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1
Glycopeptides derived from pancreatic structures, antibodies and
applications thereof in diagnostics and therapeutics

The nvention relates to glycopeptides derived from pancreatic structures,
5 antibodies and appiications thereof in diagnostics and therapeutics,

More particularly, the invention relates to the obtaining of natural C-terminal
giycopeptides of BSDL andfor FAPP carrying various glycosylated epifopes {alone or
combined} recognized by induced antibodies in & patient suffering from type ! diabetes
and purified from biologica! fluids of human or animal origin as well as to said recombinant

10 glycopeptides produced by biclogical engineering from cell fines containing ¢cDNAs coding
for the C-terminal peptides of FAPP and/or BSDL and ¢DNAs coding for the different
glycosylransferases required o build said glycopeptides. The invention also relates to
monecclonal  antibodies recognizing the recombinant andfor natural C-terminal
giycopeptides of BSDL andfor FAPP, and to the use of said glycopeptides and said

15  monoclonal antibodies as immuncgenic agents, diagnostic agents and therapeutic agents
that can be used for the diagnosis or the praventive or curative treatment of pancreatic
pathologies such as diabetes and cancer of the exocrine pancreas or any other
pathologies as well as in curative or preventive protocols of said pathologies.

Cancer of the exocrine pancreas, which accounts for over 20% of digestive

20  ftractcancers, is one of the most aggressive. In France for example, 4,000 new cases are
diagnosed each year. Furthermore, its frequency is rising markedly in many regions of
the world. Survival rates do not exceed 20% at 1 year and 3% at 5 years and mean
survival is 3 to 4 months after diagnosis. The cancer is diagnosed late and progresses
very rapidly, mainly through the formation of peritoneal and hepatic metastases. |In

25  addition, the deep anatomic location of the tumor, the absence of sensitive and specific
early biclogical markers and its asymptomatic nature result in a diagnosis that always
ocewrs late, Currently there are no effective therapies for exocrine pancreatic cancer,
which is refractory to chemotherapy and radiation.

It would therefore be desirable tc have specific markers of pancreatic

30 cancer or other pancraatic pathologies available so as to diagnose these diseases and
have products to provide effective treatments.

Now, after extensive research, and in a surprising manner, the appilicants
have discovered specific markers of pancreatic pathologies, and in particular of pancreatic
cancer, expressed at the surface of the pancreatic tumor cell

35 The applicants have discovered circulating antibodigs directed against
glycosylated antigenic structures of the C-terminal peplides of bile sali dependent lipase
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(BSDL}, in diabetic patents.

The applicants have also discovered that monoclonal and polycional
antibodies anti- glycoslated epitope expressed in the C-terminal part of human fetoacinar
pancreatic protein (FAPP) specifically recognized human pancreatic tumor cell fines, but
did not recognize tumor cell ines which were not of pancreatic crigin,

The applicants have also discovered that monoclonal and polycional
antibodies anti- glycosylated epitope expressed in the C-terminal part of human fetoacinar
pancreztic profein (FAPP) specifically recognized human pancreatic tumor tissue, but did
not recognize normat pancreatic tissue.

The applicants have further discovered that the antibodies anti-
glycosylated epitope expressed in the C-terminal part of BSDL or FAPP could detect
BSDL- and FAPR-derived giycopeptides in urine. In particular, the antibodies anti-
glycosylated epitope expressed in the C-terminal part of FAPP could detect glycopeptides
in urine sliowing to identify a subject with a pancreatic pathology, particularly pancreatic
cancer.

More wparticularly, therefore, the applicants have discovered that
compounds having a glycopeptide structure whose peptide part is based on the repeated
C-terminal sequences of BSDL, a digestive lipolvtic enzyme present in normal pancreatic
secretions, or based on the repeated C-terminal sequences of FAPP (an oncofetal form of
BSDL) constituted such specific markers of pancreatic pathologies.

Indeed, BSDL and FAPP comprise repeated C-terminal peptide sequences
of 11 amino acids, comprising a generally invariant part with 7 amino acids having the
sequence Ala Pro Pro Val Pro Pro Thr and a2 glycosylation site.  Said generally invariant
part is flanked on either side by 2 glycine often substituted by a glutamic acid and contains
the amino acids Asp and Ser on the N-terminai side.

The applicants have alsc discovered that the compounds having a
glycopeptide structure which could be prepared by expression and secretion by a host cell,
for example from Chinese hamster ovary (CHQ), comprising a gene construct including a
DNA molecule coding for one or more repeated sequences of the C-terminal peptide,
particularly recombinant of BSDL, for example all or part of the 16 repeated sequences
and also comprising a gene construct such as a DNA molecule coding for at ieast one
enzyme with ose-transferase activity, in particular selected in the group consisting of Core
2 B{1-6) N-acetyiglucosaminyltransferase, fucosylransferase FUT3 which has of1-3) and
a{1-4) fucosyltransferase activity, or fucosyliransferase FUT7 which only has «f1-3)
fucosyliransferase activity, constituted said specific markers of pancreatic cancer.

Thus the present application has as object a glvcopeptide, paricularly
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3

recombinant, possibly isolated or purified, comprising from 1 to 40 repeated C-terminal
polypeptides, composed of 11 amino acids, of BSDL. or FAPP, said polypeptides being
glycosylated and carrying glycosylated epitopes giving rise to a specific immunociogical
reaction with induced aniibodies in a patient with type | diabetes and

- or else purified from biclogical fiuids of human or animal origin

- or else recombinant and being produced by expression in a conventional host cell
comprising an enzymatic machinery necessary for priming a giycosylation, said host cell
being genetically medified so as fo comprise a gene coding for said polypeptide and a gene
coding for one or more enzymes selected from glycosylransferases and in particudar from
Core2 B(1-6) N-acetylgiucosaminyliransferase (abbreviated C26nT),
of1-3} galactosyltransferase,  fucosylransferase 3 (abbreviated  FUT3}  and
fucosyliransferase 7 (abbreviated FUTT).

In other preferred conditions of implementation of the invention, the
aforementioned glycopeptide is essentially constituted of 1 to 40 glycosylated repeated C-
terminal peptides, with 11 amino acids of BSDL or FAPP, and in particular exclusively
constifuted of said glycosyiated pepfides. Hence, the invention therefore relates fo
isolated, purified or recombinant glycopeptides comprising, or essentially consisting of,
repetitions of the repeated C-terminal peptide sequence of 11 amino acids, preferably ; D-
S-G/E-A-P-P-V-P-P-T-G/E (SECQ ID No 14). Said glycopeptides can contain 1 to 40
repetitions. In a preferred embodiment, said giycopeptides comprise 1,2, 3,4, 5,6, 7,8, 9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35 38, 37, 38, 39 or 40 repstitions. Preferably, the glycopeptides comprise 1, 2, 3, 4,
5,86,7,8, 9 10, 11, 12,13, 14, 15, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30,
31, 32, 33, 34, 35, 36, 37, 38, 38 or 40 repefitions. in a particular embodiment, the
glycopeptides comprise 1, 2, 3,4, 5,7, 8, 9, 10, 11, 12, 13, 14, 15, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39 or 40 repetitions. In
another alternative embodiment, the glycopeptides comprise between 1 and 15 repetitions
(for example, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 repetitions), preferably
between 2 and 10 repetifions (for example, 2, 3, 4, 5, 6, 7, 8 8, or 10 repetitions). In an
additional embodiment, the glycopeptides comprise between 17 and 40 repetitions (for
example, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37,
38, 39 or 40 repetitions). In preferred conditions of carrying out the invention, the
aforementioned glycopeptide comprises from 1 to 40, preferably from 4 o 25 and more
particularly from 8 to 16 repeated C-terminal polypeptides. In a particular embodiment, the
glycopeptide comprises, or essentially consists of, & repetitions.

Preferably, the glycopeptides according 1o the invention are glycosyiated by
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one or more enzymes having ose-transferase activity selected in the group consisting of
Core 2 B(1-8) N-acetylglucosaminyliransferase (C2GnT), fucosyltransferase FUT3 which
has a{1-3) and a{1-4} fucosyltransferase activity, or fucosyltransferase FUTY which only
has «(1-3) fucosyltransferase activity. In a particular embodiment, the giycopeptides
according to the invention have been glycosylated by the enzymes C2GnT and FUT3. In
an alernative embodiment, the glycopeptides accerding to the invention have been
glycosylated by the enzymes C2GnT and FUT7. The invention also encompasses
glycopeptides which have been glycosylated by the enzymes C2GnT, FUT3 and FUT7. In
a preferred embodiment, the glycopeptides according to the invention have additionally
been glycosylated by «f1-3)galactosyltransferase (GT). Thus, when the glycopeptide
according to the invention is recombinant, the host cell which produces it comprises a
gene coding for said polypeptide and a gene coding for one or more enzymes selected
from glycosyltransferases and in parficutar from among C2GnT, FUT3 and FUT7. in a
preferred embodiment, said host cell additionally comprises a gene coding for a(l-
Jgalactosyltransferase (GT).

In a particularly preferred embodiment, the invention relates to a
recombinant, isciated or purified giycopeptide comprising 1 to 40 repetitions of the peplide
sequence described in SEQ 1D No 14 and glycosylated by one or more enzymes having
ose-transferase achvily selected in the group consisting of Core 2 B(1-8) N-
acetylglucosaminyliransferase {C2GnT), fucosyltransferase FUT3 which has «{1-3) and
o{1-4) fucosyliransferase activity, or fucosyitransferase FUT? which has «(1-3)
fucosyltransferase activity, said glycopeptide additionally being glycosylated by «(i-
3)galactosyltransferase (GT).

“Isolated glycopeptides” is understood to mean that said compounds are
separated from their natural environment Thus, said compounds are separated from
some or all of the other components of their natural envirenment.

“Purified glycopeptides” is understood to mean that said compounds are
erriched in a mixture by at least approximately a factor of 1, preferably by at least 2, 3, 4
or 5fold. The term “purified” does not necessarily mean that the compounds are
absolutely pure. Forinstance, said compounds can have a purity of 30%, 40%, 50%, 60%,
70%, 80%, 90% or 100%. Preferably, however, said compounds generate only single
bands in polyacrylamide gel eleciropheresis.

Any suitable separation and/or purification method by which to obtain them
can be used. In a particular embodiment, the glycopeptides are purified from a biclogical
fluid from a human or animal subject. The biclogical fluid can be selected in the group
consisting of serum, urine, pancreatic juices and milk secretions. Preferably, the
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5
biological fluid is wrine. In a preferred embodiment, the subject is a patient whe may be or
who is suffering from a pancreatic disease, preferably pancreatic cancer. In ancther
embodiment, the glycopeptides are purified from a cell culture. in an additional
embodiment, the glycopeptides are purified from a tissue sample, preferably pancreatic
tissue and in particular a pancreatic tissue tumor.

In the spirit of the application, the term “glycotype” refers to glycosylated
epitopes. The glycosylated epifopes can involve cne or more glycosylated chains. The
term “mAb” ("Acm” in French) refers to a monoclonal antibody, the term "pAb” ("Acp” in
French) to a polyclonal antibody.

In a parlicular embodiment, the invendion relates to a glycopeptide
according to the invention which can give rise to a specific immunological reaction with an
antibody according to the invention. Preferably, the glycopepiide can give rise © &
specific immunoclogical reaction with one or more antibodies selected from J28 and 16D10.
Optionally, the glycopeptide will give rise to a specific immunological reaction with J28.
Alternatively, & will give rise to 3 specific immunological reaction with 16D10.

The host cells classically used in genetic engineering naturally contain
enzymes, for example o-3 N-acetylgalactosaminyltransferase which adds an N-
acstylgalactosamine generally on a sering or threoning residue of a peptide. For example
this is the case for widely used host cells such as C127, COS, CHO or CHO-K1 which
contain such enzymes.

In the present application and in that which follows, the ferm “conventional
host cell” denotes a cell normally used for the production of glycopeptides, preferably a
human celi or an animal cell such as C127, COS cells, or insect cells such as Spodoptera
frugiperda ovary cells and particularly a CHO or CHO-K1 cel. Such a suitable
conventional host cell can be selected in particular on the basis of its genetic machinery
and its abilities to generate various glycosylated epitopes. To make said selection, an
enzymatic assay can be carried out to detect the presence in particular of -3 N-
acetylglucosaminyliransferase in the host cell that one wishes to use.

The giycosyliransferases which are used can be of animal or preferably
human origin.

In preferred conditions of implementation of the invention, the genetically
medified conventional host cell comprises at least one gene coding for said polypeptide
and at least one gene coding for Cora2 B(1-6) N-acetylglucosaminyltransferase (C2GnT)
and fucosylransferase 3 (FUT3).

In other preferred conditions of implementation of the invention, particularly

for applications in pancreatic cancer, the genetically modified conventional host cell
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&
comprises at ieast one gene coding for said polypeptide and at least one gene coding for
Core2 B(1-6) N-acetylglucosaminyliransferase (C2GnT), fucosyltransferase 3 (FUT3) and
o (1-3)ygalactosyltransferase (GT).

In stili other preferred conditions of implementation of the invention,
particularly for applications in type | diabetes, the genetically modified conventional host
cell comprises at least one gene coding for said polypeptide and at least one gene coding
for glycosyltransferase Core2 B(1-6) N-acetylglucosaminyitransferase (C2GnT) and
fucosyltransferase 7 (FUTT}.

Al or part of the repeated C-terminal peptides can be glycosylated,
Preferably, all of the repeated sequences will be glycosylated, generally 18 sequences,
more specifically 6 sequences and in particular 2 sequences wili be glycosylated.

The giycosylations can be due to one or meore N-acetylglucosamine, N-
acetylgalactosamine, sialic acid, glucose, galactose, fucose.

