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POLY-EPITOPE PEPTIDE DERIVED FROM THYMIDYLATE SYNTHASE
HAVING IMMUNOLOGICAL AND ANTI-TUMOUR ACTIVITY

TECHNICAL FIELD OF THE INVENTION

The present invention concerns a peptide having anti-tumour activity and its related
pharmaceutical compositions. In particular, the invention concerns a peptide with anti-
tumour preventive and therapeutic activity, also in combination with other known anti-

tumour compounds such as, for example, 5-fluorouracil.

PRIOR ART

Thymidylate synthase (TS) is an intracellular protein capable of regulating itself in
response to the expression levels of its co-factors and its substrates. TS is the principal
source of thymidine in eukaryotic cells, and necessary for DNA synthesis and duplication.
It synthesises thymidine by adding a unit of monocarbonate to deoxyuracil in the presence
of reduced folates [1,2].

TS is therefore strictly involved in DNA duplication and in cell proliferation and therefore,

in normal cells, its expression is rigorously controlled by genes involved in the cell cycle,

.and is temporally expressed only during the S phase [3,4].

By contrast, in tumour cells, TS is expressed constitutively and its intensity of expression
is an index of proliferation. On the basis of these considerations, some of the most active
anti-tumour drugs, including the anti-metabolites, act directly and/or indirectly by
inhibiting this enzyme [5].

Furthermore, TS is the critical enzymatic target inhibited by 5-fluorodeoxyuradine
monophosphate (5-FAUMP), a metabolite of 5-fluorouracil (5-FU), which is one of the
most active cytotoxic drugs and included in almost all of the polychemotherapy treatment
regimens used to treat malignant neoplasms of the gastroenteric apparatus, breast
carcinomas, and malignant neoplasms of the head and neck [6].

5-FU is a fluoropyrimidine pro-drug that has to be activated in the cytoplasm of neoplastic
cells into the two cytotoxic metabolites: 5-fluoro-uridine triphosphte (5-FUTP) and S5-
FAUMP. The latter is in particular responsible for the permanent inhibition of TS with
which, also in association with reduced folate, it forms a stable tertiary complex that is
rapidly degraded in the cell cytoplasm by the system of proteasomes responsible for the

formation of peptide epitopes derived from tumour antigens.
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Many studies have by now demonstrated that the constitutive or acquired over-expression
of TS, as well as its mutations, are valid escape mechanisms for tumour cells because they
confer resistance to 5-FU [7].

In this regard, numerous studies have already shown that the detection of high levels of TS
or of its mutations in patients with gastric or colon carcinomas are predictive of drug
resistance and considered negative prognostic factors [8,9].

Even in the tumour cells that constitutively express low or intermediate levels of TS, the
enzyme is, in any case, subject to potent self-regulatory activity because, after only five
hours’ exposure to 5-FU, these cells also show an adaptive response, with a clear and
immediate over-expression of the enzyme [10].

It is therefore plain that there is a need to develop a therapeutic tool that can overcome the
incapacity of 5-FU, alone or in combination with other chemotherapeutic agents, to
eradicate completely the neoplastic disease and thus cure patients with malignant

neoplasms, particularly of the breast and gastroenteric apparatus.

SUMMARY OF THE INVENTION

The authors of the present invention have developed an anti-tumour peptide agent with
immunotherapeutic activity, designated TS/PP, that can also be combined with
conventional fluoropyrimidine-based chemotherapy and is capable of obtaining, in vivo
and in vitro, a polyepitope, cytotoxic T-lymphocyte response capable of destroying the
tumour cells that over-express the TS enzyme. As the expression of the TS protein is one
of the first alterations occurring in all human tumours during carcinogenesis, the peptide of
the invention has also a preventive immunoprotective action in addition to its therapeutic
activity.

TS/PP is a synthetic peptide 28amer characterised by the fact that it contains various amino
acid sequences of an epitope nature, some of which are potentially capable of binding
different haplotypes of class I HLA molecules (including the three known epitopes
specific for HLA-A(*)02.01 molecules: TS-1, TS-2 and TS-3) [11], and class II HLA
molecules. The immunological and anti-tumour activity of TS/PP has been demonstrated in
human in vitro models and in mice (iransgenic-HHD mice) genetically engineered with
human class I molecules of the major histocompatibility system (haplotype HLA-
A(*)02.01) that express a TS which is very similar to the human TS (90-95% amino acid

similarity).
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In the human model, TS/PP has been used to generate cytotoxic T-lymphocyte (CTL) lines
in vitro by cyclically stimulating human peripheral blood mononuclear cells (PBMCs)
(derived from both normal donors and donors with malignant neoplasms) with low doses
of interleukin 2, and in co-cultures with autologous dendritic cells previously exposed to
TS/PP. These lymphocytic lines manifest significant cytotoxic activity against breast and
colon carcinoma (HLA-A(*)02.014+) tumour cells. This cytotoxic activity dramatically
increases if the tumour cells are pre-exposed to sub-lethal doses of 5-FU capable of
increasing the endogenous expression of TS.

In the animal model, TS/PP administered to HHD mice inoculated with autologous (EL-4
HHD) leukemic cells expressing TS has potent (preventive and therapeutic) anti-tumour
activity that is increased by combined treatment with 5-FU. The immunogenic and anti-
tumour activity of TS/PP is not associated with the onset of any adverse event or auto-
immunity but, in both the murine and human models, is much greater than that exercised
by the known epitope peptides of TS (TS-1, TS-2 and TS-3) used individually or in
combination.

