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ANTI-TMPRSS6 ANTIBODIES AND USESTHEREOF 

RELATED APPLICATIONS 

The instant application claims benefit of priority to U.S. Provisional Application No.  

5 63/006,695 entitled "Anti-TMPRSS6 Antibodies and Uses Thereof filed April 7, 2020, and 

U.S. Provisional Application No. 63/158,265 entitled "Ati-TMPRSS6.Antibodies and Uses 

Thereof"filed March 8,:2021, the entire contents of each of iich is hereby incorporated by 

reference in its entirety.  

SEQUENCE LISTING 

10 The instant application contains Sequence Lisfing which has been submitted electronically in 

ASCII formatand is hereby incorporated by reference in its entirety. Said ASCII copy., created 

on March 29, 2021, is named 1121_101PCTISL.txt and is 132,677 bytes insize.  

FIELD OF THE INVENTION 

The present disclosure relates to antibodies and antigen-binding fragments that bind 

15 TMPRSS6. and treating disorders of iron metabolism. using antibodies and antigen-binding 

fragments that bind TMPRSS6, 

BACKGROUND 

Type 11 transmembrane serine protease 6 (TMPRSS6) is encoded by the TMIPRSS6 gene and 

primarily expressed in liver. The structure of TMPRSS6 includes a type 11 transmembrane 

20 domain, followed by a sea urchin sperm protein, enteropeptidase and agrin (SEA) domain, a 

stem region containing two complement factor Ci(rCIs, urchin embryonic growth factor and 

bone morphogentic protein (CUB) domains and three low-density lipoprotein receptor 

(LD[LR) class A repeats, and a C-terminal trypsin-like serine protease domain (Wang. C.-Y. er 

al, FTont. Pharmacol. 2014, 5:114). Aliases for TMPRSS6 (EC 3,4.21) include: matriptase

25 2; transmembrane protease serine 6; membrane-bound mosaic series proteinase matriptase-2; 

and MT2.  

TMPRSS6 plays a significant role in iron homeostasis through the BMP-SMAD signaling 

pathway that regulates the expression of hepcidin, a hormone that controls iron absorption and 

mobilization from iron stores. Hepcidin (also known as: HAMP (hepcidin anti-microbia 

30 proteinorpeptide),encoded byAMPinhumansandnon-humanprimates,andHanpin mice 
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and rats) regulates systemic iron homeostasis by controlling the functional activity of the sole 

ironeffluxchannelferroportin, Hepcidln 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 release of stored iron. Chronic elevation of hepcidin levels causes 

5 systemic iron deficiency, and liepcidin deficiency causes systemic iron overload.  

TMPRSS6 negatively regulates the production of hepcidin through a transmernbane signaling 

pathway that is triggered by iron deficiency and suppresses HAMP activation (Du, X. et a, 

Science 2008. 320: 1088-1092; Wang, C.Y. al Front. Pharmacol, 2014. 5:114). Low 

blood iron levels trigger this pathway to reduce hepcidin production, which allows more iron 

10 from the diet to be absorbed through the intestines and transported out of storage sites into the 

bloodstream. In rats under acute iron deprivation, .epatic TMPRSS6 protein levels are 

upregulated, leading to suppressed hepcidin expression and production (Wang, C.-Y. et al.  

Front, Pharmacolf 2014. 5:114). Mutations throughoutthe TMPRSS6 molecule,and especially 

in the extracellular domain, have been identified in subjects withiron deficiency anemia, in 

15 particular iron-refractory iron deficiency anemia (IR[DA) that is unresponsive to oral iron 

treatment and only partially responsive to parenteral iron therapy (Wang, C'Y. et a, Front 

Pharmacol. 2014. 5:114). Loss-of-function mutations in TMPRSS6 in humans result in 

elevated levels of hepcidin and iron-deficiency anemia (Camaschella. C., ALngi Journal Med 

2013. 168:24) as overproduction ofhepcidin leads to defective iron absorption and utilization.  

20 Iron overload disorders result when excess iron accumulates in tissues and organs to an extent 

that their normal functions are disrupted. iron toxicity is a common complication of iron 

overload disorders, leading to high rates of mortality as a result of iron accumulation in major 

organsptalassemiaisanironoverloaddisorderthatoccurswhenmutationsintheIBB gene 

cause reduced or absent production of 1-globin (beta globin) that lead to apoptosis of 

25 erythroblasts and a shortage of mature red blood cells, resulting in ineffective erythropoiesis 

that causes anemia and.hyperabsorption of iron leading to iron toxicity. In patients with I
thalassemia, hepcidin is abnormally suppressed in relation to the patient's state of iron loading, 

creating a hepcidin deficiency that in tur allows excessive iron absorption and development 

of systemic iron overload, Ineffective erythropoiesis in other disorders such as MDS 

30 (myelodysplastic syndrome), dyserythropoietic anemia, sideroblastic anemia, is likewise 

characterized by low hepcidin leading to iron overload. Hemochromatosis, e.g 

hemochromatosis type I or hereditary hemochromatosis is an iron overload disorder 

characterized by excess intestinal absorption of dietary iron and a pathological increase in total 
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body iron stores. Current standards of care fbr treating iron overload disorders include blood 

transfusions for ineffective erythropoiesis that can further exacerbate iron overload, iron 

chelation with poorpatient compliance, and phlebotomy orsplenectomy to manage symptoms.  

Therapeutic approaches currently under development include gene therapy targeting the HBB 

5 gene, gene therapy and gene editing targeting other relevant genes, hepcidin mimetics, Fc

fusion proteins that target TGF superanily ligands to inhibit SMAD signaling, antisense RNA 

drugs targeting T1MPRSS6 (e.g, E1-Beshiawy A et at., Blood Ce Molecules and Diseases 

2019, 76: 53-58), and iRNA drugs targetingTMPRSS6.  

SUMMARY 

10 The invention relates to novel antibodies and antigen-binding fragments thereof that bind 

TMPRSS6, and methods of making and using antibodies and antigen-binding fragments 

thereof that bind TMPRSS6.  

The present disclosure provides anti-TMPRSS6 antibodies, nucleic acids encoding anti

TMPRSS6 antibodies, and methods of making and using anti-TMPRSS6 antibodies. Anti

15 TMPRSS6 antibodies as disclosed herein encompass anti-TMPRSS6 antibodies and fragments 

thereof that are capable of binding TMPRSS6. Anti-TMPRSS6 antibodies as disclosed herein 

are capable of binding to human TMPRSS6 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 

20 of ironmetabolism such as iron overload disorders, in particular p-thalassemias including but 

not limited to non-transfision dependent thalassemia, and other disorders of ineffective 

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 

25 component involved in iron metabolism. where a component may be a molecule or a biological 

process associated with the function of TMPRSS6. In certain em bodiments, anti-TMPRSS6 

antibodies disclosed herein are capable of modulating the activity of at least one component 

involved in regulating iepcidin expression. In certain embodiments, anti-TMPRSS6 

antibodies disclosed herein are capable of substantially inhibiting TMPRSS6 suppression of 

30 hepcidin expression. In certain embodiments, anti-TMPRSS6 antibodies disclosed herein are 

capable of increasing hepcidin expression. In certain enbodinents, anti-TMPRSS6 antibodies 

disclosed herein are capable of increasing the activity of the hepcidin promoter. In certain
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embodiments, anti-TMPRSS6 antibodies disclosed herein are capable of substantially 

inhibiting TMPRSS6 suppression of the BMP/SMAD pathway-induced expression of 

hepcidin. Anti-TMPRSS6 antibodies disclosed herein may modulate hepcidin expression, 

including but not limited to substantially inhibiting TMPRSS6 suppression of hepcidin 

5 expression, increasing hepcidin expression, increasing hepcidin promoter activity, or 

substantially inhibiting TMPRSS6 suppression of the BMP/SMAD pathway-induced 

expression ofhepcidin, in a dose-dependent manner.In certain embodiments, anti-TMPRSS6 

antibodies disclosed herein are capable of modulating hepcidin expression in a dose-dependent 

manner, In certain embodiments, anti-TMPRSS6 antibodies disclosed herein are capable of 

10 increasing serum hepcidin levels in a dose-dependen manner when administered to a subject.  

In certain embodiments, anti-TMPRSS6 antibodies disclosed herein are capable of reducing 

serumiron levels in a dose-dependent manner when administered to a subject. In certain 

embodiments, anti-TMPRSS6 antibodies disclosed herein are capable of increasing liver 

hepcidin RNA. levels in a dose-dependent manner when administered to a subject. in certain 

15 embodiments, anti-TMPRSS6 antibodies disclosed herein are capable of reducing liver non

heme iron, increasing serumhepcidin, increasing liver hepcidin RNA, reducing splenomegaiy, 

increasing red blood count (RBC),increasing hematocrit (HCT), reducing red cell distribution 

width (RDW), and increased production of mature red cells (increased erythropoiesis) when 

administered to a subject known or suspected to have an iron overload disorder, in particular a 

20 §)-thaIassemia.  

In another aspect, anti-TMPRSS6 antibodies disclosed herein show cross-reactivity with at 

least one non-human TMPRSS6, In certain embodiments, anti-TMPRSS6 antibodies disclosed 

herein are capable of binding to at least one non-human TMPRSS6 on the surface of a cell 

expressing the at least one non-human TMPRSS6. Anti-TMPRSS6 antibodies disclosed herein 

25 may be capable of binding human TMPRSS6 and niouse TMPRSS6. Anti-TMPRSS6 

antibodies disclosed herein may be capable of binding to human TMPRSS6 and cynomogus 

monkey TMPRSS6. Anti-TMPRSS6 antibodies disclosed herein may be capable of binding to 

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

In another aspect, anti-TMPRSS6 antibodies disclosed herein specifically bind to TMPRSS6 

30 (matriptase-2), In certain embodiments, anti-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 to humanmatriptase- I(ST14). In certain 
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embodiments, anti-TMPRSS6 antibodies disclosed herein bind to human TMPRSS6 

(matriptase-2) and do not show detectable binding to human matriptase-3 (TMPRSS7). In 

certain embodiments. anti-TMPRSS6 antibodies disclosed herein bind to human TMPRSS6 

(matriptase-2) and do not show detectable binding to either of human matriptase-I (ST14) or 

5 human matriptase-3 (TMPRSS7).  

An anti-TMPRSS6 antibody disclosed herein may be a monoclonal antibody, a humanized 

antibody, a chimeric antibody, a single chain antibody, a Fab fragment, a single-chain variable 

fragment (scFv), a recombinant antibody, an aptamer, a single-domain antibody (ViA.  

nanobody), or other TMPRSS6-binding fragment orvariant. In crtainimibodimentsan anti

10 TN4PRSS6 antibody disclosed herein may comprise a framework in which anino acids have 

been substituted into an existingantibody framework in particular to influence properties such 

as antigen-binding ability. In certain embodiments, in anti-TMPRSS6 antibody disclosed 

herein may comprise complementarity determining regions (CDRs) from a source (parental) 

antibody that have been grafted (fused) into a framework from a different type (class) of 

15 antibody and/or from a different organism than the parental antibody, in particular an acceptor 

human framework. In certain embodiments, an anti-TMPRSS6antibody disclosed herein may 

comprise a framework in which amino acids have been substituted, mutated, or replaced in 

regions outside of the CDRs to influence properties such as antigen-binding or antibody 

structure. eg_ in the variable region fraiework surrounding the CDRs and/or i constant 

20 region, in particular the Fc region. In certain embodiments, one or more of the CDRs have 

beensubstituited, mutated, or replaced. In certain embodiments, an anti-TMPRSS6 antibody 

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

In certain embodiments, anti-TMPRSS6 antibodies disclosed herein comprise at least one 

polypeptide having an amino acid sequence as set forth in Table 1, Table 2, or Table 3, or a 

25 sequence substantially identical (e.g.at least85% 90%. 92%, 95%, 97%, or 98%, 99% 

identical) to an amino acid sequence as set forth in Table 1, Table 2, or Table 3 -Anti

TMPRSS6 antibodies disclosed herein may comprise at least one polypeptide having an amino 

acid sequence selected from the following, or a sequence substantially identical (e.gat least 

85%, 90%, 92% 95%, 97%, or 98%, 99% identical) to at least one polypeptide having an 

30 amino acid sequence selected from the following: SEQ ID NO: 1; SEQ ID NO: 2; SEQ ID NO: 

3; SEQ ID NO: 4; SEQ ID NO: 6; SEQ ID NO: 7; SEQ ID NO: 8; SEQ ID NO: 9; SEQ ID 

NO: 11; SEQ ID NO: 12; SEQ ID NO: 13; SEQ ID NO: 14; SEQ ID NO: 16; SEQ ID NO: 17; 

SEQ ID NO: 18; SEQ ID NO: 19; SEQ ID NO: 21 SEQ ID NO: 22; SEQ ID NO: 23; SEQ ID 

5



WO 2021/207072 PCT/US2021/025775 

NO: 24; SEQ ID NO: 26; SEQ ID NO: 27; SEQ ID NO: 28; SEQ ID NO: 29; SEQ ID NO: 31; 

SEQ ID NO: 32; SEQ ID NO: 33; SEQ ID NO: 34; SEQ ID NO: 36; SEQ ID NO: 37; SEQ ID 

NO: 38; SEQ ID NO: 39; SEQ ID NO: 41; SEQ ID NO: 42 SEQ ID NO: 43; SEQ ID NO: 44; 

SEQ ID NO: 46; SEQ ID NO: 47; SEQ ID NO: 48 SEQ lD NO: 49; SEQ TDNO: 51; SEQ lD 

5 NO: 52; SEQ D NO: 53; SEQ ID NO 54; SEQ ID NO: 56; SEQ ID NO: 57; SEQ ID NO: 58; 

SEQ ID NO: 59; SEQ NO: 61; SEQ ID NO: 63; SEQ ID NO: 65; SEQ ID NO: 67; SEQ ID 

NO: 69; SEQ ID NO: 71; SEQ ID NO: 73; SEQ ID NO: 75; SEQ ID NO: 77; SEQ ID NO: 79; 

SEQ ID NO: 81; or SEQ ID NO: 83.  

In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises a heavy chain 

10 (HC) variable region polypeptide of the amino acid sequence set forth in SEQ ID NO: I or a 

sequence substantially identical to SEQ ID NOC:, and a light chain (LC) variable region 

polypeptide of the amino acid sequence set forth in SEQ ID NO: 6 or a sequence substantially 

identical to SEQ ID NO: 6. In one embodiment, an anti-TMPRSS6 antibody disclosed herein 

comprises a heavy chain complementarity determining region I (HC CDR) of the amino acid 

15 sequence set forth in SEQ ID NO: 2,a heavy chain complementarity determining region 2 (HC 

CDR2) of the amino acidsequence set forth in SEQ ID NO: 3, a heavy chain complementarity 

determining region 3 (HC CDR3) of the amino acid sequence set forth in SEQ ID NO: 4; a 

fight chain complementarity determining region I (LC CDRI) of the amino acid sequence set 

forth in SEQ ID NO: 7, a light chain complementarity determining region 2 (LC CDR2) of the 

20 amino acid sequence set forth in SEQ D NO: 8, and. a light chain complementarity detennining 

region 3(LC CDR3) of the amino acidsequenceset forth in SEQ ID NO: 9; or a variant of said 

antibody comprising 1, 2 3, 4, 5, or 6 amino acid substitutions in the CDR regions. In one 

non-limiting embodiment. an anti-TMPRSS6 antibody disclosed herein is the antibody 

identified herein as MWTx-001, comprising an HC polyp idchavingtheaminoacid 

25 sequence set forth in SEQ ID NO: 61 and an LC polypeptide having the amino acid sequence 

set forth in SEQ ID NO: 63.  

In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC variable 

region polypeptide of the amino acid sequence set forth in SEQ ID NO: I1 or a sequence 

substantially identical to SEQ ID NO: 11, and an LC variable region polypeptide of the amino 

30 acid sequence set forth in SEQ ID NO: 16 or a sequence substantially identical to SEQ ID NO: 

16. In one embodiment, an anti-TMPR SS6 antibody disclosed herein comprises an HC CDR I 

of the amino acid sequence set forth in SEQ ID NO: 12, an HC CDR2 of the amino acid 

sequence set forth in SEQ ID NO: 13, an HC CDR3 of the amino acid sequence set forth in 
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SEQID NO: 14; an LC CDRI of the amino acid sequence set forth in SEQ ID NO: 17, an LC 

CDR2 of the amino acidsequence set forth in SEQ ID NO: 18, and an LC CDR3 of the amino 

acid sequence set forth in SEQ ID NO: 19 or a variant of said antibody comprising 1.2 3. 4, 

5, or 6amino acid substitutions in the CDR regions. In one non-limiting elodiment,an anti

5 TMPRSS6 antibody disclosed herein is of the antibody identified herein as MWTx-002, 

comprising an HC polypeptide having the amino acid sequence set forth in SEQ ID NO: 65 

and an LC polypeptide having theamino acid sequence set forth in SEQ ID NO: 67.  

In one embodiment, an antiTMPRSS6 antibody disclosed herein comprises an HC variable 

regionpolypeptide of the amino acid sequence set forth in SEQ ID NO: 21 or a sequence 

10 substantially identical to SEQ ID NO: 21, andan LC variable region polypeptide of theamino 

acid sequence set forth in SEQ ID NO:26 ora sequence substantially identical to SEQ ID NO: 

26. In one embodiment an anti-TMPRSS6 antibody disclosed herein comprises aniHC CDR1 

of the amino acid sequence set forth in SEQ ID NO: 22., an HC CDR2 of the amino acid 

sequence set forth in SEQ ID NO: 23, an HC CDR3 of the amino acid sequence set forth in 

15 SEQ ID NO: 24: an LC CDR Iof the amino acid sequence set forth in SEQ ID NO: 27, an LC 

CDR2 of the amino acid sequence set forth in SEQ ID NO: 28, and an LC CDR3 of theamino 

acid sequence set forth in SEQ ID NO: 29, or a variant of said antibody comprising 1, 2. 3. 4.  

5, or 6 amino acid substitutions in the CDR regions. In one non-limiting embodiment, an anti

TMPRSS6 antibody disclosed herein is the antibody identified. herein as MWTx-003., 

20 comprising an HC polypeptide having the amino acid sequence set forth in SEQ ID NO: 69 

and an LC polypeptide having the amino acid sequence set forth in SEQ ID NO: 7 1.  

In one embodiment, an anti-TMPRSS6 antibody disclosedherein comprises an NC variable 

region polypeptide of the amino acid sequence set forth in SEQ ID NO: 31 or a sequence 

substantially identical to SEQ D NO: 31, and an LC variable region polypeptide of the amino 

25 acid sequence set forth in SEQ ID N: 36 or a sequence substantially identical to SEQ ID NO: 

36. In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC CDR] 

of the amino acid sequence set forth in SEQ ID NO: 32, ani HC CDR2 of the amino acid 

sequence set forth in SEQ ID NO: 33, an HC CDR3 of the amino acid sequence set forth in 

SEQ ID NO: 34; an LC CDRI of the amino acid sequence set forth in SEQ ID NO: 37, an LC 

30 CDR2 of the aminoacid sequence set forth in SEQ ID NO: 38, andan LC CDR3 of the amino 

acid sequence set forth in SEQ ID NO: 39, or a variant of said antibody comprising 1, 2, 3, 4, 

5, or 6amino acid substitutions in the CDR regions. In one non-limiting embodiment, an anti

TMPRSS6 antibody disclosed herein is the antibody identified herein as humanized anti

7
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TMPRSS6 antibody variant hzMWTx-00lVar, comprising an HC polypeptide having the 

amino acid sequence set forth in SEQ D NO: 73 and an LC polypeptide having the amino acid 

sequence set forth in SEQ ID NO: 75.  

In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC variable 

5 region polypeptide of the amino acid sequence set forth in SEQ ID NO: 41 or a sequence 

substantially identical to SEQ ID NO: 41, and an LC variable region polypeptide of the amino 

acid sequence set forth in SEQ ID NO: 46 or a sequence substantially identical to SEQ ID NO: 

46. In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC CDR I 

of the amino acid sequence set forth in SEQ ID NO: 42, an HC CDR2 of the amino acid 

10 sequence set forth in SEQ ID NO: 43, an HC CDR3 of the amino acid sequence set forth in 

SEQ ID NO: 44; an LC CDRI of the amino acid sequence set forth in SEQ ID NO: 47, anELC 

CDR2 of the aminoacid sequence set forth in SEQ ID NO: 48, and an LC CDR3 of the amino 

acid sequence set forth in SEQ ID NO: 49., or a variant of said antibody comprising 1, 2, 3,4, 

5, or 6 anino acid substitutions in the CDR region. In one non-limiting embodiment, all anti

15 TMPRSS6 antibody disclosed herein is the antibody identified herein as humanized anti

TMPRSS6 antibody variant hzMWTx-002Var, comprising an HC polypeptide havingthe 

amino acid sequence set forth in SEQ ID NO: 77 and an LC polypeptide having the amino acid 

sequence set forth in SEQID NO: 79.  

In one embodiment, an anti-TMPRSS6 antibody disclosed herein comprises an HC variable 

20 region polypeptide of the amino acid sequence set forth in SEQ ID NO: 51 or a sequence 

substantially identical to SEQ ID NO: 51, and an LC variable region polypeptide of the amino 

acid sequence set forthinSEQID NO:56orasequencesubstantiallyidenticaltoSEQIDNO: 

56. In one embodiment, an antiTMPRSS6 antibodydisclosed hereincoimprises an HC CDR] 

of the amino acid sequence set forth in SEQ ID NO: 52, an HC CDR2 of the amino acid 

25 sequence set forth in SEQ ID NO: 53, an HC CDR3 of the amino acid sequence set forth in 

SEQ ID NO: 54; an LC CDRI of the aminoacid sequence set forth in SEQ ID NO: 57, an LC 

CDR2 of the amino acid sequence set forth in SEQ ID NO: 58, and an LC CDR3 of theamino 

acid. sequence set forth in SEQ ID NO: 59, or a variant of said antibody comprising 1,2, 3, 4, 

5, or 6 amino acid substitutions in the CDR.region. In one non-limiting embodiment, an anti

30 TMPRSS6 antibody disclosed herein is the antibody identified herein as humanized anti

TMPRSS6 antibody variant hzMWTx-003Var, comprising an HC polypeptide having the 

amino acid sequence set forth in SEQ ID NO: 81 andan LC polypeptide having theamino acid 

sequence set forth in SEQ ID NO: 83.  

8
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In another aspect, antiTMPRSS6 antibodies (including variants and fragments as disclosed 

herein) are provided that can be used to treat disorders of iron metabolism such as iron overload 

disorders, in particular p-thalassemia and other disorders of ineffective erythropoiesis. Methods 

and compositions are provided for using anti-TMPRSS6 antibodies as disclosed herein for 

5 therapeuticuses including, but not linitedto, treating disorders of iron metabolism suchas iron 

overload disorders, in particular i-thalassemia and other disorders ofineffective erythropoiesis.  

In certain embodiments, ph armaceutical 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 iron metabolism are provided, such 

10 methods comprising administering an effective amount of an anti-TMPRSS6 antibody 

disclosed herein to 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.  

In certain embodiments, methods fortreatingan iron overload disordercomprise administering 

an effective amount of an anti-TMPRSS6 antibody disclosed herein, wherein administration of 

15 the effective amount of anti-TMPRSS6 antibody modulates the activity of a component 

involved in iron metabolism. In certain embodiments, methods for treating an iron overload 

disorder comprise administering an effective amount of an anti-TMPRSS6 antibody disclosed 

herein, wherein administration of the effective amount of anti-TMPRSS6 antibody modulates 

the activity of at least one component involved in regulating hepcidin expression. In certain 

20 embodiments, methods comprise administration of an effective amount of anti-TMPRSS6 

antibody that inhibits TMPRSS6 suppression of hepcidin expression, In certain embodiments, 

administration of the effective amount of antiTMPRSS6 antibody increases hepcidin 

expression, in certain embodiments, methods comprise administration of an effective amount 

of anti-TMPRSS6 antibody that increases the activity of the hepcidin promoter. In certain 

25 embodiments, methods comprise administration of an effective amount of antiTMPRSS6 

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 effectsassociated 

withan iron overload disorder including but not limited to reducing serum iron, reducing liver 

30 non-heme iron, increasing serum. hepcidin, increasing liver hepcidin RNA, reducing 

splenomegaly, increasing red blood count (RB), increasing hematocrit (HCT), reducing red 

cell distribution width (RDW), and/or increased production of mature red cells (increased 

erythropoiesis).  

9
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In another aspect, methods for treating a disease or disease state in which abnormal suppression 

of hepcidin 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, 

wherein administration of the effective amount of anti-TMPRSS6 antibody modulates the 

5 activity of at least one component involved in abnonnal suppression of hepcidin expression 

and reduces abnormal suppression of hepcidin expression In particular embodiments, the 

method results in increased hepcidin expression.  

In another aspect, methods for treating a disorder of iron metabolism associated. with 

suppressed hepcidin levels are provided, such methods comprising administering an effective 

10 amount of an anti-TMPRSS6 antibody disclosed herein to a subject in need thereof, wherein 

administration of the effective amount of anti-TMPRSS6 antibody modulates the activity of at 

least one component involved in suppression of hepcidin levels. In certain embodiments, 

methods comprise administration of an effective amount of anti-TMPRSS6 antibody that 

increases serum hepcidin levels, increases liver hepcidin RNA, and lowers semin iron levels.  

15 In another aspect, methods are provided for treating disorders of iron metabolism including 

disorders related to and/or characterized by ineffective erythropoiesis that may include but are 

not limited to D-thalassemia. In accordance with this aspect, such methods comprise 

administering an effective amount of an anti-TMPRSS6 antibody disclosed herein to a subject 

that is known or suspected of having a disorder of iron metabolism related to and/or 

20 characterized by ineffective erythropoiesis, wherein administration results in one or more 

changes related to iron metabolism and/or erthropoiesis in the subject. In certain 

embodiments, methods are provided wherein administration of the effective amount of anti

TMPRSS6 antibody treats or ameliorates at least one biological effect or symptom associated 

with the disorder. In particular embodiments, practicing the method results in one or more 

25 changes including but not limited to reducing livernon-heme iron, increasing serum hepcidin, 

increasing liver hepcidin 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 erythropoesis), 

In another aspect, methods for diagnosing or screening foran iron overload disorder in a subject 

30 are provided, In certain embodiments, methods comprise administering anti-TMPRSS6 

antibody to a subject known or suspected to have an iron overload disorder and measuring one 

or more biological effect or symptom associated with an iron overload disorder.  

10
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Inanotheraspect, one or iore isolated nucleic acid molecules are provided that encode at least 

a portion of at least one of the antiTMPRSS6 antibodies disclosed herein In certain 

embodiments, isolated nucleic acid molecules that encode at least a portion of at least one of 

the antiTlMPRSS6 antibodies disclosed herein comprise a nucleotide sequence as set forth in 

5 Table 1, Table 2, or Table 3, or a sequence substantially identical (e.g., at least 85 , 90%, 

92%, 95%, 97%, or 98%, 99% identical) to a nucleotide sequence as set forth inTable 1, Table 

2, or Table 3. In certain embodiments, isolated nucleic acid molecules that encode at least one 

of the heavy chain (HC) sequences of the anti-TMPRSS6 antibodies disclosed herein may 

comprise a nucleotide sequence selected from at least one of: SEQ ID NO: 5 or a sequence 

10 substantially identical to SEQID NO: 5; SEQID NO: 15 or a sequence substanially identical 

to SEQ ID NO: 15; SEQ ID NO. 25 or a sequence substantially identical to SEQ ID NO: 25: 

SEQ ID NO: 35 or a sequencesubstantially identical to SEQ ID NO: 35; SEQ ID NO: 45 ora 

sequence substantially identical to SEQ ID NO: 45; SEQ ID NO: 55 ora sequence substantially 

identical to SEQ ID NO: 55; SEQ ID NO: 62 or a sequence substantially identical to SEQ ID 

15 NO: 62; SEQ ID NO: 66 ora sequence substantially identical to SEQ ID NO: 66 SEQ ID NO: 

70 or a sequence substantially identical to SEQ ID NO: 70; SEQ ID NO: 74 or a sequence 

substantially identical to SEQ ID NO: 74; SEQ ID NO: 78 ora sequencesubstantially identical 

to SEQ ID NO: 78, or SEQ ID 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 

20 chain (L) sequences of the anti-TMPRSS6 antibodies or antigen-binding fragments thereof 

disclosed herein may conmprse a nucleotide sequence selectedfrom at least one oft SEQ ID 

NO: 10 or a sequence substantially identical to SEQ ID NO: 10; SEQ ID NO: 20 or a sequence 

substantially identical to SEQ ID NO: 20; or SEQ ID NO: 30 or a sequence substantially 

identical to SEQ ID NO: 30; SEQ ID NO: 40 ora sequence substantially identical to SEQ ID 

25 NO: 40; SEQ ID NO: 50 ora sequence substantially identical to SEQ ID NO: 50; SEQ ID NO: 

60 or a sequence substantially identical to SEQ ID NO 60; SEQ ID NO: 64 or a sequence 

substantially identical to SEQ ID NO: 64; SEQ ID NO: 68 or a sequence substantially identical 

to SEQ ID NO: 68; SEQ ID NO: 72 or a sequence substantially identical to SEQ ID NO: 72 

SEQ ID NO: 76 or a sequence substantiallyidentical to SEQ ID NO: 76; SEQ ID NO: 80 or a 

30 sequence substantially identical to SEQ ID NO: 80, or SEQ ID NO: 84 or a sequence 

substantially identical to SEQ ID NO: 84.  

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

encode at least oneamino acidsequence of the anti-TMPRSS6 antibodies disclosed herein. In 
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certain embodiments, a vector is provided comprising one or more nucleic acid molecules that 

encode at least one of the heavy chain (HC) or light chain (LC) sequences of the anti-TMPRSS6 

antibodies disclosed herein. In certain embodiments, a vector is provided conprising nucleic 

acid molecules that encode at least a portion of at least one of the amino acid sequences as set 

5 forth in Table 1, Table 2, orTable 3, or at least 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 

embodiments, a vector is 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 least a portion of an amino acid sequencesubstantially identical to at least one of the HC 

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

In another aspect, at least one host cell is provided containing a vector comprising one or more 

nucleic acid molecules that encode amino acid sequences of the anti-TMPRSS6 antibodies 

disclosed herein. In certain embodiments, a host cell is provided containing a vector 

comprising nucleic acid molecules that encode at least a portion of at least one of the HC or 

15 LC sequences as set forth in Table 1, Table 2, or Table 3, or at least a portion of an amino acid 

sequence substantially identical to at least one of the HC or LC 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 antiTMPRSS6 antibodies orantigen-binding 

fragments thereof encoded by the vector. in certain embodiments, at least one host cell is 

20 capable of supporting vector expression and recombinant production of anti-TMPRSS6 

antibodies or antigen-binding fragments thereof encoded by a vector 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 least a portion of an amino acid sequence substantially 

identical to at least one of the HC or LC sequences as set forth in Table 1, Table 2, or Table 3, 

25 In certain embodiments, host cells are transiently transfected with a vector comprising one or 

more nucleic acid molecules that encode amino acid sequences of the antiTMPRSS6 

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 thereof encoded by thevector.  

30 BRIEF DESCRIPTION OFTHE FIGURES 

FIG. shows results from cascade screening of antiTMPRSS6 antibodies, where antibodies 

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

assessed for cross-reactivity with ion-human TMPRSS6.  

FIGS. 2A-2F show effects of anti-T MPRSS6 antibodies on HlMP promoter activity measured 

by a dual luciferase reporter assay carried out in HlepG2 cells, for a range of antibody 

5 concentrations. In each plot, open circles represent results using an anti-TMPRSS6 antibody, 

and open squares represents results using the same concentration of mouse IgG or human gG1 

as a negative (onspecific binding) control FIG. 2A shows effects of the MWTx-001 anti

TMPRSS6 antibody oni AMP promoter activity overa range of antibody concentrations. FIG.  

2B shows effects of the MWTx-002 anti-TMPRSS6 antibody on 14.P promoter activity over 

10 a range of antibody concentrations. FIG. 2C shows effects of the MWTx-003 antiTMPRSS6 

antibody on HAMP promoteractivity overa range ofantibody concentrations. FIG, 2D shows 

effects of the hzMWTx-001Var anti-TMPRSS6 antibody on 1DAMP promoter activity over a 

range of antibody concentrations. FIG. 2E shows effects of the zMWTx-002Var anti

TMPRSS6 antibody onI HAVPpromoter activity over a range of antibody concentrations. FIG.  

15 2F shows effects of the hzMWTx-003Var anti-TMPRSS6antibodyonHAMPpromoter 

activity over a range of antibody concentrations.  

FIGS. 3A-3M show results of determinaions of binding affinity of anti-TMPRSS6 antibodies.  

FIGS 3A-3F show results of determinations of ant-TMPRSS6 antibody binding affinity for 

human TMPRSS6 expressed on HEK293T cells using two different methods. In each plot, 

20 open circles represent results using an anti-TMPRSS6 antibody overa 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 (measuringHRP-labelled 

secondary antibody) to measure binding of MWTx-001 (FIG. 3A), MWTx-002 (FIG. 3B), and 

MWTx-003 (FIG.3C) to human TMPRSS6, with calculated EC o values for each antibody 

25 used as an estimate of binding affinity, FIGS. 3D-3F show results using FACS measuringg 

APC-conjugated secondary antibody) to measure binding of MWTx-001 (FIG. 3D), MWTx

002 (FIG. 3E), and MWTx-003 (FIG. 3F) to human TMPRSS6, with calculated ECio values 

for each antibody used as an estimate of binding affinity. FIGS. 3G-3M show results of 

determinations of anti-TMPRSS6 antibody affinity and binding kinetics for human ecto

30 TMPRSS6-FLAG using the Octe' RED96e with analyte concentrations of 501M, 251M, 

12.5nM, 6.25nM, 3.13nM, 1.56nM and 078nM. FIG. 3G shows binding kinetics of MWTx

001 anti-TMPRSS6 antibody towards ccto-TMPRSS6-FLAG. FIG, 3H shows binding kinetics 

of MWTx-002 anti-TMPRSS6 antibody towards ecto-TMPRSS6-FLAG. FIG. 31 shows 
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binding kinetics of MWTx-003 anti-TMPRSS6 antibody towards ecto-TMPRSS6-FLAG. FIG.  