In yet other preferred conditions of implementation of the invention, the size of
an aforementioned glycopeptide estimated by polyacrylamide gel electrophoresis (8DS-
PAGE) is advantageously comprised between 20 and 120 kDa, preferably comprised
between 20 and 85 kDa, more particularly comprised between 45 and 83 kDa.

in particular, the glycopeptides named C2-F3-16R, C2-F3-GT-8R ard more
particularly C2-F3-8R and C2-F7-16R are considered. C2-F3-16R desighates a
glycopeptide having 16 repefiticns glycosylated by C2GnT and FUT3. C2-F3-GT-8R
designates a glycopeptide having 6 repetitions glycosylated by C2GnT, FUT3 and GT.
C2-F3-8R designates a glycopeptide having 6 repetitions giycosylated by C2GnT and
FUT3. C2-F7-16R designates a glycopeptide having 16 repetitions glycosylated by
C2GnT and FUTY. Preferably, the giycopeptides according to the invention are selected in
the group consisting of C2-F3-6R, C2-F3-GT-8R, C2-F7-8R, C2-F7-GT-8R, C2-F3-F7-6R,
and C2-F3-F7-GT-6R.

A cell line producing the glycopeptide C2-F7-16R was deposited with the
Coflection Nationale de Culture de Microorganismes (CNCM) in Paris on 168 March 2004
under the number -3188.

The persen skilled in the art knows that a peptide can underge several
structural modifications without altering function.

The peptide can contain one or more modifications in its amino acids such
as deletions, substitutions, additions or functonalizations such as acylation of amino acids,
in s0 far as said medifications do not affect the immunciogic characteristics therseof. In
particular, the modification or modifications can be substitutions by a censervative amino
acid (that is, having similar physicochemical characteristics). For example, in general, the
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substitution of a leucine residue by an isoleucine residue does not alter such properties.
Generally, the modifications must concern less than 40%, in pariicular less than 30%,
preferably less than 20% and more particularly less than 10% of the amino acids of the
peptide. 1t is important that the modified peplide does not be denatured such as can be
done for example by a physical freatment such as heat sc as to preserve the
conformational sites thereof so that the antibedies induced by the modified derivatives will
be active towards the native structure.

In general, with respect to the modifications, the homology or similarity
between the aforementioned modified glycopeptide and the aforementioned native
glycopeptide, as welt as to the modes of use, or of coupling the immuncgenic compound
according to the invention to an immunogenic protein like tetanus foxoeid, reference can be
made in particular o WO-A-86/08 414 or to EP-A-0.220.273 or else to PCT/US.86/00831,
equivalent.

The glycopeptides which are the object of the invention can be prepared in
particular from pancreatic juices, serum, milk, uring or amniotic fluid of human or animal
origin. In a preferred embodiment, the giycopeptides according to the invention are
isoiated andfor purified from urine of human or animai origin.  Preferably, the urine is of
human origin. In a preferred embodiment, the urine is from a patient who may be or who
is suffering from a pancreatic pathology. Preferably, the pancreatic pathology is
pancreatic cancer, Those skilled in the art are familiar with the techniques that ¢an be
used to purify and/or isclate the inventive glycopeptides. In particular, the glycopeptides
can be purified by using for example, but without being limited to said methods,
centrifugations, ultrafiltrations, concentration steps, liquid chrematography on exclusion or
affinity columns, reverse phase chromatography or cation or anion exchange
chromatography, electrophoresis or a combination of said fechniques. In particular, the
antibodies specific of the glycopeptides according to the invention such as J28 and 16010
can be used for an affinity purification. An exampie of a purification protocol is described
in Experiment 7. Thus, the invention relates to a method of preparation of a glycopeptide
according to the invention comprising collecting the urine of a subject and purifying said
glycopeptide from the uring.

The invention more particutarly relates to glycopeptides according to the
invention which are purified and/or isolated from the urine of a patient who may be or who
is suffering from a pancreatic pathology, in particular pancreatic cancer. As described
hereinbelow, said purified glycopeptides can be used for preventive or therapeutic
treatment by immunotherapy. For instance, they can be used to prepare a
pharmaceutical and/or vaccine compasition,
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The inventive glycopeptides can be recombinant and prepared as follows.

A suitable conventional host cell line ke CHO-K1 is transfected with a
plasmid comprising the complemantary DNA of the desired transferase or by plasmids
comprising the complementary DNAs of the desired transferases, for example the
glycosyltransferase  Core2 B(1-6) N-acetylgiucosaminyltransferase {C2GEnT)Y,
fucosyltransferase 3 (FUT3), fucosyltransferase 7 (FUTT) or of1-B)galactosyltransferase
{GT), by using lipofectamine for axample.

The resulting cell line is transfected with a plasmid enabling the expression
and preferably the secretion of the recombinant peptides, for example a pSecTag plasmid
cortaining the cDNA coding for an inventive glycopeptide, for example the C-terminal
domain of BSDL or FAPF. SEQ ID Nes 6, 8, 10 and 12 are examples of seguences
coding for a glycopeptide according to the invention.

The recombinant glycopeptide obtained by culturing the cell line containing
the desired cDNAs is then advantageously purified for example on a polyacrylamide gel or
by lfiquid and/or affinity chromatography and if desired it is analyzed by SDS-PAGE for
identification.

Of course it is possible to transfer the genes required to prepare the
nventive glycopeptides into the host cell by any other suitable method.

In preferred conditions of implementation of the afcrementioned method, a
suitable cell line like CHO-K1 is transfected with a plasmid comprising the complementary
DNA of glycosyltransferase Core2 B{1-8) N-acetylglucosaminyltransferase (C2GnT),
fucosyltransferase 3 (FUT3), and a glycopeptide according fo the invention, for example
the C-terminal polypeptide domain of FAPP or in particular of BSDL, preferably in that
order.

In an advantageous manner, the CHO cell line and in particular the CHO-
K1 celi line is used as hostcell

In an advantageous manner, the plasmids pSecTag, pcDNA-3 or pBK-CMV
are used as plasmid.

More generally, the invention also has as object a method of preparation of
a glycopeptide such as described hereinabove, characierized in that one transfers intoc a
conventionial host cell comprising an enzymatic machinery necessary for priming a
glycosylation, a gene coding for the polypeptide according to the invention and at least
one gene coding for one or more enzymes selected from glycosyltransferases, in
condiions enabling the expression and optionally the secrefion of the desired
glycopeptide, and one isolates the expected glycopeptide.

The giycopeptides according to the invention, and in particular the natural
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or derivative glycopeptides of FAPP or BSDL, can be prepared from proteins isolated from
biological fluids or tissues of any human or apnimai origin whatsoever, particularly sera,
urine, pancreatic juices, milk secretions, tissue or celi homogenates, and the like, by
chromatographic methods such as described by Lombardoe et al. 1978, Biochim. Biophys.
Acta, 527; 142-149, or by Abouakil et al. 1988, Biochim, Biophys. Acta, 981: 299-308, or
by Wang & Johnson, 1983, Anal. Biochem., 133: 457-461 or alse by Blackberg & Hernell,
1981, bur J. Biochem. 116; 221-225. The homogenecus proteins are then hydrobvzed
either by enzymatic methods involving any enzyme particularly proteoiytic, or by chemical
methods.

The natural glycopeptides can be isolated by chromatographic methods
(gel filtration, affinity and immunocaffinity, ion exchange, etc) as described in particular in
Mas et al. 1997, Glycobiology, 7: 745-752, or Wang et al. 1995, Biochemistry, 34: 10838-
10644, or by any other method.

Said glycopeptides can also be purified, isolated either directly from
biolegical fluids or tissues as indicated earlier or subsequent to the aforementioned
enzymatic or chemical treatments of said biclogicat fluids or tissues.

The glycosylation of said natural glycopeptides of BSDL or FAPP can be
modified by any chemical or enzymatic routes {use of native, soluble recombinant,
membranar in particular, of glycosidases or giycosyltransferases) in order to obtain the
giycan structures hereinbelow used in particular for the diagnosis of the pathologies
indicated hereinabove and hereinbelow or for vaccination against said pathologies, or for
ehbiaining or producing antibodies which are the object of the invention.

In addition, it is possible to modify the peptide sequence of the natural or
recombinant glycopeptides of the invention.

The natural and particularly recombinant, isolated or purified glycopeptides
which are object of the invention have very interesting properties. In particular, they
exhibit remarkable immunogenic properties, specific of pancreatic pathologies.

Said properties are illustrated hereinbelow in the experimental section
They justify the use of the aforementioned glycopeptides as medicament.

This s why the invention also has as object the aforementioned
glycopeptides, for the use thereof in a method of therapeutic treatment of the human or
animal body, thatis {0 say. as medicament.

The medicaments according to the invention can be used for example in
immunotherapy (immunization, vaccination) preventive and/or curative freatment of
pancrealic cancer, breast cancer, for cel-based immunotherapy . auiologous vaccination
by activation of the patient's immune system (dendritic or other cells, etc), for the
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diagnosis of certain pathologies such as type | diabetes by detection of circulating
antibodies directed against said structures in patients afflicted with & diabetic pathology
and more generaily with any other pathology requiring the use of one or more of said
glycopeptides.

They can alsc be used in other biological systems such as inflammation,
the formation of metastases and the inhibition of invasion by pathogens.

Thus, the invention relates {o a pharmaceutical or vaccine composition
comprising a glycopeptide according to the inventicn. In particular, the invention relates to
a pharmaceutical or vaccing composition comprising a glycopeptide comprising 1 to 40
repetitions of the peptide sequence described in SEQ ID No 14 and glycosylated by one
or mere enzymes having ose-transferase activity selected in the group consisting of Core
2 B(1-8) N-acetylglucosaminyltransferase (C2GnT), fucosyliransferase FUT3 which has
o{1-3) ard a(1-4} fucosyliransferase activity, or fucosyltransferase FUT7 which has a(1-3)
fucosyliransferase activity. Optionaily, said glycopeptide is glycosylated by the enzymes
C2GnT and FUT3. Optionally, said glycopeptide is glycosylated by the enzymes C2GnT
and FUT7. Optionally, said glycopeplide is glycosylated by the enzymes C26nT, FUT3
and FUTY. Preferably, said glycopeplide is further glycosylated by «ft-
Sgalactosyltransferase (GT). In a preferred embodiment, said glycopeptide comprises
between 1 and 15 of said repefitions. Said glycopeptide can be recombinant or purified
from a biclogical fluid. Preferably, said biclogical fluid is urine, in particular urine from a
subject suffering from a pancreatic pathology, particularly pancreatic cancer. In a
particular embodiment, said glycopeptide is ioadad on aniigen-presenting cells, preferably
dendritic cells.

The invention also relates 1o the use of a glycopeptide or a pharmaceuiical
or vaccine composition according to the invention as medicament, In particular, the
invention relates to the use of a giycopeptide or a pharmaceutical or vaccine compesition
according to the invention for preparing a medicamert intended for the preventive or
curative treatment of a disease selected in the group consisiing of a cancer, an
inflammatory disorder, a vascular pathology or an infection by a pathogen. Preferably, the
disease is a breast or pancreas cancer. In a preferred embodiment, the invention relates
to the use of a glycopeptide or a pharmaceutical or vaccine composition according © the
invention for preparing a medicament intended for the treatment or prevention of a
pancreaiic pathology, in particular pancreatic cancer. in a preferred embodiment, the
glycopeptide is obtained by purification from the urine of a subject suffering from a
pancreatic pathology, preferably pancreatic cancer.

Within an adjuvant formulation, the immunogen, in this case a glycopeptide
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according to the invention, can be included in particuiar in a water-in-0il emulsion, by
using ISA 51 for example,

A vaccine preparation containing the immunogenic glycopeptide can be
administered in a suitable pharmaceutical formulation o induce an immune response of
the systemic type by the intframuscular (im}, subcutaneous {sc), infradermal {id) route or of
the mucosal type by the intranasal, oral, vaginal or rectal route.

A vaccine preparation confaining the immunogenic glycopepiide can also
contain other immunogens,

A systemic pharmaceutical preparation, administered by the sc, im, id route,
can he a waler-in-oll emuision containing the immunogenic glycopeptide, or an
immunogen-embeadded calcium phosphate suspension, or aluminium hydroxide adsorbing
the immunogen.

The vaccine preparations can be formuiated for the infranasal route in the
form of a gel with carbopol as excipient, nose drops or spray and for the oral route in the
form of gastroresistant capsules, gastroresistant granules or sugar coated tablets,

The usual dose, which varies according to the subject and the causal
pathology, can be for example from 1 o 100 mg of a glycopeptide according to the invention,
in particular of the glycopeptide described in example 4 hereinbelow, administered by the
systemic route in humans, every two weeks for 10 to 20 weeks.

The invention also has as object pharmaceutical compositions which
coniain at least one aforementioned glycopeptide, as active ingredient.

In said compositions, the active ingredient is advantageously present at
physiologically effective doses; in particular the aforementioned compositions contain an
effective vaccine dose of at least one aforementioned active ingredient.

As medicamenis, the glycopeplides described hereinabove can be
incorporated in pharmaceutical compositions intended for the digestive or parenteral route.

For example, said pharmaceutical compositions can be solids or ligquids and
be supplied as pharmaceutical formulations commoniy used in human medicine, such as
for exampie simple or sugar-coated tablets, capsules, granules, caramels, suppositories,
particularly injectable preparations; they are prepared by the usual methods. The active
ingredient(s) can be formulated therein with excipients usually employed in said
pharmaceutical compositions, such as talc, gum arabic, lactose, starch, magnesium
stearate, cocoa butter, vehicles which are agueous or not, animal or vegetable fats,
paraffin  derivatives, glycols, various wetling agents, dispersives or emulsifiers,
preservatives.

The invention also has as object a method of preparation of a composition
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such as described hereinabove, characterized in that the active ingredient{s) are mixed
with acceplable excipients, parlicularly pharmaceutically accepiable, according to
established methods.

The invention further has as object the use of a glycopeptide such as
described hereinabove, for preparing a medicament intended for the curative or
preventive freatment of pancreatic cancer or breast cancer or other pathologies such as a
vascuiar pathology or angiogenesis.

