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Description

[0001] This invention is directed to therapeutic compositions containing non-MHC-restricted T-cells/NK-cells in com-
bination with MHC-restricted T-cells and especially to therapeutic compositions, which contain LAK cells. Furthermore,
the present invention is directed to the use of the above compositions in the treatment of tumors in humans, which
tumors show a missing, low or aberrant expression of MHC molecules.
[0002] Immune recognition by most T lymphocytes occurs through surface interactions involving a specific T cell
receptor (TCR) on the lymphocyte and an antigen on the target cell. Unlike antibodies, TCR do not recognize intact
antigens. With few exceptions, they only recognize fragments of antigens, in the form of peptides, which are presented
on the cell surface by molecules of the major histocompatibility complex (MHC). The ability of T cells to recognize
antigen only when it is presented by MHC molecules is called "MHC restriction" . The reacting T cells are referred to
as MHC-restricted lymphocytes. There are two classes of MHC molecules, class I and class II, which are functionally
distinguished by the type of antigen they bind and the subset of T cells with which they interact. The dichotomy between
class I and class II molecules relates to their different roles in T cell activation. Class I molecules present peptides to
MHC-restricted CD8 positive cytotoxic T lymphocytes (CTL). These cells directly lyse target cells; therefore it is bio-
logically appropriate that they recognize peptides derived from intracellular antigens that are presented by class I
molecules. Moreover, since class I molecules are expressed by nearly all nucleated cells, CTL are able to recognize
and destroy virtually any cell if it presents the appropriate MHC/peptide complex. On the other hand, class II molecules
present peptides to CD4 positive T helper cells, the primary function of which is to secrete cytokines that promote
activities of other lymphocytes, including B cells, macrophages and CTL. They play a dominant role in orchestrating
an immune response.
[0003] MHC molecules are characterized by their highly polymorphic nature and many different variants have been
defined which are encoded by different gene loci and alleles. Many of the amino acid variations that distinguish MHC
alleles are localized in the binding groove where they modulate its shape and charge. Peptides capable of binding to
a particular MHC molecule must fit to the configuration of that molecule's binding groove. Within the human population
there are many different MHC alleles and an individual generally expresses six different class Ia molecules (encoded
by the HLA-A, -B, C loci), each of which binds a different repertoire of peptides due to different amino acid composition
of the peptide binding groove. In addition an individual has HLA alleles encoding a number of class Ib molecules,
including HLA-E, F and G.
[0004] For MHC-restricted cells to respond to antigenic stimulation, MHC/peptide complexes must be expressed at
the surface of a target cell and the T cells must express a cognate TCR. The specific ability of T-cells, to recognize
specific antigens, which are presented via MHC molecules, was used in a variety of therapeutical approaches, e.g. in
the antitumor therapy.
[0005] However, the known strategies do not take into consideration that the immune system has a substantial rep-
ertoire of non-MHC-restricted T-cells, which might be used for the elimination of tumor cells. This is partially due to the
fact that attempts to use them in the anti-tumor therapy simply were not successful. Generally, the non-MHC-restricted
type of T-lymphocytes combat tumors by their recognition of tumor cells, that occurs independently of MHC-peptide
ligand expression.
[0006] Examples of cells which show non-MHC-restricted immune response are Lymphokine Activated Killer (LAK)
cells. They represent mixtures of activated natural killer (NK) and non-MHC-restricted T cells that lyse various tumor
cells as well as HLA class I negative target cells. Activated NK cells, like those present in LAK populations, are inhibited
in their cytolytic function following interaction with MHC class molecules. Regulation of LAK-derived T (LAK-T) cells
has never been clarified.
[0007] The emerging understanding of the role of negative regulation of lymphocyte function through inhibitory re-
ceptor interactions with MHC class I molecules provides new insight into mechanisms that influence LAK function.
While activating receptors such as natural cytotoxicity receptors are responsible for the induction of NK-mediated lysis,
the cytolytic capacity of NK cells is ultimately determined by their inhibitory receptor expression.
[0008] Natural killer cells (NK) are crucial for T cell activation in the present invention. Natural killer (NK) cells are a
lineage of lymphoid cells, which lacks antigen-specific receptors, and NK cells are part of the innate immune system.
These cells circulate in the blood as large lymphocytes with distinctive cytotoxic granules. These lymphocyte-like cells
show important functions in innate immunity. They are able to recognize and kill some abnormal cells, for example
tumor cells and virus-infected cells, and are thought to be important in the innate immune defence against intracellular
pathogens. Although lacking antigen-specific receptors, they can detect and attack certain virus-infected cells.
[0009] Extensive analyses of different sources of NK cells have shown that essentially all human NK cells bear
inhibitory receptors that interact with class I molecules and inhibit their cytotoxicity, thereby protecting normal somatic
cells from NK-mediated attack (reviewed in( 1-3). Two forms of inhibitory receptors are expressed by NK cells: the
killer cell inhibitory receptors (KIR) belong to the immunoglobulin superfamily and interact with classical MHC class Ia
(HLA-A, -B, -C) molecules whereas inhibitory receptors of the C-type lectin superfamily are composed of CD94/NKG2A



EP 1 275 400 B1

5

10

15

20

25

30

35

40

45

50

55

3

heterodimers that bind non-classical MHC class Ib (HLA-E) molecules (4;5). Through expression of class Ia and Ib
molecules, nucleated cells bear two sets of ligands that can independently prevent their attack by NK cells bearing
either of these inhibitory receptor types.
[0010] However, as stated above, the regulation of LAK-derived T (LAK-T) cells has never been clarified.
[0011] In recent years, new therapeutic approaches utilizing the immune system have been investigated for treatment
of tumors that can not be eliminated by current chemotherapies or radiation therapies. The first immune therapies used
systematic application of Interferons, either IFNα or IFNγ, often in combination with IL-2 (6-9).
[0012] Rosenberg and colleagues were the first to explore the antitumor potential of LAK cells for immune therapy
of cancer patients (10;11). Following adoptive transfer of LAK cells into patients with advanced disease, some patients
showed dramatic responses but many tumors failed to regress. Numerous animal studies and in vitro analyses of
human LAK cells pinpointed activated NK cells as the major effector component mediating tumor regression, although
weaker cytotoxic function was also found in the T cell fraction. However, clinical trials using LAK cells, applied either
alone or in combination with high dose IL-2 to retain NK viability, failed to improve clinical efficacy. Furthermore, clinical
benefits were severely limited by concurrent toxicity, particularly when IL-2 was coadministered with the LAK cells.
[0013] Further clinical trials studied the capacity of unseparated LAK cells to mediate antitumor activity in vivo fol-
lowing the adoptive transfer of large numbers of cells into patients with advanced disease (10;12-20). While dramatic
regression of some tumor lesions was observed, this occurred rarely, was short-lived and associated with high toxicity.
In patients receiving systemic high dose IL-2 therapy, induction of LAK cells was observed in vivo and in vitro in most
individuals, irrespective of their clinical responses, indicating that the efficacy of LAK cells was most likely regulated
at the level of interaction between effector cells and tumor cells. The failure to identify the basis of LAK-mediated tumor
regression, thereby allowing patients to be identified who might benefit from this therapy despite its associated toxicity,
limited further clinical development.
[0014] This toxicity, together with the inability to understand why only some tumors regressed, led to the abandonment
of non-MHC-restricted tumor cells, like LAK cells in favor of therapeutic strategies designed to adoptively transfer
tumor-infiltrating lymphocytes or to induce MHC-restricted T cell responses. These newer strategies also show promise
but, once again, tumor regression has only been observed in some patients. Interestingly, in several well-studied ex-
amples it was found that tumor variants emerged that showed partial or complete loss of MHC class I expression in
patients who had generated strong class I-restricted CTL responses in vivo.
[0015] Thus, it appears that selective pressure by the CTL led to the emergence of tumor variants that no longer
express the corresponding MHC-peptide complexes that are seen by the TCR of the CTL.
[0016] Extensive immunohistochemical studies of tumors have revealed a high prevalence of cells showing aberrant
expression of HLA molecules, often limited to selected HLA allotypes. While such tumors still bind pan class I antibodies,
like W6/32, their disturbed MHC expression might allow them to escape elimination by MHC-restricted CTL.
[0017] Therefore, it is the object of the present invention to provide an improved strategy for the treatment of tumors,
which show a low, missing or aberrant expression of MHC class I molecules.
[0018] This problem is solved by the features set forth in the independent claims. Preferred embodiments of the
present invention are detailed in the dependent claims.
[0019] The problems that are related to the therapies/compositions that have been used up to now are on the one
hand due to the above described escape mechanism, which causes a reduced susceptibility of tumor cells for attack
by MHC-restricted T-cells. On the other hand, as indicated above, therapies that involved non-MHC-restricted T-cells
have not shown long lasting, reproducible and effective therapeutic results.
[0020] In recent experiments the inventors showed, that non MHC-restricted T-cells, e.g. LAK-T cells, like activated
NK cells, are inhibited by interactions with HLA class I molecules. LAK-T cells lyse class I positive tumor cells but lysis
is suppressed when tumor cells are stimulated with interferon-gamma to increase their class I expression. This inhibition
of cytotoxicity is however reversed in the presence of class I-specific monoclonal antibody. HLA negative target cells
can be partially protected from lysis by LAK-T cells following their transfection to express HLA class Ia or class Ib
molecules. The principle of negative regulation by HLA molecules thus applies to non-MHC-restricted T-cells, such as
LAK-T cells generated from tumor patients and healthy control donors. Although LAK-T cells are inhibited by class Ia
and class Ib molecules, they do not express known NK inhibitory receptors. Apparently, they are negatively regulated
through hitherto undefined inhibitory receptors. Experiments conducted by the inventors showed that these T-cells
would be most effective in recognizing tumor cell variants that show low or disturbed MHC class I expression since
their cytotoxic function could not be efficiently inhibited by interactions with class I molecules. These results have lead
to a new approach, which allows an effective use of non-MHC restricted T-cells, e.g. LAK T-cells, in the therapy of
tumor diseases by combating tumor variants showing low or aberrant expression of specific HLA allotypes.
[0021] Based on this research work, the use of therapeutic compositions containing immune cells, which attack tumor
cells in a non-MHC-restricted way, in combination with MHC-restricted T-cells, provide a balanced selective pressure
against emergence of tumor cell variants that would otherwise escape immune detection.
[0022] Generally, a therapeutic composition according to the present invention contains:
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a) activated non-MHC-restricted T-cells and/or Natural Killer (NK) cells in combination with
b) MHC-restricted T-cells or
c) therapeutic agents, which induce immune responses of MHC-restricted T cells, selected from a genetically
engineered tumor cell or a vaccine comprising tumor cells.

