists of an amino acid sequence at least 90% identical 1o a sequence
beginning at any of positions 23 to 60 of SEQ ID N{O: 2 and ending at anv of positions 178 to
-3~
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184 of SEQ ID NO: 2. In some embodiments, the TBRI extracellular domain portion
consists of an amino acid sequence at least 95% wdentical to a sequence beginning at anv of
posttions 23 to 60 of SEQ 1D NO: 2 and ending at any of positions 178 to 184 of SEQ 1D

NG: 2. In some embodiments, the TPRIH extracellular domain portion consists of an ammo

(]

acid sequence at least 97% identical to a sequence beginning at any of positions 23 to 60 of
SEQ 1D NGO: 2 and ending at any of positions 178 to 184 of SEQ 1D NO: 2. In some
embodiments, the TRR1 extracellular domain portion counsists of an amino acid scquence
beginning at any of positions 23 to 60 of SEQ 1D NO: 2 and ending at any of positions 178 to
184 of SEQ 1D NO: 2. In some embodiments, the TBRI extracellular domain portion
10 consists of an amino acid sequence at least 0% wdentical to SEQ D NO: 18, In some
embodiments, the TRRI extracetlular domain portion consists of an amino acid sequence at
least 90% identical to SEQ 1D NO: 18, In some embodiments, the TR extracellular
domain portion consisis of an amino acid sequence at least 95% identical to SEQ ID NO: 18,
In some embodiments, the TPRIU extracellular domain portion consists of an amino acid
15 sequence at least 97% 1dentical to SEQ ID NO: 18, In some embodiments, the TRRI
extracelhular domain portion consists of the amino acid sequence of SEQID NG 18, In
some embodiments, the polypeptide comprises an N-terminal leader sequence. In some
embodiments, the N-terminal leader sequence comprises the amino acid sequence of any one
of SEQ ID NQOs: 22-24. In some embodiments, the N-terminal leader sequence comprises the
20 amino acid sequence of SEQ ID NO: 23, In some embodiments, the heterologous portion i
an immunogliobulin Fo domain. In some embodiments, the immunoglobulin Fc domain is a
human immunoglobulin Fc domain. In some embodiments, the heterologous portion
comprises an amino acid sequence that 15 at least 80% identical to SEQ ID NG: 20. In some
cmbodiments. the heterologous portion comprises an amino acid sequence that is at {east 90%
25 identical to SEQ D NO: 20, In some embodiments, the linker is less than 25 amino acids
length. In some embodiments, the linker is between 10 and 25 amino acids in length. In
some embodiments, the hinker is between 15 and 25 amino acids i length. In some
embodiments, the hinker is between 17 and 22 amino acids in length. In some embodiments,
the hinker is 21 anuno acids i length. In some embodiments, the heterologous portion
30 comprises an amino acid sequence that is at least 95% identical to SEQ P NGO: 20, In some
cmbodiments. the heterologous portion comprises an amino acid sequence that is at least 97%
wdentical to SEQ 1D NO: 20, In some embodiments, the heterologous porfion comprises the
amino acid sequence of SEQ ID NG: 20. In some embodiments, the linker comprises
(GGGGS)n, wherein n = > 2. In some embodiments, the hinker comprises (GGGGS)n,
-
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wheremn n = > 3. In some embodiments, the linker comprises (GGGGS)n, whereinn =>4,
In some embodiments, the linker comprises {GGGGS ), wherein n# > 5. In some
cmbodiments, the linker comprises the amino acid sequence of SEQ 1D NO: 21 In some
embodiments, the nker comprises the amino acid sequence of any one of SEQ ID NOs: 4-7.
In some embodiments, the linker comprises the amino acid sequence of SEQ ID NO: 6. In
some embodiments, the polypeptide comprises an amino acid sequence that is at least 80%
identical to the amino acid sequence of SEQ 1D NO: 11, In some embodiments, the
polvpeptide comprises an amino acid sequence that is at least 90% identical to the anmino acid
sequence of SEQ ID NG 11, In some embodiments, the polypeptide comprises an amine
acid sequence that is at least 959 identical to the amino acid sequence of SEQ ID NGO 11, In
some embodiments, the polvpeptide comprises the amino acid sequence of SEQ 1D NG: 11,
In some embodiments, the polypeptide comprises an amino acid sequence that 1s at least 80%
identical to the amino acid sequence of SEQ 1D NG: 13, In some embodiments, the
polypeptide comprises an amino acid sequence that is at least 90% identical to the amino acid
sequence of SEQ ID NO: 13, In some embodiments, the polypeptide comprises an amino
acid sequence that is at least 95% wdentical to the amino acid sequence of SEQ ID NGO 13, In
some embodiments, the polypeptide comprises the amino acid sequence of SEQ 1D NGO: 13,
In some embodiments, the polypeptide comprises an amino acid sequence that is at least 80%
identical to the amino acid sequence of SEQ ID NO: 30, In some embodiments, the
polypeptide comprises an anmino acid sequence that is at least 90% identical to the amino acid
sequence of SEQ 1D NO: 50, In some embodiments, the polypeptide comprises an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ D NO: 50, In
some embodiments, the polypeptide comprises the amino acid sequence of SEQ 1D NO: 50.
In some embodiments, the polypeptide comprises an amino acid sequence that 1s at least 86%
identical to the anuno acid sequence of SEQ ID NG: 31, In some embodiments, the
polypeptide comprises an amino acid sequence that is at least 90% wdentical to the aming acid
sequence of SEQ 1D NO: 31, In some embodiments, the polypeptide comprises an amino
acid sequence that is at keast 95% identical to the amino acid sequence of SEQ IDNO: 51, In
some embodiments, the polypeptide compnises the amino acid sequence of SEQ 1D NO: 51.
In some embodiments, the polypeptide comprises an amino acid sequence that ts at least 80%
identical to the amino acid sequence of SEQ D NO: 53, In some embodiments, the
polypeptide comprises an amino acid sequence that is at least 90% identical to the amino acid
sequence of SEQ D NO: 53, In some embodiments, the polypeptide comprises an ammo
acid sequence that is at least 95% identical to the amino acid sequence of SEQ IDNG: 53 In

-5



(]

10

]

20

WO 2018/204594 PCT/US2018/030816

some embodiments, the polypeptide comprises the amino acid sequence of SEQ 1D NO: 53,
In some embodiments, the polypeptide comprises an amino acid sequence that 1s at least 86%
identical to the amino acid sequence of SEQ 1D NO: 56, In some entbodiments, the
polypeptide comprises an amino acid sequence that is at least 90% identical to the amino acid
seqaence of SEQ ID NO: 56. In some embodiments, the polypeptide comprises an amino
acid sequence that is at least 95% identical to the amino acid sequence of SEQ ID NG 56 In
some embodiments, the polypeptide comprises the amino acid sequence of SEQ 1D NG: 56.
In some embodiments, the polypeptide comprises an amuno acid sequence that is at least 80%
identical to the amino acid sequence of SEQ ID NGO 15, In some embodiments, the
polypeptide comprises an amino acid sequence that is at least 90% identical to the amino acid
sequence of SEQ ID NGO: 15, In some embodiments, the polvpeptide comprises an amino
acid sequence that 1s at least 95% identical to the amino acid sequence of SEQ IDNG: 15, In
some embodiments, the polypeptide comprises the amino acid sequence of SEQ ID NO: 15,
In some embodiments, the TPRI polvpeptide does not include amino acids 185-592 of SEQ
1D NG: 2. In some embodiments, the TERI polvpeptide does not include amino acids 1-22
of SEQ IB NO: 2. In some embodiments, the polypeptide consists of or conaists cssentially
of' a) a TRRH polypeptide portion comprising an anuno acid sequence that is at least 5%,
0909, 95%, 97%, or 99% 1dentical to the amino acid sequence of SEQ 1D NO: 18 and no
more than 10,9, 8,7, 6,5, 4, 3, 2 or 1 additional amino acids; b} a linker portion comprising
an aming acid sequence that is at least 85%, 90%, 95%, 97%, or 99% identical to the amino
acid sequence of SEQ 1D NO: 6 and no more than 5, 4, 3, 2 or | additional amino acids; ¢y a
heterologous portion comprising an amino acid sequence that is at least 85%, 90%, 95%,
7%, or 99% dentical to the amino acid sequence of SEQ ID NO: 20 and no more than 25,
20,15, 10,5, 4, 3, 2, or | additional anuno acids; and ) opticnally a leader sequence {e.g.,
SEQ D NO: 23). In some embodiments, the polypeptide consists of or consists essentially
of: a} a TPRH polypeptide portion comprising the amino acid sequence of SEQ ID NG: 18
and no more than 10,9, 8,76, 5, 4, 3, 2 or | additional amine acids; b} a Hnker portion
comprising the amino acid sequence of SEQ ID NG: 6 and no more than 5, 4, 3, 2 or |
additional amino acids; ¢) a heterologous portion comprising the amino acid sequence of
SEQ ID NG: 20 and no more than 23, 20, 13, 10, 5, 4, 3, 2, or 1 additional amino acids; and
d) optionally a leader sequence {e.g.. SEQ D NO: 23). In some embodiments, the
polypeptide comprises: a) an extracellular domain of a TERII portion; wherein the
extraceliular domain comprises an amino acid sequence that 1s at least 85%, 90%, 95%, 97%,
or 99% identical to the sequence of SEQ ID NO: 18 b) a heterclogous portion, wherein the
G-
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heterologous portion comprises an aming acid sequence that is at least 85%, 90%, 95%, 97%,
or 99% identical to the sequence of SEQ 1D NG: 20; and ¢} a linker portion connecting the
extraceliular domain and the heterologous portion; wherein the linker comprises an amino
acid sequence that 1s at least 85%, 80%, 93%, 97%, or 9% identical to the amino acid
sequence of SEQ ID NO: 6. In some embodiments, the polypeptide comprises: a) an
extraceliular domain of a TBRU portion; wherein the extracelivlar domain comprises the
amino acid sequence of SEQ 1D NO: 18; b) a heterologous portion, whercin the heterologous
portion comprises the amino acid sequence of SEQ 1D NO: 20; and ¢} a linker portion
connecting the extracellular domarn and the heterologous portion; wherein the linker
comprises the ammno acid sequence of SEQ 1D NO: 6. In some embodiments, the
polvpeptide comprises an amino acid sequence that 1s at least 85%, 90%, 95%, 97%, or 99%
identical to the amino acid sequence of SEQ 1D NO: 48, In some embodiments, the
polypeptide comprises the amino acid sequence of SEQ 1D NO: 48. In some embodiments,
the polypeptide does not include a leader sequence, or wherein the leader sequence has boen
removed. In some embodiments, the polypeptide includes one or more modified amino acid
residues selected from: a glveosylated amino acid, a PEGvlated amino acid, a faresylated
amino acid, an acetylated amino acid, a bictinviated amino acid, an anino acid conjugated to
a lipid motety, and an anino acid conjugated to an organic derivatizing agent. In some
embodiments, the polypeptide 13 glycosylated. In some embodiments, the polypeptide has a
glycosviation pattern characteristic of expression of the polypeptide in CHO cells. In some
embodiments, the polypeptide binds human TGFBI with an equiibriur dissociation constant
(KD} less than 100 pM. In some embodiments, the polvpeptide binds human TGFRL with an
cquilibrium dissociation constant (KD} less than 75 pM. In some embodiments, the
polvpeptide binds homan TGFB3 with an equilibrium dissociation constant (KD} less than 66
pM. In some embodiments, the polypeptide binds human TGFPR3 with an equilibrium
dissociation constant (KD} less than 50 pM. In some embodiments, the polypeptide inhibits
TGERY with an [C50 of less than 1.0 oM, as determined using a reporter gene assay. In some
embodiments, the polypeptide inhibits TGFRT with an 1C50 of less than 0.25 nM, as
determined using a reporter gene assay. In some embodiments, the polvpeptide inhibits
TGERT with an 1C50 of less than 0.1 nM, as determined using a reporter gene assay. In some
cmbodiments. the polypeptide inhibits TGEFBT with an 150 of less than 0.05 nM, as
determined using a reporter gene assay. In some embodiments, the polypeptide mmhibits
TGEP3 with an [C50 of less than 0.3 nM, as deternuned using a reporter gene assay. In some
embodiments, the polypeptide inhibits TGFP3 with an [C50 of less than 0.1 oM, as
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determined asing a reporter gene assay. In some embodiments, the polvpeptide inhibits
TGER3 with an BC50 of less than 0.05 nM, as determined using a reporter gene assay. In
some embodiments, the polypeptide inhibits TGFR3 with an 1C50 of less than 0.04 nM, as
determined using a reporter gene assay. In some embodiments, the reporter gene assay is a
CAQGA reporier assay.

In some embodiments, the disclosure provides for 3 homodimer comprising any two
of the polypeptides disclosed herein.

In some embodiments, the disclosure provides for an isolated polynucieotide
comprising a coding sequence for any of the polypeptides disclosed herein. In some
embodiments, the disclosure provides for a recombinant polvnucleotide comprising a
promoter sequence operably linked to any of the polymucleotides disclosed herein. In some
embodiments, the polymucleotide comprises a nucleotide sequence that is at least 80%, 85%,
90%, 95%, 97% or 100% wlentical to any one of SEQ 1D NOs: 10, 12 or 14,

In some entbodiments, the disclosure provides for a cell transformed with any of the
polynucleotides disclosed herein. In some embodiments, cell 1s a mammalian cell. In some
embodiments, the cell 1g a THO cell or 3 human cell.

in some embodiments, the disclosure provides for a pharmaceutical preparation
comprising pharmaceutically acceptable excipient and anv of the polvpeptides disclosed
herein or any of the homodimers disclosed herein.

In some embodiments, the disclosure provides for a method of modulating the
response of a cell to a TGFP superfamily member, the method comprising exposing the cclf
1o any of the polvpeptides disclosed herein or any of the homodimers disclosed herein. In
some embodiments, the disclosure provides for a method of treating a disease or condition
associated with a TGFB superfamily member i a patient in need thereof, the method
comprising administering to the patient an effective amount of any of the polvpeptides
disclosed herein or any of the homodimers disclosed herein.  In some embodiments, the
TGFP superfamily member is TGFP1 or TGFPR3. 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. In
some embodiments, the disease or condition is a fibrotic or sclerotic discase or condition. In
some embodiments, the fibrotic or sclerotic disease or condition is selected from scleroderma,
tupus erythematosis, pulmonary fibrosis, atherosclerosis, liver fibrosis, diffuse systemic
sclerosis, glomerslonephnus, neural scarring, dermal scarring, radiation~-induced fibrosis,
hepatic fibrosis, idiopathic pulmonary fibrosis and myelofibrosis. In some embodiments, the

8-
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disease or condition is myelofibrosis. In some embodiments, the disease or condition is
selected from the group consisting of primary myelofibrosis, post-polycythemia vera
myelofibrosis, and post-cssential thrombocythemia myvelofibrosis. [n some embodiments, the
disease or condition is selected from the group consisting of low sk, mntermediate-1 risk,
intermediate-2 risk, or high-risk myelofibrosis according to the Intemational Prognostic
Scoring System {(IPSS) or to the to the dynamic IPSS (BIPSS). In some embodiments, the
discase or condition 1s heart discase. In some embodiments, the discase or condition is
selected from hereditary hemorrhagic telangiectasia (HHT), Marfan syndrome, Loeys-Dietz
syndrome, familial thoracic aortic ancurysm syndrome, arterial tortuosity syadrome, pre-
cclampsia, atherosclerosis, restenosis, and hypertrophic cardiomvopathy/congestive heart
faiture. In some embodiments, the discase or condition is pulmonary hypertension. In some
embodiments, the pulmonary hypertension is Class §, Class H, Class I}, or Class IV
pulmonary hvpertension as recognized by the World Health Organization. In some
embodiments, the disease or condition 15 a kidnev-associated disease or condition. fun some
embodiments, the kidney-associated disease or condition is selecied from the group
consisting of chronic kidney disgases {or falure), acute kidney diseases (or failure), primary
kidney diseases, non-diabetic kidney discases, glomerulonephritis, interstifial nephuitis,
diabetic kidney diseases, diabetic nephropathy, glomerutosclerosis, rapid progressive
glomerulonephritis, renal fibrosis, Alport syndrome, IDDM nephritis, mesangial proliferative
glomerulonephritis, membranoproliferative glomerulonephritis, crescentic
glomerulonephritis, renal interstitial fibrosis, focal segmental glomerulosclerosis,
membranous nephropathy, minimal change disease, pauci-immune rapid progressive
glomerulonephrnitis, IgA nephropathy, polveystic kidney disease, Dent's disease,
nephrocyiinosis, Hevmann nephritis. avtosomal dominant (adult} polveystic kidney disease,
autosomal recessive {childhood) polvevstic kidnev disease, acuie kidney mjury, nephrotic
syndrome, renal ischemia, podocyte discases or disorders, proteimiria, glomerular diseases,
membranous glomenidonephritis, focal segmental glomerulonephritis, pre-eclampsia,
cclampsia, kidney lesions, collagen vascular diseases, benign orthostatic (postural)
proteinuria, IgM nephropathy, membranous nephropathy, sarcoidosis, diabetes mellitus,
kidney damage due to drugs, Fabry's disease, aminoaciduria, Fancont syndrome, hypertensive
nephrosclerosis, mterstitial nephritis, Sickle cell disease, hemoglobinuria, myoglobinuria,
Wegener's Granulomatosis, Glycogen Storage Disease Type 1, chronic kidney disease,
chronic renal failure, low Glomerular Filtration Rate (GFR), nephroangioscierosis, hupus
nephritis, ANCA-positive pauci-immune crescentic glomerulonephritis, chronic allograft
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nephropathy, nephrotoxicity, renal toxicity, kidney necrosis, kidney damage, glomeralar and
tubular inpury, kidney dysfunction, nephritic syndrome, acote renal fatlure, chronic renal
failure, proximal tubal dvsfunction, acute kidney transplant rejection, chronic kidney
transplant rejection, non-IgA mesangioproliferative glomeralonephritis, postmfectious
glomerulonephritis, vasculitides with renal involvement of any kind, any hereditary renal
disease, any nterstitial nephritis, renal transplant failure, kidoey cancer, kidney disease
associated with other conditions (¢.g., hypertension, diabetes, and autoimmunc discase),
Dent's disease, nephrocytinosis, Heymann nephritis, a primary kidney disease, a coliapsing
glomerelopathy, a dense deposit disease, a cryoglobulinemia-associated glomerulonephritis,
an Henoch-Schonlein disease, a postinfectious glomerulonephritis, a bacterial endocarditis, a
microscopic polvangitis, a Churg-Strauss svadrome, an anti-GBM-antibody mediated
glomerulonephritis, amyloidosis, a monoclonal immunoglobulin deposition disease, a
fibrillary glomerulonephritis, an immunctactord glomeniopathy, ischemic tubular imjury, a
medication-induced tubulo-interstitial nephritis, a toxic tubulo~-interstitial nephritis, an
infectious tubulo-interstitial nephritis, a bacterial pyelonephntis, a viral infectious tubulo-
miterstitial nephritis which results from a polvomavirus infection or an HIV mfection, a
metabolic-induced tubulo-interstitial disease, a mixed connective disease, a cast nephropathy,
a crystal nephropathy which may results from urate or oxalate or drug-induced crystal
deposition, an acote cellular tubulo-interstitial allograft rejection, a tumoral mfiltrative
discase which results from a lymphoma or a post-transplant lymphoproliferative discase, an
obstructive disease of the kidney, vascular disease, a thrombotic microangiopathy, a
nephroangiosclerosis, an atheroembolic disease, a mixed connective tissue discase, a
polvarteritis nodosa, a calcigurin-inhibitor induced-vascular disease, an acute cellular
vascular allograft rejection, an acute humoral allograft rejection, early renal function decline
{(ERFD}, end stage renal discase (ESRD), renal vein thrombosts, acute tubular necrosis, acute
interstitial nephritis, established chronic kidney discase, renal artery stenosis, ischemic
nephropathy, urermia, drug and toxin-induced chronic tubulointerstitial nephritis, reflux
nephropathy, kidney stones, Goodpasture's syndrome, normacyiic normochromic ancnua,
renal anemia, diabetic chromic kidney disease, 1g(G4-related disease, von Hippel-Lindau
syndrome, tuberous sclerosis, nephronophthisis, medullary cvstic kidney disease, renal cell
carcinoma, adenocarcinoma, nephroblastoma, lyvmphoma, leukemia, hyposialylation disorder,
chronic cyclosporine nephropathy, renal reperfusion injury, renal dysplasia, azotemia,
bilateral arterial occlusion, acute uric acid nephropathyv, hvpovolemia, acute bilateral
obstractive uropathy, hypercaleemic nephropathy, hemolvtic uremic syndrome, acute urinary
-10-
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retention, malignant nephrosclerosis, postpartam glomeralosclerosis, scleroderma, non-
Goodpasture's anti-GBM disease, microscopic polyvarieritis nodosa, allergic granulomatosis,
acute radiation nophritis, post-streptococcal glomerulonephritis, Waldenstrom's

macroglobulinemia, analgesic nephropathy, arteriovenous fistula, arteriovenous graft,

(]

dialysis, ectopic kidney, medullary sponge kidney, renal osteodystrophy, solitary kidney,
hydrongphrosis, microalbuminuria, uremia, haematuria, hyperlipidemia, hypoalbuminasmia,
lipiduria, acidosis, hyperkalemia, and edoma. In some embodiments, the kidoey-associated

disease or condition 1s chronic kidney disease.

10 BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows the amino acid sequence of native precursor for the B {short) isoform
of human TGFB receptor type I (WIRRID (NP 003233 4} Solid underline indicates the
mature extracellular domain (ECD) (residues 23-159), and double underdine indicates valine
that is replaced in the A (long) 1soform. Dotted underline denotes leader (residues 1-22).
5 Figure 2 shows the amino acid sequence of native precursor for the A (long) isoform
of haman TBRII (NP _001020018.13. Solid underhine indicates the matare ECP (residues 23-
184}, and double undertine mdicates the splice-generated isoleucine substitution. Dotted
underline denotes leader (residues 1-22).
Figure 3 shows a comparison of the linker sequences of five different TRRIL
20 constructs.
Figures 4A and 4B show n tabular form the binding affinity between TGFP1 and
TGEFR3 and one of several different TRRII-Fe fusion protem constructs.
Figures SA and 5C graph the results from reporter gene assays testing the affinity of
TGERI for one of several different TRRIE-Fe fusion protein constructs. Figures 5B and 5B
25 graph the results from reporier gene assays festing the affinity of the TGFR3 for one of
several different TBRIE-Fe fusion protein constructs. Figures SE and SF provide Foso data

from these same experiments in tabular form.

DETAILED DESCRIPTION OF THE INVENTION
3G L Overview
Proteins described herein are the haman forms, unless otherwise specified. NCBI
references for the proteins are as follows: human TPRI soform A (hTPR1lione),

NP 0010200181 and human TPRIL isoform B (WTPRHaner, (NP_003233.4). Sequences of
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native TPRIH proteins from human are set forth in Figures 1 and 2. In some embodiments, the
TERI proteins are from non-human animals, such as a mouse, rat, cow or monkey.

The TGFS superfamily contains a variety of growth factors that share common
sequence clements and structural motifs. These proteins are known to exert biological effects
on a large variety of cell types in both vertebrates and imvertebrates. Members of the
superfamily perform mmportant functions during embrvonic development in pattern formation
and tissue specification and can influcnce a varicty of differentiation processes, including
adipogenesis, myogenesis, chondrogenesis, cardiogenesis, hematopoiesis, neurogenesis, and
cpithelial cell differentiation. By manipulating the activity of a member of the TGFp family,
it 18 often possible to cause significant physiological changes in an organism. For example,
the Piedmontese and Belgian Blue cattle breeds carry a loss-of-function mutation in the
GDFS (also called myostating) gene that causes a marked increase in muscle mass. Grobet et
al, Mat Genet. 1997 17(1}:71-4. Similarly, 1n humans, inactive alleles of GDFS are
associated with increased muscle mass and, reportedly, exceptional strongth. Schuclke etal
N Engl I Med 2004, 350:2682-8.

TGFB signals are mediated by heteromenc complexes of type T {e.g. TR and type 11
{c.g. TPRIY) serine/ threonine kinase receptors, which phosphorylate and activate downstream
SMAD proteins upon ligand stimulation {Massagué, 2000, Nat. Rev. Mol Cell Biol. 1:169-
178). These type I and type H receptors are transmembrane protgins, composed of a ligand-
binding extraceliular domain with cysteine-rich region, a transmembrane domain, and a
cvtoplasmic domain with predicted serine/threonine specificity. Type I receptors are
casential for signaling; and type I receptors are required for binding ligands and for
expression of type Freceptors. Type [ and I receptors form a stable complex after higand
binding, resulting in phosphorylation of type I receptors by type H receptors. TGFp has three
mammalian isoforms, TGFPL, TGFP2 and TGFR3, each with distinet functions in vivo. The
binding of TGFPs to TPRII is a crucial step m inttiating activation of the TGEFR signaling
pathway, leading to phosphorylation of SMAD?2, and translocation of the activated
SMAD2/SMAD4 complex to the nucleus to modulate gene expression.

Thus, in certain aspects, the disclosure provides TPRII polvpeptides as antagonists of
TGEFRY or TGFPRS for use in treating various TGFP1- or TGFB3-associated disorders. While
not wishing to be bound to any particular mechanism of action, it is expected that such
polypeptides act by binding to TGFB1 or TGFR3 and mwhibiting the ability of these ligands to

form ternary signaling complexes.
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The disclosure provides for fusion proteins comprising TBRI polypeptides and a
heterologous portion {e.g., an Fc portion). In particular embodiments, the TPRY portion and
the heterologous portion are fused by means of a inker. As described in greater detail below,
the disclosure demonstrates that TBRI-Fc fusion proteins comprising hinkers of certain
lengths {(e.g., a linker having 21 amino acids} were surprisingly able to bind TGFp-1 and
TGFB-3 with stronger affinity than TPRII-Fe fusion proteins having a linker of only four
amino acids.

The terms used n this specification generally have their ordinary meanmmgs n the art,
within the context of this invention and in the specific context where each term is used.
Certain termas are discussed below or elsewhere in the specification, o provide additional
guidance to the practitioner m describing the compositions and methods of the invention and
how to make and vse them. The scope or meaning of any use of a term will be apparent from
the specific coniext in which the term is used.

“Homologous,” in all its grammatical forms and spelling variations, refers to the
relationship between two protems that possess a “common evolutionary origin,” including
proteins from superfamlies in the same species of organism, as well as homologous proteins
from different species of organism. Such protemns {and their encoding nucleic acids) bave
sequence homology, as reflected by their sequence simifarity, whether m terms of percent
identity or by the presence of specific residucs or motifs and conserved positions.

The term “sequence similarity,” in all its grammatical forms, refers to the degree of identity
o1 correspondence between nucleic acid or amino acid sequences that may or may not share a
common gvolutionary orgin, However, in common usage and in the instant application, the
term “homologous,” when modified with an adverb such as “highly,” may refer to sequence
similarity and may or may not relate to a common evolutionary origin.

“Percent (%) sequence identity” or “percent (%6) identical” with respect to a reference
polypeptide {or nucleotide} sequence is defined as the percentage of amino acid residoes (or
nucleic acids) in a candidate sequence that are identical to the amino acid residues {or nucleic
acids) m the reference polypeptide {nucleotide) sequence, after aligning the sequences and
mtroducing gaps, if necessary, to achieve the maximum percent sequence identity, and not
considering any conservative substitotions as part of the sequence dentity. Alignment for
purposes of defermining percent aming acid sequence identity can be achieved in various
wayvs that arc within the skill in the art, for mstance, using publicly avatlable computer
software such as BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those
skilled m the art can determineg appropriate parameters for aligning sequences, including any
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algorithms needed to achieve maximal alignment over the full length of the sequences being
comparcd. For purposes herein, however, % amino acid (nucleic acid} sequence identity
values are generated using the sequence comparison computer program ALIGN-2. The
ALIGN-2 sequence comparison computer program was authored by Genentech, Inc., and the
source code has been filed with user documentation in the U.S. Copyright Office,
Washington D C., 20559, where it is registered under U.S. Copyright Registration No.
TXUS10087. The ALIGN-2 program is publicly available from Genentech, fnc., South San
Francisco, Calif., or may be compiled from the source code. The ALIGN-2 program should
be compiled for use on a UNIX operating system, including digital UNIX V4.0D. All
sequence comparison parameters are set by the ALIGN-Z program and do not vary.

“Agonize”, in all its grammatical forms, refers to the process of activating a protein
and/or gene {e.g., by activating or amplifying that protein’s gene expression or by indacing
an inactive protein {o enter an active state) or mereasing a protein’s and/or gene’s achivity.

“Antagonize”, m all #s grammatical forms, refers to the process of inhibiting a protein
and/or gene {e.g., by mhibiting or decreasing that protein’s gene expression or by inducing an
active protein to enter an inactive state) or decreasing a protein’s and/or geng’s activity.

The terms "about” and "approximately” as used in connection with a numerical value
throughout the specification and the claims denotes an mterval of accuracy, famihiar and
acceptable to a person skilled in the art.

Numeric ranges disclosed herein are inclusive of the numbers defining the ranges.

The terms "a" and "an” include plural referents unless the context in which the torm is
used clearly dictates otherwise. The terms "a" {or "an"), as well as the terms "one or more,”
and "at least one” can be used interchangeably herein. Furthermore, "and/or" where used
herein is to be taken as specific disclosure of each of the two or more specified featares or
components with or without the other. Thus, the term “and/or” as used in a phrase such as "A
and/or B" herein is intended to inchude "A and B." "A or B,” "A" {alone}), and "B" {(alone).
Likewise, the term "and/or" as used in a phrase such as "A, B, and/or C" is intended to
encompass cach of the following aspects: A, B,and C A B, or C;Aor (A or B Bor C A
and C; A and B; B and C; A {alone); B (alone); and C {(alone}.

Throughout this specification, the word “comprise” or variations such as “comprises”
or “comprising” will be understood to imply the inclusion of a stated integer or groups of
integers but not the exclusion of any other integer or group of integers. As used herein, the
term “comprises” also encompasses the use of the narrower terms “consisting” and
“consigting essentially of 7

-14-
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The term “consisting essentially of ™ is limited to the specified materials or steps and
those that do not materially affect the basic and novel charactenstics of the invention{s)
disclosed herein.

The term “appreciable affinity” as used herein means bmding with a dissociation

(]

constant {Kp) of less than 50 nM.