The invention further relates to a method of preventive or curative treatment
of a disease selected in the group consisting of a cancer, an inflammatory disorder, &
vascuiar patholegy or an infection by a pathogen in a subject, comprising administering an
effective dose of 2 glycopeptide according to the invention.

In a preferred embodiment of cancer freatment, in parficular prostate
cancer, the glycopeptide can be loaded on an sallogeneic antigen-presenting cell.
Preferably, the antigen-presenting cell is a dendritic cell. In a preferred manner, the
antigen-presenting cell is autologous, that is, it has previcusly been removed from the
recipient subject or it is derived from stem cells originating from the recipient subject. Inan
alternative, the antigen-presenting cell originates from a sampie taken from an allogensic
subject, that is to say, compatible with the recipient. Thus, in this embodiment, the
pharmaceutical or vaccine composition according fo the invention comprises antigen-
prasenting cells loaded or “puised” with a glycopeptide according to the invention. The
invention therefore relates o the use of a pharmaceutical or vaccine composition
comprising antigen-presenting cells ipaded or “pulsed” with a glycopeplide according to
the invention as medicament, in particular as medicament for the treatment or prevention
of breas! or pancreatic cancer, preferably pancreatic cancer. In a preferred embodiment,
the glycopeptide is obtained by purification from the urine of a subject suffering from a
pancrestic pathology, preferably pancreatic cancer. in 8 most desirable embodiment, the
glycopeptide is obtained by purification from the urine of a treated subject. Preferably, the
subject is human. The invention also relates to a method of curative or preventive
treatment of a pancreatic pathology, preferably pancreatic cancer, or breast cancer,
comprising : providing the glycopeptides according to the invenion; and administering
said glycopeptides, optionally loaded on antigen-presenting cells, said administration
allowing o freat, attenuate or prevent a pancreatic pathelogy, preferably pancreatic
cancer, or breast cancer. In a preferred embodiment, the treated disease is pancreatic
cancer. Said glycopeptides can be recombinant or isolated from a biclogical sample,
preferably a biological fiuid. In a preferred embodiment, said glycopeplides are isolated
and/or purified from the urine of a subject suffering from a pancreatic pathclogy,
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preferably pancreatic cancer, or breast cancer. Preferably, said glycopeptides are
isolated and/or purified from the urine of a treated subject. Thus, the step of providing the
glycopeptides can comprise the coliection of the biological fluid, preferably urine, and the
purification of said glycopeptides.

The properties of the glycopeplides described hereinabove also justify their
use in diagnosis, particularly in immunoenzymatic methods.

This is why the invention also has as object a composition for the diagnosis
in vitro of the presence of an antibody directed against a glycopeptide described
hereinabove, in a human biological sample, characterized in that it contains at least one
glycopeptide such as described hereinabove.

The invention alsc has as object a method for the detection in vitro of the
presence of induced antibodies in a human subject suffering from an aforementioned
pathology, in a human biological sample such as serum and, more particularty, for the
diagnosis in vitro of pancreatic cancer or a diabetic patholegy and originating from the
person who is the object of the diagnosis, characterized in that said biclogical sample is
contacted with an antigen recognized by an induced antibody in the patient such as
defined hereinabove or hereinbelow, in conditions allowing the formation of an
immunological complex between said antigen and said antibody and in that the
immunological complex possibly formed between said antibody and antigen is detected.

The invention aise has as object the necessary matarials or ki for the
detection of induced antibodies in 2 human subject suffering from an aforementioned
pathology, in a biclogical sample, particularly a possible carrier of said antibodies,
characterized in that it comprises ;

- atleast one glycopeptide such as described hereinabove
- means for detecting the immunological complex resulting from the immunclogical
reaction between the antigen and said biclogical sample.

The giycopeptides, particularly recombinant, isolated or purified which are
the object of the invention can also be used in the diagnosis of certain pathologies such
as type i diabetes by detection of circulating antibedies directed against these structures
in patients with such diabetic pathelogy.

In particular, the glycopeptides named C2-F7-18R are used for the
diagnosis of type 1 diabetes.

As the giycopeptides, parficularly recombinant, isclated or puwrified which
are the obiact of the invention possess very interesting antigenic properties, they also
enable the production of antibodies particularly menoclonal.

Hence the application also has as object an antibody particularly
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monoclonal giving rise to a specific immunological reaction with a glycopeptide such as
described hereinabove, with the exception of antibody J28 and any cother antibody
meeting the hereinabove definition and which can be described in the iterature. The
monoclonal antibodies can be from any class, in particular IgM, gD, gk or IgA.
Preferably, the monoclonal antibodies are 1gG.  An antibody according fo the invention
can be modified, regardiess of the inifial class thereof, to an antibody from another
immunoglobulin class, for example by known mwolecular biology methods (Lewis et al,
1992, Hum, Antibodies Hybridomas, 3: 148-52; Lewis et al,, 1993, J. immunol., 151: 2829-
38; Hall et al, 1994, Cancer Res., 54 5178-85; Shepherd & Dean, Monoclonal Antibodies,
Oxford University Press, 2000, 479 pages). These same monoclonal antibodies can be
humanized by genetic recombination or by any other methed in order to conserve their
recognition site for said recombinant or natural glycopepiides so as to use them in the
conditions indicated earjer.

In particular an antibody obtained by immunization of a mammal with the
aid of a glycopeplide such as described hereinabove, is chosen,

More particularly, the invention relates to the antibodies described in the
examples and in particular the 16D10 antibodies of the IgM type which can be produced
by the hybridoma deposited with the Collection Nationale de Culture de Microorganismes
{CNCM} in Paris on 16 March 2004 under the number |-3188 and 8H8 of the 1gG type.

Preferably, the invention relates to a menocional antibody selected in the
group consisting of the monoclonal antibody 16010, a fragment or derivative thereof, and
an antibody which essentially binds 1o the same epitope as monocional antibody 18D10.
Optionally, said antibedy is humanized, chimeric or human, Preferably, the antibody is of
the 1gG type. Optionally, the antibody is a single chain antibody.

An antibody fragment or derivative is understood to mean an entity
conserving substantially the same specificity as the aniibody in question, A fragment
thereof can be a Fab, Fab', F(ab)2 and sFv fragment (Blazar et al, 1997, Journal of
Immunology 159: 5821-5833 and Bird et al., 1988, Science 242: 423-428). Fv, Fab, or
F(ab)2 fragments according to the invention can be obtained by classical enzymatic
digestion methods. A derivative thereof can be a chimeric, humanized or single chain
scFv antibody. Said derivatives can be obtained by classical genetic engineering
methods. Polynucieotides coding for variable regions of antibody 16010 can be obtained
for example by cloning said variable regions from a 16D 10-antibody-producing hybridoma
cDNA library. They can also be totally or partiaily prepared by nucleic acid synthesis,
based on the nucleotide sequences of said variable regions. For example polynugleotides
coding for the CDRs of 18D10 can be synthesized, and incorperated into suitable regions
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of an other antibody, in particular an antibody of human origin and/or of the 1gG type, by
known techniques of CDR grafting, such as those described by Routledge et al
{"Reshaping antibodies for therapy", in Protein Engineering of Antibody Molecules for
Prophylactic and Therapeutic Applications in Man, 13-44, Academic Titles, Nottingham,
England (1993)] or by Roguska et al., 1998, Protein Engineering, 9 (10): 895-904).

The invention also has as object any nucleic acid molacule coding for a
protein comprising the CDRs of antibody 18D10, and any recombinant vector, in particular
any expression vector, comprising said nucleic acid melecule, any host celi comprising
said nucleic acid or said vector.

The invention also has as object a method of preparation of an anti-
glycopeptide antibody such as described hereinabove, characterized in that 2 mammal is
immunized with the aid of said glycopeptide or with the aid of & midure of FAPP and
BSDL isolated from any human or animal biclogical tissue or fiuid and in particular normal
and pathological human pancreatic juices and the expected antibodies recognizing the C-
terminal domain of said proteins are then recovered and purified if s0 desired,

The application equally has as object a method of preparation of an anti-
glycopeptide antibody such as described hereinabove characterized in that one clones B
lymphocytes originating from a subject immunized with the aid of a natural or recombinant
glycopeptide such as described hereinabove or with the aid of a mixture of FAPP and
BSDL such as described hereinabove and fransformed by Epstein-Barr virus (EBV), then
recovers the expected antibodies secreted by said transformed B lymphocytes.

In particuiar, the monocional anfibodies object of the invention can give rise
to a specific immunological reaction with a glycopeptide such as described hereinabove.

In a particular embodiment of the invention, the antibody essentially binds
to the same epitepe as the monoclonal antibody 16010 or J28 (respectively produced by
hybridema 16010 or J28). Preferably, said antibody is a moncclonal antibody. Preferably,
the invention relates to the mornocional antibody 16D10 (produced by hybridoma 16D10),
but it shall be understood that the invention also relates to monoclonal antibodies which
can specifically compete with antibody 16D10. Likewise, in a particular embodiment, the
monoclonal antibodies according to the invention can specifically compete with antibody
Jz28.

The term “essentially binds to the same epitope or determinant as” an
antibody of interest means that the antibody “competes” with said antibody of interest.
The term “essentially binds o the same epitope or determinant as™ an antibody of interest
does nol mean that the two antibodies have exactly the same epifope. However, in a
particular embodiment, the two antibodies can have the same epilope. The ferm
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“essentially binds to the same epitope or determinant as” monocional antibody 16010
means that the antibody “competes” with antibody 16D10. Generally, an antibody which
“essentially binds o the same epitope or determinant as” an antibody of interest (eg.,
antibody 18D10) means that the antibody “competes” with said antibody of interest for a
glycopeptide according to the invention, in particular one or more proteins selected from
BSDL or FAPP or a fragment thereof, preferably a C-terminal part of BSDL or FAPP as
described herein, even more preferably a parf comprising one or more repetitions of 11
amino acids of BSDL or FAPP, or a part or fragment of same. In other axamples, an
antibody essentially binds to the same epitope or determinant of BSDL or FAPP when the
antibody “competes” with the antibody of interest for binding tc BSDL or FAPP,

The term “essentially binds to the same epitope or determinant as” an
antibody of interest means that the antibody “competes” with said antibody of interest for
any BSDL andfer FAPP molecule to which said antibody of interest specifically binds. The
term “essentially binds fo the same epitepe or determinant as” monoclonal antibody
16010 means that the antibody “competes” with said monocional antibody 16D10 for any
BSDL andfor FAPP molecule to which said monocional antibody 16510 specifically binds.
For example, an antibody which essentially binds to the same epitope or determinant as
moenoclonal antibodies 18010 or J28 “competes” with said antibodies 18D10 or J28 for
binding to BSDL or FAPP, respectively.

The identification of one or more antibodias which essentially bind(s} io the
same epitope as the monoclonal antibodies described herein can pe carried out by using
any immunological screening methed in which a competition between antibodies can be
evaluated, Many assays are roufinely carried out and are welt known to those skilled in
the art {see for example U.8. 58660,827 granted 26 August 1997, which is specifically
incorporated herein by reference). The determination of the epitepe to which an antibody
binds is not necessary to identify an antibody which binds, or which essentially binds, to
the same epitope as the monocional antibody described herein.

For example, when the candidate antibodies to be studied have been
chtained from different animal sources, or possibly have different Ig isotypes, a simple
compefition assay can be employed wherein the control antibody (antibody 16D10 for
example) and the candidate antibody are mixed (or pre-adsorbed) and contacted with a
sample containing either BSDL or FAPP, both known fo bind fo antibody 16D10.
Protocols based on ELISA, radivimmurological assays, western blot analyses, or the use
of a BIACQORE analysis (as described, for example, in the Examples) are suitable for use
in simple competition iesis.

In particular embodiments, it is possible o first prepare mixtures of control
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antibodies (for exampie, antibody 16010) with variable amounts of candidate antibodies
(for example, approximately 1.10 or approximately 1;100} befcre contacting with the BSDL
or FAPP antigen sample. in another embodiment, the confrol antibody and the variable
amounis of candidate antibodies can simply be mixed at the time of contact with the BSDL
cr FAPP antigen sample. So long as one can distinguish bound antibodies from free
antibodies (for example, by using separation methods or by washing to remove unbound
antibodies) and distinguish antibody 16010 from the candidate antibodies (for example,
by using secondary antibodies specific of the species or the isotype or by labelling
antibody 18010 with a detectable tag), it will be possible to determine if the candidate
antibodies reduce the binding of antibody 16D10 to the BSDL. or FAPF antigen, thereby
indicating whether the candidate antibody essentially recognizes the same epitope as
antibody 16010. The binding of the conirol antibody in the presence of a completely
irrelevant antibody can serve as an upper control vaiue. The lower control value can be
obtained by incubating the labelled control antibody {16D10) with unlabelled antibodies
recognizing exactly the same epitope (16D10), n this way inducing & competition which
reduces the binding of the iabelied antibody. In one test, a significant reduction in the
reactivity of a labelled antibody in the presence of a candidate antibody indicates that the
candidate antibody essentially recognizes the same epitope, that is to say, it cross-reacts
with the labelled antibody (16D10). Any candidate antibody which reduces the binding of
antibody 18D10 to each of the antigens BSDL or FAPP by at least approximately 20%,
30%, 40%, 50%, preferably by at least about 80%, or even more preferably by at least
about 70% (for example, 65-100%;), at a ratio of 16D10 antibody o candidate antibody of
between about 1:10 and about 1:100, is censidered to be an anfibody which essentially
binds to the same epitope or determinant as antibody 18D10. Preferably, said candidate
antibodies reduce the binding of antibody 16D10 to the BSDL. or FAPP antigen by at least
about 90% ({for example, about 95%). Preferably, anibody 16510 also reduces the
binding of the candidate antibody to the BSDL or FAPP antigen when the binding is
evaluaied inthe same way, although the degree of reduction in binding may be different.