[0023] These ingredients may also be contained in a kit of parts comprising one or more containers filled with one
or more of the ingredients of the aforementioned composition of the invention. By means of this kit it is possible to
separately or simultaneously administer those ingredients.
[0024] According to one preferred embodiment, Lymphokine Activated Killer (LAK) cells are used as activated
non-MHC-restricted T-cells and/or Natural Killer (NK) cells.
[0025] LAK cells represent a composite population of CD3- NK cells and CD3+ T cells, of both the CD4 and CD8
subsets. Characteristic of LAK cells is their capacity to lyse a variety of tumor cells in a non-MHC-restricted fashion.
In addition, LAK cells can kill class I negative target cells, such as Daudi and K562, which serve as general standards
for identification of non-MHC-restricted cytotoxic effector cells. Separation of LAK populations into CD3- and CD3+

fractions revealed that both NK cells and T cells could lyse class I negative target cells and a variety of different tumor
cells.
[0026] In practice, LAK cells show one major advantage over other non-MHC-restricted T-cells/NK cells, which is
the relatively simple way, in which these cells can be produced in vitro. As described above and as it is described in
detail in the Examples, LAK cells are derived from peripheral blood mononuclear cells (PBMC) through in vitro culture
in the presence of high dose interleukin-2 (IL-2). This way is superior to the other way of producing human NK cells
as well as CD4+ and CD 8+ T cells, i.e. by allogeneic stimulation of mixed peripheral blood lymphocyte (PBL) popula-
tions.
[0027] Tumor-specific CTL can be generated by different approaches using either fresh tumor material or known,
recombinant tumor antigens, respectively, depending on tumor entity and availability of tissue material. Further details
on the generation of tumor-specific CTL are set forth in the Examples.
[0028] The therapeutic compositions of the present invention may be administered as a combination of activated
non-MHC-restricted T-cells and/or Natural Killer (NK) cells in combination with MHC-restricted T-cells or, alternatively,
in combination with therapeutic agents, which induce immune responses of MHC-restricted T cells.
[0029] According to one aspect of the present invention, the therapeutic agent for inducing immune responses of
MHC-restricted T-cells is a vaccine comprising tumor cells.
[0030] Another aspect is the use of gene therapies, by which an immune response of MHC-restricted T-cells is
induced using genetically-engineered tumor cells containing additional genes encoding cytokines or surface molecules
that function to improve their capacity to induce specific immune responses. Such genetic modifications can be intro-
duced into tumor cells ex vivo which arc then reapplied as vaccines in patients or the genes can be introduced into
tumors in vivo by various means. Said transfer of genetic material into tumor cells can be carried out by the following
means: In ex vivo approaches, the gene gun technique, electroporation or viral vectors like adenovirus, AAV, retrovirus,
EBV, CMV, Herpes simplex and pox viruses, such as MVA among others and cationic lipids for which a number of
commercial products is available, can be used. For in vivo approaches, also the gene gun technique can be used as
well as viral vectors as adenovirus, AAV, retrovirus, EBV, CMV, Herpes simplex and pox viruses, such as MVA among
others cationic lipids, many of them are commercially available, see above.
[0031] The following surface molecules can preferably be transferred into tumor cells to improve their immunogenic-
ity: B7.1/B7.2, ICOS ligand and B7-H3. Reference is made to Carreno, B.M. and Collins, M. 2002. The B7 family of
ligands and its receptors: new pathways for costimulation and inhibition of immune responses. Ann.Rev.Immunol.20:
29-53. Furthermore, CD40 and CD154 (CD40 ligand) can be used. For further information see: Grewal, I.S. and R.A.
Flavell. 1998. CD40 and CD154 in cell-mediated immunity.
[0032] Ann.Rev.Immunol.16: 111-135. A further example is the 4-1BB ligand. Reference: Wen T, Bukczynski, J. and
Watts, TH. 2002. 4-1BB ligand-mediated costimulation of human T cells induces CD4 and CD8 T cell expansion,
cytokine production and the development of cytolytic effector function. Also MHC class II molecules can be used in
this context. Reference: Fabre-JW. 2001. The allogeneic response and tumor immunity. Nature Medicine 6:649-652.
[0033] The above mentioned therapeutic compositions can be used in the treatment of tumors, which tumors show
a low, missing or aberrant expression of MHC class 1a or 1b molecules. According to one preferred embodiment, these
tumors show a low, missing or aberrant expression of HLA-C and/or HLA-E molecules.
[0034] Examples of these tumors are carcinomas of colon, breast, prostate as well as renal cell carcinoma (RCC)
and melanoma.
[0035] The non-MHC-restricted cells are to be applied either separately or in combination with adoptive transfer of
MHC-restricted CTL or applied in parallel with the application of other therapeutic strategies designed to induce MHC-
restricted T cell responses in vivo.
[0036] The compositions of the present invention, that may, for example, contain LAK cells consisting of mixtures of
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activated NK and LAK-T cells or cultures containing predominantly LAK-T cells, can be used for adoptive therapy of
patients whose tumors show the following characteristics:

1) missing expression of any or all MHC class Ia or class Ib molecules.

2) low expression of MHC class Ia (encoded by HLA-A, B or C loci) or class Ib molecules (encoded by HLA-E or
HLA-G locus). This can include tumors showing low expression at any single locus or for any single allele of these
four loci.

