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EXPANSION OF LYMPHOCYTES WITH A CYTOKINE 
COMPOSITION FOR ACTIVE CELLULAR IMMUNOTHERAPY 

5 FIELD OF THE INVENTION 

The present invention relates to active cellular immunotherapy including a method 
of preparing a population of clinically relevant lymphocytes using a composition of 
predefined cytokines. The invention further relates to the composition of cytokines 

10 and the generated clinically relevant lymphocytes. 

BACKGROUND OF THE INVENTION 

15 Cancer remains to be one of the most common causes of death in the developed 
countries. For example in the United States and Germany it is the second most 
common cause of death with a mortality of 560,000 (2009) and 218,000 (2010), 
respectively. Survival rates remain poor for many cancers despite improvement in 
the ability to detect and treat this constellation of diseases. 

20 
Among the cancer diseases, pancreatic cancer is the fourth leading cause of 
cancer death in the United States and Sweden without signs of improvement. By 
the time of diagnosis of pancreatic cancer the majority of patients is incurable with 
a locally advanced cancer or metastatic disease only allowing for a palliative 

25 treatment. The medium survival is about six months. Only about 15 to 20 % of the 
patients have a resectable tumor and therefore a potentially curable disease. Like 
most cancer, pancreatic cancer is a systemic disease that requires early and 
systemic intervention. In comparison with many other types of cancer, pancreatic 
cancer is highly chemotherapy resistant and radiation resistant. In order to achieve 

30 a significant breakthrough in improving the dismal prognosis of pancreatic cancer 
finding new alternatives and more efficient treatment concepts is imperative. The 
biology of pancreatic cancer is associated with both local and systemic 
immunosuppression enabling tumor progression and metastasizing. 
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The situation is similar for glioblastoma, which is the most frequent and 
progressive glioma with an incidence of 2-3/100.000 in the United States. 
Glioblastoma make up 12 to 15 % of all intracranial and 50 to 60 % of histiocytic 
tumors. New treatment regimens have increased a medium overall survival (14.6 

5 months with radio plus temozolomide as compared to 12.1 months with radio 
therapy alone). So far intents to develop robust and clinically effective 
immunotherapeutic protocols have been frustrating for patients with glioblastoma 
or patients with pancreatic cancer. One approach for treating such cancers is to 
overcome the tumor induced suppression and/or to induce anti-tumor directed 

10 cellular and humoral immune responses. 

One of the most promising advances is a new therapeutic class called active 
cellular immunotherapy (ACI). Cancer immunotherapies can be either passive or 
active. Passive therapy is based on the adoptive transfer of immunomodulators 

15 including cytokines, tumor specific antibodies or immune cells. These substances 
or cells are then administered to the patient to initiate an anti-tumor action. In 
general these therapies do not generate immunologic memory and therefore 
require chronic infusion based treatment. Active immunotherapies, on the other 
hand, stimulate the patient's immune system with the intent of promoting an 

20 antigen specific anti-tumor effect using the body's own immune cells. In addition 
active immunotherapies seek to create durable anti-tumor response that can 
protect against minimal residual disease and tumor recurrences. 

Clinically relevant and a long-term remission using T-cells directed against tumors 
25 (tumor reactive T-cells) have been achieved in patients with melanoma (2, 3). A 

landmark article showed recently that the best and durable response in cancer 
treatment is achieved if the patient's own T-cells are directed against the patient's 
own tumor cells, i.e. the patient's own "private" mutations (4). Such promising 
results were also obtained for patients with epithelial tumors, i.e. by adaptive 

30 transfer of T-cells targeting mutant epitopes in epithelial cancer (5). These 
approaches usually rely on the harvesting of tumor infiltrating lymphocytes (TIL) 
from tumor lesions or T-cells from peripheral blood. 
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A recent report of the CTEP Subcommittee on Adaptive Cell Therapy summarized 
protocols on the expansion of tumor reactive T-cells from peripheral blood and 
TILs. 

5 This study compiled the roadmap for using TIL therapy or T-cell based therapy 
with a particular focus on product consistency and effective yield of the T-cell 
products. Both consistency and yield for anti-melanoma directed T-cells appear to 
be achievable with current methodologies that would enable T-cell based 
strategies to enter the mainstream of cancer treatment, along with the biologicals, 

10 i.e. anti-CD40L or PD-1 directed therapies. 

Minimally cultured TIL appears to provide the most effective phenotype and profile 
for clinical use (11). The most successful approach up to date has been the use of 
autologous ex vivo activated T-cells that were grown in 24 well plates, tested for 

15 immune effector functions and further expansion using IL-2, allogeneic feeder cells 
and OKT3 (9, 12, 13). 

CD4+ or CD8+ tumor antigen (TAA) directed T-cells have been generated under 
GMP conditions from peripheral blood and formulated to subsequent treatment of 

20 patients. This has been achieved with autologous CD4+ T-cells (14- 16) or CD8+ 
T-cells(17), some directed against the NY-ESO-1 antigen(18), which is also 
possible in PBMCs from healthy patients without cancer, since sufficient T-cell 
precursors are present in the peripheral circulation. Various methods for 
expansion of T-cells generating CD8+ T-cell clones for target directed therapy (19) 

25 have been described. This if great interest since clonal repopulation of the 
patient's immune system with anti-tumor lymphocytes has been shown to induce 
cancer regression but also autoimmunity (20). 

The growth medium formulation may also be relevant for successful active 
30 immunotherapy. Studies showed that starvation impacts on T-cell mediated 

immune responses and may induce starvation- induced immunosuppression, yet 
also the expansion of certain T-cell subsets This mechanism appears to be 
mediated by Leptin (21) which modulates also B-cell development and subsequent 
B-cell responses (22). This lead to the discovery of the nutrient sensor pathways 
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(i.e. the GCN2 in dendritic cells) that enhances antigen presentation (23). More 
recent studies showed that cytokine-driven T-cell expansion (such as those in ex 
vivo expansion of TIL or ACT) are dependent on exogenous amino acids and that 
cytokines, i.e. IL-7, upregulated genes associated with amino acid transporter 

5 expression. Tailoring growth media requirements will therefore be shaped by the 
respective cytokine cocktail used for T- cell expansion (24) as well as for amino 
acids in the medium; both factors will impact on T-cell maturation and 
differentiation which is clinically meaningful. 

10 Clinical (antitumor) efficacy appears to be mediated by CD8+ and central memory 
cells, defined by CD45RA-CCR7+, defined ex vivo from patients responding to T-
cell based therapy. The phenotype of such T-cells is determined by the ex vivo 
expanded T-cell population, as well as by host factors after adoptive transfer. A 
diverse population of T-cells targeting cancer cells may be advantageous for 

15 effective immune responses, including long-term memory T-cells, yet also T-cells 
that can immediately react to (cancer) target cells and produce anti-tumor directed 
immune responses, including terminally differentiated T-cells that express cytolytic 
molecules, such as granzyme and perforin (25, 26). Long term-memory immune 
memory is in part determined by the increased proliferation potential and half-life 

20 that can be measured by the telomere length (27, 28). 

Relatively little is known about what stages of (melanoma)-specific TIL or T-cell 
clones are best for in vivo transfer, due to gene expression differences in vitro and 
in vivo, as well as the differential cytokine milieu in individual patients. Not only an 

25 individual phenotype, and also rather different phenotypes associated with the fast 
delivery of immune effector functions (terminally differentiated CD45RA+CCR7-) 
T-cells along with the provision of long-term immunologically memory of central 
memory T-cells that would replenish the differentiated T-cell pool could represent 
a good choice for expansion of T-cells. 

30 
Similarly relevant appear to be the expression of activation/exhaustion markers, 
i.e. LAG-3, PD-1 and or 4-1BB on T-cells that may indicate a higher change for T-
cell exhaustion and loss of function, and also an enrichment of tumor-antigen 
specific T-cells (which tend to be PD1+, and/or LAG-3, 4-1BB+ (29)). 
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NY-ESO-1 was known to be an eligible target for tumor- antigen specific T-cells. 
NY-ESO-1 is a cancer testing antigen (36, 37) and expressed in a high number of 
tumors. For example, at Karolinska 50 glioblastoma lesions were screened for NY-

5 ESO-1 protein expression and it was found that 35% of the grade 3 and 4 GB are 
positive for NY-ESO-1. Screening of pancreatic cancer lesions showed a lower 
number of NY-ESO-1 protein + cancer lesions in the range of 20%, particularly in 
metastatic lesions. Targeting NY-ESO-1 for the expansion of tumor-reactive T-
cells from peripheral blood appears to be a 'safe choice' of target, since NY-ESO-1 

10 appears to be expressed only in malignant cells and testis without overt 'off-target' 
reactivity in anti-NY-ESO-1 directed T-cells (36). This is of great interest since 
clonal repopulation of the patients immune system with antitumor lymphocytes has 
been shown to induce cancer regression, and autoimmunity(20), a potential risk. 
NYESO-1 has been tested in a number of studies as a potential target in GB, as 

15 well as in GB-stem cells (38), along with the use of DNA- methylating agents to 
increase NY-ESO-1 reactivity (39, 40). 

In view of this state of the art it is an objective of the present invention to provide 
improved methods in immunotherapy. 

20 

SUMMARY OF THE INVENTION 

The present invention is inter alia based on the finding that a composition 
25 comprising cytokines interleukin-2 (IL-2), interleukin-15 (IL-15) and/or interleukin-

21 (IL-21) leads to a superior stimulation and expansion of lymphocytes in 
particular clinically relevant lymphocytes. The expansion and stimulation 
procedure with the cytokine mixture is highly sensitive and allows the preparation 
of the population of clinically relevant lymphocytes even if the starting 

30 concentration in the sample is very low. 

Thus, according to a first aspect the invention provides a composition for 
expanding lymphocytes comprising at least two types of cytokines selected from 
interleukin 2 (IL-2), interleukin 15 (IL-15) and interleukin 21 (IL-21). 
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With this cytokine composition the inventors were able to determine a novel 
method for the preparation of population of antigen edited lymphocytes. Therefore 
according to a second aspect the present invention provides a method of 

5 preparing a population of clinically relevant lymphocytes, comprising the steps of: 
- obtaining a body sample from a mammal, in particular a tissue sample 

or body liquid sample, comprising at least one lymphocyte and 
optionally separating the cells in the body sample, 

- culturing the body sample in-vitro to expand and/or stimulate 
10 lymphocytes in the sample, wherein the culturing comprises using IL-

2, IL-15 and/or IL-21, 
- and optionally determining the presence of clinically relevant 

lymphocyte in the cultured sample. 

15 The method of the second aspect of the invention leads to the formation of 
population of lymphocytes, which includes a population of clinically relevant 
lymphocytes. 

According a third aspect, the invention provides a clinically relevant lymphocyte 
20 obtained by the method according to the second aspect wherein the clinically 

relevant lymphocyte is selected from a B-cell, an NK cell and T-cell. 

According to a fourth aspect the present invention provides a population of 
lymphocytes obtained by the second aspect of the invention comprising a 

25 population of clinically relevant lymphocytes. 

The population of clinically relevant lymphocytes obtained with the method 
according to the second aspect of the invention is in particular advantageous for 
cellular immunotherapy. 

30 
According to a fifth aspect the invention provides an immunotherapy for treating or 
preventing a tumor disease, an infectious disease or an autoimmune disease in a 
mammal comprising the steps of generating a clinically relevant lymphocyte 
population according to the second aspect of the invention wherein the body 
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sample is obtained from said mammal and administering the clinically relevant 
lymphocyte population to said mammal. 

According to a sixth aspect the invention provides a composition according to the 
5 first aspect of the invention for use in the medical treatment, in particular for 

treating and preventing an infectious disease, an autoimmune disease or a tumor 
disease. 

Therefore, according to a seventh aspect the invention provides a kit for use in 
10 medical treatment, in particular for treating or preventing an infectious disease, an 

autoimmune disease or a tumor disease, wherein the kit comprises IL-2, IL-15 and 
IL-21, and optionally at least one of a component that stimulates the TCR, in 
particular OKT3, costimulatory molecules, feeder cells and a peptide comprising 
the amino acid sequence of at least clinically relevant antigen 

FIGURES 

Fig. 1 shows three graphs representing the results of flow cytometry analysis of 
20 samples from an expansion of PBMCs with the cytokine cocktail IL-2, IL-

15 and IL-21 in combination zoledronic acid. The samples were taken at 
different time points as indicated above the graphs. The measured signals 
are a CD3 signal in direction of the y-axis and a TCR gamma delta signal 
in the direction of the x-axis. Gamma delta T-cells are found in the 

25 rectangle area. The originally colored images show intensities of 
overlapping signals in grey scale. The percentage of cells in the rectangle 
area is shown above. 

Fig. 2 shows the result of a flow cytometry analysis of lymphocytes from PBMCs 
30 expanded with the cytokine cocktail in the presence of PRDM2 peptides. 

The larger left panel shows the result of the sample at the beginning of the 
lymphocyte expansion, the right panel the result of the sample after 18 
days of stimulation. Cell signals are separated based on the CD4/CD8 
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markers. The small panels on the right show the gating for lymphocytes 
and CD3+ cells. 

Fig. 3 shows the flow cytometry analysis of the same samples as Fig. 2 
Separation of the cell signals via IFN-y marker and size (side-scattered 
light SSC). 

Fig. 4 shows the results of a flow cytometry on samples of an expansion of 
PBMCs with a cytokine cocktail and stimulation with IN080E and UCHL3. 

10 The cell signals are gated for lymphocytes (4a), CD3+ (4b) and then 
separated based on the CD8 and CD4 signal (4c). 

Fig. 5 shows the IFN-y production on the double negative and CD8+ population 
after stimulation with IN080E or UCHL3. 

15 
Fig. 6 shows the analysis of PBMC cells expanded with the cytokine cocktail and 

IN080E and UCHL3 peptides. Cells stimulated with IN080E were 
analyzed for the production of cytokines CD107a (6d), CD127 (6e) and 
CD117 (6f). 

20 
Fig. 7a to 7f show the results of the expansion of PBMCs with the cytokine 

cocktail and stimulation with CMVpp65. 

Fig. 8 shows results of IFN-y analysis after the stimulation of expanded cells with 
25 NY-ESO-1: Fig. 8a and 8c unstimulated on day 0 and day 18, respectively. 

Fig. 8b and 8d stimulated with NY-ESO-1 on day 0 and day 18, 
respectively. 

Fig. 9 shows the cytokine production of cells expanded from PBMCs obtained 
30 from a patient with glioblastoma upon stimulation with survivin again on 

day 0 and day 18. The measured cytokines are IL-2, IFN-y and TNF-a. 
Fig. 9a shows the results for the subset of CD4+ T-cells, Fig. 9b for the 
subset of double negative T-cells and Fig. 9c for the subset of CD8+ T-
cells. 
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Fig. 10 shows the analysis of the phenotypes CD45RA and CCR7 of lymphocytes 
using flow cytometry. Again lymphocytes are measured on day 0 and after 
18 days of expansion with the cytokine cocktail. 

5 
Fig. 11 shows the analysis of the effect of expansion on the phenotypes of CD4+ 

cells (TH1 / TH2) and CD8+ T-cells. 

Fig. 12 shows the analysis of cytokine CD107a expression by cells expanded 
10 from peripheral blood of a patient with HPV. Fig. 12a shows the CD107a 

expression upon HPV L1 peptide stimulation, Fig. 12b the positive control 
and Fig. 12c represents the result without stimulation (medium). The 
gating process for CD8+ T-cells is shown in Fig. 12d to 12f. 

15 Fig. 13 shows two graphs representing the IFN-y production of lymphocytes 
expanded with either no cytokine, IL-2, IL-15, IL-21 or IL-7 and IL-2 and 
stimulation with NY-ESO-1 or survivin. 

Fig. 14 shows three graphs representing the IFN-y production of lymphocytes 
20 expanded with either no cytokine, IL-2, IL-15, IL-21 or IL-7 and IL-2 and 

stimulation with EBNA-1, EBNA-3a, orCMVpp65. 

Fig. 15 shows a flow cytometry analysis determining Treg (regulatory T-cells) were 
identified prior to and after expansion of T-cells with the cytokine cocktail.. 

25 From left to right: T-cells were gated on CD4+ T-cells and then on 
CD25high designating the high expression of the IL-2 receptor on 
activated T-cells. Then the cells were gated on II-2R (high CD125) cells 
and tested for expression of the IL-7Receptor (CD127) and Foxp3 
(intracellular^). 

30 
Fig 16 shows a flow cytometry analysis determining the percentage of PD-1+ T-

cells in the CD8+ subset. 
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Fig. 17 shows the specific lysis of autologous B-cells pulsed with and pulsed with 
peptides 1-12 by expanded lymphocytes. 

Fig 18 shows a flow cytometric analysis of PBMCs prior to IL-2/IL-15/IL-21 driven 
5 expansion in the presence of the tumor -associated antigen NY-ESO-1. 

First, CD3+ T-cells are gated, then the CD3+ T-cells are gated on CD4+ 
and CD8+ T-cells. 

Fig 19 shows a flow cytometric analysis of PBMCs prior to IL-2/IL-15/IL-21 driven 
10 expansion in the presence of the tumor -associated antigen NY-ESO-1. 

First, CD3+ T-cells are gated, then the CD3+ T-cells are gated on CD4+ 
and CD8+ T-cells. 

Fig. 20 shows images of tumor-infiltrating cultured in-vitro with cytokines IL-2, IL-
15 15, and IL-21 lymphocyte culture of the one week of incubation. 

Fig. 21 shows an overview of the functional scheme of the cytotoxicity assay of 
expanded lymphocytes against autologous tumor cells using radioactivity 
(Cr51) labelling and release. 

20 
Fig. 22 shows the results of a flow cytometric analysis of lymphocytes expanded 

from TIL obtained from patients with Glioblastoma. Figure 3 (A) shows 
the distribution of T-cell phenotypes in expanded TIL from 16 TIL into 
specific phenotypes: precursor (CD45RA+CCR7+), central memory 

25 (CD45RA-CCR7+), peripheral memory (CD45RA-CCR7-), and 
differentiated effector (CD45RA+CCR7-) T-cells separately for base 
phenotypes CD8+ (left panel), CD4+ (right panel) and double negative T-
cells (right panel). The individual data points represent the percentage of 
the specific phenotype based on the base phenotype. The data shows 

30 that IL-2, IL-15 and IL-21 expand TIL with a long-term memory 
phenotype, as well as T-cell precursors - that may provide long-term 
immune protection. 
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Fig. 22 (B) shows the expression of T-cell activation and exhaustion 
markers. The results are grouped like in (A) according to the base 
phenotype CD8+ (left panel), CD4+ (right panel) and double negative T-
cells (right panel). The individual data points represent the percentage of 

5 cells expressing the marker indicated on the X-axis based on the base 
phenotype. CD117 (c-kit) is a 'stem-cell' associated marker and 
designates T-cells with a long-term memory, CD107a represents a 
marker for recent T-cell degranulation. The data show that TIL expanded 
in IL-2, IL-15 and IL-21 express markers (e.g. c-kit) that enables them for 

10 long-term immune cell memory and immune-surveillance. 

Fig. 23 shows the results of a flow cytometric analysis of lymphocytes (TIL) 
expanded from tumor tissue of patients with pancreas cancer. The left 
panel shows the distribution of CD4+ T-cells into precursor 

15 (CD45RA+CCR7+), central memory (CD45RA-CCR7+), peripheral 
memory (CD45RA-CCR7-), and differentiated effector (CD45RA+CCR7-
). The right panel the distribution of CD 8+ cells. The data shows that IL-
2, IL-15 and IL-21 expand TIL with a long-term memory phenotype, as 
well as T-cell precursors - that may provide long-term immune 

20 protection. 

Fig. 24 shows the results of a flow cytometric analysis of lymphocytes (TIL) 
expanded from tumor tissue of patients with pancreas cancer with 
respect to T-cell activation and exhaustion markers (4-1BB, LAG-3, TIM-

25 3 et seq.). The results are grouped according to the CD4+/CD8+ 
phenotypes CD4+ (upper panel), CD 8+ (middle panel), DN (lower 
panel). The individual data points represent the percentage of cells 
expressing the marker indicated on the X-axis based on the base 
phenotype. The data show TIL that express a wide range of markers 

30 indicative for strong anti-tumor responses and recent antigen-exposure. 
The CD127 molecule (IL-7R) mediates strong T-cell survival factors. 

Fig. 25 shows the TCR length distribution of T-cells expanded from tumor tissue 
of patients with pancreatic cancer determined by a PCR-based approach. 
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Fig. 26 shows the results of an intracellular cytokine production assay in CD4+, 
CD8 or DN T-cells in expanded lymphocytes from Glioblastoma lesions. 
The graphs in Fig. 7 B show the percentage of T-cells producing the 

5 cytokines IFNy and TNFa after stimulation. Fig 12 A shows maximal 
stimulation by PMA/ionomycin (positive control) and background by 
medium only. Fig. 7 B shows the results of stimulation by synthetic 
peptides derived from tumor - associated antigens, i.e. the EGRvrlll, NY-
ESO-1 or survivin. The data show that IL-2, IL-15 and IL-21 expanded 

10 TIL from patients with glioblastoma contain T-cells that react at low 
frequency to commonly shared tumor-associated antigens. 

Fig. 27 shows the results of an intracellular cytokine production assay in CD4+, 
CD8 or DN T-cells in expanded lymphocytes from pancreatic cancer 

15 lesions. The graphs in Fig. 8 A show the percentage of T-cells producing 
the cytokines IFNy (upper panel) and TNFa (lower panel) after 
stimulation with tumor-associated antigens, i.e. Mesothelin, NY-ESO-1 or 
surviving in the CD4+ (left), CD8+ (middle) and DN subset (right). Fig. 8 
B displays examples of a flow-cytometric analysis with NY-ESO-1 

20 stimulation. T-cells gated on CD3+ and then on CD8+. are in the side 
scatter (SSC) versus IFNy (upper box) or TNFa (lower box) production. 
The show that IL-2, IL-15 and IL-21 expanded TIL from patients with 
pancreatic cancer show a strong reactivity to a commonly shared tumor 
antigens, i.e. NY-ESO-1. 

25 
Fig. 28 shows the results of an intracellular cytokine production assay in CD4+, 

CD8 or DN T-cells in expanded lymphocytes from glioblastoma lesions 
after stimulation with autologous tumor cells. The graphs in Fig. 9 A show 
the percentage of T-cells producing the cytokines IFNy and TNFa for 

30 CD4+ left panel, CD8+ (middle panel) and DN T-cells (right panel) after 
stimulation with autologous tumor cells. Fig. 9 B displays examples of a 
flow-cytometric analysis of cells stimulated with autologous tumor cells. 
T-cells were gated on CD3+ and then on CD 4+ (upper box) or CD8+ 
(lower box) are in the side scatter (SSC) versus IFNy (upper box) or 
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TNFa (lower box) production. The show that IL-2, IL-15 and IL-21 
expanded TIL from patients with glioblastom show a strong reactivity to 
autologous tumor cells. 

5 Fig. 29 shows the results of an intracellular cytokine production assay measuring 
TNFa production of lymphocytes expanded with the cytokine cocktail of 
IL-2, IL-15 and IL-21. The top panel shows the positive control (maximal 
stimulation). The middle panel shows results CD4+ gated expanded T-
cells cytokine production in response to autologous tumor cells (left: all 

10 TIL, right: TIL gated on VB2+ T-cells). Lower panel: background 
production in the entire TIL population (left) and in the VB2+ TIL (right). 
The data show that preferentially expanded TCR VB families in IL-2, IL-
15, IL-21 TIL (here: TCR VB2) are directed against autologous tumor 
cells. 