The present invention also regards a method for generating in vitro TS-specific (and multi-
epitope) CTL lines with anti-tumour activity to be used for the immunotherapy of
neoplastic patients. The lymphocytic lines to be reinfused in the neoplastic patients are in
fact generated by means of ex vivo cyclic stimulation of the patients’ peripheral blood
mononuclear cells (PBMCs).

(HLA-(*)02.01+, harvested by means of leukopheresis) with low does of IL-2 and
autologous dendritic cells exposed to the TS/PP peptide.

The present invention also regards the capacity of the TS/PP peptide to prevent the onset of
tumours in transgenic mice positive for HLA-(*)02.01 (HHD) and inoculated with
autologous (EL-4/HHD) tumour cells.

The present invention also regards the capacity of the TS/PP peptide to induce an immune
response with anti-tumour activity in transgenic mice positive for HLA-(*)02.01 (HHD)
and inoculated with autologous (EL-4/HHD) tumour cells in the absence of an auto-
immune and/or toxic response.

Furthermore, the present invention regards the combined TS/PP and 5-FU anti-tumour
therapy as a chémo-immuno-therapeutic treatment for fluoropyrimidine-sensitive

carcinomas (gastroenteric, breast, and head and neck carcinomas).
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The object of the present invention is therefore a peptide included in the sequence
YMIAHITGLFLDSLGFSTTLGDAHIYL (Seq. Id. No. 2) for medical use. Preferably the
peptide has the sequence from amino acid 19 to amino acid 27 of Seq. Id. No. 2,
TLGDAHIYL. Alternatively, it has the sequence from amino acid 1 to amino acid 9 of
Seq. Id. No. 2, YMIAHITGL. Alternatively, the peptide has the sequence from amino acid
10 to amino acid 18 of Seq. Id. No. 2, FLDSLGFST.

In an alternative  preferred  form, the peptide has the sequence
YMIAHITGLFLDSLGFSTTLGDAHIYL (Seq. Id. No. 2).

A further object of the invention is a vector that includes, and is capable of effectively
expressing in an eukaryote cell, a nucleotide sequence coding for the peptide of the
invention, in which the nucleotide sequence is preferably
TACATGATTGCGCACATCACGGGCCTGTTTTTGGACAGCCTGGGATTCTCCACC
ACTTTGGGAGATGCACATATTTACCTG (Seq. Id. No. 1). |

A further object of the invention is a pharmaceutical composition with preventive anti-
tumour activity that includes a pharmaceutically effective amount of the peptide according
to the invention and appropriate excipients and/or diluents and/or solubilising agents.

A further object of the invention is a pharmaceutical composition with chemotherapeutic

activity that includes a pharmaceutically effective amount of the peptide according to the

invention and appropriated excipients and/or diluents and/or solubilising agents.

Preferably the pharmaceutical composition includes a further anti-tumour active ingredient
and, more preferably, the further anti-tumour active ingredient is 5-fluorouracil.

A further object of the invention is a method for obtaining in vitro cytotoxic T-
lymphocytes (CTLs) activated for TS, including the following steps:

a) take PBMCs from a subject and culture them in viiro;

b) stimulate the said PBMCs in vitro by exposing them to irradiated autologous dendritic
cells, previously exposed for opportune times to efficacious concentrations of the peptide
according to the invention itself.

Another object of the invention are cytotoxic T-lymphocytes activated for TS obtainable
by means of the described method, preferably for immunotherapy.

The present invention will now be described in its non-limitative examples, with particular
reference to the following figures:

Figure 1 A — The CTL lines generated using each individual epitope peptide of TS (TS-1,
TS-2 and TS-3) are capable of lysing CIR-A2 target cells exposed to the TS/PP peptide.
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These results suggest that TS/PP is processed by the target cells in the form of the individual
peptide epitopes. The lytic activity of these CTLs has been examined (by means of the
release of >'Cr) in tests of cytotoxicity against CIR-A2 cells exposed to 25 pg /ml of TS/PP
for 4 hours. The positive controls consisted of the same cells, pulsed with 25 pg /ml of each
of the individual peptides (TS/1, TS/2, or TS/3) specifically used to generate the lines
transfected with a plasmid containing the TS gene (pcTS) that induced overexpression of the
enzyme. The negative controls consisted of the same CIR-A2 cells, not exposed to any
reagent, transfected with the plasmid backbone (pcDNA3) (data not shown in the figure), or
pulsed with a known epitope peptide (PTR-4, parathyroid hormone-related protein) derived
from an antigen not expressed in these cells and unrelated to TS. The results are expressed
as the percentage of speciﬁé lysis at different effector/target (E/T) ratios (mean values and

standard deviations of the triplicates of the individual experiments). The symbols represent:

untreated target CIR-A2 cells [~ ° ~]; CIR-A2 cells transfected with pcTS [ ° |; CIR-
A2 cells pre-exposed to the TS/PP peptide [ =  ]; CIR-A2 cells pulsed with the specific

peptide epitopes of TS used to generate the lines [ —*]; CIR-A2 cells pulsed with the
control peptide (PTR-4) [ """ "].

Figure 1B — Multi-epitopc specificity of the CTL lines generated using TS/PP. In
cytotoxicity tests, the CTL lines generated using the TS/PP peptide are capable of lysing
CIR-A2 target cells pulsed with 25 pg /ml of each of the three peptide epitopes of TS (TS/1,
TS/2, or TS/3). CIR-A2 cells exposed to 25 pg /ml of TS/PP for 4 hours, and those
transfected with the recombinant plasmid for the TS gene (pcTS), were used as positive
controls, whereas the negative controls were the same CIR-A2 cells, not exposed to any
reagent or transfected with the plasmid backbone (pcDNA3) (data not shown in the figure),
pulsed with PTR-4 or with an epitope peptide derived from the matrix of the influenza virus
(IFN). The results are expressed as the percentage of specific lysis at different effector/target
(E/T) ratios (mean values and standard deviations of the triplicates of the individual

experiments).

