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(57) ABSTRACT

A method for detecting presence or absence of a tumor in a
mammal and/or its sensitivity to chemotherapies, including,
on a biological sample from said mammal, detecting and/or
quantifying: presence of an eEF1A1 protein, and/or presence
of antibodies directed against an eEF1A1 protein or a frag-
ment including at least one epitope of eEF1al protein, and/or
presence of a MARKS3 protein, and/or presence of antibodies
directed against a MARK3 protein or a fragment comprising
at least one epitope of the MARK3 protein.
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Figure 1

GKLPLXARMGKEKTILINIVVIGHVDSGKSTTTGHLIYKCGGIDKRTIEKFEKEAREMGKG
-------- MGKEKTHINIVVIGHVDSGKS TTTGHLIYKCGGICKRTIEKFEXKEAAEMGKG
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(A)
CGAAAACTACCCCTAAAAGCCAAAATGGGAAAGGARAAGACTCATATCAACATTG TCGTCAT TGGACACGTAGATTCGGG
CAAGTCCRCCACTACTGGCCATCTGATCTATARATGCGGTGGCATCGACAARAGAACCATTGAAAAAT TTGAGAAGGAGS
CIGCTGAGATGGGAAAGGGCTCCTTCAAGTATGCCTGGGTCTTGGATAAACTGARAGC TGAGCGTGAACGTGGTATCACG
ATTGATATCTCCTTGTGGAAATTTGAGACCAGCARGTACTATGTGACTATCAT TGATGCCCCAGGACACAGAGACTTTAT
CAAAARCATGATTACAGGGACATCTCAGGCTGACTGTGCTGTCCTGATTGTTGCTGCTGGTGTTGGTGAATTTGAAGCTG
GTATCTCCAAGARTGGGCAGACCCGAGAGCATGCCCTTCTGGCTTACACACTGGG TGTGAAACAACTAATTGTCGGTGT
ARCARRATGGATTCCACTGAGCCACCCTACAGCCAGARGAGATATGAGGARATTGTTAAGGAAGTCAGCACT TACATTAR
GAAARTTGGCTACAACCCCGACACAGTAGCAT TTGTGCCAAT TTCTGGTTGGAATGGTGACAACATGC TGGAGCCAAGTG
CTAACATGCCTTGGTTCAAGGGATGGAAAGTCACCCGTAAGGATGGCAATGCCAGTGGARACCACGE TGCTTGAGGCTCTG
CRACTGCATCCTACCACCAACTCGTCCAACTGACAAGCCCTTGCGCCTGCCTCTCCAGGATGTCTACAAAATTGGTGGTAT
TGGTACTGTTCCTGTTGGCCGACTGGAGACTGGTGTTCTCARACCCGGTATGGTGGTCACCTT TGCTCCAGTCAACGTTA
CAACGGAAGTAARATCTGTCGAAATGCRCCATGAAGCTTTGAGTGAAGCTCTTCCTGGGGACAATGTGGGCTTCAATGTC
AAGAATGTGTCTGTCAAGGATGTTCGTCGTGGCAACGTTGCTGGTGACAGCAAAAATGACCCACCAATGGAAGCAGCTGG
CTTCACTGCTCAGGTGATTATCCTGAACCATCCAGGCCAAATAAGCGCCGGCTATGCCCCTGTATTGGATTGCCACACES
CTCACATTGCATGCAAGTTTGCTGAGCTGAAGGAARAGATTGATCGCCGTTCTGGTAARAAGCTGGAAGATGGCCCTAAA
TTCTTGAAGTCTGGTGATGCTGCCATIGTTGATATGSTTCCTGGCAAGCCCATGTGTGT TGAGAGCTTC TCAGACTATCC
ACCTTTGGGTCGCTTTGCTGT TCGTGATATGAGACAGACAGTTGCGGTGGGTGTCATCAAAGCAGTGGACAAGARAGGCTG
CTGGAGCTGGCAAGGTCACCAAGTCTGCCCAGARAGCTCAGAAGGC TAAATGAATATTATCCCTAATACCTGCCACCCCA
CTCTTAATCAGTGGTGGAAGAACGGTCTCAGAACTGTTTGTTTCAATTGGCCATTTAAGTTTAGTAGTAAAAGACTCGTT
AARTGATAACAATGCATCGTAAAACCTTCAGAAGGAAAGGAGAATGT I TTGTGGACCACTTTGGTTTTCT T I'TGCOTGT
GGCAGTTTTAAGT TATTAGTTTTTAARATCAGTACTTTTTAATGGARACAACT TGACCAAAARTTTGTCACAGAATTTTG
AGACCCATTARARAAGTTAAATGAGAAARAARARAAAAAAAAAAAAAARA

(8)

GKLPLKAKMGKEKTHINIVVIGHVDSGKSTTTGHLIYKCGGIDKRT IEKFEKEAREMGKGSFKYARVLDKLKAERERGLIT
IDISLWKFETSKYYVTIIDAPGHRDFIKNMITGTSQADCAVLIVAAGVGEFEAGISKNGQTREHALLAYTLGVKQLIVGY
NXKMDSTEPPYSQKRYEEIVKEVSTYIKKIGYNPDTVAFVP ISGRNGDNMLEPSANMPWEKGWKVTRKNDGNASGTTLLEAL
DCILPPTRPTDKPLRLPLODVYKIGGIGTVPVGRVETGYLKPGMYVTFAPVNVTTEVKSVEMHHEALSEALPGDNVGFNV
KNVSVKDVRRGNVAGDSKNDPPMEAAGETAQVITLNHPGQISAGYAPVLDCHTARIACKFAELKEKIDRRSGKKLEDGPK
FLKSGDAAIVDMVPGKPMCVESFSDY PPLGRFAVRDMRQTVAVGVIKAVDKKAAGAGKVTKSAQKAQKAK

Figure 2
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Sefwse sequence ; 5-UGG UGA CAA CAU GCU GGA G 3
Antisense sequence : 5' CUC CAG CAU GUU GUC ACCA 3'

Figure 6
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Figure 8

APASPMLGNASNPNKADI PERKKSSTVPSSNTASGGMTRRNTYVCSERTT
APASPMLGNASNPNKADIPERKKSSTVPSSNTASGGMTRRNTYVE SERTT
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(A)
GCTCCAGCCAGTCCCATGCTTGGGAATGCAAGTAATCCTAATAAGGCGGATATTCCTGAACGCAAGAAAAGCTCCACTGT
CCCTAGTAGTAACACAGCATCTGGTGGAATGACACGACGAAATACTTATGTTTGCAGTGAGAGAACTACAGCTGATAGAC
ACTCAGTGATTCAGAATGGCAAAGAAAACAGCCTGACAGAAATGTTCGCTTACGCAGCTAGCCCTGCCTCAGTTTGTACA
TCTACCTGTCGGCTGAGACATCAGAAGTCGATGTCCATGTCAGCCTCTGGGCACCCCAAGATGATGTTACCTCCAATAGA
CAGTGAAGGAGATAACTTCAAGGCTATCACTATTCCTGATCAGAGAACTCCAGTTGCTTCAACACACAGTATCAGTAGTG
CAGCCACCCCAGATCGAATCCGCTTCCCAAGAGGCACTGCCAGTCGTAGCRCTTTCCACGGCCAGCCCCGGGAACGGCGA
ACCGCAACATATAATGGCCCTCCTGCCTCTCCCAGCCTGTCCCATGAAGCCACACCATTGTCCCAGACTCGAAGCCGAGG
CTCCACTAATCTCTTTAGTAAATTAACTTCAAAACTCACAAGGAGGCTTCCAACTGAATATGAGAGGAACGGGAGATATG
AGGGCTCAAGTCGCAATGTATCTGCTGAGCAAAAAGATGAAAACAAAGAAGCAAAGCCTCGATCCCTACGCTTCACCTGG
AGCATGAAAACCACTAGTTCAATGGATCCCGGGGACATGATGCGGGAAATCCGCAAAGTGTTGGACGCCAATAACTGCGA
CTATGAGCAGAGGGAGCGCTTCTTGCTCTTCTGCGTCCACGGAGATGGGCACGCGGAGAACCTCGTGCAGTGGGAAATGG
AAGTGTGCAAGCTGCCAAGACTGTCTCTGAACGGGGTCCGGTTTAAGCGGATATCGGGGACATCCATAGCCTTCAAAAAT
ATTGCTTCCAAAATTGCCAATGAGCTAAAGC?GEE&CCCAGTGATTATGATGTAAATTAAGTAGCAATTAAAGTGTTTTC
CTGAACACTGAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AA

8
APLSPMLGNASNPNKADIPERKKSSTVPSSNTASGGMTRRNTYVCSBRTTADRHSVIQNGKENSLTBMFAYAASPASVCT
STCRLRHQKSMSMSASGHPKMMLPPIDSEGDNFKAITIPDQRT?VASTHSISSAATPDRIRFPRGTASRSTFHGQPRERR
TATYNGPPASPSLSHBAT?LSQTRSRGSTNLFSKLTSKLTRRLPTEYERNGRYEGSSRNVSAEQKDBNKEAKPRSLRFTW
SMKTTSSMDPGDMMREIRKVLDANNCDYEQRERFLLFCVHGDGHAENLVQWEMEVCKLPRLSLNGVRFKRISGTSIAFKN
IASKIANELXL

Figure 9
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Sense sequence 5 ACAGCACUAUUC CUG AUCA 3
Antisense sequence : 5'UGA UCA GGA AUA GUGCUG U 3
2C10-3 _
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Antisense sequence : 5 CUU-CAC-UGU-CUA-UUG-GAG-G 3'
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METHOD FOR DEMONSTRATING
PRESENCE OR ABSENCE OF MARKERS
ASSOCIATED WITH THE PRESENCE
AND/OR THE CHEMOSENSITIVITY OF
TUMORS

RELATED APPLICATION

[0001] Thisisa §371 of International Application No. PCT/
EP2006/068943, with an international filing date of Nov. 27,
2006 (WO 2007/060240 A2, published May 31,2007), which
is based on French Patent Application Nos. 05/11954, filed
Nov. 25, 2005, and 05/11958, filed Nov. 25, 2005.

TECHNICAL FIELD

[0002] This disclosure relates novel methods with which to
evidence the presence of absence of markers associated with
tumors and their sensitivity to chemotherapies. The disclo-
sure also relates diagnostic kits comprising means enabling
the methods to be implemented, and relates the use of com-
pounds inhibiting the activity or expression of the markers to
inhibit the growth of tumor cells.

BACKGROUND

[0003] In the area of pathologies, cancers occupy a pre-
dominant position in terms of prevalence, incidence and mor-
tality. Cancer-forming phenomena are related to complex cell
disorders, not well known, which may affect all the organs.
The means for screening and fighting cancers remain impet-
fect.
[0004] There is a large variety of tumor phenomena which
may occur at any age of an individual and affect most func-
tional areas of a human body. In particular, the central nervous
system (CNS), a complex organ consisting of numerous dif-
ferent cell types, is no exception to these morbid and most
diversified pathological phenomena. Indeed there are numer-
ous types of solid brain tumors. These tumors correspond to
the development of oncological phenomena affecting the
constituent cells of the CNS (neuronal cells, glial cells.). Also
there exist other localized tumors in the CNS which are the
result of metastases derived from tumors of other organs.
CNS tumors are characterized by a certain number of ana-
tomical, biological and clinical parameters. At the current
time, careful analysis of these parameters predominantly
determines the strategy of therapeutic action taken by the
clinician. The specific phenotype of a tumor is an element
which, still most imperfectly, allows the prognostic evalua-
tion of a patient’s chances of survival.
[0005] Amongst the investigations which can be used to
classify brain tumors, mention may be made of:
[0006] medical imaging (tomodensitometry and mag-
netic resonance imaging)
[0007] morphological and histological analysis per-
formed on biopsies
[0008] biomolecularanalysis: search for protein markers
by immune-detection, cytogenetic analysis (e.g., detec-
tion of genetic macro-anomalies by probe hybridiza-
tion).
[0009] The diagnosis of tumors and more particularly of
CNS tumors is predominantly based on histological analysis
conducted by an anatomo-pathologist. Unfortunately diag-
nostic discrepancies observed between experts in the area are
enormous (up to 64% disagreement depending on tumors).
Worse still, similar discrepancies can be noted when the inter-
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pretations of identical samples are given to the same person at
a few weeks” interval (Mittler et al, 1996; Bruner et al, 1997,
Coons et al, 1997). This finding is worrying since it is known
that diagnosis errors may lead to unnecessary radiotherapy
and/or chemotherapy with heavy consequences for the
patient.

[0010] As a supplement to histological analysis, there are
only a few rare diagnosis tests based on molecular
approaches. Cytological observations for example can be
completed by the search for genetic anomalies and, in some
laboratories, by the detection of certain protein markers using
specific antibodies.

[0011] At the present time no routine tests exist based on
the detection and quantification of the concentration of tran-
scriptomic tumor markers. The few molecular tests currently
available do not allow a non-ambiguous differentiation to be
made between the different types of tumor cells, and espe-
cially do not allow correct prognosis of their sensitivity to
cytotoxics with accuracy.

[0012] It is therefore important to be able to have new
methods available allowing the easy, sensitive and early
detection of the presence of tumors and their sensitivity to
chemotherapies, to apply therapeutic strategies best adapted
for the treatment of each patient.

SUMMARY

[0013] We provide a method for detecting presence or
absence of a tumor in a mammal and/or its sensitivity to
chemotherapies, including, on a biological sample from the
mammal, detecting and/or quantifying: presence of an
eEF1A1 protein, and/or presence of antibodies directed
against an eEF1A1 protein or a fragment including at least
one epitope of the eEF1A1 protein, and/or presence of a
MARK3 protein, and/or presence of antibodies directed
against a MARK3 protein or a fragment including at least one
epitope of the MARK3 protein.

[0014] We also provide antibodies directed against an
eEF1A1 protein or a fragment containing at least one epitope
of the eEF1A1 protein that bind specifically to the eEF 1Al
protein or to at least one epitope of the eEF1AL1 protein.
[0015] We further provide antibodies directed against a
MARK3 protein or a fragment containing at least one epitope
of the MARK3 protein that bind specifically to the MARK3
protein or to at least one epitope of the MARK3 protein.
[0016] We still further provide a method of inhibiting
growth of tumor cells in vitro including inhibiting activity of
an eEF1 Al protein and/or of a MARK3 protein by an anti-
body or an interfering RNA which inhibits expression of a
gene encoding the eEF1A1 protein and/or the MARK3 pro-
tein, respectively.