3 shows binding kinetics of hzMWTx-00Var anti-TMPRSS6 antibody towards ecto

TMPRSS6-FLAG. FIG, 3K shows binding kinetics of hzMWTx002Var anti-TMPRSS6 

antibody towards ecto-TMPRSS6-FLAG. FIG. 3L shows binding kinetics of hzMWTx

5 003Var anti-TMPRSS6 antibody towards ecto-TMPRSS6-FLAG. FIG. 3M summaries affinity 

measurements of all anti-TMPRSS6 antibodies.  

FIGS. 4A-4U show results of determinations of cross-reactivity of anti-TMPRSS6 antibodies.  

FIGS, 4A-41 show results of determinations of the cross-reactivity of anti-TMPRSS6 

antibodies MWTx-001, MWTx-002, and MWTx-003 to human TMPRSS6 and non-human 

10 TMPRSS6 expressed on HEK293T cells, Each histogram plot shows FACS results for a single 

antibody incubated with HEK293T cells expressing a TMPRSS6 target (thinner lineand lighter 

fill; indicated with antibodyname) and the same antibody incubated with control HEK293T 

cells that do not express a TMPRSS6 protein (thicker line, darker fill; indicated with Ctr).  

FIGS. 4A-4C show results using HEK293T cells stably expressing human TMPRSS6 

15 (HuTMPRSS6-(ish)) with MWTx-001 (FIG, 4A), MWTx-002 (FIG. 4B), and MWTx-003 

(FIG. 4C). FIGS. 4D-4F show results using HEK293T cells stably expressing mouse 

TMPRSS6 (MoTMPRSS6-(His)6) with MWTx-001 (FIG. 4D), MWTx-002 (FIG. 4E), and 

MWTx-003 (FIG. 4F). FIGS. 4G-41 show results using HEK293T cells transiently expressing 

cynomolgus monkey TMPRSS6 (CynoTMPRSS6-(His)) with MNWTx-001 (FIG. 4G), 

20 MWTx-002 (FIG. 41), mid MWTx-003 (FIG. 41). FIGS. 4J-4U show results of cross

reactivity of anti-TMPRSS6 antibodies to non-h human (mouse (FIGS, 4J, 41, 4N, 4P, 4R, 4T) 

or cynomolgus monkey (FIGS. 4K, 4M, 40,4Q 4S, 4U1))TMPRSS6 expressed on HEK293T 

cells using cell surface ELISA (measuring HRP-labelled secondary antibody) to measure 

binding of MWTx-001 anti-TMPRSS6 antibody (FIGS. 4J-4K), MWTx-002 anti-TMPRSS6 

25 antibody (FIGS, 4L-4M), MWTx-003 anti-TMPRSS6 antibody (FIGS. 4N40), hzMWTx

001Var anti-TMPRSS6 antibody (FIGS. 4P-4Q), hzMWTx-002Var anti-TMPRSS6 antibody 

(FIGS. 4R-4S) and hzMWTx-003Var anti-TMPRSS6 antibody (FIG. 4T-4U) to non-human 

TMPRSS6. In each plot, open circles represent results usingananti-TMPRSS6 antibody., and 

open squares represents results of mouse IgGor human IgG1 as a negative (nonspecific 

30 binding) control, with calculated ECo values for each antibody used asan estimate of binding 

affinity.  

FIGS 5A-5R. show results of FACS analysis of binding of anti-TPRSS6 monoclonal 

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

14
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SI) anti-TMPRSS6antibodies and their humanized variants hzMWTx-00 IVar (FIGS, 5J-5L), 

hzMWTx-002Var (FIGS. 5M-50), bzMWTx-003Var (FIGS. 5P-5R) anti-TMPRSS6 

antibodies to HEK293T cells expressing homologous matriptases. HEK293T cells stably 

expressing human TMPRSS6 (matriptase-2) (FIGS, 5A, 5D. 5G, 5J, 5M, 5P) were used as a 

5 positive control, and HEK293Tells over-expressing matriptase (ST14) (FIGS. BS, 5E, 5H, 

5K, 5N, 5Q) and/or matriptase-3 (TMPRSS7) (FIGS, 5C, 5F, SISL 50, 5R) proteins were 

used to test binding to homologous matriptases. In each panel (FIGS. 5A-5R) HEK293T cells 

not expressing matriptase (HEK293T) were used as a negative control, with control (Ctrl) 

results clearly indicated.  

10 FIGS. 6A-6L show anti-TMPRSS6 antibody treatment increases hepcidin expression in mouse 

in a dose-dependent manner. FIGS, 6A-6C show effects of MWTx-003 antiTMPRSS6 

antibody (FIGS. 6A-6B) or its humanized variant hzMWTx-003Var anti-TMPRSS6 antibody 

(FIG. 60) on serum iron. FIG. 6D shows effect of GFP-TMPRSS6 on serum hepcidin. FIGS.  

6D-6F show effects ofMWTx-003 anti-TMPRSS6 antibody (FIGS. 6D-6E) or its humanized 

15 variant hzMWTx-003Var anti-TMPRSS6 antibody (FIG, 6F) on serum hepcidin. FIG. 6G 

shows effect of GFP-TMIPRSS6 on liver hepcidin RNA. FIGS. 6G-61show effects of MWTx

003 anti-TMPRSS6 antibody (FIGS. 6G-6H) or its humanized variant hzMWTx-O3Var anti

TMPRSS6 antibody (FIG. 61) on liver hepcidin RNA. FIGS. 6J-6L show serum concentrations 

of MWTx-003 anti-TMPRSS6 antibody (FIGS. 6J-6K) or its humanized variant hzMWTx

20 003Var anti-TMPRSS6 antibody (FIG. 6L). Mouse igG2b (Moli2b) (FIGS. 6A-6B, 6D-6E, 

6G-6H, 6J-6K) or human IgGI (H-uIGg)(FIGS, 6C, 6F, 61, 61) was used asan isotype control, 

PBS was used as a vehicle control, and GFP vector was used as a vector control (FIGS. 6A, 

6D. 6G, 6J).  

FIGS. 7A-7R show in vivo efficacy of anti-TMPRSS6 antibody using a 3-thalassenia mouse 

25 model. F IGS. 7A-7D show effects of MWTx-003 anti-TMPRSS6 antibody on RBC (FIG, 7A), 

HGB (FIG. 7B), HCT (FIG. 7C) and RDW (FIG, 7D) using Th3/+ mice. FIG, 7E showseffect 

of MWTx-003 anti-TMPRSS6 antibody on spleen weight using Th3/+ mice. FIG. 7F shows 

effect of MWTx-003anti-TMPRSS6 antibody on serum ironusing Th3/+ mice, FIG. 7G shows 

effect of\MWTx-003 anti-TMPRSS6 antibody on liver non-heme iron using Th3/+mice, FIG.  

30 7H shows effect of MWTx-003 anti-TMPRSS6 antibody on serum hepcidin using Th3/+ mice.  

FIG. 71 shows effect of MWTx-003 anti-TMPRSS6 antibody on liver hepcidin RNA using 

Th3t+ mice. FIG. 7J shows serum concentration of MWTx-003 anti-TMPRSS6 antibody using 

Th3/- mice. FIGS. 7L-7M show effect of MWTx-003 anti-TMPRSS6 antibody on 
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erythropoiesis using bone marrow fronTh3/+ mice. FIGS, 70-7P show effect of MWTx-003 

anti-TMPRSS6 antibody on erythropoiesis usingsplenocytes from Th3/+ mice. Representative 

plots in FIGS, 7K-7P show with four distinct cell clusters (1: basophiic erythroblasts; II: 

polychromatic erythroblasts; II: orthochromatic erythroblasts and nonncleated reticulocytes 

5 and I: mature red cells) and their corresponding percentages of cell numbers are highlighted.  

Wildtype mice were used as a positive control (FIGS. 7A-7J, 7K, 7N), and mouse IgG2b 

(MolgG2b) was used as isotype control in the treatment (FIGS. 7A-7J, 7L, 70). Bar graphs in 

FIGS, 7Q-7R show average results for cell clusters 11II, II, and IV in bone marrow (FIG. 7Q) 

and spleen (FIG. 7R) for each treatment regime (WT,Th3/4 w/ MoIgG2b, Th3/+ w/ MWTx

10 003)after 4 weeks,where comparisons allow identification of shifts in each population, most 

notably a shift to mature red blood cells (cluster IV) after MW Tx-003 treatment.  

FIGS. 8A-8D show results of epitope binning of MWTx-001, MWTx-002 and MWTx-003 

anti-TMPRSS6 antibodies for human ecto-TMPRSS6-FLAG using the Octet* RED96e. FIG.  

SA shows epitope binning of MWTx-001 anti-TMPRSS6 antibody towards ecto-TMPR.SS6

15 FLAG, FIG. 8B shows epitope binning of MWTx-002 antiTMPRSS6 antibody towards ecto

TMPRSS6-FLAG. FIG. 8C shows epitope binning of MWTx-003 anti-TMPRSS6 antibody 

towards ecto-fTMPRSS6-FLAG. FiG. 8D summarizes association signals for NMWTx-001, 

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

DETAiLED DESCRIPTION 

20 The invention relates to novel antibodies and antigen-binding fragments thereof that bind 

TMPRSS6, and methods of making and using the same.  

TERMINOLOGVN / DEFrNIIONS 

Scientific and technical terms used ii connection with the present invention shall have the 

meanings that are commonly understood by those of ordinary skill in the art, unless otherwise 

25 defined. Use of singular terms ("a"'or an" or "the" or other use of a term in the singular) 

include plural reference, and plural terms shall include the singular, unless the context clearly 

dictates otherwise. Thus. for example, reference to "an antibody" includes "one or nore" 

antibodies or a "plurality" of such antibodies. All publications mentioned herein arehereby 

incorporated by reference in their entirety, 

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

culture, protein and nucleotide chemistry, and recombinant DNA techniques available to one 
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of skill of theart can be employed for the antibodies, antigen-binding fragments, compositions, 

and methods disclosed herein. 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 et aL. (1989) MOLECULAR 

5 CLONING; A LABORATORY MANUAL (2nd ed, Cold Spring Harbor Laboratory Press., 

Cold Spring Harbor, NY,) and Ausubel et al. (1994) CURRENT PROTOCOLS IN 

MOLECULAR BIOLOGY, Volumes 14H (John Wiley & Sons, N.Y.). Enzymatic reactions 

and purification techniques are performed according to manufacturer's specifications or as 

commonly accomplished in the art or as described herein, unless otherwise specified herein.  

10 Techniques and methods for pharmaceutical preparation and formulation, and treatment of 

subjects, are described herein using conventional nomenclature.  

"Antibody" refers in the broadest sense to a polypeptide or combination of polypeptides that 

recognizes and binds to an antigen through one or more immunoglobulin variable regions, 

where the immunoglobulin variable regions may be naturally occurring ornonnaturally 

15 occurring, e.g, as a result of engineering, chimerization, humanization, optimization, CDR

grafting, or affinity maturation.  

An "antibody" as disclosed herein can be a whole (intact, full length) antibody, a single chain 

antibody, or an antigen binding fragment with one or two chains, and can be naturally occurring 

and non-naturally occurring. An antibody comprises at least sufficient complementarity 

20 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 antibody, a humanized 

antibody, i chimeric antibody, a single chain antibody, a Fab fIragment, a single-chain variable 

fragment (scFv), an aptanier, a single-domain antibody (VHH or nanobody), a recombinant 

25 antibody, a modified antibody having peptide/other moieties attached to antibody and/or 

additional amino acids added the N- or C- terminus, or other TMPRSS6-binding fragment or 

variant. Whole antibody, full length antibody, intact antibody, naturally occurring antibody, 

or equivalent terms are understood to refer to a polypeptide, in particular a glycoprotein, 

comprising at least two heavy chains (ICs) and two light chains (LCs) interconnected by 

30 disulfide bonds. Each HC is comprised of a heavy chain variable region (VH) and an HC 

constant region (CH), and each light chain is comprised ofa light chain variable region (VL) 

and an LC constant region (CL). The TC and LC variable regions, VI and. VL, include a 

binding domain that interacts with an antigen. The VH and VL regions can be further 
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subdivided into 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, 

CDRI, FR2, CDR2, FR3, CDR .FR4. The constant regions of the antibodies may mediate the 

5 binding of the imnmunoglobulin to host tissues or factors, including various cells of the immune 

system and the classical complement system.Typically, an antibody comprises at least heavy 

chain (HC) C.DR, CDR2, and CDR3 and light chain (1LC) CDR1, CDR2, and CDR3 

sequences, where any one of thesesequences may be naturally or non-naturally occurring. An 

antibod)i may comprise fewer CDR sequences, as long as the antibody can recognize and bind 

10 an antigen.  

An anti-TMPRSS6 antibody disclosed herein may be a variant comprising at least one altered 

CDR or framework sequence, wherein CDR and/or framework sequences may by optimized 

by mutating a nucleic acid molecule encoding such framework sequence. Variants may be 

constructed with HC and LC portions derived independently from different sources.  

15 Techniques for generating variants include but are not limited to conservative amino acid 

substitution, computer modeling, screening candidate polypeptides alone or in combinations, 

and codon optimization, and it is understood that a skilled person is capable of generating 

antibody variants as may beneeded. An anti-TMPRSS6 antibody disclosed herein may be a 

fragment. Antigen binding functions ofan antibody can be performed by fragments such as: a 

20 Fab fragment; a monovalent fragment consisting of the VL, VII, CL and CH I domains; a F(ab)2 

fragment; a bivalent fragment comprising two Fab fragments linked by a disulfide bridge at the 

hinge region; an Fdfragment 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 which consists of a VH domain; and an isolated CDR (VHH, 

25 nanobody), or an aptaner. Antigen binding portions can be incorporated into single domain 

antibodies, maxibodies, minibodies, nanobodies, intrabodies, diabodies, triabodies.  

tetrabodies, v-NAR and bis-scFv (see, e.g., Hollinger and. fiudson, 2005, Nature 

Biotechnology, 23, 9, 1126-1136), Antigen binding portions of antibodies can be grafted into 

scaffolds based on polypeptides to form monobodies (see, e.g., U.S.Pat.,No.6,703,199, which 

30 describes fibronectin polypeptide monobodies).  

The term antibody encompasses various broad classes of polypeptides that can be distinguished 

biochemically. 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, IgD, IgE, IgG, and IgM, and several of these may be 

further divided into subclasses (isotypes), e.g., IgG, IgG2, IgG3, IgG4, IgAl, and IgA2, each 

of which is well characterized and known to confer functional specialization. Modified 

versions of each of these classes and isotypes are readily discernable and within the scope of 

5 the instant disclosure. While all immunoglobulin classes are within the scope of the present 

disclosure, the present disclosure will be directed largely to the IgG class of immunoglobulin 

molecules.  

The term "chimeric" antibody refers to an antibody in which a portion of the heavy chain (H1C) 

and/or light chain (LC) involved in forming the imrnoreactive site is derived from a 

10 particular source or species, while the remainder of the HC and/or LC is derived from a 

different source or species. In certainiembodiments the target 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 

15 derived from a non-hunian antibody, typically a mouse monoclonal antibody, where CDRs 

from the parental, non-human antibody are grafted (fused) in a framework comprising variable 

regions derived from a human immunoglobulin framework, in particular an acceptor human 

framework or a human consensus framework. Techniques and principles for designing, 

making, and testing humanized antibodies are known (Jones PT, Dear PH, Foote J, Neuberger 

20 MS. Winter G. Replacing the compementaritydteminngregions in a human antibody with 

those from a mouse, Vture. 1986 May 29-Jun 4;321(6069)522-5; Alinagro JC, Fransson .  

Humanization of antibodies. Front Biosci. 2008 Jan 1;13:1619-33. It is understood that 

changes can be made to an acceptor framework at multiple locations in order to develop a 

humanized antibody having improved features according to the desired use, e.g, high affinity 

25 for target, low clearance, low toxicity, etc. An anti-TNIPRSS6 antibody disclosed herein may 

be a humanized variant.  

"Affinity" refers to the strength of the sum total of noncvalent 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 

30 reflects a 11 interaction between members of a binding pair(e.g, antibody andantigen).  

Affinity can be measured by common methods known in the art., including those described 

herein, The calculated concentration at which approximately 50% of maximal binding (the 

calculated EC) can be used as an estimate of affinity, The affinity of a moleculeX. forits 
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partner Y can generally be represented by the dissociation constant (Kd or KD, representing 

k,/rk measured for the interaction).  

A "subject" is a mammal, where mammals include but are not limited to primates (e.g., humans 

and non-human primates such as monkeys), domesticated animals (e.g. cows, sheep. cats, 

5 dogs, pigs, llamas, and horses), rabbits, and rodents (e.., mice and rats). In certain 

embodiments,thesubjectisahuman.The phrases "to a subject inneedthereof" or "to apatient 

in need thereof or "to a patient in need of treatment" or "a subject in need of treatment" may 

include subjects that would benefit from administration of the anti-TMPRSS6 antibodies 

disclosed hereinfor treatment of an iron overload disorder. It is understood that administration 

10 of anti-TMPRSS6 antibodies encompasses administration to "a subject in need thereof" can be 

interpreted as referring to a subject known or suspected to have an iron overload disorder, in 

particular a. fi-thalassemia, based on indicators such as symptoms, fanilyhistory, or genotype.  

It is further understood that anti-TMPRSS6 antibodies can be administered to a subject that is 

notknown or suspected to have a disorder of iron metabolism, for purposes that may include 

i5 butarenotlimitedto,preventative or prophylactic purposes, for screening, for diagnostics, for 

research purposes, or to achieve results distinct from treating a disorder.  

An "effective amount" of an anti-TMPRSS6 antibody, e.g., in a pharmaceutical formulation, 

refers to an amount effective, at dosages and for periods of time necessary, to achieve the 

desired therapeutic or prophylactic result. It is understood that "effective amount" is intended 

20 to refer to the amount of an anti-TMPRSS6 antibody or a pharmaceutical composition 

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-humnian animal subject, a non-human 

mammal subject, or a human subject that is being measured. The terms "therapeutically 

effective amount" "pharmacologicaly effective amount", and. "physiologically effective 

25 amount" are used interchangeably to refer to the amount of an anti-TMPRSS6 antibody that is 

needed to provide a threshold levelof 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 characteristics of the omposition, 

intended population of subjects/patients to be treated, considerations such as the disease state, 

30 age, sex, and weight of a subject, and the like, and can readily be determined by one skilled in 

the art, based upon the information provided herein or otherwise available in the relevant 

literature. The terms, "improve", "increase" or "reduce", as used in this context, indicate values 

or parameters relative to a baseline measurement, such as a measurement in the same subject 
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prior to initiation of the treatment described herein, or a measurement in a control individual 

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

The tern "pharmaceutical composition" or "phannaceutical formulation" refers to a 

preparation which is in such forn as to permit the biological activity of an active ingredient 

5 contained therein to be effective, in particular an anti-TMPRSS6 antibody. It is understood 

that a pharmaceutical compositionmay contain more than one active ingredient, e.. more than 

one anti-TMPRSS6 antibody, or a combination of an anti-TMPRSS6 antibody with another 

active ingredient that acts on a different target, where such combinations can be but are not 

limited to, a combination of an antiTMPRSS6 antibody with another active ingredient having 

10 a desired. effect on hematopoietic processes, in particular erythropoiesis, a combination of an 

anti-TMPRSS6 antibody with gene therapy agents such as agents to carry out gene therapy 

targeting the 1BB gene, or a combination of an anti-TM.PRSS6 antibody with Fc-fusion 

proteinsthat targetTGFsuperfamilyligands tostimulateerythropoiesis. A"pharmaceutically 

acceptable carrier" refers to an ingredient in a pharmaceutical formulation, otherthan anactive 

15 ingredient, which is nontoxic toa subject. It is understood that a pharmaceutically acceptable 

carrier can be, but is not limited to, a buffer, excipient., stabilizer, an adjuvant, or preservative.  

The term "treat" or "treating" or similar terms as used herein, can refer to an outcome that is 

deemed beneficial for a particular subject in a definedset of circumstances. Treating a disorder 

of iron metabolism may refer non-exclusively to any of reducing, ameliorating, slowing, 

20 interrupting, arresting, alleviating, stopping, or 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, and/or lessening of 

the severity or frequency of one or more symptoms of an iron overload disorder. The terms 

"treating" or "method of treating" or equivalents can encompass one or more uses of anti

25 TMPRSS6 antibodies disclosed herein, including but not limited to therapeutic, prophylactic, 

preventive, diagnostic, imaging, and screening uses.  

The tern "vector," as used herein, refers to a nucleic acid molecule capable of propagating a 

nucleic acid to which the vector sequence is linked, in a host cell in which the vector is 

introduced. Vectors capable of directing the expression of nucleic acids to which they are 

30 operativelylinked are referred to herein as "expression vectors." 

21



WO 2021/207072 PCT/US2021/025775 

ANTI-TMPRSS6 ANTIBODIES 

Antibodies andantigen-binding fIragments 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 iron 

metabolism, in particular at least one component involved in iron overload disorders associated 

5 with abnormal suppression ofhepcidin expression. Anti-T MPRSS6 antibodies thatare capable 

of binding TIPRSS6 on the surface of a cell and modulating the activity of at least one 

component involved in regulating hepcidin expression can beused in methods for treating ion 

overload disorders associated with abnormal suppression of hepcidin expression. Anti

TMPRSS6 antibodies that are capable of binding TMPRSS6 on the surface of a cell and 

10 modulating TMPRSS6 suppression of hepcidin expression can be used to therapeutically target 

TMPRSS6 in methods for treating iron overload disorders associated with abnormal 

suppression of hepcidin expression.  

Once antibodies or fragments specific for T MPRSS6, in particular human TMPRSS6 expressed 

on the surface of a cell, have been obtained, the desired biological activity of modulating the 

15 activity of at least one component involved in iron metabolism thereof can be tested by several 

methods known to theskilled person.  

It is understood. that "modulate" or "modulating" 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 its equivalents can refer to different modes of action and effects 

20 depending on the component under consideration, ix, 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 

involved in iron metabolism the term modulating can refer to increasing, enhancing, orhaving 

an agonist effect on these components.  

25 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 iron metabolism. Thus, a component 

within the meaning of a process or pathway can be, but is not limited to, regulation of hepcidin 

expression, TMPRSS6 suppression of hepcidin expression, the process of hepcidin expression, 

regulation of hepcidin levels, increasing hepcidin levels, theactivity of the hepcidin promoter, 

30 or TMPRSS6 suppression of the BMP/SMAD pathway-induced expression of hepcidin, 

regulation of liver non-heme iron levels, one or more processes involved in splenomegaly, or 

one or more hematopoietic processes involved in regulation of red blood count (RBC), 
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hematocrit (HCT), red cell distribution width (RDW), and erythropoiesis, in particular 

production of mature red cells.  

Anti-\MPRSS6 antibodies as disclosed herein can be used to therapeutically target at least one 

component involved in iron metabolism, in particular at least one conponent involved in iron 

5 overload disorders. In certain embodiments, anti-T MPRSS6 antibodies as disclosed herein can 

be used to therapeutically target at least one component involved in regulating hepcidin 

expression, and modulate the activity of the component to achieve increased hepcidin 

expression, In certain embodiments, anti-TMPRSS6 antibodies as disclosed herein can be used 

to modulate the activity of the hepcidin promoter to achieve increased hepeldin expression. It 

10 is understood that anti-'TM1PRSS6 antibodies as disclosed herein can be used to therapeutically 

target TMPRSS6 and thereby modulate the downstream activity of other components of 

hepcidin expression, including but not limited to, regulation of liver non-heme iron levels, one 

or more processes involved in splenomegaly, or one or more hematopoietic processes involved 

in regulation of red blood count (RBC), hematocrit (HCT), red cell distribution width (RDW), 

15 and erythropoiesis, in particular production of mature red 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 antiTMPRSS6 antibodies as disclosed herein to precisely target 

TMPRSS6 and its downstream effects on at least one component involved in regulating 

20 hepcidin expression, it is possible to avoid undesirable effects, difficulties 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 transfusions that can 

further exacerbate iron overload, iron chelation with poor patient compliance, intrusive 

phlebotomy or spleneetomy that only manage symptoms, gene therapy targeting the HBB gene 

25 with potential permanent pleiotropic effects in multiple systems, gene therapy and gene editing 

with unknown off-target effects, Fe-fusion proteins targeting TGF superfamily ligands to 

inhibit SMAD signaling that do not reduce the need for iron chelation therapy to manageiron 

overload, and other approaches that are difficult to control or deliver such as hepcidin mimetics, 

and antisense or iRNA drugs targeting IMPRSS6. It is understood that using anti-TMPRSS6 

30 antibodies for precise therapeutic targeting does not exclude the possibility of using anti

TMPRSS6 antibodies in methods and compositions for combination treatments, e.g. in 

combination with another active ingredient that acts on a different target, in combination with 

an antibody that binds a different target. in combination with gene therapy agentsand methods 
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for targeting the IBB gene, or in combination with Fe-fusion proteins that target TGF 

superfamily ligands to stimulate erythropoiesis.  

Anti-TMPRSS6 antibodies disclosed herein allow the development of treatments that can be 

tailored to each subject (eg., dosage frequency of administration), where they can be 

5 continued and discontinued with ease, and. combined with other therapies. In certain strategic 

eibodiments, anti-TMPRSS6 antibodies disclosed herein can be combined with other 

therapies that may address muItiple therapeutic targets and/or address deficits or undesirable 

effects of one of the therapies in the combination therapy.  

Exemplary embodiments of anti-TMPRSS6 antibodies and uses thereof 

10 Non-limiting exemplary embodiments of anti-TMPRSS6 antibodies of the invention are 

presently disclosed, in particular in the ExamplesTables, and Figures, 

Antibodies 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 

15 screening for antibodies capable of binding to human TMPRSS6 on the surface of a cell 

expressing TMPRSS6 (Example 1, FIG. 1). followed by a second step to identify antibodies 

capable of binding to human TMPRSS6 on the surface of a cell expressing TiPRSS6 and.  

modulating the activity of a component involved in iron metabolism, inthis case testing forthe 

ability to increase hepidin (HAMP) promoter activity (Example 2). As demonstrated by 

20 exemplary embodiments shown in FIG. 1, the first step identified 143 antibodies (clones) 

capable of binding to human TMPRSS6 on the surface of t 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 hepcidin (TAMP) promoter activity.  

In a third step of the functional cascade (FIG, 1), the ten (10) "active" antibodies were tested 

25 for cross-reactivity with non-human TMPRSS6 targets fron sources that would be relevant for 

further studiesviz, 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 

shown in FIG. I, demonstrated in Example 4 and illustrated in FIG. 4, three (3) clones (out of 

30 10 screened) showed cross-reactivity with at least one non-human TMPRSS6 and were 

designated MWTx-001 .MWTx-002, andMWTx-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-OO1(SEQ ID NOs: 61(HC) and 63(LC)); 

MWTx-002 (SEQ ID NOs: 65 (IC) and 67 (LC)); and MWTx-003 9SEQ D NOs: 69(HC) 

and 71 (L)). Ahybridona cell lineproduciing theMWTx-001 monoclonal antibody has been 

deposited with the American Type Culture Collection (ATCC@), 10801 University Boulevard, 

5 Mxanassas, Virginia, 20110 United States of Anrica, on Mav 27,2020, under the tens of the 

Budapest Treaty,under ATCC Accession No. PTA-126759. A iybridoma cell lineproducing 

the MWTx-002 monoclonal antibody has been deposited with the American Type Culture 

Collection (ATCCG). 10801 University BouLevard, Manassas, Virginia, 20110, United States 

of Anerica, on May 27,2020, under the terns of the Budapest Treatyunder ATCC Accession 

10 No. PTA-126760. A hybridoma cell line producing the MWTx-003 monoclonal antibody has 

been deposited with the American Type Culture Collection (ATCC@), 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 

15 Hnumanized antibodies comprising CDRs derived ftom a non-human source rafted into a 

human-derived antibody frameworkare expected to be non-immunogenic when administered 

to a human subject. As demonstrated by exemplary embodiments disclosed in Example 2, 

humanized anti-TMPRSS6 antibody variants were successfully generated, tested, optimized, 

and selected. Multiple candidate HC and LC variants were developed wherein each HC or LC 

20 variant had the same CDR sequences but the variable region frameworks sequences could vary 

at over 90% of the framework positions, and these variants tested in different HC/LC 

combinations to identify combinations having desired features. After initial design and testing, 

variants that showed desired. antigen binding affinity were selected for further evaluation and 

development, including but not limited to modification of some parental CDR sequences to 

25 avoid potential unwanted events such as aspartate isomerization, and modification of some 

constant regions (Fc) to achieve desired functions such as minimizing antibody-dependent 

cellular cytotoxicity (ADCC), to arriveat humanized variants hzMW Tx-001Var(SEQ IDNOs: 

73 (HC) and 75 (LC)), hzMWTx-002Var (SEQ ID NOs: 77(HC)and 79 (LC)), and hzMWTx

003Var (SEQ ID NOs: 81( and 83(LC)).  

30 Anti-TM PRSS6 antibodies that increase hepcidin promoter activity 

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

reduced hepcidin expression may modulate theactivity of at least one component involved in 
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hepcidin expression, where the component may be activity of the hepcidin promoter. As 

demonstrated by exemplary embodiments using an in vitro assay disclosed in Example 2, anti

TMPRSS6 antibodies MWTx-001, MWTx-002, MWTx-003, hzMWTx-OO1Var, bzMWTx

002Var. and hzMWTx-00Var increased HAMP promoter activity in a dose-dependent 

5 manner (FIGS. 2A-2F), while isotype controls at the same concentrations did not increase 

H AMP promoter activity.  

Anti-TMPRSS6 antibodies havinghigh affinity for a target in a relevant biological 

context 

Anti-TMPRSS6 antibodies showed high affinity for a biologically appropriate target, ie, 

10 human TMPRSS6 expressed on the surface of a cell. As demonstrated by exemplary 

embodiments of affinity measurements using three differentmethods disclosed in. Example 3 

and Figure 3M, monoclonal antibodies MWTx-001, NIWTx-002, and MWTx-003, and 

humanized variants hzMWTx-00IVar, hzMWTx-002Var, and hzMWTx-003Var consistently 

exhibited favorable affinity characteristics for therapeutically effective antibodies or antibody 

15 fragments.  

Anti-TMPRSS6 antibodies having cross-reactivity with non-human targets 

It is desiable for therapeutically useful antibodies or anybody fragments to have suffcient 

cross-reactivity with non-human targets (non-human homologues) from sources that would be 

relevant for further studies such as preclinical efficacy studies, animal models of disease, 

20 toxicology studies, etc, such that the antibodies or antibody fragnentsshould recognize, eg, 

a mouse homologue and/or a primate homologue such as from cynornogus monkey. As 

demonstrated by exemplary embodiments disclosed in Example 4, MWTx-001, hzMWTx

001Var, MWTx-003, and hzMWTx-003Var showed detectable cross-reactivity with mouse 

TMPRSS6, while MWTx-O01, MWTx-002, MWTx-003, hzMWTx-01Var, bzMWTx

25 002Var, and izMWTx-003Varshowed detectable cross-reactivity with cynomolgus monkey 

TMPRSS6.  

Anti-TMPRSS6 antibodies specifically hind TMPRSS6 (natriptase-2) 

Antibodies with a high level of specific binding to a target proteinand low cross-reactivity with 

homologous proteins in the same organism, are expected to have reduced or no off-target 

30 effects. Anti-TMPRSS6 antibodies provided here show high specificity fbr 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. 5A
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R, monoclonal antibodies MWTx-001, MWTx-002, and MWTx-003, and their humanized 

variants hzMWTx-O0IVar, hzMWTx-002Var, and hzMWTx-003Varshow specific binding to 

human TMPRSS6 (matriptase-2) and did not show detectable cross-reactivity with 

homologoushuman matriptases, i., these antibodies did. not show detectable binding to 

5 martriptase- I(ST 14) or natriptase-3 (TMPRSS7).  

