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ANTI-TMPRSS6 ANTIBODIES AND USES THEREOQOF

RELATED APPLICATIONS

The iostant application claims benetit of priority to 11.S. Provisional Application No.

63/006,695 entitled “Anti-TMPRSS6 Antibodies and Uses Thereof” filed April 7, 2020, and

U.S. Provisional Application No. 63/158,265 entitled “Anti-TMPRSS6 Antibodies and Uses
.3

Thercot™ filed March 8§, 2021, the entire contents of each of which is hereby incorporated by

reference m is emtirety,
SEQUENCE LISTING

The instant application contains a Sequence Listing which has been submutted electronically i
ASCH format and is hereby incorporated by reference in its entivety, Said ASCH copy, crealed

on March 29, 2021, s named 1121 101PCT SL.ixt and 1s 132,677 bytes in size.
FIELD OF THE INVENTION

The present disclosure relates to antibodies and antigen-binding fragmests that bind
TMPRSS6, and treating disorders of iron metabolism using antibodies and antigen-binding

fragments that bind TMPRSS6.
BACKGROUND

Type 11 transmenabrane serine protease 6 {TMPRSS6) is encoded by the TAPRSSEG gene and
primarily expressed in liver. The structure of TMPRSS6 includes a fype 11 transmembrane
domain, followed by a sea urchin sperm protein, enteropeptidase and agrin (SEA} domain, a
stema region contaning two complement factor Civ'Cls, urchin erabryonic growth factor and
bone morphogenctic protein {CUB) domains and three low-density lipoprotein receptor
(LDLR) class A repeats, and a C-terminal trypsin-like serine protease domain {Wang, C.-Y. er
al., Froat. Pharmacol, 2014, 5:114), Aliases for TMPRSS6 (EC 3.4.21) include: matriptase-
2; transmembrane protease serine 6; membrane-bound mosaic serine proteinase matriptase-2;

and MT2.

TMPRSSH plays a significant role in iron homeostasis through the BMP-SMAD signaling
pathway that regulates the expression of hepeidin, a hormone that controls iron absorption and
mobilization from iron stores. Hepcidin (also known as: HAMP (hepeidin anti-microbial

protein or pepiide), encoded by HAMP in hunans and non-human primates, and Hamp in wice
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and rats) regulates systemic iron homeostasis by controlling the functional activity of the sole
fron efffux channel ferroportin, Hepeidin can lower plasma iron levels by binding to ferroportin
and causing internalization and degradation of the complex, thereby preventing iron absorption
at the small intestine and welease of stored ron. Chronic elevation of hepeidin levels causes

systemic iron deficiency, and hepeidin deficiency causes systemic iron overload.

TMPRSS6 negatively regulates the production of hepeidin through a transmembrane signaling
pathway that Is triggered by ron deficiency and suppresses HAMP activation (Du, X, e al,,
Science 2008, 320: 1088-1092; Wang, C.-Y. e gl Frout. Pharmacol, 2014. 5;114). Low
blood iron levels trigger this pathway to reduce hepeidin production, which allows more iron
from the diet to be absorbed through the intestines and transported out of siorage siies into the
bloodstream.  In tats under acute iron deprivation, hepatic TMPRSS6 protein levels are
upregnlated, leading to suppressed hepcidin expression and production (Wang, C.-Y. et af.,
Front. Pharmacol_ 2014, 5:114}. Mutations throughout the TMPRSS6 molecule, and especially
n the extracellular domain, bave been identified in subjects with iron deficiency anemia, in
particular iren-refractory iren deficiency anemia (IRIDA) that is untesponsive to oral iwon
treatment and only partially responsive to parenteral iron therapy (Wang, C.-Y. et al, Froat.
Pharmacol, 2014, 5:114).  Loss-offimction mutations i THMPRAN6 in humans result in
elevated levels of hepeidin and iron-deficiency anemia (Camaschella, C., N Engl Jowrnai Med

2013, 168:24) as overproduction of hepeidin leads to defective iron absorption and utilization.

Iron overload disorders result when excess won accunmulates in tissues and organs to an exient
that their normal tunctions are distupted.  Iron toxicity is a common complication of iron
overload disorders, leading to high rates of mortality as a result of iron accunmulation in major
organs, [-thalassemia is an iron overload diserder that oceurs when mutations in the /B8 gene
cause reduced or absent production of f-globin (beta globin) that lead to apoptosis of
ervthroblasts and a shortage of mature red blood cells, resuliing in meffective erythropoiesis
that causes anemia and hyperabsorption of ivon leading to won toxicity. In patients with [
thalassenia, hepeidin is abnormally suppressed st refation to the patient's state of iron loading,
creating a hepeidin deficiency that in tura allows excessive iron absorption and development
of systemic iron overfoad. Ineffective erythropoicsis in other disorders such as MDS
{myclodysplastic syndrome), dyservthropoietic anemia, sideroblastic anemiz, is likewise
characterized by lfow hepeidin leading to on overload.  Hemwochromatosis, e.g.,
hemochromatosis type 1 or hereditary hemochromatosis is an iron overload disorder

characterized by excess intestinal absorption of dietary ivon and a pathological increase in total
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body iron stores. Current standards of care for treating iron overload disorders include blood
transtustons for ineffective erythropoiesis that can turther exacerbate ron overload, tron
chelation with poor patient compliance, and phichotomy or splenectomy to manage symptoms.
Therapeutic approaches currently under development include gene therapy targeting the HBB
gene, gene therapy and gene editing targeting other relevant genes, hepeidin mimetics, Fe-
fusion proteins that target TGF superfamily higands to inhibit SMAD signaling, antisense RNA
drugs targeting TATPRSS6 (e.g., El-Beshlawy A, et al., Blood Cells, Molecules and Diseases
2019, 76: 33-38), and iIRNA drugs targeting TAPRSSH,

SUMMARY

The nvention refates fo novel antibodies and antigen-binding fragments thereot that bind
TMPRSS6, and methods of making and using antibodies and antigen-binding fragments

thereof that bind TMPRSS6,

The present disclosure provides anti-TMPRSS6 anttbodies, nucleic acids encoding anti-
TMPRSS6 antibodies, and methods of making and using anti-TMPRSS6 antibodies.  Anti-
TMPRSS6 antibodies as disclosed herein encompass anti-TMPRSS6 antibodies and fragments
thercof that are capable of binding TMPRSS6, Anti-TMPRSS6 antibodies as disclosed herein
are capable of binding to human TMPRSSH on the surface of a cell expressing human
TMPRSS6. The present disclosure provides anti-TMPRSS6 antibodies for therapeutic and
diagnostic uses. Anti-TMPRSS6 antibodies as disclosed herein can be used to treat disorders
of iron metabolism such as iron overload disorders, in particular -thatassemias including but
not limited to vos-transfusion dependent thalassemia, and other disorders of meffective

erythropoiesis.

In one aspect, anti-TMPRSS6 antibodies are provided that are capable of binding to TMPRSS6
on the surface of a cell expressing TMPRSS6 and modulating the activity of at least one
component involved iniron metabolism, where a compenent may be a molecule or a biological
process associated with the function of TMPRSS6. [ certain embodiments, anti-TMPRSS6
antibodies disclosed herein are capable of modulating the activity of at least one component
mvolved in regulating bepcidin expression. In certain embodiments, anti-TMPRS®6
antibodies disclosed herein are capable of substantially inhibiting TMPRSES6 suppression of
hepeidin expression. In certain embodiments, anti-TMPRSS6 antibodies disclosed herein are
capable of increasing hepeidin expression. In certain embodiments, anti-TMPRSS6 antibodies

disclosed herein are capable of increasing the activity of the hepeidin promoter. In certain
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embodiments, anti-TMPRSS6 antibodies disclosed herein are capable of substantially
mhibiting TMPRSS6 suppression of the BMP/SMAD pathway-induced expression of
hepeidin,  Anti-TMPRSS6 antibodies disclosed heremn may modulate hepcidin expression,
mcluding but not fupited to substantially inhibiting TMPRSS6 suppression of hepeidin
expression, increasing hepcidin  expression, increasing hepeidin promoter activity, or
substantially mhibiting TMPRSS6 suppression of the BMP/SMAD  pathway-induced
expression of hepeidin, in a dose~-dependent manner, o certain embodiments, anti-TMPRSS6
antibodies disclosed herein are capable of modulating hepeidin expression in a dose-dependent
manner. In certam embodiments, anti-TMPRSS6 antibodies disclosed herein are capable of
increasing serurm hepcidin levels in a dose-dependent manner when administered to a subject.
It certain embodiments, anti-TMPRSS6 antibodies disclosed herein are capable of reducing
serum tron levels in a dose-dependent nanner when administered to a subject.  In certain
embodiments, asti-TMPRSS6 antibodies disclosed herein are capable of increasing liver
hepeidin RNA levels in a dose-dependent manner when adnvinistered to a subject. In certamn
erabodiments, anti-TMPRSS6 antibodies disclosed herein are capable of reducing liver non-
heme iron, increasing seruym hepcidin, increasing liver hepeidin RNA, reducing splenomagaly,
mereasing red blood count (RBC)Y, increasing hematoerit (HCT), reducing red cell distribution
width (RDW), and ncreased production of mature red cells (increased erythropoiesis) when
adninistered to a subject known or suspected to have an fron overload disorder, in particular a

fi-thalassemia,

In another aspect, anti-TMPRSS6 antibodies disclosed herein show cross-reactivity with at
least one non-human TMPRSS6. Incertain embodiments, anti-TMPRSS6 antibodies disclosed
herein are capable of binding to at icast one non-human TMPRSS6 on the surface of a cell
expressing the at least one non-buman TMPRSS6, Anti-TMPRSS6 antibodies disclosed herein
may be capable of binding haman TMPRSS6 and mouse TMPRSS6.  Anti-TMPRSS6
antibodies disclosed hercin may be capable of binding to human TMPRSS6 and cynomolgus
monkey TMPRSS6. Anti-TMPRSS6 antibodies disclosed herein may be capable of binding to

cach of human TMPRSS6, mouse TMPRSS6, and cynomolgus monkey TMPRSS6.

Inn another aspect, anti-TMPRSS6 antibodies disclosed herein specifically bind to TMPRSS6
{matriptase-2).  In certain embodiments, anmti-TMPRSS6 antibodies disclosed herein bind to
TMPRSS6 {matriptase-2) and do not show detectable binding to matriptase homologues. In
certain embodiments, anti-TMPRSS6 antibodies disclosed herein bind to human TMPRSS6

{matriptase-2} and do not show detectable binding fo fannan matriptase-1 (8T 14). In cerfain
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embodiments, anti-TMPRSS6 antibodies disclosed herein bind {0 human TMPRSS6
(matriptase-2) and do sot show detectable binding to human matriptase-3 (TMPRSES7).

cortain embodiments, anti-TMPRSS6 antibodies disclosed horem bind to human TMPRSS6
(roatriptase-2) and do not show detectable binding 1o either of huan matriptase-1 {ST14) or

lugman matriptase-3 (TMPRSS 7).

An anti-TMPRSS6 antibody disclosed herein may be a monoclonal antibody, & humanized
antibody, a chirueric antibody, a single chain antibody, & Fab fragment. a single-chain variable
fragment {scFv}, a recombinant antibody, an aptamer, a single-domain antibody (VHH,
nanebody}, or other TMPRSS6-binding fragment or variant. o certain enbodiments, an anti-
TMPRSS6 antibody disclosed herein may comprise a framework in which amino acids have
been substituted into an existing antibody framework, 1w particular to influence properties such
as antigen-binding ability. In certain embodiments, an anti-TMPRSS6 antibody disclosed
heretn may comprise compiementarity determiining regions (CDRs) from a source {parental)
antibody that have been gratted (fused) into a framework from a different type (class) of
antibady andsor from a different organism than the parental antibody, in particular an acceptor
human framework. In certain embodiments, an anii-TMPRSS6 antibody disclosed herein may
comprise a framework in which amino acids have been substituted, smutated, or replaced in
regions outside of the CDRs to influence properties such as antigen-binding or antibody
structure, e.g., In the variable region framework surrounding the CDRs andfor in a constant
region, in particular the Fo region. In certain emboduments, one or more of the CBRs have
been substituted, mutated, or replaced. In certain embodiments, an anti-TMPRSS6 antibody

disclosed herein may be a humanized anti-TMPRSS6 antibody variant,

In certainn embodiments, anti-TMPRSS6 antibodies disclosed herein comprise at least one
polvpeptide having an amine acid sequence as set forth in Table 1, Table 2, or Table 3, or a
sequence substantiatly identical {(e.g., at least 85%, 90%, 92%, 93%, 97%, or 98%, 99%
identical) fo an amino acid sequence as set forth in Table 1, Table 2, or Table 3. Ant-
TMPRSS6 antibodies disclosed herein may comprise at least one polypeptide having an amine
acid sequence selected from the following, or a sequence substantially identical {e.g., at least
859%, 90%, 92%, 93%, 97%, or 98%, 99% identical) to at least one polypeptide having an
aryino acid sequence selected from the following: SEQ D NO: 1; SEQ TR NO: 2; SEQ H) NO:
3: SEQ ID NO: 4; SEQ 1D NO: 6; SEQ 1D NO: 7; SEQ D NO: §; SEQ ID NO: 9; SEQ D
NO: 11; SEQ IDNO: 12;: SEQ ID NO: 13; SEQ D NO: 14; SEQ ID NQ: 16; SEQ ID NO: 17;
SEQ ID NO: 18; SEQ ID NO: 19; SEQ 1D NO: 21:; SEQ H) NO: 22; SEQ IDNO: 23; SEQ 1T
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NO: 24; SEQ 1D NO: 26: SEQ ID NO: 27; SEQ 1D NO: 28; SEQ ID NO: 29; SEQ 1D NO: 31;
SEQ 1D NO: 32; SEQ ID NO: 33; SEQ 1D NO: 34; SEQ ID NO: 36; SEQ ID NO: 37; SEQ ID
NO: 38; SEQ ID NO: 39; SEQ ID NO: 41; SEQ 1D NO: 42 SEQ 1D NO: 43; SEQ ID NO: 44;
SEQ ID NO: 46; SEQ ID NO: 47; SEQ D NO: 48: SEQ 1D NO- 49; SEQ ID NO: 51; SEQ 1D
NO: 52; SEQ 1D NO: 53; SEQ 1D NO: 34: SEQ ID NO: 56; SEQ 1D NO: 57; SEQ ID NO: 38:;
SEQ ID NO: 59; SEQ NO: 61; SEQ ID NO: 63; SEQ ID NO: 65; SEQ 1D NO: 67; SEQ ID
NO: 69; SEQ ID NO: 71: SEQ ID NO: 73; SEQ 1D NO: 75: SEQ ID NO: 77: SEQ 1D NO: 79,
SEQ 1D NO: 81 or SEQ 1D NO: 83,

In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises a heavy chain
(HC) variable region polypeptide of the amino acid sequence set forth in SEQ 1D NO: { or a
segquence substantially identical to SEQ 1D NQ: {, and a light chain (L) varable region
polypeptide of the aminoe acid sequence set forth in SEQ 1D NO: 6 or a sequence substamtially
identical to SEQ ID NO: 6. In one crbodiment, an anti-TMPRSS6 antibody disclosed herein
conmprises a heavy chain complementarity determining region | (HC CDRI1) of the anuno acid
sequence set forth i SEQ D NO: 2, a heavy chain complementarity determiniag region 2 (HC
CBR2) of the amiino acid sequence set forth in SEQ D NO: 3, 3 heavy chain complementarity
determining region 3 (HC CDR3} of the anino acid sequence set forth in SEQ 1D NO: 4 a
fight chain complementarity determining region 1 (LC CDR1) of the amino acid sequence set
forth in SEQ 1D NO: 7, a light chain comaplementarity determining region 2 (LC CDR2) of the
aminoe acid sequence set torth in SEQ 1D NO: 8, and a light chain complementarity determining
region 3 (LC CDR3) of the amine acid seguence set forth in SEQ ID NO: 9; or a variant of said
antibody comprising 1, 2, 3, 4, 3, or 6 amino acid substitutions in the CDR regions. In one
non-fimiting embodiment, an anti-TMPRSS6 antibody disclosed herein is the antibody
identified berein as MWTx-001, comprising an HC polypeptide having the amino acid
sequence set forth in SEQ 1D NO: 61 and an LC polypeptide having the amino acid sequence

set forth in SEQ 1D NO: 63,

it one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC variable
region polvpeptide of the amino acid sequence set forth in SEQ 1D NO: 11 or a sequence
substantially wdentical o SEQ ID NQ: 11, and an LC variable region polypeptide of the amino
acid sequence set forth in SEQ 1D NO: 16 or a sequence substantially identical to SEQ 1D NO:
16. In one emboediment, an anti-TMPRSS6 antibody disclosed herein comprises an HC CDR1
of the amino acid sequence set forth in SEQ D NO: 12, an HC CDR2 of the amino acid

seguence set forth in SEQ ID NO: 13, an HC CDR3 of the amino acid sequence set forth in

&
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SEQ ID N 14; an LC CDR1 of the amino acid sequence set forth in SEQ ID NO: 17, an LC
CBR2 of the amino acid sequence set forth in SEQ 1D NO: 18, and an LC CDR3 of the amino
acid sequence set forth in SEQ ID NO: 19, or & variant of said antibody comprising 1, 2, 3, 4,
3, or 6 amino acid substitutions in the CDR regions. In one non-limiting embodiment, an asti-
TMPRSSH antibody disclosed hercin is of the antibody identified herein as MWTx-002,
comprising an MC polypeptide having the amino acid sequence set forth in SEQ 1D NO: 65

and an L.C polypeptide baving the anuno acid sequence set forth s SEQ D NO: 67

In one embodiment, an anfi-TMPRSS6 antibody disclosed herein comprises an HC variable
region polypeptide of the amino acid sequence set forth in SEQ D NO: 21 or a sequence
substantiaily identical to SEQ 1D NO: 21, and an LC variable region polypeptide of the amino
acid sequence set forth in SEQ 1D NQ: 26 or a sequence substantiadly identica] 1o SEQ D NO:
26. In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC CDR1
of the amino acid sequence set forth in SEQ 1D NO: 22, an HC CDR2 of the amine acid
sequence set forth in 3EQ 1D NO: 23, an HC CDR3 of the anuno acid sequence set forth w
SEQ 1D NO: 24; an LC CDRI1 of the anino acid sequence set forth in SEQ 1D NO: 27, an LC
CDR2 of the amino acid seguence set forth in SEQ [D NO: 2§, and an EC CDR3 of the amino
acid sequence set torth in SEQ 1D NO: 29, or a vanant of said antibody comprising 1, 2, 3, 4,
3, or 6 amino acid substitutions in the COR regions. In one non-limiting embodiment, an anti-
TMPRSS6 antibody disclosed herein is the antibody identified herein as MWTx-003,
comprising an HC polypeptide having the aminoe acid segquence set forth in SEQ 1D NQ: 69

and an 1.C pelypeptide having the amino acid sequence set forth m SEQ 1D NO: 71,

In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC vartable
region polypepiide of the amino acid sequence set forth in SEQ 1D NO: 31 or a sequence
substantiaily identical to SEQ 1D NO: 31, and an LC variable region polypeptide of the amino
acid sequence set forth in SEQ 1D NO: 36 or a sequence substantially identical to SEQ ID NO:
36. In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC CDR1
of the amino acid seguence set forth in SEQ 1D NO: 32, an HC CDR2 of the amino acid
sequence set forth in SEQ 1D NO: 33, an HC CDR3 of the mmino acid sequence set forth i
SEQID NO: 34; an LC UDRI of the amino acid sequence set forth in SEQ D NO: 37, an LC
CDR2 of the aminoe acid sequence set forth in SEQ 1D NO: 3%, and an LC CDR3 of the amino
acid sequence set torth i SEQ 1D NO: 39, or a variant of said antibody comprising 1, 2, 3, 4,
3, or 6 amino acid substitutions in the CDR regions. In one son-limiting embodiment, an anti-

TMPRSS6 antibody disclosed heremn is the antibody identified berein as humanized anti-

ok
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TMPRSS6 antibody variant haMWTx-001 Var, comprising an HC polypeptide having the
amino acid sequence set forth in SEQ ID NO: 73 and an L.C polypeptide having the amino acid

sequence set forth in SEQ 1D NO: 75.

it one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC variable
region polypeptide of the amine acid sequence set forth in SEQ ID NO: 41 or a seguence
substantially identical o SEQ 1D NO: 41, and an LC variable region polypeptide of the amino
acid sequence set forth in SEQ 1D NO: 46 or a sequence substantially wdentical to SEQ 1D NO:
46, In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC CBR1
of the amino acid sequence set forth in SEQ H2 NO: 42, an HC CDR2 of the aminoe acid
sequence set forth in SEQ 1D NO: 43, an HC CDR3 of the amino acid sequence set forth in
SEQ ID NO: 44; an LC CDR1 of the amino acid sequence set forth wm SEQ ID NO: 47, an L.C
CDR2 of the amino acid seguence set forth in SEQ 1D NO: 48, and an LC CDR3 of the amine
acid sequence set forth i SEQ D NO: 49, or a variant of said antibody comprising 1, 2, 3, 4,
3, or 6 amino acid substitutions i the COR regions. In one non-limiting embodiment, an anti-
TMPRSS6 antibody disclosed herein is the antibody identified herein as humanized anti-
TMPRSS6 antibody variant hzMWTx-002Var, comprising an HC polypeptide having the
amino acid sequence set forth in SEQ ID NO: 77 and an LC polypeptide having the amino acid

sequence set forth in SEQ D NG: 79,

Inn one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC variable
region polvpeptide of the amine acid sequence set forth in SEQ ID NO: 51 or a sequence
substantially identical to SEQ 1D NO: 31, and an LC variable region polypeptide of the amino
acid sequence set forth in SEQ D NO: 56 or a sequence substantially wdentical to SEQ 1D NO:
56. In ene embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC CBR1
of the amino acid sequence set forth in SEQ 1D NO: 52, an HC CDR2 of the amino acid
sequence set forth in SEQ 1D NO: 53, an HC CDR3 of the amino acid sequence set forth in
SEQ ID NO: 54; an LCCDRI of the amino acid sequence set forth m SEQ ID NO: 57, an LC
CDR2 of the amino acid sequence set forth in SEQ 1D NO: 58, and an LC CDR3 of the amino
acid seguence set forth i SEQ 1D NQ: 39, or a variant of said antibody comprising 1, 2, 3, 4,
3, or 6 amino acid substitutions i the COR regions. In one non-limiting embodiment, an anti-
TMPRSS6 antibody disclosed herein is the antibody identified herein as hamanized anti-
TMPRSS6 antibody variant hz2MWTx-003Var, comprising an HC polypeptide having the
anmino acid sequence set forth i SEQ 1D NO: 81 and an LC polypeptide having the amine acid

sequence set forth in SEQ 1D NQ: 83,
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In another aspect, anti-TMPRSS6 antibodies (incloding variants and fragments as disclosed
herein) are provided that can be used to treat disorders of iron metabelism such as ivon overload
disorders, in particolar f-thaiassemia and other disorders of ineffective erythropoiesis. Methods
and compositions are provided for using anti-TMPRSS6 antibodies as disclosed herein for
therapeutic uses including, but not {fimited to, treating disorders of iron metabolism such as iron
overload disorders, in particular B-thalassenia and other disorders of ineffective erythropoiesis,
In certain embodiments, pharmaaceutical compositions comprising an anti-TMPRSS6 antibody

disclosed herein and a suitable carrier and/or excipient are provided.

In another aspect, methods for treating a disorder of ron metabolism are provided, such
methods comprising administering an effective amount of an anti-TMPRSS6 antibody
disclosed herein 1o a subject in need thereof, wherein administration of the effective amount of
anti-TMPRSS6 antibody modulates the activity of a component involved in iron metabolism.
i certain embodiments, methods for treating an iron overfoad disorder comprise administering
an effective amount of an anti-TMPRSS6 antibody disclosed herein, whereln administration of
the effective amount of anti-TMPRSS6 antibody modulates the activity of a component
wmvolved in fron metabolism. I certain ermbodiments, miethods for treating an iron overload
disorder comprise administering an effective amount of an anti-TMPRSS6 antibody disclosed
herein, wherein administration of the effective amoumt of anti-TMPRSS6 antibody modulates
the activity of at least one compounent mvolved in regulating hepeidin expression. In certain
embodiments, methods comprise administration of an effective amount ot anti-TMPRSS6
antibody that mhibits TMPRSS6 suppression of hepeidin expression. In certain erobodiments,
administration of the effective amoumt of anti-TMPRSS6 antibody increases hepcidin
expression, In certain embodiments, methods comprise administration of an effective anmount
of anti-TMPRSS6 antibody that inereases the activity of the hepeidin promoter. In certain
embodiments, methods comprise administration of an effective amount of anti-TMPRSS6
antibody that inhibits TMPRSS6 suppression of the BMP/SMAD pathway-induced expression
of hepcidin, In certain emnbodiments, methods comprise administration of an effective amount
of anti-TMPRSS6 antibody to a subject that results in one or more biological effects associated
with an iron overload disorder including but not limited to reducing serum iron, reducing liver
non-heme  fron, increasing serum hepeidin, ncreasing  Hiver bepeidin RNA, veducing
splenomegaly, mereasing red blood count (RBCY, increasing hematoerit (HCT), reducing red
cell dhistribution width (RDW), andior increased production of mature red cells {increased

eryvthropoiesis),
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In another aspect, methods for treating a disease or discase state in which abnormal suppression
of hepeidin expression is involved are provided, such methods comprising administering an
effective amount of an anti-TMPRSS6 antibody disclosed herein to a subject in need thereof,
wheretn administration of the effective amount of anti-TMPRSS6 antibody modulates the
activity of at least one component involved in abnormal suppression of hepeidin expression
and reduces sbnormal suppression of hepeidin expression, In particular embodiments, the

method results in increased hepeidin expression.

In another aspect, methods for treating a disorder of iron metabolism associated with
suppressed hepeidim levels are provided, such methods corprising administering an effective
armount of an anti-TMPRSS6 antibody disclosed herein to a subject in need thercof, wherein
administration of the effective amount of anti-TMPRSS6 antibody modulates the activity of at
feast one component invelved in suppression of hepaidin levels. In certain embodiments,
methods comprise administration of an effective amount of apti-TMPRSS6 antibody that

ncreases serunt hepeidin levels, increases liver hepeidin RNA, and lowers serum won levels.

In another aspect, methods are provided for treating disorders of iron metabolism including
disorders refated to andior characterized by neffective erythropoeiesis that may include but are
not limited to (-thalassemia,  In accordance with this aspect, such methods comprise
administering an effective amount of an anti-TMPRSS6 antibody disclosed herein to a subject
that s known or suspected of having a disorder of won metabolism related to andior
characterized by ineffective erythropoiesis, wherein administration results in one or ore
changes related to iron metabolism andior erythropoiesis in the subject. In certam
embodiments, methods are provided wherein administration of the eftective amount of anti-
TMPRSS6 antibody treats or amecliorates at least one biological effect or sympiom associated
with the disorder. In particular embodiments, practicing the method results in one or more
changes inctuding but not limited to reducing Hver non-heme iron, increasing serum hepeidin,
increasing liver hepeidin RNA, reducing splenomegaly, incrcasing red blood count {(RBC),
increasing hematocrit (HCT), reducing red cell distribution width (RDW), and mncreased
preduction of mature red cells (Increased erythropoiesis).

In another aspect, methods for diagnosing or screening for an iron overload disorder in a subject
are provided. In cerlain embodiments, methods comprise administering anti-TMPRSS6
antiboady to a subject known or suspected to have an iron overfoad disorder and measuring one

or more biological effect or symptom associated with an iron overload disorder.
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In another aspect, one or more isolated nucleic acid meolecules are provided that encode at least
a portion of at least ene of the anti-TMPRSSO antibodies disclosed heremn.  In certain
embodiments, isolated nucleic acid molecules that encode at least a portion of at least one of
the anti-TMPRSS6 antibodies disclosed herein comprise & nucleotide sequence as set forth in
Table 1, Table 2, or Table 3, or a sequence substantially identical {e.g., at least 83%, 90%,
G295, 93%, 97%%, or 98%, 99% identical} to a nucleotide sequence as set forth i Table 1, Table
2, or Table 3. In certain embodiments, solated nucleic acid molecules that eucode at least one
of the heavy chain (HC) sequences of the amti-TMPRSS6 antibodies disclosed herein may
comprise a nucleotide sequence selected from at least one of SEQ 1D NO: 3 or a sequence
substantiaily identical to SEQ 1D NO: 5: SEQ 1D NO: 15 or a sequence substantially identical
to SEQ 1D NO: 15; SEQ ID NO. 25 or a sequence substantially identical to SEQ 1D NO: 23:
SEQ ID NO: 35 or a sequence substantially identical to SEQ D NO: 35 SEQ IDNO: 45 ora
sequence substantially identical to SEQ 1D NO: 43; SEQ 1D NO: 55 or a sequence substantially
identical to SEQ ID NO: 55; 3EQ ID NO: 62 or a sequence substantially identical to SEQ D
NO: 62; SEQ ID NO: 66 or a sequence substantiaily identical to SEQ 1D NQ: 66; SEQ 1D NO:
70 or a sequence substantiaily identical to SEQ D NO: 79; SEQ {D NO: 74 or a sequence
substantiaily identical to SEQ D NO: 74; SEQ 1D NO: 78 or a sequence substantially wdentical
to SEQ D NO: 78, or SEQ 1D NO: 82 or a sequence substantially identical to SEQ ID NO: 82,
In certain embodiments, isolated nucleic acid molecules that encode at least one of the light
chain (LCY sequences of the anti-TMPRSS6 antibodies or antigen-binding fragments thereot
disclosed herein may comprise a nucleotide sequence selected from at least one oft SEQ ID
NO: 10 or a sequence substantially identical to SEQ ID NO: 10; SEQ 1D NO: 20 or & sequence
substantially identical to SEQ H) NO: 20; or SEQ ID NO: 30 or a sequence substantially
identical to SEQ 1D NO: 30; SEQ ID NO: 40 or a sequence substantially identical to SEQ 1D
NO: 40; SEQ 1D NO: 50 or a sequence substantially identical to SEQ D NO: 30; SEQ ID NO:
60 or a sequence substanttally identical to SEQ 1D NO: 60; SEQ 1D NO: 64 or a sequence
substantially identical to SEQ [D NQG: 645 SEQ 1D NO: 68 or a sequenice substantially identical
to SEQ 1D NO: 68; SEQ 1D NO: 72 or a sequence substantially identical to SEQ) 1D NO: 72;
SEQ ID NO: 76 or a sequence substantially identical to SEQ HY NO: 76; SEQ ID NO: 80 or a
segquence substantially identical to SEQ 1D NO: 80, or SEQ 1D NO: 84 or a sequence
substantiatly identical to SEQ 1D N(O»: 84,

In another aspect, vector is provided comprising one or more nucleic acid molecules that

encode at least one amino acid sequence of the anti-TMPRSS6 antibodies disclosed herein, In
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certain embodiments, a vector s provided comprising one or more nucleic acid molecules that
encode at least one of the heavy chain (HC) or light chain (1.C) sequences of the anti-TMPRSS6
antibodies disclosed herein, In certain embodiments, a vector is provided comprising nucleic
acid molecules that encode at least a portion of at least one of the amine acid sequences as set
forth in Table §, Tabie 2, or Table 3, or at least a portion of an amino acid sequence substantially
identical to an amino acid sequence as set forth in Table 1, Table 2, or Table 3. In certain
erabodiments, a vector s provided comprising nucleic acid molecules that encode at least a
portion of at least one of the HC or LC sequences as set forth in Table 1, Table 2, or Table 3,
or at feast a portion of an aminoe acid sequence substantially identical 10 at least one of the HC

or LC sequences as set forth in Tabie 1, Table 2, or Table 3.

In another aspect, at least one host cell is provided containing a vector comprising one or more
nucleic acid molecules that encode amine acid sequences of the anti-TMPRSS6 antibodies
disclosed herein.  In certain ersbodiments, a host cell is provided containing a vector
conmprising sucleic acid molecules that encode at least a portion of at least one of the HC or
LC sequences as set forth in Table 1, Table 2, or Table 3, or at least a portion of an amino acd
sequence substantially identical 1o at feast one of the HC or L.C sequences as set forth in Table
1, Table 2, or Table 3. In certain embodiments, at least one host cell is capable of supporting
vector expression and recombinant production of anti-TMPRSES6 antibodies or antigen-binding
fragments thereof encoded by the vector. In certain embodiments, at least oue host cell is
capable of supporting vector expression and recombinant production of anti-TMPRSS6
antibodies or antigen-binding fragments thercot encoded by a vector comprising nucieie acid
molecules that encode at least a portion of at least one of the HC or LC sequences as set forth
in Table 1, Table 2, or Table 3, or at least a portion of an amine acid sequence substantially
identical to at least one of the HC or LU sequences as set forth in Table §, Table 2, or Table 3.
It certain embodiments, host cells are transiontly transfected with a vector comprising one or
more nucleic acid molecules that encode amivo acid sequences of the anti-TMPRSS6
antibodies or antigen-binding fragments thereof disclosed herein, wherein the host cells are
capable of supporting vector expression and recombinant production of anti-TMPRSS6

antibodies or antigen-binding fragments thereot encoded by the vector.
BRIEF BESCRIPTION OF THE FIGURES

FIG. 1 shows results from cascade screening of anti-TMPRSS6 antibodies, where antibodies

that bind to human TMPRSS6 were assessed using an in virro functional assay tor HAMP
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promoler activity, and antibodies that showed effects on HAMP promoter activity were

assessed for cross-reactivify with non-hurman TMPRSS6,

FIGS. 2A-2F show effects of anti-TMPRSS6 antibodies on H4MP promoter activity measured
by a dual luciferase reporter assay carried out in MepG2 cells, for a range of antibody
concentrations, In each plot, open circles represent results using an anti-TMPRSS6 antibody,
and open squares represents results ysing the same concentration of mouse IgG or human 1gGt
as a negative {sonspecitic binding) control.  FIG. 2A shows effects of the MWTx-001 anti-
TMPRSS6 antibody on H4MP promoter activity over a range of antibody concentrations. FIG.
2B shows effects of the MWTx-002 anti-TMPRSS6 antibody on FAMP promoter activity over
a range of antibody concentrations. FIG. 2C shows effects of the MWTx-003 anti-TMPRSS6
antibody on HAMP promoter activity over a range of antibody concentrations. FIG. 2D shows
effects of the haMWTx-001Var anti-TMPRSS6 antibody on /4P promoter activity over a
range of astibody concentrations. FIG. 2E shows effects of the hzMWTx-002Var anti-
TMPRSS6 antibody on FAMP promoter activity over a range of antibody concentrations. FIG.
2F shows effects of the haMWTx-003Var anti-TMPRSS6 antibody on HAMFP promaoter

activity over a range of antibody concentrations.

FIGS. 3A-3M show resulis of determinations of binding atfinity of anti-TMPRSS6 antibodies.
FIGS. 3A-3F show results of deterninations of anti-TMPRSS6 antibody binding affinity for
human TMPRSS6 expressed on HEK293T cells using two different methods. in cach plot,
open circles represent results using an anti-TMPRSS6 antibody over a range of concentrations,
and open squares represents results using the same concentration of mouse IgG as a negative
control.  FIGS, 3A-3C show results using cell surface ELISA (measuring HRP-labelled
secondary antibody) to measure binding of MW Tx-00H (FIG. 3A), MWTx-002 (FIG, 3B), and
MWT-003 (FIG. 3C) to human TMPRSS6, with calculated ECs values for each antibody
used as an estimate of binding affinity. FIGS. 3D-3F show resylts using FACS (measuring
APC-conjugated secondary antibody) to measure binding of MWTx-001 (FIG. 3D). MWTx-
002 (FIG. 3E), and MWTX-003 (FIG. 3F) 1o human TMPRSS6, with calculated ECss values
for cach antibody used as an estireate of binding athinity. FIGS. 3(-3M show resuits of
determinations of anti-TMPRSS6 anttbody atfinity and binding kinctics for human ecto-
TMPRSS6-FLAG using the Octet™ RED96¢ with asalyte concentrations of 50nM, 25nM,
12.5nM, 6.23aM, 3.13aM, 1.36nM and 0.78n0M. FIG, 3G shows binding kinetics of MWTx-
001 anti-TMPRSS6 antibody towards ecto-TMPRSSG-FLAG. FIG. 3H shows binding kingtics
of MWTx-002 anti-TMPRSS6 antibody towards ecto-TMPRSS6-FLAG. FIG. 31 shows
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binding kinstics of MWTx-003 anti-TMPRSS6 antibody towards ecto-TMPRES6-FLAG. FIG.
3} shows binding kineties of heMWTx-001Var anti-TMPRSS6 antibody towards ecto-
TMPRSS6-FLAG. FIG. 3K shows binding kinetics of haMWTx-002Var anti-TMPRSS6
antibody towards ecto-TMPRSS6-FLAG. FIG. 3L shows binding kinctics ot haMWTx-
(03Var anti-TMPRSS6 antibody towards ecto-TMPRSS6-FLAG, FIG. 3M summaries atfinity

measurements of all anti-TMPRSS6 antibodies.

FIGS. 4A-4U show results of deternyinations of cross-reactivity of anti-TMPRSS6 antibodies.
FIGS, 4A-41 show results of deferminations of the cross-reactivity of anti-TMPRSS6
antibodies MWTx-001, MWTx-002, aod MWTx-003 to human TMPRSSEH and non-human
antibody mcubated with HEK293T cells expressing 1 TMPRSS6 target (thinner line and lighter
fill; indicated with antibody name) and the same antibody incubated with control HEK293T
cells that do not express a TMPRSS6 protein {thicker line, darker fill; indicated with Ctrl).
FIGS. 4A-4C show results using HEK293T cells stably expressing buman TMPRSS6
(HuTMPRSS6-(His)s) with MWTx-001 (FIG. 4A), MWTx-002 (FIG. 4B), and MWTx-003
(FIG. 4C), FIGS. 4D-4F show results using HEKZ293T cells stably expressing mouse
TMPRSS6 (MoTMPRSS6-{Hisks) with MWTx-001 (FIG. 4D), MWTx-002 (FIG. 4E), and
MWTx-003 (FIG. 4F}). FIGS. 4G-41 show results using HEK2937T cells transiently expressing
cynomolgus monkey TMPRSS6 (CynoTMPRSS6-(Hiske) with MWTx-001 (FIG. 4G).
MWTx-002 (FIG. 4H), and MWTx-003 (FIG, 41}. FIGS. 4J-4U show results of cross-
reactivity of anti-TMPRSSH antibodies to non-human (mouse (FIGS. 41, 4L, 4N, 4P, 4R, 4T}
or cynomolgus monkey (FIGS, 4K, 4M, 40, 40, 48, 417)) TMPRSS6 expressed on HEK293T
cells using cell surface ELISA (moeasuring HRP-labelled secondary antibody) fo measure
binding of MWTx-001 anti-TMPRSS6 antibody (FIGS. 41-4K), MWTx-002 anti-TMPRSS6
antibody (FIGS. 4L-4M)j, MWTx-003 anti-FMPRSS6 antibody (FIGS. 4N-403, haMWTx-
001 Var anti-TMPRSS6 antibody (FIGS. 4P-4Q)), haMWTx-2Var anti-TMPRSS6 antibody
(FIGS. 4R-45) and kMW Tx-003Var anti-TMPRSS6 antibody (FIG. 4T-4U) to non-human
TMPRSSH, In each plot, open circles represent results using an anti-TMPRSS6 antibody, and
open squares tepresents results of mouse IglG oor human IgGl as a negative (nonspecitic
binding} control, with caloulated ECs0 values for cach antibody used as an estimate of binding

aftinity.

FIGS 5A-5R, show results of FACS analysis of binding of anti-TMPRSSé monoclonal

antibodies MWTx-001 (FIGS. 3A-3C), MWTx-002 (FIGS. 3D-3F), MWTx-003 (FIGS. 5G-

4
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31y anti-TMPRSS6 antibodies and their humanized varianis hzaMWTx-001 Var (FIGS. 3J-51),
heMWTx-002Var {FIGS. 35M-530), haMWTx-003Var (FIGS., 3P-SR) anti-TMPRSS6
antibodies to HEK293T cells expressing homologous matriptases. HEK293T cells stably
expressing human TMPRES6 (matriptase-2) (FIGS. 54, 3D, 3G, 57, 5M, 3P) were used as &
positive control, and HEK293T cells over-expressing matriptase (ST14) (FIGS. 3B, 5E, 3H,
3K, SN, 56 andfor matriptase-3 {TMPRSS7) (FIGS. 3C, 3F, 51, 5L, 30, 5R) proteins were
used fo fest binding to homologous matriptases. In each panel {FIGS. 5A-5R)Y HEK293T cells
not expressing matriptase (HEK2937T) were used as a negative control, with control {Ctrl)

resulis clearly indicated.

