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The invention concerns anti-clusterin oligoclonal antibodies
able to recognize and bind in a selective and specific way
antigenic epitopes of clusterin isoforms to be used in tumours
diagnosis and in the prediction of their malignancy grade,
diagnostic method and related kits.
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ANTI-CLUSTERIN OLIGOCLONAL
ANTIBODIES FOR DIAGNOSIS AND
PREDICTION OF THE AGGRESSIVENESS OF
TUMOURS, DIAGNOSTIC METHOD AND
RELATED KITS

[0001] This invention concerns anti-clusterin oligoclonal
antibodies for tumour diagnosis and prediction of the malig-
nancy grade of the tumour, diagnostic method and related
kits.

[0002] In particular, the invention concerns anti-clusterin
oligoclonal antibodies selective and specific for diagnosis of
the onset or the relapse and the prediction of aggressiveness
of tumours such as colon, breast, prostate, testis and ovary
carcinomas, tumours of the central nervous system (SNC)
and of the haemo-lymphopoietic system.

[0003] At present, colon cancer is second only to lung
cancer in men and to breast carcinoma in women, for inci-
dence and mortality in western countries.

[0004] In Italy, the incidence of colon cancer is: 40 new
cases every 100,000 inhabitants (30,000 new cases per year).
The mortality is 18,000 cases per year.

[0005] The higher incidence per age is observed between
the sixth and seventieth decade, while 60% of the patients
survive up to five years.

[0006] The mostimportant reason for the low percentage of
recoveries is due to the fact that when the primary tumour is
removed, a high number of patients have already developed
micro-metastases, principally at liver.

[0007] Therefore, methods for early screening are
requested. At present, the early diagnosis protocols (second-
ary prevention) consist of rectal exploration, determination of
fecal occult blood, recto-sigmoidoscopy or pan-colonoscopy,
periodically performed on individuals of 45 years of age and
older and non-symptomatic. Periodic pan-colonoscopy is the
only procedure for early diagnosis of neoplasia, on individu-
als that are part of the so called “at risk population”, that is
individuals with positive familiar anamnesis for colorectal
cancer, patients with already a neoplasia or affected by syn-
drome with an high risk of neoplasia insurgence.

[0008] Obtaining more information on the molecular alter-
ations of a tumour would help to subdivide patients affected
by the same tumour in groups with different prognosis, and
then perform the specific therapeutic protocols. Moreover,
this molecular alteration could be the target of a specific
therapy that would revolutionize the pharmacological therapy
of cancer.

[0009] Recent studies have demonstrated an increase in
clusterin expression in breast carcinoma (Redondo et al,
2000), suggesting a possible role of this protein in tumour
progression.

[0010] Clusterin is an eterodimeric (o and p chains) ubig-
uitous glycoprotein implicated in a large number of physi-
ological processes and in the control of cellular proliferation
(Murphy et al, 1988; Aronow et al, 1993; Fratelli et al, 1996;
Ho et al, 1998; Humphreys et al, 1999; O’ Sullivan et al, 2003;
Zhou et al, 2002; Bettuzzi et al, 2002). A number of isoforms
have been characterized that differ in the grade of glycosila-
tion and in their function.

[0011] The authors of the present invention have studied
clusterin expression (Pucci et al, 2004) in order to elucidate
its role in tumour progression, in particular in the adenoma-
carcinoma sequence of colorectal cancer, a well known
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human tumour model. In this context, the observation of 35
samples of human intestinal mucosa, such as endoscopic
biopsies and surgical specimens has shown a different modu-
lation of clusterin isoforms in the various cell compartments,
directly related to tumour progression. In fact, in healthy
colon mucosa it has been observed clusterin with an exclusive
nuclear localization, that regulates cell cycle progression and
apoptosis induction. On the other hand, in carcinogenesis and
in tumour progression a clear increase in the cytoplasmic
isoform expression has been observed, while the nuclear iso-
form is lacking.

[0012] Evidences about the protein localization have
helped recognize two principal isoforms: a nuclear non-gly-
cosilated isoform in healthy mucosa and in adenomas; a cyto-
plasmic glycosilated isoform highly expressed in neoplastic
cells and absent in healthy mucosa. The results concerning
the modulation of different clusterin isoforms in the tumouri-
genesis of colorectal cancer shed light on the controversial
data on increase of clusterin in tumours and on the role of the
protein in apoptosis induction, suggesting a possible role of
clusterin as a potential new marker for the diagnosis and
prognosis of colorectal cancer.

[0013] The use of clusterin as a diagnostic marker in some
pathological conditions such as diabetes mellitus of type 11
and some coronary pathologies has already been described in
the Greek patent GR 20020100196. The Greek document
describes an ELISA method which uses two commercial
antibodies (one of which is conjugated with the HRP
enzyme), for the quantitative determination of serum Apol/
Clusterin levels, related to the above mentioned pathologies.

[0014] There was just one previous attempt to determine
Apol by ELISA in tumoural pathologies, specifically in the
blood of prostate carcinoma patients (Morrisey et al, 2001), as
referred in the Greek document.