The terms "polypeptide”, "oligopeptide”, "peptide” and "protein” are used
interchangeably herein to refer to chains of amino acids of any length. The chain may be
hingar or branched, it may comprise modified anuno acids, and/or may be interrupted by non-
amino acids. The terms also encompass an aming acid chain that has been modified naturally
10 or by intervention; for cxample, disulfide bond formation, glycosvlation, lipidation,
acetylation, phosphorylation, or any other manipulation or modification, such as conjugation
with a labeling component. Also included within the definition are, for example,
polypeptides containing one or more analogs of an amino acid (including, for example,
unnatural amino acids, ¢tc.}, as well as other modifications known in the art. It is understood

15 that the polypeptides can occur as single chains or associated chains.

2. TBRII Polvpentides

Naturally occurring TPRH proteins are transmembrane proteins, with a portion of the
protein positioned outside the cell (the extraceliular portion) and a portion of the protein
20 positioned inside the cell (the mntracellular portion). Aspects of the present disclosure
encompass variant TBRII polvpeptides compnising mutations within the extracellular domain
and/or truncated portions of the extracelivlar domain of TPRHL. As described above, human
TRRIT occurs naturally in at least two isoforms — A (ong) and B (short) — generated by
alternative splicing 1n the extracellular domain (ECD} (Figures 1 and 2 and SEQ [D NOS: 1
25 and 2}, SEQ 1D NO: 27, which corresponds to residues 23-159 of SEQ 1D NO: 1, depicts the
native fuli-length extracellular domain of the short isoform of THRIL. SEQ 1D NO: 18, which
corresponds to residues 23-184 of SEQ 1D NG: 2, depicts the native full-length extracellular
domain of the long isoform of TPRH. Unless noted otherwise, amino acid position
numbering with regard to variants based on the TPRAI short and long isoforms refers to the
30 corresponding position in the native precursors, SEHQ 1D NO: 1 and SEQ ID NG: 2,
respectively.
In certain embodiments, the disclosure provides variant TBRI polypeptides. A TBRU

polypeptide of the disclosure may bind to and mhibit the function ofa TGFP superfamily
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member, such as but not Emited to, TGFBI or TGFR3. TBRI polypeptides may include a
polvpeptide consisting of, or comprising, an amino acid sequence at least 80% identical, and
optionally at least 859, 90%, 93%, 96%., 97%, 98%, 99%, or 100% identical to a truncated
ECD domain of a naturally occurning TBRII polypeptide, whose C-termunus occurs at any of
amino acids 153-159 of SEQ 1D NO: 1. TBRE polypeptides may include a polypeptide
consisting of, or comprising, an aming acid sequence at least 80% identical, and optionally at
feast 83%. 90%, 93%, 96%. 97%, 98%, 99%, or 100% identical to a truncated ECD domain
of a naturally occurring TPRIT polypeptide, whose C-termunus occurs at any of amino acids
178-184 of SEQ ID NG 2. In particular embodiments, the TBRU polypeptides comprise an
amino acid sequence at feast 80% identical, and optionally at least 85%, 90%, 95%, 96%,
07%, 98%, 99%, or 1009 identical to the anuno acid sequence of SEQ 1D NO: 18,
Optionally, a TBRIE polvpeptide 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 counsisting of amino acids 160-567 of SEQ D NO: 1 or from a
sequence consisting of amino acids 185-5392 of SEQ ID NO: 2. In some embodiments, the
TERI polypeptide does not include amino acids 160-567 of SEQ ID NO: 1. In some
embodiments, the TRRI polypeptide does not include amino acids 1-22 of SEQID NG 1. In
some embodiments, the TBRI polyvpeptide does not include amino acids 1-22 and 160-567 of
SEQ IDNG: 1. In some embodiments, the TBRI polyvpeptide does not include amino acids
185-392 of SEQ 1D NG: 2. In some embodiments, the TBRI polypeptide does not include
amino acids 1-22 of SEQ 1D NO: 2. In some embodiments, the TPRI polypeptide does not
include amino acids 1-22 and 185-392 of SEQ {D NGO: 2. The unprocessed TRRIE
polvpeptide may either inchude or exclade any signal seqaence, as well as any sequence N-
terminal to the signal sequence. As elaborated herein, the N-terminus of the mature
{processed) TRRIT polypeptide may occur at any of amino acids 23-35 of SEQ ID NG: 1 or
23-60 of SEG ID NG: 2. Examples of mature TBRI polypeptides include, but are not limited
to, aming acids 23-159 of SEQ 1D NGO 1 (set forth in SEQ ID NOG: 27), amino acids 29-159
of SEQ ID NO: 1 (set forth in SEQ 1D NO: 28), amino acids 35-1539 of SEQ 1D NGO: 1 (set
forth mn SEQ 1D NO: 29}, anuno acids 23-133 of SEQ 1D NO: 1 {(set forth in SEQ ID NG:
303, amino acids 29-153 of SEQ 1D NOG: 1 (set forth in SEQ D NO: 31), amino acids 35-153
of SEQ 1D NO: 1 (set forth in SEQ ID NO: 32), amino acids 23-184 of SEQ ID NO: 2 {set
forth in SEQ 1D NO: 18), amino acids 29-184 of SEQ 1D NO: 2 (set forth n SEQ ID NO:
33), amino acids 60-184 of SEQ 1D NO: 2 {sct forth in SEQ 1D NG: 29), amino acids 23-178
of SEQ ID NO: 2 (set torth m SEQ 1D NO: 34), amino acids 29-178 of SEQ 1D NO: 2 (set
~16-
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forth in SEQ 1D NO: 35}, and amino acids 60-178 of SEQ 1D NG: 2 (set forth in SEQ ID
NG: 32}, It will be understood by one of skill in the art that corresponding variants based on
the long isoform of THRU 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 msertion. The TRRI polypeptides accordingly may include isolated extracellular portions
of TRRII polypeptides, mchuding both the shoit and the long isoforms, variants thereof
(including vanants 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 anmino acids 23-159 of SEQ ID
NG: 1 or amino acids 23-184 of SEQ3 1D NO: 2), fragments thereof, and fusion proteins
comprising any of the foregoing, but in cach case preferably any of the foregoing TPRH
polypeptides will retain substantial atfinmity for at least one of, or both of, TGFBI or TGFR3.
Generally, a TBRII polvpeptide will be designed to be soluble in agueous solutions at
biologically refevant temperatures, pH levels, and osmolarity.

In some embodiments, the varant TRRII polypeptides of the disclosure comprise one
or more mutations in the extracellular domain that confer an aliered higand binding profile. A
TRRI polypeptide may inchide one, two, five or more alterations in the amino acid sequence
relative 1o the corresponding portion of a naturally occurring TPRI polypeptide. In some
embodiments, the mutation results in a substitution, insertion, or deletion at the position
corresponding to position 70 of SEQ ID NO: 1. In some embodiments, the mutation results
in a substitution, insertion, or deletion at the position corresponding to position 110 of SEQ
I3 NG: 1. Examples include, but are not limited to, an N to D substitutionora D to K
subsufution in the positions corresponding to positions 70 and 110, respectively, of SEQ 1D
NO: 1. Examples of such variant TBRI polypeptides include, but are not limited to, the
sequences set forth in SEQ ID NQOs: 36-39. A TBRU polypeptide may comprise a
polypeptide or portion thereot that 1s encoded by any one of SEQ 1D NUs: 10, 12, 14 or 16,
or silent vanants thereof or nucleic acids that hybridize to the complement thereof under
stringent hybridization conditions. o particular embodiments, a TBRI! polypeptide may
comprise a polvpeptide or portion thereof that is encoded by any one of SEQ ID NG 12, or
silent vaniants thereof or nucleic acids that hvbridize to the complement thereof under
stringent hyvbridization conditions.

In some embodiments, the variant TPRY polypeptides of the disclosure further
comprise an insertion of 36 amino acids (SEQ ID NO: 41) between the pair of glutamate

residues (positions 151 and 152 of SEQ ID NO: 1, or positions 176 and 177 of SEQ 1D NO:
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2} located near the C-terminus of the human TR ECD, as occurs naturally in the human
TERI isoform € (Konrad et al., BMC Genomics 8:318, 2007).
The disclosure further demonstrates that TRRII polypeptides can be modified to

selectively antagonize TRRIT higands. The N70 residue represents a potential glvcosylation

(]

site. In some embodiments, the TBR polypeptides are aglycosvlated. In some
embodiments, the TRRH polypeptides are aglyvcosylated or have reduced glycosylation at
position Asnl57. In some embodiments, the TPRII polypeptides are aglveosylated or have
reduced glvcosylation at position Asn73.
In certain embodiments, a TBRI polypeptide binds to TGFPI, and the TRRI
10 polypeptide does not show substantial binding to TGFP3. In certain embodiments, a TRRIY
polypeptide binds to TGFP3, and the TBRH polypeptide does not show substantial binding to
TGEFRL. Binding may be assessed using punfied proteins in solution or in a surface plasmon
resonance system, such as a Biacore™ system,
In certain embodiments, a TPRI polyvpeptide mhibits TGFP1 cellular signaling, and
15 the TR polvpeptide has an intermediate or mited inhibitory effect on TGFR3 signaling.
In certain embodiments, a TRRI polvpeptide mhibits TGFR3 cellular signaling, and the
TERI polypeptide has an intermediate or imited inhibitory effect on TGFBI signaling,
Inhibitory effect on cell signaling can be assaved by methods known in the art.
Taken together, an active portion of a TBRII polypeptide may comprise amino acid
20 sequences 23-153, 23-154, 23-155, 23-156, 23-157, or 23-158 of SEGQ 1D NG: 1, as well ag
variants of these sequences starting at any of amino acids 24-35 of SEQ 1D NO: 1. Similardy,
an active portion of a TPRI polypeptide may comprise amino acid sequences 23-178, 23-
179, 23-180, 23-181, 23-182, or 23-183 of SEQ ID NO: 2, as well as variants of these
sequences starting at any of amino acids 24-60 of SEQ 1D NO: 2. Excraplary TPRI
25 polypeptides comprise amino acid sequences 29-159, 35-159, 23-153, 29-153 and 33-153 of
SEQ ID NO: 1 or amino acid sequences 29-184, 60-184, 23-178, 29-178 and 60-178 of SEQ
12 NO: 2. Variaots within these ranges are also contemplated, particularly those having at
least 80%, 85%, 90%, 953%, or 99% identity to the corresponding portion of SEQ ID NG: 1 or
SEQ ID NO: 2. A TBRII polvpeptide may be selected that does not include the sequence
30 consisting of amine acids 160-567 of SEQ 1D NO: 1 or aminoe acids 185-592 of SEQ D NO:
2. In particular embodiments, the TRRII polypeptides comprise an amino acid sequence at
least 80% 1dentical, and optionally at least 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%

wdentical to the amino acid sequence of SEQ 1D NO: 18,
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Ag described above, the disclosure provides TBRII polvpeptides sharing a specified
degree of sequence identity or sinnilarity to a naturally occurring TBRI polypeptide. To
determine the percent identity of two amino acid sequences, the sequences are aligned for
optimal comparison purposes {.2., gaps can be introduced in one or both of a firstand a
second amino acid or nucleic acid sequence for optimal alignment and non-homologous
sequences can be disregarded for comparison purposest. The amino acid residucs at
corresponding amino acid positions are then compared. When a position in the first scquence
i3 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” 15 equivalent to amino acid "homology”). The percent identity between the two
sequences 1s a tunction of the number of wdentical 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.

The comparison of scquences and deternunation of percent identity and sunilanty
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, Smatth, D W, ed., Academic Press, New
York, 1993; Computer Analysis of Sequence Data, Part 1, Griffin, A. M., and Gniffin, H. G,
ads., Humana Press, New Jersey, 1994; Sequence Analvsis in Molecular Biology, von Heinge,
G, Academic Pregs, 1987; and Sequence Analysis Primer, Gribskov, M. and Devereux, ],
cds., M Stockton Press, New York, 1991}

In one embodiment, the percent identity between two amino acid sequences 1§
determined asing the Needleman and Wunsch (§ Mol Biol. (48):444-433 (1970)) algorithm
which has been incorporated into the GAP program 1n the GCG software package (available
at hitp:/f'www geg.com). In a specific embodiment, the following parameters are used in the
GAP program: cither a Blosum 62 matrix or a PAM250 matrix, and a gap weight of 16, 14,
12, 10, 8, 6, or 4 and a length weightof 1,2, 3. 4, 5, or 6. In vet ancther embodiment, the
percent identity between two nucleotide sequences is determined using the GAP program in
the GCG software package (Devereux, J, er af., Nucleic Acids Res. 12(13:387 (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 weightof 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
fength weight of 3, and if sach algorithm cannot compute the desired percent identity, a
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suttable alternative disclosed herein should be selected.
In another embodiment, the percent identity between two amino acid sequences is
determined using the algorithm of E. Myvers and W, Miller (CABIOS, 4:11-17 (1989)) which

has been incorporated into the ALIGN program {version 2.0), using a PAM 120 weight

(]

residue table, a gap length penalty of 12 and a gap penalty of 4,
Another embodiment for determining the best overall alignment between two aming
acid sequences can be determined using the FASTDEB computer program based on the
algorithm of Brutlag ef al. (Comp. App. Biosci., 6:237-245 (1990)). In a sequence alignment
the guery and subject sequences are both amino acid sequences. The resuit of said global
10 sequence alignment is presented in terms of percent identity. In one embodiment, amino acid
sequence identity 18 performed using the FASTDB computer program based on the algorithm
of Brutlag ef al {Comp. App. Biosci., 6:237-245 (1990}). In a specific embodiment,
parameters employed to calculate percent ideuntity and similarity of an amino acid alignment
comprise. Matrix=PAM 150, k-tuple=2, Mismatch Penalty=1, Joining Penalty=20,

15 Randomization Group Length=0, Cutoff Score=1, Gap Penaltv=3 and Gap Size
Penalty=0.05.

TBRI polypeptides may additionally include anv 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 eukaryotic system. See, e.g., Emstet al, U.S. Pat. No. 5,082,783

20 (1992} Altematively, anative TBRIE signal sequence may be used to effect extrusion from
the cell. Possible leader sequences include native leaders, tissue plasminogen activator
(TPA) and honevbee mellitin (SEQ 1D NOs. 22-24, respectivelv). Examples of TRRII-Fe
fusion proteins incorporating a TPA leader sequence include SEQ ID NQOs: 11, 13, 15 and 17,
Processing of signal peptides may vary depending on the feader sequence chosen, the cell

25 tvpe used and culture conditions, among other variables, and therefore actual N-terminal start
sites for mature TPRI polypeptides may shift by 1, 2, 3, 4 or 5 amino acids i either the N-
terminal or C-terminal direction. Examples of TPRII-Fc fusion proteins include SEQ B
NQOs: 11, 13, 15 and 17. ¥t will be understood by one of skill in the art that corresponding
variants based on the long isoform of TRRI will include the 25-amino acid msertion along

30 with a conservative Val-Ile substitution at the flanking position C-terminal to the insertion.

In some embodiments, any of the TR polypeptides disclosed herein are at least
80%, 83%, 90%, 92%, 94%. 95%, 97%, 99% or 100% identical {o the amino acid sequence
of any one of SEQ ID NQOs: 18, 27, 30, 34, 36, 37, 38, 39, 48, 49 or 51, but lack one or more

N-terminal amino acids as compared to the amino acid sequences of SEQ ID NG 18, 27, 30,
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34,36, 37,38, 39,48, 49 or 51. In some embodiments, the TRRH polypeptide lacks the
amino acid corresponding to the first amino acid (threonine) of any one of SEQ 1D NQOs: 18,
27,30, 34, 36, 37,38, 39, 48, 49 or 51. In some embodiments, the TRRIT polypeptide lacks
the amino acids corresponding to the first and second amino acids {threonine and isoleucine,
respectively) of any one of SEQ 1D NOs: 18,27, 30, 34, 36, 37, 38, 39, 48, 49 or 51, In some
embodiments, the TPRH polypeptide lacks the amino acids corresponding to the first, second
and third anuno acids (threonine, isoleucine, and proline, respectively) of anv one of SEQ 1D
NQOs: 18, 27,30, 34, 36, 37, 38, 39,48, 4% or 31. In some embodiments, the TERII
polypeptide lacks the ammo acids corresponding to the first, second, third and fourth amine
acids (threonne, isoleucine, proline, proline, respectively) of any one of SEQ 1D NOs: 18,
27,30, 34,36, 37, 38, 39,48, 4% or 51.

In some embodiments, any of the TE%RHE polypeptides disclosed herein are at least
B09%, 85%, 90%. 92%, 94%, 95%, 97%, 99% or 100% identical to the amino acid sequence
of any one of SEQ 1D NOs: 18 or 51, but lack the amino acid corresponding to the first amino
acid (threonine) of SEQ ID NO: 18 or 51, In some embodiments, the TRRH polypeptide
lacks the anino acids corrgsponding to the first and second anino acids (threonine and
tsoleucine, respectively) of SEQ 1D NO: 18 or 51, In some embodiments, the TPRE
polypeptide lacks the amino acids corresponding to the first, second and third amino acids
(threonine, 1soleucine, and proline, respectively) of SEQ ID NOG: 18 or 51, In some
embodiments, the TPRH polypeptide lacks the amino acids corresponding to the first, second,
third and fourth amino acids (threonine, isoleucine, prolime, proline, respectivelv) of SEG 1D
NGO (8 or 51,

In some embodiments, the disclosure provides for a composition comprising a
muxture of TERYU polypeptides, wherein the TBRIH polypeptides in the composition each
comprise an amino acid sequence that 1s at least 80%, 85%, 90%, 92%, 94%, 95%, 97%, 99%
or 100% identical to the amino acid sequence of any one of SEQ ID NQa: 18, 27, 30, 34, 36,
37,38, 39, 48, 49 or 51, but wherein at least a portion of the TBRII polyvpeptides (e.g., at least
1%, 3%, 4%, 5%, 10%. 15%, 20%., 25%, 30%, 40%, 50%. 60%, 70%. 80%. 90%, 953%} in
the composition include the anuno acids corresponding to the first, second, third and fourth
amino acids {(threonine, isoleucine, prohine and proline, respectively) of any one of SEQ 1D
NGs: 18, 27, 30, 34, 36, 37, 38, 39, 48, 49 or 51, and wherein at least a portion of the TR
polypeptides {e.g.. at least 1%, 3%, 4%, 5%, 10%, 13%, 20%, 25%, 30%, 40%, 50%, 60%,
70%, 80%, 90%, 93%;) in the composition lack onc or more of the amino acids comresponding

to the first, second, third and fourth amine acids (threonine, isoleucing, proline and proline,
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respectively) of any one of SEQ 1D NGs: 18, 27, 30, 34, 36, 37, 38,39, 48, 4% or 51. In some
cmbodiments, the disclosare provides for a composition comprising a mixture of TBRH
polypeptides, wherein the TPRIU polypeptides are at least 80%, 85%, 90%, 92%, 94%, 93%,

7%, 99% or 100% identical to the amino acid sequence of any one of SEQ ID NGs: 18 or

(]

51, but wherein at least 30% to 80% of the TBRII polypeptides in the composition lack the

amino acid corresponding to the first aming acid (threonine) of SEQ D NOG: 18 or 51,

In certain embodiments, the present disclosure contemplates specific mutations of the

TPRIH polypeptides so as to alter the glveosvlation of the polypeptide. Such mutations may

be selected 50 as to introduce or eliminate one or more glycosylation siies, such as O-linked

10 or N-linked glvcosvlation sites. Asparagime-finked glveosylation 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 glveosylation
enzvmes. The aklteration may also be made by the addition of, or substitution by, one or more
sering or threonine residues to the sequence of the wild-type TPR polypeptide (for O-linked

15 giveosylation sttes). A vanety of anuno 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 sccond posttion) results in non-glveosviation at the modified tripeptide
sequence. Another means of increasing the number of carbohvdrate moicties on a TRRII
polypeptide s by chemical or enzymatic coupling of glveosides to the TRRIH polypeptide.

20 Depending on the coupling mode used. the sugar{s) may be attached to (a) arginine and
histidine; (b} free carboxyl groups; {¢) free sulfhvdrvl groups such as those of cvstemne; (d)
free hvdroxyl groups such as those of serine, threonine, or hvdroxyproling; (e) aromatic
residues such as those of phenylalanine, tyrosing, or tryptophan; or (£} the amide group of
glutamine. These methods are described in WO 87/05330 published Sep. 11, 1987, and in

25 Aphm and Wriston {1981 CRC Cnit. Rev. Biochem,, pp. 239-306, incorporated by reference
herein. Removal of one or more carbohydrate moieties present on a TBRHU polypeptide may
be accomplished chemically and/or enzymatically. Chemical deglvcosylation may mvolve,
for example, exposure of the TPRI polypeptide to the compound trnfluoromethancsulfonic
acid, or an eguivalent compound. This treatment results m the cleavage of most or all sugars

30 except the hnking sugar (N-acetviglucosamine or N-acetylgalactosamine), while leaving the

amino acid sequence intact. Chemical deglyeosylation s further described by Hakimuddin ¢t

al. (1987) Arch. Biochem. Biophys. 239:52 and by Edge et al. (1981) Anal. Biochem.

118:131. Enzvmatic cleavage of carbohydrate moietics on TRRIT polypeptides can be

achieved by the use of a variety of endo- and exo-glycosidases as described by Thotakuara ¢t

20
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al. (1987) Meth. Enzyvmol. 138:350. The sequence of a TPRY polvpeptide may be adjusted,
as appropriate, depending on the type of expregsion system used, as mammalian, yeast, insect
and plant cclls may all introduce differing glycosylation patierns that can be atfected 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 celi lines, although other mammalian expression cell lines. veast cell lines with
cngincercd glycosvlation enzymes, and msect celis are expected to be useful as well.

This disclosure further contemplates a method of generating mutants, particularly sets
of combinatorial mutants of a TBRI polypeptide, as well as tnuncation mutants; pools of
combinatorial mutants are especially useful for identifying functional variant sequences. The
purpose of screening such combinatonal libraries may be o generate, for example, TRRIT
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 TRRH polypeptide variant may
be screened tor ability to bind to a TBRIT higand, to prevent binding of a TBRII higand to a
TRRI polypeptide or to mterfere with signaling caused by a TPRI ligand. The activity of a
THRIY polypeptide or 1ts variants may also be tested in a celi-based or in vivo assay,
particularly any of the assavs disclosed in the Examples.

Combmatorially-derived variants can be generated which have a selective or generally
increased potency relative to a TRRU polvpeptide comprising an extracellular domain of a
naturally occurring TPRH polypeptide. Likewise, mutagenesis can give rise to variants which
have serum half-lives dramatically different than the corresponding wild-type TPRH
polvpeptide. 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 TBRI polypeptide. Such vanants, and the
genes which encode them, can be utilized to alter TBRI polypeptide levels by modulating the
half-life of the TPRII polvpeptides. For instance, a short half-life can give rise to more
transient biological effects and can allow tighter control of recombinant TRRII polvpeptide
levels within the patient. In an Fc fusion protein, mutations may be made in the binker (if
anv) and/or the Fc portion to alter the half-life of the protem.

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 TPRIL
polypeptide sequences. For instance, a muxture of synthetic oligonucieotides can be
enzymatically hgated into gene sequences such that the degenerate set of potential TRRI
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polvpeptide nucleotide sequences are expressible as mdividual polypeptides, or alternatively,
as a set of larger fusion proteins {¢.g., for phage display).
There arc many ways by which the librarv of potential TRRIY polypeptide variants can

be generated from a degenerate oligonucleotide sequence. Chemical synthesis of a

(]

degencrate gene sequence can be carried out in an automatic DNA synthesizer, and the

synthetic genes then be Hgated into an appropriate vector for expression. The synthesis of

degencrate oligonucicotides is well known in the art (see for example, Narang, SA (1983)

Tetrahedron 39:3; Itakura et al, (1981) Recombinant DNA, Proc. 3rd Cleveland Svmpos.

Macromolecules, ed. AG Walton, Amsterdam: Elsevier pp273-289; ftakura et al., (1984)

10 Annu. Rev. Biochem. 33:323; Itakura et al., {1984) Science 198:1056; Tke et al., (1983)
Nucleic Acid Res. 11:477). Such technigues have been emploved m the directed evolution of
other proteins (see, for example, Scott et al., (1990) Science 249:386-390; Roberts et al
(19923 PNAS USA 89:2429-2433; Devhin ot al, {1990} Science 249: 404-406; Cwirla et al |
(1990) PNAS USA 87 6378-6382; as well as U.S. Patont Nos: 5,223,409, 5,198,346, and

15 5,096,815}

Alternatively, other forms of mutagenesis can be utilized to generate a combinatorial
library. For example, TBRH polypeptide variants can be generated and 1solated from a library
by screening using, for example, alanine scanning mutagenesis and the hike (Ruf et al,, (1994)
Biochemistry 33:1565-1572; Wang ct al., (1994) 1. Biol. Chem. 269:3095-3099; Balint et al.,

20 (1993} Geng 137:109-118; Grodberg et al., (1993) Eur. §. Biochem 218:597-601; Nagashima
ctal., (1993} ] Biol. Chem. 268:2888-2892; Lowman ¢t al ., (1991} Biochemistry 30:10832-
10838; and Cunningham ot al., (1989) Science 244:1081-10835), by hinker scanning
muiagenesis (Gustin et al | (1993) Virology 193:653-660; Brown ¢t al., (1992) Mol. Cell
Biol. 12:2644-2652; McKnight ¢t al., (1982) Science 232:316); by saturation mutagenesis

25 (Mevers 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, ctc.
(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
mutagenests, particularly 1 a combinatorial setting, 18 an attractive method for identifying

30 truncated (bioactive) forms of TBRII polyvpeptides.

A wide range of technigues are known in the art for screening gene produsts of
combinatorial libranies made by point mutations and truncations, and, for that matter, for
screening cDNA Iibraries tor gene products having a certain property. Such techmiques will

be generally adaptable for rapid screening of the gene libraries generated by the
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combinatorial mutagenesis of TPRI polypeptides. The most widely used techniques for
screeming large gene libraries typically comprises cloning the gene library into replicable
cxpression vectors, transforming appropriate cells with the resulting library of vectors, and

expressing the combinatorial genes under conditions m which detection of a desired activity

(]

facilitates relatively casv isolation of the vector encoding the gene whose product was
detected. Preferred assays include TPRII ligand binding assavs and higand-mediated cell
signaling assays.

In certain embodiments, the TRRIT polyvpeptides of the disclosure may further
comprise post-translational modifications in addition to any that are naturally present in the
10 TRRI polypeptides. Such modifications mclude, but are not limited to, acetylation,

carboxylation, glvcosylation, phosphoryiation, ipidation, pegvlation {polyvethyviene glveol)
and acviation. As a result, the modified TBRIF polypeptides may contain non-aming acid
clements, such as polyethylene glycols, hipids, mono- or poly-saccharides, and phosphates.
Effects of such non-amino acid clements on the functionality of a TPRIH polypeptide may be
15 tested as described herein for other TRRIT polypeptide vanants. When a TRRIT polvpeptide s
produced in cells by cleaving a nascent form of the TRRH polypeptide, post-translational
processing may also be important for correct folding and/or function of the protein. Differont
cells (such as CHO, Hela, MDCK, 293, WI3§, NIH-3T3 or HEK-293) have specific cellular
machinery and charactenstic mechamsms for such post-translational activities and may be
20 ¢hosen to ensure the correct modification and processing of the TR polypeptides.
3. Linkers
The disclosure provides for TRRIT fusion proteins, and in these embodiments, the
TRRI portion is connected to the heterologous portion (e.g., Fo portion) by means of a linker.
In some embodiments, the linkers are glveine and serine rich linkers. Other near neutral
25 amino acids, such as, but not hmited to, Thr, Asn, Pro and Ala, may also be used in the hinker
seqaence. In some embodiments, the linker comprises various permutations of amino acid
sequences containing Gly and Ser. In some embodiments, the hinker is greater than 10 amino
acids in length. In further embodiments, the linkers have a length of at least 12, 15, 20, 21,
25, 30, 35, 40, 45 or 50 amuno acids. In some embodiments, the linker 1s less than 40, 35, 30,
30 25,22 or 20 amino acids. In some embodiments, the hinker is 10-30, 10-40, 10-30, 10-25, 10-
21, 10-15, 10, 15-25,17-22, 20, or 21 amino acids in length. In preferred embodiments, the
linker comprises the amino acid seguence GlvGlvGlyGlySer (GGQGS) (SEQ 1D NO: 19), or
repetitions thereof (GGGGS)n, where n 2 2. In particular embodiments n > 3, orn = 3-10.
The application teaches the surprising finding that proteins comprising a TPRI portion and a
25
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heterologous portion fused together by means of a {GGGGS ) hinker were associated with a
stronger affinity for TGFP1 and TGFPB3 as compared to a TPRIE fusion protein where n < 4.
As such, m preferred embodiments, n > 4, orn = 4-10. The application also teaches that
proteins comprising (GGGGSn inkers m which n > 4 had similar inhibitory propertics as
proteins having the (GGGGS) Imker. As such, in some embodiments, n is not greater than 4

in a (GGGGS)n inker. In some embodiments, n = 4-10, 4-9, 4-8, 4-7, 4-6, 4-5, 5-8 3-7_ or

J

5-6. In some embodiments, n =3, 4, 5, 6, or 7. In particular embodiments, n = 4. In some
embodiments, a linker comprismg a (GGGGSh sequence also comprises an N-ferminal
threonine. In some embodiments, the linker is any one of the following:

GGGGSGOGOGS (SEQID NG 21

TGGOGSGGGES (SEQ D NGO 4)

TGGOOSGGGESGHEES (SEQ IR NG 5)

TGGGESGGGESGEEESGEEES (SEQ 1D NO: 6)
TGGGGSGGGGSGGEEGSGGGEESGGGHS (SEQ 1D NG: 25)
TGGOGSGGGOSGEGOSGGEESGOGGIGHGES (SEQ ID NO: 26) or
TGOGGSGGOGSGHGESGGGESGEEERGEGHESGEEGES (SEQ ID NO: 40).

In some embodiments, the linker comprises the amino acid sequence of TGGGPRSCDK
(SEQ ID NGO 7). In some embodiments, the himker is any one of SEQ 1D NGs: 21, 4-7, 25-26
or 40 lacking the N-terminal threonine. In some embodiments, the linker does not comprise

the amino acid sequence of SEG 1D NG: 26 or 40.