3) tumors in which the natural levels of HLA-C or HLA-E expression may make them particularly susceptible to
NK or LAK-T cells.

[0037] The missing expression or low levels of MHC class Ia or class Ib expression can be characteristic of only
some tumors cells in the tumor cell population (either primary tumors or metastases) or can be characteristic for all
cells in the tumor population (either primary tumors or metastases).
[0038] There are different approaches, how the MHC class I expression in tumors can be determined:

a) by immunohistochemical staining of cryopreserved tumor material with cryostat sections using suitable mono-
clonal antibodies to detect MHC expression (for example (21;22)

b) by flow cytometry analysis of isolated tumor cells using monoclonal antibodies directed against MHC class I
molecules such as the reagent W6/32 (American Type Tissue Culture Collection, Rockville MD, USA) or other
antibodies detecting proteins encoded by specific MHC loci or alleles (for example, (23)

c) by molecular analysis of MHC allele expression using oligonucleotide primers that can detect the presence or
absence of the various loci in DNA isolated from the tumor cells (i.e. these methods can detect chromosomal
alterations in the MHC genes) (for example, (24))

d) by RT-PCR methods to detect lack or diminished levels of RNA encoding MHC class Ia or class Ib alleles (for
example, (25))

e) by biochemical analyses using the methods of isoelectric focussing to detect loss of proteins bands correspond-
ing to various MHC class I loci or alleles (for example, (26)) and

f) by functional studies using well-characterized NK or LAK-T cells that are negatively regulated by specific class
Ia or class Ib molecules. The failure of tumor cells to inhibit the cytotoxicity of such effector cell populations shows
that they would be susceptible to attack by LAK or LAK-T cells having similar specificities.

[0039] As controls for each of these methods one can use, when available, corresponding normal tissue. For example
in the case of renal cell carcinomas one can use normal kidney parenchyma tissue which is obtained at the time of
tumor nephrectomy. Alternatively one can use PBMC as a control.
[0040] As a summary, the combination of non-MHC-restricted and MHC-restricted cells can be applied in the following
situations:

1) When the tumor cells (either primary tumors or metastases) of the patients show any of the characteristics
described above with respect to MHC class Ia or class Ib expression.

2) When patients have undergone immunotherapy treatments in which the therapeutic principle is based on MHC-
restricted tumor cell recognition whereby their tumors (either primary or metastases) failed to respond, showed
only partial responses or showed a response but subsequently showed renewed growth. These situations indicate
that MHC-restricted T cell responses were alone not capable of eliminating all tumor cells.

3) In patients with large tumor burdens (either primary or metastatic lesions) for tumor types that have been shown
previously to show aberrant MHC expression in a large percentages of cases, such as melanomas, colon carci-
nomas, breast cancers and prostate carcinomas (for example (21;22)).

4) In patients who are to receive immuntherapies based on induction of MHC-restricted T cells, as a parallel treat-
ment to counter-attack the selection for tumor variants that can not be recognized by MHC-restricted effector cells.
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[0041] Non-MHC restricted cells can be applied in patients subsequent to their receipt of immune therapies based
on MHC-restricted responses, simultaneously with such therapies or prior to the application of therapies based on
MHC-restricted responses.
[0042] The exact mode of application must be coordinated with the other components of the therapy (for example
the adoptive transfer of MHC-restricted CTL or the application of various vaccine forms to induce MHC restricted
responses). This can be performed according to published studies (for example 11-15).

BRIEF DESCRIPTION OF THE DRAWINGS:

[0043]

Figure 1. Cytotoxic activities of LAK cells derived from RCC patients and healthy donors against MHC
class I negative and malignant target cells. (A) LAK cells generated from PBMC of two RCC patients, LAK-26
(black bars) and LAK-53 (dotted bars), and (B) two healthy donors, CP-176 (white bars) and CP-41 (hatched bars)
were analyzed with three MHC class I negative target cells, L721.221, K562 and Daudi. Results represent mean
values ± standard deviations of % relative cytotoxic responses (%RCR)(27), calibrated to 50% lysis of L721.221
cells using data derived from five to seven independent experiments. Levels of % specific lysis ranged from 25 to
50%. LAK-26 and LAK-53 cells were tested at an E:T of 10:1; LAK-CP176 and LAK-CP41 at an E:T of 20:1. (C)
Specific cytotoxic activity of LAK-26 cells against various RCC lines (RCC and SKRC) and one melanoma line
(MEL-25) at an E:T of 20:1. (D) Specific lysis pattern of LAK-CP176 cells against the same RCC and MEL lines
at an E:T of 20:1.

Figure 2. Inhibition of lysis by endogenous or exogenous IFNγ modulation of RCC-26 cells. Specific cytotoxic
activity of LAK-26 T cells (A-C) and B.3NK cells (D-F) against RCC-26 cells (ρ), vector control cells RCC-26VC
(h) without IFNγ (open symbols) or after 96 h stimulation with 1000 U/ml IFNγ (black symbols). Unmodified RCC-
26 and RCC-26VC cells were directly compared for their sensitivity to lysis by LAK-26 (A) and B.3NK (D). Two
endogenous IFNγ expressing RCC-26 lines, endoγ1 (grey o) and endoγ2 (grey ◊) were used as target cells in
comparison to RCC-26VC control cells (h) for LAK-26 cells (B) and B.3NK cells (E), respectively. Cytotoxic activity
of LAK-26 (C) and B.3NK cells (F) against endoγ1 and endoγ2 cells without (s;◊) or after 96 h stimulation with
exogenous IFNγ (•; ♦). All effector/target combinations were tested simultaneously. Data are shown as % specific
lysis for one of four independent experiments. (G) Expression of MHC class I on RCC-26 tumor cells and transduced
variants using the pan class I-specfic mab W6/32. The data represent corrected mean fluorescence intensities
(∆MFI) evaluated by subtracting MFI with isotype control mab from MFI with specific mab for one of nine repre-
sentative experiments.

Figure 3. LAK and B.3NK activities are not tumor specific and inhibition can be reversed by blocking with
HLA class I mab. (A) LAK-26 and (B) B.3NK cells were tested in parallel against tumor (RCC-26) cells and normal
kidney cells (NKC-26) in the presence of control mab (MOPC21) without IFNγ (white bars) or following 96 h IFNγ
stimulation (black bars). Cells preincubated with class I-specific mab (W6/32) for 30 min are indicated by hatched
bars in both graphs. RCC-26 (C+E) and NKC-26 (D+F) were analyzed for HLA class I surface expression using
W6/32 for general class I staining (C+D) and the HLA-C-specific mab, L31 (E+F). Unstimulated RCC-26 or NKC-
26 cells are shown in bold open graphs, IFNγ-stimulated cells are displayed as filled graphs and control staining
with mab MOPC21 is shown with open thin graphs.

Figure 4. Inhibition of LAK cytotoxicity by HLA class Ia and Ib molecules transfected into class I negative
cells. (A-D) Cytotoxicity of LAK-26 cells was tested using different class I negative target cells following modification
to express class I molecules. (A) The class I negative L721.221 (p) line compared to the class I positive HLA-
hemizygous variant L721.112 line expressing the HLA-A1, Cw7, B8 haplotype (π). (B) Class I negative Daudi cells
(h) in comparison with class 1 positive Daudi-β2m transfectant potentially expressing A*0102, A*6601, B*5801,
B*5802, Cw*0302, and Cw*0602 (j)(28). (C) Class I negative K562 cells (◊) and the corresponding HLA-E ex-
pressing transfectant (♦). (D) L721.221 cells compared with transfectants expressing single HLA alleles (B*3501,
Cw*0702, Cw*0602) showing comparable levels of MHC expression (data not shown). Data represent mean values
+ SD of % RCR of three independent experiments at an E:T of 20:1. (E) LAK-CP41 and (F) LAK-CP176 lysis of
L721.221 cells and transfectants expressing HLA-G, B*3501, B*2705, Cw*0702 and Cw*0602 at an E:T of 20:1.
Data for A-C represent % specific lysis and D-F values represent mean values + SD of % RCR using 50% lysis
of L721.221 as a reference from three or more independent experiments(27). The values of % specific lysis of
L721.221 ranged from 35% to 58%.