[0017] We also further provide interfering RNA that inhib-
its in vitro and/or in vivo expression of a gene encoding an
eEF1AL1 protein or a gene encoding a MARK3 protein.
[0018] We further yet provide a variant of a MARK3 pro-
tein comprising the protein sequence of SEQ ID NO: 5.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1: Western-blot conducted with a cystic fluid
tested to evidence reactions vis-a-vis proteins of tumor origin.
Three different samples were used to generate protein
imprints, after electrophoresis, for the immune-detection
reaction:
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[0020] TLane M: protein extract from membranes of glio-

blastoma cells;

[0021] Lane C: cytoplasmic fraction of glioblastoma

cells;

[0022] Lane T: total extract of glioblastoma cells.
[0023] FIG. 2: Sequence of the cDNA of'clone IG5 (A) and
of the expressed protein (B).

[0024] FIG. 3: Alignment of the protein sequence
expressed by the IG5 clone with the sequence of the C terend
of the isoform 4 protein of eEF1A1.

[0025] FIG. 4: Measurement of the intensity of immunore-
actions detected in the sera of different groups of individuals
vis-a-vis the antigen protein encoded by the 1G5 clone. The
groups of individuals consist of:

[0026] Group 1: normal individuals, controls;

[0027] Group 2: patients with gliomas responding posi-
tively to chemotherapy;

[0028] Group 3: patients with gliomas not responding to
chemotherapy.

[0029] The immunoreactivity histograms correspond to

the signals recorded in, Western-blots (expressed in arbi-
trary units, AU) with the following antigens:
[0030] A: total protein expressed by the 1G5 clone
(corresponding to the domain of the isoform 4 variant
of eEF1A1 described in Example 3, FIG. 3);
[0031] B: fragmentation product of 12 kDa from the
domain of the isoform 4 variant of eEF1A1 described
in Example 3.
[0032] FIG. 5: Measurement of the cytotoxicity of purified
immunoglobulins of cystic fluids or sera on culture tumor
cells.
[0033] FIG. 6: Sequences of the siRNA tested in vitro.
[0034] FIG. 7. Graph of transfection tests of cell lines
U138, GHD, U373 and U87.
[0035] FIG.8: Western-blot performed with a cystic fluid to
evidence reactions vis-a-vis proteins of tumor origin. Three
different samples were used to generate protein imprints,
after electrophoresis, for the immune-detection reaction:

[0036] Lane M: protein extract from membranes of glio-

blastoma cells;

[0037] Lane C: cytoplasmic fraction of glioblastoma

cells;

[0038] Lane T: total extract of glioblastoma cells.
[0039] FIG. 9: cDNA sequence of the 2C10 clone (A) and
of the expressed protein (B).

[0040] FIG. 10: Alignment of the protein sequence
expressed by the 2C10 clone with the sequence of the C ter
end of the isoform 4 protein of MARK3.

[0041] FIG. 11: Measurement of the intensity of immu-
noreactions detected in the sera of different groups of indi-
viduals vis-a-vis the antigen protein encoded by clone 2C10.
The groups of individuals consist of:

[0042] Group 1: normal individuals, controls;

[0043] Group 2: patients with gliomas responding posi-
tively to chemotherapy;

[0044] Group 3: patients with gliomas not responding to
chemotherapy.

[0045] The immunoreactivity histograms correspond to

the signals recorded in Western-blots (expressed in arbi-

trary units, AU) with the following antigens:

[0046] A: total protein expressed by the 2C10 clone
(corresponding to the domain of the isoform 4 variant
of MARK3 described in Example 9, FIG. 10);
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[0047] B: fragmentation product of 11 kDa from the
domain ofthe isoform 4 variant of MARK3 described
in Example 9.
[0048] FIG. 12: Measurement of the cytotoxicity of the
purified immunoglobulins of cystic fluids or sera on culture
tumor cells.
[0049] FIG. 13: Sequences of the siRNAs directed against
MARK3 and against its isoform 4 tested in vitro.
[0050] FIG. 14: Measurement of the cytotoxicity of the
siRNAs directed against MARK3 and against its isoform 4 on
culture tumor cells.

DETAILED DESCRIPTION

[0051] We therefore provide novel diagnostic methods to
detect the presence or absence of a tumor and its sensitivity to
chemotherapies in a mammal, in particular in man, by detec-
tion and/or quantification of the presence of a novel biological
marker in a biological sample previously taken from the
mammal: protein eEF1A1 (elongation factor of protein syn-
thesis, Swiss-Prot reference: http://www.expasy.org/uniprot/
P68104, the subject matter of which is incorporated by refer-
ence.
[0052] The absence of an eEF1A1 protein, or of antibodies
directed againstan eEF1 A1 protein, or a fragment comprising
at least one epitope of the protein, or a low concentration
compared with concentrations observed in healthy individu-
als or patients suffering from cancers sensitive to chemo-
therapies, is characteristic of the presence of a tumor most
likely to be resistant to usual chemotherapies (chemoresis-
tant).
[0053] Conversely, alevel of eFLAI protein, or of antibod-
ies directed against an eEF1A1 protein, or a fragment com-
prising at least one epitope of the protein, that is comparable
to the level observed in healthy persons is characteristic of a
tumor most likely to be sensitive to usual chemotherapies
(chemosensitive).
[0054] We also provide novel diagnostic methods to detect
the presence or absence of a tumor in a mammal, in particular
man, by detection and/or quantification of the presence of a
novel biological marker in a biological sample previously
taken from the mammal: a MARK3 protein (Genbank acces-
sion number AF 387637; Sun T.-Q et al “PAR-1 is a Dishev-
elled-associated kinase and a positive regulator of Wnt sig-
nalling” Nat. Cell. Biol. 2001, 3, 628-636), the subject matter
of which is incorporated by reference. The presence of a
MARK3 protein or of antibodies directed against a MARK3
protein, or against a fragment comprising at least one epitope
of the protein is characteristic of the presence of a tumor.
[0055] We therefore also provide methods which can be
used to detect the presence or absence, in a mammal, of a
tumor and/or its sensitivity to chemotherapies, the method
comprising a step to detect and/or quantify in a biological
sample previously taken from the mammal:
[0056] presence of an eEF1A1 protein, and/or
[0057] presence of antibodies directed against an
eEF1AL1 protein or a fragment comprising at least one
epitope of this protein, and/or
[0058] presence of a MARK3 protein, and/or
[0059] presenceofantibodies directed againsta MARK3
protein or a fragment comprising at least one epitope of
this protein.
[0060] By eEF1 Al protein is meant a protein which com-
prises a protein sequence of the reference eEF1A1 protein
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(Swiss-Prot: http://www.expasy.org/uniprot/P68104), its iso-
forms, its variants and its biologically active fragments.
[0061] By MARKS3 protein is meant a protein which com-
prises a protein sequence of the reference MARK?3 protein,
described in Genbank under accession no AF387637 (Sun
T.-Q et al “PA1 is a Dishevelled-associated kinase and a
positive regulator of Wnt signaling,” Nat. Cell Biol, 628-636),
its isoforms, its variants and its biologically active fragment.
[0062] The isoforms fragments or biologically active vari-
ants are recognized by anti-eEF1A1 antibodies or anti-
MARK3 antibodies, respectively.

[0063] By variants is meant proteins which advantageously
have at least 75% identity with the reference eEF1A1 protein
or with the reference MARK3 protein, respectively, more
preferably at least 80%, and further preferably at least 85%
identity or still further preferably at least 95% identity.
[0064] The methods of sequence alignment and identity
calculation are well known to persons skilled in the art and are
directly accessible on the Internet. Particular mention is made
of the BLAST program which can be used from the site
http://www.ncbi.nlm.rih.gov/BLAST/  with the default
parameters indicated on this site. Advantageous use may also
be made of advanced BlastP search, by fine-tuning search
with a (PHI-BLAST) pattern. For sequence alignment, it is
possible to use the programmes CLUSTALW (http://www.
ebi.ac.uk/clustalw/) or MULTALIN (http://prodes.toulouse.
inra.fr/multalin/), with the default parameters indicated on
these sites.

[0065] The differences between the variants of eEF1Al or
MARK3 and their respective reference sequence may be due
to deletions of at least one amino acid, and when several
amino acids are deleted they may be contiguous or separated
on the reference sequence. The differences may also be due to
mutations, at least one amino acid being replaced by a differ-
ent amino acid in the reference sequence. The differences
may also be due to the addition of at least one amino acid in
the reference sequence. When several amino acids are added
to the reference sequence, they may be contiguous, i.e., form-
ing a protein fragment of at least 2 amino acids, or distributed
on the sequence, or both.

[0066] TheeEF1Al variant may comprise at least one pro-
tein fragment inserted in the reference eEF1A1 sequence.
This fragment may comprise up to 100 amino acids, generally
between 10 and 60 amino acids.

[0067] The eEF1Al protein may comprise the protein
sequence given under SEQ ID NO: 1.

[0068] The MARK3 variant may comprise at least one
protein fragment inserted in the reference MARK3 sequence.
This fragment may comprise up to 100 amino acids, generally
between 10 and 60 amino acids.

[0069] The MARK3 protein may be a variant comprising
the protein sequence given under SEQ ID NO: 5.

[0070] Advantageously the biological sample previously
taken is chosen from among a sample of blood serum, lymph,
cystic fluid, or tissue homogenate, preferably a sample of
blood serum.

[0071] Evidently, depending on the method of detection
and/or quantification used, the biological sample may
undergo treatment prior to its analysis, e.g., grinding and/or
dissolution. The treatments are well known to those skilled in
the art with respect to detection methods.

[0072] The detection and/or quantification means of the
presence of a protein or antibody in a biological sample are
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well known to those skilled in the art, and in particular are
described below and in the examples.
[0073] The methods described below are given by way of
indication and in no manner amount to an exhaustive list of
the technical approaches which can be used. Persons skilled
in the art, according to technical developments and optimiza-
tion, will know at any time which methods are best adapted
for the conducting of analyses to implement the disclosure
while advantageously substituting the measurement and/or
immuno-reaction methods described herein.
[0074] The methods are given below divided into groups
for simplification:
[0075] Tests involving capture on a support;
[0076] Detection tests based on macroscopic evidencing
of immune complexes;
[0077] Tests based on isotopic marking and radio-im-
mune assays (RIAs);

[0078] Analyses based on immunohistochemical tech-
niques;
[0079] Tests based on fluorescence transfer methods

(Fluorescence Resonance Energy Transfer—FRET) or
energy transfer methods using luminescence (Biolumi-
nescence Resonance Energy Transfer—BRET).

Tests Entailing Capture on a Support

[0080] Inthe methods described below, mention is made of
the use of antigens corresponding to an eEF1Al protein, a
MARK3 protein or to a fragment of one of these proteins
comprising at least one epitope recognized by the anti-EF 1Al
antibodies or anti-MARK3 antibodies, respectively. It is
therefore to be appreciated that the tests can also be conducted
with only fragments of these proteins-antigens (natural or
synthetic or chimerical peptides . . . ) or compounds and
molecules of haptene type able to react selectively with the
anti-eEF1A1 or anti-MARK3 antibodies whose presence in
the sera it is sought to detect.

[0081] The Western-blot and ELISA methods described
below are two methods from among those most frequently
used for these types of test. Other methods to detect antigen-
antibody reactions can be used using various modes of inter-
actions or adsorptions of components with supports, reaction
wells or microdetection systems. These tests very often com-
bine high performance levels, related to the high sensitivities
of the methods, with relative ease of sample handling, test
robustness and high speed treatment capacities of numerous
samples simultaneously.

a) Method Based on Western-Blot (Towbin et al, 1979; Bur-
nette, 1981)

[0082] To carry out this method, an extract containing at
least one antigen is subjected to electrophoretic migration on
polyacrylamide gel in a denaturing medium. This technique is
well known in one of its variants under the abbreviation
“SPAGE: SDS PolyAcrylamide Gel Electrophoresis” (SDS:
Sodium Doceyl Sulfate). Electrophoresis migration allows
proteins to be separated in relation to their respective molecu-
lar weights (Laemmli, 1970). After this separation, and fol-
lowing conventional protocols known to persons skilled in the
art, imprints of proteins are made on a membrane of nylon
type and are placed in incubation with the sera to be analyzed.
Western-blot detection protocols, most conventional, can
reveal whether the antibodies which may have been present in
the sera have fixed themselves onto the antigens fixed on the
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imprint. The protocols use radioactive, fluorescent or lumi-
nescent techniques to demonstrate the presence of the anti-
bodies. The analysis can be conducted so as to access a
quantitative estimation of the antibody level in the initial
sample that is sufficiently precise to give a diagnosis of clini-
cal interest. This type of test can be conducted using Western
blot equipment distributed by Immunetics (Boston, Mass.,
USA; http://www.immunetics.com).

b) ELISA Method (and it Derivatives)

[0083] One henceforth conventional method called ELISA
(Enzyme Linked Immuno Sorbent Assays) (Engvall and Per-
Imann, 1971, 1972; Engvall et al, 1.971) consists of causing
the creation of antigen-antibody complexes (immune com-
plexes) in immobilized form on the walls of wells of multi-
well assay plates in plastic material. This type of method
exists in a multitude of variants depending on whether the
protocols are based on the primary immobilization of anti-
bodies or antigens at the bottom of the wells. and depending
on the development methods used (direct or indirect ELISA).
By way of example, it can briefly be mentioned that this type
of test can be carried out according to the description given
below for the detection of antibodies directed against the
antigen. The wells of the ELISA assay plate are filled indi-
vidually and independently with increasing dilutions of anti-
gen. The proteins fix by adsorption to the bottom of the wells.
After washing the wells, the proteins adhering to the walls of
the wells are placed in contact with the antibodies to be
detected and present in the sera. Therefore, if they are present
in the sera, the antibodies are immobilized at the bottom of the
well by fixing to the antigen proteins adsorbed on the wall of
the well. A detection step (based for example on a simple
colorimetric test) to detect the presence of antibodies at the
bottom of the wells therefore gives an indication of the pres-
ence of these antibodies in the initial serum sample. The
conducting of assays on dilutions of the sample allows a
quantitative estimation of the level of antibodies in the bio-
logical sample. ELISA test analyses can be conducted on
apparatus such as the VIDAS system distributed by Bio-
Merieux (http://www.biomerieux.com).

¢) Methods Based on Protein Micro-Arrays

[0084] According to one approach to immobilize immune
complexes, the micro-array technique is based on more or
less extensive miniaturization, automation and parallelizing
of the number of tests. For these tests it is necessary to create
micro-arrays of proteins consisting of generally planar solid
surfaces (glass slides, silica fragments, bottom of multi-well
plates in plastic material . . . ) containing antigens fixed using
various chemical methods onto the support, each antigen
being deposited on a small surface of the support representing
a surface area of a few square microns. For example, the
antigens are immobilized on the support by depositing micro-
droplets of a suspension of the antigens on these supports
(Peluso et al, 2003, Kusnezow and Hoheisel, 2003). After
incubation with the samples to be analyzed, the formed
immune complexes can be detected by various technical
means, the most frequent being based on the detection of
fluorescence signals, or a method using surface plasmon reso-
nance (Vikinge et al, 1998; Kusnezow and Hoheisel, 2003).

