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METHODS FOR PRESERVING ORGANS AND TISSUES

BACKGROUND OF THE INVENTION
Preservation of the viability of donor organs is an important goal for organ
transplantation. Typically the organ to be transplanted must be stored and shipped to
10 the prospective recipient. The ability to prolong the cellular viability of the organ
during storage and transportation is very important to the success of the transplant
operation. Preservative solutions play an impor{ant role 1n the longevity of the
organ. Solutions for organ preservation include those described by Berdyaev ef al.,
U.S. Pat. No. 5,432,053; Belzer et al., U.S. Pat. Nos. 4,798,824, 4,879,283, and
15 4,873,230; Taylor, U.S. Pat. No. 5,405,742; Dohi er al., U.S. Pat. No. 5,565,317;
Stern ef al., U.S. Pat. Nos. 5,370,989 and 5,552,267,
However, a need exists for
improved methods and solutions for organ preservation.
Proteases are involved in a broad range of biological pathways. In particular,
20 serne proteases such as kallikrein, plasmin, elastase, urokinase plasminogen
activator, thrombin, human lipoprotein-associated coagulation inhibitor, and
coagulation factors such as factors VIla, [Xa, Xa, XIa, and XIla have been
implicated in pathways affecting blood flow, e.g., general and focal 1schemia, tumor
invasion, fibrinolysis, perioperative blood loss, and inflammation. Inhibitors of

25 specific serine proteases, therefore, have received attention as potential drug targets

for various 1schemic maladies.
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One such mhibitor, aprotinin (also called bovine pancreatic trypsin inhibitor
or BPTI), obtained from bovine lung, has been approved 1n the United States for
prophylactic use in reducing perioperative blood loss and the need for transfusion in
patients undergoing CPB, e.g., in the course of a coronary artery bypass grafting
procedure. Aprotinin is commercially available under the trade name TRASYLOL®
(Bayer Corporation Pharmaceutical Division, West Haven, Connecticut) and was
previously approved for use to treat pancreatitis. The effectiveness of aprotinin is
associated with its relatively non-specific abilities to inhibit a variety of serine
proteases, including plasma kalhkrein, and plasmin. These proteases are important

in a number of pathways of the contact activation system (CAS).

CAS 1s initially acti'vated when whole blood contacts the surface of foreign
substrates (e.g., kaolin, glass, dextran sulfate, or damaged bone surfaces).
Kal]ikrlain, a serine protease, 1S a plasma ehzyme that imitiates the CAS cascade
leading to activation of neutrophils, plasmin, coagulation, and various kinins.
Kallikrein 1s secreted as a zymogen (pre-kallikrein) that circulates as an inactive
molecule until activated by a proteolytic event early in the contact activation

cascade.

However, the use of specific kallikrein inhibitors for organ preservation has

not been successfully demonstrated.

SUMMARY OF THE INVENTION
This invention 1s based on the discovery of peptides that inhibit serine

proteases, such as, for example, kallikrein, which can successfully be employed to
preserve an organ pending transplant. More specifically, the invention provides
methods of using kallikrein inhibitors in a method for preserving an organ or tissue
and compositions for such use. The invention also relates to methods for reducing,
inhibiting or preventing reperfusion injury or damage in an organ or tissue that has
been removed from 1ts host and compositions for such use. Preferred kallikrein

peptides include those described 1n United States Patent Nos. 6,333,402 and
6,057,287 to Markland et al.
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In a particularly preferred embodiment, the invention is directed to

compositions comprising a polypeptide comprising the amino acid sequence:

Xaal Xaa2 Xaa3 Xaa4 Cys Xaa6 Xaa7 Xaa8 Xaa9 Xaal0 Xaall Gly Xaal3 Cys
Xaal5 Xaal6 Xaal7 Xaal8 Xaal9 Xaa20 Xaa2l Xaa22 Xaa23 Xaa24 Xaa25 Xaa26
Xaa27 Xaa28 Xaa29 Cys Xaa31 Xaa32 Phe Xaa34 Xaa35 Gly Gly Cys Xaa39
Xaad0 Xaad] Xaad2 Xaad3 Xaad44 Xaa45 Xaad6 Xaad7 Xaad8 Xaa49 Xaas50 Cys

Xaa52 Xaa53 Xaa54 Cys Xaa56 Xaas57 Xaa58 (SEQ ID NO:1),

wherein Xaal, Xaa2, Xaa3, Xaa4, Xaa56, Xaa57 or Xaa58 are each individually an
amino acid or absent; Xaa6, Xaa7, Xaa8, Xaa9, Xaa20, Xaa24, Xaa25, Xaal0,
Xaa27, Xaa28, Xaa29, Xaadl, Xaad2, Xaad4, Xaad6, Xaad7/, Xaady, Xaa49, Xaas0,
Xaa52, Xaa53 and Xaa54 can be any amino acid; Xaal0 is an amino acid selected :
from the group consisting of: Asp aﬁd Glu; Xaall is an amino acid selected from the
group consisting of: Asp, Gly, Ser, Val, Asn, Ile, Ala and Thr; Xaal3 1s an amino
acid selected from the group consisting of: Arg, His, Pro, Asn, Ser, Thr, Ala, Gly,
Lys and GlIn; Xaal5 1s an amino acid selected from the group consisting of: Arg,
Lys, Ala, Ser, Gly, Met, Asn and GIn; Xaal6 1s an amino acid selected -from the
group consisting of: Ala, Gly, Ser, Asp and Asn; Xaal7 1s an amino acid selected
from the group consisting of: Ala, Asn, Ser, Ile, Gly, Val, Gln and Thr; Xaal8 1s an
amino acid selected from the group consisting of: His, Leu, Gln and Ala; Xaal9 1s
an amino acid selected from the group consisting of: Pro, GIn, Leu, Asn and Ile;
Xaa21 1s an amino acid selected from the group consisting of: Trp, Phe, Tyr, His and
Ile; Xaa22 is an amino acid selected from the group consisting of: Tyr and Phe;
Xaa23 1s an amino acid selected from the group consisting of: Tyr and Phe; Xaa31 1s
an amino acid selected from the group consisting of: Glu, Asp, Gln, Asn, Ser, Ala,
Val, Leu, Ile and Thr; Xaa32 i1s an amino acid selected from the group consisting of:
Glu, Gin, Asp Asn, Pro, Thr, Leu, Ser, Ala, Gly and Val; Xaa34 1s an amino acid
selected from the group consisting of: Thr, Ile, Ser, Val, Ala, Asn, Gly and Leu;
Xaa35 1s an amino acid selected from the group consisting of: Tyr, Trp and Phe;

