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DESCRIPTION
CROSS REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. provisional application No. 61/257,136, filed on
November 2, 2009, which is hereby incorporated by reference.

STATEMENT REGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT

[0002] This invention was made with government support under NIH Grant No. HL 087969- 
01A1 awarded by the U.S. National Institutes of Health of the United States government. The 
government has certain rights in the invention

TECHNICAL FIELD

[0003] The present disclosure is generally related to methods for combining chemotherapy 
and immunotherapy for the treatment of a cancer. The methods also relate to generating a 
drug-resistant cytotoxic immune cell line and uses thereof in conjunction with cytotoxic drugs.

BACKGROUND

[0004] Although outstanding progress has been made in the fields of cancer detection and 
tumor cell biology, the treatment of late-stage and metastatic cancer remains a major 
challenge. Cytotoxic chemotherapy agents remain among the most used and successfully 
employed anti-cancer treatments. However, they are not uniformly effective, and the 
introduction of these agents with novel therapies, such as immunotherapies, is problematic. 
For example, chemotherapy agents can be detrimental to the establishment of robust anti­
tumor immunocompetent cells due to the agents' non-specific toxicity profiles. Small molecule­
based therapies targeting cell proliferation pathways may also hamper the establishment of 
anti-tumor immunity. However, if chemotherapy regimens that are transiently effective can be 
combined with novel immunocompetent cell therapies then significant improvement in anti- 
neoplastic therapy might be achieved.

[0005] Several drug resistant genes have been identified that can potentially be used to confer 
drug resistance to targeted cells, and advances in gene therapy techniques have made it 
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possible to test the feasibility of using these genes in drug resistance gene therapy studies 
(Sugimoto et al., (2003) J. Gene Med. 5: 366-376; Spencer et al., (1996) Blood 87: 2579-2587; 
Takebe et al., (2001) Mol. Ther. 3: 88-96; Kushman et al., (2007) Carcinogenesis. 28: 207-214; 
Nivens et al., (2004) Cancer Chemother. Pharmacol. 53: 107-115; Bardenheuer et al., (2005) 
Leukemia 19: 2281-2288; Zielske et al, (2003) J. Clin. Invest. 112: 1561-1570). For example, a 
shRNA strategy was used to decrease the levels of hypoxanthine-guanine 
phosphoribosyltransferase (HPRT), which conferred resistance to 6-thioquanine (Porter & 
DeGregori (2008) Gene Ther. 112: 4466-4474). Also, the drug resistant gene MGMT encoding 
human alkyl guanine transferase (hAGT) is a DNA repair protein that confers resistance to the 
cytotoxic effects of alkylating agents, such as nitrosoureas and temozolomide (TMZ). 6- 
benzylguanine (6-BG) is an inhibitor of AGT that potentiates nitrosourea toxicity and is co­
administered with TMZ to potentiate the cytotoxic effects of this agent. Several mutant forms of 
MGMT that encode variants of AGT are highly resistant to inactivation by 6-BG, but retain their 
ability to repair DNA damage (Maze et al., (1999) J. Pharmacol. Exp. Ther. 290: 1467-1474). 
P140KMGMT-based drug resistant gene therapy has been shown to confer chemoprotection 
to mouse, canine, rhesus macaques, and human cells, specifically hematopoetic cells (Zielske 
et al, (2003) J. Clin. Invest. 112: 1561-1570; Pollok et al., (2003) Hum. Gene Ther. 14: 1703- 
1714; Gerull et al, (2007) Hum. Gene Ther. 18: 451-456; Neff et al., (2005) Blood 105: 997- 
1002; Larochelle et al., (2009) J. Clin. Invest. 119: 1952-1963; Sawai et al., (2001) Mol. Ther. 
3: 78-87).

[0006] Glioblastoma multiforme (GBM) is the most common and most aggressive type of 
primary brain tumor in humans, involving glial cells and accounting for 52% of all parenchymal 
brain tumor cases and 20% of all intracranial tumors. Despite being the most prevalent form of 
primary brain tumor, GBMs occur in only 2-3 cases per 100,000 people in Europe and North 
America. The standard name for this brain tumor is "glioblastoma"; it presents two variants: 
giant cell glioblastoma and gliosarcoma. Glioblastomas are also an important brain tumor of 
the canine, and research is ongoing to use this as a model for developing treatments in 
humans.