[0085] Tests based on micro-arrays with fluorescence
detection can be envisaged using protocols which even allow
direct analysis on a sample of whole blood. The system such
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as the one proposed by Unedik (http://www.unedik.com)
comprising micro-array and reader allows the analysis of
several markers simultaneously with quantification of signal
intensities.

[0086] Surface plasmon resonance is based on a well-
known experimental physical principle in which the planar
surface of a gold film reflects an incident light beam in a
direction predicted by laws of conventional optics. Nonethe-
less, for a very small part of the reflected light beam and at a
certain incidence, a significant reduction is found in the num-
ber of reflected photons. The angle of incidence of the reflec-
tion area of the least luminous zone depends on the quantity of
matter fixed onto the face of the gold film opposite the face
irradiated by the incident light beam. Any interaction of anti-
body, antigen or any formation of immune complex on the
opposite face of a detector based on plasmon resonance and
irradiated at a certain incidence by a light ray therefore causes
a substantial change in the angle of reflection of the least
luminous part of the reflected light beam. The detection ofthis
deflection of the angle of reflection is used to evidence and
quantify the fixing of components on the detector.

[0087] This latter detection method forms the base of a
technique to analyze interactions between antibodies and pro-
teins, and can be used to measure the kinetic parameters of
interactions between antigens and antibodies, and to deduce
therefrom the quantities of antibodies present in a sample
(Fagerstam et al, 1990; Szabo et al, 1995). This technique is
developed in the form of automated measuring apparatus of
which one example is known under the name BlAcore (BIA-
core AB, Uppsala, Sweden: http://www.biacore.com).

d) Method Based on Mass Spectrometry

[0088] The detection of antibodies can be conducted using
mass spectrometry for example called SELDI-TOF technol-
ogy (Surface Enhanced Laser Desorption/Ionization—Time
Of Fly technology) (Merchant and Weinberger, 2000; Wein-
berger et al, 2000). This embodiment is conducted using the
technical platform distributed by Ciphergen (Ciphergen Bio-
systems, Inc. Fremont, Calif., USA; http://www.ciphergen.
com). The detection of antibodies can be performed by pre-
viously immobilizing the antigens on the affinity supports
which can be used for Ciphergen mass spectrometry or any
other suitable mass spectrometry for this type of analysis. Itis
effectively possible to immobilize antigens by chemical
grafting on silica, metal or polymer supports, and to use these
supports to trap the antibodies present in a sample to be
analyzed. The immune complexes thus formed and immobi-
lized on the supports can then be analyzed by mass spectrom-
etry. In this type of analysis the peak of immunoglobulins
fixed on the antigens can be detected in the mass spectrum.
The use of antigens grafted on the support provides for an
extremely sensitive and specific assay method. Having regard
firstly to the affinity of antibodies for the antigens, and sec-
ondly to the extensive detection sensitivity of mass spectrom-
etry, even very minute quantities of antibodies present in a
sample can be detected.

Detection Tests Based on Macroscopic Evidencing of
Immune Complexes (Latex Test, Inmune-Detection Strips)
(Singer et al, 1957; Hechemy et al, 1974)

[0089] In this type of detection system, the antigens of
interest are chemically coupled to particle components of
micrometric size such as polymer beads whether stained or
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not. Incubation, in a liquid or semi-liquid medium, of a fluid
suspension of these beads coated with antigens together with
the biological sample to be analyzed leads to the creation of
immune complexes in which several polymer beads are
aggregated. This aggregation translates as the formation of
packets of beads whose size becomes macroscopically large
to the point of becoming visible to an operator’s “eye.”” In one
common, sophisticated variant of the system, the immune
complexes are subjected to migration by capillarity on a
chromatography support strip and developed through the cre-
ation of a colored band indicating the presence or absence of
the detected antigen (test symbolized by immunodetection
strips given wide, routine use for pregnancy tests for
example). Latex tests are marketed by Bio-Merieux e.g., for
microbiological diagnosis (www.biomerieux.com).

Tests Based on Isotopic Marking and Radio-Immuno Assays
(RIA) (Yalow and Berson, 1960; Booth et al, 1982).

[0090] In one of the variants of this assay, the immune
complex is produced by adding a known quantity of antigen
labelled with a radioactive isotope to the reaction medium, in
addition to the serum sample. After selecting the immune
complexes formed, the quantity of radioactivity detectable in
the isolated fraction is proportional to the quantity of anti-
body present in a sample. Diagnostic kits using the RIA
principle are distributed for various assays by Schering/Cis-
Bio International (Gif/Yvette, France; www.cisbiointerna-
tional fr). Immuno-assay can also be based on an assay prin-
ciple which does not have recourse to radioactive tracers but
uses fluorescence or luminescence markers.

Analyses Based on Immunohistochemical Techniques (Kier-
nan, 1999)

[0091] One robust and relatively simple approach in its
principle consists of an analysis of immuno-histological type
on sections, smears or other preparations derived from biop-
sies. In this case they are tests conducted on an untreated
sample (tumor sections consisting of more or less homog-
enous cells). The application of this technique is therefore
more generally intended to evidence antigens in the prepara-
tion. The evidencing of formed immune complexes requires
the detection of a signal generated by the use of radioactive
tracers, or fluorescent reagents or calorimetric methods.
Tumor cells containing the antigens will show a positive
reaction with the selected reagent specific to the antigens.
Conversely, non-tumor cells will not exhibit a signal or only
a signal of significantly weaker intensity.

[0092] Tests based on cell sorting using fluorescence (so-
called flow cytometry method or Fluorescent Activated Cell
Sorting—FACS) (Hulett et al, 1969; Parks and Herzenberg,
1984): areagent labelled with a fluorescent group can be used
to label whole cells derived and isolated from biopsies, and to
allow the sorting and quantification of cells that are positive
for the presence of the antigens to be detected. Under this
method the non-lysed cells, separated from freshly collected
biopsy tissue, are contacted with the selective fluorescent
reagent and the suspension is then analyzed using a cell sorter.
The cell sorter detects the intensity of the fluorescent signal
individually associated with each cell, and proceeds with
counting the number of detected cells and optionally isolates
the cells in specific reservoirs. Instruments designed for
FACS analysis are distributed for example by Becton Dick-
inson (Franklin Lakes, N.J., USA; http://www.bd.com). The
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use of suitable optimized technical parameters (cell dilutions,
optical parameters . . . ) allows selective sorting and counting
of those cells containing the antigens, and ensures the feasi-
bility of this method.

[0093] Ttis to be noted also that a flow cytometry approach
applied to the analysis of sera could be conducted using
spheres labelled with specific fluorescent compounds and
containing antigens grafted on their surface. Immune com-
plexes can then be evidenced, for example using the Bio-Plex
technology by Bio-Rad (Hercules, Calif., USA; http://www.
bio-rad.com); or the Cytometrix Bead Array technology by
Becton Dickinson (http://bdeurope.com); or the LuminEx
system by Miraibio (www:/www/miraibio.com). Tests
based on fluorescence transfer methods (Fluorescence Reso-
nance Energy Transfer FRET; or Bioluminescence Reso-
nance Energy Transfer—BRET)

[0094] For this type of analysis the assay, in its most attrac-
tive version, can be conducted directly in solution (homog-
enous phase assay) and does not require isolation or purifica-
tion of one or other of the components of the immune
complex. This method, in one of its variants, requires the use
of two different antibodies directed against an antigen and
labelled with suitable fluorescent groups. The two fluorescent
groups are chosen so that their optical characteristics allow
one thereof to be excited by the light ray used to measure
fluorescence, then allow the transfer of the excitation energy
to the second fluorescent group which ultimately emits a
fluorescence radiation of specific wavelength. The transfer of
fluorescence is only effective if the two molecules are main-
tained sufficiently close to one another. The two antibodies
labelled with the two fluorescent groups are chosen so that
they can fix themselves simultaneously on the antigens. The
ternary immune complex formed (excitation fluorescent anti-
body—antigen—Tlight emitting fluorescent antibody) there-
fore allows the two antibodies to be drawn close together and
in this case only a fluorescence signal can be detected (at the
emission wavelength of the emitting fluorescent group). This
type of assay is rather more adapted, but not exclusively, to the
assay of antigens. The intensity of the measured fluorescence
signal is therefore directly proportional to the quantity of
antigen present in the biological extract (Mathis, 1995; Szol-
losi et al, 1998; Blomberg et al, 1999; Ueda et al, 1999,
Enomoto et al, 2000). Protein analysis using the fluorescence
transfer method can be conducted on the Kryptor® apparatus
made by the German company B.R. A HM.S. (www.brahms.
de). Alternatively, the fluorescent compound excited by the
excitation light ray in the FRET technique can be substituted
by a bioluminescent system which is based on the activity of
an enzyme (Xu et al, 1999).

[0095] The non-exhaustive list of techniques described
above is just an example of the various techniques which
persons skilled in the art are able to use for the analysis of
biological samples when implementing the disclosure, to
detect antibodies directed against the identified antigens, this
analysis providing information of diagnostic or prognostic
value.

[0096] The analyses can be conducted directly on non-
treated samples or on treated samples, of which a non-exhaus-
tive list includes lysates, extracts or subfractions derived from
these samples.

[0097] The detection and assay of antibodies directed
against the antigens described can be conducted using any
products or derivatives derived from these antigens, and on
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their precursors provided they pay due heed to the specific
recognition criteria for the antibodies to be detected.

[0098] As indicated previously, the assay of the antigens
themselves or of their fragments or metabolically modified
products, can itself form an analytical application of clinical
interest.

[0099] The tests based on the use of SELDI-TOFF mass
spectrometry require affinity supports for the specific capture
of antigens (ProteinChip® arrays by Ciphergen). These sup-
ports are adapted in relation to the chosen capture mode:
supports with chemical reactivity adapted for the fixing of
antigens, or monoclonal or polyclonal antibodies recognizing
all or part of the antigens or their peptides.

[0100] As will be obvious to those skilled in the art, for the
needs of quantification and quality control (positive controls),
the methods have recourse to suitable, standard proteins
whether or not related to the antigens. Additionally, the
immuno-detection tests require the use of components (which
will be called reagents) able to interact with the antibodies of
interest or the antigens and their derivatives. As such reagents
mention may evidently be made of polyclonal or monoclonal
antibodies and their immuno-reactive fragments, whether
grafted or not on or with other components; particle elements
able to interact with the antigens (phages or recombinant
bacteria expressing polypeptide regions on their surface
capable of interacting with haptenes or antigens (Gao et al,
1999; Knappik et al, 2000); or aptamers (chemical molecules
of polynucleotide or even polypeptide type able to set up
non-covalent interactions of strong affinity with the target
molecules) (Ellington and Szostak, 1990; Tuerk and Gold,
1990). Specific reagents for the detection of immune com-
plexes formed during tests can be chosen from among suit-
able conventional detection systems for this type of immuno-
detection, such as Western-blot or ELISA (these reagents are
secondary antibodies for example coupled to enzymatic sys-
tems allowing calorimetric reactions). The reagents are avail-
able by catalogue e.g., the catalogue by Sigma Aldrich, avail-
able on line (http://wvw.sigmaaldrich.com).

[0101] According to a first embodiment, the presence of the
eEF1 A1 protein or MARK3 protein is detected and/or quan-
tified using antibodies directed against the eEF1A1 protein or
against the MARK3? protein, respectively, or at least one
epitope of one of these proteins. The antibodies are advanta-
geously chosen from among polyclonal antibodies or mono-
clonal antibodies.

[0102] The methods to identify and prepare the antibodies
are known to those skilled in the art using usual techniques to
prepare such antibodies. For reference, mention is made of
the methods described in Immunobiology (57 ed., Janeway,
Charles A; Travers, Paul; Walport, Mark; Shlomchik, Mark.
New York and London: Garland Publishing; ¢2001).

[0103] According to a second embodiment, the presence of
antibodies directed against an eEF1A1 protein or against a
MARK3 protein, respectively, orat least one epitope of one of
these proteins, is detected and/or quantified by means of an
antigen containing at least one epitope of an eEF1A1 protein
or of a MARK3 protein, respectively.

[0104] According to one particular embodiment, the anti-
gen comprises an EF1A1 protein such as defined above and
below. Evidently the antigen may comprise mere fragments
of an eEF1A1 protein on the understanding that the fragment
comprises at least one epitope recognized by anti-eEF1A1
antibodies.
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[0105] According to another embodiment, the antigen
comprises a MARK3 protein such as defined above and
below. Evidently the antigen may comprise mere fragments
of a MARK3 protein, on the understanding that the fragment
comprises at least one epitope recognized by anti-MARK3
antibodies.

[0106] An epitope is the smallest structural unit of an anti-
gen recognized by an antibody, a structure present on the
surface of the antigen molecule, capable of combining with a
single anti-body molecule. From a structural viewpoint,
epitopes can be of two types:

[0107] linear epitopes (short sequence of amino acids
recognized by an antibody) having a size of around 8-10
amino acids, or

[0108] conformational epitopes, i.e., the antibodies rec-
ognize amino acids which lie close in space when the
protein has its folded structure, but which are not located
in immediate vicinity in the protein sequence.

[0109] Itis to be noted that a given epitope can be recog-
nized by several different antibodies generated under separate
immunity reactions, related to different agents (viruses, bac-
teria, etc. . . . ). In this respect the level of recognition between
the epitope and the different antibodies may vary from one
epitope-antibody pair to another. For example, if the epitope
is strongly recognized by the antibody, small antibody con-
centrations are sufficient to detect a recognition reaction
between the epitope and the antibody. Conversely, if the
epitope is weakly recognized by the antibody, strong antibody
concentrations are required to detect a recognition reaction
between the epitope and the antibody. Similarly, several sepa-
rate epitopes may be recognized by one same antibody. But
here again the levels of recognition from one epitope-anti-
body pair to another are generally variable.

[0110] The means to identify epitopes, antigen fragments,
and to prepare antigens which can be used for a diagnosis
method on biological samples are well known to those skilled
in the art. Particular mention is made of a method consisting
of synthesizing systematically those peptides capturing over-
lapping fragments of protein eEF1 Al or protein MARK3,
respectively, and then testing their capacity to stimulate an
immune response.

[0111] Those skilled in the art will therefore be able to
identify the epitope(s) best adapted to implement the method,
through simple routine experimenting.