Xaa39 is an amino acid selected from the group consisting of: Glu, Gly, Ala, Ser and
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Asp; Xaad0 is an amino acid selected from the group consisting of: Gly and Ala;
Xaa43 1s an amino acid selected from the group consisting of: Asn and Gly; Xaa45
1s an amino acid selected from the group consisting of: Phe and Tyr; and

wherein said polypeptide inhibits kallikrein, and methods of using such
composttions.

In a particular embodiment, speciﬁc amino acld positions can be the
following: Xaa6 can be Ala, Xaa7 can be Phe, Xaa8 can be Lys, Xaa9 can be Ala,
XaalO can be Asp, Xaall can be Asp, Xaal3 can be Pro, Xaal5 can be Arg, Xaal6
can be Ala, Xaal7 can be Ala, Xaal8& can be His, Xaal9 can be Pro, Xaa20 can be
Arg, Xaa24 can be Asn, Xaa25 can be Ile, Xaa26 can be Phe, Xaa27 can be Thr,
Xaa28 can be Arg, Xaa29 can be Gln, Xaa31l can be Glu, Xaa32 can be Glu, Xaa34
can be Ile, Xaa35 can be Tyr, Xaa39 can be Glu, Xaa41 can be Asn, Xaa42 can be
Arg, Xaa44 can be Arg, Xaad6 can be Ghi, Xaad7 can be Ser, Xaa48 can be Leu,
Xaa49 can be Glu, and/or Xaa50 can be Glu; any of these specific amino acids at
these positions can occur individually or in combination with one or more of the
amino acids at one or more position otherwise described.

In a particular embodiment, the present invention 1s directed to a
composition comprising a polypeptide as described in SEQ ID NO:1, such that two
or more of the following amino ac;id positions are defined as follows: XaalO can be
Asp; Xaall can be Asp; Xaal3 can be Pro; Xaal5 can be Arg; Xaal6 can be Ala;
Xaal7 can be Ala; Xaal8 can be His; Xaal9 can be Pro; Xaa2] can be Trp; Xaa22
can be Phe; Xaa23 can be Phe; Xaa31 can be Glu; Xaa32 can be Glu; Xaa34 can be
Ile; Xaa35 can be Tyr; Xaa39 can be Glu; Xaa40 can be Gly; Xaa43 can be Asn; and
Xaa45 can be Phe, and methods of using such compositions. In another
embodiment, five or more of the following of the following amino acid positions are
defined as follows: Xaal0 can be Asp; Xaall can be Asp; Xaal3 can be Pro; Xaal5
can be Arg; Xaal6 can be Ala; Xaal7 can be Ala; Xaal8 can be His; Xaal9 can be
Pro; Xaa21 can be Trp; Xaa22 can be Phe; Xaa23 can be Phe; Xaa3l can be Glu;
Xaa32 can be Glu; Xaa34 can be Ile; Xaa35 can be Tyr; Xaa39 can be Glu; Xaa40
can be Gly; Xaa43 can be Asn; and Xaa45 can be Phe. In another embodiment, 10

or more of the amino acids are defined as follows: Xaal0 can be Asp; Xaall can be



CA 02496789 2005-02-25

WO 2004/019968 PCT/US2003/017802

10

15

20

25

_5-

Asp; Xaal3 can be Pro; Xaal5 can be Arg; Xaal6 can be Ala; Xaal7 can be Ala;
Xaal8& can be His; Xaal9 can be Pro; Xaa21 can be Trp; Xaa22 can be Phe; Xaa23
can be Phe; Xaa31 can be Glu; Xaa32 can be Glu; Xaa34 can be Ile; Xaa35 can be
Tyr; Xaa39 can be Glu; Xaa40 can be Gly; Xaa43 can be Asn; and Xaa45 can be
Phe. In yet another embodiment, 15 or more of the amino acids are defined as
follows: XaalO can be Asp; Xaall can be Asp; Xaal3 can be Pro; Xaal5 can be
Arg; Xaal6 can be Ala; Xaal7 can be Ala; XaalQ& can be His; Xaal9 can be Pro;
Xaa2l can be Trp; Xaa22 can be Phe; Xaa23 can be Phe; Xaa31 can be Glu; Xaa32
can be Glu; Xaa34 can be Ile; Xaa35 can be Tyr; Xaa39 can be Glu; Xaad0 can be
Gly; Xaa43 can be Asn; and Xaa45 can be Phe. ‘

In a particular embodiment, the invention 1s directed to a composition
comprismg a polypeptide as defined by SEQ ID NO:1, such that, if present, Xaa3 is
Ser, Xaa2 1s His, Xaal is Met, Xaa56 1s Thr, Xaa57 1s Arg, and/or Xaa58 1s Asp,
and methods of using such compositions.

In another embodiment, the invention is directed to a composition

comprising a polypeptide comprising the amino acid sequence:

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Arg Ala Ala His Pro
Arg Trp Phe Phe Asn Ile Phe Thr Arg Gin Cys Glu Glu Phe Ile Tyr Gly Gly Cys Glu
Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp
(SEQ ID NO:2), and methods of using such compositions.

