PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7 :

AG61K 49/00 Al

(11) International Publication Number:

(43) International Publication Date:

WO 00/53232

14 September 2000 (14.09.00)

(21) International Application Number: PCT/US00/06111

(22) International Filing Date: 10 March 2000 (10.03.00)

(30) Priority Data:

60/124,006 12 March 1999 (12.03.99) us

(71) Applicant (for all designated States except US): GEORGE-
TOWN UNIVERSITY [US/US]; 4000 Reservoir Road,
N.W., Washington, DC 20007 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): DICKSON, Robert, B.
[US/US]; 10407 Barrie Avenue, Silver Spring, MD 20902
(US). LIN, Chen-Yong [-/US]; 7610 Shreve Road, Falls
Church, VA 22043 (US). JOHNSON, Michael [GB/US];
12911 Margot Drive, Rockville, MD 20853 (US). WANG,
Shaomeng [US/US]; 1112 Regal Oak Drive, Rockville, MD
20852 (US). ENYEDY, Istvan [RO/US]; Apartment 302,
3216 Chillum Road, Mount Rainier, MD 20712 (US).

(74) Agents: TESKIN, Robin, L. et al.; Burns, Doane, Swecker &
Mathis, LLP, 1731 King Street, Suite 500, P.O. Box 1404,
Alexandria, VA 22313-1404 (US).

(81) Designated States: CA, JP, US, European patent (AT, BE, CH,
CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL,
PT, SE).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of
amendments.

(54) Title: MATRIPTASE, A SERINE PROTEASE AND ITS APPLICATIONS

(57) Abstract

The invention is directed to a method of detecting a malignancy or a pre-malignant lesion in breast or other tissue, or a pathologic
condition, by detecting the presence of single—chain or two—chain forms of matriptase in the tissue. The invention is further directed to a
method of treating malignancies, which have the phenotype of matriptase production by administering a tumor formation inhibiting effective
amount of a concentrate of Bowman-Birk inhibitor (BBIC), or other matriptase inhibitor. The invention also is directed to nucleic acids
encoding a matriptase protein or fragments thereof, and their use for structure elucidation and modeling to identify other inhibitors of
matriptase, as well as to methods of identifying matriptase modulating agents, including activators and inhibitors.




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CM
CN
Cu
Cz
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JpP
KE
KG
KP

KR
Kz
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

ITceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
Ly
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
Nz
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
Sz
D
TG
TJ
™
TR
TT
UA
UG
us
vz
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 00/53232 PCT/US00/06111

MATRIPTASE, A SERINE PROTEASE AND ITS APPLICATIONS

GOVERNMENT RIGHTS

This invention was developed under federally sponsored research projects
(e.g., NIH grant Nos. IR21CA80897, 2P50CA 58158 and DOD Grant BC980531),
therefore the United States Government may have certain rights in the invention.

FIELD OF THE INVENTION

This invention relates to the field of proteases found in human breast milk
and other normal tissue, and to the differentiation of complexation patterns
between the proteases and their cognate inhibitors found in normal breast milk,,
in normal tissues, and incancerous and pre-cancerous tissue of the breast, as well
as from other body tissues obtained on biopsy, and in other body fluids such as
from nipple aspirate.

BACKGROUND OF THE INVENTION

Serine Proteases and Other Cancer Related Proteases. FElevated
proteolytic activity has been implicated in neoplastic progression. While the exact
role(s) of proteolytic enzymes in the progression of tumor remains unclear, it
seems that proteases may be involved in almost every step of the development and
spread of cancer. A widely proposed view is that proteases contribute to the
degradation of extracellular matrix (ECM) and to tissue remodeling, and are
necessary for cancer invasion and metastasis. A wide array of ECM-degrading
proteases has been discovered, the expression of some of which correlates with
tumor progression. These include matrix metalloproteases (MMPS) family,
plasmin/urokinase type plasminogen activator system and lysosomal proteases
cathepsins D and B reviewed by Mignatti et al., Physiol. Rev. 73: 161-95 (1993).
The plasmin/urokinase type plasminogen activator system is composed of plasmin,

the major ECM-degrading protease; the plasminogen activator, uPA; the plasmin
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inhibitor a2-anti-plasmin, the plasminogen activator inhibitors PAI-1 and PAI-2;
and the cell membrane receptor for uPA (uPAR) (Andreasen ef al., Int. J. Cancer
72: 1-22 (1997)). The MMPs are a family of zinc-dependent enzymes with
characteristic structures and catalytic properties. The plasmin/urokinase type
plasminogen activator system and the 72-kDa gelatinase (MMP-2)/membrane-type
MMP system have been received the most attention for their potential roles in the
process of invasion of breast cancer and other carcinomas. However, both systems
appear to require indirect mechanisms to recruit and activate the major ECM-
degrading proteases on the surface of cancer cells. For example, uPA is produced
in vivo (Nielson et al., Lab. Invest. 74: 168-77 (1996); Pyke et al., Cancer Res. 53:
1911-15 (1993); Polette et al., Virchows Arch. 424: 641-45 (1994); and Okada et
al., Proc. Natl. Acad. Sci. USA 92: 2730-34 (1995)) in human breast carcinomas
by myofibroblasts adjacent to cancer cells and must diffuse to the cancer cells for
receptor-mediated activation and presentation on the surfaces of cancer cells,
However, the uPA receptor (uPAR) is detected in macrophages that infiltrate
tumor foci in ductal breast cancer. Somewhat analogously, the majority of the
MMP family members, such as 72-kDa/Gelatinase A (MMP-2) (Linet al., J. Biol.
Chem. 272: 9147-52 (1997)), stromelysin-3 (MMP-1 1) (Matsudaira, J. Biol.
Chem. 262: 10035-38 (1987)), MTMMP (MMP-14), are expressed by fibroblastic
cells of tumor stroma, or surrounding noncancerous tissues, or both. Indirect
mechanisms of activation and recruitment of Gelatinase A in the close vicinity of
the surfaces of cancer cells have been proposed, such that an unidentified cancer
cell-derived membrane receptor(s) of Gelatinase A could serve as membrane
anchor for Gelatinase A; cleaved MT-MMP from stroma cells could then diffuse

to the surfaces of cancer cells to activate Gelatinase A. Matrilysin (MMP-7; Pump-
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1) appears to be the only MMP which is found predominantly in the epithelial
cells.

The stromal origins of these well-characterized extracellular matrix-
degrading proteases may suggest that cancer invasion is an event which either
depends entirely upon stromal-epithelial cooperation or which is controlled by
some other unknown epithelial-derived proteases. Search for these epithelial-
derived proteolytic systems that may interact with plasmin/urokinase type
plasminogen activator system and/or with MMP family could provide a missing
link in our understanding of malignant invasion.

Matriptase was initially identified from T-47D human breast cancer cells
as a major gelatinase with a migration rate between those of Gelatinase A (72-
kDa, MMP-2) and Gelatinase B (92-kDa, MMP-9). It has been proposed to play
a role in the metastatic invasiveness of breast cancer. (See U.S. Patent 5,482,848,
which is incorporated herein by reference in its entirety.) The primary cleavage
specificity of matriptase was identified to be arginine and lysine residues, similar
to the majority of serine proteases, including trypsin and plasmin. In addition,
matriptase, like trypsin, exhibits broad spectrum cleavage activity, and such
activity is likely to contribute to its gelatinolytic activity. The trypsin-like activity
of matriptase distinguishes it from Gelatinases A and B, which may cleave gelatin
at glycine residues, the most abundant (almost one third) of amino acid residues
in gelatin.

Kunitz-type serine protease inhibitors. Hepatocyte growth factor (HGF)
activator inhibitor-1 (HAI-1) is a Kunitz-type serine protease inhibitor which is
able to inhibit HGF activator, a blood coagulation factor XII-like serine protease.
The mature form of this protease inhibitor has 478 amino acid residues, with a

calculated molecular mass of 53,319. A putative transmembrane domain is
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located at its carboxyl terminus. HAI-1 contains two Kunitz domains (domain 1
spans residues 246-306; domain II spans residues 371 to 431) separated by a LDL
receptor domain (residues 315 to 360). The presumed Pl residue of active-site
cleft is likely to be arginine-260 in Kunitz domain I and lysine 385 in domain II
by alignment with bovine pancreatic trypsin inhibitor (BPTI, aprotinin) and with
other Kunitz-type inhibitors. Thus, HAI-1 has specificity against trypsin-type
proteases. Although HGF activator is exclusively expressed by liver cells, HAI-1
was originally purified from the conditioned media of carcinoma cells as a 40-kDa
fragment doublet, rather than the proposed, mature, membrane-bound, 53-kDa
form (Shimomura et al., J. Biol. Chem. 272: 6370-76 (1997)).

The protein inhibitors of serine proteases can be classified into at least 10
families, according to various schemes. Among them, serpins, such as maspin
(Sheng et al., Proc. Natl. Acad. Sci. USA 93: 11669-74 (1996)) and Kunitz-type
inhibitors, such as urinary trypsin inhibitor (Kobayashi ez al., Cancer Res. 54: 844-
49 (1994)) have been previously implicated in suppression of cancer invasion.
The Kunitz-type inhibitors form very tight, but reversible complexes with their
target serine proteases. The reactive sites of these inhibitors are rigid and can
simulate optimal protease substrates. The interaction between a serine protease
and a Kunitz-type inhibitor depends on complementary, large surface areas of
contact between the protease and inhibitor. The mmhibitory activity of the
recovered Kunitz-type inhibitor from protease complexes can always be
reconstituted. The Kunitz-type inhibitors may be cleaved by cognate proteases,
but such cleavage is not essential for their inhibitory activity. In contrast, serpin-
type inhibitors also form tight, stable complexes with proteases; in most of cases
these complexes are even more stable than those containing Kunitz-type inhibitors.

Cleavage of serpins by proteases is necessary for their inhibition, and serpins are
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always recovered in a cleaved, inactive form from protease reactions. Thus,
serpins are considered to be suicide substrate inhibitors, and their inhibitory
activity will be lost after encounters with proteases. The suicide nature of serpin
inhibitors may result in regulation of proteolytic activity in vivo by direct removal
of unwanted proteases via other membrane-bound endocytic receptors (in the case
of uPA inhibitors). However, the Kunitz type inhibitors may simply compete with
physiological substrates (such as ECM components), and in turn, reduce their
availability for proteolysis. These differences may result in different mechanisms
whereby these proteases perform their roles in ECM-degradation and cancer
Imvasion.

It has previously been disclosed that a soybean-derived compound known
as Bowman-Birk inhibitor (BBI, from Sigma) may have anti-cancer activity by
preventing tumor initiation and progression in model systems.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1: Identification and partial purification from human milk of 110- and

95-kDa proteins immunoreactive to anti-matriptase mAb 21-9. Human milk

proteins were fractionated into two pools by addition of ammonium sulfate: a 0-
40% pool (A) and a 40-60% pool (B). Both fractions were further purified by
DEAE chromatography. The DEAE fractions were examined by immunoblot
analysis using mAb 21-9, which is directed against cancer cell-derived matriptase.
Two bands of 95- and 110-kDa were detected as indicated; uncomplexed
matriptase was not detected. In C, both pooled 110-kDa (lanes 1 and 2) and 95-
kDa (lanes 3 and 4) fractions were incubated in 1X SDS sample buffer in the
absence of reducing agents at room temperature (-boiling) or at 95°C. (+boiling)

for 5 min. prior to SDS-PAGE and subjected to Western blotting using mAb 21-9.
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The 110-kDa protein had a reduced rate of migration after boiling; however, the

95-kDa protein was converted to uncomplexed matriptase after boiling.

Fig. 2: Immunoaffinity purification of matriptase, complexes. The
partially purified matriptase complex from ion-exchange chromatography (see Fig.
1) was loaded onto a mAb 21-9-Sepharose column. The bound proteins were
eluted with glycine buffer, pH 2.4, and neutralized by addition of 2 M Trizma.
The eluted proteins were incubated in 1xSDS sample buffer in the absence of
reducing agents at room temperature (lane I, -Boiling) or at 95°C. (lane 2;
+Boiling) for 5 min. The samples were resolved by SDS-PAGE and stained by
colloidal Coomassie. In some batches of purification, as described in the
Examples, the 95-kDa matriptase complex was obtained as the major band. This
95-kDa complex was capable of being converted to uncomplexed matriptase and
a 40-kDa doublet after boiling. In some other batches, in addition to the 95-kDa
complex, a smaller complex with an apparent size of 85-kDa was also obtained
(lane I). This 85-kDa matriptase complex could also be converted to uncompleted
matriptase and a 25-kDa band after boiling (lane 2). Molecular mass markers are

indicated. BP-40 and BP-25, 40- and 25-kDa binding proteins, respectively.

Fig. 3: Diagonal gel electrophoresis of the 95-kDa matriptase complex

showing evidence that this complex corresponds to the uncomplexed matriptase

in association with its 40-kDa binding protein doublet. The 95-kDa matriptase

complex from human milk was subjected to diagonal gel electrophoresis. In the
first dimension (D), the 95-kDa matriptase complex, without boiling treatment,
was resolved by SDS-PAGE. Then a gel strip was sliced out, boiled in 1xSDS
sample buffer in the absence of reducing agents for 5 min., and electrophoresed
on a second SDS-polyacrylamide gel. The proteins were stained by colloidal

Coomassie. After this procedure, the 95-kDa matriptase complex disappeared
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from the diagonal line and was converted to matriptase and a 40-kDa binding
protein doublet (BP-40). The uncomplexed matriptase was observed on the
diagonal line, as expected, suggesting that its migration rate was not changed by

boiling.

Fig. 4: Structural characterization of matriptase complexes by monoclonal

antibodies that are directed against the matriptase and its binding protein. A, a

panel of mAbs was produced using the milk-derived matriptase complexes as
immunogens. These mAbs were characterized by immunoblot analysis using the
preparation containing both 95- and 85-kDa matriptase complexes described in the
legend to Fig. 2. The matriptase preparation was dissolved in 1xSDS sample
buffer in the absence of reducing agents and incubated at room temperature (lanes
1, 3, and 5; -Boiling) or at 95°C. (lanes 2, 4, and 6, +Boiling) for 5 min. Among
these mAbs, an anti-matriptase mAb (M92) and two anti-binding protein mAbs
(M58 and M19) are presented here. mAb M92 recognized both 95- and 85-kDa
matriptase complexes under non-boiling conditions (lane 5) and interacted with
the dissociated matriptase after boiling (lane 6), but not with the 40- and 25-kDa
bands after boiling. Anti-binding protein mAb M19 recognized both 95- and 85-
kDa complexes under non-boiling conditions (lane 3) and both 40-and 25-kDa
bands after boiling (lane 4). Another mAb, M58, recognized only the 95-kDa
matriptase complex (not the 85-kDa complex) under non-boiling conditions (lane
1); this mAb also detected the 40-kDa band, but not the 25-kDa band or the
dissociated matriptase (lane 2). B, shown is a summary of the structures of
matriptase-containing complexes and mAbs that are directed against these
complexes and their subunits. BP-40 and BP-25, 40- and 25-kDa binding proteins,

respectively.
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Fig. 5: Amino acid sequence comparison of the binding protein and the

inhibitor of human hepatocyte growth factor activator (HAI-1). Twelve-amino

acid (GPPPAPPGLPAG) and seven-amino acid (TQGF GGS) sequences of the

amino termini obtained from the 40-kDa binding protein doublet and the 25-kDa
binding protein, respectively, and were identical to amino acids 36-47 and 154-160
of HAI-1. In addition, 12 unique peptides from the tryptic digest of the larger
band of the 40-kDa binding protein doublet were compared with HAI-1 by
MALDI-MS. These peptides covered 87 residues that spanned positions 135-310,
or 17% of the entire HAI-1. The two stretches of amino-terminal protein
sequences are double-underlined, and those 12 peptides identified by MALDI-MS,
including residues 135-143, 154-164, 165-172, 173-182, 173-190, 183-190, 194-
199, 203-214, 204-214, 288-301, and 302-310, are underlined.

Fig. 6: Western blot analysis of HAI-1 protein expressed in COS-7 cells

using anti-binding protein mAb M19. The HAI-1 cDNA fragment that was

generated by reverse transcriptase-polymerase chain resection and that contains
the entire coding region was inserted into the expression vector pcDNA3.1 and
transfected into COS-7 cells. Cell lysates from HAI-1-transfected COS-7 cells
(lane 2), COS-7 cells (lane 3), and matriptase-transfected COS-7 cells (lane 1),
and the 2 M KCl-washed membrane fraction of T-47D human breast cancer cells
(lane 4) were subjected to Western blot analysis using anti-binding protein mAb
M19.

Fig. 7: Expression analysis of matriptase and its complexes in human

foreskin fibroblasts, fibrosarcoma and immortalized mammary luminal epithelial

cells. Total released proteins in the serum-free conditioned medium of each cell
line were collected and concentrated. Total protein (3 ug of protein/lane) was

incubated in 1xSDS sample buffer in the absence of reducing agents at room
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temperature (-Boiling) or at 95°C (+Boiling), subjected to SDS-PAGE,
transferred to polyvinylidene fluoride (PVDF) membrane, and probed by anti-
matriptase mAb 21-9. Lanes I (HS27) and 2 (HS68) are human foreskin
fibroblasts. Lane 3 is HT-1080 fibrosarcoma cells. Lanes 4-11 are four milk-
derived, SV40-immortalized luminal epithelial cells: MTSV-1.1B (lanes 4 and
5); MTSV-1.7 (lanes 6 and 7); MRSV-4.1 (lanes 8 and 9); and MRSV-4.2 (lanes
10 and /7). In addition to uncomplexed matriptase, various levels of 95- and 110-
kDa complexes were seen in non-boiled samples, but disappeared by boiling
treatment, in conjunction with increased matriptase.

Fig. 8: Purification of matriptase in its 95-kDa complexed form from

human milk. The partially purified 95-kDa matriptase complex from ion-
exchange chromatography was loaded onto a mAb 21-9-Sepharose column. The
bound proteins were eluted by glycine buffer, pH 2.4, and neutralized by addition
of 2 M Trizma. The eluted proteins were incubated in 1x SDS sample buffer in
the absence of reducing agents at room temperature (lanes I; -Boil) or at 95°C.
(lanes 2; +Boil) for 5 min. The samples were resolved by SDS-polyacrylamide
gel electrophoresis and either stained by colloidal Coomassie (A) or subjected to
immunoblot analysis using mAb 21-9 (B) or gelatin zymography (C). The 95-kDa
matriptase complex was eluted from this affinity column as the major protein (4,
lane 1); it was recognized by mAb 21-9 (B, lane 1 ); and it also exhibited
gelatinolytic activity (C, lane I). The 95-kDa matriptase complex was converted
to matriptase by boiling (4, lane 2). The gelatinolytic activity of the 95-kDa
protease was destroyed by boiling, but a low level of the gelatinolytic activity was
survived and converted to matriptase (C, lane 2). A low level of uncomplexed
matriptase was co-purified with the 95-kDa matriptase complex by affinity

chromatography (4, lane 1); it also exhibited gelatinolytic activity (C, lane I).
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Immunoblot analysis enhanced the signal of the uncompleted matriptase and
reconfirmed its existence (B, lane ). Several other polypeptides were also seen
(4, lanes 1 and 2). Some of them could be the degraded products of the protease
since they were recognized by mAb 21-9 after longer exposure to the x-ray film.
A 40-kDa protein doublet was seen in low levels in a non-boiled sample (4, lane
1), but its levels were increased after boiling (4, lane 2). This 40-kDa doublet was
not recognized by mAb 21-9 (B). We propose that these two polypeptides could
be binding proteins (BPs) of matriptase. The sizes of the molecular mass markers
are indicated.

Fig. 9: The nucleotide and deduced amino acid sequences (SEQ ID NO:

3) of a matriptase cDNA clone. The primers (20 bases at the 5'-end and 18 bases

at the 3'- end) used for reverse transcriptase-polymerase chain reaction are
underlined. Thirty-three bases beyond the 5'-end primer and 92 bases beyond the
3'-end primer were taken from SNC19 ¢cDNA and incorporated. The cDNA
sequence (SEQ ID NO: 1) was translated from the fifth ATG codon in the open
reading frame. Nucleotide and amino acid numbers are shown on the left.
Sequences that agreed with the internal sequences obtained from matriptase are
double-underlined. His-484, Asp-539, and Ser-633 are boxed and indicated the
putative catalytic triad of matriptase. Potential N-glycosylation sites an indicated
(A). An RGD sequence is indicated (#).

Fig. 10: Comparison of the amino acid sequence of the C-terminal region

of matriptase with trypsin, chymotrypsin, and with the catalytic domains of other

serine proteases. The C-terminal region (amino acids 431-683) of matriptase is
compared with human trypsin (Emi et al., Gene (Amst.) 41: 305-10 (19806));
human chymotrypsin (Tomita et al., Biochem. Biophys. Res. Commun. 158: 569-

75 (1989)); the catalytic chains of human enteropeptidase (Kitamoto et al., Proc.
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Natl. Acad. Sci. USA 91: 7588-92 (1994)), human hepsin (Leytus et al.,
Biochemistry 27: 1067-74 (1988)), human blood coagulation factor XI (Fujikawa
et al., Biochemistry 25: 2417-24 (1986)), and human plasminogen; and the serine
protease domains of two transmembrane serine proteases, human TMPRSS2
(Paoloni-Giacobino et al., Genomics 44: 309-20 (1997)) and the Drosophila
Stubble-stubbloid gene (Sb-sbd) (Appel et al., Proc. Natl. Acad. Sci. USA 90:
4937-41 (1993)). Gaps to maximize homologies are indicated by dashes.
Residues in the catalytic triads (matriptase His-484, Asp-539, and Ser-633) are
boxed and indicated (A). The conserved activation motif ((R/K)VIGG) is boxed,
and the proteolytic activation site is indicated. Eight conserved cysteines needed
to form four intramolecular disulfide bonds are boxed, and the likely pairings are
as follows: Cys-469-Cys-485, Cys-604-Cys-618, Cys-629-Cys-658, and Cys-432-
Cys-559. The disulfide bond Cys-432-Cys-559. The disulfide bond Cys-432-Cys-
559 is observed in two-chain serine proteases, but not in trypsin and chymotrypsin.
Residues in the substrate pocket (Asp-627, Gly-655, and Gly-665) are boxed and
indicated (#). It is evident that the residue positioned at the bottom of the
substrate pocket is Asp in trypsin-like proteases, including matriptase, but Ser in
chymotrypsin.

Fig. 11: Alignment of partial sequences of the noncatalytic domain with

those of homologous regions in other proteins. 4, the cysteine-rich repeats of
matriptase (amino acids 280-314, 315-351, 352-387, and 394-43 0) are compared
with the consensus sequences of the human LDL receptor (Sudhof et al., Science
228: 815-22 (1985)), LDL receptor-related protein (LRP) (Herz et al., EMBO J.
7:4119-27 (1988)), human perlecan (Murdoch ez al., J. Biol. Chem. 267 8544-57
(1992)), and rat GP-300 (Raychowdhury et al., Science 244: 1163-65 (1989)).