4. Heterologous Portions

In certain aspects, functional vanants or modified forms of the TPRI polypeptides
include fusion proteins having at least a portion of the THRII polypeptides and one or more
heterologous portions. Well-known examples of such heterologous portions include, but are
not Himited to, polvhistidine, Ghui-Glu, glutathione § transferase (GST), thioredoxin, protein
A, protein G, an immunoglobulin heavy chain constant region (Fc), maltose binding protein
{(MBP}, or human serum albumin. A heterologous portion may be selected so as to confer a
desired property. For examplie, some heterologous portions are particularly useful for
1solation of the fusion proteins by affinity chromatography. For the porpose of affinity
purtfication, relevant matrices for affinity chromatography, such as glutathione-, amylase-,
and nickel-~ or cobalt-conjugated resins are used. Manv of such matrices are available m “kit”
form, such as the Pharmacia GST purification system and the QlAexpress™ system (Qiagen)
useful with (HESs) fusion pariners. As another example, a heterologous portion may be
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selected so as to facibitate detection of the TRRII polypeptides. Examples of such detection
domaing include the various fluorescent proteins (e.g.. GFP) as well as “epitope tags.” which
are usuallv short peptide sequenees for which a specific antibody is available. Well known
epitope tags tor which specific monoclonal antibodies are readily available include FLAG,
influenza virus haemagglutinin (HA), and c-mve tags. In some cases, the heterologous
portions 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 recombmant
proteins therefrom. The hiberated proteins can then be 1solated from the heterologous portion
by subsequent chromatographic separation. In certain preferred embodiments, a TRRH
polypeptide is fused with a domain that stabilizes the TRRI polvpeptide in vivo (a
“stabilizer” domaimn). By “stabilizing” 1s meant anything that increases serum half hife,
regardless of whether this 1s because of decreased destruction, decreased clearance by the
kidnev, or other pharmacokinetic effect. Fusions with the Fe portion of an immunocglobulin
are known to confer desirable pharmacokinetic propertics on a wide range of proteins.
Likewise, fusions o human serum albumin can confer desirable properties. Other types of
heterologous portions that may be selected mchude multimerizing {¢.g., dimerizing,
tetramerizing) domains and functional domains.

As specific examples, the present disclosure provides fusion proteins comprising
variants of TBRH polypeptides fused to an Fe domain sequence of SEQ 1D NO: 20,
Optionally, the Fo domain has one or more mutations at residues such as Asp-2635, Lys-322,
and Asn-434 {(numbered in accordance with the corresponding full-length 1g(3). In certain
cases, the mutant Fo domain having one or more of these mutations {¢.g., Asp-265 mutation)
has reduced abihity of binding to the Foy receptor relative to a wildtype Fe domain. In other
cases, the mutant Fo domain having one or more of these mutations (¢.g., Asn-434 mutation)
has increased ability of binding to the MHC class I-related Fe-receptor (FeRN) relative to a
wildtype Fc domain.

It i3 understood that different elements of the fusion proteins may be arranged m any
manner that 1s consistent with the desired functionality. For example, a TRRI polypeptide
may be placed C-terminal to a heterologous domain, or, alternatively, a heterologous domain
may be placed C-terminal to a TPRI polypeptide. The TPRIH polypeptide domain and the
heterologous domain need not be adiacent in a fusion protein, and additional domains or
amino acid sequences may be included C- or N-terminal o either domain or between the

domains.
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As used herein, the term "tmmunoglobulin Fo domain” or simply “Fe” 1s understood
to mean the carboxvi-terminal portion of an immunoglobulin chain constant region,
preferably an immunogliobulin heavy chain constant region, or a portion thereof. For
example, an immunoglobulin Fe region may comprise 1) a CH1 domain, a CH2 domain, and
a CH3 domain, 2} a CHI domain and a CH2 domain, 3} a CH1 domain and a CH3 domain, 4)
a CH2 domain and a CH3 domain, or 3) a combination of two or more domains and an
mmmunoglobulin hinge region. In a preferred embodinment the imoumoglobulin Fe region
comprises at least an immunoglobulin hinge region a CH2 domain and a CH3 domain, and
preferably lacks the CHI1 domain. In some embodiments, the immunoglobulin Fe region is a
buman tmounoglobulin Fe region.

In one embodiment, the class of immunoglobulin from which the heavy chain
constant region i derived 13 IgG (Igy) {y subclasses 1, 2, 3, or 4). Other classes of
mownoglobuling, IgA (Iga), Igh (Jed), IgE (Ige) and IgM (Igu), may be used. The choice of
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 Fo region preferably comprises at leasta
portion of a hinge domain, and preferably at least a portion of a CHs domain of Fe gamama or
the homologous domains in any of IgA| IgD, IgE, or [gM.

Furthermore, it is contemplated that substitution or deletion of amino acids within the
mownoglobulin heavy chain constant regions may be useful 1n the practice of the methods
and compositions disclosed herein. (Une example would be to introduce amino acid
substitutions in the upper CH2 region to create an Fo variant with reduced affinity for Fe
receptors {Cole e ol (1997) . Immunol. 1539:3613}.

In some embodiments, the disclosure provides for TPRI polypeptides fusion proteins
comprising an amino acid sequence that s at least 80%, 85%, 90%, 95%, 96%, 97%, 98%,
or 99% identical to the amino acid sequence of any one of SEQ ID NOs: 11, 13, 15 and 17, or
binlogically active fragments thercof. In some embodiments, the TPRI polyvpeptides fusion
proteing comprise an amino acid sequence that s at least 80%, 85%, 90%, 93%, 96%, 7%,
98%, or 99% dentical to the amino acid sequence of any one of SEQ 1D NQOs: 11, 13, and 15,
or biologically active fragments thereof. In some embodiments, the TBRIY polypeptides

fusion proteins comprise an amingo acid sequence that is at least 80%, 83%, 90%, 953%, 96%,
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7%, 98%, or 99% 1dentical to the aming acid sequence of any one of SEQGID NQG: 13, 0ra
biologically active fragment thereof, In some embodiments, the TERH polypeptides fusion
proteins comprise an aming acid scquence that is at least 80%, 85%, 90%, 95%, 96%, 97%,

089, or 99% identical 1o the amino acid sequence of any one of SEQ 1D NO: 50, ora

(]

biologically active fragment thereof. In some embodiments, the TRRH polvpeptides fusion
proteins comprise an anuino acid sequence that is at least 80%, 85%, 90%, 93%, 96%, 97%,
98%, or 99% identical to the anuino acid sequence of anv one of SEQ ID NO: 51 ora
biologically active fragment thercof. In some embodiments, the TRRI polvpeptides fusion
proteing comprise an amino acid sequence that is at least 80%, 85%, 909%, 95%, 96%, 97%,
10 98%, or 99% identical to the amino acid sequence of any one of SEQ 1D NO: 52, ora
biologically active fragment thereof, In some embodiments, the TRRI{ polvpeptides fusion
proteins comprise an anino acid sequence that s at least 80%, 85%, 90%, 95%, 96%, 97%,
989%, or 99% identical to the amine acid sequence of any one of SEQ 1D NO: 53, ora
biologically active fragment thercof. In some embodiments, the TPRH polypeptides fusion
15 proteins comprise an amino acid sequence that 1s at least 80%, 83%, 90%, 95%, 96%, 97%,
98%, or 99% dentical to the amino acid sequence of any one of SEQ ID NO: 54 ora
binlogically active fragment thereof. In some embodiments, the TERI polypeptides fusion
proteing comprise an amino acid sequence that s at least 80%, 85%, 90%, 93%, 96%, 7%,
98%, or 99% dentical to the amino acid sequence of any one of SEQ ID NO: 55, ora
20 biologically active fragment thereof. In some embodiments, the TBRY polypeptides fusion
proteins comprise an amino acid sequence that is at least 80%, 85%, 90%, 93%, 96%, 97%,
98%, or 99% wdentical to the anuno acid sequence of any one of SEQ 1D N{: 56, ora
biologically active fragment thercof. In some embodiments, the TRRH polvpeptides fusion
protein comprises an aming acid sequence that is at least 80%, 85%, 909%, 95%, 96%, 97%,
25 98%, or 99% identical to the amino acid sequence of SEQ 1D NO: 20, or a biologically active
fragment thereof.

In some embodiments, the fusion proteins described herein have improved binding
affuuty for TGFP1 and TGFR3. In some cmbodiments, a fusion protein comprsing a linker
at least 10 amino acids m length {e. 2., a fusion protein having the amuno acid sequence of any

30 one of SEQID NQGs: 11, 13, 15, and 50-56,) has improved binding atfimity for TGFBT and
TGER3 as compared to a reference fusion protein {e.g., a fusion protein having the amino acid
sequence of SEQ ID NO: 9). In some embodiments, the fusion protein binds to TGFP1 with
a Kp of less than 200 pM, less than 130 pM, less than 100 pM, less than 75 pM, less than 50

pM or less than 25 pM. In some embodiments, the fusion protein binds to TGFE3 with a Kb

“39-



(]

10

]

20

WO 2018/204594 PCT/US2018/030816

of less than 75 pM, less than 70 pM, less than 60 pM, less than 50 pM, less than 40 pM, less
than 35 pM, less than 25 pM, less than 15, less than 10, or less than 5 pM.

in some embodinments any of the polypeptides disclosed herein inhibits TGFB1 and/or
TGEP3 i a measurable assay. [n some embodiments, the polvpeptide inhibits TGFRT with
an ICso of fess than 1.0,09,08.07,0.6,05,04,03,0.2,0.1, 0.08, 0.09, 0.07, 0.06, 0.05,
(.04, .03, or 0.02 oM, as determined using a reporter gene assay. In some embodiments, the
polypeptide inhibits TGFA3 with an ICso of less than 1.0,0.9,08.0.7,0.6,05,04, 03,02,
$.1,0.09,0.08, 0.07, 0.06, 0.05, 0.04, 0.03, or 0.02 nM, as determined using a reporter gene
assay. In some embodiments, the reporter gene assay 18 a CAGA reporter assay. In some
cmbodiments, the CAGA assay is based on a human lung carcinoma cell line transfected with
a pGL3{CAGA)} 2 reporter plasmid (Dennler et al, 1998, EMBO 17; 3091-3100) as well as a
Renilla reporter plasmud (pRLCMYV) to control for transtfection 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 SMADZ and SMAD3. See, e.g., Example 2.

5. Fusion Polvoeptides

In some embodiments, the disclosure provides for TPRI-containing fusion
polypeptides. The fusion polypeptides may be prepared according to any of the methods
disclosed herein or that are known in the art.

In some embodiments, any of the fusion polypeptides disclosed herein comprises the
following components: a} any of the THRIT polvpeptides disclosed hercin (“A”), b) any of the
hinkers disclosed herein (“B™), ¢) any of the heterologous portions disclosed herein ("C7), and
optionally a linker (X7}, In such embodiments, the fusion polypeptide may be arranged in a
manner as follows (N-terminoes to CHerminus) A-B-C or C-B-A. In such embodiments, the
fusion polypeptide may be arranged in a manner as follows (N-termunus to C-ternunus): X-A-
B-C or X-C-B-A . In some embodiments, the fusion polypeptide comprises cach of A, B and
€ {(and optionally a leader sequence such as the amin acid sequence of SEQ 1D NG: 23), and
comprises no more than 100, 90, 80, 70, 60, 50, 40, 30, 20, 16, 5, 4, 3, 2 or | additional
amino acids (but which may include further post-transiational modifications, such as
PEGylation}.

In some embodiments, the fusion polypeptide comprises a feader sequence {e.g., SEQ
1D NO: 23) positioned m a manner as follows (N-terminus to C-terminus): X-A-B-C, and the
fusion polypeptide comprises 1, 2, 3, 4, or 3 amino acids between X and A, In some
embodiments, the fusion polvpeptide comprises a leader sequence {e.g., SEQ 1D NO: 23)
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positioned in a manner as follows (N-terminus to C-terminus): X-C-B-A, and the fusion
polypeptide comprises 1, 2, 3, 4, or 5 amuino acids between X and €. In some embodiments,
the fusion polypeptide compriscs a leader sequence {e.g., SEQ 1D NG 23) posttioned in a
manner as follows (N-terminus to C+terminus): X-A-B-C, and the fusion polvpeptide
comprises an alamine between X and A, In some embodiments, the fusion polypeptide
comprises a keader sequence {e.g., SEQ ID NO: 23} positioned m a manner as follows (N-
terminus to C-erminus): X-C-B-A, and the fusion polypeptide comprises an alanine between
X and C. In some embodiments, the fusion polypeptide comprises a leader sequence {(e.g.,
SEQ 1D NO: 23} positioned in a manner as follows (N-terminus to C-terminus) X-A-B-C,
and the fusion polypeptide comprises a glycine and an alanine between X and A, In some
embodiments, the fusion polypeptide comprises a leader sequence {e.g., SEQ 1D NG: 23)
positioned in a manner as follows (N-terminus to C-terminus): X-C-B-A | and the fusion
polypeptide comprises a glycine and an alanine between X and . In some embodiments, the
fusion polypeptide comprises a leader sequence {e.g., SEQ I3 NO: 23) positioned in a
manner as follows (N-terminus to C-termunus); X~A-B-C, and the fusion polypeptide
comprises a threonine between X and A, In some embodiments, the fusion polvpeptide
comprises a keader sequence {e.g., SEQ 1D NO: 23) positioned in a manner as follows (N-
terminus to C-terminus): X-C-B-A, and the fusion polypeptide comprises a threonine
between X and (.

In some embodiments, the fusion polypeptide comprises an amine acid sequence that
1s at least 85%, 90%, 95%, 97%. or 99% identical to anv of the TRRIY polypeptide amino acid
sequences disclosed herein {e.g., SEQ ID NO: 18), wherem the TPRII polypeptide portion of
the fusion polvpeptide comprises no more than 10,9, 8,7, 6, 5,4, 3, 2 or 1 additional aminc
acids {but which may include further post-translational modifications, such as PEGvlation).
In some embodiments, the fusion polypeptide comprises an amuno acid sequence that is at
least 85%, 90%, 95%, 97%, or 99% identical to any of the hinker sequences disclosed herem
{e.g., SEQ 1D NG 6), wherein the linker portion of the fusion polypeptide comprises no more
than 5, 4, 3, 2 or 1 additional amino acids (but which may include further post-translational
modifications, such as PEGvlation}. In some embodiments, the fusion polypeptide comprises
an amino acid sequence that is at feast 839, 80%, 95%, 97%, or 99% wdentical to any of the
heterologous portion sequences disclosed herein {e.g., SEQ ID NO: 20}, whergin the
heterologous portion of the fusion polvpeptide comprises no more than 25, 20, 15, 10,5, 4, 3,
2, or | additional amino acids (but which may include further post-translational
modifications, such as PEGylation). In some embodiments, the fusion polypeptide comprises
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any of the TPRI polypeptide aming acid sequences disclosed heremn {e.g., SEQ ID NQ: 18),
wherein the TBRII polypeptide portion of the fusion polypeptide comprises no more than 10,
9,8,7,6,5 4,3, 2 or 1 additional amino acids (but which mayv include further post-

translational modifications, such as PEGvlation). In some embodiments, the fusion

(]

polypeptide comprises any of the linker sequences disclosed herein {e.g., SEQ D NG: 6),
wherein the linker portion of the fusion polypeptide comprises no more than 5,4, 3, 2 or 1
additional amino acids (but which may mnclude further post-translational modifications, such
as PEGvlation}. In some embodiments, the fusion polypeptide comprises any of the
heterologous portion sequences disclosed herein {e.g., SEQ ID NO: 20}, whergin the
10 heterologous portion of the fusion polypeptide comprises no more than 25, 20, 15, 10,5, 4, 3,
2, or | additional amino acids (but which may include further post-translational
modifications, such as PEGylation).
In some embodiments, the disclosure provides for a fusion polypeptide, wherein the
fusion polypeptide consists or consists essentially of (and not necessarily in the following
15 order): a) an amuno acid sequence that 1s at least 85%, 90%, 95%. 97%, or 99% identical 1o
any of the TPRI polypeptide aming acid sequences disclosed hereimn {e.g., SEQ ID NQ: 18),
wherein the TBRI polvpeptide portion of the fusion polypeptide comprises no more than 10,
9,8,7,6,5,4,3, 2 or 1 addional amino acids (but which may inciude further post-
translational modifications, such as PEGylation); b} an aming acid sequence that is at least
20 B3%, 90%, 93%, 97%, or 99% identical to any of the linker sequences disclosed herein {e.g.,
SEQ 1D NO: 6), wherein the linker portion of the fusion polvpeptide comprises no more than
5,4, 3,2 or 1 additional amino acids {but which may include further post-transiational
modifications, such as PEGylation); and ¢) an amine acid sequence that is at least 85%, 90%,
05%, 97%, or 99% identical to any of the heterologous portion sequences disclosed herein
25 {e.g., SEQ D NO: 20), wherein the heterologous portion of the fusion polyvpeptide comprises
no more than 25, 20, 15, 10, 5,4, 3, 2, or | additional amine acids (but which may include
turther post-translational modifications, such as PEGylation); and d) optionally a leader
sequence {e.g., SEQ ID NO: 23). In some embodiments, the disclosure provides for a fusion
polvpeptide, wherein the fusion polvpeptide consists or consists essentially of (and not
30 necessarily in the following order}): a) any of the TRRII polypeptide amino acid sequences
disclosed herein {e.g., SEQ 1D NG 18), wherein the TPRIH polypeptide portion of the fusion
polypeptide comprises no more than 10,9, 8,7, 6,5, 4, 3, 2 or | additional amino acids (but
which may include further posi-transiational modifications, such as PEGylation), b) anv of

the linker sequences disclosed herein {e.g., SEQ ID NO: 6}, wherein the linker portion of the
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fusion polypeptide comprises no more than 5, 4, 3, 2 or 1 additional amino acids (but which
may mclude further post-translational modifications, such as PEGylation}; and ¢} any of the
heterologous portion sequences disclosed hercin (e.g., SEQ 1D NO: 20}, wherein the
heterologous portion of the fusion polypeptide comprises no more than 25, 20, 15, 10, 5,4, 3,
2, or 1 additional ammeo acids {(but which may include further post-translational
modifications, such as PEGylation); and d) optionally a leader sequence (e g., SEQ ID NO:
23).

In some embodiments, the disclosure provides for a fusion polypeptide consisting of
or consisting essentially of {(and not necessanly in the following order): a) a TRRU
polypeptide portion consisting of an aming acid sequence that is at least 85%, 90%, 953%,
07%, or 99% identical 1o the amino acid sequence of SEQ [D NO: 18 and no more than 10, 9,
8,7,6, 5,4 3, 2 or | additional amino acids (but which may inchude further post-translational
modifications, such as PEGylation); b} a linker portion consisting of an amino acid sequence
that is at least 853%, 90%, 95%, 97%., or 99% identical to the amino acid sequence of SEQ 1D
NO: 6 and no more than 5, 4, 3, 2 or 1 additional amino acids {(but which may include further
post-translational modifications, such as PEGylation); and ¢) a heterologous portion
consisting of an amino acid scquence that is at least 85%, 90%, 93%, 97%, or 99% identical
to the amuno acid sequence of SEQ 1D NG: 20 and no more than 23, 20, 15, 10, 5,4, 3, 2, or
1 additional amino acids (but which may include further post-translational modifications,
such as PEGylation); and d) optionally a leader sequence {e.g, SEGQ 1D NG 23). In some
embodiments, the disclosure provides for a fusion polypeptide consisting or consisting
cssentially of (and not necessarily in the following order): a) a TRRI polypeptide portion
consisting of the aming acid sequence of SEQ D NO: 18 and no more than 10,9, 8,7, 6, 5,
4, 3, 2 or 1 additional amino acids (but which may inclede further post-translational
modifications, such as PEGvlation); b} a linker portion consisting of the amino acid sequence
of SEQ ID NO: 6 and no more than 5, 4, 3, 2 or 1 additional amino acids (but which may
include further post-transiational modifications, such as PEGvlation}; and ¢) a heterclogous
portion consisting of the amino acid sequence of SEG D NG: 20 and no more than 25, 20,
15, 10, 5, 4, 3, 2, or 1 additional anmino acids (but which may include further post-
transiational modifications, such as PEGylation); and d) optionally a leader sequence {e.g.,
SEQ ID NO: 23).

in some embodiments, the fusion protein does not comprise a leader sequence. In

some embodiments, the fusion protein comprises an amino acid sequence that 1s at least 859,
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80%, 92%, 95%, 96%, 97%, 99%, or 100% tdentical to the amingo acid sequence of SEQ 1D
NO: 48,

TIPPHVOKSDVEMEAQRDETIICPSCNRTAHPLRHINNDY

SCMSNC SICEKPOEVCVAVWRENDENIT

5 FMCSCSSDECNDNIIFSEEYNTENPDTGGEGS
PPRKPKDTLMIS ‘CVVVDVS
DWLNGKEYKCRVSNKALFAPIEKT ISKAKG SRE
EWESNGOPENNYKTTPPVLDSDGSFFLYSKLTY FK ?’J QQC'\T\/ FSC SVVI 'PT\L ’\IUYTQ"\ nﬁLS PGK
(SEQ ID NO: 48).

10

In some embodiments, the disclosure provides for a TPRII fusion polypeptide wherein
the polypeptide does not comprise an antibody or antigen-binding portion thereof. In some
embodiments, the polypeptide does not bind with appreciable affinity to a cytokine other than
a transforming growth factor beta superfamily ligand (e g, TGFBY, TGFP2 and/or TGFR3).

15 In some embodiments, the polypeptide does not bind with appreciable affinity to a cyiokine
other than TGFBL, TGFB2 and/or TGFB3. In some embodiments, the polypeptide does not
bind with appreciable affinity to a cyvtoking other than TGFB! and/or TGFB3. In some
embodiments, the polypeptide does not bind with appreciable affinity to CD4, CDBR, CD25,
CTLA-4, TL-10, TGFP Receptor, PD-1, PD-L1, PD-L2, RANK, RANKL, HER2/neu,

20 EGFRI, CD20, VEGF, TNF-g, TNFR2, FoxP3, CDE0, CDS6, IFN-g, IFN-B, IFN-y, GITR,
4-1BB, 0X-40, TLR1-10, ErbB-1, HER L, ErbB-3/HER3, ErbB-4/HER4, IGFR, IGFBP, IGF-
IR, PDGFR, FGFR, VEGFR, HGFR, TRK receptor, ephrin receptors, AXL receptors, LTE
receptors, TIE receptors, angiopoietinl, 2, ROR receptor, DER receptor, RET receptor, KLG
receptor, RYK receptor, MuSK receptor, ILBR, HaR, TNTRSF, TRAIL receptor, ARTCH,

25 alpha-actinin-4, Ber-abl, B-RAF, caspases, beta~catenin, fibronectin, GPNMB, GDP-L,
LDLR, HLA-AZ, MLA-A1], HSP70, KIAAZ205, MARTZ, MUM-1, 2, 3, PAP, neo-PAP,
NFYC, OGT, 05-9, pmi-RARalpha fusion protein, PRDXS, PTPRK, KRASZ, NRAS,
HRAS, RBAF600, SIRT2. SNEPDI, SYT-S8X1 or -S5X2 fusion protein, Triosephosphate
Isomerase, BAGE, BAGE-1. BAGE-2, 3,4, 5, GAGE-1,2,3,4,5,6, 7, 8, Gn'T-V, HERV-K

30 MEL, KK-LC, KM-HN-1, LAGE, LAGE-1, CAMEL, MAGEL MAGE-A2, MAGE-A3,

MAGE-A4, MAGE-AS, MAGE-A6, MAGE-AR, MAGE-A9, MAGE-A10. MAGE-ATL,

MAGE-A12, MAGE-3, MAGE-B1, MAGE-B2, MAGE-B5. MAGE-B6, MAGE-C1,

MAGE-C2, mucin 1 (MUCT), MART-1/Melan-A (MLANA), gp100, gp100/Pmell7

{(S1LV), tyrosinase (TYR), TRP-1, HAGE, NA-88, NY-ESO-1, NY-ESO-1/LAGE-2, SAGE,

Spl7 88X-1,2 3 4, TRPZ2-INTZ, carcino-embryonic antigen {CEA), Kallikfein 4,

(a3
(v

mammaglobm-A, OAl, prostate specific antigen (PSA), prostate specific membrane antigen,

-34-



(]

10

]

20

WO 2018/204594 PCT/US2018/030816

TRP-1/, 75. TRP-2, AIM-2. BING-4, CPSF, cvelin Pl Ep-CAM, EpbA3, FGF-5, gp250,
tCE}, AFP, M-CSF, mdm-2, MUCHE p33 (TP53), PBF, FRAME, PSMA, RAGE-1. RNF43,
RU2AS, SOX10, STEAPI, survivin (BIRCS), hTERT., clomerase, WT1, SYCPL, BRDT,
SPANX, XAGE, ADAM2, PAGE-5, LIP1, CTAGE-1, CSAGE, MMA1, CAGE, BORIS,
HOM-TES-85, AF15g14, HCA661, LDHC, MORC, SGY-1, SPO11, TPX1, NY-SAR-335,
FTHLE7, NXF2 TDRD, TEX 15 FATE, TPTE, estrogen receptors (ER), androgen receptors
(AR), CD40, CD30, CD20, CD19, CD33, CD4, CD25, CD3, CA 72-4, CA 15-3, CA 27-29,
CA 125, CA 19-9, beta~-human chorionic gonadotropin, 1-2 nucroglobulin, squamous cell
carcinoma antigen, neuron-specific encolase, heat shock protein gp96, GM2, sargramostim,
CTLA-4, 707-AP, ART-4, CAP-1, CLCAZ, Cyp-B, HST-2, HPV proteins, EBV proteins,
Hepatitis B or C virus proteins, and/or HIV proteins.

In some embodiments, the disclosure provides for a TBRI fusion polypeptide wherein
the polypeptide does not comprise an additional ligand binding domain 1o addition to the
TPRIU domain. In some embodiments, the polypeptide comprises a bincar amino acid
sequence comprising a TPRRII domain and a heterologous portion {e.g., an Fc portion), but the
linear amino acid sequence does not comprise any additional ligand binding domains. In
some embodiments, the polypeptide comprises a linear amino acid sequence comprising a
THRIT domain and an Fe portion, but the hinear amino acid sequence does not comprise any
additional ligand binding domains. In some embodiments, the disclosure provides fora
TPRI fusion polypeptide wherein the polvpeptide does not comprise multiple ligand binding
domains in a single Hinear amino acid sequence. In some embodiments, the disclosure
provides for a TBRII fusion polypeptide wherein the polypeptide does not comprise more
than one continuous linker sequence in a single Hnear amino acid sequence. In some
embodiments, the polypeptide docs not comprise multiple continuous glycing and/or sering
linkers (e.g., a inker compnising (GGGGS)n, wherein n = > 4) in a single linear ammo acid
sequence. In some embodiments, the disclosure provides for a TBRIT fusion polypeptide
wherein the heterologous portion is an Fe domain, and wherein only one continuous linker is
covalently bound to the Fc domain. In some embodiments, the only one continnous linker

compnises or consists of a (GGGGS I linker, whereinn =>4,

6. Nucleic Acids and Methods of Manufacture

In certain embodiments, the present disclosure makes available isolated and/or
purified forms of the TRRII polvpeptides fusion proteins, which are isolated from, or
otherwise substantially free of {¢. g, at least R0%, 90%, 95%, 96%, 97%, 98%., or 99% frec

-35-



WO 2018/204594 PCT/US2018/030816

ofy, other proteins and/or other TRRII polvpeptide species. TPRI polypeptides will generally
be produced by expression from recombinant nucleic acids.
in certain embodiments, the disclosure includes nucleic acids encoding soluble TRRII

polypeptides comprising the coding sequence for an extraceliular portion of a TPRI protein.

(]

In further embodiments, this disclosure also pertains to a host cell comprising such nacleic
acids. The host cell may be any prokarvotic or eukaryotic cell. For example, a polypeptide
of the present disclosure may be expressed in bactenial cells such as £ cofi, insect cells {c.g.,
using a baculovirus expression sysiem), veast, or mammalian ceils, Other suitable host cells
are known 1o those skilled 1o the art. Accordingly, some embodiments of the present

10 disclosure further pertain to methods of producing the TRRI polypeptides.

In certain aspects, the disclosure provides isolated and/or recombinant nucleic acids
encoding any of the TPRII polypeptides, mcluding fragments, functional variants and fusion
proteins disclosed herein. SEQ 1D NOs: 10, 12 and 14 encode variants of TRRIE extracelular
domain fused to an IgG Fe domain. The subject nucleic acids may be single-stranded or

15 double stranded. Such nucleic acids may be DNA or RNA molecules. These nucleic acids
may be used, for example, in methods for making TPRI polypeptides or as direct therapeutic
ageuts (e.g., n an antisense, RNA1 or gene therapy approach).

In certain aspects, the subject nucleic acids encoding TBRII polvpeptides are further
understood to mclude nucleic acids that are variants of SEQ ID NQOs: 10, 12 and 14, Vanant

20 nucleotide sequences include sequences that differ by one or more nucleotide sabstititions,
additions or deletions, such as allelic variants.

In certain embodiments, the disclosure provides isolated or recombinant nucleic acid
sequences that are at feast 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to
SEQ ID NQOs: 10, 12 and 14, In particular embodiments, the disclosure provides isolated or

25 recombinant nucleic acid sequences that are at least 80%, 85%, 909, 95%, 96%, 97%, 98%.
99% or 100% identical to SEQ 1D NO: 12, or fragments thereof. One of ordinary skill in the
art will appreciate that nucleic acid sequences complementary to SEQ 1D NOs: 10, 12 and 14,
and vanants of SEQ 1D NOs: 10, 12 and 14 are also within the scope of this disclosure. In
further embodiments, the nucleic acid sequences of the disclosure can be isolated,
30 recombinant, and/or fused with a heterologous nucleotide sequence, or in a DNA library.
in other embodiments, nucleic acids of the disclosure also mchude nucleotide
sequences that hybridize under highly stringent conditions to the nucleotide sequences
designated in SEQ 1D NOs: 10, 12 and 14 complement sequences of SEQ 1D NOs: 10, 12
and 14, or fragments thereof. As discussed above, one of ordinary skill in the art will
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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
chlonde/sodium citrate (S5C) at about 45°C, followed by a wash of 2.0 x §5C at 50°C. For
example, the salt concentration in the wash step can be selected from a low stringency of
about 2.0 x 85C at 50°C to a high stringency of about 0.2 x 88C at 50°C. In addition, the
temperature in the wash step can be increased from low stringency conditions at room
temperatare, about 22°C, 1o 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
hybrdize under low stringency conditions of 6 x $8C at room femperature followed by a
wash at 2 x 88C at room temperature.