In a particular embodiment, the present invention is directed to a
composition comprising a kallikrein binding polypeptide of 53-60 amino acids
comprising a Kunitz domain, wherein the Kunitz domain comprises the potential for
disulfide bonds between cysteines at positions 5 and 55; 14 and 38; and 30 and 51
(according to amino acid positions corresponding to bovine pancreatic trypsin

inhibitor (BPTT)), and further comprising:
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amino acid number 13 selected from His and Pro;

amino acid number 16 selected from Ala and Gly;

amino acid number 17 selected from Ala, Asn, and Ser;

amino acid number 18 selected from His and Leu; and

amino acid number 19 selected from Gln, Leu, and Pro (SEQ ID
NO:23).

In a particular embodiment, the present invention is directed to a
composition comprising a kallikrein binding polypeptide of 53-60 amino acids
comprising a Kunitz domain, wherein the Kunitz domain comprises the potential for
disulfide bonds between cysteines at positions 5 and 55; 14 and 38; and 30 and 51
(according to amino acid positions corresponding to bovine pancreatic trypsin
inhibitor (BPTI)), and further comprising:

amino acid number 13 selected from His and Pro;_

amino acid number 15 selected from Lys and Arg;

amino acid number 16 selected from Ala and Gly;

amino acid number 17 selected from Ala, Asn, and Ser;
amino acid number 18 selected from His and Leu; and
amino acid number 19 selected from Gln, Leu, and Pro,
amino acid number 31 is Glu;

amino acid number 32 selected from Glu and Gin;

amino acid number 34 selected from Ser, Thr, and Ile: and
amino acid number 39 selected from Gly, Glu, and Ala (SEQ ID
NO:24). |

In a particular embodiment, the present invention 1s directed to a
composition comprising a kallikrein binding polypeptide of 53-60 amino acids
comprising a Kunitz domain, wherein the Kunitz domain comprises a cysteine at
each of positions 5 and 55; 14 and 38; and 30 and 51 (according to amino acid

positions corresponding to bovine pancreatic trypsin inhibitor (BPTI)), and further

comprising:
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amino acid number 13 selected from His and Pro;
amino acid number 15 selected from Lys and Arg;
amino acid number 16 selected from Ala and Gly;
amino acid number 17 selected from Ala, Asn, and Ser;

5 amino acid number 18 selected from His and Leu; and
amino acid number 19 selected from Gln, Leu, and Pro,
amino acid number 31 1s Glu;
amino acid number 32 selected from Glu and Gln;
amino acid number 34 selected from Ser, Thr, and Ile; and

10 amino acid number 39 selected from Gly, Glu, and Ala (SEQ 1D
NO:24). '

In a particular embodiment, the Kunitz domain is selected from the group

-

consisting of:

KKIU/3 #1 (SEQ ID NO:24)

15 KKII/3 #2 (SEQ ID NO:25)
KKII/3 #3 (SEQ ID NO:26)
KKII/3 #4 (SEQ ID NO:27)
KKII/3 #5 (SEQ ID NO:28)
KKII/3 #6 (SEQ ID NO:29)

20 KKII/3 #7 (SEQ ID NO:30)
KKII/3 #8 (SEQ'ID NO:31)
KKII/3 #9 (SEQ ID NO:32) and
KKII/3 #10 (SEQ ID NO:33)

as described in Table 1.

25 Each of the compositions described herein can be used in the methods of the

invention. Further, the compounds described herein can be used 1n the manufacture

of a medicament or composition for the indications or methods described herein.
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According to another embodiment, the invention is directed to use of a
kallikrein inhibitor for preservation of an organ or tissue, the kallikrein inhibitor comprising a
polypeptide of SEQ ID NO:1, wherein Xaal, Xaa2, Xaa3, Xaa4, Xaa56, Xaas>/ or Xaas8 are
each individually an amino acid or absent; Xaa6, Xaa7, Xaa8, Xaa9, Xaa20, Xaa24, Xaa2),
Xaa26, Xaa27, Xaa28, Xaa29, Xaad4l, Xaad2, Xaad4, Xaad6, Xaad7, Xaa48, Xaad9, Xaad0,
Xaa52, Xaa53 and Xaa54 can be any amino acid; Xaal0 is Asp; Xaall is Asp; Xaal3 1s Pro;
Xaal5 is Arg; Xaal6 is Ala; Xaal7 is Ala; Xaal8 is His; Xaal9 is Pro; Xaa21 1s Trp; Xaa22
is an amino acid selected from the group consisting of: Tyr and Phe; Xaa23 1s an amino acid
selected from the group consisting of: Tyr and Phe; Xaa31 is Glu; Xaa32 is Glu; Xaa34 1s lle;
Xaa35 is Tyr; Xaa39 is Glu; Xaa40 is an amino acid selected from the group consisting of:
Gly and Ala; Xaa43 is an amino acid selected from the group consisting of: Asn and Gly;
Xaad5 is an amino acid selected from the group consisting of: Phe and Tyr; and wherein said

polypeptide inhibits kallikrein.