The consensus sequences are boxed. B, Clr/s-type sequences of matriptase (Mt;
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amino acids 42-155 and 168-268) are compared with selected domains of human
complement subcomponent Clr (amino acids 193-298) (Leytus et al.,
Biochemistry 25: 4855-63 (1986); Journet, Biochem. J. 240: 783-87 (19806)), Cls
(amino acids 175-283) (Mackinnon et al., Eur. J. Biochem. 169: 547-53 (1987);
and Tosi et al., Biochemistry 26: 8516-24 (1987)), Ra-reactive factor (RaRF)
(amino acids 185-290) (Takada et al., Biochem. Biophys. Res. Commun. 196:
1003-9 (1993); and Sato et al., Int. Immunol. 6: 665-9 (1994)), and a calcium
dependent serine protease (CSP) (amino acids 181-289) (Kinoshita et al., FEBS
Lett. 250: 411-5 (1989)). The consensus sequences are boxed.

Fig. 12: Shows the domain structure of matriptase. A schematic

representation of the structure of matriptase is presented. The protease consists
of 683 amino acids, and the protein product has a calculated mass of 75,626 Da.
The protease contains two tandem complement subcomponent Clr and Cls
domains and four tandem LDL receptor domains. The serine protease domain is
at the carboxyl terminus.

Fig. 13: Inhibition of matriptase by HAI-1. Matriptase and HAI- 1 were

isolated from human milk by anti-matriptase mAb 21-9 immunoaffinity
chromatography, as described in Example 1, and were maintained in an
uncomplexed status in elution buffer, 0.1 M glycine, pH 2.4. This preparation was
brought to pH 8.5, incubated at 37°C. for 0, 5, 30, and 60 min., and subjected to
immunoblotting using anti-matriptase mAb 21-9 (panel A), gelatin zymography
(panel B), and to a cleavage rate assay using the synthetic, fluorescent substrate,
BOC-GIn-Ala-Agr- 7-amido 4-methylcoumarin (panel C). At 0 min., matriptase
was detected in its uncomplexed form (panel A), exhibiting strong gelatinolytic
activity (panel B), and cleavage of soluble substrate at rapid rate (panel C). After

5 min incubation at 37°C., matriptase was detected both in an uncomplexed and
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complexed form (panel A); the uncomplexed matriptase exhibited gelatinolytic
activity, while much weaker activity was observed for complexed matriptase
(panel B); the cleavage rate for fluorescent substrate was significantly reduced,
down to 18% (panel C). After 30 and 60 min. incubations, matriptase was
detected mainly in an complexed form (panel A); negligible activity was observed
by gelatin zymography (panel B) and by cleavage of fluorescent substrate. A
milk-derived, matriptase-related 110-kDa protease (as indicated in panel A), which
was not a complex of matriptase and HAI-1, and whose migration on SDS gel was
reduced after boiling (see Example 1).

Fig. 14: Schematic representation of processing and interaction of

matriptase and its cognate inhibitor. Both matriptase and its cognate inhibitor are
likely to be biosynthesized as integral membrane proteins. "TM" indicates the
location of the transmembrane domain. "I" stands for Kunitz domain I; "II" for
Kunitz domain 2; and "L" stands for LDL receptor domain.

Fig. 15: Nucleic acid sequence for human matriptase (SEQ ID NO: 2).

SEQ ID NO: 2 contains additional nucleic acid sequence encoding the first 172
amino acids located in the amino-terminus of the encoded protein as compared to
SEQ ID NO: 1, which is a truncated form of matriptase. SEQ ID NO:2 represents
the full-length form of the nucleic acid encoding matriptase, whereas SEQ ID NO:
1 is a truncated form. The sequence can be found at GenBank Accession No.
AF118224.

Fig. 16: Amino acid sequence for human matriptase (SEQ ID NO: 4).

This sequence contains 855 amino acids, which is larger than the sequence
described in Lin et al., J. Biol. Chem. 274: 18231-6 (1999) (SEQID NO: 2). SEQ
ID NO: 4 is the full length form of the matriptase protein, whereas SEQ ID NO:
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3 is a truncated matriptase protein lacking 172 amino acids at the amino terminus.
The protein sequence can be found at GenBank Accession No. AAD42765.

Fig. 17: Production of mAbs which are specifically directed against active.

two-chain form of matriptase. This Western blot compares the affinities of

monoclonal antibodies M130 (lanes 1 and 2), M123 (lanes 3, 4,7 and 8), M32
(lanes 5 and 6), and M69 (lanes 9 and 10) to different forms of matriptase.
OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the invention to provide a method of preventing and
treating malignancies, pre-malignant conditions, and other conditions in a subject
which are characterized by the presence of a single-chain (zymogen) and/or two-
chain (activated) form of matriptase in a biological sample comprising the step of
administering an amount of a matriptase modulating agent capable of preventing
or treating the malignancy, the pre-malignant lesion, or other condition.

It is another object of the invention to provide matriptase inhibitors, such
as a Bowman Birk inhibitor (BBI) or structurally related molecules or fragments
thereof.

Another object of the invention is to provide nucleic acid molecules (SEQ
ID NOS: 1 and 2) encoding matriptase proteins or polypeptide fragments thereof
(SEQ ID NOS: 3 and 4).

It is a further object of the invention to provide an antibody or antibodies
which recognizes and binds to SEQ ID NO: 3 or a fragment thereof, SEQ ID NO:
4 or a fragment thereof, to a single-chain (zymogen) form of matriptase or to a
two-chain (active) from of matriptase. Preferred antibodies are monocional
antibodies and fragments thereof as well as chimeric, humanized or human

antibodies.
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It is also an object of the invention to provide a method of inhibiting tumor
onset, tumor growth, and invasion or tumor metastasis, or other pathologic
conditions, by administering an agent which inhibits or modulates activation of the
zymogen form of matriptase or the activity of the two-chain (active) form of
matriptase expressed by a tumor cell on a cell of other pathologic conditions. One
preferred agent is BBIC, fragments thereof, or structurally related inhibitors (e.g.,
structurally related serine protease inhibitors).

Another object of the invention is a method of identifying a compound that
specifically binds to a single-chain or a two-chain form of matriptase comprising
the steps of: (A) exposing a single-chain or two-chain form of matriptase to a
compound; (B) determining whether the single-chain or two-chain form of
matriptase specifically binds to the compound; and (C) determining whether the
compound that binds to the single-chain form of matriptase inhibits activation to
the two-chain form of matriptase, or whether the compound binds to the two-chain
form of matriptase and inhibits its catalytic activity.

It is a further object of the invention to disclose a method of diagnosing in
vivo the presence of a pre-malignant lesion, a malignancy, or other pathologic
condition in a subject comprising the steps of: (A) administering a labeled agent
to a subject which recognizes and binds to a single-chain or two-chain form of
matriptase; and (B) imaging the subject for the localization of the labeled agent.

It is a further object of the invention to diagnose in vitro the presence of a
pre-malignant lesion, a malignancy, or other pathologic conditions in a subject
comprising the steps of: (A) obtaining a biological sample from a subject that is
to be tested for a pre-malignant lesion, a malignancy, or other pathologic

condition; (B) exposing the biological sample to a labeled agent which recognizes
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and binds to the single-chain form and/or the two-chain form of matriptase; and
(C) determining whether said labeled agent bound to the biological sample.

Another object of the invention is to provide a method of identifying a
compound that specifically binds to a single-chain or a two-chain form of
matriptase comprising the steps of: (A) identifying by molecular modeling
whether the compound could bind to the activation site on the single-chain form
of matriptase, the catalytic site of the two-chain form of matriptase, the C1r/Cls
domain of either form of matriptase, or other regulatory domain of the molecule;
(B) exposing a single-chain form or two-chain form of matriptase to the
compound; (C) determining whether the compound binds to the single-chain form
or the two-chain form of matriptase; and (D) if the compound binds to a form of
matriptase, further determining whether the compound inhibits activation of the
single-chain form of matriptase to a two-chain form of matriptase, whether the
compound binds to the two-chain form of matriptase and inhibits its catalytic
activity, whether the compound binds to the C11/C1s domain, and thereby inhibits
dimerization of the protein, or whether the compound binds to another regulatory
domain of matriptase thereby modulating activation of matriptase or a matriptase
activity.

DETAILED DESCRIPTION OF THE INVENTION

Matriptase is a trypsin-like serine protease with two regulatory modules:
two tandem repeats of the complement subcomponent Clr/s domain and four
tandem repeats of LDL receptor domain (Lin et al., J. Biol. Chem. 274: 18231-6
(1999)). In order to evaluate the role of matriptase in physiological conditions, its
expression in human milk was studied. It was found that milk-derived matriptase

strongly interacts with fragments of HAI-1 to form SDS-stable complexes.
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The mosaic protease is characterized by trypsin-like activity and two
regulatory modules (e.g., LDL receptor and complement subcomponent Clr/s
domains), was initially purified from T-47D human breast cancer cells.

In breast cancer cells, matriptase was detected mainly as an uncomplexed
form; however, low levels of matriptase were detected in SDS-stable, 110- and 95-
kDa complexes that could be dissociated by boiling. In striking contrast, only the
complexed matriptase was detected in human milk. The complexed matriptase has
now been purified by a combination of ionic exchange chromatography and
immunoaffinity chromatography. Amino acid sequences obtained from the
matriptase-associated proteins reveal that they are fragments of an Integral
membrane, Kunitz-type serine protease inhibitor that was previously reported to
be an inhibitor (termed HAI-1) of hepatocyte growth factor activator. In addition,
matriptase and its complexes were also detected in four milk-derived, SV-40 T-
antigen-immortalized mammary luminal epithelial cell lines, but not in two human
foreskin fibroblasts nor in HT1080 fibrosacroma cell line. The milk-derived
matriptase complexes are likely to be produced by the epithelial components of
lactating mammary gland in vivo, and the activity and function of matriptase may
be differentially regulated by its cognate inhibitor, comparing breast cancer with
the lactating mammary gland.

A. Definitions

By "matriptase" is meant a trypsin-like protein, with a molecular weight of
between 72-kDa and 92-kDa and is related to SEQ ID NO: 4 or is a fragment
thereof. It can include both single-chain and double-chain forms of the protein.
The zymogen form (inactive form) of matriptase is a single-chain protein. The
two-chain form of matriptase is the active form of matriptase, which possesses

catalytic activity. Both forms of matriptase are found to some extent in milk and
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cancer cells because extracellular matrix (ECM) remodeling is necessary to both
normal and pathologic remodeling processes. Figure 14 displays all known forms
of matriptase. Both cancer cells and milk contain the different forms of
matriptase. However, in milk the dominant form is the activated form of
matriptase which then binds to HAI-1.

By "matriptase modulating compound" or "matriptase modulating agent"
1s meant a reagent which regulates, preferably inhibits the activation of matriptase
(e.g., cleavage of the matriptase single-chain zymogen to the active two-chain
moiety) or the activity of the two-chain form of matriptase. This inhibition can be
at the transcriptional, translation, and/or post-translational levels. Additionally,
modulation of matriptase activity can be via the binding of a compound to the
zymogen or activated forms of matriptase.

By "matriptase expressing tissue" is meant any tissue which expresses any
form of matriptase, either malignant, pre-malignant, normal tissue, or tissue which
is subject to another pathologic condition

By "BBI" is meant compounds known as Bowman-Birk inhibitors, including
those from soybeans as described by Birk, Int. J. Pept. Protein Res. 25: 113-21
(1985). BBIs have been isolated from leguminous plants and have a molecular
weight of about 8,000 to 20,000 Daltons and include, but are not limited to, for
example: BBI inhibitors of Dolichos bifloros and Macrotyloma uniflorum seeds,
BBI inhibitors of Torresea cearensis seeds, BBI inhibitors of winter pea seeds,
DgTI, and BBI-like inhibitors of sunflower seeds (Prakash et al., J. Mol. Biol. 235:
364-6 (1994); Tanaka et al., Biol. Chem. 378: 273-81 (1997); Quillien et al., J.
Protein Chem. 16: 195-203 (1997); Bueno et al., Biochem. Biophys. Res.
Commun. 261: 838-43 (1999); and Luckett et al., J. Mol. Biol. 290: 525-33

(1999)). BBI-like inhibitors are those with sequence and conformational similarity
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with the trypsin-reactive loop of the Bowman-Birk family of serine protease
inhibitors. BBIs and BBI-like inhibitors can include any isoforms.

By "BBIC" is meant a concentrate of BBI or biologically active fragments
thereof that inhibit matriptase activity (e.g., amino acid substituted protease
inhibitory loops). The BBIC concentrate will preferably contain an amount of BBI
ranging from .00001 to at least about .1 mg/ml. Preferably the BBIC will be
administered in dosage sufficient to obtain a blood level of 0.001 to 1 mM
concentration of BBI in the blood as a means of inhibiting tumor initiation in, for
example, a subject susceptible to breast cancer as indicated by the presence of
matriptase and/or matriptase complexes in nipple aspirate or other biological fluid,
or in tissue from biopsy, including tissue from a needle biopsy.

By "malignancy" is meant to refer to a tissue, cell or organ which contains
a neoplasm or tumor that is cancerous as opposed to benign. Malignant cells
typically involve growth that infiltrates tissue (e.g., metastases). By "benign" is
meant an abnormal growth which does not spread by metastasis or infiltration of
the tissue. The malignant cell of the instant invention can be of any tissue;
preferred tissues are epithelial cells.

By "tumor invasion" or "tumor metastasis" is meant the ability of a tumor
to develop secondary tumors at a site remote from the primary tumor. Tumor
metastasis typically requires local invasion, passive transport, lodgement and
proliferation at a remote site. This process also requires the development of tumor
vascularization, a process termed angiogenesis. Therefore, by "tumor invation"
and "metastasis," we also include the process of tumor angiogenesis.

By "pre-malignant conditions" or "pre-malignant lesion" is meant a cell or
tissue which has the potential to turn malignant or metastatic, and preferably

epithelial cells with said potential. Pre-malignant lesions include, but are not
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limited to: atypical ductal hyperplasia of the breast, actinic keratosis (AK),
leukoplakia, Barrett's epithelium (columnar metaplasia) of the esophagus,
ulcerative colitis, adenomatous colorectal polyps, erythroplasia of Queyrat,
Bowen's disease, bowenoid papulosis, vulvar intraepithelial neoplasia (VIN), and
displastic changes to the cervix.

By "other condition" or "pathologic conditions" is meant any genetic
susceptibility or non-cancerous pathologic condition relating to any disease
susceptibility or diagnosis.

By "tumor formation-inhibiting effective amount" is meant an amount of
a compound, which is characterized as inhibiting activation of matriptase or
matriptase activity, and which when administered to a subject, such as a human
subject, prevents the formation of a tumor, or causes a preexisting tumor, or pre-
malignant condition, to enter remission. This can be assessed by screening a high-
risk patient for a prolonged period of time to determine that the cancer does not
arise and/or the pre-malignant condition is reversed. This also can be assessed by
imaging of the subject with a tumor to determine whether the mass of the tumor
1s shrinking. A tumor formation-inhibiting effective amount also includes an
amounts which provides ameliorative to relief to the subject. The tumor
formation-inhibiting effective amount can also be assessed based on its effect on
blood circulation of inhibitors, such as BBIC. Preferred tumor formation-
inhibiting effective amounts of agents such as BBIC are in the range of 100 ug/kg
to 20 mg/kg body weight of the subject. More preferred ranges include 1 uglkg
to 10 mg/kg body weight of the subject.

By "labeling agent" is meant to include fluorescent labels, enzyme labels,
and radioactive labels. By "radiolabel” or "radioactive label” is meant any

radioisotope for use in humans for purposes of diagnostic mmaging. Preferred
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radioisotopes for such use include: *’Cu,’Ga, Te,"*'1,'2*[, '], ' In, '88Re, 18 Re
and *'Y. By "fluorescent label” is meant any compound used for screening
samples (e.g., tissue samples and biopsies) which emits fluorescent energy.
Preferred fluorescent labels include fluorescein, rhodamine and phycoerythrin.

By "biological sample" is meant a specimen comprising body fluids, cells
or tissue from a subject, preferably a human subject. Preferably the biological
sample contains cells, which can be obtained via a biopsy or a nipple aspirate, or
are epithelial cells. The sample can also be body fluid that has come into contact,
either naturally or by artificial methods (e.g. surgical means), a malignant cell or
cells of a pre-malignant lesion.

By "matriptase expressing tissue" is meant any biological sample
comprising one or more cells which expresses a form or forms of matriptase.

By "subject" is meant an animal, preferably mammalian, and most
preferably human.

As used herein, the term "antibody" is meant to refer to complete, intact
antibodies, and Fab fragments and F(ab), fragments thereof. Complete, intact
antibodies include monoclonal antibodies such as murine monoclonal antibodies
(mAb), chimeric antibodies and humanized antibodies. The production of
antibodies and the protein structures of complete, intact antibodies, as well as
antibody fragments (e.g, Fab fragments and F(ab), fragments) and the
organization of the genetic sequences that encode such molecules are well known
and are described, for example, in Harlow et al., ANTIBODIES: A LABORATORY
MANUAL, Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1988).

By "immunogenic fragment" is meant a portion of a matriptase protein
which induces humoral and/or cell-mediated immunity but not immunological

tolerance.
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By "epitope" is meant a region on an antigen molecule (e.g., matriptase) to
which an antibody or an immunogenic fragment thereof binds specifically. The
epitope can be a three dimensional epitope formed from residues on different
regions of a protein antigen molecule, which, in a native state, are closely apposed
due to protein folding. "Epitope" as used herein can also mean an epitope created
by a peptide or hapten portion of matriptase and not a three dimensional epitope.

B. Nucleic Acid Molecules

The present invention further provides nucleic acid molecules that encode
the protein having SEQ ID NO: 3 or SEQ ID NO: 4, or fragments thereof, and
related proteins, which are preferably in isolated form. As used herein, "nucleic
acid" is defined as RNA or DNA that encodes a peptide as defined above, or is
complementary to nucleic acid sequence encoding such peptides, or hybridizes to
such nucleic acid and remains stably bound to it under appropriate stringency
conditions, or encodes a polypeptide sharing at least 75% sequence identity,
preferably at least 80%, and more preferably at least 85%, with the peptide
sequences. Specifically contemplated are genomic DNA, cDNA, mRNA and
antisense molecules, as well as nucleic acids based on alternative backbone or
including alternative bases whether derived from natural sources or synthesized.

"Stringent conditions" are those that (1) employ low ionic strength and high
temperature for washing, for example, 0.015 M NaCl, 0.0015 M sodium titrate,
0.1% SDS at 50°C.; or (2) employ during hybridization a denaturing agent such
as formamide, for example, 50% (vol/vol) formamide with 0.1% bovine serum
albumin, 0.1% Ficoll, 0.1% polyvinylpyrrolidone, 50 mM sodium phosphate
buffer at pH 6.5 with 750 mM NaCl, 75 mM sodium citrate at 42°C. Another
example is use of 50% formamide, 5X SSC (0.75 M NaCl, 0.075 M sodium
citrate), 50 mM sodium phosphate (pH 6.8), 0.1% sodium pyrophosphate, 5X
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Denhardt's solution, sonicated salmon sperm DNA (50 pg/ml), 0.1% SDS, and
10% dextran sulfate at 42°C., with washes at 42°C. in 0.2X SSC and 0.1% SDS.
A skilled artisan can readily determine and vary the stringency conditions
appropriately to obtain a clear and detectable hybridization signal.

As used herein, a nucleic acid molecule is said to be “isolated” when the
nucleic acid molecule is substantially separated from contaminant nucleic acid
encoding other polypeptides from the source of nucleic acid.

The present invention further provides fragments of the BBI nucleic acid
coding sequence. As used herein, a fragment of a BBI coding sequence refers to
a truncated version of the entire protein encoding sequence. The size of the
fragment will be determined by the intended use. For example, if the fragment is
chosen so as to encode an active portion of the protein, the fragment will need to
be large enough to encode the functional region(s) of the protein. If the fragment
is to be used as a nucleic acid probe or PCR primer, then the fragment length is
chosen so as to obtain a relatively small number of false positives during
probing/priming.

Fragments of the nucleic acid molecules of the present invention (i.e.,
synthetic oligonucleotides) that are used as probes or specific primers for the
polymerase chain reaction (PCR), or to synthesize gene sequences encoding
proteins of the invention can easily be synthesized by chemical techniques, for
example, the phosphotriester method of Matteucci et al., J. Am. Chem. Soc. 103:
3185-91 (1981) or using automated synthesis methods. In addition, larger DNA
segments can readily be prepared by well known methods, such as synthesis of a
group of oligonucleotides that define various modular segments of the gene,

followed by ligation of oligonucleotides to build the complete modified gene.
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The BBI nucleic acid molecules of the present invention may further be
modified so as to contain a detectable label for diagnostic and probe purposes. A
variety of such labels are known in the art and can readily be employed with the
encoding molecules herein described. Suitable labels include, but are not limited
to, biotin, radiolabeled nucleotides and the like. A skilled artisan can employ any
of the art known labels to obtain a labeled encoding nucleic acid molecule.

Modifications to the primary structure itself by deletion, addition, or
alteration of the amino acids incorporated into the protein sequence during
translation can be made without destroying the activity of the protein. Such
substitutions or other alterations result in proteins having an amino acid sequence
encoded by a nucleic acid falling within the contemplated scope of the present
invention.

C. Isolation of Other Related Nucleic Acid Molecules

As described above, the identification of the human nucleic acid molecule
having SEQ ID NO: 1 or SEQ ID NO: 2 allows a skilled artisan to isolate nucleic
acid molecules that encode other members of the matriptase family, in addition to
the human sequence herein described. Further, the presently disclosed nucleic
acid molecules allow a skilled artisan to isolate nucleic acid molecules that encode
other members of the matriptase family of proteins in addition to the disclosed
protein having SEQ ID NO: 3 and SEQ ID NO: 4.

Essentially, a skilled artisan can readily use the amino acid sequence of
NO: 3 or SEQ ID NO: 4 to generate antibody probes to screen expression libraries
prepared from appropriate cells. Typically, polyclonal antiserum from mammals,
such as rabbits, immunized with the purified protein (as described below) or
monoclonal antibodies can be used to probe a mammalian cDNA or genomic

expression library, such as Agtl/ library, to obtain the appropriate coding sequence
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for other members of the protein family. The cloned cDNA sequence can be
expressed as a fusion protein, expressed directly using its own control sequences,
or expressed by constructions using control sequences appropriate to the particular
host used for expression of the enzyme.

Alternatively, a portion of the coding sequence herein described can be
synthesized and used as a probe to retrieve DNA encoding a member of the
protein family from any mammalian organism.  Oligomers containing
approximately preferredly 18-20 nucleotides or more (encoding about a 6-7 amino
acid stretch) are prepared and used to screen genomic DNA or ¢cDNA libraries to
obtain hybridization under stringent conditions or conditions of sufficient
stringency to eliminate an undue level of false positives.

Additionally, pairs of oligonucleotide primers can be prepared for use in a
polymerase chain reaction (PCR) to selectively clone an encoding nucleic acid
molecule. A PCR denature/anneal/extend cycle for using such PCR primers is
well known in the art and can readily be adapted for use in isolating other
encoding nucleic acid molecules.