15 
Fig. 30 shows the level of INFy in lymphocytes expanded from pancreatic tumor 

tissues after after stimulation. TIL+tumor stands for a stimulation of the 
expanded lymphocytes with autologous tumor cells. TIL+OKT3 stands for 
a stimulation of the lymphocytes with a CD3 antibody. W6/32 is an 

20 antibody blocking CD8+ TIL. Antibody L243 blocks CD4+ TIL. The data 
show that IL-2, IL-15 and IL-21 expanded TIL are specific against the 
patients autologous tumor. 

Fig. 31 shows the result of an analysis of the cytolytic response of expanded TIL 
25 from patients with glioblastoma against autologous tumor cells. The 

numbers on the X-axis represent the ratio of TIL to tumor cells. The 
percentage on the Y-axis represents the number of killed tumor cells 
after 4 h of treatment with expanded TIL measured by radioactivity 
release. 

30 
Fig. 32 shows the result of an analysis of the cytolytic response of expanded 

monoclonal T-cells and/or preferentially expanded TIL from patients with 
glioblastoma against autologous tumor cells. The numbers on the X-axis 
represent the ratio of TIL to tumor cells. The percentage on the Y-axis 
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represents the number of killed tumor cells after 4 h of treatment with 
expanded TIL measured by radioactivity release. 

Fig. 33 shows the result of an analysis of the cytolytic response of expanded TIL 
5 from patients with pancreatic cancer against autologous tumor cells. The 

numbers on the X-axis represent the ratio of TIL to tumor cells. The 
percentage on the Y-axis represents the number of killed tumor cells 
after 4 h of treatment with expanded TIL measured by radioactivity 
release. These IL-2, IL-15 and IL-21 expanded TIL showed a very 

10 focused TCR repertoire and show a strong cytotoxic response against 
the autologous tumor cells. 

DETAILED DESCRIPTION OF THE INVENTION 
15 

The inventors have found that a combination of the interleukins IL-2, IL-15 and IL-
21 provides significant improvements for immunotherapy with lymphocytes. One 
major advantage is that the expansion and stimulation of lymphocytes derived 
from a patient with the composition of a combination of at least two types of 

20 cytokines selected from IL-2, IL-15 and IL-21 specifically favors the generation of 
lymphocytes, in particular T-cells, which are clinically relevant. 

According to the invention "clinically relevant lymphocytes" are specific for and 
interact with clinically relevant antigens. There are three groups of clinically 

25 relevant lymphocytes, namely tumor-reactive lymphocytes, infectious disease 
reactive lymphocytes and autoimmune disease reactive lymphocytes. 

"Clinically relevant lymphocytes" are also referred to as antigen-edited 
lymphocytes. The term clinically relevant is also used for subgroups of 

30 lymphocytes. Particularly preferred clinically relevant lymphocytes are clinically 
relevant T-cells or antigen-edited T-cells. 

"Clinically relevant antigens" according to the invention are antigens involved in a 
disease. Accordingly, clinically relevant antigens can be tumor-associated 
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antigens TAA, pathogen associated antigens (PAA) or autoantigens. Tumor-
reactive lymphocytes are specific for and interact with TAAs. Infectious disease 
reactive lymphocytes are specific for and interact with PAAs and autoimmune 
disease reactive lymphocytes are specific for and interact with autoantigens. 

5 
According to the invention an "antigen" (Ag) is any structural substance which 
serves as a target for the receptors of an adaptive immune response, TCR or 
antibody, respectively. Antigens are in particular proteins, polysaccharides, lipids 
and substructures thereof such as peptides. Lipids and nucleic acids are in 

10 particular antigenic when combined with proteins or polysaccharides. 

"Pathogen associated antigens" (PAA) refer to parts, such as capsules, cell walls, 
flagella and toxins of pathogens such as bacteria, viruses and other 
microorganisms. 

15 
"Autoantigens" are usually peptides, oligopeptides, polypeptides or complexes of 
proteins from an individual that are recognized by the immune system of the same 
individual. This effect usually leads to an autoimmune disease. 

20 "Tumor associated antigens" or "TAA" according to the invention are antigens that 
are presented by MHC I or MHC II molecules or non-classical MHC molecules on 
the surface of tumor cells. As used herein TAA includes "tumor-specific antigens" 
which are found only on the surface of tumor cells, but not on the surface of 
normal cells. 

25 
With a combination of IL-2, IL-15 and IL-21 it is possible to specifically induce the 
proliferation of the clinically relevant lymphocytes in a body sample obtained from 
a patient as shown in the examples. The method according to the invention 
provides an easy protocol for the expansion of clinically relevant lymphocytes. It is 

30 in particular advantageous in comparison to the protocols in the state of the art as 
no dendritic cells are required. Moreover, the inventors could show that the 
resulting lymphocyte population after expansion with the cytokine cocktail of a 
combination of at least two types of cytokines selected from IL-2, IL-15 and IL-21 
contains a composition of lymphocytes that is advantageous for clinical 
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application. For example, the composition has a high percentage of Tm helper T-
cells and almost no TH2 helper T-cells. A further advantage is that there is no 
significant expansion of regulatory T-cells which might cause a suppression of the 
therapeutic action of the expanded lymphocyte population. 

5 
Thus, according to a first aspect the invention provides a composition for 
expanding lymphocytes comprising at least two types of cytokines selected from 
interleukin 2 (IL-2), interleukin 15 (IL-15) and interleukin 21 (IL-21). 

10 IL-2, IL-15 and IL-21 are members of the cytokine family each of which has a four 
alpha helix bundle. IL-2 has key roles in key functions of the immune system, 
tolerance and immunity, primarily via its direct effects on T-cells. IL-2 induces T-
cells proliferation and differentiation into effector and memory T-cells. 

15 IL-15 is a cytokine that is structurally similar to IL-2. Like IL-2, IL-15 binds to and 
signals through a complex composed of the IL-2/IL-15 receptor beta chain. IL-15 
induces a T-cell activation and proliferation in particular of CD8+ T-cells (30) and 
also provides survival signals to maintain memory cells in the absence of antigens, 
favored CD8+ T-cells and activates monocytes. IL-15 appears to drive rather 

20 proliferation of immune effector T-cells, along with the protection from inhibition of 
tumor-associated immunosuppression (31). 

IL-21 is a cytokine that has potent regulatory effects on cells of the immune 
system, including natural killer (NK) cells and cytotoxic T-cells. IL-21 enriches 

25 central memory type T-cells with a CD28+ CD127hi CD45RO+ phenotype and 
enhances the cytotoxity of cytotoxic T-cells. IL-21 may keep T-cells in their early 
phase of differentiation and maturation (35). 

According to the invention the composition of a combination of at least two types 
30 of cytokines selected from IL-2, IL-15 and IL-21 is also referred to as "the cytokine 

cocktail". 

As used herein, "interleukin 2" or "IL-2" refers to human IL-2 as defined by SEQ ID 
NO: 1 and functional equivalents thereof. Functional equivalents of IL-2 include 
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relevant substructures or fusion proteins of IL-2 that remain the functions of IL-2. 
Accordingly, the definition IL-2 comprises any protein with a sequence identity to 
SEQ ID NO: 1 of at least 80 %, preferably at least 90 %, more preferably at least 
95 %, most preferably at least 98 %. Recombinant human IL-2 produced in E. coli 

5 as a single, non-glycosylated polypeptide chain with 134 amino acids and having a 
molecular mass of 15 kDa is commercially available in lyophilized form from 
Prospec as CYT-209. 

As used herein, "interleukin 15" or "IL-15" refer to human IL-15 and functional 
10 equivalents thereof. Functional equivalents of IL-15 include relevant substructures 

or fusion proteins of IL-15 that remain the functions of IL-15. Accordingly the 
definition IL-15 comprises any protein with a sequence identity to SEQ ID NO: 2 of 
at least 80 %, preferably at least 90 %, more preferably at least 95 %, most 
preferably at least 98 %. Recombinant human IL-15 produced in E. coli as a 

15 single, non-glycosylated polypeptide chain with 114 amino acids (and an N-
terminal Methionine) and having a molecular mass of 12.8 kDa is commercially 
available in lyophilized form from Prospec as CYT-230. 

As used herein, "interleukin 21" or "IL-21" refer to human IL-21 and functional 
20 equivalents thereof. Functional equivalents of IL-21 included relevant 

substructures or fusion proteins of IL-21 that remain the functions of IL-21. 
Accordingly the definition IL-21 comprises any protein with a sequence identity to 
SEQ ID NO: 3 of at least 80 %, preferably at least 90 %, more preferably at least 
95 %, most preferably at least 98 %. Recombinant human IL-21 produced in E. 

25 coli as a single, non-glycosylated polypeptide chain with 132 amino acids and 
having a molecular mass of 15 kDa is commercially available in lyophilized form 
from Prospec as CYT-408. 

A "peptide" as used herein may be composed of any number of amino acids of 
30 any type, preferably naturally occurring amino acids, which, preferably, are linked 

by peptide bonds. In particular, a peptide comprises at least 3 amino acids, 
preferably at least 5, at least 7, at least 9, at least 12, or at least 15 amino acids. 
Furthermore, there is no upper limit for the length of a peptide. However, 
preferably, a peptide according to the invention does not exceed a length of 500 
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amino acids, more preferably it does not exceed a length of 300 amino acids; even 
more preferably it is not longer than 250 amino acids. 

Thus, the term "peptide" includes "oligopeptides", which usually refer to peptides 
5 with a length of 2 to 10 amino acids, and "polypeptides" which usually refer to 

peptides with a length of more than 10 amino acids. 

The term "protein" refers to a peptide with at least 60, at least 80, preferably at 
least 100 amino acids. 

10 
The term "fusion protein" according to the invention relates to proteins created 
through the joining of two or more genes, cDNAs or sequences that originally 
coded for separate proteins/peptides. The genes may be naturally occurring in the 
same organism or different organisms or may synthetic polynucleotides. 

15 
The relatedness between two amino acid sequences or between two nucleotide 
sequences is described by the parameter "sequence identity". For purposes of the 
present invention, the degree of sequence identity between two amino acid 
sequences is determined using the Needleman-Wunsch algorithm (Needleman 

20 and Wunsch, 1970, J. Mol. Biol. 48: 443-453) as implemented in the Needle 
program of the EMBOSS package (EMBOSS: The European Molecular Biology 
Open Software Suite, Rice et a/., 2000, Trends Genet. 16: 276-277), preferably 
version 3.0.0 or later. The optional parameters used are gap open penalty of 10, 
gap extension penalty of 0.5, and the EBLOSUM62 (EMBOSS version of 

25 BLOSUM62) substitution matrix. The output of Needle labeled "longest identity" 
(obtained using thenobrief option) is used as the percent identity and is calculated 
as follows: 
(Identical Residues x 100)/(Length of Alignment - Total Number of Gaps in 
Alignment) 

30 
The transitional term "comprising", which is synonymous with "including," 
"containing," or "characterized by," is inclusive or open-ended and does not 
exclude additional, unrecited elements or method steps. The transitional phrase 
"consisting of" excludes any element, step, or ingredient not specified in the claim, 
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except for impurities ordinarily associated therewith. When the phrase "consists of 
appears in a clause of the body of a claim, rather than immediately following the 
preamble, it limits only the element set forth in that clause; other elements are not 
excluded from the claim as a whole. The transitional phrase "consisting essentially 

5 of limits the scope of a claim to the specified materials or steps "and those that do 
not materially affect the basic and novel characteristic(s)" of the claimed invention. 
"A 'consisting essentially of claim occupies a middle ground between closed 
claims that are written in a 'consisting of format and fully open claims that are 
drafted in a 'comprising' format." 

10 
"Expansion" or "clonal expansion" as used herein means production of daughter 
cells all arising originally from a single cell. In a clonal expansion of lymphocytes, 
all progeny share the same antigen specificity. 

15 According to one embodiment of the invention the composition according to the 
first aspect comprises two or three types of cytokines. Further cytokines may 
interfere with the expansion results provided by the composition according to the 
invention. 

20 Alternatively, other cytokines used in addition to a combination of IL-2, IL-15 and 
IL-21 may positively influence the lymphocyte population. Thus, the composition of 
the first aspect of the invention may contain more cytokines in addition to IL-2, IL-
15 and IL-21. Examples are IL-1beta, IL-4, GM-CSF, IL-12, IL-8, IL-17, TNFa, IL-
32. IL-1(B is involved in priming, the differentiation into effector B-cells or T-cells 

25 upon first contact with the specific antigen. IL-4 and GM-CSF are involved in 
dendritic cell stimulation and/or priming. IL-12 is involved in THI responses. IL-18 
stimulates y8-T-cells. IL-17 and TNFa act pro-inflammatory. IL-32 also acts pro­
inflammatory favoring long-term protective immune responses. 

30 According to one embodiment of the first aspect the composition comprises IL-2 
and IL-15. The composition may also comprise IL-2 and IL-21. Alternatively, the 
composition may comprise IL-15 and IL-21. Although, already two of the cytokines 
IL-2, IL-15 and IL-21 may be enough to obtain a population of clinically relevant 
lymphocytes it is preferred to use all three cytokines in the composition. 
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According to a further embodiment, the composition of first aspect is in liquid form. 
In particular the composition is a cell culture medium. According to the invention 
any known cell culture medium is possible. Non-limiting examples of cell culture 

5 media are a synthetic medium, a medium derived from serum, plasma or whole 
blood or any combination thereof. 

According to a further embodiment, the concentration of IL-2 in the liquid 
composition is in the range of from 10 to 6000 U/ml. The International Unit (U) is 

10 the standard measure for an amount or IL-2. It is determined by its ability to induce 
the proliferation of CTLL-2 cells. A concentration below 10 U/ml is too low to 
achieve any significant effect. A concentration above 6000 U/ml might have a 
cytotoxic effect. The concentration of IL-2 is preferably in the range from 500 to 
2000 U/ml. More preferably the concentration of IL-2 is in the range from 800 to 

15 1100 U/ml. As shown in the examples optimal results were achieved with a 
concentration of about 1000 U/ml. 

According to a further embodiment of the first aspect, the concentration of IL-15 is 
in the range of 0.1 to 100 ng/ml. The concentration range follows the same rational 

20 as for IL-2. A concentration below 0.1 ng/ml is believed not to have any significant 
effect on the cells. A concentration above 100 ng/ml might have a cytotoxic effect. 
Preferably, the concentration of IL-15 is in the range from 2 to 50 ng/ml, more 
preferably in the range from 5 to 20 ng/ml. The most preferred concentration is 
about 10 ng/ml. 

25 
In a further embodiment the concentration of IL-21 is in the range from 0.1 ng/ml, 
preferably in the range from 2 to 50 ng/ml, more preferably in the range from 5 to 
20 ng/ml. 

30 It is to be understood that according to the invention any of these concentration 
ranges of one of the cytokines can be combined with any of concentration ranges 
of the other cytokines. 
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According to one embodiment the combination comprises a mixture of IL-15 and 
IL-21. The mixture comprises preferably each of IL-15 and IL-21 in the range form 
10 to 100 ng/ml. IL-15 and IL-21 may provides synergistic effects, particularly on 
lymphocyte subsets in precursor, memory and effector populations. 

5 
According to one embodiment of the first aspect the combination comprises IL-2 in 
a concentration of 800 to 1000 U/ml and IL-15 and IL-21 in a concentration of 5 to 
20 ng/ml. According to another embodiment the composition comprises IL-2 in a 
concentration of about 1000 U/ml and IL-15 and IL-21 in a concentration of about 

10 10 ng/ml. 

The composition of IL-2, IL-15 and IL-21 is in particular beneficial for promoting the 
expansion of clinically relevant lymphocytes in a composition of lymphocytes, in 
particular a patient's sample. As shown in the examples the inventors have 

15 developed a method for preparing specifically clinically relevant lymphocytes from 
a patient's sample. 

The composition of IL-2, IL-15 and IL-21 is in particular beneficial for promoting the 
expansion of clinically relevant lymphocytes in a composition of lymphocytes, in 

20 particular a patient's sample. As shown in the examples the inventors have 
developed a method decreasing the frequency of PD1 and LAG3 + T-cells, where 
PD1 and/or LAG3 expression serves as a marker for T-cell exhaustion and not as 
marker for antigen-experienced T-cells. 

25 The composition of IL-2, IL-15 and IL-21 is in particular beneficial for promoting the 
expansion of clinically relevant lymphocytes in a composition of lymphocytes, in 
particular a patient's sample. As shown in the examples the inventors have 
developed a method increasing the frequency of 4-1BB expression as a marker for 
antigen-experienced T-cells. 

30 
Thus, according to a second aspect the invention provides a method of preparing 
a population of clinically relevant lymphocytes comprising the steps of 
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- obtaining a body sample from a mammal in particular a tissue sample 
or body liquid sample, comprising at least one lymphocyte and 
optionally separating the cells in the body sample, 

- culturing the body sample in-vitro to expand and/or stimulate 
5 lymphocytes in the sample wherein the culturing comprises using at 

least two types of cytokines selected from IL-2, IL-15 and IL-21, 
- and optionally determining the presence of clinically relevant 

lymphocyte in the cultured sample. 

10 The at least two types of cytokines selected from IL-2, IL-15 and IL-21 are 
preferably used in the concentrations defined above. Preferably all three cytokines 
IL-2, IL-15 and IL-21 are used together. 

As shown in the examples the method can be used for generating a population of 
15 tumor reactive lymphocytes, autoimmune disease reactive lymphocytes or 

infectious disease reactive lymphocytes. Preferably, the lymphocyte population 
generated by the method of the second aspect is a population of tumor reactive 
lymphocytes. 

20 The lymphocytes in general will comprise a variety of different lymphocytes. 
Among these lymphocytes may be lymphocytes present that have the right 
receptor to interact with a clinically relevant antigen, in particular a tumor 
associated antigen, an infectious disease associated antigen or an autoimmune 
disease associated antigen. With the method according to the invention this 

25 clinically relevant lymphocyte in particular is strongly expanded. However, other 
lymphocytes that do not have the specificity for the clinically relevant antigen also 
are expanded in the method according to the invention. 

Thus, the outcome of culturing the cells from the body sample with the 
30 composition comprising IL-2, IL-15 and/or IL-21 leads to the formation of a 

population of lymphocytes which includes the population of clinically relevant 
lymphocytes. The determination of the presence of clinically relevant lymphocytes 
in the cultured sample is a possible but not necessary step of the method 
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according to the second aspect of the invention. The steps useful to verify the 
expanded lymphocytes population indeed can be used as a therapeutic. 

The body sample can be taken from any part of the body that contains 
5 lymphocytes. Examples of body samples are peripheral blood, cord blood, bone 

marrow, lymph nodes, liver pleural effusion, thorax, abdominal cavity, synvial fluid, 
peritoneum, retroperitoneal space, thymus, and tumor. 

A lymphocyte sample derived from tumor is also referred as tumor infiltrating 
10 lymphocytes (TIL). "TIL" as used herein is short for "tumor infiltrating lymphocytes". 

TIL is any kind of lymphocyte that is located in, on or around a tumor. TIL is any 
kind of lymphocyte that is located in and around a tumor. 

Due to their localization in the tumor, the TIL may have experienced tumor-
15 associated antigens. Accordingly, clinically relevant lymphocytes, in particular 

tumor reactive lymphocytes can be expanded with the method according to the 
invention without expansion antigen. 

A sample from peripheral blood is also referred to peripheral blood mononuclear 
20 cells (PBMCs). Depending on the type of disease different body samples may be 

preferred. 

As used herein, the term "mammal" refers to any mammal, including, but not 
limited to, mammals of the order Rodentia, such as mice and hamsters, and 

25 mammals of the order Logomorpha, such as rabbits. It is preferred that the 
mammals are from the order Carnivora, including Felines (cats) and Canines 
(dogs). It is more preferred that the mammals are from the order Artiodactyla, 
including Bovines (cows) and Swines (pigs) or of the order Perssodactyla, 
including Equines (horses). It is most preferred that the mammals are of the order 

30 Primates, Ceboids, or Simoids (monkeys) or of the order Anthropoids (humans 
and apes). An especially preferred mammal is the human. 

According to one embodiment of the second aspect the mammal from which the 
body sample is obtained is a human. The mammal may have a tumor disease, or 
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be at risk of developing a tumor disease. The risk of developing a tumor disease 
includes a high risk, a moderated risk and a low risk. A mammal in such a pre-
malignant condition for example has a premalignant lesion which is 
morphologically atypical tissue which appears abnormal under microscopic 

5 examination and in which cancer is more likely to occur as in its apparently normal 
counterpart. 

Moreover, the mammal may have an infectious disease or be at risk of developing 
an infectious disease. The risk of developing an infectious disease includes a high 
risk, a moderated risk and a low risk. The mammal may also have an autoimmune 
disease or be at risk of developing and autoimmune disease. The risk of 
developing an autoimmune disease includes a high risk, a moderated risk and a 
low risk. For instance, a high risk to develop intracellular infections (CMV, EBV, 
TB, HPV) upon certain genetic mutations of the host (IFNy receptor defects, or 
acquired antibodies directed against cytokines, e.g. IL-12 or IFNy). An intermediate 
risk would be immune-suppression using corticosteroids or treatment of patients 
with anti-TNFa or TNFa-receptor directed reagents. A low risk could be the co-
infection with other pathogens or the temporary decrease of immune-competence 
in the course of major surgery. Similar examples are different clinical presentations 
- in association with genetic markers - of Multiple Sclerosis, rare neurological 
diseases, e.g. narcolepsy, Rheumatoid Arthritis, as well as chronic autoimmune-
diseases associated with the gastrointestinal system. 

If the mammal has a tumor disease or is at high risk of developing a tumor disease 
25 preferred body sample are peripheral blood or the tumor itself. As shown in the 

examples lymphocytes from peripheral and tumor can be treated with a method 
according to the invention to develop strong antitumor properties. If the disease is 
an autoimmune disease the preferred body sample is peripheral blood. Moreover, 
when the disease is an infectious disease the preferred body sample is also 

30 peripheral blood. As shown in the examples clinically relevant lymphocytes can be 
expanded from peripheral blood in these cases. Without being bound to theory it is 
assumed that the peripheral blood contains lymphocytes that have been in contact 
with the clinically relevant antigen, e.g. on the tumor or the infection. 

10 

15 

20 
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Culturing of the body sample in vitro to expand and/or stimulate lymphocytes may 
comprise one or more sub-steps. Accordingly, in one embodiment the in vitro 
culturing comprises a first expansion step comprising a incubation in culture 
medium comprising IL-2, IL-15 and IL-21 until lymphocytes become detectable. 

5 
"Detectable" according to the invention means that the lymphocytes, for example, 
become visible, in particular by microscopy. Lymphocytes usually become 
detectable using standard light microscopy upon reaching a concentration of 5 x 
103 cells/ml. 

10 
The detection of the lymphocytes may include any method known in the art that is 
eligible to detect the presence of lymphocytes above a certain threshold. The first 
expansion step has the purpose of gently inducing cell proliferation together with a 
stimulation of the cells by the cytokine cocktail. 

15 
The time of incubation of the first expansion step is in the range from 6 hours to 
180 days. The large range of incubation time is first of all due to the fact that 
samples from different donors may behave very differently. Also it was shown that 
the lymphocytes from different body samples have very different growth rates. For 

20 example lymphocytes derived directly from the tumor of a glioblastoma or a 
pancreas cancer grow very differently. From pancreas cancer derived lymphocytes 
are already detectable within two to five days. Lymphocytes derived from 
glioblastoma are only detectable after one to two weeks. Accordingly lymphocytes 
from other body samples may take even longer to become detectable. 

25 
Preferably, the incubation time of the first expansion step is in the range from 4 
days to 10 days. It was shown that with peripheral blood cells, incubation times 
about 7 days are particularly beneficial for the outcome of other expansion. 
However, as mentioned above, depending on the sample an expansion of only 4 

30 days may be enough or on the other hand about 10 days or more may be 
necessary. Due to the good results with PBMCs shown in the examples an 
incubation time in the range from 6 to 8 days, in particular about seven days, is 
preferred. 
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According to one embodiment of the invention the culture medium of the first 
expansion step comprises at least one expansion antigen. The expansion antigen 
is a known clinically relevant antigen or a fragment, a mutant or a variant thereof. 
As used herein a "mutant" is defined as an amino acid sequence that differs from 

5 the reference sequence by an insertion, deletion or replacement of at least one 
amino acid. The expansion antigen is preferably selected from TAA, PAA and 
autoantigen. 

