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TREATING EYE DISORDERS INTESTINAL 
TREFOIL PROTEINS 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFEREN CE T 0 RELATED 
APPLICATIONS 

This application is a reissue of US. application Ser. No. 
09/313,434, ?led May 17, 1999, issued as US. Pat. No. 
6,525,018, which is a continuation-in-part of US. applica 
tion Ser. No. 10/362,310, ?led Feb. 19, 2003, which is the 
National Stage oflnternational Application No. PCT/US97/ 
06004, ?led Apr. 11, 1997, which was published in English 
under PCT Article 21(2), and which is a continuation-in 
part of US. application Ser. No. 08/631,469, ?led Apr. 12, 
1996, issued as US. Pat. No. 6,221,840, each ofwhich is 
hereby incorporated by reference. 

FIELD OF THE INVENTION 

The ?eld of the invention is peptides useful for treatment 
of disorders of the digestive system, disorders of the eye and 
disorders associated with unwanted apoptosis. 

BACKGROUND 

Jorgensen et al. (1982, Regulatory Peptides 3:231) 
describe a porcine pancreatic peptide, pancreatic spas 
molytic peptide (PSP). PSP was found to inhibit “gas 
trointestinal motility and gastric acid secretion in laboratory 
animal after parenteral as well as oral administration.” It was 
suggested that “if the results in animal experiments can be 
con?rmed in man, PSP may possess a potential utility in 
treatment of gastroduodenal ulcer diseases.” 

pS2 is a small cysteine-rich protein which is expressed 
and secreted from human breast tumours. In addition, pS2 
protein is expressed in normal stomach mucosa and in regen 
erative tissues in ulcerative diseases of the gastrointestinal 
tract (Rio et al., Cancer Cells, 1990, 21269474). 

SUMMARY OF THE INVENTION 

In a ?rst aspect, the invention features a puri?ed nucleic 
acid encoding an intestinal trefoil factor (ITF). 

In preferred embodiments, the ITF is a mammalian ITF, 
preferably human, rat, bovine, mouse, monkey or porcine 
ITF. In another preferred embodiment, the puri?ed nucleic 
acid encoding an ITF is present within a vector. In one 
embodiment, the ITF is in a monomer form. In another 
embodiment, two monomer ITF can be linked by a disul?de 
bond to form a dimer. 

In a related aspect, the invention features a cell that 
includes a vector encoding an ITF. 

In another related aspect, the invention features a sub stan 
tially pure ITF. In a preferred embodiment, the polypeptide 
is detectably labelled. In a related aspect, the invention fea 
tures a therapeutic composition that includes an ITF and a 
pharmacologically acceptable carrier. 

In another aspect the invention features ITF variants. 
In another aspect, the invention features a monoclonal 

antibody which preferentially binds (i.e., forms an immune 
complex with) an ITF. In a preferred embodiment, the mono 
clonal antibody is detectably labelled. 

In a related aspect, the invention features a method for 
detecting human ITF in a human patient. The method 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
includes the steps of contacting a biological sample obtained 
from the patient with a monoclonal antibody which prefer 
entially binds ITF, and detecting immune complexes formed 
with the monoclonal antibody. In preferred embodiments the 
biological sample is an intestinal mucosal scraping, or 
serum. 

In a related aspect, the invention features a method for 
treating digestive disorders in a human patient, which 
method involves administering to the patient a therapeutic 
composition that includes an ITF and a pharmacologically 
acceptable carrier. In one embodiment, a wild-type ITF 
protein, e.g., a human ITF protein (FIG. 6, SEQ ID NO:4), is 
used to treat a digestive disorder. A wild-type ITF protein is 
resistant to destruction in the digestive tract, and can be used 
for treatment of a digestive disorder such as a peptic ulcer 
diseaase, an in?ammatory bowel disease, and can be used to 
protect the intestinal tract from injury caused by insults such 
as radiation injury or bacterial infection. 

In another related aspect, the invention features a method 
for treating an eye disorder in a human patient, which 
method involves administering to the patient a therapeutic 
composition that includes an ITF protein and a pharmaco 
logically acceptable carrier. An ITF protein and biologically 
active fragments or variants thereof can be used for the treat 
ment of eye disorders such as a corneal ulcer, or an ocular 
in?ammatory disease. An ITF and biologically active frag 
ments or variants thereof can be used to treat corneal injury 
or lesion associated with corneal transplantation, lens 
implantation and other types of eye surgery. ITF can also be 
used to treat traumatic physical injury to the eye. The meth 
ods of the invention also include treating eye disorders with 
SP or pS2 protein, e.g., a human Sp or pS2 protein (FIG. 9, 
SEQ ID NO:14 and FIG. 10, SEQ ID NO:16), respectively. 
In addition, biologically active fragments or variants of SP 
or pS2 can be used to treat eye disorders. Any or all of the 
trefoil proteins can be administered to treat an eye disorder 
(see Sands, Annual Rev. Physiol 58:253473). ITF or pS2 can 
be administered in monomer form or can be administered in 
a dimer form. 