[0007] Glioblastoma has one of the poorest prognoses among the cancers. Treatment can 
involve chemotherapy, radiation and surgery, alone or in combination, but the outcome is still 
typically unfavorable for the patient. For example, the median survival with standard-of-care 
radiation and chemotherapy with temozolomide is just 15 months. Median survival without 
treatment is about four and one-half months. There remains, therefore, an urgent need for 
methods that enhance, replace or supplement current methods of treating such cancers, and 
in particular those that exhibit transient responses to chemotherapy. Immunotherapy offers 
such a supplemental procedure if the cytotoxicity of the chemoagent can be circumvented.

SUMMARY

[0008] Establishment of immunocompetent cell mediated anti-tumor immunity is often 
mitigated by the myelosuppressive effects during chemotherapy. The present disclosure 
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provides methods for protecting these immune cells from drug induced toxicities, thereby 
allowing for the combined administration of immuno- and chemotherapy, an anticancer 
treatment termed "drug resistant immunotherapy". Using a SIV-based lentiviral system, the 
drug resistance-conferring genetic element can be delivered into immunocompetent cell lines. 
Genetically engineered immunocompetent cells developed significant resistance to a specific 
chemotherapeutic cytotoxic agent compared to non-modified cells, and did not affect their 
ability to kill target cancer cells in the presence or absence of a chemotherapy agent. 
Engineering immunocompetent cells to withstand chemotherapy challenges can enhance 
tumor cell killing when chemotherapy is applied in conjunction with cell-based immunotherapy.

[0009] One aspect of the present disclosure, therefore, encompasses methods for reducing a 
cancer in a patient, comprising the steps of: obtaining a population of isolated cytotoxic 
immune cells, where the isolated cytotoxic immune cells have been genetically modified to be 
resistant to a therapeutic agent; administering to a patient in need thereof, an effective amount 
of the therapeutic agent; and administering to the patient population of isolated genetically 
modified cytotoxic immune cells, whereupon the cytotoxic immune cells are delivered to the 
tumor, thereby reducing the cancer in the patient.

[0010] In embodiments of this aspect of the disclosure, the isolated cytotoxic immune cells can 
be γδ T-cells.

[0011] In embodiments of this aspect of the disclosure, the step of obtaining a population of 
isolated cytotoxic immune cells genetically modified to be resistant to a therapeutic agent can 
comprise: isolating from a subject human or animal a population of cytotoxic immune cells; 
culturing the isolated population of cytotoxic immune cells, thereby increasing the population of 
the cells; stably transfecting the population of cytotoxic immune cells with a vector comprising a 
heterologous nucleic acid sequence operably linked to a promoter, wherein the heterologous 
nucleic acid sequence encodes a polypeptide conferring to the cell resistance to the 
therapeutic agent.

[0012] Yet another aspect of the present disclosure provides systems for treating a cancer in a 
patient comprising a cytotoxic therapeutic agent having the characteristics of inhibiting the 
survival of a cancer cell, and an isolated population of cytotoxic immune cells, where the 
cytotoxic immune cells genetically modified to be resistant to the therapeutic agent.

[0013] Still another aspect of the disclosure provides systems for treating a glioblastoma in a 
patient comprising a therapeutic agent having the characteristics of inhibiting the survival of a 
cancer cell and inducing a stress protein in the cancer cell, and an isolated population of 
cytotoxic immune cells, wherein said cytotoxic immune cells are γδ T-cells, and wherein said γδ 
T-cells have been genetically modified to be resistant to the therapeutic agent.

[0014] In certain embodiments, the invention relates to methods of treating a subject 
diagnosed with cancer comprising administering a chemotherapy agent to the subject and 
administering a chemotherapy resistant cell composition to the subject wherein the 
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chemotherapy resistant cell composition comprises cells genetically engineering to express a 
polypeptide that confers resistance to the chemotherapy agent.