D. rDNA molecules Containing a Nucleic Acid Molecule

The present invention further provides recombinant DNA molecules
(rDNA5s) that contain a coding sequence. As used herein, a rDNA molecule is a
DNA molecule that has been subjected to molecular manipulation in sizu.
Methods for generating rDNA molecules are well known in the art, for example,
see Sambrook et al., (1989). In the preferred IDNA molecules, a coding DNA
sequence is operably linked to expression control sequences and/or vector
sequences.

The choice of vector and/or expression control sequences to which a

matriptase-encoding sequence of the present invention is operably linked depends
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directly, as is well known in the art, on the functional properties desired, e.g.,
protein expression, and the host cell to be transformed. A vector contemplated by
the present invention is at least capable of directing the replication or insertion into
the host chromosome, and preferably also expression, of the structural gene
included in the rDNA molecule.

Expression control elements that are used for regulating the expression of
an operably linked protein encoding sequence are known in the art and include,
but are not limited to, inducible promoters, constitutive promoters, secretion
signals, and other regulatory elements. Preferably, the inducible promoter is
readily controlled, such as being responsive to a nutrient in the host cell’s mediumn.

In one embodiment, the vector containing a coding nucleic acid molecule
will include a prokaryotic replicon, i.e.,, a DNA sequence having the ability to
direct autonomous replication and maintenance of the recombinant DNA molecule
extrachromosomally in a prokaryotic host cell, such as a bacterial host cell,
transformed therewith. Such replicons are well known in the art. In addition,
vectors that include a prokaryotic replicon may also include a gene whose
expression confers a detectable marker such as a drug resistance. Typical bacterial
drug resistance genes are those that confer resistance to ampicillin or tetracycline.

Vectors that include a prokaryotic replicon can further include a
prokaryotic or bacteriophage promoter capable of directing the expression
(transcription and translation) of the coding gene sequences in a bacterial host cell,
such as E. coli. A promoter is an expression control element formed by a DNA
sequence that permits binding of RNA polymerase and transcription to occur.
Promoter sequences compatible with bacterial hosts are typically provided in
plasmid vectors containing convenient restriction sites for insertion of a DNA

segment of the present invention. Typical of such vector plasmids are pUCS,
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pUCY, pBR322 and pBR329 available from Biorad Laboratories, (Richmond,
CA), and pPL and pKK223 available from Pharmacia, Piscataway, N.J.

Expression vectors compatible with eukaryotic cells, preferably those
compatible with vertebrate cells, can also be used to form a rDNA molecules the
contains a coding sequence. Eukaryotic cell expression vectors are well known
in the art and are available from several commercial sources. Typically, such
vectors are provided containing convenient restriction sites for insertion of the
desired DNA segment. Typical of such vectors are pSVL and pKSV-10
(Pharmacia), pBPV-1/pML2d (International Biotechnologies, Inc.), pTDTI
(ATCC, #31255), the vector pPCDMS described herein, and the like eukaryotic
expression vectors.

Eukaryotic cell expression vectors used to construct the rDNA molecules
of the present invention may further include a selectable marker that is effective
in an eukaryotic cell, preferably a drug resistance selection marker. A preferred
drug resistance marker is the gene whose expression results in neomycin
resistance, i.e., the neomycin phosphotransferase (ne0) gene (Southern et al., J.
Mol. Anal. Genet. 1: 327-341 (1982)). Alternatively, the selectable marker can be
present on a separate plasmid, and the two vectors are introduced by co-
transfection of the host cell, and selected by culturing in the appropriate drug for
the selectable marker.

E. Host Cells Containing an Exogenously Supplied Coding Nucleic Acid
Molecule

The present invention further provides host cells transformed with a nucleic
acid molecule that encodes a protein of the present invention. The host cell can
be either prokaryotic or eukaryotic. Eukaryotic cells useful for expression of a

protein of the invention are not limited, so long as the cell line is compatible with
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cell culture methods and compatible with the propagation of the expression vector
and expression of the gene product. Preferred eukaryotic host cells include, but
are not limited to, yeast, insect and mammalian cells, preferably vertebrate cells
such as those from a mouse, rat, monkey or human cell line. Preferred eukaryotic
host cells include Chinese hamster ovary (CHO) cells available from the ATCC
as CCLO61, NIH Swiss mouse embryo cells NIH/3T3 available from the ATCC as
CRL 1658, baby hamster kidney cells (BHK), and the like eukaryotic tissue
culture cell lines (e.g., not breast cell lines).

Any prokaryotic host can be used to express a rDNA molecule encoding a
protein of the invention. The preferred prokaryotic host is E. coli.

Transformation of appropriate cell hosts with a rDNA molecule of the
present invention is accomplished by well known methods that typically depend
on the type of vector used and host system employed. With regard to
transformation of prokaryotic host cells, electroporation and salt treatment
methods are typically employed, see, for example, Cohen et al., Proc. Natl. Acad.
Sci. USA 69: 2110 (1972); and Maniatis et al., MOLECULAR CLONING, A
LABORATORY MANUAL, Cold Spring Harbor Laboratory, Cold Spring Harbor, NY
(1982). With regard to transformation of vertebrate cells with vectors containing
rDNAs, electroporation, cationic lipid or salt treatment methods are typically
employed, see, for example, Graham et al., Virol. 54: 536-9 (1973); and Wigler
et al., Proc. Natl. Acad. Sci. USA 76: 1373-6 (1979).

Successfully transformed cells, i.e., cells that contain a rDNA molecule of
the present invention, can be identified by well known techniques including the
selection for a selectable marker. For example, cells resulting from the
introduction of an rtDNA of the present invention can be cloned to produce single

colonies. Cells from those colonies can be harvested, lysed and their DNA content
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examined for the presence of the rDNA using a method such as that described by
Southern, J. Mol. Biol. 98: 503-17 (1975) or the proteins produced from the cell
assayed via an immunological method.

F. Production of Recombinant Proteins using a rDNA Molecule

The present invention further provides methods for producing a protein of
the invention (e.g., matriptase) using nucleic acid molecules herein described. In
general terms, the production of a recombinant form of a matriptase protein
typically involves the following steps:

First, a nucleic acid molecule is obtained that encodes a protein of the
invention, such as the nucleic acid molecule depicted in SEQ ID NOS: 1 or 2, or
particularly for the matriptase nucleotides encoding for example, the serine
protease catalytic domain in the carboxy terminus of the matriptase protein or the
LDL domain. The coding sequence is directly suitable for expression in any host,
as it is not interrupted by introns. The sequence can be transfected into host cells
such as eukaryotic cells or prokaryotic cells. Eukaryotic hosts include mammalian
cells (e.g., HEK293 cells, CHO cells and PAE-PDGF-R cells), as well as insect
cells such as Sf9 cells using recombinant baculovirus. Alternatively, fragments
encoding only portion of matriptase can be expressed alone or as a fusion protein.
For example, the C-terminus of matriptase containing the serine protease domain
can be expressed in bacteria as a GST- or His-tag fusion protein. These fusion
proteins can then purified and used to generate polyclonal antibodies.

The nucleic acid molecule is then preferably placed in operable linkage
with suitable control sequences, as described above, to form an expression unit
containing the protein open reading frame. The expression unit is used to
transform a suitable host and the transformed host is cultured under conditions that

allow the production of the recombinant protein. Optionally the recombinant
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protein is isolated from the medium or from the cells; recovery and purification
of the protein may not be necessary in some instances where some impurities may
be tolerated.

Each of the foregoing steps can be done in a variety of ways. For example,
the desired coding sequences may be obtained from genomic fragments and used
directly in appropriate hosts. The construction of expression vectors that are
operable in a variety of hosts is accomplished using appropriate replicons and
control sequences, as set forth above. The control sequences, expression vectors,
and transformation methods are dependent on the type of host cell used to express
the gene and were discussed in detail earlier. Suitable restriction sites can, if not
normally available, be added to the ends of the coding sequence so as to provide
an excisable gene to insert into these vectors. A skilled artisan can readily adapt
any host/expression system known in the art for use with the nucleic acid
molecules of the invention to produce recombinant protein.

G. Methods to Identify Binding Partners

Another embodiment of the present invention provides methods for use in
isolating and identifying binding partners of matriptase proteins. In detail, a
protein of the invention is mixed with a potential binding partner or an extract or
fraction of a cell under conditions that allow the association of potential binding
partners with the protein of the invention. After mixing, peptides, polypeptides,
proteins or other molecules that have become associated with a protein of the
invention are separated from the mixture. The binding partner that bound to the
protein of the invention can then be removed and further analyzed. To identify
and isolate a binding partner, the entire protein, for instance the entire disclosed
protein of SEQ ID NO: 3 or SEQ ID NO: 4 can be used. Alternatively, a fragment

of the protein can be used.
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As used herein, a cellular extract refers to a preparation or fraction which
1s made from a lysed or disrupted cell.

A variety of methods can be used to obtain cell extracts. Cells can be
disrupted using either physical or chemical disruption methods. Examples of
physical disruption methods include, but are not limited to, sonication and
mechanical shearing. Examples of chemical lysis methods include, but are not
limited to, detergent lysis and enzyme lysis. A skilled artisan can readily adapt
methods for preparing cellular extracts in order to obtain extracts for use in the
present methods.

Once an extract of a cell is prepared, the extract is mixed with the protein
of the invention under conditions in which association of the protein with the
binding partner can occur. A variety of conditions can be used, the most preferred
being conditions that closely resemble conditions found in the cytoplasm of a
human cell. Features such as osmolarity, pH, temperature, and the concentration
of cellular extract used, can be varied to optimize the association of the protein
with the binding partner.

After mixing under appropriate conditions, the bound complex is separated
from the mixture. A variety of techniques can be utilized to separate the mixture.
For example, antibodies specific to a protein of the invention can be used to
immunoprecipitate the binding partner complex. Alternatively, standard chemical
separation techniques such as chromatography and density/sediment centrifugation
can be used.

After removing the non-associated cellular constituents in the extract, the
binding partner can be dissociated from the complex using conventional methods.
For example, dissociation can be accomplished by altering the salt concentration

or pH of the mixture.
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To aid in separating associated binding partner pairs from the mixed
extract, the protein of the invention can be immobilized on a solid support. For
example, the protein can be attached to a nitrocellﬁ]ose matrix or acrylic beads.
Attachment of the protein or a fragment thereof to a solid support aids in
separating peptide/binding partner pairs from other constituents found in the
extract. The identified binding partners can be either a single protein or a complex
made up of two or more proteins.

Alternatively, the nucleic acid molecules of the invention can be used in a
yeast two-hybrid system. The yeast two-hybrid system has been used to identify
other protein partner pairs and can readily be adapted to employ the nucleic acid
molecules herein described.

One preferred in vitro binding assay for matriptase would comprise a
mixture of a polypeptide comprising at least the matriptase serine catalytic domain
for and one or more candidate binding targets or substrates. After incubating the
mixture under appropriate conditions, one would determine whether matriptase or
a polypeptide fragment thereof containing the catalytic domain binds with the
candidate substrate. For cell-free binding assays, one of the components usually
comprises or is coupled to a label. The label may provide for direct detection,
such as radioactivity, luminescence, optical or electron density, etc., or indirect
detection such as an epitope tag, an enzyme, etc. A variety of methods may be
employed to detect the label depending on the nature of the label and other assay
components. For example, the label may be detected bound to the solid substrate
or a portion of the bound complex containing the label may be separated from the

solid substrate, and the label thereafter detected.
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H. Methods to Identify Agents that Modulate the Expression a Nucleie
Acid Encoding the Matriptase

Another embodiment of the present invention provides methods for
identifying agents that modulate the expression of a nucleic acid encoding a
protein of the invention, such as a protein having the amino acid sequence of SEQ
ID NO: 3 or SEQ ID NO: 4. Such assays may utilize any available means of
monitoring for changes in the expression level of the nucleic acids of the
invention. As used herein, an agent is said to modulate the expression of a nucleic
acid of the invention, for instance a nucleic acid encoding the protein having the
sequence of SEQ ID NO: 3 or SEQ ID NO: 4, if it is capable of up- or down-
regulating expression of the nucleic acid in a cell.

In one assay format, cell lines that contain reporter gene fusions between
the open reading frame of matriptase or of SEQ ID NOS: 1 or 2 and any assayable
fusion partner may be prepared. Numerous assayable fusion partners are known
and readily available including the firefly luciferase gene and the gene encoding
chloramphenicol acetyltransferase (Alam et al., Anal. Biochem. 188: 245-54
(1990)). Cell lines containing the reporter gene fusions are then exposed to the
agent to be tested under appropriate conditions and time. Differential expression
of the reporter gene between samples exposed to the agent and control samples
identifies agents which modulate the expression of a nucleic acid encoding the
protein having the sequence of SEQ ID NO: 3 or SEQ ID NO: 4 or related
proteins.

Additional assay formats may be used to monitor the ability of the agent to
modulate the expression of a nucleic acid encoding a protein of the invention such
as the protein having SEQ ID NO: 3 or SEQ ID NO: 4. For instance, mRNA

expression may be monitored directly by hybridization to the nucleic acids of the
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invention. Cell lines are exposed to the agent to be tested under appropriate
conditions and time and total RNA or mRNA is isolated by standard procedures
such those disclosed in Sambrook ez al. (MOLECULAR CLONING: A LABORATORY
MANUAL, 2nd Ed. Cold Spring Harbor Laboratory Press, 1989). Probes to
detect differences in RNA expression levels between cells exposed to the agent
and control cells may be prepared from the nucleic acids of the invention. It is
preferable, but not necessary, to design probes which hybridize only with target
nucleic acids under conditions of high stringency. Only highly complementary
nucleic acid hybrids form under conditions of high stringency. Accordingly, the
stringency of the assay conditions determines the amount of complementarity
which should exist between two nucleic acid strands in order to form a hybrid.
Stringency should be chosen to maximize the difference in stability between the
probe:target hybrid and potential probe:non-target hybrids.

Probes may be designed from the nucleic acids of the invention through
methods known in the art. For instance, the G+C content of the probe and the
probe length can affect probe binding to its target sequence. Methods to optimize
probe specificity are commonly available, see, e.g., Sambrook ez al. (1989) or
Ausubel et al. (CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, Greene
Publishing Co., NY, 1995).

Hybridization conditions are modified using known methods, such as those
described by Sambrook et al. (1989) and Ausubel et al. (1995), as required for
each probe. Hybridization of total cellular RNA or RNA enriched for polyA RNA
can be accomplished in any available format. For instance, total cellular RNA or
RNA enriched for polyA RNA can be affixed to a solid support, and the solid
support exposed to at least one probe comprising at least one, or part of one of the

sequences of the invention under conditions in which the probe will specifically
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hybridize. Alternatively, nucleic acid fragments comprising at least one, or part
of one of the sequences of the invention can be affixed to a solid support, such as
a porous glass wafer. The glass wafer can then be exposed to total cellular RNA
or polyA RNA from a sample under conditions in which the affixed sequences will
specifically hybridize. Such glass wafers and hybridization methods are widely
available, for example, those disclosed by Beattie (WO 95/1 1755). By examining
for the ability of a given probe to specifically hybridize to an RNA sample from
an untreated cell population and from a cell population exposed to the agent,
agents which up or down regulate the expression of a nucleic acid encoding the
protein having the sequence of SEQ ID NO: 3 or SEQ ID NO: 4 are identified.

L Methods to Identifv Agents that Modulate at Least One Activity of the
Matriptase

Another embodiment of the present invention provides methods for
identifying agents that modulate at least one activity of a protein of the invention,
such as the protein having the amino acid sequence of SEQ ID NO: 3 or SEQ ID
NO: 4. Such methods or assays may utilize any means of monitoring or detecting
the desired activity.

In one format, the relative amounts of a protein of the invention between
a cell population that has been exposed to the agent to be tested compared to an
un-exposed control cell population may be assayed (e.g., breast cancer cell line).
In this format, probes such as specific antibodies are used to monitor the
differential expression of the protein in the different cell populations. Cell lines
or populations are exposed to the agent to be tested under appropriate conditions
and time. Cellular lysates may be prepared from the exposed cell line or
population and a control, unexposed cell line or population. The cellular lysates

are then analyzed with the probe.
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For example, N- and C- terminal fragments of matriptase can be expressed
in bacteria and used to search for proteins which bind to these fragments. Fusion
proteins, such as His-tag or GST fusion to the N- or C-terminal regions of
matriptase can be prepared for use as a matriptase fragment substrate. These
fusion proteins can be coupled to, for example, Glutathione-Sepharose beads and
then probed with cell lysates. Prior to lysis, the cells may be treated with a
candidate agent which may modulate matriptase or proteins that interact with
domains on matriptase. Lysate proteins binding to the fusion proteins can be
resolved by SDS-PAGE, isolated and identified by protein sequencing or mass
spectroscopy, as is known in the art.

Antibody probes are prepared by immunizing suitable mammalian hosts in
appropriate immunization protocols using the peptides, polypeptides or proteins
of the invention if they are of sufficient length (e.g., 4, 5, 6, 7, 8, 9, 10, 11,12, 13,
14, 15, 20, 25, 30, 35, 40 or more consecutive amino acids of a matriptase
protein), or if required to enhance immunogenicity, conjugated to suitable carriers.
Methods for preparing immunogenic conjugates with carriers, such as bovine
serum albumin (BSA), keyhole limpet hemocyanin (KLLH), or other carrier
proteins are well known in the art. In some circumstances, direct conjugation
using, for example, carbodiimide reagents may be effective; in other instances
linking reagents such as those supplied by Pierce Chemical Co., Rockford, IL,
may be desirable to provide accessibility to the hapten. Hapten peptides can be
extended at either the amino or carboxy terminus with a Cys residue or
interspersed with cysteine residues, for example, to facilitate linking to a carrier.
Administration of the immunogens is conducted generally by injection over a

suitable time period and with use of suitable adjuvants, as is generally understood
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in the art. During the immunization schedule, titers of antibodies are taken to
determine adequacy of antibody formation.

Anti-peptide antibodies can be generated using synthetic peptides
corresponding to, for example, the carboxy terminal amino acids of matriptase.
Synthetic peptides can be as small as 1-3 amino acids in length, but are preferably
at least 4 or more amino acid residues long. The peptides can be coupled to KLH
using standard methods and can be immunized into animals, such as rabbits or
ungulate. Polyclonal anti-matriptase peptide antibodies can then be purified, for
example using Actigel beads containing the covalently bound peptide.

While the polyclonal antisera produced in this way may be satisfactory for
some applications, for pharmaceutical compositions, use of monoclonal
preparations is preferred. Immortalized cell lines which secrete the desired
monoclonal antibodies may be prepared using the standard method of Kohler et
al., (Nature 256: 495-7 (1975)) or modifications which effect immortalization of
lymphocytes or spleen cells, as is generally known. The immortalized cell lines
secreting the desired antibodies are screened by immunoassay in which the antigen
is the peptide hapten, polypeptide or protein. When the appropriate immortalized
cell culture secreting the desired antibody is identified, the cells can be cultured
either in vitro or by production in vivo via ascites fluid. Of particular interest, are
monoclonal antibodies which recognize the catalytic domain of matriptase (e.g.,
amino acids 432-683 of SEQ ID NO: 3).

Additionally, the zymogen or two-chain forms of matriptase can be utilized
to make monoclonal antibodies which recognize conformation epitopes. For
peptide-directed monoclonal antibodies, peptides from the C11/C1s domain can
be used to generate anti-C1r/Cls domain monoclonal antibodies which can

thereby block activation of the zymogen to the two-chain form of matriptase. This



10

15

20

25

woO 60/53232 PCT/US00/06111

-38-

domain can similarly be the substrate for other non-antibody compounds which
bind to these preferred domains on either the single-chain or double-chain forms
of matriptase and thereby modulate the activity of matriptase or prevent its
activation.

The desired monoclonal antibodies are then recovered from the culture
supernatant or from the ascites supernatant. Fragments of the monoclonals or the
polyclonal antisera which contain the immunologically significant portion can be
used as antagonists, as well as the intact antibodies. Use of immunologically
reactive fragments, such as the Fab, Fab', of F(ab'), fragments are often preferable,
especially in a therapeutic context, as these fragments are generally less
immunogenic than the whole immunoglobulin.

The antibodies or fragments may also be produced, using current
technology, by recombinant means. Regions that bind specifically to the desired
regions of receptor can also be produced in the context of chimeras with multiple
species origin.

Agents that are assayed in the above method can be randomly selected or
rationally selected or designed. As used herein, an agent is said to be randomly
selected when the agent is chosen randomly without considering the specific
sequences involved in the association of the a protein of the invention alone or
with its associated substrates, binding partners, etc. An example of randomly
selected agents is the use a chemical library or a peptide combinatorial library, or
a growth broth of an organism.

As used herein, an agent is said to be rationally selected or designed when
the agent is chosen on a non-random basis which takes into account the sequence
of the target site and/or its conformation in connection with the agent’s action. As

described in the Examples, there are proposed binding sites for serine protease and
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(catalytic) sites in the protein having SEQ ID NO: 3 or SEQ ID NO: 4. Agents
can be rationally selected or rationally designed by utilizing the peptide sequences
that make up these sites. For example, a rationally selected peptide agent can be
a peptide whose amino acid sequence is identical to the ATP or calmodulin
binding sites or domains.

The agents of the present invention can be, as examples, peptides, small
molecules, and carbohydrates. A skilled artisan can readily recognize that there
1s no limit as to the structural nature of the agents of the present invention.

The peptide agents of the invention can be prepared using standard solid
phase (or solution phase) peptide synthesis methods, as is known in the art. In
addition, the DNA encoding these peptides may be synthesized using
commercially available oligonucleotide synthesis instrumentation and produced
recombinantly using standard recombinant production systems. The production
using solid phase peptide synthesis is necessitated if non-gene-encoded amino
acids are to be included.

Another class of agents of the present invention are antibodies
immunoreactive with critical positions of proteins of the invention. Antibody
agents are obtained by immunization of suitable mammalian subjects with
peptides, containing as antigenic regions, those portions of the protein intended to
be targeted by the antibodies.

J. Pharmaceutical Compositions

The present invention further includes agents which modulate matriptase
activity in a cell formulated into a pharmaceutical composition. The
pharmaceutical compositions of the invention include those suitable for oral,
rectal, nasal, topical (including buccal and sublingual) or parenteral (including

subcutaneous, intramuscular, intravenous and intradermal) administration. The
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formulations may conveniently be presented in unit dosage form, e.g., tablets and
sustained release capsules, and in liposomes, and may be prepared by any methods
well know in the art of pharmacy. See, for example, REMINGTON'S
PHARMACEUTICAL SCIENCES (18" ed., Mack Publ. Co. 1990).

Such preparative methods include the step of bringing into association with
the molecule to be administered ingredients, such as the carrier, which constitutes
one or more accessory ingredients. In general, the compositions are prepared by
uniformly and intimately bringing into association the active ingredients with
liquid carriers, liposomes or finely divided solid carriers or both, and then if
necessary shaping the product.

Compositions of the present invention suitable for oral administration may
be presented as discrete units such as capsules, cachets or tablets each containing
a predetermined amount of the active ingredient; as a powder or granules; as a
solution or a suspension in an aqueous liquid or a non-aqueous liquid; or as an
oil-in-water liquid emulsion or a water-in-oil liquid emulsion, or packed in
liposomes and as a bolus, etc.

