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Fig. 2
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Fig. 3A Fig. 3B
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Fig. 4
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ANTIGEN SPECIFIC LYMPHOCYTES,
COMPOSITIONS THEREOF, AND METHODS
FOR ISOLATION AND PREPARATION
THEREOF

FIELD OF THE INVENTION

[0001] Theinvention relates to a method for the isolation of
T cell lymphocytes specific for an antigen. More particularly,
the invention relates to a method for the isolation of CD8*
cytotoxic T lymphocytes specific for antigens associated with
a pathologic disorder, preferably, an immune related disorder.
The invention further provides compositions comprising said
specific lymphocytes and methods for the treatment of said
pathologic disorder using the specific lymphocytes isolated
and prepared by the method of the invention.

BACKGROUND OF THE INVENTION

[0002] A major part of research in cancer vaccines is con-
centrated on detection of antigens that are presented prefer-
entially or solely on tumor cells. Presentation of a specific
peptide to the relevant cytotoxic T lymphocyte (CTL) in the
context of MHC class I molecules on the antigen presenting
cells (APC) induces the propagation of specific CTL, and
enhances their potential to kill tumor cells that present such
particular peptide. Identification of specific peptides enables
the development of vaccines that enhance immune cells (e.g.
CD8+ lymphocytes) mediated killing of tumor cells present-
ing those peptides.

[0003] Peptides may be presented on MHC class I by three
routes. In vivo, most of the peptides that are found on MHC
class I are derived from proteins that were produced in the cell
and degraded in the proteasome. Lately it was found that APC
can present peptides of proteins that were taken up by the
cells. Invitro, in addition to those two ways, MHC class I may
be loaded externally with a synthetic peptide and elicit CTL.
[0004] The discovery of tumor associated antigens (TAA)
was a defining point in tumor immunology, as it represented
the first step towards rational design of cancer immuno-
therapy. It is now known that TAA recognized by cytotoxic T
lymphocytes (CTL) in the context of MHC class I molecules
represent a critical component of the immune response
against the tumor. Most techniques for identification of tumor
antigens involve prolonged in vitro culture of T cells in the
presence of tumor cells. It has been suggested that these
methods, in addition to being long and cumbersome, may
skew toward the identification of inferior tumor antigens [Gil-
boa E. Immunity 11, 263-70 (1999)]. In addition, high avidity
cytotoxic T lymphocytes corresponding to immunodominant
epitopes are less likely to survive this process [Alexander-
Miller M A, et al., J. Exp. Med. 184, 485-92 (1996)].

[0005] More particularly, it is surprising that the extensive
database of antigen-derived epitopes accumulated so far, is
not backed up with practical technologies for quantitative
identification and isolation of epitope-reactive T cells. The
common starting point employed by researchers who aimed
at cloning antigen-specific T cells has been repeated stimu-
lations of' bulk mononuclear cells. Thus, there is a preferential
selection and growth of antigen-reactive T cells, which may
be as scarce as one in 100,000 peripheral blood T cells [Chen
W. et al., J. Exp. Med. 193, 1319-26 (2001)], as indicated
above. In addition to being long and cumbersome, T cell
culture assays have several pitfalls. High avidity cytotoxic T
lymphocytes corresponding to immunodominant epitopes
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are less likely to survive repeated antigenic stimulations [Al-
exander-Miller (1996) ibid.], T cells reactive to inferior anti-
genic epitopes may dominate the cultures [Gilboa (1999)
ibid]. Furthermore, Ag-reactive T cell clones may not possess
the ability to lyse tumor. Anichini et al., [ Anichini A. et al., .
Immunol. 156, 208-17 (1996)] have shown that many CTL
respond to as-yet uncharacterized antigens. In this situation,
less refined methods have been used to stimulate CTL, such as
tumor lysates, eluted peptides, tumor cell/DC fusions, or
genetically modified tumor cells. However, the major disad-
vantage of these methods is the fact that they all are being
basically empirical. In addition, in these situations it is
expected that only a small percent of recognized proteins will
be critical to the anti-tumor CTL response.

[0006] Inadditionto CD8™ T cells, which are stimulated by
peptides presented in the context of MHC-class I, other CD8*
cells, such as natural-killer-cytotoxic T lymphocytes (NK-
CTL), present antigens in the context of HLA-E [Moretta L.
etal., Trends Immunol. 24, 136-43 (2003)]. Other CD8* cells
are stimulated by lipid antigens in the context of MHC class
I-like molecules, such as CD1d [Vincent M S. et al., Nat.
Immunol. 4, 517-23 (2003)].

[0007] CTL that recognize and take up TAA, in addition to
their value in the identification and characterization of new
TAA, have been recently demonstrated as an effective tool for
cell immunotherapy in metastatic melanoma patients. Adop-
tive cell therapy has recently shown extremely encouraging
results. S. A. Rosenberg and his group treated 35 patients with
metastatic malignant melanoma by infusion of Tumor Infil-
trating Lymphocytes (TILs) cultures. Eighteen (51%) of 35
treated patients experienced objective clinical responses
including three ongoing complete responses [Dudley M E. et
al., I. Clin. Oncol. 23, 2346-57 (2005)]. Sites of regression
included metastases to lung, liver, lymph nodes, brain, and
cutaneous and subcutaneous tissues. This dramatic response
has never been reported before. However, major problems of
this approach are (a) the need to expand TILs 1000-2000-fold,
aprocess thatis unaffordable, and (b) the fact that many of the
infused cells are irrelevant, non cytotoxic and what is
worse—of regulatory suppressive function.

[0008] The ideal ligand for clonal T cells labeling and
detection technique would be the TCR. In fact, T cell labeling
by TCR-specificity is already at hand. These are the peptide-
MHC complexes built as tetramers. Tetramer use is restricted
to pre-determined HLA alleles and known peptides of these
restrictions. Within this limit, tetramers are an excellent tool
to determine T cell frequencies by flow cytometry and their
functional characterization [Denkberg G. etal., Eur. J. Immu-
nol. 30, 3522-32 (2000)]. Tetramers have also been employed
for T cell cloning and selection in the clinical context,
although to a very limited extent [Cobbold M. et al., JEM 202,
379-386 (2005)]. The huge diversity of TCRs makes it
impractical to produce tetramers for each and every T cell
clone. Large amounts of tetramers are costly and expensive.
But even if that aspect is overlooked, the major problem with
using tetramers to sort for tumor reactive T cells is the disso-
ciation of antigen specificity from functional cytotoxicity
[Echchakir H. et al., Proc. Natl. Acad. Sci. USA 99, 9358-63
(2002)]. Tetramer positive cells do not necessarily lyse tumor
targets.

[0009] An alternative to the selection of T cells by their
antigen specificity is to label them through activation mark-
ers, 1.e. cytokine production. Two methods have been devised
that allow decorating cells according to their cytokine profile.
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One is the intracellular cytokine staining. Using this method,
the cells have to be fixed and permeated for staining, and
therefore are not available for further use. A second method is
cytokine capture. This second method is useful to isolate live
T cells, but slight diversion from optimal working conditions
may sortirrelevant cells because of their proximity to diffused
cytokine molecules. Therefore, using these methods the main
problem, selecting for functional cytotoxic antigen-reactive T
cells, still remains.

[0010] A similar approach, detection of T cells following
their stimulation, is based on mechanical fusion oflysosomal-
associated membrane glycoproteins (LAMPs) to the plasma
membrane of an effector cell once it has undergone degranu-
lation [Rubio, V. et al., Nat. Med. 9, 1377-1382 (2003)]. With
the advent of antibodies specific for LAMP, including
CD107a, this process can be observed using flow cytometry.
This methodology is the first to select T cells based on func-
tional reactivity. However, a stimulus that activates T cells
may trigger degranulation just as it may trigger cytokine
release. Thus, activated T cell may be sorted not based on
antigenic specificity.

[0011] TCR is a member of the receptor tyrosine kinase
family. Typical to these receptors is to rapidly internalize
together with their soluble ligands. As the ligand of TCR, the
pMHC, is anchored within the target cell membrane,
researchers were prompted to look for a mechanistic expla-
nation on how the TCR:pMHC interaction occurs. In 2001,
Hudrisier et al. reported that following sustained TCR signal-
ing, CTLs promptly capture target cell membranes together
with the antigenic peptide as well as various other surface
proteins. By using antigenic peptides and lipids that were
fluorescently labeled, they demonstrated that the mechanism
by which pMHC complexes are acquired by the T cell is
through capture of plasma membrane fragments [Hudrisier
D. et al.,, J. Immunol. 166, 3645-9 (2001)]. They further
showed that membrane capture by CTL correlates tightly
with their Iytic function. Their observation recapitulated the
pioneering publication of [Huang J F. et al., Science 286,
952-4 (1999)] and [Stinchcombe J C. et al., Immunity. 15,
751-61 (2001)].

[0012] The inventors of the present invention thus hypoth-
esized that if indeed T cells are capable of capturing mem-
brane from target cells, labeling of the target would eventu-
ally lead to labeling of the T cell reactive to it. Furthermore,
labeled CD8+T cells will be the ones involved in tumor kill-
ing and can be selectively isolated. The following Examples
demonstrate that these assumptions were indeed validated.
[0013] Thepresent invention therefore shows that the mela-
noma-derived gp100 protein, when loaded on DC from mela-
noma patients, stimulated autologous CD8* lymphocytes.
These lymphocytes were found in close contact with dead
melanoma cells and contained membrane material trans-
ferred from stained melanoma cells, as demonstrated by
direct visualization. However, in cultures containing control
lymphocytes stimulated with unloaded DC, no melanoma cell
killing was observed. The data of the present invention further
indicate clearly that these CTL have the ability to kill autolo-
gous target tumor cells and therefore may be used for adoptive
transfer.

[0014] Asindicated above, currently, isolation of specific T
cells and production of T cell lines is a relatively complicated
and prolonged procedure, based on presentation of known
peptides by APC. The present invention provides a method
for rapid and simple isolation of tumor-specific T cells. The
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method of the invention is based on the fact that CTL rapidly
capture membrane fragments from target cells in a T cell
receptor (TCR) signaling-dependent manner. The method of
the invention involves co-incubation of membrane-labeled
target cells with lymphocytes, followed by cell sorting of
lymphocytes after membrane transfer from labeled targets
has taken place. These lymphocytes are then propagated in
vitro for large-scale production of antigen-specific lympho-
cytes, for example, tumor-specific lymphocytes for cancer
immunotherapy.

[0015] Moreover, T cell selection based on their cytotoxic
activity is aunique and original tool that enables the isolation
and expansion of the most important T cell sub-population:
those cells that actually destroy the tumor cells. These cells
cannot be sorted directly by any other known methodology.
Using the membrane capture technology, there is no need for
preliminary knowledge on tumor associated antigens, the
method is not limited to specific HLA alleles, and a variety of
cells may be used as targets. A major application is for
improved adoptive cell therapy.

[0016] The technology provided by the present invention
represents a flexible tool to be employed for diseases with
known, and in particular with unknown antigenic repertoire.
It should be noted that the same principle is also applicable for
the treatment of autoimmune and infectious diseases.

[0017] Another important application of CTL labeling and
sorting based on membrane capture is for analysis of the
immune status (immunomonitoring) in the setting of cancer
vaccination or otherwise elicited immunity. This tool may
also be useful in research of tumor associated antigens that
mediate tumor regression.

[0018] Itis therefore one object of the invention to provide
a rapid and simple method for the isolation of CD8" tumor-
specific T cells, based on membrane transfer from labeled
targets to lymphocytes. This method is specifically applicable
for the isolation and characterization of antigen-specific
CD8" T lymphocytes, and to the large-scale production of
tumor-specific lymphocytes for cancer immunotherapy, par-
ticularly, by adoptive transfer.