Preferably the method according to the invention comprises multiple copies of an 
10 expansion antigen. An increased number of copies of an expansion antigen leads 

to increased expansion rate of a clinically relevant lymphocyte, in particular T-
cells. 

In one embodiment of the invention the culture medium of the first expansion step 
15 comprises multiple expansion antigens. Preferably, the multiple expansion 

antigens include a known clinically relevant antigen and a one or more mutants of 
the clinically relevant antigen. Instead of the antigen itself also the MHC class 
l/peptide presenting the antigen, in particular peptide can be mutated. The use of 
one or more wild type, variant or mutants of the clinically relevant antigen or MHC 

20 class I molecules as expansion antigens leads to a diverse set of lymphocytes, in 
particular T-cells reactive against the nominal clinically relevant antigen. 

According to a preferred embodiment of the method according to the second 
aspect, the body sample is tumor and no expansion antigen is used in culturing. 

25 
The tumor tissue is preferably washed twice before separating the cells in the 
tumor sample. 

Another preferred embodiment of the invention, the culture medium of the first 
30 expansion step comprises multiple expansion antigens. By having multiple 

antigens the T-Cell product responds in a more diverse T-Cell receptor repertoire 
as demonstrated by V(B-usage associated with the use of the stimulating 
antigen(s). 
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Another preferred embodiment of the invention the culture medium of the first 
expansion step comprises multiple expansion antigens. The stimulation of T-Cells 
from peripheral blood results in T-Cell recognizing diverse epitopes, defined by 
cytoxicity. When naive T-Cells are selected from the blood and stimulated with 

5 such antigens, they result in diverse epitopes of the antigen being recognized. 

This is in contrast to pre-stimulated T-Cells or T-Cells from the tumor, which tend 
to recognize a more limited number or standard number of epitopes. 

10 The choice of expansion antigen is dependent on the disease to be treated. In 
particular, if the expanded clinically relevant lymphocyte population is to be used 
against the tumor diseases, the expansion antigen added to the first expansion 
step is a preferably TAA. Alternatively, if the disease to be treated is an infectious 
disease, the expansion antigen added in the first expansion step is a PAA. 

15 Moreover, if the population of clinically relevant lymphocytes is to be used for the 
treatment of an autoimmune disease, the expansion antigen is preferably an 
autoantigen. 

It is believed that the expansion antigen in the first expansion step leads to a 
20 stimulation of clinically relevant lymphocytes within the cell mixture already at an 

early stage and thus together with the cytokine cocktail enhances the expansion of 
clinically relevant lymphocytes. This stimulation is also referred to as antigen 
activation or antigen editing. 

25 The first expansion step may be followed by a second expansion step wherein the 
cells are incubated with feeder cells and/or an antibody against CD3 in addition to 
the at least two types of cytokines selected from IL-2, IL-15 and IL-21. An 
expansion with feeder cells and the antibody against CD3 has been described in 
the state of the art. It is believed that feeder cells lead to an improvement of cell 

30 growth. Feeder cells are irradiated cells that do not proliferate or proliferate only to 
a small extent. The feeder cells increase the number of cell contacts in the culture 
and additionally feed the proliferating and expanding cell culture. Feeder cells are 
preferably in irradiated PBMCs. Allogeneic feeder, are from a different organism 
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as the mammal to be treated with the expanded clinically relevant lymphocytes. 
Autologous feeder cells are from the mammal to be treated. 

The antibody against CD3 is preferably the antibody defined as OKT3. OKT3 is a 
5 murine monoclonal antibody of the immunoglobulin lgG2a isotype. The target of 

OKT3, CD3, is a multi-molecular complex found only on mature T-cells. An 
interaction between T-cells, OKT3 and monocytes causes T-cell activation in vitro. 

Preferably, feeder cells are used in combination with CD3 and the cytokines IL-2, 
10 IL-15 and IL-21. According to one embodiment of the method according to the 

second aspect, the ratio of feeder cells to lymphocytes is in the range from 1:1 to 
1:100. Preferably, the ration of feeder cells to lymphocytes is in the range from 1:2 
to 1:50. As shown in the examples very low ratios of feeder cells are sufficient for 
a strong expansion of clinically relevant lymphocytes, in particular clinically 

15 relevant T-cells. 

In the examples, a ratio of 1:10 is sufficient to support growth and expansion of 
lymphocytes. Accordingly it is believed that a value in the range from 1:5 to 1:20 
would not lead to a different result. The low number of feeder cells has at least two 

20 advantages. First, there are less distracting cellular signals allowing more 
homogeneous and reliable expansion results. Secondly, fewer feeder cells lead to 
less exogenous material in the immunotherapy product obtained by the method, 
i.e. the population of the clinically relevant lymphocytes. 

25 The second expansion step optionally also includes an expansion antigen in the 
culture medium. Preferably no clinically relevant antigen or fragment is added to 
the medium of the second expansion step. 

According to a preferred embodiment of the second aspect of the invention the 
30 method comprises a refocusing step. The refocusing step comprises a culturing in 

culture medium comprising refocusing cells. Refocusing cells are cells from the 
mammal, in particular a human, from which the body sample is obtained. 
Accordingly, the refocusing cells are autologous cells that have been treated with 
at least one refocusing antigen. Any expansion antigen as defined herein can also 
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be used as refocusing antigen. Preferably, in the method the one or more 
refocusing antigens are identical to the one or more expansion antigens. 

Refocusing cells are cells that have been incubated with the refocusing antigen for 
5 at least 30 minutes, or more, for example at least one hour, at least two hours, at 

least five hours, or at least ten hours. After incubation with the refocusing the 
refocusing cells are irradiated with at least 40 Gy. Preferably the cells are 
irradiated with at least 45 Gy, or more, for example at least 50 Gy and particularly 
preferred with an intensity of 55 Gy. Due to this treatment, antigen-specific T-cells 

10 are more effectively expanded, recognize tumor, pathogens or auto-immune cells 
and may confer protection against cancer cells or pre-malignant lesions. 

The time of the refocusing step is in the range from 1 to 6 days, preferably 1 to 3 
days. Although the refocusing step can be rather short, it leads to significant 

15 improvement in the yield of expanded clinically relevant lymphocytes, in particular 
for clinically relevant lymphocytes expanded from peripheral blood. 

Also the number of refocusing cells in comparison to the number of lymphocytes is 
rather low. In particular the ratio of refocusing cells to lymphocytes is in the range 

20 from 1:1 to 1:100. It is found that the best results are achieved if the refocusing 
step is performed right after the first expansion step and followed by the second 
expansion step. The sequence of culturing steps is in particular useful for 
generating a population of clinically relevant lymphocytes, in particular T-cells. 

25 According to one embodiment of the method, the first expansion step comprises 
adding IL-2, IL-15 and IL-21 simultaneously to the cell culture. For this, it is 
possible to prepare a mixture of IL-2, IL-15 and IL-21 and add the same to the cell 
culture medium or IL-2, IL-15 and IL-21 are added separately but simultaneously 
to the cell culture medium. As shown in the examples, the simultaneous 

30 application of IL-2, IL-15 and IL-21 leads to a preferred lymphocyte composition of 
the expanded lymphocyte population. 

In order to shift the composition of the expanded lymphocyte population it is 
possible in the method of the invention to first add only IL-21 to the cell culture 
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medium in the first expansion step. After the addition of IL-21, IL-15 and IL-2 may 
be added simultaneously or sequentially. Preferably IL-15 is added secondly and 
IL-2 added last. In an alternative embodiment IL-15 is added as the first cytokine, 
followed by simultaneous addition of IL-2 and IL-21 or a sequential addition of IL-2 

5 and IL-21. For example, IL-21 is added secondly and IL-2 is added last. 

The culture medium of the first and/or second expansion step may comprise least 
one expansion antigen. The expansion antigen may for example be fragment of a 
known TAA. Possible TAAs for as expansion antigen are for example NY-ESO-1, 

10 tyrosinase tumor antigen, tyrosinase related protein (TRP)-1, TRP-2, VEGFR-2, 
and a member of the MAGE family of proteins, telomerase, p53, HER2/neu, 
mesothelin, carcinoembryonic, survivin, EGFRvlll, VEGF, CAMPATH 1-antigen, 
CD22, CA-125, Mucin-1, Alpha-1-getoprotein, PSMA. 

15 The fragment of the TAA is in particular a peptide. Such peptide can be for 
example a peptide comprising at least eight continuous amino acids of an amino 
acid sequence that is at least 80 % identical to the amino acid sequence of 
SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7. 

20 SEQ ID NO: 4 is the amino acid sequence of the known tumor associated antigen 
NY-ESO-1. SEQ ID NO: 5 is the amino acid sequence of the known tumor 
associated antigen survivin. SEQ ID NO: 6 is the amino acid sequence of the 
known tumor associated antigen mesothelin. SEQ ID NO: 7 is the amino acid 
sequence of the tumor associated antigen EGFRvlll. 

25 
The expansion antigen may for example be fragment of a known PAA. Possible 
PAAs as expansion antigens are for example CMVpp65, or EBV (EBNA-3, EBNA-
1), HPV-16/33 E6, E7 or L1. The fragment of the PAA is in particular a peptide. 
Such peptide can be for example a peptide comprising at least eight continuous 

30 amino acids of an amino acid sequence that is at least 80 % identical to the amino 
acid sequence of SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, or SEQ ID NO: 
11, which are the amino acid sequence of the known pathogen associated 
antigens CMVpp65, EBNA-3, EBNA-1, and HPV-L1, respectively. 
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The expansion antigen may for example be fragment of a known PAA. Possible 
autoantigens as expansion antigens are for example PRDM2, UCHL3, IN080E, 
SLC12A6, and Reelin. The fragment of the PAA is in particular a peptide. Such 
peptide can be for example a peptide comprising at least eight continuous amino 

5 acids of an amino acid sequence that is at least 80 % identical to the amino acid 
sequence of SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14, or SEQ ID NO: 15, 
which are the amino acid sequences of the autoantigens PRDM2, IN080E, 
UCHL3, and DNaseB, respectively. 

10 Additional components such as further cytokines may be added during the 
culturing step in particular during the first or second expansion step or the 
refocusing step. 

Moreover, a promoter compound may be added in the culturing step, in particular 
15 in the first or second expansion step or in the refocusing step. Preferably the 

promoter compound is added in the first expansion step. A promoter compound as 
used herein is a compound that in the expansion process causes an increase a 
specific subset of lymphocytes. A preferred promoter compound is Zoledronic 
acid. Zoledronic acid promotes the expansion of gamma delta T-cells. A further 

20 preferred promoter compound is promotes the expansion of B-cells 

According to one embodiment in the culturing step, in particular in the first or 
second expansion step or in the refocusing step a co-stimulatory compound is 
added. A co-stimulatory compound is for example a ligand for CD28 mediating T-

25 cell signals. Examples of ligands for CD28 mediating T-cell signals are members 
of the B7 superfamily,in particular B7-1 (CD80) and B7-2 (CD86). 

According to one embodiment of the method according to the second aspect 
testing for the presence of clinically relevant lymphocytes in the expanded 

30 lymphocyte sample comprises using evaluation antigens. 

For the testing the lymphocyte population is incubated with the evaluation 
antigens. An evaluation antigen may be an antigen under the definition of the 
expansion antigen. For example, a known clinically relevant antigen or fragment 
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thereof is added as evaluation antigen to the culture medium of the lymphocyte 
population to stimulate the lymphocytes. After an incubation time a parameter 
indicative for the activation of clinically relevant lymphocytes is measured. 

5 Preferably the evaluation antigen is added to the lymphocytes in a form bound to a 
MHC I complex. For example, evaluation antigens may be presented to the 
lymphocytes bound to MHC dextramers. MHC dextramers are fluorescently 
labeled MHC multimers bound to a dextrose backbone. 

10 The use of multimeric MHC structures has the advantage that multiple copies of 
the antigen can be presented to a single lymphocyte thereby increasing the 
simulation by the evaluation antigen. Alternatively known clinically relevant 
antigens may be presented to the cultured sample as evaluation antigens in the 
form of cells expressing the clinically relevant antigen as a transgene. Additionally, 

15 it is possible to add at least partially genetically matched allogeneic cells that 
present clinically relevant antigens on the cell surface to the expanded 
lymphocytes. 

The parameter indicative for the presence of clinically relevant lymphocytes can be 
20 for example the production of one or more cytokines, in particular IFN-y or TNFa 

production. Further parameters indicative of the presence of clinically relevant 
lymphocytes are an increased cell proliferation, an increased cytotoxicity, 
increased cell signaling and/or intracellular phosphorylation. The determination of 
these parameters is known in the art and exemplified in the examples. 

25 
Preferably in addition to using evaluation antigens derived from known clinically 
relevant antigens it is also possible to test for clinically relevant lymphocytes 
specific for the mammal to be treated. For this, cells, in particular tumor cells, that 
are derived from the same mammal as the expanded lymphocytes are used for 

30 presenting the evaluation antigens. Using these autologous cells as evaluation 
presenting antigens the presence of clinically relevant lymphocytes specific for 
clinically relevant antigens that are not necessarily known clinically relevant 
antigens can be verified. 
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In one embodiment according to the second aspect of the invention the evaluation 
antigens presented to the cultured sample are in a form selected from cells, in 
particular tumor cells, derived from the same mammal as the cultured sample 
(autologous cells) at least partially genetically matched allogeneic cells, in 

5 particular tumor cells or cell expressing the clinically relevant antigens as a 
transgene. 

According to a further embodiment the method of the testing for the presence of 
clinically relevant lymphocytes comprises contacting the lymphocytes with at least 

10 one evaluation antigen and determining a change in either one of cytokine 
production, in particular IFN-y or TNFa production, cell proliferation, cytotoxicity, 
signaling and/or intracellular phosphorylation. 

The testing of these parameters can be combined with flow cytometry and cell 
15 sorting. Accordingly, it is also possible to isolate the clinically relevant lymphocyte 

population, in particular the tumor reactive lymphocyte population from the 
expanded lymphocyte population. The isolated population of clinically relevant 
lymphocytes may further be cultured or directly used for immunotherapy. 

20 The method of the second aspect of the invention leads to the formation of 
population of lymphocytes, which includes a population of clinically relevant 
lymphocytes. Clinically relevant lymphocytes included in the expanded lymphocyte 
population can be any type of lymphocyte. 

25 Lymphocytes include B-cells, NK-cells and T-cells. According to one embodiment 
the clinically relevant lymphocyte is a B-cell. According to one embodiment the 
clinically relevant lymphocyte is an NK-cell. 

According a third aspect, the invention provides a clinically relevant lymphocyte 
30 obtained by the method according to the second aspect wherein the clinically 

relevant lymphocyte is a T-cell, an NK-cell or a B-cell.. 

The T-cell is preferably selected from a helper T-cell (TH-cell or CD4+-T-cell), in 
particular a THi-cell, a cytotoxic T-cell (Tc-cell or CD8+-T-cell), in particular 
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CD8+CXCR3+ T-cell, a memory T-cell, in particular a central memory T-cell (TCM-
cell), a stem cell memory T-cell (TscM-Cell) or peripheral memory cell (TpM-cell), a 
gamma-delta T-cell (y8-T-cell), a NK-T-cell, a Mucosal-associated invariant T-cell 
(MAIT), a double-negative T-cell (CD3+CD4"CD8" T-cell). 

5 
According to one embodiment the clinically relevant lymphocyte is a lymphocyte 
that expresses molecules that facilitate entry into tissues, in particular tumor or 
infected or inflamed tissue (e.g. CXCR3). According to a further embodiment the 
clinically relevant lymphocyte is a lymphocyte that is enriched for markers of any 

10 long-term memory, in particular CD117 and c-kit and cytolytic immune cell 
responses, in particular CD107a. As explained the expanded lymphocyte 
population not only contains clinically relevant lymphocytes but also other 
lymphocytes that do not recognize clinically relevant antigens. 

15 It is believed that clinically relevant and other lymphocytes in the culture obtained 
by the method according to the second aspect participate in the therapeutic effect. 
According to one embodiment of the third aspect, the invention relates to a 
lymphocyte obtained by a method according to the second aspect that expresses 
molecules and cytokines promoting the formation of combination of lymphocytes 

20 useful for medical application, including immunotherapy. The combination of 
lymphocytes useful for medical application preferably comprises T-cell precursors, 
TCM, TSCM and/or TPM cells. 

According to one embodiment the lymphocyte obtained by the method according 
25 to the second aspect expresses molecules and cytokines that promote the 

expansion of clinically relevant lymphocytes. According to a further embodiment 
the lymphocyte obtained by the method according to the second aspect produces 
cytokines selected from IFN-y, TNF-a, IL-2, IL-17 and any combination thereof. 
According to one embodiment the lymphocyte is a CD3+CD4-CD8-T-cell. 

30 
According to a fourth aspect the present invention provides a population of 
lymphocytes obtained by the second aspect of the invention comprising a 
population of clinically relevant lymphocytes. 
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The population of lymphocytes may consist of a population of clinically relevant 
lymphocytes. The population of clinically relevant lymphocytes may be 
monoclonal, oligoclonal or polyclonal. 

5 In one embodiment the population of clinically relevant lymphocytes is polyclonal 
and responds to multiple antigens or to different epitopes of the same antigen. 
Preferably, the population of clinically relevant lymphocytes responds to different 
antigens. 

10 Lymphocytes, in particular T-cells responding to multiple antigens may prevent the 
risk of recurrence of pre-malignant cells, tumor cells and pathogens, thereby 
decreasing the risk for immune escape. 

The population of lymphocytes according to the fourth aspect has a composition of 
15 different lymphocyte phenotypes, in particular T-cell phenotypes that is beneficial 

for immunotherapy. 

The population of lymphocytes has a low percentage of regulatory T-cells. 
Regulatory T-cells are known to suppress the therapeutic function of the 

20 population of lymphocytes. According to one embodiment of the fourth aspect in 
the population of lymphocytes the percentage of Treg based on the total number of 
T-cells is below 5 %, preferably below 3 %. 

Moreover, the majority of TH cells in the population of lymphocytes comprise the 
25 THI phenotype. According to one embodiment of the invention the percentage of 

THI cells based on the total number of TH cells is at least 10 %, preferably at least 
50 %, more preferably at least 70 %. 

In the population of lymphocytes the percentage of the cytotoxic CD8+ T-cells is 
30 increased as could be shown that increased percentage of CXCR3+ cells. 

According to one embodiment of the invention the percentage of CXCR3+ cells 
based on the total number of CD8+ T-cells is at least 10 %, at least 50 %, more 
preferably at least 70 %. 
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ln addition the population of lymphocytes may comprise an increased number of 
T-cells that have recently been in contact with its antigen as for example identified 
by the 4-1BB+ phenotype. According to one embodiment of the fourth aspect the 
percentage of 4-1BB+ T-cells based on the total number of T-cells is at least 1 %, 

5 preferably at least 2 %, more preferably at least 2.5 %. According to one 
embodiment the percentage of CD107+ cells based on the total number of T-cells 
is at least 1 %, preferably at least 2 %, more preferably at least 2.5 %. CD117+ T-
cells have been associated with long-term memory population. 

10 The CXCR3+ phenotype CD8+ T-cells is further associated with invasiveness into 
tissues and thus maybe in particular beneficial for immunotherapy against cancer. 
Further the population of lymphocytes may comprise sufficient percentage of 
CD3+CD4-CD8- cells. These double negative T-cells are highly specific for the 
antigen target as they are dependent of the co-receptor CD4+ or CD8+ and 

15 produce inflammatory cytokines. Thus, they are cytotoxic. 

According to one embodiment a population of lymphocytes comprises a 
percentage of CD3+CD4-CD8- cells based on the total number of T-cells of at 
least 1 %, preferably at least 3 %, more preferably at least 5 %. According to a 

20 further embodiment the percentage of gamma delta T-cells based on the total 
number of T-cells in a population of lymphocytes is at least 1 %, preferably at least 
3 %, more preferably at least 5 %. Gamma delta T-cells have the effect that they 
recognize stressed cells, transformed cells, infected cells, e.g. CMV+ target cells. 
Gamma delta T-cells cross - recognize as well virally and transformed cells. 

25 
According to one embodiment the population of lymphocytes comprises the 
following features: 

the percentage of Treg based on the total number of T cells is below 5 
%, preferably below 3 %;-

30 - the percentage of Tm-cells based on the total number of TH-cells is at 
least 50 %, preferably at least 70 %, more preferably at least 80 %, 
the percentage of CXCR3+ T-cells based on the total number of CD8+ 

T-cells is at least 50 %, preferably at least 70 %, more preferably at 
least 80 %, 
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the percentage of 4-1BB+ T-cells based on the total number of T-cells 
is at least 1 %, preferably at least 2 %, more preferably at least 2.5 %, 
the percentage of CD117+ T-cells based on the total number of T-cells 
is at least 1 %, preferably at least 2 %, more preferably at least 2.5 %, 

5 - the percentage of CD3+CD4-CD8- cells based on the total number of 
T-cells is at least 1 %, preferably at least 3 %, more preferably at least 
5 %; and 

- the percentage of y8T-cells based on the total number of T-cells is at 
least 1 %, preferably at least 3 %, more preferably at least 5 %. 

10 
According to one embodiment in the population of lymphocytes, the percentage of 
precursor T-cells (CD45RA+ CCR7+) based on the number of total T-cells is at 
least 1 %, preferably at least 2 %, more preferably at least 3 %. Central memory T-
cells were already shown to relate to success of a T-cell therapy. 

15 
The central memory cells produce several cytokines beneficial for therapy, provide 
a good memory response. However, the central memory cells do not infiltrate into 
tissue well. In one embodiment the percentage of peripheral memory cells 
(CD45RA- CCR7-) based on the total number of T-cells at least 2 %, preferably at 

20 least 5 %, more preferably at least 10 %. Peripheral memory cells show high 
cytokine production and infiltrate well into tissue. Thus, these cells are in particular 
useful for immunotherapy against cancer. 

Also terminally differentiated T-cells (CD45RA+ CCR7-) are able to enter into a 
25 tissue. Moreover, these cells show a production of therapeutically useful cytokines. 

According to one embodiment the percentage of effector T-cells (CD45RA+ 
CCR7-) based on the total number of T-cells is at least 1 %, preferably at least 
3 %, more preferably at least 5 %. The percentage of precursor T-cells (CD45RA+ 
CCR7+) based on the total number of T-cells may be at least 1 %. Preferably the 

30 percentage is at least 2 %, more preferably at least 3 %. Precursor T-cells show 
only cytokine production and barely enter in tissue. However, these cells may be 
reverted T-cells with a lifelong memory effect. 
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The population of lymphocytes according to the fifth aspect may be further 
characterized by an intracellular cytokine production after stimulation with a 
evaluation antigen having a value that is at least twofold of the standard deviation 
without evaluation antigen stimulation. Moreover, the stimulation with the 

5 evaluation antigen leads to a value of CD107a induction that is at least twofold of 
the standard deviation without evaluation antigen stimulation. 

Due to these parameters the population of lymphocytes and/or the population of 
clinically relevant lymphocytes represent useful immunotherapy products for the 

10 treatment of cancers, infectious diseases and autoimmune diseases. 

According to a fifth aspect the invention provides an immunotherapy for treating or 
preventing a tumor disease, an infectious disease or an autoimmune disease in a 
mammal comprising the steps generating a clinically relevant lymphocyte 

15 population according to the second aspect of the invention wherein the body 
sample is obtained from said mammal and administering the clinically relevant 
lymphocyte population to said mammal. The infectious disease may be any known 
infectious disease relating to any known pathogen. 