EP 1 275 400 B1

5

10

15

20

25

30

35

40

45

50

55

7

Figure 5. Negative regulation of cytotoxicity of CD4+ LAK-T cells. (A) Phenotype analysis of enriched CD4+

LAK-26-derived T cells (left) and the mixed LAK-26 population (right). CD3 and CD4 staining is shown. The cyto-
toxic pattern of enriched CD4+ LAK-26-derived T cells (B) was compared to that of mixed LAK-26 cells (C). Data
represent % RCR using 50% lysis of K562 cells as a reference value. The % specific lysis for K562 by CD4+ T
cells was 26% and of the mixed population was 30%.

[0044] In the following, there is a detailed description of the present invention provided. The basic principles under-
lying the present invention are illustrated by a special kind of non-MHC restricted cells, i.e. by LAK cells. However, it
is noted that the scope of the present invention is not limited to LAK cells and their use.

LAK cells from RCC patients and healthy donors recognize MHC class I negative target cells and HLA class I
positive tumor lines

[0045] LAK cells generated from PBMC of patients with RCC and healthy donors were tested for cytotoxic activity
directed against MHC class I negative target cells and various tumor cell lines. Figure 1 summarizes composite results
of several independent experiments in which the HLA class I negative target cells L721.221, K562 and Daudi were
efficiently lysed by four different LAK populations. No substantial differences in levels of cytotoxic activity were observed
between LAK-26 and LAK-53, derived from two RCC patients (Fig. 1A) and LAK-CP176 and LAK-CP41, derived from
two healthy control donors (Fig. 1B). The patient-derived LAK-26 were able to lyse the autologous RCC line (RCC-26)
and, in addition, they could recognize various allogeneic RCC lines (SKRC) as well as the MEL-25 melanoma line,
independent of HLA background (Fig. 1C). The control donor-derived LAK-CP176 line lysed these various tumor cell
lines in a similar fashion (Fig. 1D). All of these tumor lines were shown to be class I positive through binding of the
class I-specific mab, W6/32 (data not shown). These results demonstrated that the LAK populations were able to
recognize target cells in a non-MHC-restricted manner and lysis was not specific for any single tumor entity.

LAK populations are composed primarily of CD4+ and CD8+ T cells

[0046] Phenotype analyses of lymphocyte subsets were made of the expanded LAK cultures derived from the four
different donors utilized in these studies. Table 1 shows the distribution of CD3-CD56+ NK cells and CD3+CD56- T cells
in these LAK populations. Differences between LAK cells derived from RCC patients and healthy donors were not
evident: CD3+ T cells were the major cell type, representing more than 95% of the cells in all samples. While the
LAK-CP 176 culture was dominated by CD8+ T cells, the other LAK samples contained approximately equal numbers
of CD4+ and CD8+ T cells. In contrast, CD3-CD56+ NK cells were present in only very low numbers, ranging from 0-6%
of total cells. These results revealed that the culture conditions used for generation and maintenance of these LAK
cells led primarily to expansion of the T cell fraction of lymphocytes rather than the adherent fraction of NK cells. The
phenotype of these LAK cell lines indicated that the major cytolytic component was attributable to activated T cells. In
fact, depletion of the small remaining fraction of NK cells from the mixed LAK populations did not alter their cytotoxic
potential or specificity (data not shown).

MHC class I enhancement is associated with IFNγ-mediated inhibition of LAK-T cells and activated NK cells

[0047] It has been shown previously that IFNγ treatment of tumor cells can lead to resistance to purified NK cells
and to LAK cells (29;30)). To determine whether MHC expression could also affect tumor cell sensitivity to LAK-T cells,
RCC-26 cells were analyzed after enhancement of their class I expression through exogenous IFNγ stimulation. Alter-
natively, the RCC-26 line was transduced with human IFNγ cDNA, leading to endogenous cytokine production and
subsequent upregulation of class I expression (31). Susceptibility of these different IFNγ-modulated RCC-26 cells to
lysis was assessed using autologous LAK-26 T cells (Fig. 2A-C). Purified B.3NK cells which were shown previously
to exclusively express p58.2 receptors of the KIR family that bind HLA-C molecules of the Cw1, 3, 7 subgroup were
included for comparison (Fig. 2D-F). Unmodified RCC-26 cells and the control line carrying empty vector (RCC-26VC)
were lysed by both effector cell types, whereby the activated NK cells showed a stronger lytic capacity. Following
stimulation with exogenous IFNγ both tumor lines displayed substantial resistance to lysis by both LAK-T and NK cells
(Fig. 2A, D). A similar degree of resistance was observed with one IFNγ transductant (endoγ1) whereas the second
transductant (endoγ12) showed only partial resistance to both effector populations (Fig. 2B, E). However, further stim-
ulation with IFNγ led to an increased resistance of this transductant to both LAK-26 T cells and B.3NK cells (Fig. 2C,
F). This resistance was comparable to that induced by exogenous IFNγ stimulation of RCC-26 and RCC-26VC cells.
In parallel studies, the LAK-53, LAK-CP41 and LAK-CP176 T cells showed cytotoxic patterns like those of LAK-26 T
cells and B.3NK cells, demonstrating a general correlation between IFNγ-induced effects and resistance to LAK-derived
cytotoxic T cells (data not shown).
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[0048] The decrease in LAK-T and control NK activity following interaction with the various target cells was consist-
ently seen in all experiments in which increases in class I expression were detected by flow cytometry. Figure 2G shows
representative results of one of numerous experiments analyzing the enhancement of MHC class I expression by IFNγ
in RCC-26 cells. Even though RCC-26 and RCC-26VC cells constitutively expressed substantial levels of class I mol-
ecules, expression was increased following IFNγ stimulation, as detected by staining with the class I-specific mab,
W6/32. While the total levels of MHC expression varied among the different cell lines, these were reproducible and
apparently reflected variations in the responsiveness of the individual lines to IFNγ induction. Interestingly, the endoγ2
line displayed lower constitutive levels of MHC molecules when compared to endoγ1 cells. This transductant was also
more susceptible to LAK-T- and NK-mediated cytotoxicity. However, stimulation of endoγ2 cells with exogenous IFNγ
led to enhanced class I expression (data not shown) and increased resistance to both effector cell types (see Fig. 2C,
F). In additional experiments it was shown that other tumor cell lines acquired resistance to LAK-T cells following their
treatment with IFNγ (data not shown).
[0049] The availability of a cell line derived from normal kidney parenchyma of patient 26 (NKC-26) (32) allowed
assessment of whether the IFNγ-induced inhibition of LAK-T and NK cytotoxicity was restricted to tumor cells or also
affected lysis of normal epithelial cells. NKC-26 cells were lysed by autologous LAK-26 T cells (Fig. 3A) and allogeneic
B.3NK cells (Fig. 3B), demonstrating that these effector cells were not tumor specific. As seen with RCC-26 cells,
exogenous IFNγ stimulation of NKC-26 cells resulted in substantial inhibition of cytotoxicity by both LAK-T cells and
activated NK cells, revealing that IFNγ-induced resistance was also not tumor specific. In studies not shown it was
found that allogeneic LAK-T cells could lyse the NKC-26 line and that IFNγ stimulation led to its partial resistance,
indicating that this effect was not limited to autologous LAK-T cells.
[0050] Parallel studies analyzing class I expression following IFNγ stimulation showed increased binding of W6/32
antibody by both RCC-26 (Fig. 3C) and NKC-26 cells (Fig. 3D). Likewise, the levels of HLA-C molecules which serve
as the ligands for the p58.2 inhibitory receptors that govern the activity of B.3NK cells were found to be increased on
both cell lines using mab L31 (Fig. 3E, F). The weak staining pattern observed with mab L31 may be explained by its
preferential reactivity with β2m-free heavy chains of HLA-C molecules (33).