[0019] Another object of the invention is to provide a com-
position comprising T cells reactive to a pathologic disorders,
and methods for the treatment of such disorders.

[0020] These and other objects of the invention will
become apparent as the description proceeds.

SUMMARY OF THE INVENTION

[0021] Ina first aspect the invention relates to a method for
the preparation and isolation of an immune system cell, pref-
erably, a lymphocyte, which is capable of specifically recog-
nizing an antigen related to a pathologic disorder. This
method comprises the steps of: (a) providing target cells
expressing or presenting an antigen related to said pathologic
disorder, or any fragment or peptide thereof; (b) labeling said
target cells with a suitable membrane detectable label; (c)
providing a sample comprising immune system cells, prefer-
ably, the sample may be obtained from a subject suffering
from said pathologic disorder; (d) co-incubating the labeled
target cells obtained in step (b) with the cells, preferably,
lymphocytes provided in step (c) for a suitable period of time
under suitable conditions; (e) identifving a population of
immune system cells, preferably, lymphocytes expressing the
CDB8* antigen, from the co-incubated cells obtained in step
(d), by a suitable means such as addition of specific antibody;
(f) selecting from the CD8" antigen expressing cells identi-
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fied in step (e) cells stained with said membrane-label using
suitable means under suitable conditions, wherein said
selected cells are CD8"/membrane-label double positive
cells; (g) propagating the CD8*/membrane-label double posi-
tive cells selected in step (f), under suitable conditions; and
(h) evaluating the biological activity of the cells obtained in
step (g) on an end-point indication using a suitable test sys-
tem, whereby difference in said end point compared to a
suitable control is indicative of the biological activity of said
cells.

[0022] According to one embodiment, the method of the
invention is intended for the isolation of lymphocytes, spe-
cifically, CTL (Cytotoxic T Lymphocytes) capable of recog-
nizing an antigen specific for a pathologic disorder.

[0023] According to a second aspect, the invention relates
to a pharmaceutical composition for the treatment of a patho-
logic disorder. The composition of the invention comprises as
an active ingredient a lymphocyte capable of recognizing an
antigen specific for said pathologic disorder, and optionally
further comprises pharmaceutically acceptable additive, car-
rier, excipient, stabilizer, and any other therapeutic constitu-
ents.

[0024] According to a specifically preferred embodiment,
the lymphocyte comprised within the composition of the
invention may be a CTL (Cytotoxic T Lymphocyte). Prefer-
ably. such lymphocyte may be obtained by the method of the
invention.

[0025] Specifically preferred compositions are particularly
suitable for the treatment of any malignant disorder, specifi-
cally, melanoma.

[0026] The invention further provides a method for the
treatment of a pathologic disorder in a subject in need thereof,
comprising the step of administering to said subject a thera-
peutically effective amount of a lymphocyte capable of rec-
ognizing an antigen specific for said pathologic disorder or of
a composition comprising the same, preferably, the compo-
sitions of the invention.

[0027] According to a specifically preferred embodiment,
the lymphocyte used by the method of the invention may be
obtained as described by the invention.

[0028] The invention further relates to the use of a lympho-
cyte capable of recognizing an antigen specific for a patho-
logic disorder in the preparation of a pharmaceutical compo-
sition for the treatment of said pathologic disorder.
Preferably, such lymphocyte may be obtained by the method
defined by the invention.

BRIEF DESCRIPTION OF THE INVENTION

[0029] FIG. 1 Confocal microscopy of dendritic cells tak-
ing-up FITC-labeled HR-gp100

[0030] Confocal microscopy photographs showing that
FITC-labeled HR-gp100 protein is taken up and found inside
dendritic cells (maximal uptake at 3-11 pm depth).

[0031] FIG. 2 Confocal microscopy of interaction between
dendritic cell loaded with HR-gp100 and autologous CD8*
lymphocytes

[0032] Confocal microscopy photograph showing interac-
tion ofa dendritic cell loaded with HR-gp100 and autologous
CDg" lymphocytes obtained from a melanoma patient. Lens
x40/1.3 oil digital zoom 8.0

[0033] FIG. 3A-3B Co-incubation of CD8* lymphocytes
from a melanoma patient and a DiD- and CMFDA-stained
autologous melanoma cell
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[0034] FIG.3A:anunstained lymphocyte can be seen in the
vicinity of a stained melanoma cell. Zoom 3.3

[0035] FIG. 3B: attachment of a lymphocyte to amelanoma
cell induced transfer of membranal stain from a melanoma
cell to an autologous CD8* lymphocyte.

[0036] Zoom 5.6

[0037] FIG. 4 Confocal microscopy photograph of DiD-
labeled melanoma cell

[0038] Confocal microscopy photograph demonstrating a
DiD-labeled melanoma cell which shows signs of destruction
after attachment to autologous CD8" lymphocytes, previ-
ously activated with HR-gp100-loaded DC. Zoom 3.3
[0039] FIG. 5A-5C Reactivity of peptide specific T lym-
phocytes

[0040] FIG.5A: shows IFN-y (interferon gamma) secretion
in pg/ml (picogram per milliliter) in 20 hours co-culture
supernatants of the four different specific T cell-lines of the
invention, L-8, [.-9, L-43 and L-33, which were co-cultured
with T2 cells preloaded with 1 uM correspondent or control
peptide or HLA-A*0201-positive (624mel) versus HLA-
A*0201-negative (M181) tumor cells.

[0041] FIG. 5B: shows cytotoxic activity of peptide-spe-
cific T lymphocytes. The lymphocytes (effector cells) were
admixed at different ratios (10:1 to 1.25:1) with 5x10° [*°S]-
L-L-methionine labeled peptide-loaded T2 cells as targets.
[0042] FIG. 5C: shows cytotoxic activity of peptide-spe-
cific T lymphocytes. The lymphocytes (effector cells) were
admixed at different ratios (20:1 to 5:1) with 5x10° [>*S]-L-
methionine labeled tumor cells. Percentage of specific lysis
was calculated as follows: % lysis=(cpm in experimental
well-cpm spontaneous release)/(cpm maximal release-cpm
spontaneous release)x100. Abbreviations: sp. Lys. (specific
lysis), Ef. Tar. Rat. (effector to target ratio).

[0043] FIG. 6A-6B Specific capture of target cell mem-
brane fragments by melanoma antigen peptide-reactive CD8*
T lymphocytes

[0044] FIG. 6A: shows flow cytometry analysis of the Spe-
cific T cell line L-8, of the invention. Dil-stained T2 cells
pulsed with 1 uM of MelanA/Mart1:27 or HIV-derived pep-
tide were co-cultured with MelanA/Mart1:27-specific T cells
(L-8). Following incubation at 37° C. for 1 h, cells were
washed, stained with FITC-conjugated anti-CD8 (left panel)
oranti-CD4 (right panel) mAb’s and subjected to flow cytom-
etry. The upper right quadrant represents the CD8* (CD4)
Dil* double positive population.

[0045] FIG. 6B: shows flow cytometry analysis of the four
different specific T cell lines of the invention L-8, -9, L-43
and [-33 (as control). Dil-stained 624mel or M181 mela-
noma cells were co-cultured with MelanA/Mart1:27 (L-8),
gpl00:154 (L-9), gp100:209 (L-43) or MUCI1:63 (L-33)-
reactive T lymphocytes. After incubation at 37° C. for 4 h,
cells were washed, stained with FITC-conjugated anti-CDS8
mAb and analyzed by flow cytometry.

[0046] FIG. 7A-7B Comparative analysis of cytotoxic
activity of Dil* versus Dil~ CD8 lymphocytes

[0047] FIG. 7A: Dil staining of gp100:154-reactive CD8*
lymphocytes before selection and in positive and negative
fractions. Dil-stained 624mel melanoma cells were co-cul-
tured with gpl00:154-specific lymphocytes (line L-9). Fol-
lowing incubation at 37° C. for 4 h, cells were washed, stained
with FITC-conjugated anti-CD8 mAb and separated by
FACS into positive (upper right) and negative (lower right)
fractions according to Dil staining.
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[0048] FIG. 7B: Cytotoxic activity of Dil* and Dil~ CD8
lymphocytes. The separated cells were expanded in vitro by
rapid expansion protocol and examined in 5 h [**S]
[OMethionine[Jrelease CTL assay with gp100:154-loaded T2
cells as specific targets. The HIV-loaded T2 cells were used as
irrelevant targets. The effector-to-target ratios of 1:1 to
0.125:1 are shown. Abbreviations: Sp. Lys. (specific lysis),
Lym (lymphocytes).

[0049] FIG. 8A-8C Isolation, expansion and functional
characterization of DiI*CD8 lymphocytes from bulk PBMC
[0050] FIG. 8A: shows flow cytometry of stimulated versus
non-stimulated PBMC. PBMC were stimulated by irradiated
(17000 rad) M199 autologous melanoma cells in complete
medium supplemented with 300 IU/ml IL-2 (right panel) or
were cultured in absence of melanoma cells (left panel). After
12 days, the bulk cultures were harvested and co-incubated
with Dil-stained autologous melanoma cells at 37° C. for 6 h,
stained by anti-CD8 mAb and analyzed by flow cytometry.
[0051] FIG. 8B: shows flow cytometry of stimulated and
expanded PBMC. Dil*CD8* cells were isolated by FACS and
expanded for 12 days using rapid expansion protocol. Fol-
lowing expansion, the cells were co-incubated with Dil-
stained M 199 melanoma cells and analyzed by flow cytom-
etry.

[0052] FIG. 8C shows comparison of the cytotoxic activity
of lymphocytes sorted and expanded from PBMC, versus the
activity of unsorted expanded cells. Dil*CD8" (left panel)
and unsorted (right panel) expanded cells were tested in CTL
assays against M199 as specific and K562 and autologous
CD4™ cells, as non-specific targets (left panel). The effector-
to-target ratios of 30:1 to 3:1 are shown. Abbreviations: Sp.
Lys. (specific lysis), n. stim. (non-stimulated), mel. (mela-
noma), stim. (stimulated), exp. (expanded) ce. (cells), Unso.
(unsorted), Rat. (ratio), Auto (autologous).

[0053] FIG. 9A-9B Acquisition of target cell membrane
fragments by CD8* lymphocytes is correlated with CD107A
mobilization

[0054] The M-171 patient-derived CD8* lymphocytes
were stimulated for 12-days by irradiated (17000 rad) autolo-
gous melanoma cell in complete medium supplemented with
300 [U/ml IL-2.

[0055] FIG. 9A: The stimulated lymphocytes were incu-
bated with Dil-stained autologous M-171 melanoma and ana-
lyzed for CD107A mobilization by flow cytometry. HLA-
mismatched 624mel melanoma cells and autologous CD4*
lymphocytes served as irrelevant targets. Lymphocytes were
gated on CD8* cells and the percentages of CD8* Dil* (left
column) and CD8*CD107A* (right column) double positive
cells are indicated.

[0056] FIG. 9B: Following incubation with Dil-stained
M-171 cells, the CD8" gated lymphocytes were further sub-
gated according to Dil staining, from CD8*Dil"¢" (1,2)
through CD8* Dil"*™e%a® (3y to CD8* Dil" (4,5) and
analyzed for CD107A expression. The percentage of CD8"
CD107A* and CD8* CD107A" cells are indicated (upper
right and upper left quadrants, respectively).