20 The tumor disease according to the invention can be any cancer, including any of 
acute lymphocytic cancer, acute myeloid leukemia, alveolar rhabdomyosarcoma, 
bone cancer, brain cancer, breast cancer, cancer of the anus, anal canal, or 
anorectum, cancer of the eye, cancer of the intrahepatic bile duct, cancer of the 
joints, cancer of the neck, gallbladder, or pleura, cancer of the nose, nasal cavity, 

25 or middle ear, cancer of the vulva, chronic lymphocytic leukemia, chronic myeloid 
cancer, cervical cancer, glioma, Hodgkin lymphoma, hypopharynx cancer, kidney 
cancer, larynx cancer, liver cancer, lung cancer, malignant mesothelioma, 
melanoma, multiple myeloma, nasopharynx cancer, non-Hodgkin lymphoma, 
ovarian cancer, peritoneum, omentum, mesentery cancer, pancreatic cancer, 

30 pharynx cancer, prostate cancer, rectal cancer, renal cancer, skin cancer, soft 
tissue cancer, testicular cancer, thyroid cancer, ureter cancer, urinary bladder 
cancer, and digestive tract cancer such as, e.g., esophageal cancer, gastric 
cancer, pancreatic cancer, stomach cancer, small intestine cancer, gastrointestinal 
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carcinoid tumor, cancer of the oral cavity, colon cancer, and hepatobiliary cancer. 
Preferred cancers are glioblastoma and pancreatic cancer.. 

In order to avoid immune effects against the clinically relevant lymphocytes, the 
5 cancer patients may "conditioned" before administering the T-cells. The 

conditioning has three purposes. First is to provide more space for the infused 
lymphocyte population, second to remove adverse effectors and third to increase 
production of growth factors that may favor the rapid expansion and survival of T-
cells, i.e. autologous IL-7 and IL-15 production. 

10 
The clinically relevant lymphocytes can be mixed with a pharmaceutical^ 
acceptable carrier to form a pharmaceutical composition, which is also within the 
scope of the present disclosure. In one embodiment, the clinically relevant 
lymphocytes may be autologous to the subject, i.e., the clinically relevant 

15 lymphocytes are obtained from the subject in need of the treatment, and then 
administered to the same subject. 

Administration of autologous cells to a subject may result in reduced rejection of 
the host cells as compared to administration of non-autologous cells. Alternatively, 

20 the host cells are allogeneic cells, i.e., the cells are obtained from a first subject 
and administered to a second subject that is different from the first subject but of 
the same species. For example, allogeneic clinically relevant lymphocytes may be 
derived from a human donor and administered to a human recipient who is 
different from the donor. 

25 
To practice the methods disclosed herein, an effective amount of the clinically 
relevant lymphocytes described herein, or compositions thereof, can be 
administered to a subject (e.g., a human cancer patient, a patient with an 
infectious disease, a patient with an autoimmune disease) in need of the treatment 

30 via a suitable route, such as, for example, intravenous administration. The cells 
may be introduced by injection, catheter, or the like. If desired, additional drugs 
(e.g., cytokines) may also be co-introduced or introduced sequentially. Any of the 
cells or compositions thereof may be administered to a subject in an effective 
amount. As used herein, an effective amount refers to the amount of the 
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respective agent (e.g., the cells or compositions thereof) that upon administration 
confers a desirable therapeutic effect on the subject. Determination of whether an 
amount of the cells or compositions described herein achieved the desired 
therapeutic effect would be evident to one of skill in the art. For example, see 

5 references 2-5. Effective amounts vary, as recognized by those skilled in the art, 
depending on the particular condition being treated, the severity of the condition, 
the individual patient parameters including age, physical condition, size, gender 
and weight, the duration of the treatment, the nature of concurrent therapy (if any), 
the specific route of administration and like factors within the knowledge and 

10 expertise of the health practitioner. In some embodiments, the effective amount 
alleviates, relieves, ameliorates, improves, reduces the symptoms, or delays the 
progression of the desired disease or disorder in the subject. 

"Administering" refers to the physical introduction of a composition comprising a 
15 cell or pharmaceutical composition described herein to a subject, using any of the 

various methods and delivery systems known to those skilled in the art. 

The administering of the population of tumor reactive lymphocytes preferably is an 
introdution into the patient either locally in proximity of a tumor or into the tumor. 

20 Alternatively the population of tumor reactive lymphocytes is administered into the 
blood circuit. Other clinically relevant lymphocytes are preferably added into the 
blood circuit. 

According to an embodiment of the present invention, the subject is administered 
25 with a dose of clinically relevant lymphocytes comprising at least about, 4 x106, 4.5 

x106, 5 x106, 5.5 x106, 6 x106, 6.5 x106, 7 x106, 7.5 x106, 8 x106, 8.5 x106, 9 x106, 
9.5 x106, 10 x106, 12.5 x106, 15 x106, 20 x106, 25 x106, 30 x106, 35 x106, 40 x106, 
45 x106, 50 x106, 60 x106, 70 x106, 80 x106, 90 x106 of cells per kilogram body 
weight, {please expand to other ranges as appropriate} 

30 
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The immunotherapy according to the fifth aspect population of clinically relevant 
lymphocytes 

brings about regression of cancer cells in the mammal; 
interferes with the move from pre-malignant to malignant lesions; 

5 - brings about fast senescence of tumor cells or pre-malignant cells; 
brings about removal of autoantigen-positive cells; 
brings about killing, growth arrest or containment of pathogens; 
interferes with cancer stem cells; and/or 
induce growth arrest of cancer cells, or cells expressing auto-antigens. 

10 
According to a sixth aspect the invention provides a composition according to the 
first aspect of the invention for use in the medical treatment, in particular for 
treating and preventing an infectious disease, an autoimmune disease or a tumor 
disease. 

15 
According to one embodiment of the sixth aspect the use comprises a generation 
of a population of clinically relevant lymphocytes with a method according to the 
second aspect of the invention. 

20 According to one embodiment of the composition according to the sixth aspect the 
use comprises an immunotherapy according to the fifth aspect of the invention. As 
dicussed above, the particular cytokines of the cytokine cocktail not necessarily 
have to be used simultaneously but may be added at a different time point. 

25 According to a seventh aspect the invention provides the kit for use in medical 
treatment, in particular for treating or preventing an infectious disease, an 
autoimmune disease or a tumor disease, wherein the kit comprises IL-2, IL-15 and 
IL-21. The kit further optionally comprises at least one of a component that 
stimulates the TCR, in particular OKT3, costimulatory molecules, feeder cells and 

30 a peptide comprising the amino acid sequence of clinically relevant antigen. 
Preferably the kit comprises all of the mentioned components. 

The invention is further defined by the following examples. 
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EXAMPLES 

Example 1 - Lymphocytes expansion protocol using peripheral blood mononuclear 
5 cells 

A) Materials and equipment 

i) Equipment 
10 24 well plate, (Becton, Dickinson (BD), REF 353504) 

Sterile scalpel 
Sterile tweezers 
Medimachine (tissue homogenate machine), (BD, Cat:340588) 
Medicon, 50|jm, (BD, Cat:340591) 

15 Filcons, 200 |jnn (BD, Cat:340613) 
Laminar flow hood (Class 2 biosafety hood) 
Low temperature freezer, -80 °C 
Refrigerator 
Centrifuge 

20 
ii) Supplies 
Gloves (latex) 
Lab coat 
Sterile centrifuge tubes, 15mL. 

25 Pipet tips 
Pipette aid 
Waste container 
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iii) Reagents 
RPMI 1640, (Gibco, REF 61870-044) 
Cellgro, (CellGenix, Cat:20801-0100) 
Pooled human AB serum (Innoative Research, IPLA-SerAB-13458). 

5 Fetal Bovine Serum (Gibco, REF: 26140-079). 
Anti-CD3 antibody (OKT3), (Biolegend, Cat:317304). 
Human IL-2 (Prospec, Cat: CYT-209-b). 
Human IL-15 (Prospec, Cat:cyt-230-b). 
Human IL-21 (Prospec, Cat:cyt-408-b) 

10 PEST (antibiotics) 
Amphotericin 

B) Procedure 
Aphaeresis was performed on a healthy donor primed with NY-ESO-1. After 

15 separation of the blood components the product containing the leucocytes is 
separated from the rest. Cells are suspended in Cellgro comprising 5 % pooled 
human AB serum, 1000 U/ml IL-2, 10 ng/ml IL-15 and 10 ng/ml IL-21. The medium 
in addition contained 10|jmol NY-ESO-1 peptide as expansion antigen. The 
concentration of cells from. The expansion of lymphocytes from peripheral blood 

20 contained the step of stimulation by irradiated autologous PBMCs pulsed with the 
antigen of interest. For this, autologous PBMCs were pulsed for two hours with 
10 mM NY-ESO-1 peptide at RT, and then irradiated at 55 Gy. The pulsed 
irradiated autologous PBMCs were added to the lymphocyte culture on day 7 and 
re-suspended in fresh culture medium supplemented with 5% human pooled AB 

25 serum with cytokines in concentrations as defined above. On day 10 cells were 
expanded with Cellgro supplemented with 5 % pooled human AB serum and 
cytokines. OKT3 antibody was added in a concentration of 30 ng/ml in the same 
culture medium described as above plus irradiated feeder cells (55Gy) at a 1:10 
(feeder cell: T-cell ratio) the peptide and cytokines. On day 17 to 20 of culturing 

30 the cells are harvested for analysis or transferred to the patient. 
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Example 2 Lymphocytes expansion protocol using peripheral blood mononuclear 
cells 

5 The procedure of Example 2 is identical to the procedure of Example 1 only that 
the donor was a patient who received vaccination with NY-ESO-1. 

Example 3 - Lymphocytes expansion protocol using peripheral blood mononuclear 
10 cells 

Example 3 is identical to Example 1 only that the donor is a patient whose tumor 
already expressed the TAA NY-ESO-1. 

15 
Example 4 - gamma delta T-cells can enriched in expanded lymphocytes with the 
cytokines IL-2, IL-15 and IL-21 

The expansion is carried out according to the protocol described in Example 1 with 
20 the difference that zoledronic acid was added to the cell culture in a concentration 

of 5 |jMol. Zoledronic acid is known to promote the expansion of TCR gamma 
delta T-cells. As shown in Fig. 1 this experimental setup leads to a strong increase 
of TCR gamma delta T-cells in both frequency and absolute numbers. In Fig. 1 
flow cytometry images of the expanded culture at different times are shown. 

25 Accordingly on the first day of expansion 3.68 % of he cells carry the TCR gamma 
delta. There is already a slight increase on the second day. Strikingly, after 7 days 
of expansion almost 50 % of T-cell are the y§ subset. 

30 Example 5 - Expansion of the lymphocytes with the cytokine cocktail induces 
double negative T-cells (CD3+CD4-CD8-). 

Lymphocytes were obtained from a patient with narcolepsy. The expansion was 
carried out as described in Example 1 but with the PRDM2 peptide as expansion 
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antigen and stimulating.. The cultured cells were tested for the T-cell phenotype on 
day 1 and day 18. Fig. 2 shows the flow cytometry results of these samples. In the 
results first the lymphocytes are filtered and then the CD3+ lymphocytes are 
filtered. These cells are then further analyzed for the presence of CD4 and CD8. 

5 From the panels it can be seen that after day 1 only 13 % of the cells are in the 
double negative state. The majority of the cells are CD4+. After 18 days of 
expansion with the cytokine cocktail 92 % of the cells are double negative cells 
(CD3+CD4-CD8-) T-cells. 

10 Furthermore, the induction of IFN-y production of the expanded lymphocytes upon 
PRDM2 peptide stimulation is tested. As shown in Fig. 3 on day 1 only 0.89 % of 
the cells produce IFN-y upon PRDM2 stimulation. In contrast, the sample from day 
18 shows a significantly increased population of cytokine producing PRDM2 
specific T-cells. As most of the T-cells are in the CD3+CD4-CD8- state, this shows 

15 that the expansion protocol leads to the formation of clinically relevant double 
negative T-cells. 

Example 6 - Sorted Dextramer cells produce IFN-y in response to autologous 
20 EBV-LCLs loaded with peptide and protein antigens 

The expansion protocol according to Example 1 was carried out with blood from 
two different patients with narcolepsy again with PRDM2 as expansion peptide. In 
two different setups per patient either DNAseB or PRDM2 peptides were added to 

25 the cytokine cocktail in the culture medium. CD3+CD4-CD8- and conventional 
CD8+ T-cells that were MHC restricted and directed against PRDM2 or DNAseB 
were sorted by flow cytometry and tested whether they recognize naturally 
processed and presented epitopes. T-cells from the same patients were pulsed 
with peptides or with recombinant proteins and IFN-y production was measured. 

30 The results of the experiment are summarized in Table 1: 
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Stimulus 

Sorted Dextramers -
% Frequency 

DNAseB PRDM2 DNAseB PRDM2 
T Cells + 

Autologous 
B Cells 

Sorted Dextramers -
% Frequency 

WT MUT WT Protein 

T Cells + 
Autologous 

B Cells 

DNAseB 

c 
ffi 
IS 
Q. 

PRDM2 

DNAseB 
C\l 
C 
ffi 
IS 
Q. 

PRDM2 

PRMD2 CD3+ DN-
0.27% 

DNAseB CD3+ DN-
0.29% 

PRMD2 CD3+ DN-
0.25% 

DNAseB CD3+ DN-
0.45% 

PRMD2 CD8+-
0.70% 

DNAseB CD8+-
0.26% 

PRMD2 CD8+-
0.28% 

DNAseB CD8+-
0.32% 

10.7 1.2 6.6 1.0 23.0 0.05 

0.7 7.7 1.5 3.1 3.1 0.07 

0.0 0.0 2.3 0.0 0.0 0.10 

5.3 0.6 0.4 1.8 2.7 0.0 

0.4 0.2 0.4 2.3 1.6 0.01 

1.1 0.9 0.4 2.5 1.1 0.04 

0.9 25.8 10.7 1.3 6.5 0.0 

22.6 7.0 14.8 11.0 7.9 0.0 

Table 1 

The measured values are the IFN-y concentration in pg/fnl. This experiment shows 
5 that the cytokine cocktail of IL-2, IL-15 and IL-21 in combination with a specific 

antigen is able to expand clinically relevant T-cells, in particular T-cells specific for 
the antigen in peripheral blood. The T-cells can preferentially reside in the so-
called DN CD3+CD4-CD8- T-cell population and these T-cells are highly 
functionally active, they produce IFN-y and recognize biologically and medically 

10 relevant targets. 
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Example 7 - Analysis of lymphocytes expanded with the cytokine cocktail and 
tumor associated antigens 

The expansion procedure was carried out as described in Example 1 with the 
5 exception that IN080E and UCHL3 were used instead of NY-ESO-1 as expansion 

antigen. After 18 days of expansion the cells were stimulated with either IN080E 
or UCHL3 analyzed by flow cytometry. The results of the flow cytometry are shown 
in Figs. 4 and 5. Fig. 4A shows the signal of the cells separated by sideward and 
forward scattering. Lymphocytes are gated as shown by the black elliptic circle. 

10 The filtered lymphocytes are then again filtered for the presence of CD3. The 
CD3+ cells were further analyzed by a separation according to the presence or 
non-presence of CD8 and CD4. In this experiment 41 % of the cells are CD8+, 
29,6 % CD4+ and 26,5 % double negative. The double negative and CD8+ were 
then tested for IFN-y production upon stimulation with the target antigens IN080E 

15 and UCHL3. Note that the T-cells are objectively measured using MHC class 
1/peptide complexes. According to the results shown in Fig. 5 A 1.4 % of the CD8+ 
cells produce IFN-y upon IN080E stimulation but also 0.56 % of the double 
negative T-cells produce IFN-y upon stimulation (see Fig. 5 B.). Similar results are 
obtained for UCHL3 activation as shown in Fig. 5 0.34 % of the CD8+ cells 

20 produce IFN-y. Also 0.45 % of the double negative cells produce IFN-y (see 
Fig. 5D). 

The cells stimulated with IN080E were further analyzed for the production of 
cytokines. Fig. 6A to 6C again shows the gating of CD8+ IFN-y producing T-cells. 

25 The analysis of cells producing CD107a, CD127 (IL-7R) and CD117 are shown in 
Fig. 6D to 6F. Grey signals stand for the entire CD3+CD8+ T-cell population 
(irrespective of the antigen-specificity), , black signals for CD3+CD8+ T-cells that 
are antigen-specific. The analysis shows that the TAA reactive CD8+ T-cells 
express CD107a, a marker associated with ccytotoxicity and CD127 (the II-7R 

30 receptor, mediating survival signal signals), but not CD117, a marker for T-cells 
with stem-cell like properties. . 
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Example 8 - Expansion of PBMCs with the cytokine cocktail and the CMVpp65 
peptide 

PBMCs were obtained from a patient with glioblastoma, and were expanded with 
5 the cytokine cocktail of IL-2, IL-15 and IL-21 according to Example 1 but in 

combination with CMVpp65 peptide. This experiment shows that the CMVpp65 
peptide stimulation in combination with the cytokine cocktail of IL-2, IL-15 and IL-
21 leads to a strong expansion of high affinity antigen specific T-cells (tetramer 
analysis). Results are shown in Fig. 7 A to 7D. APC-CMV bzw. PE-CMV und FITC-

10 CMV stand for i) identical MHC class l-HLA-0201 molecules, ii) identical peptides. 
But the MHC molecule is mutated. The only difference is the mutation in the MHC 
molecule - which detects T-cells with different affinity.. The CMV tetramers are 
differently mutated. APC-CMV (medium affinity, mutation in the position 245; 
between PE-CMV (high affinity) und FITC-CMV (wild type, comparably low 

15 affinity). The data show that mutant tetramers that only allow high affinity T-cell 
receptors for binding detect high affinity T-cells (as well as T-cells with low and 
intermediate affinity) High affinity T-cells are believed to mediate stronger immune 
effector functions and to be superior in removing tumor cells and/or pathogens. 

20 
Example 9 - Analysis of the frequency of tumor reactive T-cells after expansion of 
lymphocytes from peripheral blood with the cytokine cocktail and NY-ESO-1 

PBMCs were obtained from a patient with pancreatic cancer. The experiment was 
25 carried out as described in Example 1. Fig. 8 shows a flow cytometry analysis of 

samples of the expansion on day 0 and day 18. While on day 1 the IFN-y 
production upon NY-ESO-1 stimulation is only 1.85, this concentration increases 
drastically to 9.25 on day 18 (see Fig. 8B and 8D). Thus the number of NY-ESO-1 
specific T-cells is drastically increased during expansion. 

30 
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Example 10 - Expansion of survivin reactive T-cells from peripheral blood from 
patients with cancer 

PBMCs were obtained from a patient with glioblastoma and were expanded with 
5 the cytokine cocktail of IL-2, IL-15 and IL-21 according to Example 1 but together 

with the known TAA survivin. Again cells were analyzed on day 1 and after 18 
days of culture using flow cytometry. Before analysis the expanded cells were 
stimulated with survivin. Cells were grouped into CD4+, CD8+ and double 
negative T-cells. In these groups the concentration of IL-2, IFN-y and TNF-a was 

10 determined. Fig. 9A shows the results for CD4+ cells, Fig. 9B the results for the 
double negative and Fig. 9C the results for the CD8+ cells. The results can be 
summarized as follows: there are no detectable T-cell responses, defined by 
cytokine production at time point 0 (TO). In contrast, after 18 days of expansion 
strong cytokine production is found in response to stimulation by survivin proving 

15 the presence of survivin specific T-cells. In this regard it has to be noted that T-cell 
responses are generally very difficult to induce against survivin. 

Example 11 - Analysis of the phenotype of expanded lymphocytes 
20 

PBMCs were obtained from a patient with glioblastoma. The expansion was 
carried out as described in Example 1. Samples from day 0 and day 18 were 
analyzed according to the presence of CD45RA and CCR7 using flow cytometry. 
The results are shown in Fig. 10A and Fig. 10B. For this experiment, cells were 

25 grouped into the following groups. Positive signals for CD45RA and CCR7 upper 
right section of the graph stands for precursor cells. CCR7+ CD45RA- lower right 
is central memory cells. CD45RA positive signal with CCR7- upper left area are 
the effector cells and the negative signal in both regions lower left area are the 
peripheral memory cells. As shown in comparison of Fig. 10A and Fig. 10B it is 

30 obvious that the number of central memory cells due to expansion with the 
cytokine cocktail strongly increases, i.e. form 3.72 to 21.1. The number of 
peripheral memory cells slightly increases while the number of effector cells 
strongly decreases. The number of precursor cells only slightly decreases from 
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65.4 to 57.4. Accordingly, expansion with the cytokine combination according to 
the invention enriches central memory T-cells. 