A tablet may be made by compression or molding, optionally with one or
more accessory ingredients. Compressed tablets may be prepared by compressing
in a suitable machine the active ingredient in a free-flowing form such as a
powder or granules, optionally mixed with a binder, lubricant, inert diluent,
preservative, surface-active or dispersing agent. Molded tablets may be made by
molding in a suitable machine a mixture of the powdered compound moistened
with an inert liquid diluent. The tablets may optionally be coated or scored and
may be formulated so as to provide slow or controlled release of the active

ingredient therein.
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Compositions suitable for topical administration include lozenges
comprising the ingredients in a flavored basis, usually sucrose and acacia or
tragacanth; and pastilles comprising the active ingredient in an inert basis such as
gelatin and glycerin, or sucrose and acacia.

Compositions suitable for parenteral administration include aqueous and
non-aqueous sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes, which render the formulation isotonic with the blood of
the intended recipient; and aqueous and non-aqueous sterile suspensions, which
may include suspending agents and thickening agents. The formulations may be
presented in unit-dose or multi-dose containers, for example, sealed ampules and
vials, and may be stored in a freeze dried (lyophilized) condition requiring only
the addition of the sterile liquid carrier, for example water for injections,
immediately prior to use. Extemporaneous injection solutions and suspensions
may be prepared from sterile powders, granules and tablets.

Application of the pharmaceutical composition often will be local, so as to
be administered at the site of interest. Various techniques can be used for
providing the subject compositions at the site of interest, such as injection, use of
catheters, trocars, projectiles, pluronic gel, stents, sustained drug release polymers
or other device which provides for internal access.

It will be appreciated that actual preferred amounts of a pharmaceutical
composition used in a given therapy will vary depending upon the particular form
being utilized, the particular compositions formulated, the mode of application,
the particular site of administration, the patient's weight, general health, sex, etc.,
the particular indication being treated, etc. and other such factors that are
recognized by those skilled in the art including the attendant physician or

veterinarian. Optimal administration rates for a given protocol of administration
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can be readily determined by those skilled in the art using conventional dosage
determination tests.

Antibodies. The antibodies and immunogenic portions thereof of this
invention are administered at a concentration that is therapeutically effective to
prevent or treat any of the afore-mentioned disease states. To accomplish this
goal, the antibodies may be formulated using a variety of acceptable excipients
known in the art. Typically, the antibodies are preferably administered by
injection, either intravenously or intraperitoneally. Methods to accomplish this
administration are known to those of ordinary skill in the art. It may also be
possible to obtain compositions which may be topically or orally administered, or
which may be capable of transmission across mucous membranes.

Before administration to patients, formulants may be added to the
antibodies. A liquid formulation is preferred. For example, these formulants may
include oils, polymers, vitamins, carbohydrates, amino acids, salts, buffers,
albumin, surfactants, or bulking agents. Preferably carbohydrates include sugar
or sugar alcohols, such as mono-, di-, or polysaccharides, or water soluble
glucans. The saccharides or glucans can include fructose, dextrose, lactose,
glucose, mannose, sorbose, xylose, maltose, sucrose, dextran, pullulan, dextrin,
alpha- and beta-cyclodextrin, soluble starch, hydroxyethyl starch and
carboxymethylcellulose, or mixtures thereof. Sucrose is most preferred. "Sugar
alcohol" is defined as a C4 to C8 hydrocarbon having an —OH group and includes
galactitol, inositol, mannitol, xylitol, sorbitol, glycerol, and arabitol. Mannitol is
most preferred. These sugars or sugar alcohols mentioned above may be used
individually or in combination. There is no fixed limit to amount used, as long as
the sugar or sugar alcohol is soluble in the aqueous preparation. Preferably, the

sugar or sugar alcohol concentration is between 1.0 w/v percent and 7.0 w/v
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percent, more preferable between 2.0 and 6.0 w/v percent. Preferably amino acids
include levorotary (L) forms of carnitine, arginine and betaine; however, other
amino acids may be added. Preferred polymers include polyvinylpyrrolidone
(PVP) with an average molecular weight between 2,000 and 3,000, or
polyethylene glycol (PEG) with an average molecular weight between 3,000 and
5,000. It is also preferred to use a buffer in the composition to minimize pH
changes in the solution before lyophilization or after reconstitution. Most any
physiological buffer may be used, but citrate, phosphate, succinate, and glutamate
buffers or mixtures thereof are preferred. Most preferred is a citrate buffer.
Preferably, the concentration is from 0.01 to 0.3 molar. Surfactants that can be
added to the formulation are shown in EP patent applications No. EP 0 270 799
and EP 0 268 110.

Additionally, antibodies can be chemically modified by covalent
conjugation to a polymer to increase their circulating half-life. Preferred
polymers, and methods to attach them to peptides, are shown in U.S. Pat. Nos.
4,766,100; 4,179,337: 4,495,285; and 4,609,546. Preferred polymers
are polyoxyethylated polyols and polyethylene glycol (PEG). PEG is soluble in
water at room temperature and has the general formula: R(O--CH,--CH,),O--R
where R can be hydrogen, or a protective group, such as an alkyl or alkanol group.
Preferably, the protective group has between 1 and 8 carbons, more preferably it
is methyl. The symbol "n" is a positive integer, preferably between 1 and 1,000,
more preferably between 2 and 500. The preferred PEG ranges in molecular
weight between 1,000 and 40,000, more preferably between 2,000 and 20,000,
most preferably between 3,000 and 12,000. Preferably, PEG has at least one
hydroxy group; more preferably it is a terminal hydroxy group. It is this hydroxy

group which is preferably activated. However, it will be understood that the type
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and amount of the reactive groups may be varied to achieve a covalently
conjugated PEG/antibody of the present invention.

Water soluble polyoxyethylated polyols are also useful in the present
invention. They include polyoxyethylated sorbitol, polyoxyethylated glucose,
polyoxyethylated glycerol (POG), efc. POG is preferred. One reason is because
the glycerol backbone of polyoxyethylated glycerol is the same backbone
occurring naturally in, for example, animals and humans in mono-, di-,
triglycerides. Therefore, this branching would not necessarily be seen as a foreign
agent in the body. The POG has a preferred molecular weight in the same range
as PEG.

Another drug delivery system for increasing circulatory half-life is the
liposome. Methods of preparing liposome delivery systems are discussed in
Gabizon et al., Cancer Res. 42: 4734-9 (1982); Szoka et al., Annu. Rev. Biophys.
Bioeng. 9: 467-508 (1980); Szoka et al., Meth. Enzymol. 149: 143-7 (1987); and
Langner et al., Pol. J. Pharmacol. 51: 211-22 (1999). Other drug delivery
systems are known in the art.

After the liquid pharmaceutical composition is prepared, it is preferably
lyophilized to prevent degradation and to preserve sterility. Methods for
lyophilizing liquid compositions are known to those of ordinary skill in the art.
Just prior to use, the composition may be reconstituted with a sterile diluent (e.g,
Ringer's solution, distilled water, or sterile saline) which may include additional
ingredients. Upon reconstitution, the composition is preferably administered to
subjects using those methods that are known to those skilled in the art.

As stated above, the antibodies and compositions of this invention are used
preferably to treat human patients to prevent or treat any of the above-defined

disease states. The preferred route of administration is parenterally. In parenteral
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administration, the compositions of this invention will be formulated in a unit
dosage injectable form such as a solution, suspension or emulsion, in association
with a pharmaceutically acceptable parenteral vehicle. Such vehicles are
inherently nontoxic and non-therapeutic. Examples of such vehicles are saline,
Ringer's solution, dextrose solution, and Hanks' solution. Non-aqueous vehicles
such as fixed oils and ethyl oleate may also be used. A preferred vehicle is 5%
dextrose in saline. The vehicle may contain minor amounts of additives such as
substances that enhance isotonicity and chemical stability, including buffers and
preservatives.

The dosage and mode of administration will depend on the individual.
Generally, the compositions are administered so that antibodies are given at a dose
between 1 ng/kg and 20 mg/kg, more preferably between 20 pg/kg and 10 mg/kg,
most preferably between 1 and 7 mg/kg. Preferably, it is given as a bolus dose,
to increase circulating levels by 10-20 fold and for 4-6 hours after the bolus dose.
Continuous infusion may also be used after the bolus dose. If so, the antibodies
may be infused at a dose between 5 and 20 ug/kg/minute, more preferably
between 7 and 15 pg/kg/minute.

According to an equally preferred embodiment, the present invention
relates to the use of a monoclonal antibody or a derivative thereof or a peptide, for
the preparation of diagnostic or in vivo imaging means of any of the
above-mentioned disease states.

According to a preferred embodiment an antibody, fragments, analogs, and
derivatives thereof are detectably labeled through the use of halogen radioisotopes
such as 131, 251, metallic radionuclides ®’Cu, '"'In, *’Ga, ¥ Te, P'1,'2 1,8 Re,'* Re
and °Y etc.; affinity labels (such as biotin, avidin, efc.), fluorescent labels,

paramagnetic atoms, efc. and is provided to a patient to localize the site of
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infection or inflammation. Procedures for accomplishing such labeling are well
known to those skilled in the art. Clinical application of antibodies in diagnostic
imaging are reviewed by Laurino ef al., Ann. Clin. Lab. Sci. 29: 158-66 (1999);
Unger et al., Invest. Radiol. 20: 693-700 (1985), and Khaw et al., Science 209:
295-7 (1980).

The detection of foci of such detectably labelled antibodies is indicative of
a metastatic disease, tumor development or a pre-malignant lesion with metastatic
potential. In one embodiment, this examination for cancer is done by removing
samples of tissue (e.g., biopsy), and incubating such samples in the presence of
the detectably labeled antibodies. In a preferred embodiment, this technique is
done in a non-invasive manner through the use of magnetic resonance imaging
(MRI), single photon emission computed tomography (SPECT) or fluorography
and extracorporal detecting means, efc. Such a diagnostic test may be employed
in monitoring organ transplant recipients for early signs of potential tissue
rejection. Such assays may also be conducted in efforts to determine an
individual's predilection to rheumatoid arthritis or other chronic inflammatory
diseases.

According to another embodiment the present invention relates to the use
of a monoclonal antibody or a derivative thereof, as defined above for the
preparation of diagnostic and in vivo imaging means of atherosclerosis.

K.  Molecular Modeling to Identify Compounds That Bind Matriptase

One method of identifying matriptase modulating compounds, and
preferably matriptase inhibitors, is by using molecular modeling. Molecular
modeling can be performed using the X-ray crystal structure of either the single-
chain or two-chain forms of matriptase, or based on conformation information

provided by the protein sequence. Specifically, as matriptase bears sequence
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homology to other trypsin-like molecules, the crystal structures of the other
molecules (specifically trypsin) can be used to model matriptase domains.
Specific sites to be targeted by inhibitors can then be studied using molecular
modeling programs. Preferred sites include, but are not limited to: (1) the
C1r/Cls dimerization domain on matriptase, (2) the activation site on the single-
chain form of matriptase which is cleaved to form the two-chain form of
matriptase, and (3) the catalytic domain of matriptase.

Molecules can be tested via molecular modeling programs to determine
whether the can fit into one of the preferred sites on matriptase. Once molecules
are identified which at least according to molecular modeling bind to a preferred
domain, the molecules can be conveniently designed de novo by the help of
three-dimensional molecular modeling computer software, such as the program
called ALCHEMY-III (Tripos Associates Inc.; St. Louis, Mo.). In the case of
peptide compounds, it is now possible to determine the influence and relative
importance of specific amino acid residues on receptor or antigen binding, using
such tools as magnetic resonance spectroscopy and molecular modeling, allowing
the specific design and synthesis of peptides which bind a known antigen,
antibody or receptor, or which mimic a known binding sequence or ligand.

Biological-Function Domain. The biological-function domain of the
constructs is a structural entity within the molecule that binds the biological target
and may either inhibition of activation of the single-chain matriptase to the two-
chain, active form of matriptase or may inhibit the two-chain, active form of
matriptase from binding to its normal substrate(s). For peptides which can form
a ligand and receptor pair, in which the receptor is not a biological target, the
discussions pertaining to a biological-function domain apply unless expressly

limited to biological systems. The biological-function domain of the peptide
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includes the various amino acid side chains, arranged so that the domain binds
stereospecifically to, for example, the activation site of matriptase or the
proteolytic active site of matriptase in its active, two-chain form.The
biological-function domain may be either be sychnological (with structural
elements placed in a continuous sequence) or rhegnylogical (with structural
clements placed in a discontinuous sequence), as such concepts are described
generally in Schwyzer, Biopolymers 31: 875-792 (1991).

After purification, crystallization and isolation, the subject crystals may be
analyzed by techniques known in the art. Typical analysis yield structural,
physical, and mechanistic information about the peptides. As discussed above,
X-ray crystallography provides detailed structural information that may be used
in conjunction with widely available molecular modeling programs to arrive at the
three-dimensional arrangement of atoms in the peptide.

Peptide modeling can be used to design a variety of agents capable of
modifying the activity of the subject peptide. For example, using the
three-dimensional structure of the active site, matriptase agonists and antagonists
having complementary structures can be designed to block the biological activity
of matriptase. Further, matriptase structural information is useful for directing
design of proteinaceous or non-proteinaceous matriptase modulating agents, based
on knowledge of the contact residues between the matriptase and its substrate.

Computer modeling can also be performed as described in Example 4, or
using nuclear magnetic resonance (NMR) or X-ray methods (Fletterick et al.,
eds., "Computer Graphics and Molecular Modeling," in Current Communications
in Molecular Biology (Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y .,
1986). Exemplary modeling programs include "Homology" by Biosym (San
Diego, Calif.), "Biograf' by BioDesign, "Nemesis" by Oxford Molecular,
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"SYBYL™" and "Composer" by Tripos Associates, "CHARM" by Polygen
(Waltham, MA), "AMBER" by University of California, San Francisco, and
"MM2" and "MMP2" by Molecular Design, Ltd.

EXAMPLES

Example 1

Purification and characterization of a Complex Containing
Matriptase and a Kunitz-type Serine Protease Inhibitor

These data as described in Lin et al., J. Biol. Chem. 274(26): 18237-42
(1999), which investigates the role of matriptase under physiological conditions
such as differentiation and lactation.

Cell lines and culture condition: Four milk-derived, immortalized luminal

mammary epithelial cell lines (MTSV-11B, MTSV-1.7, MRSV-4.1, and MRSV-
4.2) were a gift from Dr. J. Taylor-Papadimitriou (ICRF, London) (Bartek et al.,
Proc. Natl. Acad. Sci. USA 88: 3520-24 (1991)), and were maintained in modified
Iscove's minimal essential medium (Biofluids, Rockville, MD) supplemented with
10% fetal calf serum (GIBCO), bovine insulin at 10 ug/ml, hydrocortisone
(Sigma) at 5 pg/ml, and antibiotics. Human foreskin fibroblasts and the
fibrosarcoma cell line, HT-1080 (from American Type Culture Collection, ATCC)
were maintained in modified Iscove's minimal essential medium supplemented
with 10% fetal calf serum (GIBCO). To collect cell conditioned medium,
monolayers of these cells at confluency were washed twice with phosphate-
buffered saline (PBS) and were cultured for two days in the absence of the serum
in modified Iscove's minimal essential medium supplemented with
insulin/transferrin/selenium (Biofluids).

Identification and partial isolation of matriptase-related proteases from

human milk: To isolate matriptase-related proteases, 1.5 liters of frozen human
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milk from Georgetown University Medical Center Milk Bank was thawed and
centrifuged to remove the milk fat and insoluble debris. Ammonium sulfate
powder was added to the milk with continuous mixing to 40% saturation, and
allowed to precipitate in a cold room for at least 2 hours. Protein precipitates were
obtained by centrifugation at 5,000 x g for 20 min. The pellets were saved, and
the supernatant was further precipitated by addition of ammonium sulfate powder
to 60% saturation. The protein pellets were dissolved in water, and then dialyzed
against 20 mM Tris-HCI, pH 8.0 for DEAE chromatography or against 10 mM
phosphate buffer, pH 6.0 for CM chromatography. Insoluble debris was cleared
by centrifugation, and the supernatant was divided into five batches. Each batch
was loaded onto a DEAE Sepharose FF column (2.5%20 cm) (Pharmacia;
Piscataway, NJ), equilibrated with 20 mM Tris-HC1, pH 8.0. The column was
washed with 10 column volumes of equilibration buffer. Bound material was
eluted with a linear gradient from 0-1 M NaCl in DEAE equilibration buffer with
a total volume of 500 ml. Fractions (14 ml) were collected and assessed by
immunoblot using mAb 21-9. To perform CM chromatography, the 95-kDa
fraction from DEAE chromatography or the precipitate derived directly from
ammonium sulfate precipitation was dialyzed against 10 mM phosphate buffer,
pH 6.0. Insoluble debris was cleared by centrifugation and the supernatant was
loaded onto a CM Sepharose FF column (2.5x20 cm) (Pharmacia; Piscataway,
NJ), equilibrated with 10 mM phosphate buffer, pH 6.0. The column was washed
with 10 column volumes of equilibration buffer. Bound material was eluted with
a linear gradient from 0-0.5 M NaCl in 10-MM phosphate buffer, pH 6.0 with
total volume of 500 ml. 14 Milliliter fractions were assessed by immunoblot

using mAb 21-9.
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Immunoaffinity chromatography: Preparation of an immunoaffinity

column coupling mAb 21-9 to Sepharose 4B (5 mg of IgG/ml of beads) was
performed using CNBr-activated Sepharose 4B, as previously described (Lin ef
al. J. Biol. Chem. 272: 9147-52 (1997)). Partially purified 95-kDa matriptase
complex from DEAE or CM chromatography was loaded onto a 1-m] column at
a flow rate of 7 ml/h. The column was washed with 1% Triton X-100 in PBS.
Bound protease was then eluted using 0.1 M glycine-HCI (pH 2.4). Fractions
were immediately neutralized using 2 M Trizma base.

Immunization and hybridoma fusion: Two six week old female Balb/c
mice were immunized with matriptase complexes (10 pg per dose) at intervals of
2 weeks. Complete Freund's adjuvant was used for the initial immunizations,
while incomplete adjuvant was used for boosts. Three days after the second
boost, antiserum was collected from the tail vein, and the immunoresponse was
determined by immunoblot. The final boost was conducted with the matriptase
complex i the absence of adjuvant by tail vein injection. The spleenocytes were
collected and fused with mouse myoloma cells (SP2 or NS1) by polyethylene
glycol (PEG) methodology, and the successful hybridoma cells were selected by
HAT medium (Kilmartin et al., J. Cell. Biol. 93: 576-82 (1982)).

Hybridoma screening: The primary screening was carried out by western
blot using the targets that contain a mixture of intact 95-kDa matriptase complex,
dissociated matriptase, and the binding proteins. More than one hundred positive
clones were selected in the primary screening. Three anti-matriptase mAbs (M32,
M92, and M84) and two anti-binding protein mAbs (M19 and M58) were selected
and characterized in detail.

Monoclonal antibody preparation: To produce mAbs, hybridoma lines

were gradually adapted to low serum-supplemented culture medium and then to
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protein free hybridoma medium (Gibco). Monoclonal antibodies were harvested
and precipitated by 50% saturation with ammonium sulfate. Further purification
was carried out by DEAE chromatography.

Immunoblotting analysis: Immunoblot was conducted as previously

described (Lin et al.,, (1997)). Proteins were separated by 10% SDS-PAGE,
transferred to polyvinylidene fluoride (PVDF), and probed with mAbs as
specified. Immunoreactive polypeptides were visualized using peroxidase-labeled
secondary antibody and the ECL detection system (Amersham Corp.; Arlington
Heights, IL).

Diagonal SDS-PAGE: The 95-kDa matriptase complex preparation was

resolved by SDS-PAGE under non-boiled conditions; the gel strip was sliced out,
boiled in 1X SDS sample buffer, placed on an SDS-acrylamide gel without wells,
and electrophoresed under the same conditions as the first dimension gel. Protein
bands were stained by Colloidal Coomassie (Neuhoff et al., Electrophoresis 9:
255-62 (1988)), due to the negative image observed with silver stain.

Amino Acid Sequence analysis of the 40- and 25-kDa binding proteins:

The 40- and 25-kDa binding proteins were purified as described above. The
amino-terminal sequence of these proteins were determined (Matsudaira, J. Biol.
Chem. 262: 10035-8 (1987)). Twelve (from 40-kDa protein) and seven (from 25-
kDa protein) amino acid residues obtained were identical to the deduced amino
acid sequences of an inhibitor of hepatocyte growth factor activator I (HAI-1)
(Shimomura et al., J. Biol. Chem. 272: 6370-6 (1997)). To further confirm the
identity of the binding protein to be HAI-1, the larger band from the 40-kDa
protein doublet was subjected to in gel digestion and then to analysis by the matrix

assisted laser desorption ionization mass spectrometry (MALDI-MS) at HHMI
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Biopolymer Laboratory & W.M. Keck Foundation Biotechnology Resource
Laboratory at Yale University.
Expression of HAI-1 in COS-7 cell: To verify that HAI-1 encodes the

binding protein of matriptase, we isolated an HAI-1 cDNA fragment by reverse
transcriptase-polymerase chain reaction (RT-PCR) utilizing mRNA from MTSV
1.1 B immortalized human luminal mammary epithelial cells. Primer sequences
for HAI-1 (5'-GGCCCGCGCTCTGAAGGTGA-3' and 5'-
TTGGCAAGCAGGAAGCAGGG-3") were derived from the published sequence.
Standard RT-PCR was carried out using the Advantage RT-PCR kit (Clontech;
Palo Alto, CA), and the product was ligated into pCR2.1 (Invitrogen; Carlsbad,
CA) by TA cloning. The sequence of the RT-PCR product was obtained by
standard methods, and confirmed with the published HAI-1 sequence (Miyazawa
et al.,, J. Biol. Chem. 268: 10024-8 (1993)). An eukaryotic expression vector was
constructed (pcDNA/HAI-1), utilizing the commercially available pcDNA3.1
vector (Invitrogen; San Diego, CA). A 1.6 kb EcoRI fragment containing the
HAI-1 cDNA was cloned into the EcoRI site of pcDNA 3.1. This construct
contains the open reading frame (ORF) of HAI-1 driven by a CMV promoter.
Correct insertion of the HAI-1 ¢cDNA was verified by restriction mapping.
Transfections were performed using SuperFect transfection reagent (QIAGEN;
Valencia, CA) as specified in manufacturer's handbook. After 48 hr, the HAI-1-
transfected COS-7 cells were extracted with 1% Triton-X100 in 20 mM Tris-HCl
pH 7.4.