DETAILED DESCRIPTION OF THE INVENTION

[0057] A number of methods of the art of molecular biol-
ogy are not detailed herein, as they are well known to the
person of skill in the art. Such methods include site-directed
mutagenesis, PCR cloning, expression of cDNAs, analysis of
recombinant proteins or peptides, transformation of bacterial
and yeast cells, transfection of mammalian cells, and the like.
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Textbooks describing such methods are e.g., Sambrook et al.,
Molecular Cloning A Laboratory Manual, Cold Spring Har-
bor Laboratory; ISBN: 0879693096, 1989, Current Protocols
in Molecular Biology, by F. M. Ausubel, ISBN: 047150338X,
John Wiley & Sons, Inc. 1988, and Short Protocols in
Molecular Biology, by F. M. Ausubel etal., (eds.) 3rd ed. John
Wiley & Sons; ISBN: 0471137812, 1995. These publications
are incorporated herein in their entirety by reference, includ-
ing publications cited therein. Furthermore, a number of
immunological techniques are not in each instance described
herein in detail, as they are well known to the person of skill
inthe art. See e.g., Current Protocols in Immunology, Coligan
etal., (eds), John Wiley & Sons. Inc., New York, N.Y.
[0058] Conventional chemotherapy aims at controlling the
growth of cancer such as melanoma by targeting rapidly
growing cells. However, this function is not specific, as many
normal cells, like those of the bone marrow and the intestinal
epithelium, also have a basal level of proliferation. Therefore,
many normal cells of the body also are susceptible to the toxic
effects of chemotherapy, and conventional chemotherapy
may have a substantial negative impact on the patient.
[0059] Immunotherapy is a specific protocol and is there-
fore attractive. If antigens were expressed on the tumor cells
but were not expressed by normal cells of the host, then
specific cytolytic T lymphocytes could theoretically be acti-
vated to selectively kill the tumor cells while sparing the
normal tissue of the patient. To this end, considerable effort
has been made in the last decade to identify such tumor
specific antigens, which may serve as targets for specific
tumor cell killing.

[0060] Immune recognition of these antigens occurs via
specific CD8 CTL (cytotoxic T lymphocytes) that interacts
with antigenic peptides bound to a groove in MHC Class 1
(HLA) molecules. MHC Class 1I-binding epitopes recog-
nized by CD4" T cells have also been described. Under opti-
mal circumstances, initiation of an immune response is trig-
gered by peptide presented by the MHC complexes expressed
by host APC, and additionally requires multiple cofactors
provided by APC. After initial activation, CTL induced by
APC interactions are thought to migrate throughout the host,
recognize the same MHC/peptide complex in the tumor cells,
and be triggered to kill them. This antigen-specific cytolysis
is mediated largely via induction of apoptosis.

[0061] The present invention describes a novel approach of
the preparation, isolation and the enrichment of a specific
CD8" lymphocyte population which recognizes specific anti-
gen present in a particular pathologic disorder. The method of
the invention is based on membrane capture technology,
which enables isolation of CTL’s targeted against unknown
antigenic targets specific for a certain pathologic disorder.
This, without any prior knowledge of such antigen, and with-
out any HLA limitations.

[0062] Thus, in a first aspect, the invention relates to a
method for the preparation and isolation of an immune sys-
tem cell, preferably, a lymphocyte, which is capable of spe-
cifically recognizing an antigen related to a pathologic disor-
der. It should be appreciated that said specific recognition
may be preferably mediated by MHC Class I molecules. This
method comprises the steps of: (a) providing target cells
expressing or presenting an antigen related to said pathologic
disorder, or any fragment or peptide thereof; (b) labeling said
target cells with a suitable membrane detectable label; (c)
providing a sample comprising immune system cells, prefer-
ably, lymphocytes, more preferably, the sample may be
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obtained from a subject suffering from said pathologic disor-
der; (d) co-incubating the labeled target cells obtained in step
(b) with the cells, preferably, lymphocytes provided in step
(c) for a suitable period of time under suitable conditions; (e)
identifying a population of immune system cells, preferably,
lymphocytes expressing the CD8* antigen, from the co-incu-
bated cells obtained in step (d), by a suitable means such as
addition of specific antibody: (f) selecting from the CD8*
antigen expressing cells identified in step (e) cells stained
with said membrane-label using suitable means under suit-
able conditions, wherein said selected cells are CD8*/mem-
brane-label double positive cells; (g) propagating the CD8*/
membrane-label double positive cells selected in step (f),
under suitable conditions; and (h) evaluating the biological
activity of the cells obtained in step (g) on an end-point
indication using a suitable test system, whereby difference in
said end point compared to a suitable control is indicative of
the biological activity of said cells. As a non-limiting
example, it should be noted that appropriate control may be
CD4*/membrane-label double positive cells, CD8* cells (for
example, Dil-CD8* lymphocytes), unsorted CD8* lympho-
cytes (effector cell control) and stimulation by non-relevant
target.

[0063] According to one embodiment, the method of the
invention is intended for the isolation of lymphocytes, spe-
cifically CTL (Cytotoxic T Lymphocytes) capable of recog-
nizing an antigen which is specific for a pathologic disorder.
[0064] According to a specifically preferred embodiment,
the lymphocytes provided for the method of the invention are
autologous PBMC (peripheral blood mononuclear cells)
obtained from a subject suffering from the same pathologic
disorder. These lymphocytes will be educated by the method
of the invention to specifically recognize an antigen related to
said disorder, and will be subsequently selected and propa-
gated.

[0065] In another preferred embodiment, the target cells
used by the method of the invention may be cells obtained
from a subject suffering from said pathologic disorder.
[0066] The pathologic disorder may preferably be an
immune-related disorder, such as a malignant disorder,
pathologic viral or bacterial infection, an inflammatory dis-
order and an autoimmune disorder.

[0067] According to a specific embodiment, the pathologic
disorder may be a malignant disorder such as melanoma,
carcinoma, leukemia, sarcoma and lymphoma. More specifi-
cally, the malignant disorder may be melanoma.

[0068] Inaparticular and preferred embodiment, the target
cell used by the method of the invention may be a tumor cell
obtained from a primary tumor or a tumor cell line. In yet
another embodiment, the target cell may be a bacterial or
virus infected cell.

[0069] In an alternative particular embodiment, the target
cell used by the method of the invention may be an antigen
presenting cell (APC) expressing or presenting the pathologic
disorder-related antigen. It should be noted that the APCs
serving as target cells by the method of the invention may
express or present any fragment or peptide derived from such
antigen. Several cell types appear to be capable of serving as
APC, including dendritic cells (DC), activated B cells, T2
cells (TAP-deficient lymphoblastoid cells line) and activated
macrophages. In accordance with the invention the APCs are
preferably autologous cells and in some illustrative embodi-
ments the antigen-presenting cell may be a dendritic cell
(DC). It is understood that one of skill in the art will recognize
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that other antigen presenting cells may be useful in the inven-
tion, such as B cells activated by lipopolysaccharide, whole
spleen cells, peripheral blood macrophages, fibroblasts or
non-fractionated peripheral blood mononuclear cells
(PBMC). Therefore, the invention is not limited to the exem-
plary cell types which are specifically mentioned and exem-
plified herein.

[0070] Inorder to obtain APCs from a subject, particularly
human patients, blood is drawn from the patient by cytopher-
esis, a procedure by which a large number of white cells is
obtained, while other blood components are being simulta-
neously returned back to the patient. The target cells used by
the method of the invention may be prepared from these cells
and frozen in small aliquots.

[0071] Accordingly, where APC is used as a target cell by
the method of the invention, such cell may be loaded or
transfected with an antigen specific for the pathologic disor-
der. The antigen may be provided for the purpose of loading
APCs, in any form. For example, a peptide, a purified recom-
binant protein, a fusion protein, a nucleic acid construct
encoding for said antigen, a cell lysate, supernatant or any
preparation of ahost cell expressing said construct, a cell line
and tissue endogenously expressing said antigen.

[0072] Preparation of cell lysates as well as loading or
pulsing into dendritic cells may be performed in variety ways.
Different procedures of lysate loading to DC may lead to
enhancement of antigen presentation, or to the specific stimu-
lation of a certain type of immune response. It is therefore
appreciated thatlysates and any antigen preparation as well as
loading procedures may be performed in different ways.
[0073] As indicated above, the antigen may be provided to
the APCs as a nucleic acid construct. As used herein, the term
“nucleic acid” refers to polynucleotides such as deoxyribo-
nucleic acid (DNA), and, where appropriate, ribonucleic acid
(RNA). The terms should also be understood to include, as
equivalents, analogs of either RNA or DNA made from nucle-
otide analogs, and, as applicable to the embodiment being
described, single-stranded and double-stranded polynucle-
otides. “Construct”, as used herein, encompasses vectors
such as plasmids, viruses, bacteriophage, integratable DNA
fragments, and other vehicles, which enable the integration of
DNA fragments into the genome of the host.

[0074] Expression vectors are typically self-replicating
DNA or RNA constructs containing the desired gene or its
fragments, and operably linked genetic control elements that
are recognized in a suitable host cell and effect expression of
the desired genes. These control elements are capable of
effecting expression within a suitable host. Generally, the
genetic control elements can include a prokaryotic promoter
system or a eukaryotic promoter expression control system.
This typically includes a transcriptional promoter, an optional
operator to control the onset of transcription, transcription
enhancers to elevate the level of RNA expression, a sequence
that encodes a suitable ribosome binding site, RNA splice
junctions, sequences that terminate transcription and transla-
tion and so forth. Expression vectors usually contain an origin
of replication that allows the vector to replicate independently
of the host cell.

[0075] A vector may additionally include appropriate
restriction sites, antibiotic resistance or other markers for
selection of vector-containing cells. Plasmids are the most
commonly used form of vector but other forms of vectors
which serve an equivalent function and which are, orbecome,
known in the art are suitable for use herein. See, e.g., Pouwels



US 2008/0213237 Al

et al., Cloning Vectors: a Laboratory Manual (1985 and
supplements), Elsevier, N.Y.; and Rodriquez, et al. (eds.)
Vectors: a Survey of Molecular Cloning Vectors and their
Uses, Buttersworth, Boston, Mass (1988), which are incor-
porated herein by reference.

[0076] It should be further noted that APCs which, accord-
ing to a particular embodiment of the invention serve as target
cells by the method of the invention, may be loaded with cell
lysates or any other preparations of host cells which express
the particular antigen.

[0077] “Host cell” as used herein refers to cells which can
be recombinantly transformed with vectors constructed using
recombinant DNA techniques. A drug resistance or other
selectable marker is intended in part to facilitate the selection
of the transformants. Additionally, the presence of a select-
able marker, such as drug resistance marker may be of use in
keeping contaminating microorganisms from multiplying in
the culture medium. Such a pure culture of the transformed
host cell would be obtained by culturing the cells under con-
ditions which require the induced phenotype for survival.
[0078] It should be noted that any fusion protein, for
example, any particular antigen or any fragment and peptide
thereof and a tag sequence, may also be used for the prepa-
ration of APCs as target cells and therefore is contemplated
within the scope of the invention. Tag sequences may include,
but are not limited to GFP (green fluorescent protein), GST
(glutathione-S-transferase), myc, Flag, His6 and HA. By
“fusion protein” or alternatively, “chimeric protein”, is meant
a fusion of a first amino acid sequence encoding any antigen
specific to a particular pathologic disorder, with a second
amino acid sequence defining a domain foreign to and not
substantially homologous with any domain of the subject.
[0079] An “antigen” is a molecule or a portion of a mol-
ecule capable of being bound by an antibody, which is addi-
tionally capable of inducing an animal to produce antibody
capable of binding to an epitope of that antigen. An antigen
may have one or more than one epitope. The specific reaction
referred to above is meant to indicate that the antigen will
react, in a highly selective manner, with its corresponding
antibody and not with the multitude of other antibodies which
may be evoked by other antigens. The term “epitope” is meant
to refer to that portion of any molecule capable of being
bound by an antibody that can also be recognized by that
antibody. Epitopes or “antigenic determinants™ usually con-
sist of chemically active surface groupings of molecules such
as amino acids or sugar side chains, and have specific three-
dimensional structural characteristics as well as specific
charge characteristics.