The compstition can be evaluated by a flow cytometry assay for example.
In such assay, cells carrying a BSDL or FAPP antigen, for example cells ransfected with
BSDL or FAPP, are first incubated with antibody 16D10, for example, then with the
candidate antibody labelled with a flucrochrome or with biotin. The antibody is considered
to compete with antibody 16D10 if the binding observed after preincubation with a
saturating amount of 16810 is about 30%, preferably about 40% about 50%, about 80%,
or more {for example, about 90%) of the binding observed (as measured by fluorescence)
with the antibody without preincubation with 1602106, Alternatively, an antibody is
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considered to compele with antibody 16010 when the binding observed with labelled
16010 antibody (labelled with a flucrochrome or biotin} in cells preincubated with a
saturating amount of the candidate antibody is about 80%, preferably about 50%, about
40%, about 30%, or less {for example, about 20%) of the binding observed without
preincubation with the antibody,

In an advantagecus mannes, a simple competition assay in which a
candidate antibody is preadsorbed and applied at a saturating concentration on a surface
cn which & BSDL or FAPP antigen has been ilnmobilized can also be used, The surface
in the simple competiion assay is preferably a BIACORE chip {(or ancther support
compatible with surface plasmon resonance analysis). The controf antibody (for example,
16D10) is then comtacted with a surface at a saturating concentration of BSDL or FAPP
and binding of the control antibody to the surface carrying BSDL or FAPP is measured.
Said hinding of the control antibody is compared with the hinding of the control antibody to
the surface carrying BSDL or FAPP in the absence of the candidate antibody. In an assay
test, a significant reduction in binding of the conirol antibody to the surface carrying BSDL
or FAPP in the presence of the candidate antibody indicates that the candidate antibody
essentially recognizes the same epitope as the control antibody in such a way that the
candidate antibody cross-reacts with the control antibody. Any candidate antibody which
reduces the hinding of the control antibody (such as antibody 16D10) fo the BSDL or
FAPP antigen by at least about 30% or preferably about 40% can be considered an
antibody which essentially binds to the same epitope as the controt antibody (for example,
160D10). Preferably, said candidate antibody reduces the binding of the control anfibody
(for example, 180D10) to the BSDL or FAPP antigen by at least about 50% (for example, at
least about 60%, at least about 70%, or more). |t shall be understood that the order
between the control and candidate anfibodies can be reversed, that is o say, that the
conro} antibody can be the first to bind to the surface and that the candidate antibody is
subsequently contacted with the surface in a competition test.  Preferably, the antibody
displaying the highest affinity for BSDL or FAPPF is bound to the surface carrying BSDL or
FAPP first, since it is hoped that the reduction in binding observed with the second
antibody {presuming that the antibodies cross-resct) will be of greater amplitude. Cther
examples of such tests are described in the examples and in Saunal and Regenmortel,
{1995, J. immunol. Methods 183: 33-41, the content thereof being incorporated herein by
reference).

Said properties are illustrated in the experimental section which follows.
They justify the use of the monoclonal antibodies described hereinabove and in particular
of the monocional aniibodies 8H8, 168D10, 14H10 and other monoclonal artibodies
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directed against the C-terminal part of BSDL or FAPP, for the diagnosis, prognosis and/or
prediction of several pancreatic pathologies including pancreatic cancer, pancreatitis and
type 1 diabetes, but also breast cancer or cardiovascular diseases. The diagnostic
information can be obtaimed from serum andfor urine assays.

The antibody 16D10 has particularly interesting properties. In fact, it is
specific of pancreatic cancer. [t recognizes neither normal tissuas nor other types of
tumor tissues. The epitocpe recognized by antibody 16D10 is different from that
recognized by antibody J28 because these wo antibodies do not compete. These resuits
are described in example 4.

Thus, the invention relates to a method enabling the detection, preferably in
vitro, of a pancreatic pathology, in particular pancreatic cancer, comprising contacting a
biolegical sample with an antibody according to the invention and detecting the formation
of immunological complexes resulting from the immunologicai reaction between said
antibody and said biolgical sample. Preferably, the antibody is the antibody 16D10, a
fragment or derivative thereof, or an antibody which essentially binds to the same epitope
or determinant as the former. Preferably, the biological sampie is a sample of pancreatic
tissue {biopsy) or a biclogical fluid. The biological sample can be a fissue slice
(immunchistochemistry} or cells contained in the sample or derived by culturing the
sample {immunocylochemistry). The biolegical fluid can be selected in the group
consisting of serum, urine, pancrealic juices and milkk. Preferably, the biclogical fluid is
urine. The complex can be detected directly by labelling the antibedy according to the
invention or indirectly by adding a molecule which reveals the presence of the antibody
according to the invention (secondary antibody, streptavidin/biotin tag, etc.). For example,
labelling can be accomplished by coupling the antibody with radioactive or fluorescent
tags. These methods are well known {0 those skilled in the art.

The invention alsc relates to the use of an antibody according to the
invention for preparing a diagnostic composition that can be used for detecting a
pancreatic pathology in wivo or in vilro. Preferably, the antibody is the antibody 16D 10, a
fragment or derivative thereof, or an anlibody which essentially binds to the same epitope
or determinant as the former. Preferably, the pancreatic pathology is pancreatic cancer.

In a preferred embodiment, the invention relates o a method engbling the
detection of a pancreatic pathology in a subject in particular pancreatic cancer,
comprising recovering the wrine of the subject, contacting said urine with an antibody
according to the invention, and detecting the formation of immunological complexes
resuting from the immunological reaction between said antibody and said wrine
Preferably, the anfibody is the aniibody 18D10, a fragment or derivative thereof, or an
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antibody which essentially binds to the same epitope or determinant as the former. The
antibody can also be the antibody J28, a fragment or derivative therecf, or an antibody
which essentially binds to the same epitope or determinant as the former. Preferably, the
pancreatic pathology is pancreatic cancer. The compiex can be detected directly by
labelling the aniibody according to the invention or indirectly by adding a molecule which
reveals the presence of the antibody according fo the invention (secondary antibody,
streptavidin/biotin tag, etc.). These methods are well known fo those skilied in the art,
Optionally, the method can comprise intermediate steps of treating the urine sample
beforg incubation with said antibody. For example, said steps can comprise concentration
of the urine, steps of glycopeptide eprichment or purification, and the like.

The invention alsc relates to the use of an antibody according to the
invention for the diagnosis of a pancreatic pathology, in particular pancreatic cancer in a
subject. Preferably, the antibody is antibody 18D10, a fragment or derivative thereof, or
an antibody which essentially binds fo the same epilope or determinant as the former.
The antibody can also be antibody J28 a fragment or derivative thereof, or an antibody
which essentially binds {o the same epitope or determinant as the former.

The invention relates fo a diagnostic kit for a pancreatic pathology, in
particular pancreatic cancer, comprising an antibody according fo the invention. Said kit
can additionally comprise means by which fo detect the immunciogical complex resulting
from the immunological reaction befween the biological sample and said antibody, in
particular reagents enabling the detection of said antibody. In & particular embodiment,
the kit comprises the antibody 16D10, a fragment or derivative thereof, or an antibody
which essentially binds to the same epifope or determinant as the former.

These properties justify the use of the monoclonal antibodies described
hereinabove for developing new therapeutic protocols for cancer of the exocrine pancreas
such as targeting tumoer cells with said antibedies coupled with drugs (chemotherapy) or
radioactive elements (radiotherapy and radiodiagnosis) or else with genes modifying the
cutcome or behavior of the neoplastic cells (gene therapy).

The antibodies coupled with radicactive elements can be used in
radiolocalization (immunoscingigraphy) of primary tumors and metastases {secondary
tumors).

Said diagnostic information can be acquired in serum and/or urine assays.

In particular, the invention relates to antibodies according to the invention,
in particular monocional, coupled with an antitumoral active substance, which can be used
in the treatment of pancreatic cancer to target and destroy pancreatic umor cells.

Similarly, radioactive elemeants {(or others) can be coupled with said
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antibodies and allow a precise localization of primary tumors and metastases. Said
antibodies can also make is possible o clearly and accurately differentiate normal tissue
from tumor tissue.

These same properties justify the use of said monoclonal antibodies alone,
combined or coupled with a diagnostic or therapeutic molecule to develop new passive
immunotherapy protocols for the aforementioned pathologies.

Thus the invention ailso has as object a composition for the in vitro
diagnosis of a pathology such as described hereinabove, in a human biological sample,
characterized in that it containg at least one monoclonal antibody such as described
hereinabove, in particular coupled with at least one radioactive element. Depending on
the nature of the radicactive element, said composition can be used curatively to irradiate
a region of the pancreas.

As a diagnostic composition, the aforementioned antibodies can be mixed
with acceptable excipients.

The invention also has as object a kit for detecting ihe presence of a
glycopeptide such as describad hereinabove appearing in a human subject afflicted with a
diabetic or neoplastic pathelogy in a human biclogical sample originating from the
individual to be diagnosed, characterized in that it comprises !

- atleast one antibody such as described hereinabove,
- means for detecting the immunclogical complex resuling from the immunoclogical
reaction between the antibody and the biological sample.

The preferred conditions of employing the glycopeptides and antibodies
described hereinabove also apply {0 the other objects of the invention mentioned earfier,
in particular to the diagnostic methods.

The invention also relaies o a pharmaceutical compasition comprising an
antibody according to the invention, Preferably, the antibody is the antibody 160210, a
fragment or derivative thereof, or an antibody which essentially binds to the same epitope
or determinant as the former. The antibody can also be the antibody J28, a fragment or
derivative thereof, or an anfibedy which éssentially binds to the same epitope or
determinant as the former. The composition can also comprise a pharmaceutically
acceptable support. In a particular embodiment, said antibody is coupled with an
antitumoral substance.

The invention further relates o the use of an antibody according to the
invention or of a pharmaceutical composition comgrising such antibody as meicament. In
particular, the invertion relates to the use of an antibody according to the invention or of a
pharmaceutical composition comprising such antibody for preparing a medicament
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intended for the preventive or curative treatment of a pancreatic pathology, preferably
pancreatic cancer, or breast cancer. Preferably, the aniibody is the antibody 16D10, a
fragment or derivative thereof, or an antibody which essentially binds {o the same epitope
or determinant as the former. The antibody can also be the antibody J28, a fragment or
derivative thereof, or an antibody which essentially binds to the same epitope or
determinant as the former. In a particular embodiment, said antibody is coupled with an
antitumoral substance.

The invention relates to a method of preventive or curative freatment of a
subject suffering from a pancreatic pathology, in parficular pancreatic cancer, or breast
cancer, comprising administering to said subject an effeclive amount of an antibody
according to the invention, said administration resulting in a decrease or disappearance of
the pancreatic pathology, in particular pancreatic cancer, or breast cancer, in the subject.
Preferably, the antibedy is the antibody 18D10, a fragment or derivative thereof, or an
antibody which essentially binds to the same epitope or determinant as the former. The
aptibody can also be the antibody J28, a fragment or derivative thereof, or an antibody
which essentially binds to the same epitope or determinant as the former. In a particular
embodiment, said antibody is coupled with an antitumoral substance.

In another profocol the usual dose, which varies according to the subject
being treated and the causal disease, can be for example from 1 fo 10 mg of the monocional
antibody described in example 18 hereinbelow per kilogram of body weight administered
systemically in humans, once a week for two weeks.

The invention is also directed at providing new products (glycopeptides,
antibodies, etc.} as well as other better, more effective or purer products than those
described in the prior art.

The invention is ifustrated in the following examples.

Legends of figures
Figure 1. Study comparing the reactivity of mAbJ28 and mAb16D1C in two

pancreatic tumor tissuas (PDAC = ADK1 and PDAC4 = ADK4).

Figure 2. Competition test between antibodies mAbJ28 and mAb16D10 for
glycopeptide J28.

Figure 3. Competition test betwaen antibodies mAbJ28 and mAb16D10 in
80J-8 cells.

Figure 4 Comparative immunodetection analysis in urine from healthy
subjects {samples 29 to 36) and subjecis with pancreatic cancer {samples 1 10 3) with the
aid of polycional antibody pAbl&4, monoclonal antibody mAb8H8 and monoclonal
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antibody mAbJ28. Urine proteins were separated on a 10% polyacrylamide gel then
efectroiransferred to a nitrocelivlose membrane. The membranes were incubated with
pAbLG4, mAbBHE or mAbJ28. The left lanes (Std) correspond to the molecular weight
markers.

EXAMPLES

Preparation of recombinant glycopeptides
Recombinant giveopeptides of BSDL (S8EQ ID No 8) and FAPP (SEQ 1D No

13}, were expressed in different strains derived from the well-known cell Ene CHO-K1, a
Chinese hamster ovarian tumor cell line with fibroblast morphology, which can be
obtained in particular from the American Type Cuiture Collection ATCC under the number
CRLS1 {Buck et al., 1958, J. Exp. Med., 108: 945-955),

The CHO-K1 cell lire was chosen because it does not show detectable
C2GnT glycosyltransferase, a{l-2)fucosyltransferase, a{1-3) fucosyliransferase, a{1-4)

fucosyltransferase or o 1-3}galactosyltransferase activity in standard assay conditions.

Preparation of plasmids (cloned cONA)

The cloned cDNAs enabling the expression of the different glycopeptide
components were obtained by reverse franscription, carried out with a polydT
polynuclectide probe (18 bases) hybridizing with the polvA taill of messenger RNA
exiracted from tissue samples of healthy human pancreas or the human pancreatic tumor
cell Ene such as for example the cell line 80J-8 [Fujii ef al, 1990, Hum. Cell, 3: 31-38]
criginating from a human pancreatic adenecarcinoma, according to the method described
by Chirgwin et al. {1979, Biochemistry, 18: 5204-5209]

Preparation 1 Plasmid pSec-FAPP

The ampiification of CDNA coding for fetoacinar pancreatic protein (FAPP)
(SEQ ID No 10} was reverse transcribed from 5 pg of total RNA extracted from the human
pancreatic tumer line 50J-6 mentioned earlier (45 minutes at 55°C, reverse transcription
kit, Sigma, St Louis, MO, USA) and foliowed by a PCR using the nuclectide primers C-
ter/FAPP-BSDL and N-ter/FAPP, defined from the cDNA seguence coding for human
BSDL (SEQ 1D No 8) in the corxitions described hereinbelow. The polymerase chain
reaction was carried out with an “Advantage-GC ¢DNA PCR” kit (Clontech) enabling
amplfication of nucleotide sequences particularly rich in guanine and cytosine. The

following program was employed : one cycle of 2 minutes at 94°C followed by 35 cycles of
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1 minute at 94°C (denaturation}, 1 minute at 52°C (primer annealing), and 4 minutes at
88°C {extension), followed by one cycle of 10 minutes at 68°C, in a Robocycler Gradient
86 thermocycler (Stratagene).