FIGS. 6A-6L show anti-TMPRSS6 antibody treatment increases hepeidin expression in mouse
i a dose-dependent manner.  FIGS. 6A-6C show effects of MWTx-003 anti-TMPRSS6
antibody {FIGS. 6A-6B) or its humanized variant hz2MWTx-003 Var anti-TMPRSSH antibody
(F1G. 6C) on serum iron. FIG. 6D shows etfect of GFP-TMPRSS6 on seruny hepeidin. FIGS.,
6D-6F show effects of MWTx-003 anti-TMPRSS6 antibody (FIGS. 6D-6E) or its humamized
variant hzMWTx-003Var anti-TMPRSS6 antibody (FIG. 6F) on serum hepeidin. FIG. 6G
shows etfect of GFP-TMPRSS6 on liver hepeidin RNAL FIGS. 6G-61 show effects of MWTx-
G03 antt-TMPRSS6 antibody (FIGS. 6G-6H) or its humsanized variant heMWTx-003Var anti-
TMPRSS6 antibody (FIG. 61) on Biver hepeidin RNA, FIGS. 6J-6L show serum concentrations
of MWTx-003 anti-TMPRSS6 antibody (FIGS. 6J-6K) or its humamzed variant haMWTx-
003Var anti-TMPRSS6 antibody (FIG. 6L). Mouse 1gG2b (MolG2b) (FIGS. 6A-6B, 6D-6E,
6(G-6H, 6J-6K) or human IgG 1 (HulGg FIGS. 6C, 6F, 61, 61.) was used as an isotype control,
PBS was used as & vehicle control, and GFP vector was used as a vector control (FIGS. 6A,

6D, 6G, 6J).

FIGS. 7TA-TR show in vive efficacy of anti-TMPRSS6 antibody using a fi-thalassemia mouse
model. FIGS, 7A-7D show effects of MWTx-003 anti-TMPRSS6 antibody on RBC {FI1G. 7A},
HGR (FIG. 7B), HCT (FIG. 7C} and RDW (FIG. 7Dy using Th3~+ mice. FIG. 7E shows effect
of MWTx-003 anti-TMPRSS6 antibody on spleen weight using Th3+ mice. FIG. 7F shows
effect of MWTx-003 anti-TMPRSS6 antibody on serum iron using Th3A+ mice. FIG. 7G shows
effect of MWTx-003 anti-TMPRSS6 antibody on liver non-heme iron using Th3/+ mice. FIG,
7H shows ctfect of MWTX-003 anti-TMPRSS6 antibody on serum hepeidin using Th3/+ mice.
FIG. 71 shows effect of MWTx-003 anti-TMPRSS6 antibody on liver hepeidin RNA using
Th3/+ mice, FIG. 7J shows serum concentration of MWTx-003 anti-TMPRSS6 antibody using

Thi/~ mice. FIGS. 7L-7M show effect of MWTx-003 anti-TMPRSS6 antibody on

)
£
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ervibropoiesis using bone marrow from Th3/+ mice, FIGS, 70-7P show effect of MWTx-003
anti-TM PRSS6 antibody on erythropeiesis using splenocytes from Th3/4 mice. Representative
plots in FIGS. 7K-7P show with four distinct cell clusters (I: basophilic ervthroblasts; I
pelychromatic erythroblasts; [ orthochromatic erythroblasts and nonnucleated reticulocytes
and 1V: mature red cells} and their corresponding perceniages of cell numbers are highlighted.
Wildtype mice were used as 8 positive control (FIGS. 7A-T, 7K, TN}, and mouse 1gG2b
(Molg(G2b) was used as isotype control in the treatment (FIGS. 7A-71, 7L, 70). Bar graphs in
FIGS, 7Q-7R show average results for cell clusters I, 11, HI, and [V in bone marrow (FIG. 7Q)
and spleen (F1G. 7R} for each treatment regime (WT, Th3/+ w/ MolgG2b, This w/ MWTx-
003 after 4 weeks, where comparisons allow identification of shifts in each population, most

netably a shift to mature red blood cells {cluster 1V) after MWTx-003 treatment.

FIGS. 8A-8D show results of epitope bianing of MWTx-001, MWTx-002 and MWTx-003
anti-TMPRSS6 antibodies for huntan ecto-TMPRSS6-FLAG using the Octet™ RED96e. FIG.
RA shows epitope binning of MWTx-001 anti-TMPRSS6 antibody towards ecto-TMPRSS6-
FLAG. FIG. 8B shows epitope binning of MWTx-002 anti-TMPRSS6 antibody towards ecto-
TMPRSS6-FLAG. FIG. 8C shows epitope binning of MWTx-003 anti-TMPRSS6 antibody
towards ccto-TMPRSS6-FLAG. FIG. 8D summarizes association signals for MWTx-001,

MWTx-002 and MWTx-003 anti-TMPRSS6 antibodies.

DETANL.ED DESCRIPTION

The tovention refates fo povel antibodies and antigen-binding fragments thereot that bind

TMPRSS6, and methods of making and using the same.
TERMINOGLOGY / DEFINITIONS

Scientific and technical terms used in connection with the present invention shall have the
meanings that are commonty understood by those of erdinary skill in the art, unless otherwise

4,8
a

defined. Use of singutar terms (Ma" or "ar" or "the" or other use of a term in the singular)
include plural reference, and plorat terms shall include the singular, yniess the context clearly
dictates otherwise. Thus, for example, reference to "an antibody” includes "one or more"
antibodies or a "plurality” of such antibodies. All publications mentioned herein are hereby

mcorporated by reference in their entireity.

Generally, nomenclature and techniques of molecular biology, microbiology, cell and tissue

culture, protein and nucleotide chemistry, and recombinant DNA techniques available to one

16
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of skill of the art can be employed for the antibodies, antigen-binding fragments, compositions,
and mwethods disclosed heretn.  Techniques and procedures described herein are generally
performed according to conventional methods well known in the art and as described in various
general and more specific references, inter alia, Sambrook er al. (1989 MOLECULAR
CLONING; A LABORATORY MANUAL {(2nd ed., Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.) and Awgsubel e ol (1994) CURRENT PROTOCOLS IN
MOLECULAR BIOLOGY, Volumes I-H] (John Wiley & Sons, N.Y.}. Enzymatic reactions
and purtfication techniques are performed according to manufacturer's specifications or as
commondy accomplished in the art or as described herein, unless otherwise specified herein.
Techaiques and methods for pharmaceutical preparation and formulation, and treatmesnt of

subjects, are described herein using conventional nomenclature.

"Antibody" refers in the broadest sense to a polypeptide or combination of polvpeptides that
recognizes and binds to an antigen through one or mere innnunoglebulin variable regions,
where the invmunoglobulin variable regions may be naturally occurring or non-naturally
occurring, e.g., as a result of engineering, chimerization, humanization, optimization, CDR-

grafting, or atfinity maturation,

An "antibody” as disclosed herein can be a whole (intact, tull fength) antibody, a single chain
antibody, or an antigen binding fragment with one or two chains, and can be naturally occurting
and non-naturally occurring.  An antibody comprises at feast sufficient complementarity
determining regions (CDR), interspersed with framework regions {(FR). for the antibody to
recognize and bind to an antigen. An anti-TMPRSS6 antibody disclosed herein may be, but is
not limited to, at least one of a monoclonal antibody, a polyclonal anttbody, a humanized
antibody, a chimeric antibody, a single chain antibody, a Fab fragmemt, a single-chain variable
fragment {scFv), an aptamer, a single-domain antibody {VHH or nanobady}, a recombinant
antibody, a modified antibody having peptide/other moieties attached to antibody and/or
additional amine acids added the N- or O~ terminus, ov other TMPRSS6-binding fragment or
variant. Whole antibody, full length antibody, intact antibody, naturally occurring antibody,
or equivaient terms are understood to refer to a pelypeptide, in particular a glycoproteia,
comprising at least two heavy chains {(HCs) and two light chains (LCs) interconnected by
disulfide bonds. Each HC is comprised of a heavy cham variable region (VH} and an HC
constant region (CH), and each hight chain is comprised of a light chain varizbie region {VL}
and an LC constant region (CL). The HC and LC variable regions, VH and VL, mclude a

binding domain that iteracts with an antigen. The VH and VL regions can be further

3



16

15

20

25

30

WO 2021/207072 PCT/US2021/025775

subdivided mto CDR regions characterized by hypervariability, interspersed with FR regions
that are typically more conserved. Each VH and VL is typically composed of three CDRs and
four FRs arranged from amino-terminus to carboxy-terminus in the following order: FRI,
CPR1, FR2, CDR2, FR3, CDR3, FR4. The constant regions of the antibodies may mediate the
binding of the immunoglobulin to host tissues or factors, including various cells of the mmune
systent and the classical comploment system. Typically, an antibody comprises at feast heavy
chain (HC) CDRY, CDR2, and CDR3 and light chain (LCY CDRI1, CDR2, and CDR3
sequences, where any one of these sequences may be naturally or non-naturally occurring. An
antibody may comprise fewer CDR sequences, as long as the antibody can recognize and bind

an antigen.

An anti-TMPRSR6 antibody disclosed heremn may be a variant comprising at least one aliered
CDR or framework sequence, whercin CDR andfor framework sequences may by optimized
by mutating a nucleic acid molecule encoding such framewaork sequence.  Variants may be
constructed with HC and LC portions derived independently from  different sources.
Techniques for generating variants include but are not limited fo conservative amino acid
substitution, computer modeling, screening candidate polypeptides alone or in combinations,
and codon optimization, and it s understood that a skilled person is capable of generating
antibody variants as may be needed. An anti-TMPRSS6 antibody disclosed herein may be a
fragment. Asntigen binding functions of an antibody can be performed by fragments such as: a
Fab fragment; a monovalent fragment consisting of the VL, VH, CL and CH1 domains; a F(abh
fragraent; a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the
hinge region; an Fd fragment consisting of the VH and CHI domains; a single-chain variable
fragment (scFv) consisting of the VL and VH domains of a single arm of an antibody; a single
domain antibody {dAb) fragment whick consists of a VH domais; and an isolated CDR (VHH,
nanobody} |, or an aptamer. Antigen binding portions can be incorporated into single domain
antibodies, maxibodics, mindbodies, navobodies, tmbodies, diabodies, triabodies,
tetrabodies, v-NAR and his-scFv  (see, e, Hollinger and HMudson, 2005, Nature
Biotechnology, 23, 9, 1126-1136). Antigen binding portions of antibodies can be gratted into
scaffolds based on polypeptides to form monobodies {see, e.g., U.K. Pat. No. 6,703,199, which

describes fibronectin polypeptide monobodies).

The term antibody encompasses various broad classes of polypeptides that can be distinguished
bicchemically. The "class” of an antibody refers to the type of constant domain or constant

region possessed by its heavy chain. Those skilled in the art understand that there are five
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major classes of antibodies, viz., IgA, gD, Igb, IzG, and IgM, and several of these may be
further divided into subclasses (isotypes), e.g., lg(G1, 1g(G2, 1gG3, 1gG4, IgA 1, and [gA2, cach
of which s well characterized and known to confer functional specialization. Modified
versions of each of these classes and sotypes are readily discernable and within the scope of
the instant disclosure, While all imnunoglobulin classes are within the scope of the present
disclosure, the present disclosure will be directed largely to the IgG class of immunoglobulin

miecules,

The term "chimeric” antibody reters to an antibody in which a portion of the heavy chain (HC)
andfor light chain {L.C) involved in forming the immunoreactive site is dertved from a
particular source or species, while the remainder of the HC andfor LU is derived from a
different source or species. In certain embodiments the farget binding region or site will be
from a non-human source {e.g., mouse or non-human primate) and the constant region is

human.

As used herein, the phrase "humanized antibody" refers to an antibody or antibody variant
derived from a non-human antibody, typically a mouse monoeclonal antibody, where CDRs
tron: the parental, non-human amtibody are grafted (fused) in a framework comprising variable
regions derived from a human immunoglobuyiin frameworl, i particuyfar an acceptor human
framework or a human consensus framework. Techniques and principles for designing,
making, and testing humanized antibodies are knows (Jones PT, Dear PH, Foote I, Neuberger
MS. Winter G. Replacing the complementarify-determining regions m a humman antibody with
those from a mouse, Neture. 1986 May 29-Jun 4;321{6069):522-5; Almagre JC, Fransson J,
Mumanization of antibodies. Front Biosci, 2008 Jan 1;13:1619-33)  §t is understood that
changes can be made to an acceptor framework at multiple locations in erder to develop a
hamanized antibody having improved features according to the desired use, e.g., high affinity
for target, low clearance, low toxicity, efc. An anti-TMPRSSS antibody disclosed herem may

be & humasized vanant,

"Affinity" refers to the strength of the sum total of noncovalent interactions between a single
binding site of a molecule {e.g., an antibody) and its binding partner (e.g., an antigen). Unless
indicated otherwise, binding affinity as used herein refers to intrinsic binding affinity which
reflects a 1:1 interaction between members of a binding pair {¢.g., aniibody and antigen).
Affinity can be measured by common methods known i the art, including those described
hergin, The calculated concentration & which approximately 30% of maximal binding {the

calculated ECsa) can be used as an estimate of affinity. The affinity of a molecule X for ifs
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partner Y can generally be represented by the dissociation constant (Kd or KD, representing

Kosr'kon meeasured for the interaction).

A "subject” is a manunal, where mansnals mclude but are not limited to primates (e.g., humans
and now-human primates such as monkeys), domesticated animals (e.g., cows, sheep, cats,
dogs, pigs, Hlamas, and horses), rabbits, and rodents (eg, mice and rats). In certain
embodiments, the subject is a haman, The phrases "to a subject in need thereof™ or "o a patient
in peed thereot™ or "o a patient in need of treatment” or "a subject i need of treatment” may
include subjects that would benefit from administration of the anti-TMPRSS6 antibodies
disclosed herein, for treatrent of an ron overload disorder, It is understood that administration
of anti-TMPRSS6 antibodies encompasses administration to “a subject in need thereol” can be
mterpreted as reforming to a subject known or suspected fo bave an ron overload disorder, in
particular a [3-thalassemia, based on indicators such as symptoms, fanuly history, or genotype.
1t is further understood that anti-TMPRSS6 antibodies can be administered to a subject that is
not known or suspected o bave a disorder of iron metabolism, for purposes that may include
but are not lanited to, preventative or prophylactic purposes, for screening, for diagnostics, for

research purposes, or to achieve results distinct fromt freating a disorder.

An "effective amount” of an angti-TMPRSS6 antibody, ¢.g., in a pharmaceutical formulation,
refers to an amount effective, at dosages and for pertods of time necessary, to achieve the
desired therapeutic or prophylactic resalt. 1t is understood that "effective amount” is mtended
to refer fo the amount of as anti-TMPRSS6 antibody or a pharmaceutical compeosition
comprising an anti-TMPRSS6 antibody that will elicit the biological response of, or desired
therapeutic effect on, a cell, a tissue, a system, a non-human animal subject, a non-human
mammal subject, or a human subject that is being measured, The terms “therapeutically
effective amount”, "pharmacologicaily effective amount”, and “physiologically effective
amount” are used interchangeably to refer to the amount of an anti-TMPRSS6 antibody that is
needed 10 provide a threshold level of active agents in the bloodstream or in the target tissue.
The precise amount will depend upon numerous factors, e.g., the particular anti-TMPRSS6
antibody (active agent}, the components and physical charactenstics of the composition,
intended popolation of subjecis/patients to be treated, considerations such as the disease state,
age, sex, and weight of a subject, and the like, and can readily be deternuned by one skilled 1n
the art, based upon the information provided herein or otherwise available i the relevant
Hieratyre, The terms, "improve”, Mincrease” or "reduce”, as used in this context, indicate values

ov parameters relative to a bascline measurement, such as a measurement in the same subject
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prior {0 mitiation of the treatment described herein, or a measurement in a control individual

(or multiple control individuals) i the absence of the treatment described herein.

The term "pharmaceutical composition” or “pharmaceutical formoelation” refers 10 a
preparation which is in such form as to permit the biological activity of an active ingredient
contained thercin to be effective, in particylar an anti-TMPRSS6 antibody. 1t is understeod
that a pharmacentical composition may contain more than one active ingredient, e.g., more than
one anti-TMPRSES6 antibody, or a combination of an anti-TMPRSS6 antibody with another
active ingredient that acts on a difforent target, where such combinations can be but are not
fimited to, a combination of an aptiTMPRSS6 antibody with another active ingredient having
& desired effect on hematopoietic processes, in particular ervthropoiesis, a combination of an
anti-TMPRES6 antibody with gene therapy agents such as agents to cary out gene therapy
targeting the HBA gene, or a combination of an anti-TMPRSS6 antibody with Fe-fusion
proteins that target TGE superfamily ligands to stimulate erythropoiesis. A "pharmaceutically
acceptable carrier” refers to an fgredient in a pharmaceutical formutation, other than an active
wngredient, which 1s sontoxic to a subject. It is understood that a pharmaceutically acceptable
carrier can be, but is not limited to, a bufter, excipient, stabilizer, an adjuvant, or preservative.

PR

The term “treat” or “treating” or stmilar terms as used herein, can refer to an ouicome that is
deemed beneticial tor a particular subject in a defined set of circumstances. Treating a disorder
of iron metabolism may refer non-exclusively to any of reducing, mmeliorating, slowing,
mterrupting, arresting, alleviating, stopping, ov reversing the progression or severity of an
existing symptom, disorder, condition, or disease, and may further encompass prevention or
delay of the onset of one or more symptoms of an iron overload disorder, andfor lessening of
the severity or frequency of one or more symptoms of an iron overlead disorder, The terms
"treating” or "method of treating” or equivalents can encompass one or more uses of anti-
TMPRSS6 antibodics disclosed herein, including but not limited to therapeatic, prophyiactie,

preventive, diagoostic, imaging, and screening uses.

The term "vector,” as used herein, reters to a pucleic acid molecule capable of propagating a
nucleic acid to which the vector sequence is linked, in a host cell in which the vector is
mtroduced.  Vectors capable of directing the expression of nucleic acids to which they are

operatively linked are referred to herein as "expression vectors.”
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ANTI-TMPRSES6 ANTIBODIES

Anfibodies and antigen-binding fragments are provided that are capable of binding TMPRSS6
on the surface of a cell and modulating the activity of at least one component involved in fron
metabolism, in particolar at least one component involved in iron overload disorders assoctated
with abnormal suppression of hepeidin expression, Anti-TMPRSES6 antibodies that are capable
of binding TMPRSS6 on the surface of a cell and modulating the activity of at least one
comaponent favolved in regulating hepeidin expression can be used in methods tor treating fron
overload disorders associated with abnormal suppression of hepcidin expression,  Anti-
TMPRSS6 antibodies that are capable of binding TMPRIS6 on the surtace of a cell and
modulating TMPRSS6 suppression of hepeidin expression can be ysed to therapeutically target
TMPRSS6 in methods for treating tron overload disorders associated with abnormal

suppression of hepeidin expression,

Once antibodies or fragments specific for TMPRSS6, in particutar human TMPRSS6 expressed
on the surface of a cell, have been obtained, the desivred biological activity of modulating the
activity of at least one component mvolved in iron metabolism thereof can be tested by several

mwethods known to the skilled person.

It is understood that "modulate™ or "moduiating™ or similar terms as used herein can refer to
one or more effects that can result when an anti-TMPRSS6 antibody disclosed herein binds its
target. “Modulating™ and #ts equivalents can refer to different modes of action and effects
depending on the component under consideration, ie., modulating can refer to neutralizing,
reversing, inhibiting, blocking, reducing, antagonizing, or otherwise interfering with the
activity of certain components involved in iron metabolism, while for other components
nvolved in iron metabolism the term modulating can refer to fucreasing, enbancing, or having

an agonist effect on these components.

It is understood that the term "component” can refer not only to target molecule TMPRSS6,
but also to a downstream process or pathway involved in fron metabolism. Thus, a component
within the meaning of a process or pathway can be, but 1s not Hinuted to, regulation of hepeidin
expression, TMPRSES6 suppression of hepeidin expression, the process of hepeidin expression,
regulation of hepeidin levels, increasing hepeidin fevels, the activity of the hepeidin promater,
or TMPRSS6 suppression of the BMP/SMAD pathway-induced expression of hepeidin,
regulation of liver non-heme iron levels, one or more processes involved in splenomegaly, or

one or more hematopeietic processes involved in regulation of red blood count (RBCH,

e
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hematocrit (HCT), red cell distribution width (RDW), and erythropoiesis, in particular

production of mature red cells.

Anti-TMPRSS6 antibodies as disclosed herein can be used to therapeutically target at least one
component involved in iron metabolism, in particular at least one component involved in fron
overload disorders, In certain embodiments, anti-TMPRSS6 antibodies as disclosed herein can
be used to therapeutically target at least one component imvolved in regulating hepcidin
expression, and modulate the activity of the component fo achieve increased hepeidin
expression, In cerfain embodintents, anti-TMPRSS6 antibodies as disclosed herein can be used
to modulate the activity of the hepcidin promoter to achiove increased hepeidin expression. it
is understoed that anti-TMPRSS6 antibodics as disclosed herein can be used to therapeutically
target TMPRSS6 and thereby modulate the downstream activity of other components of
hepeidin expression, including but not limited to, regulation of hiver non-heme iron fovels, one
oF more processes involved i spleromegaly, or one or mote henatopoietic processes involved
n regulation of red blood count (RBCY), hematoerit (HCT), red cell distribution width {RDW),

and ervthropoiesis, in particufar production of mature ved cells.

Using anti-TMPRSS6 antibodies as disclosed herein to therapeutically target at least one
component involved in iron metabolism, allows precise modulation of the targeted component.
It is understood that by using anti-TMPRSS6 antibodics as disclosed herein to precisely target
TMPRSS6 and #ts downstream effects on at least one component involved in regulating
hepeidin expression, it is possible to avoid undesirable effects, difticulties with delivery and/or
effectiveness, and regulatory hurdles associated with other approaches to treating iron overload
disorders that are currently in use or under development, e.g.. blood fransfusions that can
further exacerbate von overlead, iron chelation with poor patient compliance, mtrusive
phlebotomy or splenectomy that only manage symptoms, gene therapy targeting the /BB gene
with potential permanent pletotropic effects i multiple systems, gene therapy and gene editing
with unknown oft-target effects, Fe-fusion proteins targeting TGF superfamily ligands to
inhibit SMAD signaling that do not reduce the need for iron chelation therapy to manage iron
overload, and other approaches that are ditficuit to control or deliver such as hepeidin mimetics,
and antisense or iIRNA drugs targeling 73PRIS6. 1t is understood that using anti-TMPRSS6
antibodies for precise therapeutic fargeting does not exclude the possibility of using anti-
TMPRSS6 antibodies in methods and compositions for combination treatments, e.g., n
combination with another active ingredient thai acts on a different farget, in combination with

an antibody that binds a different target, in combination with gene therapy agents and methods

2
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for targeung the HBB gene, or in combination with Fe-fusion proteins that target TGF

superfamily ligands to stimulate evvthropoiesis.

Anti-TMPRSS6 antibodies disclosed herein allow the development of treatments that can be
tailored to each subject (e.g., dosage, frequency of administration), where they can be
continued and discontinued with ease, and combined with other therapies. In cerfain strategic
embodiments, anti-TMPRSS6 antibodies disclosed herein can be combined with other
therapies that may address multiple therapeutic targets and/or address deficits or undesivable

etfects of one of the therapies in the combination therapy.
Exempiary embodiments of anti-TMPRSS6 anfibodies and uses thereof

Nog-timiting exemplary embodiments of anti-TMPRSS6 antibodies of the inveantion are

presently disclosed, m particular in the Examples, Tables, and Figures.
Amntibodies capable of binding TMPRSS6

As demonstrated in the Examples, a functional cascade can be used to identify and characterize
anti-TMPRSS6 antibodies of the present invention, where a first step in the cascade involves
screening for antibodies capable of binding fo buman TMPRSS6 on the surtace ot a cell
expressing TMPRSS6 (Example 1, FIG. 1}, followed by a second step to identify antibodies
capable of binding o luean TMPRSSH on the surface of a cell expressing TMPRSS6 and
moedulating the activity of a component invelved in iron metabolism, in this case testing for the
ability to increase hepeidin (HAMP) promoter activity {Example 2).  As demonstrated by
exemplary embodiments shown in FIG. 1, the first stop identified 143 antibodies (clones)
capable of binding to human TMPRSS6 on the surtace of a cell expressing TMPRSS6, and the

"

second step identified ten (10) of the antibodies {out of 143 screened) as "active” antibodies

{clones) that were able to increase hepeidin (HAMP) promoter activity.

In & third step of the functional cascade (FIG. 1), the ten (1) "active” antibodies were tested
for cross-reactivity with non-human TMPRSS6 targets from sources that would be relevant for
turther studies, viz., testing for cross-reactivity with mouse TMPRSS6 relevant to preclinical
efficacy studies in a mouse model, and testing for cross-reactivity with cynomolgus monkey
TMPRSS6 relevant to toxicity (safety) trials.  As demonstrated by exemplary embodiments
shows in FIG. 1, demonstrated in Example 4 and illostrated in FIG. 4, three (3) clones {out of
10 screened) showed cross-reactivity with at least one non-human TMPRSS6 and were
designated MWTx-001, MWTx-062, and MWTx-003. Each of the monoclonal antibodies was

sequenced and CDRs on each HC and LC were identified (Kabat numbering}). HC and LC
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sequences were identified as follows for: MWTx-001(SEQ ID NOs: 61{HC) and 63{LC));
MWTx-002 (SEQ 1D NOs: 65 (HC) and 67 {L.CY); and MWTx-003 9SEQ 1D NOs: 69(HC)
and 71 (LY. A hybridoma cell line producing the MWTx-001 monoclonal antibody has been
deposited with the American Type Culture Collection (ATCCR), 10801 University Boulevard,
Manassas, Virginia, 20110, United States of America, on May 27, 2020, under the terms of the
Budapest Treaty, under ATCC Accession No. PTA-126759. A hybridoma cell ine producing
the MWTx-002 monoclonal antibody has been deposited with the American Type Culture
Colicction (ATCCE), 10801 University Boulevard, Manassas, Virginia, 20110, United States
of America, on May 27, 2024, ynder the terms of the Budapest Treaty, under ATCC Accession
No. PTA-126760. A hybridoma cell line producing the MWTx-003 monoclonal antibody has
been deposited with the American Type Culture Collection (ATCC®R), 10801 University
Boulevard, Manassas, Virginia, 20110, United States of America, on May 27, 2020, under the

terms of the Budapest Treaty, under ATCC Accession No. PTA-126761,
Humanized variants

Humanized antibodies comprising CDRs derived from a non-luman source grafted into a
human-derived antibody framework are expected to be non-immunogenic when administered
to a human subject.  As demonstrated by exemplary embodiments disclosed in Example 2,
huranized anti-TMPRSS6 antibody variants were successtully generated, tested, optimized,
and selected. Multiple candidate HC and LC variants were doveloped wherein cach HC or LC
variasf had the same CDR sequences buf the variable region frameworks sequences could vary
at over 90% of the framework positions, and these variants tested in different HCU/LC
combinations to identify combinations having desired features. After mitial design and testing,
variants that showed desired antigen binding affinity were selected for further evaluation and
development, including but neot limited to modification of some parental CDR sequences to
avoid potential unwanted events such as aspariate isomerization, and modification of some
constant regions (Fe) to achieve desired functions such as minimizing antibody-dependent
cellular cytotoxicity (ADCC), 1o arrive at humanized variants h2MWTx-001Var (SEQ 1D NOs:
73 (HC) and 75 (LCY), haMWTx-002Var (SEQ 1D NOs: 77{HC} and 79 (L.C}), and hzMWTx-
(03Var (SEQ ID NOs: 81(HC) and 83{LC)).

Anti-TMPRSS6 antibodies that increase hepeidin promoter activity

As disclosed herein, antibodies for use in treating iron overload disorders characterized by

reduced hepeidin expression may modulate the activity of at least one componieat mvolved in
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hepetdin expression, where the component may be activity of the hepeidin promoter.  As
demonstrated by exemplary ermabodinents using an in vitre assay disclosed in Example 2, anti-
TMPRSS6 antibodies MWTx-001, MWTx-002, MWTx-003, haMWTx-001Var, h2MWTx-
002Var, and heMWTx-003Var increased HAMP promoter activity i & dose-dependent
manner {FIGS, 2A-2F), while isotype controfs at the same concentrations did not increase

HAMP promoter activity.

Anti-TMPRSS6 antibodies having high affinity for a target in a relevant biological

context

Anti-TMPRSS6 antibodics showed high affinity for a biclogically appropriate target, fe,
human TMPRSS6 expressed on the surface of a cell.  As demonstrated by exemplary
embodiments of aftinity measurements using three different methods disclosed in Example 3
and Figure 3M, monoclonal antibodies MWTx-001, MWTx-002, and MWTx-003, and
humanized variants hzMWTx-001Var, iaMWTx-002Var, and haMWTx-003Var consistently
exhibited favorable affimty charactersstics for therapeutically effective antibodies or antibody

fragments.
Anti-TMPRSS6 antibodies having eross-reactivity with non-hwman targets

Tt is desirable for therapeutically usetul antibodies or antibody fragnients to have sutficient
cross-reactivity with nos-human targets (non-human homelogues) from sources that would be
refevant for further sfudies such as preclinical efficacy studies, animal medels of disease,
toxicology studies, efe., such that the antibodies or antibody fragments should recognize, e.g.,
a eouse homologue andfor & primate homologue such as fromm cynomolgus monkey. As
denmonstrated by exemplary embodiments disclosed m Example 4, MWTx-001, hzaMWTx-
001 Var, MWTx-003, and hzaMWTx-003Var showed detectable cross-reactivity with mouse
TMPRSS6, while MWTx-001, MWTx-002, MWTx-003, hzMWTx-001Var, hzMWTx-
002Var, and haMWTx-003 Var showed detectable cross-reactivity with cynomolgus monkey
TMPRSSS.
Anti-TMPRSS6 antibodies specifically bind TMPRSS6 (matriptase-2}

Antibedics with a high level of specific binding to a target protein and low cross-reactivity with
homoloegous proteins n the same organism, are expected to have reduced or no off-target
effects. Anti-TMPRSSS antibodies provided here show high specificity for human TMPRSS6
{matriptase-2), making them suitable for use in targeted compositions and methods.  As

demonstrated by exemplary embodiments disclosed in Example 5 and illustrated in FIGS, 3A-

20



10

15

20

25

30

WO 2021/207072 PCT/US2021/025775

R, monoclonal antibodies MWTx-001, MWTx-002, and MWTx-003, and their humanized
variants heMWTx-001Var, haMWTx-002Var, and heMWTx-003Var show specific binding to
human TMPRSS6 (matriptase-2) and did not show detectable cross-reactivity  with
homelogous human matriptases, /e, these anfibodies did not show detectable binding to

matriptase-1 {ST14) or matripfase-3 (TMPRSS7).

Anti-TMPRSS6 antibodies haviang in vive dose-dependent eflects on hormones and

symptoms associated with iron overload diserder

Auntibodies that can increase the level of serum hepeidin, a hormoune that confrols fron
absorption and mobilization from iron stores, are expected to reduce, ameliorate, or prevent
symptoms of iron overload diserder, in particular fo reduce, ameliorate, or prevent symptoms
of elevated levels of serum won.  As demonstrated by exemplary embodiments shown in
Example 6, administration of anti-TMPRSS6 monoclonal antibody MWTx-003 or humanized
variant hzMWTx-003Var to wildtype subjects, i.e., subject that is not known or suspected to
bave an iron overload, resulted in an increase in serum bepeidin levels {(FIGR. 6A-6C), a
decrease in serant iron levels (FIGS. 6D to 6F), and an increase in liver hepeidin RNA levels
(FIGS. 6G-613 compared with isotype contrels. These effects were dose-dependent, which can
be interpreted as indicating, without wishing o be bound by a mechanism of action, that the
dose-dependent a2 vive effects of anti-TMPRSS6 aptibodies indicate that a skilled person can

determine an effective amount (dosage) for & given subject.

Anti-TMPRSS6 antibodies having in vive efficacy in a P-thalassemia discase model

Antibodies and antibody fragments that can relieve one or mote syraptorss of an iron overload
diserder in vivo whes adninistered to a subject extubiting an animal moded of the discase, ie.,
& subject that is known or suspected 1o have an iron overload disorder, are expected to have
therapeutic ctfectiveness for clinical use,  As demounstrated by exeruplary embodiments shown
i Example 7 using the Th3/+ mouse model of B-thalassemia, administration of the anti-
TMPRSS6 monoclonal antibody MWTx-003 resulted in multiple effects including but not
fimited to reducing liver non-heme tron, increasing serum hepeidin, increasing liver hepeidin
RNA, reducing splenomegaly, increasing red blood count (RBC), increasing henratocrit
(HCT), reducing red cell distribution width (RDW), and increased production of mature red
cells (increased erythropoiesis), compared with isotype controls. Each of these effects can be
understood as an ameloration of a symptom of the disorder. Symiptoms of the disorder are

manifested in multiple biological systenis that include but are net limiited to effects o the liver

ra
-3



16

15

20

25

30

WO 2021/207072 PCT/US2021/025775

(effects on liver non-heme iron, fiver hepcidin RNAY, in the blood (effects on serum fron levels,
circulating bormone levels in particular serum bepeidin levels, RBC, HCTF, RDW}, spleen size
and function {splenomegaly), and ervthropoiesis in multiple sites including but not Hmited to
bone marrow and spleen (effects on abundance of different precursor cell types and abundance
of matare red cells in erythropoictic sites). Administration of anti-TMPRSS6 antibodies
ameliorated myltiple symptoms throughout the disease model subject, shifting the measared
symptom levels away from levels seen in isotype controls tor the disease model {(untreated
disease} and towards the fevels seen in wildtype littermates that represent normal levels in a
genetically similar subject that is not known or suspected to have the disease. Without wishing
to be bound by a theory or mechanism of action, it is ynderstood that ineffective erythropoiesis
is a driving force for abnormal hepeidin suppression leading to increased iron absorption and
iron overload, such that a treatment that imaproves ervthroblast differentiation and maturation
mto red cells should be therapeutically beneficial for treating an iron overload disorder. The
present non-limiting exemplary embodiment discloses an anti-TMPRSR6 antibody therapy that
increased erythroblast differentiation and maturation into red cells and also decreased iron

loading.
COMPOSITIONS

Compositions are provided that comprise the anti-TMPRSS6 antibody of the present invention
with safe and effective amounts and pharmaccutically acceptable carrier {8} or excipient (s)
suitable for the intended use(s) of each compeosition. Such cartiers welude but are not imited
to: safine, bufter, glucose, water, glycerol, cthanol, excipient, stabifizer, preservative, or
combinations thereof. It is understood that the pharmaceutical preparation should match the

administration mode.

Anti-TMPRSS6 antibodics disclosed herein can be administered by any suitable means,
mcluding but not limited to njection or parenteral infusion. Parenteral infusion can include
intramuscalar, intravenous, intrzarterial, intraperitoneal, subcutancous administration, or
parenteral delivery to the liver. Anti-TMPRSS6 antibodies disclosed heremn can be formulated
for introdaction into hepatic tissue or vasculature for delivery localized to target tissues, Asti-
TMPRSS6 antibodies disclosed herein can be administered ssing a device, or as a depot, or in
a sustained-release preparations {e.g., somipermeable matrices of solid hydrophobic polymaers
containing the antibody, or microcapsuies) to allow slow and/or measured and/or localized

defivery. Anti-TMPRSS6 antibodies disclosed herein can be formuolated and admmistered
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using colloidal drug delivery systems (for example, liposomes, albumin nucrospheres,

nucroenudsions, nano-particles and panocapsules) or in macroemulsions.
METHODS

Methods are provided for treating a disorder of iron metabolism using an effective amount of
an anii-TMPRSS6 antibody disclosed herein. Without wishing to be bound by a particufar
mechanism of action, methods provided for targeting TMPRSS6 using anti-TMPRSS6
antibodies disclosed herein result in multiple downstream effects, in particular effects on
coraponents {molecules, systems, processes) mvolved in iron metabolisny and eryvihropoiesis.
Without wishing to be bound by a particular mechanism ot action, methods are provided for
treating a disorder of won metabolism using an effective amount of an anti-TMPRSS6 antibody
disclosed herein to modulate the sctivity of & component involved in ron metabolism. In
particalar, methods are provided for treating iron overload disorders associated with excess
fron accumulation in tissues and organs, ncluding disorders related to or characterized by
inetfective erythropoiesis that may include but are not limited to P-thalassemia, in particular
non-transfusion dependent thalassemia, MDS (myelodysplastic syndrome), dyservthropoictic
anemia, and sideroblastic anemia.  Without being fimited to a single mechanism of action,
methods are provided for treating an fron overload disorders associated with low hepeidin
lfevels, in particelar disorders assoctated with suppressed hepeidin expression, including 4
discase or state in which abnormal suppression of hepcidin expression is involved, by

adminisfering anti-TMPRSS6 antibodies capable of increasing hepeidin expression.

Methods for treating a disorder of iron metabolism as provided herein comprise administering
an effective amount of an anti-TMPRSS6 antibody disclosed herein to a subject inneed thereof,
wherein administration of the effective amount of anti-TMPRSS6 antibody ameliorates af least
one biological effect (symptom) associated with the disorder, Methods for treating a disorder
of froa metabolism associated with suppressed hepeidin levels are provided wherein
administration of an effective amount of an anti-TMPRSS6 antibody disclosed herein {0 a
subjeet in need thereot, results 1 at least one of mereased hepeidin promoter activity, increased
hepeidin transcription, increased hepeidin RNA levels, and increased hepcidin levels, in
particular serum hepeidin levels. Methods for treating a subject known or suspected to have
an iron overload disorder are provided wherein administration of an effective amount of anti-
TMPRSS6 antibody results in one or more biological effects including but not lamited to
reducing liver nen-heme irow, increasing serum hepeidin, increasing liver hepeidin RNA,

reducing splenomegaly, increasing red blood count (RBC), increasing hematoent (HCT),
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reducing red cell distribution width (RDW), and increased production of mature red cells
(mereased erythropoiesis). Methods tor treating a subject known or suspected to have an iron
overload disorder characterized by ineffective erythropotesis are provided wherein
adnymisfration of an effective amount of anti-TMPRSS6 antibody results in one or more
biological effects including but not limited to reducing liver non-heme fron, increasing seram
hepeidin, increasing liver hepeidin RNA, reducing splenomegaly, increasing red blood count
(RBC), increasing hematocrit (HCT), reducing red cell distribution width (RDW), and

increased production of mature red cells (increased erythropoiesis),

Methods and compositions are provided for treating a disorder of iron metabolism, in particudar
an iron overload disorder, even more particularly an fron overload disorder characterized by
meffective erythropoiesis, wherein admmnistration of an eftective amount of an anti-TMPRSX6
antibody resulis in treating or amcliorating more than one biological effect or symptom
associated with the disorder. Without wishing 1o be bound by a theory or mechanism of action,
# is understood that ineffective erythropoiesis characterized by erythroid precursor apoptosis
resuiting in few mature red cells produced in the bone magrow, is a driving force for abnosntal
hepeidin suppression leading fo increased iron absorption and ron overload. In accordance
with this understanding, a treatment that improves erythroblast differentiation and maturation
into red cells should be therapeutically beneficial for treating an iron overload disorder. The
cttectiveness of anti-TMPRSS6 antibody therapy to increase crythroblast difterentiation and
maturation into red cells, decrease iron loading, increase hepeidin expression, efe., maxinuzes
the therapeutic benefit of the methods and compositions using anti-TMPRSS6 antibodies

disclosed herein.

The tollowing examples are offered 1o illustrate, but not to limit, the claimed invention.

EXAMPLES

EXAMPLE I: ANTIBOBY PRODUCTION AND IDENTIFICATION OF ANTIBODIES THAT BIND
TMPRSS6

The production of novel monoclonal antibodies against TMPRSS6 was carried out under
contract by the LakePharma Discovery Immunelogy group {LakePharma, Inc. San Carlos,
CA), otilizing in vivo todent immusizatton and hybridoma technology.  DNA-based
immunization via hydrodynamic gene transfer tail vein injection was performed in B6:SJL
mice (The Jackson Laboratories) using a mixture of pLEVII3 huTMPRSSé and

pLEVIL3 moTMPRSS6-TCE plasmid DNA (cloned at LakePharma, Inc). Sofficient plasnta
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tilers as determined by fluorescence-activated cell sorting (FACS) were obtained, triggering
downstrean antibody recovery and screening activities. Electrofusion using a NEPA GENE
ECFG21 Super Electro Cell Fusion Generator (Nepa Gene Co., Lid., Ichikawa-City, Chiba,
Japan) was performed with pooled splenocytes from 2 immunized mice and a myeloma fusion
partner, Fusion material was plated in a total of ten (10) 384-well plates in hypoxanthine-
anvinopterin-thyntidine medium, which specifically selects for hybridomas over unfused
mycloma partner cells. Hybridoma supernatants were witially screened for HuTMPRSS6
reactivity by FACS measurenment to detect supernatants that gave a posiive staining sigial on
TMPRSS6-expressing HEK293T cells (a plasiid encoding huTMPRSS6-(His)s (SEQ ID NO:
87) was transtected in HEK293T cells, TMPRSS6-expressing HEK2937 cells were selected)
and negative staining on parentals (HEK2937) on day 10 post-fusion. Hybridoma supematants
giving a positive staining sigaal on TMPRSS6-expressing HEK293 cells and negative staining
on parentals were designated as "hits” for turther screening. 192 hits were identified in the

primary FACS screen and 143 hits were confirmed in secondary and tertiary FACS screens.