[0080] As indicated herein-above, the method of the inven-
tion enables isolation of CTL’s specific for known or
unknown antigens related to a pathologic disorder. According
to a specific embodiment, the malignant disorder may be
melanoma. In such case, as anon-limiting example forknown
melanoma associated antigens, the target antigen may be any
one of the known melanoma-associated antigens (MAA)
tyrosinase, gp-100, MAGE-3 and MART-1, or any combina-
tion thereof.

[0081] The isolation of the specific antigen-directed lym-
phocytes of the invention is based on their membrane-capture
properties. Therefore, the target cell must be labeled with any
appropriate detectable label which enables interaction
between the target and the lymphocyte and detection of the
desired lymphocyte. Therefore, any membrane-label may be
used. As a non-limiting example, the target cells may labeled
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by 1.1'-dioctadecyl-3,3,3',3"-tetramethylindocarbocyanine
perchlorate (Dil) or 1,1-dioctadecyl-3,3,3',3'-tetramethyl-in-
dodicarbocyanine 4-chlorobenzene-sulfonate salt (DiD). It
should be noted that both labels were used by the invention, as
shown in the following Examples.

[0082] It should be further appreciated that the detectable
label may further contain a further compound acting as a tag
for facilitating the isolation of the desired TCL’s.

[0083] An additional cell labeling method may be based on
the use of new lipophilic tags to improve the efficiency of T
cell sorting, and a capture device for the selection of cytotoxic
T cells tagged with the lipophilic reagents

[0084] According to one preferred embodiment, suitable
means for identifying CD8" expressing cells according to
step (e) is by addition of an antibody specific for CD8. Such
antibody specifically binds and thereby stains cells express-
ing CD8", According to another preferred embodiment, the
anti-CD8* antibody used by the method of the invention for
selecting CD8* lymphocytes may be any one of a polyclonal
and a monoclonal antibody, preferably, an anti CD8*FITC
monoclonal antibody.

[0085] Monoclonal antibodies may be prepared from B
cells taken from the spleen or lymph nodes of immunized
animals, in particular rats or mice, by fusion with immortal-
ized B cells under conditions which favor the growth of
hybrid cells.

[0086] The technique of generating monoclonal antibodies
is described in many articles and textbooks, such as the
above-noted Chapter 2 of Current Protocols in Immunology.
Spleen or lymph node cells of these animals may be used in
the same way as spleen or lymph node cells of protein-im-
munized animals, for the generation of monoclonal antibod-
ies as described in Chapter 2 therein. The techniques used in
generating monoclonal antibodies are further described by
Kohler and Milstein [Nature 256; 495-497, (1975)], and in
U.S. Pat. No. 4,376,110.

[0087] The term “antibody” is meant to include intact mol-
ecules as well as fragments thereof, such as, for example, Fab
and F(ab"),, which are capable of binding antigen.

[0088] It will be appreciated that Fab and F(ab'), and other
fragments of the antibodies are within the scope of the present
invention and may be used for the compositions and the
methods disclosed herein for intact antibody molecules. Such
fragments are typically produced by proteolytic cleavage,
using enzymes such as papain (to produce Fab fragments) or
pepsin (to produce F(ab"), fragments).

[0089] It should be noted that the antibody used by the
method of the invention may be directly or indirectly labeled,
by using a secondary antibody. One of the ways in which an
antibody in accordance with the present invention can be
detectably labeled is by linking the same to an enzyme. This
enzyme, in turn, when later exposed to an appropriate sub-
strate, will react with the substrate in such a manner as to
produce a chemical moiety which can be detected, for
example, by spectrophotometric, fluorometric or by visual
means. Enzymes which can be used to detectably label the
antibody include, but are not limited to, malate dehydroge-
nase, staphylococcal nuclease, delta-5-steroid isomerase,
yeast alcohol dehydrogenase, a-glycerophosphate dehydro-
genase, triose phosphate isomerase, horseradish peroxidase,
alkaline phosphatase, asparaginase, glucose oxidase, beta-
galactosidase, ribonuclease, urease, catalase, glucose-6-
phosphate dehydrogenase, glucoamylase and acetylcholin-
esterase. The detection can be accomplished by colorimetric
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methods, which employ a chromogenic substrate for the
enzyme. Detection may also be accomplished by visual com-
parison of the extent of enzymatic reaction of a substrate in
comparison with similarly prepared standards.

[0090] Ttisalso possible to label an antibody in accordance
with the present invention with a fluorescent compound, fluo-
rescence emitting metals, a chemi-luminescent compound or
a bioluminescent compound.

[0091] According to a preferred embodiment, suitable
means for selection of cells double stained with CD8* and
said membrane-label according to step (f) of the method of
the invention may be FACS analysis, preferably, under sterile
conditions.

[0092] According to the method of the invention, cells
selected as CD8* cells containing the target-cell label are
propagated under suitable conditions. Suitable conditions for
propagating the selected cells may be as a non-limiting
example, any addition of cytokines and growth factors
selected from the group consisting of cytokines, such as IL-2
and IL-15, antibodies, such as OKT3, or lectins such as phy-
tohemagglutinin, that lead to non-specific stimulation of lym-
phocytes, and/or the incubation of the selected cells in the
presence of a feeder cell layer, preferably, irradiated PBMC.

[0093] The selected propagated cells obtained by the
method of the invention are subsequently evaluated for their
biological activity. According to one embodiment, suitable
test system for evaluating the biologic activity of propagated
selected cells may be in vitro/ex-vivo cell culture or in-vivo
animal model. According to one specifically preferred
embodiment, the test system used of evaluation may be an in
vitro/ex-vivo cell culture of said antigen specific immune
system cell, preferably, the isolated lymphocytes of the inven-
tion. Suitable means for evaluating the biologic activity of
propagated selected cells may be for example the in vitro
stimulation of lymphocytes with the target cells for 24-48
hours, and determination of cytokine production, for
example, IFN-y, IL-5 and IL-10 by a suitable means, prefer-
ably. a protein based detection assay, for example, flow
cytometry, ELISA and ELISPOT assays, most preferably, by
ELISA.

[0094] As a non-limiting example, a suitable means for
quantitation of IFN-y, IL-5 and IL-10 may be ELISA. ELISA
is an acronym for Enzyme-Linked ImmunoSorbent Assay. A
quantitative method for estimating the amount of acompound
using antibodies linked to an enzyme that catalyses an easily
measurable color reaction.

[0095]  Alternatively, or additionally, an in vitro stimulation
of lymphocytes with the tumor target cells and measurement
of cytotoxic activity by a suitable means, for example, using
*38-methionine labeled target cells may be used for evalua-
tion [as detailed in Carmon L. et al., J. Clin. Invest. 110,
453-62 (2002)].

[0096] Alternatively, the lymphocytes isolated by the
method of the invention may be evaluated using as a preferred
test system, an in vivo animal model of CD1* nude mice.
As exemplified in Example 9, the feasibility of said isolated
cells as suitable for adoptive transfer may be evaluated by
examining as an end point indication, their ability to inhibit
tumor growth and increase mice survival, as compared to a
suitable control. As a non-limiting example, it should be
noted that appropriate control may be CD4*/membrane-label
double positive cells, Dil-CD8* lymphocytes and unsorted
CD8* lymphocytes.
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[0097] The present invention therefore further provides a
cytotoxic T cell lymphocyte (CTL) specific for an antigen
related to a pathologic disorder. The CTL of the invention
may preferably be isolated by the method of the invention.
[0098] According to a second aspect, the invention relates
to a pharmaceutical composition for the treatment of a patho-
logic disorder. The composition of the invention comprises as
an active ingredient a lymphocyte capable of recognizing an
antigen specific for said pathologic disorder, and optionally
further comprises at least one pharmaceutically acceptable
additive, carrier, excipient and/or stabilizer, and may further
comprise other therapeutic constituents.

[0099] According to a specifically preferred embodiment,
the lymphocyte comprised within the composition of the
invention may be a CTL (Cytotoxic T Lymphocyte). Prefer-
ably, such lymphocyte may be obtained by the method of the
invention.

[0100] According to a specifically preferred embodiment,
the composition of the invention is specifically applicable for
the treatment of a pathologic disorder such as for example, a
malignant disorder, pathologic viral or bacterial infection, an
inflammatory disorder and an autoimmune disorder.

[0101] Preferred pharmaceutical compositions of the
invention are particularly intended for the treatment of a
malignant disorder such as, carcinoma, melanoma, leukemia,
sarcoma and lymphoma. For example, prostate, ovary, kid-
ney, lung, brain, breast, colon, bone, skin, testes and uterus
cancer may be treated.

[0102] As used herein to describe the present invention,
“cancer”, “tumor” and “malignancy” all relate equivalently to
a hyperplasia of a tissue or organ. If the tissue is a part of the
lymphatic or immune systems, malignant cells may include
non-solid tumors of circulating cells. Malignancies of other
tissues or organs may produce solid tumors. In general, the
composition and the methods of the present invention may be
used in the treatment of non-solid and solid tumors, and for
monitoring and imaging of solid tumors.

[0103] Specifically preferred compositions are particularly
suitable for the treatment of melanoma.

[0104] The term melanoma includes, but is not limited to,
melanoma, metastatic melanoma, melanoma derived from
either melanocytes or melanocyte-related nevus cells, mel-
anocarcinoma, melanoepithelioma, melanosarcoma, mela-
noma in situ, superficial spreading melanoma, nodular mela-
noma, lentigo maligna melanoma, acral lentiginoous
melanoma, invasive melanoma or familial atypical mole and
melanoma (FAM-M) syndrome. Such melanomas may be
caused by chromosomal abnormalities, degenerative growth
and developmental disorders, mitogenic agents, ultraviolet
radiation (UV), viral infections, inappropriate tissue gene
expression, alterations in gene expression, or carcinogenic
agents. The aforementioned melanomas can be treated by the
method and the composition described in the present inven-
tion.

[0105] Alternatively, the compositions and methods of the
present invention may be directed to cells that are infected by
pathogenic viruses such as HIV, EBV, CMV, Vaccinia, MVM,
ECMYV, Herpes or Influenza virus.

[0106] The compositions of the invention are particularly
intended for the induction of immune response in a mamma-
lian subject, preferably, in humans, but other mammals
including, but not limited to, monkeys, equines, cattle,
canines, felines, mice, rats, pigs, horses, sheep and goats may
be treated.
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[0107] The pharmaceutical composition used by the meth-
ods of the invention can be prepared in dosage unit forms and
may be prepared by any of the methods well-known in the art
of pharmacy. In addition, the pharmaceutical compositions
used by the invention may further comprise pharmaceutically
acceptable additives such as pharmaceutical acceptable car-
rier, excipient or stabilizer, and optionally other therapeutic
constituents. Naturally, the acceptable carriers, excipients or
stabilizers are non-toxic to recipients at the dosages and con-
centrations employed.

[0108] The compositions of the present invention may be
administered directly to the subject to be treated or it may be
desirable to conjugate them to carrier proteins such as oval-
bumin or serum albumin prior to their administration. Thera-
peutic formulations may be administered in any conventional
dosage formulation. Formulations typically comprise at least
one active ingredient, as defined above, together with one or
more acceptable carriers thereof.

[0109] Composition dosages may be any that induce an
immune response. It is understood by the skilled artisan that
the preferred dosage would be individualized to the patient
following good laboratory practices and standard medical
practices.

[0110] Each carrier should be both pharmaceutically and
physiologically acceptable in the sense of being compatible
with the other ingredients and not injurious to the patient.
While formulations include those suitable for oral, rectal,
nasal, preferred formulations are intended for parenteral
administration, including intramuscular, intravenous, intrad-
ermal and specifically subcutaneous administration. The for-
mulations may conveniently be presented in unit dosage form
and may be prepared by any methods known in the art of
pharmacy.