The primers had the following sequences :
N-ter/FAPP (SEQ 1D No 1}

5- TTCGTaagetGCGAAGCTGEGCGCCETGTACAGAA-F,
C-ter/FAPP-BSDL (SEQ ID No 2)

5-TTTCGTgaattc ACGCTAAAACCTAATGACTGCAGGCATCTG- 3

The C-ter/FAPP-BSDL primer (SEQ ID No 2) which was used comprises a
termination codon so as to eliminate translation of the c-myc epitope as well as that of the
Sx-histidine tag carried by the commercial vector.

The cDNA (nuclectides 1 to 2163} amplified in this manner (SEQ 1D No 12)
does not comprise a signal peptide.

The resulting ¢DNA was then cloned into plasmid pSec-Tag {Invitrogen,
Leek, the Netherlands).

Preparation 2 : Plasmid pSec-16R
The cDNA coding for the C-terminal part of BEDL (from nucleotide 1089 :

Phe384 to nucleotide 2169 : stop codon; SEQ ID Nos 8 and 9) from RNA extracted from
normal pancreas was amplified by PCR using the primers C-ter/FAPP-BSDL (primer SEQ
D No 2, see Preparation 1} and N-ter-Ct.

The N-ter-Ct primer had the following sequence :
N-ter-Ct (SEQ 1D No 3}

5- CGTCTAaagettTTTGATGTCTACACCGAGTCC-3.

The polymerase chain reaction was carried out in the conditions described
earfier (see Preparation 1).

The resulting cDNA was then cloned into plasmid pSec-Tag.

Preparation 3 ; Plasmid pSec-8R

The cONA coding for the C-terminal part of FAPP {from nucleotide 1089 :
Phe384 to nucieotide 1839 : stop codor;, SEQ 1D Nos 12 and 13) present in the plasmid
pSec-FAPP was amplified by PCR using nuclectide primers No 2 (C-ter/FAPP-BSDL) and
Ne 3 (N-ter-Ct) described hereinabove.

The polymerase chain reaction was carried out in the conditions described
in preparation 1.
The resulting cDNA was then cloned into plasmid pSec-Tag.
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Preparation 4 : Plasmid pBK-aGT

The ¢cDNA coding for a{1-3) galaciosyltransferase {from nucieotide -10 to
nuclectide +1122 . stop codon) from RNA extracted from mouse heart {Balb/c mice) was
amplified by PCR using the primers CterfaGal and Nter/aGal defined from the cDNA
saquence coding for mouse af1-3) galaciosyliransferase. These primers had the following
seguence
Nter/aGal (SEQ 1D No 4} : 5-AAAAAgaallcGGAGAAAATAATGAAT-3 .

Cter/aGal (SEQ D No 5) | 5-AAAALYYgCCCACAAAGTCAGACATTAT-3'.

The polymerase chain reaction was carried out with the “Tag PCR Master
Mix™ kit (Qiagen, Courtaboeuf, France) according o the following program ; cne cycle of 2
minutes at 94°C followed by 35 cycles of 1 minute at 94°C (denaturation), 1 minute at
54°C (primer annealing), and 2 minutes at 74°C {extension), then one cycle of 10 minutes
at 74°C, in a Gene Amp PCR System 2400 thermocycler (Perkin Elmer).

The resulting ¢cBNA was then cloned info plasmid pBK-CMV (Stratagene,
La Jolla, CA, USA).

Preparation 5 : Plasmid pcDNA3-C2860GnT-flag

The cDNA coding for glycosyltransferase Core2 B(1-6) N-
acetylglucosaminyltransferase described by Panicot et al in Giycobiology, 1899, 9: 935-
346 was cloned info the vector pCDNA-3 which at its 3’ end comprises a sequence
encoding the flag epitope. Expression of the flag epitope allows detection of C2GnT
expression in the transformed cells.

The following steps were common to the plasmid preparations :

aj Ligation

The different PCR products were analyzed on a 1% agarose gel, purified
using the “Geneclean” kit (Bio 101), then subcloned into the shuttle vector pCR2.1 TORPO
and sequenced {Euro Sequences Génes Service, Paris, France) with the universal M13
and reverse M13 primers. The PCR products were then released from said shuttle vector
by the action of the restriction enzymes Hindlll and EcoRl and cloned into the eukaryote
expression and secretion plasmid pSec-Tag to yield plasmids pSec-FAPP and pSec-16R
{18R for C-terminat domain of BSDL) (SEQ 1D No 8). The complementary DNA coding for
the C-terminal part of FAPP, obtained by PCR, was directly cloned after purification and
Hincdtil/EcoRI digestion into the pSec-Tag plasmid to vield plasmid pSec-6R (BR for C-
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terminal of domain FAPP) (SEQ ID Ne 12). Sequencing was carried out with the universal
T7 primer and the BGH reverse primer synthesized for this purpose by Euro Sequences
Génes Service.
The PCR product cading for a1-3) galactosyliransferase was released with
the restriction enzymes EcoR| and Apal, purified, then directly ligated into the EcoRi/Apal
sites of the vector pBK-CMV 1o yield plasmid pBK-aGT.

b) Bacterial fransformation

A 5 ul aliquot of the ligation product was contacted with 50 yl of competent
bacterial cells (Escherichia cofi, strain TOP10F) according to the protecol described by
Hanahan [Hanahan, 1983, J. Mol Biol, 166: 557-580]. Two microliters of 0.5 M f-
mercaptoethanol were added and the sample was kept on ice for 30 minutes, then heat-
shocked at 42°C for 30 seconds, and immediately put back on ice. After 2 minutes, the
sample was diluted in 450 pl of SOC medium (Life Technologies). The bacterial
suspension was incubated for 1 hour at 37°C with shaking. The bacteria were then
spread, using glass beads, on Petri dishes containing Luria-Bertagni agar supplemented
with 50 pa/ml ampiciliin.

¢) Plasmid purification

The bacterial colonies which appeared after 18 hours of cuiture on selective
agar medium (50 ug/mi ampicillin) were picked and inocuiated in 2 mi of Luria-Bertagni
liquid medium containing 50 ug/mi ampicilin. The culiures were incubated for 8 hours at
37°C with shaking, then 1.5 ml of the bacterial suspension was centrifuged at 5,060 g for
5 minutes. The bacterial pellet was taken up in 100 i of bacterial membrane destabilizing
buffer (50 mM Tris-HCI pH 8, 10 mM EDTA, Ribonuclease A 100 pg/ml). The bacterial
suspension was lysed by addition of 200 i of alkaline lysis buffer (200 mM NaOH, 1%
5DS) and the pH of the preparation was neufralized with 150 4 of 3 M potassium acetate
pH 5.5, The alkaline lysis and neutralization steps require a S-minute incubation on ice.
Cell debris, denatured proteins and chromosomal DNA were eliminated by centrifugation
at 10,000 g for 10 minutes at 4°C. The supernatant was then exiracted with phenol
chloroform by 1:2 dilution in phenol/chioroformy/ iscamy! alcohol (25/24/1 VIV stabilized
to pH 8 with 100 mM Tris-HCI. The aqueous and organic phases were separated by
centrifugation at 10,000 g for 2 minutes at room temperature. The upper aqueous phase
was recovered and diluted 1.3 in absolute ethanol (-20°C). Plasmid DNA was precipitated
by centrifugation at 12,000 g for 15 minutes at 4°C, then washed twice with 70% ethanol.
Piasmid DNA was then resuspended in 20 pi of uitra-pure water and stored a{-20°C.
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Preparation of celi clones

Preparation 6 : Cell clone CHO-C2 and general points regarding the obtaining of

intermediate cell clones

A CHO-K1 cell §ne was transfected with plasmid pcDNA3-C2B8GnT-flag
comprising the cDNA coding for the glycosyltransferase Core2 B(1-8) N-
acetylglucosaminyliransferase (C2GnT), which at its 3" end comprises a sequence coding
for the flag epitepe. Expression of the flag epitope allows detection of C2GnT expression
in the transformed cells.

To this effect, CHO-K1 celis were grown in HAM-F12 medium. When the
cells reached 60 to 80% confluence, the culture medium was removed, the cell surface
washed three times with Opti-MEM medium then covered with 200 ul of ransfection
solution diluted in Opti-MEM medium without fetal calf serum. The transfection solution
contained the aforementioned plasmid and a lkpofectamine liposome suspension {Life
Technelogies).

The cells were kept like this for 16 hours at which fime the transfection
supernatant was replaced with 2 mi of complete HAM-F12 medium containing a suitable
selective antibiotic {neomycin, zeocin or hygromycin) for a pericd of at least four weeks,
Clones resistant to the action of the antibiotic were isolated and then ampiified.

The CHO-K1 cell clone selected in this manner with neomycin (250 ug/ml)
was named CHQO-C2.

Said clone CHG-C2 was then transfected with plasmid pSec-18R as
described below for preparation 7. The clone resulting from transformation of CHO-C2
cells with plasmid pSEC-16R was selected with zeocin (1 mg/ml) and named CHO-C2-
18R.

CHQO-K1 cells were also cotransfected with plasmid pCDM7-FUT3 coding
for fucosyltransferase 3 described by Kukowska-Lallo et al. (1990, Genes Dev. 4: 1288~
1303}, and plasmid pMamNeo according to the method described hereinabove. The CHO-
F2 clone resulting from fransformation of CHO-K1 celis with plasmid pCDM7-FUT3 was
selecied on the one hand with neomvein (250 pug/mi) and on the other hand for its high
expression of sialyl Lewis x mofifs. Said expression was detected by indirect
immunofiucrescence with the aid of the antibody CSLEX-1 (Becten-Dickinson). In this
manner clone CHO-F3 was obtained.

Said clone CHO-F3 was then transfected with plasmid pSec-18R as
described below for preparation 7. The clone resulting from transformation of CHO-F3
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cells with plasmid pSec-16R and selaction with zeocin (1 mg/ml) was named CHO-F3-
16R.,

CHO-K1 celis were also transfected with plasmid pCDMB8-FUT7 coding for
fucosyltransferase 7 described by Lowe et al (1991, J. Biol. Chem. 266; 17487-17477)
instead of plasmid pCDM7-FUT3, then with plasmid pSec 18R, After selection with zeocin
and neomycin in the conditions described earlier, the resulting clone was named CHO-F7-
18R,

To prepare the intermediate clones expressing the C-terminal peptide of
FAPP (6R), the aforementionad method was employed by tranfecting the cell lines or cell
clones CHO-K1, CHO-C2 and CHO-F3 with plasmid pSec-6R instead of plasmid
pSeciBR  (see method described in  preparation 7). However, only the
glycosyltransferases C2GnT and fucosylransferase 3 required to build the J28
glycosylated epitope were used during preparation of the cell lines.

Three intermediate cell clones CHO-6R, CHO-C2-6R and CHO-F3-6R were
thus obtained after antibiotic selection in the conditions described hereinabove,

Preparation 7 ; Cell clone CHO-18R

CHO-K1 cells were transfected with plasmid pSec-16R, which corresponds
to plasmid pSec-Tag (Invifrogen, Leek, the Netherlands) into which the cDNA coding for
the C-terminal domain of BSDL. was cloned (see preparation 2). This was carried out as
for the preparation of clone CHO-CZ in preparation 6.

The pSec-Tag plasmid carries a sequence coding for the V-J2C region of
the mouse immuneglobulin x light chain, Said sequence directs the protein encoded by
the cBNA cloned in the plasmid to the secretory pathway of the eukaroytic cell in which it
has been transfected.

The clone resulting from transformation of CHO-K1 cells with plasmid
pSec-18R was named CHO-18R and was selecled for expression of the corresponding

{glveoypeptide {(ghycopeptide 16R].

Preparation 8 : Cell clone CHO-C2-F3-16R
Clone CHO-C2 from preparation 8 was transfected with plasmid pCDM7-

FUT3 and with plasmid pLSVHg (R & D Systems) conferring hygromycin resistance, to
yield cell cione CHO-C2-F3.

The CHO-C2-F3 cell line was transfected with plasmid pSec-18R as in
preparation 7. The clone resulting from transformation of CHO-C2-F3 celis with plasmid
pSec-16R was named CHO-C2-F3-16R.
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CHO-C2-F3-16R expresses sialyl Lewis x motifs and shows reactivity
towards antibody pAblLE4,

Preparation 9 : Cell clone CHO-C2-F7-16R

This was obtained as in preparation 8, but by using plasmid pCDMS-FUT?
instead of plasmid pCDM7-FUT3.

The cione resulting from fransformation of CHO-C2-F7 cells with plasmid

pSec-16R was named CHQ-C2-F7-16R and the corresponding cell line was deposited
with the Collection Nationale de Culture de Microorganismes (CNCM) in Paris on 18
March 2004 under the number 1-3188.

The clones CHO-C2-F3-18R and CHO-C2-F7-16R from preparations 8 and
9 express sialyt Lewis x moiifs and show reactivity towards antibody pAbLE4.

Preparation 10 : Cell clone CHO-C2-F3-6R
Cione CHO-C2-F3 from preparation 8 was transfected with plasmid pSec-

&R (see preparation 3) as described for preparations 8 and 7 to yield clone CHO-C2-F3-
6R. This clone expresses a peptide bearing among others a glycosviated epitope
recognized by monoclonal antibody J28.