MHC class I-specific antibody reverses inhibition of LAK-T cell cytotoxicity

[0051] Since IFNγ regulates expression of many different genes, functional inhibition studies using mab to block
class I ligands on target cells were used to demonstrate that these molecules directly contributed to the downmodulation
of LAK-T and NK activity. Preincubation of IFNγ-stimulated RCC-26 or NKC-26 cells with W6/32 mab led to reversal
of inhibition of both effector populations (Fig. 3A, B). Thus, resistance of normal epithelial cells and tumor cells was
mediated by class I molecules and antibody masking of class I surface expression could restore susceptibility of both
target cells to lysis.
[0052] The class I-dependent inhibition of LAK-T cytotoxicity was confirmed by extended blocking studies summa-
rized in Table 2. Cytotoxic activities of LAK-T cells (LAK-26, LAK-CP41) and B.3NK cells against various target cells
were analyzed in the presence of W6/32 or isotype control mab. Preincubation of unstimulated RCC-26 and RCC-
26VC cells with W6/32 mab led to small increases in lysis by the different effector cells when compared to isotype
controls. Addition of W6/32 mab led to substantial reversal of the inhibition of lysis seen with the IFNγ-stimulated RCC-
26 and RCC-26VC cells. Moreover, lysis of both IFNγ-expressing transductants was substantially increased in the
presence of W6/32 mab. The consistently improved cytotoxicity achieved through masking of class I molecules was
also observed with a second RCC line and a corresponding IFNγ transductant (data not shown). These results dem-
onstrated that class I molecules contributed directly to the IFNγ-mediated inhibition of LAK-T cells and activated NK
cells.

HLA class Ia and class Ib molecules can inhibit LAK-T cytotoxicity

[0053] Since LAK-T cells efficiently lysed class I negative target cells we investigated whether expression of class I
molecules in such cells could directly inhibit LAK-T activity. The class I negative cell line L721.221 was derived from
a class I positive lymphoblastoid cell line (L721) by irradiation induced mutagenesis with selection for sequential HLA
loss variants. The L721.112 line represents a hemizygous cell line generated in this series which still expresses one
of the two parental haplotypes (HLA-A1, B8, Cw7). While L721.221 cells were very sensitive to LAK-26 T cell-mediated
lysis, the expression of class I molecules by L721.112 cells provided partial protection (Fig. 4A). The Daudi cell line
does not produce β2m and thereby does not express stable class I molecules at the cell surface. Transfection of the
β2m gene into Daudi cells reconstituted their expression of class I molecules (28) which was confirmed by staining
with W6/32 mab (data not shown). The unmodified cell line was efficiently lysed by LAK-26 T cells whereas transfectant
cells showed substantial resistance (Fig. 4B). It was also found that the K562 cells became partially resistant to LAK-
26 T cell-mediated lysis following transfection with the class Ib gene encoding HLA-E molecules (Fig. 4C). L721.221
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cells that were genetically modified to express B35, HLA-Cw6 and HLA-Cw7 molecules were also analyzed as target
cells for LAK-26 T cells. While no reproducible inhibition was seen by HLA-B35 or HLA-Cw7 molecules, partial resist-
ance (25%) was induced by HLA-Cw6 expression (Fig. 4D). These results confirmed that class I molecules alone could
directly inhibit LAK-26 T cell cytotoxicity.
[0054] Insight into the fine specificity of MHC inhibition was also obtained for other LAK-T cells (LAK-CP41 and
LAK-CP176) since it was possible to specifically inhibit their lysis of L721.221 cells by more than 50% through expres-
sion of HLA-Cw6 (Fig. 4E, F). In contrast, expression of HLA-G, -B35 and -B27 and -Cw7 molecules in these cells did
not induce resistance to LAK-T cells. An inhibitory influence of HLA-E molecules appeared unlikely since the signal
peptide of HLA-G can bind to HLA-E molecules, allowing their stable surface expression (34). Therefore the L721.221-G
cells can simultaneously express both HLA-G and HLA-E molecules. Because these cells did not cause inhibition it
appears that HLA-E played no regulatory role in these two LAK-T cell populations.

LAK-derived CD4 T cells are also negatively regulated by MHC molecules

[0055] Enrichment of CD4+ lymphocytes was made by depleting the CD8+ cells from a mixed LAK-T cell population.
To confirm directly that these T cells were cytolytic and their activity could be downregulated by exposure to IFNγ-
modulated tumor cells, the CD4-selected T cells (Fig. 5A left) were compared to the unseparated LAK-26 T cell pop-
ulation containing both CD4 and CD8 cells (Fig. 5A, right). The highly purified CD4+ T cells were able to lyse RCC-26,
NKC-26 and K562 target cells in a manner analogous to the unseparated LAK-T population (Fig. 5B and C). Further-
more, IFNγ-modulation (exogenous stimulation or endogenous expression) of RCC-26 and NKC-26 cells led to inhibi-
tion of lysis of the purified CD4+ T cells in a similar fashion to the unseparated population of LAK-T cells.

LAK-T cells do not express known inhibitory receptors

[0056] The demonstration that the LAK-T cells were regulated by class I-mediated inhibition suggested that they
might carry inhibitory receptors like those expressed by NK cells. Therefore, surface phenotyping to identify such
receptors was made using mab specific for several known inhibitory receptors that interact with HLA-B, C or E mole-
cules. As summarized in Table 3, inhibitory receptors belonging to the KIR immunoglobulin superfamily (p58.1, p58,2
or NKB1) were not present on the T cells. Small percentages of both CD3+ and CD3- cells (3-7%) expressed CD94
molecules. In NK cells it has been found that CD94 associates with the NKG2A coreceptor molecule to create an
HLA-E-specific heterodimeric inhibitory receptor. Because K562 cells expressing HLA-E substantially inhibited LAK-
26 T cell-mediated cytotoxicity (see Fig. 4C), we expected to find T cells bearing such receptors in this population.
However, less than 1% of LAK-26 T cells bound NKG2A antibody (data not shown). Likewise, because LAK-26,
LAK-CP41 and LAK-CP176 were partially inhibited by HLA-Cw6 molecules (see Fig. 4D-F), some T cells expressing
p58.1 receptors were expected, but were also not found in these populations. Thus, the known inhibitory receptors
governing NK cell inhibition by HLA-C and HLA-E ligands were not expressed to any appreciable degree by LAK-T
cells, even though the specific class I ligands characteristic for these receptors were apparently delivering inhibitory
signals to these T cells.

Examples:

[0057] The following examples are set forth for illustrative purposes and should not be considered as limiting the
scope of protection of the present invention.

Generation of LAK cells:

[0058] Blood samples are obtained using either heparin (50 units/ml) (for example: Heparin-Natrium, Braun Melsun-
gen AG) or defibrination to prevent coagulation. To obtain larger numbers of PBMC an apheresis can be performed to
obtain the equivalent of 1-4 liters of blood (methods for blood preparation are described in (35).
[0059] Peripheral blood mononuclear cells (PBMC) are isolated by Ficoll/Hypaque (for example: Biocoll Separating
Solution, Biochrom AG) density gradient centrifugation using standard methods (35).
[0060] PBMC are washed 2x in phosphate buffered saline (PBS) and cultured directly or cryopreserved for future
use. For cryopreservation, PMBC are frozen at concentrations of 5-20 x 106 cells/ml in 1ml aliquots in RPMI culture
medium containing 25-50% autologous serum and 10% DMSO in RPMI 1640 medium (for example: RPMI 1640 Me-
dium, Fa. Invitrogen) and stored in the gas phase of a liquid nitrogen tank. Cryopreserved PBMC are thawed by adding
RPMI medium containing 50% human serum dropwise to a partially thawed cell sample. Following transfer into a plastic
centrifuge tube the volume of medium is increased to 3-5 ml and the cells are washed 2x (35).
[0061] Freshly isolated PBMC or thawed PBMC are resuspended after the 2nd wash in "LAK" medium at a density
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of 1 x 106 cells/ml.
[0062] LAK medium can be prepared in one of two ways:

a) RPMI culture medium containing 15% human serum and 1000 units/ml of recombinant human interleukin 2 (IL-
2) (for example Proleukin, Cetus, Emeryville CA, USA)

b) RPMI culture medium containing 15% human serum and 1000 units/ml IL-2 and 1% (vol/vol) of phytohemag-
glutinin (for example: Difco Laboratories, Detroit MI, USA)