According to another embodiment, the invention is directed to use of an organ
storage and preservative solution for reducing reperfusion injury of an organ during surgery
and/or following removal of the organ from a subject, wherein the solution comprises a
kallikrein inhibitor, wherein the kallikrein inhibitor is a polypeptide comprising SEQ ID NO:1,
wherein Xaal, Xaa2, Xaa3, Xaa4, Xaa56, Xaa57 or Xaa58 are each individually an amino
acid or absent; Xaa6, Xaa7, Xaa8, Xaa9, Xaa20, Xaa24, Xaa25, Xaa26, Xaa27, Xaals,
Xaa29, Xaa41, Xaad2, Xaad4, Xaad6, Xaad7, Xaa48, Xaad49, Xaa50, Xaas2, Xaad3 and
Xaa54 can be any amino acid; Xaa 10 is Asp; Xaall is Asp; Xaal3 1s Pro; Xaal5 1s Arg;
Xaal6 is Ala; Xaal7 is Ala; Xaal8 is His; Xaal9 is Pro; Xaa21 is Trp; Xaa22 is an amino
acid selected from the group consisting of: Tyr and Phe; Xaa23 is an amino acid selected from
the group consisting of: Tyr and Phe; Xaa31 is Glu; Xaa32 is Glu; Xaa34 is Ile; Xaa35 1s Tyr;
Xaa39 is Glu; Xaa40 is an amino acid selected from the group consisting of: Gly and Ala;
Xaa43 is an amino acid selected from the group consisting of: Asn and Gly; Xaa45 1s an

amino acid selected from the group consisting of: Phe and Tyr.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a simplified diagram of major multiple pathways and related events
involved in the contact activation system and systemic inflammatory response (SIR)
that may arise in a patient subjected to soft and bone tissue trauma such as that
associated with a coronary artery bypass grafting (CABG) procedure, especially
when the CABG procedure involves extra-corporeal blood circulation, such as
cardiopulmonary bypass (CPB; Bypass Apparatus). Arrows indicate activation from
one component or event to another component or event in the cascade. Arrows in
both directions indicate activating effects of components or events 1n both

directions. Broken arrows indicate likely participation of one component or event in

the activation of another component or event. Abbreviations are as follows: “tPA”
tissue plasminogen activator; “C5a” = a protein component of the complement
systetﬁ; “fX11a” = activator protein of pre-kallikrein to form active kallikrein;
“Extrinsic” = extrinsic coagulation system; “Intrinsic” = intrinsic coagulation
system.

FIG. 2 shows a portion of a DNA and corresponding deduced amino acid for
a kallikrein inhibitor (“KI”) polypeptide of the invention in plasmid pPIC-K503.
The inserted DNA encodes the mata prepro signal peptide of Saccharomyces
cerevisiae (underlined) fused in frame to the amino terminus of the PEP-1 Kl
polypeptide having the amino acid sequence enclosed by the boxed area. The amino
acid sequence of the PEP-1 KI polypeptide shown in the boxed region 1s SEQ ID
NO:2, and the corresponding nucleotide coding sequence of the KI polypeptide is
SEQ ID NO:3. The dashed arrows indicate the location and direction ot two PCR
primer sequences in AOX regions that were used to produce sequencing templates.
DNA sequence for the entire nucleotide sequence of the figure comprises the
structural coding sequence for the fusion protein and is designated SEQ 1D NO:35.
The double underlined portion of the sequence indicates a diagnostic probe
sequence. BstBI and EcoRI indicate locations of their respective palindromic,
hexameric, restriction endonuclease sites in the sequence. Asterisks denote

translational stop codons.
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FIG. 3 shows an alignment of amino acid sequences of the preferred

embodiments of the invention.

DETAILED DESCRIPTION OF THE INVENTION

A deécription of preferred embodiments of the invention follows.

The invention 1s based on the discovery of kallikrein inhibitor (KI)
polypeptides that inhibit plasma kallikrein with a specificity that permits their use in
improved methods of preserving organs and tissues, such as pending a
transplantation, and and to corresponding methods. The invention also relates to
reducing, inhibiting or preventing reperfusion injury or damage 1n an organ or tissue

that has been removed from its host and compositions theretor.

Polypeptides Useful in the Invention

KI polypeptides useful in the invention comprise Kunitz domain
polypeptides. In one embodiment these Kunitz domains are variant forms
compnsing the looped structure of Kunitz domain 1 of human lipoprotein-associated
coagulation inhibitor (LACI) protein. LACI contains three internal, well-defined,
peptide loop structures that are paradigm Kunitz domains (Girard, T. ef al., 1989.
Nature, 338:518-520). The three Kunitz domains of LACI confer the ability to bind
and mhibit kallikrein, although not with exceptional affinity. Vanants of Kunitz
domain 1 of LACI described herein have been scree—ned, 1solated and bind kallikrein
with enhanced affinity and specificity (see, for example, U.S. Patent Nos. 5,795,865
and 6,057,287). An example of a preterred o
polypeptide useful in the invention has the amino acid sequence defined by amino
acids 3-60 of SEQ ID NO:2.

Kallikrein binding polypeptides can be used to target therapeutic or
diagnostic molecules to kallikrein 1n, for example, organ tissue, cells, or whole
organisms. Such methods of targeted delivery for therapeutic or diagnostic purposes
would be known to one of skill in the art. For example, targeted kallikrein binding
polypeptides could be used by one of skill in the art to identify an organ that has

been damaged by the effects of kalliknien, or kallikrein can be targeted for the effects
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of a particular therapeutic agent using kallikrein binding polypeptides of the

invention.

Every polypeptide useful in the invention binds kallikrein. In preferred
embodiments, the polypeptides are kallikrein inhibitors (KI) as determined using
kallikrein binding and inhibition assays known in the art. The enhanced affinity and
specificity for kallikrein of the variant Kunitz domain polypeptides described herein
provides the basis for their use in CPB and especially CABG surgical procedures to
prevent or reduce perioperative blood loss and/or SIR in patients undergoing such
procedures. The KI polypeptides used in the invention can have or comprise the
amino acid sequence of a variant Kunitz domain polypeptide originally 1solated by
screening phage display libraries for the ability to bind kallikrein.