Preparation 11 ; Cell clone CHO-C2-F3-GT-6R
Cione CHQ-C2-F3-8R from preparation 16 was transfected with plasmid

pBK-aGT (see preparation 4) as described earfier to vield clone CHO-C2-F3-GT-6R
bearing the giycosylaied epitope recognized by moncclonal antibody J28 as well as the

glycosylated epitope aGal recognized by natural circulating antibodies in human blood.

Example 1: Recombinant glycopeptide having the size and the characteristics of those
corresponding to the C-terminal end of BSDL (CHO-16R)

The recombinant glycopeptide was produced by routine culture of cell clone
CHO-16R (preparation 7) for 16 hours at 37°C in a humid, 5% COQ; atmosphere in Opti-
MEM medium (invitrogern) containing 2 mM L-glutamine, 100 U/ml penicillin, 100 mg/mi

streptomycin and 0.1% fongizone supplemented with suitable selective antibiotics, The
cells were seeded at a density of 2x10* calls/cm?.

The culture medium was changed every 48 hows. When the ceils reached
confluence, they were washed in phosphate buffer (PBS) without CaCk and without MgCls,
then detached with ryvpsin/0.05% EDTA, sedimented by low speed centrifugation (400 g
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for 3 min) and resuspended in 5 mi of culture medium.

Intracelluiar immunofivorescence and flow cytomelry were used {0 check
that the cell clones expressed the recombinant glycopeptide of interest.

The recambinant glycopeptide was puwified by liguid chromatography
followed by affinity chromategraphy and analyzed by SDS-PAGE.

It could be seen on the gel that the secreted peptlide resolved into two
different moiecular weight bands of approximately 78 kDa and 83kDa.

The 83 kDa band probably corresponds to the glycosyiated peptide
whereas the 78 kDa band would either be a non-glycosylated form or a form with less
glycosylation,

it therefore appears that the aforementioned clone expressed a
glycopeptide having the size and the characteristics of those correspording to the G-
terminal end of BSDL.

Example 2 ;. Recombinant glvcopeptide having the size and the characieristics of those
corresponding to the C-terminal end of BSDL (GHO-C2-16R)

The method described in example 1 was employed, but by culturing the cell
clone CHO-C2-16R (preparation 6).
The recombinant glycopeptide obtained was purified by lgud

chromatography followed by affinity chromatography and analyzed by SDS-PAGE.

It could be seen on the gel that the secreted peptide resolved into two
different meiecular weight bands of approximatsly 78 kDa and 83 kDa.

It therefore appears that the aforementioned clone expressed a
glycopeptide having the size and the characteristics of those corresponding to the C-
terminal end of BSDL.

Example 3 : Recombinant glycopeptide having the size and the characteristics of those
corresponding to the C-terminal end of BSDL (CHO-F3-18R)

The method described in example 1 was employed, but by culturing the cell
clone CHO-F3-16R (preparation 8).
The recombinant glycopeptide obtained was purified by lguid

chromatography followed by affinity chromatography and analyzed by SDS-PAGE.

It could be seen on the gel that the secreted peplide resclved into two
different molecutar weight bands of approximately 78 kDa and 83 kDa.

It therefore appears that the aforementioned clone expressed a
glycopeptide having the size and the characteristics of those corresponding to the C-
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terminal end of BSDL.

Example 4 : Recombinant glycopeptide having the size and the characteristics of those
correspending to the C-terminal end of BSDL (CHO-C2-F3-16R)

The method described in example 1 was employed, bui by culturing the cell
clong CHO-C2-F3-16R (preparation 8).

The recombinant glycopeptide obtained was puwified by Hgud

chromatography foliowed by affinity chromatography and anaiyzed by SDS-PAGE.

It could be seen on the gel that the secreted peplide resolved into two
different melecular weight bands of approximately 78 kDa and 83 kDa.

it therefore appears that the aforementioned clone expressed a
glycopeptide having the size and the characteristics of those correspording to the G-
terminal end of BSDL.

Example & Recombinant glvcopeptide having the size and the characieristics of those
corresponding to the C-terminal end of BEDL (CHO-F7-16R}

The method described in example 1 was employed, but by culturing the cell
clone CHO-F7-16R (preparation 8).
The recombinant glycopeptide obtained was purified by lgud

chromatography followed by affinity chromatography and analyzed by SDS-PAGE.
Only one band of molecutar weight 83 kDa was seen on the gel.

Example 6 : Recombinant glycopeptide having the size and the characieristics of those
correspending to the C-terminal end of 88DL (CHO-C2-F7-16R)

The method described in example 1 was employed, but by culturing the cell
clene CHO-C2-F7-16R (preparation 9j.

The recombinant glycopeptide obtained was purified by lHaud
chromatography foliowed by affinity chromatography and analyzed by SDSB-PAGE.

It couid be seen on the gel that the secreted peptide resolved into two
different molecular weight bands of approximately 78 kDa and 83 kDa.

It therefore appears that the aforementioned clone expressed a
glycopeptide having the size and the characteristics of those corresponding to the C-
terminal end of BSDL.

It therefore appears that all the aforementioned clones {16R) expressed
giycopeptides having the size and the characteristics of those corresponding to the C-
terminal end of BSDL.
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Examples 7 to 13 ; Recombinant glvcopeptidas having the size and the characleristics of
those corresponding to the C-terminal end of FAPP

The recombinant polypeptides produced by clones CHO-K1 {control), CHO-
8R (Ex 7), CHO-C2-8R (Ex 8), CHO-F3-6R (Ex 8), CHO-C2-F3-86R (Ex 10), CHO-GT-6R
{(Ex 11), CHO-C2-GT-BR (Ex 12) and CHO-C2-F3-GT-BR (Ex 13}, were purified on &
polvacrylamice gel or eise by liquid andfor affinity chromatography and analyzed by
immunodetection using antibody pAbLB4 described by Abouskil et al, 1988, Biochim,
Biophys. Acta, 961: 299-308, and mAbJ28. The mouse moenoclonal antibody mAbJ28,
specific of the fucosylated J28 glycopeptide derived from O-glycosylation of the oncofetal
form of FAPP, is described by Panicot et al. in Glycobiclogy, 1899, 9. 935-0486.

The anti-BSDL polyclonal antibody pAbL84 was obtained by immunizing
rabbits after purifying the antigen from human pancreatic juices. Said antibody perfectly
recognizes FAPP, the oncofetal form of BSDL.

The polycional antibody specific of the BSDL proiein core, named
antipeptide, was obtained by immunizing rabbits with a synthetic peptide corresponding to
the peptide sequence of BSDL comprised between the sering residue in position 346 and
glutamine in position 370 coupled to hemocyanin.

Said twe antibodies were purified on a protein A-Sepharose 4B column
(Fharmacia). The antipeptide was subjected fo a second purification step by affinity
chromatography on a column of keyhole fimpet hemocyanin (KLH) coupled to Sepharose
gelto eliminate anti-KLH aniibodies.

The recombinant peplides produced by the different clones of the 6R type
were ljoaded at 100 g per lane on a 10% polyacrylamide gel separated, then
electrotransferred to a nitrocellulose membrane. The membranes were then incubated in
the presence of antibody pAbl84 on the one hand, and antibody mAbJ28 on the other
hand, and developed.

In both cases, the antibodies employed bound specifically to polypeptides
having a size of 50 kDa, corresponding to the expected size of the C-terminal
giycopeptides of FAPP, except in the case of the non-transfected CHO-K1 cell fine used

as negative control.

Examples 14 to 19 : Anti-glvcopeptide monoclonal antibodies
Recombinant anti-giycopeptide antibodies having the size and the

characteristics of those comresponding to the C-terminal end of FAPP were prepared as
follows :
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Stage A - Immunization of mice.

Six-week-old male Balb/c mice were immunized according to the following
protocol :

Day0: Intraperitoneal injection of 25 ug of a mixture of FAPP and BSDL purified
from normai and pathological human pancreatic juices (hereinbelow
named BSDL-FAPP antigen) in a 5050 emulsion (150 ul NaCl/150 ul
complete Freund’s adijvant).

Day 15 ; Infraperitoneal chalenge with 25 pg of BSDL-FAPP antigen in a 50:50
emulsion {150 pl NaCl150 u incomplete Freund's adjuvani).

- Day30; Intraperitoneal chalenge with 25 ug of BSDL-FAPP antigen in a 50:50
emulsion {150 ul NaCl150 4l incomplete Freund's adjuvang).

- Day 110 Intraperitoneal chalenge with 20 ug of BSDL-FAPE antigen in a 50:50
emulsion {150 ul NaCl/150 dl incomplete Freund's adjuvant).

- Day140:  Intraperitoneal challenge with 20 ug of BSOL-FAPP antigen in a 50:50
emulsion {1580 ul NaCl/150 ul incomplete Freund's adjuvant).

- Day215: intraperitoneal challenge with 20 ug of BSDL-FAPP antigen in a 50:50
emulsion {150 Wl NaCl150 ul incomplete Freund's adjuvant).

- Day244: Intravenous imection of 10 ug of BSDIL-FAPP antigen in 100 ul of sterile

NaCl
Day247:  Celfusion.

Stage B — Cell fusion according to the protocel of Kéhler and Milstein.

a) Al day 247, the selected mouse was sacrificed and the spleen removed and ground up,
The spleen cells were washed in RPMi 1640 medium. P3.X83.Ag8 653 myeloma cells,
previously grown in RPMI 1640 medium containing 20% fetal calf serum (FUS), 1%
glutarmine, 1% nonessential amino acids and 1% sodium pyruvate were also washed in
the same medium.

At the same time, peritoneal macrophages were collected by peritoneal lavage of
non-immunized Balb/c mice with RPMI.

For hybridoma formation, the spleen cells and myeloma cells were mixed in a tube at
a ratio of 5 spleen celis for 1 myeloma cell. After centrifugation, the cell pellet was
resuspended in 800 pi of 50% polyethylene glycol 1500 in 75 mM Hepes buffer pH
7.5, After 1 minute of contact at 37°C, 20 ml of RPM! 16840 medium were slowly
added to the fused celis.

by The initial cullure was carried out on 96-well microtitration plates in the presence of
RPMI medium containing 20% fetal calf serum (FCS) and supplemented with 5x10° M
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hypoxanthine, 2x10° M aminopterin and 8x10° M thymidine. Next, 5x10° peritoneal
macrophages followed by 10° fused cells were deposited in each well,

Stage C ~ Cloning and subcloning.

Izach hybridoma selected by the method described in stage D hereinbelow
resuited from cloning by a limit dilution technique in which 10, 5, 2, 1 and 0.5 cells were
sfatistically distributed into  microwells coniaining peritoneai macrophages. Two
subcionings were thus carried out, each clone and subclone having been replicated then
frozen in 90% FCS and 10% dimethylsuifoxide (DMSC).  Subclones from the last
generation were then expanded in vive 10 obtain ascites fluid in the Balb/c mice, followed
by immunogiobulin purification on a protein A column.

Stage D — Hybrid cell selection method.

Selection was carried out by a fiquid phase ELISA method using culture
supernatant, Five micrograms of BSDL-FAPP antigen in 100 l of bicarbonate buffer pH
8.5 were deposited in the wells of a 98-well ELISA plate. The plate was activated for 12 h
at 4°C and saturated for 2 hours with 300 il of 1 mg/ml bovine albumin. The plates were
then washed and incubated with 100 ul of cell culture supernatanis potentially containing
antibodies directed against the BSDL-FAPP antigen. After a 2-houwr incubation, the plates
were washed and incubated for 2 hours with alkaline phosphatase-labelled secondary
antibodies. At the end of the incubation, the plates were again washed and incubated
with para-nitrophenylphosphate (100 @, 1 mg/ml in 0.2 M Tris/HCI buffer pH 8.2 and 1 mM
CaCk). After 1 hour at 37 °C, the plates were read on a microplate reader at 410 nm.

About 15 antibodies were selected for their response in the ELISA test
Additional analyses by Western blot {immuno-imprinting} using FAPP as immunogenic
protein enabled the selection of hybridomas 784 {Example 14), 1107 (Example 15), 1449
{Example 163, 14H10 (Exampie 17), 16510 (Example 18) and 8H8 (Example 19).

Celis producing the IgM antibody 18D10 were deposited with the Collection
Mationale de Culture de Microorganismes {CNCM) in Paris on 18 March 2004 under the
number {-3188.

Example 20 Preparation of membrane glvcopeptides of natural origin

Membrane glycopeptides carrying epitopes recognized by the monocional
antibodies described in examples 14 to 19 were prepared in the foliowing manner :
pancreafic fumor celis were culivated on a plastic support then detached therefrom with
non-enzymatic dissociation solution (Sigma), The cell pellet obtained by centrifugation (2
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min at 100C rom) was sonicated (2 x 15 sec) and again centrifuged (20 min, 14,000 rpm,
4°C). The pellet suspended in phosphate buffer corresponds to membrane giycopeptides
carrying epitopes recognized by the monoclonal antibodies described in examples 14 to
19.

Example 21,
A vaccine having the foliowing composition was prepared ;
- membrane glycopeptides from example 20 isolated from HaPT-1

pancreafic cells, 20 ug
- AlU-getser adjuvant (Serva) 150
- excipient inciuding water for injections 150 pl

Vaccingtion was carried out by intraperitoneal injection two weeks then one
week before transplanting the tumor celis into the flank of the animals. The result of said

vaceination was compared to that of a placebo {injection of isctonic solution).

Example 22
A 0.5 mg/ml injectable isotonic solution of antibodies from example 18

(16D10) was prepared.

Control Example 1: Recombinant glycopeptide having the size and the characteristics of
these corresponding to the C-terminal end of BSDL

The method described in exampie 1 was employed, but by cultivating the
cell clone CHO-K1.
The gel did not show any bands at molecular weight 78 kDa or 83 kDa.