EXAMPLE 2. FUNCTIONAL SCREENING OF ANTI-TMPRSS6 ANTIBODIES: IDENTIFICATION,
GENERATION, AND SEQUENCING OF MONOCLONAL ANTI-TMPRSS6 ANTIBODIES AND

HIUMANIZED VARIANTS

HAMP-Luciferase reporter assay

A hepcidin promoter-tuciferase reporter assay was used to measuore responses of the HAMP
promoter to various anti-TMPRSS6 antibodies (Du, X. e al, 2008, Science 320: 1088-1092;

modified to use human H4MP promoter instead of mouse Hamp promoter as originally

disclosed). For the HAMP-fociferase report assay, 8 2.5 kb HAMP promoter fragment

(Reference Genome GRUEIE) was spliced upstream from a sequence encoding firefly
luciferase. A control construct encoding Renilla luciferase, driven by a thymidine kinase
promoter {Promega, E6931) was used as an internal control.  These constructs were co-
transfected fito HepG2 cells (ATCC, HB-8063), together with constructs encoding TMPRSS6.
Transtected Hep(G2 cells expressing TVMPRSS6 were pre-treated with various concentrations
of purified mAb diluted in starvation medium containing munimum essential mediun: (MEM,
ATCC) + 19 heat inactivated fetal bovine serum (FBS, Gibeo) + ImM sodiom pyruvate +
non-essential amine acids solution {Gibco) + 10mM HEPES (Gibeo) + 1% Pew/Strep {Gibco)
for about 3 hrs before treatment with recombinant hBMP6 {R&D Svstems) at a final
concentration of 25-60 ng/mi o trigger BMP-SMAD-mediated signaling, Purified mouse fgG

(Sigma-Aldrich)y or human IgG1 {BioXcell} was used as a control. Upon an overnight treatment
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of hBMPS, celis were lysed and laciferase subsirate were added. Luminescence readings from
fiefly luciferase and Renilla luciterase were cach recorded by measuring total fuminescence.
Activity was calculated as the ratio of firefly luciferase luminescence to Renilla luciferase

luminescence (controly. Results for these assays are shown in FIGS. 2A-2F.

Functional screening in vitre

To screen for functionally active hybridomas, the HAMP-luciferase reporter assay described
above was used to test all 143 HuTMPRSSS binding hybridomas ("hits"), Supematants of {en
(10} out of 143 HuTMPRSS6 binding hybridomas increased HAMP promoter activity (data not
shown), and were identified as "active clones” to undergo further festing. These ten (10) active
clones were tested for cross reactivity against murine target MoTMPRSS6 as described in
Example 4 below, and three (3) showed binding towards both HuTMPRSS6 and MoTMPRSS6
as measured by FACS. These three cross-reactive clones were further plated at a density of 1
cellwell 192 wells of 384-well plates to generate nionoclonal hyvbridoma clones, the
resulting subclones that exhibited desived functional activity and cross-reactivity against non-
haman targets, e.g. murine TMPRSS6 (imoTMPRSS6) and/or cynomoligus monkey TMPRSS6
(cvnoTMPRSS6) were identified as MW Tx-001, MWTx-002, and MW Tx-003.

Seguences of anti-TVMPRSS6 antibodies MWTx-001, MWTx-002, and MWTx-003

squences of MWTX-001, MWTx-002, and MWTx-003 were determined by isolating smENAs
fron pach bybatdoma semple, carvying o reverse transeripbion podymorase chain reaction
{RT-PORY with anigue wouse {g( -apecitic primer sels o amplity the target variable regions
for soquencing. & untque heavy chuin and o uoipie bght chmn woere idontitied for oneh anit
TRMPRERS antibody. The nuclentide sequence of cach heavy chuin and cach light chain was
determned. Amine acid sequences encoded by the nucleotide sequences were determuined,

CDR regions were identified using the Kabst mumbenng systenn, Table | prosonts heavy cham

&

X

apd Bght chain variabde region amine actd sequences, aad amdne acid seguences of identified

o
e

5.‘11,

CDKs (hased on Kabal numbering ; and heavy chain and lght chain variable region nugleotid

segrienoss for each of MWTx-001, MWTx-002, and MWTx-003.

Table 1. Seguences of variable regions of anti-TMPRSS6 monocional antibodies
MWTx-001, MWTx-002, and MWTx-003

MWTx-001

Heavy chain of MW Tx-001:
Protein seguence of the variable regiows
OVOLOQPGAELAKPGASVEMSCKASGY TFTSY WITWVKQRPGODLEWIGNIYPGSGST

LS ]
T
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Table 1. Sequences of variable regions of anti-TMPRSS6 monoclonal antibodies
MWTx-001, MWTx-002, and MWTx-003

YYNEKFKSKATLTVRTSSRTAYMOQLSSUTSADSAVYYCAPYRSDYAMDY WGDGTSVT

GYTFISYW (SEQ 1D IYPGSGST (SEQ TD APYDSDYAMDY (SEQ 1D

Nucleotide sequencs of the variable region:
CAGGTCCAACTGCAGCAGUCTGGGGUTOAGCTTGOGAAGCCTGOGOOTTCAGTGAA
GATGTCCTGCAAGGCTTCTGGUTACACCTTCACCAGCTACTGGATAACCTGGGTGA
AGCAGAGGCCTGGACAAGACCTTGAGTGOATTGGAAATATTTATCCTGGTAGTGGT
AGTACTTACTACAATGAGAAGTTCAAGAGCAAGGCCACACTGACTGTAGACACATC
CTCCAGAACAGCCTACATGCAGCTCAGCAGTCTGACATCTGUGGACTUTGCGGTCY
ATTACTGTGCCCTCCTATGATTICCGACTATGUTATGOACTACTGGOGTCAAGGAACTCTY
CAGTCACCGTCTICCTCA(SEQ IDND: 3)

Light chain of MWTx-001:

Profein sequence of the variable recion:

DIKMTOSPSSMYASLOERVTITCKASQDINNY LSWFQDK PGKSPRTLIYRANRLVDGYP

QDINNY (SEQIDNG: 7y BAN(SEQIDNO:§)  LQYDEFPLY (SEQ HINOG: 9)

Nugleotide sequence of the variable region
GACATCAAGATGACCCAGTCTCCATCTTCCATOGTATGCATOTCTAGGAGAGAGAGT
CACTATCACTTIGCAAGGUGAGTCAGGACATTAATAACTATITAAGUTGOTTICCAGC
AGAAACCAGGGAAATCTCCTAAGACCCTGATCTATCOTGCAAACAGATTGGTAGAT
GGGGTCCCATCAAGOOTCAGTGGCAGTGOATCTOUGCAAGATTATICTCTCALCAT
CAGCAGUCTOGAGTATGAAGATOTGOGAATTITATTITITGTCTACAGTATGATGAGTT
TCCTCYCACGTICGGTGCTGOGACCAAGCTGGAGUTGAAA (SEQ ID NO: 1)

MWTx-002

Heavy chain of MWTx-002:

Protein sequence of the variable region:

EVOLOOSGAELVEKPGASVRLSCTASGFNIKDY Y HHW VK ERTEQGLEWFGRIDPEDGES
EYAPKFQGKATLTADTSSNTAYLQLSSLTSEDTAVYYCTRGDSMMVTYFDYWGQGTT

GFNIKDYY (SEQ ID o IDPEDGES (SEQ D ¢ TRGDSMMVTYFDY (SEQ TD
NO 1T NG 3 N Y

Nucleotide sequence of the vartable region:
GAQOTTCAGUTGCAGUAGTCTOOGGUAGAACTTGTGAAGCCAGGGGCCTCAGTCAA
GYTGTCCYGCACAGUCTCTGGUTICAACATTAAAGACTACTATATACACTOGGTGAA
AGAGAGGACTGAACAGGGCCTGGAGTGGTTTGGAAGGATTGATCCTGAGGATGGT
GAAAGTOAATATGCCCCGAAATTCCAGOGUAAGGCCATTTTAACAGCAGACACATC
CTCCAATACAGCCTACCTGCAGUTCAGCAGCCTGACATCTGAGGACACTGCCGTOT
ATTACTGTACTAGAGGAGACTCTATGATGGTTACCTACTTTGACTACTGGGGOCAA
GGUACCACTCICACGGTCICOTCA(SED D NO: 15

Light chain of MWT-002:

Protain sequence of the vaciable region:

lad
e



WO 2021/207072 PCT/US2021/025775

Table 1. Sequences of variable regions of anti-TMPRSS6 monoclonal antibodies
MWTx-001, MWTx-002, and MWTx-003

DIVMTOSHEKFMSTSVGDRVSITCKASQDVSTAVAWY QOKPGOSPRLLIYWAFTRUTOV
PFRRFTSTGSGTDYALTISSVOQARDLALYYCQOHYRSIFWIFOGGTKLEIK (SEQ [D NO:

Mucleotids sequence of the vartable vegion:
GACATTGTGATGACCCAGTCTCACAAATTCATGTCCACATCAGTAGGAGACAGGGT
CAOQCATCACCTGCAAGGCCAGTCAGGATGETGAGTACTOUTOTAGCCTGGTATCAAC
AAAAACCAGGGCAATCTICCTAAACTACTGATTITACTGGOGCTTICACCCGTCACALY
GOAGTCCOTCATCGOTTCACAAGCALTGGATCTGGGACAGATTATGQUTUTCACCATY
CAGCAGTOTGUCAGGCTGAAGACCTGGCACTTTATTACTGTCAGCAACATTATCGCA
GTCCGTGGACGTTCGGTGGAGGUCACCAAACTGGAAATCAAA (SEQ ID NO: 2()

MWTx-003

Heavy chain of MW T-003:
Protain sequence of the vadable region:

EVQLOQSGAELVKPOASVKLSCTASGENIEDY YTHW VK ERTEQGLEWIGRIDPEDGETT
Y. *\PQ‘H\){]K f‘\ [III‘D'I SENTAYMOQLSSLTSEDAAVYYCARSIYLDPMDYWGQOGTSVEVSS

SEQID ARSEYLEBPMDY (SEQ ID

NO: 24y

Nucleotide sequence of the variable region:
GAAGTTICAGCTOUCAGCAGTCTOGOGUCAGAALTTGTOAAGCCAGOGGGUUTUAGTCAA
GITGTCCTGUACAGCTTCTGGCTTCAACATTGAAGACTACTATATACACTGGGTGAA
GGAGAGGACTGAACAGGGCCTGOGAGTGGATTGGAAGGATTGATCCTGAGGATGGT
GAAACTACATATGCCCCGCAGTTCCAGGGCAAGGUCACTATAATACCAGACACATC
CTCCAACACAGCCTACATGCAGUTCAGCAGCUTGACATCTCAGGACGUTOGCCOTCT
ATTACTGTGUTAGATCOATCTACCTTGATCUTATGOACTACTGGGGTCAAGGAACCY
CAGTCACCQTCTICCTCA {(SEQ D NO: 25)

Light chain of MWTx-003:

Prodein seguence of the variable resion:

Df\f \i'i ﬂ%ﬂl\F\i‘s Y\,V(rDR\f %I'i ( K \‘sQD\ TTAVAW ‘1‘ QQI\ PC:QSPKHJ\ W ATT RH Y(r\'

Nucleotide sequence of he variable region;
GACATTGTOATGACCCAGTCTCACAAATTCATGTCCACATCAGTAGGAGACAGGGT
CAGCATCACCTGCAAGGCCAGTCAGGATGTGACTATTOCTGTCGCCTGGTATCAAC
AAAAALCAGGACAGTCTCUTAAAATACTGATTTACTGGGUAACCALCCGGCACACT
GOAGTCCOTGATCOCTTCACAGGCAGTATATCTGGGACAATTTATATICTCACCATC
AGTAGTGTGCAGGCTGAAGACCTOGUACTITATTACTGTCAGCAACATTATAGCAC
TCCOTACACGTITCOQGAGOGGGGAUCAAGCTGOAAATAAAASEQ 1D NO: 30)
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Generation and screening of humanized anti-TMPRSS6 antibody variants

Humanization of the parental anitbody was performed otilizing CDR grafting onto human
antibody framneworks. Homology modeling of the parental antibody’s 3-dimensional structure
was first performed 1o establish a structural model of the parental antibody. Amino acid

equences for the variable fragment framework were identified based on the overall sequence

w

identity, matching VH-VL interface posttions, similarly classed CDR canonical positions, and
rergoval of potential N-glveosylation sifes. Hunanized antibodies were designed by creating
multiple hybrid sequences that tuse sclected parts of the parental antibody sequence with the
human framework sequences. The isotypes chosen to format humanized antibody were 1gG1
for the heavy chain and 1g(i] kappa for the light chain, Using the 3D model, these humanized
sequences were methodically analyvzed by eye and computer modeling to isolate the sequences
that would most Likely retain antigen binding. The goal was to maximize the amount of human
sequence in the final huntanized antibodies while retaining the original antibody specificity.
Humamized variants, paiving the humamzed VH and V19 were then expressed and purified tor

atfinity analysis.

In ene round of designing, generating, and testing variants as part of an affinity analysis, four
VI variants were generated with the VH-CDRs of the parental antibody MWTX-003 in
correspording positions in four different human IgGi-devived frameworks (SEQ 1D NOS: 89-
MWTX-003 1n corresponding positions in four different human IgG1 kappa -derived
frameworks {(SEQ 1D NOS: 93-96). A total of sixteen (16) humanized variants representing
every combination of the VH and VL (VK) variants were prepared according to a 4VH x 4VK
mairix, ¢valuated for antigen binding characteristics (kan, ko, KD} and found to have KD

valucs in the nanomolar range, from 4.16E-07 (o 1.09E-08.

Vartants that showed desired astigen binding atfinity were selected for further evaluation and
developraent.  In some cases, parental CDR sequences were modified 0 avoid potential

unwanted events such as aspartate isomerization.

To silence antibody effector fumction, in particular to silence antibody-dependent cellular
cytotoxicity (ADCC), critical amino acid residues in the Fe region were identified and mutated
{substituted) for all of the humanized antibody variants, Guidance available in the published
literature concerning Fo mutations to achieve the goal of abolishing ADCC was used fo inform

the present mutations, for example remeval of the native Fo N-linked glycosylation site

LWPs]
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(N297A mudation) in hlgGl, or substitutions of leucine at positions 234 and 235 of the lower
hinge region in the Fo (LALA double mutation) as described by (Tamm A, Schmidt RE. G
binding sites on human Fo ganwna receptors. It Rev Impumol, 1997;16{1-2)%:57-85. doi:
1.3109/08830189709045703; Jefferis R, Lund J. Interaction sites on human IpG-Fc for
Fegammal: current models. fmmunol Lert. 2002 Jon 3;82(1-2):537-63. doi: 10,1016/50163-
247R(02)00019-6). In the present variants, the N297A mutation was introduced in the Fe of
the heMWTx-001Var and bzMWTx-002Var antibodies, aud the LALA mutation was
introduced into the Fe of the hzMWTx-003Var antibody, 1o achieve the same goal of reducing

or silencing ADCC (Table 3, SEQ ID NQs: 73, 77, 81}

After evaluation, humanized asti-TMPRSS6 antibody variants haMWTx-001 Var, bz MWTx-
002Var, and haMWTx-003Var were selected for further testing,  Sequences and features of

hwmanized variads are shown in Tables 2 and 3 below.
Recombinant production of humanized amti-TVIPRSS6 antibody variants

Expression constryets for hunmanized anti-TMPRSS6 antibody yariants were engineerad with
internal ribosome entry site (IRES) between LC- and HC-coding DNA sequences, codon
optimized by Geneart DNA synthesis and cloned into peDNA3 4 mammalian expression vector
(ThermoFisher). The sequences of DNA inserts were verified by sequencing. For recombinant
antibody production, the expression constructs were used for transient transtection using
ExpiCHO expression system (Thermotisher)y following manufacturer’s instraction. The
expressed antibodies were purified by Protein A affimity chromatography. The yield of
antibody production from transient transfection ranged from 30 mg to 300 mg per liter, with

purity > 95% and <t 1 EUAmi endotoxin level,

Sequences of humanized anti-TMPRSS6 antibody variants haMWTx-001Var, hzMWTx-
002 Var, and heyMWTx-683Var

Humanized anti-TMPRSS6 antibody variants hxMWTx-001 Var, hzMWTx-002Var, and
hzMWTx-003Var were selected for further testing. Sequences of the variable region of each
variable region are shows in Table 2 below, where identified CDRs are indicated by
underlining and changes made in the humanized variant CDR sequences relative 1o the parental

antibody are indicated and discussed.
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Table 2. Amino acid and nucleotide sequences of variable vegions of humanized
anti-TMPRSS6 antibody variants heMWTx-001 Var, haMWTx-802Var, and
he MW Tx- M3 Var

heMWTx-801Var

Heavy chain of hzaMWTx-001Var:

Protein seguence of varable vegion (CRR residues that differ from parental sequence in bold);
EVQLVQSGAEVRKKPGASVEVSCKASGYTHFTSY WITWVRQAPGORLEWIGNIYPGSGST
YYNEKFRSKATITRDTSSRTAYMELSSLRSEDTAVYYCAPYDADYAMDYWGQGTLVT
VES {SEQ 1D NO: 31}

(s 3 3 . P(}&! 31 «'\P 2ALN AMN
(SEQ ID NO; 32) (SEQ ID NOQ:33) (SEQ ID NO:34)

Comment on undertined sequence DA in hzMWTx-001Var HC CDR-2:

Onginal sequence i parental antibody s DS here. It was determined that DS s a oritical
combination that could resull in aspartate ssomerization, so S (Serine} al (his position was changed
to A (Adanine),

Nyeleotide sequence of the variable region:
GAAGTGCAQUTOGTGCAATCTGGCGCCGAAGTOAAGAAALCCTGGCGCCTCTGTGAA.
GOTGTCCTGCAAGGCTTCCGOUTACACCITTACCAGCTACTGGATCACCTIGAOGTCCG
ACAGOCTCOCTGGCCAGAGACTGGAATGGATCGOCAACATCTACCCTOGGOTCCGHGOT
CCACTTACTACAACGAGAAGTTCAAGTCCAAGGCCACAATCACCCGGGACACCTICT
TCCAGAACCGCCTACATGGAACTOTCCAGCCTGAGATCTGAGGACACCGCCGTGTA
CTACTOGCGCCCCTTACGACGCCGACTACGCCATGGATTATIGGHGGCCAGGGUACCC
TGOETCACCGTETCOYCT (SEQ D KO: 35)

Light chain of hzMWTx-001Var:

Protein seguence of variable region (COR residues that differ from parentad sequence in bold):
DIOQMTOSPSSLSASVGDRVTITCKASQDISNY LEWFQOKPGKAPKLLIYRANKRLVEGVPS
RESGSGSGTDFYLTISSLQPED] CLOQYDREFPLIFGGGTRKVEIK (SEQ 1D NO: 36)

ODISNY (SEQ IDNO: 37) | RAN (SEQ ID NO:38) | LQYDEFPLT (SEQ ID NO: 39)

Comment on underlined sequence 8N in haMWTx-001Var LC CDR-L:

Original secquence in parental antibody is NN here, it was delermined thal NN is a critical
combination that could result o asparagine deamidation, so N (Asparaging) at this position
was changed o S {Serine).

Nucleotide sequence of the varable region;
GACATCCAGATGACCCAGTCTCCATCCTCTCTGTCCGCCTCTGTGOGCGACAGAGTG
ACCATCACATOCAAGGUCAGCCAGOACATCTCCAACTATCTIGTCCTGGTICCALGCA
GAAGCCTGGCAAGGUTCCCAAGCTGCTGATCTACAGAGCCAACAGACTGGTGGAA
GGCGTGCCCTCCAGATTCTCCAGGATCTGGCTCTGGCACCGACTTTACCCTGACAATC
TCCAGCCTGCAGCCTGAGGACTTCGCTACCTACTICTGCCTGEAATACGACGAGTTC
CCTCTGACCTTIGGCGUAGGCACCAAGGTOOAAATCAAG (SEG 11D NO: 403

heMWTx-002Var

12
-t
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Table 2. Amino acid and nucleotide sequences of variable vegions of humanized
anti-TMPRSS6 antibody variants heMWTx-001 Var, haMWTx-802Var, and
he MW Tx- M3 Var

Heavy chain of hzMWTx-2Var:

Profein sequence of variable region (CDR residaes thal dif(er from parental sequence in bald):

SEYAPKFQGRVTITADTSTDFAYMELSSLRSEDTAVYYCTRGRSMMVIYFRYWGQGT

LVTVSS {SEQ ID NO: 41)

GEFNIKDYY DAES JDSMMY
(SEQ 1D NG:42) {SEQ I NO: 43) (SEQ ID NO: 443
Commertt on underlined sequence DA i hxMWTT-002Var HC CDR-2:

Original sequence in parental antibody is DG bere, It was determined that DG is a entical
combination that eould likely resull in aspartate isomerization, so G (Glycine) at this position
was changed io A {Alanine).

RNucleotide sequence of the variable region:

GAAGTGUAGCTGGTGUCAATCTGGCGCCGAAGTGAAGAAACCTOGCGCCTCTGTGAA
GGITGTCCTGCAAGGCCTCTGECTTCAACATCAAGGACTACTACATCCACTGGEYCC
OACAGGUTACCUGACAGGUACTTOAGTGOATGGGCAGAATCGACCCTGAGUACGT
CGAGTCTGAGTACGCCCCTAAGTTTCAGGGCAGAGTGACCATCACCGUCGACACCT
CTACCGACACCGUCTACATOGAACTGTCCAGCUTOGAGATCTGAGGACACCGCCGTS
TACTACTGCACCAGAGGUOACTCCATOATGGTTACCTACTTCGACTACTOGGGGUCA
GGGCACCCTGOTCACAGTTTCETCC {SEQ 1) NO: 45}

Light chain of hzMWTx-802Var:

Protein sequence of vartable repion:

DIQMTQSPSSLSASVGDRVIITCKASQDVSTAVAWY QQKPGKAPKLLIY WAFTRHTGV
PSRFSGSGSGTDY ALTISSLQPEDFATY YCQOHYRSPWIFGGGTK VEIK (SEQ 1D NO:
46)

ODVSTA (SEQ ID NO: WAF (SEQIDNO: | QQHYRSPWT (SEQ ID NO:
47) 48) - 49)

Nugleotide sequence of ihe vacable region;
GACATCCAGATGACCCAGTCTCCATCOTOTCTGTCCGOCTUTGTGOGCOGACAGAGTG
ACCATCACATGCAAGGCCTCTCAGOACGTGTCCACCGCCOTTGCTTGGTATCAGCA
GAAGUCTGGCAAGGCCCCTAAGCTGCTGATCTACTGGUCCTTCATCAGACACACCG
GCOTGCCCTCTAGGTTCTCCGGCTCTGGUTCTGGCACCGATTACGCTCTGACAATCY
CCAGCCTGCAGCCTGAGGACTTCGCCACCTACTACTGCCAGCAGCACTACAGAAGO
CCCTQOACATTTGOUGGAGOGUACCAAGGTGGAAATCAAG (SEQ T NOD: 3

hzMWTx-003Var
Heavy chain of ha MW -3 Var:

Protein sequence of variable yegion (CDRs indicated by underhining: CDR residues that ditfer
from parental CDR sequence indicated in beld):
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Table 2. Amino acid and nucleotide sequences of variable vegions of humanized
anti-TMPRSS6 antibody variants heMWTx-001 Var, haMWTx-802Var, and
he MW Tx- M3 Var
QVOLVOSGAEVKKPOGASVEVSCKASGENIERDYYMHEWVROQAPGORLEWMGRIDPEDA
ETTYSPEKFQORVEIIUPDTSANTAY MELSSLRSEDTAVYYCARSIYLEBPMDYWGQOTLVY
VIS5 {(SEQIDNO: 3

GENIEDY'Y IDPEDAET ARSIYLDPMDY

(SEC [D NCx 32) {SEC D NO: 53) (SEQ ID NCx: 543

Comment on underlined sequence 2A in haMW T-003Var HU CDR-2:

Original sequence i parental antibody is DG here. [t was determined that DG is a critical
combination that could likely resull in aspartate isomerization, so 0 (Tlycine) at this position
was changed o A (Alanine).

RNucleotide sequence of the variable region:
CAGOTGCAGCTOGGTOCAGTCTGGCOCCGAAGTOAAAAAGCCTGGCOGCCTCTGTGAA
GGETGTCCTGCAAGGCCTCTGGCTTCAACATCGAGOACTACTACATGCACTGGGTCC
GACAGGCCCCTGGCCAGAGATTGGAATGGATGGGCAGAATCGACCTCCGAGOALCGC
CGAGACAACCTACTCTCCTAAGTTCCAGGOUCGUGTOACAATCATCCCTGACACCT
CTGCCAACACCGUCTACATGOAACTGTCCAGUUTOGAGATCTGAGGACACCGCCGTG
TACTACTGCGCCCGRTICTATCTACCTGOACCCTATGGACTATTGGGGUIAGGGCAC
COTGGTCACAGTOTCCYCT (SEQ 1D NO: 35

Light chain of hzMWTx-l03Var:

Protein sequence of variable region;

Nucleotide sequencs of the variable region:

GACATCCAGATGACCCAGTCTCCAAAGTCICTGTCCGCCTCCGTGUGUGATAGAGT
GACCATCACCTGTAGAGCCTCTCAGOACGTGACCACCGUTUTGGCTYGGTATCAGC

AGAAGUCTOGUCAGTCTCCTAAGCTGUIGATCTACTGGOCCACCACCAGACALTCT

QGCGTGCCCTCTAGATICTCCGGCTUTGGCTCTGGCACCGACTITACCCTGACAATC
TCCAGCCTGCAGCCTOAGGACTTCGCCACCTACTACTGCCAGCAGCACTACAGCAC
CCCTTACACCTTTGGCCAGGGCACCAAGCTGGAAATCAAG (SEQ ID NO: 60)

Table 3 shows complete heavy chain and light chain protein and nucleotide sequences of anti-
TMPRSS6 monoclonal antibodies MW Tx-001, MWTx-002, and MWTx-003, and humanized
anti-TMPRES6 antibody variants hzMWTx-001Var, hzaMWTx-002Var, and haMWTx-

003Var, Heavy chain protein sequences of humanized anti-TMPRIS6 antibody variants
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hzMWT<-001 Var, haMWTx-002Var, and haMWTx-003Var show the location of mutations

(changes) intreduced to reduce ADCC as described above,

Table 3. Heavy chain and light chain seguences of anti-TMPRSS6 monoclonal
antibodies MWTx-881, MWTx~-H2, and MWTx-003, and humanized anti-
TMPRSS6 antibody variants hzMWTx-001Var, hzMWTx-002Var, and hzMWTx-
H3Vvar

Anti-TMPRSS6 monoclonal antibodies

MWTx-001
Heavy chain of MWTx-0801:
Prolein sequence (Constad region indicaled by ffafics):

QVOLQOPGARLAKPGASVEMSCRKASGYTFISY WITWVREOQRPGODLEWIGKIEYPGSGST
YYNEKFKSKATLTVDTSSRTAYMOQLSSLTSADSAVY YCAPYDSDY AMDYWGOGTSVY
NSSAKTTAPSYYPLAPVOGDTTGSSYTLGCLVK GYFPEPVTLTWNSGSLSSGVHTFPAVLOSD
LYTLSSSVIVISSTWERSONITONVAHPASS TR VDK KIEPRGPUIKPCPPCRKCPAPNLLGGPSVET
FPPRIKDVIMISLSPIVICVV I SEDDRPDYVQISWEFUNNVEVHTAQTOTHRED VNS ,
LEIQHQDIWWMSGREFKCKENNKDLPAPIERTISKPKGSVRAPQVYVLPFPEEEMIRKKQVILIC
M¥TOEMPEDIYVEWTNNGKUELNYRNTEPYLDSDUSYFMYSKERVERKNWEVERNSYSCS VY
HEGLHNHHTTRKSESRTPG (SEQ 1D KO 61)

Nucleotide sequence:
CAGGTCCAACTGCAGCAGCCTOGGGGCTGAGCTTOCGAAGCUTOOGGEGUTTCAGTGAAGA
TGTCCTGCAAGGOUTTCTOGGUTACACCTTCACCAGCTACTGOGATAACCTGGGTGAAGCAG
AGGUCTGGACAAGACCTTGAGTOGATTGGAAATATTITATCCTGGTAGTGGTAGTACTTA
CTACAATGAGAAGTTCAAGAGCAAGGCCACACTGACTGTAGACACATCCTCCAGAACA

GOCCTACATGCAGUTCAQGCAGTCTGACATCTGUGGACTUTGLGOTCTATTACTOTGCCCLC
TATGATTCCGACTATGCTATGGACTACTGGGUOTCAAGGAACCTCAGTCACCOGTCTCCTC
AGCTAAAACAACAGCCCCATCOGTCTATCCACTGGCCCCTGTGTUTGGAGATACAACTG
GCTCCTCOGTGACTCTAGGATGUCTGGTCAAGGGTITATTTCCCTGAGCCAGTGACCTTG
ACCTGOAACTCTGOTTCCCTOGTCCAGTGOTGTOCACACCTTCCCAGUTGTCCTGCAGTCT
GACCTCTACACCCTCAGUTCAAGCGTOGACTOTAACCAGCTCGACCTOGCCCAGCLAGTC
CATCACCTGCAATGTGGUCCACCCGGUAAGCAGCACCAAGGTOGACAAGAAAATTGAG
CCCAGAGQGGGUUCACAATCAAQUCUTOTCUTCCATGCAAATOCUCAGUACCTAACOTCIT
GGOTOGACCATCCOGTCTTCATCTTCCCTOCAAAGATCAAGGATGTACTCATGATOTCOOT
GAGUCCCATAGTCACATGTGTAGTCGTTGATOTGAGCGAGGATGACCCAGATGTCCAGA
TCAGCTGOGTTTOTOAACAACGTGGAAGTOCACACTGUTCAGACACAGATGUATAGAGA
GGATTACAACAGTACTCTCCGGOTTGTCAGTOCCCTCCCCATCCAGUACCAGGACTGGA
TCAGTGGUAAGGAGTTCAAATGCAAGOGTCAACAACAAAGACCTCCCAGCGUCCATCGA
QAGAACCATUTCAAAACCCAAAGGOTCAQGTAAGAGUTCCACAGUTATATGTCTTGCOTC
CACCAGAAGAGGAGATGACTAAGAAACAGGTCACTCTGACCTOCATGOGTCACAGACTT
CATGCCTGAAGACATTTACGTGGAGTGGACCAACAACGOGAAAACAGAGCTAAALTAC
AAGAACACTGAACCAGTCCTGGACTCTGATGGTTCTTACTTCATGTACAGCAAGCTGAG
AGTGOAGAAGAAGAACTGOOTGGAGAGAAATAGCTACTCCTGTTCAGTGGTCCACGAG
GOTCTGCACAATCACCACAUGACTAAGAGUTTCTCCCGGACTCCGUGTTAGTAA  (8EQ
IDNQ: 62)

Light chain of MW Tx-001:

Protetn sequence (Constant region indicated by jralics):

DIKMTOSPSSMY ASLGERVITICKASQDINNY LSWEFQOKPGKSPRKTLIYRANRLVDGVE
SRVSGSGSGODYSLTISSLEYEDVGIYVFCLOYDEFPLTFGAGTKELELKRADAARTVSIFPLS
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SEQLTSGGASYVCFLNNFYPRDINVEWKIDGSERQNGVLNSWITDODSKDSTYSMSSTLTLTK
DEYERANSYTCEATHKISTAPHKSFNRNEC {SEQH D NO: 63}
Nugleotide seguence:
GACATCAAGATGACCCAGTCTCCATCTTCCATGTATGCATUTCTAGGAGAGAGAGTCAL
TATCACTTGCAAGGUGAGTCAGOACATTAATAACTATTTAAGOTUGGTTCCAGUAGAAAC
CAGGGAAATCTCCTAAGACCCTGATCTATCGTGCAAACAGATTGGTAGATGGGGTCCCA
TCAAGGGTCAGTGGCAGTGOATCTGGGCAAGATTATTCTCTCACCATCAGCAGCTOTGGA
OTATGAAGATOGTOOGAATTTATTTTTGTCTACAGTATGATGAGTTTCCTCTCACOTTCGE
TGCTGGGACCAAGCTGGAGCTGAAAAGAGCTGACGUCGUTCCTACCGTGTCCATCTTTC
CACCTAGCAGCGAGCAGUTGACAAGCOGCGGAGUCAGUGTCOTGTGCTTCCTGAACAA
CTTCTACCCCAAGQGACATCAACGTGAAGTOGUGAAGATCOACGOCAGUGAGAGALAGAAL
SOCGTGUTGAATAGCTGGACCGACCAGGALAGCAAGGAUTCCACCTACAGCATGTCCA
GCACACTGACCCTGACCAAGGACCGAGTACGAGCGGCACAACAGCTACACATGLOAGGC
CACACACAAGACCAGCACAAGUCCCATUGTGAAGTUCTTCAACCGGAAUGAGTGC (SEQ
D NQ: 64)

MWTx-002
Heavy chain of MWTx-002:
Prolein sequence (Constand reginn indicaled by italics):

EVOLOQOSGAELVKPGASVEKLSCTASGENIKDY Y HIWVKERTEQGLEWFGRIDPEDGESE
YAPKFQGKATLTADTSSNTAYLQLSSLTSEDTAVYYCTRGDSMMVTYFDYWGQGTTL
TVESKTTPPSYYPLAPGCGDEIGSSVTLGCLVEKGYFPESVY TFIWNSGSLSSSVHTFPALLQSGL
FTMSSSVEVPSSTWRSQTVICSVANPASSTTVDRKLEPSGPISTINPCPPCKECHKCPAPNLEG
GPSVEIFPPNIKDVLAMISLTPRVTCVIVDVSEDDPDVOISWEVNNVEVREAQTQERREDYNST
IRVESTLPIGHQINYMSGRKEFRKCKVNNKDLPSPIERTISKIKGLVRAPOV YL PPPAEQLIRKDOY
SLTCLYVGENPGDISVER TSNGHTEENYKIDTAPVLDSDGSYFIYSKENMKISKIWWEK TDSFSCN
VREHEGLENYYLEKTISRSPGR (SEQ 1D NCx: 65}

Nucleotide seguence:

GAGGTTCAGCTGCAGCAGTUTGOGGOCAGAACTTGTOAAGCCAGGOUGCCTCAGTCAAGT
TETCCTOGCACAGCCTCTOOCTTCAACATTAAAGACTACTATATACACTOUGGTGAAAGAG
AGGACTGAACAGGGUCTOGAGTOGTTTGGAAGGATTCATCCTGAGGATAGGTGAAAGTG
AATATGCCCCGAAATTCCAGGGCAAGGCCACTTTAACAGCAGACACATCCTUCAATACA
GCCTACCTGCAGUTCAGCAGCCTGACATCTGAGGACACTGCOGTCTATTACTGTACTAG
AGGAGACTCTATGATGOTTACCTACTITGACTACTGUGGCCAAGGUACCACTCTCACGO
TCTCCTCAAAGACCACACCTCCTAGUGTGTACCCTCTGHCTCCTOGOTOTGGUGATACA
ACAGGCAGCTCTGTGACACTGGOCTGCCTOGTCAAGOGOCTACTTTCCTGAGAGUGTGAL
AGTCGACCTGGAACAGUGGCAGCCTGTCTAGCAGCGTGCACACCTTTICCAGCTCTGCTCC
AGAGCGGCCTGTACACCATGTCUTCTAGTGTGACCOGTGCCTAGCAGCACCTOGGUCTAGC
CAGACAGTCACATOGTAGCUTGOCCCATCUTGUCAGCAGCACAACCUGTGGACAAGAAGCT
TGHGAACCTAGCGGUCCCATCAGCACCATCAATCCCTGTCCTCCATGCAAAGAATGCCAL
AAGTCGOCCCGUTOCTAACCTGUAAUGGTHGGCCCAAGUGTGTTCATCTTUCCCACCTAACAT
CAAGGACGTGCTGATGATCAGUCTGACACCTAAAGTGACCTGUGTGOTGGTGGACGTOT
CCGAGGATGATCCCGATATGLCAGATCAGTTGAGTTCOTGAACAACGTOGGAAGTGCACAC
AGCCCAGACACAGACCCACAGAGAGGACTACAATAGCACCATTIUGOGTOUOTGTCCACA
CTGUCTATCLAGCACCAGOATTGGATGAGCGOCAAAGAQTTCAAGTOUAAAQTGAACA
ACAAGGACCTOQUCTTCTCCAATCGAGCOGACCATUAGCAAGATCAAGGGALTCGTCAG
AGCCCCTCAGGTOGTACATUTTGCCTCCACCAGCCOAGCAGCTOAGUCAGAAAGGATGTGT
CCCTCACCTGTCTGOTCGTGGOCTTCAACCCTGGOGACATCAGCGTGGAATGGACCAGL
AATGGUCACACCGAGGAAAACTACAAGGACACAGCCCOTGTGCTOGACAGCGACGOCA
GUTACTTCATCTACAGCAAGCTGAACATGAAGACCAGCAAGTUGGGAGAAAACCGACAG
CTTCTCCTGCAACGTOOGGCACGAGGHCCTGAAGAACTACTACCTGAAGAAAACCATCT
CTCGUAGCCCCGGUAAG (SEQ D NO: 66)
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Light chain of MWTx-D02:

Protein sequence (Constant region indicated by ifalics):
BIVMTOSHEFMSTSVGDRVSITCKASQDVSTAVAWYQOQRPGQSPKLLIYWAFTRHTGY
PORFISTGSGTDYALTISSVOAEDLALYYCQORYRSPWTFGGGTRLEIKREDAAPTVSIF
FPESSEQLISGGASVVCFINNEYPKDINVRWRIDGSERONGYLNSWEDQDSKDSTYSMSSTLTL
TROEYERHNSYTCRATHEESTSPIVKSFANRNEC (SEQ 2 NO: 67)

Nucleotide sequence:
GACATTGTGATGACCCAGTCTCACAAATTCATGTCCACATCAGTAGGAGACAGGGTCAG
CATCACCTGUAAGGUCAGTCAGGATOTCAGTACTGCTOTAGCCTGGTATCAACAAAAAC
CAGGGCAATCTCCTAAACTACTGATTTACTOGGCTTTCACCCGTCACACTGOAGTCCCTG
ATCGCTTCACAAGCACTGOATUTCGGACAGATTATGCTCTCACCATCAGCAGTETCGEAG
GCTGAAGACCTGGCACTTTATTACTGTCAGCAACATTATCGCACGTCCGTGGACGTTOGG
TGOAGGCACCAAACTGGAAATCAAAAGAGUTGACGUCGCTCCTACCGTGTCCATCTTIC
CACCTAGCAGCGAGUCAGUTOACAAGCGOCOGGAGCCAGCOTCOTATGUTTCCTGAACAA
CTTCTACCCCAAGGACATCAACGTGAAGTGGAAGATCGACGGCAGUGAGAGACAGAALC
GGCGTGUTGAATAGUTGGACCGACCAGGACAGCAAGGACTCCACCTACAGCATUGTCCA
GCACACTGACCCTGACCAAGGACGAGTACGAGCGGUACAACAGCTACACATGCGAGEC
CACACACAAGACCAGCACAAGCCCCATCATGAAGTCCTTCAACCGUGAACGAGTOT
(SEQ 1D NO: 68}

MWTx-003

Heavy chain of MWTx-803:

Protein sequence {Counstant region indicated by frafics):
EVQLOQOSGAELVKPGASVELSCTASGENTEDY YIHWVKERTEQGLEWIGRIDPEDGETT
YAPQFQOGKATHPDYSSNTAYMQLSSLTSEDAAVY YCARSIYLDPMDYWGQGTSVIVSS
KTTPPSVYPLAPGUGDTTGSSVILGULVKGYFPESVIVIWNSGSLSSSVHTFPALLOSGLYTMY
’Si’l TUPSSTH PSQTﬁ T ’SI !IHP.!SSI Ti iJAALbP’S(;PIS !i’\'PCP[’C Kb( "HKUFPAPNLE (:(:PE E

SELPIQHQDE TREFKC 'NKDL PQPH“R[?@KH&GZ K. «N’Oi '[l PPP-H,()LSR&I WSLIC
LV VGENPGDISVEW TSNGHTEENYRDTAPYLDSDGSYFIYSKLNMETSKWER TDSEFSCNVRH
EGLEKNYYLKKTISRSPGR {SEQ 1D NO: 69}
Nueleotde sequence:
GAGGETTCAGCTGCAGCAGTCTGGCGUCGAGUTTOTGAAACCTOGCGCUTCTGTGAAGLTY
QAGCTOTACCGCCAGCGOUTTCAACATCOGAGUGACTACTACATCCALTGOGTCAAAGAGC
QGACCGAG R K Ris . SCCGAGGACGOUGAGATCAA
> FACACCAGCAGCAACACC