Anti-FM PRSS6 antibodies having in vivo dose-dependent effects on hormones and 

symptoms associated with iron overload disorder 

Antibodies that can increase the level of serum hepcidin, a hormone that controls iron 

absorption and mobilization from ironstores, are expected to reduce, ameliorate, or prevent 

10 symptoms of iron overload disorder, in particular to reduce. ameliorate, or prevent symptoms 

of elevated levels of serum iron. As demonstrated by exemplary embodiments shown in 

Example 6, administration of anti-TMPRSS6 monoclonal antibody MWTx-003 or humanized 

variant bzMWTx-003Var to wildtype subjects.e, subject that is not known or suspected to 

have an iron overload, resulted in an increase in serum hepcidin levels (FIGS. 6A-6C), a 

15 decrease in serum iron levels (IGS 61) to 6F), and an increase in liver hepcidin RNA levels 

(FIGS, 6G-61) compared with isotype controls. These effects were dose-dependent, which can 

be interpreted as indicating, without wishing to be bound by a mechanism of action, that the 

dose-dependent in vivo effects of anti-TMPRSS6 antibodies indicate that a skilled person can 

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

20 Anti-TMPRSS6 antibodies having in viva efficacy in a P-thalassemia disease model 

Antibodies and antibody fragments that can relieve one or more symptoms of an iron overload 

disorder in vivo when administered to a subject exhibiting an animal model of the disease, i.e., 

a subject that is known or suspected to have an iron overload disorder, are expected tohave 

therapeutic effectiveness for clinical use. As demonstrated by exemplary embodiments shown 

25 in Example 7 using the Th3/+ mouse model of f-thalassemia, administration of the anti

TN4PRSS6 monoclonal antibody MWTx-003 resulted in multiple effects including but not 

limited to reducing liver non-heme iron, increasing seim hepidin, increasing liver hepcidin 

RNA, reducing splenomegaly, increasing red blood count (RBC) increasing hemnatocrit 

(-CT), reducing red cell distribution width (RDW), and increased production of mature red 

30 cells (increased erythropoiesis), compared with isotype controls. Each of these effects can be 

understood as an amelioration of a symptom of the disorder. Symptoms of the disorder are 

manifested in multiple biological systems that include but are not limited to effects in the liver 
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(effects on liver non-hene iron, liver hepci din RNA), in the blood (effects on serum iron levels, 

circulating hormone levels in particular serum hepcidin levels, RBC.HCT, RDW), spleen size 

and function (splenomegaly), and erythropoiesis in multiple sites including but not limited to 

bone marrow and spleen (effects on abundance of different precursor cell types and abundance 

5 of mature red cells in erythropoictic sites). Administration of anti-TMPRSS6 antibodies 

ameliorated multiple symptoms throughout the disease model subject. shifting the measured 

symptom levels away from levels seen in isotype controls for the disease model (untreated.  

disease) and. towards the levels seen in wild.type littermates that represent normal levels in a 

genetically similar subject that is not known or suspected to have the disease. Without wishing 

10 to be bound by a theory or mechanism of action, it is understood that ineffective erythropoiesis 

is a driving force for abnormalhepcidin suppression leading to increased iron absorption and 

iron overload, such that a treatment that improves erythroblast differentiation and maturation 

into red cells should be therapeutically beneficial for treating an iron overload disorder. The 

present non-limiting exemplary embodiment discloses an anti-TMPRSS6 antibody therapy that 

15 increased erythroblast differentiation and maturation into red cells and also decreased iron 

loading, 

CoMPosmTIoNs 

Compositions are provided that comprise the anti-TMPRSS6 antibody of the present invention 

with safe and effective amounts and pharmaceutically acceptable carrier (s) or excipient (s) 

20 suitabltfortheintendeduse(s)ofeachcomposition.Such carriers include but are not limited 

to: saline, buffer. glucose, water, glycerol, ethanol, excipient, stabilizer, preservative, or 

combinations thereof It is understood that the pharmaceutical preparation should match the 

administration mode.  

Anti-IMPRSS6 antibodies disclosed herein can be administered by any suitable means, 

25 including but not limited to injection or parenteral infusion, Parenteral infusion can include 

intramuscular, intravenous, intraarterial, intraperitoneal, subcutaneous administration, or 

parenteral delivery to the liver, Anti-TMPRSS6 antibodies disclosed herein can be formulated 

for introduction into hepatic tissue or vasculature for delivery localized to target tissues. Anti

TMPRSS6 antibodies disclosed herein can beadministered using a device, or as a depot, or in 

30 a sustained-release preparations (eg, semipermeable matrices of solid hydrophobic polymers 

containing the antibody, or microcapsules) to allow slow andor measured and/or localized 

delivery. Anti-TMPRSS6 antibodies disclosed herein can be formulated and administered 
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using colloidal drug delivery systems (for example, liposomnes, albumin microspheres, 

microemulsions, nano-particles and nanocapsules) or in macroenulsions.  

Methods are provided for treating a disorder of ironmetabolism using an effective amount of 

5 an anti-TMPRSS6 antibody disclosed herein. Without wishing to be bound by a particular 

mechanism of action, methods provided for targeting TMPRSS6 using anti-TMPRSS6 

antibodies disclosed herein result in multiple downstream effects, in particular effects on 

components (molecules, systems, processes) involved in iron metabolism and erythropoiesis.  

Without wishing to be bound by a particular mechanism of action, methods are provided for 

10 treating a disorder of iron metabolism usingan effective amount of an anti-TMPRSS6 antibody 

disclosed herein to modulate the activity of a component involved in iron metabolism. In 

particular, methods are provided for treating iron overload disorders associated with excess 

iron accumulation in tissues and organs, including disorders related to or characterized by 

ineftective erythropoiesis that may include but are not limited to 3-thalassemia, in particular 

15 non-transfusion dependent thalassemia, MDS (myelodysplastic syndrome), dyserythropoietic 

anemia, and sideroblastic anemia. Without being limited to a single mechanism of action, 

methods are provided for treating an iron overload disorders associated with low hepcidin 

levels, in particular disorders associated with suppressed hepcidin expression, including a 

disease or state in which abnormal suppression of hepcidin expression is involved, by 

20 administering anti-TMPRSS6 antibodies capable of increasinghepcidin expression.  

Methods for treating a disorder of iron metabolism as provided hereincompriseadministeng 

an effective amount of an anti-TMPRSS6 antibody disclosed herein to a subject in need thereof, 

wherein administration of the effective amount of anti-TMPRSS6 antibody ameliorates at least 

one biological effect (syniptom) associated with the disorder. Methods for treating a disorder 

25 of iron metabolism associated with suppressed hepcidin levels are provided wherein 

administration of an effective amount of an anti-TMPRSS6 antibody disclosed herein to a 

subject in need thereof, results in at least one of increased hepcidin promoter activity, increased 

hepcidin transcription, increased hepcidin RNA levels, and increased hepcidin levels, in 

particular serum hepcidin levels, Methods for treating a subject known or suspected to have 

30 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 limited to 

reducing liver non-heme iron, increasing serum hepcidin, increasing liver hepcidin RNA, 

reducing splenomegaly, increasing red blood count (RBC), increasing hematocrit (HCT), 
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reducing red cell distribution width (RDW), and. increased production of mature red cells 

(increasederythropoiesis.Methods for treating a subjectknown orsuspectedto have an iron 

overload disorder characterized by ineffective crythropoiesis are provided wherein 

administration of an effective amount of anti-TMPRSS6 antibody results in one or more 

5 biological effects including but not limited to reducing liver non-hene iron, increasing serum 

iepcidin, increasing liver hepcidin RN.A, 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 metabolisin, in particular 

10 an iron overload disorder, even more particularly an iron overload disorder characterized by 

ineffective erythropoiesis, wherein administration of an effective amount of an anti-TMPRSS6 

antibody results in treating or ameliorating more than one biological effect or symptom 

associated with the disorder. Without wishing to be bound bya theory or mechanism ofaction, 

it is understood that ineffective erythropoiesis characterized by erythroid precursor apoptosis 

15 resulting in few mature red cells produced in the bone marrow, is a driving fbrce forabnormal 

hepcidin suppression leading to increased iron absorption and iron 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 

effectiveness of anti-TMPRSS6 antibody therapy to increase erythroblast differentiation and 

20 maturation into red cells, decrease iron loading, increase hepcidin expression, etc, maximizes 

thetherapeutic benefit of the methods and compositions using anti-TMPRSS6 antibodies 

disclosed herein.  

The following examples are offered to illustrate, but not to limit, the claimed invention.  

EXAMPLES 

25 EXAMPLE: ANTIBODY PRODUCTION AND IDENTIFICATION OF ANTIBODIES THAT BIND 

TMPRSS6 

The production of novel monoclonal antibodies against T\PRSS6 was carried out under 

contract bv the LakePharma Discovery Immunology group (LakePharma, Inc. Santi Carlos, 

CA), utilizing in vivno rodent immunization and hybridoma technology. DNA-based 

30 immunization via hydrodynamic gene transfer tail vein injection was performed in B6;SJL 

mice (The Jackson Laboratories) using a mixture of pLEN113huTMPR.SS6 and 

pLEVll3_moTMPRSS6-TCE plasmid DNA (cloned at LakePharma, Inc). Sufficientplasma 
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titers as determined by fluorescence-activated cell sorting (FACS) were obtained, triggering 

downstream antibody recovery and screening activities. Electrofusion using a NEPA GENE 

ECFG21 Super Electro Cell Fusion Generator (Nepa Gene Co, Ltd., Ichikawa-Cliy, Chiba, 

Japan) was performed with pooled splenocytes from 2 immunized mice and a myeloma fusion 

5 partner. Fusion material was plated in a total of ten (10) 384-well plates in hypoxanthine

aminoptrintmidinemedium, which specifically selects for hybridomas over unfused 

myeloma partner cells. Hybridoma supernatants were initially screened for HuTMPRSS6 

reactivit by FACS nieasurement to detect supernatants that gave a positive staining signal on 

TMPRSS6-expressinig HEK293T cells (a plasmid encoding huTrMPRSS6-(Hiis) (SEQ ID NO: 

10 97) was transfected in HEK293T cells, TMPRSS6-expressing HEK293T cells were selected) 

and negative staining on parentals (HEK293T) on day 10 post-fusion. Hybridoma supematants 

giving a positive staining signal on TMPRSS6-expressing HEK293 cells and negative staining 

on parentals were designated as "hits" for further screening. 192 hits were identified in the 

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

15 EXAMPLE 2. FUNCTIONAL SCREENING OF ANTI-TMPRSS6ANTIBODIES IDENTIFICATION, 

GENERATION, AND SEQUENCING OF MONOCLONAL ANTI-TMPRSS6 ANTIBODIES AND 

HUMANIZED VARIANTS 

HAMP-Luciferase reporter assay 

A hepcidin promoter-luciferase reporter assay wasused to measure responses of the AMP 

20 promoter to various anti-TNPRSS6 antibodies (Du, X et at, 2008. Science320: 1088-1092; 

modified to use human 1AMP promoter instead of mouse Hamp promoter as originally 

disclosed). For the 4AIP-luciferase report assay, a 2.5 kb IAMP promoter fragment 

(Reference Gienome(GRh38 was spliced upstream from a sequence encoding firefly 

luciferase. A control construct encoding Renilla luciferase, driven by a thymidine kinase 

25 promoter (Promega, E6931) was used as an intemal control. These constructs were co

transfected into HepG2 cells (ATCC, HB-8065), together with constructs encoding TMPRSS6.  

Transfected HepG2 cells expressing TMPRSS6 were pre-treated with various concentrations 

of purified mAb diluted in starvation medium containing minimum essential medium (MEM, 

ATCC) I M% heat inactivated fetal bovine serum (FBS, Gibco) + imM sodium pyruvate I 

30 non-essential amino acids solution (Gibco) -t10mM HEPES (Gibco)+ 1% Pen/Strep (Gibco) 

for about 3 hrs before treatment with recombinant hBMP6 (R&D Systems) at a final 

concentration of25-60 ng/mi totriggerBMP-SMAD-mediated signaling. PurifiednmouseIgG 

(Sigma-Aldrich) or human IgG1 (BioXcell) was used as a control. Upon an overnight treatment 
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of hiBMP6, celIs were lysed and luciferase substrate were added, Luminescence readings from 

firefly luciferase and Renilla luciferase were each recorded by measuring total luminescence.  

Activity was calculated as the ratio of firefly luciferase luminescence to Renilla luciferase 

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

5 Functional screening invitro 

To screen forfunctionally active hybridomas, the H-AMP-luciferase reporter assay described 

above was used to test all 143 HuTMPRSS6 binding iybridomas ("hits"). Supernatants of ten 

(10) out of 143 HuTMPRSS6 binding hybridomas increased HAMP promoter activity (data not 

shown), and were identified as "active clones" to undergo further testing. These ten (10) active 

10 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 I 

cell/well in 192 wells of 384-well plates to generate monoclonal hybridoma clones, the 

resulting subclones that exhibited desired functional activity and cross-reactivity against non

15 human targets, e.g. murineTMPRSS6 (moTMPRSS6) and/or cynomolgus monkeyTMPRSS6 

(cynoTMPRSS6) were identified as MWTx-001, MWTx-00()2, and MWTx-003.  

Sequences of anti-TMPRSS6 antibodies MWTx-001, MWTx-002, and MWTx-003 

Sequences ofMWTx-001, MWTx-002, and MWTx-003 were determined by isolating RNAs 

froneach hybridoma sampe, carri outre s transcription ply chain reacti 

20 (R1T PCR) withunique mous i g - specific printer setsto ithetargetvrl 

for sequencing. f Aunique heavy chain and a uniqetlight chainwere idetified for ech anti

TMPIRSS6 antibodv Te nucleotidc sequence of each heavy chain and each fight chai w as 

determined. Amino acid sequences encoded by the nucleotide selqueces were determined, 

CDR regions were identified using the Kabat numbengesystem. Table n prseey chain 

25 and lih cinvariable e nio acid s s d ama ino acid sequences ofidentified 

CDRs (based on Kabat numbering )and havy chain and light chain variable region ncleotide 

sequencesfor each of MWTx-001, MWTx-002, and MWTx-003.  

Table 1. Sequences of variable regions of anti-TMPRSS6 monoclonal antibodies 
MWTx-OO1, MWTx-002. and MWTx-003 

MWTx-001 

Heavy chain of MWTx-001: 
Proteinseqe e ofthe variable reiJon: 
QVQLQQPGAELA-KPGASVKMSCKASGY1TFTSYWITWVKQRPQDLEWIGNIYPGSGST 
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Table 1. Sequences of variable regions of anti-TMPRSS6 monoclonal antibodies 
MWTx-f)l), MWTx-fl62, and MWTx-06I,3 

YYNLKFKSKATLFI'l}USSRU-AYM',QLSS.-TSAlSA\'VYNCAPYDSDYA,,v.DYWGQGU-SVT 
VSSSEQ IDNO: 1) 

tIC.............................t) U A.... .1.......................................W ( D .........................  
G Y RTS.......... \\(S................)... RIG SG......... l(S....... Q.... )....A.........S)Y.A MDY(SEQ..B................  

NOX NO. NO:4) ...........  
N.1otd ............... ar...bl......lon 

CAGTC\A ......1...1GUTTCiAGC'C~GGTCA~A 
GATGT~iG(A..C... TGGX''AXVCTECACAGCT&EGG........TG 

KGC......C.....A A ......G...UG.............CTCol.XG....  

CGICACCGTCTCCVCA(ID IPGSNO (SQI PDDYND SQI 

ProisequenceftLe vraleI~ion 

DfKMTQSPSSMY-i'ATC~CCr~~iiCI'-A¶CdR¼IlILKV~QDWNYLSWVOQKPGKSLI'.iNRVKCY"IO.\[Rl AP 

CJAMCACAGTCC((CCA l~ICI1\(.II \GExIDiNO:G5GI 

Ligtxchino2NWx01 

Prcqein seotuence of thie vaniabe re~ion: 
DVQLQQSPYSItXVKPGAVK4tLSCTASGFIN1KDYIiIWVOKRKStK'QGLLW.FGNRIPEIDC,'VIS 

LTVSGShSEQIDNO'TII)EEVIFLYEFLIFA''LLK( DN:6 
...........................CR 

GFMK \Xxt U .................Q.... ..RG..SM M.......Y(S...Q 
N.. ................ N.......NO....4) 

N c o Id .q u~ ............b......  
GAG Y .............. (.... LTG AG:cGG GC iC .G EA 

...GTCC .G.....C.CIG CICAACAIT.A.G.C.......lAC.C...GI(....  

IGCACCACSCQCACG:I)CCRA(S~1L'Q IDNO:1) D':9 

Nueci sqemcacofie vaabeeon
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Table 1. Sequences ofvariable regions ofanti-TMPRSS6 monolonal antibodies 
MWTx-f)l), MWTx-fl62 and MWTx-06I,3 

DIVMTf-QSH-lKEMST-SVODRVSIFCIKASQDVSifAVAW kYQQKPOQSPKi~t.IYW AETR~iTO'V 
PDREf-TSTGSGIDYA1A l-SSVOAI--DLALYYCQQYRSPWhOOOYGlKEK (SE,-Q I) NO: 

16) 
..( (..........................C.. .......  

QD.................. -X(E I N QQHY ....SP ....(SEQ.....)NO.  
Cl R8 .9....... .........  
Nu lo d~T ucoc of......e..ar..ab...e.......: 

CTTCCC (Si'GOI'TC!OTCTON.(iCXC(ID NC,: AA1C½½NSEQ'IDNO20)IDNO 

Protisucofhevaralre rjon.1 
F'Ivl056XIINKPOf-ASVKLSF.CAOCNJISDYY'('FCAl''..IHTQl',WIGRIDPEDOETT,.I(ij 
(NXPQFQ'"CAK'\[IIPDTSSNTGGCAMQLSSLTSEDi(i~AAX'YYCRIY~'-LDPMDYWO-G~AITSVTVS 
(SEQJON,-CCI 1) VCC'IAATC'AIr''CrGC''rACG'AA
GGAG'CDI'GX 1)14CAAC-.2 GAfClUGGC.G(DRAGI'I'ACA 

NOICCiIG~A'iIIC'iiIC~Ai~CCAAh'(ottlA NO:23. NO:2:20 

Nrodernl{Kmic souuce variable eton 
O... ..... C..t.C '.....G T ...............U........C................. -T.....  
EVI.i1(11CCICC PACXOC ,'JCT1CXAC-,,llTY iXAOACTACTA' QIIXC'N.CTOOO-TON\ 
YAQFCi\6V.AJ P.)SS-IAC1(1½\CAOOOCCOOAOTOATTOAOOTOC(TARSYDMYGOATGGIV'vll .  
CrN.N.ID7N.CTTCCCCOTCNOOCAO'C.I)ATCAOCCT 
CICAXCACAGC>C1ACAIOC4CCIC\GCAOC............................................iON.CMCICAOOACCCTOCCOTCF................................  
..NilX........lOT....C... AG.... lCGA......C.)AC.... llti....... . TCCTATGO'X(IAC)OCIOGTCAAOOAACCT I.........................  
C ,N..........ts ........C.....CC IG TC TC C IC X.............................s........QH )N O.................)..  
Iw h td iain o f MW......................................................x0 9 3......... .....  

lhouwnutq.....f..o...a..... o 
.........IK ..STS... I)..............1..N.WYQQK CQS KLI W T RIT I 

Th)RU~i~itiiT~lilIS\0Ni)1N.NNCQIIYS1\...t...l...SQ.DN 

QFIVIIAD (SEQ J[)N \%N.If NEAL)O QQ\IINIM (S'Q [IDNO 
N7, 0:2')09 )29 

GAATI-CACIC'TGCAtN.OOCATGGCATtTAICIITTA.COCOCGCCIIN.CA A 

AiAAACACA AOT I'CCCCT\N.XIXCTA(-GAIACOCIC1-l-ACAC(i(-iCACX--1lC 
C(IIGATCC'-CTGATCGICTVrCIArCAO(N CAC.TOOACCTACTAACICtC'NTC> 

AOT-'fAOTGTVGCTAOGA-CGAAOAI' -CC061ACLITAIA'FACTI',NC1CIN.ACGA.CC' 
CCGL'CACCYCOGGOC.C4.CTGOAAAIIIAAA(SEQ0:NO50 

-Ligt chin o MW~-034
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Generation and screening of humanized anti-TMPRSS6 antibody variants 

Humanization of the parental antibody was performed utilizing CDR grafting onto human 

antibody frameworks. Homology modeling of the parental antibody's 3-dimensional structure 

was first performed to establish a structural model of the parental antibody. Amino acid 

5 sequences for the variable fragment framework were identified based on the overall sequence 

identity,matching V-VL interface positions, similarly classed CDR canonical positions, and 

removal of potential N-glycosylation sites. Humanized antibodies were designed by creating 

multiple hybrid sequences that fuse selected parts of the parental antibody sequence with the 

human framework sequences. The isotypes chosen to format humanized antibody were IgGI 

10 for the heavy chain and [gGI kappa for the light chain. Using the 3D model, these humanized 

sequences were methodically analyzed 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 humanized antibodies while retaining the original antibody specificity.  

Humanized variants, pairing the humanized VH and VL were then expressed and purified for 

15 affinity analysis, 

In one 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 

corresponding positions in four different human IgG-derived frameworks (SEQ VD NOS: 89

92), and four VL (VK) variants were generated with the VL-CDRs of the parental antibody 

20 iWTX-003 in corresponding positions in four different human IgG1 kappa -derived 

frameworks (SEQ ID NOS: 93-96). A total of sixteen (16) humanized variants representing 

every combination of the'VH and VL (\K) variants were preparedaccording to a 4VH x 4VK.  

matrix, evaluated for antigen binding characteristics (k,, k,, KD) and found to have KD 

values in the nanomolar range, from 4.16E-07 (to 1.09E-08.  

25 Variants thatshowed desired antigen binding affinity were selected for further evaluationand 

development. In some cases, parental CDR sequences were modified to avoid potential 

unwanted events such as aspartate isomerization, 

To silence antibody effector function, in particular to silence antibody-dependent cellular 

cytotoxicity (ADCC), critical aminoacid residues in the Fe region were identifiedand mutated 

30 (substituted) for all of the humanized antibody variants. Guidance availablein the published 

literature concerning Fe mutations to achieve the goal of abolishing ADCC was used to inform 

the present mutations, for example removal of the native Fe N-linked glycosylation site 
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(N297A mutation) in hIgGi, or substitutions of leucine at positions 234 and. 235 of the lower 

hinge region in the Fe (LALA double mutation) as described by (Tamm A, Schmidt RE. IgG 

binding sites on human Fe gamna receptors. In Rev Immunol 1997;16(1-2):57-85, doi: 

10.3109/08830189709045703; Jefferis R, Lund J. Interaction sites on human IgG-Fc for 

5 FegammaR: current modelk immnol Lett. 2002 Jun 3;82(1-2):57-65. doi: 10.1016/s0165

2478(02)00019-6). In the present variants, the N297A mutation was introduced in the Fc of 

the hzMWTx-001Var and hzMWTx-002Var antibodies, and the LALA mutation was 

introduced into the Fe of the hzMWTx-003Var antibody, to achieve the same goal of reducing 

or silencing ADCC (Table3 SEQ ID NOs: 73, 77, 81).  

10 After evaluation, humanized anti-TfMPRSS6 antibody variants hzMWTx-00IVar, bzMWTx

002Var. and bzMWTx-003Varwere selected for further testing, Sequences andfeatures of 

humanized variants are shown i'inTables 2 and 3 below.  

Recombinant production of humanized anti-TMPRSS6 antibody variants 

Expression constructs for humanized anti-TMPRSS6 antibody variants were engineered with 

15 internal ribosome entry site (IRES) between LC- and HC-coding DNA sequences, codon 

optimized by Geneart DNA synthesis and cloned into pcDNA3.4 mammalian expression vector 

(ThernoFisher). The sequences of DNA inserts were verified by sequencing. For recombinant 

antibody production, the expression constructs were used for transient transfection using 

ExpiCHO expression system (ThermoFisher) following manufacturer's instruction. The 

20 expressed antibodies were purified by Protein A affinity chromatography. The yield of 

antibody production from transient transfection ranged from 50 mg to 300 mg per liter, with 

purity > 95% and < I EU/l endotoxin level 

Sequences of humanized anti-TMPRSS6 antibody variants hzMWTx-001Var,hzMNWTx

002Var, and hzMWTx-003Var 

25 Humanized anti-TMPRSS6 antibody variants hzMWTx-001Var, bzMWTx-002Var, and 

hzMWTx-003Var were selected for further testing, Sequences of the variable region of each 

variable region are shown in Table 2 below, where identified CDRs are indicated by 

underlining and changes made in the humanized variant CDR sequences relative to the parental 

antibodyare indicated and discussed, 
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Table. Amino acid and nucleoidesequences of variable regions ofhumanized 
anti.-TMTPRSS6 antibody variantszMWTx-OOI.Var, hzMWTx-0(J2Var, and 

hzMWTx-OOI Var 

Heavy chain of hz,M1Tx(JOar
ProteinsequenLoof' nbec'n$Dm.dethatdifhr frompail-taseqlueslcoinlhold): 
E\Qi.N'QS($\[VKKPGXS\KVSIKASGYfl P 1SY WLIWVRQAPGQRIEW1ONYPGSGST 
YYN1EKFKSK-,,\1 I.RlTSSRF\\YNi-1tSSIiS)TAYYCAPYD)A )YAM, -DYWGQGrLVT 
\SS (S EQ IDNO: 31) 

.. .. .. .. .. .. .. ... ...u.. .. .. ... .. .. .. .. .. .. ... .. .. .. .. .. ... .. .. .. .. .. .. ... .. .. .. .. .. ... .. .. .. ....................  
OgiA~sqecijrniviovs~ee itwade....dtat ....c.ti..  

combnauothatouldsu~hpaitates...........S(S.i....tisp.ni.......ne 
t A A a i e ... .....................................  

N................o .....d..... ...e..................ofth e.........variab le........................o......  
...A...T G ..................... I.....G.........c H :.......................cXc............  

GOTGTCICAGCSCICCGGINCAC.I... CC.GC..C....C.CC....T...  
I.. ..... .... ... ...  

(SGGQIDACG0:I3C2) T(SEQ ID:0:3) SQINO 

lightit nfhirWnex-OO1VceA i zWx01Vr1C:R 

Nu-otid sequece of thiabe vriegn(rei ctadlefoprn~eu enod) 
DIQMTQSPSSLSASV'.GDR'ITCIGGCKA.SDISNLS\VQQKGAPKYA.C''GGCIRLVEi'GVPS 

QDLSNIC' CYEQIDNO:27)'l RAN(SEIDN O:~ LQ3FLTSQDN:9 

LhfcohmentonuzA'nelnedsqunce-ihzM IOO[arCCU

Priteinlsq-iote tviabrgitaatiboCDRyiduers tasdifeteninedrpttatN sacrie o tic 
coQmbtionth LAcoudRVsultintspAragDideam-YdauonQsOAParagIneRAthisposuuo 
waSScnGSGmN(1-SImc) DAfY~.YEF'lI 'G~'VEI SQI O 6 

N uckotide..............bl.......  
...(:.......A G.. xi .....1 T.............................GA G 1 Az AICC.(jAGKCGCXGCTCXCVTCCTTCGG'7?C{Z 

G~~VxG............... ..... -ft" .\X..............CX CA ACT G GA '. M., ***I ** *** *** *** *** (C(sAI(IGGN iCVGG(A(G*CIT*A*CCTA.CA 
TCCAZiCCIGCXGC..(110GWICAE ...... .........A..GAC....I 
CCTCTGACCTTTGG((Aj............................fjGC\CC\\GGTOOAAAII\\6(SEQIDNO:40)...............................................  

h z MW**************.....................................................................x- 0 0 2.....V.................a r..................................................................................................:::::::: 

.. ..... ..... ...... ..... ...... ..... ..... ...... ..... ...... ..... ..... ...... ..... ...... ..... ..... ....3 7. .... ... .
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Table!2.Amino acid and nucleoidesequences ofvariable regions ofhumanized 
anti.-TAMSS6 antibody variantszMWTx-OIVar, hzMWTx-04J2Var, and 

Heavyirchain of hzMWVvTx-002Var: 
ProVl fl'eotuer1c ofvriabler w~o(CR residustatdifier frmparentalcqwice in bold): 

FN~tlNOSGALVKKPGASVKVSCKASGF' ,i'KDY YIWVRQA'TGQGLLEWMGRtDPFI)4k 

SEX\PKQRVIT-fADTSD AYMBLS,'LRS.EDTA-VYYCR+DS'MMVT.YFDYWGQGTI 

(VrSINOf (S1H)N ID NO:cQI4N:4) 
C o fli........ fl.......to .....t ...d ..........ne d se q u ............ce D......i..............................................  
.. r... g.... al................. npare...... t.. la... ti.... odyis.............. It........ d..... e.. m i..... d.... a.. t..... i... acritical......  

combinaion~hatouldli..y...u.i.........t..n........soU.lvein:att*i*ositio 
.......i.....g......A k.... 1n*........  

.. ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...fth e v a ria b le. .. ... ... ..... ... ... ... ... ... ...... ... ... . .. ..  
GAAGTGCACTG.iT....T......CC...TGAAO...C.GOCGCTCTG.G.  

...TG ...................AA GAC ACT CACCAi...C 
(3ACAGCVACCGSAC...................CGAATC.CC.. G.G....  

GGGCCCC1ICA.AGTT2li(SEQHIDNO45} D O 4 

LCommhanoffiWeiie sqeneDA902iMWxVarar1C D-'.  

1Nuo n seueci of rtabe vriabl rcfl n 
DQM..Q..P..L....V.D.......(K..QD...........QQKP......KLL...W.TTR..I.  

PS.RIGSCG'CGFCAT''GSG1DYAiISSLQPFD\TYYCQQIIYRSPWT GGK\IKSEIDNO.IGA 
46.~''CIGAGCCIC.~GI.CA'A'fAAGC.AIA.AIC.ClGGTC 

hzMWGC"'AC'tlZAGGACr txGAG WGAr 1GC:GA"XtXV .CC'rAt0CC 

QDVSA(SEQG''C.CG'DNO: l"' (SNI-tSLQ IDN: QHYSWTS)m 

46)) 
N ucleotidescqudnc.............................................olI.................anthiercg.j..............................  

....... l((A....G..........iA(......(X.....i....C.LU.....l( .....iCVCVGTCCGCCTCTGTGGGC...............G4(............ AG..........sI.....  
V('UCt\I~sXA(AYC[H(VGM~iTiCCAC:.......(........J(' 

..... i(KAG(( ............... CTTACAGAZC'lC 
(A(TIGUCTCTGGUI'TCCGGTC.............. ACGCC'.(.X....  

CCAGCCTGCAGCCTGAOGACTTCGCCACCT...................... ............. ......... A.................... C...................................  
CCCTGGACATITGGCGGAGGCACCAAGGTGGXAATCAAGSEQIDNO:50)......................................................................  

b z M W....................................x-O O 3 V a r......................................................  
....y.h.i..fh.............  

Pro ei segu.nce o............ .....................d..edb..d..........resi ues ...di...  
fo p Re ...a.....D.sequenceindicatedinb.........ld): 

.. ..... ..... . .... ..... ..... ...... ..... ..... ..... ..... ..... ...... ..... ..... ..... ..... ..... ...... ..... ..... ....3 8. ... ... .
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Table!2.Amino acid and nucleoide sequences of variable regions of humanized 
anti.-TAMSS6 antibody variantszMWTx-OIVar, hzMWTx-04J2Var, and 

QVQL-VQSGALVKKPGASVKVSCKASGF-MLPEYVM -IIWVRQAPGQRUS, W.MGRIDPtPA 
T Y SPKFQGR VTlIPDJSANT,, AY,,ELS SLR SIDUAVYY(<ANSiYLIDPMNDYWGQGTL'H, 

\'SS(SfQ IDNt)": 51) 
.. .... .... .... .... ..... .... .... .... ..... .. ... .. ... .. ... ... .. ... .. ... .. ... ... .. ... .. ... .. ... ... .. ... .. ... .. ... ... .. ... .. ... .. ....  

H C C D R I B C CD*****.............................................................................h Z .............................C ( ...........................R 
........ N.................................................. L L )P.........D...  

(SEQI.NO:.... .. Q DN :3 ..............NC).......4)..  
W.,m toudriesqecDihM~-0VrICR2 (I~orl~qc~enprntlntbdys~hreIwadtemnetat.sartia 

cUnIfoatcol iiapatimnAtiosU(GycNe.thspsto 
.t. .. .. .. ... .. .. .. ...A. .. ..l.......... ..  

N... ... ... ... .... .. .. .. .. .. .. .. . f.. .. .. .. .. r.. .. .. .le. .. .. .. .. .. .. ..  
..A G....T G.........T........................G..GC....G........G.............. C... G... C G C C.......T..........  

...... ..... ...... ..... ..... T..... ..... .....A ..... ..... ...... ..... .. A... ..... .....  

....................ccCCTGG(CA(...............A(\ ......TGGAATGGAT.... G...................C ...GAATCGACCCCGAGOAC(T(........................  
CGA**..** iACAACCIAC1( (CI\X.**..**..**..*********iTTCCAG**********iGCC***.**iC&IOACAATCATCCCTGACACCI.**...**..**..*...........  

....C....................... .....A................................AG ' A A C GA ........................[ ....  

CC &IDINO:GT52) TC(SEQ IDNO:553) (E DN 4 

LoightchatifhzMWnd eqoie A x-0034W1x00Va 1CrDR 

Proi seQec ofe variable rn: 
DQ...Q.. PK.L.......D......R..............Y..KP..Q..KL......A.TR....V 

PSRFGS'IGSAGTDKTISSLQPEDFATYYGC:GCQQHYSTPYTEGQAGTKLUIK(SEQIDNO:56) 

QD'VGI'AG$LQIDM) WVP(SEQIDNO1 NQOSTPT(S5)i 

Nridetidsqiie o1EflC vtial. ~.rgin:ol 
QM3ACATC(\GXI ,jA(CLVG(1CVIN.\\()l'CNtTi'CCCICCJ'CCGTGGGCCLIACAGA&F-IIC, 

GACCAT(C~i~lA~itt.............. CCGC............AG 
AGAAC()(GC(A)(~C( kGCTGTGATTACGQGGCC\E(\(C\DACOC-C) 

FSGCGTG (IG \ID LI IKCGQGCEDFVCVGG YCTCGC G( Q (CTGACAS.I 
TCCAGC('I('C\G(CPGMJGXCTTCOCCACCTACTACTOCCAGCM..................................................................('WTACAOCAC..............  
CCCIFVA.............x......1.......J......t( ....AGGGCACCAAGCTGGAAATCAAG(SEQJDNO:6................%...............................  

Tableshowcompel~hix~cainadligtchan~roeinadn.....d.equncesfan.  
TMPR S 0m N u Unala..b..................00..and..x....and ..ma. iz.  

ant-TP~SSaniboyvrinthzWTx001VarHA4W.......2.a.....d.......  
5 OO3Var.Heavychainproteinsequencesothumanizedanti-TMPRSS*antibodyvariants 

.. . .. . .. . ... ... .... ... .... ... ... .... ... .... ... .... ... ... .... ... .... ... .... ... ... .... ... .... ... .... ... ... .... ..3. ... ... . .
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hzM\WTx-00 IVar, hzMWTx-002Var, and hzMWTx-003Varshow the location of mutations 

(changes) introduced to reduce ADCC as described above.  