PHARMACOLOGICAL STUDY

Experiment 1: Use of recombinant C-terminal glycopeptides of BSDL and FAFE in

celluiar immunotherapy of exocrine pancreatic cancer

Operating protocol ;
Hamsters (90-100 g} were divided into several groups and vaccinated with

HaPT-1 cells inactivated by 30 minutes of UV exposure. The hamsters were inoculated
with the glycopeplides from example 20 and inaclivaled cells mixed with ALLl-gel-ser
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adjuvant by intraperitoneal injection once a week for two weeks. Two weeks after the last
inoculation, the hamsters received an eciotopic tfransplantation of HaPT-1 cells
{subcutaneous, on the flank)}.

Tumor growth was monitored weekly and tumor volume was compared with
the control group vaccinated with a placebo (PBS alone),
Results :

The tumor growth curve was significantly slower in hamsters immunized
with the glycopeptides from example 20 {(antigens represented in large part by structures
recognized by monoclonal antibodies J28 and 18D10 (Example 18), directed against the
C-terminal domain of BSDL andfor FAPP),

At the end of the experiment, tumor volurme in the group vaccinated with
nactivated cells was 80% lower than in the control group.

The hamsters were sacrificed and pancreatic and tumor tissue samples
were removed for immunohistochemical analysis. Monocional antibodies J28 and 16D10
and polycional antibody L84 were used 1o test for expression of the 18D10 and J28
epitopes (recognized by monocional antibodies J28 and 18D10, respectively) and the
FAPP protein core.

Examination of the tumor fissue slices revealed a decrsase in the
expression of the 16010 and 128 epitopes (smaller decrease for the latter}), between the
group vaccinated with inactivated celis and the controi group.

Therefore, the C-terminal glycopeptides of BSDL and FAPP according to
the invention can be used in cellular immunetherapy of exocrine pancreatic cancer.

Experiment 2 : Use of the glycopeptides according to the invention in the diagnosis of

diabetic pathologies

Cperating protocol
A series of experimenis carried cut by the ELISA method on sera from

patients suffering from various pancreatic and other pathologies showed that BSDL, used
as antigen o activate the ELISA piates, was specifically recognized by antibodies present
in approximately 80% of the sera from patients with type | diabetes whereas less than
10% of the sera from control patients were reactive. Sera from patients with other
pathclogies such as pancreatitis, pancreatic cancer or Graves’ disease were not reactive
{Panicot et al. 1999, Diabetes, 48: 2316-2323).

The recombinant glycopeptides from exampies 2, 5 and 6 were tested by
Western blot (or immuno-imprirding).
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Results

BSDL, and in particular the C-terminal domain thereof, was recognized by
sera from diabetic patients whereas BSDL was not recognized by sera from normal
canfrol patients,

The recombinant glycopeptides from examples 2 and € were recognized by
sara from diabetic {(type | patients.

The control sera (from healthy patients) did not recognize any of said three
glycopeptides.

Therefore, the natural and recombinant C-terminal glycopeptides of the
invention described in the examples can be used for the diagnosis of diabetic pathologies.

Experiment 3 : Use of monoclonal antibodies directed against the C-terminal domain of

FAPP and/or BSDL in the diagnosis of pancreatic cancer

Operating protocol .

Human pancreatic tumor cell fines S0J-6 and Bx-PC-3 and human non-
pancreatic fumor cell lines Caco-2 and Hep-G2 were treated with monoclonal antibodies
J28, 16010 (Example 18), and 8H8 (Example 19) and with polyclonal antibody (pAb) L64
specific of the C-terminal domain of BSDL and FAPP. The respective antigen-antibody
complexes were detected with the aid of a fluorescent rabbit or mouse fluorescein
conjugated N-iscthiocyanate anti-lgG antibody. FACS analysis was used fo detect the
presence of antigens associated with the C-terminal domain of FAPP and BSDL at their
surface.

Results :

The monoclonal antibodies J28 and 16D10 (Example 18), and the
polyclonal antibody (pAb) L84 specifically recognized the surface of the human pancreatic
tumor cell lines 8QJ-6 and Bx-PC-3 and did not recognize the surface of the human non-
pancreatic tumor cell lines which were tested, such as Caco-2 and Hep-G2 cells.

The monoclonal antibodies J28 and 16D10 directed against the
glycosylated epitopes expressed specifically on the C-terminal domain of FAPP and BSDL
are therefore capable of distinguishing pancreatic fumor celis from non-pancreatic tumor
cells.

Therefore, the monoclonal antibodies direcied against the giycosylated
epitopes expressed specifically on the C-terminal domain of FAPP and BSDL. can be used
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in the diagnosis of pancreatic cancer.
In particular said antibodies can determine whether a secondary fumor site

{metastasis) is of pancreatic origin or from a primary tumor of another origin.

Experiment 4 : Targeting of pancreatic neoplastic cells by the monoeclonal antibodies of
the invention

A- Study on human pancreatic tissue sections.

Operating protocol

Tissue expression of the glycosylaied epitopes recognized by the
mencclonal antibodies directed against the C-terminal domain of FAPP and/or BSDL was
tested in immunohistochamical studies carried out with the various monoclonal antibodies
of the invention on normal and cancerous human pancreatic tissue sections.

In a first step, pancreatic tissue was obtained from four patients with
pancratic cancer and from five normal pancreas. The tissue sections were incubated with
the antibodies from examples 18 (16D10) and 19 (8M8).

In a second step, seven human pancreatic tumor fssue samples and five
non-tumorat tissues (diagnosed by a pathologist) were sliced into 5-pm thick sections,
dried in acetone at 4°C and rehydrated in Tris/HCI buffer pH 7.6. The sections were then
incubated either for 1 h at 25°C {mADJ28 and mAbLBHS, example 19) or overnight at 4°C
{(MADb16D10, example 18}, the anfibodies being diluted 1.8C in Dake diluent (EnVision
System, Dako, Copenhagen, Denmark). The sections were then incubated with a suitable
akaline phosphatase-iabelled secondary antibody. The antigen-anlibody complex was
then detected with the chromogenic subsirate Fast-Red, in the case of guantiative
analysis by confocal laser scanning microscopy, the suitable secondary antibody was
labelled with streptavidin-fluoroscein. The sections were then examined under a

microscope or with a confocal laser fluorescence microscope.

Results ;.

In the first experiment, the monocional antibody from example 18 (16D10)
specifically recognized neoplastic celis from four pancreatic tumor fissue samples.

No reaction was observed with the five normal pancreatic tissues.

The moncclonal antibody from example 19 (8HE) preferentially recognized
narmal pancreatic tissue.
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In the second experiment, out of all seven tumor tissue samples studied,
seven were recognized by mAbi18D10 (example 18) and five by mAbJ28. The
immunohistochemical results are presented in Figwe 1 and Tables 1 and 2. The
mADb18D10 {(example 18) showed very high specificily for tumer tissue whereas mAbS8HS
{exampie 19) only recognized normal pargcreatic Hssus. mAbJ28 showed intermediate
specificity since it preferentially recognized tumer tissue, but also some normail tissue,
Table 2 presents the confocal laser microscopy results defining the fluorescence intensity
on the antibody-labelled tissue sections. 1t should be noted that none of these antibodies
recognized the other tumor fissues tested: liver, lung, stomach, colon, esophagus and
thyroid.

The monoclonal antibodies of the invention coupled to an antitumoral active
substance can be used in the treatment of pancreatic cancer io target and destroy
pancreatic fumor cells.

Similarly, radicactive {or other) elements can be coupled to said antibodies
and enable a precise localization of primary tumors and metastases. Said antibodies can

also afford a clear and sharp differentiation between normal fissue and tumor tissue.
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Table 1.

Control 1
Acini
Canals

Control 2
Acini
Canals

Control 3
Acini
Canals

Control 4
Acini
Canals

Control 5
Acini
Canals

PDAC1
PDALC2
PDAC3
PDAC4
PDACS
PDACS
PDACT*

CCA*
ECA*
LiCa*
LuCa
SCA*
TCA*

(83)

Semi-quantitative immunohistochemical studies :
antibodies mAbBHS, mAbJZ8 and mAb16D10

JP 2015-63524 A 2015.4.9

results obtained with

Label
mABLBHS mAbJ28 mAR16010

4 1 ¢
0 0 G
4 1 ¢
0 0 ¢
4 1 ¢
0 0 ¢
4 1 #]
0 0 G
4 1 G
0 0 G
0 0 4
0 3 4
0 2 4
0 0 4
1 3 4
0 2 4
0 1 3

¢] 0 ¢

0 0 4]

8] 0 G
0 0 ¢
0 0 G
0 0 G

C, control PDAC, pancreatic adenocarcinoma; LuCA, lung carcinoma; CCA, colon

carcinoma; ECA esophageal carcinomna; LiCa, Hiver carcinoma; SCA, stomach carcinoma;

TCA, thyroid carcinoma. Tissues were obtained from the BioChain Instituie (USA). The

number of labelled cells is expressed semi-quantitatively as follows : 0, no labelliing; 1:

from 1 ¢ 10% of cells were abelled; 2 : from 10 10 30% of cells were labelled; 3 ;. from 30

to 40% of cells were labelled and 4 | > 40% of cells were labelled.



Table 2. Flucrescence intensity on sections labelied with the antibodies of the invention.
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Case Fluorescence intensity

mADbBHS mAbJ28 mAB16510
Control 1 92331280 1911+ 8.75 31.41+£1.19
Control 2 138.72+3.36 1454 + 6.57 8168 +516
Control 3 110.85+2.71 1741+ 8.09 0
Control 4 108.04 + 4.58 26,48+ 1201 o]
Control 5 11414+ 1.26 35.56 + 16.30 0
PDACH ¢ 53121212 12402 £2.43
PDAC 2 3847 +035 87.88+428 129.84 +6.35
PDAC 3 G 8960+284 12327 +6.16
PDAC 4 17.06 + 7.64 5061+ 2.36 14395+ 271
PDAC 5 4042 +022 88.82 + 548 13506 + 4.03
PDAC 8 o 5997 + 164 12830+ 1.1
PDAC 7* 18.65+ 8.38 72.74% 4.84 132,34 £ 2.75

C, control, PDAC, pancreatic adenocarcinoma. Tissues were obtained from the BioChain
Institute {USA). In each case the mean % standard error of labelling on six different
regions of each fissue slhice are shown. Significant differences were observed between
control and pancreatic tumor fissue for mAb16B10 (P<0.001), mAb8MSB (P<0.001) and
mAbJ28 (P<0.05).
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B- ELISA competition studies between mAbJ28 and mAb16D10 (example 18) on the
recombinant glycopeptide carrying the J28 glycotope.

Cperating protocol

The giycosyitransferases involved in formation of the oncofetal glycotype
J28 were characterized and said glycotope was reproduced ex vive by genetic
engineering. It was reconsiructed in CHO cells from the recombinant C-terminal peptide of
FAPP {composed of 6 repeated sequences) and iwo glycosyltransferases, of1-3/4)
fucosyltransferase FUT3 and Core 2 B(1-6) N-acetyigiucosaminyltransferase required to
build said structure. The recombinant C-terminal glycopeptide of FARR carrying the J28
giycotype {example 10) was secreted in the culture supernatant of this cell fine.

Competition experiments were carried out with an ELISA test in the
presence of culture supernatant containing the recombinant C-terminal glycopeptide of
FAPP carrying the J28 glycotype (example 10), biotinylated mAbJ28 and increasing
concentrations of mAb16D10 (example 18) as competitor with the aim of demonstrating
the specificity of said antibodies.

The principie of the protocol was as follows :

1. The bottom of the wells was coated with concentrated culture
supernatant containing the recombinant J28 glycopeptide diluted 1:1G, 1:20,1:50, 1:100.

2. Biotinylated mAbJ28 was added at 10 ng per well (Exp. 1) or § ng per
well (kxp. 2) together with increasing concentrations of purified mAb160D10,

3. Biotinylated mAbJ28 was recognized with the aid of an alkaline

phosphatase-conjugated anti-bictin antbody {ant-biotin Ab control on mAb16D10 = 0).

Resulis :

Figure 2 presenting the results of two experiments shows that there was no
significant loss in the reactivity of mAbJ28 for its glycotope coated at the bottom of the
wells in the presence of increasing concentrations of mAh16D10 (exampie 18) used as
competitor (aven with a four-fold excess).

C- FACS competition study between antibodies mAb.J28 and mAb16D10 on
human pancreatic tumor cell line 50J-6.

Qperating protocol
The monocional anBbodies mARJZ28 and mABIBDRI1Q  specifically
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recognized human pancreatic tumor cell lines S0J-6, Bx-PC-3 and did not recegnize the
human non-pancreatic jumor cell lines tested,

Preliminary competiion experiments by FACS were carried out on the
human pancreatic tumor cell line S0J-6 in the presence of menocional antibody mAbJ28
coupled to a fluorochrome (Alexa 488) and increasing concentrations of monoclonal
antibody mAb16D 10 (example 18) used as competitor in the form of ascites fluid.

The principal of the protocol was as follows :

1. Human pancreatic tumor $CJ-8 cells were detached, fixed and saturated
with BSA at 4°C.

2. Fluorescent-labelled monoclonal antibody mARJZE was added at 2 ng
per sample in the presence of increasing concentrations of ascites fluid containing
mAb16D10 at 1:100, 1:40, 1:20, 1:20, 1:10, 1:4 and 1:2 dilution,

3- The cells were analyzed by FACS.

Results

The resuits are shown in Figure 3. Despite a very low labeliing of the cells {due to the
first experiments with Alexa-488-labelled mAbJ28), no significant loss of reactivity of
antibody mAbJZ8 for its glycotype was observed in the presence of increasing
concentrations of antibody mAb16D10 used as compstitor.

Experiment 5: Use of the monocicnal antibodies of the invenfion in the ireatment of

exocrine pancreatic cancer

Experimental protocol .
Two groups of six-week-old nude mice (NMRI mice) received an

intfraperitoneal inoculation on Day -1 either with monocional antibody 18D10 from
example 18 at a dose of 150 Yl of & 0.5 mg/mg isctonic antibody solution or with an
isotonic placebo solution.