The symbols represent: CIR-A2 target cells not exposed to any reagent [~ ° "]; CIR-A2
cells transfected with pcTS [ —*]; CIR-A2 cells exposed to the TS/PP peptide [ ™%
CIR-A2 cells pulsed with TS-1 [—— ‘] ; CIR-A2 cells pulsed with TS-2 [—— ]; CTR—AZ
cells pulsed with TS-3 [ —*— ]; CIR-A2 cells pulsed with PTR-4 [ ***""], CIR-A2 cells
pulsed with the IFN peptide [ "*"#""].
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Figure 2 — The lytic activity of cytotoxic T-lymphocyte lines generated using the TS/PP
peptide against breast carcinoma cells is increased by 5-FU pre-treatment of target cells.
Examined in cytotoxicity tests in vitro, the CTL lines generated using TS/PP were capable
of killing target cells derived from HLA-A(*)02.01+ breast carcinoma (the MDA-MB-231
cell line). The lytic activity of the effector lymphocytes was significantly greater than that
induced by lymphocyte lines generated in vitro using each of the three aforesaid peptide
epitopes of TS, and was significantly increased if the target cells had been subjected to sub-
lethal 5-FU doses capable of increasing the endogenous expression of TS.

The lytic activity of the specific TS/PP lymphocytes was restricted to class I HLA molecules
because it was eliminated if the cytotoxicity experiment was‘performed in the presence of
anti-HLA-(*)02.01 antibodies (A2.69 and W6.32) (data not shown). The lysis was instead
not changed by UPC-10 antibody used as a negative control not reacting with the target cells
(data not shown in the figure).

The results are expressed as the percentage of specific lysis at different effector/target (E/T)
ratios.

The symbols represent: MDA-MB-231 target cells [—=—]; MDA-MB-231 cells exposed to
A2,69 mAD [--*5--]; MDA-MB-231 cells pretreated with 5-FU [ —— ]; MDA-MB-231

cells pretreated with 5-FU and exposed to A2.69 mAb[ = 1.

Figure 3 — The lytic activity against colon carcinoma cells of cytotoxic T-lymphocyte lines
generated using the TS/PP peptide is increased by 5-FU pre-treatment of the target cells.

The lymphocyte lines generated in vitro using TS/PP were capable of destroying the target
cells derived from colon carcinoma (the HT-29 and SW-1463 cell lines). The HT-29 cell
line is a colon carcinoma cell line that does not express HLA-A(*)02.01 and can therefore be
used as target cells of our CTLs, were induced to express HLA-A(*)02.01 molecules by
means of transfection (pc-HLA-A(*)02.01 gene). The lysis induced by the lymphocyte lines
generated using the TS/PP peptide was greater than that induced by the other lymphocyte
lines generated using each of the three individual epitopes, and was significantly increased
when the target cells were subjected to sub-lethal 5-FU doses capable of increasing their
endogenous production of TS.

The lysis was restricted to class I HLA molecules because it was eliminated by the use of the
A2.69 and W6.32 antibodies in the cytotoxicity tests (data not shown in the figure), and also
because these CTLs were incapable of killing the HT-29 cells not transfected with the HLA-
(*)02.01 gene, or transfected with plasmid backbone (data not shown in the figure). The
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results are expressed as the percentage of specific lysis at different effector/target (E/T)

ratios.

The symbols represent: HT-29 target cells [ —--o--]; HT-29 cells transfected with the HLA-
(*)02.01 gene [T ]; HT-29 cells pretreated with 5-FU transfected with the HLA-
A(*)02.01 gene HLA-A(¥)02.01 [T ]; SW-1463 target cells [, SW-1463 cells
pretreated with 5-FU [-=—].

Figure 4 — Peptide specificity of the lymphocyte lines assessed by means of a CTL cold
competition assay.

The figure shows the peptide specificity of the two lymphocyte lines generated using the
TS/PP peptide examined by means of a cold competition assay by measuring effector/target
ratios of 25/1 and 12.5/1, and using CIR-A2 cells pulsed with TS/PP as the target cells of the
CTLs (loaded with °'Cr) and HT-29 cells [transfected with the HLA-A(*)02.01 gene or
pretreated with 5-FU and then transfected with the HLA-A(*)02.01 gene] as cold
competitors used at scalar labelled-target/cold competitor (L/C) ratios.

The figure shows that the cytotoxic activity of the CTLs against the CIR-A2 cells loaded
with 25 Og/ml of TS/PP was reduced by the cold competitors and completely eliminated at
lower L/C ratios [1/5] [P <0.05]. The figure also shows that the HT-29 cells pretreated with
5-FU and then transfected with the HLA-A(*)02.01 gene were much more efficient as they
eliminated the lysis of the target cells at a five-fold higher L/C ratio [1/1] [P<0.05]. This
suggests that the immunosensitising effect of 5-FU is indeed related to the increased amount
of TS epitopes in the target cells.