Table 3. Heavy chain and light chain sequences of anti-TMPRSS6 monoclonal 
antibodies MWTx-001, MWTx402, and MWTx-003, and humanized anti

TMPRSS6 antibody variants hzMWTx-O1Var,hxMWTx-002Varand hzMWTx
003Var 

Anti-TMPRSS6 monoclonal antibodies 

MWTx-001 

Heavy chain of MWTx-001: 

Protein sequence (Constant region indicated by itlics): 

QVQL.QQPGAELAKPGASVKNISCKASGYTFTSYITWVKQRPGQLfEWIGNYPGSGST 
YYNEKFKSKATLTVDlSSRTAYMQ LSSLTSADS\A VYYCA PYDSDY AMDYWGQGTSVT 
VSSAKTTAPSVYPLPVICFDTTS ILGCL KGYLEPT LTWNSSLSSGVHTFPAI VLQSD 
LYT LSSSVTVTS'STWPSQSWCN 445[A STK/Kit/PRPIKPC(PCAKCPAPNLLGGPSF1 
FPPAJKDVID//SLSPIXTCVVfVDV V N 4QTQT1RDYSTLRVVSA 
LPZQHQDWMSGKEFKK<1NKDLPPIRIKKSVRAPVYV LP EEITKKQV[LT 
M!VTDEMPED/~.AIYVENKLY KNTFPVDSDSPVMSUK \ KWVESRNSYSCSVV 
HLEGLLNH HTKSFSRTPG(SQ 1D NO: 61) 

Nucleotide sequence: 

CAGG'TC:CAACTGCAiC-AGC( T~CTGGGCTGiAG'CTTOCGA AGCC:TGGGiiCTTCAG'TG'AAG'A 
TOT3" CC"COCAAGGCTCTGOICTIC~i AC'A(CCTTC'AC'C'ACTACT lGGjA-TAA(C CGGGT lGA ACAG 
AGGCCTGGACAAGACCTTGAGTGGATTGGAAATATTTATCCTGGTAGTGGIAGTACTTA 
(TACAATGAGAAGTT('AAGAGC('AAGGCCACACTGACTGTAGACACATC(TCCAGAACA 
GCCTACATGCAGCTCAGCAOTICTGCTCTGCGGACTVCGCTCTA TTACTGTGCCCCC 
TATGATTCCGA CTAT(CTATOGACTACTGGGTCAA(GAACCTCA(TCA(CGTCTCCTC 
AGCTAAAACAACACCC(CATC(GTCTAT(CACT(iC(CTTGTGTiGAGJATACAACTG 
GCTCTCGGTGACCTAiA TCCOTA1AjXGG TTA TTTCCCT AATGAECCTTG 
ACCTCGA ACTCTGGTTC(CTTCCATGTGTGCAACCTTCCCAGC'TGTCCTGCAGT(T 
GACCTCACC(CCTACTCAxCAGCGTGACTGTAACCAGCTCGA(CTG(CCCAGCCAGTC 
CATCACCTGCAA TGT('G'CCACC&CWCAAGCAGCACCAA(iGTCGGACAGACAAATTGAG 
CCCAGAGGCCCACAATCAACCCGTCCTCCTCstkAAIC((CACACCTAACCTCTT 
GGGTGGACCATCCGTCTTCATCTTCCCTCAAA(ATC(AAGATGTACTCAATCGATCTCCCT 
GAGCCCCATAG TCACATGTGTAGTCGTTGAT(TGAGCGAGGATATA(CAGATT(CAGA 
TCAGCTGTTTGTGA ACAACGTGGAAGTCAC A TAG A CGCATA AGA 
GGATTACA ACAGTACTCTCCGGGTTGTCAGTCCCCTCCCCATCCAGCK'ACCAGGAT(GGA 
TGAGTGOC'AAGGAGTTCAAA TGCAAGOTCNACAACAAAC(CTCCCAGCCCCATCGtA 
GAGA ACCATCTCA AAA CCA AAGG(CATAG~UC(ACAGTsAITATGKTCT((T 
CACCAGAAGAGGAGATG ACTAAGAAACAGGTCACTCTGACCTGCATOGTCACAGACTT 
CATCCCTGAACACATTFA CGTCGAGTCGACCAACAACG(GGAAAACAGAGCTAAACTAC 
AAGAACACTGAACCAGTCCTGGACTCTGATGOTTCTTACTTCATOTACAGCAAGCTGAG 
AGTGGAGXAGAAGAACTGGGTGGAGAGAAATAGCTACTCCTGTTCAGTGGT(CACGA( 
GGTCTGCACAATCACCACACGACTAAGAGCTTCTCCGGACTCCGGTTAGTAA (SEQ 
ID NO: 62) 

Light chain of MWTx-001: 

Protein sequence (Constant region indicated by italics): 

DIKMTQSPSSMYASL(iERVTITCKASQDINNYLSWFQQKPOKSPKTLIYRANRLVDGVP 
SRVSGSGSGQDYSLT SSL.KYEDVGIYFCLQYDEFPLIFGAGTKL LKRADA PTVSihPPS 
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1)11RH 17CEAI-I/SFPJISTFRVE(SEID NO: 63) 

Nuclottde sequence: 

('ACUOGAAATCTC'CTAAGAt('tCTGAT('TAkT(iTTiAAA.CATTGTAATGGGTCCt>A 

GiTATG.AALI CATTUUGNNiTTTTTTT.TGTAC'.zTNUT(ATOCiX)N T'TCT(Citct I 

(CACGTAGC'AGCGACAGC'TCA'AAGCCC3C'CiGA, Cj'A(ITtCTCTGCiTTCCTCAACA 
CTTCT''ACCCtN,, GCiN.Vl(,, CN3ttN CsANCsI(sNA1(OCAtistCAC(sNAGNC3CNAAAt 

G(,ACAC'TGACC(CT(iACCAAGACAGTACGACCC3'CACAACACTACACATC3COGA~iot:' 

I D N): 64) 

MWVx-002 

Heavy chain ofM--WIx-002: 

Protinsequence (Constantre-ioi indicatedb1yiLics) 

E VQLQQSGAELV KPG A SXKUISOFNIAKDY Y IWVKE R-[EQLEWF-'RD PEDGESE 
Y-APKFQGiKXI'LT1ADI1SSN.-INYLQLSS'l,'LISED1AVYYC1RGD,'MMVT1Y-'WGO&,IIL 

3IH- 7 LKNYYLLS]S'[RSPGi-K (SliDI11)NOi65) 

ANObI-ICAGCI CAGCAGCICOGUCAAAC~rlTGVCI ACCCUOGOCt.UNWACN' AGIr 

AGO('Nt(TO'NAt'ACjGC3ttTGtATG3TTTGNAC"GATTONTC'T'iAC'ATO!TAAGT"i 

GCtTA(CTCtAC'tTt'AAUCO'(tTGACATCT~rAC3At.ALT~t('C'TTATTAC(TOTACTAL 
A AGAA"CTATCATOCrTTAC't:TACPTTTGiAL'TAtTOITti~iCAtACATCT'AC'.O 
TtTttTAAA(iAttAA.CtTCTAGCGTCTACt'tTOCTtt'iTCTGC'GC3'ATAtA 

AC7TOAC('TCGAACA'CtiGCAG(CCTC)(T.,CACACtoTGtAXAt'CTTTX'AXCT(CTGCT(tC 
AGAGCC3CCTO7T, AA:CATC3TCC'TCTAX1Tt'TCA(CCTGCCTAGk~CAGsCACCTCT~CCtTALGt 
LlALCANiTG)A'lAGTACGt-C(CtNAICClottNOC-2 CACACAA,CGI'GC'tNisNC AC( 
TC3AACCTAGiC~CC'I'CCCATA(C'A%"LATCAAltCtTGiTLCTLCATGCAAACAA.TtiCt(AX 
AAOiT~jCCUCCiCTCTAACTOjCAAjjTi~siCCAA 'CCTCTTC'ATCTTCCC'A(tTANCAT 

(ICGiAGOATCATCCCN3('ATOTCAAltCAC'TTTGTTCC3iTCAACAACTGGiAA(iTC'itAt:AL 
ACJC'C'AACAC'AACCTL(ACAGNCGACXIACAA1XC3AC.AIt'it:'GUI~i(sIC'CXCA 
C'GC3IAICCACJL'ACAC3iCATTO''iGA'l'GAAiCCCCAAAGIACJ'"'CAAGTOLCCA-AAcjTG'CAACN 

ACAAiACCTtitCTTTCAATGACGGACCATACCAAGAT'AA~CGGATCTCAG 
}C'CC^''CC'~'AAF^"'ij1'CCA;CjC;AjICAjA)AA~CAfjfi] 

LC.'CU'iC"~''^'ji'CjTC(,"'CACC'ji~-kAtAi~ifiiAFii(C 
AI NiCCC~Aj)AACF kACC-kAA)-C'~'~'c~'jcAA)--i('X 

Cit"CTACTTC:ATCTACACAA'tT.AAAT+AA3ACCA~IY AA~GGACAAAACCACACF 
CTTC:TCC:TOCAACOTCCOGt"iACCiACIIGGCCTC3iAAG'AACTACT.At:CTL+AAC'AAAAt'CATCI 
L:TCGGAGLCCCCXCAA (SEQ ID NC):66) 
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Lightichain of MW'I--002: 

Protein sequence (Constant region indicated by italis): 

U)[VMTQSHIKFM\,S'SVGCi)RVSITC-(KAS,-QDVSTA'2'VAWYQQKPGQSPKLLYWAFIlRIHrlci 
PDRFTSTGSGT,," i'DYALTISS , VQAEDLALYYCQQIIYRIPWFGGTKLEIK&l D.'4AP$J 

NucleotidcSLt tlt 

%rA('ATTU'TCATEi.ACUATC(A(AAATTCATTCCA(ATCO-TA'GA-ACAGOGiTC"AU( 

C'AGG((AAkTCTC'CTAACT\CTUGkTTTACTGGGCTTTCACC('CTCACACTGGA(flTCC('T( 

(JCTGAAC(AC("TEi~stATTTATTACTTAG~C'AACATTAT(CC'AOTC'CG('TGGA(CTTCiCK 
TGiAGGCAC("AAATG'GA.AATC.AAAAG'AGCTGAC('G(CfCGTCC'TA(CG'TGiTCC'ATCTTUC' 
CA(CC A(ACtbMJikCACTG''ACAAGCGG'XCC)CAG)CCAGiCGCGTG(,('GCTC'CTIGAACA\ 
CTTCTAC( C(CAA('iAACATCAACG('TGAAG'TGOAAGATCGACGG('CAGiCGAGAG'A'AGAAC 

GGiCG'TC'T'iTA(iCTG'A(CCAC:CAGG'AC'AGCAAGG('ACTCCA(CTACAGCATGTC(A 
iC'AC'ACT("AClC1('AC(AACA-iA'GACACGC-GCiACAACG(:TAC'ACAC'IGCGACA,( 
CAC-ACA( kAACAGCACAAG'CCC CATCGiTGAAGTC CTTC:AACCGGCAACGAGFTGC 
(SEQ IDNO: 68) 

MXX']x-U03 

Heavy chain of'f¶W'x-9O3: 
Protein sequence (Constamiflregioninadicated by italics): 
EVQLQQSGAEL.VKPGASVKLSCTIASGFN\I}DYYII{WVKJERlEQGO11WIGRIt)PE DGETT-I~ 
Y APQ}'OGKAIUP1)D)SS TA YMQJSSLVSPDXX\'YY(CARSi IWM-.)NDY\\GQGIS\VVSS 

AGfA }}LIKKTSRlSPU'K (SEQ IDNO!69 

Nuiceotide suwcncrtm 

CGTT(A(J('Ur( \GCAGTCTG~jrCGCCGAGCTTGCTGAAACCTGGCGCC'fTCGTGAAG(1T 
(kUC'Cl'(tC(XG( CGCTC(--" AACACAGAC'I.CTACAC'CAC'IG~iCTCAAAGjAGC 
('UA'XLAk(4iAXi\)jC(3AT'GGAI((X3AAGNATk'CGACCCC3AG CACGjGCGAGACA\ 
CATAC(EC(CCTC'-ACTTTC'AGGGC(.AAAGCC'AC(AATCX, TCCC'CG('ACACCAG ~C'A(iC.AAC&-AEC 

C'TAkA('A(C.CAC'CTCCTAGCG'TCTAA'CCT(UGT('1TU(TUsTGGCG'ATAC'AACAGs('1C 

(CCT(iTACAATU;TCCTC'TAGTG;TGACC(JTCtTAGtXG('AC(GCC(TAGC'CAGA('A 
(fl0\(XU''CiF- t(0GCICC(CA ',IC(T 'AV CACG(AAA(s]jAAA),Akb(ACT(iAA 

CI'AC)'COCCCC\ACAi(CACAAICC.T&~iFC(CTCCAT'CAAAGiAATG(C'AC-AAGI'iC 
( CCGC TC(T,,AXCTGGAAGGT'GCCAAG'C:GTG'TTCATCTTCC CACC'T,ACATCAAGOGA 

(701'GCTO'CAIGAC.AI(ACi(CO'ACACC'AAAG'IGACC[iCTOCOTCi'GCiCG'GTGICC'GC 
ATGATCC(JGATGTCTCAGATC:AGTTGGIIC'GTG.AACAAC'GTGG;AAGjTCC(AC'AGj(CCA 

C'CGCA.CAGATTGGATCjAGCiGCAAAGiAGTTC'AACiTGCAAAG;TGAA'AAS'AAGCA.C 
CTG'CCCTT(ICk'CG'AI((ACGGj,ACCAICA;CA~lAACAAGGGi~ACTC'T'CAGiACCC('ICA 

G&C)ItT^IACAIP'CT'CCAFCACGA'CCGACACTACiAAAAXGGATGTGTlCjlCCTGC)A((I 
G'-T(?TGGT((JTO(j( TTC.AACC CTGC&QCAC:ATCACGTGG'iAATGG(.ACC:AGC( AATGIGCC'Ak 
AC'CGAOiGA\-ACIACAAGi.ACACAiCCCCTGTCT''IGGjAC'ACiCOCACCiGCACT'"AC1T-[(X 
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TClTACACCAACC'TGAACATGAAGACCACiCAAGTGOGAGAAAACCGACACTTCTCCTG 
CAACGT(GCCGCACGAGGuGCC(AAGAA CTACTACCTGA AAAA ACCA TCTCTCGGAOC 
CCCGCGCAAG(SEQ ID NO: 70) 

Light chain of MWTx-003: 

Protejnl4uencA(Constant region indicated by italics): 

DIVMTQSIIKFMSTSVGDRVSITCKASQDVTTAVAWYQQKIIGQSPKLILYWATTFRIITGV 
PDRFTGSJSCTTY ILTISSVQAEDLALYYCQQHYSTPYTFGGTKLEKRA)AAP TVSIFPP 
SSEQL TSGA SI VCFLNFYPKDLIK lWKlDCSIRQNGVLNSWTD)DSKDSTISMSSL TTK 
DEYERNSYTEATHSSPISNRE (SEQ ID NO: 71) 

Nucleotide sequence: 

C ATCGTOATGACCCAGAGCCCACAGTTiCATG;OCACACCACGTGGCA)OACAGAGOT 
CCA TCACCTTGIAAGCCAOCCAGC3ACTGACAACAGCCGTGCCd6U2C(TGA TCAGCAGAA 
CCTGGCCAGTCTCCTAAGATCCTGATCTATCGGGCCACCAC'CAGACACACCGGCGTGC 

NCAATAATTCACCGGICAGCATCAGCGCCACCIACCTACA CCTGAACAATC:AGCTCPTOTG 
CAGGCCAO.ATCTGGCCCTTACTACTG ITCACGCAGCACACACAGCACCUCCTTACACCi 
TGGCGGAGGCACCAAGCTGGAAATCAAGAGAGCTGACGC'CGCTCCTACCGTGTCCATCT 
TTCCACCTAGCAGCGiAGiCAGCTGAC.AAGCGGCGGAGCCAGCOuTCGTOTGCTTCCTGAAC 
AACTTCT]ACCCCAAGGACA TCAACGTAAOGAAGACCGCIGCAGCGAGAGACAGA 
ACCGCCTOCTCAATACTOCiACCCiACCACiCACAGCAAGACTCCACCTACACGCATCOTC 
C:ACCACACIGACCCTCIGACIC'.AACCACGAGCCTACG AGCGGCACAACACIACACATCGiCTCA 
GCCACACACAAGACCAGCACAACCCCCATCGTGAAGTCCTTCAACC;GGAACGAGTOC 
(IILQHI)NO: 72) 

Humanized anti-TMPRSS6 antibody variants 

hzMWTx-00Var 

Heavy chain of hzMWTx-OOIVar: 

Protein sequence(Constnregionindicatedbyita/ics;N297Amutationindicatedbybold): 

EVQLVQSGAEV.KKPGASVKVSCKASCYTFTSYWITWVRQAPCQRLEWIGNIYPCOSCST 
YYNEKFKSKATITRDTSSRTAYMELSSLRSEDTAVYYCAPYDADYAMDYWGQiTLVT 
VSSASKGPSVFPLAPSSASTSGGIAALGCLVK1Y tiPEPVSWNSGALTSGTFPiAVOSS 
GLYSLSSVTVSSSLGT1QTY1CNVHKPSN TKVDKKV fISCDKTHTCPPCPAPE4LLG1 SV 
FL FPPKPAKDLMISRTPVII1)SHEDPEKFANIYV1GT1VHNAAL KTKi EY AST 
VSVL T L HQ0NAGKE YKCKSNKlALPAPIEK SKAKGQPREPQV1/ PP IJASRDE L /VSL 
TCLKGFIiSDl lASNGQPENNiY KT TPlPLDSG)SF/-FLYSKLTVDKSRWOQGNV fSCSV 
MHEALHNHYTQKSLSLSPG(SEQ ID NO: 73) 

Nujcleotide sequence: 
N, 

TGTCCTCCAAGCiITTCCGCCIITACACCTTTACXACCTACTGGATCACCTGGGTCCGACAG 
GCTCCTGGCCAGiAGACTGGA-"ATGGATC'GGCAACATC'TACCCTGFGCTCCGGC:i(TCC'ACCTA 
CTCACIAACGCi.AGAACITTCAAGITCCUAAGCiGICCACAATCIACICCONIGGACACCTCTITICCAGAACC 
GCCTAC(ATGjGAAC'TGTCCACCTGiAGATCTGjAGGAC'ACCGCC'GTGjTACTAC'TOCGC(CCC 
TTA CGACCGCCGACTACGCCATGGATTATTGGGGCCAGGGCACCTC)TACCGTGTCCT 
CTCiCTTCIACCAAiGCiACCCAGCGTGTTCCCTCTGCICCCTICCAGCAACGTCTACCTCTG 
GCCXIAACAGCTOCTCTGGGCTGCCTCiCiTCAACiGIACTACTTTlCTCiAC iCCTGTCiACCGT 
TCTI~ACC~TCTOCCTCTGACIATCCGICICITCCACATTTIICCACTGiTCITGCACCC 
TCCOCICTCITCACCTCTCUTCC:TCTOITCGCTGACI:CGTGCCTTCCCACCTOG(IC~ACCCAG; 
AC.CTACAICTCAAITCIAACC.ACAAiCCTV[TCCAACCCACAGTCG.GACAAG AACiOTC( 
AACCCAAGTCCTGCGACAAGACCCACACCTCjTCCTCCATGTCCCTCCAGAACTCTC 
GGCGGACCTT(CCGTGTTCCTTTTCCTCC.AAAGCCTAACGCACCCTTGATGATC'TCTC(G( 
ACCCCTCAAGAC;VCTCGITOITGGCTOGATGTTCTCACGC(ACACCCAGAACGTGAATT 
CAATTGTACTGACCiGGCGTGGAATGCACAACCC.AAACCAAGCiCCTAGAG'iACIiAA 
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CACTACGCCAGCACCTA(AGAGGTGGTGTCC(TGCTGACAGTGCTGCACCACGATTGGCT 
(GAACGGCAAAGAGACA\ AGTGCAO AGGTGTCCACAGCCCCTCTCTCCTA TCGAA 
A AGACCATCAGCAAAGGCCAAGOC(AG(CCTAGA(AACCCAGTTTACACCTTGCCTC 
CA TCTCGGOACCGAGCTGACCAAGAACCAG(iTGTCCCTGAC(TGTCTCOTGA AGGGCTTC 
TACCCCTCCGA CAHCCCGTGGATGG(fAGTCTAA TGCCAGCCAGACAACAACTACA 
AGACAA CCCCTCCTGCTGT('GACTCCiACGGCTATTCTTCCTGTACTCCAAGCTGACCG 
TGGACAAGCCAGAOGCAGCAGCCAACGTGTT11(CTCCTOCCCGTATCACGAGCC( 
CTGCACAATCACTACA CACAGAAGTCCCTGTCTCTGTCCCCTGGC (SEQ ID NO: 74) 

Light chain of hzMWTx-OO1Var: 

Proteinsequence (Constant region indicated by italics): 
DIQMTQSPSSLSASVGDRVTITCKASQDISNYLSWFQQKPGKAPKLLIYRA NRLVEGVPS 
RFSGSGSGTDFT LHTISSLQPEDFATYFCLQYDEFPLTFGGGTKVEIKI TAA PSVFIPPPSD 

EQLKSG ASVVLLNFYPRAQ KVDALSGSQSVT EDSKDSYSLSS L7T LKAD 
KKVYACEVTJHQGLSSPVTKSNRGEC (SEQ ID NO: 75 

Nuclotdeseuence 

GACATCCAATCCAGTCTC(CATCCTCTTGTCCGCCTCTGTGGGCGAC.AGACTGA 
(A TCACATCAAG(GCAGCAGGGACAT(TC(AACTACCTGT(CTGGTTCCAGCAGAA( 
CTO(GCAAC(C(CCAAGGCICTGATCIACGAG(CCAACAACTGGTG3A AGGCGT(CC 
(TCCAGATT(TCCGGATCTGCTCTGGCACCGACTTTACC(TGACAATCTCCAGCCTCA 
GCCTGAGGiACTTC'TACTACTTCCC(:TGCA ATACCG6AGTTCCCTCTGACCTTGC 
CGGAGGCACCAAGOGAAATCAAGCGGACAGTCCGC'CICTCTTCGTGTTCA TCTCC 
CACCTTCCGAC'AGWCACAAGTCCiGGCACAGCTTCTGTCGTGCCTGCTGAACAAC 
TTCTACC(TCGGGAAGCCAAGGTGCAGTGAAGTGGACAATGCCCTGCAGTCCGG(CA 
ACTCCCAAGAGTCTGTGACCGAGCAGGACTCCAAGGACfAGCACCTACAGCCTGTCCTCC 
ACACTGACCCT(GTCCAACCGACTACGAGAAGCACAA(iTTACCCTGCGAAGTGA 
CCCATCAGGGCCTGTCTAGCCCTGTGACCAAGTCTTTCAACCGGGGCGAGTT (SEQ ID 
No: 76) 

hzMWTx-002Var 

Heavy chain of bzMWTx-Y002Var: 

Protein sequence (Constant region indicated by italics; N297A mutation indicated by bold): 

EVQLVQSGAEVKKPGASVKVSCKASFNKDYYIHWVRQATGQGLEWMGRIDPEDAE 
SEYAPKFQGRVITADTSTDTAYMELISSIRSEDTAVYY'C RGDSMMNVYFDYWGQGT 
LVTVSSASTKGPSTP APSSKSTSGGTIAAGLVDPPVTSWSGLTSVEHTPAVL 
QSSGLYSLSS9VVTVPS5SSLT TCNVNKPSNKDKKVEPKSCDK H TliCPPCPAPELLGG 
PSVLPPKPKDTJMR~TTCVDIVSHEDPEV-? \YKFNWY VDGEH 15AKPRE EQYASTI 
YRVSVLTVLHQDWLNGKEYKCKASNkALPPI EKTISKAKGQPR EPQVYTLPPSRIDEL TKC) 
VSLTCLVKGFYPSDI 4VEW ESNGPEANYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMH-EALHNHYTQKSLSLSPG (SEQ IDNO: 77) 

N tt lse uece: 

GAACi AGCTGTGCAATCTGCGCCGAAGTGAAGAAACCTiGCGCCT(TOTGAAG 
TOTCCTGCAAGGCCTCTGGCTTCAACATCAAGGACTACTACATCCACTGGTCCGACAG 
GCTACCGGACAGGGACTTG.AGTGATGGGCAAATCGACCCTGAGACGCC(AGTCTO 
ACjTACCjCCCIAACjTTTCACAAGC TACiCAATCAAC CCCCGACACCTCTACCGACACC 
GCCTAC(ATGjGAAC'TGTCCACCTGiAGATCTGjAGGAC'ACCGCC'GTGjTACTAC'TiC.ACC'AG 
AGCG'C,~ACTIC(ICATGATGGTTIA(CTACTT]CGiAC'TACTOGGGiiCCAGGGCCA(CCICjTGCACAG; 
'TTTIC'ITTCCGCTT'ICCACCAAGG.AC'CCAGC~GOTTC'CCT'C'TO-CTCC'TTCCACAAGiT'CTFA 

AC:CGTGT(CCOGiAACTCTGCCCTG('ACATC:CGGOCGCACACC TTTC'CAGFCTOTOCTG 
CAA TCC TCCG('GCC:TOTACTC TCTOTC'CTC CGTCGTGAC(CGTGCC:TTC'TAGC TCTCTOG('GC 
AC'CC'AGACCT^ACAT \.'(ICTUAATOTG''CAACC'AC'AAGC'CTTIC'CAAC'A(CCAAGOTOG'.-CACAAG-,A 
A(-GTGGj~A-A-'CC'A-AGTCC('TO-CGA-CA-AGC;AC-CCAC-ACC('TO-TCC('TCC'A-TG-TCCTC'TC(CAAA---
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CTGCTCGGCGCIGACCTTCCGTCTTCCTCTTTCCTCCAAAGC'CTAAGCACACCCTCATGATC 
TCTCCGACCCAAGTACCCTG CGTGTGGG T~(CTCAACAGACCC~hAACAG 
GAAGTTCAATTGGTACGTGGACG(GCGTGGiAAGTG(ACCAACAASCCCAAG ACCAAGCCTAGA 
GAGGA ACAGTACGCCCTCCACCTA(Ar~trTC~rTCTCCGTGCTGACAOTCCTCGCACCAG 
A T TGGCTGAACCAA AGA. GTACAAC1(AAGCITGCCACAGC-CACTCICCCC CTCC 
TATCCA AAAGACCATCTCCNA'CCAAGCs(GCCAGCCTAGAGAACCCAGGCJTTTACACC 
TTG)CCTCCAXTCTCGOGAXCGAGtCACCAAGAA CCAGTGTACCCTGJACCTOTGCTCGTGAAX 
GGG4CCTTCACCICCCACATCCCTGA AT(GGATCTAATGCCACCCVAGAACX 
ACTACA AGACAACCCCTCCTGTGiCTsCOGACTCCGACGGCTCATTCTTCCTGTACTCCAACC 
TGACCGTGACAXAGTCCAGATGGCACAGCCAA CCTGTTCTCCTTCCTCTCCGTGATOCA 
GAGGCCCCACCXA ACTACCACACAGAAGTCTCTTCCYCTCT'CJTCCC (SEQ ID NO: 
78) 

Light chain of hzMWTx-002Var: 

Protein sequence (Constanit region indicated by italics): 

DIQMTQSPSSLSASVGCDRVTTCKASQ)VSTAVAWYQQKPGKAPKLLIYWAFTRIITGV 
PSRFSGS(SGTDYALTISSLQPEDFATY'CQQIIYR SPWTFGGG ITKVEIKRTVAAPSVFIFP 
PSDE QLK:SGTASVVC LLN NFYPRLE KV QKVDNvAL QSNSESVE QSKSYSLSSTL7TL S 
KADYEKHKVYACTHQGLSSPVKSFNRGEC (SEQ ID NO: 79) 

Nuckeotide sequence: 

ACAICCAGATG5ACCCACITCTCIACCTCCTCCCGCICiTGC CGCC¾ACATGCC 
CATCACATGCAACIGCCTCTCAGGCKXTGTsCCXACCGCCTTCTGTATCXAGCCAXAAG 
CTGCAAGCCCCTAACiCTCiCICIACICiGCCITA CCXGACACACCGCT(CsCC 
TCTAGOTTCTCCGGCTCTCOCGCTCTGCiCACCCATTACGCTCTGACAATCTCCACiLCTtOCAt 
CC[OCAGCO.ACTTCCGCCACCTACTACICCGCAGCCrACIACGAACCCCTGGACATTTIit 
CGGACGCACCAAGTCGAAA TCAAGCiGACACTGGCCCCTCCTTCC'GTGTTTCATCTTCC 
CACCTTCCCACGAGCACCTAACCCCCACAXCCTCICiGCCCICCTCTGCAACAAC 
TTCTACCCTCGCGCAAGCCAA GCATIGCCIAACiGCTIICAAICCC'OCCACTCCC(A 
ACTCCCAAGAGiTCTCTGACCGAGCAGGACTCCAAGGACAGCACCTACACCTTCTCCTCC 
ACCACCCTCTCCA ACCCACI ACGAGAXACACGITITCCCTCCAACTGA 
CCCATCAGCCJOCCTGTCTAGCCCTGTGACCAAGTCTTTCAACCGGiGCcGAGTGT (SEQ ID 
NO:, 8 0) 

hzMWIx-003Var 

Heavy chain of hzIWTx-O03Var: 

Protein sequence (Constait region indicated by italics; LALA mutation indicated bybold): 

QVQLVQSGAEVKKPGASVKVSCKASGFNIEDYYMIIWVRQAPGQ.RLIEWMG.RIDPEDA 
ETTYSPKFQGRIIPDTSANTAYMELSSLRSEDTAVYYCARSYLDPMDYWCQILVT 
V SSASTKPSVFPLASSKSTSGGT(A4A LC/VKDYPEPVTV1SWNSGATSGHTFPA1/V1QSS 
GLYSLSSVVTVPSSSLGTQTICNVVNHKPSNTKVD)KVEPKSDT1JTC/1PCPAPE AAGGPSV 
lF/PPKPD)TLMISRE VTCVVVDVSIPEiVFNWYVDGVEVHIINKTKPRE/IQYNSTfRV 
VSVLTLHQWLNGKYCVSNKA~LPAEKAGQPREPQVFT[LPSREEM/T KNQIS 
LTC-LVKGFYlPSDIAVW ESGQPENNKTPPVLDSDGSFFLYSKLTVDKRWQQGNVPSCS 
VVMHEALHNHYTKSLSLSPG (SEQ I) NO: 81) 

Nucleotide seuence: 

C:AGCAG~CICCTOGICTCATCTGCCCOAAGTC.AAAAiACCCTOCCCCCTC.TGT.AAGOC 
TCTCCTCCAAGGCCTC'TCTGCTTCAACATCGAiGACTACTA CATGCACTCGGGTCCJACAG 
CCCCCTGGCCAAGATTGiGAATGGATCiGCAGAATCACCCCGAGGACCCCGACACAA 
CCTACTCTC'CTAAG)TTCCAGCCTGCCGCCiTGACAATCATCCCTCACACCTCTCCCAACACC 
CCCTACATCCAACItTCTCACCCI'CACAATCTCtAGACACCGCCCTTCTACTCCCCCCG 

GTCTATCTACCTCGACCCTATGGACTATTGGCGCCCAGCCACCCTGCTCACACTGTCCT 
CTOCTTCTACCAACGGACCC:AGCGNT;TTCCCTCTGCCTCCTTCCAGCAACTCTACCTCTG 
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GCGGAACA(jTGCTCTGGGCTGCCTGTCAAGGACTACTTTCCAGAGCCTGTGACCGTG 
TCTGA(CTCTGOCGCTCTGA CATTGOCTG ACACTT TCCA1GCTGCGAGCC 

TCCGGCCTGTA CT(TCTGTCCTCTGTCGT(TGACCT(CTTCCAC(TCTCTGGGAACCCAG 
ACCTACATCT(GCAATGTGAACCACAAGCCTTCCAACACAAGT(GGACAXAAAGGTGG 
A(CCAAGCCGCGACA AGA CCCACAC(CG(CCTC (TOTCCTO1ACCCAGAAGCTCT 

CGCCG'CTTCC(jTGTTTCTGTTCCCTCCAAGCCTA\GGACACCCTGATGATCTCTCG( 
A CT(AAGTGALCCGCGTGiT(G OTTG iIUTTACUGGOCCCGAGTGAAGTT 
CAATTOGTsACG( 'CCsiG(kAT(GCACAACCCAAGACCAAC(CTAGAACGAA 
CAsTA(CAACTCCACCTAAGAGTGTGT(sTCTGACCGTOCTGCACCAGATTQTGCT 
(AACGG((AAAGAGTA CAAGTGCtAA(GTGTCCAAEAGGC(ACTGCCCGCTCCTATC(IAA 
AACA(CATCTCCAAGC(C(AAtGGCCAGCCTAGGGAACCCCAGGTTTACA(CCTGCCTCC 
A\(A(GCCOGGAAGAGA TG\ACCAA(ACCAGGTOTCCTACCCCT(((CGTGAAGGCC 
TACCCTTC(GACAT((GCCGCTGAATGGGAGAGCAATGC(CAGC(CAGA(AACNACTAC'A 

GTOGACAAGTCCAGATOGCA(CAGGGCAACGTGTTCTCCTGCTCCGTGATGCACGAGGC 
CCTGCACAATCACTACACACAGAAGTCCCTGTCTCTGTCCCCTGGC (SEQ IDNO: 82) 

Light chain of hzMWTx-003Var: 

Pmotein sequence (Constant region idicadbyitalics): 

DIQMTQ SPKSLSASVG)R.VTiTCRASQDVTTALAWYQQKPOQSPKLLIYWATTRIISGV 
PSRFSGSGSGTDF1ITTSSILQPEDFATYYCQQYSTPYTFGQGTKLEIKRUTAAPSVFIPP 
SD)?EQLKSTIAVLYPR EAKVQWKVDJNA LQSGNSQESVT EQDSKDSTSLSSTJJLSK 
ADYEKHKVY4CETIHOCLSSPVT KSFUNRGEC(SEQ ID NO: 83) 

GJACATCCA'GAT(ACCAGTCTCCAAAGTCTCTGTCCGCCTCCGTGGCGACAGAGTGAC 
(ATCAC(CTiTGAGCCTCTCAGGA((TGACCACCGC(TCTGCTTGGTATCACAGAAGC 
CTOGCCAGTCT(CTAA(CTJCTGATCTACT('GGCACCACCACACACTCTOGCGTCCC 
TCT(AlATTC(TCC4GCTCTGGCTCTGGCCCGACTTTCCGAAATCTCAGCCTCAGi 
C(T(ACGACTTCG((CACCTACTACTGTCCA(CAGCATACAGCACCCCTTA(ACCTTTGG 
CCAGGG(MCAAA(COGsAAA~TAAGCGGAATGGCCGCTCCTTCCGTGTTTCTC 
CACTTICCsACAOCAGCTGAGTCOGCACAGCITCOCGTGTCCTCAA(AAC 
TT(TACCCT(jC(iXA(rCCAA((GTGCAGTG(GAAGGTGA(CAATGCCCTGCAGTCCGO(A 
ACTCCCAA\(iAGFCTiTGCC(ACCWAjX(V(AAGACAGCACCTACAGITCCTCC 
ACACTGACCCTGTCCAAGGCCGACTACGAGAAGCACAAGGTGTACGCCTGCGAAGT(A 
CCCATCGGGCCTGTCTAGCCCTGTGACCAAGTCTTTCAACCGGGGCGAGTOT(SEQ ID 
NO:84) 

Dose-dependent effects of anti-TMPRSS6 antibodies on HA MP promoter activity 

FIGS, 2A-2F show the results from using the AMPucifersereportassay described above 

to test MWTx-001, MWTx-002, MWTx-003 and their humanizedvariants bzMWTx-00lVar, 

5 hiMWTx-002Var, hzMWTx-003Var, respectively, at the indicated concentrations. Each of 

MWTx-001 (FI. 2A), MWTx-002 (FIG. 2B), MWTx-003 (FIG.2C) and humanized variants 

bzMWTx-001Va (FIG. 2D), hzMWTx-002Var (FIG. 2E), hzMWTx-003Va (FIG. 2F) 

increasesHMPpromoter activity in adose-dependent manner.TheECofor MWTx-001 was 

calculated to be 3pg/m1(FI(G. 2A). The EC5 0 forMWTx-002 was calculated to be 1ggiil 

10 (FIG. 2B), The EC% for\MWTx-003 was calculated to be 2pg/ml (FIG 2C). The EC5 for 
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hzMWTx-OOlVar was calculated to be 0Spg/mIl (FIG. 2D). The EC for hzMWTx-002Var 

was calculated to be 0.3pg/ml (FIG. 2E), The EC for hzMWTx-003Var was calculated to be 

03pgml (FIG. 2F).  