[0111] The compositions of the invention can be adminis-
tered in a variety of ways. By way of non-limiting example,
the composition may be delivered intravenously, or into a
body cavity adjacent to the location of a solid tumor, such as
the intraperitoneal cavity, or injected directly into or adjacent
to a solid tumor. Intravenous administration, for example, is
advantageous in the treatment of leukemias, lymphomas, and
comparable malignancies of the lymphatic system.

[0112] As a preferred route the composition of the present
invention may be administered via subcutaneous or intrader-
mal injections in proximity to the tumor, via intralymphatic or
intravenous injection.

[0113] The pharmaceutical forms suitable for injection use
include sterile aqueous solutions or dispersions and sterile
powders for the extemporaneous preparation of sterile inject-
able solutions or dispersions. In all cases the form must be
sterile and must be fluid to the extent that easy syringeability
exists. [t must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms, such as bacteria and fungi. The
carrier can be solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol, pro-
pylene glycol, and liquid polyethylene glycol, and the like),
suitable mixtures thereof, and vegetable oils. The proper flu-
idity can be maintained, for example, by the use of a coating,
such as lecithin, by the maintenance of the required particle
size in the case of dispersion and by the use of surfactants.
[0114] The prevention of the action of microorganisms can
be brought about by various antibacterial and antifungal
agents, for example, parabens, chlorobutanol, phenol, sorbic
acid, thimerosal, and the like. In many cases, it will be pref-
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erable to include isotonic agents, for example, sugars or
sodium chloride. Prolonged absorption of the injectable com-
positions can be brought about by the use in the compositions
of agents delaying absorption, for example, aluminum
monostearate and gelatin.

[0115] Sterile injectable solutions are prepared by incorpo-
rating the active compounds in the required amount in the
appropriate solvent with various of the other ingredients enu-
merated above, as required, followed by filtered sterilization.
Generally, dispersions are prepared by incorporating the vari-
ous sterilized active ingredients into a sterile vehicle which
contains the basic dispersion medium and the required other
ingredients from those enumerated above.

[0116] Inthe case of sterile powders for the preparation of
the sterile injectable solutions, the preferred method of prepa-
ration are vacuum-drying and freeze drying techniques which
yield a powder of the active ingredient plus any additional
desired ingredient from a previously sterile-filtered solution
thereof.

[0117] As used herein “pharmaceutically acceptable car-
rier” includes any and all solvents, dispersion media, coat-
ings, antibacterial and antifungal agents and the like. The use
of such media and agents for pharmaceutical active sub-
stances is well known in the art. Except as any conventional
media or agent is incompatible with the active ingredient, its
use in the therapeutic composition is contemplated.

[0118] Supplementary active ingredients can also be incor-
porated into the compositions.

[0119] Although it is not envisioned as a preferred route,
the composition of the invention or its active ingredients, the
antigen specific CD8* lymphocytes, may also be orally
administered, for example, with an inert diluent or with an
assimilable carrier, or enclosed in hard or soft shell gelatin
capsule, or compressed into tablets, or incorporated directly
with the food of the diet. The invention further provides a
method for the treatment of a pathologic disorder in a subject
in need thereof, comprising the step of administering to said
subject a therapeutically effective amount of a lymphocyte
capable of recognizing an antigen specific for said pathologic
disorder or of a composition comprising the same, preferably,
the compositions of the invention.

[0120] As used herein, “effective amount” means an
amount necessary to achieve a selected result. For example,
an effective amount of the composition of the invention useful
for the treatment of said pathology.

[0121] The method of the invention is particularly useful in
the treatment of carcinomas, lymphomas, melanomas and
sarcomas, more preferably melanomas.

[0122] 1t should be noted that the method of the invention
may employ any of the compositions of the invention.
According to a specifically preferred embodiment, the lym-
phocyte used by the method of the invention may be obtained
as described by the invention

[0123] Inapreferred embodiment, the method ofthe inven-
tion is intended for treating a mammalian subject, preferably,
a human. Therefore, by “patient” or “subject in need” is
meant any mammal for which immunotherapy is desired,
including human bovine, equine, canine, and feline subjects,
preferably, human patient.

[0124] As used herein in the specification and in the claims
section below, the term “treat” or treating and their derivatives
includes substantially inhibiting, slowing or reversing the
progression of a condition associated with a certain patho-
logic disorder, substantially ameliorating clinical symptoms
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of a condition or substantially preventing the appearance of
clinical symptoms of a condition or disorder.

[0125] Theinvention further relates to the use of a lympho-
cyte capable of recognizing an antigen specific for a patho-
logic disorder in the preparation of a pharmaceutical compo-
sition for the treatment of said pathologic disorder.

[0126] Still further, the invention provides a method for
preparing a therapeutic composition for the treatment of a
pathologic disorder in a subject in need thereof. This method
comprises the steps of: (a) isolating a cytotoxic T cell lym-
phocyte specific for an antigen related to said pathologic
disorder, preferably, by the isolation method described by the
invention; and (b) admixing the isolated lymphocyte with at
least one of a pharmaceutical acceptable carrier, diluent,
excipient and/or additive.

[0127] As described by Example 4, it should be further
appreciated that the invention also provides for T cell lines
that were generated from metastatic melanoma HLA-
A*0201-positive patients that specifically recognized pep-
tides from gp100 and Melan A/MART 1. More particularly, as
a further aspect, the invention relates to the following T cell
lines -8, specific for Melan-A/MART1:27-35 (AAGIG-
ILTV, also denoted by SEQ IDNO:4), L-9 for gp100:154-162
(KTWGQYWQYV, also denoted by SEQ 1D NO:3), 43 for
2p100:209-217 (210M, IMDQVPFSV, also denoted by SEQ
ID NO:2) and L-33 for MUC1:63-71.

[0128] In yet another aspect, the invention relates to a fur-
ther important application of CTL labeling and sorting by the
method of the invention, which is based on membrane cap-
ture. This aspect relates to the possible analysis of an immune
status (immunomonitoring) in the setting of cancer vaccina-
tion or otherwise elicited immunity. This tool may also be
useful in research of tumor associated antigens that mediate
tumor regression.

[0129] Disclosed and described, it is to be understood that
this invention is not limited to the particular examples, meth-
ods steps, and compositions disclosed herein as such methods
steps and compositions may vary somewhat. It is also to be
understood that the terminology used herein is used for the
purpose of describing particular embodiments only and not
intended to be limiting since the scope of the present inven-
tion will be limited only by the appended claims and equiva-
lents thereof.

[0130] Asused inthe specification and the appended claims
and in accordance with long-standing patent law practice, the
singular forms “a” “an” and “the” generally mean “at least
one”, “one or more”, and other plural references unless the
context clearly dictates otherwise. Thus, for example “a cell”,
“apeptide” and “an antigen” include mixture of cells, one or
more peptides and a plurality of antigens of the type
described.

[0131] Throughout this specification and the claims which
follow, unless the context requires otherwise, the word “com-
prise”, and variations such as “comprises” and “comprising”,
will be understood to imply the inclusion of a stated integer or
step or group of integers or steps but not the exclusion of any
other integer or step or group of integers or steps.

[0132] The contents of all publications quoted herein are
fully incorporated by reference.

[0133] The following examples are representative of tech-
niques employed by the inventors in carrying out aspects of
the present invention. It should be appreciated that while
these techniques are exemplary of preferred embodiments for
the practice of the invention, those of skill in the art, in light of
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the present disclosure, will recognize that numerous modifi-
cations can be made without departing from the spirit and
intended scope of the invention.

EXAMPLES

Experimental Procedures
Reagents
Antibodies:
[0134] *antiCD8* and anti CD4*
*anti CD107A
Cell Labeling
[0135] *Dil(1,1'-dioctadecyl-3,3,3',3'-tetramethylindocar-

bocyanine perchlorate), *1,1-dioctadecyl-3,3,3',3'-tetram-
ethyl-indodicarbocyanine  4-chlorobenzene-sulfonate salt
(DiD), a lipophilic tracer for membrane staining, and 5-chlo-
romethylfluorescein diacetate (CMFDA), a green fluores-
cence cytoplasma stain, were purchased from Molecular
Probes.

Cytokines:

[0136]
ron Co.

rIL-2—recombinant IL-2 was purchased from Chi-

TNF, 1000 U/ml, R&D Systems
Cell-Medium and Buffers

[0137] *FCS—Fetal calf serum (Biology Industries, Beth
Haemek, Israel);

*CM (complete medium) contains the following: RPMI
1640, 2 mM glutamine, 20 pg/ml gentamycin, 10 mM hepes,
1 mM non-essential amino acids, 1 mM sodium pyruvate
(Biological Industries, Beth Haemek, Israel).

*BD IMag buffer: Phosphate Buffered Saline (PBS), 0.5%
Bovine Serum Albumin (BSA), (Sigma) and 2 mM EDTA.

Methods:
Patients

[0138] Peripheral blood mononuclear cells (PBMC) were
from melanoma patients who had participated in a clinical
trial of post-operative adjuvant administration of an autolo-
gous melanoma vaccine. The vaccine consisted of 8 doses of
autologous irradiated and dinitrophenyl-modified cultured
melanoma cells, administered every 21-28 days, as described
[Lotem (2002) ibid.]. All patients included in the present
study developed a strong delayed type hypersensitivity
response to their melanoma cells. In some cases, frozen blood
from healthy donors was used.

[0139] Preparation of Mature HR-gp100-Loaded Dendritic
Cells

[0140] Mononuclear cells (MNC) were incubated at 37° C.
in RPMI-1640 medium containing 10 mM hepes, 1 mM
non-essential amino acids, | mM sodium pyruvate, 2 mM
glutamine, 100 pg/ml streptomycin, 100 U/ml penicillin (all
from Biological Industries, Beth Haemek, Israel) (complete
medium, CM) and 2% autologous human serum, at a concen-
tration of 4x10%ml/well (24-well plates, Nunc, Denmark).
After 90 minutes, the nonadherent (lymphoid) cells were
collected and cryopreserved in liquid N, in cryovials, each
containing 20-30x10° cells in 10% DMSO and 20% FCS, for
further use as responding cells (see below). The adherent cells
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were further grown in 1 ml CM in the presence of 1000 U/ml
granulocyte macrophage-colony stimulating factor (GM-
CSF, Leucomax, Sandoz, Switzerland) and 500 U/ml IL-4
(R&D Systems). IL.-4 was added once at day 3 or 4. At day 5
or 6, the cells had the characteristics of immature DC, with
few (usually <1%) lymphocytes. The DC were washed and
incubated in the original wells in 1 ml of serum-free CM, in
the presence of 11.-4 and HR-gp100 (10-100 pg/ml, Gelbart Y.
et al., Protein Expression and Purification (2004)). After 4
hours, 2% serum and maturation factors were added, and the
cells incubated for 2 more days. The maturation factors were
tumor necrosis factor-o. (TNF, 1000 U/ml, R&D Systems),
and prostaglandin E2 (PG, 1 uM, Sigma) Rieser C. et al., I.
Exp. Med. 186, 1603-8 (1997); Jonuleit H. et al., Eur. J.
Immunol. 27, 3135-42 (1997)].

Labeling of Melanoma Cells

[0141] Melanoma cell lines were grown from biopsies
obtained from patients, as previously described [Lotem M. et
al, Br. J. Cancer 86, 1534-9 (2002)]. Cells were labeled
according to the manufacturer’s protocol.