KI polypeptides useful in the methods and compositions of the invention

comprise a Kunitz domain polypeptide“comprising the amino acid sequenoef

Xaal Xaa2 Xaa3 Xaa4 Cys Xaa6 Xaa7 Xaa8 Xaa9 Xaal0 Xaall Gly Xaal3 Cys
Xaal5 Xaal6 Xaal7 Xaal8 Xaal9 Xaa20 Xaa2l Xaa22 Xaa23 Xaa24 Xaa25 Xaa26
Xaa27 Xaa28 Xaa29 Cys Xaa31 Xaa32 Phe Xaa34 Xaa35 Gly Gly Cys Xaa39
Xaad( Xaadl Xaa42 Xaad43 Xaad4 Xaad5 Xaad6 Xaad7 Xaa48 Xaa49 Xaa>0 Cys

Xaa52 Xaa53 Xaa54 Cys Xaa56 Xaa57 Xaa58 (SEQ ID NO:1)

“Xaa” refers to a positionfin a peptide chain that can be any of a number of different
amino acids. For example, for the KI peptides described herein, XaalO can be Asp
or Glu; Xaall can be Asp, Gly, Ser, Val, Asn, Ile, Ala or Thr; Xaal3 can be Pro,
Arg, His, Asn, Ser, Thr, Ala, Gly, Lys or Gln; Xaal5 can be Arg, Lys, Ala, Ser, Gly,
Met, Asn or Gln; Xaal6 can be Ala, Gly, Ser, Asp or Asn; Xaal7 can be Ala, Asn,
Ser, Ile, Gly, Val, Gln or Thr; Xaal8 can be His, Leu, Gln or Ala; Xaal9 can be Pro,
Gln, Leu, Asn‘or Ile; Xaa21 can be Trp, Phe, Tyr, His or Ile; Xaa31 can be Glu, Asp,
Gln, Asn, Ser, Ala, Val, Leu, Ile or Thr; Xaa32 can be Glu, Gln, Asp Asn, Pro, Thr,
Leu, Ser, Ala, Gly or Val; Xaa34 can be Ile, Thr, Ser, Val, Ala, Asn, Gly or Leu,
Xaa35 can be Tyr, Trp or Phe; Xaa39 can be Glu, Gly, Ala, Ser or Asp. Amino
acids Xaa6, Xaa7, Xaa®, Xaa9, Xaa20, Xaa24, Xaa25, Xaa26, Xaa27, Xaa2s,
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Xaa29, Xaadl, Xaad2, Xaad4, Xaad6, Xaad7, Xaad8, Xaa49, Xaa50, Xaas2, Xaa53
and Xaa54 can be any amino acid. Additionally, each of the first four and at last
three amino acids of SEQ ID NO:1 can optionally be present or absent and can be
any amino acid, if present.

5 Peptides defined according to SEQ ID NO:1 form a set of polypeptides that
bind to and inhibit kallikrein. The diversity of the KI’s is increased as the number of
variable positions in the peptide sequence is increased or as the number of amino
acids possible at a variable position increases. For example, in a preferred
embodiment of the invention, a KI polypeptide useful in the methods and

10 compositions of the invention has the following variable positions: Xaall can be
Asp, Gly, Ser or Val; Xaal3 can be Pro, Arg, His or Asn; Xaal5 can be Arg or Lys;
’ Xaal6 can be Ala or Gly; Xaal7 can be Ala, Asn, Ser or lle; Xaal8 can be His, Leu
or Gln; Xaal9 can be Pro, Gln or Leu; Xaa21 can be Trp or Phe; Xaa31 1s Gluz
Xaa3?2 can be Glu or Gln; Xaa34 can be Ile, Thr or Ser; Xaa35 1s Tyr; and Xaa39
15 can be Glu, Gly or Ala.

A more specific embodiment of the claimed invention 1s defined by the
following amino acids at variable positions: XaalO is Asp; Xaall 1s Asp; Xaal3 can
be Pro or Arg; Xaal5 is Arg; Xaal6 can be Ala or Gly; Xaal7 is Ala;-Xaal8 is His;
Xaal9 is Pro; Xaa21 is Trp; Xaa31 is Glu; Xaa32 is Glu; Xaa34 can be Ile or Ser;

20 Xaa35 1s Tyr; and Xaa39 1s Gly. |

Also encompassed within the scope of the invention are peptides that
| comprise portions of the polypeptides described herein. For example, polypeptides

could comprise binding domains for specific kallikrein epitopes. Such fragments of
the polypeptides described herein would also be encompassed.

25 KI polypeptides useful in the methods and compositions described herein
comprise a Kunitz domain. A subset of the sequences encompassed by SEQ 1D
NO:1 are described by the following (where not indicated, “Xaa” reters to the same

set of amino acids that are allowed for SEQ ID NO:1):
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Met His Ser Phe Cys Ala Phe Lys Ala Xaal0 Xaall Gly Xaal3 Cys Xaal5 Xaal6
Xaal7 Xaal8 Xaal9 Arg Xaa21 Phe Phe Asn Ile Phe Thr Arg Gin Cys Xaa31

Xaa32 Phe Xaa34 Xaa35 Gly Gly Cys Xaa39 Gly Asn Gln Asn Arg Phe Glu Ser Leu
Glu Glu Cys Lys Lys Met Cys Thr Arg Asp (SEQ ID NO:36).