In yet another related aspect, the invention features a 
method for modulating apoptosis in a human patient, which 
method involves administering to the patient a therapeutic 
composition that modulates expression or activity of ITF and 
a pharmacologically acceptable carrier. The methods of the 
invention also include a method of modulating apoptosis by 
administering a therapeutic composition that modulates 
expression or activity of SP or pS2. In addition, biologically 
active fragments or variants of SP or pS2 can be used to 
modulate apoptotic disorders. Any or all of the trefoil pro 
teins can be administered. ITF or pS2 can be administered in 
monomer form or can be administered in a dimer form. 

In another aspect, the invention features a method for 
detecting binding sites for ITF in a patient. The method 
involves contacting a biological sample obtained from the 
patient with the factor, and detecting the factor bound to the 
biological sample as an indication of the presence of the 
binding sites in the sample. By “binding sites,” as used 
herein, is meant any antibody or receptor that binds to an ITF 
protein, factor, or analog. The detection or quantitation of 
binding sites may be a useful re?ection of abnormalities of 
the digestive tract. 

In another aspect, the invention features substantially pure 
ITF. In preferred embodiments, the ITF is human, porcine, 
mouse, rat, guinea pig, monkey, or bovine trefoil factor. 
By “intestinal trefoil factor” (“ITF”) is meant any protein 

that is substantially homologous to rat ITF (FIG. 2, SEQ ID 
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NO.:2) or human ITF (FIG. 6, SEQ ID N014) and which is 
expressed in the large intestine, small intestine, or colon to a 
greater extent than it is expressed in tissues other than the 
small intestine, large intestine, or colon. Also included are: 
allelic variations; natural mutants; induced mutants; proteins 
encoded by DNA that hybridizes under high or low strin 
gency conditions to ITF encoding nucleic acids retrieved 
from naturally occurring material; and polypeptides or pro 
teins retrieved by antisera to ITF, especially by antisera to 
the active site or binding domain of ITF. The term also 
includes other chimeric polypeptides that include an ITF. 

The term ITF also includes analogs of naturally occurring 
ITF polypeptides. Analogs can differ from the naturally 
occurring ITF by amino acid sequence differences or by 
modi?cations that do not affect sequence, or by both. Ana 
logs of the invention will generally exhibit at least 70%, 
more preferably 80%, more preferably 90%, and most pref 
erably 95% or even 99%, homology with all or part of a 
naturally occurring ITF sequence. The length of comparison 
sequences will generally be at least 8 amino acid residues, 
usually at least 20 amino acid residues, more usually at least 
24 amino acid residues, typically at least 28 amino acid 
residues, and preferably more than 35 amino acid residues. 
Modi?cations include in vivo, or in vitro chemical derivati 
zation of polypeptides, e.g., acetylation, or carboxylation. 
Also included are modi?cations of glycosylation, e.g., those 
made by modifying the glycosylation patterns of a polypep 
tide during its synthesis and processing or in further process 
ing steps, e.g., by exposing the polypeptide to enzymes that 
affect glycosylation derived from cells that normally provide 
such processing, e.g., mammalian glycosylation enzymes. 
Also embraced are versions of the same primary amino acid 
sequence that have phosphorylated amino acid residues, e.g., 
phosphotyrosine, pho sphoserine, or pho sphothreonine. Ana 
logs can differ from naturally occurring ITF by alterations of 
their primary sequence. These include genetic variants, both 
natural and induced. Induced mutants may be derived by 
various techniques, including random mutagenesis of the 
encoding nucleic acids using irradiation or exposure to 
ethanemethylsulfate (EMS), or may incorporate changes 
produced by site-speci?c mutagenesis or other techniques of 
molecular biology. See, Sambrook, Fritsch and Maniatis 
(1989), Molecular Cloning: A Laboratory Manual (2d ed.), 
CSH Press, hereby incorporated by reference. Also included 
are analogs that include residues other than naturally occur 
ring L-amino acids, e.g., D-amino acids or non-naturally 
occurring or synthetic amino acids, e.g., [3 or y amino acids. 