[0112] One fragment containing at least one epitope of the
eEF1A1 protein is for example a fragment encompassing the
N-terminal part of the eEF1A1 protein more particularly a
fragment of 12 kDa encompassing this N-terminal part.
[0113] One fragment containing at least one epitope of the
MARK3 protein is for example a fragment encompassing the
N-terminal part of the MARK?3 protein, more particularly a
fragment of 11 kDA encompassing this N-terminal part.
[0114] Preferably the method comprises an additional step
to compare the results obtained at the detection and/or quan-
tification step with a reference value characteristic of the
presence of a chemoresistant tumor and/or with a reference
value characteristic of the presence of a chemosensitive
tumor.

[0115] These reference values may differ depending on the
means used for detection and/or quantification of eEF1 Al or
of anti-eEF1A1 antibodies. They may be obtained following
usual methods in which the same analyses are conducted on
samples derived from healthy individuals firstly and secondly
from individuals known to be tumor carriers, a distinction
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being made in this second population between individuals
known to have a chemosensitive tumor and those known to
have a chemoresistant tumor.
[0116] According to one particular embodiment, the anti-
MARK3 inhibitor specifically inhibits the variant of MARK3
whose protein sequence is given under SEQ ID NO: 5. By
specific inhibition is meant that it inhibits the variant con-
cerned, without substantially inhibiting the other variants of
MARK3.
[0117] Evidently, the method may also comprise the detec-
tion and quantification of at least one other biological marker
characteristic of the presence and/or invasiveness of a tumor
and/or its chemosensitivity. As marker, one example of pro-
liferation marker is the K167 protein antigen (SwissProt:
http://www.expasy.org/uniprot; P46013) or phosphorylated
vimentin whose absence is characteristic of an invasive tumor
(PCT/EP2005/054598 filed on 15 Sep. 2005).
[0118] According to one particular embodiment, the
method comprises a step, on a previously taken biological
sample, to detect and/or quantify:
[0119] presence of an eEF1A1 protein, and/or
[0120] presence of antibodies directed against an
eEF1AL1 protein, or a fragment comprising at least one
epitope of this protein, and
[0121] presence of a MARK3 protein, and/or
[0122] presenceofantibodies directed againsta MARK3
protein, or a fragment comprising at least one epitope of
this protein.
[0123] Thedetectionand/or quantification of the two mark-
ers can be conducted simultaneously, separately or at differ-
ent times, on the same biological sample or on different
samples.
[0124] We also provide diagnostic kits to implement the
method such as defined above and below, the kit comprising
means with which to detect and/or quantify, on a previously
taken biological sample:
[0125] presence of an eEF1A1 protein, and/or
[0126] presence of antibodies directed against an
eEF1Al protein, or a fragment comprising at least one
epitope of this protein, and/or
[0127] presence of a MARK3 protein, and/or
[0128] presenceofantibodies directed againsta MARK3
protein, or a fragment comprising at least one epitope of
this protein.
[0129] The means are well known to persons skilled in the
art, defined above, their form varying according to the chosen
detection mode.
[0130] They firstly comprise an eEF1A1 or MARK3 anti-
gen, respectively, defined previously, or an anti-eEF1A1 or
anti-MARK3 antibody and reagents needed to carry out the
diagnosis method.
[0131] The reagents are well known to those skilled in the
art, and depend on the detection/quantification method used.
They are notably described in the references cited above and
in particular in the Sigma Aldrich catalogue available on line
(http: /www.sigmaaldrich.com).
[0132] Advantageously the detection kit comprises a suit-
able support able to receive the biological sample, and the
appropriate detection means. If the detection means is an
antibody or an antigen, or their fragments, it may be bound to
the support by any suitable means, e.g., by covalent bonding
or adsorption on the support. The supports are well known to
those skilled in the art, and are described in particular in the
references given previously.
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[0133] We also provide the antibodies directed against an
eEF1A1 protein or against a MARK3 protein, or against a
fragment comprising at least one epitope of one of these
proteins, which bind specifically to an eEF1A1 protein or a
MARK3 protein, respectively, or to at least one epitope of one
of these proteins defined above and below. The disclosure
also relates the antibodies for their therapeutic use.

[0134] In addition to eEF1A1 or MARK3 as markers to
mark the presence of tumor cells in mammals, in man in
particular, and possibly their sensitivity to chemotherapies,
we also found that inhibition of the activity or expression of
eEF1A1 or MARK3 can enable the inhibited growth of tumor
cells.

[0135] We therefore also provide methods to inhibit the
growth of tumor cells, characterized in that the expression or
activity of the eEF1A1 or MARK3 protein is inhibited by
means of an anti-eEF1A1 or anti-MARK3 inhibitor, respec-
tively.

[0136] According to one particular embodiment, the anti-
MARK3 inhibitor specifically inhibits the variant of MARK3
whose protein sequence is given under SEQ ID NO: 5. By
specific inhibition, is meant that it inhibits the variant con-
cerned without substantially inhibiting the other variants of
MARK3.

[0137] The anti-eEF1A1 or anti-MARKS3 inhibitors inhib-
iting the activity of eEF1A1 or MARK3, act at the eEF 1Al
protein or MARK3 protein, respectively, preventing or limit-
ing its capacity to carry out its biological function. It may, for
example, be an antibody whose antigen is an eEF 1Al protein
or MARK3 protein, respectively, or at least one epitope of one
of these proteins such as defined above and below.

[0138] The anti-eFF1A1 inhibitors inhibiting the expres-
sion of eEF1 A1 or the anti-MARK3 inhibitors inhibiting the
expression of MARK? both act at the transcription of the
gene, respectively, encoding eEF1A1 or MARK3, or at the
translation of RNA to the protein. In this second case, it may
be an interfering RNA which hybridizes with the messenger
RNA (mRNA), an expression product of the gene comprising
the sequence encoding the eEF1A1 protein or MARK3 pro-
tein, respectively, to inhibit translation, either by mere steric
hindrance or to promote cleavage of the mRNA.

[0139] Interfering RNA technologies and their use in vitro
and in vivo are well known to those skilled in the art, and are
described in numerous scientific articles and other patent
applications.

[0140] Depending on the interfering RNA sequences cho-
sen by those skilled in the art, different levels of inhibition can
be obtained making it possible to modulate the desired inhibi-
tor effect. Preferably, the interfering RNAs are prepared and
chosen to obtain at least 50% inhibition of the expression of
the target gene in a cell, even at least 75%, 90%, 95% inhibi-
tion, even more than 99% inhibition.

[0141] Small Interfering RNAs (siRNAs) are short
sequences of around 15 to 30 base pairs (bp) preferably 19 to
25 bp. They comprise a first strand and a complementary
strand identical to the RNA targeted region of the RNA of the
target gene.

[0142] The design and preparation of siRNAs and their use
for in vivo and in vitro cell transfection are well known and
widely described in numerous publications such as:

[0143] U.S. Pat. No. 6,506,559, US2003/0056235, WO99/
32619, WOO01/75164, WO002/44321, US2002/0086356,
WO000/44895, W002/055692, WO02/055693, WO03/
033700, W003/035082, WO03/035083, WO03/035868,
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WO003/035869, WO003/035870, WO03/035876, WOO01/
688836, US2002/0162126, W003/020931, WO03/008573,
WO01/70949, W099/49029, US. Pat. No. 6,573,099,
WO02005/00320, WO02004/035615, W0O2004/019973,
W02004/015107

[0144] http://www.atugen.com/sirnatechnology.htm,
[0145] http://www.alnylam.com/science-technology/in-
dex.asp,

[0146] http://www.protocl-online.org/prot/ResearchTools/
OnlineTools/SiRNADesign/,

[0147] http://www.hgmp.mrc.ac.uk./Software/EMBOSS/
Apps/sima.html,

[0148] http://www.rockefeller.edu/labheads/tuschl/sirna.
html,
[0149] hittp://www.upstate.com/browse/categories/siRNA.

q.
[0150] The siRNAs can be designed and prepared using
suitable software available online, for example:

[0151] “siSearch Program” http://sonnhammer.cgb.ki.
se/siSearch/siSearchl.6html (Improved and automated
prediction of effective siRNA”, Chalk A M, Wahlesdelt
C and Sonnhammer ELL, Biochemical and Biophysical
Research Communications, 2004),

[0152] “SiDirect”  http://design.maijp/sidirect/index.
php (Direct: highly effective, target—specific siRNA
design software for mammalian RNA interference, Yuki
Naito et al, Nucleic Acids Res., Vol. 32, No. Web Server
issue © Oxford University Press 2004),

[0153] “siRNA design tool” Whitehead Institute of Bio-
medical Research, MIT http://jura.wi.mit.edu/pubint/
http://iona.wi.mit.edu/siRNACxt/

[0154] siRNA wizard, Invitrogen
[0155] Error! Hyperlink reference not valid.
[0156] “siRNA Target Finder” by Ambion http://www.

ambion.com/techlib/misc/siRNAfinder.html

[0157] https://www.genscript.com/ssl-bin/app/rnai

[0158] hittp://www.promega.com/siRNADesigner/de-
fault.html

[0159] http://bioweb.pasteur.fi/seqanal/interfaces/sirna.
html

[0160] Other programmes are referenced on the site

[0161] http://web.mit.edu/mmemanus/www/homel.
2files/siRNAs.htm and

[0162] hittp://athena.bioc.uvic.ca/cgi-bin/emboss.pl?

action=input& app=sima.
[0163] The tools to prepare siRNA and transfect cells are
available to the public on simple request on line, e.g., the
siRNA vectors marketed by Invitrogen (http://www.invivo-
gen.com/cat.php?ID=3).
[0164] Advantageously, the anti-eEF1 A1 inhibitor or the
anti-MARK3 inhibitor is an RNA interfering which inhibits
in vitro and/or in vivo the expression of a gene encoding an
eEF1Al protein or respectively encoding a MARK3 protein.
This iRNA is preferably chosen from among antisense RNA
and double strand RNA (dsRNA), more preferably a siRNA.
[0165] The interfering RNAs are preferably designed to
inhibit at least 50%, 75%, 90% or 95% even more than 99%
of the expression of an eEF1A1 protein or respectively a
MARK3 protein in the cells.
[0166] According to one preferred embodiment, the siRNA
comprises the following sequence capable of inhibiting the
expression of a gene encoding an eEF1A1 protein:
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Sense sequence:
5'UGG UGA CAA CAU GCU GGA G 3'

Antisense sequence) :
5' CUC CAG CAU GUU GUC ACC A 3'.

[0167] According to one preferred embodiment, the siRNA
comprises the following sequence capable of inhibiting the
expression of a gene coding for a MARK3 protein:

Sense sequence:
5' ACA GCA CUA UUC CUG AUC A 3!

Antisense sequence:
5' UGA UCA GGA AUA GUG CUG U 3'.

[0168] According to another preferred embodiment, the
siRNA comprises the following sequence capable of inhibit-
ing the expression of a gene coding for the specific variant of
the MARK3 protein (SEQ ID NO 5):

Sense sequence:
5' CCU-CCA-AUA-GAC-AGU-GAA-G 3'

Antisense sequence:
5' CUU-CAC-UGU-CUA-UUG-GAG-G 3'.

[0169] We also provide vectors for the expression of an
interfering RNA defined above and below, the vector com-
prising a sequence coding for the interfering RNA under the
control of regulatory elements allowing the expression of the
interfering RNA in ahost cell. The vectors are known to those
skilled in the art and are available, such as the vectors
Ambions pSilencer™ 5.1 Retro System (http://www.ambion.
com/catalog/CatNun.php?5782) or BLOCK-iT™ Lentiviral
RNAi Expression System marketed by Invitrogen (https://
catalog.invitrogen.com/index.cfi?fuseaction=viewCatalog.
viewProductDetails&productDescription=5549&CMP=
LEC-GCMSSEARCH&HQS=block).

[0170] We also provide vectors to deliver an interfering
RNA into a host cell, characterized in that it comprises an
interfering RNA, defined above and below, and means allow-
ing the delivery of the interfering RNA into a host cell. The
means are known to those skilled in the art, such as lipid
lipofectamines for example (http:/www.invitrogen.com/
content.cfm?pageid=4005) or Mirus (http://www.mirusbio.
com/prducts/mai/index.asp).

[0171] We also provide interfering RNA, a vector for its
expression or a vector for its delivery such as defined above
and below, for their therapeutic use.

[0172] We also provide pharmaceutical compositions com-
prising an antibody, or an interfering RNA according to the
invention, or a vector for the expression of the interfering
RNA, or a vector for the delivery of an interfering RNA, such
as defined above and below, in a pharmaceutically acceptable
vehicle. The methods to administer interfering RNA are
known to those skilled in the art, the vehicles used depending
on the chosen administering route. For example IV injection
of a chemically modified siRNA has proved to be effective for
the inactivation of genes in vivo (Soutschek J, Akine A, Bram-
lage B, Charisse K, Constien R, Donoghue M, Elbashir S,
Geick A, Hadwiger P, Harborth I, John M, Kesavan V, Lavine
G, Pandey R K, Racie T, Rajeev K G, Rohl I, Toudjarska 1,
Wang G, Wuschko S, Bumcrot D, Koteliansky V, Limmer S,
Manoharan M, Vornlocher H P, Therapeutic silencing of an
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endogenous gene by systemic administration of modified
siRNAs, Nature, 2004, 432:173-8).

[0173] We also provide for the use of an antibody, or an
interfering RNA, or a vector for the expression of the inter-
fering RNA, or a vector to deliver an interfering RNA, such as
defined above and below, for the treatment of cancers, more
particularly glioblastomas, or for the preparation of a medici-
nal product intended to treat the diseases.

[0174] Persons skilled in the art will know how to choose
suitable dosages in relation to the patient and the stage of
development of the disease to be treated. This knowledge of
patient condition and stage of development of the disease can
advantageously be obtained using the diagnosis method.

[0175] Itisunderstood that this use can be made in combi-
nation with other suitable therapeutic means to treat cancer
such as other medicinal products, cytotoxic molecules, anti-
bodies or ligands which can be used in oncology, but also
radiation treatment means in particular ionizing radiation or
even surgery.

[0176] In this case, the antibodies or interfering RNAs are
used in combination with the other one or more means simul-
taneously, together or separately, or at different times. For
time-shifted treatment, the antibodies or interfering RNAs
can be used before or after the other therapeutic means.

[0177] We also provide a variant of the eEF1A1 protein
comprising the protein sequence of SEQ ID NO: 1 and a
nucleic acid sequence coding for the variant. It also relates an
expression vector of a variant of the eEF1 Al protein com-
prising the nucleic acid sequence under the control of regu-
latory elements needed for the expression of the protein in a
host body. It also relates a host body comprising the expres-
sion vector, and a method to prepare the variant of the
eEF1Al protein, characterized in that it comprises steps to
culture the host body in a suitable culture medium, then a step
to collect the variant of the eEF1A1 protein so produced, and
optionally its purification.