The symbols represent the CIR-A2 target cells loaded with TS/PP in the presence of: no
competitor [ == ]; HT-29 cells transfected with the HLA-A(*)02.01 gene and used as cold
competitors at L/C ratios of 1/1 [—+—],1/2 [ —®] and 1/5 [—];HT-29 cells pretreated
with 5-FU and then transfected with the HLA-A(*)02.01 gene and used as cold competitors
at L/C ratios of 1/1 [--¢--],1/2 [ ---#--] and 1/5 ["&""].

Figure 5 — Tumour growth in HHD mice inoculated with autologous leukemic cells is
significantly slowed or totally abrogated by combined treatment with TS/PP and 5-FU.
Tumour growth was monitored weekly by measuring its maximum diameter. The results are
given as the mean value + SD of the maximum diameter. The mice vaccinated with TS/PP
showed a significant delay in tumour growth, which became even more evident in the mice

receiving TS/PP together with chemotherapeutic treatment with 5-FU.
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In these experiments, the chemotherapeutic treatment alone, vaccination with the control
peptide (derived from the mumps virus), and vaccination with a combination of the three TS
peptide epitopes (+/- 5-FU) were all incapable of preventing neoplastic growth.

The symbols represent a group of mice treated with: the control peptide [-5-]; a cocktail of
TS peptide epitopes [ ==—]; the TS/PP peptide [ <— ]; the control peptide and 5-FU

" chemotherapy [®—]; the cocktail of TS peptide epitopes and 5-FU chemotherapy [——]; the

TS/PP peptide and 5-FU chemotherapy [ —=— ].

Figure 6 — The figure shows the appearance of the tumour in each mouse belonging to the
different groups 30 days after subcutaneous inoculation with 2 x 10° autologous leukemic
cells (EL4/HHD). This experiment shows that combined treatment with TS/PP and 5-FU has
the greatest anti-tumour and protective activity. The photograph shows anesthetised mice.
The experiment was repeated twice with the same results.

A: Mice vaccinated with the control peptide (mumps).

B: Mice vaccinated with the control peptide and treated with 5-FU.

C: Mice vaccinated with the cocktail of TS peptide epitopes.

D: Mice vaccinated with the cocktail of TS peptide epitopes and treated with 5-FU.

E: Mice vaccinated with the TS/PP peptide.

F: Mice vaccinated with the TS/PP peptide and treated with 5-FU.

Figure 7 — The figure shows the results of an anatomo-pathological study of tumour tissue
taken from sacrificed animals. The larger photograph shows immunostaining for TS (IS),
whereas the smaller inset photograph shows hematoxylin and eosin staining (HES) on the
same sample. Each picture comes from a single animal and is representative of the anatomo-
pathological condition encountered in the group of animals receiving the same treatment.

A: Mice vaccinated with the control peptide (mumps). IS: Presence of tumour cells highly
positive for TS expression; HES: Layer of tumour cells with a few apoptotic bodies.

B: Mice vaccinated with the control peptide and treated with 5-FU. IS: Increased number of
tumour cells positive for TS expression; HES: Degenerative alterations in tumour cells and
presence of intercellular spaces.

C: Mice vaccinated with the cocktail of TS peptide epitopes. IS: Rare tumour cells positive
for TS expression and groups of small Iymphocytes surrounding the TS-negative areas;

HES: Many apoptotic bodies, intercellular spaces and presence of a desmoplastic reaction.
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D: Mice vaccinated with the cocktail of TS peptide epitopes and treated with 5-FU. IS: Rare
TS-positive tumour cells and agglomerates of small lymphocytes in the TS-negative areas;
HES: pseudocystic spaces in areas with conspicuous degenerative changes.

E: Mice vaccinated with the TS/PP peptide. Rare TS-positive cells and agglomerates of
small lymphocytes surrounding the TS-negative areas and infiltrating the spaces between the
remaining tumour cells; HES: diffuse pseudocystic areas throughout the neoplastic tissue.

F: Mice vaccinated with the TS/PP peptide and treated with 5-FU. Almost no TS-positive
cells and many agglomerates of small lymphocytes surrounding the TS-negative areas; HES:
agglomerates of small lymphocytes between the cells; large and diffuse pseudocystic areas

throughout the neoplastic tissue.

MATERIALS AND METHODS

Cell cultures. The MDA-MB-231 breast carcinoma cell line, and the HT29 and SW-1463
colon carcinoma cell lines were purchased from the ATCC. The C1R-A2 lymphoblastoid
cell line [12] was donated by Dr. Jeffrey Schlom (EOS, LTIB, NCI, NIH, Bethesda, MD,
USA). All of the tumour cell lines were maintained in culture as previously described [12]
Peptide synthesis. The TS-derived peptides, TS-1 (TLGDAHIYL) (aa. 19-27 of Seq. Id.
No. 2, corresponding to aa. 245-253 of TS), TS-2 (YMIAHITGL) (aa. 1-9 of Seq. Id. No.2,
corresponding to aa. 229-237 of TS), and TS-3 (FLDSLGFST) (aa. 10-18 of Seq. Id. No. 2,
corresponding to aa. 111-119 of TS), and TS/PP
(YMIAHITGLFLDSLGFSTTLGDAHIYL) (Seq. Id. No. 2) were synthesised chemically
and characterised as previously described [14].

The TS-1, TS-2 and TS-3 peptides were selected on the basis of their close binding with
HLA-A(*)02.01, as calculated using the algorithm suggested by Parker et al. [15].
Dendritic cell generation and CTL cultures. Thel PBMCs were obtained by means of
separating buffy coat Ficoll-Hypaque gradients, or from blood samples collected from
healthy donors with the HLA-A(*)02.01 haplotype and patients with colon cancer. The
dendritic cells used to stimulate the T lymphocytes in vitro were generated from
autologous PBMCs grown in the presence of GM-CSF and interleukin 4 as previously
described [16].