! ACAS L O . . 1‘ 3»L°\(1»KIL1( C()(( OTOTACTACTGUGOCLG
(ﬂ CCATCT, \}( [(z(i \C( CATGG \[ TATTOGGOUCAGOUCACAAGUGTGACCOTGTCCT
CTAAGACCACACCTC (..TA(J(..(JT(JTA( CCTCTOGCTCCTOGGUTOTOGGUGATACAACAGGC
AGCTCTETQACACTGOGGUTGUCTGUETCAAGGGCTACTTTCOTGAGAQUGTQACAGTGAC
CTGOAACAQCGGUAGCCTGTCTAGUAGCOTGCACACCTTTCCAGCTOTGCTOCAGAGLG
GCCTGTACACCATOTCCTOCTAGTOTGACCGTGUCTAGCAGCACCTGOCCTAGLCAGACA
OTOACATGTAGOGTGQOCCATCCTGUCAGUCAGCACAACCGTGOACAAGAAGCTGGAAC
CTAGCGGCUCCATCAGCATCCATCAATCOCTGTCCTCCATGCAAAGAATGUCACAAGTGL
CCCGCTCCTAACCTGOAAGOGTGGUCCAAGCOTGTTCATCTTCCCACCTAACATCAAGGA
COTGCTOGATGATCAGUCTOGACACCTAAAGTGALCTGOGTGGTGOTOGACGTGTCLGAGG
ATGATCCCOATOTGCAGATCAGTTGOLTTCGTGAACAACGTGGAAQGTOCACACAGCCLAG
ACACAGACCCACAGAGAGGACTACAATAGCACCATICGUGTGGTGTCCACACTGCOTAT
CCAGCACCAGUGATTGGATCGAGCOGCAAAGAGTTCAAGTGCAAAGTGAACAACAAGGALC
CTGUCTTCTCCAATCGAGCOGACCATCAGCAAGATCAAGGGACTCGTCAGAGCCOCTCA
GOTGTACATCTTGUOCTCCACCAGUCLCGAGCAGUTGAGCAGAAAGGATGETOTCCCTGALCCT
GTCTQOTCOTGGGUTTCAACCOCTGUGOCOACATCAGCGTOGGAATGGACCAGCAATGGCCAL
ACCGAGGAAAACTACAAGGACACAGCCCUTGTOUTOOACAGCGACGGCAGUTACTTUA
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TCTACAGCAAGCTGAACATGAAGACCAGCAAGTGOGAGAAAACCGACAGCTTCTCCTG
CAACGTGCGOCACGAGGGLUTGAAGAACTACTACCTOAAGAAAACCATCTICOTOGGAGT
CCCGGCAAG (SEQ D NGO TH)

Light chain of MWTx-003:

Protein sequencs {Constant region 1adicated by itafics):

DIVMTQSHEKFMSTSVGDRVSITCK ASODVTTAVAWYQQKPGQSPRILIYWATTRHTGY
PORFTGRISGTIYILTISSVOAEDLALYYCQOUHYSTPY TFGGOTKLEIKRADAAPTVSIFRP
SSEQLISGGASFVOFLNNEYFKBINFEKWKIDGEERONGYINSWTDQDSKDSTYSMSSTLTLIK
DEYERANSYTUEATHKTSTSPIFRSFNRNEC {(SEQ ID NO: 71)

Nucleotide seguence:

GACATCOTOATGACCCAGAGLCACAAGTTCATGAGCACCAGCGTGOGGCOACAGAGTGT
CCATCACCTGTAAAGCCAGCCAGRACUTGACAACAGCCGTGOGUUTGGTATUAGCAGAA
GCCTGGUCAGTCTCCTAAGATCCTGATCTACTGGGCCACCACCAGACACACCGGCGTGO
CAGATAGATTCACUCGQCAGCATCAGCGOUACCACOTACATCCTGACAATCAGUTCTGTG
CAGGUCGAGGATCTOGCECTOTACTACTGTCAGCAGCACTACAGCACCCCTTACACCTT
TGGCGOAGGCACCAAGCTGGAAATCAAGAGAGUTGACGOCCGCTCCTACCGTGTCCATCT
TTCCACCTAGCAGCGAGCAGUTGACAAGCGGUGGAGCCAGCGTCGTOGTGCTTCOTGAAC
AACTTCTACCCCAAGGACATCAACGTGAAGTGUAAGATCOACGOCAGCOAGAGACAGA
ACGGOGTGOTGAATAGCTGGACCGACCAGUHACAGUCAAGGACTCCACCTACAGUATGTC
CAGCACACTGACCOTGACCAAGGACGACTAUGAGCGGCACAACAGUTACACATGUGAG
GCCACACACAAGACCAGUCACAAGCCCCATCGTGAAGTCUTTCAACCGUAACGAGTGC
ESEQ T N 723y

Humanized anti-TMPRSS6 antibody variants

hzMWTx-00F Var
Heavy chain of heMWTx-001Vax:
Protein sequence {Constant region indicated by fralics: N297A nustation indicated by bold}:

EVOLVOSGAEVRKEKPGASVIVSCRKASGY TFISYWITWVROQAPGOQRLEWIGNIYPGSGST
YYNEKFESKATIHTRDTSSRTAY MELSSLRSEDTAVY YCAPY DADYAMDY WGQGTLVT
VESASTKGPSVEPLAPSSKSTSGOGTAALGCLVR D YFPEPVEVSWNSGALESGVHTFEPA VLOSS
GLYSLASVVFVPSSSLGTOTYICNVNHEPSNTKVDRKVEPKSCORTHTCPPCPAPELLGGPSY
FLEPPKPKDTLMISRTPEVICVVVDVIHEDPEVKENWYVDGVEVANARTKPREEQYASTYRY
FSVLTVEHQODWINGREYRKCRVSNKALPAPIER TISKARGOPREPOVY LLPPSROELTKNQVSL
FOLVKGEYPSDIAVEWESNGQPENNYKTTPPYLDSDGSFFLYSKLTVDRSRWQQGNVESCSY
MHEALHNHYTQKSLSLEPG (SEQ ID NO: 73)

Nucleotide seguence:

GAAGTOGCAGCTGUTGCAATCTOGCOGCCGAAGTGAAGAAACTCTGGCOCCTCTOTGAAGG
TATCCTGCAAGGCTTCCGGCTACACCTTTACCAGCTACTGGATCACCTGGGTCCGACAG
GCTCCTGGCCAGAGACTOGAATGGATCGGCAACATCTACCOTGGCTCOGGCTCCACCTA
CTACAACGAGAAGTTCAAGTCCAAGQUCACAATCACCCGGOGACACCTCTTCCAGAACC
GCCTACATOGAACTGTCCAGCCTGAGATCTGAGGACACCGCCGTAOTACTACTGCGCCCT
TTACGACGCCGACTACGCCATOGATTATTGOGGUCAGGGCACCCTGOTCACCOTGTCCT
CTGCTTCTACCAAGGGACCCAGCOTOTTCCOTCTOGETCCTTCCAGCAAGTCTACCTETG
GUGGAACAGCTGUTCTGGGCTGUCTGGTCAAGGACTACTTTCCTGAGCCTGTGACCATG
TUTTGGAACTCTGGCGCTOTGACATCCGGUGTGCACACATTTCCAGUTGTGUTGLAGTCC
TCCGGCCTATACTCTCTGTCOCTCTGTOGTOACCOTGECTTCOCTCTAGCOTGGGCACCCAG
ACCTACATCTGCAATOTGAACCACAAGUCTTCOAACACCAAGGTOGOACAAGAAGGTOG
AACCCAAGTCCTGCCACAAGACCCACACCTOTCCTCCATGTCCTGUTCCAGAACTOGCTC
GGCGGACCTTCCOTGTTCCTGTTTCCTCCAAAGCCTAAGGACACCCTGATGATCTCTCGG
ACCCCTGAAGTGACCTOCGTOGTGOTGUATGTOTCTCACGAGGACCCAGAAGTGAAGTT
CAATTGOTACGTOGACGGCGTGUAAGTUCACAACGUCAAGACCAAGCUTAGAGAGGAA
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CAGTACGUCAGCACCTACAGAGTGOTOTCCGTGUTGACAGTOGOUTGCACCAGGATTGGUT
CAACGGCAAATGAGTACAAGTGCAAGUTGTUCAACAAGGCCCTGCCTGUTCCTATCUGAA
AAGACCATCAGCAAGGUCAAGGGCCAGCCTAGAGAACCCCAGGTTTACACCTTGUCTC
CATCTCGGUACGAGCTGACCAAGAACCAGGTGTCCCTGACCTATCTOGTGAAGGGCTTIC
TACCCCTCCOGACATCOCTCOTGGAATGGUGAGTCTAATGGCCAGCCAGAGAATAACTACA
AGACAACCCCTCOTGTAUTGGACTCCGACGGUTCATTCTTCCTGTACTCCAAGCTGACCG
TGGACAAGTCCAGATGGCAGCAGGUGCAACGTGTTCTCUTQUTCCOTQGATGCACGAGGCC
CTGCACAATCACTACACACAGAAGTCCCTATCTCTGTCCCCTGGO (SEQ HY NG 74)

Light chain of hxyMWTx-001Var:

DEQ\S IQ%P‘)‘)L% \%\ (zDR\ Y[T{K»\SQDI%[’&\ L\,\\ FQOKPGKAPKLLIYRANRLVEGVPS
RF S{ ISGSLﬂ Df I | 1SSLQ1‘th~ '\ I YH LQ‘& DEH‘Li P(J(x( 11 K\v ]:IKRU i i’x”Sl fff‘f’!’%[)

i?‘mm YACEVTHOGLSSPYTRSFNRGEC (SEQ ID NO: 75)

Nucleotide sequence;

GACATCCAGATGACCCAGTCTCCATCCTCTCTGTCCGCCTCTGTGOGCOACAGAGTGAC
CATCACATGCAAGOGCCAGCCAGGACATCTCCAACTACCTGTCCTGGTTCCAGCAGAAGT
CTGOCAAQGGETCCCAAGUTOGCTGATCTACAGAGUCAACAGACTGGTOOAAGGCGTGCC
CTCCAGATTCTCCGGATUTGGUTOTGGCACCGACTTTACCCTGACAATCTCCAGCUTGCA
GCCTOAGGACTTCGCTACCTACTTCTGCOTGCAATACQACGAGTTOCCTCTGACCTTTGO
COGGAGGUACCAAGGTGOAAATCAAGCGGACAGTGOLUCGCTCCTTCCGTGTTCATCTTCC
CACCTTOCGACGAGCAGCTGAAGTCCGGCACAGCTTCTGTCGTIGTGCOUTGUTGAATAALC
TTCTACCCTCGGGAAGCCAAGOTOGCAGTGGAAGOTGGACAATGUCCTGCAGTOCGGCA
ACTCCCAAGAGTCTGTCACCHGAGUAGGACTCCAAGGACAGCACCTACAGCOTGTCCTCC
ACACTOACCCTGTCCAAGGUCGACTACGAGAAGCACAAGOGTGTACGCUTGUGAAGTGA
CCCATCAGGOUCTOTCTAGCCCTAOTCGACCAAGTCTTTCAACCGOGGUGAGTGT (SEQ 1D
NO:76)

heMWTx-002Var
Heavy chain of hzMWTx-002Var:

E\f’{QL\”Q;\,(.1;'5\EVKKP(iAS\-"K\”BCKAS(IFNIK DYy YH‘IWVR{QAT(;Q(J}LE WMGRIDPEDAE
SEYAPKFOQGRVTITADTSTOTAYMELSSLRSEDTAVY YCTROGLDSMMVTYEFDY W'GQ GT

YRVESFLY i LHODWL \(n\ F} M ;\f S-\,&JLP {PH-A T[“\f\d;‘& (;()P[\ L }' TLPPSRDEL]A NG
FSLICLVKGEYPSDIAVEWESNGOQPENNYKTTPPYLDSDGSFFLYSKLTVDRKSRWQQGNFFS
CSVMHEALHNHYTOKSLSLSPG (SEQ IDNO: 77)

Nucleotide seguence:
GAAGTOCAGCTGOTGLAATCTOGUGUCGAAGTGAAGAAACCTGGUGCLTCTGTGAAGE
TGTCCTOCAAGGCOTCTGOCTTCAACATCAAGGACTACTACATCCACTGGGTCCGACAG
GCTACCGGACAGGUACTTCAGTOGGATGGOCAGAATCGACCOCTGAGGALGCUGAGTCTG
AGTACGUCCCTAAGTTTCAGGGCAGAGTGACCATCACCGUCGACACCTCTALCCOALCALC
GCCTACATGGAACTGTCCAGCCTGAGATCTGAGGACACCGCCGTOTACTACTGCACCAG
AGGCGACTCCATGATGUTTACCTACTTCGACTAUTOGGGUCAGGGCACCOTGGTCACAG
TITCTTCCGUTTCCACCAAGGGACCCAGUGTGTTCCCTCTGGUTCCTTCCAGCAAGTCTA
CCTOTGGUGGAACAGCTCGCTUTGGGUTGUCTGUTCAAGGATTACTTCCCTGAGCCTOTG
ACCGTATCCTGGAACTCTOGCGCTCTGACATCCGUCGTOCACACCTITCCAGCTGTOCTG
CAATCCTCCGGCCTOTACTCTCTGTCCTCCOTCGTGACCETOCCTTCTAGCTCTO TG
ACCCAGACCTACATCTIGCAATGTOAACCACAAGCUTTCCAACADCAAGGTGGACAAGA
AGOTGOAACCCAAGTCCTGCGACAAGACCCACACCTGTCCTCCATGTCCTGUTCCAGAA
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CTGCTCOOGCGGACCTTCCGTOTTCCTOTTITCCTCCAAAGCCTAAGOGACACCCTGATGATC
TCTOGGACCCOTGAAGTCGACCTGUGTUGTGOTGGATOTOGTCTCACGAGGACCCAGAAGT
GAAGTTCAATTGGTACGTGGACGGCGTGGAAGTOGCACAACGUCAAGACCAAGICTAGA
GAGGAACAGTACGCUTCCACCTACAGAGTGGTHGTCUGTGUTGACAGTGCTGLACCAGG
ATTGOCTGAACOGCAAAGAGTACAAGTGCAAGUGTGTCCAACAAGGCACTGCLCOCTCC
TATCGAAAAGACCATCTCCAAGGUCAAGGGCCAGCCTAGAGAACCCCAGOGTTTACACC
TTGCCTCCATCTCGGGACGAGUTGACCAAGAACCAGOGTGTCCCTGACUTGTCTCGTGAA
GGOCTTCTACCCCTCCGACATCGUCETGLAATOGOGAGTCTAATOGGCCAGUCACGAGAACA
ACTACAAGACAACCCCTCCTOTGCTOGGAUTCOGACGUCTCATTCTTCOTGTAUTCC AAGC
TOACCATOGACAACGTCCAGATOGCAGCAGGUCAACCTUTTCTCCTGUTCOGTGATGCAL
GAGGUCCTGUACAATCACTACACACAGAAGTCTCTGTCCUTGTCTUCTGGC (SEQ ID NO:
78

Light chain of haMWTEx-082Var:

DIOMTOQSPSSLSASVGDRVTITCRASQDVSTAVAWYQORIPGRAPKLLIYWAFITRHTGY
PORFSGSGSGTDYALTISSLOPEDFATYYCQOQHYRSPWIFGGGTRVEIK RTTVAAPSYVFIFP
PSDEQLKSGTASVYCLLNNFYPREAKY QWK VONALQSGNSQESVTEQDSKOSTYSLSSTLTLS
KADYEKHEVYACEVTHQGLSSPVIKSFNRGEC (SEQ D NO: 79

Nugleotide sequence:
GACATCCAGATGACCCAGTCTCCATCCTCTCTGTCCGUCTCTGTGGGUGACAGAGTGAC
CATCACATOGCAAGGUCCTCTCAGGACGTGTCCACCGUCGTTGUTTGOTATCAGC AGAAGC
CTGGUAAGOCCCCTAAGOTGUTGATCTACTGGGUOCTTCACCAGACACACCGOCOGTOCCC
TCTAGGTTCTCCGOCTCTGGOTCTGGCACCGATTACGOTCTGACAATCTCCAGCCTGCAG
CCTGAGGACTTCGCCALCTACTACTOCCAGCAGCACTACAGAAGCCCETGGACATTTGH
CGGAGGCACCAAGGTOGAAATCAAGCGGACAGTGGCCGUTCCTTCOGTGTTCATCTITCC
CACCTTCOCGACGAGCAGCTGAAGTUCGGCACAGOTTUTGTCGTOTGOCTGUTGAACAALC
TTCTACCUTCGGOAAQUCCAAGGTGCAGTOOGAAGOTGGACAATGUCUTGCAGTCCGGC A
ACTCCCAAGAGTCTGTCGACLCOAGCAGQALCTCCAAGQACAGCACCTACAGLLTGTCCTCC
ACAUTGACCCTGTCCAAGGUCOGACTACGAGAAGCACAAGOTGTACGCCTGUOGAAGTGA
CCCATCAGQUGCCTGTCTAGCCCTOTGACCAAGTCTTTCAACCOGGGGUGAGTGT (SRQ 1D
NC: 8G)

hzMWTx-003Var
Heavy chain of hzMWTEx-083Var:

QVOLVOQSCGAEVRKEKPGASVEVSCKASGPNTEDY YMHEWVROQAPGORLEWMGRIDPEDA
ETTYSPRFQGRVITIPDTSANTAYMELSSLRSEDTAVY YCARSIVLDPMBY WGOQGTLVT
VSSASTKGPSFFEPLAPSSKSTSGGTAALGCLVKDYFPEPVEVSWNSGALISGVHTEPAVLOSS
GLYSLSSFVIVESSSLGTQUVICNVNHRPSNTRVDKKVEPRSCDKTHTCPPCPAPEAAGGPSY
FLEPPRPRDTLMISRIPEVTCYVVDYSHEDPEVRENFYVDGVEVHNAKTKPREEQYNSTYRY
FSVLIVLHOQDWINGREYKCKVSNKALPAFPIERTISKAKGOPREPQVYTLFPSREEMTKNGES
LICLVKGFYPSDIAVEWESNGQPENNYKTTPPYLDSDGSFFLYSKLTVDKSRIWQQGNVESCS
VMHEALHNHYTORSLSLSPG (SEQ H NO: 8 1)

Nucleotide sequence;
CAGGTIGCAGCTGOTOLAGCTCTGOUGCUGAAOTGAAAAAGLCTGGCGCUTUTGTGAAGG
TOTCCTOCAAGOOCTOTGOOTTCAACATOGAGGALCTACTACATGCACTOGGTCOGACAG
GCCCOCTGGUCAGAGATTGGAATGGATOGGCAGAATCGACCCCGAGGACGCCGAGACAA
CCTACTCTCCTAAGTTCCAGGOUCGCOTGACAATCATCCCTGACACCTCTGCCAACACC
GUCTACATGGAACTETCCAGUCTGAGATCTGAGGACACCGUCOTGTACTACTGCGUUCG
GTCTATCTACCTGGACCCTATGUACTATTOGGGUCAGGGCACCCTOGGTCACAGTGTCCT
CTGCTTCTACCAAGGGACCCAGCOTGTTCCCTCTGGUTCCTTCCAGCAAGTCTACCTOTG
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GCOGAACAGCTGUTCTGOGCTOCCTGGTCAAGGACTACTTTCCAGAGUCTOTGACCUGTO
TCCTGCGAACTOTGGUGCTCTCACATCTGGUGTGCACACCTTTCCAGUTGTOGCTGCAQTCC
TCOGOCCTGTACTCTCTOTCCTCTGTCGTGACCGTGCCTTCCAGUTCTUTGGGAACCCAG
ACCTACATCTGCAATATGAACCACAAGCCTTCCAACACCAAGSTGGACAAGAAGGTGG
AACCCAAGTOCTGCGACAAGACCCACACCTGTCCTCCATOTCCTGCTCCAGAAGCTOOT
GGOGGCCCTTCCGTATTTCTGTTCCCTCCAAAGCUTAAGGACACCCTGATGATCTCTCGG
ACCCCTGAAGTGACCTOGCGTGOGTGUTOOATGTGTOTCACGAGGACCCAGAAGTGAAGTY
CAATTGGTACGTGGACGUOGTUGGAAGTOCACAACGCTCAAGACCTAAGCCTAGAGAGOAA
CAGTACAACTCCACCTACAGAGTOGUTGTCCOTGCTUACCOTGUTGCACCAGGATTGOCT
GAACGUCAAAGAGTACAAGTUGCAAGATGTUCAACAAGUCACTAUCCAUTCCTATCGAA
AAGACCATCTCCAAGGLCAAGGGCCAGCCTAGGGAACCCUCAGHTTITACACCCTGLCTCC
AAGUCGGOAAGAGATGACCAAGAACCAGGTOGTCCCTGACCTGUCTCGTOAAGGGCTTC
TACCCTTCCGACATCGCOOTGGAATGGGAGAGUAATOGCCAGUCAGAGAACAACTACA
AGACAACCCOTCUTQTOGCTOGACTCCUACGOUTCATTCTTCCTUTACTCCAAGUTGALA
GTGGACAAGTCCAGATAGGCAGCAGGGCAACOTOGTTCTCOCTGCTCCGTGATOCACGAGGC
CCTGCACAATCACTACACACAGAAGTCCCTGTCTCTGTCCCUTGEU (SEQ 1D KO- 823

Light chain of hzMWTx-003Var:

Protetn segquence (Constant region indicated by jralics):

DIOMTOSPEKSLSASVGDRVTITCRASQDVTTALAWY QQEPOQSPKLLIYWATTRHSGV
PSRESGSGSGTOFTLTISSLOPEDOFATY VY COQQHYSTEYTYGOGTKLEIRRIVAAPSVEIFPP
SDEQLESGEASVVCLLNNEYPREARKVOWRVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSK
ADYEKHKVYACEVTHQUGLSSPVIKSFNRGEC (SEQ 1D NO: 83)
Nugleotide sequence:
GACATCCAGATCGACCCAGTCTCCAAAGTCTCTOTCCGCCTCCOTGGUUGACAGAGTGAL
CATCACCTOGTAGAGOCTCTCAGGACGTGACCACCGCTCTGGOTTGOTATCAGCAGAAGT
CTGGCCAGTCTCCTAAGCTOCTGATCTACTGGUOCCACCACCAGACACTOTGHOGTEOCC
TCTAGATTOTCCOGUTUTGGUTCTGGCACCGACTTITACCCTGACAATCTOCAGCCTGLAG
C CAGCACCCCTTACACCTTTGG
C - CTTCCGTGTTCATCTTCL
CACCTTCOGACGAGCAGUTGAAGTCCQGUACAGUTTCTIGTCOTOTGUCTGCTGAACAAL
TTCTACCCTOCGGGAAGCCAAGGTGCAGTOGAAGGTGGACAATGCCCTGCAGTCOGOC A
ACTCCCAAGAGTCTGTGACCGAGLAGOGAUTCCAAGGATCAGCACCTACAGCLTIGTICCICC
ACACTGACCCTATCCAAGGUCGACTACGAGAAGCACAAGOTGTACGCCTGUGAAGTGA
CCCATCAGGGUOTGTCTAGUCCTGTGACCAAGTCTITTCAACCGGGGUGAGTGT (SEQ 1D
NO: B8

Dose-dependent effects of anti-TMPRSS6 antibodies on HAMP promoter activity

FIGS. 2A-2F show the results from using the HdMP-lueciferase report assay described above
tor fest MWTx-001, MWTx-002, MWTx-003 and their humanized variants haMWTx-001Var,
heMWTx-002Var, hzMWTx-003Var, respectively, at the indicated concentrations. Each of
MWTx-001 {(FIG. 2A), MWTx-002 (FIG. 2B), MWTx-003 (FI1G. 2C) and humanized variants
hzMWTx-001Var {FIG. 2D), haMWTx-002Var (FIG. 2E), haMWTx-003Var (FIG. 2F)
mereases [ZAMP promoter activity in a dose-dependent manner, The ECs for MWTx-001 was
calculated to be 3ug/ml (FIG. 2A). The ECsw for MWTx-002 was caleulated to be 1pgmid

(FIG. 2B). The ECs for MWTx-003 was calculated to be 2pg/ml (FIG. 2C). The ECsx for
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hzMWTx-001 Var was caleulated to be 0.8ug/ml (FIG. 2D}, The ECss for haMWTx-002Var
was caleulated to be 0.3ug/ml (FIG. 2E). The ECso for MW Tx-003Var was calculated to be
0.3pg/ml (FIG. 2F),

EXAMPLE 3. BINDING AFFINITY OF ANTI-TMPRSS6 ANTIBODIES

The binding atfinity of various anti-TMPRSS6 antibodies to human TMPRSS6 expressed on
HEK293T cells was measured using three different methods: cell surface ELISA (FIGS, 3A-

3C), FACS (FIGS, 3D-3F), and Bio-Laver Interferometry (FIGS. 3G-3M).
Anti-TMPRSS6 mAb binding affinity measurement using cell surface ELISA

HEK293T cells stably expressing human TMPRSS6 (generated by LakePharma Inc as
described above; SEQ 1D NO: 97) were fixed with 4% paraformaldehyde (PFA}, and washed
with dPBS {Dulbecco's phosphate-butfered saline, Corning Cellgro) before mceybation with
various coucentrations of anti-TMPRSS6 antibodies diluted in BSA mediom (DMEM + 1%
Pen/Strep + 10mM HEPES + Tmg/mi BSA (Signia-Aldrich). Purified mouse [gG was used as
a control (Sigma-Aldrich). After incubation, cefls were washed with BSA medium and then
incubated with goat anti-mouse IgG conjugated with HRP as a 27 antibody (Invitrogen). At
last, cells were washed with dPBS to remove unbound antibody and color developed with
ELISA liquid substrate {Sigma-Aldrich), followed by stopping the reaction with addition of
the same volume of ELISA liquid substrate of 1M H:804. Bound antibody was measured by

absorbance at ODysonm. Results for these assays ase shown in FIGS. 3A-3C.
Anti-TMPRSS6 mAD binding affinity measurement nsing FACS

HEK293T cells stably expressing human TMPRSS6 were collected, and blocked with dPBS +
3% BSA before incybation with various concentrations of anti-TMPRSS6 antibodies diluted
in dPBS + 3% BSA. Purified mouse IgG was used as a control.  After incubation, cells were
washod with dPBS and then incubated with goat anti-mouse IgG conjugated with APC as a 2°
antibody (Jackson ImmunoResearch Inc). At last, ¢ells were washed with dPBS to remove
untbound antibody, re-suspended with dPBS + M EDTA, and then subjected to FACS
analysis using a NOVOCYTE® Flow Cytometer (ACEA Biosciences, Inc,, San Diego CAY
Bound antibody was determined by measuring mean APC intensity after excitation at 648 am
and measurement of emission (fluorescence) at 675 nm. Results for these assays are shown in

FIGS. 3D-3F.

Anti-TMPRSS6 antibody affinity and binding Kinetics measurement using Bio-Layer

Interferometry
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Bio-Layer Interferometry techpology was used for anti-TMPRSS6 antibody  affinity
measurerient and binding kinetics determinations with Octet™ RED96e system {Sartorius AG).
Pre-hydrated Ant-Mouse IgG Fo Capture {AMC ) biosensors (for MWTx-001, MWTx-(H)2 and
MWTx-003 anti-TMPRSS6 antibedies, FIGS. 3G-31) or Anti-Human IgG Fe Capture (AHC)
biosensors (for heMWTx-001 Var, haMWTx-002Var and heMWTx-003Var anti-TMPRSS6
antibodies, FIGS, 3J-3L) were first equilibrated in 1x KB (Kinetic Buffer, IxPBS pH 7.4 +
(.02% Tween-20 + 0.1% BSA) for 120 sec for the first baseline, followed by loading with 10
mgiml anti-TMPRSS6 antibody (MWTx-001, FIG. 3G: MWTx-002, FIG. 3H; MWTx-003,
FIG. 31; eeMWTx-001Var, FIG. 3); heMWTx-002Var, FIG. 3K; haMWTx-003Var, FIG. 3L)
onto AMC or AHC biosensors for 240 sec. Thes, the second baseline signal was established
tor 12¢} sec betore association with various concentrations of human ecto-TMPRSS6-FLAG
(SEQ ID NO: 102) (generated in house by fusing extracellular domain of human TMPRSS6
with a FLAG-tag at C-terminus) for 240 sec. At last, analyte was dissociated 13 {x KB for 360
sec. Data analysis was dowe using Octet Data Analysis HT Software. KD, Kon, keer and R* were

summarized in FIG. 3M.

EXAMPLE 4: CROSS-REACTIVITY:  ANTI-FMPRSS6 ANTIBODY BINDING TO HUMAN
TMPRSSH AND NON-HUMAN THMPRSS6

Cross-reactivity determination by FACS

Selecied apti-TMPRSS6 astibodies were iested to determine whether any are capable of
binding to TMPRSS6 from mouse and’or cynomolgus monkey. HEK293T cells stably
expressing human TMPRSS6 (HuTMPRSS6-{His)s) (gonerated by LakePharma Inc as
described above}, HEK293T cells stably expressing mouse TMPRSS6 (MoTMPRSS6-(His)s
(SEQ 1D NO: 9R8) (generated by LakePharma Inc as described above} and HEK2937T cells
transiently expressing cynomolgus moukey TMPRSS6 {CynoTMPRES6-(His)s) (SEQ HX NO:
99} (generated in house) were collected. HEK293T cells stably expressing human TMPRSS6
were used as a positive control and HEK293T cells were used as a uegative control (as
described above). Cells were blocked with dPBS + 3%: BSA before incubation with anti-
TMPRSSH antibodies diluted in dPBS + 3% BSA. After incubation, cells were washed with
dPBS and followed by another incubation with goat anti-maouse IgG comjugated with
AlexaFluor-488 as a 2° antibody (lnvitrogen). At last, cells were washed with dPBS to remove
unbound antibody, re-suspended with dPBS + imM EDTA, and then subjected to FACS
analysis using a NOVOCYTE® Flow Cytometer (ACEA Biosciences, Inc., San Diego CA).

Bound antibody was determined by excitation at 488 nm and measurement of emission (FITC-
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A)at 330 am. Results for these assavs are shown in histogram plots in FIGS, 4A-4L Cross-
reactivity with mouse TMPRSS6 was observed tor MWTx-001 (FIG 4D) and MWTx-003
(FIG. 4F), whereas MW Tx-002 (FIG 4E) did not show detectable cross-reactivity with mouse
TMPRSESH., Cross-reactivity with cynomolgus monkey TMPRSS6 was observed for MWTx-
001 (FIG. 4Gy, MWTx-002 (FIG. 4H) and MWTx-003 (FiG. 41).

Cross-reactivity determination by cell surface ELISA

HEK293T cells stably expressing mouse TMPRSS6 (generated by LakePharma inc as
described above, FIGS. 41, 41, 4N, 4P, 4R, 4T) or cynomolgus monkey (generated in house as
described above, FIGS. 4K, 4M, 40, 4(, 48, 411 were fixed with methagol (100%), and
washed with dPBS (Dulbecco's phosphate-buftered saline, Corning Cellgro} betfore incubation
with various concentrations of anti-TMPRSS6 antibodies and their humanized variants diluted
in BSA medium (DMEM + 1% Pen/Strep + 10mM HEPES + Img'ml BSA (Sigma-Aldrich}).
Puritied mouse IgG (FIGS. 4J-403 or Human {gG1 (FIGS. 4P-4U7) was used as a control. Afier
incubation, cells were washed with BSA medinm and then incubated with goat anti-mouse
(Tavitrogen, FIGS. 4J-40} or anti-human (Millipore, FIGS. 4P-410) {gG conjugated with HRP
as a 2° antibedy. Finally, cells were washed with dPBS te rentove unbound antibody and color
developed with ELISA liquid subsirate {Sigma-Aldrich}, followed by stopping the reaction
with addition of the same volume of ELISA liquid substrate of 1M H.SO4. Bound antibody
was measured by absorbance at ODyspem. Results for these assays are shown in FIGS, 41440
Cross-reactivity with mouse TMPRSS6 was observed for MWTx-001 {(FIG. 43) and MWTx-
003 (FIG. 4N) anti-TMPRSS6 antibodies and their humanized variants heMWTx-001 Var
(FIG. 4P}, and hzMWTx-BVar (FIG. 4T) anti-TMPRSS6 antibodies, whereas MW Tx-(02
(FIG. 4L) anti-TMPRSS6 antibody or its humanized variant hzMWTx-002Var (FIG. 4R} anti-
TMPRSS6 antibody did not show detectable cross-reactivity with mouse TMPRSS6, Cross-
reactivity with cynomolgus monkey TMPRSS6 was observed for MWTx-001 (FIG. 4K),
MWTx-002 (FIG, 4M), and MWTx-003 (FIG. 40) anti-TMPRSS6 antibodies and their
hwmanized variants haMWTK-001 Var (FIG. 4Q), h2aMWTx-002Var (FIG. 48), and h2MWTx-
003Var (F1G. 4U} anti-TMPRS56 antibodies.

EXAMPLE 8: TARGET SPECWICTYY: ANTE-TMPRSS6 ANTIBODY BINDING TO ROMULOGOUS
MATRIPTASES,

To determine if anti-TMPRSS6 antibodies bind to homologous matriptases, HEK2937T cells

over-expressing matriptase (ST14) (SEQ D NO: 100) (FIGS. 5B, 3E, 5H, 5K, 5N, 5Q), and
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HEK293T cells over-expressing matriptase-3 (TMPRSS7) (SEQ 1D NO: 101} (FIGS. 5C, 5F,
51 5L, 30, SR) were collected {generated in house), HEK293T cells stably expressing human
TMPRSS6 (matriptase-2} {(SEQ D NO:97) (generated by LakePharma inc as deseribed above,
FIGS. 3A, 3D, 3G, 51, 3M., 3P) were used as a posifive control and HEK293T cells (FIGS. SA-
5R) were used as a negative control {as described above}. Cells were biocked and
permeabilized with dPBS + 3% BSA + 0.1% Tween-20 before incubation with various anti-
TMPRSS6 antibodies dilufed 1o dPBS + 3% BSA +0.1% Tween-24. Cells were incubated with
anti-TMPRSS6 antibodies and their humanized variants at a concentration of roughly fug/ml
tor lhr. After incubation, cells were washed with dPBS and wcubated with goat anti-mouse
Ig( conjugated with AlexaFluor-488 (Invitrogen, FIGS. 5A-31) or goat anti-human igG
conjugated with Allophycocyanin (APC) (Jackson Inumuno Research, FIGS. 3J-5R) as a 2°
antibody. At last, cells were washed with dPBS aad re-suspended with dPBS + ImM EDTA,
and then subjected to FACS analysis using a NOVOCY TE® Flow Cytometer. Bound antibody
was determined by excitation at 488 nm and measurement of emission {FITC-A) at 530 am
(FIGS. 3A-51) or by excifation at 640 am and measyrement of emission (APC-A) at 675 nm
(FIGS, 3J-3R). Results for these assays are showst in histogram plots in FIGS, SA-3R. All of
the antibodies showed binding to human TMPRSS6 (matriptase-2) (FIGS. 3A, 3D, 3G, 5, 5M,
3PY and none of the antibodies showed binding to homologous matriptages ST14 (FIGS. 383,
SE, 5H, SK, 3N, 3Q) or TMPRSS7 (FIGS. 5C, 5T, 51, 5L, 30, 5R), MWTx-001 anti-TMPRSS6
antibody and its humamized variat hxMWTx-001Var anti-TMPRSS6 antibody showed
binding to hursan TMPRSS6 (FIGS. SA, 5J) and did not show binding to matniptase (ST14)
(FIGS. 3B, 5K) or matriptase-3 (TMPRSST) (FIGS. 3C, 5L). MWTx-002 anti-TMPRSS6
antibody and its homanized variant haMWT<-002Var anti-TMPRSS6 antibody showed
binding to human TMPRSS6 (matriptase-2) (FIGS. 5D, SM) and did not show binding to
mafriptase {ST14) (FIGS. 5E, SN} or matriptase-3 {TMPRSS7) (FIGS. 3F, 530} MWTx-003
anti-TM PRSS6 antibody and its humanized variant hzMWTx-003Var anti- TMPRSS6 antibody
showed binding to human TMPRSS6 (matriptase-23 (FIGS. 3G, 3P) and did not show binding
to matniptase (ST14) (FIGS. SH, 50Q) or matriptase-3 (TMPRSS7) (FIGS. 31, 5R).

EXAMPLE 6. TREATMENT WITH  ANTI-TMPRSS6  ANTIBODIES  IN A MOLSE
PHARMACODYNAMIC MODEL

Inn order 1o study the in vive pharmacodynamic responses of anti-TMPRSS6 antibodies, 2-10
mgkg of MWTx-003 anti-TMPRSS6 antibody (FIGS. 6A-6B, 6D-6E, 6G-6H, 6J-6K) or its
humanized variant haMWTx-003Var anti-TMPRSS6 antibody {FIGS. 6C, 6F, 61, 653 was
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injected intraperitoneally into wildtype CS7BL/6Y mouse. Mouse 1gG2b (BioXcell, FIGS. 6A-
6B, 6D-6E, 6G-6H, 6J-6K) or human IgGl (BioXcell, FIGS. 6C, 6F, 61, 6L) was used as
isotype conirel. 20 hours post injection, 30 pg of GFP-TMPRSS6 plasmid DNA {generated in
house by inserting human TMPRSS6 into a GFP vector) was delivered into each mouse by
hydrodynantic tail vein mjection. 44 hours post hyvdrodynamic injection, mice were euthanized,
fiver tissaes and blood were coliected. Liver RNA was purified by EZgene Total RNA
Puritication Plus from Biomiga (San Dicgo, CA) according to the mamsfacturer’s instructions.

Mouse serum was obtained by centrifugation of whele blood at 1500 x g, 10 min.
Effects of treatmesnt with anti-TMPRSS6 antibodies on seram iron

Serum iron was measured by a chromogenic assay developed in house (FIGS. 6A-6C). Brietly,
mouse serwn or iron standard (31 — 500 pg/dL) was mixed with Mixed Acid Solution (0.6M
Trichloroacetic acid, 0.4M Thioglycolic sodium, 1M HCIL) by vertexing for 30 sec, The
mixtures were incubated for 10 min at 37°C betore centritugation at 16,000 x g for 19 min
followed by color development in Color Solution (1.3M Sodivm  Acetate, 0.5mM
Bathophenanthroline disulfonic salt). The absorbance was then read at ODsisge. The serum
iron concewmtration was calculated from lingar ron standard curve. Treatment of 10mg/kg
MWTx-003 anti-TMPRSS6 antibody (FIGS. 6A-6B) and ity humanized variant hzMWTx-

003 Var anti-TMPRIS6 antibody (FIG. 6C) significantly reduced serum iron.
Effects of treatment with anti-TMPRSS6 antibedies on serum hepeidin

Serum hepeidin was measured by Hepeidin-Murine Compete ELISA kit purchased from
Intrinsic Lifesciences {La Jolla, CA)Y according to the manufacturer’s instructions (FIGS. 6D-
6F). Briefly, diluted mouse serum or hepeidin standard was mixed with hepcidin biotin
conjugate before adding to the plate coated with an anti-munne hepeidin antibody. Serum
hepeidin or hepeidin standard competes with hepeidin biotin conjugate for binding to coated
anti-hepcidin antibody. The bound hepeidin biotin conjugate was detected with streptavidin
conjugated horseradish peroxidase {(HRP), and color developed with TMB followed by stop
solution, The absorbance was then read at OBssosn. The data was analyzed with Graphpad
Prism R using a four-parameter logistic (4-PL) corve-fit, and serunt hepeidin concentration was
wterpelated. Hydredynamic delivery of GFP-TMPRSS6 sigaificantly reduced serum hepeidin
fevel (FIG. 6D), wheveas treatment with 10mgkg MWTX-003 anti-TMPRES6 antibody {FIGS.
6D-6E) and its humanized variant hzMWTE-003Var anti-TMPRSS6 antibody (FIG. 6F)

reversed the repression of hepeidin and significantly increased serum hepeidin level.

L
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Effects of treatment with anti-TMPRSS6 antibodies on tiver hepeidin RNA

Liver hepeidin RNA was quantified by real-time gPCR (FIGS, 6G-61). Brietly, cDNA was first
synthesized from liver RNA using iScript Reverse Transcription Supernmix  (Bio-Rad)
according to the manufactyrer’s instructions, Hepcidin transcripts were amplified with specific
primers listed below in Table 4, and detected using SsoAdvanced™ Universal SYBR® Green
Supernux (Bio-Rad) according to the manufacturer’s instructions on Bio-Rad CFX96 gPCR
mstrument. Samples were analyvzed i triplicate, and results are notmalized to H-actin RNA
fevels (measured by transcription, amplification with primers listed i Table 4, aod
quantification as described above). Hydrodynamic delivery of GFP-TMPRSS6 significantly
reduced liver hepcidin RNA (FIG. 6G), Treatment of 1mgkg MWTx-003 anti-TMPRSS6
antibody (FIGS. 6G-6H) and its humanized variant e MWTx-003 Var anti-TMPRSS6 antibody
(FIG. 61) reversed the repression of Hamp and significantly increased liver hepeidin RNA
levels. The following primers were used for RNA guantification by real-time gPCR: Hepaidin
forward primer: 3-AAG CAG GGC AGA CAT TGC GAT-3" (SEQ 1D NO: 85); Hepeidin
reverse primer: 37-CAG GAT GTG GCT CTA GGC TAT-¥ (SEQ D NO: 86); B-actin
torward primer; 37-ACC CAC ACT GTG CCC ATC TA-3' {(SEQ IR NO: 87); B-actin reverse
primer: 3'-CAC GCT CGG TCA GGA TCT TC-37 (SEQ 1D NO: 88),

Serumt concentration of MWTx-003 anti-TMPRSS6 antibody or its humanized vaviant
hzMWTx-003Var anti-TMPRSS6 antibody was quantified by cell surface ELISA developed
in house {as described above, FIG. 6)-6L.). Briefly, diluted mouse serum or anti-TMPRSS6
antibody standard were incubated with 100% methanol fixed HEK293T cells stably expressing
human TMPRSS6 (HEK 2937 cells were used as background control}. Bound MWTx-003 anti-
TMPRSS6 antibody was detected with goat anti-mouse 1gG conjugated with HRP, and bound
h2MWTx-003Var anti-TMPRSS6 antibody was detected with goat anti-haman 1gG conjugated
with HRP. Color was developed with TMB followed by stop solutton. The absorbance was
then tead at ODusonm. Samples were analyzed in triplicate, and results are normalized to
HEK293T control. The data was asalyzed with Graphpad Prism 8 using a four-parameter

logistic (4-PLY curve-fit, and serum anti-TMPRSS6 antibody concentration was inlerpolated.