5 Example 12 - Analysis of the differentiation of different T-cell subsets upon 
expansion with the cytokine cocktail of IL-2, IL-15 and IL-21 together with different 
TAA 

PBMCs from patients with pancreas cancer were treated according to Example 1 
10 with different antigens: GPl which is the cell surface bound part of mesothelin, 

survivin and NY-ESO-1. The results are summarized in the following Table 2: 

i 
I 

Cental memory 
CD4SRA-CCR7+ 

Precursor Effector T-celte j 
CD4SHA+CCR7+ C04CKA+CCK7-1 

| } CD45RA-CCR7-
j T-wlI 
I population 
I n 

Antigen 
forsiimu 
tattam 

Tima> 
point 0 

After 
simu­
lated 

flme-
pointO 

After [ 
Tim#-

stonu-
lation [P0"10 

Alter ! 
i Tlma-

sttnuu- } „ . „ 
, point 0 
lotion [ 

After 
stimu­
lation 

j CD4+ 
GPl 

12,80 

24,30 

44,50 

24,00 ( 2,65 48,70 
j CD4+ NY-ESO-1 12,80 29,10 

15.50 

44,50 12,20 j 7,93 3,71 j 34,00 54,90 j CD4+ 

Survivin 

12,80 29,10 

15.50 

44,50 

424 1.89 | 78,40 

Patient X I CD8+ 

GPl 

0,61 

4.80 

26,70 

50,90 25,50 18,80 

Patient X I CD8+ NY-ESO-1 0,61 10,90 26,70 11,30 I 57,60 11.50 j 15,10 66,30 Patient X I CD8+ 

Survivin 

0,61 

7,20 

26,70 

8,98 I 14,50 j 69.30 

| CD4- CD8-
( 

GPl 

1.81 

4.31 

29,20 
19,90 J 
7.44 l 58,80 

40,40 i 35,40 

18.90 | CD4- CD8-
( 

NY-ESO-1 1.81 6,90 29,20 
19,90 J 
7.44 l 58,80 66,80 I 10,20 

35,40 

18.90 | CD4- CD8-
( Survivin 

1.81 

5,49 

29,20 

7 ,.10 I 57,60 | 29.80 
Table 2 

In the first column the T-cell subset to be analyzed is shown: CD4+, CD8+, CD4-
15 and CD8-. In the second column the antigen stimulus is defined. In the following 

columns the percentage of central memory, precursor, differentiated effector cells 
and peripheral memory cells is shown at day 0 and day 18 of the different 
experiments. Accordingly, some antigens such as mesothelin particularly drive the 
expansion of precursor cells and defined by CD45RA+ CCR7+ and central 

20 memory cells defined by CD45RA- CCR7+. 
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Example 13 - Enrichment of precursor T-cells and c-kit expression 

PBMCs from patient with glioblastoma were expanded according to the protocol of 
Example 1 with peptides of the antigens (EGRvlll, NY-ESO-1 or survivin). The 
cells were stimulated with the same peptides analyzed by flow cytometry and the 
results are summarized in Table 3: 

EGFRV 
NY-ESG-

1 
SL'rV'Vin 

TISVEPCWT 

U 
•EGFRVIM 

NY-ESG-
•n "Win 

"IWE^OINT 

0 
EGFRV; 

MV-EEC-
'"•'Twin 

T r."Ef*U'NT 

o ; 

71.2 8U.3 ' &3r2 48.8 J 5} .9 S-&.2 71.4 •• 2.i hh.1 

CDS* • Sl.t" lb 4 tS* bU.y 48J 57; 7 6,E &3,9 , 

. 'II •Li.5 i 35 b'i.t f 6\2 «,S > ....... -3.6 

... 55,2 ; 33,5 71,3 2,1 7 M4 ; 27,6 30.3 «,29 

17..5 5 32 "d.m ! 26S ifl.e 13 1 ..47 2.56 isB 12.2 €.69 : 
I 

Q1:DCR7-,CD*5RA+ SJ& : 10,5 5,8 ! 81 56,5 ? 53,3 S2.fi 1,49 = 7.67 6,67 4,46 

Q2: CCR7* , 

CIMSRft+ 
sy.t * Sti E 11.2 

! 
• 13 

I 
35.9 | 40.1 £2 t ey.i as,? €3,1 41,3 : 

!Q3:DCR7».CDI6RA- 15,9 . 27,6 16,4 11,3 ! iii 3.18 1 3,22 7,4 20.7 ; 20.5 21.1 14.7 

ocw- . cmm&r 
CD 6* 

19 A ; 48.9 209 i' 5 ; « 4.48 a« .. .. 
" ' „ 

29,2 ^•5 : ocw- . cmm&r 
CD 6* •J3.= • 28.5 33 J £ . 11 27fc -' :s 8.82 I ,5 24.3 1 34.8 

okfl+ iU.s 0* 0,66 2b • 91,9 I L'S 114 1 32 7 'J L'7f 

CDta 2y ; 4h 33,? •m I 42,1 49 i 50,2 -Sf 1 23,« ; 
_ 

g^i : 
C DSab tib 5 4b 62.3 53,9 S.i ! 45,7 S5J rj i 82,2 §: M ; 

CD1&7a+ 1 i2 5.12 5 "« MS 7* 
i 

15 | 15.1 A 2,12 ; ? _ -M ; 

Ql:OCft7-,CD4SRA+ \bd U IK 5 i ^ 
,.8 

. " 60,7 m.M M3 15 Ji - 7.1 

Q2: CCR7*, 

CDIBRM 9.11 0 ,96 75SS 25,3 
i ^ 

,.8 24,# 24.6 23,9 ; 41,1 S0,T 37.3 : 

Q3: CC«7T . CD45RV 5.02 3,51 5.6 2,47 'J ' ̂ 0,84 ! i.ty 2.$4 L: 51 2.53 

04:CCR7*. CD45ftA- 70.1 = 44,3 72,5 „-j.u j ri b.2b 4.76 •3 " b ^y2 j;.= \7 *, 23,6 

m 5-i.r 36 mM ih.2 jb i '51' 22.•» 38.6 tti-i S.\2 i! 5 ,7.y 

11,1 . 0,36 l l A 2,1 r «« i-i.y i ^ 5 J5 IS.- •J:S> 

CDlG7a+ 5 *f 14.2 jiJ&___ ; 3,12: !§ lb 7 3,;93 "J f7 15 5 _J.LI...... •5 m 

Ql: CCR7- . CD45RA+ 2ZJ. ^y.ti 2tJ i 46.4 1 88.6 54 .y b"7 S4..5 iU -1 2U- U i y.s J 

CD4SRA+ 
3.0 12,4 3,34 32,1 21.8 | 19,8 37.4 1,77 19.9 38,7 1C,6 

-Q£CCR7*.CaH6nA- 4.02 ; 7,§3 •1 'J: 5,41 8,17 I y.!3 4 '• r 1..S2 •: 10.S B i i,I3 

-J®*. 40.1 72 !S2_i 10,1 L_ 66,3 ' W7 35 

The numbers are percentages of the T-cell populations in the parental CD4+, 
CD8+, or double negative phenotype for each of the respective antigens at time 
point 18 days with comparison to time point 0 (start of the expansion). An 
enrichment of precursor T-cell subsets, defined by CD45RA+ CCR7+ associated 
with antigen and strong expression of c-kit (CD117) is detected. C-kit is a marker 
for T-cells with stem-cell like features. CD117+ T-cells have been associated to 
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provide long-term memory population. Strong induction of the 
cytotoxicity/degranulation marker CD107a in stimulated T-cells is also observed. 

5 Example 14 - The expansion protocol with the cytokine cocktail and TAA peptide 
leads to 4-1BB and TIM-3 positive T-cells 

PBMCs were derived from patients with pancreatic cancer and expanded 
according to Example 1. Again TAA peptides were derived from GPl, NY-ESO-1 

10 and survivin. Using flow cytometry the presence of different markers was tested. 
The markers are: 4-1 BB, CD25, CD127, CTLA-4, LAG3, PD1 and TIM3. The 
results are summarized in Table 4: 

4-1 BB CQ25* CD127* CTLA-4+ , IAG3+ PDl* TIM3* 

TO Aq T 2> fig TO % T C M " U fta- '0 Aq '0 ftfl 

U i.' J7 UU jb.di; r: u' U.ld 2* ' U Ll.UZ 

CW+ NV-FSO-i 0.03 5,:*; •4.' z5WJ 66,70 U :<1 liULi L'.li 0.2B 822 2= 7U C'.liU 0.17 

-SL'fV ".'Ml J 1 ? , 32,10 •J73J C U' . 2 = BL1 0,61 

GP ij.vi -c.'.w 1,77 D,29 J.I' 0,01 

MM; A CD8+ NY-EJO-1 0,04 « !r Mb Vi WJ i. J.40 2,14 tk!§ 2 *1" U.8S 0.41 7.43 •v: O'J 0,00 0,03 

3DIV,"III 0,11 37 'U im : -5 0,56 l-i 71' 0,0-3 
G = 0,14 ! 26,10 1,05 : uz .. : • 23.7-0 : 0,06 

CD4- CD8- MY-ESO-1 O.ftl u » 0,89 . 443,70 12,90 2,06 0,07 UI U.32 0,17 12,00 11,eo ;®,oo <3,29-

Survivin 0,41 ;5i,10 us 0.23 12,50; <M3 

GPl 1,47 _ Ft, 30 n 0,35 62.70 :: 0.43 

CD4+ HY-ESO-1 0,06 1,» 4,26 I si,so 54,70 19,20 0.CS jUb UJ5 0,42 17.10 28.90 : e.oo 0.25 

SLTv.vin J 75, Hi ,27,SO J k* 0.43 61 ,§0 i -0,51 

GO 1,51 55 JO 7,74 :>r 3.97 47.60 i 0,34 

Patem B CM+ NY-E30-" 0,0s i,sa 2/5 1#,00 6,07 cue L - J H.BZ 1,16 11.80 30,800,00 U.ltj 

Survwtii 2,71 StvtU 1,45 c J J 1,78 •1-3 ' 'J 

GPl 3,1® i ' -V •1 w ! 1 b'J S.12 

CM- CDft- Mv-iso-i o.oo 3,40 O.tr is.yu 7'J® 6,49 U ,z» „ •*& J.07 0.49 10.71 21 4L« 1,07 2,0-1 

Survivin 2,50 ; 32,10 7,01 2 b'J 0,* ^ -0,00-

15 In the Table 4 TO stands for the concentration of the individual subsets defined in 
column 2, prior to expansion (TO). Ag stands for 18 days of antigenic stimulation 
and cytokine-driven expansion. The 4-1 BB values and TIM3 values are indicative 
for antigen experienced T-cells. It is found that in particular 4-1BB+ T-cells are 
strongly increased in some of the experiments and cellular subsets. For example 
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in the CD4+ subset stimulation with NY-ESO-1 leads to an 200-fold increase in 4-
1BB+ T-cells (from 0.03 to 5,96). 

5 Example 15 - Detailed analysis of cellular markers in lymphocytes expanded from 
peripheral blood of patients with glioblastoma 

The experiment was carried out according to the protocol of Example 1 with 
EGVRVIII, NY-ESO-1 or survivin, respectively. The results are summarized in 

10 Table 5. 
Stim Ag Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 

TO Ag TO Ag TO Ag TO Ag TO Ag 
EGFRVIII 12,2 39 10,9 44,3 74,4 

CD4+ NY-ESO-
1 

40,4 30,5 70 62,5 36,2 30,6 48,8 63,1 65,6 74,8 

Survivin 24,8 70,5 33,5 63,7 72,2 
EGFRVIII 1,39 1,85 0,39 0,91 1,47 

4-1BB+ NY-ESO-
1 

0,13 26,5 0,16 50,2 0,032 16,9 0,28 3,47 0,083 2,78 

Survivin 34,2 43,4 14,6 11,9 4,02 
EGFRVIII 31,8 50,6 12 84,3 86,9 

CD25+ NY-ESO-
1 

2,76 66 6,43 85,7 4,01 29,6 10,1 60,5 4,73 97,5 

Survivin 56,4 88,2 30,6 76 94,2 
CD3+/ EGFRVIII 77,5 34,7 84,9 16,4 8,08 
CD4+ 

CD127+ NY-ESO-
1 

77,6 60,4 69,5 49 88,5 64,3 35,7 34,3 42 2,08 

Survivin 55,8 54 71,5 35,8 6,77 
EGFRVIII 0,88 1,79 0,44 1,19 3,82 

CTLA-
4+ 

NY-ESO-
1 

0,27 6,87 1,04 7,59 0,19 0,93 1,64 3,03 1,28 3,66 

Survivin 4,91 7,43 1,46 7,28 7,04 
EGFRVIII 7,71 10,1 4,68 2,73 3,06 

LAG 3+ NY-ESO-
1 

10,7 20,8 12,5 26,3 4,05 10,8 3,66 4,65 2,21 2,58 

Survivin 20,5 17 13,9 5,98 3,79 

PD-1 
EGFRVIII 

7,1 
21,9 

37,8 
34,2 

14,8 
9,13 

3,99 
29,3 

4,64 
84,5 

PD-1 
NY-ESO-

7,1 
55,8 

37,8 
50,2 

14,8 
15,1 

3,99 
39,4 

4,64 
87,2 
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1 
Survivin 47,1 55,4 17,2 55,8 90,5 

EGFRVIII 0,066 0,056 0,016 0,35 0,75 

TIM3+ NY-ESO-
1 

5E-
03 

0,34 
5E-
03 

0,36 0 0,063 0,13 0,52 0,044 0,066 

Survivin 0,28 0,27 0,5 1,71 0,21 
EGFRVIII 34,7 30,8 25,3 34,9 16 

CD8+ NY-ESO-
1 

18,2 33,9 19,6 9,63 39,6 33,2 20,1 25,5 9,55 13,2 

Survivin 36,2 11,1 45 22,2 15,1 
EGFRVIII 0,78 0,49 0,47 0,96 1,93 

4-1BB+ NY-ESO-
1 

1,64 13,3 1,16 24,8 0,66 12,5 0,067 7,57 0,17 10,6 

Survivin 12,4 25,2 11 16,2 11,6 
EGFRVIII 59,3 44,1 25,8 90,1 86,9 

CD25+ NY-ESO-
1 

5,58 43 5,98 97,6 1,59 65,2 3,47 50,9 1,4 96 

Survivin 45,4 94,6 44,4 65 94,4 
EGFRVIII 32,6 30 43,6 15,6 21,6 

CD127+ 
NY-ESO-

1 
68,8 47,6 62,7 57,1 67,4 49,4 42,5 37 52,6 12,1 

CD3+/ Survivin 42,9 53,1 57,1 37,1 19,6 
CD8+ EGFRVIII 1,17 1,48 1,62 8,46 24,2 

CTLA-
4+ 

NY-ESO-
1 

1,32 3,58 2,16 8,89 1,37 2,08 12 19,4 14,3 15,6 

Survivin 2,91 7,09 2,91 18,3 28 
EGFRVIII 92,3 94,5 96,1 12,6 26,2 

LAG 3+ NY-ESO-
1 

79 94,5 88,3 93,1 91,9 98,3 15,9 25,6 18,9 14,3 

Survivin 95,5 94,6 98,1 26,5 24,6 
EGFRVIII 18,2 39,5 14,4 21,4 56,5 

PD-1 
NY-ESO-

1 
7,53 28,3 26,3 44 4,63 18,2 6,04 26,4 5,34 80,4 

Survivin 29,4 41,9 12,8 37 82,7 
EGFRVIII 0,21 0,11 0,15 0,69 2,93 

TIM3+ NY-ESO-
1 

0 0,061 0,016 0,11 
7E-
03 

0,27 0,12 1,72 0,13 1,2 

Survivin 0,19 0,2 1,75 4,13 3,96 

Table 5 
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Again the lymphocytes are separated according to the presence of CD4 or CD8+. 
The numbers in the table refer to percentages of cells positive for the individual 
markers listed in the second column in the table at TO or after 18 days of 

5 expansion (Ag). Again for most patients a strong induction of 4-1BB+ T-cells is 
found. 

Example 16 - Analysis of lymphocytes expanded from a patient with pancreatic 
10 cancer and from a patient with glioblastoma 

PBMCs were obtained from a patient with pancreatic cancer and from a patient 
with glioblastoma. The lymphocytes were expanded with the protocol according to 
Example 1. The lymphocyte culture is analyzed by flow cytometry against a variety 

15 of markers. The results are represented in Table 6: 

Pane GBM 
TO TH TO TH 

CD3 64 69,9 70 88,6 
59,1 31,2 64 11 

CCR6 Neg 88,9 97,4 95,9 86,6 
TH1 9,69 97,1 4,82 38,8 
TH2 0,23 0 0,64 0,2 

CCR6 Pos 10,1 2,03 3,25 12 
TH1* 22,2 92,1 9,64 68,1 
TH17 1,05 0 1,02 0,52 

CD4 
CCR7-

CD45RA+ 14,5 13,8 2,69 2,06 

CCR7+ 
CD45RA+ 12,1 0,25 49 61,9 

CCR7+ 
CD45RA-

10,9 0,2 21,2 23,3 

CCR7-
CD45RA-

62,5 85,7 27,1 12,7 

C-KIT 0,52 0,051 0,77 3,12 
CD107a 0,4 0,14 0,8 4,39 
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33,5 64,5 30,3 71,2 
CXCR3+ 6,67 96,8 17 85,5 
CCR7-

CD45RA+ 61,1 30,8 20,1 7,39 

CD8 

CCR7+ 
CD45RA+ 9,91 0,87 66,8 66,2 

CD8 
CCR7+ 

CD45RA-
2,29 0,082 2,52 10,9 

CCR7-
CD45RA-

26,6 68,2 10,5 15,5 

C-KIT 2,17 0,22 2,85 4,34 
CD107a 3,45 0,34 4,23 5,66 

6,15 3,47 4,56 13,7 
CXCR3+ 8,67 87,3 24 58,3 
CCR7-

CD45RA+ 73,1 37,2 41,7 15,7 

DN 

CCR7+ 
CD45RA+ 

5,63 0,093 20,2 7,12 
DN 

CCR7+ 
CD45RA-

3,44 0,46 5,95 5,6 

CCR7-
CD45RA-

17,8 62,3 32,1 71,6 

C-KIT 4,33 0,51 1,67 2,24 
CD107a 8,91 1,2 1,67 2,9 

Table 6 

In the first column it is indicated what subgroup of lymphocytes was filtered. In the 
second column the respective tested markers are listed. If no marker is listed this 

5 line represents the percentage of total number of cells with the filter marker CD3+ 
based on the total number of cells and the CD4+, CD8+ or double negative. Again 
TO stands for the culture prior to expansion and TH for the time of harvest at day 
18. The numbers represent the percentage of cells carrying the selected markers 
in column 2 or column 1 respectively. It has to be noted that majority of CD4+ cells 

10 after expansion is TH1 positive. In pancreatic cancer the numbers increase from 
22.2 to 92.1 % of the CD4 cells. In glioblastoma the results are only little less 
pronounced from 9.64 to 68.1 % of the CD4 cells. Likewise, moreover there is a 
strong expression of CXCR3+ in CD8+ T-cells after expansion 96.8 % in pancreas 
and 85.5 % in glioblastoma. Accordingly almost all of the CD8+ cells are CXCR3+. 
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Moreover it is noted a shift away from terminally differentiated T-cells into 
precursor or central memory T-cell subsets. 

Fig. 11 shows flow cytometry graphs of the experiment for the determination of 
5 TH17, TH1, TH1* and TH2 in the sample from the pancreas cancer patient First 

the cells are gated on CCR6 and then on CCR3 and CCR4 respectively. 

Example 17 - Expansion of memory T-cells specific for certain antigens in the 
10 absence of stimulation with these antigens 

PBMCs from patients with pancreas cancer were expanded according to Example 
1 with the tumor associated antigen NY-ESO-1. The resulting cells were 
stimulated for four hours with the following tumor associated antigens: CMV, 

15 EBNA-3a, IN080E, mesothelin, NY-ESO-1, survivin und UCHL3. Using flow 
cytometry the percentage of cytokine producing T-cells was determined. The 
numbers are represented in Table 7 for different T-cell subsets: CD8+, CD4+ and 
double negative. The following cytokines were tested: IFN-y, IL-2 and TNF. 
Interestingly, not only stimulation with NY-ESO-1 led to cytokine producing T-cells 

20 and therefore tumor reactive T-cells but also stimulation with other antigens that 
were not used in the expansion process. Also stimulation with antigens of viral 
targets (CMV and EBNA-3a) led to T-cells producing cytokines showing the 
presence of T-cells specific for these targets. 
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AFTER 

EXPANSION 

AFTER MEDIUM SUBSTRACTION AFTER 

EXPANSION PMA CMV EBNA-3a IN080E Mesothelin NY-ESO-1 Survivin UCHL3 

CD8+ 

IFN+ 20.03 0.97 1.56 0.00 0.10 0.14 0.07 0.13 

CD8+ IL-2+ 3.84 0.06 0.02 0.00 0.04 0.03 0.04 0.06 CD8+ 

TNF+ 21.61 1.49 1.46 0.07 0.41 0.27 0.25 1.01 

CD4+ 

IFN+ 10.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

CD4+ IL-2+ 14.39 0.22 0.06 0.09 0.16 0.15 0.10 0.33 CD4+ 

TNF+ 10.29 0.00 0.00 0.00 0.02 0.00 0.00 0.65 

DN 

IFN+ 5.53 0.05 0.14 0.00 0.00 0.00 0.00 0.00 

DN IL-2+ 5.89 0.20 0.14 0.02 0.09 0.22 0.19 0.23 DN 

TNF+ 4.82 1.15 0.36 0.34 1.22 0.59 0.56 2.18 

Table 7 

5 Example 18 - Cytotoxicity after HPV L1 specific expansion 

In this example peripheral blood was obtained from a patient who suffered from 
severe HPV disease (HPV33 and HPV56). The stimulation was performed with the 
HPV L1 peptide and the cytokine cocktail comprising IL-2, IL-15 and IL-21. After 

10 18 days of expansion the cells were stimulated with L1 peptide and measured by 
flow cytometry. The results of this are shown in Fig. 12. Fig. 12D to 12F show the 
gating for lymphocytes CD3+ and CD8+ respectively. In Figs. 12A, 12B and 12C 
the rectangle marks the area showing cells that express cytokine CD107a, a 
marker for degranulation/cytotoxicity that is antigen-specific. Fig. 12A the results 

15 obtained with the L1 peptide, Fig. 12B a positive control and Fig. 12C just medium 
as negative control. Accordingly there is an increase from 0.77 to 2.23 in the 
percentage of cells producing CD107a. 
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Example 19 - T-cells expanded with the cytokine cocktail and tumor antigens 
recognize autologous tumor cells 

PBMCs from a patient with glioblastoma were stimulated with NY-ESO-1 peptides 
5 and CMVpp65 peptides. Peripheral blood from a patient with glioblastoma was 

treated according to the protocol of Example 4 wherein in two setups the 
stimulating peptide was either NY-ESO-1 or CMVpp65. Again after 18 days a 
cytokine production assay was performed using different antigens for stimulation 
or the autologous tumor cells. It was found that antigen-specific expansion of T-

10 cells using peptides and the cytokine cocktail leads to expansion of T-cells 
directed against the stimulating target, yet also against the patient's own 
autologous tumor cells. This reactivity was not present prior to expansion of T-cells 
with NY-ESO-1 and cytokines. The data is summarized in Table 8. Numbers 
represent percentages of T-cells present in the parental T-cell population. 

15 

PMA NY-ESO-1 Survivin CMV Tumor Medium 

GBM TO TH TO TH TO TH TO TH TO TH TO TH 

IFN- 16,3 45,2 16,3 45,2 
0,00 0,33 0,00 0,30 0,00 0,66 0,00 0,23 0,00 0,11 

Y 5 0 
0,00 0,33 0,00 0,30 0,00 0,66 0,00 0,23 0,00 0,11 

50,5 64,1 
IL-2 

50,5 64,1 
0,00 0,15 0,00 0,05 0,00 0,08 0,05 0,21 0,02 0,05 

CD4 8 5 
0,00 0,15 0,00 0,05 0,00 0,08 0,05 0,21 0,02 0,05 

+ IL-
0,69 2,09 0,02 0,08 0,01 0,11 0,00 0,01 0,04 0,21 0,03 0,09 

17 
0,69 2,09 0,02 0,08 0,01 0,11 0,00 0,01 0,04 0,21 0,03 0,09 

TNF 45,3 68,8 45,3 68,8 
0,00 0,42 0,00 0,20 0,00 0,45 0,10 0,28 1,68 0,42 

-a 8 4 
0,00 0,42 0,00 0,20 0,00 0,45 0,10 0,28 1,68 0,42 

IFN- 13,0 87,1 13,0 87,1 
0,01 0,91 0,01 1,20 0,04 2,53 0,00 0,82 0,00 0,64 

Y 5 6 
0,01 0,91 0,01 1,20 0,04 2,53 0,00 0,82 0,00 0,64 

28,6 67,2 
IL-2 

28,6 67,2 
0,03 0,07 0,01 0,10 0,02 0,10 0,02 0,08 0,01 0,04 

CD8 9 1 
0,03 0,07 0,01 0,10 0,02 0,10 0,02 0,08 0,01 0,04 

+ IL-
0,08 0,46 0,04 0,07 0,04 0,18 0,04 0,13 0,00 0,12 0,01 0,08 

17 
0,08 0,46 0,04 0,07 0,04 0,18 0,04 0,13 0,00 0,12 0,01 0,08 

TNF 14,2 63,9 14,2 63,9 
0,00 0,36 0,00 0,45 0,00 1,13 0,00 0,15 2,02 0,41 

-a 8 9 
0,00 0,36 0,00 0,45 0,00 1,13 0,00 0,15 2,02 0,41 
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IFN-
Y 

8,11 
63,7 

7 
0,00 2,89 0,00 3,20 0,25 7,73 0,07 2,38 1,89 0,00 

CD4-
IL-2 

56,0 
2 

41,4 
2 

0,03 0,32 0,00 0,39 0,25 0,10 0,30 0,40 0,13 0,14 

CD8- IL-
17 

0,22 0,11 0,16 0,02 0,00 0,12 0,15 0,04 0,32 0,15 0,06 0,04 

TNF 
-a 

28,7 
8 

48,8 
0 

0,00 1,88 0,17 2,15 0,16 5,14 0,00 1,11 1,95 1,03 

Table 8 

Example 20 - Comparison of lymphocyte expansion with two different cytokine 
5 combinations and TAA stimulation 

Peripheral blood from patients with pancreatic cancer was obtained and treated 
according to the protocol of Example 4. In different experimental setups either NY-
ESO-1 or survivin was used together with the cytokine cocktail. In addition the 

10 same experiments were carried out without the addition of cytokines or with a 
combination of IL-7 and IL-2. After 18 days of expansion the cells were tested for 
their IFN-y production upon stimulation with either NY-ESO-1 or survivin peptide 
mix. The results are presented in Fig. 13. Fig. 13 shows strongly increased IFN-y 
production and thus concentration of antigen-specific lymphocytes after expansion 

15 with IL-2, IL15 and IL-21 in comparison to the other cytokine composition or no 
cytokines. 