Isolated nucleic acids which differ from the nucleic acids as set forth in SEQ 1D NOs:
10, 12 and 14 due to degeneracy in the genetic code arc also within the scope of the
disclosure. For example, a number of amino acids are designated by more than one triplet.
“odons that specify the same aming acid, or synonvms (for example, CAU and CAC are
synonyms for histidine)} may result m “silent” mutations which do not affect the amino acid
sequence of the protein. However, 1t 1s expected that DNA sequence polymorphisms that do
lead to changes i the ammno 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 3-53% of the nuclectides) of the nucleic acids encodimg a particular
protein may exist among ndividuals of a given specics due to natural allclic vanation. Any
and all such nucleotide variations and resulting amine acid polymorphisms are within the
scope of this disclosure.

ft will be appreciated by onc of skill in the art that corresponding variants based on
the long isoform of TRRI will include nmucleotide 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 either the long
{A) or short {B) isoforms of TPRH will include variant nucleotide sequences comprising an
insertion of 108 nucleotides, encoding a 36-amino-acid msertion (SEQ 1D NG: 41), at the
same location described for naturally occurring TRRI soform €.

in certain embodiments, the recombinant nucleic acids of the disclosure may be
operably Iinked to one or more regulatory nucieotide sequences in an expression construct.

Regulatory nucleotide sequences will generally be appropriate to the host cell used for
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expression. Numerous types of appropriate expression vectors and suitable regulatory
sequences are known i the art for a variety of host cells. Typically, said one or more
regulatory nucleotide sequences may include, but arc not limited to, promoter scquences,
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 plasnud, or the expression construct may be inserted in a
chromosome. In a preferred enmbodiment, the expression vector contains a sclectable marker
gene to allow the selection of transformed host celis. Sclectable marker genes are well
known 1 the art and will vary with the host celt used.

In certain aspects disclosed hergin, the subject nucleic acid 1s provided 1n an
oxpression vecior compusing a nucleotide sequence encoding a TBRI polypeptide and
operably linked to at least one regulatory sequence. Regulatory sequences are art-recognized
and are selected to direct expression of the TRRII polvpeptide. Accordingly, the term
regulatory scquence includes promoters, enhancers, and other expression control clemends.
Exemplary regulatory sequences are described in Goeddel; Gene Fxpression Technology:
Methods in Enzymology, Academic Press, San Diego, CA (1990). For mstance, 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 i these vectors to express DNA sequences encoding a
TPRH polypeptide. Such useful expression control sequences, include, for example, the carly
and late promoters of SV40, tet promoter, adenoviras or cytomegalovirus immediate early
promoter, RSY promoters, the lac system, the trp system, the TAC or TR system, T7
promoter whose expression is directed by T7 RNA polvmerase, the major operator and
promoter regions of phage lambda | the control regions for fd coat protein, the promoter for
3-phosphoglycerate kinase or other glycolvtic enzymes, the promoters of acid phosphatase.
¢.g., Pho3, the promoters of the yeast g-mating factors, the polyhedron promaoter 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 oxpressed.

Moreover, the vector's copy number, the ability to control that copy number and the
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expression of any other protein encoded by the vector, such as antibiotic markers, shoald also
be considered.

A recombinant nucleic acid included in the disclosure can be produced by higating the
cloned gene, or a portion thereof, into a vector suitable for expression in either prokaryotic
cells, eukarvotic cells (veast, avian, msect or mammalian}, or both. Expression vehicles for
production of a recombinant THRI polypeptide include plasmids and other vectors. For
mstance, suitable vectors include plasouds of the types: pBR322-derived plasmids, pEMBE-
derived plasmids, pEX-denived plasmids, pBTac-derived plasmids and pUC-denived plasmids
for expression in prokaryotic cells, such as K. coli.

Some mammalian cxpression vectors contain both prokarvotic sequences to facilitate
the propagation of the vector in bacteria, and one or more enkarvotic transcription units that
arc expressed i cukaryotic cells. The peDNAVamp, pcDNAneo, pRe/CMVY, pSV2gpt,
pSV2neo, pSV2-dhfr, pTk2, pRSVneo, pMSG, pSVT7, pko-neo and pHyg derived vectors
are cxamples of mammalian expression vectors suitable for transfection of cukarvotic cells.
Some of these vectors are modified with sequences from bacterial plasnuds, such as pBR322,
to facilitate replication and drug resistance selection in both prokaryotic and eukarvotic cells.
Altemnatively, 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 eukarvotic cells. Examples of other viral {including retroviral} expression systems can be
found below mn the description of gene therapy debivery systems. The various methods
emploved 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, sec Molecular Cloning A
Laboratory Manual, 3rd Ed., ed. by Sambrock, Fritsch and Maniatis {Cold Spring Harbor
Laboratory Press, 2001). In some mnstances, it may be desirable to express the recombinant
polypeptides by the use of a baculovirus expression svstem. Examples of such bacalovirus
cxpression svstems include pVi-derived vectors (such as pVEL1392, pVE1393 and pVL941),
pAcUW-denived vectors (such as pAcUW1), and pBlueBac-derived vectors (such as the fi-gal
containing pBlueBac 1T}

In certain embodiments, a vector will be designed for production of the subject TERI
polvpeptides in CHO cells, such as a Pemv-Script vector {Stratagene, La Jolla, Calif),
pcbN4 vectors (Invitrogen, Cardsbad, Calif ) and pCl-neo vectors (Promega, Madison,
Wisc.). In a preferred embodiment, a vector will be designed for production of the subject

TPRIU polypeptides in HEK-293 cells. As will be apparent, the subject gene constructs can
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be used to cause expression of the subject TRRII polypeptides in cells propagated in culture,
¢.g., to produce proteins, mchuding fusion proteing or variant proteins, for purnification.
This disclosure also pertains to a host cell transfected with a recombinant gene

ncluding a coding sequence {e.g., SEQ ID NQOs: 10, 12, or 14} for one or more of the subject

(]

THRU polypeptides. The host cell may be any prokarvotic or eukaryotic cell. For example, a
TPRI polypeptide disclosed herein may be expressed in bactenal cells such as £, cof, insect
cells (e.g., using a baculovirus expression system), yeast, or mammalian cells. Gther suitable
host cells are known to those skilled in the art.
Accordingly. the present disclosure further pertains to methods of producing the
10 subject TRRIL polypeptides. For example, a host cell transfected with an expression vector
encoding a TPRII polvpeptide can be cultured under appropriate conditions o allow
expression of the TRRII polypeptide to occur. The TRRIH polypeptide may be secreted and
isolated from a mixture of cells and medium containing the TERI polypeptide.
Alternatively, the TRRII polvpeptide may be retained cytoplasmicallv or in a membrane
15 fraction and the cells harvested, lvsed and the protein isolated. A cell culture mcludes host
cells, and media. Suitable media for cell culture are well known 1n the art. The subject
THRIY polypeptides can be isolated from cell culture medium, host cells, or both, using
techniques known in the art for punfying protems, imchuding ion-exchange chromatography,
gel filtration chromatography, wltrafiftration, clectrophoresis, immuncaffinity purification
20 with antibodigs specific for particular epitopes of the TRRIF polypeptides and affinity
purtfication with an agent that binds to a domain fused to the TERI polypeptide {e.g ., a
protein A column may be used to punfy an TPRII-Fc fusion). In a preferred embodiment, the
TERI polypeptide 15 a fusion protein containing a domatn which facilitates its purification.
Ag an example, purification may be achieved by a series of cohumn chromatography steps,
25 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 filiration and buffer exchange.
In another embodiment, a tusion gene coding for a purification leader sequence, such
30 as apolv-(HisYenterckinase cleavage site sequence at the N-terminus of the desired portion
of the recombinant TRRH polypeptide, can allow purification of the expressed fusion protein
by affinity chromatographv using a Ni** metal resin. The purification leader sequence can

then be subsequently removed by treatment with enterokinase to provide the purified TBRI
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polvpeptide {(e.g., see Hochdi et al., {1987} J. Chromaiography 411:177; and Janknecht ot
al., PNAS US4 %8:8972).

Techniques for making fusion genes are well known. Essentially, the joining of
various DNA fragments coding for different polvpeptide 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 joming,
and enzymatic ligation. In another embodiment, the fusion gene can be svnthesized by
conventional techniques including auiomated DNA synthesizers. Altematively, 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 {sce, for example, Current Protocols in

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

7. Alterations in Fe-fusion proteins

The application further provides TPRI-Fe fusion proteins with engineered or variant
Fc regions. Such antibodies and Fe fusion proteins may be useful, for example, in
modulating effector functions, such as, antigen-dependent cviotoxicity (ADCC) and
complement-dependent cyvtotoxicity (CDC). Additionally, the modifications may improve
the stability of the antibodies and Fe fusion proteing. Amino acid sequence vanants of the
antibodics and Fc fusion proteins are prepared by introducing appropriate nucleotide changes
mto the DNA, or by peptide synthesis. Such vanants include, for example, deletions from,
and/or insertions nto and/or substitutions of, residues within the anino acid sequences of the
antibodics 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 destred characteristics. The amino acid changes also may alter post-
transiational processes of the antibodies and Fe fusion proteins, such as changing the number
or position of glycosviation sites.

Antibodies and Fe fusion proteing with reduced effector function may be produced by
mtroducing 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 WG 98/47531; also see Xu et
al. 20006 Cell Immunol 200; 16-26). Thus, in certain embodiments, Fe 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
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Fe fusion proteins may comprise a mutation to an alanine at position 234 or a muitation to an
alanine at position 235, or a combination thereof. In one embodiment, the antibody or Fe
fusion protein comprises an 1gG4 framework, wherein the Ala-Ala mutation would describe a
mutation(s} trom phenylalanine to alanmine at position 234 and/or a mutation from leucine to
alanine at posttion 235, In another embodiment, the antibody or Fe fusion protein comprises
an IgG1 framework, wherein the Ala-Ala mutation would describe a mutation(s) from leucing
to alanine at position 234 and/or a mutation from leucine to alanine at position 235, The
antibody or Fe¢ fusion protein may alternatively or additionally carry other mutations,
including the point mutation K322A in the CH2 domain (Hezarch et al. 2001 § Virol. 75:
12161-8).

In particular embodiments, the antibody or Fe fusion protemn may be modified to
etther enhance or inhibit complement dependent cytotoxacity (CDCY. Modulated CBDC
activity may be achieved by introducing one or more amino acid substitutions, nsertions, or
deletions in an Fo region (see, e.g., U.S. Pat. No. 6,194,551). Alternatively or additionally,
cystene residue(s) may be introduced in the Fe 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. I. Immunol.
148:2918-2922 (1992), W(99/51642, Duncan & Winter Nature 322: 738-40 (1988}, U.S.
Pat. No. 5,648,260; U.S. Pat. No. 5,624,821, and W094/29351.

8. Screening Assavs

In certain aspects, the present imvention relates to the use of TBRII polvpeptides (e.g.,
sohible TRRI polyvpeptides) to identify compounds {agents) which arc agonist or antagonists
ot the TGFRY, TGFR3 and TRRI signaling pathway. Compounds identified through this
screening can be tested to assess their ability to modulate TGFR1 and TGFE3 signaling
activity in vitro. Optionally, these compounds can further be tested 1n animal models to
assess their ability to modulate tissue growth 1o vivo,

There are numerous approaches to screening for therapeutic agents for modulating
tissue growth by targeting TGFPR1, TGFR3 and TPRI polypeptides. In certain embodiments,
high-throughput screening of compounds can be carried out to wdentify agents that pertarb
TGFBI, TGFR3 or TRRH~mediated ccll signaling. In certain embodiments, the assay is
carried out to screen and identify compounds that specifically inhibit or reduce binding of a
TRRYU polypeptide to TGFRI or TGFE3. Alternatively, the assay can be used to identify
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compounds that enhance binding of a TERI polypeptide to TGFBL or TGFR3. In a further
cmbodiment, the compounds can be identified by their ability to interact with a TGFp1,
TGFB3 or TPRI polypeptide.

A vanety 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 m the
art. Ag described herein, the test compounds (agents) of the invention may be created by any
combmatorial chemical method. Alternatively, the subject compounds may be naturally
occurnng biomolecules synthesized i 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,
veast, plants or other organisms (2.2, natural products). produced chemically (c.g., small
molecules, including peptidomimetics), or produced recombinantly. Test compounds
contemplated by the present invention include non-peptidy] organic molecules, peptides,
polypeptides, peptidomimetics, sugars, hormones, and nucleic acid molecules. In a specific
embodiment, the fost agent is a small organic molecule having a molecular weight of less
than about 2,000 daltons.

The test compounds of the mvention can be provided as single, discrete entitics, or
provided in libraries of greater complexity, such as made by combinatorial chemistry. These
libraries can comprise, for example, alcobols, alkyl halides, amines, amides, esters,
aldehydes, ethers and other classes of grganic compounds. Presentation of test compounds to
the test system can be in either an isolated form or as muxtures of compounds, especially in
mitial screcning steps. Uptionally, the compounds may be optionally derivatized with other
compounds and have derivatizing groups that facilifate isolation of the compounds. Non-
himiting examples of derivatizing groups include biotin, fluorescein, digoxvgenin, green
fluorescent protein, isctopes, polyhistidine, magnetic beads, glutathione S transferase (GST),
photoactivatible crosslinkers or anv combinations thereof.

In many drug screening programs which test hbrarics of compounds and natural
extracts, high throughput assays are desirable in order to maximize the number of compounds
surveved in a given period of time.  Assays which are performed i cell-free systems, such as
may be derived with purified or semi-purified proteins, are often preterred as “primary”
screens i that they can be generated to permit rapid development and relatively easy
detection of an alteration in a molecular target which is mediated by a test compound.
Moreover, the effects of cellular toxicity or bicavailability of the test compound can be

enerally ignored in the m vitro syster, the assay mstead being focused prmantly on the
o < o gl
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cffect of the drug on the molecular target as may be manifest in an alteration of binding
affinity between a TBRI polvpeptide and TGFB1 or TGFR3.

Moerely to lustrate, in an exemplary screening assay of the present invention, the
compound of interest 1s contacted with an 1solated and purified TPRII polypeptide which is
ordinarily capable of binding to TGFRI or TGFP3. To the mixtare of the compound and
TPRI polypeptide is then added a composition containing a TPRI] ligand. Detection and
quantification of TRRIVTGFRL or TRRIVTGFR3 complexes provides a means for
determining the compound's efficacy at inhibiting (or potentiating) complex formation
between the TERI polypeptide and TGFBL or TGFE3. The efficacy of the compound can be
assessed by generating dose response curves from data obtained using various concentrations
ot the test compound. Moreover, a control assay can also be performed to provide a bascline
for comparison. For example, i a control assay, isolated and a purified TGFBT or TGER3 is
added to a composition containing the TPRI polypeptide, and the formation of TRRIVTGFR1
or TRRIVTGFR3 complex is quantitated 1o the absence of the test compound. It will be
understood that, in general, the order m which the reactants may be admixed can be varied,
and can be admixed simultancously. Moreover, in place of purified proteins, cellular extracts
and lvsates may be used to render a surtable cell-free assay system.

Complex formation between the TPRII polypeptide and TGFR! or TGFB3 may be
detected by a variety of technigues. For instance, modulation of the formation of complexes
can be quantitated using, for example, detectably labeled proteing such as radiclabeled (o g,
2P, 338, 3C or *Hy, fluorcscently labeled (c.g., FYTC), or enzymatically labeled TPRH
polvpeptide or TGFRI or TGFR3, by immunoassay, or by chromatographic detection.

In certain embodiments, the present invention contemplates the use of floorescence
polarization assays and fluorescence resonance energy transfor {FRET) assays in measuring,
either directly or indirectly, the degree of interaction between a TRRIT polvpeptide and its
binding protein. Farther, 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.

Moreover, the present invention contemplates the use of an imteraction trap assay, also
known as the “two hybrid assay,” for identifying agents that disrupt or potentiate interaction
between a TPRH polypeptide and 1ts binding protem. 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 Iwabuch: ¢t al. {1993)
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Oncogene §:1693-1696). In a specific embodiment, the present invention contemplates the
use of reverse two hybrid systems o wdentify compounds (¢.g., small molecules or peptides)
that dissociate interactions between a THRI polypeptide and its binding protein. Sce 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. Nog. 3,525,490, 5 933 280; and 5,965,368,

In certain embodiments, the subiect compounds arg identified by their ability 1o
mteract with a TRRU or TGFR1 or TGFR3 polvpeptide of the invention. The interaction
between the compound and the TRRIE or TGFR1 or TGER3 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-crosshinking, radiolabeled ligand binding, and
affinity chromatography {(Jakoby WB et al., 1974, Methods in Enzyvmology 46: 1), In certain
cases, the compounds may be screened in a mechanism based assay, such as an assay to
detect compounds which bind to a TGFBI or TGFR3 or TRRIHU polypeptide. This may inchude
a solid-phase or fluid-phase binding cvent. Alicrmatively, the gene encoding a TGFB1 or
TGFR3 or TRRI polypeptide can be transtected with a reporter system {¢.g., B-galactosidase,
tuctferase, or green flucrescent protein) into a cell and screened against the Hbrary 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
encrgy. Binding assays can be performed with the target fixed to a well, bead or chup 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.

In certain aspects, the present imvention provides methods and agents for modulating
(stimulating or inhibiting) TGFB1- or TGFP3-mediated cell signaling. Therefore, any
compound identified can be tested in whole cells or tissues, m vitro or in vivo, to confirm
thetr ability to modulate TGFBI or TGER3 signaling. Various methods known in the art can

be utilized for this purpose.

g, Exemplary Therapeutic Uses

As used herein, a therapeutic that “prevents” a disorder or condition refers o 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.
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LE

The terms "treatment”, "treating”, “alleviation” and the like are used herein to
generally mean obtaining a desired pharmacologic and/or physiologic effect, and may also be
used to refer to tmproving, alleviating, and/or decreasing the severity of one or more
symptoms of a condition being treated. The effect may be prophylactic in terms of
completely or partially delayving the onset or recurrence of a disease, condition, or symptoms
thereof. and/or may be therapeutic 1o terms of a partial or complete cure for a disease or
condition and/or adverse cffect attributable to the disease or condition. "Treatment” as used
herein covers any treatment of a disease or condition of a mammal, particulary a human, and
includes: {a) preventing the discase or condition from ocaurring in a subject which may be
predisposed to the disease or condition but has not vet been diagnosed as having it; (b}
inhibiting the disease or condition {e.g., arresting its development); or (¢} relieving the
disease or condition {¢.g., causing regression of the disease or condition, providing
improvement i 00¢ Of MOTC SYymptoms}.

The terms “patient”, “subject”, or “individual” are used interchangeably hercin and
refer to etther a buman or a non-hwman amimal. These terms nclude manmmals, such as
humans, non-human primates, laboratory animals, livestock ammals (including bovines,
porcines, camels, ¢ic.), companion animals {e.g., canines, felines, other domesticated anamals,
¢tc.) and rodents {¢.g., mice and rats). In particular embodiments, the patient, subject or
individual 1s a haman.

The disclosure provides methods of treating or preventing a disease or condition
assoctated with 2 TGEP superfamily member by administering to a subject an effective
amount of a TBRII polypeptide, mcluding a TBRH-Fe fusion protein of the foregomg,
hereafter collectively referred to as “therapeutic agents”. In some embodiments the discase
or condition is associated with dysregulated TGFB1 or TGFB3 signaling.  Also provided are
methods and 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 compaositions for treating or preventing
fibrotic disorders and conditions.

In particular, polypeptide therapeutic agents of the present disclosure arc uscful for
treating or preventing chronic vascular or cardiovascular diseases. Exemplary disorders of
this kind nclude, but are not imited to, heart disease (incloding myocardial disease,
mwocardial infarct, angina pectorts, and heart valve disease); renal discase {including chronic
glomerular inflammation, diabetic renal fatlure, and lupus-related renal mflammation);
disorders associated with atherosclerosis or other types of arteriosclerosis {including stroke,
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cerebral hemorrhage, subarachnoid hemorrhage, angina pectoris, and renal arteriosclerosis);
thrombotic disorders {including cercbral thrombosis, thrombotic intestinal necrosis);
complications of diabetes (including diabetes-related retinal discase, cataracts, diabetes-
related renal discase, diabetes-related neuropathology, diabetes-related gangrene, and
diabetes-related chronic infection}; vascular inflammatory disorders (svstemic fupus
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 congental heart disease,
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, Loevs-Dietz syndrome, familial
thoracic aortic ancuryvsm syndrome, arterial tortuosity syndrome, pre-eclampsia, and
restenosis.

The TRRII polvpeptide can be administered to the subject alone, or in combination
with one or more agents or therapeutic modalitics, ¢.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 morc of!

angioplasty, beta blockers,

anti-hypertensives, cardiotonics, anti-thrombotics, vasodilators,
hormone antagonists, endothelin antagomists, calcium channel blockers, phosphodigsterase
inhibitors, angiotensin type 2 antagonists and/or cyviokine blockers/inhibitors

In particular, polypeptide therapeutic agents of the present disclosure arc uscful for
treating or preventing a cancer (fumor}. The terms “cancer” and “cancerous” refer to or
describe, the physiological condition in mammals that 1s typically characterized by
anregulated cell growth/proliferation. Examples of cancer, or neoplastic disorders, include
but are not limited to, carcinoma, lvmphoma, blastoma, sarcoma, and leukemia. More
particular examples of such cancers include squamous cell cancer, cancer of the perntoncum,
hepatocellular cancer, gastrointestinal cancer, pancreatic cancer, glioblastoma, cervical
cancer, ovarian cancer, hiver cancer, bladder cancer, hepatoma. breast cancer, colon cancer,
colorectal cancer, endometrial or uterine carcinoma, salivary gland carcinoma, kidney cancer,
prostate cancer, valval 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 sguamous cell bead and neck cancer. Other examples of neoplastic
disorders and related conditions include esophageal carcinomas, thecomas, arrhenoblastomas,
endometrial hyperplasia, endometriosis, fibrosarcomas, choriocarcinoma, nasopharyngeal
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carcinoma, larvngeal carcinomas, hepatoblastoma, Kapost's sarcoma, skin carcinomas,
hemangioma, cavernous hemangioma, hemangioblastoma, retinoblastoma, astrocytoma,
glioblastoma, Schwannoma, oligodendroglioma, medutioblastoma, neuroblastomas,
rhabdomyosarcoma, osteogenic sarcoma, leiomyosarcomas, urinary tract carcinomas, Wilm's
tamor, renal cell carcinoma, prostate carcmoma, abnormal vascudar proliferation associated
with phakomatoses, and Meigs' syndrome. A cancer that is particularly amenable to
treatment with the therapeutic agents described hercin may be characterized by one or more
of the followng: the cancer has elevated TPRI levels detectable in the tumor or the serum,
increased TGFBI or TGFRS expression kevels or biclogical activity, is metastatic or at risk of
becoming metastatic, or any combination thereof.

In certain embodiments of such methods, one or more polypeptide therapeutic agents
can be administered, together (simultancously} 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.

In certain embodiments, the subject methods of the disclosure can be used alone.
Alternatively, the subject methods may be used i combination with other conventional anti-
cancer therapeutic approaches directed to treatment or preveuntion of proliferative disorders
{c.g., tumor). For example, such methods can be used 1 prophvlactic 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 {¢.g., chemotherapy, radiation therapy, phototherapy,
immunotherapy, and surgery) can be enhanced through the use of a subject polyvpeptide
therapeutic agent.

A wide array of conventional compounds have been shown to have anti-neoplastic or
anti~cancer activitics. These compounds have been used as pharmaceutical agents in
chemotherapy to shrink solid tamors, 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 tvpes of malignancics, 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 each of the treatments, thereby reducing the detrimental side effects
cxerted by cach compound at higher dosages. In other instances, malignancics that are
refractory {o a treatment may respond to a combination therapy of two or more different
treatments.
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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 overcone
cellular resistance 1o such anti-neoplastic agent. This allows decrease of dosage of an anti-
neoplastic agent, thereby reducing the undesirable side effects, or restores the effectivencss of
an anti-neoplastic agent in resistant celis.

According to the present disclosure, the polypeptide therapeutic agents described
herein may be used m combination with other compositions and procedures for the treatment
of discases. For example, a tumor may be treated conventionally with surgery, radiation or
chemotherapy combined with the TRRH polypeptide, and then the TPRI polypeptide may be
subsequently admmistered to the patient to extend the dormancy of micrometastases and to
stabilize any residual primary tumor.

In certain aspects of the invention, other therapeutic agents useful for combination
tumor therapy with a TRRI polypeptide inchude other cancer therapics: ¢.g., surgery,
cvtotoxic agents, radiological treatments mvolving wradiation or adounistration of radioactive
substances, chemotherapeutic agents, anti-hormonal agents, growth inhibitory agents, anti-
neoplastic compositions, and treatment with anti-cancer agents histed herein and known in the
art, or combmations thereof,

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 infended to
include radioactive isotopes {e.g., AP, 1131 1129 ¥V Rel® Re!®® Sm!™, Bi*l?, P¥ and
radivactive 1sotopes of Lu), chemotherapeutic agents ¢.g. methotrexate, adrniamicm, vinca
alkaloids {(vineristing, vinblastine, etoposide}, doxorubicin, melphalan, mitomyem C,
chiorambucil, daunorubicin or other intercalating agents, enzvmes and fragments thereof such
as nucleolviic enzymes, antibiotics, and toxins such as small molecule toxms or
enzvmatically active toxins of bacterial, fangal, plant or animal onigin, including fragments
and/or variants thereof, and the various antitmor or anticancer agents disclosed below.
Other cytotoxic agents are described below. A tumoricidal agent causes destruction of tumor
cells.

A “chemotherapeuotic agent" is a chemical compound useful in the treatment of
cancer. Examples of chemotherapeutic agents inclade alkvlating agents such as thiotepa and
CYTOXAN® cyclosphosphamide; alkyl sulfonates such as busulfan, improsuifan and
piposultan; aziridines such as benzodopa, carboguone, meturedopa, and uredopa;

cthvlenimines and methylamelamines including altretamine, tricthylenemelamine,
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tretylencphosphoramide, tricthivlenethiophosphoramide and trimethylolomelamine;
acetogening {especially bullatacin and bullatacinone}; delta-9-tetrahydrocannabinol
{dronabinol, MARINOL®Y); beta-lapachone; lapachol; colchicines; betulinic acid; a
camptothecin (ncluding the synthetic analogue topotecan (HYCAMTIN®), CPT-11
(irinotecan, CAMPTOSAR®), acetyvilcamptothecin, scopolectin, and S-aminocamptothecing;
bryostatin; callystatin; CC-1065 {including its adozelesin, carzelesin and bizelesin synthetic
analogues); podophylotoxin; podophyllinic acid; teniposide; cryptophyeins (particularly
crvptophyein 1 and cryptophvein 8); dolastating duocarmvem {including the synthetic
analogues, KW-2189 and CBI-TM!}; eleutherobin; pancratistatiny, a sarcodictyin;
spongistatin; nitrogen mustards such as chlorambucil, chlornaphazine, cvclophosphamide,
estramusting, ifosfanide, mechlorethamine, mechlorethanmine oxide hydrochloride,
melphalan, novembichin, phenesterine, predmimustine, trofosfamide, aracil mustard;
nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine, and
ranimnustine; antibiotics such as the enediyne antibiotics {¢.g., calichcamicin, especially
calicheamicin gammall and calichecamicin omegall (see, e.g., Agnew, Chem Intl. Ed. Engl.,
33: 183186 (1994)): dynemicin, including dynemicin A an esperamicin; as well as
neocarzinostatin chromophore and related chromoprotein encdivae antiobiotic
chromophores), aclacimomysins, actinomvein, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomyvein,
daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine, ADRIAMY CIN® doxorubicin
(including morpholino-doxorubicin, cvanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin}, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such
as mutomycin C, myveophenolic acid, nogalamycin, clivomycins, peplomycin, porfiromycin,
purcmycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex,
zinostatin, zorubicm, anti-metabolites such as methotrexate and 5-flucrouractt (5-FU); folic
acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs
such as fludarabine, f-mercaptopuring, thiamipring, thioguaning; pyrimiding analogs such ag
ancitabine, azacitidine, 6-azaundine, carmofur, cyvtarabine, dideoxyvundine, doxifluridine,
enocitabine, Hoxuridine; androgens such as calusterone, dromostanolone propionate,
epitiostanol, mepitiostane, testolactone; anti-adrenals such as ammoghitethimide, mitotane,
trilostane; folic acid replenisher such as folinie acid; aceglatone; aldophosphamide glycoside;
aminolevulinic acid; entluracil; amsacring; bestrabuci; bisantrene; edatraxate; demecolcing;
diaziquone; eifornithine; elliptinium acetate; an epothilone; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidamine; maviansinoids such as maytansine and ansamitocins;
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mitoguazone; mitoxantrong; mopidanmol; nitracrine; pentostatin; phenamet; pirarubicin;
losoxantrone, Z-cthylhvdrazide; procarbazine, PSK® polysaccharide complex {JHS Natural
Products, Eugene, OR): razoxane; rhizoxin; sizofiran; spirogermanium; tenuazonic acid;
triaziquone; 2,2 2" trichlorotricthylamine; trichothecenes {(especially T-2 toxin, verracurin A,

roridin A and anguiding); urethan; vindesing (ELTHSINE®, FILDESIN®); dacarbazing;

(]

mannomusting; mitcbronitol; mitolactol; pipobroman; gacytosing; arabinoside ("Ara-C"};
thiotepa; taxoids, ¢.g.. TAXOL® paclitaxel (Bristol-Mvers Squibb Oncology, Princeton,

MN.J), ABRAXANE™ Cremophor-free, albunun-engineered nanoparticle formulation of
paclitaxcl (American Pharmaceutical Partners, Schaumberg, Hinois), and TAXOTERE®

10 doxetaxel (Rhone-Poulenc Rorer, Antony, France); chlorambucil; gemcitabine (GEMZAR®E);
6~-thioguanine; mercaptopuring; methotrexate; platinum analogs such as cisplatin and
carboplatin; vinblastine (VELBAN®); platinam; etoposide (VP- 16); tfosfanude;
mitoxantrong; vincristing (ONCOVIN®), oxaliplatin; leucovovin; vinorelbine
(NAVELBINE®}; novantrone; edatrexate; daunomyvcein; aminopterin; ibandronate,

15 topoisomerase wnhibitor RFS 2000; diftuoromethviomithine (BMFO); retinoids such as
retingic actd; capecitabime (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

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

Also included in this definition are anti-hormonal agents that act to regulate, reduce,
block, or mhibit the effects of hormones that can promote the growth of cancer, and are often
i the form of systemic, or whole-body treatment. They may be hormones themselves.
Examples include anti-estrogens and selective estrogen receptor modulators (SERMs),

25 including, for example, tamoxifen (including NOLVADEX® tamoxifen), EVISTA®
raloxifene, droloxifene, 4-hvdroxytamoxifen, trioxifene, keoxifeng, LY1 17018, onapristone,
and FARESTON® toremifene; anti-progesteronegs; 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®

30 leoprolide acetate, goserelin acetate, buserclin acctate and tripterelin; other anti-androgens
such as flutamide, milutanmide and bicahitamide; and aromatase inhibitors that inhibit the
enzyvme aromatase, which regulates estrogen production m the adrenal glands, such as, for
example, 4(5)-imidazoles, amunoglutethimide, MEGASE® megestro] acetate, AROMASING
exemestane, formestane, fadrozole, RIVIS OR® vorozole, FEMARA® letrozole, and
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ARIMIDEX® anastrozole. In addition, such definition of chemotherapeutic agents includes
bisphosphonates such as clodronate {for example, BONEFOS® or OSTAC®), DIDROC
AL® etidronate, NE-38095, ZOMET A® zoledronic acid/zoledronate, FOSAMAX®
alendronate, AREDIA® pamidronate, SKELID® tiludronate, or ACTONEL® risedronate; as
well as troxacitabine (a 1 3-dioxolane nucleoside cyvtosine analog), antisense
oligonuclestides, particolarly 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®R vaccine and
gene therapy vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and
VAXID® vaccine, LURTOTECAN® topoisomerase | inhibitor; ABARELIX® maRH;
lapatimib ditosvlate (an ErbB-2 and EGFR dual tyrosine kinase small-molecule mhibitor also
known as GW572016); and pharmaceutically acceptable salts, acids or derivatives of any of
the above.