[0178] We also provide a variant of the MARK? protein
comprising the protein sequence of SEQ ID NO: 5 and a
nucleic acid sequence encoding the variant. It also relates an
expression vector of a variant of the MARK3 protein com-
prising the nucleic acid sequence under the control of regu-
latory elements needed for the expression of the protein in a
host body. It also relates a host body comprising the expres-
sion vector, and a method to prepare the variant of the
MARK3 protein, characterized in that it comprises the steps
of to culture the host body in a suitable culture medium, then
of collecting the variant of the MARK3 protein thus pro-
duced, and optionally its purification.

[0179] Themethods to clone and express a proteinin a host
body are well known to those skilled in the art, the regulatory
elements which form the vector being selected by such per-
sons according to the chosen host body, but also according to
culture conditions and the objective for production of this
variant of the eEF1 A1l protein or MARK3 protein, respec-
tively.

[0180] One of these objectives can be the preparation and
application of a method to screen inhibitors of the expression
of an eEF1A1 protein or MARKS3 protein, respectively, such
as defined previously or in the examples, or inhibitors of the
activity of an eEF1A1 protein or MARK3 protein, respec-
tively, the method consisting of contacting at least one can-
didate inhibitor compound with suitable screening means to
allow evidencing of the activity of the compound with respect
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to the expression of eEF 1 A1 or MARK3, respectively, or their
respective activity, the existence or absence of inhibition.
[0181] Thescreening means are well known to those skilled
in the art, such as ahost body expressing a reporter gene under
the control of a promoter of the eEF1A1 or MARK3 protein
respectively, or a host body expressing the eEF1Al or
MARK3 protein, respectively, whose expression level or
transcription is controlled by suitable methods, or a host body
expressing the eEF1A1 or MARK3 protein, or a suitable
reaction medium containing the eEF1A1 or MARK3 protein,
respectively, allowing control over the activity of the protein
under the effect of the candidate compound(s).

[0182] According to one particular embodiment, several
candidate compounds are tested, together or separately, the
compounds possibly forming a library of compounds to be
tested. Advantageously, the compounds are chemical com-
pounds called “small molecules.”

[0183] According to one particular embodiment, the
selected compounds specifically inhibit the expression or
activity of the MARK3 variant whose protein sequence is
given under SEQ ID NO: 5.

[0184] The exemplary embodiments below better illustrate
but do not limit the scope of the disclosure.

List of Examples:

[0185] 1. Evidencing of discriminating immunoreactive
characteristics in biological fluids of patient populations with
tumors versus healthy individuals.

[0186] 2. Characterization by sequencing and mass spec-
trometry of the antigen responsible for discriminating immu-
noreactions.

[0187] 3. Identity of the antigen protein.

[0188] 4. Western-blot analysis of antigen-antibody reac-
tions and validation of clinical interest.

[0189] 5. Impact of antibodies on the viability of tumor
cells in vitro.
[0190] 6. Blocking the proliferation of tumor cells in vitro

using siRNAs directed against eEF1A.

[0191] 7. Evidencing of discriminating immunoreactive
characteristics in the biological fluids of patient populations
with tumors versus healthy individuals.

[0192] 8. Characterization by sequencing and mass spec-
trometry of the antigen responsible for discriminating immu-
noreactions.

[0193] 9. Identity of the antigen protein.

[0194] 10. Western-blot analysis of antigen-antibody reac-
tions and validation of clinical interest.

[0195] 11. Impact of antibodies on the viability of tumor
cells in vitro.

[0196] 12.Blocking the proliferation of tumor cells in vitro
by siRNAs.

[0197] 13. Blocking the proliferation of tumor cells in vitro
by siRNAs directed against MARK3 and specifically against
the variant in SEQ ID NO: 5 (clone 2C10).

Example 1

Evidencing Discriminating Immunoreactive Charac-
teristics in the Biological Fluids of Patient Popula-
tions Suffering from Tumors Versus Healthy Indi-

viduals

[0198] In this example, cystic fluids taken from solid CNS
tumors in various patients were analyzed to identify whether
these fluids contain antibodies capable of recognizing pro-
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teins expressed by the tumors. For this purpose, the reactivity
of the cystic fluids to protein extracts of tumors was tested by
Western-blot. The Western-blot in FIG. 1 shows several col-
ored bands evidencing numerous reactivities of modest or
very strong intensity vis-a-vis various tumor proteins. For
example, strong reactions are noted against proteins with
molecular weights estimated at around 36, 41 and 53 kDa.
Having regard to the protein fractions used in this Western-
blot, it can be concluded that the tumor antigens, against
which the antibodies present in the cystic fluids are directed,
are located either in the membranes of the tumor cells or in
their cytoplasm.

[0199] After incubation of the Western-blot imprints with
the cystic fluid, the antibodies which interacted with the anti-
gen proteins are detected by conventional methods using
secondary antibodies coupled to peroxidase.

[0200] Theevidencing of theseimmunoreactions and of the
antibodies directed against tumor proteins was continued fol-
lowing the strategy described below. The analysis consisted
of identifying the presence of antibodies in the cystic fluids
and sera of patients, responsible for immunity responses to
various human proteins. Immunoreaction tests of sera and
cystic fluids against a bank of expression bacterial clones
expressing various proteins of the human repertory allowed a
clone to be isolated named according to the nomenclature of
the clone bank of ours: clone 1G5. The tested biological fluids
(sera of healthy individuals) show very strong reactivity
against the clone. Conversely, the cystic fluids of tumors and
sera from patients with tumors show much weaker reactivity.
[0201] This experiment therefore evidences the existence
of antibodies directed against a particular human protein in
the biological fluids of healthy individuals or patients with
tumors, and the fact that the levels of these antibodies are
different depending on the groups of individuals tested. The
measurement of these antibody levels is therefore of diagnos-
tic interest to allow easy discrimination between individuals
suffering from tumors and perfectly healthy individuals.

Example 2

Characterization by Sequencing and Mass Spectrom-
etry of the Antigen Responsible for Discriminating
Immunoreactions

[0202] The protein which is expressed by the 1G5 was
identified. This identification was performed in two different,
complementary manners.

[0203] First, characterization was based on analysis of the
sequence of the cDNA cloned in the expression vector of the
clone; secondly, the human polypeptide expressed by this
clone was purified and analyzed after trypsin proteolysis
using a nanoLC-MS/MS approach (liquid nanochromatogra-
phy coupled to tandem mass spectrometry analysis) (follow-
ing the protocol used by Bourges et al, 2004).

[0204] The first approach consisted of extracting the plas-
mid from the bacterial clone derived from the bank stock and
placing it in culture. Extraction was made following conven-
tional methods to purify bacterial plasmids (namely and in
brief by alkaline lysis and precipitation of the plasmid DNA).
The purified plasmids were then sequenced using the enzy-
matic chain termination technique with fluorescent dideoxy-
nucleotides. The sequence was decrypted by capillary migra-
tion on an ABI 3700 sequencer. The sequences were made in
the sense and antisense directions and validated by several
runs. The use of software such as Autoassembler (Applied
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Biosystems) allowed the integral consensus sequence to be
generated of the cDNA fragment cloned in the plasmid. The
sequence was examined in detail to recognize the regions of
this sequence which encode the expressed human protein
(so-called “coding” sequence).

[0205] The cDNA sequence coding for the 1G5 clone is
shown in FIG. 2. FIG. 2 also shows the sequence of the human
protein expressed by the clone such as predicted from the
c¢DNA sequence cloned in the expression vector. The
sequence of the plasmid lying upstream of the cDNA and
comprising the start codon for synthesis of the protein frag-
ment coded by the cDNA is not shown. The translation stop
codon is shown in bold and underlined.

[0206] The sequence of the protein expressed by the
expression plasmid 1G5 is shown (at B). The conventional
one-letter code for the amino acids is used.

[0207] The purification of the human protein expressed by
the clone was carried out. The experiments were conducted
on the basis of standard protocols for purifications and protein
manipulation. The bacterial clone 1G5 was therefore placed
in culture individually, the bacterial cells were then harvested
and lysed in the presence of guanidinium salts. The human
proteins were purified having recourse to affinity chromatog-
raphy using the interactions of the polyhistidine sequences
with the resin columns packed with immobilized metals.
Owing to the plasmid construction, the human proteins are
expressed in the clones in the form of chimera which, at their
N-terminal end, integrate a short sequence comprising six
consecutive histidine residues. This pattern enables almost
selective retention of the human proteins expressed in the
clones on the chelating nickel resins. After eluting at acid pH
the proteins were subjected to polyacrylanide gel electro-
phoresis. The major protein band was then cut and treated
with trypsin. The peptides obtained were separated by reverse
phase chromatography coupled with mass spectrometry
analysis. This analysis allows information to be obtained on
the primary sequence of the generated trypsic peptides. It
therefore provides non-ambiguous validation that the pro-
teins encoded by the cDNAs cloned in the expression vectors
are synthesized by the clones and form the antigens detected
by immunoreaction.

[0208] The 1G5 clone indeed expresses the protein whose
sequence is shown in FIG. 2.

Example 3
Identity of the Antigen Protein

[0209] Insilico analysis consisting of comparing the cDNA
sequence of the 1G5 clone and the corresponding protein it
expresses, with banks of reference sequences of nucleic acids
(sequences of cDNA clones and sequence of the human
genome) and of human proteins was carried out. With this
analysis it was possible to specify the identity of the protein
which forms one of the specific antigens responsible for the
immunoreactions shown in Example 1. The following infor-

mation could therefore be obtained:
[0210] The 1G5 clone expresses the eEF1A1 protein (it
also includes, inits N ter part, 8 additional amino acids).
[0211] The sequence of the protein expressed by the 1G5
clone is compared with the reference sequence of the
eEF1Al1 protein in FIG. 3. Sequence identities are sym-

bolized by asterisks.

Example 4

Western-Blot Analysis of Antigen-Antibody Reac-
tions and Validation of Clinical Interest

[0212] Immuno-detection tests were undertaken to validate
two important parameters: first to verify the specificity of the
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reactivity of the antibodies present in sera against purified
human antigen proteins or their fragments; second to evaluate
the biological relevance of the antibodies as indicators of
diagnostic interest in oncology.

[0213] These tests were conducted using the Western-blot
method. To this end, the bacterial clone 1G5 was placed in
culture, and the expressed human protein was purified on
chelating nickel resin as indicated in the preceding example.
The purified protein was subjected to electrophoretic migra-
tion on polyacrylamide gel. After electro-transfer onto PVDF
membranes, the antigen was detected by impregnating the
membranes with varied sera obtained from blood samples of
numerous individuals. The cohort of individuals formed for
the analysis consisted of 60 healthy individuals; 20 individu-
als with glial tumors not responding to chemotherapy (treat-
ment with Temodal® or Schering Plough temozolomide);
and 14 individuals with glial tumors characterized by objec-
tivised sensitivity to this chemotherapy (on the basis of tumor
size regression observed on imaging at three-month interval).
Western-blot analysis allowed the following conclusions to
be drawn.

[0214] For the 1G5 clone, the sera react against two West-
ern-blot regions, one region corresponding to an antigen hav-
ing an apparent size of 50 kDA, and one corresponding to a
size of 12 kDa. Analysis by enzymatic digestion of the
equivalent electrophoresis gel areas followed by nanol.C-
MS/MS characterization shows that the region of 50 kDA
corresponds to the eEF 1 A1 protein expressed by the bacterial
clone 1GS5, and the region of 12 kDA corresponds to a frag-
mentation peptide generated during purification of the pro-
tein. This fragment encompasses the N-terminal part of the
antigen produced by the 1G5 clone.

[0215] The intensities of the immunodetection reactions
obtained on Western-blots were quantified. Analysis of the
data obtained individually, on sera of the 84 individuals in the
cohort, showed that the response to the peptide of 12 kDA is
high in the sera of healthy individuals, and that this response
is almost just as intense in the sera of patients with glial
tumors characterized by sensitivity to chemotherapy. On the
other hand, the reactivity of the sera of patients suffering from
glial tumors not responding to chemotherapy was consider-
ably reduced.

[0216] This example clearly shows that the detection of
serum antibodies directed against the eEF1A1 protein is of
diagnostic and prognostic value for the clinical management
of patients suffering from glial tumors. The presence or
absence of serum antibodies directed against the variant of the
eEF1Al protein (or its fragments) allows the prognostic
determination of whether the tumor is likely to be resistant to
chemotherapy.

[0217] The results given here show that particular epitopes
present in the described protein (eEF1A1) can be used to
evaluate the variations in antibody levels in the biological
fluids of an individual; an evaluation having major clinical
interest. Any other biological or artificial, natural or chimeri-
cal component which carries the epitopes recognized by the
antibodies which are detected in the described method, and
are of clinical interest, can be used advantageously to conduct
assays within the spirit of the method described in this patent.
[0218] FIG. 4 shows Western-blot analysis of the antigen
proteins produced by the 1G5 clone. The proteins and pep-
tides resulting from spontaneous fragmentations were sub-
jected to electrophoretic migration on polyacrylamide gel.
The immunoreactions were developed conventionally using

Jul. 9, 2009

the Western-blot approach, after impregnating the blots with
mixtures of sera derived from various groups of individuals.

[0219] The groups of individuals consisted of:
[0220] Group 1: normal individuals, controls;
[0221] Group 2: patients with gliomas responding posi-

tively to chemotherapy;

[0222] Group 3: with gliomas not responding to chemo-
therapy.

[0223] Theimmunoreactivity histograms correspond to the
signals recorded in the Western-blots with the following anti-
gens:

[0224] A: total protein expressed by the 1G5 clone (cor-
responding to the eEF1Al sequence described in
Example 3, FIG. 3);

[0225] B: 12 kDa fragmentation product of eEF1A1
described in Example 3, FIG. 3.

Example 5

Impact of Antibodies on the Viability of Tumor Cells
In Vitro

[0226] To confirm the predictable therapeutic use of the
antibodies directed against the identified tumor antigens, an
evaluation was made of the cytotoxic impact of the immuno-
globulins extracted from biological fluids on culture tumor
cells.

[0227] Experimenting consisted of preparing samples of
purified immunoglobulins, taken from the sera of healthy
individuals and from cystic fluids of individuals with a glial
tumor. The immunoglobulins were purified by “Hitrap pro-
tein-G” column chromatography, distributed by Amersham
(General Electric). The conditions of use conformed strictly
to those described by the supplier. The purified immunoglo-
bulins were re-suspended to a titer of 1 mg/ml. Culture tumor
cells in vitro were contacted with the purified immunoglobu-
lins at a final concentration of 1 microgram of immunoglo-
bulins per ml in a medium not containing any foetal calf
serum. Incubation was continued for 7 days. After this incu-
bation period, the viability of the cells was measured using a
conventional cell viability test. The survival rates were cal-
culated against controls corresponding to cell cultures incu-
bated with the preparation and dilution buffers for the immu-
noglobulins but devoid of immunoglobulins (control buffer).
[0228] The immunoglobulins were prepared from cystic
fluids taken from tumors of type: oligodendroglioma or men-
ingioma or grade III astrocytoma.