EXAMPLE 7. IN F1¥0 EFFICACY OF ANTI-TMPRSS6 ANTIBODY USING BETA-THALASSEMIA

MOLSE MODEL.

I order to study in vive efficacy of anti-TMPRSS6 antibody, a -thalassemiia mouse model
{B6.129P2-Hbb-b ™7 fiph-h 2 F  FAX Stock No: 002683, The Jackson Laboratories,

L4
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Bar Harbor ME} was chosen, herem referred to as Th3 mouse, 4-5 waeks old Th3A+ mice
and their wildtype (WT) ittermates were put on an wron sutficient diet {Teklad TD.80394) and
Th3s mice were freated with 10mgikg MWT-003 anti-TMPRSS6 antibody or mouse 1gG2b
isotype control every three days for 4 weeks, while WT littermates did not receive treatments.
At the end of the treatment course, mice were cuthanized, and spleen, liver, fomur and blood
samples were collected. Liver total RNA was purified, and serum was collected as described

above,
Effects on bloed counts, splenomegaly, serum iren, serum hepcidin, liver hepeidin RNA

Complete Blood Count {CBC) was performed by VETSCAN HM3 automated hematology
analyzer (FIGS. 7A-7D3 MWTx-003 anti-TMPRSS6 antibedy freatment significantly
moreased Red Blood Count {RBC, FIG, 7TA) and hematocrit (HCT, FIG. 7C), and reduced Red
Cell Distribution Width (RDW, FIG. 7D), but had no apparent effect on Hemoglobin (HGB,
FIG. 7B) in Th3/+ mice.

Spleen weight was measured, and MWTx-003 anti-TMPRSS6 antibody treatment significantly

reduced splenomegaly for Th3 A+ mice (FIG. 7TE)

Serum iron was measured as described above. Treatment with MWTx-003 anti-TMPRSS6
antibody significantly reduced serum fron (FIG, 7F). Liver non-heme iros was measured using
a simitar chromogenic assay (FIG. 7G). Briefly, minced small liver tissue was dried at 65°C
for overnight followed by digestion with mixed acid (3M HCI, 10% Trichloroacetic acid) at
65°C for 20 hr. Then, digestion supernatant was collected for color development in Color
Solution {1.5M sodium acetate, 0.35mM bathophenanthroline disulfonic salt). The absorbance
was then read at ODsssam. Treatment with MWTx-003 anti-TMPRSS6 antibody signiticantly

reduced liver non-heme iron {F1G, 7G).

Serums hepeidin was measured by Hepeidin-Murine Compete ELISA kit as described above.
Treatment with MWTx-003 anti-TMPRSS6 antibody significantly increased serum hepeidin

(FIG. 7H).

Liver hepeidin RNA was quantified by real-stime qPCR as desenibed above, Treatment with

MWTx-003 anti-TMPRSS6 antibody sigaificantly increased Hver hepeidin RNA (FIG. 7).

Serum conceniration of MWTL-003 anti-TMPRSS6 antibody was quantified by cell surface

ELISA developed in-bouse as described above (FIG. 7).
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Effects on erythropoiesis

In order to study effects of MWTx-003 anti-TMPRSS6 antibody on erythropoiesis in Th3/+
mice, bone marrow was harvested from femur (see FIGS. 7K-7TM) and splenocytes were
harvested from sploen (see FIGS. TN-7P), and analyzed, Harvested cells were blocked with rat
anti-mouse CD16/CD32 (BD Biosciences) for 15 min followed by staining with rat anti-mouse
TER 119 conjugated with FITC (BD Biosciences) and rat anti-mouse CD44 conjugated with
APC (Tovitrogen) for 30 min on ice. Washed cells were stained with the viability marker 7-
AAD (BD Biosciences) for 1 min on ice before FACS analysis using a NOVOCYTE® Flow
Cytometer. Teri19', 7-ADD cells were selected, and density plots were graphed with anti-
mouse CD44 over cell size (FSC-H). Plots were analyzed to identify cell types (cell clusters)
and determine the abundance of cach type {cluster} Representative plots in FIGS, 7K-7P show
that four distinct cell clusters were distinguished from top to bottom, corresponding to
successive stages in ervthroid differentiation and wdentified as: basophilic erythroblasts (cluster
13, polychromatic erythroblasts (cluster 1), orthochromatic ervthroblasts and ponmucleated
reticudocytes (cluster 1) and mature red cells (cluster IV). Percentage (%o} value of cach cluster
in a sample was calculated as a measure of the abundance of cell type(s) in that cluster, as
shows in FIGS, 7K-7P . The % value for each celi cluster (8}, (1T}, (1), {IV) was calcuiated
for each samiple (bone marrow, spleen) from each animal in cach treatment course, as follows:

WT {no treatment) N=9; disease model Th3/ A+ mouse treated with [gG2b isotype controf {Th3+

antibody {Th3+ w/ MWTx-003), N=7 and average values were then calcufated. On average,
populations of basophilic erythroblasts (1) showed a 7.38% (Th3+ w/ Molg(2b) to 6.52% (Th3+
wi MWTx-003) shift {7.96% for WT), polychromatic erythroblasts (IT) showed a 54.20%; {Th3+
w' MolgG2b) to 40.01% {(Th3+ w/ MWTx-003; shift (28.533% for WT), orthochromatic
ervibroblasis and nonnucleated reticulocytes (1) showed & 24.06% (Th3+ w/ Molg(2b) to
29.73% (Th3+ wi/ MW Tx-003) shuft (26.67% tor WT) and mature red cells (IV) showed a 4.54%
(Th3+ w MolgG2b) to 16.44% shift (27.66% for WT) in bone marrow cells after four weeks.
On average, populations of basophilic erythroblasts (1) showed a 0.71% (Th3+ w/ MolgG2b} to
(.91% (Th3+ w' MWTx-003) shift {0.46% for WT), polychromatic erythroblasts (11} showed a
43.76% (Thd+ w/ Molg(G2b) to 19.25% (Th3+ w/ MWTx-003) shift (12.23% for WT),
orthochromatic erythrobiasts and nonmucleated reticidocytes (1) showed a 31.16% (Th3+ w
MolgG2b} to 28.72% (Th3+ wi MWTx-003} shift (8.67% for WT) and a mature red cells (IV)
showed a 14.13% (Th3+ w/ MolgG2b) to 44.38% {(Th3+ w/ MW Tx-003} shift (72.17% for WT)

7’1l
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in spleen after found weeks. These resulls are shown in a bar graph in FIG. 7Q for bone

marrow, and FIG. 7R for spleen.

In Th3/+ mice, treatment with MWTx-003 anti-TMPRSS6 antibody improved ineffective
ervibropoiesis, with a significant proportion of ervthroblasts differentiated and matured into

red Blood cells.
EXAMPLE 8. ANTI-TMPRSES6 ANTIBRODIES EPITOPE BINNING

OCTET® RED96¢ was used for epitope binning of MWTx-001 (FIG, 8A), MWTx-002 (FIG.
8B) and MWTx-003 (FIG. 8C) anti-TMPRSS6 antibodies. First, ccto-TMPRSS6-FLAG (as
described above) was labelled with biotin by Biotinylation Kit (Abcani). Pre-hydrated
streptavidin (SA) biosensors were equilibrated in 1x KB {as described above) for 60 sec for the
first baseline, followed by loading with 10 mg/mi of biotinylated ccto-TMPRISO-FLAG onto
the SA biosensors for 300 sec. Then, the second baseline signal was established for 60 sec
before saturation with 50 mg/mi of antibody (MWTx-001, FIG. BA; MWTx-002, FIG. §B;
MWTx-003, FIG. 8C) in 1x KB for 600 scc. At last, the third baseline signal was established
for 60 sec before competition with 50 pg/ml of MWTx-001, MWTx-002 or MW Tx-003 in 1x
KB for 300 sec. MWTx-001 anti-TMPRSER6 antibody binding towards ecto-TMPRSS6-FLAG
was not competed with MWTx-002 anti-TMPRSS6 antibody or MWTx-003 anti-TMPRSS6
antibody {FIG. 84). MWTx-002 anti-TMPRIS6 antibody binding towards ecto-TMPRSS6-
FLAG was not competed with MW Tx-001 anti-TMPRSS6 antibody but was competed with
MWTx-003 anti-TMPRSS6 antibody (FIG. 8B). MWTx-003 anti-TMPRSS6 antibody binding
towards octo-TMPRSS6-FLAG was not competed with MWTx-001 anti-TMPRSS6 antibody
but was competed with MWTx-002 anti-TMPRSS6 antibody (FIG. 8C). Data analysis was
done using Octet Data Analysis HT Software. Association signals were summarized in FIG.

8D,

14
£
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CLAIMS

What is clatmed is:

1.

[

.

11.

An anti-TMPRSS6 antibody capable of binding human TMPRSS6 on the surface of a
cell expressing human TMPRSS6 and modulating the activity of at least one component
involved in iron metabolisn.

The anti-TMPRSS6 antibody of claim 1, wherein anti-TMPRSS6 antibody is capable
of modulating the activity of at least one compenent involved m regulating hepeidin
CXPFESSION.

The anti-TMPRSS6 antibody of claim 2, wherein the anti-TMPRSS6 antibody is
capable of at least one of} substantially inhibiting TMPRSS6 suppression of hepcidin
expression; increasing hepeidin expression; increasing the activity of the hepeidin
promoter; and substantially inhibiting TMPRES6 suppression of the BMP/SMAD

pathway-induced expression of bepeidin.

The anti-TMPRES6 antibody of claim 1, wherein the antibody shows cross-reactivity
with at least one non-human TMPRSS6.

The anti-TMPRSS6 antibody of claim 4, wherein the non-human TMPRSS6 is at least
one of mouse TMPRSS6 or cynomolgus monkey TMPRSS6.

The anti-TMPRSS6 antibody of clasn 1, wherein the anti-TMPRSS6 antibody
specifically binds to human TMPRSS6 (matriptase-2) and does not show detectable
binding to matriptase homologues selected from at least one of human matriptase-1
{ST14) or human matriptase-3 (TMPRSS7).

The anti-TMPRSS6 antibody of claim 1, wherein the antibody is a monoclonal

antibody.
The anti-TMPRSS6 antibody of claim 1, wherein the antibedy is a chimeric antibody.

The anti-TMPRSS6 antibody of claim 1, wherein the amtibody is a humanized antibody.

. The anti-TMPRSS6 antibody of clum {, wherein the antibody is an antigen-binding

fragment.

The anti-TMPRSS6 antibody of claim 1, comprising at feast one polypeptide having an
amino acid seguence selected from: SEQ D NO: 1; SEQ ID NO: 2; SEQ D NO: 3;
SEQ ID NO: 4; SEQ 1D NO: 6; SEQ [D NQ: 7; SEQ ID NO: 8; SEQ D NO: 9; SEQ
{DNO: H; SEQ D NO: 12; SEQ D NO: 13; SEQ [D NO: 14; SEQ 1D NO: 16; SEQ
IDNO: 17; SEQ ID NO: 18; SEQ ID NO: 19; SEQ 1D NO: 21; SEQ 1B NO: 22; SEQ
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14,

D NO: 23; SEQ D NQ: 24; SEQ D NO: 26; SEQ 1D NO: 27; SEQ 1D NO): 28; SEQ
1D NO: 29; SEQ ID NO: 31; SEQ ID NO: 32; SEQ ID NO: 33; SEQ ID NO: 34; SEQ
1D NO: 36; SEQ 1D NO: 37: SEQ 1D NO: 38: SEQ 1D NO: 39; SEQ ID NO: 41; SEQ
IDNO: 42; SEQ 1D NO: 43; SEQ 1D NO: 44; SEQ 1D NO: 46; SEQ ID NO: 47; SEQ
1D NO: 48: SEQ 1D NO: 49: SEQ {D NO: 51: SEQ ID NO: 532; SEQ 1D NO: 53; SEQ
I NO: 54; SEQ 1D NO: 56; SEQ H NO: §7; SEQ 1D NO: 58; SEQ 1D NO: 59; SEQ
NO: 615 SEQ ID NO: 63 SEQ ID NO: 65, SEQ [D NO: 67; SEQ 1D NO: 69, SEQ ID
NO: 71; SEQ 1D NO: 73; SEQ 1D NO: 75; SEQ 1D NO: 77; SEQ 1D NO: 79; SEQ 1D
NO: 81 or SEQ D NO: 83,

. The anti-TMPRSS6 antibody of clain: 1, whergin the antibody comprises: (a) a heavy

cham (HC) polypeptide wherein the variable region coniprises an amino acid sequance
selected from the amino acid seguence of SEQ ID NO: 1, a sequence substantially
identical to SEQ 1D NO: 1, the amino acid of SEQ D NO: 31, and a sequence
substantially identical to SEQ [D NO: 31; and (b) and a light chain (LC) polypeptide
wherein the variable region comprises an amine acid seguence selected from the amino
acid sequence of SEQ ID NO: 6, a sequence substantially identical to SEQ 1D NO: 6,
the amino acid sequence of SEQ 1D NO: 36, and a sequence substantially identical to

the aminoe acid sequence of SEQ 1D NO: 36,

. The antibody of claim 12, wherein the anttbody comprises: (a) a heavy chain

comprising at feast one of a heavy cham complementarity deterniining region 1 (HC
CDRI1) of SEQ ID NO: 2, an HC CDRY of SEQ D NO: 32, a heavy chain
complementarity determining region 2 (HC CDR2Y of SEQ 1D NO: 3, an HC CDR2 of
SEQ 1D NG 33, a heavy chain complementarity defermining region 3 (HC CDR3) of
SEQ IDNO: 4, and an HC CDR3 of SEQ 1D NO: 34; and (b) a fight chain comprising
at least one of a complementarity determining region § (LC CDR1) of SEQ ID NO: 7,
an LC CDR1 of SEQ D NO: 37, a light chain complementarity determining region 2
{LC CDR2) of SEQ ID NO: B, an LC CDR2 of SEQ ID NO: 38, a light chain
complementarity determining region 3 (LC CDR3) of SEQ D NG: 9 and an LC CDR3
of SEQ IDNO: 39,

The anti-TMPRSS6 antibody of claim 1, wherein the antibody comprises: {(a} a heavy
chain (HC) polypeptide wherein the variable region comprises an amino acid sequence
selected from the amino acid sequence of SEQ 1D NO: 11, a sequence substantiaily
identical to SEQ D NO: 11, the amio acid of SEQ ID NO: 41, and a sequence
substantially identical to SEQ 1D NO: 41; and (b) and a light chain (LC) polypeptide

wherein the variable region comprises an amine acid seguence selected from the amino

L
-t



WO 2021/207072 PCT/US2021/025775

16.

acid sequence of SEQ ID NO: 16, a sequence substantially identical to SEQ 1D NO:
16, the aminoe acid sequence of SEQ ID NO: 46, and a scquence substantiaily idemtical

1o the amino acid sequence of SEQ 1D NO: 46.

. The amtibody of claim 14, wherein the antibody comprises: (a) a heavy chain

comprising at feast one of a heavy chain complementarity determining region 1 (HC
CDR1) of SEQ D NO: 12, an HC CDRI of SEQ ID NO: 42, a heavy chain
complementarity deternining region 2 (HC CDR2) of SEQ {D NO: 13, an HC CDR2
of SEQ 1D NO: 43, a heavy chain complementarity determining region 3 (HC CDR3)
of SEQ ID NO: 14, and an HC CDR3 of SEQ 1D NO: 44; and (b) a light chain
compwising at least one of a complementarity determining region 1 {(LC CDR1) of SEQ
IDNO: 17, an LC CDRI1 of SEQ 1D NQ: 47, a Hight chain complementarity determiining
region 2 (LC CDR2) of SEQ ID NO: 18, an LC CDR2 of SEQ 1D NO: 48, a light chain
complementarity deternyining region 3 (LC CPR3) of SEQ ID NO: 19 and an LC CDR3
of SEQ ID NO: 49,

The anti-TMPRSS6 antibody of claim 1, wherein the antibody comprises: (a) a heavy
chaint (HC) polypeptide wherein the variable region comprises an amuine acid sequence
selected from the amine acid sequence of SEQ ID NO: 21, a sequence substantiaily
identical to SEQ 1D NO: 21, the amino acid of SEQ 1D NO: 51, and a sequence
substantially identical to SEQ 1D NO: 31; and (b) and a light chain (LC} polypeptide
wherein the variable region comprises an amino acid sequence selected from the amine
acid sequence of SEQ ID NQ; 26, a sequence sybstantially identical to SEQ 1D NO: 26,
the amine acid sequence of SEQ ID N 56, and a sequence substantially identical to

the amino acid sequence of SEQ D NO: 36,

. The anfi-TMPRSS6 antibody of claim 16, whergin the anfibody comprises: (a) a heavy

chain comprising at least one of a heavy chain complementarity determining region 1
{HC CDR1) of SEQ ID NO: 22, an HC CDRI1 of SEQ 1D NO: 52, a heavy chain
complementarity deternyining region 2 (HC CDR2) of SEQ 1D NO: 23, an HC CDR2
of SEQ 1D NO: 33, a heavy chain complementarity determining region 3 (HC CDR3)
of SEQ ID NO: 24, and an HC CDR3 of SEQ 1D NO: 34; and (b) a light chain
comprising at least one of a complementarity determining region 1 {LC CDR1) of SEQ
IDNO: 27, an LC CDRI of SEQ 1D NO: 37, a light chain complementarity determining
region 2 (LC CDR2) of SEQ ID NO: 28, an LC CDR2 of SEQ 1D NO: 58, a light chain
complementarity determining region 3 (LC CDR3) of SEQ IDNO: 29 and an LC CDR3
of SEQ 1D NO: 59,

L)
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19.

28.

29.

. A method of treating disorders of fron metabelism, comprising administering an
effective amount of an anti-TMPRSS6 antibody of claim 1 to a subject in need thereof,
wherein administration of the effective amount of anti-TMPRSS6 antibody modulates

the activity of a compounent invelved in iron metabolism.

The method of claim 18, wherein the disorder of iron metabolism is an iron overload
disorder.

. The method of claim 19, wherein the ron overload disorder 1s a disorder of ineffective

erythropoiesis.

1. The method of claim 19, wherein the ron overload disorder is B-thalassemia,
. The method of claim 18, wherein administration of the effective amount of anti-

TMPRSS6  antibody modalates the activity of at least one component invelved in

regulating hepeidin expression.

3. The method of claym 22, wherein adounistration of ihe effective amount of angi-

TMPRSS6 antibody inhibits TMPRSS6 suppression of hepeidin expression.

. The method of claim 22, wherein adminisiration of the effective amount of anti-

TMPRSS6 antibody increases hepeidin expression,

5. The method of claim 22, wherein administration of the effective amount of anti-

TMPRSES6 antibody increases the activity of the hepeidin promoter,

. The method of claim 22, wherein administration of the effective amount of angi-
TMPRSS6 antibody inkibits TMPRSS6 suppression of the BMP/SMAD pathway-

induced expression of hepeidin.

. The method of clabn 18, whereln administration of the effective amount of anti-

TMPRSS6 antibody has at least one effect selected trom: inereasing serum hepeidin
levels, reducing serum iron fevels, moreasing liver bepeidin RNA Jevels, reducing liver
non-heme iron, reducing splenemegaly, inercasing red blood count (RB(CY), increasing
hematocrit (HCT), reducing red cell distribution width (RDW), increasing production

of mature red cells, and increasing ervthropoiesis.

A pharmaceutical composition comprising the anti-TMPRSS6 antibody of claim 1 and

a suifable carrier and/or excipient.

An wsolated nucleic acid molecule that encodes at teast a portion of the anti-TMPRSS6

antibody of claim 1.
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30. The isolated mucleic acid molecule of claim 29, comprising a heavy-chain {(HC)
aucicotide seguence selected from: a nucleotide sequence comprising SEQ 1D NO: §,
a nucleotide sequence compri,si,n.g a sequence substantially identical to SEQ 1D NO: 5,
a nucleotide sequence comprising SEQ 1D NO: 15, a nucleotide sequence comprising
a sequence substantially identical to SEQ ID NO: 15, a nucleotide sequence comprising
SEQ 1D NO. 25, a nucleotide sequence comprising a sequence substantially dentical
1o SEQ 1D NO: 25, a nucleotide sequence comaprising SEQ 1D NO: 35, a nucleotide
sequence comprising a sequence substantially identical to SEQ 1D NO: 33, a nucleonide

equence comprising SEQ 1D NO: 45, a nucleotide sequence comprising a sequence
substantially identical to SEQ 1D NO: 43, a nucleotide sequence comprising SEQ 1D
NO: 55, or a nucleotide sequence comprising a sequence substantially identical o SEQ
ID NO: 55,

31. The isolated mucleic acid molecule of claim 29, comprising a light cham (LC)
nucleotide sequence selected from: : a mucleotide sequence comprising SEQ 1D NO:
10, a nucleotide sequence comprising a sequence substantially wdentical to SEQ 1D NO:
1, a nucleotide sequence comprising SFQ D NO: 20, a nucleotide sequence
comprising a sequence substantially identical to SEQ 1D NQ: 20, a nucleotide sequence
comprising SEQ ID NO. 30, a nucleotide sequence comprising a sequence substantially
identical to SEQ 1D NO: 30, a nucleotide sequence comprising SEQ 1D NO: 40, a
nucteotide sequence comprising a sequence substantially identical to SEQ 1D NO: 40,
a nucleotide sequence comprising SEQ ID NO: 50, a nucleotide sequence comprising
a sequence substantially identical to SEQ ID NO: 30, a nuecleotide sequence comprising
SEQ ID NQ: 60, or a nucleotide sequence comprising a sequence substantially identical
to SEQ ID NO: 60,

Tk
b3

. A vector comprising a nucleic acid molecule of claim 29,

b
L

. A host cell comprising the vector of claim 32,

6l
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SEQUENCE LISTING
<110> MABWELL THERAPEUTICS, INC.
<120> ANTI-TMPRSS6 ANTIBODIES AND USES THEREOF
<130> 1121-101PCT

<140>
<141>

<150> 63/158,265
<151> 2021-03-08

<150> 63/006,695
<151> 2020-04-07

<160> 102

<170> PatentIn version 3.5
<210> 1

<211> 118

<212> PRT
<213> Mus musculus

<400> 1
Gln Val Gln Leu Gln Gln Pro Gly Ala Glu Leu Ala Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Trp Ile Thr Trp Val Lys Gln Arg Pro Gly Gln Asp Leu Glu Trp Ile
35 40 45

Gly Asn Ile Tyr Pro Gly Ser Gly Ser Thr Tyr Tyr Asn Glu Lys Phe
50 55 60

Lys Ser Lys Ala Thr Leu Thr Val Asp Thr Ser Ser Arg Thr Ala Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Ala Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Pro Tyr Asp Ser Asp Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr
100 105 110



Ser Val Thr Val Ser Ser

115

<210> 2

<211> 8

<212> PRT

<213> Mus musculus

<400> 2

Gly Tyr Thr Phe Thr Ser Tyr Trp

1 5

<210> 3

<211> 8

<212> PRT

<213> Mus musculus

<400> 3

Ile Tyr Pro Gly Ser Gly Ser Thr

1 5

<210> 4

211> 11

<212> PRT

<213> Mus musculus

<400> 4

Ala Pro Tyr Asp Ser Asp Tyr Ala Met Asp Tyr

1 5

<210> 5

<211> 354

<212> DNA

<213> Mus musculus

<400> 5
caggtccaac tgcagcagcc

tcctgcaagg cttctggcta
cctggacaag accttgagtg
aatgagaagt tcaagagcaa
atgcagctca gcagtctgac

tccgactatg ctatggacta

tggggctgag
caccttcacc
gattggaaat
ggccacactg
atctgcggac

ctggggtcaa

10

cttgcgaagc
agctactgga
atttatcctg
actgtagaca
tctgecggtct

ggaacctcag

ctggggcttc
taacctgggt
gtagtggtag
catcctccag
attactgtgc

tcaccgtctc

agtgaagatg
gaagcagagg
tacttactac
aacagcctac
cccctatgat

ctca

60

120

180

240

300

354



<210> 6
<211> 107
212> PRT
<213> Mus musculus

<400> 6
Asp Ile Lys Met

1

Glu

Leu

Tyr

Ser

65

Glu

Thr

Arg

Ser

Arg

50

Gly

Asp

Phe

210> 7
<211> 6
<212> PRT
<213> Mus musculus

<400> 7
Gln Asp Ile Asn Asn Tyr

1

<210> 8
<211> 3
212> PRT
<213> Mus musculus

<400> 8
Arg Ala Asn

1

Val

Trp

35

Ala

Ser

Val

Gly

Thr

20

Phe

Asn

Gly

Gly

Ala
100

Thr

Ile

Gln

Arg

Gln

Ile

85

Gly

5

Gln

Thr

Gln

Leu

Asp

70

Tyr

Thr

Ser

Cys

Lys

Val

55

Tyr

Phe

Lys

Pro

Lys

Pro

40

Asp

Ser

Cys

Leu

Ser

Ala

25

Gly

Gly

Leu

Leu

Glu
105

Ser

10

Ser

Lys

Val

Thr

Gln

90

Leu

Met

Gln

Ser

Pro

Ile

75

Tyr

Lys

Tyr

Asp

Pro

Ser

60

Ser

Asp

Ala

Ile

Lys

45

Arg

Ser

Glu

Ser

Asn

30

Thr

Val

Leu

Phe

Leu

15

Asn

Leu

Ser

Glu

Pro
95

Gly

Tyr

Ile

Gly

Tyr

80

Leu



<210> 9
<211> 9
<212> PRT

<213> Mus musculus

<400> 9

Leu Gln Tyr Asp Glu Phe Pro Leu Thr

1

<210> 10
<211> 321
<212> DNA

5

<213> Mus musculus

<400> 10
gacatcaaga

atcacttgca
gggaaatctc
agggtcagtg
gaagatgtgg
gggaccaagc
<210> 11

<211> 121
<212> PRT

tgacccagtc
aggcgagtca
ctaagaccct
gcagtggatc
gaatttattt

tggagctgaa

<213> Mus musculus

<400> 11

Glu Val Gln Leu

1

Ser Val Lys Leu

Tyr Ile His Trp

35

Gly Arg Ile Asp

50

Gln Gly Lys Ala

65

Gln
5

Gl

Ser Cy

20

Val Ly

Pro Gl

Thr Le

70

tccatcttcec
ggacattaat
gatctatcgt
tgggcaagat
ttgtctacag

a

n Ser Gly

s Thr Ala

s Glu Arg

40

u Asp
55

Gly

u Thr Ala

atgtatgcat
aactatttaa
gcaaacagat
tattctctca

tatgatgagt

Ala Glu

10

Leu

Ser Phe

25

Gly

Thr Glu Gln

Glu Ser Glu

Thr Ser

75

Asp

ctctaggaga
gctggttcca
tggtagatgg
ccatcagcag

ttcctctcac

Val Lys Pro

Asn Ile Lys

30

Leu Glu

45

Gly

Tyr Ala Pro

60

Ser Asn Thr

gagagtcact
gcagaaacca
ggtcccatca
cctggagtat

gttcggtgct

Gly Ala

15

Asp Tyr

Trp Phe

Lys Phe

Ala Tyr

80

60

120

180

240

300

321



Leu Gln Leu Ser Ser Leu Thr Ser Glu
85

Asp Thr Ala Val Tyr Tyr Cys
90 95

Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr Trp Gly Gln

100 105

Gly Thr Thr Leu Thr Val Ser Ser Glu
115 120

<210> 12

<211> 8

<212> PRT

<213> Mus musculus

<400> 12
Gly Phe Asn Ile Lys Asp Tyr Tyr
1 5

<210> 13

<211> 8

<212> PRT

<213> Mus musculus

<400> 13
Ile Asp Pro Glu Asp Gly Glu Ser
1 5

<210> 14

211> 13

<212> PRT

<213> Mus musculus

<400> 14

110

Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr

1 5

<210> 15

<211> 360

<212> DNA

<213> Mus musculus

<400> 15

gaggttcagc tgcagcagtc tggggcagaa cttgtgaagc caggggcctc agtcaagttg
tcctgcacag cctctggctt caacattaaa gactactata tacactgggt gaaagagagg

actgaacagg gcctggagtg gtttggaagg attgatcctg aggatggtga aagtgaatat

10

60

120

180



gccccgaaat tccagggcaa ggccacttta acagcagaca catcctccaa tacagcctac
ctgcagctca gcagcctgac atctgaggac actgccgtct attactgtac tagaggagac

tctatgatgg ttacctactt tgactactgg ggccaaggca ccactctcac ggtctcctca

<210> 16

<211> 107
<212> PRT
<213> Mus musculus

<400> 16

Asp Ile Val Met Thr

1

Asp

Val

Tyr

Thr

65

Glu

Thr

<210> 17

Arg

Ala

Trp

50

Gly

Asp

Phe

<211> 6
<212> PRT
<213> Mus musculus

<400> 17

Val

Trp

35

Ala

Ser

Leu

Gly

Ser

20

Tyr

Phe

Gly

Ala

Gly
100

5

Ile

Gln

Thr

Thr

Leu

85

Gly

Gln

Thr

Gln

Arg

Asp

70

Tyr

Thr

Gln Asp Val Ser Thr Ala

1

<210> 18

<211> 3

5

Ser

Cys

Lys

His

55

Tyr

Tyr

Lys

His

Lys

Pro

40

Thr

Ala

Cys

Leu

Lys

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Phe

10

Ser

Gln

Val

Thr

Gln

90

Ile

Met

Gln

Ser

Pro

Ile

75

His

Lys

Ser

Asp

Pro

Asp

60

Ser

Tyr

Thr

Val

Lys

45

Arg

Ser

Arg

Ser

Ser

30

Leu

Phe

Val

Ser

Val

15

Thr

Leu

Thr

Gln

Pro
95

Gly

Ala

Ile

Ser

Ala

80

Trp

240

300

360



<212> PRT
<213> Mus musculus

<400> 18
Trp Ala Phe
1

210> 19

<211> 9

212> PRT

<213> Mus musculus

<400> 19
Gln Gln His Tyr Arg Ser Pro Trp Thr
1 5

<210> 20

<211> 321

<212> DNA

<213> Mus musculus

;:ggitéiga tgacccagtc tcacaaattc atgtccacat cagtaggaga cagggtcagc 60
atcacctgca aggccagtca ggatgtgagt actgctgtag cctggtatca acaaaaacca 120
gggcaatctc ctaaactact gatttactgg gctttcaccc gtcacactgg agtccctgat 180
cgcttcacaa gcactggatc tgggacagat tatgctctca ccatcagcag tgtgcaggcet 240
gaagacctgg cactttatta ctgtcagcaa cattatcgca gtccgtggac gttcggtgga 300
ggcaccaaac tggaaatcaa a 321
<210> 21

<211> 118

<212> PRT

<213> Mus musculus

<400> 21
Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Leu Ser Cys Thr Ala Ser Gly Phe Asn Ile Glu Asp Tyr
20 25 30

Tyr Ile His Trp Val Lys Glu Arg Thr Glu Gln Gly Leu Glu Trp Ile
35 40 45



Gly Arg Ile
50

Gln Gly Lys
65

Met Gln Leu

Ala Arg Ser

Ser Val Thr
115

<210> 22
<211> 8
<212> PRT

Asp

Ala

Ser

Ile

100

Val

Pro

Thr

Ser

85

Tyr

Ser

<213> Mus musculus

<400> 22

Glu Asp Gly Glu
55

Ile Ile Pro Asp
70

Leu Thr Ser Glu

Leu Asp Pro Met
105

Ser

Gly Phe Asn Ile Glu Asp Tyr Tyr

1

<210> 23
<211> 8
<212> PRT

5

<213> Mus musculus

<400> 23

Ile Asp Pro Glu Asp Gly Glu Thr

1

<210> 24
<211> 11
<212> PRT

5

<213> Mus musculus

<400> 24

Thr Thr Tyr Ala Pro
60

Thr Ser Ser Asn Thr
75

Asp Ala Ala Val Tyr
90

Asp Tyr Trp Gly Gln
110

Ala Arg Ser Ile Tyr Leu Asp Pro Met Asp Tyr

1

<210> 25
<211> 354
<212> DNA

5

10

Gln Phe

Ala Tyr
80

Tyr Cys
95

Gly Thr



<213> Mus musculus

<400> 25

gaagttcagc tgcagcagtc

tcctgcacag cttctggcett

actgaacagg gcctggagtg

gccccgcagt tccagggcaa

atgcagctca gcagcctgac

taccttgatc ctatggacta

<210> 26
<211> 107
<212> PRT

<213> Mus musculus

<400> 26
Asp Ile Val
1

Asp Arg Val

Val Ala Trp

35

Tyr Trp Ala

50

Ser Ile Ser

65

Glu Asp Leu

Thr Phe Gly

<210> 27
<211> 6
<212> PRT

Met

Ser

20

Tyr

Thr

Gly

Ala

Gly
100

Thr

Ile

Gln

Thr

Thr

Leu

85

Gly

<213> Mus musculus

Gl

Th

Gl

Ar

Th
70

Ty

Th

tggggcagaa

caacattgaa
gattggaagg
ggccactata
atctgaggac

ctggggtcaa

n Ser His

r Cys

Lys

Pro
40

n Lys

g His Thr

55

r Tyr Ile

r Tyr

Cys

r Lys Leu

cttgtgaagc
gactactata
attgatcctg
ataccagaca
gctgeccegtct

ggaacctcag

Phe
10

Lys Met

Ala
25

Ser Gln

Gly Gln Ser

Gly Val Pro

Thr Ile

75

Leu

Gln Gln

90

His

Glu
105

Ile Lys

caggggcctc
tacactgggt
aggatggtga
catcctccaa
attactgtgc

tcaccgtctc

Ser Thr Ser

Val Thr

30

Asp

Pro Lys Ile

45

Asp Phe

60

Arg

Ser Ser Val

Tyr Ser Thr

agtcaagttg
gaaggagagg
aactacatat
cacagcctac
tagatcgatc

ctca

Val
15

Gly

Thr Ala

Leu Ile

Thr Gly

Gln Ala

80

Pro
95

60

120

180

240

300

354



<400> 27

Gln Asp Val Thr Thr Ala

1

<210> 28
<211> 3
<212> PRT
<213> Mus m

<400> 28
Trp Ala Thr
1

<210> 29
<211> 9
<212> PRT
<213> Mus m

<400> 29

5

usculus

usculus

Gln Gln His Tyr Ser Thr Pro Tyr Thr

1

<210> 30
<211> 321
<212> DNA
<213> Mus m

<400> 30
gacattgtga

atcacctgca
ggacagtctc
cgcttcacag
gaagacctgg

gggaccaagc

<210> 31

<211> 118
<212> PRT
<213>

<220>
<221>
<223>

sourc

polyp

5

usculus

tgacccagtc
aggccagtca
ctaaaatact
gcagtatatc
cactttatta

tggaaataaa

e

eptide”

tcacaaattc
ggatgtgact
gatttactgg
tgggacaact
ctgtcagcaa

a

Artificial Sequence

atgtccacat
actgctgtcg
gcaaccaccc
tatattctca

cattatagca

cagtaggaga cagggtcagc
cctggtatca acaaaaacca
ggcacactgg agtccctgat
ccatcagtag tgtgcaggct

ctccgtacac gttcggaggg

/note="Description of Artificial Sequence: Synthetic

60

120

180

240

300

321



<400> 31

Glu Val Gln

1

Ser

Trp

Gly

Lys

65

Met

Ala

Leu

<210>

Val

Ile

Asn

50

Ser

Glu

Pro

Val

<211> 8

<212>
<213>

<220>

<221>
<223>

<400> 32

32

Lys

Thr

35

Ile

Lys

Leu

Tyr

Thr
115

PRT
Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic

Leu

Val

20

Trp

Tyr

Ala

Ser

Asp

100

Val

peptide”

Val

Ser

Val

Pro

Thr

Ser

85

Ala

Ser

Gln

Cys

Arg

Gly

Ile

70

Leu

Asp

Ser

Ser

Lys

Gln

Ser

55

Thr

Arg

Tyr

Gly

Ala

Ala

40

Gly

Arg

Ser

Ala

Gly Tyr Thr Phe Thr Ser Tyr Trp

1

<210> 33

<211> 8
<212> PRT
<213> Artificial Sequence

5

Ala

Ser

25

Pro

Ser

Asp

Glu

Met
105

Glu

10

Gly

Gly

Thr

Thr

Asp

90

Asp

Val

Tyr

Gln

Tyr

Ser

75

Thr

Tyr

Lys

Thr

Arg

Tyr

60

Ser

Ala

Trp

Lys

Phe

Leu

45

Asn

Arg

Val

Gly

Pro

Thr

30

Glu

Glu

Thr

Tyr

Gln
110

Gly

15

Ser

Trp

Lys

Ala

Tyr

95

Gly

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Thr



<220>
<221> source

<223> /note="Description of Artificial Sequence:

peptide”

<400> 33

Ile Tyr Pro Gly Ser Gly Ser Thr

1 5

<210> 34
<211> 11
<212> PRT
<213>

<220>
<221>
<223>

source
peptide”

<400> 34

Artificial Sequence

/note="Description of Artificial Sequence:

Ala Pro Tyr Asp Ala Asp Tyr Ala Met Asp Tyr

1 5

<210> 35

<211> 354
<212> DNA
<213>

<220>
<221>
<223>

source
polynucleotide™

<400> 35
gaagtgcagc tggtgcaatc

tcctgcaagg cttccggeta
cctggccaga gactggaatg
aacgagaagt tcaagtccaa
atggaactgt ccagcctgag
gccgactacg ccatggatta
<210> 36

<211> 107
<212> PRT

Artificial Sequence

tggcgccgaa
cacctttacc
gatcggcaac
ggccacaatc

atctgaggac

ttggggccag

<213> Artificial Sequence

10

/note="Description of Artificial Sequence:

gtgaagaaac
agctactgga
atctaccctg
acccgggaca
accgccgtgt

ggcaccctgg

ctggcgectce
tcacctgggt
gctecggctc
cctcttccag
actactgcgc

tcaccgtgtc

Synthetic

Synthetic

Synthetic

tgtgaaggtg
ccgacaggct
cacctactac
aaccgcctac
cccttacgac

ctct

60

120

180

240

300

354



<220>

<221> source

<223> /note="Description of
polypeptide"

<400> 36
Asp Ile Gln Met Thr Gln Ser
1 5

Asp Arg Val Thr Ile Thr Cys
20

Leu Ser Trp Phe Gln Gln Lys
35

Tyr Arg Ala Asn Arg Leu Val
50 55

Ser Gly Ser Gly Thr Asp Phe
65 70

Glu Asp Phe Ala Thr Tyr Phe
85

Thr Phe Gly Gly Gly Thr Lys
100

<210> 37

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<221> source

Artificial Sequence: Synthetic

Pro

Lys

Pro

40

Glu

Thr

Cys

Val

Ser

Ala

25

Gly

Gly

Leu

Leu

Glu
105

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

75

Tyr

Lys

Ser

Asp

Pro

Ser

60

Ser

Asp

Ala

Ile

Lys

45

Arg

Ser

Glu

Ser

Ser

30

Leu

Phe

Leu

Phe

Val

15

Asn

Leu

Ser

Gln

Pro
95

<223> /note="Description of Artificial Sequence: Synthetic

peptide”

<400> 37
Gln Asp Ile Ser Asn Tyr
1 5

<210> 38

<211> 3

<212> PRT

<213> Artificial Sequence

Gly

Tyr

Ile

Gly

Pro

80

Leu



<220>
<221> source

<223> /note="Description of Artificial Sequence:

peptide”

<400> 38
Arg Ala Asn
1

<210> 39
<211> 9
<212> PRT
<213>

<220>
<221>
<223>

source
peptide”

<400> 39

Artificial Sequence

/note="Description of Artificial Sequence:

Leu Gln Tyr Asp Glu Phe Pro Leu Thr

1 5

<210> 40

<211> 321
<212> DNA
<213>

<220>
<221>
<223>

source
polynucleotide™

<400> 40
gacatccaga tgacccagtc

atcacatgca aggccagcca
ggcaaggctc ccaagctgcet
agattctccg gatctggctc
gaggacttcg ctacctactt
ggcaccaagg tggaaatcaa
<210> 41

<211> 120
<212> PRT

Artificial Sequence

tccatcctcet
ggacatctcc
gatctacaga
tggcaccgac

ctgcctgcaa

g

<213> Artificial Sequence

/note="Description of Artificial Sequence:

ctgtccgect
aactacctgt
gccaacagac
tttaccctga

tacgacgagt

ctgtgggcga
cctggttcca
tggtggaagg
caatctccag

tccctctgac

Synthetic

Synthetic

Synthetic

cagagtgacc
gcagaagcct
cgtgcectcc
cctgcagect

ctttggcgga

60

120

180

240

300

321



<220>
<221> source
<223> /note="Description of
polypeptide"

<400> 41

Glu Val Gln Leu

1

Ser

Tyr

Gly

Gln

65

Met

Thr

Gly

<210>

Val

Ile

Arg

50

Gly

Glu

Arg

Thr

<211> 8

<212>
<213>

<220>

<221>
<223>

<400> 42

42

Lys

His

35

Ile

Arg

Leu

Gly

Leu
115

PRT
Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic

Val

20

Trp

Asp

Val

Ser

Asp

100

Val

peptide”