[0063] PBMC are cultured in 50 ml culture flasks (for example Falcon, Becton-Dickinson, San Jose, CA, USA) stand-
ing upright containing a volume of 4-15 ml at 37°C and 5% CO2 for 72-96 hours. Thereafter, the cultures are counted
and cell densities readjusted to 1 x 106 cells/ml using LAK medium without PHA. When the volume of a culture reaches
>15 ml it is divided between two flasks and cultures continued under the same conditions.
[0064] Larger numbers of cells can be obtained by scaling up the volume of the cultures into 250 ml culture flasks
(Falcon, Becton-Dickinson, San Jose, CA, USA) (> 45-150 ml/flask). If enough PBMC are available (for example derived
from an apheresis) several 250 ml flasks can be cultured simultaneously up to high cell numbers such as 109 cells.
[0065] At the completion of the culture period the activated cells can be phenotyped for lymphocyte subpopulations
to determine the composition of NK and LAK-T cells. It is our experience that after two to three weeks of culture the
populations are predominantly LAK-T cells. Functional assessment of their cytolytic potential can be made using a
standard chromium release assay using Daudi and K562 cell lines as target cells (27).
[0066] Activated LAK cells can be cryopreserved for future use using the same freezing protocol as described above
or applied directly after completion of the culture phase.

Generation of tumor-specific cytotoxic T cells (CTL)

[0067] Tumorspecific CTL can be generated by different approaches using either fresh tumor material or known,
recombinant tumor antigens, respectively, depending on tumor entity and availability of tissue material.
[0068] In the rare cases where an in vitro tumor line is available, CTL can be generated by stimulation of PBL against
irradiated tumor cells. Briefly, tumor cells were grown in 24-well plates and, following irradiation of the tumor cells,
autologous PBL were added in human serum containing medium, optionally supplemented with IL-2 and/or IL-4. Every
7 to 10 days, T cells were harvested and again restimulated with irradiated tumor cell cultures. After several rounds of
restimulation, the activity and specificity of the mixed CTL populations were tested using standard chromium release,
ELISPOT, or cytokine secretion assays.
[0069] Alternatively, if no tumor line is available, a lysate of tumor tissue can be used in vitro to pulse dendritic cells
(DC) in order to promote the presentation of specific peptides derived from tumor antigens by these professional antigen
presenting cells (APC). With respect to known tumor antigens, in the case of the malignant melanoma, for instance,
synthetic peptides or recombinant protein fragments derived from known melanoma antigens are used to pulse DC.
Another principle of tumor antigen presentation by DC is based on the generation of tumor-derived RNA which can be
used to directly pulse DC by endogenous expression of tumor-RNA. The procedures for restimulation and for the
analysis of activation and specificity of mixed CTL populations are described above, i.e. standard chromium release,
ELISPOT, or cytokine secretion assays.
[0070] Independent of the procedure for CTL generation, most approaches must deal with similar limitations such
as very low frequency of tumor-specific CTL precursors in the blood, time consuming and laborous production of tumor-
specific CTL and the availability of individual tumor material or common tumor antigens.

Effector cells and target cells

[0071] PBMC obtained from RCC patients undergoing tumor nephrectomy or from healthy donors were used for the
generation of LAK cells by culture in RPMI 1640 medium supplemented with 2mM L-glutamine, 1mM pyruvate, 100
U/ml penicillin /streptomycin (complete medium), 15% heat-inactivated, pooled human serum, 1% phytohemagglutinin
(PHA, Difco-Laboratories, Detroit, MC) and 1000 U/ml rIL-2 (Proleukin, Cetus Corp. Emeryville, CA). These cultures
were maintained over several weeks in order to obtain expanded populations of activated CD4+ and CD8+ T cells.
LAK-derived CD4+ T cells were enriched by magnetic bead separation (Dynal, Oslo, Norway) by depleting CD8+ T and
NK cells according to the manufacturer's instructions. Human NK cells were activated as described previously and
purified NK cells were obtained by depleting T cells using CD4- and CD3-coated immunomagnetic beads (Dynal). The
enriched NK cell line used in these studies, designated as B.3NK cells, was maintained in complete medium supple-
mented with rIL-2 (300 U/ml).
Cytotoxicity of these effector cells was assessed using Epstein-Barr virus transformed lymphoblastoid cell lines (LCL)
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derived from the L721 cell line. The L721.112 cell line represents a hemizygous variant of L721 that expresses the A1,
Cw7, B8 haplotype (kindly provided by T. Spies, Fred Hutchinson Cancer Research Center, Seattle). The L721.221
cell line does not express any MHC class I molecules (36). This line was transfected to express the class I alleles,
B*3501, B*3702, Cw*0602, and Cw*0702, as described. An HLA-E transfectant of K562 was generated by transfecting
hybrid DNA cloned into the pcDNA3 vector encoding exon 1 of HLA-A2 and exons 2-7 of HLA-E. This construct allows
HLA-E surface expression by stabilization of the HLA-E heavy chain with an HLA-A2-derived peptide. Daudi cells
transfected with the gene encoding beta-2-microglobulin (β2m) (28) were kindly provided by P. Parham (Stanford Uni-
versity, Palo Alto, CA).
[0072] The RCC-26 tumor line was established from a primary stage I (T1,G2,N0,M0) tumor of patient 26 (HLA
alleles: A*0201, A*3303, B*4101, B*5101, Cw*1502, Cw*1701) and the normal kidney line, NKC-26, was established
from normal kidney parenchyma obtained at the time of tumor nephrectomy (32). Both cell lines were cultured in 10%
FCS containing complete medium without antibiotics. RCC-26 cells were transduced with the human IFNγ cDNA, using
the retroviral system described previously (37). Two IFNγ-expressing lines (designated as endoy 1 and endoγ2) were
generated by independent retroviral transduction (31). A control line (RCC-26VC) was made using the same vector
without IFNγ cDNA (31). Exogenous IFNγ stimulation of tumor cells was performed for 96h in medium containing 1000
U/ml of recombinant IFNγ (Roche, Basel, Switzerland).

Cell-mediated cytotoxicity assay

[0073] Cell-mediated lysis was quantitated in standard 4h chromium-51 release assays (27). Spontaneous release
was determined by incubating target cells alone, total release by directly counting labeled cells. Percent cytotoxicity
was calculated as follows: % specific lysis = (experimental cpm - spontaneous cpm/total cpm - spontaneous cpm) x
100. Duplicate measurements of three step titrations of effector cells were used for all experiments. To compare data
from independent experiments, % relative cytotoxic responses (% RCR) were calculated using specific lysis of un-
transfected L721.221 or K562 cells in each experiment as reference values of 50%. The % lysis of other target cells
was determined in relation to the reference value and expressed as % RCR (27).
[0074] To evaluate the influence of MHC class I molecules, the class I-specific mab, W6/32 was added to target cells
30 min prior to addition of effector cells: mab W6/32 was used as ascites diluted 1:100 and UPC10 (IgG2a) (Sigma,
Deisenhofen, Germany) was used as the isotype control.