Example 21 - Comparison of lymphocyte expansion with two different cytokine 
20 combinations and TAA stimulation 

The experiment according to Example 20 was repeated with the viral antigens 
EBNA-1, EBNA-3a and CMVpp65. The results are summarized in Fig. 14. Fig. 14 
shows strongly increased IFN-y production and thus concentration of antigen-

25 specific lymphocytes after expansion with IL-2, IL15 and IL-21 in comparison to 
the other cytokine composition or no cytokines. 
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Example 22 - Analysis of Treg expansion with the cytokine cocktail 

T-cells derived from PBMCs were cultured in the presence of the cytokine cocktail 
IL-2, IL-15 and IL-21 and Treg (regulatory T-cells) were identified prior to and after 

5 expansion of T-cells using flow cytometry. The results are shown in Fig. 15. In Fig. 
15 from left to right: the gating of the T-cells on CD4+ T-cells and then on 
CD25high designating the high expression of the IL-2 receptor on activated T-cells 
is shown. Then the cells were gated on II-2R (high CD125) cells and tested for 
expression of the IL-7Receptor (CD127) and Foxp3 (intracellular^). A Treg cell is 

10 defined as CD4+CD25high, Foxp3+ and CD127-negative. The number of Treg 
was initially low (0.07% in CD4+ T-cells) and was even lower after T-cell 
expansion (0.01%). The data imply that the cytokine cocktail is superior in T-cell 
expansion since IL-2 is known to drive strong Treg expansion, it also underlines 
the synergistic effects of the IL-2/IL-15/IL-21 combination that blocks Treg 

15 expansion, while allowing anti-tumor directed T-cells to expand. 

Example 23 - Analysis of VB family distribution after expansion 

20 T-cells were expanded using the cytokine mix IL-2/IL-15/IL-21 along with the NY-
ESO-1 antigens for 21 days. A flow cytometric analysis has been performed 
before (TO = time point 0) and after expansion (TH = Time of harvest). T-cells 
stimulated with cytokines alone served as the control. The results are summarized 
in Table 9. Note the strong preferential expansion of the VB7.2 family in the CD8+ 

25 T-cells expanded in the GRex flask, as well as the VB13.2 family in the CD8+ T-
cells (also expanded in the GRex flask). The data show that the presence of the 
antigen (NY-ESO-1) drives preferential expansion of individual TCR VB families -
and shows also the diversity of the response driven by the antigen (not only by the 
cytokines). Focused, yet diverse TCR VB families suggest a diverse anti-target 

30 directed T-cell response. 
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CD4+ CD8+ CD4+ CD8+ 

TO TH TO TH TO TH TO TH 

G-Rex 0,23 0,54 G-Rex 0,12 0,33 

V(B1 Cyto 1,14 1,71 0,96 1,68 V(B12 Cyto 0,68 0,43 3,09 1,00 

GE 1,18 1,01 GE 2,31 0,44 

G-Rex 0,57 1,55 G-Rex 4,75 1,16 

V(B2 Cyto 6,74 1,68 3,54 5,06 VP13.1 Cyto 7,42 2,65 1,96 0,93 

GE 7,35 0,10 GE 16,90 1,90 

G-Rex 0,13 10,70 G-Rex 2,65 28,70 

V(B3 Cyto 3,84 1,35 19,00 10,70 VP13.2 Cyto 4,56 2,10 14,70 18,50 

GE 1,15 6,05 GE 16,70 12,40 

G-Rex 0,20 1,30 G-Rex 0,07 6,30 

V(34 Cyto 1,68 0,61 4,53 3,92 VP13.6 Cyto 0,85 0,79 0,71 0,76 

GE 5,89 4,78 GE 8,34 10,00 

G-Rex 0,94 0,22 G-Rex 1,50 4,83 

V(B5.1 Cyto 2,51 3,91 1,10 0,62 VP14 Cyto 15,30 8,17 11,30 8,45 

GE 0,98 2,78 GE 15,50 0,04 

G-Rex 0,13 0,10 G-Rex 0,08 0,09 

V(35.2 Cyto 0,37 0,43 0,18 0,17 VP16 Cyto 0,53 0,20 0,33 0,05 

GE 2,06 0,30 GE 3,38 0,72 

G-Rex 0,14 3,30 G-Rex 0,27 0,54 

V(35.3 Cyto 0,48 0,83 0,50 1,77 VP17 Cyto 2,89 1,15 1,06 1,33 

GE 2,58 3,82 GE 7,07 0,14 

G-Rex 79,30 0,53 G-Rex 0,75 0,03 

V(B7.1 Cyto 5,47 31,60 0,66 0,96 VP18 Cyto 0,81 2,05 0,29 0,12 

GE 37,20 1,19 GE 1,61 1,77 

G-Rex 0,90 17,50 G-Rex 0,42 1,78 

V(37.2 Cyto 2,00 3,46 4,39 4,62 VP20 Cyto 0,95 1,37 0,74 1,33 

GE 5,84 8,46 GE 1,17 1,24 

G-Rex 0,38 0,63 G-Rex 2,94 0,31 

V(B8 Cyto 2,83 2,58 1,39 2,92 VP21.3 Cyto 3,70 3,07 0,32 0,66 

GE 1,64 5,38 GE 3,86 0,55 
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G-Rex 0,20 2,83 G-Rex 0,22 0,12 

V(39 Cyto 1,64 1,14 1,84 1,59 VP22 Cyto 2,97 1,38 1,03 0,58 

GE 3,45 0,57 GE 0,51 0,02 

G-Rex 0,11 0,25 G-Rex 0,93 0,58 

Vpi1 Cyto 0,45 0,31 1,09 4,10 VP23 Cyto 0,20 3,06 0,34 2,17 

GE 0,13 0,33 GE 7,42 12,30 

Table 9. TH: Harvest timepoint, 21days; G-Rex: G-Rex flask, NY-ESO-1 stimulation; Cyto: 

Cytokine only, no stimulation; GE: GE wave system, NY-ESO-1 stimulation 

5 
Example 24 - PD1 marker in CD8+ cells 

T-lymphocytes have been expanded using the IL-2/IL-15/IL-21 and the NY-ESO-1 
peptide mix. Top panel: prior, bottom panel: after cytokine/TAA expansion = T-

10 cells have been cultured in the presence of IL-2/IL-15/IL-21. A flow cytometic 
analysis has been performed before and after T-cell stimulation. From Left to 
right: i) gating on lymphocytes, ii) gating on CD3+ T-cells. iii) gating on CD4/CD8. 
Top right: PD1 expression on CD8+ activated T-cells (37% T-cells). Cytokine / 
TAA-expanded T-cells show decreased PD1 expression on the CD4CD8+ T-cells. 

15 The data show that the cytokine/peptide expanded T-cells exhibit decreased 
frequency of PD1 + T-cells on CD8+ T-cells - that implies that these expanded T-
cells may show longer life-time and therefore superior efficacy against tumor cells. 

20 Example 25 - Multiple Antigens 

A peptide cocktail consisting of 12 individual peptides from the L1 protein from 
HPV 33, along with the cytokine cocktail, was used to stimulate T-cells from 
patients with HPV+ lesions. At day 21, the T-cells were tested for cytotoxicity 

25 directed against each individual peptide. Here, autologous EBV-transformed B-
cells were taken and pulsed with peptides 1-12, followed by a standard Cr51 
assay. This assays measure the capacity of T-cells to kill specific targets. The 
results are shown Fig 16. 
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T-cells from donor A recognize strongly peptides 11 and 12. T-cells from d B 
reccognized strongly peptides 7-12 with a strong reactivity against peptide 11. 
These data show that expansion of T-cells with the IL-2/IL-15/IL-21 cytokine 

5 cocktail and peptides leads to i) generation of cytotoxic T-cells and ii) that the T-
cell response is diverse and focused to a variant set of individual peptide species. 
This implies that T-cells stimulated with the peptide/cytokine cocktail can be 
preferentially cytotoxic and they can also target several epitopes - which makes 
them more diverse in recognizing tumor cells, or virally infected cells, that display 

10 on their surface different sets of peptide species. 

Example 26 - CD117 expression before and after cytokine- and NY-ESO-1 driven 
expansion of PBMCs. 

15 
PBMCs were expanded with IL-2/IL-15/IL-21 -mix in the presence of the tumor -
associated antigen NY-ESO-1. The cells were analyzed by flow cytometry before 
(Fig. 18) and after expansion (Fig. 19). First, CD3+ T-cells are gated, then the 
CD3+ T-cells are gated on CD4+ and CD8+ T-cells. CD117 + cells were then 

20 detected on CD8+ T-cells (top) and on CD4+ T-cells (bottom panel, left). Middle 
panel: CD45RA/CCR7 expression in CD8+ and CD4+ T-cells with a high 
population on CD45RA+ CCR7+ T-cells, representing precursor Tcells (middle 
panel). Right: CD117+ T-cells (blue labeled) reside in effector T-cells in CD8+ T-
cells; CD117+ T-cells can be found in different T-cell populations in the CD4+ T-

25 cell subsets. The data implies that CD117 expression, a marker of T-cell 'stern­
ness' present is present on different T-cell subsets. CD117+ T-cells are 
advantageous to provide a source for long-term T-cell memory. 

First, CD3+ T-cells are gated, then the CD3+ T-cells are gated on CD4+ and 
30 CD8+ T-cells. Very strong expression and a high frequency of CD117 + cells on 

CD8+ T-cells (top) and on CD4+ T-cells (bottom panel, left). Middle panel: 
CD45RA/CCR7 expression in CD8+ and CD4+ T-cells with a high population on 
CD45RA+ CCR7+ T-cells, representing precursor T cells (middle panel). Right: 
CD117+ T-cells (blue labeled) reside in periphery effector T-cells in CD45RA+ 
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CCR7- T-cells (effectors). CD84 T-cells; CD117+ T-cells can be found in the T-cell 
precursor CD45RA+CCR7+ population. The data implies that CD117 expression, 
a marker of T-cell 'stem-ness' present is present on different T-cell subsets. 
CD117+ T-cells are advantageous to provide a source for long-term T-cell 

5 memory. It also shows that the cytokine cocktail strongly expands CD117+ T-cells 
that bring about long-term immune cell memory, also that CD117+ T-cells reside in 
precursor T-cells - to ensure long-term tumor immune responses. 

10 Example 27 - Expansion of TIL culture from Glioblastoma 

This example describes the procedure for culturing TILs from pancreatic cancer for 
a function test and immunotherapy. 

15 For material, equipment and supplies see Example 1. 

Tumor tissue obtained from a patient was put into a sterile container. The tissue 
was cut into pieces of 1 to 2 mm3 with a sterile scalpel. The tissue pieces were put 
into the wells of 24 well plate with 1 piece per well. Cell culture medium is 

20 prepared using Cellgro with 10 % human AB serum. Into this medium IL-2, IL-15 
and IL-21 are added to a final concentration of 1000 u/ml for IL-2, 10 ng/ml for 
each of IL-15 and IL-21. Furthermore, PEST and amphotericin were added to the 
medium. 1 ml medium was added into each well and the cell culture was 
incubated for 7 days at 37° Celsius. In parallel PBMCs from a healthy donor were 

25 cultured in Cellgro containing 10 % human AB serum. The concentration of the 
PBMCs was determined and adjusted to a concentration of 106/ml. The PBMCs 
were then radiated for 18 minutes at 55 Gy. After Irradiation OKT3 was added to a 
final concentration of 10 ng/ml. This culture is referred to as feeder cells with 
OKT3. On day 10 of the TIL culture, 100 |jl of the feeder cell culture with OKT3 is 

30 added to each of the wells of the 24 well plate. Accordingly, the culture in each of 
the well to the final concentration of 10 ng/ml OKT3 and a total amount of 106 

feeder cells. The ratio of TILs and feeder cells is about 1:10. 
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Example 28 - Expansion of TIL culture from Pancreatic Cancer. 

Tumor tissue obtained from a patient was put into a sterile container. The tissue 
was cut into pieces of 1 to 2 mm3 with a sterile scalpel. The tissue pieces were put 

5 into the wells of 24 well plate with 1 piece per well. Cell culture medium is 
prepared using Cellgro with 10 % human AB serum. Into this medium IL-2, IL-15 
and IL-21 are added to a final concentration of 1000 u/ml for IL-2, 10 ng/ml for 
each of IL-15 and IL-21. Furthermore, PEST and Amphotericin were added to the 
medium. 1 ml medium was added into each well and the cell culture was 

10 incubated for 4 days at 37° Celsius. In parallel PBMCs from a healthy donor were 
cultured in Cellgro containing 10 % human AB serum. The concentration of the 
PBMCs was determined and adjusted to a concentration of 106/ml. The PBMCs 
were then radiated for 18 minutes at 55 Gy. After Irradiation OKT3 was added to a 
final concentration of 10 ng/ml. This culture is referred to as feeder cells with 

15 OKT3. On day 10 of the TIL culture 100 |jl of the feeder cell culture with OKT3 is 
added to each of the wells of the 24 well plate. Accordingly, the culture in each of 
the well contains the final concentration of 10 ng/ml OKT3 and a total amount of 
106 feeder cells. The ratio of TILs and feeder cells is about 1:10. 

20 
Example 29 - Procedure for generating a tumor cell line from tissue 

Pancreas tumor tissue is obtained directly after operation and put into a sterile 
container. The tumor tissue is cut into pieces of 1 to 2 mm3 with a sterile scalpel. 

25 Each of the tissue pieces are to be transferred into a well of a 24 well plate. 1 ml of 
the culture medium RPMI 1640 with 10 % fetal bovine serum was added into each 
of the wells. The medium was changed on day 7 and day 14 which means that the 
culture medium was removed and replaced by fresh culture medium of the same 
kind. When the tumor cells reached a very high density the culture was transferred 

30 to a 6 well plate. 
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Example 30 - Determination of the correct time point for feeder cell addition 

It was found that the addition of feeder cells does not lead to a good expansion of 
tumor infiltrating lymphocytes if the feeder cells are added when the concentration 

5 of lymphocytes is very low. Fig. 20 A shows the lymphocyte culture of the one 
week of incubation. Some lymphocytes are detectable, however the concentration 
of lymphocytes is below the basic line of expansion. Fig. 20 B and Fig. 20 C show 
the same lymphocyte culture after two weeks of incubation. Now the number of 
lymphocytes that can be detected has increased in this above the basic line of 

10 expansion. Feeder cells may be added at this stage. Figs. 1 D, E and E show the 
culture four days, one week and two weeks subsequently after adding the feeder 
cells. In the figures can be seen that the number of lymphocytes drastically 
increases from the image in Fig. D to the image in Fig. F. In Fig. F it can be seen 
that the lymphocytes are gathering and attacking tumor cells in culture. 

15 

Example 31 - Analysis of phenotype and activation/exhaustion marker expression 
of lymphocytes expanded from TIL obtained from Glioblastoma. 

20 Tumor tissue was obtained from 16 Glioblastoma patients. TILs were expanded 
from the tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 according to the 
protocol of Example 1. 

A) 
25 The expanded cells were analyzed by flow cytometric analysis with regard to their 

CD4/CD8 phenotype using antibodies directed against CD3, CD4 and CD8. 

The results are summarized in Table 10. 
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Age M7F Diagnosis 
Tumor 

cell line 
CD3+ CD8+ CD4+ 

CD4-

CD8-

CD4+ 

CD8+ 

GBM-A 69 M GBM (grade IV) Y 75,50 11,40 85,20 2,92 0,47 

GBM-B 66 M PXA (grade Il-lll) Y 73,00 90,10 8,31 1,07 0,50 

GBM-C 64 M GBM (grade IV) Y 94,60 12,40 85,40 2,13 0,25 

GBM-D 65 F GBM (grade IV) Y 73,50 24,20 71,20 3,71 0,99 

GBM-E 54 M GBM (grade IV) Y 98,20 4,00 89,90 2,63 3,53 

GBM-F 70 M GBM (grade IV) Y 99,60 3,58 89,90 6,15 0,38 

GBM-G 49 M GBM (grade IV) Y 94,30 0,52 77,80 21,60 0,08 

GBM-H 76 M GBM (grade IV) Y 92,70 38,50 52,60 5,80 3,10 

GBM-I 45 M GBM (grade IV) Y 98,50 44,20 2,81 52,90 0,08 

GBM-J 73 F GBM (grade IV) Y 98,00 1,16 91,70 6,34 0,84 

GBM-K 67 M GBM (grade IV) Y 85,20 33,30 49,40 10,80 6,50 

GBM-L 40 F GBM (grade III) Y 94,20 81,30 12,20 6,02 0,46 

GBM-M 79 M GBM (grade IV) Y 99,90 0,02 92,50 7,39 0,10 

GBM-N 50 F O (grade II) Y 99,70 95,40 0,24 4,33 0,07 

GBM-0 17 M AE (grade III) Y 82,50 0,59 84,70 14,60 0,12 

GBM-P 42 F Relapse Necrosis Y 99,40 1,37 80,70 17,80 0,10 

N=16 
58 

(17-79) 
11M/4F 

Y 

100 % 

Table 10 

5 The data show that TIL could be expanded from each individual tumor mainly 
contain CD3+ T-cells. Depending on the patient either one of CD4+, CD8+ and DN 
T-cell are in the majority. However, CD4+ was found most frequently in majority. 
The table also shows that the cytokine cocktail is able to expand T-cells from 
different CNS tumor histologies, (see column 4 "Diagnosis") 

10 
B) 
The expanded cells were analyzed by flow cytometric analysis with regard to their 
specific phenotype - precursor (CD45RA+CCR7+), central memory (CD45RA-
CCR7+), peripheral memory (CD45RA-CCR7-), or differentiated effector 

15 (CD45RA+CCR7-) T-cells and the expression of activation/exhaustion markers in 
the base phenotypes CD8+, CD4+ and double negative T-cells. 
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The antibodies used for flow cytometric analysis of TIL populations are 
summarized in Table 11. 

Immuno- Color Clone intracellular Color Clone 
phenocyte Cytokine Staining 
CD3 PerCp SK7 CD3 ECD UCHT1 
CD4 krome Orange 13B8.2 CD4 PerCp 

Cy5.5 
L200 

CD8a APC Cy7 SK1 CD8a APC Cy7 SK1 
CD8b FiTC 2ST8.5H7 TNF-a APC MAb11 
CD107a Alexa Fluor 700 H4A3 IFN-y PE Cy7 B27 
CD45RA ECD 2H4 IL-2 PE MQ1-

17H12 
c-kit PE Cy7 104D2 
CD127 APC R34.34 VP Repertoire Color Clone 
CCR7 Brilliant violet 421 G043H7 CD3 PE Cy7 SK7 

CD4 krome Orange 13B8.2 
Exhaustion and Color Clone CD8a APC Cy7 SK1 
Activation 
CD3 Brilliant violet 570 UCHT1 TCR VP 

Repertoire Kit 
CD4 Brilliant violet 510 OKT4 
CD8a APC Cy7 SK1 Treg Color Clone 
4-1 BB FITC 4B4-1 CD3 ECD UCHT1 
CD127 APC AF700 R34.34 CD4 V450 RPA-T4 
CD45RA ECD 2H4 CD8a APC Cy7 SK1 
CCR7 Brilliant violet 421 G043H7 CD25 PE Cy7 2A3 
LAG-3 APC polyclonal CD127 APC R34.34 
CD25 PE Cy7 2A3 CD73 efluor 710 AD2 
CTLA-4 PE Cy5 BNI3 CD39 PE TU66 
TIM3 PercP eFluor 710 F38-2E2 FoXP3 Alexa fluor 488 259D 
PD-1 PE EH12.1 

5 

Table 11 
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The results are summarized in Fig. 22 A and B. The majority of CD8+, CD4+ or 
DN T-cells are in the central memory T-cell subset that has been shown to be 
crucial for effective anti-cancer responses and long-term immune memory. The 
results shows in average a strong expansion of DN-T-Cells. This subset is highly 

5 activated and bears affinity T-cell receptors. Also a strong expansion of 
CD45RA+CCR7+ precursor T-cell subsets is observed that provide long-term 
memory T-cell responses advantageous for long-term immune surveillance. 

The reported expression of 4-1 BB, LAG-3 or TIM-3 in the T-cells (see Fig 3 B) are 
10 indicative for antigen/tumor specific T-cells. The example shows that the cytokine 

cocktail expands TIL that reside primarily in the memory (the central memory) T-
cell subset which has been associated with beneficial clinical responses, it also 
shows that TIL are expanded that bear markers associated with antigen-
specificity. 

15 

Example 32 - Analysis of phenotype and activation/exhaustion marker expression 
of lymphocytes expanded from TIL obtained from pancreas cancer 

20 Tumor tissue was obtained from 17 pancreas cancer patients. Table 12 
summarizes the patient's age, sex, type of sample and histology. 

Patients ID Age Sex Sample Histology 

Pane 1 72 M Biopsy papillary adenocarcinoma 

Pane 2 66 M Tumor ductal adenocarcinoma 

Pane 3 68 M Tumor duodenal adenocarcinoma 

Pane 4 67 M Tumor ductal adenocarcinoma 

Pane 5 81 F Tumor ductal adenocarcinoma 

Pane 6 50 M Biopsy ductal adenocarcinoma 

Pane 7 68 M Biopsy ductal adenocarcinoma 

Pane 8 74 F Tumor ductal adenocarcinoma 

Pane 9 71 M Tumor ductal adenocarcinoma 
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Pane 10 60 F Tumor adenocarcinoma 

Pane 11 42 F Tumor ductal adenocarcinoma 

Pane 12 70 M Tumor ductal adenocarcinoma 

Pane 13 59 F Tumor 
Pancreatic adenosquamous 

carcinoma 

Pane 14 60 F Tumor ductal adenocarcinoma 

Pane 15 72 M Tumor ductal adenocarcinoma 

Pane 16 81 F Tumor ductal adenocarcinoma 

Pane 17 61 M Biopsy ductal adenocarcinoma 

Table 12 - The cytokine cocktail expands TIL from different pancreas cancer 
histologies. 

5 TILs were expanded from the tissue with the cytokine cocktail of IL-2, IL-15 and IL-
21 according to the protocol of Example 28. CD4/CD8 phenotype using antibodies 
directed against CD3, CD4 and CD8. 

A) 
10 The expanded cells were analyzed by flow cytometric analysis with regard to their 

CD4/CD8 phenotype using antibodies directed against CD3, CD4 and CD8. The 
results are summarized in Table 13. 

Patients ID CD3+ CD4+ CD8+ CD4+ 
CD8+ 

CD4-
CD8-

Pane 1 99,9 4,33 89,3 2,33 4 
Pane 2 99,9 56,1 29,8 2,76 11,3 
Pane 3 99,8 17,2 71,4 1,21 10,1 
Pane 4 99,6 50,5 32,1 2,3 15,1 
Pane 5 99,5 99 0,073 0,51 0,39 
Pane 6 99,7 41,1 51,3 3,09 4,47 
Pane 7 99,7 6,57 89,9 2,62 0,93 
Pane 8 99,7 32,8 64,9 1,09 1,24 
Pane 9 94,8 2,07 97,2 0,3 0,47 
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Pane 10 98,6 92,2 5,75 0,6 1,47 
Pane 11 99,7 2,24 96,7 0,3 0,76 
Pane 12 99,2 71,8 22,9 4,12 1,17 
Pane 13 91,7 70,9 24 3,01 2,06 
Pane 14 99,9 0,66 95,7 0,13 3,55 
Pane 15 99,1 75,9 19,5 3,09 1,47 
Pane 16 99,3 34,1 54,4 8,6 2,86 
Pane 17 91,8 17,3 65,1 2,92 14,6 
Mean 99,6 34,1 54,4 2,33 2,06 

Table 13 T-cell phenotype analysis in pancreas cancer TIL. Dominant 
CD8+ TIL populations. 