A "growth inhibitory agent” when used berein refers to a compound or composition
which inhibits growth of a cell either 1o vitro or in vivo. Thus, the growth inhibitory agent
may be one which significantly reduces the percentage of cells in 8 phase. Examples of
growth inhtbitory agents inchude agents that block cell cycle progression (at a place other
than & phase), such as agents that induce G arrest and M-phase arrest. Classical M-phase
blockers include the vincas (vincnstine and vinblasting), taxanes, and topoisomerase 11
inhibitors such as doxorebicin, epirubicin, daunorubicin, etoposide, and bleomycin., Those
agenis that arrest Gl also spill over mto S-phase arrest, for example, DNA alkylating agents
such as tamoxifen, prednisone, dacarbazine, mechiorethamine, cisplatin, methotrexate, 5-
fluorouracil, and ara-C. Further information can be found in The Molecular Basis of Cancer,
Mendelschn and fsrael, eds., Chapter 1, entitled "Cell cyele regulation, oncogenes, and
antineoplastic drugs” by Murakami et al. (WB Saunders: Pluladelphia, 1995), especially p.
13. The taxanes (pachiaxel and docetaxel) are anticancer drugs both derived from the vew
tree. Docetaxel (TAXOTERE®, Rhone -Poulenc Rorer), derived from the European vew, is a
semisynthetic analogue of pachiaxel (TAXOL®, Brstol-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
celis.

in still other embodiments, TPRI polvpeptides 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 tissuc. Although
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processes related o fibrosis can occur as part of normal tissue formation or repatr,
dysregulation of these processes can lead to altered cellular composition and excess
connective tissue deposition that progressively impairs to tissuc or organ function. The
formation of fibrous tissue can result from a reparative or reactive process. Fibrotic disorders
or conditions mclude, but are not limited to, fibroproliferative disorders associated with
vascular disgases, such as cardiac disease, cercbral disease, and peripheral vascular disease,
as well as tissues and organ systems including the heart, skin, kidney, peritoncum, gut, and
hiver (as disclosed m, ¢.g., Wvnn, 2004, Nat Rev 4:583-394, incorporated herein by
reference). Excmplary disorders that can be treated include, but are not Emited to, renal
fibrosis, including nephropathies associated with injury/fibrosis, ¢.g., chronic nephropathics
associated with diabetes (e.g., diabetic nephropathy), lupus, scleroderma, glomerular
nephritis, focal segmental glomerular sclerosis, and IgA nephropathy; gut fibrosis, ¢.g.,
scleroderma, and radiation-induced gut fibrosis; liver fibrosis, e g, cirrhosis, alechol-induced
liver fibrosis, biliary duct injury, primary biliary curhosis, nfection or viral-mduced liver
fibrosis, congenital hepatic fibrosis and autoimmune hepatitis; and other fibrotic conditions,
such as cystic fibrosis, endomyocardial fibrosis, mediastinal fibrosis, sarcotdosis,
scleroderma, spinal cord mjury/tibrosis, myclofibrosis, vascular restenosis, atherosclerosis, |
injection fibrosis (which can occur as a complication of intranuscular injections, especially
in children), endomyocardial fibrosis, retroperitoneal fibrosis, and nephrogenic systemic
fibrosis.

As used herem, the terms "fibrotic disorder”, "fibrotic condition,” and "fibrotic
disease,” are used interchangeably o reter to a disorder, condition or disease charactenized by
fibrosis. Examples of fibrotic disorders include, but are not limited o lupus, sclerotic
disorders {e.g., scleroderma, atherosclerosis, and systemic scleroisis includimg, e g, diffuse
systemic sclerosis and progressive systemic sclerosis ), vascular fibrosis, pancreatic fibrosis,
tiver fibrosis {e.g., cirrhosis), renal fibrosts, musculoskeletal fibrosis, cardiac fibrosis (e.g.,
endomyocardial fibrosis, idiopathic myocardiopathy), skin fibrosis {(e.g., scleroderma, post-
travmatic, operative cutancous scarring, keloids and cutancous keloid formation), eve fibrosis
{c.g., glancoma, sclerosis of the eves, conjuncival and comeal scarmng, and ptervgium),
myelofibrosis, chronic graft-versus-host disease, Pevronie's discase, post-cystoscopic urethral
stenosis, idiopathic and pharmacologically induced retroperttoneal fibrosis, mediastinal
fibrosis, proliferative fibrosis, neoplastic fibrosis, Dupuvtren's disease, strictures, neural

scarring, dermal scarring, idiopathic pulmonary fibrosis and radiation induced fibrosis.
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In some embodiments, any of the polypeptides disclosed herein {e. 2., a polvpeptide
having the amino acid sequence of any onc of SEQ 1D NGs: 13 and 56-56) may be used,
alone or in combination with one or more supportive therapics or active agents, to treat,
prevent, or reduce the progression rate and/or severity of an mterstitial lung disease {(e.g.,
idiopathic pulmonary fibrosis). In some embodiments, the mterstitial lung discase is
pulmonary fibrosis. In some embodiments, the interstitial fung discase is caused by any ong
of the following: silicosis, asbestosis, berviliosis, hypersensitivity ppeumonitis, drug use
{¢.g., antibiotics, chemotherapeutic drugs, antiarchyvthmic agents, stating), svstemic sclerosis,
polymyositis, dermatomyositis, systemic lupus ervthematosus, rtheumatoid arthritis, an
infection (e.g.. atypical pncumonia, pneumocystis pneumonia, tuberculosis, chlamydia
trachomatis, and/or respiratory svnceytial virus), tvmphangitic carcinomatosis, cigarette
smoking, or developmental disorders. In some embodiments, the interstitial lung discase is
idiopathic {e.g., sarcoidosis, idiopathic pulmonary fibrosis, Hamman-Rich syndrome, and/or
antisynthetase syndrome). In pariicular embodiments, the interstitial lung disease is
idiopathic pulmonary fibrosis. In some embodiments, the treatment for idiopathic pulmonary
fibrosis s adrunistered in combination with an additional therapeutic agent. In some
embodiments, the additional therapeutic agent is selected from the group consisting of:
pirfenidone, N-acetylcysteine, prednisone, azathioprine, nintedanib, denivatives thereof and
combinations thereof.

In some embodiments, any of the polypeptides disclosed herein {e. g, a polypeptide
having the amino acid sequence of any one of SEQ 1D NOs: 13 and 50-56) may be used,
alone or in combimnation with one or more supportive therapies or active agents, to treat,
prevent, or reduce the progression rate and/or severity of a kidney-associated disease or
conditicn.  As used herein, "kidney-associated disease or condition" can refer to any discase,
disorder, or condition that affects the kidnevs or the renal system. Examples of kidney-
associated discases or conditions include, but are not limited to, chronic kidney disgases (or
failure), acute kiduey diseases {or failure}, primary kidney discases, non-diabetic kidney
diseases, glomerulonephniis, mterstitial nephritis, diabetic kidney diseases, diabetic
nephropathy, glomerulosclerosis, rapid progressive glomerulonephritis, renal fibrosis, Alport
syndrome, IDDM nephritis, mesangial proliferative glomerulonephritis,
membranoproliferative glomerulonephritis, crescentic glomerulonephritis, renal interstitial
fibrosis, focal segmental glomerulosclerosis, membranous nephropathy, muntmal change
discase, pauci-immune rapid progressive glomerulonephritis, IgA nephropathy, polyevsue

kidney disease, Dent's disease, nephrocvtinosis, Heymann nephritis, autosomal dominant
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{adult) polycystic kidney disease, autosomal recessive (childhood} polveystic kidney disease,
acute kidney injury, nephrotic syndrome, renal ischemia, podocyie diseases or disorders,
proteinuria, glomerular discases, membranous glomerulonephritis, focal segmental
glomerulonephritis, pre-eclampsia, eclampsia, kidnev lesions, collagen vascular diseases,
benign orthostatic {postural) proteinuria, IoM nephropathy, membranous nephropathy,
sarcotdosis, diabetes mellitug, kidney damage due to drugs, Fabry's disease, aminoaciduria,
Fanconi svndrome, hyvpertensive nephrosclerosis, unterstitial nephritis, Sickle cell discase,
hemoglobinuna, myvoglobinuria, Wegener's Granulomatosis, Glycogen Storage Disease Tvpe
1, chronic kidney disecase, chronic renal failure, low Glomerular Filtration Rate {(GFR),
nephroangioscicrosis, lupus nephritis, ANCA -positive pauci-immune crescentic
glomerulonephritis, chronic allogratt nephropathy, nephrotoxicity, renal toxicity, kidney
necrosis, kidney damage, glomerular and tubular injury, kidney dysfunction, nephritic
syndrome, acute renal failure, chronic renal failure, proximal tubal dysfunction, acute kidaey
transplant rejection, chronic kidney transplant rejection, non-igA mesangioproliferative
glomerulonephritis, postinfections glomerulonephritis, vasculitides with renal involvement of
any kind, any hereditary renal disease, any mterstitial nephritis, renal transplant falure,
kidney cancer, kidney discase associated with other conditions (e.g., hypertension, diabetes,
and autommmune disease), Dent's discase, nephrocyvtinosis, Heymann nephritis, a primary
kidney disease, a collapsing glomerulopathy, a dense deposit disease, a cryoglobulinemia-
associated glomernlonephritis, an Henoch-Schonlein discase, a postinfectious
glomerulonephritis, a bacterial endocarditis, a microscopic polvangitis, a Churg-Strauss
syndrome, an anti-GBM-antibody mediated glomerulonephritis, amyloidosis, a monoclonal
mnmunoglobulin deposition disease, a fibrillary glomeralonephritis, an immunotactoid
glomerulopathy, ischemic tubular injury, a medication-induced tubuvlo-interstitial nephritis, a
toxic tubulo-nterstitial nephritis, an mfectious tubulo-mterstitial nephritis, a bacternial
pyelonephritis, a viral mfectious tubulo-interstitial nephritis which results from a
polyomavirus infection or an HIV infoction, a metabolic-induced tubulo-interstitial disease, a
mixed connective discase, a cast nephropathy, a crystal nephropathy which may results from
uraie or oxalate or drug-mduced crystal deposition, an acute cellular tubulo-mierstitial
allograft rejection, a tumoral infiltrative disease which results from a lvmphoma or a post-
transplant vrophoproliferative discase, an obstructive disease of the kidney, vascular discase,
a thrombotic microangiopathy, a nephroangioscierosis, an atherocmbolic disease, a mixed
connective tissue disease, a polyartentis nodosa, a calcineunn-inhibitor induced-vascular
disease, an acute cellular vascular allograft rejection, an acute humoral allograft rejection,
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carly renal function dechine {(ERFD), end stage renal discase (ESRD), renal vemn thrombosis,
acute tubular necrosis, acute interstitial nephritis, established chronic kidney discase, renal
artery stenosis, ischemic nephropathy, uremia, drug and toxin-induced chronic
tubulointerstitial nephrtis, reflux nephropathy, kidney stones, Goodpasture's syndrome,
normocyiic normochromic anemia, renal anemia, diabetic chronic kidneyv disease, IgG4-
related disease, von Hippel-Lindau syadrome, tuberous sclerogis, nephronophthisis,
medullary cystic kidney discase, renal cell carcinoma, adenocarcinoma, nephroblastoma,
Ivmphoma, leukemia, hyposialvlation disorder, chromic cvclosporine nephropathy, renal
reperfusion injury, renal dysplasia, azotemia, bilateral arterial occlusion, acute uric acid
nephropathy, hypovolemia, acute bilateral obstructive uropathy, hypercalcemic nephropathy,
hemolytic uremic syndrome, acute urmary retention, malignant nephrosclerosis, postpartum
glomenilosclerosis, scleroderma, non-Goodpasture's anti-GBM disease, microscopic
polyarteritis nodosa, allergic granulomatosis, acute radiation nephritis, post-streptocaccal
glomerulonephritis, Waldenstrom's macroglobulinemia, analgesic nephropathy, arteriovenous
fistula, artentovenous grafl, dialysis, ectopic kidney, medullary sponge kidoey, renal
osteodystrophy, solitary kidnev, hyvdronephrosis, microalbuminunia, uremia, hacmaturia,
byperlipidenua, hypoalbuminacmia, lipiduria, acidosis, hyperkalemia, and edema.

In some embodiments, any of the polypeptides disclosed herein (e. 2., a polvpeptide
having the amino actd sequence of any one of SEQ ID NQOs: 13 and 50-36) may be used,
alone or in combination with ong or more supportive therapics or active agents, to treat,
prevent, or reduce the progression rate and/or severity of chronic kidney discase {¢.g ., tissue
damage, inflammation, and/or fibrosis). Chronic kidney disease (CKD), also known as
chronic renal disease, is a progressive loss in renal fimetion over a period of months or years.
The svraptoms of worsening kidney function may include feeling generally unwell and
expeniencing a reduced appetite. Often, chromic kidney discase is diagnosed as a result of
screening of people known to be at risk of kidney problems, such as those with high blood
pressure or diabetes and those with a blood relative with CKD. This disease may also be
identified when 1t leads to one of its recognized complications, such as cardiovascular
disease, anenua, or pericarditis. Recent professional guidelines classify the seventy of CKD
in five stages, with stage 1 being the mildest and usually causing few symptoms and stage 5
being a severe ingss with poor life expectancy if untreated. Stage 5 CKD is often called end-
stage kidney disease, end-stage renal discase, or end-stage kidney failure, and is largely
synonvmous with the now outdated terms chronic renal failure or chronic kidney failure; and
usually means the patient requires renal replacement therapy, which may involve a form of
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dialysis, but ieally constitutes a kidney transplant. CKD is mutially without specific
symptoms and 1s gencrally only detected as an increase in serum creatining ot protein in the
urine. As the kidney function decreases, various symptoms may manifest as described below.
Blood pressure may be increased due to fluid overload and production of vasoactive
hormones created by the kidney via the renm-angiotensin system, mereasing one's risk of
developing hypertension and/or suffering from congestive heart fatlure. Urea may
accumulate, leading to azotemia and ultimately uremia (symptoms ranging from [cthargy to
pericarditis and encephalopathy). Due to its high systemuc circulation, urea 1s excreted in

rall

cccrine sweat at high concentrations and crystallizes on skin as the sweat evaporates {"uremic
frost"). Potassium may accumaulaie in the blood (hyperkalemia with a range of symptoms
including malaise and potentially fatal cardiac arrhythmias). Hyperkalenua usually does not
develop until the glomerular filtration rate falls to less than 20-25 ml/min/1.73 m2, at which
point the kidneys have decreased ability to excrete potassium. Hyperkalemia m CKD can be
exacerbated by acidemia (which leads to extracellular shift of potassium) and from lack of
msulin. Ervthropoietin synthesis may be decreased causing anenua. Fld volume overload
sympioms may occur, ranging from mild edema to life-threatening pulmonary edema.
Hyperphosphatemia, due to reduced phosphate excretion, may occur generally following the
decrease n glomerular filtration. Hyperphosphatemia is associated with increased
cardiovascular risk, being a direct stimolus to vascolar calcification. Hypocalcemia may
manifest, which is generally caused by stimulation of fibroblast growth factor-23. Osteocvies
are responsible for the increased production of FGF23, which is a potent mhbibitor of the
enzyme |-alpha-hvdroxylase (responsible for the conversion of 25-hydroxycholecalciferol
mto 1,25 dihvdroxyvitamin D3}, Later, this progresses to secondary hyperparathyroidism,
renal osteodystrophy, and vascular caleification that further impairs cardiac function.
Metabolic acidosis {due to accumulation of sulfates, phosphates, uric acid etc.) may occur
and cause altered enzyme activity by excess acid acting on enzymes; and also increased
excitabifity of cardiac and neuronal membranes by the promotion of hyperkalemia due to
excess acid (acidemia). Acidosis is also due to decreased capacity to generate cnough
ammonia from the cells of the proximal tubule. Iron deficiency anemia, which increases m
prevalence as kidnev function decreases, 1s especially prevalent in those requiring
hacmodialysis. It is muoltifactoral in cause, but includes increased nflammation, reduction
erythropoietin, and hyperuricemia leading to bone marrow suppression. People with CKD
suffer from accelerated atherosclerosis and are more likely to develop cardiovascular disease
than the general population. Patients affiicted with CKD and cardiovascular discase tend to
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have significantly worse prognoses than those suffering only from the latter. In some
embodiments, the chronic kidaey disease is a chronic kidney disease mineral bong disorder, a
broad syndrome of mterrelated skeletal, cardiovascular, and mincral-mctabolic disorders
arising from kidney disease. CKD-MBD encompasses various skeletal pathologies often
referred to as renal osteodystrophy (ROD), which is a preferred embodiment for treatment
with anv of the polypeptides disclosed herein, or combinations with one or more supportive
therapies or active agents. Depending on the relative contribution of different pathogenic
factors, ROD is manifested as diverse pathologic patterns of bone remodeling (Hruska et al,
2008, Chronic kidney discase mineral bone disorder (CKD-MBDY); in Rosen ¢t al. {ed) Primer
on the Metabolic Bone Diseases and Disorders of Mineral Metabolism, 7th ed. American
Society for Bone and Mineral Research, Washington D.C. pp 343-349). At one end of the
spectrum 1s ROD with aremic osteodystrophy and low bone turnover, characterized by a low
number of active remodeling sites, profoundly suppressed bone formation, and low bone
resorption. At the other extreme is RO with hyperparathvroidism, high bone turnover, and
osteitis fibrosa.

In certain aspects, any of the polvpeptides (e.g., a polypeptide having the amino acid
sequence of SEQ ID NOs: 13 and 50-56) disclosed herein may be used, alone or in
combination with one or more supportive therapies or active agents, to treat, prevent, or
reduce the progression rate and/or severity of myelofibrosis (e.g., primary myelofibrosis,
post-polyeythemia vera myelofibrosis, and post-essential thrombocythenia myelofibrosis).
In particular, ActRIB antagonists may be used, alone or in combination with one or more
supportive therapies or active agents, to treaf, provent, or reduce the progression raie and/or
severity of one or more complications of myelofibrosis including, for example, meffective
hematopoiesis, anemia, inflammation, fibrosis {¢.g., bone marrow fibrosis, spleen fibrosis,
and liver fibrosis), pancytopenia, thrombocyiopenia, extramedullary hematopoiesis (¢.g.,
splentc extrameduliary hematopoiesis, hepatic extramedullary hematopoiesis, pulmonary
extramedullary hematopoigsis, and lymphatic extramedullary hematopoiesis}, hepatomegaly,
splenomegaly, osteosclerosis, osteomyelofibrosis, poikilocytosis, fatigue, weight loss, night
sweats, fever, pruritus, bone pain, early satietv, abdonunal pam or discomfort, arthralgias,
myalgias, parasthesias, cachexia, splenie infarct, and bleeding.

As ased herein, inhibition of the fibrotic response of a cell, includes, but is not limited
to the imhibition 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 panoreas;
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one or more celis within the skin; one or more cells within the bone, one or more cells within
the vasculature, one or more stem ¢clis, or one or more cells within the eve.

in some embodiments, any of the TRRI polypeptides of the disclosure may be used
for treating an autoimmune disease or disorder. In some embodiments, the autoimmune
disease or disorder 1s selected from the group consisting of: spondyloarthropathies;
ankyiosing spondylitis, arthritis, psoriatic arthritis/spondylitis, enteropathic arthritis, reactive
arthritis, Reiter's svadrome, undifferentiated spondvloarthropathics; reactive arthritis,
rheumatism, inflammatory bowel syndrome, Crohns Discase, rheumatoid arthritis,
rheumatoid spondyhitis, ostecarthritis, gouty arthritis, allergy, multiple sclerosis, autotmmune
diabetes, autoimmune uveitis and nephrotic syndrome.

In some embodiments, any of the TRRII polypepuides of the disclosure may be used
for treating a metabolic disorder. In some embodiments, the metabolic disorder is obesity or
diabetes {e.g., Type I or Type U diabetes), fatty liver disease, diabetic neuropathy, peripheral
neuropathy, diabetic retinopathy, diabetic ulecrations, retinopathy ulcerations, diabetic
macrovasculopathy.

In some embodiments, any of the TR polvpeptides of the disclosure may be used
for treating an infectious discase or following an organ or tissue transplantation.

In some embodiments, any of the TRRII polypepuides of the disclosure may be used
for treating chronic obstructive pulmonary dissase (COPD), chronic obstructive airway
disorder, wdiopathic pulmonary fibrosis and/or asthma. In part. the disclosure also relates to
methods of treating pulmonary hypertension (e.g., pulmonary arterial hypertension}
comprising administering to a patient in need thereof an effective amount of a TRRII
polypeptide (e.g., a polypeptide comprising the amino acid sequence of any onc of SEQ ID
NGs: 13 and 50-36). In some embodiments, the disclosure contemplates methods of treating
one or more complications of pulmonary hypertension {(e.g., smooth muscle and/or
endothelial cell proliferation in the pulmonary artery, angiogenesis in the pulmonary artery,
dvspnea, chest pain, pulmonary vascular remodeling, right ventricular hypertrophy, and
pulmonary tibrosis) comprising administering to a patient in need thereof an effective amount
of a TRRH polypeptide. In some embodiments, the disclosure contemplates methods of
preventing one or more complications of pulmonary hypertension comprising administering
to a pationt in need thereof an effective amount of a TRRI polypeptide. In some
embodiments, the disclosure contemplates methods of reducing the progression rate of
pulmonary hypertension comprising administering to a patient in need thereof an cffective

amount of a TPRI polypeptide. In some embodiments, the disclosure contemplates methods
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of reducing the progression rate of one or more comphications of pulmonary hypertension
comprising administering (o a patient in need thereof an effective amount of 2 TRRIL
polypeptide. In some cmbodiments, the disclosure contemplates methods of reducing the
severtty of pulmonary hypertension comprising administering to a patient in need thereof an
effective amount of a TRRII polyvpentide. In some embodiments, the disclosure contemplates
methods of reducing the severity of one or more complications of pulmonary hypertension
comprising administering to a patient in need thereof an effective amount of a TPRII
polvpeptide. Optionally, methods disclosed herein for treating, preventing, or reducing the
progression rate and/or severity of pulmonary hypertension, particularly treating, preventing,
or reducing the progression rate and/or severity of one or more complications of pulmonary
hypertension, may further comprise administermg to the patient one or more supportive
therapies or additional active agents for treating pulmonary hyperiension.

The present invention conternplates the use of TBRI polypeptides m combination
with one or more other therapeutic modalitics. Thus, 11 addition to the use of TBRIS
polvpeptides, one may also administer to the subject one or more "standard” therapies for
treating fibrotic disorders. For example, the TPRI polyvpeptides can be administered
combination with (i.¢., together with) cvtotoxins, tmmunosuppressive agents, radiotoxic
agents, and/or therapeutic antibodies. Particular co-therapeutics conternplated by the present
invention include, but are not himited to, steroids {¢.g., corticosteroids, such as Prednisone),
immune-suppressing and/or anti-inflammatory agents (¢.g., gamma-interferon,
cyclophosphanude, azathioprine, methotrexate, penicitianune, cvelosporine, colchicine,
antithymocyte globulin, mycophenolate mofetil, and hvdroxychloroguine}, cvtotoxic drugs,

calcium channel blockers {e.g.

g., nifedipine}, angiotensin converting enzyme inhibitors (ACE)
inhibitors, para-aminobenzoic acid {PABA), dimethyl sulfoxide, transforming growth factor
beta (TGFP) intubitors, interleukin-5 (IL-3) mhibitors, and pan caspase inhibitors.
Additional anti-fibrotic agents that may be used in combination with TBRH
polypeptides inchade, but are not limited to, lectins {as described 1n, 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 Chin Invest 117:524-529, the entire
contents of which s incorporated herein by reference). For example, additional anti-fibrotic
agents and therapies include, but are not limited to, various anti-inflammatory/
tmownosuppressive/ cytotoxic drugs (including colchicine, azathioprine, cvelophosphamide,
prednisone, thalidomude, pentoxifylime and theophylhine), TGEFp signaling modifiers
(including relaxin, SMAD7, HGF, and BMP7, as well as TGEBL TRRE, TERIL, EGR-], and
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CTGF mhibitors}, cytoking and cytokine receptor antagonists {inhibitors of 1L-18, IL-5, IL-6,
T~ 13, H-21, 1L-4R, [L-13Ral, GM-CSF, TNF-g, oncostatin M, WISP-1, and PDGFs),
cytokines and chemokincs (JFN~y, IFN-o/f, 1L-12, 1L-10, HGF, CXCLIO, and CXCL11),
chemokine antagonists (mhibitors of CXCLI, CXCL2, CXCLI12, CCL2, CCL3, CCLs,
CCL17, and CCL1B), chemokine receptor antagonists (inlubitors of CCR2, CCR3, CCRS,
CLCR7, CXCR2, and CXCR4), TLR antagonists {inhibitors of TLR3, TLR4, and TLRS),

(]

angiogenesis antagonists (VEGF-specific antibodics and adenosing deaminase replaccment
therapy), antihyvpertensive drugs (beta blockers and mhibitors of ANG 11, ACE, and
aldosterone), vascactive substances (HT-1 receptor antagonists and bosetan), inhibitors of the

10 enzvmes that synthesize and process collagen (inhibitors of proly] hydroxylase), B cell
anfagonists (rifuximab), integrin/adhesion molecule antagonists (molecules that block alpl
and avfi6 integrins, as well as inhibitors of integrin-linked kinase, and antibodics specific for
ICAM-E and VCAM-1), proapoptotic drugs that target myofibroblasts, MMP inhibitors
(inhibitors of MMP2, MMP9Y, and MMP 12}, and TIMP inhibitors {(antibodics specific for

15 TIMP-1).

The TR polvpeptide and the co-therapeutic agent or co-therapy can be
administered in the same formmulation or separately. In the case of separate administration,
the TPRII polypeptide can be administered betore, after, or concurrently with the co-
therapeutic or co-therapy. One agent may precede or follow administration of the other agent

20 by intervals ranging from minutes to weeks. In embodiments where two or more different
kinds of therapeutic agents are applicd separately to a subject, one would generally ensure
that a significant period of time did not expire between the time of cach delivery, such that
these different kinds of agents would still be able to exert an advantageously combined effect

on the target tissues or cells.

18, Pharmaceutical Compositions

The therapeutic agents described herein {e.g , TPRII fusion polypeptides) may be
formulated into pharmaceutical compositions. Pharmaceutical compositions for use in
accordance with the present disclosure may be formulated in conventional manner usimg one

30 ormore physiclogically acceptable camers or excipients. Such formulations will generally
be substantially pyrogen-free, in complhance with most regulatory requurements.

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,
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physiologically acceptable form. Therapeutically useful agents other than the TBRIE
signaling antagonists which may also optionally be included in the composition as described
above, may be administered simultancously or sequentially with the subject compounds (c.g.,
THRIT polypeptides) in the methods disclosed herein.

Typically, protein therapeutic agents disclosed herein will be administered parentally,
and particularly intravenously or subcutanecusly. Phammaceutical compositions saitable for
parenteral administration may comprise one or more TRRIT polvpeptides in combination with
ong or more pharmaceutically acceptable stenle 1sotonic agueous or nonagueous solutions,
dispersions, suspensions or emulsions, or sterile powders which may be reconstituted into
sterile injoctable solutions or dispersions just prior to use, which may contain antioxidants,
buffers, bactenostats, solutes which render the formulation sotonic with the blood of the
intended recipient or suspending or thickening agents. Examples of suitable agueous and
nonaguecus carriers which may be emploved in the phamaceutical compositions of the
disclosure include water, ethanol, polvols (such as glycerol, propvlene glyveol, polyethylene
glveol, and the like), and suitable mixtures thereof, vegetable o1ls, such as olive oil, and
tnjectable organic esters, such as ethyl oleate. Proper fluidity can be maintained, for
example, by the use of coating materials, such as lectthin, by the mamtenance of the required
particle size in the case of dispersions, and by the use of surfactants.

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
mgredient. The pack may for example comprise metal or plastic foil, such as a blister pack.
The pack or dispenser device may be accompanied by mstructions for administration

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 (¢.g., TRRIT 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 releage of the TR
polypeptides. Such matrices may be formed of materials presently 1n use for other unplanted
medical applications.