EXAMPLE 3. BINnNG AITNITY OFANrI-TMPRSS6 ANMBOES 

5 The binding affinity 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-Layer Interferometry (FIGS. 3-3M).  

Anti-TMPRSS6 mAb binding affinity measurement using cell surface ELISA 

HEK293T cells stably expressing human TMPRSS6 (generated by LakePhanna inc as 

10 described above: SEQ ID NO: 97) were fixed with 4% paraformaldehyde (PFA), and washed 

with dPBS (Dulbecco's phosphate-buffered saline, Corning Cellgro) before incubationwith 

various concentrations of anti-TTMPRSS6 antibodies diluted in BSA medium (DMEM + 1% 

Pen/Strep + 10mM HEPES + lmg/ml BSA (Sigma-Aldrich). Purified mouse IgG was used as 

a control (Sigma-Aldrich). After incubation, cells were washed with BSA medium and then 

15 incubated with goat anti-mouse IgG conjugated with HRP as a 24 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 1M1 2 S0 4 . Bound antibody was measured by 

absorbance at OD4m. Resultsfor these assays are shown in FIGS. 3A-3C.  

20 Anti-TMPRSS6 mAb binding affinity measurement using FACS 

HEK293T cells stably expressing human T MPRSS6 were collected, and blocked with dPBS + 

3% BSA before incubation with various concentrations of anti-TMPRSS6 antibodies diluted 

in dPBS +3% BSA. Purified mouse IgG was used as a control. After incubation, cells were 

washed with dPBS and then incubated with goatanti-mouse IgG conjugated with APC as a 2' 

25 antibody (Jackson mnmunoResearch ic). At last, cells were washed with dPBS to remIove 

unbound antibody, re-suspended with dPBS + ImM EDTA, and then subjected to FACS 

analysis using a NOVOCYTE@ Flow Cytoineter (ACEA Biosciences, Inc, San Diego CA).  

Bound antibody was determined by measuring mean.APC intensity after excitation. at 640 nm 

and measurementof enission (fl.uorescence)at675in. Results for these assays are shown in 

30 FIGS. 3D-3F.  

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

Interferonetry 
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Bio-Layer Interferometry technology was used. for anti-TMPRSS6 antibody affinity 

measurement and binding kinetics determinations with Octet' RED96e system (Satorius AG).  

Pre-hydratedAnti-MouseG Fe Capture (AMC) biosensors (for MWTx-001, MWTx-002 and 

MWTx-003 anti-TMPRSS6 antibodiEs, FIGS, 3G-3) or AntiHuman IgG Fe Capture (AHC) 

5 biosensors (for hzMWTx-001Var, hzMWTx-002Var and hzMWTx-003Var anti-TMPRSS6 

antibodies, FIGS. 3J-3L) were first equilibrated in lx KB (Kinetic Buffer, 1xPBS pH 7.4 + 

0.02% Tween-20 + 0.1% BSA.)for 120 sec for the first baseline, followed by loading with 10 

mg/l anti-TMPRSS6 antibody (MWTx-001, FG. 3G; MWTx-002, FIG. 311; MWTx-003, 

FIG. 31; hzMWTx-00lVar, FIG.3J; hzMWTx-002Var, FIG. 3K; hzMWTx-003Var, FIG. 3L) 

10 onto AMC or.AHC biosensorsfor240 sec. Then, the second baseline signal was established 

for 120se beforeassociation with various concentrations of human ectoTMPRSS6-FLAG 

(SEQ ID NO: 102) (generated in house by fbsing extracellular domain of human TMPRSS6 

with a FLAG-tag at C-terminus) for240sec. At last, analyte was dissociatedin Ix KB for360 

see. Data analysis was done using Octet Data Analysis HT Software. KD, k, ka and R were 

15 summarized in FIG. 3M.  

EXAMPLE 4: CROSS-REACTIVITY: ANTI-TMPRSS6 ANTIBODY BINDING TO HUMAN 

TMPRSS6 AND NON-AUMAN TMPRSS6 

Cross-reactivity determination by FACS 

Selected anti-TMPRSS6 antibodies were tested to determine whether any are capable of 

20 binding to TM4PRSS6 from mouse and/or cynoniolgus monkey. HEK293T cells stably 

expressing human TMPRSS6 (HuIMPRSS6-(His)) (generated by LakePharnia Inc as 

described above) HEK293T cells stably expressing mouse TMPRSS6 (MoTMPRSS6-(His)6) 

(SEQ ID NO: 98) (generated by LakePhana Inc as described above) and HEK293T cells 

transiently expressing cynomolgus monkey TMPRSS6 (CynoTMPRSS6-(His)t) (SEQ ID NO: 

25 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 negative control (as 

described above). Cells were blocked with dPBS + 3% BSA before incubation with anti

TMPRSS6antibodies diluted in dPBS + 3% BSA, After incubation, cells were washed with 

dPBS and followed by another incubation with goat anti-mouse IgG conjugated with 

30 AlexaFluor-488 as a2°antibody (Invitrogen). 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).  

Boundantibody was determined by excitation at 488 nm and measurement of emission (FITC
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A) at 530 un, Results for these assays are shown in histogram pts in FIGS, 4A-41. Cross

reactivity with mouse TMPRSS6 was observed for MWTx-001 (FIG 4D) and MWTx-003 

(FIG. 4F), whereas MWTx-002 (FIG 4E) did notshow deectable cross-reactivity with mouse 

TMPRSS6. Cross-reactivity with cnomolgius monkey TMPRSS6 was observed. for MWTx

5 001 (FIG. 4G), MWTx-002 (FIG. 4H) and MWTx-003 (FIG. 41).  

Cross-reactivity determination by cell surface ELISA 

HEK293T cells stably expressing mouse TMPRSS6 (generated by LakePharna Inc as 

described above, FIGS. 4J, 4L, 4N, 4P, 4R, 4T) or cynomoigus monkey (generated in house as 

described above, FIGS. 4K, 4M, 40, 4Q, 4S, 4U) were fixed with methanol (100%), and 

10 washed with dPBS (Dulbecco's phosphate-buffered saline, Corning Cellgro) before incubation 

with various concentrations of anti-TMPRSS6antibodies and theirhumanized variants diluted 

in BSA medium (DMENIM+ 1% Pen/Strep +-10mM HEPES + 1mg/ml BSA (Sigma-Aldrich)).  

Puritied mouse IgG (FIGS. 4J-40) or Human IgGI (FIGS, 4P-4U) was used asa control. After 

incubation, cells were washed with BSA medium and then incubated with goat anti-mouse 

15 (Invitrogen, FIGS. 4J-40) or anti-human (Millipore, FIGS. 4P-4U) IgG conjugated with HRP 

as a 2° antibody. Finally, cells were washed with dPBS to remove unboundantibody 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 IM H2SO. Bound antibody 

was measured by absorbance at OD4 n.. Results for these assaysare shown in FIGS. 4-4U.  

20 Cross-reactivity with mouse TMPRSS6 was observed for MWTx-00 I(FIG. 4J) and MWTx

003 (FIG. 4N) anti-TMPRSS6 antibodies and their humanized variants hzMWx-00 Var 

(FIG. 4P), and hzMWTx-003Var (FIG. 4T) anti-TMPRSS6 antibodies, whereas MWTx-002 

(FIG. 4L) anti-TMPRSS6 antibody or its humanized variant hzMWTx-002Var (FIG. 4R) anti

TMPRSS6 antibody did not show detectable cross-reactivity with nimouse TMPRSS6. Cross

25 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 

humanized variants hzMWTx-00lVar (FIG. 4Q), hzMWTx-002Var (FIG. 4S), and bzMWTx

003Var(FIG. 4U)anti-TMPRSS6antibodies.  

EXAMPLE 5:ITARGE'TSPECIFICITY: ANTI-TMPRSS6ANTBODYBINDING TO HOMOLOGOUS 

30 MATRPTASES.  

To determine if anti-TMPRSS6 antibodies bind to homologous matriptases, HEK293T cells 

over-expressing matriptase (ST14) (SEQ D NO: 100) (FIGS. 5B, 5E, 5H, 5K, 5N, 5Q) and 
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HEK293T cells over-expressing matriptase-3 (TMPRSS7) (SEQ ID NO: 101) (FIGS. 5C, 5F, 

I 5LS0,5R) were collected (genentedin house), HEK293T cellsstably expressing human 

TMPRSS6 (natripase-2 ) (SEQ ) NO:97) (generated by LakePharna Inc as described above, 

FIGS. 5A, 5D, 5i, 5J. 5M, 5P) were used asa positive control and HEK293T cells (FIGS. 5A

5 5R) were used as a negative control (as described above). Cells were blocked and 

permcabilized with dPBS + 3%0 BSA + 0.1% Tween-20 before incubation with various anti

TMPRSS6 antibodiesdilutedinIdPBS+ 3% BSA+0.1% Tween-20. Cells were incubated with 

anti-TMPRSS6 antibodies and their humanized variants at a concentration of roughly I pg/ml 

for 1hr. After incubation, cells were washed with dPBS and incubated with goat anti-mouse 

10 igG conjugated with AlexaFluor-488 (Invitrogen, FIGS. 5A-51) or goat anti-human IgG 

conjugated with Allophycocyanin (APC) (Jackson miuno Research, FIGS, 5J-5R) as a 2 

antibody, At last, cells were washed with dPBS and re-suspended withU dPBS ImM EDTA, 

andthensubjected to FACSanalysis using a NOVOCYTE@ Flow Cytometer. Boundantibody 

was determined by excitation at 488 nm and measurement of emission (FITC-A) at 530 nm 

15 (FIGS. 5A-5I) or by excitation at 640 nm and mneasurement of emission (APC-A) at 675 nm 

(FIGS. 5J-5R). Resultsfor these assays are shown in histogram plots in FIGS. 5A-5R. All of 

the antibodies showed binding to hummTMPRSS6 (matriptase-2) (FIGS. 5A, SD, 5G, 5J, 5M, 

SP) and none of the antibodies showed binding to homologous matriptases ST14 (FIGS. 5B, 

5E, 51,5K. 5N, SO) or TMPRSS7 (FIGS. 5C., 5F, S 5L, 50,5R). MWTx-00 ianti-TMPRSS6 

20 antibody and its humanized variant izMWTx-00Var anti-TNIPRSS6 antibody showed 

binding to human TMPRSS6 (FIGS. 5A. 5J) and did not show binding to matriptase (ST14) 

(FIGS. 5B, 5K) or matriptase-3 (TMPRSS7) (FIGS. 5C, 5L). MNWTx-002 anti-TMPRSS6 

antibody and its humanized variant hzMWTx-002Var anti-TMRSS6antibody showed 

binding to human TMPRSS6 (matriptase-2) (FIGS. 5D, 5M) and did not show binding to 

25 matriptase (Sf14) (FIGS. 5E, 5N) or matriptase-3 (TMPRSS7) (FIGS. 5F, 50). MWTx-003 

anti-TMPRSS6 antibodyand its iumanized variant hzMWTx-003Var anti-TMPRSS6 antibody 

showed binding to human TMPRSS6 (matriptase-2) (FIGS. 5G, 5P)and did not show binding 

to natriptase (ST14) (FIGS. 5H,5Q) or matriptase-3 (TMPRSS7) (FIGS. 51,5R.), 

EXAMPLE 6. TREATMENT WHIIl ANTi-FMPRSS6 ANTIBODIES IN A MOUSE 

30 PIARMACODYNAMIC MODEL 

In order to study the in vivo pharmacodynamic responses ofanti-TMPRSS6 antibodies, 2-10 

mg/kg of MWTx-003 anti-TMPRSS6 antibody (FIGS. 6A-6B, 6D-6E, 6G-6H. 6J-6K) or its 

humanized variant hzMWTx-X3Var anti-TMPRSS6 antibody (FIGS. 6C, 6F, 61, 6L) was 
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injected intraperitoneally into wildlype C57BL6J mouse. Mouse IgG2b (BioXcell, FIGS. 6A

6B, 6D-6E, 6G-6H, 63-6K) or human IgG (BioXcell, FKiS. 6C, 6F, 61, 6L) was used as 

isotype control. 20 hours post injection, 50 g of GFP-TMPRSS6 plasnid DNA (generated in 

house by inserting human TMPRSS6 into a GFP vector) was delivered into each mouse by 

5 hydrodynamics tail vein injection 44 hours post hydrodynamic injection, mice were euthanized, 

liver tissues awd blood were collected. Liver RNA was purified by EZgene Total RNA 

Purification Plusfrom Biomiga (San Diego, CA) according to the manufacturer's instructions.  

Mouse serum was obtained by centrifugation of whole blood at 1500 x g, 10 min, 

Effects of treatment with anti-TMPRSS6 antibodies on serum iron 

10 Serum iron was measured by a chromogenicassay developedin house (FIGS. 6A-6C), Briefly, 

mouse serum or iron standard (31 - 500 pg/dL) was mixed with Mixed Acid Solution (0.6M 

Trichloroaceic acid, 0.4M Thioglycolic sodium, IM HCl) by vertexing for 30 sec. The 

mixtures were incubated for 10.min at 37C before centrifugation at 10,000 x g for 10 mi 

followed by color development in Color Solution (1,5M Sodium Acetate, 0.5mM 

15 Bathophenanthroline disulfonic salt). The absorbance was then read at OD5s.. The serum 

iron concentration was calculated from linear iron standard curve. Treatment of 10mg/kg 

MWTx-003 anti-TMPRSS6 antibody (FIGS. 6A-6B) and its humanized variant bzMWTx

003Var anti-TMPRSS6 antibody (FIG. 6C) significantly reducedserum iron, 

Effects of treatment with anti-TMPRSS6 antibodies on serum hepcidin 

20 Serum hepcidin was measured by Hepcidin-Murine Compete ELISA kit purchased from 

Intrinsic Lifesciences (La Jolla, CA) according to the manufacturer's instructions (FIGS. 6D

6F), Briefly, diluted mouse serum or hepcidin standard was mixed with hepcidin biotin 

conjugate before adding to the plate coated with an anti-murine hepcidin antibody. Serum 

hiepcidin. or hepcidin standard competes with hepcidin biotin conjugate for binding to coated.  

25 anti-liepcidin antibody. The bound hepcidin biotin conjugate was detected with strptavidin 

conjugated horseradish peroxidase (RP), and color developed with TMB followed by stop 

solution. The absorbance was then read at OD 1 m. The data was analyzed with Graphpad 

Prism 8 using a four-parameterlogistic (4-PL) curve-fit, and serum hepocidin concentration was 

interpolated. Hydrodynamic delivery of GFP-TMPRSS6 significantly reduced scrum hepcidin 

30 level (FIG, 6D), whereas treatment with Omgkg MWTx-003 anti-TMPRSS6 antibody (FIGS.  

6D-6E) and its humanized variant hzMWTx-003Var anti-TMPRSS6 antibody (FIG. 6F) 

reversed the repression of hepeidin and significantly increased serum hepeidin level.
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Effects of treatment with anfi-TMPRSS6 antibodies on liver hepcidin RNA 

Liver hepcidin RNA was quantified by real-time qPCR (FIGS. 6G-61). Briefly, eDNA was first 

synthesized from liver RNA using iScript Reverse Transcription Supermix (Bio-Rad) 

according to the manufacturer's instructions. Hepcidin transcripts were amplified with specific 

5 primers listed below in Table 4, and detectedusing SsoAdvanced" Universal SYBR@ Green 

Supennix (Bio-Rad) according to the manufacturer's instructions on Bio-Rad CFX96 qPCR 

instrument. Samples were analyzed in triplicate, and results are normalized to -actin RNA 

levels (measured by transcription, amplification with primers listed in Table 4, and 

quantification as described above), Hydrodynamic delivery of GFPTMPRSS6 significantly 

10 reduced liver hepcidin RNA (FIG. 6G), Treatment of lOrngkg MWTx-003 anti-TMPRSS6 

antibody (FIGS. 6G-611) and itshumanized varianthzMWTx-003Varanti-TMPRSS6 antibody 

(Fl. 61) reversed the repression of Hamp and significantly increased liver hepcidin RNA 

levels, The following primers were used for RNA quantification by rea-time qPCR: Hepeidin 

forward primer: 5'-AAG CAG GGC AGA CAT TGC GAT-3' (SEQ ID NO: 85); Hepcidin 

15 reverse primer: 5CAG GAT GTG GCT TA GGC TAT-3' (SEQ ID NO: 86); 3-actin 

forward primer: 5-ACC CAC ACT GTG CCC ATC TA-3 (SEQ ID NO: 87); 3-actin reverse 

primer:S5CAC GCTCGGTCA GGATCTTC-3' (SEQ ID NO: 88), 

Serum concentration of MWTx-003 anti-TMPRSS6 antibody or its humanized variant 

bzMWTx-003Var anti-TMPRSS6 antibody was quantified by cell surface ELISA developed.  

20 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 

huianTIMPRSS6 (HEK293T cells were used as background control). Bound MWTx-003 anti

TMPRSS6 antibody was detected withgoat anti-nouse IgG conjagated with HRP, and bound 

bzMWTx-003Var anti-TMXPRSS6 antibody was detected with goat anti-human IgG conjugated 

25 with HRP. Color was developed with TMB followed by stop solution. The absorbance was 

then read at OD6mw SampIls were analyzed in triplicate, and results are normalized to 

HEK293T control The data was analyzed with Graphpad Prism 8 using a four-parameter 

logistic (4-PL) curve-fit, and serum anti-TMPRSS6 antibody concentration was interpolated, 

EXAMPLE 7. IA VIVOEFFICACY OF ANTI-TMPRSS6ANTIBODY USINGBETA-TIALASSEMUA 

30 MOUSE MODEL 

In order to study in vivo efficacy of anti-TMPRSS6 antibody, a 3-thalassemia mouse model 

(B6129P2-Hh-~h1f"]LHbhb-b2"""/JAX Stock No: 002683, The Jackson Laboratories,
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Bar Harbor ME) was chosen, herein referred to as Th3/+ mouse, 4-5 weeks old Th/+' mice 

and their wildtype (WT) littermates were put on an iron sufficient diet (Teklad TD80394) and 

Th3/ rice were treated with 1Orngkg MWTx-003 anti-TMPRSS6 antibody or mouse IgG2b 

isotope control every three days for 4 weeks, while WT littermates did not receive treatments.  

5 At the lnd of the treatment course, mice were euthanized, and spleen, liver, femurand blood 

samples were collected. Liver total RNA was purified, and serum was collected as described 

above.  

Effects on blood counts, splenomegaty, serum iron, serum hepcidin, liver hepcidin RNA 

Complete.Blood Count (BC) was performed by VEISCAN HM5 automated hematology 

10 analyzer (FIGS, 7A-7D). NIWTx-003 anti-TMPRSS6 antibody treatment significantly 

increased Red Blood Count (RBC, FIG. 7A) and hematocrit (HCT, FIG. 7C), and reduced Red 

Cell Distribution Width (RDW, FIG. 7D), but had no apparent effect on Hemoglobin (HGB, 

FIG. 7B) in1h3/+ mice.  

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

15 reduced splenomegaly for Th3/+ mice (FIG. 7E), 

Serum iron was measured as described above. Treatment with MWTx-003 anti-TMPRSS6 

antibody significantly reduced serum iron (FIG. 7F), Liver non-ieme iron was ncasured using 

a similar chroniogenic assay (FIG. 7G). Briefly, minced small liver tissue was dried at 65°C 

for overnight followed by digestion with mixed acid (3M HCl, 10%Trichloroacetic acid) at 

20 65°C -for 20 hr. Then, digestion supernatant was collected for color development in Color 

Solution (5M. sodium acetate, 0.5mM bathophenathroline disulfonic salt).The absorbance 

was thenread atD3 5 mTreatment with MWTx-003 anti-TMPRSS6 antibody significantly 

reduced liver non-hene iron (FG.7(G), 

Serum hepcidin was measured by Hepcidin-Murine Compete ELISA kit as describedabove.  

25 Treatment with MWTx-003 anti-TMPRSS6 antibody significantly increased seram hepcidin 

(FIG. 7H).  

Liver hepcidin RNA was quantified by real-time qPCR. as described above. Treatment with 

MWTx-003 anti-TMPRSS6antibody significantly increased liver hepcidin RNA (FIG. 71).  

Serum concentration of MWrx-0o anti-TMPRSS6 antibody was quantified by cell surface 

30 ELISA developed in-house as described above (FIG. 7J).
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Effects on erythropoiesis 

In order to study effects of MWTx-003 antiTMPRSS6 antibody on erythropoiesis in Th3/+ 

mice, bone marrow was harvested from femur (see FIGS. 7K-7M) and splenocytes were 

harvested from spleen (see FIGS. 7N-7P), and analyzed. Harvested cells were blocked with rat 

5 anti-mouse CD16&CD32 (BD Biosciences) fbr 15 min followed by staining with rat anti-mouse 

TERI19 conjugated withFITC (BD Biosciences) and rat anti-mouse CD44 conjugated with 

APC (initrogen) for 30 min nice. Washed cells were stained with the viability marker 7

AAD (BD Biosciences) for 10 min on ice before FACS analysis using a NOVOCYTE@ Flow 

Cytometer. Ter119, 7-ADD' cells were selected, and dnsity plots were graphed with anti

10 mouse CD44 over cell size (FSC-H), Plots were analyzed to identify cell types (cell clusters) 

and determine the abundance of each type (cluster) Representative plots in FIGS, 7K-7P show 

that four distinct cell clusters were distinguished from top to bottom, corresponding to 

successivestages in erythroid differentiation and identified as: basophilic erythroblasts (cluster 

I), polychromatic erythroblasts (cluster H), orthochromatic erythroblasts and nonnucleated 

15 reticulocytes (cluster III) and mature red cells (cluster IV). Percentage (%) value of each cluster 

in a sample was calculated as a measure of the abundance of cell types) in that cluster, as 

showninFIGS.,7K-7P. The% value for each cell cluster 0), (II), (111 ), (fV) was calculated 

for each sample (bone marrow, spleen) from each animalin each treatment course, as follows: 

WT(no treatment) N=9; disease modelTh3/+ nouse treated ith gG'b isotype control (Th3+ 

20 w/ MlAgG2b), N=5; disease model Th3/+ mouse treated wit MWIx-003 anti-TMPRSS6 

antibody (Th31 w/ MWTx-003), N=7 and average values were then calculated. On average, 

populations of basophiLic erythroblasts (1) showeda 7,58% (Th3+ w/ MolgG2b) to 6.52% (Th3+ 

w/ MWx-003) shift (7.96% for WT), polychromatic erythroblasts (1) showed a 54,20% (Th3+ 

w/ MogG2b) to 40,01% (Th3+ w/ MWT 003) shift (28,53% for WT), orthochromatic 

25 erythroblasts and nonnucleated reticulocytes (III) showed a 24,06% (Th3+ W" MoIgG2b) to 

29,73% (Th34 w/ MWTx-03) shift (26.67% for WT) and mature red cells (IV) showed a 454% 

(Th3+ w/ MolgG2b) to 16.44% shift (27.66% for WT) in bone marrow cells afierfour weeks.  

On average, populations of basophilic eythroblasts (I) showeda 0,71% (Th34 w/MoigG2b) to 

0.91% (Th3+ w/ M WTx-003) shif (0.46% for WT), polychromatic erythroblasts (11) showed a 

30 45.76% (Th3+w/ MolgG2b) to 19,25% (Th3+ w/ MWTx-003) shift (12.23% for WT), 

orthochromatic erythroblasts and nonnucleated reticulocytes (II) showed a 31.16% (Th3+ w/ 

MoIgG2b) to 28.72% (113+ w/ MWTx-003) shift (867% for WT) and a mature red cells (IV) 

showed a 14,13% (113+ w/ MolgG2b) to 44.38% (Th3+ w/MW Tx-003) shift (72.17% for WT) 
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in spleen after found weeks, These resuhs are shown in a bar graph in FI 7Q for bone 

marrow, and FIG, 7R for spleen.  

In Th3/+ mice, treatment with MWTx-003 anti-TMPRSS6 antibody improved ineffective 

erythropoiesis, with a significant proportion of erythroblasts differentiated and matured into 

5 red blood cells.  

EXAMPLE 8.ANTI-TMPRSS6 ANTIBODIES EPITOPE BANNING 

OCTET* RED96e was used for epitope inning of MWTx-001 (FIG. 8A), MWTx-002 (FIG, 

8B) and MWTx-003 (FIG. 8C) anti-TMPRSS6 antibodies. First, eto-TMPRSS6-FLAG (as 

described above) was labelled with biotin by Biotinylation Kit (Abcam). Pre-hydrated 

10 streptavidin (SA) biosensors were equilibrated in 1x KB (as described above) for 60 see for the 

first baseline, followed by loading with 10 mg/ml of biotinylated cto-TMPRSS6-FLAG onto 

the SA biosensors for 300 see. Then, the second baseline signal was established for 60 sec 

before saturation with 50 mg/ml of antibody (MWTx-001, FIG. 8A; MWTx-002, FI. 8B; 

MWTx-003, FIG, SC) i.n x KB for 600 sec. At last, the third baseline signal was established 

15 for 60 sec before competition with 50 pg/ml of MWTx-001, MWTx-002 or MWTx-003 in 1x 

KB for 300 sec. MWTx-001 anti-TMPRSS6 antibody binding towards ecto-TMPRSS6-FLAG 

was not competed with MWTx-002 anti-TMPRSS6 antibody or MWTx-003 antiTMPRSS6 

antibody (FIG. 8A). MWTx-002 anti-TMPRSS6 antibody binding towards ecto-TMPRSS6

FLAG was not competed with MWTx-001 anti-TMPRSS6 antibody but was competed with 

20 MWTx-003 anti-TMPRSS6 antibody (FIG, 8B). MWTx-003 anti-TMPRSS6 antibody binding 

towards ecto-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.  

25 
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CLAIMS 

What is claimed is: 

1. An anti-TMPRSS6 antibody capable of binding human TMPRSS6 on the surface of a 

cell expressing humanIMP RSS6 and modulating the activity of at least one component 

involved in iron metabolism.  

2. The anti-TMPRSS6 antibody of claim 1., wherein anti-TMPRSS6 antibody is capable 

of modulating the activity of at least one component involved in regulating epcidin 

expression.  

3. 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 hepcidin expression; increasing the activity of teheepcidin 

promoter; and substantially inhibiting TMPRSS6 suppression of the BMP/SMAD 

pathway-induced expression offhepcidin.  

4. The anti-TMPRSS6 antibody of claim 1, wherein the antibody shows cross-reactivity 

with at least one non-human TMPRSS6, 

5. The anti-TMPRSS6 antibody of claim 4, wherein the non-human'TMPRSS6 is at least 

one of mouse TMPRSS6 or cynomolgus monkey'TMPRSS6.  

6. The anti-TMPRSS6 antibody of claim 1, wherein the anti-TMPRSS6 antibody 

specifically binds to human TMPRSS6 (matriptase-2) and. doesnot show detectable 

binding to matriptase horologues selected from at least one of human matriptase-1 

(ST14) or human matriptase-3 (TMPRSS7).  

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

antibody.  

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

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

10. The anti-TMPRSS6 antibody of clni , wherein the antibody is an antigen-binding 

fragment.  

11. The anti-TMPRSS6 antibody of claim 1, comprisingat least one polypeptide having an 

amino acid sequence selected from: SEQ D NO: 1; SEQ ID NO: 2; SEQ ID NO; 3; 

SEQ ID NO: 4; SEQ ID NO: 6; SEQ D -NO: 7; SEQ ID NO: 8; SEQ ID NO 9; SEQ 

ID NO: 11; SEQ ID NO: 12; SEQ ID NO: 13; SEQ ID NO: 14; SEQ ID NO: 16; SEQ 

ID NO: 17; SEQ ID NO: 18; SEQ ID NO: 19; SEQ ID NO: 21; SEQ ID NO: 22; SEQ 
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IDNO: 23; SEQ IDNO: 24; SEQ IDNO: 26; SEQ IDNO:2 SEQ IDNO: 28;1 SEQ 

ID NO: 29; SEQ ID NO: 31; SEQ ID NO: 32; SEQ ID NO: 33; SEQ ID NO: 34; SEQ 

ID NO: 36: SEQ ID NO: 37 SEQ ID NO: 38 SEQ ID NO: 39; SEQ ID NO: 41; SEQ 

ID NO: 42; SEQ ID NO: 43; SEQ ID NO: 44; SEQ ID NO: 46; SEQ ID NO: 47; SEQ 

ID NO: 48: SEQ ID NO: 49 SEQ ID NO: 51; SEQ ID NO:52; SEQ ID NO:53; SEQ 

ID NO: 54; SEQ ID NO: 56; SEQ ID NO: 57; SEQ ID NO: 58; SEQ ID NO: 59; SEQ 

NO: 61; SEQ lD NO: 63; SEQ lD NO: 65; SEQ ID NO: 67; SEQ ID NO: 69; SEQ ID 

NO: 71; SEQ ID NO: 73; SEQ ID NO: 75; SEQ ID NO: 77; SEQ ID NO: 79; SEQ ID 

NO: 81: or SEQ ID NO: 83 

12.The anti-TMPRSS6antibody of claim wherein the antibody comprises: (a) a heavy 

chain (H) polypeptide wherein the variable region comprises an aminoacid sequence 

selectde from the amino acid sequence of SEQ ID NO: 1, a sequence substantially 

identical to SEQ ID NO: 1, the amino acid of SEQ ID NO: 31, and a sequence 

substantially identical to SEQ ID NO: 31: and (b) and a light chain (LC) polypeptide 

wherein the variable region comprises an amino acidsequenceselected from theamino 

acid sequence of SEQ ID NO: 6, a sequence substantially identical to SEQ ID NO: 6, 

the amino acid sequence of SEQ ID NO:36, and a sequence substantially identical to 

the amino acid sequence of SEQ ID NO: 36.  

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

comprising at least one of heavy chain complementarity determining region I (HC 

CDRI) of SEQ ID NO: 2, an HC CDR] of SEQ ID NO: 32, a heavy chain 

complementarity determining region 2 (HC CDR2) of SEQ ID NO: 3, an HC CDR2 of 

SEQ ID NO:33, a heavy chain complementarity determining region 3 (HC CDR3) of 

SEQ ID NO: 4, and an HC CDR3 of SEQ ID NO: 34 and (b) alight chain comprising 

at least one of a complementarity determining region 1 (LC CDR]) of SEQ ID NO: 7, 

an LC CDR1 of SEQ ID NO: 37, a light chain complementarity determining region 2 

(LC CDR2) of SEQ ID NO: 8, an LC CDR2 of SEQ ID NO: 38, a light chain 

complementarity determining region 3 (LC CDR3) of SEQ ID NO: 9 and an LCCDR3 

of SEQ ID NO: 39, 

14, The antiJTMPRSS6 antibody of claim 1, wherein the antibody comprises: (a) a heavy 

chain (IC) polypeptide wherein the variable region comprises an amino acid sequence 

selected from the amino acid sequence of SEQ ID NO: 11, a sequence substantially 

identical to SEQ ID NO: 11, the amino acid of SEQ ID NO: 41, and a sequence 

substantially identical to SEQ ID NO: 41; and (b) and a light chain (LC) polypeptide 

wherein the variable region comprises an amino acidsequenceselected from theamino 
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acid sequence of SEQ ID NO: 16, a sequence substantially identical toSEQ ID NO: 

16, the amino acid sequence of SEQ ID NO: 46, and a sequence substantially identical 

to the amino acid sequence of SEQ ID NO: 46.  