The PBMCs used to generate the CTL line were cultured as described in previous studies
[17] except for the fact that the dendritic cells used to stimulate the CTLs were exposed to
TS/PP for four hours before being used for the stimulation (PBMC/CTL co-culture). The
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irradiated autologous dendritic cells were loaded with the peptides and added to the
lymphocyte culture to obtaﬁn a final concentration of 1:5 dendritic cells per CTL.

Cytotoxic assays. The release of radioactive chrome ('Cr) was assayed as described in
previous studies [18].

HLA-A (*¥)02.01 expression was induced by gene transfection on the membrane of HT29
target cells before every experiment. Specific lysis was calculated as follows:

observed release — spontaneous release
% specific lysis = x 100
total release — spontaneous release

Spontaneous release was determined in the plates to which 100 pl of medum was added
without effector cells. The total radioactivity released was determined after treating the
target with Triton x-100. HLA was blocked by using an anti-HLA-A2 antibody (A2.69,
One Lambda, Inc., Chanoga Park, CA, USA) or the anti-class I (pan A,B,C)-HLA antibody
W6.32, which were incubated with the target cells for one hour before the cytotoxicity
assay. The negative control was the UPC-10 monoclonal antibody.

Flow cytofluorimetry. The procedure for the cytofluorimetric analysis of each staining has
been previously described [19].

The conjugated antibodies were supplied by Becton Dickinson (San Jose, CA, USA),
whereas the W6/32 (anti-class T HLA), A9 (anti-HLA-A2.1), COL-1 (anti-CEA) and
MOPC-21 antibodies were respectively supplied by Scra (Sussex, England), One Lambda,
and Cappel/Organon Tecknica Corporation, West Chester, PA, USA). The samples were
analysed using a Becton Dickinson FACScan equipped with a blue laser with an excitation
level of 15 nW at 488 mm.

Determination of precursor frequency. The dimer cytofluorimetry assay kit and related
reagents were supplied by Pharmigen BD, and the tests were carried out as described by
the producer [20]). |

Statistical calculations. The differences were statistically analysed Stat View statistical
software (Abacus Concepts, Berkeley, CA, USA). The results were expressed as the mean
values + SD of four determinations made in three different experiments, and the
differences analysed by means of a two-tailed Student t test or paired samples. A P value of

less than 0.05 was considered statistically signiﬁcant.

10
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RESULTS

Immunological characterisation of the poly-epitope peptide

The authors characterised the immunological activity of a new poly-epitope peptide
construct (TS/PP) containing in succession the amino acid sequences of three peptide
epitopes of TS, know as TS-1, TS-2 and TS-3 [21], with a specific binding motif for the
HLA-A(*)02.01 molecule. In previous studies, the authors demonstrated that these
peptides can bind the HLA-A(¥) 02.01 molecule using the T2 test, a cytofluorimetric
technique that is capable of indirectly evaluating peptide binding to the HLA molecules on
T2 cells, which manifests itself as an increase in the cell membrane expression of these
molecules. Each of the three peptide epitopes (TS-1, TS-2 and TS-3) could therefore be
used to generate in vitro TS-specific CTL lines with moderate anti-tumour activity against
breast and colon carcinoma cells.

The new-generation TS/PP peptide was developed by uniting the amino acid sequences of
the three previously described TS epitopes in a non-progressive succession, thus giving rise
to a peptide with an unknown sequence. In its native form, the 28-amino acid TS/PP
peptide is incapable of binding the HLA-A 02.01 molecule in the T2 test, and requires
processing by professional antigen presenting cells (e.g. B lymphocytes or dendritic cells)
in order to give rise to a specific TS multi-epitopec lymphocyte response.

Further analysis of the 28-amer peptide (TS/PP) using the algorithm of Ken Parker
revealed that it also contained amino acid sequences belonging to other potential epitopes
with specific binding motifs for other common haplotypes of class I and class II HLA
(Table 1).

SEE FOLLOWING PAGE
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Table 1
Name of Amino acid sequence Aa. position in sHLA- "Predicted epitopes
peptide relation to the A(*)02.01 | potentially capable
native TS binding assay | of binding class I
sequence (T2 test) HLA haplotypes
TS-1 TLGDAHIYL 245-253 4+ A2
TsS-2 YMIAHITGL 229-237 HH 1,A2;1,A1
Ts-3 FLDSLGFST 111-119 +H+ A2
Ts/pp | YMIAHITGLFLDSLGFSTTLGDAH . A% LA DAL
TYL (Seq. Id. No. 2) (an’d 3 "’HI: A-D,r)
Positive
control
(CEA) YLSGANLNL (Seq. Id. No. 3) -+ A2
peptide
CAP-1

? predicted by the algorithm of Ken Parker;

® predicted by the algorithm of H.G. Rammensee (H.G. Rammensee, J. Bachmann, and
S.Stevanovic, in the book “MHC Ligands and Peptide Motifs™).

Generation and characterisation of TS-specific, cytotoxic T lymphocyte lines using
18/PP

In order to evaluate the immunological activity of the TS/PP peptide, various CTL lines
were generated.

The PBMCs of two different HLA-A (02.01)+ donors were cyclically stimulated with
autologous dendritic cells exposed to TS/PP (five days of co-culture) and subsequently
grown for ten days in a medium containing low doses of interleukin 2 (IL-2) before being
stimulated once again. The five days of co-culture + 10 days of proliferative stimulation
with IL-2 represent one cycle of in vitro stimulation (IVS).