Specific and particular examples of KI peptides useful in the invention described

herein are as follows:

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Arg Ala Ala His Pro
Arg Trp Phe Phe Asn Ile Phe Thr Arg GIn Cys Glu Glu Phe Ile Tyr Gly Gly Cys Glu
Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp

10 (ammo acids 3-60 of SEQ ID NO:2),

15

20

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Lys Ala Asn His Leu
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:4),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His GIn
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Thr Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:J5),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His Gln
Arg Phe Phe Phe Asn Ile Phe Thr Arg GIn Cys Glu Gln Phe Thr Tyr Gly Gly Cys
Ala Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:6),
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Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Ser Leu Pro
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ile Tyr Gly Gly Cys Gly
Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp
(SEQ ID NO:7),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His Gln
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:8),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Gly Ala His Leu
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ile Tyr Gly Gly Cys Glu
Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp
(SEQ ID NO:9),

“Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Arg Cys Lys Gly Ala His Leu

Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ile Tyr Gly Gly Cys Glu
Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp
(SEQ ID NO:10),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Gly Gly Arg Cys Arg Gly Ala His Pro
Arg Trp Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:11),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Arg Ala Ala His Pro
Arg Trp Phe Phe Asn Ile Phe Thr Arg GIn Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:12),
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Met His Ser Phe Cys Ala Phe Lys Ala Asp Val Gly Arg Cys Arg Gly Ala His Pro
Arg Trp Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg

Asp (SEQ ID NO:13),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Val Gly Arg Cys Arg Gly Ala Gln Pro
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:14),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Ser Cys Arg Ala Ala His Leu
Arg Trp Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lyg ‘Lys Met Cys :Thr Arg
Asp (SEQ ID NO:1)5),

Met His Ser Phe Cys Ala Phe Lys Ala Glu Gly Gly Ser Cys Arg Ala Ala His Gln
Arg Trp Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu-Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ IDNO:16),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Aré Gly Ala His Leu
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg

Asp (SEQ ID NO:17),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Arg Gly Ala Leu Pro
Arg Trp Phe Phe Asn Ile Phe Thr Arg GIn Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg

Asp (SEQ ID NO:18),
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Met His Ser Phe Cys Ala Phe Lys Ala Asp Ser Gly Asn Cys Arg Gly Asn Leu Pro
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg

Asp (SEQ ID NO:19),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Ser Gly Arg Cys Arg Gly Asn His Gln
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gin Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg

Asp (SEQ ID NO:20),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Gly Gly Arg Cys Arg Ala Ile Gln Pro
Arg Trp Phe Phe Asn Ile Phe Thr Arg GIn Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gl-y Asn Gin ASI‘; Arg Phe Glu Ser Leu Glu Glu Cys- Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:21),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Arg Cys Arg Gly Ala His Pro
Arg Trp Phe Phe Asn Ile Phe Thr Arg Gin Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:22).
FIG. 3 pro;/ides an amino acid sequence alignment of these sequences.

Other KI polypeptides useful in the present invention include:
Arg Pro Asp Phe Cys Leu Glu Pro Pro Tyr Thr Gly Pro Cys Lys Ala Arg Ile Ile Arg
Tyr Phe Tyr Asn Ala Lys Ala Gly Leu Cys Gln Thr Phe Val Tyr Gly Gly Cys Arg
Ala Lys Arg Asn Asn Phe Lys Ser Ala Glu Asp Cys Met Arg Thr Cys Gly Gly Ala
(SEQ ID NO:23),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Ser Leu Pro
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gin Cys Glu Glu Phe Ile Tyr Gly Gly Cys Glu
Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp
(SEQ ID NO:24),
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Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Lys Ala Asn His Leu
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:25),

5 Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His Gln
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Thr Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg

Asp (SEQ ID NO:26),

" Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His Gin
10  Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Gln Phe Thr Tyr Gly Gly Cys
Ala Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg

Asp (SEQID NO:27),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Ser LeuPro  -- -

Arg Phe Phe Phe Asn Ile Phe Thr Arg GIn Cys Glu Glu Phe Ile Tyr Gly Gly Cys Gly
15 Gly Asn GIn Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp

(SEQ ID NO:28),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His Gln

Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys

Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
20  Asp (SEQ ID NO:29),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His Gin
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:30),
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Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His GIn
Arg Phé Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:31),

5  Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Ala Asn His GIn
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ser Tyr Gly Gly Cys
Gly Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg
Asp (SEQ ID NO:32),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly His Cys Lys Gly Ala His Leu

10 Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ile Tyr Gly Gly Cys Glu
Gly Asn GIn Asn Arg Phe Glu Ser Leu Gl Glu Cys L‘ys Lys Met Cys Thr Arg Asp
(SEQ ID NO:33),

Met His Ser Phe Cys Ala Phe Lys Ala Asp Asp Gly Pro Cys Lys Ala Ile Met Lys
Arg Phe Phe Phe Asn Ile Phe Thr Arg Gln Cys Glu Glu Phe Ile Tyr Gly Gly Cys Glu

15 Gly Asn Gln Asn Arg Phe Glu Ser Leu Glu Glu Cys Lys Lys Met Cys Thr Arg Asp
(SEQ ID NO:34).

These sequences are summarized in the following Table 1.
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TABLE 1: Amino acid sequences of LACI(K1) variants selected for
binding to human plasma kallikrein.

KKI/3#1 H
(SEQ ID NO:24)
KKII/3#2

(SEQ ID NO:25)
KKII/3#3

(SEQ ID NO:26)
KKII/3#4

(SEQ ID NO:27)
KKIT/3#5

(SEQ ID NO:28)
CKIL/3#6

(SEQ ID NO:29)
KKII/347

(SEQ ID NO:30)

348
(SEQ ID NO:31)

3#9
(SEQ ID NO:32)

KKII/3#10
(SEQ ID NO:33)

:

:

H -
i"“"""‘nﬂ
O

Consensus

(a) Amino acid numbers of variegated residues. LACI(K1) (LACI residues 50-107 (SEQ ID NO:32))
is 58 amino acids long with the P1 position being residue number 15 and fixed as lysine in this
instance.