[0015] On the basis of the above, it is clear the need of new
materials and methods for diagnosis and prediction of the
grading and clinical staging of some tumours i.e. colorectal
cancer, that would overcome the restrictions of the invasive
methods used at present.

[0016] The authors of this invention have highlighted that
the appearance and the progressive increase of the clusterin
cytoplasmic isoform in tumours correlates to a significant
increase of clusterin in the serum of patients affected by
tumoural pathologies and in particular by colorectal cancer.

[0017] On the basis of this observation, the authors have
tested a new method of immuno-dosage of clusterin with the
use of antibodies that can recognize specifically and selec-
tively the cytoplasmic and nuclear isoforms of clusterin, for
diagnosis of the molecular alterations that could define a
prognosis and give therapeutic indications.

[0018] In fact, as already described the disappearance of
clusterin nuclear non-glycosilated isoform and the preferen-
tial expression of a second isoform completely glycosilated
and cytoplasmic seems to be directly related to the aggres-
siveness of the tumour and to its metastatic potential (Pucci et
al, 2004).

[0019] Inparticular, this dosage method of the two clusterin
isoforms, using antibodies according to the present invention,
not only represents a non invasive tool, but it is also an easy
and not expensive approach for the patient’s follow-up and it
could help formulate a “biological aggressiveness index” of
the neoplasia, that would help standardizing this method. In
particular, the authors have tested a standard curve, where the
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protein of reference is not the purified clusterin but a peptide
synthesized on the basis of the new epitope chosen for immu-
nization.

[0020] Serological techniques such as ELISA and/or
immunofluorescence used presently need monoclonal anti-
bodies, because of the difficulty in obtaining specific sera.
[0021] Theauthors ofthis invention have now obtained sera
containing oligoclonal antibodies specific and selective for
the selected epitopes, belonging to clusterin cytoplasmic and
nuclear isoforms. These oligoclonal antibodies have not the
disadvantages of reproducibility, production costs and con-
servation of monoclonal antibodies obtained from hybrido-
mas. Indeed, selection and conservation of an hybridoma has
anumber of limitations: low reproducibility of the clone and
antibody specificity toward the epitope, technical difficulty in
the production of the hybridoma, high cost for the mainte-
nance and difficult conservation of samples in time.

[0022] Moreover, the manufacturing of oligoclonal anti-
bodies based on the selection of very short antigenic epitopes
(synthesized on solid phase) permits the determination of a
small repertoire of antibodies that are comparable to mono-
clonal antibodies, considering the characteristics of specific-
ity and affinity. According to this invention and for an easier
application of the oligoclonal antibodies, the antigenic
sequences of the epitopes have been chosen among the most
highly conserved both in human and mouse, permitting a
wider application for animal model research. Moreover, this
choice allows to minimize the binding with human proteins
different from clusterin. The selection of these epitopes has
also been made to guarantee the maximum specificity and
efficiency and the minimum cross-reactivity of the oligo-
clonal antibody with the various glycosilated isoforms of
cytoplasmic clusterin and to obtain highly specific and selec-
tive antibodies for the non-glycosilated nuclear isoform.
[0023] It must be pointed out that the commercial anti-
clusterin antibodies are not able to identify this nuclear iso-
forms, because the immunization used for their preparation is
done administering the proteins purified from serum, that the
authors have recently demonstrated it contains exclusively
the glycosilated isoform of the protein.

[0024] Theauthors of the present invention have previously
found that in the colorectal cancer the secreted isoform of
cytoplasmic clusterin is released in the extra-cellular space
and in the lumen of colon, thus an increased level of clusterin
also in the stools of the colon carcinoma patients could be
expected. Therefore, the dosage of clusterin can be carried
out, further than that in peripheral blood, also in the stools of
the colorectal cancer patients with a blood-stool cross-shaped
test, highly specific for the colon carcinoma. In this manner,
the problem of the interference of the increased level of clus-
terin due to other not tumoural or tumoural diseases (cancer of
breast, prostate, testicle, ovary, SNC, haemo-lymphopoietic
system) is abolished.

[0025] Therefore, it is an object of the present invention
oligoclonal antibodies which are able to recognize and to bind
in a specific and selective manner the antigenic epitope of at
least one isoform of the clusterin, said antigenic epitope being
characterised by a length comprised between 10 and 20
amminoacidic residues. The clusterin isoform which is rec-
ognized by the anti-clusterin oligoclonal antibodies can be
the not-glycosilated nuclear or the glycosilated cytoplasmic
one. According to the present invention, these oligoclonal
antibodies discriminate between different clusterin isoforms.
In particular, the antigenic epitope selected to produce the
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oligoclonal antibodies against the nuclear not-glycosilated
clusterin isoform comprises an amminoacidic sequence
selected from the group consisting of:

QFNWVSRLANTQGEDQK (SEQ ID No.1);
TKLKELPGVCNETMMALWEE (SEQ ID No. 2);
[0026] and derivatives thereof obtained by deletion, substi-

tution or addition of one or more amminoacids, which main-
tain the same immunogenic property of the original epitope.
The antigenic epitope chosen to produce the oligoclonal anti-
bodies directed against the cytoplasmic glycosilated isoform
can comprise one of the following amminoacidic sequences:

TKLKELPGVCNETMMALWEE ; (SEQ ID No. 2)

TNEERKTLLSNLEEAK ; (SEQ ID No. 3)
METVAEKALQEYRKK ; (SEQ ID No. 4)
[0027] and their derivatives obtained by the means of dele-

tion, substitution either addition of one or more amminoacids
that maintain the same immunogenic property of the original
epitope.