Co-Incubation of Melanoma Cells and Autologous PBMC

[0142] Melanoma cells from Melanoma patients were pro-
vided by The Sharett Institute of Oncology at Hadassah Hos-
pital. The melanoma cells were thawed in a37° C. water bath
and suspended in 10 ml RPMI 1640 (Gibco) containing 10%
FCSin 50 ml tube. The tube was centrifuged for 7 minutes at
1100 rpm. The supernatant was discarded and the cells were
suspended in 1 ml RPMI. A 13 pl sample was taken from the
cells to a 96 U shaped well plate and diluted with 13 pl trypan
blue (Sigma) and counted in a hemocytometer (Marienfield).
For proliferation, 2x10° melanoma cells were transferred to
10 ml RPMI containing 10% FCS in a 25 cm? tissue culture
flask, and incubated at 37° C. and 5% CO,. Nine ml of RPM1
containing 10% FCS were added to the remaining 8x10° and
irradiated at 17,000 rad. After irradiation, the melanoma cells
were centrifuged at 1100 rpm. The supernatant was discarded
and the cells were resuspended in 5 ml CM containing 10%
AB serum and transferred to a well in a 6 well plate (Nunc)
and incubated at 37° C. Serum was obtained from the Blood
Bark in Tel Hashomer and was inactivated in a 56° C. water
bath for 30 minutes before adding to the CM. Afteradding the
serum, the CM was filtered through a 0.454 filter.

[0143] Autologous PBMC were thawed in a 37° C. water
bathand suspended in 10 ml RPMI 1640 containing 10% FCS
in 50 ml tube. The tube was centrifuged for 7 minutes at 1100
rpm. The supernatant was discarded and the cells were sus-
pended in 1 ml RPMI. A 13 ul sample was taken from the cells
to a 96 U shaped well plate and diluted with 13 pl trypan blue
and counted using hemocytometer. Approximately, 8x10°
PBMC were transferred with five ml CM containing 10% AB
to melanoma cells containing well for co-incubation, total
volume of 10 ml. Another 8x10% PBMC were transferred with
10 ml CM containing 10% AB to a well in a 6 well plate for
control. The remaining 6x107 PBMC were frozen.

[0144] Onday 3,200 U/mlIL-2 (Chiron, U.S.A) was added
to each well. On day 5, 5 m1 out of 10 ml supernatant were
discarded, and fresh CM containing 10% B was added along
with 50 U/m1 IL-2 to each well. The same routine as on day 5
was performed on day seven. On day 9, CD8* TL cells were
separated by anti-human CD8 magnetic particles (BD™)
according to the manufacturers instructions. Briefly, cells
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from all the wells were transferred to 50 ml tubes and centri-
fuged at 1100 rpm. The supernatant was discarded and the
cells were washed with 10 ml sterile BD IMag buffer. Cells
were centrifuged at 1100 rpm and the supernatant was dis-
carded. The anti-human CD8 magnetic particles were thor-
oughly pipetted and 50 pul were added to 10u cells, mixed
thoroughly and transferred to 5 ml polystyrene round-bottom
tubes for 30 minutes incubation at room temperature. One ml
of the BD IMag buffer was added to the cell suspension and
the tubes were immediately placed on the BD™ IMagnet for
10 minutes incubation at room temperature. While the tubes
were placed on magnet, the supernatant which contains the
CD8- negative fraction was carefully aspirated and dis-
carded. Tubes were removed, 1 ml of BD Imag buffer was
added to the cells, and after gentle pipetting the tubes were
returned to the magnet for another 4 minutes. Supernatant
was discarded while the tubes were on the magnet. The tubes
were removed, 1 ml of BD Imag buffer was added to the cells,
and after gentle pipetting the tubes were returned to the mag-
net for another 4 minutes. The supernatant was discarded and
the positive CD8 cells were resuspended in 1 ml CM contain-
ing 10% AB and counted. 1.5x10°> CD8* cells were separated
from the PBMC originated from the co-incubation well, and
5x10° CD8" cells were separated from the PBMC originated
from the control well. The cells were transferred to a 24 well
plate in 2 ml CM containing 10% AB with 200 U/ml IL-2 and
incubated at 37° C.

Active Membrane Transfer Labeled with Dil from Melanoma
to Activated CTL

[0145] About4x10° melanoma cells were divided to two 50
ml tubes and washed twice with 1 ml RPMI. After the second
washing, the supernatant was discarded and the melanoma
cells were resuspended in 1 ml RPMI containing 10% FCS
and 511 Dil. The melanoma cells were incubated at 37° C. for
30 minutes. After incubation the cells were washed five times
with 1 ml RPMI. After the fifth wash, the supernatant was
discarded and the cells were resuspended in 1 ml CM con-
taining 10% AB and transferred to a 24 well plate. Approxi-
mately 2x10° CD8* lymphocytes from the co-incubation well
in 1 ml of CM containing 10% AB were added to one of the
wells containing Dil stained-melanoma, and 2x10° CD8*
from the control well in 1 ml CM containing 10% AB were
added to the other Dil stained-melanoma well. The cells were
co-incubated for 10 hours at 37° C.

Sorting of Double Labeled CTL

[0146] Cells from the co-incubation wells were harvested,
transferred to 50 ml tubes and washed twice with 1 ml sterile
PBS. Supernatant was discarded, and cells were resuspended
in 200 pl sterile PBS containing 40 pl fluoroscein isothiocy-
anate (FITC) anti-human CD8 (5:1 ratio). As a positive con-
trol, 3x10° CD8* were resuspended in 100 pl sterile PBS
containing 20 pl FITC anti-human CDS. As an isotype control
3x10° CD8* were resuspended in 100 ul sterile PBS contain-
ing 20 pl FITC mouse IgG1. Tubes were incubated for 30
minutes on ice. Cells were washed twice with 1 ml sterile PBS
and resuspended in 1 ml sterile PBS. Cell-suspensions were
filtered through a 15 pl filter in to sterile 5 ml polystyrene
round-bottom tubes. Cells, positive for anti CD8 FITC and
Dil (CDS8* Dil*), and cells positive only for anti CD8 FITC
(CD8* Dil") were sorted out by the FACscan sorter into CM
containing 50% AB with Gentamycin (200 ug/ml) and pen'-
strep' nystatin (1000 units/ml penicillin, 1 mg/ml streptomy-
cin and 125 units/ml nystatin) in 5 ml round-bottom tubes.
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During sorting process, sorted cells were counted by the
FACscan sorter and incubated at 37° C. for 2 hours recovery.

12-Day Rapid Expansion of Sorted CTL

[0147] Sorted cells were incubated on a platform of irradi-
ated PBMC as feeder cells.

[0148] Feeder cells: About 2x10” PBMC were thawed and
resuspended in 20 ml RPMI containing 10% FCS and irradi-
ated at 4000 rad. The cells were washed once with 1 ml RPMI,
resuspended in 10 ml CM containing 10% AB and were
divided in to two wells in a 6 well plate, each well containing
1106 feeder cells in 5 ml.

[0149] Sorted cells (CD8* Dil* and CD8* Dil™), were cen-
trifuged and the supernatant was discarded. The cells were
resuspended in 5 mI CM containing 10% AB, and were trans-
ferred to the wells containing irradiated feeder cells to a total
volume of 10 ml. Gentamycin and pen'-strep' nystatin were
added to prevent contamination.

[0150] Forrapid expansion 30 ng/ml OKT3-murine mono-
clonal antibody for CD3 (Ortho biotechinc.) were added. The
cells were incubated at 37° C. On day 2, 5 ml of the superna-
tant were aspirated and 5 ml of fresh CM containing 100 U/ml
1L-2 was added. The same routine was performed on days 4,
6, 8 and 10.

IFN-y Release by Melanoma-Stimulated CD8" T Cells

[0151] Approximately 1x10° of CD8* Dil* and of CD8*
Dil" cells were incubated with about 1x10* autologous mela-
noma cells overnight in 250 ul CM +10% AB, at a ratio 0£10:1
in a 96 well plate. After the co-incubation, 100 pl supernatant
were aspirated and tested for IFN-y release in an ELISA assay
with Diaclone reagents according to the manufacturer’s pro-
tocol. Plates were coated with monoclonal anti-human IFN-y
and kept overnight in the 4° C. Plates were washed and
PBS+5% BSA was added, and incubated for blocking the
non-bound sites at room temperature for 2 hours. After block-
ing, plates were washed 3 times and dried by tapping the plate
upside down on an absorbent paper. Supernatant samples
from the co-incubation wells were added to the ELISA test
plate along with biotynilated anti-human IFN-y detection
antibody for 2 hours at room temperature. Afier 3 washes,
HRP-Strep (Horse Radish Peroxidase conjugated Streptavi-
din) was added for 20 minutes incubation at room tempera-
ture. After 3 washes, TMB (3,3',5,5'-tetramethylbenzidine)
substrate solution was added. Sulfuric acid (H,SO,) was
added to stop color development. The reading was performed
by an ELISA reader at 450 nm.

33[S]-Methionine Release Cytotoxicity Assay

[0152] CDS8*Dil*, and CD8* Dil™ effector cells were incu-
bated with each of the target cells. The effector: target ratios
examined were: 30:1,15:1,7.5:1,3.25:1. 3.5x10° target cells
of each cells type were washed twice with sterile PBSx1 and
resuspended in 0.5 ml methionine-free RPMI (Sigma) con-
taining 10% FCS and 2.5 pl **[S]-methionine (Redivue PRO-
MIX) containing 25u Ci. The cells were incubated at 37° C.
for 4 hours. After 4 hours, the **[S]-methionine-labeled cells
were washed once with 5 ml PBS. 3,000 cells of each target
cells type were distributed as mentioned with 100 ul CM
containing 10% AB into the co-incubation wells to a total
volume of 200 pl. For **S methionine release calibration, the
methionine-labeled target cells were distributed to 12 wells,
3,000 each in 100 pul CM containing 10% AB. 6 wells for
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spontaneous >°[S]-methionine release and 6 wells for total
*[S]-methionine release. The plates were incubated at 37° C.
for 5 hours. 15 minutes prior to the completion of incubation,
100 pl NaOH-0.1N were added to the total **[S]-Methionine
release wells, and 100 ul CM containing 10% AB were added
to the spontaneous **[S]-methionine release wells. After the 5
hours incubation the plates were centrifuged for 5 minutes in
1000 rpm. 50 ul supernatant were aspirated and transferred to
a f-counter microplate containing 150 pl scintillation liquid
(Microscint™ 40) and kept overnight at 4° C. covered in
aluminum foil. **[S]-Methionine release counts were mea-
sured in a microplate scintillation f-counter (Packard). Spe-
cific killing equation: [cpmEXP-cpmSPONT)/(cpmTO-
TAL-cpmSPONT)|x100=Specific killing %. To rule out non
specific killing by NK cells, NK sensitive K-562 cell line was
used as control target cells. CD4* cells were used as an
autologous control target. CD8" Dil~ were used as effector
cells control.

Isolation and Expansion of Functional Tumor-Specific CD8*
Lymphocytes for Adoptive Transfer

[0153] The following melanoma antigen peptide-reactive
CD8 T lines are used: L-43; reactive to gp100:305_5,7¢21 081,
(IMDQVPFSYV, also denoted by SEQ ID NO:2); L-9, reactive
to gpl00:,5, 6, KTWGQYWQV, also denoted by SEQ ID
NO:3); L-8, reactive to Melan-A/MART1:,, ;5 (AAGIG-
ILTV, also denoted by SEQ 1D NO:4). 624mel melanoma
cells are stained with Dil according to the manufacturer’s
instructions, washed five times and co-cultured in 24-well
plates (2 ml complete medium/well) with 1-2x10° effector
cells at E:T ratio of 3:1. Following incubation for 5 h, cells are
washed and stained with anti-CD8 mAb (Ebioscience). Dil*
and the Dil~ CD8* positive lymphocytes are sorted out by
flow cytometry. Following extensive washing in PBS the
lymphocytes are re-suspended in lymphocyte medium at 10°
cells/ml. The cells are seeded in 24-well plates pre-coated
with anti-CD3 mAb and incubated for 72 hours at 37° C. in
5% CO,. The cells are then be expanded further in the pres-
ence of IL-2 (100 U/ml).