NN NN
i I B B
I A O &
I R
0
I A A I

The polypeptides useful in the methods and compositions described herein

herein may be carried out by the removal of an amino (N) terminal-protecting group
from an initial (i.e., carboxy-terminal) amino acid, and coupling thereto of the
carboxyl end of the next amino acid in the sequence of the polypeptide. This amino

acid is also suitably protected. The carboxyl group of the incoming amino acid can
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be activated to react with the N-terminus of the bound amino acid by formation 1nto
a reactive group such as formation into a carbodiimide, a symmetric acid anhydnde,
or an “‘active ester’ group such as hydroxybenzotriazole or pentafluorophenyl esters.
Preterred solid-phase peptide synthesis methods include the BOC method, which
utilizes tert-butyloxycarbonyl as the a-amino protecting group, and the FMOC
method, which utilizes 9-fluorenylmethloxycarbonyl to protect the a-amino of the
amino acid residues. Both methods are well known to those of skill in the art
(Stewart, J. and Young, J., Solid-Phase Peptide Synthesis (W. H. Freeman Co.,
San Francisco. 1989); Memifield, J., 1963. Am. Chem. Soc., 85:2149-2154;
Bodanszky, M. and Bodanszky, A., The Practice of Peptide Synthesis
(Springer-Verlag, New York 1984)

If desired, additional amino- and/or carboxy-

terminal amino acids may be designed into the anino acid sequence and added
during polypeptide synthesis.

Alternatively, Kunitz domain polypeptides and KI polypeptides useful in
the compositions and methods of the invention may be produced by recombinant
methods using any of a number of cells and corresponding expression vectors,
including but not limited to bactenal expression vectors, yeast expression vectors,
baculovirus expression vectors, mammalian viral expression vectors, and the like.
Kunitz domain polypeptides and KI polypeptides useful in the compositions and
methods of the invention may also be produced transgenically using nucleic acid
molecules comprising a coding sequence for a Kunitz domain or KI polypeptide

described herein, wherein the nucleic acid molecule can be integrated into and
expressed from the genome of a host animal using transgenic methods available in
the art. In some cases, it may be necessary or advantageous to fuse the coding
sequence for a Kunitz domain polypeptide or a KI polypeptide comprising the
Kumtz domain to another coding sequence in an expression vector to form a fusion
polypeptide that is readily expressed in a host cell. Preferably, the host cell that
expresses such a fusion polypeptide also processes the fusion polypeptide to yield a
Kunitz domain or KI polypeptide useful in the invention that contéins only the

desired amino acid sequence. Obviously, if any other amino acid(s) remain attached
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to the expressed Kunitz domain or KI polypeptide, such additional amino acid(s)
should not diminish the kallikrein binding and/or kallikrein inhibitory activity of the
Kunitz domain or KI polypeptide so as to preclude use of the polypeptide in the
methods or compositions of the invention.

A preferred recombinant expression system for producing KI polypeptides
useful in the methods and compositions described herein is a yeast expression
vector, which permits a nucleic acid sequence encoding the amino acid sequence for
a KI polypeptide or Kunitz domain polypeptide to be linked in the same reading
frame with a nucleotide sequence encoding the mata prepro leader peptide sequence
of Saccharomyces cerevisiae, which in turn is under the control of an operable yeast
promoter. The resulting recombinant yeast expression plasmid may then be
transformed by standard methods into the cells of an appropriate, compatible yeast
host, which cells are able to express tile recombinant protein from the recombinant
yeast expression vector. Preferably, a host yeast cell transformed with such a
recombinant expression vector is also able to process the fusion protein to provide
an active KI polypeptide useful in the methods and compositions of the invention. A
preferred yeast host for producing recombinant Kunitz domain polypeptides and Kl
polypeptides comprising such Kunitz domains 1s Pichia pastoris.

As noted above, KI polypeptides that are useful in the methods and
compositions described herein may comprise a Kunitz domain polypeptide described
herein. Some KI polypeptides may have an additional flanking sequence, preferably
of one to six amino acids in length, at the amino and/or carboxy-termnal end,
provided such additional amino acids do not significantly diminish kallikrein
binding affinity or kallikrein inhibition activity so as to preclude use in the methods
and compositiohs described herein. Such additional amino acids may be deliberately
added to express a KI polypeptide in a particular recombinant host cell or may be
added to provide an additional function, e.g., to provide a peptide to link the KI
polypeptide to another molecule or to provide an affinity moiety that facilitates
purification of the polypeptide. Preferably, the additional amino acid(s) do not
include cysteine, which could interfere with the disulfide bonds of the Kunitz

domain. Native examples of Kunitz domains exhibit disulfide bonds, e.g., BPTI
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contains Hisulfide bonds between cysteine residues at amino acid positions 5 and 55;

14 and 38; and 30 and 51
An example of a preferred Kunitz domain polypeptide useful in the

methods and compositions of the invention has the amino acid sequence of residues
3-60 of SEQ ID NO:2. When expressed and processed in a yeast fusion protein
expression system (e.g., based on the integrating expression plasmid pHIL-D2), such
a Kunitz domain polypeptide retains an additional amino terminal Glu-Ala dipeptide
from the fusion with the mata prepro leader peptide sequence of S. cerevisiae. When
secreted from the yeast host cell, most of the leader peptide is processed from the
fusion protein to yield a functional KI polypeptide (also referred to as “PEP-1" or
“DX88”) having the amino acid sequence of SEQ ID NO:2 (see boxed region n
FIG. 2).

Particularly pfeferred K1 polypeptides useful in the methods and
compositions described herein have a binding affinity for kallikrein that 1s on the
order of 1000 times higher than that of aprotinin, which 1s currently approved for use
in CABG procedures to reduce blood loss. The surprisingly high binding affinities
of such KI polypeptides described herein indicate that such KI polypeptides exhibit a
high degree of specificity for kallikrein to the exclusion of other molecular targets
(see Table 1, below). Thus, use of such polypeptides according to the invention
reduces much of the speculation as to the possible therapeutic targets. The lower
degree of specificity exhibited by, for example, aprotinin, leads to possible
pleiotropic side effects and ambiguity as to its therapeutic mechanism.