[0028] According to the present invention, the oligoclonal
antibodies can be tagged preferably with a fluoro-chrome, a
radioactive isotope, an enzyme, biotin or a chemiluminescent
substance. The fluoro-chrome being the fluorescein or phy-
coeritrin, or rodamine, or the texas red, or cumarin; the
enzyme being the peroxidase of radish (HRP) or alkaline
phosphatase; the radioactive isotope could be *C, or *H; the
chemi-luminescent substance can be luciferin.

[0029] They constitute further subjects of the present
invention antigenic epitopes belonging to at least one of the
clusterin isoforms, cytoplasmic and/or nuclear, comprising at
least one of the following amminoacidic sequences:

QFNWVSRLANLTOGEDOK ; (SEQ ID No. 1)
TKLKELPGVCNETMMALWEE; (SEQ ID No. 2)
TNEERKTLLSNLEEAK; (SEQ ID No. 3)
METVAEKALQEYRKK; (SEQ ID No. 4)
[0030] and their derivatives obtained by deletion, substitu-

tion or addition of one or more amminoacidic residues that
maintain immunogenic properties of the original epitope.

[0031] Further issue of the present invention is represented
by the method of preparation of the oligoclonal antibodies,
how previously described, comprising the following phases:

[0032] a) Solid phase synthesis of at least one of the
antigenic epitopes, described from above;

[0033] b) Conjugation of at least one antigenic epitope
with a protein carrier as immunogen, preferably bovine
serum albumin;

[0034] c¢) Immunization in animal with the immunogen
epitope (carrier-conjugated), in complete Freund adju-
vant;

[0035] d) Withdrawal of the serum from animal, prefer-
ably rabbit, and purification of the oligoclonal antibod-
ies, e.g. by affinity chromatography.

[0036] Further issue of the present invention is an immu-
nological assay performed to detect clusterin protein levels in
biological samples for diagnosis of tumour and prediction of
its malignancy grade. The immunological method comprises
the following phases:

[0037] a) Extraction of the proteins from the biological
sample, such as blood, stool, seminal fluid, pleural and
ascitic effusions, urine, liquor;
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[0038] b) Incubation in timely condition of the protein
extracted with at least one of the oligoclonal antibodies
above described, to form an antigen-antibody complex;

[0039] c¢) Qualitative and quantitative detection of this
antigen-antibody complex.

[0040] In particular, the immunological method according
to this invention allows the diagnosis of tumours such as
colorectal, breast, prostate, testis and ovary carcinomas,
tumours of the Central Nervous System and of the haemo-
lymphopoietic system.

[0041] The determination in phase c) can be performed by
using one of the following techniques: ELISA, Western Blot,
RIA, immunohistochemistry detected with fluorochromes
(immunofluorescence) or enzymatic method, or with a com-
bination of these techniques.

[0042] This invention also includes a diagnostic kit for the
diagnosis of neoplasia and for the prediction of its malig-
nancy grade, comprising at least one of the oligoclonal anti-
bodies above described. The tumors that can be detected are,
for example, colorectal, breast, prostate, testis and ovary car-
cinomas, tumours of the Central Nervous System and of the
haemo-lymphopoietic system. Finally, a further topic of the
present invention is represented by the use of at least one of
the oligoclonal antibodies described previously, for the quali-
tative and quantitative determination of the levels of at least
one clusterin isoforms, in a biological sample such as blood,
stool, seminal liquid, pleural and ascitic effusion, urine,
liquor, for diagnosis of tumours (e.g. colorectal, breast, pros-
tate, testis, ovary carcinomas, tumours of the Central Nervous
System and of the haemo-lymphopoietic system) and predic-
tion of their aggressiveness.

[0043] The qualitative or quantitative determination can be
carried out by using one of the following techniques: ELISA,
Western Blot, RIA, immunohistochemistry detected with
fluorochromes (immunofluorescence) or enzymatic method,
or with a combination of them.

[0044] To better clarify, the term “oligoclonal antibodies™
means a limited repertoire of polyclonal antibodies obtained
by later on cycles of specific immunization, at the conclusion
of which antibodies will be obtained that are comparable to
monoclonal antibodies, considering the characteristics of
specificity and affinity.