Val

5

Ser

Val

Pro

Thr

Ser
85

Ser

Thr

Gln

Cys

Arg

Glu

Ile

70

Leu

Met

Val

Ser

Lys

Gln

Asp

55

Thr

Arg

Met

Ser

Artificial Sequence: Synthetic

Gly

Ala

Ala

40

Ala

Ala

Ser

Val

Ser
120

Gly Phe Asn Ile Lys Asp Tyr Tyr

1

<210> 43

5

Ala

Ser

25

Thr

Glu

Asp

Glu

Thr
105

Glu

10

Gly

Gly

Ser

Thr

Asp

90

Tyr

Val

Phe

Gln

Glu

Ser

75

Thr

Phe

Lys

Asn

Gly

Tyr

60

Thr

Ala

Asp

Lys

Ile

Leu

45

Ala

Asp

Val

Tyr

Pro

Lys

30

Glu

Pro

Thr

Tyr

Trp
110

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Gly

Ala

Tyr

Met

Phe

Tyr

80

Cys

Gln



<211> 8
<212> PRT

<213> Artificial Sequence

<220>

<221> source

<223> /note="Description of Artificial Sequence:

peptide”

<400> 43

Ile Asp Pro Glu Asp Ala Glu Ser

1

<210> 44
<211> 13
<212> PRT
<213>

<220>
<221>
<223>

5

source
/note="Description of Artificial Sequence:

peptide”

<400> 44

Artificial Sequence

Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr

1

<210> 45

<211> 360
<212> DNA
<213>

<220>
<221>
<223>

5

source
/note="Description of Artificial Sequence: Synthetic

polynucleotide"

<400> 45
gaagtgcagc

tcctgcaagg
accggacagg
gcccctaagt
atggaactgt

tccatgatgg

<210> 46

tggtgcaatc
cctctggett
gacttgagtg
ttcagggcag
ccagcctgag

ttacctactt

Artificial Sequence

tggcgccgaa
caacatcaag
gatgggcaga
agtgaccatc
atctgaggac

cgactactgg

10

gtgaagaaac
gactactaca
atcgaccctg
accgccgaca
accgccgtgt

ggccagggca

ctggcgectce
tccactgggt
aggacgccga
cctctaccga
actactgcac

ccctggtcac

Synthetic

Synthetic

tgtgaaggtg
ccgacaggct
gtctgagtac
caccgcctac
cagaggcgac

agtttcttec

60

120

180

240

300

360



<211> 107
<212> PRT
<213> Artificial Sequence

<220>

<221> source

<223> /note="Description of
polypeptide"

<400> 46
Asp Ile Gln Met Thr Gln Ser
1 5

Asp Arg Val Thr Ile Thr Cys
20

Val Ala Trp Tyr Gln Gln Lys
35

Tyr Trp Ala Phe Thr Arg His
50 55

Ser Gly Ser Gly Thr Asp Tyr
65 70

Glu Asp Phe Ala Thr Tyr Tyr
85

Thr Phe Gly Gly Gly Thr Lys
100

<210> 47

<211> 6

<212> PRT

<213> Artificial Sequence

<220>
<221> source

Artificial Sequence: Synthetic

Pro

Lys

Pro

40

Thr

Ala

Cys

Val

Ser

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

75

His

Lys

Ser

Asp

Pro

Ser

60

Ser

Tyr

Ala

Val

Lys

45

Arg

Ser

Arg

Ser

Ser

30

Leu

Phe

Leu

Ser

Val

15

Thr

Leu

Ser

Gln

Pro
95

<223> /note="Description of Artificial Sequence: Synthetic

peptide”
<400> 47
Gln Asp Val Ser Thr Ala
1 5

<210> 48

Gly

Ala

Ile

Gly

Pro

80

Trp



<211> 3
<212> PRT

<213> Artificial Sequence

<220>
<221> source

<223> /note="Description of Artificial Sequence:

peptide”

<400> 48
Trp Ala Phe
1

<210> 49
<211> 9
<212> PRT
<213>

<220>
<221>
<223>

source
peptide”

<400> 49

Artificial Sequence

/note="Description of Artificial Sequence:

Gln Gln His Tyr Arg Ser Pro Trp Thr

1 5

<210> 50

<211> 321
<212> DNA
<213>

<220>
<221>
<223>

source
polynucleotide™

<400> 50
gacatccaga tgacccagtc

atcacatgca aggcctctca
ggcaaggccc ctaagetgcet
aggttctccg gctctggetce
gaggacttcg ccacctacta

ggcaccaagg tggaaatcaa

<210> 51

Artificial Sequence

tccatcctct
ggacgtgtcc
gatctactgg
tggcaccgat
ctgccagcag

g

/note="Description of Artificial Sequence:

ctgtccgect
accgccgttg
gccttcacca
tacgctctga

cactacagaa

ctgtgggcga
cttggtatca
gacacaccgg
caatctccag

gccectggac

Synthetic

Synthetic

Synthetic

cagagtgacc
gcagaagcct
cgtgcectct
cctgcagect

atttggcgga

60

120

180

240

300

321



<211>
<212>
<213>

<220>

<221>
<223>

<400> 51

118
PRT
Artificial Sequence

source
/note="Description of

polypeptide"

Gln Val Gln Leu

1

Ser

Tyr

Gly

Gln

65

Met

Ala

Leu

<210>

Val

Met

Arg

50

Gly

Glu

Arg

Val

<211> 8

<212>
<213>

<220>

<221>
<223>

<400> 52

52

Lys

His

35

Ile

Arg

Leu

Ser

Thr
115

PRT
Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic

Val

20

Trp

Asp

Val

Ser

Ile

100

Val

peptide”

Val

5

Ser

Val

Pro

Thr

Ser

85

Tyr

Ser

Gln

Cys

Arg

Glu

Ile

70

Leu

Leu

Ser

Ser

Lys

Gln

Asp

55

Ile

Arg

Asp

Artificial Sequence: Synthetic

Gly

Ala

Ala

40

Ala

Pro

Ser

Pro

Gly Phe Asn Ile Glu Asp Tyr Tyr

Ala

Ser

25

Pro

Glu

Asp

Glu

Met
105

Glu

10

Gly

Gly

Thr

Thr

Asp

90

Asp

Val

Phe

Gln

Thr

Ser

75

Thr

Tyr

Lys

Asn

Arg

Tyr

60

Ala

Ala

Trp

Lys

Ile

Leu

45

Ser

Asn

Val

Gly

Pro

Glu

30

Glu

Pro

Thr

Tyr

Gln
110

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Gly

Ala

Tyr

Met

Phe

Tyr

80

Cys

Thr



<210> 53

<211> 8

<212> PRT

<213> Artificial Sequence

<220>
<221>
<223>

source
peptide”

<400> 53
Ile Asp Pro Glu Asp Ala Glu Thr
1 5

<210> 54

<211> 11

<212> PRT

<213> Artificial Sequence

<220>
<221>
<223>

source
peptide”

<400> 54

/note="Description of Artificial Sequence:

/note="Description of Artificial Sequence:

Ala Arg Ser Ile Tyr Leu Asp Pro Met Asp Tyr

1 5

<210> 55

<211> 354

<212> DNA

<213> Artificial Sequence

<220>
<221>
<223>

source
polynucleotide"

<400> 55
caggtgcagc tggtgcagtc tggcgcecgaa

tcctgcaagg cctctggett caacatcgag
cctggccaga gattggaatg gatgggcaga
tctcctaagt tccagggecg cgtgacaatc

atggaactgt ccagcctgag atctgaggac

10

/note="Description of Artificial Sequence:

gtgaaaaagc
gactactaca
atcgaccccg
atccctgaca

accgccgtgt

ctggcgectce
tgcactgggt
aggacgccga
cctctgccaa

actactgcgc

Synthetic

Synthetic

Synthetic

tgtgaaggtg
ccgacaggcc
gacaacctac
caccgcctac

ccggtctatc

60

120

180

240

300



tacctggacc ctatggacta ttggggccag ggcaccctgg tcacagtgtc ctct 354

<210> 56

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polypeptide"
<400> 56
Asp Ile Gln Met Thr Gln Ser Pro Lys Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Thr Thr Ala
20 25 30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile
35 40 45

Tyr Trp Ala Thr Thr Arg His Ser Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln His Tyr Ser Thr Pro Tyr
85 90 95

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys
100 105

<210> 57

<211> 6

<212> PRT

<213> Artificial Sequence

<220>

<221> source

<223> /note="Description of Artificial Sequence: Synthetic
peptide”

<400> 57
Gln Asp Val Thr Thr Ala



<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

58

3

PRT

Artificial Sequence

source

/note="Description of Artificial Sequence:

peptide”

58

Trp Ala Thr

1

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

59

9

PRT

Artificial Sequence

source

/note="Description of Artificial Sequence:

peptide”

59

Gln Gln His Tyr Ser Thr Pro Tyr Thr

1

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

5

60

321

DNA

Artificial Sequence

source

/note="Description of Artificial Sequence:

polynucleotide™

60

Synthetic

Synthetic

Synthetic

gacatccaga tgacccagtc tccaaagtct ctgtccgect ccgtgggega cagagtgacc

atcacctgta gagcctctca ggacgtgacc accgctctgg cttggtatca gcagaagect

ggccagtctc ctaagctget gatctactgg gccaccacca gacactctgg cgtgeectct

agattctccg gctctggetc tggcaccgac tttaccctga caatctccag cctgeagect

gaggacttcg ccacctacta ctgccagcag cactacagca ccccttacac ctttggcecag

60

120

180

240

300



ggcaccaagc tggaaatcaa g 321

<210> 61

211> 447

<212> PRT

<213> Mus musculus

<400> 61
Gln Val Gln Leu Gln Gln Pro Gly Ala Glu Leu Ala Lys Pro Gly Ala
1 5 10 15

Ser Val Lys Met Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Trp Ile Thr Trp Val Lys Gln Arg Pro Gly Gln Asp Leu Glu Trp Ile
35 40 45

Gly Asn Ile Tyr Pro Gly Ser Gly Ser Thr Tyr Tyr Asn Glu Lys Phe
50 55 60

Lys Ser Lys Ala Thr Leu Thr Val Asp Thr Ser Ser Arg Thr Ala Tyr
65 70 75 80

Met Gln Leu Ser Ser Leu Thr Ser Ala Asp Ser Ala Val Tyr Tyr Cys
85 90 95

Ala Pro Tyr Asp Ser Asp Tyr Ala Met Asp Tyr Trp Gly Gln Gly Thr
100 105 110

Ser Val Thr Val Ser Ser Ala Lys Thr Thr Ala Pro Ser Val Tyr Pro
115 120 125

Leu Ala Pro Val Cys Gly Asp Thr Thr Gly Ser Ser Val Thr Leu Gly
130 135 140

Cys Leu Val Lys Gly Tyr Phe Pro Glu Pro Val Thr Leu Thr Trp Asn
145 150 155 160

Ser Gly Ser Leu Ser Ser Gly Val His Thr Phe Pro Ala Val Leu Gln
165 170 175

Ser Asp Leu Tyr Thr Leu Ser Ser Ser Val Thr Val Thr Ser Ser Thr



Trp

Thr

Cys

225

Val

Ser

Asp

Gln

Ser

305

Lys

Ile

Pro

Met

Asn
385

Pro

Lys

210

Pro

Phe

Pro

Val

Thr

290

Ala

Cys

Ser

Pro

Val

370

Gly

Ser

195

Val

Pro

Ile

Ile

Gln

275

Gln

Leu

Lys

Lys

Pro

355

Thr

Lys

180

Gln

Asp

Cys

Phe

Val

260

Ile

Thr

Pro

Val

Pro

340

Glu

Asp

Thr

Ser

Lys

Lys

Pro

245

Thr

Ser

His

Ile

Asn

325

Lys

Glu

Phe

Glu

Ile

Lys

Cys

230

Pro

Cys

Trp

Arg

Gln

310

Asn

Gly

Glu

Met

Leu
390

Thr

Ile

215

Pro

Lys

Val

Phe

Glu

295

His

Lys

Ser

Met

Pro

375

Asn

Cys

200

Glu

Ala

Ile

Val

Val

280

Asp

Gln

Asp

Val

Thr

360

Glu

Tyr

185

Asn

Pro

Pro

Lys

Val

265

Asn

Tyr

Asp

Leu

Arg

345

Lys

Asp

Lys

Val

Arg

Asn

Asp

250

Asp

Asn

Asn

Trp

Pro

330

Ala

Lys

Ile

Asn

Ala

Gly

Leu

235

Val

Val

Val

Ser

Met

315

Ala

Pro

Gln

Tyr

Thr
395

His

Pro

220

Leu

Leu

Ser

Glu

Thr

300

Ser

Pro

Gln

Val

Val

380

Glu

Pro

205

Thr

Gly

Met

Glu

Val

285

Leu

Gly

Ile

Val

Thr

365

Glu

Pro

190

Ala

Ile

Gly

Ile

Asp

270

His

Arg

Lys

Glu

Tyr

350

Leu

Trp

Val

Ser

Lys

Pro

Ser

255

Asp

Thr

Val

Glu

Arg

335

Val

Thr

Thr

Leu

Ser

Pro

Ser

240

Leu

Pro

Ala

Val

Phe

320

Thr

Leu

Cys

Asn

Asp
400



Ser Asp Gly Ser Tyr Phe Met Tyr Ser Lys

Asn Trp Val Glu Arg Asn Ser Tyr Ser Cys
425

Leu His Asn His His Thr Thr Lys Ser Phe
435

<210> 62
<211> 1347
<212> DNA

405

420

<213> Mus musculus

<400> 62
caggtccaac

tcctgcaagg
cctggacaag
aatgagaagt
atgcagctca
tccgactatg
acaacagccc
gtgactctag
tctggttccc
accctcagct
aatgtggccc
acaatcaagc
gtcttcatct
acatgtgtag
aacaacgtgg
ctccgggttg

aaatgcaagg

aaagggtcag

tgcagcagcc
cttctggcta
accttgagtg
tcaagagcaa
gcagtctgac
ctatggacta
catcggtcta
gatgcctggt
tgtccagtgg
caagcgtgac
acccggcaag
cctgtcctcc
tccctccaaa
tcgttgatgt
aagtgcacac
tcagtgccct
tcaacaacaa

taagagctcc

449

tggggctgag
caccttcacc
gattggaaat
ggccacactg
atctgcggac
ctggggtcaa
tccactggcc
caagggttat
tgtgcacacc
tgtaaccagc
cagcaccaag
atgcaaatgc
gatcaaggat
gagcgaggat
tgctcagaca
ccccatccag
agacctccca

acaggtatat

410

cttgcgaagc
agctactgga
atttatcctg
actgtagaca
tctgecggtct
ggaacctcag
cctgtgtgtg
ttccctgagc
ttcccagctg
tcgacctggc
gtggacaaga
ccagcaccta
gtactcatga
gacccagatg
cagacgcata
caccaggact
gcgcccatceg

gtcttgecctc

430

445

ctggggcttc
taacctgggt
gtagtggtag
catcctccag
attactgtgc
tcaccgtctc
gagatacaac
cagtgacctt
tcctgcagtc
ccagccagtc
aaattgagcc
acctcttggg
tctccctgag
tccagatcag
gagaggatta
ggatgagtgg
agagaaccat

caccagaaga

Leu Arg Val Glu Lys Lys

415

Ser Val Val His Glu Gly

Ser Arg Thr Pro Gly

agtgaagatg
gaagcagagg
tacttactac
aacagcctac
cccctatgat
ctcagctaaa
tggctcctcg
gacctggaac
tgacctctac
catcacctgc
cagagggccc
tggaccatcc
ccccatagtc
ctggtttgtg
caacagtact
caaggagttc
ctcaaaaccc

ggagatgact

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080



aagaaacagg
gagtggacca
tctgatggtt
agaaatagct

agcttctccc

<210> 63
<211> 214
<212> PRT
<213> Mus m

<400> 63
Asp Ile Lys
1

Glu Arg Val

Leu Ser Trp

35

Tyr Arg Ala

50

Ser Ser

65

Gly

Glu Asp Val

Thr Phe Gly

Thr Val

115

Pro

Ala
130

Gly Ser

tcactctgac
acaacgggaa
cttacttcat

actcctgttc

ggactccggg

usculus

Met Thr Gl

Thr
20

Ile Th

Phe Gln Gl

Asn Arg Le

Gln As

70

Gly

Ile
85

Gly Ty

Ala
100

Gly Th

Ser Ile Ph

Val Val

Cy

ctgcatggtc acagacttca
aacagagcta aactacaaga
gtacagcaag ctgagagtgg
agtggtccac gagggtctgc

ttagtaa

Ser Met

10

n Ser Pro Ser

Ala
25

r Cys Lys Ser Gln

Pro Ser

40

n Lys Gly Lys

u Val Val

55

Asp Gly Pro

Thr Ile

75

Ser Leu

p Tyr

Gln
90

r Phe Cys Leu Tyr

Glu
105

r Lys Leu Leu Lys

Pro Ser Ser Glu

120

e Pro

s Phe Phe

135

Leu Asn Asn

tgcctgaaga
acactgaacc
agaagaagaa

acaatcacca

Tyr Ala Ser

Ile Asn

30

Asp

Pro Lys Thr

45

Ser Val

60

Arg

Ser Ser Leu

Asp Glu Phe

Arg Ala Asp

110

Gln Leu Thr

125

Tyr Pro

140

Lys

catttacgtg
agtcctggac
ctgggtggag

cacgactaag

Leu
15

Asn Tyr

Leu Ile

Ser Gly

Glu Tyr

80

Pro Leu

95

Ala Ala

Ser

Gly

Asp Ile

1140

1200

1260

1320

1347



Asn Val

145

Lys

Asn Ser Trp

Ser Thr Leu

Thr Glu

195

Cys

Phe Asn

210

Arg

<210> 64
<211> 642
<212> DNA
<213> Mus m

<400> 64
gacatcaaga

atcacttgca
gggaaatctc
agggtcagtg
gaagatgtgg
gggaccaagc
agcagcgagc
cccaaggaca
aatagctgga
ctgaccaagg
agcacaagcc
<210> 65

<211> 455

<212> PRT
<213> Mus m

Trp Lys

Ile Asp Gly Ser Glu

150

Thr Asp

165

Thr
180

Leu

Ala Thr

Asn Glu

usculus

tgacccagtc
aggcgagtca
ctaagaccct
gcagtggatc
gaatttattt
tggagctgaa
agctgacaag
tcaacgtgaa
ccgaccagga
acgagtacga

ccatcgtgaa

usculus

Gln Asp Ser Lys Asp

Thr Lys Asp Glu Tyr
185

His Lys Thr Ser Thr

200

Cys

tccatcttcec
ggacattaat
gatctatcgt
tgggcaagat
ttgtctacag
aagagctgac
cggeggagec
gtggaagatc
cagcaaggac
gcggcacaac

gtccttcaac

Arg
155

Ser
170

Glu

Ser

atgtatgcat
aactatttaa
gcaaacagat
tattctctca
tatgatgagt
gccgctcecta
agcgtcgtgt
gacggcageg
tccacctaca
agctacacat

cggaacgagt

Gln Asn Gly

Ser

Thr Tyr

Asn
190

Arg His

Pro Ile Val

205

ctctaggaga
gctggttcca
tggtagatgg
ccatcagcag
ttcctctcac
ccgtgtccat
gcttcctgaa
agagacagaa
gcatgtccag
gcgaggccac

gc

Val Leu

160

Met
175

Ser

Ser Tyr

Lys Ser

gagagtcact
gcagaaacca
ggtcccatca
cctggagtat
gttcggtgct
ctttccacct
caacttctac
cggegtgctg
cacactgacc

aCacaagacc

60

120

180

240

300

360

420

480

540

600

642



<400> 65

Glu Vval Gln

1

Ser

Tyr

Gly

Gln

65

Leu

Thr

Gly

Pro

Gly

145

Asn

Gln

Thr

Ser

Val

Ile

Arg

50

Gly

Gln

Arg

Thr

Leu

130

Cys

Ser

Ser

Trp

Thr

Lys

His

35

Ile

Lys

Leu

Gly

Thr

115

Ala

Leu

Gly

Gly

Pro

195

Thr

Leu

Leu

20

Trp

Asp

Ala

Ser

Asp

100

Leu

Pro

Val

Ser

Leu

180

Ser

Val

Gln

Ser

Val

Pro

Thr

Ser

85

Ser

Thr

Gly

Lys

Leu

165

Tyr

Gln

Asp

Gln

Cys

Lys

Glu

Leu

70

Leu

Met

Val

Cys

Gly

150

Ser

Thr

Thr

Lys

Ser

Thr

Glu

Asp

55

Thr

Thr

Met

Ser

Gly

135

Tyr

Ser

Met

Val

Lys

Gly

Ala

Arg

40

Gly

Ala

Ser

Val

Ser

120

Asp

Phe

Ser

Ser

Thr

200

Leu

Ala

Ser

25

Thr

Glu

Asp

Glu

Thr

105

Lys

Thr

Pro

Val

Ser

185

Cys

Glu

Glu

10

Glu

Ser

Thr

Asp

90

Tyr

Thr

Thr

Glu

His

170

Ser

Ser

Pro

Leu

Phe

Gln

Glu

Ser

75

Thr

Phe

Thr

Gly

Ser

155

Thr

Val

Val

Ser

Val

Asn

Gly

Tyr

60

Ser

Ala

Asp

Pro

Ser

140

Val

Phe

Thr

Ala

Gly

Lys

Ile

Leu

45

Ala

Asn

Val

Tyr

Pro

125

Ser

Thr

Pro

Val

His

205

Pro

Pro

Lys

30

Glu

Pro

Thr

Tyr

Trp

110

Ser

Val

Val

Ala

Pro

190

Pro

Ile

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Gly

Val

Thr

Thr

Leu

175

Ser

Ala

Ser

Ala

Tyr

Phe

Phe

Tyr

80

Cys

Gln

Tyr

Leu

Trp

160

Leu

Ser

Ser

Thr



Ile

225

Asn

Asp

Asp

Asn

Asn

305

Trp

Pro

Ala

Lys

Ile

385

Asp

Lys

210

Asn

Leu

Val

Val

Val

290

Ser

Met

Ser

Pro

Asp

370

Ser

Thr

Leu

Pro

Glu

Leu

Ser

275

Glu

Thr

Ser

Pro

Gln

355

Val

Val

Ala

Asn

Cys

Gly

Met

260

Glu

Val

Ile

Gly

Ile

340

Val

Ser

Glu

Pro

Met
420

Pro

Gly

245

Ile

Asp

His

Arg

Lys

325

Glu

Tyr

Leu

Trp

Val

405

Lys

Pro

230

Pro

Ser

Asp

Thr

Val

310

Glu

Arg

Ile

Thr

Thr

390

Leu

Thr

215

Cys

Ser

Leu

Pro

Ala

295

Val

Phe

Thr

Leu

Cys

375

Ser

Asp

Ser

Lys

Val

Thr

Asp

280

Gln

Ser

Lys

Ile

Pro

360

Leu

Asn

Ser

Lys

Glu

Phe

Pro

265

Val

Thr

Thr

Cys

Ser

345

Pro

Val

Gly

Asp

Trp
425

Cys

Ile

250

Lys

Gln

Gln

Leu

Lys

330

Lys

Pro

Val

His

Gly

410

Glu

His

235

Phe

Val

Ile

Thr

Pro

315

Val

Ile

Ala

Gly

Thr

395

Ser

Lys

220

Lys

Pro

Thr

Ser

His

300

Ile

Asn

Lys

Glu

Phe

380

Glu

Tyr

Thr

Cys

Pro

Cys

Trp

285

Arg

Gln

Asn

Gly

Gln

365

Asn

Glu

Phe

Asp

Pro

Asn

Val

270

Phe

Glu

His

Lys

Leu

350

Leu

Pro

Asn

Ile

Ser
430

Ala

Ile

255

Val

Val

Asp

Gln

Asp

335

Val

Ser

Gly

Tyr

Tyr

415

Phe

Pro

240

Lys

Val

Asn

Tyr

Asp

320

Leu

Arg

Arg

Asp

Lys

400

Ser

Ser



Cys Asn Val Arg His Glu Gly Leu Lys Asn Tyr Tyr Leu Lys Lys Thr

435

440

Ile Ser Arg Ser Pro Gly Lys

450

<210> 66
<211> 1365
<212> DNA

<213> Mus musculus

<400> 66
gaggttcagc

tcctgcacag
actgaacagg
gccccgaaat
ctgcagctca
tctatgatgg
aagaccacac
tctgtgacac
aacagcggca
tacaccatgt
tgtagcgtgg
cccatcagca
aacctggaag
atcagcctga
gtgcagatca
agagaggact
tggatgagcg
gagcggacca
ccaccagccg

aaccctggceg

tgcagcagtc
cctctggett
gcctggagtg
tccagggcaa
gcagcctgac
ttacctactt
ctcctagegt
tgggctgect
gcctgtctag
cctctagtgt
cccatcctgc
ccatcaatcc
gtggcccaag
cacctaaagt
gttggttcgt
acaatagcac
gcaaagagtt
tcagcaagat
agcagctgag

acatcagcgt

455

tggggcagaa

caacattaaa
gtttggaagg
ggccacttta
atctgaggac
tgactactgg
gtaccctctg
ggtcaagggc
cagcgtgcac
gaccgtgcct
cagcagcaca
ctgtcctcca
cgtgttcatc
gacctgecgtg
gaacaacgtg
cattcgcgtg
caagtgcaaa
caagggactc

cagaaaggat

ggaatggacc

cttgtgaagc
gactactata
attgatcctg
acagcagaca
actgccgtct
ggccaaggca
gctcctggcet
tactttcctg
acctttccag
agcagcacct
accgtggaca
tgcaaagaat
ttcccaccta
gtggtggacg
gaagtgcaca
gtgtccacac
gtgaacaaca
gtcagagccc
gtgtccctga

agcaatggcc

445

caggggcctc
tacactgggt
aggatggtga
catcctccaa
attactgtac
ccactctcac
gtggcgatac
agagcgtgac
ctctgctcca
ggcctagcca
agaagctgga
gccacaagtg
acatcaagga
tgtccgagga
cagcccagac
tgcctatcca
aggacctgcc
ctcaggtgta
cctgtctggt

acaccgagga

agtcaagttg
gaaagagagg
aagtgaatat
tacagcctac
tagaggagac
ggtctcctca
aacaggcagc
agtgacctgg
gagcggectg
gacagtgaca
acctagcggc
ccccgctect
cgtgctgatg
tgatcccgat
acagacccac
gcaccaggat
ttctccaatc
catcttgcct
cgtgggcttc

aaactacaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



gacacagccc ctgtgctgga cagcgacggc agctacttca tctacagcaa gctgaacatg 1260

aagaccagca agtgggagaa aaccgacagc ttctcctgca acgtgcggca cgagggectg 1320
aagaactact acctgaagaa aaccatctct cggagccccg gcaag 1365
<210> 67

<211> 214

<212> PRT

<213> Mus musculus

<400> 67
Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val Gly
1 5 10 15

Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Ser Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile
35 40 45

Tyr Trp Ala Phe Thr Arg His Thr Gly Val Pro Asp Arg Phe Thr Ser
50 55 60

Thr Gly Ser Gly Thr Asp Tyr Ala Leu Thr Ile Ser Ser Val Gln Ala
65 70 75 80

Glu Asp Leu Ala Leu Tyr Tyr Cys Gln Gln His Tyr Arg Ser Pro Trp
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Ala Asp Ala Ala
100 105 110

Pro Thr Val Ser Ile Phe Pro Pro Ser Ser Glu Gln Leu Thr Ser Gly
115 120 125

Gly Ala Ser Val Val Cys Phe Leu Asn Asn Phe Tyr Pro Lys Asp Ile
130 135 140

Asn Val Lys Trp Lys Ile Asp Gly Ser Glu Arg Gln Asn Gly Val Leu
145 150 155 160



Asn Ser Trp

Ser Thr

Leu

Glu
195

Thr Cys

Phe Asn
210

Arg

<210> 68
<211> 642
<212> DNA
<213> Mus m

<400> 68
gacattgtga

atcacctgca
gggcaatctc
cgcttcacaa
gaagacctgg
ggcaccaaac
agcagcgagc
cccaaggaca
aatagctgga
ctgaccaagg
agcacaagcc
<210> 69
<211> 453
<212> PRT

<213> Mus m

<400> 69

Thr Asp

165

Thr
180

Leu

Ala Thr

Asn Glu

usculus

tgacccagtc
aggccagtca
ctaaactact
gcactggatc
cactttatta
tggaaatcaa
agctgacaag
tcaacgtgaa
ccgaccagga
acgagtacga

ccatcgtgaa

usculus

200

Cys

tcacaaattc
ggatgtgagt
gatttactgg
tgggacagat
ctgtcagcaa
aagagctgac
cggcggagcec
gtggaagatc
cagcaaggac
gcggcacaac

gtccttcaac

170

185

atgtccacat
actgctgtag
gctttcaccc
tatgctctca
cattatcgca
gccgctecta
agcgtcgtgt
gacggcageg
tccacctaca
agctacacat

cggaacgagt

190

205

cagtaggaga
cctggtatca
gtcacactgg
ccatcagcag
gtccgtggac
ccgtgtccat
gcttcctgaa
agagacagaa
gcatgtccag
gcgaggccac

gcC

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Met Ser

175

Thr Lys Asp Glu Tyr Glu Arg His Asn Ser Tyr

His Lys Thr Ser Thr Ser Pro Ile Val Lys Ser

cagggtcagc

acaaaaacca
agtccctgat
tgtgcaggct
gttcggtgga
ctttccacct
caacttctac
cggegtgctg
cacactgacc

aCacaagacc

Glu Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Val Lys Pro Gly Ala

1

5

10

15

60

120

180

240

300

360

420

480

540

600

642



Ser

Tyr

Gly

Gln

65

Met

Ala

Ser

Ala

Leu

145

Gly

Gly

Pro

Thr

Pro

Val

Ile

Arg

50

Gly

Gln

Arg

Val

Pro

130

Val

Ser

Leu

Ser

Val

210

Cys

Lys

His

35

Ile

Lys

Leu

Ser

Thr

115

Gly

Lys

Leu

Tyr

Gln

195

Asp

Pro

Leu

20

Asp

Ala

Ser

Ile

100

Val

Cys

Gly

Ser

Thr

180

Thr

Lys

Pro

Ser

Val

Pro

Thr

Ser

85

Tyr

Ser

Gly

Tyr

Ser

165

Met

Val

Lys

Cys

Cys

Lys

Glu

Ile

70

Leu

Leu

Ser

Asp

Phe

150

Ser

Ser

Thr

Leu

Lys

Thr

Glu

Asp

55

Ile

Thr

Asp

Lys

Thr

135

Pro

Val

Ser

Cys

Glu

215

Glu

Ala

Arg

40

Gly

Pro

Ser

Pro

Thr

120

Thr

Glu

His

Ser

Ser

200

Pro

Cys

Ser

25

Thr

Glu

Asp

Glu

Met

105

Thr

Gly

Ser

Thr

Val

185

Val

Ser

His

Gly

Glu

Thr

Thr

Asp

90

Asp

Pro

Ser

Val

Phe

170

Thr

Ala

Gly

Lys

Phe

Gln

Thr

Ser

75

Ala

Tyr

Pro

Ser

Thr

155

Pro

Val

His

Pro

Cys

Asn

Gly

Tyr

60

Ser

Ala

Trp

Ser

Val

140

Val

Ala

Pro

Pro

Ile

220

Pro

Ile

Leu

45

Ala

Asn

Val

Gly

Val

125

Thr

Thr

Leu

Ser

Ala

205

Ser

Ala

Glu

30

Glu

Pro

Thr

Tyr

Gln

110

Tyr

Leu

Trp

Leu

Ser

190

Ser

Thr

Pro

Asp

Trp

Gln

Ala

Tyr

95

Gly

Pro

Gly

Asn

Gln

175

Thr

Ser

Ile

Asn

Tyr

Ile

Phe

Tyr

80

Thr

Leu

Cys

Ser

160

Ser

Trp

Thr

Asn

Leu



225

Glu

Leu

Ser

Glu

Thr

305

Ser

Pro

Gln

Val

Val

385

Ala

Asn

Val

Gly

Met

Glu

Val

290

Ile

Gly

Ile

Val

Ser

370

Glu

Pro

Met

Arg

Gly

Ile

Asp

275

His

Arg

Lys

Glu

Tyr

355

Leu

Trp

Val

Lys

His
435

Pro

Ser

260

Asp

Thr

Val

Glu

Arg

340

Ile

Thr

Thr

Leu

Thr

420

Glu

Ser

245

Leu

Pro

Ala

Val

Phe

325

Thr

Leu

Ser

Asp

405

Ser

Gly

230

Val

Thr

Asp

Gln

Ser

310

Lys

Ile

Pro

Leu

Asn

390

Ser

Lys

Leu

Phe

Pro

Val

Thr

295

Thr

Cys

Ser

Pro

Val

375

Gly

Asp

Trp

Lys

Ile

Lys

Gln

280

Gln

Leu

Lys

Lys

Pro

360

Val

His

Gly

Glu

Asn
440

Phe

Val

265

Ile

Thr

Pro

Val

Ile

345

Ala

Gly

Thr

Ser

Lys

425

Tyr

Pro

250

Thr

Ser

His

Ile

Asn

330

Lys

Glu

Phe

Glu

Tyr

410

Thr

Tyr

235

Pro

Cys

Trp

Arg

Gln

315

Asn

Gly

Gln

Asn

Glu

395

Phe

Asp

Leu

Asn

Val

Phe

Glu

300

His

Lys

Leu

Leu

Pro

380

Asn

Ile

Ser

Lys

Ile

Val

Val

285

Asp

Gln

Asp

Val

Ser

365

Tyr

Tyr

Phe

Lys
445

Lys

Val

270

Asn

Tyr

Asp

Leu

Arg

350

Arg

Asp

Lys

Ser

Ser

430

Thr

Asp

255

Asp

Asn

Asn

Trp

Pro

335

Ala

Lys

Ile

Asp

Lys

415

Cys

Ile

240

Val

Val

Val

Ser

Met

320

Ser

Pro

Asp

Ser

Thr

400

Leu

Asn

Ser



Arg Ser Pro Gly Lys

450

<210> 70
<211> 1359
<212> DNA

<213> Mus musculus

<400> 70
gaggttcagc

agctgtaccg
accgagcagg
gcccctcagt
atgcaactga
tatctggacc
acacctccta
acactgggct
ggcagcctgt
atgtcctcta
gtggcccatc
agcaccatca
gaaggtggcc
ctgacaccta
atcagttggt
gactacaata
agcggcaaag
accatcagca
gccgagcagc
ggcgacatca
gcccctgtgce

agcaagtggg

tgcagcagtc
ccagcggctt
gactcgagtg
ttcagggcaa
gcagcctgac
ccatggatta
gcgtgtaccc
gcctggtcaa
ctagcagcgt
gtgtgaccgt
ctgccagcag
atccctgtcc
caagcgtgtt
aagtgacctg
tcgtgaacaa
gcaccattcg
agttcaagtg
agatcaaggg
tgagcagaaa
gcgtggaatg
tggacagcga

agaaaaccga

tggcgecegag
caacatcgag
gatcggaaga
agccacaatc
ctctgaagat
ttggggccag
tctggctcect
gggctacttt
gcacaccttt
gcctagcagc
cacaaccgtg
tccatgcaaa
catcttccca
cgtggtggtg
cgtggaagtg
cgtggtgtcc
caaagtgaac
actcgtcaga
ggatgtgtcc
gaccagcaat
cggcagctac

cagcttctcc

cttgtgaaac
gactactaca
atcgaccccg
atccccgaca
gccgeegtgt
ggcacaagcg
ggctgtggeg
cctgagagcg
ccagctctgc
acctggccta
gacaagaagc
gaatgccaca
cctaacatca
gacgtgtccg
cacacagccc
acactgccta
aacaaggacc
gcccctcagg
ctgacctgtc
ggccacaccg
ttcatctaca

tgcaacgtgc

ctggcgcctc
tccactgggt
aggacggcega
ccagcagcaa
actactgcgc
tgaccgtgtc
atacaacagg
tgacagtgac
tccagagcgg
gccagacagt
tggaacctag
agtgccccgc
aggacgtgct
aggatgatcc
agacacagac
tccagcacca
tgccttctcc
tgtacatctt
tggtcgtggsg
aggaaaacta
gcaagctgaa

ggcacgaggg

tgtgaagctg
caaagagcgg
gacaacatac
caccgcctac
ccggtccatc
ctctaagacc
cagctctgtg
ctggaacagc
cctgtacacc
gacatgtagc
cggccccatc
tcctaacctg
gatgatcagc
cgatgtgcag
ccacagagag
ggattggatg
aatcgagcgg
gcctccacca
cttcaaccct
caaggacaca
catgaagacc

cctgaagaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320



tactacctga agaaaaccat ctctcggagc cccggcaag 1359

210> 71

<211> 214

212> PRT

<213> Mus musculus

<400> 71
Asp Ile Val Met Thr Gln Ser His Lys Phe Met Ser Thr Ser Val Gly
1 5 10 15

Asp Arg Val Ser Ile Thr Cys Lys Ala Ser Gln Asp Val Thr Thr Ala
20 25 30

Val Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Ile Leu Ile
35 40 45

Tyr Trp Ala Thr Thr Arg His Thr Gly Val Pro Asp Arg Phe Thr Gly
50 55 60

Ser Ile Ser Gly Thr Thr Tyr Ile Leu Thr Ile Ser Ser Val Gln Ala
65 70 75 80

Glu Asp Leu Ala Leu Tyr Tyr Cys Gln Gln His Tyr Ser Thr Pro Tyr
85 90 95

Thr Phe Gly Gly Gly Thr Lys Leu Glu Ile Lys Arg Ala Asp Ala Ala
100 105 110

Pro Thr Val Ser Ile Phe Pro Pro Ser Ser Glu Gln Leu Thr Ser Gly
115 120 125

Gly Ala Ser Val Val Cys Phe Leu Asn Asn Phe Tyr Pro Lys Asp Ile
130 135 140

Asn Val Lys Trp Lys Ile Asp Gly Ser Glu Arg Gln Asn Gly Val Leu
145 150 155 160

Asn Ser Trp Thr Asp Gln Asp Ser Lys Asp Ser Thr Tyr Ser Met Ser
165 170 175



Ser Thr Leu Thr Leu Thr Lys Asp Glu Tyr Glu Arg His Asn Ser Tyr

180

185

190

Thr Cys Glu Ala Thr His Lys Thr Ser Thr Ser Pro Ile Val Lys Ser

195

200

Phe Asn Arg Asn Glu Cys

210

<210> 72
<211> 642
<212> DNA

<213> Mus musculus

<400> 72
gacatcgtga

atcacctgta
ggccagtctc
agattcaccg
gaggatctgg
ggcaccaagc
agcagcgagc
cccaaggaca
aatagctgga
ctgaccaagg
agcacaagcc
<210> 73
211> 447
<212> PRT
<213>
<220>

<221>
<223>

tgacccagag
aagccagcca
ctaagatcct
gcagcatcag
ccctgtacta
tggaaatcaa
agctgacaag
tcaacgtgaa
ccgaccagga
acgagtacga

ccatcgtgaa

source
/note="Description of Artificial Sequence: Synthetic

polypeptide"