Immunophenotyping of effector cells and target cells

[0075] Effector cells were characterized using a panel of lymphocyte specific mab: FITC- or PE-labeled mab specific
for CD3 (UCHT1), CD4 (13B8.2), CD8 (B9.11), CD56 (NKH-1), were purchased from Beckmann/Coulter, Westbrook,
ME. Inhibitory receptor expression was analyzed with FITC- or PE-labeled mab specific for p58.1 (KIR2DL1, EB6),
p58.2 (KIR2DL3, GL183), CD94 (HP-3B1) all purchased from Beckmann/Coulter and NKB1 (KIR3DL1, DX9) from
Pharmingen, San Diego, CA. Cells were incubated for 30 min on ice, washed twice, fixed with PBS-1% paraformalde-
hyde and analyzed using flow cytometry (FACS-Calibur, Becton/Dickinson, San Jose, CA).
[0076] Tumor cells were tested for surface expression of MHC molecules by flow cytometry using culture superna-
tants of the W6/32 hybridoma (American Type Culture Collection, Rockville, MD). The HLA-C-specific mab L31 was
kindly provided by P. Giacomini, Milano, Italy (33). Mab UPC10 and MOPC21(Sigma) were used as negative controls.
Cells were incubated with mab for 90 min on ice, washed twice with PBS and incubated with PE-conjugated goat-anti-
mouse immunoglobulin (F(ab)2, 115-116-146; Dianova, Hamburg, Germany) for 30 min and analyzed using flow cy-
tometry.
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Table 1.

Phenotype analysis of LAK populations

CD3- CD56+ CD3+ CD56+ CD3+ CD4+ CD3+CD8+

LAK-26 1±0 * 9±2 52±5 50±0
LAK-53 5 ° 6 63 33
LAK-CP176 3±2 17±7 19±6 78±7
LAK-CP41 6±2 14±10 46±15 46±12

* The data represent mean percentages (with standard deviations)of positive cells derived from four or more experiments.

° Only two experiments could be performed due to limited growth.
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Claims

1. A therapeutic composition containing

a) non-MHC-restricted T-cells and/or Natural Killer (NK) cells in combination with
b) MHC-restricted T-cells or
c) therapeutic agents, which induce immune responses of MHC-restricted T cells, selected from a genetically
engineered tumor cell or a vaccine comprising tumor cells.

2. The therapeutic composition of claim 1, wherein the cells in a) consist of Lymphokine Activated Killer (LAK) cells.

3. The therapeutic composition of claim 1, wherein the cells in a) consist of LAK-T-cells.

4. A pharmaceutical composition comprising a composition as defined in any one of the preceding claims and a
pharmaceutically acceptable carrier.

5. The compositions of one or more of claims 1-4 for use in the treatment of tumors, which show a low, missing or
aberrant expression of MHC class Ia or Ib molecules.

6. The compositions of one or more of claims 1-4 for use in the treatment of tumors, which tumors show a low, missing
or aberrant expression of HLA-C and/or HLA-E molecules.

7. A combination of

a) activated non-MHC-restricted T-cells and/or Natural Killer (NK) cells and
b) MHC-restricted T-cells or
c) therapeutic agents, which induce responses of MHC-restricted T cells, selected from a genetically engi-
neered tumor cell or a vaccine comprising tumor cells,

for use in a method for the treatment of tumors, which show a low, missing or aberrant expression of MHC class
Ia or Ib molecules.

8. The combination of claim 7 for use in a method for the treatment of tumors, wherein the tumors show a low, missing
or aberrant expression of HLA-C and/or HLA-E molecules.

9. The combination of claim 7 or 8 for use in a method for the treatment of tumors, which method comprises the steps
of applying non MHC-restricted T-cells and/or NK cells prior to applying MHC-restricted T-cells or therapeutic
agents for inducing MHC-restricted T cell responses.

10. The combination of claim 7 or 8 for use in a method for the treatment of tumors, which method comprises the steps
of applying non MHC-restricted T-cells and/or NK cells simultaneously with applying MHC-restricted T-cells or

Table 3.

Analysis of inhibitory receptor expression on LAK populations

NK cell markers

p58.1 p58.2 NKB1 CD94

CD3+ CD3- CD3+ CD3- CD3+ CD3- CD3+ CD3-

LAK-26 0±0* 0±0 1±1 1±1 0±0 0±0 7±7 7±8
LAK-CP176 0±0 0±0 1±0 1±1 0±0 0±0 6±2 3±2
LAK-CP41 0±0 0±0 1±0 1±1 0±0 0±0 3±1 5±2
B.3NK 0±0 0±0 0±0 95±4 0±0 0±0 0±0 85±15°

* The data represent mean percentages (with standard deviations) of positive cells derived from four or more experiments.

° These CD94 molecules are associated with an activating NKG2C molecule.
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therapeutic agents for inducing MHC-restricted T cell responses.

11. The combination of claim 7 or 8 for use in a method for the treatment of tumors, which method comprises the steps
of applying non MHC-restricted T-cells and/or NK cells subsequent to applying MHC-restricted T-cells or thera-
peutic agents for inducing MHC-restricted T cell responses.

12. The combination of one or more of claims 7 - 11 for use in a method for the treatment of tumors, which method
further comprises the step of initially determining the MHC class I expression in the tumor.

13. The combination of claim 7-12 for use in a method for the treatment of tumors, wherein the non MHC-restricted
T-cells and/or NK cells consist of LAK cells.

14. The composition of claims 5 and 6 or the combination of claims 7-12 for use in the treatment of tumors in a mammal,
preferably a human being.

15. The composition of claims 5 and 6 or the combination of claims 7-12 for use in the treatment of colon carcinoma,
breast carcinoma, prostate carcinoma, renal cell carcinoma (RCC) or melanoma.

16. A kit of parts, containing

a) non-MHC-restricted T-cells and/or Natural Killer (NK) cells in combination with
b) MHC-restricted T-cells or
c) therapeutic agents, which induce immune responses of MHC-restricted T cells selected from a genetically
engineered tumor cell or a vaccine comprising tumor cells.

17. The kit of parts of claim 16, wherein the cells in a) consist of Lymphokine Activated Killer (LAK) cells.

18. The kit of parts of claim 16, wherein the cells in a) consist of LAK-T-cells.

Patentansprüche

1. Therapeutische Zusammensetzung, die folgendes enthält:

a) nicht-MHC-restringierte T-Zellen und/oder natürliche Killer (NK)-Zellen in Kombination mit
b) MHC-restringierten T-Zellen oder
c) therapeutischen Mitteln, die Immunreaktionen von MHC-restringierten T-Zellen induzieren, ausgewählt aus
einer gentechnisch veränderten Tumorzelle oder einer Vakzine, die Tumorzellen umfasst.

2. Therapeutische Zusammensetzung nach Anspruch 1, bei der die Zellen in a) aus Lymphokin aktivierten Killerzellen
(LAK-Zellen) bestehen.

3. Therapeutische Zusammensetzung nach Anspruch 1, bei der die Zellen in a) aus LAK-T-Zellen bestehen.

4. Pharmazeutische Zusammensetzung, die eine wie in einem der vorhergehenden Ansprüche definierte Zusam-
mensetzung und einen pharmazeutisch akzeptablen Träger umfaßt.

5. Zusammensetzung nach einem oder mehreren der Ansprüche 1-4 zur Verwendung in der Behandlung von Tumo-
ren, die eine niedrige, fehlende oder anormale Expression von MHC Klasse Ia oder Ib-Molekülen zeigen.

6. Zusammensetzung nach einem oder mehreren der Ansprüche 1-4 zur Verwendung in der Behandlung von Tumo-
ren, wobei die Tumore eine niedrige, fehlende oder anormale Expression von HLA-C und/oder HLA-E-Molekülen
zeigen.

7. Kombination von

a) aktivierten nicht-MHC-restringierten T-Zellen und/oder natürlichen Killerzellen und
b) MHC-restringierten T-Zellen oder
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c) therapeutischen Mitteln, die Reaktionen von MHC-restringierten T Zellen induzieren, ausgewählt aus einer
gentechnisch veränderten Tumorzelle oder einer Vakzine, die Tumorzellen umfasst, zur Verwendung in einem
Verfahren zur Behandlung von Tumoren, die eine niedrige, fehlende oder anormale Expression von MHC
Klasse Ia oder Ib-Molekülen zeigen.

8. Kombination nach Anspruch 7 zur Verwendung in einem Verfahren zur Behandlung von Tumoren, die eine niedrige,
fehlende oder anormale Expression von HLA-C und/oder HLA-E-Molekülen zeigen.