[0045] The present invention will be now described to illus-
trate it, but not to limit it, according to the preferred embodi-
ments, with special reference to the attached figures, in
which:

[0046] FIG. 1 shows the results obtained by Western blot
analysis of the nuclear form of clusterin; in panel A, antibody
against a not glycosilated antigenic epitope of the clusterin
a-chain, SEQ ID No 1 has been used; in panel B the antibody
has been obtained by immunization with a not glycosilated
antigenic epitope of the clusterin §-chain, SEQ ID No 2;
[0047] FIG. 2 shows the Western blot analysis for glycosi-
lated cytoplasmic clusterin; in panel A the antibody was
directed against a glycosilated epitope of clusterin p-chain,
SEQ ID No 2; in panel B the antibody was generated by
immunization against an antigenic epitope of fi-chain, SEQ
ID No 3; in panel C the antibody was directed against an
antigenic epitope of clusterin a-chain, SEQ 1D No 4;

[0048] FIG. 3 shows the results obtained by ELISA, per-
formed to analyze nuclear and secreted clusterin, in tumoural
tissues and in corresponding normal samples; panel A shows
the results obtained using the antibody directed against not
glycosilated nuclear clusterin isoform (antigenic epitope
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SEQ ID No 1); panel B shows the detection with antibody
against the secreted glycosilated clusterin (antigenic epitope
SEQ ID No 4).

[0049] FIG. 4 shows the dosage of clusterin (ug/ml) by
ELISA in the culture supernatant fraction of ex vivo-isolated
tumoural cells, compared to cells from healthy colonic
mucosa (number of cells seeded: 10x107).

EXAMPLE 1

Immunization Procedure and Anti-Clusterin Oligo-
clonal Antibodies Production

[0050] In order to obtain a specific anti-clusterin oligo-
clonal antibody the standard immunization technique has
been used. The method consists on to imnunize rabbit or
other animal against a specific immunogenic epitope of the
protein. In the serum of the immunized animal will be found
polyclonal antibodies produced from different clones of acti-
vated plasma cells.

Materials and Methods

[0051] Immunogen Production: Synthesis and Purification
[0052] Short Clusterin-specific antigenic sequences syn-
thesized in solid phase and having a length from 10 to 20
amminoacids have been used.

[0053] A comparison between human and murine (mus
musculus) amminoacidic sequence has been performed and
the antigenic epitopes have been characterized using the algo-
rithm of Kolaskar A. S. and Tongaonkar P. C. (1990), acces-
sible from the program “Antigenic Peptide Prediction”
(www.mifoundation.org).

[0054] The sequences, shared between man and mouse (the
antibodies so can be employed in the mouse and in the rat)
were chosen to contain an antigenic epitope that could be
potentially glycosilated. Two likely sites of protein glycosi-
lation allowing the discrimination between the two different
isoforms (glycosilated or not glycosilated) were selected and
the shorter sequence was chosen in order to obtain the greatest
specify and efficiency and the smaller cross-reactivity with
the different glycosilated isoforms of clusterin. In fact, the
immunization performed with not glycosylated small
epitopes agreed to obtain specific and selective antibodies for
the recognition of the nuclear form of clusterin (not glycosy-
lated).

[0055] The identification of the different isoforms of clus-
terin was obtained in Western Blot analysis by denaturing the
proteins, in a protein extract from tissue. The selected ammi-
noacidic sequences are: QFNWVSRLANLTQGEDQK
(SEQ ID No 1), that consists in a not-glycosilated antigenic
peptide of the o chain that recognize the nuclear form of
clusterin; TKRLKELPGVCNETMMALWEE (SEQ ID No 2),
that consists in an not-glycosilated antigenic peptide of the 3
chain (used to produce the second antibody against the
nuclear isoform), including the glycosilation site in the posi-
tion 103 (underscored).

[0056] In order to obtain the immunogenicity, these pep-
tides were linked to a carrier protein such as the Bovine serum
albumin, (BSA), highly stable and soluble in the plasma. A
commercial kit “Imject® Immunogen EDC Conjugation kit”,
Pierce (Rockford, I11., US) was used.

[0057] The animal model was selected taking into account
the high inter-specie homology and conservation of the pro-
tein sequence. Three epitopes were used for the rabbit immu-
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nization because of the poor immunogenicity of the antigen,
despite the conjugation with BSA and administration of com-
plete Freund adjuvant.

[0058] Inparticular, the following three epitopes have been
used:
[0059] TKLKELPGVCNETMMALWEE (SEQ ID No 2)

that consists in a glycosilated antigenic peptide of the § chain
used to produce the second antibody against the cytoplasmic
iso-form including the glycosilation site in the position 103
(underscored); TNEERKTLLSNLEEAK (SEQ 1D No 3) that
consists in a peptidic sequence of the f chain used to identify
the cytoplasmic form; METVAEKALQEYRKK (SEQ ID No
4) that is the antigenic peptide of the a chain, used to deter-
mine the presence of the cytoplasmic form.