In addition to substantially full-length polypeptides, the 
term ITF, as used herein, includes A biologically active frag 
ments of the polypeptides. As used herein, the term 
“fragment,” as applied to a polypeptide, will ordinarily be at 
least 10 contiguous amino acids, typically at least 20 con 
tiguous amino acids, more typically at least 30 contiguous 
amino acids, usually at least 40 contiguous amino acids, 
preferably at least 50 contiguous amino acids, and most pref 
erably at least 60 to 80 or more contiguous amino acids in 
length. Fragments of ITF can be generated by methods 
known to those skilled in the art and described herein. The 
ability of a candidate fragment to exhibit a biological activ 
ity of ITF can be assessed by methods known to those skilled 
in the art and are described herein. Also included in the term 
“fragment” are biologically active ITF polypeptides contain 
ing amino acids that are normally removed during protein 
processing, including additional amino acids that are not 
required for the biological activity of the polypeptide, or 
including additional amino acids that result from alternative 
mRNA splicing or alternative protein processing events. 
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An ITF polypeptide, fragment, or analog is biologically 

active if it exhibits a biological activity of a naturally occur 
ring ITF, e.g., the ability to alter gastrointestinal motility in a 
mammal or the ability to enhance corneal epithelial wound 
healing. 

The invention also includes nucleic acid sequences, and 
puri?ed preparations thereof, that encode the ITF polypep 
tides described herein. The invention also includes 
antibodies, preferably monoclonal antibodies, that bind spe 
ci?cally to ITF polypeptides. 

ITF, SP and pS2 are referred to as trefoil proteins and are 
members of the trefoil family. These proteins are designated 
trefoil proteins because they have a trefoil shaped secondary 
structure which is stabilized by intrachain disul?de bonds. 
Members of the trefoil family typically will have at least one 
of the following properties in common: (i) a common struc 
tural domain, e. g., the trefoil shaped secondary structure, (ii) 
a degree of amino acid or nucleotide sequence homology, or 
(iii) a common functional characteristic. 

Members of the trefoil family, e.g., ITF, are used in the 
treatments discussed above. Skilled artisans may review 
these proteins in Sands et al. (1996, Ann. Rev. Physiol. 
58:253i273). As stated above, the invention encompasses 
biologically active fragments of the trefoil proteins. Frag 
ments that retain the trefoil structure (i.e., the three loop 
structure) or that lie within regions of the protein that are 
highly conserved may prove particularly useful. Thus, por 
tions of ITF, pS2, or SP from about the ?rst cystine involved 
in a disul?de bond of the three loop structure to about the 
last cysteine involved in a disul?de bond of the three loop 
structure are useful. Biologically active fragments of ITF, 
pS2, SP can include 5, 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 
110, 120, or 129 amino acids. 

Variants of a selected trefoil protein are least 60%, prefer 
ably at least 75%, more preferably at least 90%, and most 
preferably at least 95% identical to the selected trefoil 
protein, preferably a human trefoil protein, more preferably 
human ITF. 

The term “identical,” as used herein in reference to 
polypeptide or DNA sequences, refers to the subunit 
sequence identity between two molecules. To determine the 
percent sequence identity of two amino acid sequences or of 
two nucleic acids, the sequences are aligned for optimal 
comparison purposes (e.g., gaps can be introduced in the 
sequence of a ?rst amino acid or nucleic acid sequence for 
optimal alignment with a second amino acid or nucleic acid 
sequence). The amino acid residues or nucleotides at corre 
sponding amino acid positions or nucleotide positions are 
then compared. When a position in the ?rst sequence is 
occupied by the same amino acid residue or nucleotide as the 
corresponding position in the second sequence, then the 
molecules are identical at that position. The percent identity 
between the two sequences is a function of the number of 
identical positions shared by the sequences (i.e., % 
identity=# of identical positions/total # of positions (e.g., 
overlapping positions)><100). In one embodiment the two 
sequences are the same length. 

The determination of percent identity between two 
sequences can be accomplished using a mathematical algo 
rithm. A preferred, non-limiting example of a mathematical 
algorithm utilized for the comparison of two sequences is 
the algorithm of Karlin and Altschul (1990) Proc. Natl. 
Acad. Sci. USA 87:2264i2268, modi?ed as in Karlin and 
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873i5877. 
Such an algorithm is incorporated into the NBLAST and 
XBLAST programs of Altschul, et al. (1990) J. Mol. Biol. 














