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

composing at least one of a heavy chain complernentaity determininig region (C 

CDR) of SEQ ID NO: 12, an HC CDRI of SEQ ID NO: 42. a heavy chain 

compleientarity determining region 2 (HC CDR2) of SEQ ID NO: 13, anTi HC CDR2 

of SEQ ID NO: 43, a heavy chain complenentarity determining region (HC CDR3) 

of SEQ ID NO: 14, and an HC CDR3 of SEQ ID NO: 44; and (b) a light chain 

comprising at least oie of a complementarity determning region I (LC CDR1) of SEQ 

ID NO: 17, an LC CDRI of SEQ ID NO: 47, a light chain complementarity determining 

region 2 (LC CDR2) of SEQ ID NO:. 18, an LC CDR2 of SEQ ID NO: 48, a light chain 

complementarity determining region (LC CDR3) of SEQ ID NO: 19 and an LC CDR3 

of SEQ ID NO: 49.  

16.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 ID NO: 21, a sequence substantially 

identical to SEQ ID NO: 21, the amino acid of SEQ ID NO: 51, and a sequence 

substantially identical to SEQ ID NO: 51; and (b) and a light chain (LC) polypeptide 

wherein the variable region comprises an aminoacidsequnce selected from the amino 

acid sequence ofSEQ ID NO: 26, a sequence substantially identical to SEQ ID NO: 26, 

the amino acid sequence of SEQ ID NO: 56, and a sequence substantially identical to 

the amino acid sequence of SEQ ID NO: 56, 

17. The anti-TMPRSS6 antibody of claim 16, wherein the antibody comprises: (a) a heavy 

chain comprising at least one of a heavy chain complementarity determining region 1 

(HC CDR ) of SEQ ID NO: 22, an HC CDR1 of SEQ ID NO: 52, a heavy chain 

complementarity determining region 2 (HC CDR2) of SEQ ID NO: 23, an HC C.DR2 

of SEQ ID NO: 53. a heavy chain complementarity determining region 3 (HC CDR3) 

of SEQ ID NO: 24, and an HC CDR3 of SEQ ID NO: 54; and (b) a light chain 

comprising at least one of a complementarity determining region 1 (LC CDR1) of SEQ 

ID NO: 27,an LC CDRI of SEQ ID NO: 57, a light chain complementarity determining 

region 2 (LCCDR2) of SEQ ID NO: 28, an LC CDR2 of SEQ ID NO: 58, a light chain 

complementarity determining region 3 (LC CDR3) of SEQ ID NO: 29 andan LC CDR3 

of SEQ ID NO: 59, 
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IS, A method of treating disorders of iron metabolism, comprising administering an 

efective amount of an anti-TMPRSS6 antibody of claim i to a subject in need thereof, 

wherein administration of the effective amount of anti-TMPRSS6 antibody modulates 

the activity of a component involved in ironmetabolism.  

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

disorder.  

20. The method of claim 19, wherein the iron overload disorder is a disorder of ineffective 

erythropoiesis.  

21. The method of claim 19, wherein the iron overload disorder is -thalassemia.  

22.The method of claim 18, wherein administration of the effective amount of anti

TMPRSS6 antibody modulates the activity of at least one component involved in 

regulating hepcidin expression.  

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

TMPRSS6 antibody inhibits TMPRSS6 suppression of hepcidin expression, 

24,The method of claim 22, wherein administration of the effective amount of anti

TMPRSS6 antibody increases hepcidin expression.  

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

TMPRSS6 antibody increases the activity of thehepcidin promoter.  

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

TMPRSS6 antibody inhibits TMPRSS6 suppression of the BMP/SIAD pathway

induced expression of hepcidin.  

21The method of claim 18, wherein administration of the effective amount of anti

TMPRSS6 antibody has at least one effect selected from: increasingserum hepcidin 

levels, reducing serum iron levels, increasing liver hepcidin RNA levels, reducing liver 

non-heme iron, reducing splenoimegaly, incrasingred blood count (RBC), increasing 

hematocrit (HCT), reducing red cell distribution width (RDW), increasing production 

of mature red cells, and increasing erythropoiesis.  

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

a suitable carrier and/or excipient.  

29. An isolated nucleic acid molecule that encodes at least a portion of the anti-TMPRSS6 

antibody of claim 1 
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30, The isolated nucleic acid molecule of claim 29, comprising a heavy-chain (HC) 

nucleotide sequence selected fom: a nucleotide sequence comprising SEQ ID NO: 5, 

a nucleotide sequence comprising a sequence substantially identical to SEQ ID NO: 5, 

a nucleotide sequence comprising SEQ ID NO: 15, a nucleotide sequence comprising 

a sequence substantially identical to SEQ ID NO: 15,a nucleotlide sequence comprising 

SEQ ID NO. 25, a nucleotide sequence comprising a sequence substantially identical 

to SEQ ID NO: 25, a nuclotide sequence comprising SEQ ID NO: 35, a nucleotide 

sequence comprising a sequence substantially identical to SEQ ID NO: 35, a nucleotide 

sequence comprising SEQ ID NO: 45, a nucleotide sequence comprising a sequence 

substantially identical to SEQ ID NO: 45, a nucleotide sequence comprising SEQ ID 

NO: 55, or a nucleotide sequence comprising a sequence substantially identical to SEQ 

ID NO: 55.  

31. The isolated nucleic acid molecule of claim 29, comprising a light chain (IC) 

nucleotide sequence selected from: : a nucleotide sequence comprising SEQ ID NO: 

10, a nucleotide sequence comprisingasequence substantially identical to SEQ ID NO: 

10, a nucleotide sequence comprising SEQ ID NO: 20, a nucleotide sequence 

comprising a sequence substantially identical to SEQ ID NO: 20, a nucleotide sequence 

comprising SEQ ID NO. 30, a nucleotide sequence comprising a sequence substantially 

identical to SEQ ID NO: 30, a nucleotide sequence comprising SEQ ID NO: 40. a 

nucleotide sequence comprising asequence substantially identical to SEQ D NO: 40, 

a nucleotide sequence comprising SEQ ID NO: 50, a nuclotide sequence comprising 

a sequence substantially identical to SEQ ID NO: 50, a nucleotide sequence comprising 

SEQ ID NO: 60, or a nucleotide sequence comprising a sequence substantially identical 

to SEQ ID NO: 60.  

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

33. A host cell comprising the vector of claim 32 
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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                   10      

<210> 5
<211> 354
<212> DNA
<213> Mus musculus

<400> 5
caggtccaac tgcagcagcc tggggctgag cttgcgaagc ctggggcttc agtgaagatg       60

tcctgcaagg cttctggcta caccttcacc agctactgga taacctgggt gaagcagagg      120

cctggacaag accttgagtg gattggaaat atttatcctg gtagtggtag tacttactac      180

aatgagaagt tcaagagcaa ggccacactg actgtagaca catcctccag aacagcctac      240

atgcagctca gcagtctgac atctgcggac tctgcggtct attactgtgc cccctatgat      300

tccgactatg ctatggacta ctggggtcaa ggaacctcag tcaccgtctc ctca            354



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

<400> 6
Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr Ala Ser Leu Gly 
1               5                   10                  15      

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

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

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

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

Glu Asp Val Gly Ile Tyr Phe Cys Leu Gln Tyr Asp Glu Phe Pro Leu 
                85                  90                  95      

Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys 
            100                 105         

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

<400> 7
Gln Asp Ile Asn Asn Tyr 
1               5       

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

<400> 8
Arg Ala Asn 
1           



<210> 9
<211> 9
<212> PRT
<213> Mus musculus

<400> 9
Leu Gln Tyr Asp Glu Phe Pro Leu Thr 
1               5                   

<210> 10
<211> 321
<212> DNA
<213> Mus musculus

<400> 10
gacatcaaga tgacccagtc tccatcttcc atgtatgcat ctctaggaga gagagtcact       60

atcacttgca aggcgagtca ggacattaat aactatttaa gctggttcca gcagaaacca      120

gggaaatctc ctaagaccct gatctatcgt gcaaacagat tggtagatgg ggtcccatca      180

agggtcagtg gcagtggatc tgggcaagat tattctctca ccatcagcag cctggagtat      240

gaagatgtgg gaatttattt ttgtctacag tatgatgagt ttcctctcac gttcggtgct      300

gggaccaagc tggagctgaa a                                                321

<210> 11
<211> 121
<212> PRT
<213> Mus musculus

<400> 11
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 Lys Asp Tyr 
            20                  25                  30          

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

Gly Arg Ile Asp Pro Glu Asp Gly Glu Ser Glu Tyr Ala Pro Lys Phe 
    50                  55                  60                  

Gln Gly Lys Ala Thr Leu Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr 
65                  70                  75                  80  



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

Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr Trp Gly Gln 
            100                 105                 110         

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
Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr 
1               5                   10              

<210> 15
<211> 360
<212> DNA
<213> Mus musculus

<400> 15
gaggttcagc tgcagcagtc tggggcagaa cttgtgaagc caggggcctc agtcaagttg       60

tcctgcacag cctctggctt caacattaaa gactactata tacactgggt gaaagagagg      120

actgaacagg gcctggagtg gtttggaagg attgatcctg aggatggtga aagtgaatat      180



gccccgaaat tccagggcaa ggccacttta acagcagaca catcctccaa tacagcctac      240

ctgcagctca gcagcctgac atctgaggac actgccgtct attactgtac tagaggagac      300

tctatgatgg ttacctactt tgactactgg ggccaaggca ccactctcac ggtctcctca      360

<210> 16
<211> 107
<212> PRT
<213> Mus musculus

<400> 16
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 
            100                 105         

<210> 17
<211> 6
<212> PRT
<213> Mus musculus

<400> 17
Gln Asp Val Ser Thr Ala 
1               5       

<210> 18
<211> 3



<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

<400> 20
gacattgtga 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 tgtgcaggct      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 Asp Pro Glu Asp Gly Glu Thr Thr Tyr Ala Pro Gln Phe 
    50                  55                  60                  

Gln Gly Lys Ala Thr Ile Ile Pro Asp Thr Ser Ser Asn Thr Ala Tyr 
65                  70                  75                  80  

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

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

Ser Val Thr Val Ser Ser 
        115             

<210> 22
<211> 8
<212> PRT
<213> Mus musculus

<400> 22
Gly Phe Asn Ile Glu Asp Tyr Tyr 
1               5               

<210> 23
<211> 8
<212> PRT
<213> Mus musculus

<400> 23
Ile Asp Pro Glu Asp Gly Glu Thr 
1               5               

<210> 24
<211> 11
<212> PRT
<213> Mus musculus

<400> 24
Ala Arg Ser Ile Tyr Leu Asp Pro Met Asp Tyr 
1               5                   10      

<210> 25
<211> 354
<212> DNA



<213> Mus musculus

<400> 25
gaagttcagc tgcagcagtc tggggcagaa cttgtgaagc caggggcctc agtcaagttg       60

tcctgcacag cttctggctt caacattgaa gactactata tacactgggt gaaggagagg      120

actgaacagg gcctggagtg gattggaagg attgatcctg aggatggtga aactacatat      180

gccccgcagt tccagggcaa ggccactata ataccagaca catcctccaa cacagcctac      240

atgcagctca gcagcctgac atctgaggac gctgccgtct attactgtgc tagatcgatc      300

taccttgatc ctatggacta ctggggtcaa ggaacctcag tcaccgtctc ctca            354

<210> 26
<211> 107
<212> PRT
<213> Mus musculus

<400> 26
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 
            100                 105         

<210> 27
<211> 6
<212> PRT
<213> Mus musculus



<400> 27
Gln Asp Val Thr Thr Ala 
1               5       

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

<400> 28
Trp Ala Thr 
1           

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

<400> 29
Gln Gln His Tyr Ser Thr Pro Tyr Thr 
1               5                   

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

<400> 30
gacattgtga tgacccagtc tcacaaattc atgtccacat cagtaggaga cagggtcagc       60

atcacctgca aggccagtca ggatgtgact actgctgtcg cctggtatca acaaaaacca      120

ggacagtctc ctaaaatact gatttactgg gcaaccaccc ggcacactgg agtccctgat      180

cgcttcacag gcagtatatc tgggacaact tatattctca ccatcagtag tgtgcaggct      240

gaagacctgg cactttatta ctgtcagcaa cattatagca ctccgtacac gttcggaggg      300

gggaccaagc tggaaataaa a                                                321

<210> 31
<211> 118
<212> PRT
<213> Artificial Sequence

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



<400> 31
Glu 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 Tyr Thr Phe Thr Ser Tyr 
            20                  25                  30          

Trp Ile Thr Trp Val Arg Gln Ala Pro Gly Gln Arg 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 Ile Thr Arg Asp Thr Ser Ser Arg Thr Ala Tyr 
65                  70                  75                  80  

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

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

Leu Val Thr Val Ser Ser 
        115             

<210> 32
<211> 8
<212> PRT
<213> Artificial Sequence

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

<400> 32
Gly Tyr Thr Phe Thr Ser Tyr Trp 
1               5               

<210> 33
<211> 8
<212> PRT
<213> Artificial Sequence



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

<400> 33
Ile Tyr Pro Gly Ser Gly Ser Thr 
1               5               

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

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

<400> 34
Ala Pro Tyr Asp Ala Asp Tyr Ala Met Asp Tyr 
1               5                   10      

<210> 35
<211> 354
<212> DNA
<213> Artificial Sequence

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

<400> 35
gaagtgcagc tggtgcaatc tggcgccgaa gtgaagaaac ctggcgcctc tgtgaaggtg       60

tcctgcaagg cttccggcta cacctttacc agctactgga tcacctgggt ccgacaggct      120

cctggccaga gactggaatg gatcggcaac atctaccctg gctccggctc cacctactac      180

aacgagaagt tcaagtccaa ggccacaatc acccgggaca cctcttccag aaccgcctac      240

atggaactgt ccagcctgag atctgaggac accgccgtgt actactgcgc cccttacgac      300

gccgactacg ccatggatta ttggggccag ggcaccctgg tcaccgtgtc ctct            354

<210> 36
<211> 107
<212> PRT
<213> Artificial Sequence



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

<400> 36
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 
            100                 105         

<210> 37
<211> 6
<212> PRT
<213> Artificial Sequence

<220>
<221> source
<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



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

<400> 38
Arg Ala Asn 
1           

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

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

<400> 39
Leu Gln Tyr Asp Glu Phe Pro Leu Thr 
1               5                   

<210> 40
<211> 321
<212> DNA
<213> Artificial Sequence

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

<400> 40
gacatccaga tgacccagtc tccatcctct ctgtccgcct ctgtgggcga cagagtgacc       60

atcacatgca aggccagcca ggacatctcc aactacctgt cctggttcca gcagaagcct      120

ggcaaggctc ccaagctgct gatctacaga gccaacagac tggtggaagg cgtgccctcc      180

agattctccg gatctggctc tggcaccgac tttaccctga caatctccag cctgcagcct      240

gaggacttcg ctacctactt ctgcctgcaa tacgacgagt tccctctgac ctttggcgga      300

ggcaccaagg tggaaatcaa g                                                321

<210> 41
<211> 120
<212> PRT
<213> Artificial Sequence



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

<400> 41
Glu 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 Lys Asp Tyr 
            20                  25                  30          

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

Gly Arg Ile Asp Pro Glu Asp Ala Glu Ser Glu Tyr Ala Pro Lys Phe 
    50                  55                  60                  

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

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

Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr Trp Gly Gln 
            100                 105                 110         

Gly Thr Leu Val Thr Val Ser Ser 
        115                 120 

<210> 42
<211> 8
<212> PRT
<213> Artificial Sequence

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

<400> 42
Gly Phe Asn Ile Lys Asp Tyr Tyr 
1               5               

<210> 43



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

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

<400> 43
Ile Asp Pro Glu Asp Ala Glu Ser 
1               5               

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

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

<400> 44
Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr 
1               5                   10              

<210> 45
<211> 360
<212> DNA
<213> Artificial Sequence

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

<400> 45
gaagtgcagc tggtgcaatc tggcgccgaa gtgaagaaac ctggcgcctc tgtgaaggtg       60

tcctgcaagg cctctggctt caacatcaag gactactaca tccactgggt ccgacaggct      120

accggacagg gacttgagtg gatgggcaga atcgaccctg aggacgccga gtctgagtac      180

gcccctaagt ttcagggcag agtgaccatc accgccgaca cctctaccga caccgcctac      240

atggaactgt ccagcctgag atctgaggac accgccgtgt actactgcac cagaggcgac      300

tccatgatgg ttacctactt cgactactgg ggccagggca ccctggtcac agtttcttcc      360

<210> 46



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

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

<400> 46
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 Val Ser Thr Ala 
            20                  25                  30          

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

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

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

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

Thr Phe Gly Gly Gly Thr Lys Val Glu Ile Lys 
            100                 105         

<210> 47
<211> 6
<212> PRT
<213> Artificial Sequence

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

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

<210> 48



<211> 3
<212> PRT
<213> Artificial Sequence

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

<400> 48
Trp Ala Phe 
1           

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

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

<400> 49
Gln Gln His Tyr Arg Ser Pro Trp Thr 
1               5                   

<210> 50
<211> 321
<212> DNA
<213> Artificial Sequence

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

<400> 50
gacatccaga tgacccagtc tccatcctct ctgtccgcct ctgtgggcga cagagtgacc       60

atcacatgca aggcctctca ggacgtgtcc accgccgttg cttggtatca gcagaagcct      120

ggcaaggccc ctaagctgct gatctactgg gccttcacca gacacaccgg cgtgccctct      180

aggttctccg gctctggctc tggcaccgat tacgctctga caatctccag cctgcagcct      240

gaggacttcg ccacctacta ctgccagcag cactacagaa gcccctggac atttggcgga      300

ggcaccaagg tggaaatcaa g                                                321

<210> 51



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

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

<400> 51
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 Ala Glu Thr Thr Tyr Ser Pro Lys Phe 
    50                  55                  60                  

Gln Gly Arg Val Thr Ile Ile Pro Asp Thr Ser Ala Asn Thr Ala Tyr 
65                  70                  75                  80  

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

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

Leu Val Thr Val Ser Ser 
        115             

<210> 52
<211> 8
<212> PRT
<213> Artificial Sequence

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

<400> 52
Gly Phe Asn Ile Glu Asp Tyr Tyr 



1               5               

<210> 53
<211> 8
<212> PRT
<213> Artificial Sequence

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

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

<210> 54
<211> 11
<212> PRT
<213> Artificial Sequence

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

<400> 54
Ala Arg Ser Ile Tyr Leu Asp Pro Met Asp Tyr 
1               5                   10      

<210> 55
<211> 354
<212> DNA
<213> Artificial Sequence

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

<400> 55
caggtgcagc tggtgcagtc tggcgccgaa gtgaaaaagc ctggcgcctc tgtgaaggtg       60

tcctgcaagg cctctggctt caacatcgag gactactaca tgcactgggt ccgacaggcc      120

cctggccaga gattggaatg gatgggcaga atcgaccccg aggacgccga gacaacctac      180

tctcctaagt tccagggccg cgtgacaatc atccctgaca cctctgccaa caccgcctac      240

atggaactgt ccagcctgag atctgaggac accgccgtgt actactgcgc ccggtctatc      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 



1               5       

<210> 58
<211> 3
<212> PRT
<213> Artificial Sequence

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

<400> 58
Trp Ala Thr 
1           

<210> 59
<211> 9
<212> PRT
<213> Artificial Sequence

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

<400> 59
Gln Gln His Tyr Ser Thr Pro Tyr Thr 
1               5                   

<210> 60
<211> 321
<212> DNA
<213> Artificial Sequence

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

<400> 60
gacatccaga tgacccagtc tccaaagtct ctgtccgcct ccgtgggcga cagagtgacc       60

atcacctgta gagcctctca ggacgtgacc accgctctgg cttggtatca gcagaagcct      120

ggccagtctc ctaagctgct gatctactgg gccaccacca gacactctgg cgtgccctct      180

agattctccg gctctggctc tggcaccgac tttaccctga caatctccag cctgcagcct      240

gaggacttcg ccacctacta ctgccagcag cactacagca ccccttacac ctttggccag      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 



            180                 185                 190         

Trp Pro Ser Gln Ser Ile Thr Cys Asn Val Ala His Pro Ala Ser Ser 
        195                 200                 205             

Thr Lys Val Asp Lys Lys Ile Glu Pro Arg Gly Pro Thr Ile Lys Pro 
    210                 215                 220                 

Cys Pro Pro Cys Lys Cys Pro Ala Pro Asn Leu Leu Gly Gly Pro Ser 
225                 230                 235                 240 

Val Phe Ile Phe Pro Pro Lys Ile Lys Asp Val Leu Met Ile Ser Leu 
                245                 250                 255     

Ser Pro Ile Val Thr Cys Val Val Val Asp Val Ser Glu Asp Asp Pro 
            260                 265                 270         

Asp Val Gln Ile Ser Trp Phe Val Asn Asn Val Glu Val His Thr Ala 
        275                 280                 285             

Gln Thr Gln Thr His Arg Glu Asp Tyr Asn Ser Thr Leu Arg Val Val 
    290                 295                 300                 

Ser Ala Leu Pro Ile Gln His Gln Asp Trp Met Ser Gly Lys Glu Phe 
305                 310                 315                 320 

Lys Cys Lys Val Asn Asn Lys Asp Leu Pro Ala Pro Ile Glu Arg Thr 
                325                 330                 335     

Ile Ser Lys Pro Lys Gly Ser Val Arg Ala Pro Gln Val Tyr Val Leu 
            340                 345                 350         

Pro Pro Pro Glu Glu Glu Met Thr Lys Lys Gln Val Thr Leu Thr Cys 
        355                 360                 365             

Met Val Thr Asp Phe Met Pro Glu Asp Ile Tyr Val Glu Trp Thr Asn 
    370                 375                 380                 

Asn Gly Lys Thr Glu Leu Asn Tyr Lys Asn Thr Glu Pro Val Leu Asp 
385                 390                 395                 400 



Ser Asp Gly Ser Tyr Phe Met Tyr Ser Lys Leu Arg Val Glu Lys Lys 
                405                 410                 415     

Asn Trp Val Glu Arg Asn Ser Tyr Ser Cys Ser Val Val His Glu Gly 
            420                 425                 430         

Leu His Asn His His Thr Thr Lys Ser Phe Ser Arg Thr Pro Gly 
        435                 440                 445         

<210> 62
<211> 1347
<212> DNA
<213> Mus musculus

<400> 62
caggtccaac tgcagcagcc tggggctgag cttgcgaagc ctggggcttc agtgaagatg       60

tcctgcaagg cttctggcta caccttcacc agctactgga taacctgggt gaagcagagg      120

cctggacaag accttgagtg gattggaaat atttatcctg gtagtggtag tacttactac      180

aatgagaagt tcaagagcaa ggccacactg actgtagaca catcctccag aacagcctac      240

atgcagctca gcagtctgac atctgcggac tctgcggtct attactgtgc cccctatgat      300

tccgactatg ctatggacta ctggggtcaa ggaacctcag tcaccgtctc ctcagctaaa      360

acaacagccc catcggtcta tccactggcc cctgtgtgtg gagatacaac tggctcctcg      420

gtgactctag gatgcctggt caagggttat ttccctgagc cagtgacctt gacctggaac      480

tctggttccc tgtccagtgg tgtgcacacc ttcccagctg tcctgcagtc tgacctctac      540

accctcagct caagcgtgac tgtaaccagc tcgacctggc ccagccagtc catcacctgc      600

aatgtggccc acccggcaag cagcaccaag gtggacaaga aaattgagcc cagagggccc      660

acaatcaagc cctgtcctcc atgcaaatgc ccagcaccta acctcttggg tggaccatcc      720

gtcttcatct tccctccaaa gatcaaggat gtactcatga tctccctgag ccccatagtc      780

acatgtgtag tcgttgatgt gagcgaggat gacccagatg tccagatcag ctggtttgtg      840

aacaacgtgg aagtgcacac tgctcagaca cagacgcata gagaggatta caacagtact      900

ctccgggttg tcagtgccct ccccatccag caccaggact ggatgagtgg caaggagttc      960

aaatgcaagg tcaacaacaa agacctccca gcgcccatcg agagaaccat ctcaaaaccc     1020

aaagggtcag taagagctcc acaggtatat gtcttgcctc caccagaaga ggagatgact     1080



aagaaacagg tcactctgac ctgcatggtc acagacttca tgcctgaaga catttacgtg     1140

gagtggacca acaacgggaa aacagagcta aactacaaga acactgaacc agtcctggac     1200

tctgatggtt cttacttcat gtacagcaag ctgagagtgg agaagaagaa ctgggtggag     1260

agaaatagct actcctgttc agtggtccac gagggtctgc acaatcacca cacgactaag     1320

agcttctccc ggactccggg ttagtaa                                         1347

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

<400> 63
Asp Ile Lys Met Thr Gln Ser Pro Ser Ser Met Tyr Ala Ser Leu Gly 
1               5                   10                  15      

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

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

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

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

Glu Asp Val Gly Ile Tyr Phe Cys Leu Gln Tyr Asp Glu Phe Pro Leu 
                85                  90                  95      

Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu 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                 205             

Phe Asn Arg Asn Glu Cys 
    210                 

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

<400> 64
gacatcaaga tgacccagtc tccatcttcc atgtatgcat ctctaggaga gagagtcact       60

atcacttgca aggcgagtca ggacattaat aactatttaa gctggttcca gcagaaacca      120

gggaaatctc ctaagaccct gatctatcgt gcaaacagat tggtagatgg ggtcccatca      180

agggtcagtg gcagtggatc tgggcaagat tattctctca ccatcagcag cctggagtat      240

gaagatgtgg gaatttattt ttgtctacag tatgatgagt ttcctctcac gttcggtgct      300

gggaccaagc tggagctgaa aagagctgac gccgctccta ccgtgtccat ctttccacct      360

agcagcgagc agctgacaag cggcggagcc agcgtcgtgt gcttcctgaa caacttctac      420

cccaaggaca tcaacgtgaa gtggaagatc gacggcagcg agagacagaa cggcgtgctg      480

aatagctgga ccgaccagga cagcaaggac tccacctaca gcatgtccag cacactgacc      540

ctgaccaagg acgagtacga gcggcacaac agctacacat gcgaggccac acacaagacc      600

agcacaagcc ccatcgtgaa gtccttcaac cggaacgagt gc                         642

<210> 65
<211> 455
<212> PRT
<213> Mus musculus



<400> 65
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 Lys Asp Tyr 
            20                  25                  30          

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

Gly Arg Ile Asp Pro Glu Asp Gly Glu Ser Glu Tyr Ala Pro Lys Phe 
    50                  55                  60                  

Gln Gly Lys Ala Thr Leu Thr Ala Asp Thr Ser Ser Asn Thr Ala Tyr 
65                  70                  75                  80  

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

Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr Trp Gly Gln 
            100                 105                 110         

Gly Thr Thr Leu Thr Val Ser Ser Lys Thr Thr Pro Pro Ser Val Tyr 
        115                 120                 125             

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

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

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

Gln Ser Gly Leu Tyr Thr Met Ser Ser Ser Val Thr Val Pro Ser Ser 
            180                 185                 190         

Thr Trp Pro Ser Gln Thr Val Thr Cys Ser Val Ala His Pro Ala Ser 
        195                 200                 205             

Ser Thr Thr Val Asp Lys Lys Leu Glu Pro Ser Gly Pro Ile Ser Thr 



    210                 215                 220                 

Ile Asn Pro Cys Pro Pro Cys Lys Glu Cys His Lys Cys Pro Ala Pro 
225                 230                 235                 240 

Asn Leu Glu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Asn Ile Lys 
                245                 250                 255     

Asp Val Leu Met Ile Ser Leu Thr Pro Lys Val Thr Cys Val Val Val 
            260                 265                 270         

Asp Val Ser Glu Asp Asp Pro Asp Val Gln Ile Ser Trp Phe Val Asn 
        275                 280                 285             

Asn Val Glu Val His Thr Ala Gln Thr Gln Thr His Arg Glu Asp Tyr 
    290                 295                 300                 

Asn Ser Thr Ile Arg Val Val Ser Thr Leu Pro Ile Gln His Gln Asp 
305                 310                 315                 320 

Trp Met Ser Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu 
                325                 330                 335     

Pro Ser Pro Ile Glu Arg Thr Ile Ser Lys Ile Lys Gly Leu Val Arg 
            340                 345                 350         

Ala Pro Gln Val Tyr Ile Leu Pro Pro Pro Ala Glu Gln Leu Ser Arg 
        355                 360                 365             

Lys Asp Val Ser Leu Thr Cys Leu Val Val Gly Phe Asn Pro Gly Asp 
    370                 375                 380                 

Ile Ser Val Glu Trp Thr Ser Asn Gly His Thr Glu Glu Asn Tyr Lys 
385                 390                 395                 400 

Asp Thr Ala Pro Val Leu Asp Ser Asp Gly Ser Tyr Phe Ile Tyr Ser 
                405                 410                 415     

Lys Leu Asn Met Lys Thr Ser Lys Trp Glu Lys Thr Asp Ser Phe Ser 
            420                 425                 430         



Cys Asn Val Arg His Glu Gly Leu Lys Asn Tyr Tyr Leu Lys Lys Thr 
        435                 440                 445             

Ile Ser Arg Ser Pro Gly Lys 
    450                 455 

<210> 66
<211> 1365
<212> DNA
<213> Mus musculus

<400> 66
gaggttcagc tgcagcagtc tggggcagaa cttgtgaagc caggggcctc agtcaagttg       60

tcctgcacag cctctggctt caacattaaa gactactata tacactgggt gaaagagagg      120

actgaacagg gcctggagtg gtttggaagg attgatcctg aggatggtga aagtgaatat      180

gccccgaaat tccagggcaa ggccacttta acagcagaca catcctccaa tacagcctac      240

ctgcagctca gcagcctgac atctgaggac actgccgtct attactgtac tagaggagac      300

tctatgatgg ttacctactt tgactactgg ggccaaggca ccactctcac ggtctcctca      360

aagaccacac ctcctagcgt gtaccctctg gctcctggct gtggcgatac aacaggcagc      420

tctgtgacac tgggctgcct ggtcaagggc tactttcctg agagcgtgac agtgacctgg      480

aacagcggca gcctgtctag cagcgtgcac acctttccag ctctgctcca gagcggcctg      540

tacaccatgt cctctagtgt gaccgtgcct agcagcacct ggcctagcca gacagtgaca      600

tgtagcgtgg cccatcctgc cagcagcaca accgtggaca agaagctgga acctagcggc      660

cccatcagca ccatcaatcc ctgtcctcca tgcaaagaat gccacaagtg ccccgctcct      720

aacctggaag gtggcccaag cgtgttcatc ttcccaccta acatcaagga cgtgctgatg      780

atcagcctga cacctaaagt gacctgcgtg gtggtggacg tgtccgagga tgatcccgat      840

gtgcagatca gttggttcgt gaacaacgtg gaagtgcaca cagcccagac acagacccac      900

agagaggact acaatagcac cattcgcgtg gtgtccacac tgcctatcca gcaccaggat      960

tggatgagcg gcaaagagtt caagtgcaaa gtgaacaaca aggacctgcc ttctccaatc     1020

gagcggacca tcagcaagat caagggactc gtcagagccc ctcaggtgta catcttgcct     1080

ccaccagccg agcagctgag cagaaaggat gtgtccctga cctgtctggt cgtgggcttc     1140

aaccctggcg acatcagcgt ggaatggacc agcaatggcc acaccgagga aaactacaag     1200



gacacagccc ctgtgctgga cagcgacggc agctacttca tctacagcaa gctgaacatg     1260

aagaccagca agtgggagaa aaccgacagc ttctcctgca acgtgcggca cgagggcctg     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 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                 205             

Phe Asn Arg Asn Glu Cys 
    210                 

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

<400> 68
gacattgtga 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 tgtgcaggct      240

gaagacctgg cactttatta ctgtcagcaa cattatcgca gtccgtggac gttcggtgga      300

ggcaccaaac tggaaatcaa aagagctgac gccgctccta ccgtgtccat ctttccacct      360

agcagcgagc agctgacaag cggcggagcc agcgtcgtgt gcttcctgaa caacttctac      420

cccaaggaca tcaacgtgaa gtggaagatc gacggcagcg agagacagaa cggcgtgctg      480

aatagctgga ccgaccagga cagcaaggac tccacctaca gcatgtccag cacactgacc      540

ctgaccaagg acgagtacga gcggcacaac agctacacat gcgaggccac acacaagacc      600

agcacaagcc ccatcgtgaa gtccttcaac cggaacgagt gc                         642

<210> 69
<211> 453
<212> PRT
<213> Mus musculus

<400> 69
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 Asp Pro Glu Asp Gly Glu Thr Thr Tyr Ala Pro Gln Phe 
    50                  55                  60                  

Gln Gly Lys Ala Thr Ile Ile Pro Asp Thr Ser Ser Asn Thr Ala Tyr 
65                  70                  75                  80  

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

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

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

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

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

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

Gly Leu Tyr Thr Met Ser Ser Ser Val Thr Val Pro Ser Ser Thr Trp 
            180                 185                 190         

Pro Ser Gln Thr Val Thr Cys Ser Val Ala His Pro Ala Ser Ser Thr 
        195                 200                 205             

Thr Val Asp Lys Lys Leu Glu Pro Ser Gly Pro Ile Ser Thr Ile Asn 
    210                 215                 220                 

Pro Cys Pro Pro Cys Lys Glu Cys His Lys Cys Pro Ala Pro Asn Leu 



225                 230                 235                 240 

Glu Gly Gly Pro Ser Val Phe Ile Phe Pro Pro Asn Ile Lys Asp Val 
                245                 250                 255     

Leu Met Ile Ser Leu Thr Pro Lys Val Thr Cys Val Val Val Asp Val 
            260                 265                 270         