[0229] Cell types were represented by primary glioblasto-
mas taken from different patients (2 different glioblastomas),
an IMR32 neuroblastoma line, an EJ bladder carcinoma line.
[0230] As shown FIG. 5, the purified immunoglobulins of
the sera taken from healthy individuals only show very little
cytotoxicity with respect to the different cell types. On the
other hand, the purified immunoglobulins of cystic fluids of
different origins very significantly reduce the survival of glial
tumor cells. The survival rate is between 15 and 40% depend-
ing on the extracts used. The cells of glioblastoma-type
tumors are the most sensitive; the cells of bladder carcinoma
are more modestly affected (65 to 75% survival); the viability
of neuroblastoma cells is not substantially modified. This
latter information proves that at a concentration of 1 micro-
gram of immunoglobulins per ml of medium, the purified
immunoglobulins of cystic fluids do not show any non-spe-
cific toxicity towards culture tumor cells.
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[0231] The example leads to the conclusion that the
immmunoglobulins which are present in cystic fluids and
which react with tumoral antigens have manifest cytotoxic
capacity towards tumor cells. These antibodies differ very
clearly from the immunoglobulins present in the sera of
healthy individuals which do not show any marked anti-
tumoral activity. The cytotoxic capacity of the purified
immuno globulins of cystic fluids is shown not only with
respect to CNS tumor cells but also, although to a lesser
extent, with respect to bladder cancer cells, as indicated here.
It would appear that generalized use of these antibodies in
therapeutic approaches can therefore be taken into consider-
ation for the treatment of CNS tumors and certain forms of
other cancers affecting body organs other than the CNS.

[0232] FIG. 5 shows the measurement of the cytotoxicity of
purified immunoglobulins of cystic fluids or sera vis-a-vis
culture tumor cells. The histograms illustrate the survival
rates (expressed in arbitrary values) of culture tumor cells
after 7 days’ incubation in the presence of: 1) control buffer;
2) serum immunoglobulins from healthy individuals; 3) cys-
tic fluid immunoglobulins of oligodendroglial tumor; 4) cys-
tic fluid immunoglobulins from a grade I1I astocyte tumor.
The culture cells are: at A) glioblastomas; at B) neuroblasto-
mas.

[0233] The concentrations of immunoglobulins in contact
with the cells are set at 1 microgram of immunoglobulin per
ml of medium for all tests.

Example 6

Blocking the Proliferation of In Vitro Tumor Cells by
siRNAs

[0234] The siRNA sequence allowing disturbed expression
of eEF1A1 proteins was chosen in relation to the cDNA
sequence of the 1G5 clone (cf. FIG. 2).

[0235] In brief, two sequences were chosen to create a
siRNA: namely the sense sequence which has a length of 19
bases homologous to part of the sequence of the messenger
RNA encoding the protein; and a sequence that is perfectly
complementary to the chosen “sense” sequence. The two
sequences have a length of 19 bases. The sense and antisense
sequences are given in FIG. 6. The RNA fragments corre-
sponding to the sense sequences and to the complementary
sequences were synthesized by chemical route. Double-
strand RNAs were then created in vitro by hybridization
between the RNAs corresponding to the sense sequences and
the fragments corresponding to the complementary
sequences. These double-strand RNA fragments were used to
transfect culture tumor cells. The transfecting agent here was
oligofectamin. Suitable controls were also carried out, in
particular: transfection of cells following a strictly identical
protocol but not including the siRNAs. The cells used were
glioblastoma cells (U373 line having strong in vitro prolif-
eration).

[0236] The culture U373 glioblastoma cells were trans-
fected by the siRNAs whose sequences are given FIG. 6. After
being kept for 5 days in a growth medium, the cells were
counted and the proliferation rate, calculated relative to initial
seeding of the medium, was measured. Compared with nor-
mal development of the cells under control conditions (pro-
liferation rate set at 100%), the double-strand siRNA directed
against eEF1A1 significantly slows down the proliferation of
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glioblastoma cells. In the presence of siRNA directed against
eEF1Al, cell proliferation is only 41% compared with con-
trols.

[0237] The transfection tests were conducted on 3 new cell
lines: U138, GHD and U87. The results given FIG. 7 confirm
the cytotoxic effect of the siRNAs on these glioblastoma cell
lines.

[0238] “Medium” status corresponds to the control without
transfection. “GFP” corresponds to transfection with a
siRNA directed against the GFP protein (controls for trans-
fection innocuousness).

Example 7

Evidencing Discriminating Immunoreactive Charac-
teristics in the Biological Fluids of Patient Popula-
tions Suffering from Tumors Versus Healthy Indi-

viduals

[0239] In this example, cystic fluids taken from solid CNS
tumors in various patients were analyzed to detect whether
these fluids contain antibodies capable of recognizing pro-
teins expressed by the tumors. For this purpose, the reactivity
of the cystic fluids vis-a-vis protein extracts of tumors was
tested by Western-blot. The Western-blot illustrated in FIG. 8
shows several colored bands evidencing numerous reactivi-
ties of modest or very strong intensity vis-Avis various tumor
proteins. For example strong reactions are noted against pro-
teins with molecular weights estimated at around 36, 41 and
53 kDa. Having regard to the protein fractions used in this
Western-blot, it can be concluded that the tumor antigens,
against which the antibodies present in the cystic fluids are
directed, are located either in the membranes of the tumor
cells or in their cytoplasm.

[0240] After incubation of the Western-blot imprints with
the cystic fluid, the antibodies which interacted with the anti-
gen proteins were detected by conventional methods using
secondary antibodies coupled to peroxidise.

[0241] The evidencing of these immunoreactions and anti-
bodies directed against tumor proteins was continued follow-
ing the strategy described below. The analysis consisted of
revealing the presence of antibodies, in the cystic fluids and
also in the sera of patients, responsible for immunity
responses to various human proteins. Immunoreaction tests
of the sera and cystic fluids against a bank of bacterial expres-
sion clones expressing various proteins of the human reper-
toire, allowed the isolation of a clone named in accordance
with the nomenclature of the clone bank particular to us:
clone 2C10. The tested biological fluids (tumor cystic fluids
and sera from patients with tumors) showed very strong reac-
tivity towards the clone. Conversely, the sera of healthy indi-
viduals showed much weaker reactivity, even the near-ab-
sence of reactivity.

[0242] This experiment therefore evidences the existence
of antibodies directed against a particular human protein in
the biological fluids of healthy individuals or patients suffer-
ing from tumors, and the fact that the levels of these antibod-
ies are different depending on the groups of individuals
tested. The measurement of these antibody levels therefore
has the diagnostic advantage of allowing easy discrimination
between individuals suffering from tumors and perfectly
healthy individuals.
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Example 8

Characterization by Sequencing and Mass Spectrom-
etry of the Antigen Responsible for Discriminating
Immunoreactions

[0243] The protein which is expressed by the 2C10 clone
was identified. This identification was achieved in two differ-
ent, complementary manners.

[0244] First, characterization was based on the analysis of
the cDNA sequence cloned in the expression vector of the
clone; second, the human polypeptide expressed by this clone
was purified and analyzed, after trypsin proteolysis, using a
nanoLC-MS/MS  approach (liquid nanochromatography
coupled with analysis by tandem mass spectrometry) (follow-
ing the protocol used by Bourges et al, 2004).

[0245] The first approach consisted of extracting the plas-
mid from the bacterial clone derived from the bank stock and
placed in culture. Extraction was made using conventional
purification methods for bacterial plasmids (namely and in
brief, by alkaline lysis and precipitation of the plasmid DNA).
The purified plasmids were then sequenced using an enzy-
matic chain termination technique with fluorescent dideoxy-
nucleotides. The sequence was decrypted by capillary migra-
tion on ABI 3700 apparatus. The sequences were conducted
in the sense and antisense directions and validated by several
runs. The use of software such as Autoassembler (Applied
Biosystems) allowed generation of the integral consensus
sequence of the cDNA fragment cloned in the plasmid. The
sequence was examined in detail to recognize the regions of
this sequence which encode the expressed human protein
(so-called “coding” sequence).

[0246] The ¢cDNA sequence coding for the 2C10 clone is
shown FIG. 9. FIG. 9 also shows the sequence of the human
protein expressed by the clone such as predicted from the
c¢DNA sequence cloned in the expression vector. The
sequence of the plasmid lying upstream of the cDNA and
comprising the start codon for synthesis of the protein frag-
ment encoded by the cDNA is not shown. The translation stop
codon is shown in bold and underlined.

[0247] The sequence of the protein expressed by the
expression plasmid 2C10 is shown (at B). The conventional
one-letter code for amino acids is used. For the 2C10 clone,
the sequence of amino acids specific to the variant identified
is underlined.

[0248] Purification of the human protein expressed by the
clone was carried out. The experiments were conducted on
the basis of standard purification and protein manipulation
protocols. The bacterial clone 2C10 was therefore placed in
culture individually, the bacterial cells were then harvested
and lysed in the presence of guanidinium salts. The human
proteins were purified having recourse to affinity chromatog-
raphy using the interactions of the polyhistidine sequences
with resin columns loaded with immobilized metals. Owing
to the plasmid construction, the human proteins are expressed
in the clones in the form of chimera which, at their N-terminal
end, integrate a short sequence comprising six consecutive
histidine residues. This pattern allows near-selective reten-
tion of the human proteins expressed on the clones on the
nickel chelating resins. After eluting at acid pH, the proteins
were subjected to electrophoresis on polyacrylamide gel.
Then the major protein band was cut and treated with trypsin.
The peptides obtained were separated by reverse phase chro-
matography coupled with mass spectrometry analysis. This
analysis allows information to be obtained on the primary
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sequence of the trypsic peptides generated. It therefore
enables non-ambiguous validation that the proteins encoded
by the cDNAs cloned in the expression vectors are synthe-
sized by the clones and form the antigens detected by immu-
noreaction.

[0249] The 2C10 clone indeed expresses the protein whose
sequence is given in FIG. 9.

Example 9
Identity of the Antigen Protein

[0250] Insilico analysis was carried out consisting of com-
paring the cDNA sequence of clone 2C10, and the corre-
sponding protein it expresses, against banks of reference
nucleic acid sequences (sequences of ¢cDNA clones and
sequence of the human genome) and of human proteins. With
this analysis it was possible to specify the identity of the
protein which forms one of the specific antigens responsible
for the immunoreactions shown in Example 7. The following
information was therefore obtained:
[0251] The 2C10 clone expresses an unknown variant of
a fragment of the MARK3 protein. The MARK3 protein
is a protein kinase. The MARK3 gene is located at
14g32.3. The sequence of the MARK3 fragment
expressed by the 2C10 clone, which corresponds to the
antigen responsible for the immunoreactivities of the
biological fluids, has 84% identity with the known ref-
erence sequence of an isoform of MARK 3 (isoform 4 of
MARK3) carrying the nomenclature P27448-4 in the
Swiss-Protbase). It consists ofthe 279 C terminal amino
acids but includes an additional sequence of 52 amino
acids, and is located 215 amino acids upstream from the
C terminal amino acid of the reference sequence (cf.
sequence underlined in F1G. 9). If abstraction is made of
this additional sequence of 52 amino acids, the sequence
of the protein expressed by the 2C10 clone has 100%
identity with the C ter end of isoform 4 of MARK3. The
protein sequence encoded by this clone is original and is
not referenced in Genbank (http://www.ncbi.nlm.nih.
gov/). The sequence of the cDNA fragment present in
clone 2C10 was compared with the genomic sequence of
the gene responsible for the expression of MARK3 in
human tissues. This analysis revealed that the sequence
of 52 original amino acids, present in the variant of
MARKS3 described here, is coded by a cryptic exon of
156 bases which was conserved during splicing of the
normal transcript of MARK3.
[0252] The sequence of the protein expressed by the 2C10
clone was compared with the reference sequence of the
MARK3 protein in FIG. 10. The sequence identities are sym-
bolized by asterisks.

Example 10

Western-Bot Analysis of Antigen-Antibody Reac-
tions and Validation of Clinical Interest

[0253] Immunodetection tests were undertaken to validate
two important parameters: first to verify the specificity of the
reactivity of the antibodies present in the sera vis-a-vis puri-
fied antigenic human proteins or their fragments; second, to
evaluate the biological relevance of the antibodies as indica-
tors of diagnostic interest in oncology.

[0254] These tests were conducted using the Western-blot
method. For this purpose, the bacterial clone 2C10 was placed
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in culture, and the expressed human protein was purified on
nickel chelating resin as indicated in the preceding example.
The purified protein was subjected to polyacrylamide gel
electrophoretic migration. After electro-transfer onto PVDF
membranes, the antigen was detected by impregnating the
membranes with varied sera obtained from blood samples
taken from numerous individuals. The cohort of individuals
formed for the analysis consisted of 50 healthy individuals;
20 individuals with glial tumors not responding to chemo-
therapy (treatment with Temodali or Schering Plough temo-
zolomide); and 14 individuals having glial tumors character-
ized by objectivized sensitivity to this chemotherapy (on the
basis of tumor size regression observed on imaging at three-
month interval).

[0255] Analysis of the Western-blots allowed the following
conclusions to be drawn.

[0256] For the 2C10 clone, the sera react against two West-
ern-blot regions, one region corresponding to an antigen hav-
ing an apparent size of 45 kDA, and one corresponding to a
size of 11 kDa. Analysis by enzymatic digestion of the
equivalent areas of the electrophoresis gel, followed by char-
acterization with nanol.C-MS/MS showed that the 45 kDa
region corresponds to the identified original variant of the
MARK3 protein expressed by the bacterial clone 2C10, and
the area of 11 kDa corresponds to a fragmentation peptide
generated during purification of the protein. This fragment
encompasses the N-terminal part of the antigen produced by
the 2C10 clone.

[0257] The intensities of the immune-detection reactions
obtained on the Western-blots were quantified. Analysis of
the data obtained individually with the sera of the 84 indi-
viduals of the cohort showed that the response to the protein
of 45 kDa and to the peptide of 11 kDa was near-inexistent in
the sera of healthy individuals, and that this response was
intense in the sera of patients with glial tumors (with no major
distinction between the tumors characterized by sensitivity to
chemotherapy and those which are resistant thereto).