624mel Melanoma Model

[0154] Male CD1™/"mice receiving 4 Gy total body irra-
diation (TBI) from a 137Cs source, followed by subcutaneous
(s.c.) inoculation in the upper back of 1x10° 624mel (HLA-
A*02017 gp100* MART-1") melanoma cells admixed with
Matrigel (BD PharMingen, San Diego, Calif.). Seven days
later, 5x10° CD8* T cells are injected around the tumors, The
adoptive transfer is followed by local s.c. administration of
1000 U rhIL-2 twice a day for 5 days. Tumor size is measured
in two perpendicular dimensions three times per week. Mice
are sacrificed once tumors reached 400 mm®.

Example 1

Co-Incubation of CD8* Cells of Melanoma Patient
with Labeled Autologous CD Cells Loaded with HR-
gp100 or Melanoma Cells

[0155] Dendritic cells (DC) from a melanoma patient were
loaded with a tumor protein (HR-gp100) and were used to
sensitize autologous lymphocytes.

[0156] Briefly, CD8* lymphocytes from a melanoma
patient were separated from nonadherent MNC thawed the
previous day, using magnetic beads (Miltenyi, Germany)
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according to the manufacturer’s instructions. Autologous
HR-gp100-loaded DC were incubated with CD8* lympho-
cytes, for 48 hours at a 10:1 (lymphocytes:DC) ratio. After
co-incubation, the lymphocytes and DC were washed and
incubated with DiD and CMFDA -stained melanoma cells for
further 4 hours. The cells were then collected, fixed, mounted
on slides, and observed using a confocal laser scanning
microscope (Zeiss, Model 410, Germany).

[0157] As demonstrated by the series of photographs
shown in FIG. 1, the FITC-labeled HR-gp100 protein was
being take-up by the loaded dendritic cells. FIG. 2 shows the
interaction of a dendritic cell loaded with the HR-gp100
protein with CD8 lymphocytes obtained from melanoma
patient. The subsequent FIG. 3, demonstrate clearly that dur-
ing co-incubation of CD8" lymphocytes from a melanoma
patient and a DiD- and CMFDA-stained autologous mela-
noma cell, an unstained lymphocyte can be seen in the vicin-
ity of a stained melanoma cell (FIG. 3A), and that attachment
ofalymphocyte to a melanoma cell induced transfer of mem-
branal stain from a melanoma cell to an autologous CD8*
lymphocyte (FIG. 4B).

[0158] Finally, FIG. 4 demonstrates clearly a DiD-labeled
melanoma cell which shows signs of destruction after attach-
ment to autologous CD8* lymphocytes, previously activated
with HR-gp100-loaded DC.

[0159] These results indicate that CD8* obtained from
melanoma patients rapidly captured membrane fragments
from autologous DC which was loaded with HR-gp100.
Therefore, isolation of these particular desired CTLs based on
the presence of this antigen on their membrane, is feasible.

Example 2
Preparation and Sorting of MUC1 Specific CTLs

[0160] Tumor cells which express MUCI, were labeled
with the lipophilic tracer DiD as indicated in Experimental
procedures. The labeled cells were subsequently incubated
with relevant lymphocytes for several hours, before sorting
the DiD-labeled lymphocytes. Initially, in order to set up the
system, a well-defined antigen-lymphocyte system available
in the inventor’s laboratory was used. A MUCI peptide, D6
(LLLTVLTVYV, as denoted by SEQ ID NO: 1) against which
specific T cell clones have been produced, was loaded on T2
cells or on monocyte-derived dendritic cells obtained from an
HLA-A2 donor. The antigen-loaded cells were then incu-
bated in the presence of the T cell clone. This system was used
for establishing optimal conditions for cell interaction and
membrane transfer.

[0161] As will be indicated below, PBMC from patients,
incubate with DiD-labeled autologous tumor cells, or with
antigen-loaded dendritic cells were also used similarly.

Example 3

Interaction of Peripheral Blood Mononuclear Cells
(PBMC) and Stimulating Cells

[0162] Enriched PBMC are obtained by cytopheresis from
normal donors and from cancer patients. This procedure has
been approved by Helsinki. PBMC are further purified on a
Ficoll-Hypaque gradient, and frozen in working aliquots in
liquid nitrogen.

[0163] Foreach experiment, an aliquot is thawed, and incu-
bated with labeled stimulating cells. Co-incubation is per-
formed at different cell ratios, as it has been shown that the
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antigen concentration used may affect the functional avidity
of the cells [Bullock T N. et al., J. Immunol. 167, 5824-31
(2001)].

[0164] Initially, cells will be co-incubated for approxi-
mately 4 hours, but the length of time may vary depending
upon experimental conditions and results obtained.

[0165] After co-incubation, the cell mixture is stained with
CD8*-FITC, in a manner which does not affect the prolifer-
ating ability nor the biological activity of CD8 cells. Double
stained cells are then sorted under sterile conditions. The
sorting procedure is repeated where the number of positive
cells is below the sensitivity of the technique. The sorted cells
are subsequently incubated in the presence of feeder cells,
and propagated to large numbers in the presence of interleu-
kin (IL)-2 and/or OK'T3 antibody. The phenotype of the lym-
phocytes is determined by staining with specific monoclonal
antibodies (CD3, CD4, CD8, CD56), followed by FACS
analysis.

[0166] As will be shown in the following Examples, to
determine biological activity of the cell population obtained,
the following assays were performed:

(a) in vitro stimulation of lymphocytes with tumor targets
and/or peptide loaded target cells (such as T2 cells, a HLA-
A2.01 TAP-deficient lymphoblastoid line) for 24-48 hours,
and determination of cytokine production (IFN-y, IL-5,
1L-10), by the stimulated lymphocytes.

(b) in vitro stimulation of lymphocytes with tumor targets
and/or peptide loaded target cells for 5-7 days, and measure-
ment of cytotoxic activity, using >*S-methionine labeled tar-
get cells.

Example 4
Generation of Peptide-Reactive T Cell Lines

[0167] In order to further characterize the particular cell
population having membrane-capture activity, T cell lines,
specific for a particular peptide were next developed. T cell
lines were generated from metastatic melanoma HLA-
A*0201-positive patients that specifically recognized pep-
tides from gp100 and Melan A/MART1. Briefly, gp100:209-
217 (210M) (IMDQVPFSYV, as denoted by SE ID NO:2),
gpl00:154-162 (KTWGQYWQYV, as denoted by SE 1D
NQO:3), and Melan-A/MART1: 27-35 (AAGIGILTV, as
denoted by SE ID NO:4) were used for in vitro stimulation of
donor lymphocytes in 96-well plates (microculture format).
PBMCs were cultured (5x10° cells/well) in complete
medium ((CM), RPMI 1640, 2 mM L-glutamine, 50 units/ml
penicillin, 50 pg/ml streptomycin (Invitrogen), and 10% heat-
inactivated human AB serum) containing 10 pM peptide. Two
days later, 300 TU/ml rIL-2 (Chiron Co.) were added and
renewed every 3 days. On days 7 and 14, the cultures were
re-stimulated with peptide-pulsed (10 uM peptide, 1x10°
cells/ml, 2-4 h incubation at 37° C.) autologous-irradiated
(4000 rad) PBMCs. On day 21, each microculture was evalu-
ated for specific peptide recognition on the basis of TFN-y
secretion in response to T2 cells (HLA-A*0201 peptide trans-
porter-associated protein-deficient T-B hybrid) pre-incubated
with peptide and 624mel cells (HLA-A*0201* cell line that
endogenously express gp100 and Melan A). Positive microc-
ultures (>100 pg/ml and at least twice background with an
irrelevant HLA-A*0201-restricted peptide) were re-stimu-
lated individually in 24-well plates with 5x10° peptide-
pulsed autologous-irradiated PBMCs/well and further
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expanded using a rapid expansion protocol [Dudley M E. et
al.,, Science 298, 850-4 (2002)].

[0168] Four specific T-cell lines were isolated and desig-
nated as follows: L-8 for Melan-A/MART1:27-35, L-9 for
gp100:154-162, L-43 for gp100:209-217(210M) and L-33
for MUC1:63-71. These selected T cell lines were examined
for IFN-y secretion in response to stimulation with their spe-
cific peptides. As shown by FIG. 5A, the selected T cell lines
secret [FN-y in a peptide-specific manner following stimula-
tion by correspondent peptide-loaded T2 cells and 624mel but
not irrelevant (HIV-derived) peptide-loaded T2 cells and
HLA-A2™ M181 melanoma cells. The generated cytotoxic T
lymphocytes (CTLs) effectively lyse peptide-loaded T2 cells
and, importantly, 624mel melanoma targets. The MUC1-de-
rived, HLA-A*0201-restricted CTL epitope MUCI1:63-71
was used to generate T cell line (L-33) representing mela-
noma-irrelevant effector cells.

Example 5

Intercellular Transfer of Membrane Fragments from
Target Cells onto CD8" T Lymphocytes

[0169] The absorption of professional antigen presenting
cell determinants including MHC and co-stimulatory mol-
ecules on the effector cell surface has been reported (Huang et
al, 1999). This process has been shown to occur as a very early
event during the effector-target recognition in a T-cell recep-
tor (TCR) dependent manner. To study whether CTLs may
capture membrane fragments from artificial antigen present-
ing cells the specific peptide-reactive T cell lines prepared by
the present invention were used as effectors and the corre-
sponding and irrelevant peptide-loaded T2 cells as specific
and non-specific targets, respectively. The transfer of a fluo-
rescent lipophilic dye (1-1'-dioctodecyl-3,3,3',3'-tetram-
ethyl-indocarbocyanine perchlorate, Dil, Molecular Probes,
Invitrogen) incorporated into the target cell membranes, to T
cells was next analyzed. To this end, peptide-preloaded T2
cells were stained with Dil according to the manufacturer’s
instructions, washed five times and co-cultured in 24-well
plates (2 ml complete medium/well) with 1-2x10° effector
cells at E:T ratio of 3:1. Following incubation for 1 to 5 h,
cells were washed, stained with anti-CD8 or CD4 mAb (Ebio-
science) and analyzed by flow cytometry. As shown in FIG.
6A, only CD8" but not CD4* lymphocytes from MelanA/
Mart1:27-31-reactive T cell line, were able to capture mem-
brane fragments from the specific peptide-loaded T2 cells.
The transfer of the target membrane derivatives is peptide
specific and therefore TCR-dependent, since there are no
Dil-stained CD8 T cells following co-incubation with irrel-
evant HIV peptide-loaded T2 cells (FIG. 6A). The intercel-
lular transfer of melanoma cell membrane fragments onto
melanoma antigen peptide-specific CD8 T lymphocytes was
next examined. HLA-A*0201%, gp100* and MelanA/Mart1*
624mel cells were stained and co-cultured with the specific
T-cell lines of the invention, [.-8, L-9 and L.-43, as described
above. The HLA-A*0201~ M181 melanoma cells served a
negative control, whereas MUCI peptide-reactive CD8* lym-
phocytes (L-33 T-cell line) represent irrelevant effector cells.
As clearly shown by FIG. 6B, melanoma antigen peptide-
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reactive CD8* lymphocytes effectively capture membrane
parts from the 624mel cells in HL A-restricted manner.