Ser Glu Asp Asp Pro Asp Val Gln Ile Ser Trp Phe Val Asn Asn Val 
        275                 280                 285             

Glu Val His Thr Ala Gln Thr Gln Thr His Arg Glu Asp Tyr Asn Ser 
    290                 295                 300                 

Thr Ile Arg Val Val Ser Thr Leu Pro Ile Gln His Gln Asp Trp Met 
305                 310                 315                 320 

Ser Gly Lys Glu Phe Lys Cys Lys Val Asn Asn Lys Asp Leu Pro Ser 
                325                 330                 335     

Pro Ile Glu Arg Thr Ile Ser Lys Ile Lys Gly Leu Val Arg Ala Pro 
            340                 345                 350         

Gln Val Tyr Ile Leu Pro Pro Pro Ala Glu Gln Leu Ser Arg Lys Asp 
        355                 360                 365             

Val Ser Leu Thr Cys Leu Val Val Gly Phe Asn Pro Gly Asp Ile Ser 
    370                 375                 380                 

Val Glu Trp Thr Ser Asn Gly His Thr Glu Glu Asn Tyr Lys Asp Thr 
385                 390                 395                 400 

Ala Pro Val Leu Asp Ser Asp Gly Ser Tyr Phe Ile Tyr Ser Lys Leu 
                405                 410                 415     

Asn Met Lys Thr Ser Lys Trp Glu Lys Thr Asp Ser Phe Ser Cys Asn 
            420                 425                 430         

Val Arg His Glu Gly Leu Lys Asn Tyr Tyr Leu Lys Lys Thr Ile Ser 
        435                 440                 445             



Arg Ser Pro Gly Lys 
    450             

<210> 70
<211> 1359
<212> DNA
<213> Mus musculus

<400> 70
gaggttcagc tgcagcagtc tggcgccgag cttgtgaaac ctggcgcctc tgtgaagctg       60

agctgtaccg ccagcggctt caacatcgag gactactaca tccactgggt caaagagcgg      120

accgagcagg gactcgagtg gatcggaaga atcgaccccg aggacggcga gacaacatac      180

gcccctcagt ttcagggcaa agccacaatc atccccgaca ccagcagcaa caccgcctac      240

atgcaactga gcagcctgac ctctgaagat gccgccgtgt actactgcgc ccggtccatc      300

tatctggacc ccatggatta ttggggccag ggcacaagcg tgaccgtgtc ctctaagacc      360

acacctccta gcgtgtaccc tctggctcct ggctgtggcg atacaacagg cagctctgtg      420

acactgggct gcctggtcaa gggctacttt cctgagagcg tgacagtgac ctggaacagc      480

ggcagcctgt ctagcagcgt gcacaccttt ccagctctgc tccagagcgg cctgtacacc      540

atgtcctcta gtgtgaccgt gcctagcagc acctggccta gccagacagt gacatgtagc      600

gtggcccatc ctgccagcag cacaaccgtg gacaagaagc tggaacctag cggccccatc      660

agcaccatca atccctgtcc tccatgcaaa gaatgccaca agtgccccgc tcctaacctg      720

gaaggtggcc caagcgtgtt catcttccca cctaacatca aggacgtgct gatgatcagc      780

ctgacaccta aagtgacctg cgtggtggtg gacgtgtccg aggatgatcc cgatgtgcag      840

atcagttggt tcgtgaacaa cgtggaagtg cacacagccc agacacagac ccacagagag      900

gactacaata gcaccattcg cgtggtgtcc acactgccta tccagcacca ggattggatg      960

agcggcaaag agttcaagtg caaagtgaac aacaaggacc tgccttctcc aatcgagcgg     1020

accatcagca agatcaaggg actcgtcaga gcccctcagg tgtacatctt gcctccacca     1080

gccgagcagc tgagcagaaa ggatgtgtcc ctgacctgtc tggtcgtggg cttcaaccct     1140

ggcgacatca gcgtggaatg gaccagcaat ggccacaccg aggaaaacta caaggacaca     1200

gcccctgtgc tggacagcga cggcagctac ttcatctaca gcaagctgaa catgaagacc     1260

agcaagtggg agaaaaccga cagcttctcc tgcaacgtgc ggcacgaggg cctgaagaac     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                 205             

Phe Asn Arg Asn Glu Cys 
    210                 

<210> 72
<211> 642
<212> DNA
<213> Mus musculus

<400> 72
gacatcgtga tgacccagag ccacaagttc atgagcacca gcgtgggcga cagagtgtcc       60

atcacctgta aagccagcca ggacgtgaca acagccgtgg cctggtatca gcagaagcct      120

ggccagtctc ctaagatcct gatctactgg gccaccacca gacacaccgg cgtgccagat      180

agattcaccg gcagcatcag cggcaccacc tacatcctga caatcagctc tgtgcaggcc      240

gaggatctgg ccctgtacta ctgtcagcag cactacagca ccccttacac ctttggcgga      300

ggcaccaagc tggaaatcaa gagagctgac gccgctccta ccgtgtccat ctttccacct      360

agcagcgagc agctgacaag cggcggagcc agcgtcgtgt gcttcctgaa caacttctac      420

cccaaggaca tcaacgtgaa gtggaagatc gacggcagcg agagacagaa cggcgtgctg      480

aatagctgga ccgaccagga cagcaaggac tccacctaca gcatgtccag cacactgacc      540

ctgaccaagg acgagtacga gcggcacaac agctacacat gcgaggccac acacaagacc      600

agcacaagcc ccatcgtgaa gtccttcaac cggaacgagt gc                         642

<210> 73
<211> 447
<212> PRT
<213> Artificial Sequence

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

<400> 73
Glu 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 Tyr Thr Phe Thr Ser Tyr 
            20                  25                  30          

Trp Ile Thr Trp Val Arg Gln Ala Pro Gly Gln Arg 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 Ile Thr Arg Asp Thr Ser Ser Arg Thr Ala Tyr 
65                  70                  75                  80  

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

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

Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro 
        115                 120                 125             

Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
    130                 135                 140                 

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

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

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser 
            180                 185                 190         

Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser 
        195                 200                 205             

Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr 
    210                 215                 220                 



His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly Pro Ser 
225                 230                 235                 240 

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg 
                245                 250                 255     

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro 
            260                 265                 270         

Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala 
        275                 280                 285             

Lys Thr Lys Pro Arg Glu Glu Gln Tyr Ala Ser Thr Tyr Arg Val Val 
    290                 295                 300                 

Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr 
305                 310                 315                 320 

Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr 
                325                 330                 335     

Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu 
            340                 345                 350         

Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu Thr Cys 
        355                 360                 365             

Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
    370                 375                 380                 

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp 
385                 390                 395                 400 

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

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

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



<210> 74
<211> 1341
<212> DNA
<213> Artificial Sequence

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

<400> 74
gaagtgcagc tggtgcaatc tggcgccgaa gtgaagaaac ctggcgcctc tgtgaaggtg       60

tcctgcaagg cttccggcta cacctttacc agctactgga tcacctgggt ccgacaggct      120

cctggccaga gactggaatg gatcggcaac atctaccctg gctccggctc cacctactac      180

aacgagaagt tcaagtccaa ggccacaatc acccgggaca cctcttccag aaccgcctac      240

atggaactgt ccagcctgag atctgaggac accgccgtgt actactgcgc cccttacgac      300

gccgactacg ccatggatta ttggggccag ggcaccctgg tcaccgtgtc ctctgcttct      360

accaagggac ccagcgtgtt ccctctggct ccttccagca agtctacctc tggcggaaca      420

gctgctctgg gctgcctggt caaggactac tttcctgagc ctgtgaccgt gtcttggaac      480

tctggcgctc tgacatccgg cgtgcacaca tttccagctg tgctgcagtc ctccggcctg      540

tactctctgt cctctgtcgt gaccgtgcct tcctctagcc tgggcaccca gacctacatc      600

tgcaatgtga accacaagcc ttccaacacc aaggtggaca agaaggtgga acccaagtcc      660

tgcgacaaga cccacacctg tcctccatgt cctgctccag aactgctcgg cggaccttcc      720

gtgttcctgt ttcctccaaa gcctaaggac accctgatga tctctcggac ccctgaagtg      780

acctgcgtgg tggtggatgt gtctcacgag gacccagaag tgaagttcaa ttggtacgtg      840

gacggcgtgg aagtgcacaa cgccaagacc aagcctagag aggaacagta cgccagcacc      900

tacagagtgg tgtccgtgct gacagtgctg caccaggatt ggctgaacgg caaagagtac      960

aagtgcaagg tgtccaacaa ggccctgcct gctcctatcg aaaagaccat cagcaaggcc     1020

aagggccagc ctagagaacc ccaggtttac accttgcctc catctcggga cgagctgacc     1080

aagaaccagg tgtccctgac ctgtctcgtg aagggcttct acccctccga catcgccgtg     1140

gaatgggagt ctaatggcca gccagagaac aactacaaga caacccctcc tgtgctggac     1200

tccgacggct cattcttcct gtactccaag ctgaccgtgg acaagtccag atggcagcag     1260



ggcaacgtgt tctcctgctc cgtgatgcac gaggccctgc acaatcacta cacacagaag     1320

tccctgtctc tgtcccctgg 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                 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> 76
<211> 642
<212> DNA
<213> Artificial Sequence

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

<400> 76
gacatccaga tgacccagtc tccatcctct ctgtccgcct ctgtgggcga cagagtgacc       60

atcacatgca aggccagcca ggacatctcc aactacctgt cctggttcca gcagaagcct      120

ggcaaggctc ccaagctgct gatctacaga gccaacagac tggtggaagg cgtgccctcc      180

agattctccg gatctggctc tggcaccgac tttaccctga caatctccag cctgcagcct      240

gaggacttcg ctacctactt ctgcctgcaa tacgacgagt tccctctgac ctttggcgga      300

ggcaccaagg tggaaatcaa gcggacagtg gccgctcctt ccgtgttcat cttcccacct      360

tccgacgagc agctgaagtc cggcacagct tctgtcgtgt gcctgctgaa caacttctac      420

cctcgggaag ccaaggtgca gtggaaggtg gacaatgccc tgcagtccgg caactcccaa      480

gagtctgtga ccgagcagga ctccaaggac agcacctaca gcctgtcctc cacactgacc      540

ctgtccaagg ccgactacga gaagcacaag gtgtacgcct gcgaagtgac ccatcagggc      600

ctgtctagcc ctgtgaccaa gtctttcaac cggggcgagt gt                         642

<210> 77



<211> 449
<212> PRT
<213> Artificial Sequence

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

<400> 77
Glu 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 Lys Asp Tyr 
            20                  25                  30          

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

Gly Arg Ile Asp Pro Glu Asp Ala Glu Ser Glu Tyr Ala Pro Lys Phe 
    50                  55                  60                  

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

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

Thr Arg Gly Asp Ser Met Met Val Thr Tyr Phe Asp Tyr Trp Gly Gln 
            100                 105                 110         

Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val 
        115                 120                 125             

Phe Pro Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala 
    130                 135                 140                 

Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val Thr Val Ser 
145                 150                 155                 160 

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



Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro 
            180                 185                 190         

Ser Ser Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys 
        195                 200                 205             

Pro Ser Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp 
    210                 215                 220                 

Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu Leu Leu Gly Gly 
225                 230                 235                 240 

Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile 
                245                 250                 255     

Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu 
            260                 265                 270         

Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His 
        275                 280                 285             

Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Ala Ser Thr Tyr Arg 
    290                 295                 300                 

Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys 
305                 310                 315                 320 

Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu 
                325                 330                 335     

Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr 
            340                 345                 350         

Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn Gln Val Ser Leu 
        355                 360                 365             

Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp 
    370                 375                 380                 

Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val 
385                 390                 395                 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> source
<223> /note="Description of Artificial Sequence: Synthetic
      polynucleotide"

<400> 78
gaagtgcagc tggtgcaatc tggcgccgaa gtgaagaaac ctggcgcctc tgtgaaggtg       60

tcctgcaagg cctctggctt caacatcaag gactactaca tccactgggt ccgacaggct      120

accggacagg gacttgagtg gatgggcaga atcgaccctg aggacgccga gtctgagtac      180

gcccctaagt ttcagggcag agtgaccatc accgccgaca cctctaccga caccgcctac      240

atggaactgt ccagcctgag atctgaggac accgccgtgt actactgcac cagaggcgac      300

tccatgatgg ttacctactt cgactactgg ggccagggca ccctggtcac agtttcttcc      360

gcttccacca agggacccag cgtgttccct ctggctcctt ccagcaagtc tacctctggc      420

ggaacagctg ctctgggctg cctggtcaag gattacttcc ctgagcctgt gaccgtgtcc      480

tggaactctg gcgctctgac atccggcgtg cacacctttc cagctgtgct gcaatcctcc      540

ggcctgtact ctctgtcctc cgtcgtgacc gtgccttcta gctctctggg cacccagacc      600

tacatctgca atgtgaacca caagccttcc aacaccaagg tggacaagaa ggtggaaccc      660

aagtcctgcg acaagaccca cacctgtcct ccatgtcctg ctccagaact gctcggcgga      720

ccttccgtgt tcctgtttcc tccaaagcct aaggacaccc tgatgatctc tcggacccct      780



gaagtgacct gcgtggtggt ggatgtgtct cacgaggacc cagaagtgaa gttcaattgg      840

tacgtggacg gcgtggaagt gcacaacgcc aagaccaagc ctagagagga acagtacgcc      900

tccacctaca gagtggtgtc cgtgctgaca gtgctgcacc aggattggct gaacggcaaa      960

gagtacaagt gcaaggtgtc caacaaggca ctgcccgctc ctatcgaaaa gaccatctcc     1020

aaggccaagg gccagcctag agaaccccag gtttacacct tgcctccatc tcgggacgag     1080

ctgaccaaga accaggtgtc cctgacctgt ctcgtgaagg gcttctaccc ctccgacatc     1140

gccgtggaat gggagtctaa tggccagcca gagaacaact acaagacaac ccctcctgtg     1200

ctggactccg acggctcatt cttcctgtac tccaagctga ccgtggacaa gtccagatgg     1260

cagcagggca acgtgttctc ctgctccgtg atgcacgagg ccctgcacaa tcactacaca     1320

cagaagtctc tgtccctgtc tcctggc                                         1347

<210> 79
<211> 214
<212> PRT
<213> Artificial Sequence

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

<400> 79
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 Val Ser Thr Ala 
            20                  25                  30          

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

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

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

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



                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 ctgtccgcct ctgtgggcga cagagtgacc       60

atcacatgca aggcctctca ggacgtgtcc accgccgttg cttggtatca gcagaagcct      120

ggcaaggccc ctaagctgct gatctactgg gccttcacca gacacaccgg cgtgccctct      180

aggttctccg gctctggctc tggcaccgat tacgctctga caatctccag cctgcagcct      240



gaggacttcg ccacctacta ctgccagcag cactacagaa gcccctggac atttggcgga      300

ggcaccaagg tggaaatcaa gcggacagtg gccgctcctt ccgtgttcat cttcccacct      360

tccgacgagc agctgaagtc cggcacagct tctgtcgtgt gcctgctgaa caacttctac      420

cctcgggaag ccaaggtgca gtggaaggtg gacaatgccc tgcagtccgg caactcccaa      480

gagtctgtga ccgagcagga ctccaaggac agcacctaca gcctgtcctc cacactgacc      540

ctgtccaagg ccgactacga gaagcacaag gtgtacgcct gcgaagtgac ccatcagggc      600

ctgtctagcc ctgtgaccaa gtctttcaac cggggcgagt gt                         642

<210> 81
<211> 447
<212> PRT
<213> Artificial Sequence

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

<400> 81
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 Ala Glu Thr Thr Tyr Ser Pro Lys Phe 
    50                  55                  60                  

Gln Gly Arg Val Thr Ile Ile Pro Asp Thr Ser Ala Asn Thr Ala Tyr 
65                  70                  75                  80  

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

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



Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly Pro Ser Val Phe Pro 
        115                 120                 125             

Leu Ala Pro Ser Ser Lys Ser Thr Ser Gly Gly Thr Ala Ala Leu Gly 
    130                 135                 140                 

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

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

Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val Thr Val Pro Ser Ser 
            180                 185                 190         

Ser Leu Gly Thr Gln Thr Tyr Ile Cys Asn Val Asn His Lys Pro Ser 
        195                 200                 205             

Asn Thr Lys Val Asp Lys Lys Val Glu Pro Lys Ser Cys Asp Lys Thr 
    210                 215                 220                 

His Thr Cys Pro Pro Cys Pro Ala Pro Glu Ala Ala Gly Gly Pro Ser 
225                 230                 235                 240 

Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile Ser Arg 
                245                 250                 255     

Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser His Glu Asp Pro 
            260                 265                 270         

Glu Val Lys Phe Asn Trp Tyr Val Asp Gly Val Glu Val His Asn Ala 
        275                 280                 285             

Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn Ser Thr Tyr Arg Val Val 
    290                 295                 300                 

Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys Glu Tyr 
305                 310                 315                 320 

Lys Cys Lys Val Ser Asn Lys Ala Leu Pro Ala Pro Ile Glu Lys Thr 
                325                 330                 335     



Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr Thr Leu 
            340                 345                 350         

Pro Pro Ser Arg Glu Glu Met Thr Lys Asn Gln Val Ser Leu Thr Cys 
        355                 360                 365             

Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp Glu Ser 
    370                 375                 380                 

Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val Leu Asp 
385                 390                 395                 400 

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

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

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

<210> 82
<211> 1341
<212> DNA
<213> Artificial Sequence

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

<400> 82
caggtgcagc tggtgcagtc tggcgccgaa gtgaaaaagc ctggcgcctc tgtgaaggtg       60

tcctgcaagg cctctggctt caacatcgag gactactaca tgcactgggt ccgacaggcc      120

cctggccaga gattggaatg gatgggcaga atcgaccccg aggacgccga gacaacctac      180

tctcctaagt tccagggccg cgtgacaatc atccctgaca cctctgccaa caccgcctac      240

atggaactgt ccagcctgag atctgaggac accgccgtgt actactgcgc ccggtctatc      300

tacctggacc ctatggacta ttggggccag ggcaccctgg tcacagtgtc ctctgcttct      360

accaagggac ccagcgtgtt ccctctggct ccttccagca agtctacctc tggcggaaca      420



gctgctctgg gctgcctggt caaggactac tttccagagc ctgtgaccgt gtcctggaac      480

tctggcgctc tgacatctgg cgtgcacacc tttccagctg tgctgcagtc ctccggcctg      540

tactctctgt cctctgtcgt gaccgtgcct tccagctctc tgggaaccca gacctacatc      600

tgcaatgtga accacaagcc ttccaacacc aaggtggaca agaaggtgga acccaagtcc      660

tgcgacaaga cccacacctg tcctccatgt cctgctccag aagctgctgg cggcccttcc      720

gtgtttctgt tccctccaaa gcctaaggac accctgatga tctctcggac ccctgaagtg      780

acctgcgtgg tggtggatgt gtctcacgag gacccagaag tgaagttcaa ttggtacgtg      840

gacggcgtgg aagtgcacaa cgccaagacc aagcctagag aggaacagta caactccacc      900

tacagagtgg tgtccgtgct gaccgtgctg caccaggatt ggctgaacgg caaagagtac      960

aagtgcaagg tgtccaacaa ggcactgccc gctcctatcg aaaagaccat ctccaaggcc     1020

aagggccagc ctagggaacc ccaggtttac accctgcctc caagccggga agagatgacc     1080

aagaaccagg tgtccctgac ctgcctcgtg aagggcttct acccttccga catcgccgtg     1140

gaatgggaga gcaatggcca gccagagaac aactacaaga caacccctcc tgtgctggac     1200

tccgacggct cattcttcct gtactccaag ctgacagtgg acaagtccag atggcagcag     1260

ggcaacgtgt tctcctgctc cgtgatgcac gaggccctgc acaatcacta cacacagaag     1320

tccctgtctc tgtcccctgg c                                               1341

<210> 83
<211> 214
<212> PRT
<213> Artificial Sequence

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

<400> 83
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 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> 84
<211> 642
<212> DNA
<213> Artificial Sequence

<220>
<221> source



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

<400> 84
gacatccaga tgacccagtc tccaaagtct ctgtccgcct ccgtgggcga cagagtgacc       60

atcacctgta gagcctctca ggacgtgacc accgctctgg cttggtatca gcagaagcct      120

ggccagtctc ctaagctgct gatctactgg gccaccacca gacactctgg cgtgccctct      180

agattctccg gctctggctc tggcaccgac tttaccctga caatctccag cctgcagcct      240

gaggacttcg ccacctacta ctgccagcag cactacagca ccccttacac ctttggccag      300

ggcaccaagc tggaaatcaa gcggacagtg gccgctcctt ccgtgttcat cttcccacct      360

tccgacgagc agctgaagtc cggcacagct tctgtcgtgt gcctgctgaa caacttctac      420

cctcgggaag ccaaggtgca gtggaaggtg gacaatgccc tgcagtccgg caactcccaa      480

gagtctgtga ccgagcagga ctccaaggac agcacctaca gcctgtcctc cacactgacc      540

ctgtccaagg ccgactacga gaagcacaag gtgtacgcct gcgaagtgac ccatcagggc      600

ctgtctagcc ctgtgaccaa gtctttcaac cggggcgagt gt                         642

<210> 85
<211> 21
<212> DNA
<213> Artificial Sequence

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

<400> 85
aagcagggca gacattgcga t                                                 21

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

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

<400> 86
caggatgtgg ctctaggcta t                                                 21



<210> 87
<211> 20
<212> DNA
<213> Artificial Sequence

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

<400> 87
acccacactg tgcccatcta                                                   20

<210> 88
<211> 20
<212> DNA
<213> Artificial Sequence

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

<400> 88
cacgctcggt caggatcttc                                                   20

<210> 89
<211> 118
<212> PRT
<213> Artificial Sequence

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

<400> 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 Thr Ile Ile Pro Asp Thr Ser Ala Asn Thr Ala Tyr 
65                  70                  75                  80  

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

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

Leu Val Thr Val Ser Ser 
        115             

<210> 90
<211> 118
<212> PRT
<213> Artificial Sequence

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

<400> 90
Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Val Lys Lys Pro Gly Ala 
1               5                   10                  15      

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

Tyr Ile Asn Trp Val Arg Gln Ala Thr Gly Gln Gly Leu Glu Trp Met 
        35                  40                  45              

Gly Arg Ile Asp Pro Glu Asp Gly Glu Thr Gly Tyr Ala Gln Lys Phe 
    50                  55                  60                  

Gln Gly Arg Val Thr Met Thr Arg Asn Thr Ser Ile Ser Thr Ala Tyr 
65                  70                  75                  80  

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

Ala Arg Ser Ile Tyr Leu Asp Pro Met Asp Tyr Trp Gly Gln Gly Thr 



            100                 105                 110         

Leu Val Thr Val Ser Ser 
        115             

<210> 91
<211> 118
<212> PRT
<213> Artificial Sequence

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

<400> 91
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 Glu Gln Gly Leu Glu Trp Met 
        35                  40                  45              

Gly Arg Ile Asp Pro Glu Asp Gly Glu Thr Thr Tyr Ala Pro Lys Phe 
    50                  55                  60                  

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

Met Glu Leu Ser Arg Leu Arg Ser Asp Asp Thr Val Val Tyr Tyr Cys 
                85                  90                  95      

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

Leu Val Thr Val Ser Ser 
        115             

<210> 92
<211> 118
<212> PRT
<213> Artificial Sequence



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

<400> 92
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 Glu Gln Gly Leu Glu Trp Met 
        35                  40                  45              

Gly Ile Ile Asp Pro Glu Asp Gly Glu Thr Ser Tyr Ala Gln Lys Phe 
    50                  55                  60                  

Gln Gly Arg Val Thr Met Thr Arg Asp Thr Ser Thr Asn Thr Ala Tyr 
65                  70                  75                  80  

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

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

Leu Val Thr Val Ser Ser 
        115             

<210> 93
<211> 107
<212> PRT
<213> Artificial Sequence

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

<400> 93
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> 94
<211> 107
<212> PRT
<213> Artificial Sequence

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

<400> 94
Asp Ile Gln Met Thr Gln Ser Pro Lys Ser Val 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 Ser Leu Gln 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> 95
<211> 107
<212> PRT
<213> Artificial Sequence

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

<400> 95
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 Gln Ala Ser Gln Asp Val Thr Thr Ala 
            20                  25                  30          

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

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

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

Glu Asp Ile 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> 96
<211> 107
<212> PRT
<213> Artificial Sequence

<220>



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

<400> 96
Asp Ile Val Met Thr Gln Ser Pro Lys Ser Leu Ala Val Ser Leu Gly 
1               5                   10                  15      

Glu Arg Ala Thr Ile Asn Cys Lys Ser 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 Glu Ser Gly Val Pro Asp Arg Phe Ser Gly 
    50                  55                  60                  

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

Glu Asp Val Ala Val 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> 97
<211> 808
<212> PRT
<213> Artificial Sequence

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

<400> 97
Met Pro Val Ala Glu 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 Lys Ala Cys Glu 
            20                  25                  30          

Asp Ser Lys Arg Lys Ala Arg Gly Tyr Leu Arg Leu Val Pro Leu Phe 
        35                  40                  45              



Val Leu Leu Ala Leu Leu Val Leu Ala Ser Ala Gly Val Leu Leu Trp 
    50                  55                  60                  

Tyr Phe Leu Gly Tyr Lys Ala Glu Val Met Val Ser Gln Val Tyr Ser 
65                  70                  75                  80  

Gly Ser Leu Arg Val Leu Asn Arg His Phe Ser Gln Asp Leu Thr Arg 
                85                  90                  95      

Arg Glu Ser Ser Ala Phe Arg Ser Glu Thr Ala Lys Ala Gln Lys Met 
            100                 105                 110         

Leu Lys Glu Leu Ile Thr Ser Thr Arg Leu Gly Thr Tyr Tyr Asn Ser 
        115                 120                 125             

Ser Ser Val Tyr Ser Phe Gly Glu Gly Pro Leu Thr Cys Phe Phe Trp 
    130                 135                 140                 

Phe Ile Leu Gln Ile Pro Glu His Arg Arg Leu Met Leu Ser Pro Glu 
145                 150                 155                 160 

Val Val Gln Ala Leu Leu Val Glu Glu Leu Leu Ser Thr Val Asn Ser 
                165                 170                 175     

Ser Ala Ala Val Pro Tyr Arg Ala Glu Tyr Glu Val Asp Pro Glu Gly 
            180                 185                 190         

Leu Val Ile Leu Glu Ala Ser Val Lys Asp Ile Ala Ala Leu Asn Ser 
        195                 200                 205             

Thr Leu Gly Cys Tyr Arg Tyr Ser Tyr Val Gly Gln Gly Gln Val Leu 
    210                 215                 220                 

Arg Leu Lys Gly Pro Asp His Leu Ala Ser Ser Cys Leu Trp His Leu 
225                 230                 235                 240 

Gln Gly Pro Lys Asp Leu Met Leu Lys Leu Arg Leu Glu Trp Thr Leu 
                245                 250                 255     



Ala Glu Cys Arg Asp Arg Leu Ala Met Tyr Asp Val Ala Gly Pro Leu 
            260                 265                 270         

Glu Lys Arg Leu Ile Thr Ser Val Tyr Gly Cys Ser Arg Gln Glu Pro 
        275                 280                 285             

Val Val Glu Val Leu Ala Ser Gly Ala Ile Met Ala Val Val Trp Lys 
    290                 295                 300                 

Lys Gly Leu His Ser Tyr Tyr Asp Pro Phe Val Leu Ser Val Gln Pro 
305                 310                 315                 320 

Val Val Phe Gln Ala Cys Glu Val Asn Leu Thr Leu Asp Asn Arg Leu 
                325                 330                 335     

Asp Ser Gln Gly Val Leu Ser Thr Pro Tyr Phe Pro Ser Tyr Tyr Ser 
            340                 345                 350         

Pro Gln Thr His Cys Ser Trp His Leu Thr Val Pro Ser Leu Asp Tyr 
        355                 360                 365             

Gly Leu Ala Leu Trp Phe Asp Ala Tyr Ala Leu Arg Arg Gln Lys Tyr 
    370                 375                 380                 

Asp Leu Pro Cys Thr Gln Gly Gln Trp Thr Ile Gln Asn Arg Arg Leu 
385                 390                 395                 400 

Cys Gly Leu Arg Ile Leu Gln Pro Tyr Ala Glu Arg Ile Pro Val Val 
                405                 410                 415     

Ala Thr Ala Gly Ile Thr Ile Asn Phe Thr Ser Gln Ile Ser Leu Thr 
            420                 425                 430         

Gly Pro Gly Val Arg Val His Tyr Gly Leu Tyr Asn Gln Ser Asp Pro 
        435                 440                 445             

Cys Pro Gly Glu Phe Leu Cys Ser Val Asn Gly Leu Cys Val Pro Ala 
    450                 455                 460                 

Cys Asp Gly Val Lys Asp Cys Pro Asn Gly Leu Asp Glu Arg Asn Cys 
465                 470                 475                 480 



Val Cys Arg Ala Thr Phe Gln Cys Lys Glu Asp Ser Thr Cys Ile Ser 
                485                 490                 495     

Leu Pro Lys Val Cys Asp Gly Gln Pro Asp Cys Leu Asn Gly Ser Asp 
            500                 505                 510         

Glu Glu Gln Cys Gln Glu Gly Val Pro Cys Gly Thr Phe Thr Phe Gln 
        515                 520                 525             

Cys Glu Asp Arg Ser Cys Val Lys Lys Pro Asn Pro Gln Cys Asp Gly 
    530                 535                 540                 

Arg Pro Asp Cys Arg Asp Gly Ser Asp Glu Glu His Cys Asp Cys Gly 
545                 550                 555                 560 

Leu Gln Gly Pro Ser Ser Arg Ile Val Gly Gly Ala Val Ser Ser Glu 
                565                 570                 575     

Gly Glu Trp Pro Trp Gln Ala Ser Leu Gln Val Arg Gly Arg His Ile 
            580                 585                 590         

Cys Gly Gly Ala Leu Ile Ala Asp Arg Trp Val Ile Thr Ala Ala His 
        595                 600                 605             

Cys Phe Gln Glu Asp Ser Met Ala Ser Thr Val Leu Trp Thr Val Phe 
    610                 615                 620                 

Leu Gly Lys Val Trp Gln Asn Ser Arg Trp Pro Gly Glu Val Ser Phe 
625                 630                 635                 640 

Lys Val Ser Arg Leu Leu Leu His Pro Tyr His Glu Glu Asp Ser His 
                645                 650                 655     

Asp Tyr Asp Val Ala Leu Leu Gln Leu Asp His Pro Val Val Arg Ser 
            660                 665                 670         

Ala Ala Val Arg Pro Val Cys Leu Pro Ala Arg Ser His Phe Phe Glu 
        675                 680                 685             



Pro Gly Leu His Cys Trp Ile Thr Gly Trp Gly Ala Leu Arg Glu Gly 
    690                 695                 700                 

Gly Pro Ile Ser Asn Ala Leu Gln Lys Val Asp Val Gln Leu Ile Pro 
705                 710                 715                 720 

Gln Asp Leu Cys Ser Glu Val Tyr Arg Tyr Gln Val Thr Pro Arg Met 
                725                 730                 735     

Leu Cys Ala Gly Tyr Arg Lys Gly Lys Lys Asp Ala Cys Gln Gly Asp 
            740                 745                 750         

Ser Gly Gly Pro Leu Val Cys Lys Ala Leu Ser Gly Arg Trp Phe Leu 
        755                 760                 765             

Ala Gly Leu Val Ser Trp Gly Leu Gly Cys Gly Arg Pro Asn Tyr Phe 
    770                 775                 780                 

Gly Val Tyr Thr Arg Ile Thr Gly Val Ile Ser Trp Ile Gln Gln Val 
785                 790                 795                 800 

Val Thr His His His His His His 
                805             

<210> 98
<211> 817
<212> PRT
<213> Artificial Sequence

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

<400> 98
Met Pro Arg Cys Phe Gln Leu Pro Cys Ser Thr Arg Met Pro Thr Thr 
1               5                   10                  15      

Glu Val Pro Gln Ala Ala Asp Gly Gln Gly Asp Ala Gly Asp Gly Glu 
            20                  25                  30          

Glu Ala Ala Glu Pro Glu Gly Lys Phe Lys Pro Pro Lys Asn Thr Lys 
        35                  40                  45              



Arg Lys Asn Arg Asp Tyr Val Arg Phe Thr Pro Leu Leu Leu Val Leu 
    50                  55                  60                  

Ala Ala Leu Val Ser Ala Gly Val Met Leu Trp Tyr Phe Leu Gly Tyr 
65                  70                  75                  80  

Lys Ala Glu Val Thr Val Ser Gln Val Tyr Ser Gly Ser Leu Arg Val 
                85                  90                  95      

Leu Asn Arg His Phe Ser Gln Asp Leu Gly Arg Arg Glu Ser Ile Ala 
            100                 105                 110         

Phe Arg Ser Glu Ser Ala Lys Ala Gln Lys Met Leu Gln Glu Leu Val 
        115                 120                 125             

Ala Ser Thr Arg Leu Gly Thr Tyr Tyr Asn Ser Ser Ser Val Tyr Ser 
    130                 135                 140                 

Phe Gly Glu Gly Pro Leu Thr Cys Phe Phe Trp Phe Ile Leu Asp Ile 
145                 150                 155                 160 

Pro Glu Tyr Gln Arg Leu Thr Leu Ser Pro Glu Val Val Arg Glu Leu 
                165                 170                 175     

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

Thr Glu Tyr Glu Val Asp Pro Glu Gly Leu Val Ile Leu Glu Ala Ser 
        195                 200                 205             

Val Asn Asp Ile Val Val Leu Asn Ser Thr Leu Gly Cys Tyr Arg Tyr 
    210                 215                 220                 

Ser Tyr Val Asn Pro Gly Gln Val Leu Pro Leu Lys Gly Pro Asp Gln 
225                 230                 235                 240 