[0258] This example clearly shows that the detection of
serum antibodies directed against the MARK3 protein has a
diagnostic and prognostic value for the clinical management
of patients suffering from glial tumors. The onset of serum
antibodies directed against the variant of the MARK3 protein
(or its fragments) obviously teaches the presence of solid
tumors of the central nervous system.

[0259] The results given here show that particular epitopes
present in the described protein (variant of MARK3) allow an
evaluation of variations in antibody levels in the biological
fluids of an individual; an evaluation of major clinical inter-
est. Any other biological or artificial, natural or chimerical
component which comprises the epitopes recognized by the
antibodies which are detected in the described method, and of
clinical interest, can be used advantageously to conduct
assays in the spirit of the method described in this patent.

[0260] FIG. 11 shows the Western-blot analysis of the anti-
genic proteins produced by the 2C10 clone. The proteins and
peptides resulting from spontaneous fragmentations were
subjected to electrophoretic migration on polyacrylamide
gel. The immunoreactions were developed in conventional
manner using the Western-blot approach after impregnating
the blots with mixtures of sera derived from various groups of
individuals.
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The groups of individuals consisted of:

[0262] Group 1: normal individuals, controls;

[0263] Group 2: patients with gliomas responding posi-
tively to chemotherapy;

[0264] Group 3: patients with gliomas not responding to
chemotherapy.

[0265] Theimmunoreactivity histograms correspond to the
signals recorded in the Western-blots with the following anti-
gens:

[0266] A total protein expressed by the 2C10clone (cor-
responding to the domain of the isoform 4 variant of
MARK3 described in Example 9, FIG. 10);

[0267] B: 11 kDa fragmentation product of the domain
of the isoform variant 4 of MARK3 described in
Example 9, FIG. 10.

Example 11

Impact of the Antibodies on the Viability of In Vitro
Tumor Cells

[0261]

[0268] To confirm the predictable therapeutic use of the
antibodies directed against the identified tumoral antigens, an
evaluation was made of the cytotoxic impact of the immuno-
globulins extracted from biological fluids on culture tumor
cells.

[0269] Experimenting consisted of preparing samples of
purified immunoglobulins taken from the sera of healthy indi-
viduals and from cystic fluids of individuals suffering from a
glial tumor. The immunoglobulins were purified by “Hitrap
protein-G” column chromatography distributed by Amer-
sham (General Electric). The conditions of use conformed
strictly to those described by the supplier. The purified immu-
noglobulins were re-suspended to a titer of 1 mg/ml. Culture
tumor cells in vitro were placed in contact with the purified
immunoglobulins at a final concentration of 1 microgram of
immunoglobulins per ml in a medium not containing any
foetal calf serum. Incubation was continued for 7 days. After
this incubation period, the viability of the cells was measured
using a conventional cell viability test. The survival rates
were calculated relative to controls corresponding to the cell
cultures placed in incubation with preparation and dilution
buffers for immunoglobulins but devoid of immunoglobulins
(control buffer).

[0270] The immunoglobulins were prepared from cystic
fluids taken from tumors of type: oligodendrogliomas, men-
ingiomas or grade I1I astrocytoma.

[0271] The cell types were represented by primary glio-
blastomas taken from different patients (2 different glioblas-
tomas), an IMR32 neuroblastoma line, an EJ bladder carci-
noma line.

[0272] As shown in FIG. 12, the purified immunoglobulins
of the sera from healthy individuals show only very little
cytotoxicity vis-a-vis the different cell types. On the other
hand, the purified immunoglobulins from the cystic fluids of
different origins reduce the survival of glial tumor cells most
significantly. The survival rate is between 15 and 40%
depending on the extracts used. The tumor cells of glioblas-
toma type are the most sensitive; the bladder carcinoma cells
are more modestly affected (65 to 75% survival); the viability
of neuroblastoma cells is not substantially modified. This
latter information proves that, at a concentration of 1 micro-
gram of immunoglobulins per ml of medium, the purified
immunoglobulins of the cystic fluids do not show any non-
specific toxicity vis-a-vis culture tumor cells.

[0273] This example leads to the conclusion that the immu-
noglobulins which are present in the cystic fluids and which
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react with tumoral antigens have obvious cytotoxic capacity
vis-a-vis tumor cells. These antibodies differ very distinctly
from the immunoglobulins present in the sera of healthy
individuals which do not show any marked anti-tumor activ-
ity. The cytotoxic capacity of the purified immunoglobulins
of cystic fluids is shown not only vis-a-vis CNS tumor cells
but also, even though to a lesser extent, vis-a-vis bladder
cancer cells as indicated here. It would therefore appear that
the generalized use of these antibodies in therapeutic
approaches can be considered for the treatment of CNS
tumors and certain forms of other cancers affecting organs
other the CNS.

[0274] FIG. 12 shows the measured cytotoxicity of the
purified immunoglobulins of cystic fluids or sera on culture
tumor cells. The histograms represent survival rates (ex-
pressed in arbitrary values) of culture tumor cells after 7 days’
incubation in the presence of: 1) control buffer; 2) immuno-
globulins of sera from healthy individuals; 3) immunoglobu-
lins of a cystic fluid from an oligodendroglial tumor; 4)
immunoglobulins of a cystic fluid from a grade III astocyte
tumor. The culture cells are: at A) glioblastomas; at B) neu-
roblastomas.

[0275] The concentrations of immunoglobulins in contact
with the cells were set at 1 microgram of immunoglobulins
per ml of medium in all tests.

Example 12

Blocking the Proliferation of In Vitro Tumor Cells by
siRNAs

[0276] The siRNA sequence allowing disturbed expression
of the MARK3 protein was chosen in relation to the cDNA
sequence of the 2C10 clone (cf. FIG. 9).

[0277] Inbrief, two sequences were chosen for the creation
of an siRNA; namely the sense sequence which has a length
of 19 bases homologous to part of the sequence of the mes-
senger RNA encoding the protein; and a perfectly comple-
mentary sequence to the chosen “sense” sequence. The two
sequences have a length of 19 bases. The sense and antisense
sequences are shown in FIG. 13:

Sense sequence:
5' ACA GCA CUA UUC CUG AUC A 3'

Antigense sequence:
5' UGA UCA GGA AUA GUG CUG U 3'.

[0278] The RNA fragments corresponding to the sense
sequences and to the complementary sequences were synthe-
sized via chemical route. Double-strand RNAs were then
created in vitro by hybridization between the RNAs corre-
sponding to the sense sequences and the fragments corre-
sponding to the complementary sequences. These double-
strand RNA fragments were used to transfect culture tumor
cells. The transfecting agent here was oligofectamin. Appro-
priate controls were also conducted in particular: transfection
of cells following a strictly identical protocol but not includ-
ing the siRNAs. The cells used were glioblastoma cells (line
U373 having strong in vitro proliferation).

[0279] The cells of culture U373 glioblastomas were trans-
fected with the siRNAs whose sequences are givenin FIG. 13.
After being kept for 5 days in growth medium, the cells were
counted and the proliferation rate, calculated relative to initial
seeding of the medium, was measured. Compared with nor-
mal development of the cells under control conditions (pro-
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liferation rate set at 100%) the double-strand siRNA directed
against MARK3 significantly slowed down the proliferation
of glioblastoma cells. In the presence of the siRNA directed
against MARK3, cell proliferation was only 74% compared
with controls.

Example 13

Blocking the Proliferation of In Vitro Tumor Cells by
siRNAs Directed Against MARK3 and Specifically
Against the Variant of SEQ ID NO: 5 (Clone 2C10).

[0280] Two types of umor cell lines were used: the human
glial tumor cell lines (glioblastomas) called U87 and U373.
siRNAs are transfected in the culture cells using a conven-
tional method (use of the transfection agent oligofectamin;
siRNA concentration of 450 nM). Cell survival was measured
after transfection. The status “Medium™ corresponds to the
control without transfection. “GFP” corresponds to transfec-
tion with a siRNA directed against the GFP protein (controls
for transfection innocuousness). The statuses 2C10-3 and
MARK 3x correspond to the impact of the siRNAs directed
against the transcript of the 2C10 antigen and against
MARK3.

[0281] The so-called “MARK3” sequence targets a region
ofthe transcript that is identical between the different variants
of MARK3:

Sense sequence:
5' UGA-UCA-GGA-AUA-GUG-CUG-U 3'

Antigense sequence:
5' ACA-GCA-CUA-UUC-CUG-AUC-A 3!'.

[0282] The status 2C10-3 corresponds to the use of a
siRNA which is directed against that part of the original
sequence of the transcript which encodes the sequence of 52
amino acids signing the original variant:

Sense sequence:
5' CCU-CCA-AUA-GAC-AGU-GAA-G 3'

Antisense sequence:
5' CUU-CA-UGU-CUA-UUG-GAG-G 3'.

[0283] The results obtained shown in FIG. 14 indicate, for
both types of siRNA, a significant reduction in proliferation
compared with the different controls (Medium and GFP).
[0284] On the U87 line, the 2C10-3 siRNA shows good
cytotoxic activity (as shown in the histogram transmitted last
Tuesday) which is greater than that obtained with the
MARK3 siRNA.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10

<210> SEQ ID NO 1

<21l> LENGTH: 470

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1
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-continued

Gly Lys Leu Pro Leu Lys Ala Lys Met Gly Lys Glu Lys Thr His Ile
1 5 10 15

Asn Ile Val Val Ile Gly His Val Asp Ser Gly Lys Ser Thr Thr Thr
20 25 30

Gly His Leu Ile Tyr Lys Cys Gly Gly Ile Asp Lys Arg Thr Ile Clu
35 40 45

Lys Phe Glu Lys Glu Ala Ala Glu Met Gly Lys Gly Ser Phe Lys Tyr
50 55 60

Ala Trp Val Leu Asp Lys Leu Lys Ala Glu Arg Glu Arg Gly Ile Thr
65 70 75 80

Ile Asp Ile Ser Leu Trp Lys Phe Glu Thr Ser Lys Tyr Tyr Val Thr
85 90 95

Ile Ile Asp Ala Pro Gly His Arg Asp Phe Ile Lys Asn Met Ile Thr
100 105 110

Gly Thr Ser Gln Ala Asp Cys Ala Val Leu Ile Val Ala Ala Gly Val
115 120 125

Gly Glu Phe Glu Ala Gly Ile Ser Lys Asn Gly Gln Thr Arg Glu His
130 135 140

Ala Leu Leu Ala Tyr Thr Leu Gly Val Lys Gln Leu Ile Val Gly Val
145 150 155 160

Asn Lys Met Asp Ser Thr Glu Pro Pro Tyr Ser Gln Lys Arg Tyr Glu
165 170 175

Glu Ile Val Lys Glu Val Ser Thr Tyr Ile Lys Lys Ile Gly Tyr Asn
180 185 190

Pro Asp Thr Val Ala Phe Val Pro Ile Ser Gly Trp Asn Gly Asp Asn
195 200 205

Met Leu Glu Pro Ser Ala Asn Met Pro Trp Phe Lys Gly Trp Lys Val
210 215 220

Thr Arg Lys Asp Gly Asn Ala Ser Gly Thr Thr Leu Leu Glu 2la Leu
225 230 235 240

Agp Cys Ile Leu Pro Pro Thr Arg Pro Thr Asp Lys Pro Leu Arg Leu
245 250 255

Pro Leu Gln Asp Val Tyr Lys Ile Gly Gly Ile Gly Thr Val Pro Val
260 265 270

Gly Arg Val Glu Thr Gly Val Leu Lys Pro Gly Met Val Val Thr Phe
275 280 285

Ala Pro Val Asn Val Thr Thr Glu Val Lys Ser Val Glu Met His His
290 295 300

Glu Ala Leu Ser Glu Ala Leu Pro Gly Asp Asn Val Gly Phe Asn Val
305 310 315 320

Lys Asn Val Ser Val Lys Asp Val Arg Arg Gly Asn Val Ala Gly Asp
325 330 335

Ser Lys Asn Asp Pro Pro Met Glu Ala Ala Gly Phe Thr Ala Gln Val
340 345 350

Ile Ile Leu Asn His Pro Gly Gln Ile Ser Ala Gly Tyr Ala Pro Val
355 360 365

Leu Agp Cys His Thr Ala His Ile Ala Cys Lys Phe Ala Glu Leu Lys
370 375 380

Glu Lys Ile Asp Arg Arg Ser Gly Lys Lys Leu Glu Asp Gly Pro Lys
385 390 395 400
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-continued

Phe Leu Lys Ser Gly Asp Ala Ala Ile Val Asp Met Val Pro Gly Lys
405 410 415

Pro Met Cys Val Glu Ser Phe Ser Asp Tyr Pro Pro Leu Gly Arg Phe
420 425 430

Ala Val Arg Asp Met Arg Gln Thr Val Ala Val Gly Val Ile Lys Ala
435 440 445

Val Asp Lys Lys Ala Ala Gly Ala Gly Lys Val Thr Lys Ser Ala Gln
450 455 460

Lys Ala Gln Lys Ala Lys
465 470

<210> SEQ ID NO 2

<211> LENGTH: 1730

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

ggaaaactac ccctaaaagce caaaatggga aaggaaaaga ctcatatcaa cattgtcgtce 60
attggacacg tagattcggg caagtccacc actactggcee atctgatcta taaatgeggt 120
ggcatcgaca aaagaaccat tgaaaaattt gagaaggagyg ctgctgagat gggaaagggc 180
tectteaagt atgectgggt cttggataaa ctgaaagetyg agegtgaacyg tggtatcace 240
attgatatct ccttgtggaa atttgagacc agcaagtact atgtgactat cattgatgcec 300

ccaggacaca gagactttat caaaaacatg attacaggga catcetceagge tgactgtget 360

gtectgatty ttgetgetyy tgttggtgaa tttgaagetyg gtatetecaa gaatgggeay 420

accegagage atgeecttet ggettacaca ctgggtgtga aacaactaat tgteggtgtt 480
aacaaaatygg attccactga gecaccectac agecagaaga gatatgagga aattgttaag 540
gaagtcagca cttacattaa gaaaattgge tacaaccceg acacagtage atttgtgeca 600

atttetggtt ggaatggtga caacatgetyg gagecaagtyg ctaacatgee ttggttcaag 660
ggatggaaag tcacccgtaa ggatggcaat gecagtggaa ccacgetget tgaggetetg 720
gactgcatce taccaccaac tcgtecaact gacaagecct tgegectgece tetccaggat 780
gtctacaaaa ttggtggtat tggtactgtt cctgttggee gagtggagac tggtgttete 840
aaacccggta tggtggtcac ctttgcteca gtcaacgtta caacggaagt aaaatctgte 900
gaaatgcacc atgaagettt gagtgaaget ctteetgggg acaatgtggg cttcaatgte 960
aagaatgtgt ctgtcaagga tgttecgtegt ggcaacgttg ctggtgacag caaaaatgac 1020
ccaccaatgg aagcagctgg ctteactget caggtgatta tcctgaacca tccaggecaa 1080
ataagcgeeg gctatgecee tgtattggat tgccacacgg ctcacattge atgcaagttt 1140
gctgagetga aggaaaagat tgatcgecegt tetggtaaaa agetggaaga tggccctaaa 1200
ttcttgaagt ctggtgatge tgccattgtt gatatggtte ctggecaagec catgtgtgtt 1260
gagagcttet cagactatce acctttgggt cgetttgetyg ttegtgatat gagacagaca 1320
gttgcggtgy gtgtcatcaa agcagtggac aagaaggcty ctggagetgg caaggtcacce 1380
aagtctgece agaaagctca gaaggctaaa tgaatattat ccctaatacce tgccacccca 1440
ctcttaatca gtggtggaag aacggtctca gaactgtttyg tttcaattgg ccatttaagt 1500
ttagtagtaa aagactggtt aatgataaca atgcatcgta aaaccttcag aaggaaagga 1560

gaatgttttyg tggaccactt tggttttctt ttttgegtgt ggcagtttta agttattagt 1620
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-continued