5 The expanded cells were analyzed by flow cytometric analysis with regard to their 
specific phenotype - precursor (CD45RA+CCR7+), central memory (CD45RA-
CCR7+), peripheral memory (CD45RA-CCR7-), or differentiated effector 
(CD45RA+CCR7-) T-cells in the base phenotypes CD8+ and CD4+. The results 
are summarized in Fig. 23 and 24. 

10 
The majority of CD8+, CD4+ or DN T-cells are in the central memory T-cell subset 
that has been shown to be crucial for effective anti-cancer responses and long-
term immune memory. The results shows in average a strong expansion of DN-T-
Cells (data not shown). This subset is highly activated and bears affinity T-cell 

15 receptors. Also a strong expansion of CD45RA+CCR7+ precursor T-cell subsets is 
observed that provide long-term memory T-cell responses advantageous for long-
term immune surveillance. 

The reported expression of 4-1 BB, LAG-3 orTIM-3 in the T-cells (see Fig. 24) are 
20 indicative for antigen/tumor specific T-cells. The example shows that the cytokine 

cocktail expands TIL that reside primarily in the memory (the central memory) T-
cell subset which has been associated with beneficial clinical responses, it also 
shows that TIL are expanded that bear markers associated with antigen-
specificity. 

25 
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Example 33 - Analysis of the TCR length of T-cells expanded from tumor tissue of 
patients with pancreatic cancer 

Tumor tissue was obtained from 17 pancreas cancer patients. TILs were 
5 expanded from the tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 

according to the protocol of Example 28. Using a PCR-based approach the TCR 
length was measured. The 'normal' image of a TCR family is a Gauss-distribution 
of the length of the T-cell receptor. Single peaks suggest monoclonality in 
individual TCR families. The data presented in Fig. 25 shows that the TIL 

10 composition is monoclonal or polyclonal, suggestive to be focused against 
autologous tumor targets, the cytokine cocktail aids to expand a focused TCR 
repertoire. 

15 Example 34 - Analysis of cytokine production in lymphocytes expanded from TIL 
obtained from patients with glioblastoma 

Tumor tissue was obtained from glioblastoma patients. TILs were expanded from 
the tumor tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 according to the 

20 protocol of Example 1. The expanded lymphocytes were stimulated with peptides 
derived from tumor - associated antigens, i.e. the EGRvrlll, NY-ESO-1 or survivin 
and the percentage of cells producing either one of the cytokines IFNy and TNFa 
was measured. 

25 The results are shown in Fig 26 B. For comparison maximal stimulation is tested 
with PMA/inonomycin as a positive control and the background signal is 
determined with media only (negative control). The results demonstrate that the 
expanded T-cells recognize these commonly shared tumor antigens. Accordingly, 
the cytokine cocktail expands T-cells from glioblastoma that are reactive to tumor-

30 antigens that have been described to be clinically relevant and associated with 
clinical responses. 
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Example 35 - Analysis of cytokine production in lymphocytes expanded from TIL 
obtained from patients with pancreas cancer 

Tumor tissue was obtained from pancreas cancer patients. 
5 

TILs were expanded from the tumor tissue with the cytokine cocktail of IL-2, IL-15 
and IL-21 according to the protocol of Example 27. The expanded lymphocytes 
were stimulated with peptides derived from tumor-associated antigens, i.e. the 
EGRvrlll, NY-ESO-1 or survivin and the percentage of cells producing either one 

10 of the cytokines IFNy and TNFa was measured. The results are shown in Fig 27 A. 
Fig. 27 B shows images of the flow cytometry analysis for NY-ESO-1. The results 
confirm that the expanded T-cells recognize these commonly shared tumor 
antigens. Accordingly, the cytokine cocktail expands T-cells from pancreas tumor 
that are reactive to tumor-antigens that have been described to be clinically 

15 relevant and associated with clinical responses. 

Example 36 - Analysis of cytokine production in lymphocytes expanded from TIL 
obtained from patients with glioblastoma and autologous stimulation 

20 Tumor tissue was obtained from glioblastoma patients. TILs were expanded from 
the tumor tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 according to the 
protocol of Example 27. The expanded lymphocytes were stimulated with 
autologous tumor cells. The results are shown in Fig 28 A. Fig. 28 B shows 
images of the flow cytometry analysis. The results confirm that the expanded T-

25 cells recognize autologous tumor cells. Accordingly, the cytokine cocktail expands 
T-cells from glioblastoma that are reactive to autologous tumor cells, accordingly 
the patient's own mutations. 

30 
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Example 37: Link of TCR usage in pancreatic cancer with recognition of 
autologous tumor cells 

Tumor tissue was obtained from glioblastoma patients. TILs were expanded from 
5 the tumor tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 according to the 

protocol of Example 27. The expanded lymphocytes were stimulated with 
autologous tumor cells. TIL were first gated on CD3+ T-cells, then on CD4+ and 
CD8+ T-cells. The frequency of individual V(B families were tested using a panel of 
TCR VB antibodies. This TCR panel covers about 75% of the human TCR 

10 repertoire, there is therefore a possibility that not all TCR V(B families are captured 
sufficiently. The TCR V(B family distribution is about 2 to 6 % in each family, 
except for TCR VB 2 that can reach over 10%. Table 14 shows the preferential 
expansion of the V(B-2 family in TIL from patients with glioblastoma. 



WO 2015/189357 

-76-
PCT/EP2015/063108 

Gi en O en m CD en G% cn en er> O en 
¥ o 1 go CO 

f 
OS 

1 1 s 
cr, 1 era 

I 1 
a9 
S 
n 

09 

i 2» •»!-
rs n n r> r-> o n n n (T» r> r-i r> n r> n r-% (TS o n O r-i (T» n n r> o 

m 

¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ ;¥ ¥ ¥ ¥ ¥ f f ¥ ¥ ¥ 
UJ »—* o CD 1—* CD |_» | 3, CD CD CD CD CD CD CD CD CD CD CD -Pa. CD *—>• CD ISJ CD CD 

UJ 
CD ~»4 

rsj 
OO NJ 

4S». •—4 
OO ISJ s i_r> 

OO 
CD 
ISJ 8 CD 8 M3 g ' g 

CTJ S en a ISJ «£> s -»» 
MS Si ^ •H 4=». 

Isj 
4a-

jsr 

rsj ro CD ffi; UJ *-*• CD CD CD CD CD CD ! CD CD CD ro :r. I—» UJ CD * 
UJ CM 
CD oo s JO Nj UJ 

UP S s a ISJ 
m g 8 8 rsj 

»-k s s O & • SJ 
cr> 
to rS rS cs * * s 

CO I—* o 1—i UJ 
(.—» 

CD -la* CD CD CD CD CD CD CD CD CD CD to fsj MS H-* 1—* s cn MS IsJ lp UJ c 
C.|.:> *UJ 
to 4&- ISJ U) CD 3 oo cr» ISJ -* CD CD CD CD ISJ 8 ; 8 CD - oo 

CD UJ u» US -vj cn 4*! to 
<3 • CD CD o C3 CD CD CD CD CD CD CD CD CD 2P CD ; CD CD |p O CD CD CD CD cs CD CD CD p 
W *- iw9 
OO I—k 

*• J 
U) OO i/1 

v J 
oo --a 

*• i»* 

*imn> »-»• ^11 iwf 

C3> CD OO 
*-••••# 
M3 en 

—J 
CD ~ u CD UJ —«J 

Win-* 
en 

e«j 
4^-

CD fsj 
4^ ~~J 

e J 
UJ 42* 

CD CD CD CD CD O »—k --a CD CD CD a S CD CD CD CD CD CD CD MS CD CD CD CD CD I-* CD CD •c cr 
cr* cr» en UJ O OO s4 UD 

twj 

M s a CD CD : CD CD CT» ©D MS 43- OO cr» ISJ oo 4s-

«—> • CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD CD ISJ CD CD CD CD CD CD c 
s y CD 

NJ 
OO 

tn 
UJ m 

<T» is» 
I—» *~J S 4s»-

UJ 
UJ 
ISJ CD s NJ 

«_n 
sj S3 8 «-n 

cr» cn S ISJ 
UJ UJ 

OO o-» 
en 

UJ cr» 
UJ en CD 

CTi 
UJ 

Era 
isi 

CD - CD CD CD CD CD 4S» N-> CD CD CD CD CD CD CD CD : CD CD CD CD CD CD CD CD CD CD CD C 
C :8 cs ss OO 

uri 
fsj 
IVJ S2 8 S CD S CD 

O 8 CD 25 8 8 .2 CD o CD CD 
fsj S 8 CD 

UJ S ISJ 
OO CD 
IsJ H> 

ISJ 
UJ 

e»j 

h* 

CD CD s C !_», CD »—k I-* CD CD G> CD CD C3 CD CD p> CD CD t=> M M <=> 4a*. fsj CD CD p <Z 

en en z MD i_n M N> CD l~» O CD CD -£s* CD CD CD oo UJ oo o •»~4 MS CD oo cn »—* 
»-* CD CD CD PsJ €D cr, ro CD O CD CD CD CD CD CD O CD cs CD CD en CD CD M> cs t~* 1—* UJ 9-
US en o •"* UJ «-r» IN-J H-k -la* CD UD CD CD o : CD CD UJ UJ 

MS 
sj CD en ISJ MS cn UJ UJ UJ b* 

CD . o o UJ UJ rsj 4>» fsj UJ O CD CD IBI 4s». CD • CD CD H* CD en ISJ 4=- UJ cr» _ ISJ C 
fsj OO —«J r^-j 

CD KTt OO Ln 
WaJ * f 

CD »_r» 
*••••> * * i™j 

C3 UJ 
*I.IIIM> 

C3 CD en UJ 4a- UJ to en CD "~«4 »—* 
fsj CD CD -•4 UJ CD r^j CD CD CD CD CD O CD fsj CD CD CD en CD 1—•> CD CD fsj CS CD CD CD -e* 
to UJ #_* cs 

--4 S i_n 
en o! *»~l 1—' 

rvj co S S s ISJ 
--I 

CD 25 H> 
UJ 
U3 s s 8 2 2? 

cr* oo s ISJ 
OO S *^4 en en 

UJ cn 
CD B 

o : o» CD CD CD CD CD f-~> CD CD CD a CD CD CD CD : CD <z> CD CD CD CD CD t^J CD ISJ CD CD CD C 
UJ w 
CD UJ «=» CD 

-Ca. 
UJ U3> 

cr> oo 
tx» ro S IsJ 

K£> 
CD S3 CD 

CD CD to S3 S O . H-4 8 CD 
ISJ 

CD 
en 

oo 
en 

4a-
ISJ 

4»-
UJ S MS 

en ISJ 
»—>• 
en 

ISJ 
en ts 

1:1 o CD |_j. cn CD ISJ CD o CD CD CD CD CD CD • CD CD CD in CD UJ ISJ 4a- ISJ 4^ ISJ C 
g OO »—1<• UP ss Sfc* 23 45" C3 8 tn 

UJ s S 8 CD 
CD 8 S sa CD s b cr> 

--4 
ISJ 
CD S ^ 63 UJ 

**«4 
j**. 
*si 

ISJ LU CD CD M t; p tn CD CD CD CD CD CD l""A s -• CD CD CD CD rs* l_i en 1-^ ISJ UJ CD cr 
4s* . en 

o 
er» oo 4Z* s • p« g j 

cn MS UJ CD CD OO OO CD ISJ cn oo Sj 4s» •"•j ISJ CD cr> oo UJ 

tsj CD CD CD i.O cn UJ CD cr* CD CD CD CD c> UJ CD OO CD CD CD CD CD ISJ - ISJ UJ CD p S cr 
en }>u A 
cr. oo 

oo 
•-4 

^JKJ 
tri s CD OO 

Cniiit 

CD oo 
Vjri l-™* 
-»4 CD CD CD MS CP» 

oo 
oo en CT» 

v-» 
ISJ en UJ U1 La 

o ; o CD o UJ t—* CT» ISJ CD o CD CD CD CD CD CD ; CD CD CD CD UJ CD CD CD o »-*• CD ISJ 
C 

|_A en -»4 to 
w 
OO 

CD 
OO I*™* «_n GF\ CD CD 

'••m' 
CD 

* IM> 

OO rsj 
* 9 
CD 

* HI 

CD IW 
e-> 
en 

V™J 
M 4!&> CP* CD 4^> en 4s- MS 4»-

fsJ f%J CD CD H* rs» CD r;" C3 CD e> »-j" CD - CD KTl OJ U) ISJ cr» <CF% eu UJ 4*. M 5= 
s :<e o 

(A* •—J 
CD 

U3 
I—a> s ^ 8 8 CD 

»—k 
UJ 
c~:> 88 g . CD rsj 

tr* SHI 
us 
oo 

oo UJ 
oo 

CD 25 s Dll oo <T» 
•~«4 UJ 

4s* 
-d g & 

I-* CS CD CD cn CD -fa* U"i CD »-» o CD CD CD CD CD - CD CD CD fsj 4S- en -P» N-* UJ CD ISJ <c 
to ro 
r%j UJ g c£ <X» H1 NJ 

—1 «J3 s S s CD CD 
Kjr% 

ISJ 8 ' 8 8 fsj 
4a-

•—4 o 
fsj 
"—J 

U) 
oo ---.i (SJ ISJ 

OO is s CD 8 SS 
:p CD CD CD i-* rsj CD CD o CD CD CD «=» CD CD CD CD CD CD ja. CD »-* CD c> <2 

S ;S! CD cK •&> s cn 
fvj 

OO 
UJ « i3 «—i 

UJ £ s s CD 
rsj 

i-i 

O ISJ 
CD ^ S CD 25 K --4 83 ISJ 

er» l—* 8 S-J isj UJ 
oo en 

eu 
en •*4! 

P ; p o p CD o U-» CD CD CD p» CD CD CD CD ' CD CD CD P» CD CD pi CD CD CD CD p p «< 
cr» INJ Ut UJ CD OO "—4 MS 4s»> <Z> CD CD CD O CD »-* CD UJ CD 4s» MS OO CD isj oo oo os 

»_4. CD CD CD CD CD CD CD CD CD UJ IsJ OO O CD CD r>«j rsJ UJ 4&» OO Is** O CD a 
en NJ 

CM it 

cx» 
v * 
CD CD »SJ 42»» GTi o t,i J 

UJ O <x» ISJ 4*. OO CD oo 
4JJ 

oo oo sj US cr» MS r rl 
e»i 3 s 

»-* • CD o o CD ! - o £ « CD CD CD CD O : CD UJ UJ h-j C3~» 45* OO UJ UJ Is CD 
«S 

w *s^ 
CF> CD 

X™/ 
cr* oo 

UJ 
CD UJ g; K *•>11^ 

js» 
'uul 

o*» CD 
* uvl? 
I—f CD UJ 

^ ...' 'n * 
CD !-»• t_n CO H-* oo •£» »-» l—» s 1 Ui 

cr> 
UJ 

<0 CS <—i o CD CD |_A |_A CD |_4. CD CD CD UD CD CD : CD CD CD CD CP» t__k CD CD CD CD <: 
S -fcS H-k g s SI o 1—a. 

Co lu 
rsj 
H-4 S CD 

I-* « ilK s :s 8 is <T* r3 s ft UJ 
UJ ffi 8 SS 8 £ 

m CD CD o CD CD UJ IsJ o O CD CD CD Cn O ' o CD CD CD CD o CD rsj CD O CD •c 
OO OO 
UJ UJ S 8? UJ 

cr* S 88 ISJ 
CD 

UJ 
M3 s 8 8 IsJ 8 e s Ui 

O 
ISJ 

MS S »-* 
CD 

en 
cr* 

ISJ 
CD 

en —4 
UJ MS 

p 
to 

9s» 
UJ 

o~> l—» to cr» cr» CO %jn UJ s M3 
*-A 
cp 

*x» UJ cn MS r%j crv cn oo •^4 "~-4 43>. -»~1 oo o s*: 
NJ Ln 
CT1* •*-! 

43-
r*-» S? jlntH 42* 

%d is B cn kn 
to 

UJ 
*_ri <o 

-P* 
Sj s UJ to 

Sj . t—» p~j 
cr» 

cr» 
en s 6 93 o GF% fe "~«J «*4 

CD UJ 
ST 

Table 14 



WO 2015/189357 

- 77 -
PCT/EP2015/063108 

The data of Table 14 shows that individual TCR VB are preferentially expanded in 
TIL. It is noted that clonality can only be addressed by sequencing. It is noted that 
the cytokine cocktail expands different TCR V(B families in individual patients. This 
is true for patients with glioblastoma, as well as for patients with patients with 

5 pancreatic cancer. Note also that some TIL are composed for a single or two VB 
families showing a highly focused TCR VB expansion, suggestive of an antigen-
driven T-cell expansion process. Some TIL that we have shown to be preferentially 
expanded were shown to be monoclonal. Thus, the cytokine cocktail of IL-2, IL-15 
and IL-21 expands a focused T-cell response, that is directed against the patient's 

10 own tumor cells. 

Example 38 - Link of TCR usage in pancreatic cancer with recognition of 
autologous tumor cells 

15 Tumor tissue was obtained from pancreatic cancer patients. TILs were expanded 
from the tumor tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 according 
to the protocol of Example 28. 

Cells were stained by flow cytometry using CD3, CD4 and CD8 in combination 
20 with a TCR V(B antibody. The panel that covers up to 75 % of the entire TCR VB 

repertoire. If certain T-cell families reside in the 25% that are not covered by this 
panel, they are not captured in this panel. The results are summarized in Table 15. 

Pane 1 Pane 2 Pane 3 Pane 4 Pane 5 Pane 6 
CD4 CD8 CD4 CD8 CD4 CD8 CD4 CD8 CD4 CD8 CD4 CD8 

Vp1 2,8 77,1 3,2 2,3 3,4 0,8 0,2 2,1 1,5 0,2 0,7 1,1 
V(32 8,0 0,6 9,8 2,6 4,8 0,2 8,5 2,0 0,0 0,0 9,6 19,9 
V(33 2,1 0,2 4,8 1,9 26,7 0,5 4,8 8,3 0,0 6,1 4,2 0,3 
Vp4 0,4 0,0 0,0 0,0 0,1 0,0 0,0 0,0 0,0 0,0 0,0 0,0 

Vp5.1 0,4 0,4 0,7 0,5 0,3 0,0 0,1 0,0 0,0 0,3 9,0 0,3 
Vp5.2 0,2 0,1 1,5 0,0 1,5 0,0 0,1 0,2 0,2 0,0 0,2 13,7 
Vp5.3 0,1 0,1 1,6 0,4 1,9 0,0 0,0 0,0 0,0 0,0 0,3 0,1 
Vp7.1 0,2 0,3 0,7 2,1 0,9 3,4 0,2 0,1 0,1 0,0 0,1 0,1 
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Vp7.2 6,6 0,0 0,3 0,1 0,9 1,7 0,2 0,1 0,0 0,0 1,1 0,1 
Vp8 1,9 1,7 3,7 0,6 2,9 0,1 0,4 0,4 42,7 4,1 1,2 0,3 
Vp9 1,6 0,0 0,8 0,3 0,3 0,1 0,1 0,1 40,5 0,1 1,7 0,0 

Vp11 0,5 0,0 0,5 0,2 1,5 0,0 0,1 0,7 0,3 0,0 0,6 2,3 
VP12 3,2 0,9 1,9 0,9 2,5 0,1 0,7 1,8 0,0 0,0 0,6 0,3 

VP13.1 2,4 0,3 4,6 10,4 1,5 0,5 2,6 4,2 0,0 0,1 0,8 0,0 
VP13.2 3,1 0,2 1,4 0,4 1,8 0,2 0,2 0,1 0,0 0,0 0,2 0,6 
VP13.6 2,8 9,1 3,6 0,5 1,2 0,1 0,2 0,1 0,2 0,1 0,2 0,0 
VP14 1,9 1,4 2,0 3,6 1,3 63,3 0,4 0,7 0,0 0,0 1,0 5,3 
VP16 2,4 1,0 6,9 6,9 3,3 0,3 4,1 1,1 0,0 0,1 0,8 0,0 
VP17 4,6 0,1 2,9 1,8 0,8 0,0 0,2 0,0 0,0 0,0 1,5 0,0 
VP18 2,4 0,1 0,2 0,0 0,5 0,0 0,1 0,0 0,4 0,0 0,4 0,2 
Vp20 7,0 5,9 6,6 13,8 4,6 0,1 3,7 0,1 0,0 0,4 0,7 0,2 

Vp21.3 0,4 0,5 3,8 4,3 0,4 0,1 0,1 0,1 0,0 3,2 6,2 0,1 
Vp22 11,1 0,2 3,3 1,7 2,8 0,2 6,2 1,8 0,1 0,0 15,1 2,1 
Vp23 3,7 0,3 0,4 0,1 0,8 0,8 0,9 0,5 1,6 0,5 0,1 4,6 

Pane 7 Pane 8 Pane 9 Pane 10 Pane 11 
CD4 CD8 CD4 CD4 CD8 CD4 CD8 CD8 CD4 CD8 

Vp1 0,3 0,1 1,5 4,4 7,1 13,0 0,5 1,2 0,6 0,1 
Vp2 0,1 0,7 7,4 4,1 39,8 2,4 0,2 1,7 12,0 0,0 
Vp3 5,1 28,7 2,4 3,7 1,3 0,0 0,0 12,0 1,0 0,0 
Vp4 0,1 0,0 0,1 6,0 0,1 0,0 0,0 0,0 3,2 0,0 

Vp5.1 41,1 6,2 9,3 10,8 1,1 0,6 0,7 0,0 3,6 0,1 
Vp5.2 2,4 0,2 0,3 1,3 9,4 0,1 0,1 0,2 0,1 0,1 
Vp5.3 0,0 0,9 0,6 0,7 18,0 0,2 0,0 0,1 0,0 0,0 
Vp7.1 0,1 0,2 5,1 0,5 1,5 0,0 0,0 0,3 0,6 0,0 
Vp7.2 1,0 0,4 5,3 1,6 0,1 0,0 0,0 3,8 13,9 0,0 
Vp8 5,4 0,5 2,3 2,7 1,4 0,4 0,3 2,2 0,5 0,1 
Vp9 0,2 0,1 1,0 3,4 1,2 0,5 0,2 0,1 4,8 0,0 

Vp11 4,0 1,0 0,2 0,6 0,3 0,1 0,2 0,0 1,0 0,1 
VP12 0,0 0,0 0,1 1,6 0,5 0,0 0,0 0,1 0,4 0,0 

VP13.1 8,1 10,0 5,6 3,7 0,1 35,5 0,1 16,5 5,0 0,0 
VP13.2 0,3 1,1 0,3 6,2 0,7 0,2 0,0 0,0 0,5 99,2 
VP13.6 1,7 0,1 3,2 2,0 0,3 0,6 0,0 6,9 0,4 0,0 
VP14 3,2 2,8 0,6 3,6 0,8 0,1 0,0 1,4 0,4 0,1 
VP16 0,1 0,3 0,1 1,0 0,2 0,0 0,2 25,4 0,5 0,0 
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V|317 1,0 32,9 1,3 7,5 0,3 0,1 12,3 0,1 12,4 0,0 
VP18 1,0 0,2 3,6 0,5 0,2 0,1 0,2 0,0 0,4 0,0 
Vp20 0,1 0,0 1,4 2,5 0,5 0,1 0,1 0,4 0,1 0,0 

Vp21.3 2,4 0,0 0,6 2,4 0,1 0,9 0,0 0,3 0,5 0,0 
Vp22 0,2 2,6 1,4 3,4 1,0 3,6 0,1 0,6 1,9 0,7 
Vp23 0,1 0,1 0,2 4,5 0,7 0,6 0,1 6,7 0,1 0,0 