With the aim of obtaining a comparative control, cytotoxic T lymphocyte lines were
generated in vitro using the three peptide epitope TS-1, TS-2 and TS-3, starting from the
PBMCs of the same donors and using the same methodology. After 4 IVS cycles (two
months of culture), the CTL cell lines were considered sufficiently stable to be
characterised immunocytofluorimetrically and functionally (cytotoxic activity).

Antigen processing and immunogenicity of the TS/PP peptide

In previous studies, the authors demonstrated that another trentameric peptide containing
multiple epitopes for the prostate-speciﬂc antigen (PSA) could be processed on the

membranes of dendritic cells and target cells to form the individual epitope peptides. This
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oligo-peptide of PSA could be used to generate multi-epitope PSA-specific lymphocyte
lines showing anti-tumour activity in in vitro human models, and then used to give rise to a
PSA-specific lymphocyte response in transgenic mice expressing molecule HLA-
A(¥)02.01 [22]. However, it was not clear whether these results could be extrapolated to
other systems.

The authors have now studied the processing of TS/PP on target cells and evaluated its
capacity to give rise to a multi-epitope TS-specific CTL response in vitro. The authors then
investigated whether CIR-A2 target cells loaded with the TS/PP peptide were recognized
in cytotoxicity tests by the CTL lines generated using each of the three peptide epitopes of
TS (TS-1, TS-2, TS-3). The authors observed that each of these lymphocyte lines was
capable of killing the target cells exposed to TS/PP. In these experiment, CIR-A2 cells
loaded with the same epitope peptide (TS-1, TS-2, TS-3) as that used to generate the
examined CTL line, or transfected with a plasmid containing the TS gene (pcTS), were
used as positive controls. CIR-A2 cells not exposed to any agent, or exposed to peptides
unrelated to TS, or transfected with the plasmid backbone (pcDNA3), were used as
negative controls (Figure 1 and data not shown).

The results of these experiments demonstrated that all three CTL lines (T-TS-1, T-TS-2, T-
TS-3) were capable of destroying the target cells exposed to TS/PP and the positive
controls (Figure 1A), but they were not capable of destroying the negative controls. These
results suggest that TS/PP is processed by the CIR-A2 target cells, which are then capable
of exposing the derived epitopes bound to HLA-A (*) 02.01, thus allowing their
recognition by the epitope-specific CTLs.

As previously described, TS/PP was used to generate CTL lines starting from HLA-
A02.01+ donors; these CTLs, designated T3939/TS/PP and T4756/TS/PP had the
following immunophenotypes: CD3+=90-95%; CD56+= 10-22%; CD4+= 37-40%;
CD8+= 40-50%. These lymphocyte lines also had multi-epitope cytolytic activivity insofar
as they were capable of destroying CIR-A2 target cells individually exposed to each of the
three known epitopes of TS, and they were also capable of destroying the target cells
loaded with TS/PP or transfected with the aforesaid plasmid containing the TS gene.
However, the same CTLs were incapable of killing the target cells used as negative
controls (Figure 1B). These data indicate that the TS/PP peptide can also be processed by
dendritic cells and can be used to stimulate in vitro a multi-epitope and TS-specific

cytotoxic T lymphocyte response.
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Anti-tumour activity of the cytotoxic T lymphocyte lines generated using TS/PP

The lytic activity of the CTL lines generated using TS/PP was examined against HLA-
A(*)02.01" breast and and colon carcinoma cells.

The authors also assayed the lytic activity of the CTL lines generated using TS/PP against
the same tumour target cells after treatment with sub-lethal doses of 5-FU.

The authors also compared the cytotoxic activity against the same tumour target cells of
the CTL lines generated using TS/PP with that of those generated using the individual
peptide epitopes TS-1, TS-2 and TS-3. The cytotoxicity tests carried out using the
technique of >'Cr release were performed using target cells coming from cell lines derived
from breast carcinoma (MDA-MB-231) and colon carcinoma (HT-29 and SW-1463),
before and after treatment with sub-lethal doses of 5-FU.

HT-29 cells do not constitutively express HLA-A(*) 02.01, and so they were used as
targets after being transfected with the HLA-A(*)02.01 gene.

The authors demonstrated that the CTL lines generated using TS/PP were capable of
killing the MBA-MB-231 cells (Figure 2), the HT29 cells transfected with the HLA-
A(*)02.01 gene, and the SW-1463 cells (Figure 3).

The lytic activity of the CTLs was restricted to HLA-A(*)02.01+ molecules because it was
eliminated by blocking antibodies (A2.69 and W6.32), and also because the CTLs were
incapable of killing the HT29 target cells not transfected with HLA 02.01, or transfected
with the plasmid backbone.

Ihe anti-tumour activity of the CTL lines generated using the TS/PP peptide was
significantly greater than that of the three CTL lines generated using the three epitope
peptides of TS (Figures 2 and 3).

Recent studies have found that the expression of TS is modulated by its co-factors and by
substrate levels and so, after inhibition induced by the metabolites of 5-FU in tumour cells,
the expression of its gene is significantly increased (data not shown in the figures) [23].
The authors therefore investigated whether treatment with 5-FU may sensitise breast and
colon cancer cells to the lytic activity induced by the TS-specific CTLs. Using the same
cytotoxicity tests described above, the authors demonstrated that, when exposed to sub-
lethal doses of 5-FU for 48 hours, the same breast and colon carcinoma tumour cells were
significantly more sensitive to the cytotoxic activity of the CTLs generated using TS/PP
and/or the other TS epitopes.
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The lytic activity of the CTLs against the target cells treated with 5-FU was always
restricted to class I HLA molecules because it was reduced or eliminated by the use of a
blocking antibody (A2.69).