Matriptase-related proteases in human milk: Previously, matriptase was
observed to exist either in a major, uncomplexed form or in two minor SDS-stable
(Lin et al., (1997)), complexed forms with apparent molecular masses of 110- and

95-kDa. The matriptase binding protein(s) was not identified. To identify these
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binding protein(s), we have examined the matriptase complexes found in human
milk. Our hypothesis has been that the binding protein is a protease inhibitor and
that its expression may be associated with a specific physiological status, such as
differentiation or lactation. In human milk, two immunoreactive bands of 95- and
110-kDa in size, but no uncomplexed matriptase was detected by anti-matriptase
mAb 21-9 under non-boiled and non-reduced conditions (Fig. 1). The 95-kDa
band was the predominant species; the relative amount of the minor, 110-kDa
band varied between different batches of milk (Fig. 1 A and B). In common with
a 95-kDa immunoreactive matriptase complex previously identified in human
breast cancer cells (Lin et al., (1997)), the milk-derived 95-kDa immunoreactive
species was converted, after boiling in the absence of reducing agents, to a smaller
immunoreactive band. This band corresponds in size to the previously described,
uncomplexed matriptase from breast cancer (Fig. 1 C). Thus, matriptase appeared
to be a component of the 95-kDa complex, both in breast cancer cells and in milk.
Although most of matriptase in breast cancer cells is uncomplexed, the opposite
is true in milk.

Most of the minor, 110-kDa immunoreactive polypeptide in milk was
precipitated by a 40% saturation of ammonium sulfate. This band was then
separated from the major 95-kDa matriptase complex by DEAE chromatography
(Fig. 1A). In contrast to the 95-kDa matriptase complex, the milk-derived 110-
kDa immunoreactive polypeptide had a reduced rate of migration on an SDS-
polyacrylamide gel after boiling (Fig. 1, panel C). These results suggest that this
milk-derived 110-kDa immunoreactive polypeptide is not likely to be a protease
complex. The 110-kDa species from breast cancer cells was converted by boiling

into matriptase and another unidentified species (Lin et al., (1997)). This milk-
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derived 110-kDa species was thus distinct from the 110-kDa matriptase complex
previously isolated from breast cancer T-47D cells.

Purification of matriptase complexes from human milk: The milk-derived

95-kDa matriptase complex has been isolated using an anti-matriptase mAb-21-9
immunoaffinity column. This highly purified 95-kDa matriptase complex can be
converted to matriptase after boiling in conjunction with appearance of a protein
doublet with apparent molecular mass of 40-kDa (Lin et al., J. Biol. Chem 274:
18231-6 (1999)). In some batches of milk, in addition to the 95-kDa complex,
another protease complex doublet, with apparent molecular mass of 85-kDa, was
also observed (Fig. 2, lane 1). Both 95- and 85-kDa matriptase complexes were
converted to matriptase after boiling. In addition to matriptase, a 40-kDa and a
25-kDa protein bands were observed (Fig. 2, lane 2).

Biochemical and immunological approaches have been taken to prove the
40- and 25-kDa bands to be components of matriptase complexes. In our
biochemical approach, a 95-kDa matriptase complex preparation, which also
contains low levels of uncomplexed matriptase, was subjected to a non-
boiling/boiling diagonal gel electrophoresis. In this gel electrophoresis system,
proteins whose migration rate on an SDS polyacrylamide gel are not changed by
boiling will be seen on the diagonal line. In contrast, heat-sensitive complexes
will be dissociated into their constituent subunits and will be seen on the same
electrophoretic path below the diagonal line; proteins whose configuration is
changed by boiling resulting in a lower migration rate will be seen beyond the
diagonal line. The sample was firstly resolved by SDS-PAGE and a strip of gel
was sliced off. The sliced gel strip was boiled in 1X SDS sample buffer in the
absence of reducing agents, placed on a second SDS polyacrylamide gel, and

electrophoresed (Fig. 3). In the case of the 95-kDa matriptase complex, both the
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40-kDa protein doublet and matriptase were observed below the diagonal line and
on the same electrophoretic path (Fig. 3). This result thus confirmed that
matriptase and the 40-kDa doublet were components of the 95-kDa protease
complex. On the other hand, uncomplexed matriptase was seen on the diagonal
line (Fig. 3).

In an immunological approach, a panel of mAbs was obtained using
matriptase complexes as immunogens (Fig. 4). A new antimatriptase, antibody
mAb M92, recognizes both 95- and 85-kDa matriptase complexes under non-
boiling conditions (Fig. 4A, lane 5). This mAb recognizes uncomplexed
matriptase, but not the 40- and 25-kDa bands after boiling, (Fig. 4A, lane 6).
Monoclonal antibody, M19, recognizes both matriptase complexes under non-
boiling conditions (Fig. 4A, lane 3), but not the uncomplexed matriptase under
boiling conditions (Fig. 4A, lane 4). However, M19 detects both 40- and 25-kDa
bands after boiling (Fig. 4A, lane 4).

A third antibody type, mAb M58, was also selected. This mAb selectively
recognizes only the 95-kDa matriptase complex but not the 85-kDa complex
under non-boiling conditions (Fig. 4A, lane 1); mAb M58 recognizes only the 40-
kDa band but not the 25-kDa band after boiling, (Fig. 4A, lane 2). These results,
combined with the results in Figure 2, suggest that the 95-kDa matriptase complex
1s composed of matriptase and a 40-kDa component. The 85-kDa matriptase
complex is composed of matriptase and the 25-kDa component. The 25-kDa
component is likely to be a degraded product of the 40-kDa component. The
epitope recognized by mAb M19 resides on both 40 and 25-kDa components, but
the one recognized by mAb M58 resides only on the 40-kDa component. In
Figure 4 panel B, we summarize the structures of both 95- and 85-kDa matriptase

complexes and their interactions with these mAbs.
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The binding proteins of the matriptase are fraecments of a Kunitz-type

serine protease inhibitor: When the amino-terminal sequences of the 40- and 25-

kDa binding proteins were determined, the sequences of the 40-kDa binding
protein (e.g., GPPPAPPGLPAG) were found to be identical to the amino-terminal
sequences of a Kunitz-type serine protease inhibitor (Shimomura ez al., J. Biol.
Chem 272: 6370-76 (1997)), which was previously identified as an inhibitor of
hepatocyte growth factor activator (HAI-1) (Shimomura e al., (1997)); the amino
acid residues (e.g., TQGFGGS) obtained from the N-terminus of the 25-kDa
binding protein are identical to the sequences from residue 154 through residue
160 of HAI-1 (Shimomura ef al., (1997)). To further confirm that the binding
proteins of matriptase are identifiable as HAI-1, the larger band from the 40-kDa
doublet was subjected to in gel trypsin digestion. The tryptic digests were
examined by matrix assisted laser desorption ionization mass spectrometry
(MALDI-MS). Twelve unique peptides from the tryptic digests were matched to
the HAI-1 sequence by searching the observed MALDI-MS masses from the
binding protein to the HAI-1 (Fig. 5). These 12 peptides cover 87 residues that
span residues 135-310. These results indicate that the binding proteins of
matriptase are fragments of HAI-1.

In another study, the immunoreactivity of anti-binding protein mAb with
HAI-1 that was expressed by HAI-1-transfected COS-7 cells (Fig. 6). Anti-
binding protein mAb M19 detected a band with apparent size of 55-kDa in the cell
lysate of HAI-1-transfected COS-7 cells (Fig. 6, lane 2) and in the 2 M KCl-
washed membrane fraction of T-47D human breast cancer cells (Fig. 6, lane 4),
but not in the COS-7 cells (Fig. 6, lane 3), nor in matriptase-transfected COS-7
cells (Fig. 6, lane 1). The immunoreactivity between anti-binding protein mAb

and HAI-1 gene product provides a second line of evidence that the binding



10

15

20

25

WO 00/53232 PCT/US00/06111

-58-

protein of matriptase is HAI-1. Because this size of the immunoreactive 55-kDa
band is close to the calculated molecular mass (53,319 Da) of mature, membrane-
bound HAI-1, and because its association with membrane fraction is sufficiently
strong that it resists dissociation by washing with 2 M KC1, this 55-kDa band is
considered likely to be the mature, intact HAI-1.

Mammary epithelial production of matriptase and the Kunitz-type protease

inhibitor: To investigate the possible cell types which release matriptase and its
complexes, we examined their expression in four milk-derived, Simian virus 40
large tumor antigen immortalized luminal epithelial cell lines (milk cells) (Bartek
et al., Proc. Natl. Acad. Sci. USA 88: 3520-24 (1991)), two cultured human
foreskin fibroblasts, and a fibrosarcoma cell line HT-1080 (Fig. 7). Positive
results for the mammary luminal epithelial cells (Fig. 7, lanes 4-11) and negative
results for the fibroblasts and HT-1080 fibrosarcoma cells (Fig. 7, lanes 1-3)
suggest that the protease and its binding protein are produced by the epithelial
components of the lactating mammary gland. In contrast to milk, the
immortalized, mammary luminal epithelial cells expressed detectable,
uncomplexed matriptase and an 110-kDa complex. This 110-kDa complex
species was not detected in milk, but was detected in T-47D breast cancer cells
(Lin et al., (1997)).
Example 2

Molecular Cloning and Characterization of Matriptase

This example describes the further isolation of matriptase protein and the
gene encoding it as described by Lin et al., J. Biol. Chem. 274: 18231-6 (1999).

Cell lines and culture conditions: COS-7 cells were maintained in modified

Iscove's minimal essential medium (Biofluids, Inc.; Rockville, MD) supplemented

with 5% fetal calf serum (Life Technologies, Inc.).
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Purification of Matriptase: To obtain enough matriptase for amino acid

sequencing, the enzyme was isolated from human mile (Lin ez al., J. Biol. Chem.
274: 18237-42 (1999)). Briefly, human milk from the Georgetown University
Medical Center Milk Bank was precipitated and collected by addition of
ammonium sulfate between 40 and 60% saturation. Matriptase was purified by
a combination of CM-Sepharose and immunoaffinity chromotography.

Amino Acid Sequence analysis: To obtain internal amino acid sequences,

purified matriptase was separated by SDS-PAGE, lightly stained with Coomassie
blue, and protein bands were excised. Matriptase was then subjected to in gel
digestion and amino acid sequencing at HHMI Biopolymer Laboratory & W.M.
Keck Foundation Biotechnology Resource Laboratory at Yale University. The
aminoterminal sequences were determined as described previously (Matsudaira
et al., J. Biol. Chem. 262: 10035-8 (1987)). Briefly, the proteins were resolved
by SDS-PAGE, transferred to polyvinylidene difluoride membrane, and lightly
stained with Coomassie blue. The proteins were excised and subjected to amino-
terminal sequencing (Chemistry Department, Florida State University,
Tallahassee, FL). The two short sequences obtained were identical to a deduced
amino acid sequence termed SNC19 (GenBank Accession No. U20428).
Amplification of an SNC19 CDNA from T-47D breast cancer cells: An

SNC19 cDNA clone was generated by reverse transcriptase-polymerase chain
reaction (RT-PCR) utilizing mRNA from T-47D human breast cancer cells.
Primer sequences for SNC19 (5'-CCTCCTCTTGGTCTTGCTGGGG-3' and 5'-
AGACCCGTCTGTTTTCCAGG-3") were derived from the published sequence.
Standard RT-PCR was conducted using the Advantage RT-PCR kit (Clontech;
Palo Alto, CA). Products were analyzed on a 0.8% agarose gel and the resultant

band of approximately 2.8 kb corresponding to the expected product size was
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excised from the gel, purified and ligated into pCR2.1 (Invitrogen, Carlsbad, CA)
by TA cloning (pCR-SNC19) .

Sequencing: DNA sequencing was performed on a Perkin Elmer Applied
Biosystem automated 377 DNA sequencer (Foster City, CA) using standard
methods with the assistance of the Lombardi Sequencing and Synthesis Shared
Resource. The sequences were assembled and analyzed with Lasergene software
for windows (DNA Star Inc.; Madison, WI). The predicted protein sequence was
compared to sequences in Swiss-Prot® database at the National Center for
Biotechnology Information using the BLAST network server.

Expression of SNC19 in COS-7 cell: To verify that SNC19 encodes the

matriptase gene, we constructed an eukaryotic expression vector (pcDNA/SNC1 9)
utilizing the commercially available pcDNA 3 vector (Invitrogen; San Diego,
CA). A 2.83 kb EcoRI fragment containing the SNC 19 ¢cDNA was produced by
digestion of pCR-SCN19 and cloned into the EcoRI site of pcDNA 3. This
construct contains the open reading frame of SNC 19 driven by a CMV promoter.
Correct insertion of the SNC19 ¢cDNA was verified by restriction mapping (data
not shown). Transfections were carried out using SuperFect™ transfection
reagent (QIAGEN; Valencia, CA), as specified in manufacturer's handbook. A fter
48 hr, the matriptase-transfected COS-7 cells and the control COS-7 cells, which
were transfected with LacZ to monitor transfection efficiency, were extracted with
1% Triton-X100 in 20 mM Tris-HCI pH 7.4.

Immunoblotting analysis: Immunoblot was conducted as previously
described (Lin et al., J. Biol. Chem. 272: 9147-52 (1997)). Proteins were
separated by 100 % SDS-PAGE, transferred to polyvinylidene fluoride
membrane, and subsequently probed with anti-matriptase monoclonal antibody

(mAB) M32. Immunoreactive polypeptides were visualized using peroxidase-



10

15

20

25

WO 00/53232 PCT/US00/06111

-61-

labeled secondary antiserum and the ECL detection system (Amersham Corp.;
Arlington Heights, IL).

Gelatin zymography: Gelatin zymography was carried out as previously

described with some modifications (Brown et al., Biochem J. 101: 214-228
(1960)). Gelatin (1 mg/ml), as a substrate, was copolymerized with regular SDS-
polyacryamide gel. Electrophoresis was performed at a constant current of 15
mA. The gelatin gels were washed 3 times with PBS containing 2% Triton X-100
and incubated in PBS at 37°C. overnight.

Cleavage of Synthetic Substrates: To demonstrate the trypsin-like activity

of matriptase, various synthetic fluorescent protease substrates with arginine or
lysine as the P1 site were tested with purified matriptase from human milk.
Matriptase was assayed in 20 mM Tris buffer, pH 8.5, at 25°C. in a volume of 190
wl prior to addition to 10 41 of 2 mM substrate solution (to a final concentration
of 0.1 mM). These substrates included #-butyloxycarbonyl (Boc)-Gln-Ala-Arg-7-
amino-4-methylcoumarin (AMC), Box-benzyl-Glu-Gly-Arg-AMC, Boc-Leu-Gly-
Arg-AMC, Boc-benzyl-Asp-Pro-Arg-AMC, Boc-Phe-Ser-Arg-AMC, Boc-Val-
Pro-Arg-AMC, succinyl-Ala-Phe-Lys-AMC, Boc-Leu-Arg-Arg-AMC, Boc-Gly,
Lys-Arg-AMC, and Boc-Leu-Ser-Thr-Arg-AMC. These substrates were
purchased from Sigma. The rate of cleavage of individual substrates was
determined against time with a Hitachi F-4500 fluorescence spectrophotometer.

Results: In further studies, and referring specifically to Fig. 8, the partially

purified 95-kDa matriptase complex from ion exchange chromatography was
loaded onto a mAb 21-9-Sepharose column. The bound proteins were eluted by
glycine buffer, pH 2.4, and neutralized by addition of 2 M Trizma base. The
eluted proteins were incubated in 1 X SDS sample buffer in the absence of

reducing agents at room temperature (lanes 1, each panel, boiling -) or 95°C.
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(lanes 2, each panel, boiling +) for 5 min. The samples were resolved by SDS-
PAGE and either stained by colloidal Coomassie (panel A), subjected to
immunoblot analysis using mAb 21-9 (panel B), or subjected to gelatin
zymography (panel C). The 95-kDa matriptase complex was eluted from this
affinity column as the major protein (panel A, lane 1); it was recognized by mAb
21-9 (panel B, lane 1), and it also exhibited gelatinolytic activity (panel C, lane
1). The 95-kDa matriptase complex was converted to matriptase by boiling (panel
A, lane 2). The gelatinolytic activity of the 95-kDa protease was destroyed by
boiling, but a low level of the gelatinolytic activity survived and converted to
matriptase (panel C, lane 2). A low level of uncomplexed matriptase was co-
purified with the 95-kDa matriptase complex by affinity chromatography (panel
A, lane 1); it also exhibited gelatinolytic activity (panel C, lane 1). Immunoblot
analysis enhanced the signal of the uncomplexed matriptase and reconfirmed its
existence (panel B, lane 1). Several other polypeptides were also seen (panel A,
lanes 1 and 2). Some of them could be the degraded products of the protease,
since they were recognized by mAb 21-9 after longer exposure to the X-ray film.
A 40-kDa protein doublet was seen in low levels in a non-boiled sample (panel
A, lane 1), but its levels were increased after boiling (panel A, lane 2). This 40-
kDa doublet was not recognized by mAb 21-9 (panel B). We propose that these
two polypeptides could be binding proteins of matriptase. In the figure, MW
stands for the molecular weight markers; their sizes are as indicated.

Although sequence analysis of the 40-kDa binding protein has shown it to
be a serine protease inhibitor (see below), some residual gelatinolytic activity was
observed for the 95-kDa matriptase/inhibitor complex (Fig. 8 C). When
matriptase and its binding protein were subjected to N-terminal sequencing, only

11 amino acid residues (VVGGTDADEGE) from matriptase were obtained with
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relatively low recovery and 12 amino acid residues (GPPPAPPGLPAG) were
obtained from the amino-terminus of the 40-kDa binding protein have been
obtained. The 11 amino acid residues from matriptase were identical to a deduced
amino acid sequence from a 2.9 kb ¢cDNA called SNC19 (accession number
U20428). Numerous stop codons were observed in this deposited SNC19
sequence, resulting in several small, predicted translation products. Thus, a 2,830
bp cDNA fragment was obtained by reverse transcriptase-polymerase chain
reaction using two primers based on the sequence of SNC19. There was extensive
discrepancy (132 bases) between our sequence and that of SNC19.

Verification of SNC19 ¢cDNA encoding matriptase: In addition to the

sequence identity of matriptase with portion of SNC19, the immunoreactivity of
anti-matriptase mAbs to the SNC19 gene product were examined to verify
whether SNC19 encodes matriptase. SNC19 ¢cDNA was inserted into the
eukaryotic expression vector pcDNA3.1 and transfected into COS-7 monkey
kidney fibroblasts, which do not express matriptase. A strong, immunoreactive
band with the same size of matriptase from T-47D human breast cancer cells
detected by anti-matriptase mAb M32 was observed in SNC-19 transfected COS-7
cells, but not in control COS-7 cells.

Nucleotide and predicted amino acid sequences of an matriptase cDNA

clone: A nucleotide (SEQ ID NO: 1) and an amino acid sequences (SEQ ID NO:
3)of matriptase are shown in Fig. 9. The primers (20 bases at 5' end and 18 bases
at 3' end) used for reverse transcriptase-polymerase chain reaction are underlined.
Thirty three bases beyond the 51 end primer and 92 bases beyond 31 end primer
were taken from SNC19 cDNA and incorporated. The cDNA sequence was
translated from the fifth ATG (Met) codon in the open reading frame. Nucleotide

and amino acid numbers are shown on the left. Double-underlines indicate
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sequences that agreed with the internal sequences obtained from matriptase. His-
484, Asp-539 and Ser-633 were boxed and indicated the putative catalytic triad
of matriptase. Potential N-glycosylation sites are indicated by A. A RGD
sequence is indicated by 4.

Matriptase cDNA is likely to be 2955 base pair long when the 5' end 33
bases and the 3' end 92 bases from SNC 19 were added to the RT-PCR fragment
(2,830 base pair long). The translation initiation site was assigned to the fifth
methionine codon because the sequence GTCATGG matches a favorable Kozak
consensus sequence (Kozak et al., Nucl. Acid. Res. 12: 857-72 (1984)). This
methionine is followed by four positively charged amino acids and a 14 amino
acid long hydrophobic region (Ser-18-Ser-31), a putative signal peptide.
Assuming this methionine codon to be the initiator, the open reading frame was
2,049 base pairs long, and thus the deduced amino acid sequence was composed
of 683 residues, with calculated molecular mass of 75,626. The two stretches of
amino acid sequences (DYVEINGEK and VVGGTDADEGE) obtained from
matriptase are located in aa 228-236 and aa 443-453; thus the translation frame
is likely to be correct. There are three potential N-glycosylation sites with the
canonical Asn-X-(Ser/Thr) and an RGD sequence. RGD sequence from proteins
of the extracellular matrix has been found to mediate interactions with integrins
(Ruoslahti et al., Science 238: 491-7 (1987)).

Structure of the matriptase catalytic domain: A homology search for the

deduced amino acid sequence by BLAST in the Swiss-Prot® data base reveals that
(1) the carboxyl-terminus at residue positions 432-683 of matriptase is
homologous with other serine proteases; (2) matriptase contains the invariant
catalytic triad; (3) matriptase contains a characteristic disulfide bond pattern; and

(4) matriptase contains overall sequence similarity. Referring to Figure 9, the
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primers (20 bases at 5' end and 18 bases at 3' end) used for reverse transcriptase-
polymerase chain reaction are underlined. Thirty-three bases beyond the 5' end
primer and 92 bases beyond 3' end primer were taken from SNC19 ¢cDNA and
incorporated. The cDNA sequence was translated from the fifth ATG codon in
the open reading frame. Nucleotide and amino acid numbers are shown on the
left. Double-underlines indicate sequences that agreed with the internal sequences
obtained from matriptase. His-484, Asp-539, and Ser-633 were boxed and
indicated the putative catalytic triad of matriptase. Potential N-glycosylation sites
are indicated by A. A RGD sequence is indicated by &.

Compared with the archetype serine protease, chymotrypsin (Hartley et al.,
Biochem J. 101: 229-31 (1966); and Brown et al., Biochem J. 101: 214-28 (1966))
and other serine proteases, the three amino acids (His-484, Asp-539, and Ser-633)
are likely to correspond to those in chymotrypsinogen (His-57, Asp-102, and Ser-
195) and are likely to be essential for catalytic activity (Hartley ez al., Nature 207:
1157-9 (1965)). The six most conserved cysteines needed to form three
intramolecular disulfide bonds that stabilize the catalytic pocket have been
determined in other chymotrypsin-related proteases. The most likely cysteine
pairings in matriptase are: Cys-469-Cys-485, Cys-604-Cys-618, and Cys-629-
Cys-658. Matriptase also contains two additional cysteines (Cys-432-Cys-559)
which correspond to those used in two-chain proteases, such as enteropeptidase
(Kitamoto et al., Proc. Natl. Acad. Sci. USA 91: 7588-92 (1994)), hepsin (Leytus
et al., Biochemistry 27: 1067-74 (1988)) plasma kallikrein (Chung et al.,
Biochemistry 25: 2410-17 (1986)), blood coagulation factor XI (Fujikawa et al.,
Biochemistry 25: 2417-24 (1986)), and plasminogen (Forsgren et al., FEBS Lett.
213: 254-50 (1987)), but not in trypsin (Emi et al., Gene (Amst,) 41: 305-310
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(1986)), or chymotrypsin (Tomita et al., Biochem. Biophys. Res. Commun. 158:
569-75 (1989)) (Fig. 10).