[0015] In certain embodiments, the invention relates to isolated compositions comprising 
natural killer cells wherein greater than about 50%, 60%, 70% 80%, 90%, or 95% of the natural 
killer cells express a polypeptide that confers resistance to a chemotherapy agent or isolated 
compositions comprising natural killer cells wherein greater than about 50%, 60%, 70% 80%, 
90%, or 95% of the natural killer cells comprise a nucleic acid that encodes a polypeptide that 
confers resistance to a chemotherapy agent or isolated compositions consisting essentially of 
natural killer cells comprising a nucleic acid that encodes a polypeptide that confers resistance 
to a chemotherapy agent. In further embodiments, the polypeptide that confers resistance to a 
chemotherapy agent is 06 methylguanine DNA methyltransferase (MGMT), a drug resistant 
variant of dihydrofolate reductase (L22Y-DHFR), thymidylate synthase, and/or multiple drug 
resistance-1 protein (MDR1).

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Many aspects ofthe disclosure can be better understood with reference to the following 
drawings.

Fig. 1 schematically compares a protocol for combining immunotherapy and chemotherapy in 
the treatment of a cancer, where the immune cells are sensitive (top) and resistant (bottom) to 
the chemotherapeutic agent. In the non-resistant scheme, an anti-tumor response is provided 
by cytokines such as IL-2, IL-12, GM-CSF, and the like.

Figs. 2Aand 2B are graphs showing that γδ cells kill glioblastoma cell lines in a dose response 
fashion (Fig. 2A), and the viability of the glioblastoma cells decrease with increasing amounts 
of yö cells (Fig. 2B).

Fig. 2C shows a series of digital images showing the killing of glioblastoma cells.

Fig. 3 shows a bar graph illustrating the cytotoxicity of isolated γδΤ-cells against several 
cultured glioblastoma cell isolates, including: cultured primary (GBM 1 and GBM 2) 
glioblastomal cells and cultured cell lines D54MG, U251MG, and U373.

Fig. 4 shows a pair of bar graphs illustrating that cells involved in the adaptive immune 
response are sensitive to current glioblastoma treatment regimens (left), γδ cells are similarly 
sensitive (right).

Fig. 5 is a graph showing the expression of cell surface stress antigens MICA/B induced by the 
chemotherapeutic agent Temozolamide (TMZ).

Fig. 6 is a graph showing that the expression of cell surface stress antigens MICA/B induced by 
the chemotherapeutic agent Temozolamide (TMZ) is transient.
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Fig. 7 shows a series of digital images of the development of glioblastomas in mice injected 
with saline (top) and γδ T-cells (bottom).

Fig. 8 is a graph showing the imaging density in mice 1-3 weeks after tumor induction and 
treatment with saline (black circles) or γδ T-cells (open circles).

Fig. 9 is a graph showing the increased survival of mice having induced glioblastomas following 
γδ T-cell treatment (open circles).

Fig 10 schematically compares a protocol for combining immunotherapy using γδ T-cells and 
chemotherapy in the treatment of a cancer, where the γδ immune cells are sensitive (top) and 
resistant (bottom) to the chemotherapeutic agent.

Fig. 11 is a graph illustrating that transduction of fibroblasts with a heterologous nucleic acid 
sequence encoding MGMT confers resistance to the compound BCNU (bis-chloronitrosourea; 
CARMUSTINE™), a mustard gas-related a-chloro-nitrosourea compound used as an alkylating 
agent in chemotherapy, particularly for treatment of glioblastomas.

Fig. 12 schematically shows the region of a lentivirus that includes two long terminal repeats 
(LTR) and a heterologous nucleic acid sequence encoding a green fluorescent protein (GFP) 
or MGMT variant P104K.

Fig. 13 is a series of digital photographs illustrating transduction of γδΤ-cells with SIV-GFP or 
SIV-MGMT constructs. The top panels show high transduction efficiency using a GFP-encoding 
construct. As expected, no fluorescence is observed with MGMT (bottom panel).

Fig. 14 is a graph showing that the administration of a chemotherapeutic agent to an anti­
cancer regimen, which also requires T-cell expansion, decreases the effectiveness of the cell­
based treatment. This decrease is very pronounced when the mice have undergone a bone 
marrow transplant procedure, which is a common procedure for patients undergoing treatment 
for several types of cancer.