Example 6

Dil*CD* T Lymphocytes Efficiently Kill Peptide-
Loaded Target Cells Membrane Transfer as a Label
of CD8 Lymphocyte Functional Cytotoxicity

[0170] The inventor’s next goal was to examine whether
membrane fragment scavenging by CD8 T lymphocytes has
any functional implication in terms of actual cytotoxicity.
Therefore, the cytotoxic activity of gp100:154-reactive Dil*
CD8* lymphocytes (labeled cells) was compared to that of
Dil~ CD8* cells (unlabeled cells) following co-incubation
with Dil-stained 624mel melanoma cells. The Dil* and the
Dil~ CD8* positive lymphocytes were sorted out by flow
cytometry as shown by FIG. 7A. The sorted cells were
expanded using a rapid expansion protocol and examined in
CTL assay against specific (gpl00:154) versus irrelevant
(HIV) peptide-loaded T2 cells, as specific and non-specific
targets, respectively. The MUC-1:63-reactive CD8* lympho-
cytes served as melanoma-irrelevant effectors. As clearly
demonstrated by FIG. 7B, only the double positive Dil*CD8*
lymphocyte population, that scavenged 624mel membrane
fragments, constitute functional CTLs that destroyed their
targets in a peptide-specific manner. The DiI"CD8* lympho-
cytes were unable to lyse gpl100:154-loaded T2 cells and
demonstrated only background cytotoxicity.

Example 7

Selection and Expansion of Functional Cytotoxic T
Cells out of Bulk PBMC

[0171] The inventors next attempted to select and expand
cytotoxic lymphocyte populations directly from bulk PBMC
of melanoma patients that received autologous melanoma cell
vaccine. To enrich the tumor-reactive T-cell populations,
PBMC were stimulated by irradiated (17000 rad) autologous
melanoma cells in complete medium supplemented with 300
IU/ml IL-2. After 12 days, the bulk cultures were harvested
and co-incubated with Dil-stained autologous melanoma
cellsat37° C. for 6 h, stained by anti-CD8 mAb and analyzed
by flow cytometry, as described above. As shown in FIG. 8A,
a small but distinct population of CD8 lymphocytes (2.8% of
total CD8* cells) scavenges Dil-stained membrane fragments
from the target cells. The 12-day in vitro stimulation by
autologous melanoma cells was a mandatory step since no
target membrane transfer has been evident for melanoma-
unstimulated PBMC (FIG. 8A, left panel). DiI*CD8* cells
were sorted out and expanded in vitro by the rapid expansion
protocol. The frequency of DII"CD8™ cells increased from
2.3% to 23% of the expanded cells, a 10-fold enrichment
(FIG. 8B). The expanded cells were next analyzed for cyto-
toxic activity against M199 autologous melanoma cells.
K562 cells were used as control excluding natural killer-like
activity and autologous CD4* cells were used as autologous
non-melanoma targets. As clearly revealed by FIG. 8C, the
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expanded cells originating from the Dil* population showed
significant cytotoxic activity against specific targets but not
against non-specific targets.

Example 8

Correlation Between Membrane Exchange and
CD107A Expression

[0172] 1In order to further characterize CD8*Dil™ lympho-
cytes, lymphocytes that underwent membrane exchange were
stained for CD107A (lysosomal-associated membrane pro-
tein 1), which is known to be expressed as a result of degranu-
lation of lymphocytes.

[0173] The results demonstrated by FIG. 9, show that
almost all CD8+Dil*#" cells (subgate 1) are highly cytolytic
and melanoma specific lymphocytes. More than 92% of them
immobilized CD107A on their cell surface following 1 hour
co-incubation with autologous melanoma.

[0174] The CD8*Dil”" population consists of mostly aner-
gized lymphocytes (>70% of them are CD107A negative).
Recently, the inventors discovered that Dil* and Dil~ CDS§
lymphocytes are of the same TCR, by experiments with tet-
ramer staining of Melan A-reactive lymphocyte line. There-
fore, without being bound by any theory, the inventors may
assume that Dil~ CD8* cells represent not only tumor-irrel-
evant lymphocytes, but also functionally impaired tumor-
specific cells.

[0175] In conclusion, the present invention clearly demon-
strates that CD8" lymphocytes scavenging target membrane
fragments are functional cytotoxic cells. These cells can be
sorted out of bulk lymphocyte culture and be further
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expanded in vitro. The expanded cells preserve their cyto-
toxic capacity and are therefore of potential use for adoptive
cell therapy.

Example 9

Establishment of Human Melanoma Therapeutic
Model in Nude Mice

[0176] The results of the invention presented by Examples
1 to 8, encouraged the inventors to examine the feasibility of
using the isolated antigen-specific cytotoxic T lymphocytes
ofthe invention in adoptive cell therapy. Therefore, the inven-
tors have next established a human melanoma (624mel)
model in nude mice, as described in Experimental proce-
dures. Based on its ability to form homogeneous tumors
following s.c challenge of 10° cells, the 624mel/nude mouse
model is used for adoptive cell therapy studies for sorted and
expended melanoma-specific Dil*CD8* double positive lym-
phocytes. Briefly, the melanoma-specific DilI*CD8* double
positive lymphocytes cells are sorted out of bulk lymphocyte
culture following co-incubation with Dil-stained 624mel
melanoma cells and further expansion in vitro. As shown
herein before, DiI"CD8" lymphocytes represent functionally
impaired effector cell population and therefore are served as
control. Unsorted CD8* lymphocytes are expanded and used
as an additional control. The expanded cells are transferred
into human 624mel melanoma-bearing immuno-compro-
mised CD1™?®"“@ mice as follows: seven days after tumor
induction, 5x10° CD8* T cells are injected around the tumors.
The adoptive transfer is followed by local s.c. administration
of 1000 U rhIL-2 twice a day for 5 days. The effect of Dil*
CD8* lymphocytes on tumor growth is compared to that of
Dil~ and unsorted CD8* lymphocytes by monitoring tumor
sizes and mouse survival.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 4

<210> SEQ ID NO 1

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Leu Leu Leu Thr Val Leu Thr Val Val
1 5

<210> SEQ ID NO 2

<211> LENGTH: ¢

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Ile Met Asp Gln Val Pro Phe Ser Val
1 5

<210> SEQ ID NO 3

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens
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-continued

<400> SEQUENCE: 3

Lys Thr Trp Gly Gln Tyr Trp Gln Val
1 5

<210> SEQ ID NO 4

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Ala Ala Gly Ile Gly Ile Leu Thr Val
1 5

1-23. (canceled)

24. A method for the preparation and isolation of an
immune system cell which is capable of specifically recog-
nizing an antigen related to a pathologic disorder, which
method comprises the steps of:

(a) providing target cells expressing or presenting an anti-
gen related to said pathologic disorder, or any fragment
or peptide thereof;,

(b) labeling said target cells with a suitable membrane
detectable label;

(c) providing a sample comprising immune system cells;

(d) co-incubating the labeled target cells obtained in step
(b) with the cells provided in step (c) for a suitable period
of time under suitable conditions;

(e) identifying a population of immune system cells
expressing the CD8" antigen, from the co-incubated
cells obtained in step (d), by a suitable means;

(f) selecting from the CD8™ antigen expressing cells iden-
tified in step (e) cells stained with said membrane-label
using suitable means under suitable conditions, wherein
said selected cells are CD8%/membrane-label double
positive cells;

(2) propagating the CD8*/membrane-label double positive
cells selected in step (f), under suitable conditions; and

(h) evaluating the biological activity ofthe cells obtained in
step (g) on an end-point indication using a suitable test
system, whereby difference in said end point compares
to a suitable control is indicative of the biological activ-
ity of said cells.

25. The method according to claim 24, wherein said
immune system cell is a lymphocyte, preferably, CTL (Cyto-
toxic T Lymphocyte).

26. The method according to claim 25, wherein said sample
comprising immune system cell is a sample of autologous
PBMC (peripheral blood mononuclear cells) obtained from a
subject suffering from said pathologic disorder.

27. The method according to claim 24, wherein said target
cells are cells obtained from a subject suffering from said
pathologic disorder.

28. The method according to claims 24, wherein said
pathologic disorder is an immune-related disorder selected
from any one of a malignant disorder, pathologic viral or
bacterial infection, an inflammatory disorder and an autoim-
mune disorder.

29. The method according to claim 28, wherein said
immune related disorder is a malignant disorder and said
target cell is a tumor cell obtained from any one of a primary
tumor and a cell line.

30. The method according to claim 29, wherein said malig-
nant disorder is selected from melanoma, carcinoma, leuke-
mia, sarcoma and lymphoma.

31. The method according to claim 24, wherein said suit-
able means for identifying CD8* expressing cells according
to step (e) is addition of an antibody specific for CDS.

32. The method according to claim 24, wherein said target
cellis an antigen presenting cell (APC) expressing or present-
ing said specific antigen, or fragments or peptides thereof.

33. The method according to claim 32, wherein said APC is
loaded or transfected with an antigen specific for said patho-
logic disorder, which antigen is provided as any one of a
peptide, a purified recombinant protein, a fusion protein, a
nucleic acid construct encoding for said antigen, a cell lysate,
supernatant or any preparation of a host cell expressing said
construct, a cell line and tissue endogenously expressing said
antigen.

34. The method according to claim 33, wherein said malig-
nant disorder is melanoma.

35. The method according to claim 24, wherein said suit-
able test system for evaluating the biologic activity of propa-
gated selected cells according to step (h), is any one of in
vitro/ex vivo cell culture and in vivo animal model.

36. The method according to claim 35, wherein said test
system is in vitro/ex-vivo cell culture of said antigen specific
immune system cell and said end point indication is any one
of cytokine production and cytotoxic activity of said cells in
response to stimulation with said target cells.

37. The method according to claim 35, wherein said test
system is in-vivo animal model of CD1"#"* nude mice and
said end point indication is inhibition of tumor growth and
increase in mice survival by said cells as compared to a
suitable control.

38. A cytotoxic T cell lymphocyte (CTL) specific for an
antigen related to a pathologic disorder, wherein said CTL is
1solated by the method according to claim 24.

39. A pharmaceutical composition for the treatment of a
pathologic disorder comprising as an active ingredient a lym-
phocyte capable of recognizing an antigen specific for said
pathologic disorder, said composition optionally further com-
prising at least one pharmaceutically acceptable additive,
carrier, excipient and stabilizer, and other therapeutic con-
stituent/s.
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40. The composition according to claim 39, wherein said
lymphocyte is CTL (Cytotoxic T Lymphocyte).

41. A composition for the treatment of a pathologic disor-
der comprising as an active ingredient a lymphocyte capable
of recognizing an antigen specific for said pathologic disor-
der, said composition optionally further comprising at least
one pharmaceutically acceptable additive, carrier, excipient
and stabilizer, and other therapeutic constituent/s, wherein
said lymphocyte is obtained by the method defined in claim
24.

42. The composition according to claim 41, wherein said
pathologic disorder is an immune related disorder selected
from any one of a malignant disorder, pathologic viral or
bacterial infection, an inflammatory disorder and an autoim-
mune disorder.

43. The composition according to claim 42, wherein said
immune-related disorder is a malignant disorder selected
from melanoma, carcinoma, leukemia, sarcoma and lym-
phoma, preferably, melanoma.

44. A method of treatment a pathologic disorder in a sub-
ject in need thereof, comprising the step of administering to
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said subject a therapeutically effective amount of a lympho-
cyte capable of specifically recognizing an antigen related to
said pathologic disorder or of a composition comprising the
same.

45. A method of treatment a pathologic disorder in a sub-
ject in need thereof, comprising the step of administering to
said subject a therapeutically effective amount of a lympho-
cyte capable of specifically recognizing an antigen related to
said pathologic disorder or of a composition comprising the
same, wherein said lymphocyte is obtained by the method
defined in claim 24.

46. A method for preparing a therapeutic composition for
the treatment of a pathologic disorder in a subject in need
thereof, which method comprises the steps of:

a) isolating a cytotoxic T cell lymphocyte specific for an
antigen related to said pathologic disorder, by the
method according to claim 24;

b) admixing said lymphocyte with at least one of a phar-
maceutical acceptable carrier, diluent, excipient and/or
additive.
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