<400> 73

ccacaagttc
ggacgtgaca
gatctactgg
cggcaccacc
ctgtcagcag
gagagctgac
cggcggagcec
gtggaagatc
cagcaaggac
gcggcacaac

gtccttcaac

Artificial Sequence

atgagcacca
acagccgtgg
gccaccacca
tacatcctga
cactacagca
gccgctcecta
agcgtcgtgt
gacggcageg
tccacctaca
agctacacat

cggaacgagt

205

gcgtgggega
cctggtatca
gacacaccgg
caatcagctc
ccccttacac
ccgtgtccat
gcttcctgaa
agagacagaa
gcatgtccag
gcgaggccac

gc

cagagtgtcc
gcagaagcct
cgtgccagat
tgtgcaggcc
ctttggegga
ctttccacct
caacttctac
cggegtgetg
cacactgacc

aCacaagacc

Glu Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1

5

10

15

60

120

180

240

300

360

420

480

540

600

642



Ser

Trp

Gly

Lys

65

Met

Ala

Leu

Leu

Cys

145

Ser

Ser

Ser

Asn

Val

Ile

Asn

50

Ser

Glu

Pro

Val

Ala

130

Leu

Gly

Ser

Leu

Thr
210

Lys

Thr

35

Ile

Lys

Leu

Tyr

Thr

115

Pro

Val

Ala

Gly

Gly

195

Lys

Val

20

Trp

Tyr

Ala

Ser

Asp

100

Val

Ser

Lys

Leu

Leu

180

Thr

Val

Ser

Val

Pro

Thr

Ser

85

Ala

Ser

Ser

Asp

Thr

165

Tyr

Gln

Asp

Cys

Arg

Gly

Ile

70

Leu

Asp

Ser

Lys

Tyr

150

Ser

Ser

Thr

Lys

Lys

Gln

Ser

55

Thr

Arg

Tyr

Ala

Ser

135

Phe

Gly

Leu

Tyr

Lys
215

Ala

Ala

40

Gly

Arg

Ser

Ala

Ser

120

Thr

Pro

Val

Ser

Ile

200

Val

Ser

25

Pro

Ser

Asp

Glu

Met

105

Thr

Ser

Glu

His

Ser

185

Cys

Glu

Gly

Gly

Thr

Thr

Asp

90

Asp

Lys

Gly

Pro

Thr

170

Val

Asn

Pro

Tyr

Gln

Tyr

Ser

75

Thr

Tyr

Gly

Gly

Val

155

Phe

Val

Val

Lys

Thr

Arg

Tyr

60

Ser

Ala

Trp

Pro

Thr

140

Thr

Pro

Thr

Asn

Ser
220

Phe

Leu

45

Asn

Arg

Val

Gly

Ser

125

Ala

Val

Ala

Val

His

205

Cys

Thr

30

Glu

Glu

Thr

Tyr

Gln

110

Val

Ala

Ser

Val

Pro

190

Lys

Asp

Ser

Trp

Lys

Ala

Tyr

95

Gly

Phe

Leu

Trp

Leu

175

Ser

Pro

Lys

Tyr

Ile

Phe

Tyr

80

Cys

Thr

Pro

Gly

Asn

160

Gln

Ser

Ser

Thr



His

225

Val

Thr

Glu

Lys

Ser

305

Lys

Ile

Pro

Leu

Asn

385

Ser

Arg

Leu

Thr

Phe

Pro

Val

Thr

290

Val

Cys

Ser

Pro

Val

370

Gly

Asp

Trp

His

Cys

Leu

Glu

Lys

275

Lys

Leu

Lys

Lys

Ser

355

Lys

Gln

Gly

Gln

Asn
435

Pro

Phe

Val

260

Phe

Pro

Thr

Val

Ala

340

Arg

Gly

Pro

Ser

Gln

420

His

Pro

Pro

245

Thr

Asn

Arg

Val

Ser

325

Lys

Asp

Phe

Glu

Phe

405

Gly

Tyr

Cys

230

Pro

Cys

Trp

Glu

Leu

310

Asn

Gly

Glu

Tyr

Asn

390

Phe

Asn

Thr

Pro

Lys

Val

Tyr

Glu

295

His

Lys

Gln

Leu

Pro

375

Asn

Leu

Val

Gln

Ala

Pro

Val

Val

280

Gln

Gln

Ala

Pro

Thr

360

Ser

Tyr

Tyr

Phe

Lys
440

Pro

Lys

Val

265

Asp

Tyr

Asp

Leu

Arg

345

Lys

Asp

Lys

Ser

Ser

425

Ser

Glu

Asp

250

Asp

Gly

Ala

Trp

Pro

330

Glu

Asn

Ile

Thr

Lys

410

Cys

Leu

Leu

235

Thr

Val

Val

Ser

Leu

315

Ala

Pro

Gln

Ala

Thr

395

Leu

Ser

Ser

Leu

Leu

Ser

Glu

Thr

300

Asn

Pro

Gln

Val

Val

380

Pro

Thr

Val

Leu

Gly

Met

His

Val

285

Tyr

Gly

Ile

Val

Ser

365

Glu

Pro

Val

Met

Ser
445

Gly

Ile

Glu

270

His

Arg

Lys

Glu

Tyr

350

Leu

Trp

Val

Asp

His

430

Pro

Pro

Ser

255

Asp

Asn

Val

Glu

Lys

335

Thr

Thr

Glu

Leu

Lys

415

Glu

Gly

Ser

240

Arg

Pro

Ala

Val

Tyr

320

Thr

Leu

Cys

Ser

Asp

400

Ser

Ala



<210>
<211>
<212>
<213>

74
1341
DNA

<220>
<221>
<223>

source
/note="Description of Artificial Sequence: Synthetic

polynucleotide™

<400> 74
gaagtgcagc

tcctgcaagg
cctggccaga
aacgagaagt
atggaactgt
gccgactacg
accaagggac
gctgctctgg
tctggecgctc
tactctctgt
tgcaatgtga
tgcgacaaga
gtgttcctgt
acctgcgtgg
gacggcgtgg
tacagagtgg
aagtgcaagg
aagggccagc
aagaaccagg
gaatgggagt

tccgacggct

tggtgcaatc
cttccggcta
gactggaatg
tcaagtccaa
ccagcctgag
ccatggatta
ccagcgtgtt
gctgecctggt
tgacatccgg
cctctgtcegt
accacaagcc
cccacacctg
ttcctccaaa
tggtggatgt
aagtgcacaa
tgtccgtgct
tgtccaacaa
ctagagaacc
tgtccctgac
ctaatggcca

cattcttcct

Artificial Sequence

tggcgccgaa
cacctttacc
gatcggcaac
ggccacaatc
atctgaggac
ttggggccag
ccctctggcet
caaggactac
cgtgcacaca
gaccgtgcct
ttccaacacc
tcctccatgt
gcctaaggac
gtctcacgag
cgccaagacc
gacagtgctg
ggccctgect
ccaggtttac
ctgtctcgtg
gccagagaac

gtactccaag

gtgaagaaac
agctactgga
atctaccctg
acccgggaca
accgccgtgt
ggcaccctgg
ccttccagca
tttcctgagc
tttccagctg
tcctctagcec
aaggtggaca
cctgctccag
accctgatga
gacccagaag
aagcctagag
caccaggatt
gctcctatcg
accttgcctc
aagggcttct
aactacaaga

ctgaccgtgg

ctggcgcctc
tcacctgggt
gctccggctc
cctcttccag
actactgcgc
tcaccgtgtc
agtctacctc
ctgtgaccgt
tgctgcagtc
tgggcaccca
agaaggtgga
aactgctcgg
tctctcggac
tgaagttcaa
aggaacagta
ggctgaacgg
aaaagaccat
catctcggga
acccctccga
caacccctcc

acaagtccag

tgtgaaggtg
ccgacaggct
cacctactac
aaccgcctac
cccttacgac
ctctgcttct
tggcggaaca
gtcttggaac
ctccggectg
gacctacatc
acccaagtcc
cggaccttcc
ccctgaagtg
ttggtacgtg
cgccagcacc
caaagagtac
cagcaaggcc
cgagctgacc
catcgccgtg
tgtgctggac

atggcagcag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260



ggcaacgtgt tctcctgctc cgtgatgcac gaggccctgec acaatcacta cacacagaag 1320

tccctgtctc tgtccecctgg c 1341

<210> 75

<211> 214

<212> PRT

<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic

polypeptide™
<400> 75
Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
1 5 10 15

Asp Arg Val Thr Ile Thr Cys Lys Ala Ser Gln Asp Ile Ser Asn Tyr
20 25 30

Leu Ser Trp Phe Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
35 40 45

Tyr Arg Ala Asn Arg Leu Val Glu Gly Val Pro Ser Arg Phe Ser Gly
50 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65 70 75 80

Glu Asp Phe Ala Thr Tyr Phe Cys Leu Gln Tyr Asp Glu Phe Pro Leu
85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln



145

Glu Ser Val

Ser Thr Leu

Ala Glu

195

Cys

Phe Asn

210

Arg

<210>
<211>
<212>
<213>

76
642
DNA

<220>
<221>
<223>

sourc
polyn

<400> 76
gacatccaga

atcacatgca
ggcaaggctc
agattctccg
gaggacttcg
ggcaccaagg
tccgacgagc
cctcgggaag
gagtctgtga
ctgtccaagg

ctgtctagcc

<210> 77

150

Thr Glu
165

Thr Leu
180

Val Thr

Gly Glu

e

ucleotide"

tgacccagtc
aggccagcca
ccaagctgct
gatctggctc
ctacctactt
tggaaatcaa
agctgaagtc
ccaaggtgca
ccgagcagga
ccgactacga

ctgtgaccaa

200

Cys

Artificial Sequence

tccatcctct
ggacatctcc
gatctacaga
tggcaccgac
ctgcctgeaa
gcggacagtg
cggcacagct
gtggaaggtg
ctccaaggac
gaagcacaag

gtctttcaac

155

170

185

ctgtccgect
aactacctgt
gccaacagac
tttaccctga
tacgacgagt
gccgetectt
tctgtegtgt
gacaatgccc
agcacctaca
gtgtacgcct

cggggcgagt

190

205

ctgtgggcga
cctggttcca
tggtggaagg
caatctccag
tccctetgac
ccgtgttcat
gcctgetgaa
tgcagtccgg
gcetgtectc
gcgaagtgac

gt

160

Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser

175

Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr

His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser

/note="Description of Artificial Sequence: Synthetic

cagagtgacc
gcagaagcct
cgtgcectcc
cctgcagect
ctttggcgga
cttcccacct
caacttctac
caactcccaa
cacactgacc

ccatcagggc

60

120

180

240

300

360

420

480

540

600

642



<211>
<212>
<213>

<220>

<221>
<223>

<400> 77

449
PRT
Artificial Sequence

source
/note="Description of

polypeptide"

Glu Val Gln Leu

1

Ser

Tyr

Gly

Gln

65

Met

Thr

Gly

Phe

Leu

145

Trp

Val

Ile

Arg

50

Gly

Glu

Arg

Thr

Pro

130

Gly

Asn

Lys

His

35

Ile

Arg

Leu

Gly

Leu

115

Leu

Cys

Ser

Val

20

Trp

Asp

Val

Ser

Asp

100

Val

Ala

Leu

Gly

Val

5

Ser

Val

Pro

Thr

Ser

85

Ser

Thr

Pro

Val

Ala
165

Gln

Cys

Arg

Glu

Ile

70

Leu

Met

Val

Ser

Lys

150

Leu

Ser

Lys

Gln

Asp

55

Thr

Arg

Met

Ser

Ser

135

Asp

Thr

Artificial Sequence:

Gly

Ala

Ala

40

Ala

Ala

Ser

Val

Ser

120

Lys

Tyr

Ser

Ala

Ser

25

Thr

Glu

Asp

Glu

Thr

105

Ala

Ser

Phe

Gly

Glu

10

Gly

Gly

Ser

Thr

Asp

90

Tyr

Ser

Thr

Pro

Val
170

Val

Phe

Gln

Glu

Ser

75

Thr

Phe

Thr

Ser

Glu

155

His

Lys

Asn

Gly

Tyr

60

Thr

Ala

Asp

Lys

Gly

140

Pro

Thr

Synthetic

Lys

Ile

Leu

45

Ala

Asp

Val

Tyr

Gly

125

Gly

Val

Phe

Pro

Lys

30

Glu

Pro

Thr

Tyr

Trp

110

Pro

Thr

Thr

Pro

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Gly

Ser

Ala

Val

Ala
175

Ala

Tyr

Met

Phe

Tyr

80

Cys

Gln

Val

Ala

Ser

160

Val



Leu

Ser

Pro

Lys

225

Pro

Ser

Asp

Asn

Val

305

Glu

Lys

Thr

Thr

Glu
385

Gln

Ser

Ser

210

Thr

Ser

Arg

Pro

Ala

290

Val

Tyr

Thr

Leu

Cys

370

Ser

Ser

Ser

195

Asn

His

Val

Thr

Glu

275

Lys

Ser

Lys

Ile

Pro

355

Leu

Asn

Ser

180

Leu

Thr

Thr

Phe

Pro

260

Val

Thr

Val

Cys

Ser

340

Pro

Val

Gly

Gly

Gly

Lys

Cys

Leu

245

Glu

Lys

Lys

Leu

Lys

325

Lys

Ser

Lys

Gln

Leu

Thr

Val

Pro

230

Phe

Val

Phe

Pro

Thr

310

Val

Ala

Arg

Gly

Pro
390

Tyr

Gln

Asp

215

Pro

Pro

Thr

Asn

Arg

295

Val

Ser

Lys

Asp

Phe

375

Glu

Ser

Thr

200

Lys

Cys

Pro

Cys

Trp

280

Glu

Leu

Asn

Gly

Glu

360

Tyr

Asn

Leu

185

Tyr

Lys

Pro

Lys

Val

265

Tyr

Glu

His

Lys

Gln

345

Leu

Pro

Asn

Ser

Ile

Val

Ala

Pro

250

Val

Val

Gln

Gln

Ala

330

Pro

Thr

Ser

Tyr

Ser

Cys

Glu

Pro

235

Lys

Val

Asp

Tyr

Asp

315

Leu

Arg

Lys

Asp

Lys
395

Val

Asn

Pro

220

Glu

Asp

Asp

Gly

Ala

300

Trp

Pro

Glu

Asn

Ile

380

Thr

Val

Val

205

Lys

Leu

Thr

Val

Val

285

Ser

Leu

Ala

Pro

Gln

365

Ala

Thr

Thr

190

Asn

Ser

Leu

Leu

Ser

270

Glu

Thr

Asn

Pro

Gln

350

Val

Val

Pro

Val

His

Cys

Gly

Met

255

His

Val

Tyr

Gly

Ile

335

Val

Ser

Glu

Pro

Pro

Lys

Asp

Gly

240

Ile

Glu

His

Arg

Lys

320

Glu

Tyr

Leu

Trp

Val
400



Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys Leu Thr Val Asp
405 410 415

Lys Ser Arg Trp Gln Gln Gly Asn Val Phe Ser Cys Ser Val Met His
420 425 430

Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Pro
435 440 445

Gly

<210> 78
<211> 1347
<212> DNA

<213> Artificial Sequence

<220>
<221>
<223>

source
/note="Description of Artificial Sequence: Synthetic

polynucleotide™

<400> 78
gaagtgcagc

tcctgcaagg
accggacagg
gcccctaagt
atggaactgt
tccatgatgg
gcttccacca
ggaacagctg
tggaactctg
ggcctgtact
tacatctgca
aagtcctgceg

ccttccgtgt

tggtgcaatc
cctctggett
gacttgagtg
ttcagggcag
ccagcctgag
ttacctactt
agggacccag
ctctgggctg
gcgctctgac
ctctgtcctc
atgtgaacca
acaagaccca

tcctgtttcc

tggcgccgaa
caacatcaag
gatgggcaga
agtgaccatc
atctgaggac
cgactactgg
cgtgttccct
cctggtcaag
atccggcgtg
cgtcgtgacc
caagccttcc
cacctgtcct

tccaaagcct

gtgaagaaac
gactactaca
atcgaccctg
accgccgaca
accgccgtgt
ggccagggea
ctggctcctt
gattacttcc
cacacctttc
gtgccttcta
aacaccaagg
ccatgtcctg

aaggacaccc

ctggcgcectc
tccactgggt
aggacgccga
cctctaccga
actactgcac
ccctggtcac
ccagcaagtc
ctgagcctgt
cagctgtgct
gctctctggg
tggacaagaa
ctccagaact

tgatgatctc

tgtgaaggtg
ccgacaggct
gtctgagtac
caccgcctac
cagaggcgac
agtttcttcc
tacctctggc
gaccgtgtcc
gcaatcctcc

cacccagacc

ggtggaaccc
gctcggegga

tcggacccct

60

120

180

240

300

360

420

480

540

600

660

720

780



gaagtgacct
tacgtggacg
tccacctaca
gagtacaagt
aaggccaagg
ctgaccaaga
gccgtggaat
ctggactccg

cagcagggca

cagaagtctc

<210>
<211>
<212>
<213>

79
214
PRT

<220>
<221>
<223>

sourc

polyp

<400> 79
Asp Ile Gln
1

Asp Arg Val

Val Ala Trp

35

Tyr Trp Ala

50

Ser Ser

65

Gly

Glu Asp Phe

gcgtggtggt
gcgtggaagt
gagtggtgtc
gcaaggtgtc
gccagcctag
accaggtgtc
gggagtctaa
acggctcatt
acgtgttctc

tgtccctgtc

e

/note="Description of

eptide”

Thr
5

Met

Thr
20

Ile
Tyr Gln
Phe Thr
Thr

Gly

Ala Thr

Gln

Thr

Gln

Arg

Asp

70

Tyr

ggatgtgtct
gcacaacgcc
cgtgctgaca
caacaaggca
agaaccccag
cctgacctgt
tggccagcca
cttcctgtac
ctgctccgtg

tcctggce

Artificial Sequence

Ser Pro

Cys

Lys

Pro
40

Lys

His Thr

55

Tyr Ala

Tyr Cys

cacgaggacc
aagaccaagc
gtgctgcacc
ctgcccgctc
gtttacacct
ctcgtgaagg
gagaacaact
tccaagctga

atgcacgagg

Ser Leu

10

Ser

Ala
25

Ser Gln

Gly Lys Ala

Gly Vval Pro

Thr Ile

75

Leu

Gln Gln His

cagaagtgaa
ctagagagga
aggattggct
ctatcgaaaa
tgcctccatc
gcttctaccc
acaagacaac
ccgtggacaa

ccctgcacaa

Ser Ala Ser

Val Ser

30

Asp

Pro Lys Leu

45

Ser Phe

60

Arg

Ser Ser Leu

Tyr Arg Ser

gttcaattgg
acagtacgcc
gaacggcaaa
gaccatctcc
tcgggacgag
ctccgacatc
ccctecctgtg
gtccagatgg

tcactacaca

Artificial Sequence: Synthetic

Val
15

Gly

Thr Ala

Leu Ile

Ser Gly

Gln Pro

80

Pro Trp

840

900

960

1020

1080

1140

1200

1260

1320

1347



85 90 95

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala
100 105 110

Pro Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly
115 120 125

Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala
130 135 140

Lys Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln
145 150 155 160

Glu Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
165 170 175

Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
180 185 190

Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
195 200 205

Phe Asn Arg Gly Glu Cys
210

<210> 80

<211> 642

<212> DNA

<213> Artificial Sequence

<220>

<221> source

<223> /note="Description of Artificial Sequence: Synthetic
polynucleotide™

<400> 80
gacatccaga tgacccagtc tccatcctct ctgtccgect ctgtgggega cagagtgacc

atcacatgca aggcctctca ggacgtgtcc accgeccgttg cttggtatca gcagaagect
ggcaaggccc ctaagectget gatctactgg gecttcacca gacacaccgg cgtgeectcet

aggttctccg gctctggetc tggcaccgat tacgctctga caatctccag cctgecagect

60

120

180

240



gaggacttcg
ggcaccaagg
tccgacgagc
cctcgggaag
gagtctgtga
ctgtccaagg
ctgtctagcec
<210>
<211>

<212>
<213>

81
447
PRT

<220>
<221>
<223>

sourc

polyp

<400> 81
Gln Val Gln
1

Ser Val Lys

His
35

Tyr Met

Gly Arg Ile

50

Gln
65

Gly Arg

Met Glu Leu

Ala Arg Ser

ccacctacta
tggaaatcaa
agctgaagtc
ccaaggtgca
ccgagcagga
ccgactacga

ctgtgaccaa

e

/note="Description of

eptide”

Val
5

Leu Gl

Val
20

Ser Cy

Trp Val Ar

Asp Pro Gl

Val Thr Il

70

Ser Le

85

Ser

Ile
100

Tyr Le

ctgccagcag
gcggacagtg
cggcacagct
gtggaaggtg
ctccaaggac
gaagcacaag

gtctttcaac

Artificial Sequence

n Ser Gly

Ala

s Lys

Ala
40

g Gln

u Asp Ala

55

e Ile Pro

Ser

u Arg

u Asp Pro

cactacagaa
gccgetectt
tctgtegtgt
gacaatgccc
agcacctaca
gtgtacgcct

cggggcgagt

Ala Glu

10

Val

Ser Phe

25

Gly

Pro Gly Gln

Glu Thr Thr

Thr Ser

75

Asp

Glu Asp Thr

90

Met
105

Asp Tyr

gcccctggac
ccgtgttcat
gcctgetgaa
tgcagtccgg
gcetgtectc
gcgaagtgac

gt

Lys Lys Pro

Ile Glu

30

Asn

Leu Glu

45

Arg

Tyr Ser Pro

60

Ala Asn Thr

Ala Val Tyr

Gln
110

Trp Gly

atttggcgga
cttcccacct
caacttctac
caactcccaa
cacactgacc

ccatcagggc

Artificial Sequence: Synthetic

Gly Ala

15

Asp Tyr

Trp Met

Lys Phe

Ala Tyr

80

Tyr
95

Cys

Gly Thr

300

360

420

480

540

600

642



Leu

Leu

Cys

145

Ser

Ser

Ser

Asn

His

225

Val

Thr

Glu

Lys

Ser

305

Lys

Val

Ala

130

Leu

Gly

Ser

Leu

Thr

210

Thr

Phe

Pro

Val

Thr

290

Val

Cys

Thr

115

Pro

Val

Ala

Gly

Gly

195

Lys

Cys

Leu

Glu

Lys

275

Lys

Leu

Lys

Val

Ser

Lys

Leu

Leu

180

Thr

Val

Pro

Phe

Val

260

Phe

Pro

Thr

Val

Ser

Ser

Asp

Thr

165

Tyr

Gln

Asp

Pro

Pro

245

Thr

Asn

Arg

Val

Ser
325

Ser

Lys

Tyr

150

Ser

Ser

Thr

Lys

Cys

230

Pro

Cys

Trp

Glu

Leu

310

Asn

Ala

Ser

135

Phe

Gly

Leu

Tyr

Lys

215

Pro

Lys

Val

Tyr

Glu

295

His

Lys

Ser

120

Thr

Pro

Val

Ser

Ile

200

Val

Ala

Pro

Val

Val

280

Gln

Gln

Ala

Thr

Ser

Glu

His

Ser

185

Cys

Glu

Pro

Lys

Val

265

Asp

Tyr

Asp

Leu

Lys

Gly

Pro

Thr

170

Val

Asn

Pro

Glu

Asp

250

Asp

Gly

Asn

Trp

Pro
330

Gly

Gly

Val

155

Phe

Val

Val

Lys

Ala

235

Thr

Val

Val

Ser

Leu

315

Ala

Pro

Thr

140

Thr

Pro

Thr

Asn

Ser

220

Ala

Leu

Ser

Glu

Thr

300

Asn

Pro

Ser

125

Ala

Val

Ala

Val

His

205

Cys

Gly

Met

His

Val

285

Tyr

Gly

Ile

Val

Ala

Ser

Val

Pro

190

Lys

Asp

Gly

Ile

Glu

270

His

Arg

Lys

Glu

Phe

Leu

Trp

Leu

175

Ser

Pro

Lys

Pro

Ser

255

Asp

Asn

Val

Glu

Lys
335

Pro

Gly

Asn

160

Gln

Ser

Ser

Thr

Ser

240

Arg

Pro

Ala

Val

Tyr

320

Thr



Ile Ser Lys

Ser
355

Pro Pro

Val
370

Leu Lys

Asn Gln

385

Gly

Ser Asp Gly

Arg Trp Gln

Asn
435

Leu His

<210>
<211>
<212>
<213>

82
1341
DNA

<220>
<221>
<223>

sourc
polyn

<400> 82
caggtgcagc

tcctgcaagg
cctggccaga
tctcctaagt
atggaactgt
tacctggacc

accaagggac

Ala
340

Lys
Arg Glu
Phe

Gly

Pro Glu

Gly

Glu

Tyr

Asn

Gln Pro

Thr
360

Met

Pro Ser

375

Asn Tyr

390

Phe
405

Ser

Gln
420

Gly

His Tyr

e

ucleotide"

tggtgcagtc
cctctggett
gattggaatg
tccagggccg
ccagcctgag
ctatggacta

ccagcgtgtt

Phe

Asn

Thr

Leu Tyr

Val Phe

Gln Lys

440

Artificial Sequence

tggcgccgaa
caacatcgag
gatgggcaga
cgtgacaatc
atctgaggac

ttggggccag

ccctctggcet

Arg Glu Pro

345

Lys Asn Gln

Asp Ile Ala

Thr Thr

395

Lys

Ser Lys Leu

410

Ser Ser

425

Cys

Ser Leu Ser

gtgaaaaagc
gactactaca
atcgaccccg
atccctgaca
accgccgtgt
ggcaccctgg

ccttccagca

Gln Val Tyr

350

Val Ser Leu

365

Val
380

Glu Trp

Pro Pro Val

Thr Val Asp

Val His

430

Met

Ser Pro

445

Leu

ctggcgcectc
tgcactgggt
aggacgccga
cctctgccaa
actactgcgc
tcacagtgtc

agtctacctc

Thr Leu

Thr Cys

Glu Ser

Leu Asp

400

Lys Ser

415

Glu Ala

Gly

/note="Description of Artificial Sequence: Synthetic

tgtgaaggtg
ccgacaggcc
gacaacctac
caccgcctac
ccggtctatc

ctctgcttct

tggcggaaca

60

120

180

240

300

360

420



gctgctctgg
tctggecgctc
tactctctgt
tgcaatgtga
tgcgacaaga
gtgtttctgt
acctgcgtgg
gacggcgtgg
tacagagtgg
aagtgcaagg
aagggccagc
aagaaccagg
gaatgggaga
tccgacggct
ggcaacgtgt
tccctgtctc
<210>
<211>

<212>
<213>

83
214
PRT

<220>
<221>
<223>

gctgecctggt
tgacatctgg
cctctgtcegt
accacaagcc
cccacacctg
tccctccaaa
tggtggatgt
aagtgcacaa
tgtccgtgcet
tgtccaacaa
ctagggaacc
tgtccctgac
gcaatggcca
cattcttcct
tctcctgctc

tgtcccctgg

source
/note="Description of Artificial Sequence: Synthetic

polypeptide™

<400> 83

caaggactac
cgtgcacacc
gaccgtgcct
ttccaacacc
tcctccatgt
gcctaaggac
gtctcacgag
cgccaagacc
gaccgtgctg
ggcactgccc
ccaggtttac
ctgcctcgtg
gccagagaac
gtactccaag
cgtgatgcac

C

Artificial Sequence

tttccagagc
tttccagctg
tccagctctc
aaggtggaca
cctgctccag
accctgatga
gacccagaag
aagcctagag
caccaggatt
gctcctatcg
accctgectc
aagggcttct
aactacaaga
ctgacagtgg

gaggccctgc

ctgtgaccgt
tgctgcagtc
tgggaaccca
agaaggtgga
aagctgctgg
tctctcggac
tgaagttcaa
aggaacagta

ggctgaacgg

aaaagaccat
caagccggga
acccttccga
caacccctcc
acaagtccag

acaatcacta

gtcctggaac
ctccggectg
gacctacatc
acccaagtcc
cggcccttcc
ccctgaagtg
ttggtacgtg
caactccacc
caaagagtac
ctccaaggcc
agagatgacc
catcgccgtg
tgtgctggac
atggcagcag

cacacagaag

Asp Ile Gln Met Thr Gln Ser Pro Lys Ser Leu Ser Ala Ser Val Gly

1

5

10

15

Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Asp Val Thr Thr Ala

20

25

30

Leu Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Leu Leu Ile

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1341



35

Tyr Trp Ala Thr Thr Arg His
50 55

Ser Gly Ser Gly Thr Asp Phe
65 70

Glu Asp Phe Ala Thr Tyr Tyr
85

Thr Phe Gly Gln Gly Thr Lys
100

Pro Ser Val Phe Ile Phe Pro
115

Thr Ala Ser Val Val Cys Leu
130 135

Lys Val Gln Trp Lys Val Asp
145 150

Glu Ser Val Thr Glu Gln Asp
165

Ser Thr Leu Thr Leu Ser Lys
180

Ala Cys Glu Val Thr His Gln
195

Phe Asn Arg Gly Glu Cys
210

<210> 84

<211> 642

<212> DNA

<213> Artificial Sequence

<220>
<221> source

40

Ser

Thr

Leu

Pro

120

Leu

Asn

Ser

Ala

Gly
200

Gly

Leu

Gln

Glu

105

Ser

Asn

Ala

Lys

Asp

185

Leu

Val

Thr

Gln

90

Ile

Asp

Asn

Leu

Asp

170

Ser

Pro

Ile

75

His

Lys

Glu

Phe

Gln

155

Ser

Glu

Ser

Ser

60

Ser

Tyr

Arg

Gln

Tyr

140

Ser

Thr

Lys

Pro

45

Arg

Ser

Ser

Thr

Leu

125

Pro

Gly

Tyr

His

Val
205

Phe

Leu

Thr

Val

110

Lys

Arg

Asn

Ser

Lys

190

Thr

Ser

Gln

Pro

95

Ala

Ser

Glu

Ser

Leu

175

Val

Lys

Gly

Pro

80

Ala

Gly

Ala

Gln

160

Ser

Ser



<223> /note="Description of Artificial Sequence: Synthetic
polynucleotide™

<400> 84
gacatccaga

atcacctgta
ggccagtctc
agattctccg
gaggacttcg
ggcaccaagc
tccgacgagc
cctcgggaag
gagtctgtga
ctgtccaagg
ctgtctagcc
<210> 85

<211> 21

<212> DNA
<213>
<220>

<221>
<223>

tgacccagtc
gagcctctca
ctaagctgct
gctectggetc
ccacctacta
tggaaatcaa
agctgaagtc
ccaaggtgca
ccgagcagga
ccgactacga

ctgtgaccaa

source
/note="Description of Artificial Sequence: Synthetic

primer"

<400> 85

tccaaagtct
ggacgtgacc
gatctactgg
tggcaccgac
ctgccagcag
gcggacagtg
cggcacagct
gtggaaggtg
ctccaaggac
gaagcacaag

gtctttcaac

Artificial Sequence

aagcagggca gacattgecga t

<210> 86
<211> 21
<212> DNA
<213>

<220>
<221>
<223>

source
/note="Description of Artificial Sequence: Synthetic

primer"

<400> 86

Artificial Sequence

caggatgtgg ctctaggcta t

ctgtccgect
accgctctgg
gccaccacca
tttaccctga
cactacagca
gccgetectt
tctgtegtgt
gacaatgccc
agcacctaca
gtgtacgcct

cggggcgagt

ccgtgggcega
cttggtatca
gacactctgg
caatctccag
ccccttacac
ccgtgttcat
gcctgetgaa
tgcagtccgg
gcetgtectc
gcgaagtgac

gt

cagagtgacc
gcagaagcct
cgtgcectct
cctgcagect
ctttggccag
cttcccacct
caacttctac
caactcccaa
cacactgacc

ccatcagggc

60

120

180

240

300

360

420

480

540

600

642

21

21



<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

87

20

DNA

Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
primer"

87

acccacactg tgcccatcta 20

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

88

20

DNA

Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
primer"

88

cacgctcggt caggatcttc 20

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400>

89

118

PRT

Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic
polypeptide"

89

Gln Val Gln Leu Val Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala

1

5 10 15

Ser Val Lys Val Ser Cys Lys Ala Ser Gly Phe Asn Ile Glu Asp Tyr

20 25 30

Tyr Met His Trp Val Arg Gln Ala Pro Gly Gln Arg Leu Glu Trp Met

35 40 45

Gly Arg Ile Asp Pro Glu Asp Gly Glu Thr Thr Tyr Ser Pro Lys Phe

50

55 60



Gln Gly Arg Val

65

Met Glu Leu Ser

Ala Arg Ser Ile

100

Leu Val Thr Val

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400> 90

90
118
PRT
Artificial Sequence

115

source
/note="Description of

Thr

Ser

85

Tyr

Ser

polypeptide™

Gln Val Gln Leu

1

Ser

Tyr

Gly

Gln

65

Met

Ala

Val

Ile

Arg

50

Gly

Glu

Arg

Lys

Asn

35

Ile

Arg

Leu

Ser

Val

20

Trp

Asp

Val

Ser

Ile

Gln
5

Ser

Val

Pro

Thr

Ser

85

Tyr

Ile Ile Pro Asp Thr Ser Ala Asn Thr Ala Tyr

70

75

80

Leu Arg Ser Glu Asp Thr Ala Val Tyr Tyr Cys

90

95

Leu Asp Pro Met Asp Tyr Trp Gly Gln Gly Thr

Ser

Gln

Cys

Arg

Glu

Met

70

Leu

Leu

Ser

Thr

Gln

Asp

55

Thr

Arg

Asp

105

110

Artificial Sequence: Synthetic

Gly

Ala

Ala

40

Arg

Ser

Pro

Ala

Ser

25

Thr

Glu

Asn

Glu

Met

Glu

10

Gly

Gly

Thr

Thr

Asp
90

Val

Phe

Gln

Gly

Ser

75

Thr

Tyr

Asn

Gly

Tyr

60

Ile

Ala

Trp

Lys

Ile

Leu

45

Ala

Ser

Val

Gly

Pro

Glu

30

Glu

Gln

Thr

Tyr

Gln

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Gly

Ala

Tyr

Met

Phe

Tyr

80

Cys

Thr



100

Leu Val Thr Val Ser Ser

<210>
<211>
<212>
<213>

<220>

<221>
<223>

<400> 91

91

118
PRT
Artificial Sequence

115

source
/note="Description of

polypeptide"

Gln Val Gln Leu

1

Ser

Tyr

Gly

Gln

65

Met

Ala

Leu

<210> 92

Val

Met

Arg

50

Gly

Glu

Arg

Val

Lys

His

35

Ile

Arg

Leu

Ser

Thr
115

<211> 118
<212> PRT
<213> Artificial Sequence

Val

20

Trp

Asp

Val

Ser

Ile

100

Val

Val

5

Ser

Val

Pro

Thr

Arg

85

Tyr

Ser

Gln

Cys

Arg

Glu

Ser

70

Leu

Leu

Ser

Ser

Lys

Gln

Asp

55

Thr

Arg

Asp

Artificial Sequence:

Gly

Ala

Ala

40

Gly

Arg

Ser

Pro

105

Ala

Ser

25

Pro

Glu

Asp

Asp

Met
105

Glu

10

Gly

Glu

Thr

Thr

Asp

90

Asp

Val

Phe

Gln

Thr

Ser

75

Thr

Tyr

Lys

Asn

Gly

Tyr

60

Ile

Val

Trp

110

Synthetic

Lys

Ile

Leu

45

Ala

Asn

Val

Gly

Pro

Glu

30

Glu

Pro

Thr

Tyr

Gln
110

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Gly

Ala

Tyr

Met

Phe

Tyr

80

Cys

Thr



<220>

<221> source

<223> /note="Description of
polypeptide™

<400> 92

Gln Val Gln Leu

1

Ser

Tyr

Gly

Gln

65

Met

Ala

Leu

<210>
<211>
<212>
<213>

Val

Met

Ile

50

Gly

Glu

Arg

Val

<220>

<221>
<223>

<400> 93

93

107
PRT
Artificial Sequence

Lys

His

35

Ile

Arg

Leu

Ser

Thr
115

source
/note="Description of Artificial Sequence: Synthetic

Val
20

Trp

Asp

Val

Ser

Ile

100

Val

Val

5

Ser

Val

Pro

Thr

Ser

85

Tyr

Ser

polypeptide"

Gln

Cys

Arg

Glu

Met

70

Leu

Leu

Ser

Ser

Lys

Gln

Asp

55

Thr

Arg

Asp

Artificial Sequence: Synthetic

Gly

Ala

Ala

40

Gly

Arg

Ser

Pro

Ala

Ser

25

Pro

Glu

Asp

Glu

Met
105

Glu

10

Glu

Thr

Thr

Asp

90

Asp

Val

Phe

Gln

Ser

Ser

75

Thr

Tyr

Lys

Asn

Gly

Tyr

60

Thr

Ala

Trp

Lys

Ile

Leu

45

Ala

Asn

Val

Gly

Pro

Glu

30

Glu

Gln

Thr

Tyr

Gln
110

Gly

15

Asp

Trp

Lys

Ala

Tyr

95

Gly

Ala

Tyr

Met

Phe

Tyr

80

Cys

Thr

Asp Ile Gln Met Thr Gln Ser Pro Lys Ser Leu Ser Ala Ser Val Gly

1

5

10

15



Asp

Leu

Tyr

Ser

65

Glu

Thr

<210>
<211>
<212>
<213>

Arg

Ala

Trp

50

Gly

Asp

Phe

<220>

<221>
<223>

<400> 94

94
107
PRT
Artificial Sequence

Val

Trp

35

Ala

Ser

Phe

Gly

source
/note="Description of

Thr

20

Tyr

Thr

Gly

Ala

Gln
100

Ile

Gln

Thr

Thr

Thr

85

Gly

polypeptide™

Asp Ile Gln Met

1

Asp Arg Val Thr

20

Leu Ala Trp Tyr

35

Tyr Trp Ala Thr

50

Ser Gly Ser Gly

65

Thr

5

Ile

Gln

Ser

Thr

Thr

Gln

Arg

Asp

70

Tyr

Thr

Gln

Thr

Gln

Leu

Asp
70

Cys

Lys

His

55

Phe

Tyr

Lys

Ser

Cys

Lys

Gln

55

Phe

Arg

Pro

40

Ser

Thr

Cys

Leu

Ala

25

Gly

Gly

Leu

Gln

Glu
105

Ser

Gln

Val

Thr

Gln

90

Ile

Gln

Ser

Pro

Ile

75

His

Lys

Asp

Pro

Ser

60

Ser

Tyr

Val

Lys

45

Arg

Ser

Ser

Thr

30

Leu

Phe

Leu

Thr

Thr

Leu

Ser

Gln

Pro
95

Artificial Sequence: Synthetic

Pro

Arg

Pro

40

Ser

Thr

Lys

Ala

25

Gly

Gly

Leu

Ser

10

Ser

Gln

Val

Thr

Val

Gln

Ser

Pro

Ile
75

Ser

Asp

Pro

Ser

60

Ser

Ala

Val

Lys

45

Ser

Ser

Thr

30

Leu

Phe

Leu

Val

15

Thr

Leu

Ser

Gln

Ala

Ile

Gly

Pro

80

Tyr

Ala

Ile

Gly

Pro
80



Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln His Tyr Ser Thr Pro Tyr

85

90

Thr Phe Gly Gln Gly Thr Lys Leu Glu Ile Lys

100

<210> 95

<211> 107

<212> PRT

<213> Artificial Sequence

<220>

<221> source

<223> /note="Description of
polypeptide"

<400> 95
Asp Ile Gln Met Thr Gln Ser
1 5

Asp Arg Val Thr Ile Thr Cys
20

Leu Asn Trp Tyr Gln Gln Lys
35

Tyr Trp Ala Thr Asn Leu Glu
50 55

Ser Gly Ser Gly Thr Asp Phe
65 70

Glu Asp Ile Ala Thr Tyr Tyr
85

Thr Phe Gly Gln Gly Thr Lys
100

<210> 96
<211> 107
<212> PRT
<213> Artificial Sequence

<220>

105

95

Artificial Sequence: Synthetic

Pro

Gln

Pro

40

Thr

Thr

Cys

Leu

Lys

Ala

25

Gly

Gly

Phe

Gln

Glu
105

Ser

10

Ser

Lys

Val

Thr

Gln

90

Ile

Leu

Gln

Ala

Pro

Ile

75

His

Lys

Ser

Asp

Pro

Ser

60

Ser

Tyr

Ala

Val

Lys

45

Arg

Ser

Ser

Ser

Thr

30

Leu

Phe

Leu

Thr

Val

15

Thr

Leu

Ser

Gln

Pro
95

Gly

Ala

Ile

Gly

Pro

80

Tyr



<221> source

<223> /note="Description of
polypeptide”

<400> 96

Asp Ile Val Met

1

Glu

Leu

Tyr

Ser

65

Glu

Thr

<210>
<211>
<212>
<213>

Arg

Ala

Trp

50

Gly

Asp

Phe

<220>

<221>
<223>

<400> 97

97
808
PRT
Artificial Sequence

Ala

Trp

35

Ala

Ser

Val

Gly

source
/note="Description of

Thr

20

Tyr

Thr

Gly

Ala

Gln
100

Thr

5

Ile

Gln

Thr

Thr

Val

85

Gly

polypeptide"