Gln Thr Thr Ser Cys Leu Trp His Leu Gln Gly Pro Glu Asp Leu Met 
                245                 250                 255     

Ile Lys Val Arg Leu Glu Trp Thr Arg Val Asp Cys Arg Asp Arg Val 



            260                 265                 270         

Ala Met Tyr Asp Ala Ala Gly Pro Leu Glu Lys Arg Leu Ile Thr Ser 
        275                 280                 285             

Val Tyr Gly Cys Ser Arg Gln Glu Pro Val Met Glu Val Leu Ala Ser 
    290                 295                 300                 

Gly Ser Val Met Ala Val Val Trp Lys Lys Gly Met His Ser Tyr Tyr 
305                 310                 315                 320 

Asp Pro Phe Leu Leu Ser Val Lys Ser Val Ala Phe Gln Asp Cys Gln 
                325                 330                 335     

Val Asn Leu Thr Leu Glu Gly Arg Leu Asp Thr Gln Gly Phe Leu Arg 
            340                 345                 350         

Thr Pro Tyr Tyr Pro Ser Tyr Tyr Ser Pro Ser Thr His Cys Ser Trp 
        355                 360                 365             

His Leu Thr Val Pro Ser Leu Asp Tyr Gly Leu Ala Leu Trp Phe Asp 
    370                 375                 380                 

Ala Tyr Ala Leu Arg Arg Gln Lys Tyr Asn Arg Leu Cys Thr Gln Gly 
385                 390                 395                 400 

Gln Trp Met Ile Gln Asn Arg Arg Leu Cys Gly Phe Arg Thr Leu Gln 
                405                 410                 415     

Pro Tyr Ala Glu Arg Ile Pro Met Val Ala Ser Asp Gly Val Thr Ile 
            420                 425                 430         

Asn Phe Thr Ser Gln Ile Ser Leu Thr Gly Pro Gly Val Gln Val Tyr 
        435                 440                 445             

Tyr Ser Leu Tyr Asn Gln Ser Asp Pro Cys Pro Gly Glu Phe Leu Cys 
    450                 455                 460                 

Ser Val Asn Gly Leu Cys Val Pro Ala Cys Asp Gly Ile Lys Asp Cys 
465                 470                 475                 480 



Pro Asn Gly Leu Asp Glu Arg Asn Cys Val Cys Arg Ala Met Phe Gln 
                485                 490                 495     

Cys Gln Glu Asp Ser Thr Cys Ile Ser Leu Pro Arg Val Cys Asp Arg 
            500                 505                 510         

Gln Pro Asp Cys Leu Asn Gly Ser Asp Glu Glu Gln Cys Gln Glu Gly 
        515                 520                 525             

Val Pro Cys Gly Thr Phe Thr Phe Gln Cys Glu Asp Arg Ser Cys Val 
    530                 535                 540                 

Lys Lys Pro Asn Pro Glu Cys Asp Gly Gln Ser Asp Cys Arg Asp Gly 
545                 550                 555                 560 

Ser Asp Glu Gln His Cys Asp Cys Gly Leu Gln Gly Leu Ser Ser Arg 
                565                 570                 575     

Ile Val Gly Gly Thr Val Ser Ser Glu Gly Glu Trp Pro Trp Gln Ala 
            580                 585                 590         

Ser Leu Gln Ile Arg Gly Arg His Ile Cys Gly Gly Ala Leu Ile Ala 
        595                 600                 605             

Asp Arg Trp Val Ile Thr Ala Ala His Cys Phe Gln Glu Asp Ser Met 
    610                 615                 620                 

Ala Ser Pro Lys Leu Trp Thr Val Phe Leu Gly Lys Met Arg Gln Asn 
625                 630                 635                 640 

Ser Arg Trp Pro Gly Glu Val Ser Phe Lys Val Ser Arg Leu Phe Leu 
                645                 650                 655     

His Pro Tyr His Glu Glu Asp Ser His Asp Tyr Asp Val Ala Leu Leu 
            660                 665                 670         

Gln Leu Asp His Pro Val Val Tyr Ser Ala Thr Val Arg Pro Val Cys 
        675                 680                 685             

Leu Pro Ala Arg Ser His Phe Phe Glu Pro Gly Gln His Cys Trp Ile 



    690                 695                 700                 

Thr Gly Trp Gly Ala Gln Arg Glu Gly Gly Pro Val Ser Asn Thr Leu 
705                 710                 715                 720 

Gln Lys Val Asp Val Gln Leu Val Pro Gln Asp Leu Cys Ser Glu Ala 
                725                 730                 735     

Tyr Arg Tyr Gln Val Ser Pro Arg Met Leu Cys Ala Gly Tyr Arg Lys 
            740                 745                 750         

Gly Lys Lys Asp Ala Cys Gln Gly Asp Ser Gly Gly Pro Leu Val Cys 
        755                 760                 765             

Arg Glu Pro Ser Gly Arg Trp Phe Leu Ala Gly Leu Val Ser Trp Gly 
    770                 775                 780                 

Leu Gly Cys Gly Arg Pro Asn Phe Phe Gly Val Tyr Thr Arg Val Thr 
785                 790                 795                 800 

Arg Val Ile Asn Trp Ile Gln Gln Val Leu Thr His His His His His 
                805                 810                 815     

His 
    

<210> 99
<211> 806
<212> PRT
<213> Artificial Sequence

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

<400> 99
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 Ser Lys Arg Lys Ala Arg Gly Tyr Leu Arg Leu Ala Pro Leu Trp 
        35                  40                  45              

Leu Thr Leu Val Val Leu Thr Ser Val Gly Val Leu Leu Trp Tyr Phe 
    50                  55                  60                  

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

Leu Arg Val Leu Asn Arg His Phe Ser Gln Asp Leu Thr Arg Arg Glu 
                85                  90                  95      

Ser Ser Ala Phe Arg Ser Glu Thr Ala Lys Ala Gln Lys Met Leu Lys 
            100                 105                 110         

Glu Leu Ile Ala Ser Thr Arg Leu Gly Thr Tyr Tyr Asn Ser Ser Ser 
        115                 120                 125             

Val Tyr Ser Phe Gly Glu Gly Pro Leu Thr Cys Phe Phe Trp Phe Ile 
    130                 135                 140                 

Leu Gln Ile Pro Glu His Arg Arg Leu Met Leu Ser Pro Glu Val Val 
145                 150                 155                 160 

Gln Ala Leu Leu Val Glu Glu Leu Leu Ser Thr Val Asn Ser Ser Ala 
                165                 170                 175     

Ala Val Pro Tyr Arg Ala Glu Tyr Glu Val Asp Pro Glu Gly Leu Val 
            180                 185                 190         

Ile Leu Glu Ala Ser Val Lys Asp Ile Ala Ala Leu Asn Ser Thr Leu 
        195                 200                 205             

Gly Cys Tyr Arg Tyr Ser Tyr Val Gly Gln Gly Gln Val Leu Arg Leu 
    210                 215                 220                 

Lys Gly Pro Asp His Leu Ala Ser Ser Cys Leu Trp His Leu Gln Gly 
225                 230                 235                 240 

Pro Glu Asp Leu Met Leu Lys Leu Arg Leu Glu Trp Thr Leu Ala Glu 
                245                 250                 255     



Cys Arg Asp Arg Leu Ala Met Tyr Asp Val Ala Gly Pro Leu Glu Lys 
            260                 265                 270         

Arg Leu Ile Thr Ser Val Tyr Gly Cys Ser Arg Gln Glu Pro Val Val 
        275                 280                 285             

Glu Val Leu Ala Ser Gly Ala Ile Met Ala Val Val Trp Lys Lys Gly 
    290                 295                 300                 

Leu His Ser Tyr Tyr Asp Pro Phe Met Leu Ser Val Gln Ser Val Val 
305                 310                 315                 320 

Phe Gln Ala Cys Glu Val Asn Leu Thr Leu Asp Asp Arg Leu Asp Ser 
                325                 330                 335     

Gln Gly Val Leu Ser Thr Pro Tyr Phe Pro Ser Tyr Tyr Ser Pro Arg 
            340                 345                 350         

Thr His Cys Ser Trp His Leu Thr Val Pro Ser Leu Asp Tyr Gly Leu 
        355                 360                 365             

Ala Leu Trp Phe Asp Ala Tyr Ala Leu Arg Arg Gln Lys Tyr Asp Leu 
    370                 375                 380                 

Pro Cys Thr Gln Gly Gln Trp Thr Ile Gln Asn Arg Arg Leu Cys Gly 
385                 390                 395                 400 

Leu Arg Ile Leu Gln Pro Tyr Ala Glu Arg Ile Pro Val Val Ala Thr 
                405                 410                 415     

Ala Gly Ile Thr Ile Asn Phe Thr Ser Gln Ile Ser Leu Thr Gly Pro 
            420                 425                 430         

Gly Val Arg Val His Tyr Gly Leu Tyr Asn Gln Ser Asp Pro Cys Pro 
        435                 440                 445             

Gly Glu Phe Leu Cys Ser Val Asn Gly Leu Cys Val Pro Ala Cys Asp 
    450                 455                 460                 



Gly Val Lys Asp Cys Pro Asn Gly Leu Asp Glu Arg Asn Cys Val Cys 
465                 470                 475                 480 

Arg Ala Thr Phe Gln Cys Gln Glu Asp Ser Thr Cys Ile Ser Leu Leu 
                485                 490                 495     

Lys Val Cys Asp Gly Gln Pro Asp Cys Leu Asn Gly Ser Asp Glu Glu 
            500                 505                 510         

Arg Cys Gln Glu Gly Val Pro Cys Gly Thr Phe Thr Phe Gln Cys Glu 
        515                 520                 525             

Asp Gln Ser Cys Val Lys Lys Pro Asn Pro Gln Cys Asp Gly Arg Pro 
    530                 535                 540                 

Asp Cys Arg Asp Gly Ser Asp Glu Gln His Cys Asp Cys Gly Leu Gln 
545                 550                 555                 560 

Gly Pro Ser Ser Arg Ile Val Gly Gly Ala Val Ser Ser Glu Gly Glu 
                565                 570                 575     

Trp Pro Trp Gln Ala Ser Leu Gln Val Arg Gly Arg His Ile Cys Gly 
            580                 585                 590         

Gly Ala Leu Ile Ala Asp Arg Trp Val Ile Thr Ala Ala His Cys Phe 
        595                 600                 605             

Gln Glu Asp Ser Met Ala Ser Pro Ala Leu Trp Thr Val Phe Leu Gly 
    610                 615                 620                 

Lys Val Trp Gln Asn Ser Arg Trp Pro Gly Glu Val Ser Phe Lys Val 
625                 630                 635                 640 

Ser Arg Leu Leu Leu His Pro Tyr His Glu Glu Asp Ser His Asp Tyr 
                645                 650                 655     

Asp Val Ala Leu Leu Gln Leu Asp His Pro Val Val Arg Ser Ala Ala 
            660                 665                 670         

Val Arg Pro Val Cys Leu Pro Ala Arg Ser His Phe Phe Glu Pro Gly 
        675                 680                 685             



Leu His Cys Trp Ile Thr Gly Trp Gly Ala Leu Arg Glu Gly Gly Pro 
    690                 695                 700                 

Thr Ser Asn Ala Leu Gln Lys Val Asp Val Gln Leu Ile Pro Gln Asp 
705                 710                 715                 720 

Leu Cys Ser Glu Ala Tyr Arg Tyr Gln Val Thr Pro Arg Met Leu Cys 
                725                 730                 735     

Ala Gly Tyr Arg Lys Gly Lys Lys Asp Ala Cys Gln Gly Asp Ser Gly 
            740                 745                 750         

Gly Pro Leu Val Cys Lys Ala Leu Ser Gly Arg Trp Phe Leu Ala Gly 
        755                 760                 765             

Leu Val Ser Trp Gly Leu Gly Cys Gly Arg Pro Asn Tyr Phe Gly Val 
    770                 775                 780                 

Tyr Thr Arg Ile Thr Gly Val Ile Gly Trp Ile Gln Gln Val Val Thr 
785                 790                 795                 800 

His His His His His His 
                805     

<210> 100
<211> 860
<212> PRT
<213> Artificial Sequence

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

<400> 100
Met Gly Ser Asp Arg Ala Arg Lys Gly Gly Gly Gly Pro Lys Asp Phe 
1               5                   10                  15      

Gly Ala Gly Leu Lys Tyr Asn Ser Arg His Glu Lys Val Asn Gly Leu 
            20                  25                  30          

Glu Glu Gly Val Glu Phe Leu Pro Val Asn Asn Val Lys Lys Val Glu 



        35                  40                  45              

Lys His Gly Pro Gly Arg Trp Val Val Leu Ala Ala Val Leu Ile Gly 
    50                  55                  60                  

Leu Leu Leu Val Leu Leu Gly Ile Gly Phe Leu Val Trp His Leu Gln 
65                  70                  75                  80  

Tyr Arg Asp Val Arg Val Gln Lys Val Phe Asn Gly Tyr Met Arg Ile 
                85                  90                  95      

Thr Asn Glu Asn Phe Val Asp Ala Tyr Glu Asn Ser Asn Ser Thr Glu 
            100                 105                 110         

Phe Val Ser Leu Ala Ser Lys Val Lys Asp Ala Leu Lys Leu Leu Tyr 
        115                 120                 125             

Ser Gly Val Pro Phe Leu Gly Pro Tyr His Lys Glu Ser Ala Val Thr 
    130                 135                 140                 

Ala Phe Ser Glu Gly Ser Val Ile Ala Tyr Tyr Trp Ser Glu Phe Ser 
145                 150                 155                 160 

Ile Pro Gln His Leu Val Glu Glu Ala Glu Arg Val Met Ala Glu Glu 
                165                 170                 175     

Arg Val Val Met Leu Pro Pro Arg Ala Arg Ser Leu Lys Ser Phe Val 
            180                 185                 190         

Val Thr Ser Val Val Ala Phe Pro Thr Asp Ser Lys Thr Val Gln Arg 
        195                 200                 205             

Thr Gln Asp Asn Ser Cys Ser Phe Gly Leu His Ala Arg Gly Val Glu 
    210                 215                 220                 

Leu Met Arg Phe Thr Thr Pro Gly Phe Pro Asp Ser Pro Tyr Pro Ala 
225                 230                 235                 240 

His Ala Arg Cys Gln Trp Ala Leu Arg Gly Asp Ala Asp Ser Val Leu 
                245                 250                 255     



Ser Leu Thr Phe Arg Ser Phe Asp Leu Ala Ser Cys Asp Glu Arg Gly 
            260                 265                 270         

Ser Asp Leu Val Thr Val Tyr Asn Thr Leu Ser Pro Met Glu Pro His 
        275                 280                 285             

Ala Leu Val Gln Leu Cys Gly Thr Tyr Pro Pro Ser Tyr Asn Leu Thr 
    290                 295                 300                 

Phe His Ser Ser Gln Asn Val Leu Leu Ile Thr Leu Ile Thr Asn Thr 
305                 310                 315                 320 

Glu Arg Arg His Pro Gly Phe Glu Ala Thr Phe Phe Gln Leu Pro Arg 
                325                 330                 335     

Met Ser Ser Cys Gly Gly Arg Leu Arg Lys Ala Gln Gly Thr Phe Asn 
            340                 345                 350         

Ser Pro Tyr Tyr Pro Gly His Tyr Pro Pro Asn Ile Asp Cys Thr Trp 
        355                 360                 365             

Asn Ile Glu Val Pro Asn Asn Gln His Val Lys Val Arg Phe Lys Phe 
    370                 375                 380                 

Phe Tyr Leu Leu Glu Pro Gly Val Pro Ala Gly Thr Cys Pro Lys Asp 
385                 390                 395                 400 

Tyr Val Glu Ile Asn Gly Glu Lys Tyr Cys Gly Glu Arg Ser Gln Phe 
                405                 410                 415     

Val Val Thr Ser Asn Ser Asn Lys Ile Thr Val Arg Phe His Ser Asp 
            420                 425                 430         

Gln Ser Tyr Thr Asp Thr Gly Phe Leu Ala Glu Tyr Leu Ser Tyr Asp 
        435                 440                 445             

Ser Ser Asp Pro Cys Pro Gly Gln Phe Thr Cys Arg Thr Gly Arg Cys 
    450                 455                 460                 

Ile Arg Lys Glu Leu Arg Cys Asp Gly Trp Ala Asp Cys Thr Asp His 



465                 470                 475                 480 

Ser Asp Glu Leu Asn Cys Ser Cys Asp Ala Gly His Gln Phe Thr Cys 
                485                 490                 495     

Lys Asn Lys Phe Cys Lys Pro Leu Phe Trp Val Cys Asp Ser Val Asn 
            500                 505                 510         

Asp Cys Gly Asp Asn Ser Asp Glu Gln Gly Cys Ser Cys Pro Ala Gln 
        515                 520                 525             

Thr Phe Arg Cys Ser Asn Gly Lys Cys Leu Ser Lys Ser Gln Gln Cys 
    530                 535                 540                 

Asn Gly Lys Asp Asp Cys Gly Asp Gly Ser Asp Glu Ala Ser Cys Pro 
545                 550                 555                 560 

Lys Val Asn Val Val Thr Cys Thr Lys His Thr Tyr Arg Cys Leu Asn 
                565                 570                 575     

Gly Leu Cys Leu Ser Lys Gly Asn Pro Glu Cys Asp Gly Lys Glu Asp 
            580                 585                 590         

Cys Ser Asp Gly Ser Asp Glu Lys Asp Cys Asp Cys Gly Leu Arg Ser 
        595                 600                 605             

Phe Thr Arg Gln Ala Arg Val Val Gly Gly Thr Asp Ala Asp Glu Gly 
    610                 615                 620                 

Glu Trp Trp Gln Val Ser Leu His Ala Leu Gly Gln Gly His Ile Cys 
625                 630                 635                 640 

Gly Ala Ser Leu Ile Ser Pro Asn Trp Leu Val Ser Ala Ala His Cys 
                645                 650                 655     

Tyr Ile Asp Asp Arg Gly Phe Arg Tyr Ser Asp Pro Thr Gln Trp Thr 
            660                 665                 670         

Ala Phe Leu Gly Leu His Asp Gln Ser Gln Arg Ser Ala Pro Gly Val 
        675                 680                 685             



Gln Glu Arg Arg Leu Lys Arg Ile Ile Ser His Pro Phe Phe Asn Asp 
    690                 695                 700                 

Phe Thr Phe Asp Tyr Asp Ile Ala Leu Leu Glu Leu Glu Lys Pro Ala 
705                 710                 715                 720 

Glu Tyr Ser Ser Met Val Arg Pro Ile Cys Leu Pro Asp Ala Ser His 
                725                 730                 735     

Val Phe Pro Ala Gly Lys Ala Ile Trp Val Thr Gly Trp Gly His Thr 
            740                 745                 750         

Gln Tyr Gly Gly Thr Gly Ala Leu Ile Leu Gln Lys Gly Glu Ile Arg 
        755                 760                 765             

Val Ile Asn Gln Thr Thr Cys Glu Asn Leu Leu Pro Gln Gln Ile Thr 
    770                 775                 780                 

Pro Arg Met Met Cys Val Gly Phe Leu Ser Gly Gly Val Asp Ser Cys 
785                 790                 795                 800 

Gln Gly Asp Ser Gly Gly Pro Leu Ser Ser Val Glu Ala Asp Gly Arg 
                805                 810                 815     

Ile Phe Gln Ala Gly Val Val Ser Trp Gly Asp Gly Cys Ala Gln Arg 
            820                 825                 830         

Asn Lys Pro Gly Val Tyr Thr Arg Leu Pro Leu Phe Arg Asp Trp Ile 
        835                 840                 845             

Lys Glu Asn Thr Gly Val His His His His His His 
    850                 855                 860 

<210> 101
<211> 849
<212> PRT
<213> Artificial Sequence

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



<400> 101
Met Asp Lys Glu Asn Ser Asp Val Ser Ala Ala Pro Ala Asp Leu Lys 
1               5                   10                  15      

Ile Ser Asn Ile Ser Val Gln Val Val Ser Ala Gln Lys Lys Leu Pro 
            20                  25                  30          

Val Arg Arg Pro Pro Leu Pro Gly Arg Arg Leu Pro Leu Pro Gly Arg 
        35                  40                  45              

Arg Pro Pro Gln Arg Pro Ile Gly Lys Ala Lys Pro Lys Lys Gln Ser 
    50                  55                  60                  

Lys Lys Lys Val Pro Phe Trp Asn Val Gln Asn Lys Ile Ile Leu Phe 
65                  70                  75                  80  

Thr Val Phe Leu Phe Ile Leu Ala Val Ile Ala Trp Thr Leu Leu Trp 
                85                  90                  95      

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

Met Phe Arg Ile Thr Asn Ile Glu Phe Leu Pro Glu Tyr Arg Gln Lys 
        115                 120                 125             

Glu Ser Arg Glu Phe Leu Ser Val Ser Arg Thr Val Gln Gln Val Ile 
    130                 135                 140                 

Asn Leu Val Tyr Thr Thr Ser Ala Phe Ser Lys Phe Tyr Glu Gln Ser 
145                 150                 155                 160 

Val Val Ala Asp Val Ser Ser Asn Asn Lys Gly Gly Leu Leu Val His 
                165                 170                 175     

Phe Trp Ile Val Phe Val Met Pro Arg Ala Lys Gly His Ile Phe Cys 
            180                 185                 190         

Glu Asp Cys Val Ala Ala Ile Leu Lys Asp Ser Ile Gln Thr Ser Ile 
        195                 200                 205             



Ile Asn Arg Thr Ser Val Gly Ser Leu Gln Gly Leu Ala Val Asp Met 
    210                 215                 220                 

Asp Ser Val Val Leu Asn Ala Gly Leu Arg Ser Asp Tyr Ser Ser Thr 
225                 230                 235                 240 

Ile Gly Ser Asp Lys Gly Cys Ser Gln Tyr Phe Tyr Ala Glu His Leu 
                245                 250                 255     

Ser Leu His Tyr Pro Leu Glu Ile Ser Ala Ala Ser Gly Arg Leu Met 
            260                 265                 270         

Cys His Phe Lys Leu Val Ala Ile Val Gly Tyr Leu Ile Arg Leu Ser 
        275                 280                 285             

Ile Lys Ser Ile Gln Ile Glu Ala Asp Asn Cys Val Thr Asp Ser Leu 
    290                 295                 300                 

Thr Ile Tyr Asp Ser Leu Leu Pro Ile Arg Ser Ser Ile Leu Tyr Arg 
305                 310                 315                 320 

Ile Cys Glu Pro Thr Arg Thr Leu Met Ser Phe Val Ser Thr Asn Asn 
                325                 330                 335     

Leu Met Leu Val Thr Phe Lys Ser Pro His Ile Arg Arg Leu Ser Gly 
            340                 345                 350         

Ile Arg Ala Tyr Phe Glu Val Ile Pro Glu Gln Lys Cys Glu Asn Thr 
        355                 360                 365             

Val Leu Val Lys Asp Ile Thr Gly Phe Glu Gly Lys Ile Ser Ser Pro 
    370                 375                 380                 

Tyr Tyr Pro Ser Tyr Tyr Pro Pro Lys Cys Lys Cys Thr Trp Lys Phe 
385                 390                 395                 400 

Gln Thr Ser Leu Ser Thr Leu Gly Ile Ala Leu Lys Phe Tyr Asn Tyr 
                405                 410                 415     

Ser Ile Thr Lys Lys Ser Met Lys Gly Cys Glu His Gly Trp Trp Glu 
            420                 425                 430         



Ile Asn Glu His Met Tyr Cys Gly Ser Tyr Met Asp His Gln Thr Ile 
        435                 440                 445             

Phe Arg Val Pro Ser Pro Leu Val His Ile Gln Leu Gln Cys Ser Ser 
    450                 455                 460                 

Arg Leu Ser Asp Lys Pro Leu Leu Ala Glu Tyr Gly Ser Tyr Asn Ile 
465                 470                 475                 480 

Ser Gln Pro Cys Pro Val Gly Ser Phe Arg Cys Ser Ser Gly Leu Cys 
                485                 490                 495     

Val Pro Gln Ala Gln Arg Cys Asp Gly Val Asn Asp Cys Phe Asp Glu 
            500                 505                 510         

Ser Asp Glu Leu Phe Cys Val Ser Pro Gln Pro Ala Cys Asn Thr Ser 
        515                 520                 525             

Ser Phe Arg Gln His Gly Pro Leu Ile Cys Asp Gly Phe Arg Asp Cys 
    530                 535                 540                 

Glu Asn Gly Arg Asp Glu Gln Asn Cys Thr Gln Ser Ile Pro Cys Asn 
545                 550                 555                 560 

Asn Arg Thr Phe Lys Cys Gly Asn Asp Ile Cys Phe Arg Lys Gln Asn 
                565                 570                 575     

Ala Lys Cys Asp Gly Thr Val Asp Cys Pro Asp Gly Ser Asp Glu Glu 
            580                 585                 590         

Gly Cys Thr Cys Ser Arg Ser Ser Ser Ala Leu His Arg Ile Ile Gly 
        595                 600                 605             

Gly Thr Asp Thr Leu Glu Gly Gly Trp Pro Trp Gln Val Ser Leu His 
    610                 615                 620                 

Phe Val Gly Ser Ala Tyr Cys Gly Ala Ser Val Ile Ser Arg Glu Trp 
625                 630                 635                 640 



Leu Leu Ser Ala Ala His Cys Phe His Gly Asn Arg Leu Ser Asp Pro 
                645                 650                 655     

Thr Pro Trp Thr Ala His Leu Gly Met Tyr Val Gln Gly Asn Ala Lys 
            660                 665                 670         

Phe Val Ser Pro Val Arg Arg Ile Val Val His Glu Tyr Tyr Asn Ser 
        675                 680                 685             

Gln Thr Phe Asp Tyr Asp Ile Ala Leu Leu Gln Leu Ser Ile Ala Trp 
    690                 695                 700                 

Pro Glu Thr Leu Lys Gln Leu Ile Gln Pro Ile Cys Ile Pro Pro Thr 
705                 710                 715                 720 

Gly Gln Arg Val Arg Ser Gly Glu Lys Cys Trp Val Thr Gly Trp Gly 
                725                 730                 735     

Arg Arg His Glu Ala Asp Asn Lys Gly Ser Leu Val Leu Gln Gln Ala 
            740                 745                 750         

Glu Val Glu Leu Ile Asp Gln Thr Leu Cys Val Ser Thr Tyr Gly Ile 
        755                 760                 765             

Ile Thr Ser Arg Met Leu Cys Ala Gly Ile Met Ser Gly Lys Arg Asp 
    770                 775                 780                 

Ala Cys Lys Gly Asp Ser Gly Gly Pro Leu Ser Cys Arg Arg Lys Ser 
785                 790                 795                 800 

Asp Gly Lys Trp Ile Leu Thr Gly Ile Val Ser Trp Gly His Gly Ser 
                805                 810                 815     

Gly Arg Pro Asn Phe Pro Gly Val Tyr Thr Arg Val Ser Asn Phe Val 
            820                 825                 830         

Pro Trp Ile His Lys Tyr Val Pro Ser Leu Leu His His His His His 
        835                 840                 845             

His 
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<400> 102
Met Asp Met Arg Val Pro Ala Gln Leu Leu Gly Leu Leu Leu Leu Trp 
1               5                   10                  15      

Leu Pro Gly Ala Arg Gly Ala Asp Ile Gly Tyr Lys Ala Glu Val Met 
            20                  25                  30          

Val Ser Gln Val Tyr Ser Gly Ser Leu Arg Val Leu Asn Arg His Phe 
        35                  40                  45              

Ser Gln Asp Leu Thr Arg Arg Glu Ser Ser Ala Phe Arg Ser Glu Thr 
    50                  55                  60                  

Ala Lys Ala Gln Lys Met Leu Lys Glu Leu Ile Thr Ser Thr Arg Leu 
65                  70                  75                  80  

Gly Thr Tyr Tyr Asn Ser Ser Ser Val Tyr Ser Phe Gly Glu Gly Pro 
                85                  90                  95      

Leu Thr Cys Phe Phe Trp Phe Ile Leu Gln Ile Pro Glu His Arg Arg 
            100                 105                 110         

Leu Met Leu Ser Pro Glu Val Val Gln Ala Leu Leu Val Glu Glu Leu 
        115                 120                 125             

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

Glu Val Asp Pro Glu Gly Leu Val Ile Leu Glu Ala Ser Val Lys Asp 
145                 150                 155                 160 

Ile Ala Ala Leu Asn Ser Thr Leu Gly Cys Tyr Arg Tyr Ser Tyr Val 



                165                 170                 175     

Gly Gln Gly Gln Val Leu Arg Leu Lys Gly Pro Asp His Leu Ala Ser 
            180                 185                 190         

Ser Cys Leu Trp His Leu Gln Gly Pro Lys Asp Leu Met Leu Lys Leu 
        195                 200                 205             

Arg Leu Glu Trp Thr Leu Ala Glu Cys Arg Asp Arg Leu Ala Met Tyr 
    210                 215                 220                 

Asp Val Ala Gly Pro Leu Glu Lys Arg Leu Ile Thr Ser Val Tyr Gly 
225                 230                 235                 240 

Cys Ser Arg Gln Glu Pro Val Val Glu Val Leu Ala Ser Gly Ala Ile 
                245                 250                 255     

Met Ala Val Val Trp Lys Lys Gly Leu His Ser Tyr Tyr Asp Pro Phe 
            260                 265                 270         

Val Leu Ser Val Gln Pro Val Val Phe Gln Ala Cys Glu Val Asn Leu 
        275                 280                 285             

Thr Leu Asp Asn Arg Leu Asp Ser Gln Gly Val Leu Ser Thr Pro Tyr 
    290                 295                 300                 

Phe Pro Ser Tyr Tyr Ser Pro Gln Thr His Cys Ser Trp His Leu Thr 
305                 310                 315                 320 

Val Pro Ser Leu Asp Tyr Gly Leu Ala Leu Trp Phe Asp Ala Tyr Ala 
                325                 330                 335     

Leu Arg Arg Gln Lys Tyr Asp Leu Pro Cys Thr Gln Gly Gln Trp Thr 
            340                 345                 350         

Ile Gln Asn Arg Arg Leu Cys Gly Leu Arg Ile Leu Gln Pro Tyr Ala 
        355                 360                 365             

Glu Arg Ile Pro Val Val Ala Thr Ala Gly Ile Thr Ile Asn Phe Thr 
    370                 375                 380                 



Ser Gln Ile Ser Leu Thr Gly Pro Gly Val Arg Val His Tyr Gly Leu 
385                 390                 395                 400 

Tyr Asn Gln Ser Asp Pro Cys Pro Gly Glu Phe Leu Cys Ser Val Asn 
                405                 410                 415     

Gly Leu Cys Val Pro Ala Cys Asp Gly Val Lys Asp Cys Pro Asn Gly 
            420                 425                 430         

Leu Asp Glu Arg Asn Cys Val Cys Arg Ala Thr Phe Gln Cys Lys Glu 
        435                 440                 445             

Asp Ser Thr Cys Ile Ser Leu Pro Lys Val Cys Asp Gly Gln Pro Asp 
    450                 455                 460                 

Cys Leu Asn Gly Ser Asp Glu Glu Gln Cys Gln Glu Gly Val Pro Cys 
465                 470                 475                 480 

Gly Thr Phe Thr Phe Gln Cys Glu Asp Arg Ser Cys Val Lys Lys Pro 
                485                 490                 495     

Asn Pro Gln Cys Asp Gly Arg Pro Asp Cys Arg Asp Gly Ser Asp Glu 
            500                 505                 510         

Glu His Cys Asp Cys Gly Leu Gln Gly Pro Ser Ser Arg Ile Val Gly 
        515                 520                 525             

Gly Ala Val Ser Ser Glu Gly Glu Trp Pro Trp Gln Ala Ser Leu Gln 
    530                 535                 540                 

Val Arg Gly Arg His Ile Cys Gly Gly Ala Leu Ile Ala Asp Arg Trp 
545                 550                 555                 560 

Val Ile Thr Ala Ala His Cys Phe Gln Glu Asp Ser Met Ala Ser Thr 
                565                 570                 575     

Val Leu Trp Thr Val Phe Leu Gly Lys Val Trp Gln Asn Ser Arg Trp 
            580                 585                 590         

Pro Gly Glu Val Ser Phe Lys Val Ser Arg Leu Leu Leu His Pro Tyr 



        595                 600                 605             

His Glu Glu Asp Ser His Asp Tyr Asp Val Ala Leu Leu Gln Leu Asp 
    610                 615                 620                 

His Pro Val Val Arg Ser Ala Ala Val Arg Pro Val Cys Leu Pro Ala 
625                 630                 635                 640 

Arg Ser His Phe Phe Glu Pro Gly Leu His Cys Trp Ile Thr Gly Trp 
                645                 650                 655     

Gly Ala Leu Arg Glu Gly Gly Pro Ile Ser Asn Ala Leu Gln Lys Val 
            660                 665                 670         

Asp Val Gln Leu Ile Pro Gln Asp Leu Cys Ser Glu Val Tyr Arg Tyr 
        675                 680                 685             

Gln Val Thr Pro Arg Met Leu Cys Ala Gly Tyr Arg Lys Gly Lys Lys 
    690                 695                 700                 

Asp Ala Cys Gln Gly Asp Ser Gly Gly Pro Leu Val Cys Lys Ala Leu 
705                 710                 715                 720 

Ser Gly Arg Trp Phe Leu Ala Gly Leu Val Ser Trp Gly Leu Gly Cys 
                725                 730                 735     

Gly Arg Pro Asn Tyr Phe Gly Val Tyr Thr Arg Ile Thr Gly Val Ile 
            740                 745                 750         

Ser Trp Ile Gln Gln Val Val Thr Gly Gly Gly Gly Ser Gly Gly Gly 
        755                 760                 765             

Gly Ser Gly Gly Gly Gly Ser Asp Tyr Lys Asp Asp Asp Asp Lys 
    770                 775                 780             
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