Also in this case, the Iytic activity of the lymphocyte lines generated using TS/PP was
greater than that of the lymphocyte lines generated using the individual peptide epitopes
TS-1, TS-2 and TS-3 (Figures 2 and 3).

The viability of the target cells exposed to 5-FU was examined by means of a
hemocytometric count after staining and was never less than 90%, thus excluding the
possibility that the immunosensitisation was due to the large number of dead or already
degenerating cells in the cytotoxicity assay.

Cytofluorimetric and immunoblotting analyses of the target cells showed that the treatment
with 5-FU did not induce any change in class I HLA expression, but was capable of
inducing a significant increase in TS expression in the MDA-MB-231, HT-29 and SW-
1463 target cells (data not shown).

The CTL-mediated lysis of breast and colon carcinoma cells is conditioned by the
presence of peptide epitopes of TS

In an attempt to demonstrate that the cytolytic activity of the lymphocytes generated using
TS/PP against breast and colon carcinoma tumour cells is a specific phenomenon of the
interaction between TS and HLA-A(*)02.01 molecules, the authors performed cold antigen
competition assays by carrying out cytotoxicity tests in which CIR-A2 cells exposed to
TS/PP (labelled with S1Cr) were used as targets of the CTL effectors and HT29 colon
carcinoma cells transfected with HLA-A (¥)02.01, or transfected and subsequently exposed
to sub-lethal doses of 5-FU, were used as cold (unlabelled) competitors. In cytotoxicity
tests, the target cells and the cold competitors were used in different L/C ratios.

These experiments demonstrated that the CTL-mediated lysis of the CIR-A2 cells loaded
with TS/PP was reduced by the addition of the cold competitors in cytotoxicity tests, and
completely abolished when the L/C ratio reached the value of 1/5. If competitors treated
with 5-FU were added to the cytotoxicity test, CTL-mediated lysis of the target cells (CIR-
A2 cells loaded with TS/PP) occurred at a five-fold lower L/C ratio (1/1) (Figure 4).
Similar results had been previously obtained using MDA-MB-231 breast carcinoma cells
(data not shown). | ’

The results of these experiments suggest that the lymphocyte lines generated using TS/PP
recognise (on the membrane of the CIR-A2 cells loaded with TS/PP and on the tumour
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cells) the same peptide epitopes bound to HLA-A(*) 02.01 molecules as those contained in
the TS/PP sequence. These results suggest that the immunosensitisation induced by 5-FU is
related to increased TS production, and therefore a greater accessibility of the peptide
epitopes to the HLA molecules, as a direct consequence of over-regulation of TS in the
cytoplasm of the target cells.

In vivo study of mice engineered to express HLA-A(¥) 02.01 molecules

The authors examined the immunological, toxicological and anti-tumour activities of
TS/PP in transgenic (HHD) mice genetically engineered to express human HLA-A(¥)
02.01 molecules.

The authors also compared the immunological, toxicological and anti-tumour activities of
TS/PP with those induced by a combination of the three known peptide epitopes of TS
(TS-1, TS-2 and TS-3). A

In this study, six groups of five mice received different immunological treatments with or
without chemotherapeutic treatment with 5-FU. The mice in groups A and B were
administered a control peptide derived from the mﬁmps virus (100 pg per mouse); the mice
in groups C and D were administered a cocktail of the TS-1, TS-2 and TS-3 peptides (100
ug per mouse); and the mice in groups E and F were administered the TS/PP peptide (100
JLg per mouse).

The mice received the first peptide administration subcutaneously at time 0, with recalls in
the third and sixth week. Two weeks after the last administration, all animals were
subcutaneously inoculated with 2x10 § EL-4/HHD cells.

Before the inoculation of EL-4/HHD cells, autologous lymphoblastic cells for HHD mice
expressing the HLA-A(*)02.01 haplotype were tested for the endogenous expression of TS
and HLA by means of cytofluorimetric tests that revealed a low constitutive expression of
murine TS (35%). However, this expression could be significantly increased by the
treatment with sub-lethal dose of 5-FU (up to 55-70%). In order to evaluate the possible
interaction between TS and the 5-FU treatment for vaccination purposes, seven days after
the tumour cells inoculation, the mice in groups B, D and F underwent a chemotherapeutic

treatment based on weekly intraperitoneal administration of 5-FU (100 Og/ml per mouse).

‘The results of the study demonstrated that TS/PP treatment significantly delayed neoplastic

growth, whereas when the TS/PP treatment further include chemotherapeutic treatment the
majority of the mice were cured (Figures 5 and 6). On the contrary, the chemotherapy
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alone and the treatment with the combination of TS epitopes, with or without
chemotherapy, did not change neoplastic growth in any way. |

In fact, 30 days after the inoculation of the tumour cells, the mice in groups A, B, C and D
(treated with the control peptide or the combination of peptides +/- chemotherapy)
developed a large tumour mass and their clinical condition rapidly declined; for this
reason, they were sacrificed.