The choice of matrix matenial 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

-2



(]

10

20

WO 2018/204594 PCT/US2018/030816

materials are biodegradable and biclogically well defined, such as bone or dermal collagen.
Further matrices are comprised of pure proteins or extracelivlar matrix components. Other
potential matrices are non-biodegradable and chemically defined, such as sintered
hydroxyapatite, bioglass, alununates, or other ceramics. Matrices may be comprised of
combinations of any of the above mentioned tvpes of matenal, such as polvlactic acid and
hydroxyapatite or collagen and tricalcium phosphate. The bicceramics may be altered 1n
composition, such as in calcium-~aluminate-phosphate and processing to alier pore size,
particle size, particle shape, and biodegradability,

In certain embodiments, methods of the fnvention ¢an be administered fororally, e g,
in the form of capsules, cachets, pulls, tablets, lozenges (using a flavored basis, usually
sucrose and acacia or tragacanth), powders, granules, or as a solution or a suspension m an
aqueous or non-aqueous liguad, or as an oil-in-water or water-in-oil hiquid emudsion, or as an
clixir or syrup, or as pastitles {(using an inert base, sach 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 adnunistered as a bolus, electuary or
paste.

in solid dosage forms for oral adnunistration {capsules, tablets, pills, dragees,
powders, granules, and the like), one or more therapeutic compounds of the present mvention
may be mixed with one or more pharmaceatically acceptable carriers, such as sodium citrate
or dicalcium phosphate, and/or any of the following: (1) fillers or extenders, such as starches,
lactose, sucrose, ghicose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxvmethylcellulose, alginates, gelatin, polvvinyl pyrrohidone, sucrose, and/or acacia; (3)
humectants, such as glveerol; (4) disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; {5) solation
retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary ammonium
compounds; {7) wetting agents, such as, for example, cetvl aleohol and glycerol
monostearate; {8) absorbents, such as kaolin and bendonite clay; {9) lubricants, such a talc,
calcium stearate, magnesium stearate, solid polyethylene glvcols, sodium lauryl sulfate, and
mixtures thereof, and (10} coloring agents. Tn the case of capsules, tablets and pills, the
pharmaceutical compositions may also comprise buffering agents. Sohid 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 polvethylene

glveols and the hike.
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Liguid dosage forms for oral admimistration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups, and elixirs. In addition to the
active ingredient, the liguid dosage forms may contain inert diluents commonly used in the
arf, such as water or other solvents, solubilizing agents and emulsifiers, such as ethyl alcohol,
isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propvlence
glycol, 1,3-butviene glveol, oils (in particular, cottonseed, groundmut, corn, germ, olive,
castor, and sesame oils}, glvcerol, tetrahydrotury] alcohol, polyethylence giveols and fatty acid
csters of sorbitan, and mixtures thereot. Besides nert diluents, the oral compositions can also
include adjuvants such as wetting agents, emulsifving and suspending agents, sweetening,
flavoring, coloring, perfuming, and preservative agents.

Suspensions, in addition to the active compounds, may contain suspending agenis
such as ethoxylated 1sostearyl alcchols, polvoxyethyiene sorbitol, and sorbitan esters,
microcrystalline celludose, aluminum metahydroxide, bentonite, agar-agar and tragacanth,
and mixtures thereof,

The compositions of the invention may also contain adjuvants, such as preservatives,
wetting agents, emulsifying agents and dispersing agents. Prevention of the action of
nucroorganisms may be ensured by the inchusion of various antibacterial and antifungal
agents, for example, paraben, chiorobutanol, phenol sorbic acid, and the fike. 1t mayv also be
desirable to include 1sotomc agents, such as sugars, sodium chloride, and the like mnto 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,

It 13 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
wnvention {¢.g., TRRII fusion polypeptides}. The varous factors include, but are not hmited
to, the patient's age, sex, and dict, the severity disease, ime of administration, and other
chnical factors. Optionally, the dosage may vary with the type of matrix used in the
reconstitution and the tvpes of compounds in the composition. The addition of ather known
growth factors to the final composition, may also atfect the dosage. Progress can be
monitored by periodic assessment of bone growth and/or repair, for example, X-ravs
{including DEXA), histomorphometric detorminations, and tetracychine labeling,

in certain embodiments, the present invention also provides gene therapy for the in
vivo production of TPRIT fusion polypeptides. Such therapy would achieve its therapeutic
cffect by mtroduction of the TRRH polynuclectide sequences into cells or tissues having the
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disorders as listed above. Debivery of TERI polynucleotide sequences can be achieved using
a recombinant expression vector such as a chimeric virus or a colloidal dispersion system.
Preforred for therapeutic delivery of TRRIT pobynucleotide sequences is the use of targeted
liposomes.

Various viral vectors which can be utilized for gene therapy as taught herein include
adenovirus, herpes vires, vaccinia, or, preferably, an RNA virus such as a retrovirus.
Preferably, the retroviral vector is a denivative of a murine or avian retrovirus. Examples of
retroviral vectors in which a single foreign gene can be inserted include, but are not imited
to: Moloney murine keukemia viras (MoMuLV), Harvey murine sarcoma virus (HaMuSV),
muringe 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 glveolipid, 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 mserted mto
the retroviral genome or attached to a viral envelope to allow target specific delivery of the
retroviral vector containing the TPRI polynucleotide. Tn a preferred embodiment, the vector
is targeted to bone or cartilage.

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 transfocted with the vector plasnud contaiming the genes of
mterest. The resulting cells release the retroviral vector into the culture medium.

Another targeted delivery system for TRRIT polynuclestides 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 svstem of this invention is a
liposome. Liposomes are astificial membranc vesicles which are useful as delivery vehicles
in vitro and in vive. RNA, DNA and intact virions can be encapsulated within the agueous
interior and be delivered to cells in a biologically active form (se¢ e.g., Fraley, et al., Trends
Biochem. Sci., 6:77, 1981). Methods for efficient gene transfer using a liposome vehicle, are
kanown in the art, see ¢.g., Mannino, ¢t al., Biotechniques, 6:682, 1988, The composition of
the liposome 15 usually a combination of phospholipids, usually in combination with steroids,

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

Examples of lipids useful in liposome production include phosphatidyl compounds,
such as phosphatidylghveerol, phosphatidyicholine, phosphatidviserine,
phosphatidylethanolamine, sphingolipids, cerebrosides, and ganghosides. Hlustrative
phospholipids include egg phosphatidylcholine, dipalmitoylphosphatidyicholine, and
distearoviphosphatidvicholine. The targeting of iposomes 1s also possible based on, for
example, organ-specificity, cell-specificity, and organelle-specificity and is known n the art.

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
The mvention now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of dlustration of

certain embodiments of the present mmvention, and are not intended to limit the mvention.

Example 1. Generation of receptor fusion protein variants
TBRINECD variants

TRRII fusion proteins comprising a soluble extracelludar portion of human TPRI and
a humanFc portion were gencrated. For each fusion protein, a TPRH amino acid sequence
having the amino acid sequence of SEQ 1D NO: 18 was fused to an IgG Fe portion having the
amino acid sequence of SEQ 1D NG: 20 by means of one of several different linkers. Each of
the fusion proteins also incloded a TPA leader sequence having the amino acid sequence of
SEQ ID NO: 23 (below).

Tissue plasminogen activator (TPAY MDAMKRGLCCVLLLCGAVEVSP (3EQ ID
NGC: 23)

An tHlustration summary of several of the constructs designed is provided as Figure 3.
A table detailing the sequences for the different constructs tested in the Exemplification

section 18 provided below:

Construct Name | Construct Linker Sequence

Amino Acid

Sequence
WTBRII-hFe SEQIDNO: 6 TGGG(SEQID NG: 3)
WTBRIE(G48)2- | SEQIDNO: 15 | TGGGGSGGGGS (SEQ ID NG 4)
hFc
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NTERIT (G48)3-
hFc¢

SEQ D NO: 11

TGGGGSGGGESGGOGES (SEQ D NO: 5)

WTRRIT (G45)4-
hFe

SEQIDNO: 13

TGGOGGSGGGGSGGGGSGGHES (SEQ 1D NO: 6)

KTRRI extended
hinge-hkFc

SEQID NG: 17

TGGGPKSCDK (SEQ ID NO: 7)

WTBRIE (G48)5-
hFe

SEQ 1D NO: 44

TGGGGSGGGGSGGGGSGGGGSGGGGS (SEQ
1D NO: 25)

WTRRIL (G48)6-

hF¢

SEQ ID NO- 43

TGGGGSGGGGSGGGGSGGGGSGGGGSGGGGS
(SEQ ID NO: 26)

The amino acid sequences for the construct components and each of the constructs,

along with the nucleic acid sequence used to express these constructs, are provided below.

THRIT Portion: Amino Acid Sequence

S e
Fow i =

)
5]
(2]

Fe Portion: Amino Acid Sequence

TIPPHVO

THTCPPCPAP ELLGG

51 VKENWYVDGV
161 CRKHLP \PT

151

. o
201 ESCSV

SDIAVEWE SNGQP
MHEAL HNHYT

il K5D VEMEAQKDET ICPSCNRTAH
POLCKFCDVR FQT‘Uthep b 3

ETVCHDPKLP 7
IFSEEYNTSN

EVHNAKTKPR E
EXTISKAKGQ

PLRHINNDMI VTDNNGAVKE
QITSIC EKPQEVCVAYV WRENDENITL
KPGETEFFMCS CSSDECNDNI

PRFPKDTLM ISRTPEVTCYV VVDVSHEDPE
VSVLTVLHOD WLNGKEYKCK
LP PSREEMTENQ VSLTCLVKGE

DG SEFFLYSKLTV DESRWQOOGNY
(SEQ ID NO: 20

VL

P(‘\ﬂ?‘: F
=

'Q “U
H
N
¢
f?

@Y tUorg e
=

gyl

J

(SIS

J

.|

ENNYK TTE
'DKSLS LSPG

hTBRIF-hive: Nucleic Acid Sequernce

1 ATGGATGCAA TGAAGAGAGG GCTCTGCTGET GTGCTGCTGECE TGTGETGGAGT
51 AGTCTTCGETT TCGCCCGGCE CCACGATCCC ACCGCACGTT CAGAAGTCGGE
el ATGTGGAAAT GGAGGCC“PG ARAGATGAAR TCATCTGCCC CAGCTGTAAT
151 AGGACTGCCC ATCCACTGAG ACATATTAAT AACGACATGA TAGTCACTGA
201 CAACAACGGET GCAGTCAAGT TTCCACAACT GTGTAAATTT TGTGATGTGA
251 GATTTTCCAC CTGTGACAAC CAGAAATCCT GCATGAGCAA CTGCAGCATC
301 ACCTCCATCT GTGAGAAGCC ACAGGAAGTC TGTGTGGCTG TATGGAGAAA
351 GAATGACGAG AACATAACAC "T‘Z-‘ GAGACAGT TTGCCATGAC CCCAAGCTCC
401 CCTACCATGA CTTTATTCTG GAAGATGCTG CTTCTCCAAA GTGCATTATG
451 ARGGARAAADD AAARAGCCTGG igﬂ ACTTTC TTCATGTGETT CCTGTAGCTC
501 TGATGAGTGC AATGACAACA TCATCTTCTC AGAAGAATAT AACACCAGCA
551 ATCCTGACAC CGGTGGTGEGA ACTCACACAT GCCCACCGETG CCCAGCACCT
cC1 GARACTCCTGGE GGGGACCETC PGT"“F””T ”T””LCCCAA AACCCARGGA
651 CACCCTCATG ATCITCCCGEA CCCLTGAGGT CACATGCGETG GTGETGGACG
701 TGAGCCACGA AGACCCTGAG GTC nAG TCA ACTGGTACGT GGACGGCGTG
751 GAGGTGCATA ATGCCAAGAC AAAGCCGUGG GAGGAGCAGT ACAACAGCAC
201 GTACCGTGETG GTCAGCGTCC TCACCGTCCT GCACCAGGAC TGGCTGAATG
851 GCAAGGAGTA CAAGTGCAAG GTCTCCAACA AAGCCCTCCC AGCCCCCATC
901 GAGAARACCA TCTCCAAAGC CAA“GGG,’ CCCCGAGRAC CACAGGTGTA
951 CACCCTGCCC CCATCCCGGG AGGAS CAAGAACCAG GTCAGCCTGA
1061 CCTGCCTGET CRAAAGGCTTC TATCCCAGCG ACATCGCCGET GGAGTGGGAS
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AGCAATGGGEC AGCCGGAGAA CAACTACAAG ACCACGCCTC CCGTGCTGGA
CTCCGACGGE TCCTTOTTCC TOTATAGCAA GCTCACCGTS GACAAGAGCA
GbTCCCPCLP GCC\xFCmn, TTCTCATGCT CCCTGATGCA TGAGGCTCTG
CACAACCACT ACACGCAGAA GAGCCTCTCC CTGTCTCCGS GTAAATGA {SEQ
5 ID NO: 8)

ATBRI-nEe: Amino Acid Sequence

1 MDAMKRGLCC VLLLCGAVEV SPGATIPPHV QKSDVEMEAQ KDEIIC?S;N
10 51 RTAHPLRHIN NDMIVTDNNG AVKEFFQLCKE CDVRESTCDN 3 P
100 TSICERKPQEV CVAVWREKNDE NITLETVCHD PKLPYHDEIL
1 EXKKEPGETE FMCSCSSDEC NDNIIFSEEY NTSNPDTGGG THT
201 ELLGGESVEL PFPPKPKDTLM ISRTPEVICY VVDVSHEDPE VEKENWYVDGV

I
£

OKS
EDA

25 EVHNAKTRKPR EEQYNSTYRV VSVLTVLHOD WLNGKEYKCK VSNKALPAPI
13 301 EXTISKARKGD PREPQVYTLP PSREEMTENQ SLTCLVVG' YPSDIAVEWE
351 SNGCPENNYK TTPPVLDSDG SEFFLYSELTYV DKSRWOQOGNV FSCSVMHEATL

s
(o]
P

HNHYTQKSLS L3SPGK {SEQ ID NO: 9j

20 hTBRIT (G458} 3-hive: Nucleic Acid Sequence

1 ATGGATGCAA TGAAGAGAGG GOTCTGCTGET GTGCTGCTGE TETGTGEGAGS
571 AGTCTTCGTT TCGCCCGGCG CCACGATCCC ACCGCACGTT CAGAAGTCGG
101 ATGTGGARAAT GGAGGCCCAG AAAGATGAAA TCATCTGCCC CAGCTGETAAT
1 AGGACTGCCC ATCCACTGAG ALATATTAAT AACGACATGA TAGTCACTGA
25 1 CAACAACGET

CAGTCAAGT TTCCACARCT GTGTARATTT TGTGATGTGA
TETGACAAC CAGAAATCCT GCATGAGCAA CTGCAGCATC

i5

20 G
25 GATTTTCCAC T
301 CCTCCATCT GTGAGAAGCC ACAGGAAGTC TGIGTGGEOTG TATGGAGAAA
351 GAATGACGAG AACATAACAC TAGAGACAGT TTGCCATGAC CCCAAGCTCC
401 CCTACCATGA CTTT ATTJ“G GAAGATGCTG C ECTCCAAA GTGCATTATG
L
L

30 457 AAGGARAARAA AALAAGCCT TGAGACTTTC TGETT CCTGTAGCTC

50 TGATGAGTGC A;TGACAAuﬂ TCATCTTCTC ZGAATA. AACACCAGCA

551  ATCCTGACAC CGGTGGTGEGA GGAAGTGETG GAGGTGETTC TGGAGGTGGT

601 GGAAGTACTC ACACATGCCC ACCGETGCCCA GC"“CTCAAC TCCTGEGGGE

651  ACCGTCAGTC TICCTCTTCC CCCCAAAACC CAAGGACACC CTCATGATCT

35 701 CCCGBACCCC ihAeGrc \CA TGCHTGETEE TGGA (ﬁmfAC CCACGAAGAC

5] COCTGAGGTCA AGTTCAACTG GTACGTGGAC GGCETGGAGS TGCATAATGCS

801 \CJ CCGVuGCﬁGG AGCAGTACAA CAGCACGTAC CGTGTGETCA

351 CCT CGTCCTGCAC CAGGACTGEGC TGAATGGCAA GGAGTACAAG

901 GG CCAACAMAGC CCTCCCAGCC CCCATCGAGA AAACCATCTC

46 951 =C GGGCAGCCCC GAGAACCACA GGTGTACACT CTGCCCCCAT

1001 G GATGACCAAG AACCAGGTCA GCCTGACCTG CCTGGTCAAA

1051 CCAGCOACAT COCCGETGOAS TGGCAGAGCA ATGEGCAGCC

1101 GGAGAACAAC TACAAGACCA CGCCTCCCGT »‘M“Gﬁg“r“ CACGGCTCCT

1151 TCTTCOTCTA TAGCAAGCTC ACCGTGGACA x WAGCAGGTG GCAGCAGGGE

45 1201 AACGTCTTCT CATGCTCCGT GATGCATGAG GCTCTGCACA ACCACTACAC
1251 GCAGARGAGC CTCTCCCTGT CTCCGGGTAA AT@A {SEQ ID NO: 10)

REBRI (G483 3-hite: Amino Acid Sequence

l ”D]’KRGHCZ VLLLCGAVEV uPFuiTPLHV QESDVEMEAQ KDEIICPSCN

50 51 RTAHPLRAIN NDMIVTDNNG AVKEFPQLCKE CDVRESTCDN QKSCMSNCSI
101 TSICEKPQEY CVAVWRKNDE th*EiJCHD PRLPYHDFIL EDAASPKCIM

151 R”VKKOCEMF 1%?“”‘ DEC NDNIIFSEEY NTSNPDTGGG GSGGEGGSGEE

G
201 G PELLGGPSV FLEFPPKPEKDT LMISRTPEVT CVVVDVSHED
251 PEVKFBWVV, GVEVHNAKTK FPREEQYNSTY RVVSVLTVLH PWTNFKEYK
301 CEVSNKALFPA PIEKTISKAK GQPREPQVYT LPPSREEMTEK NQVS
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351 GEYPSDIAVE WESNGQPENN YKTTEFPVLDS DGSFFLYSKL TVDKSRWOOG
401 NVESCSVMHE ALHNHYTQOKS LSLSPGK (SEQ ID NO: 1il)

5 hTPRIT ((;4 S-hEc: Nucleic Acid Sequence
1 ATGGATGCAA TGAAGAGAGG GCTCTGCTGET GTGCTGCTGC TGTGTGGAGT
51 Af“l‘C"'”""CG’T"'l‘ TCGCCCGEEG f'iCh"”GA""f'iCC ACCGCACGTT CAGAAGTCGG
el ATGTGGAAAT GGAGGCCCAG AAAGATGAAA TCATCTGCCC CAGCTGETAAT

i51 AGGACTGCCC ATCCACTGAG ACM AT
10 201 CAMACAACGGT GCAGTCAAGT TTCCACAACT
257 GATTTTCCAC CAGARATCCT

TAGTCACTGA
TGTGATGTGE
CTGCAGCATC

301 ACCTCCATCT GTGAaAﬂ, ACAGGAAGTC TGT TG TATGGAGAAA

351 GAATGACGAG AACATAACAC TAGAGACAGT TTGCCATGAC CCCAAGCTCC

401 CCTACCATGA CTTTATTCTG GAAGATGCTG CTTCTCCAAA GTGCATTATG

15 451 ARGGAALADD AAhP”NNWG‘ TGAGACTTTC TTCATGTGETT CCTGTAGCTC

501 TGATGAGTGC AATGACAACA TCATCTTCTC AGAAGAATAT AACACCAGCA

551 ATCCTGACAC Lme’GTuuA GGTTCTGGAG GTGEGAGGAAG TEGETGGAGGET

GGl GGTTCTGGAG GTGGTGGAAG TACTCACACA TGCCCACCGET GCCCAGCACC

651 TGAACTCCTG GGGGGACCGET CAGTCTTCCT CTTCCCCCCA AAACC CAAGG

20 FAN ACACCCTCAT GATCTCCCGG ACCCCTGAGG TCACATGCGT GGTGGETGGAC
751 GTGAGCCACG AAGACCCTGA GGTCAAGTTC AACTGGTACG TGGACGGCGT

o0l GGAGGETGCAT AATGCCAAGA CAAAGCUGCG GGAGGAGCAG TACAACAGCA

251 CGTA”NSrﬂT GGTCAGCETC CTCACCGETCC TGCACCAGGA CTGGECTGAAT
GGCAAGGAGT ACAAGTGCAA GGTCTCCAAC AAAGCCCTCC CAGCCCCCAT

25 CCAJAAAAﬂF ATCTCCAAAG CCAAAGGGCA GCCCCGAGAA CCACAGGETGT
ACACCCTGC CCCATCCCGGE GAGGAGATGA CCAAGAACCA GGTCAGCCTG

ACCTGC /T\:r = TCAAAGGCTT CTATCCCAGC GACAT .».uk,CG TGGAGTGGGA

GAGCAATGGG CAGCCGGAGA ACAACTACAA GACCACGC ‘CvuTvaGG

’N
D
(")(")4

2
ACTCCGACGG CTlCTTCi“C CTCTATAGCA AGLibAvai GGACAAGAG
AGGTGGECAGT T CTTCTCATGC TCCETGATGC ATGAGGCTCT
GCACAACCA TACRLbLAuA AGAGCCTCTC CCTGETCTCCE GGTAAATGA
ID NGC: 123

C
C

RTBRIT (G45)4-hic: Amino Acid Sequence
MDAMEKRGLCC VLLLCGAVEV SPGATIPPHV QKSDVEMEAQ KDEITCPSCN
RmAHDL%WTN NDMIVTDNNG AVKFPQLCKE CDVRESTCDN QKSCMINCSI

02
Cn

oy

=

[

C‘] TSICERKPQEV CVAVWREKNDE NITLETVCHD PKLPYHDEIL EDAASPKCIM
15] EXKKF GE¢F FMCSCSSDEC NDNIIFSEEY NTSNPDTGGG GSGGGGESGEE
201 GSGGEGEGESTHT CRPCPAPELL GGPSVIFLEPP KPKDTLMISR TPEVITCVVVD
40 251 VSHEDPEVKE NWYVDGVEVH NAKTKPREEQ YNSTYRVVEV LTVLHQDWLD
301 GEKEYKCKVSN KALPAPIEKT ISKAKGQPRE POVYTLPPSR TENQVSL
351 TCLVKGEYPS DIAVEWESNG QPENNYKTTP PVLDSDGSEE LYSKLIVDKS
4C1 RWOOGNVESC SVMHEALHNH YTCKSLSLSP GK (SEQ ID NO: 13}

43 ATBRIT (G4 S’)4Jch' Amim Acid Sequence Zacking leader sequence
1 GATIPPHVQOK VEMEAQKD EITCDSCNRT HPLRHINND MIVTDNNGAV
51 KFPQupKTCD ”“F‘MFPQQ SCMSNCSIT CFKP“E /CV AVWRKENDEN
101 TLETVCHDPK LEPYHDFILED ﬁAgf"l¢M/F KEKPGETIFM CSCSSDECND
151 M'TFQL&YNT SNPDTGGGEGES GGEGSGEGES GGGGSTHTCP PCPAPELLGG
50 201 PSVELEPPKP KDTLMISKRTP EVICVVVDVS HEDPEVKENW YVDGVEVHNA
25! RTKPREEQYN STYRVVSVLT VLHODWLNGK EYRKCKVSNKA LPAPTEKTIS
301 KAKGQPREPQ VYTLPPSREE MTEKNQVSLTC LVKGEYPSDI AVEWESNGQOP
351 ENNYKTTPPV LDSDGSFFLY SKLTVDHESRW QOGNVESCSV MHEALHNHYT
401 QKSLSLSPGK (SEQ ID NO: 50}
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ATHRIT (G485)4-hlc: Amino Acid Sequence lacking leader sequence and lacking
glvcine prior to HTERIT portion

1 ATIPPHVOKS DVEMEAQKDE IICPSCNRTA HPLRHINNDM IVIDNNGAVEK
51 FPOLCKEFCDV RESTCDNQKS CMSNCSITSI CERKPOEVCVA VWRKNDENIT
101 LETVCHDPKL PYHDFILEDA ASPRCIMKEK RKKPGETEFFMC SCSSDECND:
151 TIFSEEYNTS NFPDTGGGGESG GGGSGGGEESGE GGGSTHTCPP CPAPELLGGE
201 SVELFPPKPK DTLMISRTRE VICVVVDVSH EDPEVKENWY VDGVEVHNAK
251 TKPREEQYNS TYRVVSVLTV LHODWLNGKE YKCKVSNKAL PAPIERTISK
301 AKGOPREPQV YTLPPSREEM THENQVSLTCL VKGEYPSDIA VEWESNGOPE
351 NNYKTTPPVL DSDGSEFFLYS KLTVDKSRWC QGNVESCSVM HEALHNEYTQ
401 KSLSLEPGK {SEQ ID NO: 52)

WTHRIT (G48)4-hFe: Amino Acid Sequence lacking leader sequence and lacking
glycine and alanine prior to WTFRI portion
1 TIPPHVOKSD VEMEAQRKDEI ICPSCNRTAH PLRHINNDMI VTDNNGAVEKE
POLCRKECDVR ESTCDNQKSC MIENCSITSIC EKPQEVCVAV WRENDENITL
ETVCHDPKLP YlDF'LhDAﬁ SPRCIMKEKK KPGETFEMCS CSSDECNDNI
IEFSEEYNTSEN 0 > GGSTHTCPPC PAPELLGGPS
VELEPPKPKD TLMJUR PEJ i DPEVKENWYV DGVEVHNAKT
KPREEQYNST YRVVSVLIVL KCKVSENFALY APIEKTISKA
KGRPREPQVY TLPPSREEMT KGEYPSDIAV EWESNGOPEN
NYKTTPPVLD SDGSEFEFLYSK GNVESCSVMH EALHNHYTQK
SLSLSPGK (SEQ ID NO:

[ RN ®)]
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WTBRIT (G4S)4-hEc: Amino Acid Sequence lacking leader sequence and lacking
elveine, alanine, and threonine prior to WTERI portion

1 IFPHVOKSDV EMEAQKDEITI CPSCNRTAHP LRHINNDMIV TDNNGAVKEP
51 QLCKFCDVRE STCDNQKSCM SNCSITSICE KPQEVCVAVW REKNDENITLE
101 TVCHDPKLPY HDFPILEDAAS PKCIMKEKKK PGETEFFMCSC SSDECNDNIZI
151 FSEEYNTSNEP DIGGGGSGGG GIGGEEG3GGGE GSTHTCRPCP APELLGGPSV
201 FLEPPKPKDT LMISRTPEVT CVVVDVSHED PEVEKFNWYVD GVEVHNAKTE

251 PREEQYNSTY R\/""""L’l“’lﬁr QDWLNGKEYK CKVSNKALPA PIEKTISKAK
301 GQPREFPQVYT LFPSR N ““LTVLVK GEFYPSDIAVE WESNGQOPENN
351 YKTTPEVLDS DGSEFEL it SRWOOG NVESCSVMHE ALHNHYTQKS
401 LSLSPGK (SEQ ID NO: 53)
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7

ATRRIT (G48)4-hIc: Amino Acid Sequence lacking leader sequence and lacking
glycine, alanine, threonine, and isoleucine prior to hTERIT portion

1 PPHVORKSDVE MEAQKDEIIC PSCNRTAHPL RHINNDMIVT DNNGAVEFPQ
51 LCKFCDVRES TCDNQKSCMS NCSITSICERK POEVCVAVWR KNDENITLET
101 VCHDPRKLPYH DFILEDAASP KCIMKEKKEP GETFFMCSCS SDECNDNIILE
151 SEEYNTSNEPD TGEGGEGEIGEEE S3GGEESGGEGEGE STHTCPPCPA PELLGGESISVE
201 LFPPRPKDTL MISRTPEVIC VVVDVSHEDP EVKFNWYVDG VEVHNAKTEKP
251 REEQYNSTYR VVSVLTVLHO DWLNGKEYKC KVSNEKALPAP IERTISKAKG
301 QPREPQVYTL PPSREEMTEN QVSLTCLVKG FYPSDIAVEW ESNGQOPENNY
351 KTTPPVLDSD GSFFLYSKLT VDKSRWOOGN VESCSVMHEA LHNHYTQKSL
401 SLSPGK {(SEQ ID NO: 54)

hEBRIT (G485)4-hFe: Amino Acid Seqguence lacking leader sequence ond lacking

i

elycine, alanine, threonine, isoleucine, and prolive prior to hTARIT portion
& ¥ I £

1 PHVOKSDVEM EAQKDEIICP SCNRTAHPLR HINNDMIVTD NNGAVKEPQL
51 CKEFCDVREST CDNQKSCMSEN CSITSICEKP QEVCVAVWRK NDENITLETV
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ILEDAASYK CIMKEKKKPG ETFEMCSCSS "NDNITIES

101 I
151 EEYNTSNEDT GGGGSGGEEES GGGGEEGEGGS THTCPPCFRAPR LGGPSVEL
201 FPPKFPKDTLM ISRTPEVICY VVDVSHEDPE VEFNWYVDGV
251 ERQYNSTYRYV VSVLTVLHOD WLNGKEYKCK VSNKALPAPI
5 301 PREPOQVYTLP PSREEMTEKNG VSLTCLVKGE YPSDIAVEWE
351 TTPPVLDSDG SEFFLYSKLTV DKSRWQQGNYV FSCSVMHEAL
401 LSPGK (SEQ ID NO: 55)

ATBRIT (G4S)-hEc: Amino Acid Sequence lacking leader sequence and lacking
10 eglveine, alanine, threonine, isoleucine, proline, and proline prior to W BRI portion
HVOKSDVEME AQKDEITICPS CNRTAHPLRH INNDMIVTDN NGAVREEPQLC
KECDVRESTC DNQRKSCMSNC SITSICEKPQ EVCVAVWREN DENITLETVC

51
101 HDPKLPYHDE ILEDAASPKC IMKEKKKPGE TEFEMCSC33D ECNDNIIFSE
15 151 EYNTSNPDTG GGGSGGGESG GGGIGEGEGGST HTCPPCPAPE LLGGPSVELE
201 PPVPKDTLMI SRTPEVTCVYV VDVSHEDPEV KENWYVDGVE VHNAKTEPRE

3y

EQYNSTYRVV SVLTVLHQODW LNGKEYKCKV SNKALPAPIE KTISKAKGQP
EPQVYTLEFP SREEMTKNQV SLTCLVKGFY PSDIAVEWES NGOPENNYKT
351 TEPVLDSDGS FFLYSKLTVD KSRWOOGNVF SCSVMHEALH NHYTOKSLSL

20 401 SPFGK (SEQ ID NO: 56)