Referring more specifically to Figure 10, the C-terminal region (aa 431-
0683) of matriptase is compared with human trypsin, human chymotrypsin, the
catalytic chains of human enteropeptidase, human hepsin, human blood
coagulation factor XI, and human plasminogen, and the serine protease domains
of two transmembrane serine proteases, human TMPRSS2 and Drosophila
Stubble-stubbloid gene (Sb-sbd). Residues are expressed in one letter code. Gaps
to maximize homologies are indicated by residues in the catalytic triads
(matriptase His-484, Asp-539, and Ser-633) were boxed and indicated by ¢. The
conserved activation motif (R/KVIGG) was boxed and the proteolytic activation
site was indicated. Eight conserved cysteines needed to form four intramolecular
disulfide bonds are boxed, and the likely pairings are as follows: Cys-469-Cys-
485, Cys-604-Cys618, Cys-629-Cys-658, and Cys-432-Cys-559. The disulfide
bond (Cys-432-Cys-559) is observed in two-chain serine proteases, but not in
trypsin and chymotrypsin. Residues in the substrate pocket (Asp-027, Gly-655,
and Gly-665) arc boxed and indicated by €. It is evident that the residue
positioned at the bottom of substrate pocket is Asp in trypsin-like proteases,
including matriptase, but is Ser in chymotrypsin.

A putative proteolytic activation site (Arg-442) of matriptase in a motif of
Arg-Val-Val-Gly-Gly (RVVGG) is similar to the characteristic RIVGG motif in
other serine proteases. However, the Ile residue is replaced by Val residue. This
replacement is uncommon, but is observed in plasminogen. As mentioned above,
a conserved intramolecular disulfide bond is found in those serine proteases that
are synthesized as one-chain zymogens and are proteolytically activated to

become active two chain forms. This disulfide bond is proposed to hold together
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the active catalytic fragment with their non-catalytic N-terminal fragments, thus
serving as protein-protein interaction domain. This conserved intramolecular
disulfide bond has been also observed in matriptase (Cys-432-Cys-559). These
sequence analyses suggest that matriptase may be synthesized as a single chain
zymogen and may become proteolytically activated to a two-chain form. If this
1s a case, the majority of matriptase in the conditioned medium of T-47D breast
cancer cells is likely to be the zymogen; the active two-chain matriptase only
represents a minor proportion, consistent with the purified matriptase from T-47D
human breast cancer cells exhibiting an apparent size of 80-kDa under reduced
conditions. This conclusion is also supported by the observation that the proposed
N-terminal sequences for the catalytic chain of matriptase are identical to the
stretch of amino acid sequences (VVGGTDADEGE), which were obtained with
very low recovery when matriptase was subjected to N-terminal sequencing.
The substrate specificity (S;) pocket of matriptase is likely to be composed
of Asp-627 positioned at its bottom, with Gly-655 and Gly-665 at its neck,
indicating that matriptase is a typical trypsin-like serine protease. Predicted
preferential cleavage at amino acid residues with positively charged side chains
was confirmed with various synthetic substrates with Arg and Lys residues as Pl
sites (Fig. 11). Specifically, matriptase was able to cleave the following synthetic
substrates, presented as follows, from the most rapid to the slowest: Boc-Gln-Ala-
Arg-AMC, Boc-benzyl-Glu-Gly-Arg-AMC, Boc-Leu-Gly-Arg-AMC, Boc-
benzyl-Asp-Pro-Arg-AMC, Boc-Phe-Ser-Arg-AMC, Boc-Leu-Arg-ArgAMC,
Boc-Gly-Lys-Arg-AMC, and Boc-Leu-Ser-Thr-Arg-AMC. [Boc = ¢
butyloxycarbonyl; AMC = 7-amino-4-methylcoumarin; LDL = low density
lipoprotein]. This supports the view that matriptase prefers substrates with amino

acid residues containing small side chains, such as Ala and Gly as P2 sites. These
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results suggest that matriptase, in analogy with trypsin, exhibits broad spectrum
cleavage specificity. This broad spectrum cleavage activity is likely to be the
explanation of its gelatinolytic activity. Its trypsin-like activity appears to be
distinct from Gelatinases A and B, which may cleave gelatin at glycine residues,
the most abundant (almost up to one third of) amino acid residues in gelatin.

Structure motifs of the noncatalytic region of matriptase: The non-catalytic

region of matriptase contains two sets of repeating sequences, which may serve
as a regulatory and/or binding domain for interaction with other proteins. Four
tandem repeats of about 35 amino acids including 6 conserved cysteine residues
(Fig. 12 A) were found at the amino terminal region (aa 280-430) of its serine
protease domain. They are homologous with the cysteine-containing repeat of the
LDL receptor (Sudhof et al., Science 228: 815-22 (1985)) and related proteins
(Herzetal,, EMBO J. 7: 4119-27 (1988)). All of these cysteine residues are likely
be involved in disulfide bonds. In LDL receptor, the homologous, seven repeating
sequences serve as the ligand binding domain. By analogy, the four tandem
cysteine-containing repeats may also be the sites of interaction with other
macromolecules. In addition, the cysteine-containing LDL receptor domain was
found in other proteases, such as enteropeptidase (Matsushima et al., J. Biol.
Chem. 269: 19976-82 (1994); and Kitamoto et al., Proc. Natl. Acad. Sci. USA 91:
7588-92 (1994)).

Referring to Figure 12A, the cysteine-rich repeats of matriptase (aa 280-
314, aa 315-351, aa 352-387, and aa 394-430) are compared with the consensus
sequences of the human LDL receptor; LDL receptor-related protein (LRP);
human perlecan; and rat GP-300. The consensus sequences are boxed. In Figure
12B, Cl1/s type sequences of matriptase (aa 42-155 and aa 168-268) are compared

with selected domains of human complement subcomponent C1r (aa 193-298),
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Cls (aa 175-283), Ra-reactive factor (RaRF) (aa 185290), and a calcium-
dependent serine protease (CSP) (aa 181-289). The most consensus sequences are
boxed.

The amino-terminal region of matriptase (aa 42-268) contains another two
tandem segments with internal homology. These segments resemble partial
sequences, originally identified in complement subcomponents Cl1r (Leytus ef al.,
Biochemistry 25: 4855-63 (1986); and Journet et al., Biochem. J. 240- 783-7
(1986)) and C1s (Mackinnon et al., Eur. J. Biochem. 169: 547-53 (1987); and Tosi
et al., Biochemistry 26: 8516-24 (1987)). This Clr/s domain was also found in
other serine proteases, including Ra-reactive factor, a C4/C2-activating
component, enteropeptidase, an activator of trypsinogen (Matsushima et al.,
(1994); Kitamoto et al., (1994)), and a calcium-dependent serine protease that is
able to degrade extracellular matrix. These Clr/s-containing serine proteases
appear to be involved either in a protease activation cascade or in extracellular
matrix degradation. In addition, there are at least six members of the astacin
subfamily of zinc metalloprotease which were found to contain this C1r/s domain.
These include bone morphogenetic protein-1 (Wozney et al., Science 242: 1528-
34 (1988)), and Drosophila tolloid gene, a dorsal-ventral patterning protein
(Shimell et al., Cell 67: 469-81 (1991)), quail 1, 25-dihydroxyvitamin D3-induced
astacin like metallopeptidase that may play a role in the degradation of eggshell
matrix, sea urchin blastula protease-10 (that could be involved in the
differentiation of ectodermal lineages and subsequent patterning of the embryo),
Xenopus embryonic protein UVS.2, a marker for developmental stage, and sea
urchin VEB gene that is expressed in a spatially restricted pattern during the very
carly blastula stage of development. The majority of these Clr/s-containing,

astacin metalloproteases appear to play a role in protein-protein interactions and
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embryonic development. The Clr/s domain has been also found in nonprotease
proteins. These include neuropilin (A5 protein), a calcium-independent cell
adhesion molecule that is developmentally-expressed in the nervous system and
tumor necrosis factor-inducible protein TSG-6, a hyaluronate-binding protein that
may be involved in cell-cell and cell-matrix interaction during inflammation and
tumorigenesis.

Figure 12 provides a schematic representation of the structures of
matriptase. The protease consists of 683 amino acids, and the protein product has
a calculated mass of 75,626. The protease contains two tandem complement
subcomponent 1r and 1s domains (C11/s) and four tandem LDL receptor domains.
The serine protease domain is at the carboxyl terminus.

An amino acid hydrophobic region was identified at the amino-terminus.
This region is likely to serve as a signal peptide.

Example 3

Method of Using Matriptase as a Diagnostic Indicator

As indicated above, nipple aspirate, tissue biopsy, archival tissue, fluid
from needle biopsy, or any biological sample containing cells or biological fluid
can also be used as means of identifying the presence of matriptase in cells. The
presence of matriptase can also be detected in tissue (e.g., epithelial cells) other
than in the lactating breast. Given the plasma membrane localization, ECM-
degrading activity and expression in breast cells of matriptase, forms of the
protein and matriptase-protein complexes may be involved in cancer onset and
progression, including cancer invasion and metastasis. Accordingly, agents which
modulate matriptase activity or expression may be used to inhibit cancer onset

and progression, or the onset and progression of other pathologic conditions.
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One such compound is the soybean-derived, Bowman-Birk inhibitor (BBI)
(Birk, Methods Enzymol. 45: 700-7 (1976)). BBI is an inhibitor of serine
proteases and has previously been described to possess anti-cancer activity by
preventing tumor initiation and progression in model systems (see, e.g., Kennedy
et al., Cancer Res. 56: 679-82 (1996)). The finding that the matriptase in the
tissue has different significance than the finding of matriptase in the completed
form as found in human milk makes it possible to identify persons who would
benefit from such inhibitors. For example, a method of treating malignancies and
pre-malignant conditions of the breast comprises (1) identifying the presence of
matriptase in breast tissue or fluid from the breast and, if such matriptase if found,
administration of a tumor formation-inhibiting effective amount of BBI. A
concentrate of BBI, BBIC, can be administered in dosage sufficient to obtain a
blood level of 0.001 to 1 mM concentration of BBI in the blood as a means of
inhibiting tumor initiation in a susceptible to breast cancer, as indicated by
presence of matriptase in nipple aspirate or in tissue from biopsy, including tissue
from needle biopsy. BBI can decrease matriptase activity in a dose-dependent
manner, as indicated by fluorescent substrate assay and zymography in tuor
initiation and progression model systems. BBI interacts directly with the serine
protease active site on matriptase.

Example 4

Molecular Modeling of Forms of Matriptase

In this example, we set forth a method of identifying molecules (e.g.,
peptides and small compounds) that can interact with the complexed and
uncomplexed forms of matriptase. By using molecular modeling, with the

programs described herein or using other available programs, compounds can be
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identified that bind to the active site of matriptase or to other relevant sites on
matriptase, such as C1r/Cls. _

To understand molecular basis for the differential expression of a major
uncomplexed matriptase in T-47D cells, we compared to a major complexed form
in the lactating mammary gland. The interaction between matriptase and HAI-1
was investigated by comparing the structural differences between complexed and
uncomplexed matriptase and by three-dimensional modeling of the interaction of
the serine protease domain of matriptase with both Kunitz domains of HAI-1.
These results revealed that complexed matriptase is in its activated, two-chain
form, and that the Kunitz domain I of HAI-1 is likely to be the mhibitory domain
for the enzyme.

Materials and Methods. Source of mAbs: Rat-derived, anti-matriptase

mAb 21-9 was produced using matriptase isolated from T-47D breast cancer cells
as immunogen, as described previously (see Lin ef al., 1997 and related U.S.
Patent Application 08/957,816 to Dickson ez al. filed on October 27, 1997).
Mouse-derived anti-matriptase mAb M32 and anti-HAI-1 mAbs M58 and M19
were produced using 95-kDa matriptase/HAI-1 complex as Immunogen, as
described in Example 1.

Purification of matriptase from human milk, T-47D breast cancer cells, and
MTSV 1.1 B milk-derived mammary epithelial cells-- Matriptase is expressed by
the lactating mammary gland, by SV40 T antigen-immortalized mammary luminal
epithelial cells, and by human breast cancer cells. While the enzyme was detected
in a complexed form in milk, it was a mixture of complexed and uncomplexed
forms in MTSV 1. 1B cells, and it was primarily in an uncomplexed form in T-
47D cells. To purify the complexed matriptase, human milk was fractionated by

CM-Sepharose chromatography, and the 95-kDa matriptase complex fractions
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were then loaded onto an anti-matriptase mAb 21-9-Sepharose immunoaffinity
column, as described above in Example 1. Bound proteins were eluted by 0.1 M
glycine buffer, pH 2.4, and stored in this low pH condition. To purify
uncomplexed matriptase, the complexed matriptase and HAI-1 were first depleted
by passing serum-free T-47 D cell-conditioned medium through an anti-HAJ-1
mAb M58-Sepharose column. The unbound fraction (flow-through) was further
loaded onto a 21-9-Sepharose column, and bound proteins were eluted by 0.1 M
glycine buffer pH 2.4, as described previously (Lin ef al., 1997). The eluted
proteins were stored in low pH to prevent their degradation. A mixture of
uncomplexed and complexed matriptase was purified from MTSV 1.1 B cell-
conditioned medium by anti-matriptase 21-9-Sepharose immunoaffinity
chromatography.

Diagonal gel electrophoresis: Two different types of diagonal gel

electrophoresis were carried out, non-boiled/boiled and non-reduced/reduced. The
non-boiled/boiled diagonal gel electrophoresis was used to examine the
constituent components of matriptase/HAI-1 complexes and the non-covalent
interaction between matriptase and HAI-1, as described in Example 1. Briefly,
in the first dimension, the matriptase complexes were resolved in the absence of
reducing agents by SDS polyacrylamide gel electrophoresis under non-boiled
conditions. A gel strip was sliced out, boiled in SDS sample buffer in the absence
of reducing agents, and electrophoresed on a second SDS polyacrylamide gel. To
examine constituent components and their covalent interactions, matriptase
samples from different sources were subjected to non-reduced/reduced diagonal
gel electrophoresis. In the first dimension, matriptase was boiled in SDS sample
buffer in the absence of reducing agents; in the second dimension, the gel strip

was boiled in the presence of reducing agents.
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Amino acid sequence analysis of the 45- and 25-kDa fragments of

matriptase: Milk-derived 95-kDa matriptase complexes were purified using a
combination of CM-Sepharose chromatography and anti-matriptase mAb 21-9-
Sepharose immunoaffinity chromatography, as described above. Both 45- and 25-
kDa fragments of matriptase were resolved by non-reduced/reduced diagonal gel
electrophoresis, as described above, and then transferred to polyvinylidene
fluoride (PVDF) membranes. The amino-terminal sequences of these two
fragments were determined as described previously (Matsudaira, J. Biol. Chem.
2062: 10035-38) (1987)) in the Howard Hughes Medical Institute Biopolymer
Laboratory & W.M. Keck Foundation Biotechnology Resource Laboratory at
Yale University.

Proteolytic activity of matriptase determined by cleavage of trypsin

substrate, BOC-GlIn-Ala-Arg-AMC: A variety of synthetic, fluorescent protease

substrates with arginine or lysine as P1 sites can be cleaved by matriptase, as
described in Example 2. Among these substrates, t-butyloxycarbonyl (BOC)-Gln-
Ala-Arg-7-amino-4-methylcoumarin (Sigma; St. Louis, MO) is likely to be the
best one. Using this substrate, matriptase was assayed in 20 mM Tris buffer pH
8.5at25°C. in a total volume of 200 11. The final substrate concentration was 0.1
mM. The rate of cleavage was determined with a fluorescence spectrophotometer
(Hitachi, F-4500).

Immunoblotting: Protein samples were resolved by 10% SDS-PAGE,

transferred overnight to PVDF, and subsequently probed with mAbs, as indicated.
Immunoreactive polypeptides were visualized using HRP-labeled secondary
antibodies and the ECL detection system (Pierce, Rockford IL; NEN, Boston
MA).
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Preparation  of M58-Sepharose  column_ and _ immunoaffinity

chromatography: An immunoaffinity matrix was prepared by coupling 5 mg of

mAb M58/ml of CNBR-activated Sepharose 4B, as specified in the manufacturer's
instructions (Pharmacia; Piscataway, NJ). The immunoaffinity column was
equilibrated with PBS, and the concentrated medium from T-47D human breast
cancer cells was loaded onto a 1-ml column at a flow rate of 7 ml/h. The column
was washed with 10 ml of 1 % Triton X- 100 in PBS and then 10 ml of PBS.
Bound proteins were then eluted by 0.1 M glycine-HCI (pH 2.4), and fractions
were immediately neutralized with 2 M Trizma base.

Northern analysis of HAI-2: Total RNA (10 ug) from T-47D cells was
denatured and electrophoresed, and transferred to a nylon membrane. The
membrane were hybridized with **P-labeled HAI-2 fragment, as described
(Kawaguchi et al., J. Biol. Chem. 272: 27558-64 (1997).

Modeling: Homology modeling, as implemented in MODELLER (Sali et
al., PROTEINS: Structure Function & Genetics 23: 318-26 (1995)) was chosen
to build the three-dimensional structure of the serine protease domain (B chain)
of matriptase and of the two Kunitz domains of HAI-1. The program BLAST
(Altschul et al., Nucleic Acids Res. 25: 3389-3402 (1997)) was used to search the
Protein Databank (PDB) (Bernstein et al., J. Mol. Biol. Chem. 112: 535-42
(1977)) for template proteins with known structures that have similar amino acid
sequences to matriptase and to HAI-1. BLAST was also used to align all
structures with the target sequence. Thrombin, entry 1hxe from PDB, with 34%
identities, 53% positives and 6% gaps was found to be a good template for
matriptase. The protease inhibitor domain of Alzheimer B-amyloid protein
precursor, entry laap from PDB, with 45% identities and 56% positives was found

to be a good template for the Kunitz domain of HAI-1. The same template, laap,
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with 45% identities and 62% positives, was used to build the structure of the
Kunitz domain 2 of HAI-1. Hydrogens were assigned using HBUILD (Brunger
et al., PROTEINS: Structure, Function & Genetics 4: 148-56 (1988) option
within the CHARMM program. All structures were then refined using the
program CHARMM (Brooks et al., J. Comput. Chem. 4: 187-217 (1983)) with the
all atom parameter set CHARMM?22 (MacKerell, Jr. et al., J. Phys. Chem. 102:
3586-16 (1997). All structures were first minimized with 50 steepest descent
steps and 500 adopted-basis Newton Raphson steps. Molecular dynamics, MD,
simulations were used to further refine every structure. In MD simulations 1fs
time step and a temperature of 300 K were used. The Hoenig solvation model
(Sharp et al., Biochem. 30: 9686-97 (1991), as implemented in CHARMM, was
used to represent the solvation effect. The protease-inhibitor complexes were
built by orienting the inhibitor with the P1 residues, Arg-260 in Kunitz domain 1
and Lys-385 in Kunitz domain 2, in the direction of the S1 site of matriptase. The
initial distance between the P1 residue and Asp-185, using B chain numbering,
from the S1 site, was between 17-19 A. Self-guided molecular dynamics
simulation (SGMD) (Wu et al., J. Chem. Phys. 110: 9401-10 (1999)), which was
shown to have a much better conformational search efficiency than the
conventional MD method, was used to obtain the equilibrated structure of the
complex between the serine protease domain of matriptase and the Kunitz
domains of HAI-1. A restraining potential was applied to gradually decrease the
distance between the guanidino or amino group of the P1 residue from HAI-1 and
the carboxyl group of Asp-185 from matriptase. The final distance between the
two residues was set to be between 2.2 and 6.0 A, as observed in the X-ray
structure of the trypsin complex with the soybean trypsin inhibitor, entry 1avw in
PDB (Bernstein ef al., 1977). Matriptase was fixed for the first 100 to 280 ps to
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save computer time. This was followed by 100 ps SGMD, without constraining
matriptase.

Results. Complexed matriptase is an activated, two chain form. but the

majority of the uncomplexed enzyme is in a single chain. zymogen form: In

Examples 1 and 2, matriptase was detected in T-47D cells mainly as an
uncomplexed form, compared to a 95-kDa complex with a 40-kDa fragment of
HAI-1 in human milk. The strong interaction between matriptase and HAI-1
could be dissociated after boiling in the absence of reducing agents. Because
HAI-1 was also detected mainly in its uncomplexed form in T-47D cells, the
interaction between matriptase and HAI-1 appeared not to occur. Some serine
protease inhibitors, such as bovine pancreatic trypsin inhibitor (Ruhlmann ef al.,
J. Mol. Biol. 77: 417-36 (1973)) and squash seed protease inhibitor (Zbyryt et al.,
Biol. Chem. Hoppe Seyler 372: 255-62 (1991)), are able to bind to the latent form
of serine proteases, such as trypsinogen. However, for most of the serine
proteases, cleavage of the enzyme at a canonical activation motif, resulting in
proper formation of a substrate binding pocket, is required for their binding to
serine protease inhibitors. Therefore, lack of interaction between T-47D cell-
derived matriptase and HAI-1 could result from fact that the majority of
matriptase produced by T47D cells is in the single chain, zymogen form. In
contrast, complexed matriptase, isolated from human milk, is likely to be in its
activated, two-chain form. In addition, matriptase was detected in a mixture of
complexed and uncomplexed forms in MTSV 1.1B, milk-derived, SV-40
immortalized mammary epithelial cells (see Example 1). This could result from
a mixture of latent and activated matriptase produced by these cells. To further
test this hypothesis, we have isolated matriptase from three sources, and these

three matriptase preparations were subjected to non-reduced/reduced diagonal gel
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electrophoresis. In this electrophoresis assay, proteins that contain multiple
disulfide-bonded components are dissociated into the constituent components, that
appear on the same electrophoretic path. In contrast, single-chain proteins are not
dissociated. The complex-derived matriptase (from milk) was converted to two
groups of polypeptides with apparent sizes of 45-kDa (A chain) and 25-kDa (B
chain). In contrast, the uncomplexed matriptase (from T-47D cells) was observed
as a single chain, with apparent size of 70-kDa in this diagonal gel electrophoresis
system. Consistently, a mixture of single-chain matriptase and two-chain
matriptase was observed for preparations isolated from MTSV 1.1B cells. These
results suggest that complexed matriptase is a two-chain protease, whereas
uncomplexed matriptase is a single-chain protein.

To determine the position of the cleavage site for the generation of the two-
chain form of matriptase, the 45- and 25-kDa components were each subjected to
N-terininal amino acid sequence analyses. The amino acid residues obtained from
the 25-kDa B chain were VVGGTDADEGEWP. This sequence begins with the
likely cleavage site within the activation motif in matriptase. When the 45-kDa
A chain (including two major plus one minor spots) was sequenced, two
overlapping sequences (SFVVTSVVAFPTDSKTVOQRT;
TVORTQDNSCSFGLHARGVE) were obtained, and both matched sequences
close to the amino terminus of matriptase. These two different amino-terminal
sequences may be derived from the two major spots of matriptase A chain and
suggest that the different migration rates of the two components result from their
different amino termini.