Fig. 15 schematically shows an experimental protocol for treating a cancer with drug resistant 
immune cells. In this protocol, bone marrow was harvested from mice and transduced with a 
recombinant lentivirus vector comprising the heterologous nucleic acid sequence encoding the 
L22YDHFR variant. The transduced cells were transplanted into irradiated recipient mice. After 
4 weeks AG104 sarcoma cells were transplanted. Two weeks later the mice would receive 
immunotherapy comprising anti-CD 137 antibodies followed by chemotherapy (TMTX).

Fig. 16 shows a pair of graphs illustrating the effect of chemotherapy (TMTX) treatment alone 
or immunotherapy alone (anti-CD 137 antibody stimulation of cytotoxic lymphocytes). In each 
case the protocol scheme shown in Fig. 15 was followed.

Fig. 17 shows a graph illustrating the rapid and prolonged reduction in AG104 tumor size with 
the immunotherapy-chemotherapy combination where the immune system of the tumor­
bearing mice was rendered TMTX-resistant by transduction with L22YDHFR.

Fig. 18 shows a survival chart for DHFR-bearing mice transplanted with AG104 sarcoma cells
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and treated with TMTX and/or anti-CD137 immunotherapy.

Fig. 19 shows a survival chart for mice receiving splenocytes isolated from tumor-bearing and 
DHFR-cured mice and then challenged with AG104 sarcoma cells.

Fig. 20A and Fig 20B show data suggesting genetically engineered γδ T cells killed both wt and 
TMZ resistant GBM cells in the presence of agent. Non-modified γδ T cells are not active in the 
presence of TMZ. Em is gene-modified γδ T cells. E is non-modified γδ T cells. T is SB19 TMZ 
resistant.

Fig. 21 shows data suggesting genetic modification of yö T cells confers resistance to TMZ. γδ 
T cells were transduced (MOI = 20) with SIV-MGMT-DHFR at day 8 of expansion and cell 
viability was measured at day 14. Viability was assessed by uptake of ToPro Iodide.

Fig. 22 shows data suggesting genetically engineered γδ T cells retained their cytotoxicities 
towards GBM cells. E is Wild type γδ T cells; Em is gene-modified γδ T cells
T is SB19 (GBM) cell lines; (four-hour cytotoxicity assay).

Fig. 23 shows a molecular model of DHFR and the locations of variant sites. Also shown is a 
graph showing the effectiveness of the variants in conferring drug resistance to cells 
transfected and expressing the variant polypeptides.

Figs 24A-24D are a series of graphs that illustrate the determination of transduction 
efficiencies for immunocompetent and experimental target cells.

Fig. 24A illustrates schematics of SIV vector constructs encoding for eGFP (top) and 
P140KMGMT (bottom).

Fig. 24B is an image of a flow cytometry analysis of NK-92 cells transduced with SIV-eGFP 
lentivirus.

Fig. 24C is an image of a flow cytometry analysis of TALL-104 cells transduced with SIV-eGFP 
lentivirus.

Fig. 24D is an image of a flow cytometry analysis of K562 cells transduced with SIV-eGFP 
lentivirus.

Fig. 25A is a series of graphs showing the survival curve analyses of P140KMGMT-modified 
(open circles) and non-modified (closed circles) NK-92 cells (left panel), TALL-104 cells (middle 
panel) and K562 cells (right panel) cells after 6-BG/TMZ treatment. The cells were treated with 
25 pM 6-BG and increasing concentrations of TMZ. Forty eight hours later, cell viabilities were 
measured by a trypan blue method. Each data point in all the graphs represents the mean of 
triplicate values.

Fig. 25B is a pair of graphs showing the cytotoxic activities of the immune effector NK-92 cells 
(left panel) and TALL-104 cells (right panel) against K562 target cells at different effectortarget 
(E:T) cell ratios. Different concentrations of P140KMGMT-modified cells (open circles), gene- 
modified cells after selection with 25 pM 6-BG/ 200 pM TMZ (reverse triangle), or non-modified 
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cells (closed circles) were mixed with a fixed concentration ofthe target cells and LDH release 
assays were performed after 4 hours. Each data point in all the graphs represents the mean of 
triplicate values.