.
(@RS
=

w

ATERIT (G45)2-hice: Nucleic Acid Sequence

1 ATGGATGCAA TGAAGAGAGG GCTCTGCTGT GTGCTGCTGC TGETGTGGAGC

3

‘

5 AGTCTTCGTT TCGCCCGGCG CCACGATCCC ACCGCACGTT CAGAAGTCGG
25 101 ATGCTGGAART GGAGGCCCAG AAAGATGAAA TCATCTGCCC L”””””MAAW
151 AGGACTGCCC ATCCACTGAG ACATATTAAT AACGACATGA TAGTCACTG
201 CAACAACGGT GCAGTCAAGT TTCCACAACT GTGTAAATTT TGTGA TGTLA
251 GATTTTCCAC CTGTGACAAC CAGAAATCCT GCATGAGCAA CTGCAGCATC
301 ACCTCCATCT GTGAGAAGCC ACAGGAAGTC TGETGTGGCTG TX¢JFAGKP
30 351 GAATGACGAG AACATAACAC TAGAGACAGT TTGCCATGAC CCCAA GCTCV
401 CCTACCATGA CTTTATTCTIG GAAGATGCTG CTTCTCCRAAA GTGCATTATG
451 hQCAAAﬁhh ARAAGCCTGG TGAGACTTTC TTCATGTGTT CCTGTAGCTC
5G1 TGATGAGTGC AATCGACAACA TCATCTTCTC AGAAGAATAT AACACCAGCA
551 ATCCTGACAC CGCTGGAGGT GGTTCTGGAG GTGGETGGAAG TACTCACACA
35 a0l TGCCCACCET WVCLAGCHVC TGAACTCCTG GGGGGACCGT CAGTCTTCCT
eh1 CTTCCCCCCA AAACCCAAGG ACACCCTCAT GATCTCCCGG ACCCCTGAGG
701 TCACATGCGET GGTGGTGGAC GTGAGCCACG AAGACCCTGA GGTCAAGTTC
75 ARCTGGTACG TGGACGGCGET GGAGGTGCAT AATGCCAAGA CAAAGCCGCG
5§01 GGAGGAGCAG TACAACAGCA CGTACCGTGT GGICAGCGTC CTCACCGTCC
40 8§51 TGCACCAGGA CTGGCTGAAT GGCAAGGAGT ACAAGTGCAA GGTCTCCAAC
901 ARAGCCCTCC CAGCCCCCAT CGAGAAAACT ATCTCCAAAG CCAAAGGGCA
aB1 GCCCCGAGAA CCACAGGETGET ACACCCTGCC CCCATCCCGG GAGGAGATGA
10061 CCAAGAACCA G GT‘ CAGCCT G ACCTGCCTGE TCAAAGGCTT CTATCCCAGC
1081 GACATCGCCG TGGAGTGGGA GAGCAATGGEG ﬂ{prbbAGm ACAACTACAA
45 1161 GACCACGCCT CC: STGCTGGE ACTCCGACGG CTCCTTCTTC CTCTATAGCA
L1851 AGCTCACCGET GGACAAGAGC AGGTGGCAGC Kawu:nA GT CTTCTCATGC
12c1 TCCGTGATGC ATGAGGCTCT GCACAACCAC TACACGCAGA AGAGCCTCTC
1251 CCTGETCTCCG GGTAAATGA (SEQ ID NO: 14)
50 ATHRIT (G451 2-hive: Amino Acid Sequence
1 MDAMKRGLCC VLLLCGAVFV SPGATIEPPHV QKSDVEMEAQ KDEIICPSCN
51 TAHPLRHIN NDMIVTDNNG AVKFPOLCKE CDVREFSTCDN QRKSCMSNCSTI
101 TSICEKPQEV VVAVWhKWUF NITLETVCHD PKLEPYHDFIL EDAASPRCIM
181 KEKKKPGETE ﬁWFQCS?D N?NJLF° sEY NTSNPDTGGG GSGGGGESTHT
55 201 CPPCPAPELL G PSVFu'?P KEPKDTL TPEVTCVVVD VSHEDPEVKE

71~
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RVVSV LTVLHQDWLN

LPPSR EEMTKNQVSL
: SDGSEE L“,KTT DS
GK (SEQ ID NC: 15)

ATBRI extended hinge-hiic: Nucleic Acid Sequence

1 ATGGATGCAA
CTCTTCGTT
Al GTGGAAAT
AGGACTGCCC
CAACAACGGT
GATTTTCCAC
ACCTCCATCT

35 GAATGACGAG
40 CCTACCATGA
45 AAGGAARARARA
56 TCGATGAGTGC
55 ATCCTGACAC
GG CCACCGETGCC
th CCCCCCAARA
o CATGCGTGEGET

TEOTACOTGR
GGAGCAGTAC
ACCAGGACTG
GCCCTCCCAG
CCGAGAACCA

AGAACCAG \:rT'

\NT'C

€O 1
DEpTRE 2 B

R S A S
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D

9
9
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k»k/G
CACGCCT C cC

TCACC G‘l’ GGA

STOATGEATG
GTCCCCGEET

TGAAGAGAGG

‘1'CGLCC‘ GGCG
ele
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CAGT C‘A\FxGT
TGTGACAAC
CAGAZ\ GCC

ATAACAC
"TATTCTG

GCCTGG
Z—\LA_AC L
CG ‘GGTGGA
CAGCACCTGA
CCCAAGGACA
GGTGGACGTG
ACGGCGTGGA
ARCAGCACET

GCTGAA]
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Ualalad

GGC

CCCCCATCGA
CAGGTGTACA
CAGCCTGACC
AGTGGGAGAG

GCTCTECTET GTGCTGLOTE
CCACGATCCC ACC rrAP““T
ARAGATGARR TCATCTGECC
ACATATTAAT AACGACATGA
TTCCACAACT GTCTAAATTT
CAGARATCCT B
ACAGGAALTC
TAGAGACAGT
GRAGATGCTG CTTCTC

AAAT
GCATGAG
TGTH :TGGC‘.G
TPEOCATEAL

f“"f: D A

fj -1
Sy

TGAGACTTTC TTCATGTGTT
TCATCTTCTC AGAAGAATAT
CCCARATCTT GTGACAARAC
ACTCOTEGGG GTCAG
CCCTCATGAT CTCCCGRACT
AGCCACGAAG ACCCTGAGGT
GGTGCATAAT GCCAAGACAA
ACCGTETEET CAGCGTCOTC
AAGGAGTACA AGTGCAAGGT
GAAAACCATC
COCTGCOCOC
TGCCTGRTCA

AATGGGCAG
F(‘*GT-\C’GGCTC
TGGCAGCAGG
CAACCACTAC

ACGCAGAAGA
AAATGA (SEQ ID NO: 16)

hTHRIT extended hinge-hic: Amino Acid Sequence

1 MDAMEKRGLCC
51 RTAHPLRH IN
TSICERPQEY

EXKKEFGET F

2 (0] PPCPAFELLG
25 WYVDGVEVHN
301 ALPAPIERTI
351 IAVEWESNGO

VMHEALHNEY

\fL:L" f“(_y]_\‘fj\:"'\/
NDMIVTDNNG
CVAVWRENDE
FMCSC3SDEC
GESVELEFPEK
AKTRPREEQY
SKARGOPREP
PENNYKTTPP
TOKSLSL

S3PG

HTERIT (G48)5-hive: Amino Acid Sequence

fot

MDAMKRGLCC
RTAHPLRHIN
TSICEKPQEV

REXKKKPGETFE

G3GGEESG
CVVVDVEHED
QDWLNGRKEYK
NQVSLT

TVDRSRWOQQG
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VLLLCGAVEY
NDMIVTDNNG
CVAVWRENDE
FMCSCZSSDEC
GSTHICPPRCP
PEVEEFNWYVD
CRKVSNKALPA
GEYPSDIAVE

NVESCSVMHE

SPGATIPPHV QKSDVEMEAQ
AVKFPQLCKE CDVRFSTCDN

T

NITLETVCHD
NDNIIF

PKDTLMISRT
NSTYRVVSVL
Qv IELP '“’Ph
V1 SEFFL

PRKLPYHDFIL
NTSNPDTGGG
PEVTOVYYVDV
TVLHQDWLNG
EMTEKNQVSLT
YSKLTVDKER
NO: 17)

SEEY

w i X

“PC?—T‘._PL HY QKSDVEMEAQ
CODVRESTCDN
FPRLPYHDEIL
NTSNPDTGGG
FLEPPKPKDT
PREEQYNSTY
GOPREPOVYT
YKTTPEVLDS
LSLSPGK (3

NTTLLTV CHD
NDNIIFSER
BPELLGS

’ps'\j
GVEVHNAKTK

WRSNCODE
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GKEYKCKY
TCL;VI’CT"PQ
RWOQQGNVES

TCETGETEGAGT
CAGAAGTCGE
CAGCTETANT
TAGTCACTGA
TCGTGATGTGA
CTGCAGCATC
TATGGAGAAA
CCCAAGCTCC
GTGCATTATG
COTGTACCTC
AACACCAGCA
TCACACATGC
TCTTCCTCTT
CCTGAGGTCA
CAAGTTCAAC
AGCCGCGEGGA
ACCETCCTGEE
CTCCAACAAMA
ANGGGCAGCT
GAGATGACCA
TCCCAGCGAC
ACTACAA JZ\
TATAGCAAG
CTC‘.ATGCTCQ

GCCTOToCCeT

»-.

KDEIIC ?C.CN

QKSCMBNCS
E ]"AI\A”DKC‘TR
PKRSCDKTHTC
SHEDPEVKEN
KEYKCRVSNK
CLVKGEYPSD
WOOGNVESCS

[

KDEIICPSCH
OESCMENCST

EDAASPKCIM

.
GSGEGESGEGEE
LMISRIPEVT

]_L* V,:,RE"' TK

o

DGSFFLYSKL
Q ID NO: 44)
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ATERIT (G4S)6-hic: Amino Acid Sequence

VLLLCGAVEV
NDMIVTDNNG
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PEFHV
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POLCKF
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AVKEP
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KDEIICESCN

")KSCI\'ISNCSI

5 101 TSICEKPQOEV CVAVWRKNDE NITLETVCHD PKLEYH DAASPECIM
151 KEKthbETF FMCSCSSDEC NDNIIFSEEY NTSNPDTGGGE G“”‘C SGGS
201 GSGGGEIGEE GSGEGGSTHT CPPCPAPELL GGPSVFLFPP KPKDTLMISR
251 TPEVICVVVD VSHEDPEVKF NWYVDGVEVH NAKTKPREEQ YNSTYRVVSV
301 LTVLHODWLN GEKEYKCKVSN KALPAPIEKT I POVYTLPPSR

10 351 EEMTENQVSL TCLVKGFYPS DIAVEWESNG Q) PVLD3DGSFF
401 LYSKLTVDKS RWQQGNVFSC SVMHEALENH YTQKSLSLSP GK (SEQ ID

NO: 45)
ATERIT (G48)5-hEc: Nucleotide Sequence
15 1 RECCAAJCA TGARGAGAGG GCTCTGCTGET GTGCTGCTGC TGETGETGGAGT

51  AGTCTTCGTT TCvaCCV\ CCACGATCCC ACCGCACETT CAGAAGTCGS

101 AFGT””AAAI GGAGGCCCAG AAAGATGARA TCATCTGOCC Cﬁﬁ”r”’hA'

151 AGCA”“GC”F ATCLAFT”PG ACATATTAAT AACGACATCA TAGTCACTGA

201  CAACAACGET GCAG PTTOCACAACT GTGTAAATTT TGTGATGTGA

20 251 'KTT”ﬂCCAF CAGARATCOT GCATGAGCAA CTGCAGCATC
307 COTCCATCT ACAGGAAGTC TGTGTGGECTE TATGGAGAAR

351 uAATGACGAJ TAGAGACAGT TTGCCATGAL CCCAAGCTCC

401 CCTACCATGEA CT GAAGATGCTG CTTCTCCARA GTGCATTATGE

451 AAbGAAhAAA.AAAAGCCTGG TGAGACTTTC TTCATGTGTT CCTGTAGCTC

25 501  TGATGAGTGC AATGACAACA TCATCTTCTC AGAAGAATAT AACACCAGCA
55 mumwmahpc CGGTGCAGCA GOTTCTGGTS GTGGAGGTTC TGGAGGTGCA

AGTGETG GAGGTGS TGGAGGTGCT GGAAGTACTC ACACATGCCC

551 ACCGTGCCCA GCACCTGAAC TCCTGEGGGGE ACCGTCAGTC TTCCTCTTCO

701 CCCCAAAACC CAAGGACACC CTCATGATCT CCCGGACCCC TGAGGTCACA

30 751 TECETGEETEG TGEGACGTEAG CCACGAAGAC CCTGAGETCA AGTTCAACTS

801 GTACGTGGAC GGCGTGGAGS iGCATAATGC CAAGACARAG cc:cccchv

851 AGCAGTACAA CAGCACGTAC CGTGTGBGETCA GCGTCCTCAC CETCCTGCA

901 CAGGACTGGC TGAATGGCAR GGAGTACAAG TGECAAGETCT LLAACAAAL“

951 CCTCCCAGCC CCCATCGAGA AAAcgfﬂﬂrh CAAAGCCAAA_CP”CAGC(nr

35 1001 CAC ACCACH JfTu.HP cC GCCCCCAT CEGGAGGA GATGACCALG

1051 AACCAGGTCA GCCTGACCTG GGTCARR uGCTTCTATL CCAGCGACAT

1i01 TGGAG ECCUAGAHVA U,ﬁﬂhh G;AGAACAAC TACAAGACCA

1151 "CCGT GOTGGACTCC GACGGCTCCT TCTTCCTCTA TAGCAAGCTC

1201 'GGACA AGAGC “ﬁm.G GCAGCAGGGHE xC:TC““CT CATGCTCCGT

40 1251 ATGAG GCTCTGCACA ACCACTACAC GCAGAAGAGC CTCTCCCTGT
1301 SGTAR ATGA  {SEQ ID NO: 46)

#ATERIT (G45)6-hic: Nucleotide Sequence

i ATGGATGCAA TGAAGAGAGG GCTCTGCTGT GTGCTGCTGC TC""”‘T""AGC

45 51 AGTCTTCGTT TCGCCCGGCG CCACGATCCC ACCGCACGETT GAAGTCGG
101 ATGCTGGAART GGAGGCCCAG AAAGATGAAA TCATCTGCCC LA" CTGTAAT

151 AGGACTGCCC ATCCACTGAG ACATATTAAT AACGACATGA TAGTCACTGA

201 CAACAACGGT GCAGTCAAGT TTCCACAACT GTGTAAATTT TGTGATGTGA

251 -’-‘#ATT'“”‘C‘CAC CTGTGACAAC CAGAAATCCT GCATGAGCAA CTGCAGCATC

50 301 ACCTCCATCT GTGAGAAGCC ACAGGAAGTC TGTGETGGCTG TATGGAGAAA
351 G‘7\4 \TGRACGAG AL CT TAR CAF‘ TAGAGACAGT TTGCCATGAC CCCAAGCTCC

401 CCTACCATGA CTTTATTCTG GAAGATG CTTCTCCAAR GTGCATTATG

451 A A.C—:(: Z%AAA AR ARRAGCCTGG TGAGAC TTCATGTGTT CCTGETAGCTC

501 ARTGACAACA TCATCTTCOTC AGAAGAATAT AACACCAGCA

35 551 CGGTGEGAGS T GGAAGTGGETG GAGGAGGTTC TGGTGETGGA

-3~
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e01 GGTTCTGGAG GTGGAGGAAG TGGTGGAGGET GGTTCTGGAG ;rTCGTq\-r \AG
651 TACTCACACA TGCCCACCGET GCCCAGCACC TGAACTCOTG GGGGGACCGET
701 CAGTCTTCCT CTTCCCCCCA AAACCCAAGE ACACCCTCAT GZ\-‘TC CCCGG
751 ACCCCTGAGG TCACA TC”“” T GGTGGETGGAC GTGAGCCACG AAGACCCTGA
801 GGTCAAGTTC AACT TGGACGGCGT GGAGGTGCAT AAT
851 CAAAGCCGCG GGEACS TACAACAGCA CGTACCETGET G
901 CTCACCGETCC TGO CTGGCTGAAT GGCAAGGAGT
951 GGTCTCCAAC AAAG CAGCCCCCAT CGAGAAAACC
1001 CCAAAGGGCA GCCC CCACAGGTGT ACACCCTGCC
1051 GAGGAGATGA CCAAGAACCA GGTCAGCUTG ACCTGCCTGG TC‘AAAGG CTT
1101 CTATCCCA uC GACATCGCCGE TGGAGTGGEGA GAGCAATGGGE CAGCCGGAGA
1151 ACAACTACAA GACCACGCCT CCCGTGCTGG ACTCCGACGG CTCCTTCTTC
1201 CTCTATAGCA AGCTCACCGT GGACAAGAGC AGGTGGCAGC AGGGGAACGT
1251 CTTCTCATGC TCCETGATGC ATGAGGCTCT GCACAACCAL TACACGCAGA
1301 AGAGCCTCTC CCTGETCTCCG GGTAAATGA (SEQ ID NO: 47)

The vartous constructs were successfully expressed in CHO cells and were purified
1o a high degree of purity as determined by analvtical size-exclusion chromatography and
SDS-PAGE. The hTRRIT (G45)2-hFe, hTBRII (G48)3-hFe, hTRRIT (G4534-hFe, hTBRI
(G48)5-hFc and hTERII (G45)6-hF¢ proteins displaved similarly strong stability as
determined by SDS-PAGE analysis when maintained m PBS for 13 days at 37°C. The
RTPRI (G48)2-hFe, hTBRIT (G48)3-hFe, hTPRI (G48)4-hF¢ proteins were also maintained

in rat, mouse or human serum and displaved similarly strong stability.

THRIT ECID varianis

In addition to the TPRII domains included m the fusion proteins described above (e.g.,
SEQ ID NO: 18), the disclosure also contemplates fusion proteins comprising alternative
TPRU domams. For example, the fusion protein may comprise the wild-tvpe WTBRHsnor(23-
159) sequence shown below (SEG 1D NG: 27) or any of the other TBRIH polvpeptides
disclosed below:
1 TIPPHVOKSYV NNDMIVTDNN GAVEFPQLCK FCLDVRESTCD NOESCMSNCS
51 ITSICEEPQE VCVAVWREND ENITLETVCH DPKLPYHDEI LEDAASPKCT

101 MEKEKEKKE

ST FFMCSCSSDE CNDNITEFSEE YNTSNPD (SEQ ID NO:

(1) The hTBRIshord23-159/D21 10K) amino acid sequence shown below (SEQ 1D NO: 36), in

which the substituted residue is underlined.

1 TIPPHVORKSYV NNDMIVTDNN GAVRKEPQLCK FCDVRESTCD NOKSCMSNCS

T4~
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51 ITSICERPOE VCVAVWREND ENITLETVCH DPERLPYHEFI LEDAASPRCI

101 MKEKKKPGET FFMCSCSSDE CHNDNIIFSEE YNTSHNPD (SEQ ID NO:

(23 The N-terminally truncated hTBRUnen{29-159) amino acid sequence shown below (SEQ

D NO: 28).

(v

i

1 QRKSVNNDMIV TDNNGAVKEP QLCKECDVRE STCDNQKSCM SNC3ITSICH
51 KEQEVCVAVW RKNDENITLE TVCHDPKLPY HDEILEDAAS PRKCIMKEKKK

101 PGETEFFMCSC ZSSDECNDNII FSEEYNTSNE D (SEQ ID NCG: 28)
(3) The N-termuinally truncated hTPRIEsuon{35~159) amino acid sequence shown below (SEQ
160 1D NG: 29).
1 DMIVTDNNGA VKFPQLCKEC DVRESTCDNG KSCMSNCSIT SICERKPQEVC
51 VAVWRENDEN ITLETVCHDP KLPYHDFILE DAASPKCIME EKKKPGETFEFE
101 MCSCSSDECN DNIIFSEEYN TSNPD (SEQ ID NO: 29)
(4) The C-terminally truncated W PR e 23-153) ammo acid sequence shown below (SEQ
15 1D NG 30).
1 TIFPHVQOKSY NNDMIVTDNN GAVKEPQLCK FCDVRESTCD NQKSCMSNCS

51 ITTSICEKPQE VCVAVWREKND ENITLETVCH DPKLPYHL LEDAASPRCT

101 MEKEKKKFG

ET FEMCSCSSDE CNDNIIEFSEE Y {(SEQ ID NO: 30)

{5y The C-terminally truncated hTBRHanord 23-153/N70D) amino acid sequence shown below
20 (SEQ 1D NO: 38), in which the substituted residue 1s underhined.

1 TIPPHVQOKSYV NNDMIVTDNN GAVKFPOQLCK FCDVRESTCD NQKSCMSDCS

51 ITSICERKPQE VCVAVWRRND ENITLETVCH DPKLPYHDEI LEDAASPKCIL
101 MKEKKKPGET FFMCSCSSDE CNDNIIFSEE Y (3EQ ID NO: 38}

Applicants also envision five corresponding variants (SEQ D NQOg: 37, 33, 34, 39}

based on the wild-type hTPERIhong(23-184) sequence shown above and below (SEQ 1D NO:

[
L

49, m which the 25 amino-acid insertion is underhined. Note that splicing results in a
conservative aming acid subsiitation (Val—lle) at the flanking position C-terminal to the

msertion.

1 TIPPHVOKSD VEMEAORKDEL ICPSCNRTAH PLRHINNDMI VTDNNGAVKE
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51 POLCKECDVR FSTCDNORSC MSNCSITSIC ERKPOEVCVAYV WRENDENITL
101 ETVCHDPKLE YHDFILEDAA SPRCIMEKEEKK KPGETFEFMCS CSSDECNDNI
151 TFSEEYNTSN PD {(SEQ ID NO: 493
{1y The hTPRILenp(23-184/B 135K} amino acid sequence shown below (SEQ D NG: 373, 1n
which the substituted residue is double underlined.

1 TIPPHVOKSD VEMEAORKDEL ICPSCNRTAH PLRHINNDMI VTDNNGAVKE

51 POLCKECDVR EFSTCDNOKSC MENCSITSIC EEKPQEVCVAV WREKNDENITL

101 ETVCHDPKLE SPRCIMKERKK KPGETEEMCS CSSDECNDNI

151 IFSEEYNTSN PD (SEQ ID NO: 37)

(2} The N-terminally truncated hTPRILesg(29-184} ammo acid sequence shown below (SEQ
1D NG: 33).

1 OKSDVEMEAQ KDEIICPSCN RTAHPLRHIN NDMIVTDNNG AVKEPQLCKE

51 CDVRESTCDN QKSCMSNCST TSICHEHKPQEV CVAVWRENDE NITLETVCHD
101 PEKLPYHDFIL EDAASPKRCIM KEKKKPGETE FMCSCSSDEC NDNIIFSEEY
151 NTSNEPD {(SEQ ID NO: 33)
(3) The N-termuinally truncated hTPRILionz{60-184) ammo acid sequence shown below {same
as SEQ ID NG 29).
1 DMIVTDNNGA VKFPQLCKEC DVRESTCDNG KSCMSNCSIT SICERKPQEVC
51 VAVWRENDEN ITLETVCHDP KLPYHDFILE DAASPKCIME EKKKPGETFEFE
101 MCSCSSDECN DNIIFSEEYN TSNPD (same as SEQ ID NO: 29)
(4) The C-terminally truncated hTPRITong(23-178) amino acid sequence shown below (SEQ
1D NG: 34).

1 TIFPHVOESD VEMEAQKDETI ICPSCNRTAH PLRHINNDMI VTDNNGAVKE

51 POLCKECDVR F3TCDNQKSC MSNCSITSIC ERPQEVCVAV WREKNDENITL

101 ETVCHDFPKLP YHDEFILEDAA SPHKCIMKERK KPGETEFEMCS CSSDECNDNI

151 IFSEEY (SEQ ID NO: 34)

(5) The C-terminally truncated K FBRong(23-178/N95D) amingo acid sequence shown below
(SEG 1D NO: 39), in which the substituted residue is double underlined.

1 TIPPHVOKSD VEMEAQKDET ITCPSCNRTAH PLRHINNDMI VIDNNGAVKE
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51 POLCREFCDVR FSTCINQRSC MSDCSITSIC ERPOEVEVAV WRRNDENITL
101 ETVCHDPELE YHDFILEDAA SERCIMEKEEKK KPGETEFIMCS CSSDECNDNI
151 IFSEEY (SEQ ID NO: 39)

Additional TRRIY ECD variants include:

(A} The N- and C-ternunally truncated hTERUshor{35~153) or hTRRIlong(60-178) arino acid

sequence shown below (SEQ [D NG: 32).

1 DMIVTDNNGA

VEEFPOLCKEC DVRESTH

97}
H
&
-,
=
[

KECMENCSIT SICEREPQEVC

51 VAVWRENDEN ITLETVCHDP RKLPYHDFILE DAASPKCIMK ERKRKPGETFEE
101 MCSCSSDECN DNIIFSEEY {SEQ ID NC 32}

(B) The N- and C-terminally truncated hTPRHshen(29-153) amino acid sequence shown

below (SEQ 1D NG: 31).

i KSVNNDMIV TDNNGAVEKEP
51 KPOEVCVAVW RKNDENITLE TVCHD
101 PGETEFMCSC SSD

QLCKECDVRE STCDNCOKSCM

ECNDNITI PFSEEY (SEQ

SNCSITSICE

PKLPY HDFILEDAAS PRCIMKEKKK

NG: 31)

(C) The N- and C-ternunally truncated hTPRIfiong(29-178) amino acid sequence shown

below (8EQ ID NQO: 35).

OKSDVEMEAQ KDEITCPSCN RTAHPLRHIN NDMIVITDNNG AVKEPQLCKE
51 CDVRESTCDN QEESCMSNCSI TSICEKPOEV CVAVWRKNDE NITLETVCHD
101 FPRKLPYHDFIL EDAASPRCIM KERKKRKPGETE FMCSCSSDEC NDNIIFSERY

(_u

{SEQ ID NO: 325)

Any of the above vartants (SEQ ID NO:

36, 28, 29, 30, 38, 37, 33, 34, 39, 32, 31, and

35} could mcorporate an insertion of 36 anuno acids (SEQ 1D NGO 41) between the pair of

glutamate residues (posttions 151 and 152 of SEQ ID NO: 1, or positions 176 and 177 of
SEQ 1D NO: 2) located near the C-torminus of the hTRRII ECD, as occurs naturally in the
RTPRI 1soform C (Konrad et al., BMC Genomics 8:318, 2007},

GRCKIRHIGS

As an example, the paired ghitamate residues

NNRLORSTCQ NTGWESA

VHVM KTPGFR (SEQ ID NO: 41)

flanking the optional insertion site are

denoted below (underlined) for the hTBRIsuen(29-159} variant {SEQ 1D NO: 28},
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SNCSTTSICE

STCIONQRSCM

\S

HDFILEDAAS PRCIMEKEEKKK

£
/>,

While the constructs deseribed above were generated with an Fe domain having the

amino acid sequence of SEQ 1D NO: 20, the disclosure contemplates hTBRU-hFc fusion

proteins comprising alternative Fc domains, including a human IgG2 Fe domain (SEGQ ID
NG 42, below) or full-length human IgG1 Fo (hG1F¢) (SEQ D NO: 43, below). Optionally,

a polypeptide unrelated to an Fo domain could be attached in place of the F¢ domain.

10 1 VECPPCFAPP VAGPSVFELIFP PRPEKDITLMIS

FNWYVDGVEV HNAKTKPREE QFNSTEFRVVS

AT

NRGLPAPIEK TISKTKGOFR EPQVYTLPES

R

151 SDIAVEWESN GOFPENNYKTT PPMLDSDGSE

T
Sre} v.'_. ~d

CSVMHEALHN HYTQOKS

N
-

GGPRSCDKTH TCPPCPAPEL LG

r»—-r[ }-1 ©y
T )
Dlal e

DVSHEDPEVK FNWYVDGVEV HNAKTEKPREE

NEKALPAPIEK TISKAKGDPR

s

NGREYECKVS

LTCLVKGEYE SDIAVEWESN GOQPENNYKTT

o
Bre}

20

e

CESVMHEALHN

SRW BYTOKSLSI

QOGNVES

Leader sequence variants

RTPEVT

CYVV

DVSHEDFEV(Q

VLTVVHQDWL NGKEYKCKVS

o~
eV

REEMTRENQVS LTC

GEYP
SRWOQOGNVES
42

~
LA

PRKFPRDTLMIS RTPEVTCVVY

QYNSTYRVVE VLTVLHQDWL

TS
0

ERPQVYTLP REEMTENQVS

FLYSKLTVDK

PGK (SEQ ID NO: 43)

While the gencrated counstructs described above included the TPA leader sequence,

alternative leader sequences may be used, such as the native

Native: MGRGLLRGLWPLHIVLWTRIAS (SEQ ID

Honey bee melittin (HBML)Y MEFLVNVALVEMVVYISYIYA

leader sequence (SEQ ID NOG:

22~ below) or the honey bee melittn (SEQ 1D NO: 24- below) leader sequences.

NO: 223

~
{

N

15N

{SE

Example 2. Differential ligand inhibition by receptor fusion protein variants in cell-

based assay

Affinitics of TGFR1, TGFP2 and TGER3 for hTRRI (G48)2-hFc; hTRRIT (G48)3-
hFc; hTBRIT (G4S)4-hEc; WTRRIT-hFe; and hTRRIT extended hinge-h¥Fc proteins were

cvaluated in vitro with a Biacore™ instrument, and the results are swmmarized in Figures 4A
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and 4B. Each of the fusion proteins was capable of binding TGFBI and TGFR3 with high
affinity, but the constructs having hinker lengths longer than or equal to (G45)4 were
surprisingly capable of binding to both TGFP! and TGFR3 with higher affinity than

constructs having linker lengths shorter than (G48)4. Rinding between TGFP2 and any of the

(]

constructs was low or transient. Deglycosylation of the constructs did not change binding.
A reporter gene assay i AS49 cells was used to determine the ability of KTRRI-hFe
variants to thibit activity of TGFB1, TGFRZ and TGFPB3. This assay is based on a buman
lung carcinoma cell line transfected with a pGL3{CAGA} 12 reporter plasmid (Dennler et al,
1998, EMBQO 17: 3091-3100) as well as a Renilla reporter plasmid (pRLCMV} to control for
10 transfection efficicncy. The CAGA motif is present in the promoters of TGEB-responsive
genes (for example, PAI-1), so this vector is of general use for factors signaling through
SMAD? and SMAD3.
On the first dav of the assay. A549 cells (ATCC®: CCL-185™) were distributed in

48-well plates. On the second day, a solution containing pGL3(CAGA)YI2, pRLCMY, X-

15 tremeGENE 9 (Roche Applied Science), and OptiMEM (Invitrogen) was preincubated, then
added to Eagle’s mimimum essential medium (EMEM, ATCC®) supplemented with 0.1%
BSA, which was applicd to the plated cells for incubation overnight at37°C | 3% CO2. On the
third dav, medium was removed, and cells were incubated ovenuight at 37°C, 5% COr with a
mixture of hgands and inhibitors prepared as described below.