Inhibition of matriptase activity by the interaction with HAI-1: HAI-1, a

protein containing contains two protease inhibitory domains (Kunitz domains),

was Initially identified as a binding protein of matriptase. However, gelatinolytic
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activity was observed for the 95-kDa matriptase/HAI-1 complex, as described in
Example 2. Because Kunitz inhibitors are known to bind and inhibit serine
proteases in a reversible and competitive mode, the gelatinolytic activity of the
95-kDa matriptase/HAI-1 complex could result from the excessive levels of
substrate (1 mg/ml of gelatin) under the conditions of zymography. Therefore, to
demonstrate that HAI-1 is an inhibitor of matriptase activity, we took advantage
of the fact that the interactions between serine proteases and Kunitz-type
inhibitors are acid sensitive and reversible. Both matriptase and HAI-1 were co-
purified from human milk by immunoaffinity chromatography and maintained in
their uncomplexed status in glycine buffer pH 2.4. When this matriptase/HAI-1
preparation was brought to pH 8.0 and incubated at 37°C., the interaction between
matriptase and HAI-1 (in the 95-kDa complex) was observed to occur after
incubation time as short as 5 min. The uncomplexed matriptase became
undetectable by immunoblot after 30 and 60 min. of incubation (Fig. 13A).
Strong gelatinolytic activity was observed for the uncomplexed matriptase in a
gelatin zymogram (Fig. 13B), in contrast to the trace amounts of gelatinolytic
activity that were observed for the 95-kDa complex. In addition, the rate of
cleavage of a synthetic, fluorescent substrate by matriptase was decreased
following complex formation (Fig. 13C). These results provide direct evidence
that HAI-1 is an inhibitor of matriptase and that the interaction of these two
molecules results in catalytic inhibition that is acid sensitive and reversible.
Different matriptase/HAI-1 complexes result from the binding of

matriptase with different fragments of HAI-1: In Example 1, two matriptase/HAI-

1 complexes were purified from human milk: (1) a 95-kDa complex containing

matriptase and a 40-kDa fragment of HAI-1 and a 85-kDa complex containing
matriptase and (2) a 25-kDa fragment of HAI-1. In contrast, in T-47D breast
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cancer cells, two matriptase complexes with apparent sizes of 95- and 110-kDa
were detected by anti-matriptase mAb (Lin et al., 1997). These two complexes
were also recognized by anti-HAI-1 mAbs, suggesting that the T-47D cell-derived
110- and 95-kDa matriptase complexes contain HAI-1. The 95-kDa complex
could contain matriptase and the 40-kDa HAI-1 fragment, as does the milk-
derived 95-kDa complex. However, the components of the 110-kDa complex are
not clear. Thus, to investigate the components of these two complexes, a
combination of immunoaffinity purification using anti-HAI-1 mAb M58-
Sepharose and non-boiled/boiled diagonal gel electrophoresis was performed. As
expected, both 110- and 95-kDa complexes were purified by anti-HAI-1 mAb
MS58-Sepharose. In addition to these complexes, two major HAI-1 fragments,
with apparent sizes of 50-kDa and 40-kDa, as well as minor ones between them,
were purified by immunoaffinity chromatography and verified by immunoblot.
Both purified 110- and 95-kDa complexes were capable of dissociation by boiling
n the absence of reducing agents, and matriptase was likely to be released from
these two complexes.

To further investigate whether the 50- and 40-kDa HAI-1 fragments are the
constituent subunit(s) of the 110- and 95-kDa complexes, respectively, both
complexes were subjected to non-boiled/boiled diagonal gel electrophoresis (Fig.
4). The 95-kDa complex was converted, by boiling, to matriptase and to a 40-kDa
protein that exhibited the same migration rate as the 40-kDa fragment of HAI-1.
The 110-kDa complex was converted, by boiling, to matriptase and to a 50-kDa
protein, whose migration rate is the same as that of the 50-kDa fragment of HAI-
1. Because both 110- and 95-kDa complexes were captured by immobilized anti-
HAI-1 mAb M58 (immunoaffinity chromatography) and detected by immunoblot
analysis using another anti-HAI-1 mAb MI9, these 50- and 40-kDa proteins are
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likely to be HAI-1 fragments that interact with the anti-HAI-1 mAbs. This
observation suggests that the cancer cell-derived 95-kDa matriptase complex
resembles the one previously isolated from milk as described in Example 1, and
contains matriptase bound to the 40-kDa fragment of HAI-1. The 110-kDa
complex contains the 50-kDa fragment of HAI-1.

Three-dimensional structure of B-chain of matriptase and HAI-1 as

deduced by molecular modeling: To gain a better understanding of the interaction

between matriptase and the two Kunitz domains of HAI-1, we utilized homology
modeling to depict the three-dimensional structures of the serine protease domain
of matriptase (B-chain) and of both Kunitz domains of HAI-1. Human thrombin
was used as a template protein for matriptase. Since the sequence identity and
similarity between matriptase and human thrombin are 34% and 53%,
respectively, the 3D structure of matriptase can be accurately modeled. The
protease inhibitor domain of Alzheimer's amyloid B-protein was used as template
protein for Kunitz domains 1 and 2 of HAI-I, respectively. The sequence
identities of Kunitz domains 1 and 2 with the protease inhibitor domain of
Alzheimer's amyloid -protein are 45% and the modeled structures are expected
to have a main-chain RMS error as low as 1A for 90% of the residues (Sali, Curr.
Opin. Biotech. 6: 437-51 (1995)).

Based on the high sequence identity between matriptase and trypsin,
thrombin, and factor Xa, we propose that conserved Cys residues should form
conserved disulfide bonds. Thus, the serine protease domain (B-chain) of
matriptase is likely to have three disulfide bonds: Cys-27 and Cys-43, Cys-162
and Cys-166, Cys-187, and Cys-216 (the numbers of residues were designated
based on the B-chain itself). Residues Ser-191, His-42, and Asp-97 form the

catalytic triad center and are positioned on the surface of the enzyme. The
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disulfide bond between Cys-27 and Cys-43 stabilizes the position of His-42, as in
trypsin. A negatively charged residue, Asp-185, is located at the bottom of the S1
binding site, which is consistent with the experimental data showing the
preference of matriptase for substrates with positively charged residues, Arg/Lys
at the P1 position (Example 2). The disulfide bond between Cys-216 and Cys-
187 and the hydrogen bond between Asn-220 and Ser-188 stabilize the position
of Asp-185, as in trypsin. Gly-215, Cys-216, Ala-217 and GIn-218 are at the
entrance of the SI binding pocket. The S1' pocket is proposed to be marked by
Leu-18, Ala-20, Leu-21, lle-26 and Trp-58, which form a hydrophobic binding
site. The disulfide bond between Cys-27 and Cys-43 stabilizes the position of Tle-
26. This may be important for the geometry of the binding site. In addition to
these features, it is proposed that matriptase has a negatively-charged binding site,
formed by Asp-46, Asp-47 and Asp-91.

Using the same approach as for matriptase, the position of disulfide bonds
in the Kunitz domains 1 and 3 of HAI-1 were assigned. The three disulfide bonds
in Kunitz domain 1 are between Cys-275 and Cys-296, Cys-250 and Cys-300,
Cys-283 and Cys-259. The disulfide bond between Cys-250 and Cys-300 bridges
the terminal sections of this domain, and the disulfide bond between Cys-259 and
Cys-283 stabilizes the position of Arg-260 (P1 residue), Arg-258 and Leu-284
(P1' residue).

The structure of the Kunitz domain 2 of HAI-1 also has three disulfide
bonds, Cys375-Cys425, Cys384-Cys408, Cys400-Cys421. The disulfide bond
between Cys-375 and Cys-425 bridges the terminal sections of Kunitz domain 2.
The disulfide bond between Cys-384 and Cys-408 stabilizes the position of Lys-
385 (P1 residue) and Leu-383 (putative P1' residue). It should be noted that the

position of Leu-383 corresponds to that of Arg-258 from Kunitz domain 1. The
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residue corresponding to Leu-284 from Kunitz domain 1 is Tyr-409. These two
structural alterations may influence the binding of the Kunitz domain 2 to
matriptase.

Interactions between matriptase and both Kunitz domains of HAI-1 as

determined by molecular modeling: The equilibrated structure of the complex
between the Kunitz domain 1 and matriptase reveals that salt bridges are the major
binding forces between the two proteins. It is important to note that Arg-258 and
Arg-260 bind to Asp residues that are about 20 A apart. Arg-260 of HAI-1 binds
to the S1 site of matriptase, while Arg-258 of HAI-1 binds to the negatively-
charged binding site of matriptase. A similar binding mode was previously
observed in the X-ray structure of trypsin complexed with soybean trypsin
inhibitor (Bernstein ef al., 1977). In both cases, the two Arg residues, separated
by Ile in soybean trypsin inhibitor and by Cys in HAI-1, bind to Asp residues that
are distant in the protease. In addition to salt bridges, a hydrophobic interaction
was observed between Leu-284 of HAI-1 and the hydrophobic pocket, formed by
Ala-20, Ile-26 and Trp-58 in matriptase. This suggests that matriptase may prefer
substrates with a hydrophobic P1' residue and that the size of that residue is
determined by the size of the S1' site.

In the complex between matriptase and the Kunitz domain 2 of HAI-1 , the
P1 residue, Lys-385, binds more weakly to the S1 site than does Arg-260 from
Kunitz domain 1, because bidentate interactions between oppositely charged
groups are known to be more stable than monodentate interactions. This was
previously observed for a series of thrombin inhibitors. For example, DuP714,
with Arg as P1 residue, has a Ki value that is 6 times lower than the analog with
Lys as P1 residue (Weber et al., Biochem. 34: 3750-7 (1995). 1In addition to

weaker interaction between the P1 site (Lys-3 85) of the Kunitz domain 2 and the
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S1 site (Asp-185) of matriptase B-chain, the negatively charged residue (Glu-386)
next to the P1 residue in Kunitz domain 2 may also decrease the binding of Lys-
385 to the S site. In contrast, the corresponding residue in Kunitz domain 1 is
Gly-261, which is non-charged and the smallest residue. Another possibly
important residue is Leu-383; this residue binds weakly to the putative S1' site,
suggesting the importance of this site for substrate recognition (in addition to the
S1 site). This residue corresponds to Arg-258 from the Kunitz domain 1 of HAI-
1, suggesting that the Kunitz domain 2 of HAI-1 binds in a distorted orientation
to matriptase; this may further decrease its affinity for matriptase, when compared
to Kunitz domain 1. Tyr-409 binds to the top of the putative S1' binding site. Tyr-
409 1s connected to Leu-383 through the Cys-3 84-Cys-408 disulfide bond, thus
not allowing Leu-383 to interact properly with the putative S1' site, since the
positions of the two residues are interconnected. In summary, our results showed
that HAI-1 Kunitz domain 1 has a much better interaction with matriptase than
HAI-1 Kunitz domain 2.

In Example 2, matriptase was observed to exhibit trypsin-like activity, both
in terms of its primary cleavage at arginine residues and in its rather loose
selectivity for substrate P2 sites. The gelatinolytic activity of matriptase is likely
to be attributed to this broad spectrum cleavage activity. Thus, it appears likely
that precise mechanisms, whereby the potent proteolytic activity of matriptase can
be regulated, would be required in order to prevent unwanted proteolysis.
Matriptase, like most of other serine proteases, may be synthesized as a single-
chain zymogen, lacking binding affinity to its cognate inhibitor, HAI-1. A likely
mechanism for activation of matriptase is the conversion of single-chain
matriptase into a two-chain form, by cleavage at the activation motif. Thus,

proteolytic activation of matriptase is likely to be an irreversible process;
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interaction of the enzyme with its Kunitz-type inhibitor could provide an
important inhibitory control to prevent unwanted proteolysis. In support of this
hypothesis is the fact that the majority of matriptase was detected either in an
uncomplexed single-chain form or in a two-chain form that was observed to be
tightly bound with its inhibitor.

During lactation, remodeling of mammary basement membrane is
enhanced (Beck et al., Biochem. Biophys. Res. Commun. 190: 616-23 (1993)), and
proteases have been implicated in this process (Talhouk ef al., Development 112:
439-49 (1991)). Identification of matriptase in human milk suggests that this
enzyme could play a role in tissue remodeling and in other aspects of lactation.
This hypothesis has been further confirmed by the fact that matriptase was
identified specifically as an activated, two-chain form in human milk, and
suggests that activation of the protease is enhanced during lactation. While
matriptase is activated, in the lactating mammary gland, it is inhibited by binding
to HAI-1. These results further suggest that matriptase is likely to be synthesized
as a zymogen, activated only at the proper time and in the proper place, then
inhibited by HAI-1 in order to prevent unwanted proteolysis, and finally released
as a matriptase/HAI-1 complex in milk.

In T-47D breast cancer cells, single-chain matriptase is the major form of
the protease, and its complexes (110- and 95-kDa) can also be easily detected by
immunoblot. Nevertheless, matriptase was initially identified in this cell type as
the major gelatinolytic activity, as assessed by gelatin zymography (Shi et al.,
Canc. Res. 53: 1409-15 (1993)). These results suggest that the single-chain
matriptase may be enzymatically active or that there is a trace amount of two-
chain, active matriptase with a similar size to single-chain matriptase expressed

by T-47D cells. The former possibility may be unlikely, because high levels of
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single-chain matriptase and HAI-1 coexist in their uncomplexed forms, where the
active site triad and substrate binding pocket of single-chain matriptase may not
be well-formed. The existence of a low level of two-chain matriptase, which
contributes to the gelatinolytic activity found in T-47D cells, may be more likely.
It is necessary to have single-chain matriptase without contamination of two-chain
matriptase in order to carry out experiments to fully prove single-chain matriptase
to be latent. Expression of matriptase with a point mutation at the activation site
could be the most convincing way to obtain single-chain matriptase without
contamination of two-chain matriptase.

HAI-1 is likely to be synthesized as a 55-kDa, integral membrane protein,
based on a putative transmembrane domain at its C-terminus (Shimomura et al.,
J. Biol. Chem. 272: 6370-6 (1997). This is supported by the observations that the
apparent size of the membrane-bound inhibitor is 55-kDa and that the association
of the inhibitor with the membrane fraction resists a wash of 2 M KClI; these are
characteristics of an integral membrane protein. The 50-kDa fragment of HAI-1
is likely to be a cleaved form of HAIL. The cleavage site is likely to be near to the
transmembrane domain, since the 50-kDa fragment was detected as a major form
of the inhibitor in conditioned media of T-47D cells. The 50-kDa HAI-1 is likely
to have both Kunitz domains and the LDL receptor domain, and to be able to
interact with matriptase to form the 110-kDa complex.

Further degradation of the 50-kDa HAI-1 fragment also could occur at the
C-terminus, probably within the Kunitz domain 2, to generate the 40-kDa
fragment. Since the amino-terminal sequence of the 40-kDa fragment was
identified to be GPPPAPPGLPAG (Example 2; and Shimomura ef al., (1997)),
this fragment is not big enough to cover the entire Kunitz domain 2 (Shimomura

et al., (1997)). Thus, the 40-kDa HAI-1 fragment is likely to contain only one
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intact Kunitz domain (domain 1) and the LDL receptor domain. This 40-kDa
HAI-1 fragment is also able to complex with matriptase to form the 95-kDa
species. The 25-kDa fragment, which still exhibits binding affinity to matriptase
discussed in Example 1, is likely to be generated by cleavage of the 40-kDa
inhibitor fragment at the Arg-153 of HAI-1, because the first seven amino-
terminal residues were identified to be a sequence spanning residues 154 through
160 of the inhibitor. In common with the 40-kDa inhibitor fragment, the 25-kDa
fragment contains only the Kunitz domain 1 and an LDL receptor domain; it is
able to interact with matriptase to form an 85-kDa complex. These observations
suggest that the Kunitz domain 1, but not domain 2 is likely to be the inhibitory
domain for matriptase. The proposed processing of matriptase and its inhibitor,
and their interactions, are summarized in Figure 14.

The hypothesis that the Kunitz domain 1 of HAI-1 is the one which may
be responsible for inhibition of matriptase is further supported by observations
from computer modeling. Since both the Kunitz domains 1 and 2 contain
positively charged P1 residues (Arg-260 domain 1 and Lys-385 in domain 2), they
each have the potential to inhibit trypsin-like serine proteases, such as matriptase,
by using these residues to engage the substrate-binding pocket. In the Kunitz
domain 1, the second salt bridge not only stabilizes the complex but also orients
the inhibitor, so that it blocks access of substrates to the active site. This
interaction is missing in the complex with Kunitz domain 2. Therefore, Kunitz
domain 1 appears to be the one that is responsible for the formation of a stable
complex with matriptase. This suggestion is consistent with the observation that
the 40- and 25-kDa fragments of the inhibitor were able to form stable complexes

with matriptase.
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The second salt bridge was identified to be Arg-258 of the inhibitor,
binding to the anionic site of matriptase. A search for proteins which contain
potential anti-trypsin-like serine protease Kunitz domains (Arg or Lys at P1 site)
was carried out in GenBank. We identified a second Kunitz-type inhibitor
containing an Arg residue in the corresponding position of Arg-258 of HAI-1 in
Homo sapiens. This protein, identified by different groups, has three accession
numbers (ABOO6534; U78095; and AF027205) in GenBank, and was named
placental bikunin (Marlor ef al., J. Biol. Chem. 272: 12202-8 (1997)) or HGF
activator inhibitor 2 (EAI-2) (Kawaguchi et al., J. Biol. Chem. 272: 27558-64
(1997)). HAI-2, like HAI-1 was identified from MKN 45 human stomach
carcinoma cells and shown to be an inhibitor of HGF activator (Kawaguchi et al.,
(1997). HAI-2 resembles HAI-1 in terms of its transmembrane domain and its
two Kunitz domains. HAI-2 was also isolated from human placenta. Because it
contained two Kunitz domains, it was also named placenta bikunin (two Kunitz
domains). In addition to its blockade of HGF activator, placenta bikunin exhibits
strong inhibition of human plasmin, human tissue kallikrein, human plasma
kallikrein, and human factor Xla (Delaria et al., J. Biol. Chem. 272: 12209-14
(1997)).

The third important binding force identified between matriptase and the
Kunitz domain 1 is a hydrophobic interaction between Leu-284 of the inhibitor
and a hydrophobic pocket in matriptase, delimited by Leu-1 8, Ala-20, Ile-26 and
Trp-58. The corresponding residue for this Leu-284 in the Kunitz domain I of
placental bikunin/HAI-2 is Asp-72, a negatively charged residue, suggesting that
this hydrophobic interaction may not occur when matriptase encounters placental
bikunin/HAI-2. Thus, matriptase may have a weaker interaction with placenta

bikunin/HAI-2 compared to its cognate inhibitor (HAI-1). This notion is
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supported by the observation that, although both matriptase inhibitor (HAI-1) and
placenta bikunin/HAI-2 were expressed by T-47D cells and by MTSV 1.1 B cells,
as determined by Northern analysis. Only HAI-1 has been identified to be in
complexes with matriptase.

Although the stoichiometries of the components of the 11 0- and 95-kDa
matriptase/HAI-1 complexes have not been directly determined, matriptase (70-
kDa apparent size) and HAI-1 (40- and 50-kDa fragments) are likely to bind to
each other in a 1:1 ratio, based on their sizes and the sizes of resultant complexes.
We note that only a small amount of the 40-kDa HAI-1 fragment, relative to
matriptase, was dissociated from the 95-kDa matriptase complex by boiling. This
appearance of a relatively small amount of 40-kDa protein could result from its
small size and its likely weaker affinity to Coomassie Blue. The binding between
matriptase and HAI-1 appears to cause a more compacted configuration of these
two proteins, and thus on gel electrophoresis the apparent sizes of the
matriptase/HAI-1 complexes are smaller than those of the sum of their
components.

Both matriptase and its cognate inhibitor are likely to be biosynthesized as
integral membrane proteins. The "TM" indicates the location of the
transmembrane domain. "I" stands for Kunitz domain 1; "II" for Kunitz domain
2; and "L" for LDL receptor domain. The proposed processing steps for both
proteins are described in Example 4.

Example 5

Production of mAbs Which are Specificallv Directed
Against Active, Two-Chain Matriptase

In order to investigate activation of matriptase, we obtained two anti-

matriptase mAbs which specifically recognize the two-chain matriptase, but not
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the single-chain form (Fig. 17). Activation of matriptase, like other serine
proteases may require cleavage of a single specific peptide bond in the canonical
activation motif. This cleavage not only transforms catalytically inactive serine
proteases into active forms but also triggers discrete, highly localized
conformational changes. Thus, mAbs directed against these activation-associated
conformational changes are theoretically able to distinguish the active matriptase
from its latent form. In our previous studies, more than 80 hybridoma clones were
generated using 95-kDa matriptase/KSPI complex as immunogens. Hybridomas
were selected for the mAbs capable of recognizing the 95-kDa matriptase/KSPI
complex under non-boiled conditions and uncomplexed matriptase after boiling.
These anti-matriptase mAbs were further tested using the conditioned medium of
T-47D breast cancer cells to select mAbs which are able to distinguish complexed
matriptase (e.g., a two-chain form) from uncomplexed matriptase (e.g., a single-
chain form). In the cell-conditioned medium of T-47D cells, matriptase was
expressed predominantly in uncomplexed, single-chain form and in two minor
matriptase/KSPI complexes with apparent sizes of 110- and 95-kDa.
Uncomplexed, active matriptase is also likely to exist and was detected as a major
gelatinolytic activity by gelatin zymography. For most of these anti-matriptase
mAbs as represented here by mAb M130 (Fig. 17, lane 1), matriptase was
detected mainly in an uncomplexed form and two complexed forms (110- and 95-
kDa), which can be dissociated after boiling (Fig. 17, lane 2). In contrast,
although mAb M123 (IgG,) recognized the 95- and the 110-kDa matriptase
complexes (Fig. 17, lane 3) as well as mAb M130, mAb M123 recognized the
uncomplexed matriptase more weakly than mAb M130 as demonstrated by the
weaker band (Fig. 17, lane 3). The immunoreactive signals of 110- and 95-kDa

matriptase complexes were converted to matriptase after boiling (Fig. 17, lane 4).
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To further characterize mAbs M123 and M69 (IgG,), another mAb was selected
(M32), which is specifically directed against two-chain matriptase. We compared
the immunoreactivity of the antibodies using purified, two-chain matriptase from
human milk and single-chain matriptase, purified from T-47D cells. Both milk-
derived and T-47D-derived matriptase were recognized by anti-matriptase mAb
M32 (Fig. 17, lanes 5 and 6, respectively); however, mAbs M123 (Fig. 17, lanes
7 and 8, respectively) and mAb M69 (Fig. 17, lanes 9 and 10) only recognized the
two-chained form of matriptase. Moreover, the two-chain form of matriptase
appears to have a slower migration rate than that of the single-chain form of
matriptase (Fig. 17, compared lane 5 with lane 6).

Although the present invention has been described in detail with reference to
examples above, it is understood that various modifications can be made without
departing from the spirit of the invention. All cited patents and publications referred to
in this application are herein incorporated by reference in their entirety. Also
incorporated herein by reference in their entirety are the following related U.S.
Applications and Patent: U.S. Serial No. 60/124,006 filed March 12, 1999; U.S.
Patent No. 5,482,848 to Dickson et al. which issued on January 9, 1996; and
U.S.S.N. 08/957,816 to Dickson et al. filed on October 27, 1997.
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WHAT IS CLAIMED IS:

1. A method of treating malignancies, pre-malignant conditions, and
pathologic conditions in a subject which are characterized by the expression of
single-chain (zymogen) and/or two-chain (activated) form of matriptase
comprising administering a therapeutically effective amount of a matriptase

modulating agent.