9. Kombination nach Anspruch 7 oder 8 zur Verwendung in einem Verfahren zur Behandlung von Tumoren, wobei
das Verfahren die Schritte umfaßt, nicht MHCrestringierte T-Zellen und/oder NK Zellen vor der Verabreichung von
MHC-restringierten T-Zellen oder therapeutischen Mitteln zur Induktion von MHC-restringierten T-Zellreaktionen
zu verabreichen.

10. Kombination nach Anspruch 7 oder 8 zur Verwendung in einem Verfahren zur Behandlung von Tumoren, wobei
das Verfahren die Schritte umfaßt, nicht MHCrestringierte T-Zellen und/oder NK-Zellen simultan mit der Verabrei-
chung von MHC-restringierten T-Zellen oder therapeutischen Mitteln zum Induzieren von MHC-restringierten T
Zell-Reaktionen zu verabreichen.

11. Kombination nach Anspruch 7 oder 8 zur Verwendung in einem Verfahren zur Behandlung von Tumoren, wobei
das Verfahren die Schritte umfaßt, nicht MHCrestringierte T-Zellen und/oder NK-Zellen anschliessend an die Ver-
abreichung von MHC-restringierten T-Zellen oder therapeutischen Mitteln zum Induzieren von MHC-restringierten
T Zell-Reaktionen zu verabreichen.

12. Kombination nach einem oder mehreren der Ansprüche 7-11 zur Verwendung in einem Verfahren zur Behandlung
von Tumoren, wobei das Verfahren weiterhin den Schritt umfaßt, anfänglich die MHC Klasse I-Expression in dem
Tumor zu bestimmen.

13. Kombination nach Anspruch 7 bis 12 zur Verwendung in einem Verfahren zur Behandlung von Tumoren, wobei
die nicht MHC-restringierten T-Zellen und/oder NK-Zellen aus LAK-Zellen bestehen.

14. Zusammensetzung nach Anspruch 5 und 6, oder Kombination nach Anspruch 7-12 zur Verwendung in einem
Verfahren zur Behandlung von Tumoren in einem Säugetier, vorzugsweise eines Menschen.

15. Zusammensetzung nach Anspruch 5 und 6, oder Kombination nach Anspruch 7-12 zur Verwendung in der Be-
handlung von Coloncarzinom, Brustcarzinom, Prostatacarzinom, Nierenzellcarzinom (RCC) oder Melanom.

16. Kit aus Teilen, der folgendes enthält:

a) nicht-MHC-restringierte T-Zellen und/oder natürliche Killer (NK)-Zellen in Kombination mit
b) MHC-restringierten T-Zellen oder
c) therapeutischen Mitteln, die Immunreaktionen von MHC-restringierten T-Zellen induzieren, ausgewählt aus
einer gentechnisch veränderten Tumorzelle oder einer Vakzine, die Tumorzellen umfasst.

17. Kit aus Teilen nach Anspruch 16, bei dem die Zellen in a) aus Lymphokin aktivierten Killerzellen (LAK-Zellen)
bestehen.

18. Kit aus Teilen nach Anspruch 16, bei dem die Zellen in a) aus LAK-T-Zellen bestehen.

Revendications

1. Composition thérapeutique comportant

a) des cellules T non restreintes par le MHC et/ou des cellules tueuses naturelles (NK) en combinaison avec
b) des cellules T restreintes par le MHC ou
c) des agents thérapeutiques, qui induisent des réponses immunes de cellules T restreintes par le MHC,
sélectionnés parmi une cellule de tumeur produite par génie génétique ou un vaccin comportant des cellules
de tumeur.
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2. Composition thérapeutique suivant la revendication 1, dans laquelle les cellules de a) sont constituées de cellules
tueuses activées par de la Lymphokine (LAK).

3. Composition thérapeutique suivant la revendication 1, dans laquelle les cellules de a) sont constituées de cellules
T LAK.

4. Composition pharmaceutique comportant une composition telle que définie dans l'une quelconque des revendi-
cations précédentes et un support acceptable pharmaceutiquement.

5. Compositions suivant l'une ou plusieurs des revendications 1 à 4 pour l'utilisation dans le traitement de tumeurs,
qui présentent une expression faible, manquante ou aberrante de molécules MHC de classe Ia ou Ib.

6. Compositions suivant l'une ou plusieurs des revendications 1 à 4 pour l'utilisation dans le traitement de tumeurs,
tumeurs qui présentent une expression faible, manquante ou aberrante de molécules HLA-C et/ou HLA-E.

7. Combinaison de

a) cellules T non restreintes par le MHC activées et/ou de cellules tueuses naturelles (NK) et
b) de cellules T restreintes par le MHC ou
c) des agents thérapeutiques, qui induisent des réponses de cellules T restreintes par le MHC, sélectionnés
parmi une cellule de tumeur produite par génie génétique ou un vaccin comportant des cellules de tumeur,

à utiliser dans un procédé pour le traitement de tumeurs qui présentent une expression faible, manquante
ou aberrante de molécules MHC de classe Ia ou Ib

8. Combinaison suivant la revendication 7, à utiliser dans un procédé pour le traitement de tumeurs, dans laquelle
les tumeurs présentent une expression faible, manquante ou aberrante de molécules HLA-C et/ou HLA-E.

9. Combinaison suivant la revendication 7 ou 8, à utiliser dans un procédé de traitement de tumeurs, procédé qui
comporte l'étape dans laquelle on applique des cellules T non restreintes par le MHC et/ou des cellules MK avant
l'application de cellules T restreintes par le MHC ou d'agents thérapeutiques pour induire des réponses de cellules
T restreintes par le MHC.

10. Combinaison suivant la revendication 7 ou 8, pur l'utilisation dans un procédé de traitement de tumeurs, procédé
qui comprend les étapes dans lesquelles on applique des cellules T non restreintes par le MHC et/ou des cellules
NK simultanément avec l'application de cellules T restreintes par le MHC ou d'agents thérapeutiques pour induire
des réponses de cellules T restreintes par le MHC.

11. Combinaison suivant la revendication 7 ou 8, pour l'utilisation dans un procédé de traitement de tumeurs, procédé
qui comprend les étapes dans lesquelles on applique des cellules T non restreintes par le MHC et/ou des cellules
NK à la suite de l'application de cellules T restreintes par le MHC ou d'agents thérapeutiques pour induire des
réponses de cellules T restreintes par le MHC.

12. Combinaison de l'une ou plusieurs des revendications 7 à 11, pour l'utilisation dans un procédé de traitement de
tumeurs, procédé qui comporte en outre l'étape dans laquelle on détermine initialement l'expression MHC de
classe I dans la tumeur.

13. Combinaison suivant les revendications 7 à 12 pour l'utilisation dans un procédé pour le traitement de tumeurs,
les cellules T restreintes par le MHC et/ou les cellules NK sont constituées de cellules LAK.

14. Combinaison suivant les revendications 5 et 6 ou combinaison suivant les revendications 7 à 12 pour l'utilisation
dans le traitement de tumeurs chez un mammifère, de préférence un être humain.

15. Composition suivant les revendications 5 et 6 ou combinaison suivant les revendications 7 à 12, pour l'utilisation
dans le traitement du cancer du colon, du cancer du sein, du cancer de la prostate, du cancer de cellules rénales
(RCC) ou de mélanomes.

16. Trousse de pièces, contenant :
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a) des cellules T non restreintes par le MHC et/ou des cellules tueuses naturelles (NK) en combinaison avec
b) des cellules T restreintes par le MHC et
c) des agents thérapeutiques qui induisent des réponses immunes de cellules T restreintes par le MHC sé-
lectionnés parmi une cellule de tumeur produite par génie génétique ou un vaccin comportant des cellules de
tumeur.

17. Trousse de pièces suivant la revendication 16, dans laquelle les cellules de a) sont constitués de cellules tueuses
activées par de la lymphokine (LAK).

18. Trousse de pièces suivant la revendication 16, dans laquelle les cellules de a) sont constituées de cellules T-LAK.
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