Gln

Asn

Gln

Arg

Asp

70

Tyr

Thr

Ser

Cys

Lys

Glu

55

Tyr

Tyr

Lys

Met Pro Val Ala Glu Ala Pro

1

5

Gly Asp Gly Glu Glu Ala Glu

20

Asp Ser Lys Arg Lys Ala Arg

35

Artificial Sequence: Synthetic

Pro

Lys

Pro

40

Ser

Thr

Cys

Leu

Lys

Ser

25

Gly

Gly

Leu

Gln

Glu
105

Ser

10

Ser

Gln

Val

Thr

Gln

90

Ile

Leu

Gln

Ser

Pro

Ile

75

His

Lys

Ala

Asp

Pro

Asp

60

Ser

Tyr

Val

Val

Lys

45

Ser

Ser

Ser

Thr

30

Leu

Phe

Leu

Thr

Leu

15

Thr

Leu

Ser

Gln

Pro
95

Artificial Sequence: Synthetic

Ala

Ile

Gly

Ala

80

Tyr

Gln Val Ala Gly Gly Gln Gly Asp Gly

10

15

Pro Glu Gly Met Phe Lys Ala Cys Glu

25

30

Gly Tyr Leu Arg Leu Val Pro Leu Phe

40

45



Val

Tyr

65

Gly

Arg

Leu

Ser

Phe

145

Val

Ser

Leu

Thr

Arg

225

Gln

Leu

50

Phe

Ser

Glu

Lys

Ser

130

Ile

Val

Ala

Val

Leu

210

Leu

Gly

Leu

Leu

Leu

Ser

Glu

115

Val

Leu

Gln

Ala

Ile

195

Gly

Lys

Pro

Ala

Gly

Arg

Ser

100

Leu

Tyr

Gln

Ala

Val

180

Leu

Cys

Gly

Lys

Leu

Tyr

Val

85

Ala

Ile

Ser

Ile

Leu

165

Pro

Glu

Tyr

Pro

Asp
245

Leu

Lys

70

Leu

Phe

Thr

Phe

Pro

150

Leu

Tyr

Ala

Arg

Asp

230

Leu

Val

55

Ala

Asn

Arg

Ser

Gly

135

Glu

Val

Arg

Ser

Tyr

215

His

Met

Leu

Glu

Arg

Ser

Thr

120

Glu

His

Glu

Ala

Val

200

Ser

Leu

Leu

Ala

Val

His

Glu

105

Arg

Gly

Arg

Glu

Glu

185

Lys

Tyr

Ala

Lys

Ser

Met

Phe

90

Thr

Leu

Pro

Arg

Leu

170

Tyr

Asp

Val

Ser

Leu
250

Ala

Val

75

Ser

Ala

Gly

Leu

Leu

155

Leu

Glu

Ile

Gly

Ser

235

Arg

Gly

60

Ser

Gln

Lys

Thr

Thr

140

Met

Ser

Val

Ala

Gln

220

Cys

Leu

Val

Gln

Asp

Ala

Tyr

125

Cys

Leu

Thr

Asp

Ala

205

Leu

Glu

Leu

Val

Leu

Gln

110

Tyr

Phe

Ser

Val

Pro

190

Leu

Gln

Trp

Trp

Leu

Tyr

Thr

95

Lys

Asn

Phe

Pro

Asn

175

Glu

Asn

Val

His

Thr
255

Trp

Ser

80

Arg

Met

Ser

Trp

Glu

160

Ser

Gly

Ser

Leu

Leu

240

Leu



Ala

Glu

Val

Lys

305

Val

Asp

Pro

Gly

Asp

385

Cys

Ala

Gly

Cys

Cys
465

Glu

Lys

Val

290

Gly

Val

Ser

Gln

Leu

370

Leu

Gly

Thr

Pro

Pro

450

Asp

Cys

Arg

275

Glu

Leu

Phe

Gln

Thr

355

Ala

Pro

Leu

Ala

Gly

435

Gly

Gly

Arg

260

Leu

Val

His

Gln

Gly

340

His

Leu

Cys

Arg

Gly

420

Val

Glu

Val

Asp

Ile

Leu

Ser

Ala

325

Val

Cys

Trp

Thr

Ile

405

Ile

Arg

Phe

Lys

Arg

Thr

Ala

Tyr

310

Cys

Leu

Ser

Phe

Gln

390

Leu

Thr

Val

Leu

Asp
470

Leu

Ser

Ser

295

Tyr

Glu

Ser

Trp

Asp

375

Gly

Gln

Ile

His

Cys

455

Cys

Ala

Val

280

Gly

Asp

Val

Thr

His

360

Ala

Gln

Pro

Asn

Tyr

440

Ser

Pro

Met

265

Tyr

Ala

Pro

Asn

Pro

345

Leu

Tyr

Trp

Tyr

Phe

425

Gly

Val

Asn

Tyr

Gly

Ile

Phe

Leu

330

Tyr

Thr

Ala

Thr

Ala

410

Thr

Leu

Asn

Gly

Asp

Cys

Met

Val

315

Thr

Phe

Val

Leu

Ile

395

Glu

Ser

Tyr

Gly

Leu
475

Val

Ser

Ala

300

Leu

Leu

Pro

Pro

Arg

380

Gln

Arg

Gln

Asn

Leu

460

Asp

Ala

Arg

285

Val

Ser

Asp

Ser

Ser

365

Arg

Asn

Ile

Ile

Gln

445

Cys

Glu

Gly

270

Gln

Val

Val

Asn

Tyr

350

Leu

Gln

Arg

Pro

Ser

430

Ser

Val

Arg

Pro

Glu

Trp

Gln

Arg

335

Tyr

Asp

Lys

Arg

Val

415

Leu

Asp

Pro

Asn

Leu

Pro

Lys

Pro

320

Leu

Ser

Tyr

Tyr

Leu

400

Val

Thr

Pro

Ala

Cys
480



Val

Leu

Glu

Cys

Arg

545

Leu

Gly

Cys

Cys

Leu

625

Lys

Asp

Ala

Cys

Pro

Glu

Glu

530

Pro

Gln

Glu

Gly

Phe

610

Gly

Val

Tyr

Ala

Arg

Lys

Gln

515

Asp

Asp

Gly

Trp

Gly

595

Gln

Lys

Ser

Asp

Val
675

Ala

Val

500

Cys

Arg

Cys

Pro

Pro

580

Ala

Glu

Val

Arg

Val

660

Arg

Thr

485

Cys

Gln

Ser

Arg

Ser

565

Trp

Leu

Asp

Trp

Leu

645

Ala

Pro

Phe

Asp

Glu

Cys

Asp

550

Ser

Gln

Ile

Ser

Gln

630

Leu

Leu

Val

Gln

Gly

Gly

Val

535

Arg

Ala

Ala

Met

615

Asn

Leu

Leu

Cys

Cys

Gln

Val

520

Lys

Ser

Ile

Ser

Asp

600

Ala

Ser

His

Gln

Leu
680

Lys

Pro

505

Pro

Lys

Asp

Val

Leu

585

Arg

Ser

Arg

Pro

Leu

665

Pro

Glu

490

Asp

Cys

Pro

Glu

Gly

570

Gln

Trp

Thr

Trp

Tyr

650

Asp

Ala

Asp

Cys

Gly

Asn

Glu

555

Gly

Val

Val

Val

Pro

635

His

His

Arg

Ser

Leu

Thr

Pro

540

His

Ala

Arg

Ile

Leu

620

Gly

Glu

Pro

Ser

Thr

Asn

Phe

525

Gln

Cys

Val

Gly

Thr

605

Trp

Glu

Glu

Val

His
685

Cys

Gly

510

Thr

Cys

Asp

Ser

Arg

590

Ala

Thr

Val

Asp

Val

670

Phe

Ile

495

Ser

Phe

Asp

Cys

Ser

575

His

Ala

Val

Ser

Ser

655

Arg

Phe

Ser

Asp

Gln

Gly

Gly

560

Glu

Ile

His

Phe

Phe

640

His

Ser

Glu



Pro

Gly

705

Gln

Leu

Ser

Ala

Gly

785

Val

<210>
<211>
<212>
<213>

Gly

690

Pro

Asp

Cys

Gly

Gly

770

Val

Thr

<220>

<221>
<223>

<400> 98

98
817
PRT
Artificial Sequence

Leu

Ile

Leu

Ala

Gly

755

Leu

Tyr

His

source
/note="Description of

His

Ser

Cys

Gly

740

Pro

Val

Thr

His

Cys

Asn

Ser

725

Tyr

Leu

Ser

Arg

His
805

polypeptide”

Trp

Ala

710

Glu

Arg

Val

Trp

Ile

790

His

Ile

695

Leu

Val

Lys

Cys

Gly

775

Thr

His

Met Pro Arg Cys Phe Gln Leu

1

5

Glu Val Pro Gln Ala Ala Asp

20

Glu Ala Ala Glu Pro Glu Gly

35

Thr

Gln

Tyr

Gly

Lys

760

Leu

Gly

His

Artificial Sequence:

Gly

Lys

Arg

Lys

745

Ala

Gly

Val

Trp

Val

Tyr

730

Lys

Leu

Cys

Ile

Gly

Asp

715

Gln

Asp

Ser

Gly

Ser
795

Ala

700

Val

Val

Ala

Gly

Arg

780

Trp

Leu

Gln

Thr

Cys

Arg

765

Pro

Ile

Arg

Leu

Pro

Gln

750

Trp

Asn

Gln

Glu

Ile

Arg

735

Gly

Phe

Tyr

Gln

Synthetic

Gly

Pro

720

Met

Asp

Leu

Phe

Val
800

Pro Cys Ser Thr Arg Met Pro Thr Thr

10

15

Gly Gln Gly Asp Ala Gly Asp Gly Glu

25

30

Lys Phe Lys Pro Pro Lys Asn Thr Lys

40

45



Arg

Ala

65

Lys

Leu

Phe

Ala

Phe

145

Pro

Leu

Thr

Val

Ser

225

Gln

Ile

Lys

50

Ala

Ala

Asn

Arg

Ser

130

Gly

Glu

Val

Glu

Asn

210

Tyr

Thr

Lys

Asn

Leu

Glu

Arg

Ser

115

Thr

Glu

Tyr

Asp

Tyr

195

Asp

Val

Thr

Val

Arg

Val

Val

His

100

Glu

Arg

Gly

Gln

Glu

180

Glu

Ile

Asn

Ser

Arg

Asp

Ser

Thr

85

Phe

Ser

Leu

Pro

Arg

165

Leu

Val

Val

Pro

Cys

245

Leu

Tyr

Ala

70

Val

Ser

Ala

Gly

Leu

150

Leu

Leu

Asp

Val

Gly

230

Leu

Glu

Val

55

Gly

Ser

Gln

Lys

Thr

135

Thr

Thr

Ser

Pro

Leu

215

Gln

Trp

Trp

Arg

Val

Gln

Asp

Ala

120

Tyr

Cys

Leu

Asn

Glu

200

Asn

Val

His

Thr

Phe

Met

Val

Leu

105

Gln

Tyr

Phe

Ser

Ser

185

Gly

Ser

Leu

Leu

Arg

Thr

Leu

Tyr

90

Gly

Lys

Asn

Phe

Pro

170

Ser

Leu

Thr

Pro

Gln

250

Val

Pro

Trp

75

Ser

Arg

Met

Ser

Trp

155

Glu

Thr

Val

Leu

Leu

235

Gly

Asp

Leu

60

Tyr

Gly

Arg

Leu

Ser

140

Phe

Val

Leu

Ile

Gly

220

Lys

Pro

Cys

Leu

Phe

Ser

Glu

Gln

125

Ser

Ile

Val

Ala

Leu

205

Cys

Gly

Glu

Arg

Leu

Leu

Leu

Ser

110

Glu

Val

Leu

Arg

Ser

190

Glu

Tyr

Pro

Asp

Asp

Val

Gly

Arg

95

Ile

Leu

Tyr

Asp

Glu

175

Tyr

Ala

Arg

Asp

Leu

255

Arg

Leu

Tyr

80

Val

Ala

Val

Ser

Ile

160

Leu

Lys

Ser

Tyr

Gln

240

Met

Val



Ala

Val

Gly

305

Asp

Val

Thr

His

Ala

385

Gln

Pro

Asn

Tyr

Ser
465

Met

Tyr

290

Ser

Pro

Asn

Pro

Leu

370

Tyr

Trp

Tyr

Phe

Ser

450

Val

Tyr

275

Gly

Val

Phe

Leu

Tyr

355

Thr

Ala

Met

Ala

Thr

435

Leu

Asn

260

Asp

Cys

Met

Leu

Thr

340

Val

Leu

Ile

Glu

420

Ser

Tyr

Gly

Ala

Ser

Ala

Leu

325

Leu

Pro

Pro

Arg

Gln

405

Arg

Gln

Asn

Leu

Ala

Arg

Val

310

Ser

Glu

Ser

Ser

Arg

390

Asn

Ile

Ile

Gln

Cys
470

Gly

Gln

295

Val

Val

Gly

Tyr

Leu

375

Gln

Arg

Pro

Ser

Ser

455

Val

Pro

280

Glu

Trp

Lys

Arg

Tyr

360

Asp

Lys

Arg

Met

Leu

440

Asp

Pro

265

Leu

Pro

Lys

Ser

Leu

345

Ser

Tyr

Tyr

Leu

Val

425

Thr

Pro

Ala

Glu

Val

Lys

Val

330

Asp

Pro

Gly

Asn

Cys

410

Ala

Gly

Cys

Cys

Lys

Met

Gly

315

Ala

Thr

Ser

Leu

Arg

395

Gly

Ser

Pro

Pro

Asp
475

Arg

Glu

300

Met

Phe

Gln

Thr

Ala

380

Leu

Phe

Asp

Gly

Gly

460

Gly

Leu

285

Val

His

Gln

Gly

His

365

Leu

Cys

Arg

Gly

Val

445

Glu

Ile

270

Ile

Leu

Ser

Asp

Phe

350

Cys

Trp

Thr

Thr

Val

430

Gln

Phe

Lys

Thr

Ala

Cys

335

Leu

Ser

Phe

Gln

Leu

415

Thr

Val

Leu

Asp

Ser

Ser

Tyr

320

Gln

Arg

Trp

Asp

Gly

400

Gln

Ile

Tyr

Cys

Cys
480



Pro

Cys

Gln

Val

Lys

545

Ser

Ile

Ser

Asp

Ala

625

Ser

His

Gln

Leu

Asn

Gln

Pro

Pro

530

Lys

Asp

Val

Leu

Arg

610

Ser

Arg

Pro

Leu

Pro

Gly

Glu

Asp

515

Cys

Pro

Glu

Gly

Gln

595

Trp

Pro

Trp

Tyr

Asp

675

Ala

Leu

Asp

500

Cys

Gly

Asn

Gln

Gly

580

Ile

Val

Lys

Pro

His

660

His

Arg

Asp

485

Ser

Leu

Thr

Pro

His

565

Thr

Arg

Ile

Leu

Gly

645

Glu

Pro

Ser

Glu

Thr

Asn

Phe

Glu

550

Cys

Val

Gly

Thr

Trp

630

Glu

Glu

Val

His

Arg

Cys

Gly

Thr

535

Cys

Asp

Ser

Arg

Ala

615

Thr

Val

Asp

Val

Phe

Asn

Ile

Ser

520

Phe

Asp

Cys

Ser

His

600

Ala

Val

Ser

Ser

Tyr

680

Phe

Cys

Ser

505

Asp

Gln

Gly

Gly

Glu

585

Ile

His

Phe

Phe

His

665

Ser

Glu

Val

490

Leu

Glu

Cys

Gln

Leu

570

Gly

Cys

Cys

Leu

Lys

650

Asp

Ala

Pro

Cys

Pro

Glu

Glu

Ser

555

Gln

Glu

Gly

Phe

Gly

635

Val

Tyr

Thr

Gly

Arg

Arg

Gln

Asp

540

Asp

Gly

Trp

Gly

Gln

620

Lys

Ser

Asp

Val

Gln

Ala

Val

Cys

525

Arg

Cys

Leu

Pro

Ala

605

Glu

Met

Arg

Val

Arg

685

His

Met

Cys

510

Gln

Ser

Arg

Ser

Trp

590

Leu

Asp

Arg

Leu

Ala

670

Pro

Cys

Phe

495

Asp

Glu

Cys

Asp

Ser

575

Gln

Ile

Ser

Gln

Phe

655

Leu

Val

Trp

Gln

Arg

Gly

Val

Gly

560

Arg

Ala

Ala

Met

Asn

640

Leu

Leu

Cys

Ile



Thr

705

Gln

Tyr

Gly

Arg

Leu

785

Arg

His

<210>
<211>
<212>
<213>

690

Gly

Lys

Arg

Lys

Glu

770

Gly

Val

<220>

<221>
<223>

<400> 99

99
806
PRT
Artificial Sequence

Trp

Val

Tyr

Lys

755

Pro

Cys

Ile

source
/note="Description of Artificial Sequence: Synthetic

Gly

Asp

Gln

740

Asp

Ser

Gly

Asn

Ala

Val

725

Val

Ala

Gly

Arg

Trp
805

polypeptide"

Gln

710

Gln

Ser

Cys

Arg

Pro

790

Ile

695

Arg

Leu

Pro

Gln

Trp

775

Asn

Gln

Glu

Val

Arg

Gly

760

Phe

Phe

Gln

Gly

Pro

Met

745

Asp

Leu

Phe

Val

Gly

Gln

730

Leu

Ser

Ala

Gly

Leu
810

Pro

715

Asp

Cys

Gly

Gly

Val

795

Thr

700

Val

Leu

Ala

Gly

Leu

780

Tyr

His

Ser

Cys

Gly

Pro

765

Val

Thr

His

Asn

Ser

Tyr

750

Leu

Ser

Arg

His

Thr

Glu

735

Arg

Val

Trp

Val

His
815

Leu

720

Ala

Lys

Cys

Gly

Thr

800

His

Met Pro Val Ala Lys Ala Pro Gln Val Ala Gly Gly Gln Gly Asp Gly

1

5

10

15

Gly Asp Gly Glu Glu Ala Glu Pro Glu Gly Met Phe Glu Ala Cys Glu

20

25

30



Asp

Leu

Leu

65

Leu

Ser

Glu

Val

Leu

145

Gln

Ala

Ile

Gly

Lys

225

Pro

Ser

Thr

50

Gly

Arg

Ser

Leu

Tyr

130

Gln

Ala

Val

Leu

Cys

210

Gly

Glu

Lys

35

Leu

Tyr

Val

Ala

Ile

115

Ser

Ile

Leu

Pro

Glu

195

Tyr

Pro

Asp

Arg

Val

Lys

Leu

Phe

100

Ala

Phe

Pro

Leu

Tyr

180

Ala

Arg

Asp

Leu

Lys

Val

Ala

Asn

85

Arg

Ser

Gly

Glu

Val

165

Arg

Ser

Tyr

His

Met
245

Ala

Leu

Glu

70

Arg

Ser

Thr

Glu

His

150

Glu

Ala

Val

Ser

Leu

230

Leu

Arg

Thr

55

Val

His

Glu

Arg

Gly

135

Arg

Glu

Glu

Lys

Tyr

215

Ala

Lys

Gly

40

Ser

Thr

Phe

Thr

Leu

120

Pro

Arg

Leu

Tyr

Asp

200

Val

Ser

Leu

Tyr

Val

Val

Ser

Ala

105

Gly

Leu

Leu

Leu

Glu

185

Ile

Gly

Ser

Arg

Leu

Gly

Ser

Gln

90

Lys

Thr

Thr

Met

Ser

170

Val

Ala

Gln

Cys

Leu
250

Arg

Val

Gln

75

Asp

Ala

Tyr

Cys

Leu

155

Thr

Asp

Ala

Gly

Leu

235

Glu

Leu

Leu

60

Val

Leu

Gln

Tyr

Phe

140

Ser

Val

Pro

Leu

Gln

220

Trp

Trp

Ala

45

Leu

Tyr

Thr

Lys

Asn

125

Phe

Pro

Asn

Glu

Asn

205

Val

His

Thr

Pro

Trp

Ser

Arg

Met

110

Ser

Trp

Glu

Ser

Gly

190

Ser

Leu

Leu

Leu

Leu

Tyr

Gly

Arg

95

Leu

Ser

Phe

Val

Ser

175

Leu

Thr

Arg

Gln

Ala
255

Trp

Phe

Ser

80

Glu

Lys

Ser

Ile

Val

160

Ala

Val

Leu

Leu

Gly

240

Glu



Cys

Arg

Glu

Leu

305

Phe

Gln

Thr

Ala

Pro

385

Leu

Ala

Gly

Gly

Arg

Leu

Val

290

His

Gln

Gly

His

Leu

370

Cys

Arg

Gly

Val

Glu
450

Asp

Ile

275

Leu

Ser

Ala

Val

Cys

355

Trp

Thr

Ile

Ile

Arg

435

Phe

Arg

260

Thr

Ala

Tyr

Cys

Leu

340

Ser

Phe

Gln

Leu

Thr

420

Val

Leu

Leu

Ser

Ser

Tyr

Glu

325

Ser

Trp

Asp

Gly

Gln

405

Ile

His

Cys

Ala

Val

Gly

Asp

310

Val

Thr

His

Ala

Gln

390

Pro

Asn

Tyr

Ser

Met

Tyr

Ala

295

Pro

Asn

Pro

Leu

Tyr

375

Trp

Tyr

Phe

Gly

Val
455

Tyr

Gly

280

Ile

Phe

Leu

Tyr

Thr

360

Ala

Thr

Ala

Thr

Leu

440

Asn

Asp

265

Cys

Met

Met

Thr

Phe

345

Val

Leu

Ile

Glu

Ser

425

Tyr

Gly

Val

Ser

Ala

Leu

Leu

330

Pro

Pro

Arg

Gln

Arg

410

Gln

Asn

Leu

Ala

Arg

Val

Ser

315

Asp

Ser

Ser

Arg

Asn

395

Ile

Ile

Gln

Cys

Gly

Gln

Val

300

Val

Asp

Tyr

Leu

Gln

380

Arg

Pro

Ser

Ser

Val
460

Pro

Glu

285

Trp

Gln

Arg

Tyr

Asp

365

Lys

Arg

Val

Leu

Asp

445

Pro

Leu

270

Pro

Lys

Ser

Leu

Ser

350

Tyr

Tyr

Leu

Val

Thr

430

Pro

Ala

Glu

Val

Lys

Val

Asp

335

Pro

Gly

Asp

Cys

Ala

415

Gly

Cys

Cys

Lys

Val

Gly

Val

320

Ser

Arg

Leu

Leu

Gly

400

Thr

Pro

Pro

Asp



Gly

465

Arg

Lys

Arg

Asp

Asp

545

Gly

Trp

Gly

Gln

Lys

625

Ser

Asp

Val

Val

Ala

Val

Cys

Gln

530

Cys

Pro

Pro

Ala

Glu

610

Val

Arg

Val

Arg

Lys

Thr

Cys

Gln

515

Ser

Arg

Ser

Trp

Leu

595

Asp

Trp

Leu

Ala

Pro
675

Asp

Phe

Asp

500

Glu

Cys

Asp

Ser

Gln

580

Ile

Ser

Gln

Leu

Leu

660

Val

Cys

Gln

485

Gly

Gly

Val

Gly

Arg

565

Ala

Ala

Met

Asn

Leu

645

Leu

Cys

Pro

470

Cys

Gln

Val

Lys

Ser

550

Ile

Ser

Asp

Ala

Ser

630

His

Gln

Leu

Asn

Gln

Pro

Pro

Lys

535

Asp

Val

Leu

Arg

Ser

615

Arg

Pro

Leu

Pro

Gly

Glu

Asp

Cys

520

Pro

Glu

Gly

Gln

Trp

600

Pro

Trp

Tyr

Asp

Ala
680

Leu

Asp

Cys

505

Gly

Asn

Gln

Gly

Val

585

Val

Ala

Pro

His

His

665

Arg

Asp

Ser

490

Leu

Thr

Pro

His

Ala

570

Arg

Ile

Leu

Gly

Glu

650

Pro

Ser

Glu

475

Thr

Asn

Phe

Gln

Cys

555

Val

Gly

Thr

Trp

Glu

635

Glu

Val

His

Arg

Cys

Gly

Thr

Cys

540

Asp

Ser

Arg

Ala

Thr

620

Val

Asp

Val

Phe

Asn

Ile

Ser

Phe

525

Asp

Cys

Ser

His

Ala

605

Val

Ser

Ser

Arg

Phe
685

Cys

Ser

Asp

510

Gln

Gly

Gly

Glu

Ile

590

His

Phe

Phe

His

Ser

670

Glu

Val

Leu

495

Glu

Cys

Arg

Leu

Gly

575

Cys

Cys

Leu

Lys

Asp

655

Ala

Pro

Cys

480

Leu

Glu

Glu

Pro

Gln

560

Glu

Gly

Phe

Gly

Val

640

Tyr

Ala

Gly



Leu

Thr

705

Leu

Ala

Gly

Leu

Tyr

785

His

<210>
<211>
<212>
<213>

His

690

Ser

Cys

Gly

Pro

Val

770

Thr

His

<220>

<221>
<223>

Cys

Asn

Ser

Tyr

Leu

755

Ser

Arg

His

100
860
PRT
Artificial Sequence

source
/note="Description of

Trp

Ala

Glu

Arg

740

Val

Trp

Ile

His

Ile

Leu

Ala

725

Lys

Cys

Gly

Thr

His
805

polypeptide™

<400> 100
Met Gly Ser Asp Arg Ala Arg

1

5

Thr

Gln

710

Tyr

Gly

Lys

Leu

Gly

790

His

Gly

695

Lys

Arg

Lys

Ala

Gly

775

Val

Gly Ala Gly Leu Lys Tyr Asn

20

Glu Glu Gly Val Glu Phe Leu

Trp

Val

Tyr

Lys

Leu

760

Cys

Ile

Artificial Sequence:

Gly

Asp

Gln

Asp

745

Ser

Gly

Gly

Ala

Val

Val

730

Ala

Gly

Arg

Trp

Leu

Gln

715

Thr

Cys

Arg

Pro

Ile
795

Arg

700

Leu

Pro

Gln

Trp

Asn

780

Gln

Glu

Ile

Arg

Gly

Phe

765

Tyr

Gln

Gly

Pro

Met

Asp

750

Leu

Phe

Val

Gly

Gln

Leu

735

Ser

Ala

Gly

Val

Synthetic

Pro

Asp

720

Cys

Gly

Gly

Val

Thr
800

Lys Gly Gly Gly Gly Pro Lys Asp Phe

10

15

Ser Arg His Glu Lys Val Asn Gly Leu

25

30

Pro Val Asn Asn Val Lys Lys Val Glu



Lys

Leu

65

Tyr

Thr

Phe

Ser

Ala

145

Ile

Arg

Val

Thr

Leu

225

His

His

50

Leu

Arg

Asn

Val

Gly

130

Phe

Pro

Val

Thr

Gln

210

Met

Ala

35

Gly

Leu

Asp

Glu

Ser

115

Val

Ser

Gln

Val

Ser

195

Asp

Arg

Arg

Pro

Val

Val

Asn

100

Leu

Pro

Glu

His

Met

180

Val

Asn

Phe

Cys

Gly

Leu

Arg

85

Phe

Ala

Phe

Gly

Leu

165

Leu

Val

Ser

Thr

Gln
245

Arg

Leu

70

Val

Val

Ser

Leu

Ser

150

Val

Pro

Ala

Cys

Thr

230

Trp

Trp

55

Gly

Gln

Asp

Lys

Gly

135

Val

Glu

Pro

Phe

Ser

215

Pro

Ala

40

Val

Ile

Lys

Ala

Val

120

Pro

Ile

Glu

Arg

Pro

200

Phe

Gly

Leu

Val

Gly

Val

Tyr

105

Lys

Tyr

Ala

Ala

Ala

185

Thr

Gly

Phe

Arg

Leu

Phe

Phe

90

Glu

Asp

His

Tyr

Glu

170

Arg

Asp

Leu

Pro

Gly
250

Ala

Leu

75

Asn

Asn

Ala

Lys

Tyr

155

Arg

Ser

Ser

His

Asp

235

Asp

Ala

60

Val

Gly

Ser

Leu

Glu

140

Trp

Val

Leu

Lys

Ala

220

Ser

Ala

45

Val

Trp

Tyr

Asn

Lys

125

Ser

Ser

Met

Lys

Thr

205

Arg

Pro

Asp

Leu

His

Met

Ser

110

Leu

Ala

Glu

Ala

Ser

190

Val

Gly

Tyr

Ser

Ile

Leu

Arg

95

Thr

Leu

Val

Phe

Glu

175

Phe

Gln

Val

Pro

Val
255

Gly

Gln

80

Ile

Glu

Tyr

Thr

Ser

160

Glu

Val

Arg

Glu

Ala

240

Leu



Ser

Ser

Ala

Phe

305

Glu

Met

Ser

Asn

Phe

385

Tyr

Val

Gln

Ser

Ile

Leu

Asp

Leu

290

His

Arg

Ser

Pro

Ile

370

Tyr

Val

Val

Ser

Ser

450

Arg

Thr

Leu

275

Val

Ser

Arg

Ser

Tyr

355

Glu

Leu

Glu

Thr

Tyr

435

Asp

Lys

Phe

260

Val

Gln

Ser

His

Cys

340

Tyr

Val

Leu

Ile

Ser

420

Thr

Pro

Glu

Arg

Thr

Leu

Gln

Pro

325

Gly

Pro

Pro

Glu

Asn

405

Asn

Asp

Cys

Leu

Ser

Val

Cys

Asn

310

Gly

Gly

Gly

Asn

Pro

390

Gly

Ser

Thr

Pro

Arg

Phe

Tyr

Gly

295

Val

Phe

Arg

His

Asn

375

Gly

Glu

Asn

Gly

Gly

455

Cys

Asp

Asn

280

Thr

Leu

Glu

Leu

Tyr

360

Gln

Val

Lys

Lys

Phe

440

Gln

Asp

Leu

265

Thr

Tyr

Leu

Ala

Arg

345

Pro

His

Pro

Tyr

Ile

425

Leu

Phe

Gly

Ala

Leu

Pro

Ile

Thr

330

Lys

Pro

Val

Ala

Cys

410

Thr

Ala

Thr

Trp

Ser

Ser

Pro

Thr

315

Phe

Ala

Asn

Lys

Gly

395

Gly

Val

Glu

Cys

Ala

Cys

Pro

Ser

300

Leu

Phe

Gln

Ile

Val

380

Thr

Glu

Arg

Tyr

Arg

460

Asp

Asp

Met

285

Tyr

Ile

Gln

Gly

Asp

365

Arg

Cys

Arg

Phe

Leu

445

Thr

Cys

Glu

270

Glu

Asn

Thr

Leu

Thr

350

Cys

Phe

Pro

Ser

His

430

Ser

Gly

Thr

Arg

Pro

Leu

Asn

Pro

335

Phe

Thr

Lys

Lys

Gln

415

Ser

Tyr

Arg

Asp

Gly

His

Thr

Thr

320

Arg

Asn

Trp

Phe

Asp

400

Phe

Asp

Asp

Cys

His



465

Ser

Lys

Asp

Thr

Asn

545

Lys

Gly

Cys

Phe

Glu

625

Gly

Tyr

Ala

Asp

Asn

Cys

Phe

530

Gly

Val

Leu

Ser

Thr

610

Trp

Ala

Ile

Phe

Glu

Lys

Gly

515

Arg

Lys

Asn

Cys

Asp

595

Arg

Trp

Ser

Asp

Leu
675

Leu

Phe

500

Asp

Cys

Asp

Val

Leu

580

Gly

Gln

Gln

Leu

Asp

660

Gly

Asn

485

Cys

Asn

Ser

Asp

Val

565

Ser

Ser

Ala

Val

Ile

645

Arg

Leu

470

Cys

Lys

Ser

Asn

Cys

550

Thr

Lys

Asp

Arg

Ser

630

Ser

Gly

His

Ser

Pro

Asp

Gly

535

Gly

Cys

Gly

Glu

Val

615

Leu

Pro

Phe

Asp

Cys

Leu

Glu

520

Lys

Asp

Thr

Asn

Lys

600

Val

His

Asn

Arg

Gln
680

Asp

Phe

505

Gln

Cys

Gly

Lys

Pro

585

Asp

Gly

Ala

Trp

Tyr

665

Ser

Ala

490

Trp

Gly

Leu

Ser

His

570

Glu

Cys

Gly

Leu

Leu

650

Ser

Gln

475

Gly

Val

Cys

Ser

Asp

555

Thr

Cys

Asp

Thr

Gly

635

Val

Asp

Arg

His

Cys

Ser

Lys

540

Glu

Tyr

Asp

Cys

Asp

620

Gln

Ser

Pro

Ser

Gln

Asp

Cys

525

Ser

Ala

Arg

Gly

Gly

605

Ala

Gly

Ala

Thr

Ala
685

Phe

Ser

510

Pro

Gln

Ser

Cys

Lys

590

Leu

Asp

His

Ala

Gln

670

Pro

Thr

495

Val

Ala

Gln

Cys

Leu

575

Glu

Arg

Glu

Ile

His

655

Trp

Gly

480

Cys

Asn

Gln

Cys

Pro

560

Asn

Asp

Ser

Gly

Cys

640

Cys

Thr

Val



Gln

Phe

705

Glu

Val

Gln

Val

Pro

785

Gln

Ile

Asn

Lys

<210>
<211>
<212>
<213>

Glu

690

Thr

Tyr

Phe

Tyr

Ile

770

Arg

Gly

Phe

Lys

Glu
850

<220>

<221>
<223>

Arg

Phe

Ser

Pro

Gly

755

Asn

Met

Asp

Gln

Pro

835

Asn

101
849
PRT
Artificial Sequence

source
/note="Description of Artificial Sequence: Synthetic

Arg

Asp

Ser

Ala

740

Gly

Gln

Met

Ser

Ala

820

Gly

Thr

Leu

Tyr

Met

725

Gly

Thr

Thr

Cys

Gly

805

Gly

Val

Gly

polypeptide"

Lys

Asp

710

Val

Lys

Gly

Thr

Val

790

Gly

Val

Tyr

Val

Arg

695

Ile

Arg

Ala

Ala

Cys

775

Gly

Pro

Val

Thr

His
855

Ile

Ala

Pro

Ile

Leu

760

Glu

Phe

Leu

Ser

Arg

840

His

Ile

Leu

Ile

Trp

745

Ile

Asn

Leu

Ser

Trp

825

Leu

His

Ser

Leu

Cys

730

Val

Leu

Leu

Ser

Ser

810

Gly

Pro

His

His

Glu

715

Leu

Thr

Gln

Leu

Gly

795

Val

Asp

Leu

His

Pro

700

Leu

Pro

Gly

Lys

Pro

780

Gly

Glu

Gly

Phe

His
860

Phe

Glu

Asp

Trp

Gly

765

Gln

Val

Ala

Cys

Arg
845

Phe

Lys

Ala

Gly

750

Glu

Gln

Asp

Asp

Ala

830

Asp

Asn

Pro

Ser

735

His

Ile

Ile

Ser

Gly

815

Gln

Trp

Asp

Ala

720

His

Thr

Arg

Thr

Cys

800

Arg

Arg

Ile



<400> 101
Met Asp Lys

1

Ile

Val

Arg

Lys

65

Thr

Leu

Met

Glu

Asn

145

Val

Phe

Glu

Ser

Arg

Pro

50

Lys

Val

Tyr

Phe

Ser

130

Leu

Val

Trp

Asp

Asn

Arg

35

Pro

Lys

Phe

Ile

Arg

115

Arg

Val

Ala

Ile

Cys
195

Glu

Ile

20

Pro

Gln

Val

Leu

Ser

100

Ile

Glu

Tyr

Asp

Val

180

Val

Asn

Ser

Pro

Arg

Pro

Phe

85

Lys

Thr

Phe

Thr

Val

165

Phe

Ala

Ser

Val

Leu

Pro

Phe

70

Ile

Thr

Asn

Leu

Thr

150

Ser

Val

Ala

Asp

Gln

Pro

Ile

55

Trp

Leu

Glu

Ile

Ser

135

Ser

Ser

Met

Ile

Val

Val

Gly

40

Gly

Asn

Ala

Ser

Glu

120

Val

Ala

Asn

Pro

Leu
200

Ser

Val

25

Arg

Lys

Val

Val

Lys

105

Phe

Ser

Phe

Asn

Arg

185

Lys

Ala

10

Ser

Arg

Ala

Gln

Ile

90

Asp

Leu

Arg

Ser

Lys

170

Ala

Asp

Ala

Ala

Leu

Lys

Asn

75

Ala

Ala

Pro

Thr

Lys

155

Gly

Lys

Ser

Pro

Gln

Pro

Pro

60

Lys

Trp

Phe

Glu

Val

140

Phe

Gly

Gly

Ile

Ala

Lys

Leu

45

Lys

Ile

Thr

Tyr

Tyr

125

Gln

Tyr

Leu

His

Gln
205

Asp

Lys

30

Pro

Lys

Ile

Leu

Phe

110

Arg

Gln

Glu

Leu

Ile

190

Thr

Leu

15

Leu

Gly

Gln

Leu

Leu

95

Ala

Gln

Val

Gln

Val

175

Phe

Ser

Lys

Pro

Arg

Ser

Phe

80

Trp

Gly

Lys

Ile

Ser

160

His

Cys

Ile



Ile

Asp

225

Ile

Ser

Cys

Ile

Thr

305

Ile

Leu

Ile

Val

Tyr

385

Gln

Ser

Asn

210

Ser

Gly

Leu

His

Lys

290

Ile

Cys

Met

Arg

Leu

370

Tyr

Thr

Ile

Arg

Val

Ser

His

Phe

275

Ser

Tyr

Glu

Leu

Ala

355

Val

Pro

Ser

Thr

Thr

Val

Asp

Tyr

260

Lys

Ile

Asp

Pro

Val

340

Tyr

Lys

Ser

Leu

Lys
420

Ser

Leu

Lys

245

Pro

Leu

Gln

Ser

Thr

325

Thr

Phe

Asp

Tyr

Ser

405

Lys

Val

Asn

230

Gly

Leu

Val

Ile

Leu

310

Arg

Phe

Glu

Ile

Tyr

390

Thr

Ser

Gly

215

Ala

Cys

Glu

Ala

Glu

295

Leu

Thr

Lys

Val

Thr

375

Pro

Leu

Met

Ser

Gly

Ser

Ile

Ile

280

Ala

Pro

Leu

Ser

Ile

360

Gly

Pro

Gly

Lys

Leu

Leu

Gln

Ser

265

Val

Asp

Ile

Met

Pro

345

Pro

Phe

Lys

Ile

Gly
425

Gln

Arg

Tyr

250

Ala

Gly

Asn

Arg

Ser

330

His

Glu

Glu

Cys

Ala

410

Cys

Gly

Ser

235

Phe

Ala

Tyr

Cys

Ser

315

Phe

Ile

Gln

Gly

Lys

395

Leu

Glu

Leu

220

Asp

Tyr

Ser

Leu

Val

300

Ser

Val

Arg

Lys

Lys

380

Cys

Lys

His

Ala

Tyr

Ala

Gly

Ile

285

Thr

Ile

Ser

Arg

Cys

365

Ile

Thr

Phe

Gly

Val

Ser

Glu

Arg

270

Arg

Asp

Leu

Thr

Leu

350

Glu

Ser

Trp

Tyr

Trp
430

Asp

Ser

His

255

Leu

Leu

Ser

Tyr

Asn

335

Ser

Asn

Ser

Lys

Asn

415

Trp

Met

Thr

240

Leu

Met

Ser

Leu

Arg

320

Asn

Gly

Thr

Pro

Phe

400

Glu



Ile

Phe

Arg

465

Ser

Val

Ser

Ser

Glu

545

Asn

Ala

Gly

Gly

Phe
625

Asn

Arg

450

Leu

Gln

Pro

Asp

Phe

530

Asn

Arg

Lys

Cys

Thr

610

Val

Glu

435

Val

Ser

Pro

Gln

Glu

515

Arg

Gly

Thr

Cys

Thr

595

Asp

Gly

His

Pro

Asp

Cys

Ala

500

Leu

Gln

Arg

Phe

Asp

580

Cys

Thr

Ser

Met

Ser

Lys

Pro

485

Gln

Phe

His

Asp

Lys

565

Gly

Ser

Leu

Ala

Tyr

Pro

Pro

470

Val

Arg

Cys

Gly

Glu

550

Cys

Thr

Arg

Glu

Tyr
630

Cys

Leu

455

Leu

Gly

Cys

Val

Pro

535

Gln

Gly

Val

Ser

Gly

615

Cys

Gly

440

Val

Leu

Ser

Asp

Ser

520

Leu

Asn

Asn

Asp

Ser

600

Gly

Gly

Ser

His

Ala

Phe

Gly

505

Pro

Ile

Cys

Asp

Cys

585

Ser

Trp

Ala

Tyr

Ile

Glu

Arg

490

Val

Gln

Cys

Thr

Ile

570

Pro

Ala

Pro

Ser

Met

Gln

Tyr

475

Cys

Asn

Pro

Asp

Gln

555

Cys

Asp

Leu

Trp

Val
635

Asp

Leu

460

Gly

Ser

Asp

Ala

Gly

540

Ser

Phe

Gly

His

Gln

620

Ile

His

445

Gln

Ser

Ser

Cys

Cys

525

Phe

Ile

Arg

Ser

Arg

605

Val

Ser

Gln

Cys

Tyr

Gly

Phe

510

Asn

Arg

Pro

Lys

Asp

590

Ile

Ser

Arg

Thr

Ser

Asn

Leu

495

Asp

Thr

Asp

Cys

Gln

575

Glu

Ile

Leu

Glu

Ile

Ser

Ile

480

Cys

Glu

Ser

Cys

Asn

560

Asn

Glu

Gly

His

Trp
640



Leu

Thr

Phe

Gln

Pro

705

Gly

Arg

Glu

Ile

Ala

785

Asp

Gly

Pro

His

Leu

Pro

Val

Thr

690

Glu

Gln

Arg

Val

Thr

770

Cys

Gly

Arg

Trp

Ser

Trp

Ser

675

Phe

Thr

Arg

His

Glu

755

Ser

Lys

Lys

Pro

Ile
835

Ala

Thr

660

Pro

Asp

Leu

Val

Glu

740

Leu

Arg

Gly

Trp

Asn

820

His

Ala

645

Ala

Val

Tyr

Lys

Arg

725

Ala

Ile

Met

Asp

Ile

805

Phe

Lys

His

His

Arg

Asp

Gln

710

Ser

Asp

Asp

Leu

Ser

790

Leu

Pro

Tyr

Cys

Leu

Arg

Ile

695

Leu

Gly

Asn

Gln

Cys

775

Gly

Thr

Gly

Val

Phe

Gly

Ile

680

Ala

Ile

Glu

Lys

Thr

760

Ala

Gly

Gly

Val

Pro
840

His

Met

665

Val

Leu

Gln

Lys

Gly

745

Leu

Gly

Pro

Ile

Tyr

825

Ser

Gly

650

Tyr

Val

Leu

Pro

Cys

730

Ser

Cys

Ile

Leu

Val

810

Thr

Leu

Asn

Val

His

Gln

Ile

715

Trp

Leu

Val

Met

Ser

795

Ser

Arg

Leu

Arg

Gln

Glu

Leu

700

Cys

Val

Val

Ser

Ser

780

Cys

Trp

Val

His

Leu

Gly

Tyr

685

Ser

Ile

Thr

Leu

Thr

765

Gly

Arg

Gly

Ser

His
845

Ser

Asn

670

Tyr

Ile

Pro

Gly

Gln

750

Tyr

Lys

Arg

His

Asn

830

His

Asp

655

Ala

Asn

Ala

Pro

Trp

735

Gln

Gly

Arg
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