20 Serial dilutions of test articies were made inn a 48-well plate in assay buffer (EMEM +
0.1 % BSA). An cqual volume of assay buffer containing the test ligand was added to obtain
a final hgand concentration equal to the EC50 determined previously. Human TGFBI,
hinan TGFP2, and human TGFR3 were obtained from PeproTech. Test solutions were
incubated at 37°C for 30 minutes, then a portion of the mixture was added to all wells. After

25 incubation with test solutions overnight, cells were rinsed with phosphate-buffered sahine,
then Iysed 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 transforred m duplicate to a chemiluminescence plate (96-well) and analyzed m
a luminometer with reagents from a Dual-Luciferase Reporter Assay systern (Promega

30 E1980} to determine normabized lociferase activity.

As dllustrated in Figures SA-5F, the hTRRIE {(G4S)2-h¥Fc; hTPRU (G45)3-hFc; hTBRII
(G4S)d-hFc, WTBRIL(G48)5-hFc; hTERI (G45)6-hFe; hTPRI-hFe; and hTRRII extended
hinge-hFc proteins all were capable of inhibiting both TGFPB1 and TGEFR3. Interestingly,
while there was a correlation between improved TGFPI and TGFB3 inhubition and linker
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length for the the WTRRI {G45)2-hFc; hTPRH ((G48)3-hFc and hTRRII (G48)4-hFc
constructs (Figure 5E), this umprovement trend appeared to have plateaued for hTPRIL

(G45)5-hFc and hTPRI (G485)6-hFc constructs (Figure 5F).

INCORPORATION BY REFERENCE

All publications and patents mentioned herein are hercby incorporated by reference in
their entirety as if each mdividual publication or patent was specifically and individually
indicated to be mcorporated by reference.

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

cquivalents, and the specification, along with such variations.
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We Claim:
L. A Transforming Growth Factor-ff Receptor U (TBRII) fusion polypeptide
comprising:

a) an extraceltular domain of a TBRH portion;

(]

b} a heterologous portion, and

¢} a limker portion; wherein the knker is at least 10 amino acids i length; and

wherein the THRI extracellular domain portion comprises an anmino acid scquence at
least 80% identical to:

1} a sequence beginning at any of positions 23 to 35 of SEQ ID NO: 1 and

10 ending at any of positions 153 10 159 of SEQID NO: 1 or

11} a sequence beginning at any of positions 23 to 60 of SEQ ID NOG: 2 and
ending at any of positions 178 to 184 of SEQ D NG: 2.

2. The polvpeptide of claim 1, wherein the TR extracellular domain portion
15 compnses an amino acid sequence at least 80% identical 1o a sequence beginning at any of
positions 23 to 35 of SEQ 1D NO: 1 and ending at any of positions 153 to 159 of SEQ ID
NO: L

(9]

The polypeptide of claim 1, wherein the TPRI extracellualar domain portion

20 comprises an amino acid sequence at least 90% identical to a sequence beginning at any of
positions 23 to 35 of SEQ ID NO: 1 and ending at any of positions 133 to 159 of SEG 1D
NO: L

4, The polypeptide of claim 1, wherein the TBRI extracellular domain portion
25 comprises an amino acid sequence at least 953% identical to a sequence beginning at any of
posttions 23 to 35 of SEQ ID NO: 1 and ending at any of positions 153 to 159 of SEQ 1D
NGO L

5. The polypeptide of claim §, wherein the TBRII extracellular domaimn portion
30 comprises an amino acid sequence at least 97% identical to a sequence beginning at any of
positions 23 to 35 of SEQ 1D NO: 1 and ending at any of positions 153 to 159 of SEQ ID
NO: L
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6. The polypeptide of claim 1, wherein the TBRII extracellular domain portion
comprises an amino acid sequence beginning at any of positions 23 to 35 of SEQ ID NO: 1

and ending at any of positions 133 to 159 of SEQ 1D NG: 1.

(]

7. The polypeptide of claim 1, whercin the TPRI extracellalar domain portion
comprises an amino acid sequence at least 80% identical to a sequence beginning at any of
positions 23 to 60 of SEQ 1D NO: 2 and ending at any of positions 178 to 184 of SEG 1D
NO: 2.

10 8. The polvpeptide of claun 1, wherein the TPRI extracellular domain portion
comprises an amino acid sequence at least 0% identical to a sequence beginning at any of
posttions 23 to 60 of SEQ ID NO: 2 and ending at any of positions 178 to 184 of SEQ 1D
NG 2

15 9. The polypeptide of claim §, wherein the TBRII extracellular domaimn portion
comprises an amino acid sequence at least 85% identical to a sequence beginning at any of
posttions 23 to 60 of SEQ 1D NO: 2 and ending at any of positions 178 to 184 of SEQ ID
NG: 2.

20 140 The polvpeptide of claim 1. wherein the TPRII extracellnlar domain portion
comprises an amino acid sequenee at feast 97% identical 1o a sequence beginning at anv of
positions 23 to 60 of SEQ 1D NO: 2 and ending at any of positions 178 to 184 of SEQ ID
NO: 2.

25 1. The polvpeptide of claim 1, wheremn the TPRII extracellular domain portion
comprises an amino acid sequence beginning at any of positions 23 10 60 of SEQ ID NO: 2

and ending at any of positions 178 to 184 of SEQ ID NO: 2.
12, The polypeptide of claim i, wherem the TRRII extracellular domain portion

30 comprises an amino acid sequence at least 80% identical to SEQ ID NO: 18,

13, The polvpeptide of claim 1, wherein the TPRI extracellular domain portion

comprises an amino acid sequence at least 90% identical to SEQ 1D NO: 18
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4. The polypeptide of claim 1, wherein the TPRI extracellular domain portion

comprises an amino acid sequence at least 95% identical to SEQ ID NG 18

5. The polypeptide of claim 1, wherem the TPRI extracellular domain portion

(]

comprises an amino acid sequence at least 97% identical to SEQ 1D NO: 18,

16, The polvpeptide of claim 1, wherem the TRRII extracellular domain portion

comprnises the amino acid sequence of SEQ 1D NO: 18,

10 17, 'The polvpeptide of claim 1, wherein the TPRI extracellular domain portion
consists of an amino acid sequence at least 80% identical to a sequence beginning at any of
posttions 23 to 35 of SEQ ID NO: 1 and ending at any of positions 153 to 159 of SEQ 1D
NGO L

15 18. The polypeptide of claim §, wherein the TBRII extracellular domain portion
consists of an amino acid sequence at least 90% identical to a sequence begtaning at any of
posttions 23 to 35 of SEQ 1D NO: 1 and ending at any of posttions 153 to 159 of SEQ 1D
NO: L

20 19. The polvpeptide of claim 1. wherein the TPRII extracelinlar domain portion
consists of an amine acid sequence at least 95% identical 1o a sequence beginning at anv of
positions 23 to 35 of SEQ 1D NO: | and ending at any of positions 153 to 159 of SEQ ID
NO: L

25 20, The polypeptide of claim 1, wheremn the TPRI extracellular domain portion
consists of an amino acid sequence at least 97% identical to a sequence beginning at any of
positions 23 to 35 of SEQ ID NO: 1| and ending at any of positions 153 io 159 of SEG D
NGO L

30 21. The polypeptide of claim 1, wheremn the TPRI extracellular domain portion

consists of an amino acid sequence beginning at any of positions 23 to 35 of SEQ ID NG |

and ending at any of positions 133 to 159 of SEQ 1D NG: 1.
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22. The polypeptide of claim 1, wherein the TPRI extracellular domain portion
consists of an amino acid sequence at least 80% identical to a sequence beginning at anv of
posttions 23 to 60 of SEQ 1D NO: 2 and ending at any of positions 178 to 184 of SEQ 1D
NG: 2.

(]

23. The polvpeptide of claim 1. wherein the TPRII extracellular domain portion
consists of an amine acid sequence at least 90% identical 1o a sequence beginning at anv of
positions 23 to 60 of SEQ 1D NO: 2 and ending at any of positions 178 to 184 of SEQ ID
NG: 2.

10

24 The polypeptide of claim 1, wheremn the TPRI extracellular domain portion
consists of an amino acid sequence at least 95% identical to a sequence beginning at any of
positions 23 to 60 of SEQ ID NO: 2 and ending at any of positions 178 io 184 of SEG 1D
NO: 2.

5

25. The polypeptide of claim 1, wherein the TBRII extracellular domain portion
consists of an amino acid sequence at least 97% identical to a sequence beginning at any of
posttions 23 to 60 of SEQ ID NO: 2 and ending at any of positions 178 to 184 of SEQ 1D
NQO: 2.

20

26. The polypeptide of claim 1, wherein the THRII extracellular domain portion

consists of an amino acid sequence beginning at any of positions 23 to 60 of SEQ 1D NG: 2

and ending at any of positions 178 to 184 of SEQ 1D N{O: 2.

25 27, The polypeptide of claim 1, wheremn the TPRI extracellular domain portion

consists of an amino acid sequence at least 80% identical to SEQ 1D NO: 18,

28. The polvpeptide of claim 1, wherem the TRRII extracelinlar domain portion

consists of an amino acid sequence at least 90% identical to SEQ ID NG: 18,

29. The polypeptide of claim 1, wheren the TPRI extracellular domain portion

consists of an amino acid sequence at least 95% identical to SEQ {13 NO: 18.
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30. The polypeptide of claim 1, wherein the TBRII extracellular domain portion

consists of an amino acid sequence at least 97% wdeuntical to SEQ ID NO: 18,

31, The polypeptide of claim 1, wheremn the TPRI extracellular domain portion

(]

consists of the amino acid sequence of SEQ ID NQG: 18,

32.  'tThe polvpeptide of any one of claims 1-31, wherein the polypeptide comprises

an N-terminal leader sequence.

10 33 The polypeptide of claim 32, wherein the N-terminal leader sequence

comprises the amino acid sequence of any one of SEQ 1D NOs: 22-24.

34, 'The polvpeptide of claim 32 or 33, wherein the N-terminal leader sequence
comprises the amino acid sequence of SEQ 1D NO: 23,
15
35, The polypeptide of any one of claims 1 to 34, wherein the heterologous

portion is an mmmunoglobubin Fe domain.

36. The polypeptide of claim 35, wherein the immunoglobulin Fo domain 15 a

20 human immunoglobulin Fe domain.

37.  The polypeptide of claim 33, wherein the heterologous portion comprises an

amino acid sequence that is at least 80% identical to SEQ ID NG: 20,

23 38, The polypeptide of claim 35, wherein the heterologous portion comprises an

amino acid sequence that 1s at least 90% identical to SEQ 1D NG: 20.

39.  'The polvpeptide of claim 35, wherein the heterologous portion comprises an

amino acid sequence that 18 af least 95% 1dentical to SEQ [D NG: 20,

40.  The polypeptide of claim 33, wherein the heterslogous portion comprises an

amino acid sequence that 1s at least 97% identical to SEQ 1D NO: 20
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41, The polypeptide of claim 35, wherein the heterologous portion comprises the

amino acid sequence of SEQ 1D NG: 20.

42, The polvpeptide of any one of claims 1-41, wherein the linker is less than 25

amino acids i length.

43. The polvpeptide of any one of claims 1-41, wherein the linker is between 10

and 25 amino acids n length.

44, The polvpeptide of any ong of claims 1-41, wherein the linker is between 15

and 25 amino acids in length.

45. The polvpeptide of any one of claims 1-41, wherein the linker is between 17

and 22 amino acids in length.

46. The polypeptide of any one of claims 1-41, wherein the linker is 21 amino

acids i length.

47.  The polvpeptide of any one of claims 1-41, wherein the linker comprises

(GGGGS), whereinn = > 2,

48.  The polypeptide of any one of claims 1-41, wherein the linker comprises
{GGGGS ), whereinn = > 3.
49 The polvpeptide of any ong of claims 1-41, wherein the linker comprises

(GGGGS), wheremn =>4,

50. The polvpeptide of any one of claims 1-44, wherein the linker comprises

{GGOGGS ), wherein n > 5.,

51 The polypeptide of any one of claims 1-50, wherein the linker comprises the

amino acid sequence of SEQ 1D NG: 21
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32. The polypeptide of any one of claims 1-45, wherein the linker comprises the

amino acid sequence of anv one of SEQ ID NOs: 4-7.

53, The polypeptide of anv one of claims 1-32, wheremn the linker comprises the
5 amino acid sequence of SEQ D NQO: 6.
534.  'The polvpeptide of any one of claims 1-53, wherein the polypeptide comprises
an amino actd sequence that 1s at feast 0% identical to the amuno acid sequence of SEQ 1D
NO: 11
10
55 The polypeptide of anv onc of claims 1-533, wherein the polypeptide comprises
an aming acid sequence that is at least 90% identical to the amino acid sequence of SEQ ID
NGO 1L
15 36.  The polypeptide of any one of claims 1-53, wherein the polypeptide comprises

an amino acid sequence that is at feast 95% identical to the amino acid sequence of SEQ 1D

NO: 1L

57.  'The polypeptide of any onc of claims 1-53, wherein the polypeptide comprises

20 the amino acid sequence of SEQ 1D NO: 11

38.  The polypeptide of any one of claims 1-53, wherein the polypeptide comprises
an amino acid sequence that is at feast 80% identical to the amino acid sequence of SEQ 1D

NO: 13, 53 or 36.

25
59.  The polypeptide of any onc of claims 1-53, wherein the polypeptide comprises
an amuno acid sequence that is at keast 90% identical to the amuno acid sequence of SEQ 1D
NO: 13, 53 or 56
36 60.  The polypeptide of any one of claims 1-53, wherein the polypeptide comprises

an amino acid sequence that s at feast 95% identical to the amino acid sequence of SEQ 1D

NO: 13, 53 or 36.
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61.  The polypeptide of any one of claims 1-53, wherein the polypeptide comprises

the amino acid sequence of SEQ ID NGO 13, 33 or 56.

62.  The polypeptide of anv one of claims 1-33, wherein the polypeptide comprises
5 an amino acid sequence that is at least 80% identical to the amino acid sequence of SEQ ID
NG 15,
63, The polypeptide of any one of claims 1-53, wherein the polypeptide comprises

an amino acid sequence that s at feast 90% identical to the amino acid sequence of SEQ 1D
16 NO: 15

64.  The polypeptide of any onc of claims 1-53, wherein the polypeptide comprises
an amuno acid sequence that is at keast 95% identical to the amune acid sequence of SEQ 1D
NO: 15,
15
65.  The polypeptide of any one of claims 1-53, wherein the polypeptide comprises

the amino acid sequence of SEQ D NO: 15,

66.  The polypeptide of any one of claims 1-65, wherein the TBRIE polypeptide
20 does not include amino acids 185-592 of SEQ 1D NO: 2.

67.  The polypeptide of any one of claims 1-66, wherein the TRRII polypeptide
does not include amino acids 1-22 of SEQ ID NQG: 2

25 68.  The polypeptide of anv one of claims 1-67, wherein the polypeptide consists
of or consists essentially of
ap a TPRI polvpeptide portion comprising an amino acid sequence that is at least
85%, 90%, 95%., 97%. or 99% identical to the amino acid sequence of SEQ D NO: 18 and
no more than 10, 9,8, 7. 6, 5, 4, 3, 2 or | additional amino acids;
36 b} a linker portion comprising an amino acid scquence that is at least 85%, 90%, 5%,
97%, or 99% identical to the amino acid sequence of SEQ 1D NO: 6 and no more than 5, 4, 3,

2 or 1 additional amino acids;
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¢y a heterologous portion comprising an amino acid sequence that is at least 85%,
90%, 95%, 97%, or 99% identical to the anino acid sequence of SEQ ID NO: 20 and no
more than 235, 20, 15, 10, 5, 4, 3, 2, or | additional anuno acids; and

d} optionally a leader sequence (2.2, SEQ 1D NG: 23).

3
69.  'The polypeptide of any one of claims 1-67, wherein the polvpeptide consists
of or consists essentially of:
a) a TPRI polypeptide portion comprising the amino acid sequence of SEQ ID NO:
18 and no more than 10, 9.8, 7,6, 5.4, 3, 2 or 1 additional amino acids;
10 b} a linker portion cormaprising the anuno acid sequence of SEQ 1D NO: 6 and no more
than 5, 4, 3, 2 or 1 additional amino acids;
¢} a heterologous portion comprising the amino acid sequence of SEQ ID NO: 20 and
no more than 25, 20, 15, 10, 5, 4, 3. 2, or 1 additional amino acids; and
d) optionally a leader sequence {e.g., SEQ 1D NO: 23).
15

70. The polypeptide of any one of claims 1-69, wherein the polypeptide
COMPIISES:
a) an extracellular domain of a TBRH portion; wherein the extracellular domain
comprises an amino acid sequence that s at least 85%, 80%, 95%, 97%, or 99% identical to
20 the sequence of SEQ 1D NO: 18;
b} a heterologous portion, wherein the heterologous portion comprises an amino acid
sequence that 1s at jeast 85%, 90%, 95%, 97%, or 99% identical to the sequence of SEQ ID
NG: 20; and
¢} a linker portion connecting the extracelluiar domain and the heterclogous portion;
25 wherem the linker comprises an amino acid sequence that is at least 85%, 90%, 95%, 97%, or

99% identical to the amine acid sequence of SEQ ID NO: 6.

71, 'the polvpeptide of any onc of claims 1-70, wherein the polypeptide
COMPIISeS;
30 ay an extracellular domain of a TERI portion; wherein the extracellular domain

comprises the amino acid sequence of SEQ 1D NO: 18,
b} a heterclogous portion, wherein the heterologous portion comprises the amino acid

sequence of SEQ 1D NO: 20; and

-89-



WO 2018/204594 PCT/US2018/030816

¢y a inker portion conngcting the extracellular domain and the heterclogous portion;

wherein the linker comprnises the amine acid sequence of SEQ 1D NO: 6.

72, "The polypeptide of any one of claims 1-71, wherein the polypeptide comprises
5 anamino acid sequence that is at least 85%, 90%, 95%, 97%, or 99% dentical to the amino
acid sequence of SEQ 1D NQ: 48,
73. The polypeptide of any one of claims 1-72, wherein the polypeptide comprises
the amino acid sequence of SEQ ID NO: 438,
10

74, "The polypeptide of claim 73, wherein the polypeptide does not include a

leader sequence, or wherein the lgader sequence has been removed.

75, 'The polvpeptide of any one of claims 1-74, wherein the polypeptide ncludes
15 one or more modified amino acid residues selected from: a glveosylated amino acid, a
PEGylated ammg acid, a farnesylated annino acid, an acetylated aming acid, a biotinyvlated
amino acid, an amino acid conjugated to a lipid moiety, and an amino acid conjugated to an

organic derivatizing agent.

20 74, The polypeptide of claim 75, wherein the polypeptide s glycosylated.

77.  The polypeptide of any one of claims 1-75, wherein the polypeptide has a

glveosylation pattern charactenistic of expression of the polvpeptide 10 CHO cells,

25 7%, "The polypeptide of any one of claims 1-77, wherein the polvpeptide binds

human TGEFB with an equilibriom dissociation constant (Kp) less than 100 pM.

79.  'The polvpeptide of any one of claims 1-78, wherein the polypeptide binds

human TGFBT with an equilibrium dissociation constant (Ko) less than 75 pM.

80.  The polypeptide of any one of claims 1-79, wherein the polypeptide binds

buman TGEFPB3 with an equilibrivm dissociation constant (Ko} less than 60 pM.

-90-



WO 2018/204594 PCT/US2018/030816

81.  The polypeptide of any one of claims 1-80, wherein the polypeptide binds

human TGFP3 with an equilibrivm dissociation constant (Ko} less than 50 pM.

82, "The polypeptide of any one of claims 1-81, wherein the polyvpeptide mhibits
5 TGFBL with an ICso of less than 1.0 nM, as determined using a reporter gene assay.
83.  "The polvpeptide of anv onc of claims 1-81, wherein the polvpeptide mhbibits
TGERLE with an [Cso of less than 0.25 nM, as determined using a reporter gene assay.
10 4. The polypeptide of any one of claims 1-81, wherein the polyvpeptide inhibits
TGEPT with an [Cao of less than 0.1 nM, as determined using a reporfer gene assay.
35. The polvpeptide of any one of claims 1-81, wherein the polvpeptide mhibits
TGEFRI with an ICso of less than 0.05 nM, as determined using a reporter gene assay.
5

86.  The polypeptide of any one of claims 1-81, wherein the polypeptide mhibits

TGER3 with an 1Cs0 of less than 0.3 nM, as determined using a reporter gene assay.

87.  The polypeptide of any one of clamms 1-81, wherein the polyvpeptide mhibits

20 TGFR3 with an ICse of less than 0.1 oM, as determined using a reporter gene assay.

88.  The polypeptde of any one of claims 1-81, wheren the polypeptide mhibits

TGER3 with an 1Cse of less than 0.05 nM, as determined using a reporter gene assay.

23 89, The polypeptide of any one of claims 1-81, wherein the polyvpeptide mhibits

TGEFR3 with an ICse of less than 0.04 nM, as deteruned using a reporter gene assay.

90.  'The polypeptide of any one of claims 82-88, wherein the reporter gene assay is

a CAGA reporter assay.

30
91. A homodimer comprising two polypeptides as defined in anv of claims 1-90.
92, An isolated polynucleotide comprising a coding seqguence for the polypeptide

of any one of claims 1-90.
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93, A recombinant polynucleotide comprising a promoter sequence operably

linked to the polynucleotide of claim 92.

5 94, The polynucleotide of claim 92 or 93, wherein the polvnucleotide comprises a
nucleotide sequence that is at least 80%, 85%, 90%, 95%, 97% or 100% wlentical to any one
of SEQ 1D NOs: 10, 12 or 14
95, A cell transformed with the polyaucleotide of any one of claims 92-94.
10
96, The cell of claim 95, wheren the cell 1s a mammalian cell.
97. The cell of claim 95, wherein the cell 1s a CHO cell or a human cell.

5 98. A pharmaceutical preparation comprising the polvpeptide of any of claims 1-

990 or the homodimer of claim 91 and a pharmaceutically acceptable excipient.
94, A pharmaceutical preparation comprising the polypeptide of any one of claims
72-74 or a homodimer thereof, and a pharmaceutically acceptable excipient.
20
100. A method of modulating the response of a cell to a TGFP superfamily
member, the method comprising exposing the cell to a polypepuide of any one of claims 1-50
or the homodimer of ¢claim 91,

25 i, A method of treating a disease or condifion associated with a TGFP
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 1-90 or the homodimer of claim
91,

36 102, The method of claim 101, wherein the TGER superfanuly member 1s TGEFB1

or TGFB3.

103, The method of clamm 100 or 101, wheren the disease or condition 18 a cancer.
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104.  The method of claim 102, wherein the cancer is selected from stomach cancer,

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

135, The method of clamm 100 or 101, wheremn the digease or condition 13 a fibrotic

or sclerotic disease or condition.

106, The method of claim 105, wherein the fibrotic or sclerotic disease or condition
i3 selected from scleroderma, lupus erythematosis, pulmonary fibrosis, atherosclerosis, hiver
fibrosis, diffuse systemic sclerosis, glomerulonephritis, neural scarring, dermal scarring,

radiation-~induced fibrosis, hepatic fibrosis, idiopathic pulmonary fibrosis and myclofibrosis.

107, The method of claim 106, wherein the disease or condition is myelofibrosis,

108, The method of claim 107, wherein the disease or condition is selected from the
group consisting of primary myelotibrosis, post-polveythemia vera myclofibrosis, and post-

casential thrombocythemia myelofibrosis,

109, The method of claim 107, wherein the disease or condition 1s selected from the
group consisting of low risk, intermediate-1 nisk, intermediate-2 risk, or high-risk
myelofibrosis according to the International Prognostic Scoring System (IPSS) or to the to
the dynamic IPSS (DIPSS).

110, The method of claim 106, wherein the disease or condition 15 idiopathic

pulmonary fibrosis.

111, The method of claim 100 or 101, wherein the disease or condition is heart

disease.

112, The method of claim 100 or 101, wherein the discase or condition 1s selected
from hereditary hemorrhagic telangiectasia (HHT), Marfan syndrome, Loeys-Dietz
syndrome, familial thoracic aortic ancurysm syndrome, arterial tortuosity syadrome, pre-
cclampsia, atherosclerosis, restenosis, and hypertrophic cardiomvopathy/congestive heart

faiture.
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113, The method of claim 100 or 101, wherein the discase or condition 1s

pulmonary hypertension.

ti4.  The method of claim 113, wherein the pulmonary hypertension 1s Class |
Class H, Class I, or Class IV pulmonary hypertension as recognized by the World Health

Organization,

115, The method of claim 100 or 101, wherein the disease or condition 1s a kidney-

associated disease or condition.

116, The method of claim 115, wherein the kidnev-associated disease or condition
is selected from the group consisting of: chronic kidney discases (or failure), acute kidney
diseases {or farlure), primary kidney diseases, non-diabetic kidney diseases,
glomerulonephritis, interstitial nephritis, diabetic kidney diseases, diabetic nephropathy,
glomerulosclerosis, rapid progressive glomerulonephritis, renal fibrosts, Alport syndrome,
IDDM nephritis, mesangial proliferative glomerslonephritis, membranoproliferative
glomerulonephritis, crescentic glomerulonephritis, renal interstitial fibrosis, focal scgmental
glomerulosclerosis, membranous nephropathy, minimal change disease, pauci-immune rapid
progressive glomerulonephritis, IgA nephropathy, polyeystic kidney disease, Dent's disease,
nephrocytinosis, Hevmann nephritis, autosomal donunant {adult) polyeystic kidney disease,
autosomal recessive {childhood) polycevstic kidney disease, acute kidney mjury, nephrotic
syndrome, renal ischemia, podocvie diseases or disorders, proteinuria, glomerular diseases,
membranous glomerulonephritis, focal segmental glomerulonephritis, pre-eclampsia,
eclampsia, kidney lesions, collagen vascular diseases, benign orthostatic {(postural)
proteinuria, IgM nephropathy, membranous nephropathy, sarcoidosis, diabetes mellitus,
kidnev damage due to drugs, Fabry's disease, aminoaciduria, Fancont syndrome, hypertensive
nephrosclerosis, interstitial nephritis, Sickle cell disease, hemoglobinuria, myoglobinuria,
Wegener's Granulomatosis, Glvecogen Storage Disecase Type |, chronic kidney disease,
chronic renal faiture, low Glomerular Filtration Rate (GFR), nephroangiosclerosis, tupus
nephritis, ANCA-positive pauci-immune crescentic glomerulonephritis, chronic allograft
nephropathy, nephrotoxicity, renal toxicity, kidnev necrosis, kidney damage, glomerualar and
tubular injury, kidney dyvsfunction, nephritic syndrome, acute renal failure, chronic renal
faiture, proximal tubal dvsfunction, acute kidney transplant rejection, chronic kidney

transplant rejection, non-IgA mesangioproliferative glomeralonephritis, postinfectious
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glomerulonephritis, vasculitides with renal mvelvement of any kind, any hereditary renal
disease, any mterstitial nephritis, renal transplant fallure, kidney cancer, kidney disease
associated with other conditions (¢.g., hypertension, diabetes, and autoinuaune discase),
Dent's discase, nephrocvtinosis, Heyvmann nephritis, a primary kidnev disease, a collapsing
glomerulopathy, a dense deposit disease, a crvoglobulinemia-associated glomerulonephritis,
an Henoch-Schonlein disease, a postinfectious glomerulonephritis, a bacterial endocarditis, 3
microscopic polvangitis, a Churg-Strauss syndrome, an anti-GBM-antibody mediated
glomerulonephritis, amyloidosis, a monoclonal immunoglobulin deposition disease, a
fibrillarv glomeralonephritis, an immunotactoid glomerulopathy, ischemic tubular injury, a
medication-induced tubulo-interstitial nephritis, a toxic tubulo-interstitial nephritis, an
infectious tubulo-interstitial nephritis, a bacterial pvelonephritis, a viral infectious tubulo-
interstitial nephritis which results from a polvomavirus infection or an HIV mfection, a
metabolic-induced tubulo-interstitial discase, a mixed conuective disease, a cast nephropathy,
a crystal nephropathy which may results from urate or oxalate or drug-induced crystal
deposition, an acute cellular tubulo~-interstitial allograft rejection, a tumoral mfiltrative
disease which results from a lymphoma or a post-transplant lvmphoproliferative disease, an
obstructive disease of the kidney, vascular disease, a thrombotic microangiopathy, a
nephroangiosclerosis, an atheroembolic disease, a mixed connective tissue discase, a
polyarteritis nodosa, a calcineurin-iwhibitor induced-vascular disease, an acute cellular
vascular allograft rejection, an acute humoral allograft rejection, carly renal function decline
(ER¥D), end stage renal discase (ESRD), renal vein thrombosis, acute tubular necrosis, acute
interstitial nephnitis, established chronic kidney disease, renal artery stenosis, ischemic
nephropathy, uremia, drug and toxin-induced chronie tubulointerstitial nephritis, reflux
nephropathy, kidney stones, Goodpasture's syndrome, normocytic normochromic anemia,
renal anenua, diabetic chronic kidnev disease, IgG4-related disease, von Hippel-Lindan
syndrome, tuberous sclerosis, nephronophthisis, medullary cystic kidney discase, renal cell
carcinoma, adenocarcinoma, nephroblastoma, lvmphoma, leukemia, hyposialylation disorder,
chronic cvelosporine nephropathy, renal reperfusion injury, renal dysplasia, azotemia,
bilateral artenal occlusion, acute uric acid nephropathy, hypovolemia, acute bilateral
obstructive uropathy, hypercalcemic negphropathy, hemolytic wremic syndrome, acute urinary
retention, mahignant nephrosclerosis, postpartum glomeralosclerosis, scleroderma, non-
Goodpasture's anti-GBM disease, microscopic polyarteritis nodosa, allergic granulomatosis,
acute radiation nephritis, post-streptococcal glomerulonephritis, Waldenstrom's
macrogiobulinemia, analgesic nephropathy, arteriovenous fistula, arteriovenous grafi,
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dialysis, ectopic kidney, medullary sponge kidney, renal osteodystrophy, solitary kidney,
hydronephrosis, microalbuminuria, uremia, haematuria, hyperbipidemia, hypoalbuminaemia,

lipiduria, acidosis, hyperkalemia, and edema.

117, The method of claim 115, wherein the kidney-associated disease or condition

ig chronic kidney disease.
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51 ahplrhinnd mivtdnngav kfpglckfcd vrfstocdngk scmsncsits

101 dcekpgevev avwrkndeni tletvchdpk lpyhdfiled aaspkcimke
151 kkkpgetffm cscssdecnd niifseeynt snpdlillvif gvtgisilpp

g

[N
[
—

lgvaisviii fyeyrvnrgg klsstwetgk trklmefseh caiileddrs

251 disstcanni nhntellpie idtlvgkgrf aevyvkaklkg ntsegfetva
301  vkifpyeeya swktekdlifs elgkgywlit
351  afhakgnlge yltrhviswe CLpcgrpkmpl

401 vhrdlkssni lvkndltccl

451  apevlesrmn lenvesfkgt dvysmalviw emtsrcnavg evkdyeppig
501  skvrehpcve smkdnvirdr grpeipsfwl nhggigmvece tltecwdhdp
551  earltageova erfselehld r
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