Jul. 9, 2009

ttttaaaatc agtacttttt aatggaaaca acttgaccaa aaatttgtca cagaattttg

agacccatta aaaaagttaa atgagaaaaa aaaaaaaaaa aaaaaaaaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 3

LENGTH: 19

TYPE: RNA

ORGANISM: Artificial

FEATURE:

OTHER INFORMATION: synthetic oligonucleotide: siRNA
anti-eEF1Al sens

SEQUENCE: 3

uggugacaac augcuggag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 4

LENGTH: 19

TYPE: RNA

ORGANISM: Artificial
FEATURE:

1680

1730

19

OTHER INFORMATION: synthetic oligonucleotide: giRNA anti-eEF1Al

antisens

SEQUENCE: 4

cuccagcaug uugucacca

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 5

LENGTH: 331

TYPE: PRT

ORGANISM: Homo sapiens

SEQUENCE: 5

Ala Pro Ala Ser Pro Met Leu Gly Asn Ala Ser Ash Pro Asn Lys Ala

1

5 10 15

Agp Ile Pro Glu Arg Lys Lys Ser Ser Thr Val Pro Ser Ser Asn Thr

20

25 30

Ala Ser Gly Gly Met Thr Arg Arg Asn Thr Tyr Val Cys Ser Glu Arg

35

40 45

Thr Thr Ala Asp Arg His Ser Val Ile Gln Asn Gly Lys Glu Asn Ser

50

55 60

Leu Thr Glu Met Phe Ala Tyr Ala Ala Ser Pro Ala Ser Val Cys Thr

65

70 75 80

Ser Thr Cys Arg Leu Arg His Gln Lys Ser Met Ser Met Ser Ala Ser

85

90 95

Gly His Pro Lys Met Met Leu Pro Pro Ile Asp Ser Glu Gly Asp Asn

100

105 110

Phe Lys Ala Ile Thr Ile Pro Asp Gln Arg Thr Pro Val Ala Ser Thr

115

120 125

Hig Ser Ile Ser Ser Ala Ala Thr Pro Asp Arg Ile Arg Phe Pro Arg

130

135 140

Gly Thr Ala Ser Arg Ser Thr Phe His Gly Gln Pro Arg Glu Arg Arg

145

150 155 160

Thr Ala Thr Tyr Asn Gly Pro Pro Ala Ser Pro Ser Leu Ser His Glu

165

170 175

Ala Thr Pro Leu Ser Gln Thr Arg Ser Arg Gly Ser Thr Asn Leu Phe

180

185 190

Ser Lys Leu Thr Ser Lys Leu Thr Arg Arg Leu Pro Thr Glu Tyr Glu

19
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-continued

195 200 205

Arg Asn Gly Arg Tyr Glu Gly Ser Ser Arg Asn Val Ser Ala Glu Gln
210 215 220

Lys Asp Glu Asn Lys Glu Ala Lys Pro Arg Ser Leu Arg Phe Thr Trp
225 230 235 240

Ser Met Lys Thr Thr Ser Ser Met Asp Pro Gly Asp Met Met Arg Glu
245 250 255

Ile Arg Lys Val Leu Asp Ala Asn Asn Cys Asp Tyr Glu Gln Arg CGlu
260 265 270

Arg Phe Leu Leu Phe Cys Val His Gly Asp Gly His Ala Glu Asn Leu
275 280 285

Val Gln Trp Glu Met Glu Val Cys Lys Leu Pro Arg Leu Ser Leu Asn
290 295 300

Gly Val Arg Phe Lys Arg Ile Ser Gly Thr Ser Ile Ala Phe Lys Asn
305 310 315 320

Ile Ala Ser Lys Ile Ala Asn Glu Leu Lys Leu
325 330

<210> SEQ ID NO 6

<211> LENGTH: 1122

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

getecageeca gteccatget tgggaatgea agtaatccta ataaggegga tattectgaa 60
cgcaagaaaa gotccactygt cectagtagt aacacageat ctggtggaat gacacgacga 120
aatacttatg tttgeagtga gagaactaca getgatagac actcagtgat tceagaatgge 180
aaagaaaaca gcctgacaga aatgtteget tacgeageta gecctgecte agtttgtaca 240
tetacetgte ggetgagaca teagaagteg atgtecatgt cagectetgg geaceecaag 300
atgatgttac cteccaataga cagtgaagga gataactteca aggcetatcac tattectgat 360
cagagaacte cagttgette aacacacagt atcagtagtyg cagecaccece agatcegaate 420
cgettoccaa gaggeactge cagtegtage actttccacyg gecagecceg ggaacggega 480
accgcaacat ataatggecc tectgectet cccagectgt cecatgaage cacaccattg 540
tceccagacte gaagecgagg ctccactaat ctetttagta aattaactte aaaactcaca 600

aggaggctte caactgaata tgagaggaac gggagatatg agggctcaag tcgcaatgta 660

tctgetgage aaaaagatga asacaaagaa gcaaagecte gatcectacg cttcacetgg 720
agcatgaaaa ccactagttc aatggatcce ggggacatga tgegggaaat ccgcaaagtg 780
ttggacgcca ataactgega ctatgagcag agggageget tettgetett ctgegtecac 840

ggagatgggce acgcggagaa cctegtgcag tgggaaatgg aagtgtgcaa getgecaaga 900
ctgtctetga acggggteeyg gtttaagegg atatcgggga catccatage cttcaaaaat 960
attgcttecca aaattgeccaa tgagectaaag ctgtaaccca gtgattatga tgtaaattaa 1020
gtagcaatta aagtgttttc ctgaacactg aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1080
aaaaaaaaaa aaaaaaaaaa azaaaaaaaa aaaaaaaaaa aa 1122
<210> SEQ ID NO 7

<211> LENGTH: 19
<212> TYPE: RNA
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-continued
<213> ORGANISM: Artificial
<220> FEATURE:
<223> OTHER INFORMATION: synthetic oligonucleotide: siRNA

anti-MARK3 sens
<400> SEQUENCE: 7

acagcacuau uccugauca

<210> SEQ ID NO 8

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide:
antisens

<400> SEQUENCE: 8

ugaucaggaa uagugcugu

<210> SEQ ID NO 9

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide:

<400> SEQUENCE: 9

ceuccaauag acagugaag

<210> SEQ ID NO 10

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: synthetic oligonucleotide:
antisens

<400> SEQUENCE: 10

cuucacuguc uauuggagyg

19

siRNA anti-MARK3

19

siRNA anti-2C10 sens

19

giRNA anti-2C10

19

1-38. (canceled)

39. A method for detecting presence or absence of a tumor
in a marmmal and/or its sensitivity to chemotherapies, com-
prising, on a biological sample from said mammal, detecting
and/or quantifying:

presence of an eEF1A1 protein, and/or

presence of antibodies directed against an eEF1 A1 protein
or a fragment comprising at least one epitope of the
eEF1A1 protein, and/or

presence of a MARK3 protein, and/or

presence of antibodies directed against a MARK3 protein
or a fragment comprising at least one epitope of the
MARK3 protein.

40. The method according to claim 39, wherein the bio-
logical sample is at least one selected from the group consist-
ing of blood serum, lymph, cystic fluid, cerebro-spinal fluid
(CSF) and tissue homogenates.

41. The method according to claim 39, further comprising
detecting and quantifying at least one other biological marker
characteristic of the presence and/or invasiveness of a tumor.

42. The method according to claim 39, wherein the pres-
ence of the eEF1A1 protein is detected and/or quantified by
antibodies directed against the eEF1 Al protein or at least one
epitope of the eER1A1.

43. The method according to claim 42, wherein the anti-
bodies are polyclonal or monoclonal antibodies.

44. The method according to claim 39, wherein the pres-
ence of antibodies directed against an eEF1A1 protein or a
fragment containing at least one epitope of the eEF1A1 pro-
tein is detected and/or quantified by an antigen comprising at
least one epitope of an eEF1A1 protein.

45. The method according to claim 39, further comprising
comparing results obtained from the detection and/or quan-
tification with a reference value characteristic of the presence
of a tumor and/or with a reference value characteristic of the
absence of a tumor.

46. The method according to claim 39, wherein the
eEF1Al protein comprises the protein sequence given of
SEQID NO: 1.

47. The method according to claim 39, wherein the pres-
ence of the MARK3 protein is detected and/or quantified by
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antibodies directed against the MARK3 protein or at least one
epitope of the MARK3 protein.

48. The method according to claim 47, wherein the anti-
bodies are polyclonal or monoclonal antibodies.

49. The method according to claim 39, wherein the pres-
ence of antibodies directed against a MARK3 protein or a
fragment containing at least one epitope of the MARK3 pro-
tein is detected and/or quantified by an antigen comprising at
least one epitope of a MARK3 protein.

50. The method according to claim 39, further comprising
comparing results obtained from the detection and/or quan-
tification with a reference value characteristic of the presence
of a tumor and/or with a reference value characteristic of the
absence of a tumor.

51. The method according to claim 39, wherein the
MARK3 protein is a variant comprising the protein sequence
of SEQ ID NO: 5.

52. A diagnostic kit that performs the method according to
claim 39, comprising means to detect and/or quantify, on a
biological sample:

presence of an eEF1A1 protein, and/or

presence of antibodies directed against an eEF1A1 protein

or a fragment containing at least one epitope of the
eEF1Al1 protein, and/or

presence of a MARK3 protein, and/or

presence of antibodies directed against a MARK3 protein

or a fragment containing at least one epitope of the
MARK3 protein.

53. Antibodies directed against an eEF1A1 protein or a
fragment containing at least one epitope of the eEF1A1 pro-
tein that bind specifically to the eEF1 A1 protein or to at least
one epitope of the eEF1 Al protein.

54. Antibodies directed against a MARK3 protein or a
fragment containing at least one epitope of the MARK3 pro-
tein that bind specifically to the MARK3 protein or to at least
one epitope of the MARK3 protein.

55. The antibodies according to claim 54, that bind specifi-
cally to a variant of the MARK3 protein containing the pro-
tein sequence according to SEQ ID NO: 5, or to at least one
epitope of that protein.

56. A method of inhibiting growth of tumor cells in vitro
comprising inhibiting activity of an eEF1A1 protein and/or of
a MARK3 protein by an antibody or an interfering RNA
which inhibits expression of a gene encoding the eEF1A1
protein and/or the MARK3 protein, respectively.

57. Interfering RNA that inhibits in vitro and/or in vivo
expression of a gene encoding an eEF1A1 protein or a gene
encoding a MARK3 protein.

58. The interfering RNA according to claim 57, which is
selected from the group consisting of antisense RNAs and
double-strand RNAs (dsRNA).

59. The interfering RNA according to claim 58, wherein
the double strand RNA is a siRNA.

60. The interfering RNA according to claim 59, comprising
the following sequence capable of inhibiting the expression
of a gene encoding a specific variant of the eEF1A1 protein:

Sense sequence:
5' UGG UGA CAA CAU GCU GGA G 3!

Antigenge sequence:
5' CUC CAG CAU GUU GUC ACC A 3'.
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61. The interfering RNA according to claim 59, comprising
the following sequence capable of inhibiting the expression
of a gene encoding the MARK3 protein:

Sense sequence:
5' ACA GCA CUA UUC CUG AUC A 3'

Antisense sequence:
5' UA UCA GGA AUA GUUG CUG U 3'.

62. The interfering RNA according to claim 57, which
specifically inhibits a variant of the MARK3 protein contain-
ing the protein sequence of SEQ ID NO: 5.

63. The interfering RNA according to claim 62, comprising
a siRNA comprising the following sequence:

Sense sequence:
5' CCU-CCA-AUA-GAC-AGU-GAA-G 3'

Antisense sequence:
5' CUU-CAC-UGU-CUA-UUG-GAG-G 3'.

64. A vector that expresses the interfering RNA according
to claim 57, comprising a sequence coding for said interfering
RNA under control of regulation elements allowing expres-
sion of said interfering RNA in a host cell.

65. A vector that delivers an interfering RNA to a host cell,
comprising an interfering RNA according to claim 57 and
means allowing the delivery of said interfering RNA into said
host cell.

66. A pharmaceutical composition comprising an antibody
according to claim 53, in a pharmaceutically acceptable
vehicle.

67. A method for treating cancer comprising administering
an effective amount of an antibody according to claim 53 to a
mammal.

68. The method for treating cancer according to claim 67,
wherein the cancer is a glioblastomas.

69. A variant of a MARK3 protein comprising the protein
sequence of SEQ ID NO: 5.

70. A nucleic acid sequence encoding a variant of the
MARK3 protein according to claim 69.

71. A vector of expression of a variant of the MARK3
protein comprising a nucleic acid sequence according to
claim 70 under control of regulation elements required for
expression of said protein in a host body.

72. A host body comprising an expression vector according
to claim 71.

73. The method according to claim 69, comprising cultur-
ing a host body according to claim 72 in a suitable culture
medium, followed by collecting the variant of the MARK3
protein produced and, optionally, purifying it.

74. A pharmaceutical composition comprising an interfer-
ing RNA according to claim 57, in apharmaceutically accept-
able vehicle.

75. A pharmaceutical composition comprising a vector for
expression of the interfering RNA according to claim 64, in a
pharmaceutically acceptable vehicle.

76. A pharmaceutical composition comprising a vector for
delivery of an interfering RNA according to claim 65 in a
pharmaceutically acceptable vehicle.

77. A method for treating cancer comprising administering
an effective amount of an interfering RNA according to claim
57 to a mammal.
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