At Day 0, 2 x10° S0J-6 human pancreatic fumor cells were subcutaneously
injectad into the right flank. The animais were then inoculated with monecional antibody
16010 or isotonic solution at Days +1, +3, +6, +8 and +10 (in the quantities indicated
hereinabove).

The volume of the palpable subcutaneous tumors was measured in each
animalatweeks 1,2, 3.4, 5,6, 7,8 %and 10
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Results :

The tumor growth rate in animals reated with the monogional antibody from
example 18 was 10 imes lower than that of placebo-treatad animals.

At the end of the experiment {10 weeks postinoculation), the median
volume of tumors removed from control animals was 1.25 versus a markedly lower
median vaiue of 0.15 em® in the treated animals.

The menoclonal antibodies directed against the C-terminal domain of FAPP
and/or BSDL and in particular the monoclonal antibody from example 18 can therefore be
used in therapy for pancresatic cancer.

Experiment 6 ; Use of the monoclonal antibodies directed agsinst the C-terminal domain
of FAPP and/or BSDL. in the winary diagnosis of pancreatic cancer

Operating protocol
A series of experiments carried out by Western blot, iquid chromatography

and mass spectrometric characterization led fo the identification of intact BSDL in the
urine of healthy patients. In light of these findings, the different glycosylated epitopes J28,
18010 carried by the C-terminal domain of BSDL/FAPP and which appear in pancreatic
adenocarcinoma, might aisc be present in the wrine of patients suffering from this cancer.

Results :

Figure 4 showing the initial resulis obtained in a preliminary Westermn blot
experiment reveals the presence of the glycosylated J28 epitope carried by BSDL/FAPP
in urine samples from patients with pancreatic adenocarcinoma, and the absence thereof
in urine samples from healthy individuals.

Figure 4 shows that both healthy subjects and cancer patients had cne or
two bands displaying immunoreactivity towards pAbLB4 and mAbBHE (example 19)
located at 110 kDa. On the other hand, the two groups displayed different reaciivity
towards mABLJ28, a mAbJZB-immunoreactive band at 110 kDa being seen in cancer
patients but not in healthy subjects.

Experiment 7 : Use of urinary C-terminal alvcopeptides of BSDL and FAPP in cellular
immunotherapy of exocring pancreatic cancer
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Operating protoco .

Prefiminary results showed that the glycosylated J28 epilope carried by
BSDL/FAPP was present in urine samples from patients with pancreatic adenocarcinoma
tested at the present ime whereas it was absentin urine samples from healthy individuals.
The presence of said fumor marker in urine, which can be obtained in large quantities
without the use of invasive methods, can serve as a source of antigen in order to develop
different active immunotherapy protocols such as described by Ramanathan et al,, Cancer
Immunol Immunoth, 2004, 84: 254-64; O'Neill et al., Blood, 2004,104: 2235-48; Vl|ad et al.,
J Exp Med, 2002, 196: 1435-486; Schmidt et al., Cancer Res, 2003, 63: 8662-67. One such
avenue s 10 develop autpiogous cell immunotherapy protocois (as described by
Yamanaka et al., Br J Cancer, 2003, 89 1172-9; Svane et al, Cancer lmmunol
Immunother, 2004, 53: 833-41; Yu et al, Cancer Res, 2004, 64; 4973-9) using dendritic
cells from patients who have their pancreatic turmor resected. The patient’s dendritic cells
are then loaded ex vivo with his own antigens, that is to say, with the C-terminal
glycopeptide(s) of BSDU/FARP carrying the JZ28 glycotope(s) {and perhaps also the
16010 glycotope} obtained from the urine, before being reinjected in the patient to induce
an immune response directed against residual tumor foci which express said same
antigens.

Said strategy of human dendritic cell activation, currently under avaluation
using as tumor antigen the recombinant C-terminal glycopeptide of FAPP carrying the
glycosylated J28 epitope {example 10}, can alsc be carried cut by using the urinary C-
terminal glycopeptide of BSDL/FAPP carrying said glycosylated epitopes. The purification
protocols (different steps of centrifugation, ulirafiltration and concentration, combined with
liguid chromatography on exclusion and affinity columns) developed in order to purify and
characterize BSDL. in the urine of healthy individuals are used to purify BSDL/FAPP
carrying the J28 glycotope {and also that of 16010) from urine samples of patients with
pancreatic adenccarcinoma. The protocol is as follows | Native urine is cenfrifuged to
eiminate cellular debris and partially desalted by ultrafiltration on a Centripreps® YM-10,
then completely desalted on a Sephadex® G-25 column. The recovered fractions are
lyophitized, then taken up in 10 mM Tris-HCI elution buffer, pH 7.8, 400 mM NaCl, and
loaded on Sephacryi™ 8-200 gel to separate the proteins according to their molecular
mass. Fractions containing BSDL/FAPP carrying the J28 glycotope (and/or the 16010
glycotype} are collected, dialyzed and lyophilized. The Iyophilizates obtained after
moiecular sieving are rehydrated in PBS, and BSDL/FAPP carrying the .J28 glycotope
(and perhaps also the 16D1C giveotope) is purified either by immunoaffinity
chromatography on an agarose-mAbJ28 cojumn or on a heparin Sepharose column,
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Purified BSDL/FAPP carrying the J28 glycotope {and/or the 16D10 glycotype) is digested
with frypsin or ¢yanogen bromide to obtain the C-terminal glycopeptide of BSDL/FAPP
carrying said glycotopes, as described elsewhere to isolate the C-terminal domain of
BSDL/FAPP (Mas et al., 1997, Giycobiology, 7: 745-752). The dendritic cells of patients
with pancreatic adenocarcinoma are cuitured in the presence of said glycopeptide
carrying the J28 glycolope (and/or the 16010 glycotype) purified from their own urine.
The presence of the glycopeptides at the surface of the puised mature dendriic cells will
be checked by confocal microscopy before the celis are reinjected in the patient to induce

an anti-turmor response.
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CLAIMS

1- Monoclonal antibody selected from monocional antibody 16810, a
fragment or derivative thereof, and an antibody which essentizlly binds to the same
epitope as monocional antibody 16D10.

Z- Antibody according to claim 1, wherein said antibody is humanized,

chimeric or human.

3- Andibody according to either one of claims 1 or 2, wherein the antibody is
of the 1gG type.

4- Antibody according te either one of claims 1 or 2, wherein the antibody is
a single chain antibody.

5- Use of an antibody according to any one of claims 1 to 4 for preparing a
diagnostic composition which can be used for detecting & pancreatic pathology i1 vivo o

in vitro.

8- Use according to claim 5, wherein the pancreatic pathology is pancreatic

cancer.

7- Method of detection in vitro of a subject suffering from a pancreatic
pathology, comprising contacting a biclogical sample from the subject with an antibody
according o any one of claims 1 o 4 and detecling the formation of immunclogical
complexes resulting from the immunclogical reaction between said antibody and said

biological sample.

8- Method according to claim 7, wherein said biological sample is a sample

of pancreatic tissue.

9- Method according to claim 7, wherein said biclogical sample is a
biclogical fluid preferably selected from among pancreatic juices, serum and uring.

10- Method according to any one of ciaims 7 to 8, wherein the method

enables the detection of a subject suifering from pancreatic cancer.
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11- Kit for diagnosis of a pancreaiic pathology, comprising an antibody
according to any one of claims 1 to 4, and optionally the means for detecting the
immurniological complex resulting from the immunological reacton between the biclogical
sample and said antibody,

12- Method of detection in vilro of a subject suffering from a pancreatic
pathclogy, comprising recovering the urine of the subject, contacting said urine with an
antibody which can specifically recognize a glycopeptide comprising 1 to 40 repetitions of
the peptide sequence described in SEQ D No 14 and glycosylated by cone or more
enzymes having ose-transferase activity selected in the group consisting of Core 2 §{1-8)
MN-acetylglucosaminyliransferase (C2GnT), fucosyltransferase FUTS which has of1-3) and
a{1-4) fucosylitransferase activity, or fucosyliransferase FUTY which has a{1-3)
fucosyliransferase activity, and deteciing the formation of immunological complexes
resulting from the immunological reaction between said antibody and said urine.

13- Method according to claim 12, wherein said antibedy is the antibody
J28, a fragment or derivative thereof, or an antibody which essentially binds to the same
epitope or determinant as the former.

14- Method according 1o claim 12, wherein said antibody is the anfibody
16D10, a fragment or derivative thereof, or an antibody which essentially binds to the
same epitope or determinant as the former.

15- Methed according to any one of claims 12 to 14, wherein the method

enables the detection of a subject suffering from pancreatic cancer.

18- Pharmaceutical or vaccine composition comprising a glycopeptide
comprising 1 to 40 repetitions of the peptide sequence described in SEQ 1D No 14 and
glycosylated by one or more enzymes having ose-transferase activity selected in the
group  consisting of Core 2 B(1-8) N-acetylglucosaminyltransferase (C2GnT),
fucosyliransferase FUT3 which has of1-3) and o(1-4) fucosyliransferase activily, or

fucosyliransferase FUTY which has o{1-3) fucosylvansferase activity.

17- Pharmaceutical or vaccine composition according to claim 16, wherein
said glycopeptide is glycosylated by the enzymes C2GnT and FUT3.
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18- Pharmaceutical or vaccing composition according to claim 16, wherein
said glycopeptide is glycosylated by the enzymes C2GnT and FUT7Y.

18- Pharmaceutical or vaccinal composition according to claim 18, wherein
said glycopeptide is glycosylated by the enzymes C2GnT, FUT3 and FUT7.

20- Pharmaceutical or vaccine composition according to any one of claims
16 to 18, wherein said glycopeptide s further glycosylated by  at-

3)galactosyltransfeerase {GT).

21- Pharmaceutical or vaccine composition according to any one of claims
16 to 20, wherein said giycopeplide comprises between 1 and 15 of said repetitions.

22- Pharmaceutical or vaccine composition according o any one of claims
18 to 21, wherein said glycopeptide is recombinant.

23- Pharmacedutical or vaccine composition according o any one of claims
16 to 22, wherein said glycopeptide is purified from a biological fluid.

24- Pharmaceutical or vaccine composition according to claim 28, wherein

said biological fluid is urine.

25- Pharmaceutical or vaccine composition according to ciaim 24, wherein
said urine originates from a subiect suffering from a pancreatic pathology.

26- Pharmaceutical or vaccine composition according to ciaim 25, wherein
said urine originates from a subject suffering from pancreatic cancer.

27- Pharmaceutical or vaccine composition according to any one of claims
16 to 26, wherein said giycopeptide is loaded on antigen-presenting cells.

28- Pharmaceufical or vaccine composition according to claim 27, wherain
the antigen-presenting cells are dendritic cells,

29- Use of a pharmaceutical composition according to any one of claims 16
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to 28 for preparing a medicament intended for the preventive or curative treatment of a
pancresiic disease,

30- Use according to claim 29, wherein the pancreatic disease is pancreatic

cancer.

31- Pharmaceutical composition comprising an antibody which can
specifically recognize a glycopeptide comprising 1 to 40 repetiions of the peptide
sequence described in SEQ 1D No 14 and glycosylated by one or more enzymes having
ose-transferase achvity selected in the group consisting of Core 2 P(1-6) N-
acetylglucosaminyltransferase {C2GnT}, fucosyltransferase FUT3 which has a{1-3) and
af1-4) fucosyltransferase activity, or fucosyltransferase FUTY which has «{1-3)

fucosyltransferase activity.

32- Pharmaceutical composition according to claim 31, wherein said

glycopeptide is glycosylated by the enzymes C2GnT and FUT3.

33- Pharmaceutical composition according to claim 31, wherein said
glycopeptide is glycosylated by the enzymes C2GnT and FUT7.

34- Pharmaceutical composition according fo claim 31, wherein said
glycopeptide is glycosylated by the enzymes C2GnT, FUT3 and FUT7.

35- Pharmaceutical composition according to any one of claims 31 o 34,
wherein said glycopeptide comprises between 1 and 15 of said repetitions.

36- Pharmaceutical composition according o any one of claims 31 o 35,
wherein said antibody is the antibody J28, a fragment or derivative thereof, or an antibedy
which essentially binds to the same epitope or determinant as the former.

37- Pharmaceutical composition according to any one of claims 31 ko 35,
wherein said antibody is the antibody 18D10, a fragment or derivative thereof, or an

antibody which essentially binds to the same epitope or determinant as the former.

38- Use of a pharmaceutical composition according to any one of claims 31

to 37, for preparing a medicament infended for the preventive or curative treatment of a
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pancreatic disease.

39- Use according o claim 38, wherein the pancreatic disease is pancreatic

cancer.

40- Recombinant, isolated or purified glycopeptide comprising 1 to 40
repetitions of the peptide sequence described in SEQ 1D No 14 and glycosylated by one
or more enzymes having ose-transferase activity selected in the group censisting of Core
2 B{1-8) N-acetylglucosaminylransferase (C2GnT}, fucosyltransferase FUT3 which has
o{1-3} and a1-4) fucosyltransferase activity, or fucosyltransferase FUTY which has a{1-3)
fucosyltransferase activity, said glycopeptide being further glycosylated by a(i-
3)galactosyltransferase (GT).
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Abstract: The invention relates 10 a glycopeptide comprising between 1 and 40 repeated C-terminal polypeptides, with 11
amino acids, of BSDL or FAPP, whereby the aforementioned polypeptides are glycosylated and bear giycosylated epitopes giving
rise o a specific immunelogical reaction with induced antibodies in a patient suifering from type 1 diabetes, and/or purified from
biological fluids of human or animal origin or recombinant and produced by expression in a standard host cell cornprising an enzy-
matic material necessary for priming a giycosylation, said host cell being genetically modified such as to comprise a gene coding
for the aforementioned polypeptides and a gene coding for one or more enzymes selected from among glycosvitransferases and
anti-glvcopeptide antibodies. The invention alse relates to the applications thereof in therapentics and diagnostics.
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