[0060] The immunogenic solution consisting in carrier-
linked antigenic peptide and complete Freund adjuvant was
prepared in a volume of 150 ul and inoculated under-skin in
rabbit. For every not-glycosilated or glycosilated peptide syn-
thesized in solid phase, three rabbits were immunized follow-
ing the protocol of the Corning Hazleton Virginia (Wien, Va.).
In particular two of the peptides selected have been used
solely or in combination, in a 1:1 ratio.

[0061] Moreover, an epitope of the clusterin f§ chain was
used that did not include potentially glycosilated sites, in
order to obtain an antibody able to detect all the clusterin
isoforms.
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[0067] Blood pulled out from three different rabbits was
analysed for the evaluation of the adequacy for the ELISA
test. In particular, the title of the anti-serum with different
dilutions in the range of highest binding level, together with
the sensitivity and the specificity of the ELISA have been
examined.

[0068] After the sixth immunisation, the following tests
have been performed.

[0069] For the binding assays to the different dilution
ranges, the distinct antibodies were incubated in complete
culture medium (control), or in medium supplemented with
serum, in presence of known amounts of the peptide. The
percentage of bounded peptide and the corresponding dilu-
tion of the antiserum were reported in a diagram and the
antiserum dilution binding from 30% to 40% of total peptide
has been calculated.

[0070] The proper dilution of the antiserum has been used
to perform a standard scale as reference extending from 0.03
to 300,000 ng/ml, to evaluate the assay sensitivity.

[0071] The cross-reactivity with other known lipoproteins:
Apo E, Apo Al and the immunogen transport protein (BSA),
has been evaluated to the concentrations from 0.50t0 300,000
ng/ml.

[0072] The percentage of cross-reactivity has been evalu-
ated using the formula: 50% molar concentration of clusterin
peptide/concentration of other protein compound in the
assay. The results are shown in Table 1.

TABLE 1
Antibody Antibody Antibody Antibody Antibody
SEQIDNol SEQIDNo2 SEQIDNo2 SEQIDNo3 SEQIDNo4
Clusterin 100 100 100 100
ApoAI <0.001 <0.001 <0.001 <0.004 <0.006
ApoE <0.001 <0.002 <0.008 <0.002 <0.003
BSA <0.009 <0.008 <0.01 <0.007 <0.01
[0062] The immunization with the epitopes containing [0073] Hence, the anti-sera at higher title and lower cross-

potentially glycosilated sites allowed to discriminate both by
Western blot and ELISA the cytoplasmic isoform of clusterin,
anew marker of tumour aggressiveness and metastatic poten-
tial. After 7 days from the first immunization with the immu-
nogenic peptides the cyclic immunization were performed
ones every 7 days, for 6 times, in order to obtain an antibody
repertoire with high specificity and affinity. After 3 cycles of
immunization the antibody production has been analysed by
ELISA, atechnique used to monitor the presence of a specific
antibody in the serum.

[0063] The serum was obtained from 5 ml of blood of the
immunized rabbit. The control serum consisted in the pre-
immune serum of the same animal withdrawn before the first
immunization. The blood for the affinity and specificity test
was collected after the 47, 5 and 6” immunization.

[0064] After the 5 and the 6” immunization the antibodies
from the rabbit sera were precipitated with a saturated sul-
phate ammonia solution and purified by affinity chromatog-
raphy, using protein A bound to agarose beads (SIGMA). The
rabbit IgG were obtained after a wash in acid buffer 0.05M
Na,HPOQ,, 0.025M citric acid pH 3.

[0065] Screening of the Anti-Serum Antibodies and Speci-
ficity Tests
[0066] The immune response has been evaluated by

ELISA, to the beginning of the third cycle of immunisation.

reactivity have been chosen.

[0074] The oligoclonal antibodies selected after six cycles
of immunisation have been used to analyse the expression
profiles of clusterin, in protein extracts obtained from murine
and human tissue biopsies.

[0075] The expression analysis in whole cell lysates with
protein extracts from murine and human tissues allowed us to
study the protein expression both qualitatively and quantita-
tively.

[0076] By the Western Blotting technique, the oligoclonal
antibody (1:1000 dilution) is able to recognize the nuclear
clusterin/Apol protein, with an almost exclusive affinity for
this isoform. In fact, there are revealed a 55 kDa band for the
nuclear non-glycosilated protein (Burkey et al, 1991; Wong et
al, 1993; Lakins et al, 1998; Leskov, et al, 2003) and a 80 kDa
band, which represents the non-glycosilated precursor pro-
tein (holo-protein), in human as well as in mouse. This dem-
onstrates that the antibody does not cross-react with other
proteins and therefore is highly specific.

Results

[0077] The antibodies against the SEQ ID No. 1 and the
SEQ ID No. 2 epitopes have been tested by denaturing West-
ern Blot for the revelation of the nuclear non-glycosilated
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clusterin isoform and to verify their ability to reveal the
molecular weights, corresponding to the diverse clusterin
isoforms, in a protein lysate.