2. The method of Claim 1, wherein the malignancy and pre-malignant

condition is a condition of the breast.

3. The method of Claim 1, wherein the pre-malignant lesion is selected
from the group consisting of: atypical ductal hyperplasia of the breast, actinic
keratosis (AK), leukoplakia, Barrett's epiethlium (columnar metaplasia) of the
esophagus, ulcerative colitis, adenomatous colorectal polyps, erythroplasia of
Queyrat, Bowen's disease, bowenoid papulosis, vulvar intraepithelial neoplasia

(VIN), and displastic changes to the cervix.
4, The method of Claim 1, wherein the matriptase inhibiting agent is
Bowman-Birk inhibitor (BBI) or a structurally related molecule or fragments

thereof.

5. The method of Claim 4, wherein BBI is a BBI concentrate (BBIC).
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6. The method of Claim 5, wherein the tumor formation-inhibiting
effective amount of BBIC is sufficient to obtain a blood level of 0.001 to 1 mM
of BBIC in the blood.

7. The method of Claim 1, wherein the biological sample is obtained
by biopsy, nipple aspirate, or removal of body fluid that has come into contact
with a malignant cell, cells of a pre-malignant lesion, or cells associated with a

pathologic condition.

8. The method of Claim 1, wherein the malignancy, pre-malignant
condition, or other pathologic condition, is in epithelial tissue or in a matriptase

expressing tissue.

9. A nucleic acid comprising SEQ ID NO: 1 or SEQ ID NO: 2.

10. A vector comprising a nucleic acid of Claim 9.

11. A cell transformed with the nucleic acid of Claim 9.

12. A method of making a recombinant matriptase comprising the steps
of:
(A) transforming or transfecting a cell with a nucleic acid of
Claim 9;
(B)  culturing the cell under conditions in which matriptase is
synthesized; and

(C)  isolating matriptase from the cell.
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13. A protein encoded by the nucleic acid of Claim 9.

14, A protein comprising SEQ ID NO: 3 or SEQ ID NO: 4 or a
polypeptide fragment thereof.

15. An antibody or immunogenic fragment thereof which recognizes
and binds to SEQ ID NO: 3 or a fragment thereof or SEQ ID NO: 4 or a fragment

thereof.

16. An antibody or immunogenic fragment which selectively binds to
the single-chain (zymogen) form of matriptase or two-chain (active) form of

matriptase.

17. The antibody or immunogenic fragment thereof of Claim 14,
wherein the antibody or immunogenic fragment recognizes and binds to an
epitope on matriptase which comprises a domain located in amino acids 481-683

of SEQIDNO: 3 0or SEQIDNO: 4,0rasa region in the transmembrane domain.

18. The antibody of Claim 14, wherein the antibody is a monoclonal

antibody.

19. The antibody or immunogenic fragment thereof of Claim 14,
wherein the immunogenic fragment is selected from the group consisting of: scFv,

Fab, Fab’, and F(ab’),.
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20. A method of inhibiting tumor invasion or tumor metastasis by
administering an agent which inhibits the activation of the zymogen form of
matriptase or the activity of the two-chain (active) form of matriptase expressed

by a tumor cell.

21. Themethod of Claim 18, wherein the agent is BBIC or a structurally

related inhibitor.

22. A method of identifying a compound that specifically binds to an a
single-chain or a two-chain form of matriptase comprising the steps of:
(A)  exposing a single-chain or two-chain form of matriptase to
a compound;
(B)  determining whether the single-chain or the two-chain form
of matriptase specifically binds to the compound; and
(C)  determining whether the compound that binds to the single-
chain form of matriptase inhibits activation to the two-chain
form of matriptase, or whether the compound binds to the
two-chain form of matriptase and inhibits its catalytic

activity.

23. An in vivo method of diagnosing the presence of a pre-malignant
lesion, a malignancy or other pathologic condition in a subject comprising the
steps of:

(A)  administering to a subject, that is to be tested for a pre-
malignant or malignant lesion, or other pathologic condition,

which is characterized by the presence of a single-chain form
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of matriptase or a two-chain form of matriptase, a labeled
agent which recognizes and binds either the single-chain
form or the two-chain form of matriptase; and

(B)  imaging the subject for the localization of the labeled agent.

24.  The method of Claim 23, wherein the labeled agent is an antibody.

25.  The method of Claim 24, wherein the labeled antibody is a labeled

monoclonal antibody.

26.  The method of Claim 23, wherein the agent is labeled with a

radiolabel or a fluorescent label.

27.  The method of Claim 26, wherein the radiolabel is selected from the

group consisting of: “Cu, *Te, *'I, 2’1, ""'In, Y, '®Re, and *Re.

28.  An in vitro method of diagnosing the presence of a pre-malignant
lesion, a malignancy, or other pathologic condition, in a subject, which is
characterized by the presence of a single-chain form and/or a two-chain form of
matriptase comprising the steps of:

(A) obtaining a biological sample from a subject that is to be
tested for a pre-malignant lesion, a malignancy, or other
pathologic condition;

(B)  exposing the biological sample to a labeled agent which
recognizes and binds to the single-chain or two-chain form

of matriptase; and
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(C)  determining whether said labeled agent bound to the

biological sample.

29. The method of Claim 27, wherein the biological sample is a sample

comprising epithelial cells.

30.  The method of Claim 27, wherein the labeled agent is a labeled

antibody.

31. The method of Claim 30, wherein the labeled antibody is labeled

with a radioisotope or a fluorescent label.

32. The method of Claim 31, wherein the radioisotope is selected from

the group consisting of: ®*Cu, *Te, ', 121, !![n, °Y, '8Re, and '*Re.

33. A method of identifying a compound that specifically binds to a
single-chain or a two-chain form of matriptase comprising the steps of:

(A) identifying by molecular modeling a compound that
putatively binds to the activation site on the single-chain
form of matriptase, the catalytic site of the two-chain form
of matriptase, the C1r/Cls domain of either form of
matriptase, or other regulatory domain;

(B)  contacting said compound with said single-chain form or
two-chain form of matriptase;

(C)  determining whether said compound binds to the single-

chain form or the two-chain form of matriptase; and
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(D) if the compound binds to a form of matriptase, further
determining whether the compound exhibits at least one of
the following properties: (i) inhibits activation of the single-
chain form of matriptase to a two-chain form of matriptase,
(i1) binds to the two-chain form of matriptase and thereby
mhibits its catalytic activity, and (iii) binds to the C1r/Cls
domain or other regulating domain, and thereby inhibits

dimerization of the protein.
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MAPARTMARARLAPAGIPAVALWLLCTLGLQGTQAGEPEA
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GIPKAWAGIDLKVOPOEPLVLKDVENTDWRLLRGDTDVRYV
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PIPSDGSVEMAVAVFLVICIVVVVAILGYCFFKNQRKDFH
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-357 CGCTGGGTGGTGCTGGCAGCCGTGCTGATCGGC£I££I£II££I£II££I£££BATCGGCTTCCTGGTGTGGCATTTGCAGTACCGG

=270 GACGTGCGTGTCCAGAAGGTCTTCAATGGCTACATGAGGATCACAAATGAGAATTTTGTGGATGCCTACGAGAACTCCAACTCCACTGAG

-180 TTTGTAAGCCTGGCCAGCAAGGTGAAGGACGCGCTGAAGCTGCTGTACAGCGGAGTCCCATTCCTGGGCCCCTACCACAAGGAGTCGGCT

-80 GTGACGGCCTTCAGCGAGGGCAGCGTCATCGCCTACTACTGGTCTGAGTTCAGCATCCCGCAGCACCTBGTGGAGGAGGCCGAGCGCGTC
1 ATGGCCGAGGAGCGCGTAGTCATGCTGCCCCCGCGGGCGCGCTCCCTGAAGTCCTTTGTGGTCACCTCAGTGGTGGCTTTCCCCACGGAC
' M AEERVY Y M LPPGRAR RS LXK SF Y VTSV VY AFEPT D

91 TCCAAAACAGTACAGAGGACCCAGGACAACAGCTGCAGCTTTGGCCTGCACGCCCGCGGTGTGGAGCTGATGCGCTTCACCACGCCCGGC
31 § K T VO RT QDNTGSC ST FOGLTHA ARTE.Y ELMRFTT PG

181 TTCCCTbACAGCCCCTACCCCGCTCATGCCCGCTGCCAGTGGGCCCTGCGGGGGGACGCCGACTCAGTGCTGAGCCTCACCTTCCGCAGC
81 F P D S P Y P AHARTCA GVWA ALTERTESTHD A DSV LSLTFR RS
4 4 o
271 TTTGACCTTGtGTCCTGCBACGAGCGCGGCAGCGACCTGGTGACGGTGTACAACACCCTGAGCCCﬁATGGAGCCCCACGCCCTGGTGCAG
81 F D L-A S C DO ERG S DLV TV YN T L SPMETPHA ALV QG
361 TTGTGTGGCACCTACCCTCCCTCCTACAACCTGACCTTCCACTCCTCCCAGAACGTCCTGCTCATCACACTGATAACCAACACTGAGCGG
121 L. € 6 T Y PP S YNLTTFUHTSS G NVY LLITLITNTER

A
451 CGGCATCCCGGCTTTGAGGCCACCTTCTTCCAGCTGCCTAGGATGAGCAGCTGTGGAGGCCGCTTACGTAAAGCCCAGGGGACATTCAAC
81 R H P GF EATTPFTF QL PRMS §C 6 GRLRKADQRGGTT FN

541 AGCCCCTACTACCCAGGCCACTACCCACCCAACATTGACTGCACATGGAACATTGAGGTGCCCAACAACCAGCATGTGAAGGTGCGCTTC
‘181 S P Y Y P GHYPPNIDTECTWN L EVP NNOGHVKVYRF

830 AAATTCTTCTACCTGCTGBAGCCCGGCGTGCCTGCGGGCACCTGCCCCAAGGACTACGTGGAGATCAATGGGGAGAAATACTGCGGAGAG
21 K F F Y L LEPGVYPAGTCPIKTEO.LY Y E I N G E K Y C G E

721 AGGTCCCAGTTCGTCGTCACCAGCAACAGCAACAAGATCACAGTTCGCTTCCACTCAGATCAGTCCTACACCGACACCGGCTTCTTAGCT
RS 0 F V VYTSNSNIKTITVYRFHTSD @ S Y T DTG F L A

811 GAATACCTCTCCTACGACTCCAGTGACCCATGCCCGGGGEAGTTCACGfGCCGCACGGGGCGGTGTATCCGGAAGGAGCTGCGCTGTGAT
27 E.Y L S Y DS S D PCPGQFT CRTGRTCI1!IRKTETLT RTESTOD

901 'GGCTGGGCCGACTGCACCGACCACAGCGATGAGCTCAACTGCAGTTGCGACGCCGGCCACCAGTTCACGTGCAAGAACAAGTTCTGCA;G

301 6 W A DCTODHSDETLUNTCEGSTCODA.TCG H Q& F T CKNIKTFC K
A

991 CCCCTCTTCTGGGTCTGCGACAGTGTGAACGACTGCGGAGACAACAGCGACGAGCAGGGGTGCAGTTGTCCGGCCCAGACCTTCAGGTGT

331 P L F WV CDSVNDTCEGDNTSTUD E QG CSCPAOTTFR RS

1081 TCCAATGGGAAGTGCCTCTCGAAAAGCCAGCAGTGCAATGGGAAGGACGACTGTGGGGACGGGTCCGACGAGGCCTCCTGCCCCAAGGTG
S NG KCLS K SQQacNG GKODGDTCETG GTO DL G S 0DE ASCPK VY

i AACGTCGTCACTTGTACCAAACACACCTACCGCTGCCTCAATGGGCTCTGETTGAGCAAGGGCAACCCTGAGTGTGACGGGAAGGAGGAC
3t N VY T CTXHTYRCLNGLSC L 8K GNPETLCDGTKTED

1261 TGTAGCGKCGGCTCAGATGAGAAGGACTGCGACTGTGGGCTGCGGTCATTCACGAGACAGGCTCGTGTTGTTGGGGGCACGGATGCGGAT
421 ¢ S D &6 S DEKDTCODTGCGLTGRSTETR R @ AR Y V G G T 0 £ D

1351 GAGGGCGAGTGGCCCTGGCAGGTAAGCCTGCATGCTCTGGGCCAGGGCCACATCTGCGGTGCTTCCCTCATCTCTCCCAACTGGCTGGTC
451 ELG E W P W 0 YV S L HALTG U Q-C H I CG& AS LI SPNWLVY

14481 TCTGCCGCACACTGCTACATCGATGACAGAGGATTCAGGTAtTCAGACCCCACGCAGTGGACGGCCTTCCTGGGCTTGCACGACCAGAGC
481 8 A A [:] CY110O0RGFRTY SDPTO QWTATFTLTGLH 0 Qs

1531 CAGCGCAGCGCCCCTABEGTGCAGGAGCGCAGRCTCAAGCACATCATCTCCCACCELTTCTTCAATGACTTCACETTCRACTATGACATE
EIIORS,APGVUERRL.KRIISHPFFNDFTFDY@I

1621 GCGCTGCTGGAGCTGGAGAAACCGGCAGAGTACAGCTCCATGGTGCGGCCCkTCTGCCTGCCGGACGCCTCCCATGTCTTCCCTGCCGGC
541 A L L E L EKPAETYSSHV R P 1 CLPOASHTYTFPAG

1711 AAGGCCATCTGGGTCACGGGCTGGGGACACACCCAGTATGGAGGCACTGGCGCGCTGATCCTGCAAAAGGGYGAGATCCGCGTCATCAAC
KA I'WVYIGWSEHT QY GG6 T TG ALTILOGTEKTGEE 1 RV I N

’ A
1801 CAGACCACCTGCGAGAACCTCCTGCCGCAGCAGATCACGCCGCGCATGATGTGCGTGGGCTTCCTCAGCGGCGGCGTGGACTCCTGCCAG
801 0 T T CENLLPOOQGTITPRMNMGCUVYG F LS GG VYDSTCOQO

1891 GGTGATTCCGGGGGACCCCTGTCCAGCGTGGAGGCGGATGGGCGGATCTTCCAGGCCGGTGTGGTGABCTGGGGAGACGGCTGCGCTCAG
G D G G P LS SVEADGRTITFQ C A Q

831 A G VYV V S WG DG
1981 AGGAACAAGCCAGGCGTGTACACAAGGCTCCCTCTGTTTCGGGACTGGATCAAAGAGAACACTGGGGTATAGGGGCCGGGGCCACCCAAA
661 R N K P @ V Y T RLPLFURGDUW I K E N T G V oo

2071 TGTGTACACCTGCGGGGCCACCCATCGTCCACCCCAGTGTGCACGCCTGCAGGCTGGAGACTGGACCGCTGACTGCACCAGCGCCCCCAG
2181 AACATACACTGTGAACTCAATCTCCAGGGCTCCAAATCTGCCTAGAAAACCTCTCGCTTCCTCAGCCTCCAAAGTGGAGCTGGGAGGTAG
2251 AAGGGGAGGACACTGGTGGTTCTACTGACCCAACTGGGGGCAAAGGTTTGAAGACACAGCCTCCCCCGCCAGCCCCAAGCTGGGCCGAGG
2341 CGCGTTTGTGTATATCTGCCTCCCCTGTCTGTAAGGAGCAGCGGGAACGGAGCTTCGGAGCCTCCTCAGTGAAGGTGGTGGGGCTGCCGG
2431 ATCTGGGCTGTGGGGCCCTTGGGCCACGCTCTTGAGGAAGCCCAGGCTCGGAGGACCLIGEAAAACAEACEEGIEIGAGACTGAAAATGG
2521 TTTACCAGCTCCCAGGTGACTTCAGTGTGTGTATTATGTAAATGAGTAAAACATT TTATTTCTTTT TAAAAAAAAAAA

FIG. 9
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A LOL-receptor type regio.ns

Pe--0

Matriptase (280-314) 3 MR TGR[ClI RKELR -[cOlawAD DRSO

(315-351} CIDAGHQ CIKNKFICKPLFWV - G{DINIS D &

(352-387) CIP-A-QTFRCISNGKICILSKSQ -G GID|G|S D E]

(394-430) CITK-HTIYRCILNGUEL. SKGNPE S{D(G|S D E]

Consensus sequences ' '

LDL-receptor Cle s o ~ElFiolc]s s GolCll & ¢ sWe- .
LRP o|Cls # o = ofF|s{Cls » o RIC[IP & oW » - .
Perlecan Clepe=EFleCls o o[Cl» oo 0o~ .
6P-330 B [ R (= (o CE [+ CE R »

B Cir/s type region
Mt (1) 42 CSFCLHARGVELMRFT

1 G WALRGDADSVLSLTFRS--FDLASCDERGSOLVT
Mt (2) 168 [QGGRLRKAQ-@T--FNSHY WNIEVPNNOHVKVRF ~KFFYLLEPGVPAGT--
Cir (2) 193 [CYSELYTEASHY--[SELE YSIRVERGLTLHLKFL-EPFJIDD~HQQVH~-
Cls (2) 175 [CYGDVFTALIGE--1 N YQIRLEKGFAQVVVTLRREDFOVEAADSAGN- -
RaRF (2) 185 [CSDNLFTQRTEV=--1 D YTJIELEEGFMVNLQFE-DIFOIED-HPEVP -~
csP (2) 181 GOVFTALIGE--I YOUIRLEKGFQVVVTLRREDEOVEAADSAGN-~
Mt (1) 107 VYNTLS~-PMEPHALVQLICGTYFFSYNLTFHSSONVLLITL ITNTERRHPGF 155

Mt (2) 226 ﬁ VEINGEK===~-~ GER-4S-QFVVTS ITV ASYTDTGF 268
Clr {(2) 251 PYDQLQIYANGKNIGEFICGKORFP-DLD--TSSNAVOLUFF TIDESGDS 298
Cls (2) 235 L-DSLVFVAGDROFGPY/CEHGFPG-PLNIETKISNALDI IFQTIGLTGOK 283

‘RaRF(Z)‘ 243 P IKIKVGPKVLGPFICGEKARE-PIS-~TQYHSVLI NSGEN 290
csP (2) 241 Q LLFAAKNRQFGP GNGFRG-PLTIET LOIVEQTRLTEQK 289

FI1G. 11

Putative LDL receptor domain
Signal peptide \ [ m N/

NH2

—-COOH

T
Clr/s domain

FIG. 12
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A. Immunoblot B, G. Zymogram  C. Fluorimetric Assay
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Cleavage Rate'  Residual Rate

Omin. 725 100%
5 min. 114 18%
30 min. 17 2.3%
60 min. 13 1.8%
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181
241
301
361
421
481
541
601
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721
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1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
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2101
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2221
2281
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2401
2461
2521
2581
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2701
2761
2821
2881
2941
3001
3061
3121

gacgcctgtg
gcggaggggyg
tgaatggctt
agcatggceccc
tgctggggat
tcttcaatgg
actccactga
gcggagtccce
gcagcgtcat
ccgagcgcgt
agtcctttgt
cccaggacaa
ccacgccegg
ggggggacgc
acgagcgcgg
ccctggtgcea
agaacgtcct
ccaccttcett
ggacattcaa
acattgaggt
agcccggegt
actgcggaga
tccactcaga
ccagtgaccc
tgcgctgtga
acgeccggeca
acagtgtgaa
ccttcaggtg
actgtgggga
aacacaccta
ggaaggagga
tcacgagaca
aggtaagcct
actggctggt
ccacgcagtg
tgcaggageg
actatgacat
ccatctgcct
gctggggaca
gcgtcatcaa
tgtgcgtggg
tgtccagegt
gctgcgctca
tcaaagagaa
acccatcgtce
agcgcccecca
cctcectegett
ttctactgac
ctgggccgag
gagcttcgga
tgggccacgce
actgaaaatg
aacattttat

agacccgcga
cccgaaggac
ggaggaaggce
ggggcgcetgg
cggcttectg
ctacatgagg
gtttgtaagc
attcctggge
cgcctactac
catggccgag
ggtcacctca
cagctgcagc
cttccectgac
cgactcagtg
cagcgacctg
gttgtgtgge
gctcatcaca
ccagctgcct
cagcccctac
gcccaacaac
gcctgeggge
gaggtcccag
tcagtcctac
atgccegggy
tggctgggee
ccagttcacg
cgactgcgga
ttccaatggg
cgggtccgac
ccgctgecete
ctgtagcgac
ggctcgtgtt
gcatgctctg
ctctgeccgcea
gacggccttc
caggctcaag
cgcgctgetg
gccggacgcec
cacccagtat
ccagaccacce
cttcctecage
ggaggcggat
gaggaacaag
cactggggta
caccccagtg
gaacatacac
cctcagectce
ccaactgggg
gcgcgtttgt
gcctcctceag
tcttgaggaa
gtttaccagc
ttctttttaa

10

gcggcectcegg
ttcggegegyg
gtggagttcc
gtggtgctgg
gtgtggcatt
atcacaaatg
ctggccagca
ccctaccaca
tggtctgagt
gagcgcgtag
gtggtggcett
tttggcctge
agcccctacc
ctgagcctca
gtgacggtgt
acctaccctc
ctgataacca
aggatgagca
tacccaggcc
cagcatgtga
acctgcccca
ttcgtegtcea
accgacaccg
cagttcacgt
gactgcaccyg
tgcaagaaca
gacaacagcg
aagtgcctct
gaggcctect
aatgggctct
ggctcagatg
gttgggggca
ggccagggcece
cactgctaca
ctgggcttgce
cgcatcatct
gagctggaga
tccecatgtcet
ggaggcactg
tgcgagaacc
ggcggcgtgg
gggcggatct
ccaggegtgt
taggggccgy
tgcacgcctyg
tgtgaactca
caaadgtggag
gcaaaggttt
gtatatctgce
tgaaggtggt
gcccaggcectce
tcccaggtga
aaaaaaaaa

/12

ggaccatggg
gactcaagta

tgccagtcaa
cagccgtgcet
tgcagtaccg
agaattttgt
aggtgaagga
aggagtcggc
tcagcatccc
tcatgctgcce
tcceccacgga
acgccecgegg
ccgctcatgce
ccttececgeag
acaacaccct
cctcctacaa
acactgagcg
gctgtggagg
actacccacc
aggtgcgcett
aggactacgt
ccagcaacag
gcttcttage
gccgeacggg
accacagcga
agttctgcaa
acgagcaggg
cgaaaagcca
gccccaaggt
gcttgagcaa
agaaggactg
cggatgcgga
acatctgegg
tcgatgacag
acgaccagag
cccacccectt
aaccggcaga
tcecectgeegg
gcgcgcectgat
tcectgeegea
actcctgcca
tccaggeegg
acacaaggct
ggccacccaa
caggctggag
atctccaggg
ctgggaggta
gaagacacag
ctcceectgte
ggggctgceceg

ggaggaccct
cttcagtgtg

FIG. 15

gagcgatcgg
caactccecgg
caacgtcaag
gatcggcctc
ggacgtgcgt
ggatgcctac
cgcgctgaag
tgtgacggcc
gcagcacctg
cccgegggeg
ctccaaaaca
tgtggagctg
ccgctgceccag
ctttgacctt
gagccccecatg
cctgaccttce
gcggcatccc
ccgcecttacgt
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