The polypeptides defined by, for example, SEQ ID NO:1 contain invariant
positions, e.g., positions 5, 14, 30, 51 and 55 can be Cys only. Other positions such
as, for example, positions 6, 7, 8, 9, 20, 24, 25, 26, 27, 28, 29, 41, 42, 44, 46, 47, 48,
49, 50, 52, 53 and 54 can be any amino acid (including non-naturally occurring
amino acids). In a particularly preferred embodiment, one or more amino acids
correspond to that of a native sequence (e.g., LACI (SEQ ID NOS:32-34)). Ina
preferred embodiment, at least one variable position is different from that of the
native sequence. In yet another preferred embodiment, the amino acids can each be

individually or collectively substituted by a conservative or non-conservative amino
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acid substitution. Conservative amino acid substitutions replace an amino acid with
another amino acid of similar chemical structure and may have no affect on protein
function. Non-conservative amino acid substitutions replace an amino acid with.
another amino acid of dissimilar chemical structure. Examples of conserved amino
acid substitutions include, for example, Asn->Asp, Arg->Lys and Ser->Thr. Ina
preferred embodiment, 1-, 2.3.4,5,6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19,
20 and/or 21 of these amino acids can be independently or c\ollective]y, In any
combination, selected to correspond to the corresponding position of SEQ ID NO:2.

Othgr positions, for example, positions 10, 11, 13, 15, 16, 17, 18, 19, 21,
22,23, 31, 32, 34, 35, 39, 40, 43 and 45, can be any of a selected set of amino acids.
Thus SEQ ID NO:1 defines a set of possible sequences. Each member of this set
contains, for example, a cysteine at positions 5, 14, 30, 51 and 55, and any one of a
specific set of amino acids at positions 10, 11, 13, 15, 16, 17, 18, 39, 221, 22, 25, 31,
32, 34, 35, 39, 40, 43 and 45. In a preferred embodiment, 1, 2, 3, 4, 5,6, 7, 8, 9, IQ,
11,12, 13, 14, 15, 16, 17, 18 and/or 19 of these amino acids can be independently or
collectively, in any combination, selected to correspond to the corresponding
position of SEQ ID NO:2. The peptide preferably has at least 80%, at least 85%, at
least 90% or at least 95% 1dentity to SEQ ID NO:2. -

Methods and Compositions

The present invention is directed to methods for preserving organs and
tissues comprising contacting the organ or tissue with a preservative solution
comprising a kallikrein inhibitor, such as those described herein. The mvention also
relates to reducing, inhibiting or preventing reperfusion injury or damage in an organ
or tissue that has been removed from its host comprising contacting the organ or .
tissue with a kallikrein inhibitor. The preservative solutions of the invention can be
used to preserve and/or protect organ tissue, or whole organs, when said organs or
tissue are brought into contact with the solution. A specific embodiment of the
invention is for the preservation of a human heart, or human myocardial tissue.

Another embodiment of the invention is for the preservation of a human lung or

30 human lung tissue. Other organs, or parts thereof, that can be preserved according to



CA 02496789 2011-01-24

00860-188

10

15

20

25

3.

the invention include kidney, liver, endothelial tissue, intestinal tissue, vascular
tissue (e.g., an aorta graft), skin, and pancreas. The invention contemplates the use
of the solutions to preserve mammalian tissue, organs or portion thereof. In
addition, the solutions can be used to facilitate transplantation of organs, e.g., by
perfusion of the organ or tissue during the transplantation procedure. The solution
can also be used as a cardioplegia solution in cardiac surgery. Preferably, the organ
or portion thereof, 1s mantained in the appropnate solution at all times, particularly,
prior to the transplant procedure.

The solutions of the invention can be used to maintain viability of the
organ or tissue during storage, transplantation or other surgery. The invention
includes a method of storing tissue or organs comprising contacting said tissue,
organ or part thereof, with the solution of the invention, such that the in vivo and/or
In Vitro viabi-lity 1S prolongc-ad. The solutions permit maintenance of viability of heart
or lung tissue for ﬁp to 24 hours or more. Use of the solutions of the invention
results in improved organ viability.

Alternatively or 1n addition, once removed from the donor, the organ or
living tissue may be placed in a preservation solution containing the inhibitor. In
addifion, the kallikrein mhibitor 1s also preferably administered to the transplant
recipient just prior to, or concommitant with, transplantation. In all cases, the
inhibitor alsocan be administered directly to the tissue at risk, as by injection to the
tissue, or 1t may be provided systemically, either by oral or parenteral administration,
using any of the methods and formulations described herein and/or known in the art.

In one embodiment, any commercially available preservation solution may
be used to advantage. Examples of such solutions include the Belzer UW solution
sold under the trademark VIASPAN, described in U.S. Patent Nos. 4,798,824,
4,873,230, 4,879,283,

The preservation solution and perfusate composition described in the

aforementioned patents includes, but 1s not limited to, the following:
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Hydroxyethyl starch having a
molecular weight of about 200,000 to
about 300,000 daltons and a degree of
substitution of from about 0.4 to 0.7

15

JEE
=

The solution is brought to pH 7.4 at room temperature with NaOH. The
final concentrations are Na=30.+.5 mM, K" = 120 + 5 mM, mOsm/liter=320 £ 5.
Bactrim = trimethoprim (16 mg/mL) and sulfamethoxazole (80 mg/mL). The
20 hydroxyethyl starch can be present in the range of from about 3 to about 8%.
This solution typically provides for a 72 hour preservation of the pancreas,
48 hour preservation for the kidney and at least 24 hour preservation for the liver.
U.S. Patent 5,145,771, incorporated herein by reference, described the organ
preservation solution known as the “Carolina Solution,” which 1s also usetul in the
25 present invention. The rinse or preservation solution composition described in the
aforementioned patent includes, but is not limited to, the components in about the

concentration ranges set forth in Table 3 below.
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TABLE 3

Concentration Ranges in 1 Liter

10% modified hydroxyethyl starch 30 g

S RE
2

-
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