The most evident anti-tumour effect was observed in the group of mice treated with TS/PP.
Some of these mice started to develop a small tumor only 35-40 days after the inoculation,
time by which the control mice treated or not with 5-FU had already died of the disease or
had been sacrificed. The anti-tumour effect of the TS/PP vaccination was even more
efficient in mice that had received 5-FU treatment. Indeed in this group, tumour mass was
totally absent in 3 out of 5 mice.. In the mice of this group which develop a tumour, the
mass did not adhere to the subcutaneous tissue or muscle fascie, and could be radically
removed surgically. In this case, the mice could be kept alive and remained in good
condition without any further pathological signs for the next 30 days, when they were
sacrificed for the immunological and anatomo-pathological studies.

The anti-tumour activity of the splenocytes derived from the mice vaccinated with TS/PP
or the combination of peptides, and then sacrificed, was demonstrated in cytotoxicity tests
(*'Cr) against EL-4/HHD (data not shown in the figure).

Dimer cytofluorimetry of the mice vaccinated with TS/PP or the combination of the three
peptides demonstrated effective specific immunisation against the three TS epitopes.

Table 2: Mouse treatments

Peptide- Control spleen Control mumps TS/PP peptide  Combination of
specific CTL cells virus peptide TS peptides
precursors
TS/1 0.3 (£0.1)/3500| 0.4(£0.2)/4375 | 1.1(x0.1)/9050 | 1.2(=0.2)/9049
TS/2 0.2 (£0.1)/2700| 0.4 (£0.1)/5414 | 1.5(x0.3)/9050 | 1.3 (+0.1)/8105
TS/3 0.3 (£0.1)/4000] 0.6(+0.1)/4888 | 1.5(+0.3)/7880 | 0.9 (x0.05)/ 8361

The results are expressed as the percentage of CD8/specific dimeric peptide” (PE/dimer)
in relation to the mean fluorescence per cell. The numbers in brackets correspond to the
standard deviations

Anatomo-pathological study of the tumour tissue of the animals in the control group

revealed moderate TS expression in the neoplastic cells, which was further increased by
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the chemotherapeutic treatment. However, although capable of increasing necrosis and
apoptosis, the latter did not have any significant effect on tumour growth, whereas
vaccination with the combination of TS epitopes or TS/PP led to significant lymphocytic
infiltration and a reduction in, or the disappearance of tumour cells expressing TS.
Combined treatment with TS/PP and chemotherapy not only led to the disappearance of TS
from the neoplastic cells, but also to the clear immunomediated destruction of the tumour
tissue, which was rich in degenerative pseudocysts and lymphocytic infiliration (Figure 7).
Anatomo-pathological study of organs such as lung, liver, spleen, kidney and brain, skin
and mucosa did not reveal any sign of degeneration or autoimmunity in any of the
examined groups.

All of these results suggest that TS/PP is capable of inducing a cell-mediated response with
potent anti-tumour activity in vivo that is better than that induced by the combination of
TS1, TS2 and TS3. TS/PP works better if administered in concomitance with 5-FU
treatment.

Therefore, 5-FU alone cannot regulate tumour growth but, in synergy with TS/PP, it has
potent immunosensitising activity in target cells due to its modulation of TS.

Furthermore, the obtained results do not indicate any autoimmunity or toxicity phenomena

induced by TS/PP treatment, in the absence of secondary effects.
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CLAIMS

1. A peptide included in the sequence YMIAHITGLFLDSLGFSTTLGDAHIYL (Seq. Id.
No. 2) for medical use.

2. The peptide according to claim 1 having the sequence from amino acid 19 to amino acid
27 of Seq. Id. No. 2, TLGDAHIYL.

3. The peptide according to claim 1 having the sequence from amino acid 1 to amino acid 9
of Seq. 1d. No. 2, YMIAHITGL.

4. The peptide according to claim 1 having the sequence from amino acid 10 to amino acid
18 of Seq. Id. No. 2, FLDSLGFST.

5. The peptide according to claim 1 having the sequence
YMIAHITGLFLDSLGFSTTLGDAHIYL (Seq Id No. 2).

6. A peptide haviﬁg the sequence YMIAHITGLFLDSLGFSTTLGDAHIYL (Seq. Id. No.
2).

7. A vector including, and capable of efficaciously expressing in an eukaryote cell, a
nucleotide sequence coding for the peptide according to one of the preceding claims.

8. The vector according to claim 7 whose nucleotide sequence is
TACATGATTGCGCACATCACGGGCCTGTTTTTGGACAGCCTGGGATTCTCCACC
ACTTTGGGAGATGCACATATTTACCTG (Seq ID No. 1).

9. A pharmaceutical composition with preventive anti-tumour activity including a
pharmaceutically effective amount of the peptide according to claims 1 to 5, and proper
excipients and/or diluents and/or solubilising agents.

10. A pharmaceutical composition with chemotherapeutic activity including a
pharmaceutically effective amount of the peptide according to claims 1 to 5, and proper
excipients and/or diluents and/or solubilising agents.

11. The pharmaceutical composition according to claim 9 or 10 including a further anti-
tumour active drug.

12. The pharmaceutical composition according to claim 11 wherein said further anti-
tumour active ingredient is 5-fluorouracil.

13. A method for obtaining in vitro cytotoxic T lymphocytes (CTLs) activated for TS,
including the following steps:

a) take peripheral blood mononuclear cells (PBMCs) from a subject and culture them in

vitro;
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b) stimulate in vitro said PBMCs by exposing them to irradiated autologous dendritic cells

previously exposed for opportune time to efficacious concentrations of the peptide

according to claims from 1 to 5.

14. Cytotoxic T lymphocytes activated for TS obtainable by means of the method
according to claim 13.

15. Use of the cytotoxic T lymphocytes activated for TS according to claim 14 for
immunotherapy.
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