[0078] Indeed, nuclear clusterin involved in cell prolifera-
tion regulation and apoptosis induction has been found in
healthy colon mucosa. A total protein lysate from healthy
colon mucosa has been prepared. The protein amount has
been determined by Bradford assay, using a standard curve
(BSA) and 15 pg of protein extract have been loaded on a
polyacrylamide denaturing gel.

[0079] The Western Blot analysis has shown that the two
antibodies for the non-glycosilated form have a high affinity
for the nuclear non-glycosilated form of the protein (50-55
kDa).

[0080] In FIG. 1, the Western Blot for nuclear clusterin is
shown. The high affinity antibodies for the non-glycosilated
isoform were obtained in rabbits with a booster after 5 immu-
nizations. “Booster” is the exponential growth phase of
immunologic response induced in an animal by the antigen.
[0081] The expression levels of cytoplasmic clusterin are
very high in aggressive and metastatic colon carcinomas.
[0082] Total protein extracts from surgical specimens of
colon carcinomas have been prepared. In particular, 15 pg of
total proteins have been analyzed by Western Blot. The
samples have been loaded in triplicate and analyzed with the
three antibodies against the cytoplasmic glycosilated isoform
(epitopes SEQ ID No 2, 3, 4). FIG. 2 shows the Western Blot
analysis with each of the three antibodies. As shown, a band
of 40 kDa has been detected which corresponds to the
molecular weight of the glycosilated clusterin isoform.
[0083] Tests of specificity have been performed during pri-
mary antibody incubation. Serial dilution of the single pep-
tides have been added during the primary antibody incuba-
tion, in order to compete with the bond between the clusterin
of the extract and the antibody. The disappearance of the
Western Blot signal demonstrates the specificity of the bind-
ing, already assessed by the recognition of the protein with a
molecular weight of 40 kDa.

[0084] FIG. 3 shows the specificity of the antibodies for the
various clusterin isoforms and demonstrates the diverse iso-
forms expression modulation during colon tumourigenesis.
In tumoural tissues (T) the isoform that controls the prolif-
eration and is localized in the nucleus of healthy mucosa cells
(S) disappears. On the other hand, the cytoplasmic isoform
implicated in membrane remodelling and cellular motility
increases in tumour.

[0085] This assay would give information for the prognosis
of disease. In fact, the increase of cytoplasmic clusterin in
patients is correlated with colon cancer aggressiveness and
correlates with recurrence of metastases in the follow-up.
[0086] This investigation could give information on poten-
tial formation of recurrences or metastasis in patients.

EXAMPLE 2

ELISA Method for Qualitative and Quantitative
Determination of Clusterin in Biological Fluids

[0087] The quantitative determination of clusterin/ApoJ in
biological fluids (blood, seminal fluid, urine, stool, pleural
and ascitic effusions, liquor) according to this invention has
been developed by adapting ELISA and RIA techniques for
small tumours.

[0088] The ELISA method involves the use of two antibod-
ies against glycosilated clusterin which is secreted in biologi-
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cal fluids and can be used for the absolute quantitative deter-
mination of even minimal variations of clusterin in biological
fluids.

[0089] A significant improvement has been obtained with
the homogeneous immunological dosages that do not need
physical separation of the bound fraction of the antigen from
the one not bound and so facilitate the automation and speed-
up the screening.

[0090] The concentration of clusterin is 100+42 pg/ml, in
healthy individuals.

[0091] The method presented in this invention involves a
further extension to a RIA dosage that would permit the
detection of clusterin in biological fluids, according to the
tumour size and its aggressiveness; in fact the RIA dosage is
highly sensitive and is therefore indicated to evaluate the
differences between the normal levels of clusterin and those
slightly increased, due to small tumours or non aggressive
ones.

Materials and Methods

[0092] Standard Curve

[0093] In order to obtain a standard curve, each peptide
used for the generation of each antibody was linked to BSA
molecules ed immuno-absorbed on 96-well plates in scalar
dilutions.

[0094] Each peptidic sequence synthesized with the solid
phase technique and used for the generation of the oligoclonal
antibody against secreted clusterin was then used for the
standard curve.

[0095] Thereference curve was made linking the unmarked
peptide to a carrier molecule of known linking capability.
Cationic albumin (all the COOH groups are changed in NH,,
PIERCE) was then used. The conjugation of the peptide to the
carrier is made with carbodiimmide or glutaraldeide (a NH,
of the protein is linked to a peptide molecule).

[0096] The determination of the not bound NH, groups,
before and after the peptide conjugation, give the quantity of
peptide molecules conjugated per carrier mole. The NH,
groups are determined with a calorimetric assay.

[0097] The standard curve was obtained with increasing
quantities of the carrier-peptide compound, from 0 to satura-
tion of each antibody that was maintained constant on plate.
[0098] Reactions that have the same quantity of antibody in
samples containing the protein or the free peptide will
develop an intensity that can be reported on the reference
curve for quantization.