Pane 12 Pane 13 Pane 14 Pane 15 Pane 16 
CD4 CD8 CD4 CD8 CD4 CD8 CD4 CD8 CD4 CD8 

Vp1 1,4 25,8 0,1 0,3 0,9 16,2 0,6 2,8 0,3 0,4 
Vp2 7,5 4,8 1,5 0,6 5,1 0,7 29,3 1,5 48,9 1,0 
Vp3 1,7 8,8 0,0 0,0 13,3 2,0 1,1 17,9 11,7 0,2 
Vp4 2,2 0,4 4,8 0,0 0,9 0,1 8,3 1,2 0,1 0,1 

Vp5.1 3,4 0,5 4,6 0,2 2,7 0,8 4,2 1,6 15,2 0,2 
Vp5.2 0,3 1,8 0,1 0,1 0,4 0,1 2,3 0,8 1,2 0,1 
Vp5.3 0,3 1,6 0,1 0,0 0,1 0,3 4,2 0,3 0,9 0,0 
Vp7.1 1,6 2,8 0,1 0,3 0,3 6,3 0,9 1,8 0,3 2,2 
Vp7.2 0,4 0,1 0,0 0,0 0,7 4,8 0,4 0,1 0,0 0,0 
Vp8 3,6 1,8 1,1 0,5 1,7 0,8 1,9 4,1 0,5 0,3 
Vp9 6,7 1,0 2,4 0,1 9,7 2,3 2,0 2,0 1,8 0,4 

Vp11 0,8 0,3 0,2 0,2 0,3 0,2 1,4 0,7 0,4 0,2 
VP12 0,3 1,0 0,3 0,0 1,5 5,9 0,3 0,2 0,3 0,1 

VP13.1 9,2 0,3 0,5 0,2 4,3 19,6 0,7 0,8 2,6 1,1 
VP13.2 2,5 1,4 0,2 0,2 4,4 0,9 1,8 23,0 0,4 0,6 
VP13.6 1,5 0,2 0,5 0,2 0,3 1,9 0,6 0,9 0,3 0,4 
VP14 0,7 3,5 0,1 0,3 2,9 2,5 0,9 7,2 2,1 0,6 
VP16 0,1 0,1 0,0 0,2 0,2 0,8 0,2 0,2 0,1 0,0 
VP17 3,3 2,3 31,1 0,9 9,9 1,4 1,3 1,9 1,5 0,5 
VP18 0,3 0,3 0,5 0,1 0,9 3,1 3,3 3,6 0,4 3,3 
Vp20 1,4 0,2 0,0 0,0 0,7 0,3 0,5 0,6 0,0 0,8 

Vp21.3 0,5 8,0 0,5 0,0 1,2 0,5 0,4 0,4 0,2 1,6 
Vp22 5,2 2,0 26,0 65,9 3,6 0,8 0,7 2,9 6,2 6,4 
Vp23 0,2 0,4 0,3 1,0 0,5 0,7 1,8 7,4 0,3 0,3 

Table 15 
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IFNy production is measured after 3 days after exposure of TIL to autologous 
tumor cells (single cell suspension). High level of IFNy production is seen after 
with autologous tumor cells only (see Fig. 35) IFNy production is complete blocked 
with the antibody against W6/32 (blocking CD8+ TIL). As a control, the antibody 

5 L243 blocking CD4+ TIL is not able to block reactivity, the reactive T-cells in 
expanded cell lymphocytes are all CD8+. The data show that the cytokine cocktail 
expands TIL that are very focused and specifically recognized autologous tumor 
cells from patients with pancreatic cancer. Monoclonal TCR families in TIL from 
patients with pancreatic cancer.: IL-2, IL-15 and 11-21 expanded preferentially 

10 individual TCR VB families, such a preferential expansion of T-cell families is 
associated with antigen-specificy and focused anti-tumor reactivity. Some of these 
preferentially expanded VB families contain monoclonal T-cells, defined by a 
single TCR VB chain. Such monoclonal TCR expansion is indicative a focused, 
anti-cancer response. The functional response analyses showed that monoclonally 

15 expanded TIL recognize autologous tumor cells 

Example 39 - Analysis of the cytolytic response of expanded TIL from patients with 
glioblastoma against autologous tumor cells 

20 Tumor tissue was obtained from glioblastoma patients. TILs were expanded from 
the tumor tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 according to the 
protocol of Example 28. Autologous tumor cells were generated according to the 
protocol in Example 29. Autologous tumor cells are labeled with radioactivity and 
cultured with expanded TIL for 4 h. Killing of tumor cells leads to release of 

25 radioactivity which is then measured. The principle of the method is shown in Fig. 
21. The results are shown in Fig. 31 confirming a cytotoxic effect dependent on the 
ratio of TILs to tumor cells. The data show that the cytokine cocktail expands TIL 
that are strongly cytoxic against autologous tumor cells. 

30 Alternatively, expanded monoclonal T-cells and/or preferentially expanded TIL 
were tested for their cytotoxicity with the same test. The results are shown in Fig. 
32. Table 16 shows that these immune responses are specifically directed against 
the autologous tumor cells. The data shows that the cytokine cocktail expands TIL 
with a specific reactivity, including cytotoxic responses, against autologous tumor. 
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B) 
In a parallel experiment the autologous tumor cells were incubated for three days 
with the TIL expanded from glioblastoma with the cytokine cocktail of IL-15, IL-21 

5 and IL-2. After incubation IFNy production (pg/mL) was measured by ELISA. In 
order to identify whether CD4+ or CD8+ cells are responsible for the tumor 
responses antibodies blocking either MHC class I antigen responses (W6/32) 
affecting CD8+ T-cells, or blocking HLA-DR (MHC class II responses) affecting 
CD4+ T-cells were used. The results are summarized in Table 16. 

Diagnosis Label autologous 
Tumor 

autologous 
Tumor+W6/32 

autologous 
Tumor+L243 

GBM (grade IV) GBM-A 15,40 0,00 0,00 

PXA (grade ll-lll) GBM-B 251,19 109,75 0,00 

GBM (grade IV) GBM-C 13,32 30,94 0,00 

GBM (grade IV) GBM-D 1123,76 752,54 65,65 

GBM (grade IV) GBM-E 424,86 114,93 23,28 

GBM (grade IV) GBM-F 678,36 251,12 0,00 

GBM (grade IV) GBM-G 0,00 0,00 0,00 

GBM (grade IV) GBM-H 141,89 131,31 51,47 

GBM (grade IV) GBM-I 971,12 356,22 176,89 

GBM (grade IV) GBM-J 100,75 89,32 19,56 

GBM (grade IV) GBM-K 89,47 0,00 0,00 

AO (grade III) GBM-L 0,00 0,00 0,00 

GBM (grade IV) GBM-M 0,00 0,00 0,00 

0 (grade II) GBM-N 0,00 0,00 0,00 

AE (grade III) GBM-0 0,00 0,00 0,00 

Relapse Necrosis GBM-P 36,26 0,21 0,00 

Table 16 
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The TIL that showed absent IFNy production were strongly cytotoxic, as measured 
in a standard CR51 release assay. The data show that TIL produce IFNgamma 
against autologous tumor cells in a specific fashion. 

5 
Example 40 - Analysis of the cytolytic response of expanded TIL from patients 
with pancreas cancer against autologous tumor cells 

Tumor tissue was obtained from pancreatic cancer patients. TILs were expanded 
10 from the tumor tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 according 

to the protocol of Example 28. Autologous tumor cells were generated according 
to the protocol in Example 29. Autologous tumor cells are labeled with radioactivity 
and cultured with expanded TIL for 4 h. Killing of tumor cells leads to release of 
radioactivity which is then measured. The principle of the method is shown in Fig. 

15 7. For comparison and as a control, an autologous (melanoma) - TIL system was 
used. The results are shown in Fig. 33 confirming a cytotoxic effect. The data 
show that the cytokine cocktail expands TIL also from patients with pancreatic 
cancer. These TIL are highly focused - based on the TCR usage - and show a 
specific reactivity, including cytotoxic responses, against autologous tumor. 

20 

Example 41 - Analysis of the CXCR3 Expression CD4+ cell distribution 

Tumor tissue was obtained from glioblastoma patients. TILs were expanded from 
25 the tumor tissue with the cytokine cocktail of IL-2, IL-15 and IL-21 according to the 

protocol of Example 27. Cells were analyzed by flow cytometry for marker 
expression that defined T-cell function and homing. 

The results of the analysis are summarized in Table 17. The Th1 cells as well as 
30 the CXCR3 were less than 10% prior to expansion. The data show that the 

cytokine cocktail leads to a T-cell product in which the CD8+ cells consists 
essentially of CXCR3+ CD8+ T-cells. This phenotype is enabled to enter into the 
tumor tissue. The CD4+ T-cells almost all have a THI profile. The THI profile 
(IFNgamma and TNFalpha production) leads to improved anti-tumor responses. 
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Also CD3+CD4-CD8- (DN) T-cells are present, a T-cell subset, associated with 
strong-autoimmune and tumor responses, which also expresses the marker 
CXCR3 that enables better penetration into tumor tissue. 

Lymphocytes 76,3 
CD3+ 84,3 

CD8+ CD8+ 25 
c-kit 0,49 

CD107a+ 1,58 
CXCR3+ 81,1 

DP DP 2,55 
CD4+ CD4+ 68,9 

c-kit 0,073 
CCR6+ CCR6+ 36,2 

TH1* 89,3 
TH17 0,047 

CCR6- CCR6- 63,8 
TH1 91,5 
TH2 0,038 

CD107a+ 1 
DN DN 3,56 

c-kit 1,36 
CD107a+ 1 
CXCR3+ 59,1 

5 
Table 17 

Example 42 - Recognition of commonly shared Tumor antigens by TIL from 
10 patients with pancreatic cancer 

TAAs as 15 overlapping peptides were incubated for three days with TIL and IFNy 
production (pg/mL) was measured by ELISA. In addition, antigen responses were 
either blocked by an antibody blocking MHC class I antigen responses (W6/32) 

15 affecting CD8+ T-cells, or blocking HLA-DR (MHC class II responses, L243) 
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affecting CD4+ T-cells. The IFNy production (pg/mL) in each of the samples is 
shown in Table 18. IFNy production in TIL that is antigen-specific, as shown by 
blocking with anti-MHC class I (blocking CD8+ T-cells) or with anti-MHC class II 
(blocking CD4+) T-cells. The results confirm that TIL produce IFNy against 

5 commonly shared cancer antigens, particularly NY- ESO-1 or mesothelin from 
patients with pancreatic cancer. 

NY-

ESO-1 

NY-ESO-
1 +W6/32 

NY-

ESO-1 
+L243 

Survivin 
Survivin 
+W6/32 

Survivin 
+L243 

Meso­

thelin 

Meso­

thelin 
+W6/32 

Meso­

thelin 
+L243 

Pane 1 6,97 0 0 0 0 0 262,23 15,26 0 

Pane 2 24,20 0 0 0 0 0 291,27 13,50 0 

Pane 6 51,02 31,96 33,74 77,99 49,24 36,72 44,46 34,34 27,21 

Pane 10 4,13 0 0 66,06 0 0 78,70 72,88 0 

Pane 11 0 0 0 0 0 0 131,16 0 0 

Pane 14 10,47 0 0 0 0 0 275,15 n.d. 249,95 

Pane 16 173,19 0 0 8,35 0 0 19,64 0 n.d. 

Table 18 

10 Many modifications and other embodiments of the invention set forth herein will 
come to mind to the one skilled in the art to which the invention pertains having the 
benefit of the teachings presented in the foregoing description and the associated 
drawings. Therefore, it is to be understood that the invention is not to be limited to 
the specific embodiments disclosed and that modifications and other embodiments 

15 are intended to be included within the scope of the appended claims. Although 
specific terms are employed herein, they are used in a generic and descriptive 
sense only and not for purposes of limitation. 

20 
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Claims 

1. Composition for expanding lymphocytes comprising at least two types of 
5 cytokines selected from interleukin 2 (IL-2), interleukin 15 (IL-15) and 

interleukin 21 (IL-21). 

2. Composition according to claim 1, comprising two or three types of cytokines. 

10 3. Composition according to claim 1 or 2, wherein the composition is in liquid 
form, in particular a cell culture medium. 

4. Composition according to claim 3, wherein the concentration of IL-2 in the 
liquid composition is in the range from 10 to 6000 U/ml, preferably in the 

15 range from 500 to 2000 U/ml, more preferably in the range from 800 to 1200 
U/ml. 

5. Composition according to claim 3 or 4, wherein the concentration of IL-15 is 
in the range from 0.1 to 100 ng/ml, preferably in the range from 2 to 50 ng/ml, 

20 more preferably in the range from 5 to 20 ng/ml. 

6. Composition according to any of claims 3 to 5, wherein the concentration of 
IL-21 is in the range from 0.1 to 100 ng/ml, preferably in the range from 2 to 
50 ng/ml, more preferably in the range from 5 to 20 ng/ml. 

25 
7. Method of preparing a population of clinically relevant lymphocytes, 

comprising the steps of: 
- obtaining a body sample from a mammal in particular a tissue sample 

or body liquid sample, comprising at least one lymphocyte and 
30 optionally separating the cells in the body sample, 

- culturing the body sample in-vitro to expand and/or stimulate 
lymphocytes in the sample wherein the culturing comprises using IL-2, 
IL-15 and/or IL-21, 
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- and optionally determining the presence of clinically relevant 
lymphocyte in the cultured sample. 

8. Method according to claim 7, wherein the clinically relevant lymphocytes are 
5 selected from tumor-reactive lymphocytes, pathogen reactive lymphocytes 

and autoimmune reactive lymphocytes, preferably tumor-reactive 
lymphocytes. 

9. Method according to claim 7 or 8, wherein the body sample is selected from 
10 the group consisting of peripheral blood, cord blood, bone marrow, lymph 

nodes liver, pleural effusion, thorax, abdominal cavity, synvial fluid, 
peritoneum, retroperitoneal space, thymus, and tumor. 

10. Method according to claim 9, wherein the body sample is selected from 
15 peripheral blood. 

11. Method according to claim any of claims 7 to 10, wherein the mammal, in 
particular a human, is selected from a mammal with a tumor disease, a 
mammal at risk of developing a tumor disease, a mammal with an infectious 

20 disease, a mammal at risk of developing an infectious disease, a mammal 
with an auto immune disease, a mammal at risk of developing an 
autoimmune disease. 

12. Method according to any of claims 7 to 11, wherein the in-vitro culturing 
25 comprises a first expansion step comprising an incubation in culture medium 

comprising IL-2, IL-15 and IL-21 until lymphocytes become detectable. 

13. Method according to claim 12, wherein the time of incubation of the first 
expansion step is in the range from 6 hours to 180 days preferably in the 

30 range from 4 to 10, more preferably in the range from 6 to 8 days, most 
preferably about 7 days. 
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10 

14. Method according to claim 12 or 13, wherein the in-vitro culturing comprises 
a second expansion step comprising an incubation in culture medium 
comprising feeder cells and/or an antibody against CD3 in addition to IL-2, IL-
15 and IL-21. 

15. Method according to claim 14, wherein the ratio of feeder cells to 
lymphocytes is in the range from 1:1 to 1:100, preferably in the range from 
1:2 to 1 :50, more preferably in the range from 1:5 to 1:20, most preferably 
about 1:10. 

16. Method according to any of claims 12 to 15, wherein the first expansion step 
comprises adding IL-2, IL-15 and IL-21 at the same time point to the cell 
culture. 

15 17. Method according to any of claims 12 to 15, wherein the first expansion step 
comprises adding at least one of IL-2, IL-15 and IL-21 separately at a 
different time point to the cell culture. 

18. Method according to claim 17, wherein first IL-21 is added and in particular 
20 IL-15 is added second before adding IL-2. 

19. Method according to claim 17, wherein first IL-15 is added and in particular 
IL-21 is added second before adding IL-2. 

25 20. Method according to any of claims 7 to 19, wherein the clinically relevant 
lymphocyte population is either one of monoclonal, oligoclonal or polyclonal. 

21. Method according to any of claims 12 to 20, wherein the culture medium of 
the first and/or second expansion step comprises least one expansion 

30 antigen. 
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22. Method according to claim 21, wherein expansion antigen is a fragment of 
TAA, in particular a peptide comprising at least eight continuous amino acids 
of an amino acid sequence that is at least 80 % identical to the amino acid 
sequences SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, 

5 SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 
12, SEQ ID NO: 13, or SEQ ID NO: 14 

23. Method according to any of claims 12 to 22, wherein the in-vitro culturing 
further comprises a refocusing step, comprising an incubation in culture 

10 medium comprising refocusing cells. 

24. Method according to claim 23, wherein the time of the refocusing step is in 
the range from 1 to 6 days, preferably 1 to 3 days. 

15 25. Method according to claim 23 or 24, wherein the ratio of refocusing cells to 
lymphocytes is in the range from 1:1 to 1:100, preferably in the range from 
1:5 to 1:10. 

26. Method according to any of claims 7 to 25, wherein the culturing comprises 
20 the addition of a promoter compound to promote the expansion of a specific 

subgroup of lymphocytes, in particular gamma-delta T-cells (y8-T-cells). 

27. Method according to any of claims 7 to 26, further comprising isolating the 
population of clinically relevant lymphocytes from the expanded cell culture. 

25 
28. Method according to any of claims 7 to 27, wherein the testing for the 

presence of clinically relevant lymphocytes comprises using evaluation 
antigens. 

30 29. Method according to claim 28, wherein evaluation antigens are presented to 
the cultured sample in a form selected from cells, in particular tumor cells, 
derived from the same mammal as the cultured sample (autologous cells), at 
least partially genetically matched allogeneic cells, in particular tumor cells, 
or cells expressing the clinically relevant antigens as a transgene. 
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30. Method according to claim 28 or 29, wherein the testing for the presence of 
clinically reactive lymphocytes comprises contacting the lymphocytes with at 
least one clinically relevant antigen and determining a change in either one of 

5 cytokine production, in particular INFy production, cell proliferation, 
cytotoxicity, signaling and/or intracellular phosphorylation. 

31. Immunotherapy for treating or preventing an infectious disease, a tumor 
disease, or an auto-immune disease in a mammal, comprising the steps of: 

10 - obtaining or generating a population of clinically relevant lymphocyte, 
according to the method of any of claims 7 to 30, wherein the body 
sample is obtained from said mammal; and 

- administering the population of clinically relevant lymphocytes to said 
mammal. 

15 
32. Immunotherapy according to claims 31, wherein the tumor disease is 

selected from a glioblastoma and pancreas cancer. 

33. Immunotherapy according to claim 31 or 32, wherein the population of 
20 clinically relevant lymphocytes 

- bring about regression of cancer cells in the mammal; 
- interfere with the move from pre-malignant to malignant lesions; 
- bring about fast senescence of tumor cells or pre-malignant cells; 
- bring about removal of autoantigen-positive cells; 

25 - bring about killing, growth arrest or containment of pathogens; 
- interfere with cancer stem cells; and/or 
- induce growth arrest of cancer cells, or cells expressing auto-antigens. 

34 
30 

Composition according to any of claims 1 to 6 for use in medical treatment, in 
particular for treating or preventing an infectious disease, an autoimmune 
disease or a tumor disease. 
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10 

30 

35. Composition for use according to claim 34, wherein the use comprises a 
generation of a population of clinically relevant lymphocytes with the method 
according to any of claims 7 to 31. 

36. Kit for use in immunotherapy, in particular treatment of a tumor disease, 
wherein the kit comprises IL-2, IL-15, and IL-21 and optionally at least one of 
a component that stimulates the TCR, in particular OKT3, costimulatory 
molecules, feeder cells and a peptide comprising at the sequence of at least 
one clinically relevant antigen. 

37. Clinically relevant lymphocyte obtained by a method according to any of 
claims 7 to 30, wherein the clinically relevant lymphocyte is selected from a 
B-cell, an NK cell and T-cell wherein the T-cell is selected from a helper T-
cell (TH-cell or CD4+-T-cell), in particular a THi-cell, a cytotoxic T-cell (Tc-cell 

15 or CD8+"T-cell), in particular CD8+CXCR3+ T-cell, a memory T-cell, in 
particular a central memory T-cell (TcM-cell), stem memory T-cell (TSCM) or 
peripheral memory cell (TpM-cell), a gamma-delta T-cell (y8-T-cell), a NK-T-
cell, a Mucosal-associated invariant T-cell (MAIT), a double-negative T-cell 
(CD3+CD4-CD8-T-cell). 

20 
38. Clinically relevant lymphocyte according to claim 36 or 37, wherein the 

lymphocyte is selected from 
- a lymphocyte that expresses molecules that facilitate entry into 

tissues, in particular tumor- or infected or inflamed tissue (e.g. 
25 CXCR3); and 

- a lymphocyte that is enriched for markers of any of long-term memory, 
in particular CD117 and c-kit), activation of antigen-specific immune 
responses, in particular 4-1 BB, cytolytic immune cell responses, in 
particular CD107a. 

39. Lymphocyte obtained by a method according to any of claims 7 to 30, 
- expressing molecules and cytokines promoting the formation of a 

combination of lymphocytes useful for medical application, comprising 
T-cell precursors, TCM and/or TPM; 
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- expressing molecules and cytokines that promote the expansion of 
clinically relevant lymphocytes, 

- producing cytokines selected from IFNy, TNFa, IL-2, IL-17 and any 
combination thereof. 

5 - is a CD3+CD4-CD8- T-cell. 

40. Population of clinically relevant lymphocytes obtained by a method according 
to any of claims 7 to 30. 

10 41. Population of lymphocytes obtained by a method according to any of claims 7 
to 30 comprising a population of clinically relevant lymphocytes. 

42. Population of lymphocytes according to claim 41, characterized by one or 
more of the following features: 

15 - the percentage of Treg based on the total number of T cells is below 5 
%, preferably below 3 %; 
the percentage of Tm-cells based on the total number of TH-cells is at 
least 50 %, preferably at least 70 %, more preferably at least 80 %, 
the percentage of CXCR3+ T-cells based on the total number of CD8+ 

20 T-cells is at least 50 %, preferably at least 70 %, more preferably at 
least 80 %, 
the percentage of 4-1BB+ T-cells based on the total number of T-cells 
is at least 1 %, preferably at least 2 %, more preferably at least 2.5 %, 
the percentage of CD117+ T-cells based on the total number of T-cells 

25 is at least 1 %, preferably at least 2 %, more preferably at least 2.5 %, 
- the percentage of CD3+CD4-CD8- cells based on the total number of 

T-cells is at least 1 %, preferably at least 3 %, more preferably at least 
5 %; and 

- the percentage of y8T-cells based on the total number of T-cells is at 
30 least 1 %, preferably at least 3 %, more preferably at least 5 %. 
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43. Population of lymphocytes according to claim 41 or 42, characterized by one 
or more of the following features: 

- the percentage of precursor T-cells (CD45RA+CCR7+) based on the 
total number of T-cells is at least 1 %, preferably at least 2 %, more 

5 preferably at least 3 %; 
- the percentage of central memory T-cells (CD45RA-CCR7+) based on 

the total number of T-cells is at least 2 %, preferably at least 5 %, more 
preferably at least 10 %; 

- the percentage of peripheral memory T-cells (CD45RA-CCR7-) based 
10 on the total number of T-cells is at least 2 %, preferably at least 5 %, 

more preferably at least 10 %; and 
- the percentage of effector T-cells (CD45RA+CCR7-) based on the total 

number of T-cells is at least 1 %, preferably at least 3 % more 
preferably at least 5 %. 

15 
44. Population of lymphocytes according to any of claims 41 to 43, characterized 

by one or more of the following features: 
- the percentage of clinically relevant T-cells is at least 0.1 % based on 

the total number of T-cells determined by multimeric soluble MHC-
20 peptide complexes or intracellular cytokine production; 

- the intracellular cytokine production after antigen stimulation has a 
value that is at least 2-fold of the standard deviation without antigen 
stimulation; and 

- the CD107a induction after antigen stimulation has a value that is at 
25 least 2-fold of the standard deviation without antigen stimulation. 