[0099] The standard curve for determination of clusterin
concentration in samples was then performed plating 50 pl of
solution per well in TBS+0.02% BSA+0.5% Tween-20.
[0100] ELISA

[0101] The anti-clusterin antibody of this invention used to
coat the plates was diluted in a coating buffer (0.05 M car-
bonate buffer, pH 9.640.1% NaN,) at a concentration of 0.5
pg/ml and incubated in 96-well plates (S0 pl/well), for two
hours at 37° C. (or overnight at 4° C.).

[0102] After the incubation, the unbound antibody was
removed by washing in TBS (Tris Buffered Saline)+0.5%
Tween-20 and 200 pl of 1% BSA in coating buffer were then
added in each well and incubated for 30 minutes at 37° C.
[0103] The plates were washed in TBS+0.5% Tween-20.
[0104] The serum samples from the patients were plated in
three different dilutions (50 pl/well). All the experiments
were performed in triplicate.
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[0105] The plates were incubated for 4 hours at 37° C. (or
overnight at 4° C.) and then washed in TBS+0.5% Tween-20.
[0106] A second anti-clusterin antibody was diluted 1:200
in TBS+0.1% BSA+0.05% Tween-20+2 mM MgCl,; S0 pl of
this solution were added in each well and then incubated for
4 hours at 37° C. The unbound antibody was removed by
washing in TBS+0.5% Tween-20.

[0107] Reactionwith Specific Antibodies HRP Conjugated
[0108] The plates were incubated for 1 hour at room tem-
perature with 100 pl of anti-rabbit goat IgG conjugated with
horseradish peroxidase diluted 1:10000 in 1% BSA/TBS.
[0109] After the incubation, the plates were washed and the
antibody visualized by adding 100 pl/well of detection solu-
tion which was incubated for 2 hours at room temperature in
the dark; the detection solution was prepared mixing 6 pl
H,0,, 360 ul tetramethybenzidine (3 mg/ml) dissolved in
acetone, 5.64 ml 0.1 M citric acid and 4.36 ml 02 M
Na,HPO,.

[0110] The reaction was stopped by adding 100 pl 5.3%
H SO, and optical density was read at 492 nm.

Results

[0111] By the use of the ELISA method validated as
described previously, the ability of detecting small quantities
of glycosilated clusterin in biological fluids, increased quan-
tities in tumoural cells, and extracellularly secreted clusterin
in the intestinal lumen, as well as in blood was evaluated.
[0112] Results obtained with this assay are shown in FIG.
4: a significant increase of the protein in the culture superna-
tant fraction of the ex vivo isolated tumoural cells, compared
to cells from healthy mucosa of the same patient is evident.
The specificity of the test is given by the comparison between
the protein level in normal and neoplastic cells from the same
patient. The culture medium with the same exogenous nutri-
ents has been used as standard. The assay specificity is evi-
dent by the results.

[0113] In particular, FIG. 4 shows the clusterin concentra-
tion (ug/ml) evaluated by ELISA in the culture supernatant of
the ex vivo isolated cells from healthy and neoplastic colonic
mucosa. The complete culture medium was used as control.
The normal (10x107 cells) and neoplastic (10x10 cells) cells
from colonic mucosa were incubated two days at 37° C. in
complete medium. The culture supernatant fraction was
dosed by the ELISA assay.
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[0114] Theaim ofthe diagnostic kit according to this inven-
tion is to determine the clusterin levels in biological fluids in
an absolute quantitative, specific and selective way, thus per-
mitting a timing and not invasive diagnosis of tumours.
[0115] Specifically for colorectal cancer, the increase of
glycosilated clusterin expression in the cytoplasm correlates
with the tumour aggressiveness and metastatic potential.
Therefore, this kit can be also used for the prediction of stage
and grade of the malignant disease.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 17

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide

<400> SEQUENCE: 1

Gln Phe Asn Trp Val Ser Arg Leu Ala Asn Thr Gln Gly Glu Asp Gln

1 5 10

15
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-continued

Lys

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

peptide

<400> SEQUENCE: 2

Thr Lys Leu Lys Glu Leu Pro Gly Val Cys Asn Glu Thr Met Met 2Ala

1 5 10

Leu Trp Glu Glu
20

<210> SEQ ID NO 3

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 3

15

Synthetic

Thr Asn Glu Glu Arg Lys Thr Leu Leu Ser Asn Leu Glu Glu 2la Lys

1 5 10

<210> SEQ ID NO 4

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence:

peptide

<400> SEQUENCE: 4

15

Synthetic

Met Glu Thr Val Ala Glu Lys Ala Leu Gln Glu Tyr Arg Lys Lys

1 5 10

15

1. Oligoclonal antibodies able to recognize and bind the
antigenic epitope of at least one isoform of human clusterin in
a selective and specific way, said epitope being immunogenic
and characterised by a length from 10 to 20 amminoacids.

2. Oligoclonal antibodies according to claim 1, wherein
said isoform is a glycosilated cytoplasmic or a non-glycosi-
lated nuclear isoform.

3. Oligoclonal antibodies according to claim 1, wherein the
antigenic epitope of the non-glycosilated nuclear isoform
comprises one of the following amminoacidic sequences:
QFNWVSRLANLTQGEDQK  (SEQ ID No 1);
TKLKELPGVCNETMMALWEE (SEQ ID No 2) and
derivatives thereof.

4. Oligoclonal antibodies according to claim 1, wherein the
antigenic epitope of the glycosilated cytoplasmic isoform
comprises one of the following amminoacidic sequences:
TKLKELPGVCNETMMALWEE (SEQ ID No 2);
TNEERKTLLSNLEEAK (SEQ ID No 3); MEI-
VAEKALQEYRKK (SEQ ID No 4) and derivatives thereof.

5. Oligoclonal antibodies according to claim 1, wherein the
antibodies are tagged.

6. Oligoclonal antibodies according to claim 5, wherein the
antibodies are tagged with a fluorochrome, a radioactive iso-
tope, an enzyme, biotin or a chemiluminescent substance.

7. Oligoclonal antibodies according to claim 6, wherein the
fluorochrome is selected form the group consisting of fluo-
rosceinine, ficoeritrine, rodamine, texas red, cumarine.

8. Oligoclonal antibodies according to claim 6, wherein the
radioactive isotope is **C or *H.

9. Oligoclonal antibodies according to claim 6, wherein the
chemiluminescent substance is luciferin.

10. Oligoclonal antibodies according to claim 6, wherein
the enzyme is selected from the group consisting of horserad-
ish peroxidase (HRP) or alkaline phosphatase.

11. Immunogenic antigenic epitopes of at least one human
clusterin isoform comprising at least one of the following
amminoacidic sequences: QFNWVSRLANLTQGEDQK
(SEQID No 1); TKLKELPGVCNETMMALWEE (SEQ ID
No 2); TNEERKTLLSNLEEAK (SEQ ID No 3); MET-
VAEKALQEYRKK (SEQ ID No 4) and derivatives thereof.

12. A method for the preparation of the oligoclonal anti-
bodies, as defined in claim 1, which comprises the following
steps:
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solid phase synthesis of at least one of the antigenic
epitopes of at least one human clusterin isoform com-
prising at least one of the following amminoacidic
sequences: QFNWVSRLANLTQGEDQK (SEQ ID No
1); TKLKELPGVCNETMMALWEE (SEQ ID No 2);
TNEERKTLLSNLEEAK (SEQ ID No 3); MET-
VAEKALQEYRKK (SEQ ID No 4) and derivatives
thereof;,

conjugation of at least one of the antigenic epitopes

wherein a proteic carrier in order to make the epitope
immunogenic;

animal immunization with this immunogenic epitope in

complete Freund adjuvant;

serum withdrawal from this animal and purification of the

oligoclonal antibodies.

13. A method according to claim 12, wherein the proteic
carrier is the bovine serum albumin.

14. A method according to claim 12, wherein the animal is
rabbit.

15. Animmunological method for detection of the clusterin
levels in biological samples which comprises the following
steps:

protein extraction from this biological sample;

specific incubation of the proteic extract with at least one of

the oligoclonal antibodies described in claim 1, in order
to obtain an antigen-antibody complex;

qualitative and quantitative revelation of the antigen-anti-

body complex.

16. Immunological method according to claim 15 for
tumours diagnosis and the prediction of their malignancy
grade.

17. An immunological method according to claim 15,
wherein the biological sample is selected from the group
consisting of blood, stool, seminal fluid, pleural fluid, ascitic
fluid, urine, liquor.
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18. An immunological method according to claim 15,
wherein the tumours are colorectal, breast, prostate, testis and
ovary carcinomas, tumours of the Central Nervous System
and of the haemo-lymphopoietic system.

19. An immunological method according to claim 15,
wherein the detection of step ¢) is done by using one of the
following techniques: ELISA, Western Blot, RIA, immuno-
histochemistry.

20. Diagnostic kit for tumours diagnosis and prediction of
their malignancy grade which comprises at least one of the
oligoclonal antibodies as defined in claim 1.

21. Diagnostic kit according to claim 19, wherein the
tumours are colorectal, breast, prostate, testis and ovary car-
cinomas, tumours of the Central Nervous System and of the
haemo-lymphopoietic system.

22.Use of at least one of the oligoclonal antibodies defined
in claim 1, for qualitative and quantitative determination of at
least one human clusterin isoform levels in a biological
sample.

23. Use according to claim 22 for tumour diagnosis and the
prediction of its malignancy grade.

24. Use according to claim 22, wherein the qualitative and
quantitative determination is carried out through one of the
following techniques: ELISA, RIA, immunchistochemistry,
Western Blot.

25. Use according to claim 22, wherein the tumours are
selected from the group consisting of colorectal, breast, pros-
tate, testis and ovary carcinomas, tumours of the Central
Nervous System and of the haemo-lymphopoietic system.

26. Use according to claim 22, wherein the biological
sample is selected from the group consisting of blood, stool,
seminal fluid, pleural fluid, ascitic fluid, urine, liquor.

® %k % ok
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