Fig. 26 is a pair of graphs showing non-engineered immune effector cell-mediated lysis of the 
target K562 cells. Non-modified (E) effector cells, and non-modified (T) or gene-modified (Tm) 
target K562 cells were treated with 25 μΜ 6-BG/ 200 μΜ TMZ overnight. The non-modified (E) 
effector cells were then mixed with either non-modified (T) or gene-modified (Tm) target K562 
cells at an E:T ratio of 10:1. The cytotoxic activities of the effector cells were then measured. 
Panel A represents NK-92 cell-mediated lysis; Panel B represents TALL-104 cell-mediated 
lysis.

Figs. 27A-27D are a series of graphs illustrating genetically engineered immune effector cell 
mediated lysis ofthe target K562 cells in the presence of 6-BG/TMZ. The non-modified (E) and 
gene-modified (Em) effector cells, and the non-modified (T) or gene-modified (Tm) target cells 
were treated with 25 μΜ 6-BG/ 200 μΜ TMZ overnight. The non-modified or modified effector 
cells were incubated with gene-modified target cells at an E:T ratio of 10:1, and cytotoxic 
activities of the effector cells were measured. Different combinations of either non-modified or 
gene-modified effector cells were mixed with either non-modified or gene-modified target cells 
at an E:T ratio of 10:1. Cytotoxicities ofthe effector cells were determined.

Fig. 28 shows the nucleotide sequences encoding MGMT and DHFR codon optimized for 
expression in mammalian cells.

DETAILED DESCRIPTION

[0017] Before the present disclosure is described in greater detail, it is to be understood that 
this disclosure is not limited to particular embodiments described, as such may, of course, vary. 
It is also to be understood that the terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to be limiting, since the scope of the present 
disclosure will be limited only by the appended claims.

[0018] Where a range of values is provided, it is understood that each intervening value, to the 
tenth of the unit of the lower limit (unless the context clearly dictates otherwise), between the 
upper and lower limit of that range, and any other stated or intervening value in that stated 
range, is encompassed within the disclosure. The upper and lower limits of these smaller 
ranges may independently be included in the smaller ranges and are also encompassed within 
the disclosure, subject to any specifically excluded limit in the stated range. Where the stated 
range includes one or both ofthe limits, ranges excluding either or both of those included limits 
are also included in the disclosure.

[0019] Unless defined otherwise, all technical and scientific terms used herein have the same 
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meaning as commonly understood by one of ordinary skill in the art to which this disclosure 
belongs. Although any methods and materials similar or equivalent to those described herein 
can also be used in the practice or testing of the present disclosure, the preferred methods 
and materials are now described.

[0020] The citation of any publication is for its disclosure prior to the filing date and should not 
be construed as an admission that the present disclosure is not entitled to antedate such 
publication by virtue of prior disclosure. Further, the dates of publication provided could be 
different from the actual publication dates that may need to be independently confirmed.

[0021] As will be apparent to those of skill in the art upon reading this disclosure, each of the 
individual embodiments described and illustrated herein has discrete components and features 
which may be readily separated from or combined with the features of any of the other several 
embodiments without departing from the scope or spirit of the present disclosure. Any recited 
method can be carried out in the order of events recited or in any other order that is logically 
possible.

[0022] Embodiments of the present disclosure will employ, unless otherwise indicated, 
techniques of chemistry, synthetic organic chemistry, biochemistry, biology, molecular biology, 
molecular imaging, and the like, which are within the skill of the art. Such techniques are 
explained fully in the literature.

[0023] The following examples are put forth so as to provide those of ordinary skill in the art 
with a complete disclosure and description of how to perform the methods and use the 
compositions and compounds disclosed and claimed herein. Efforts have been made to ensure 
accuracy with respect to numbers (e.g., amounts, temperature, etc.), but some errors and 
deviations should be accounted for. Unless indicated otherwise, parts are parts by weight, 
temperature is in °C, and pressure is at or near atmospheric. Standard temperature and 
pressure are defined as 20 °C and 1 atmosphere.

[0024] Before the embodiments of the present disclosure are described in detail, it is to be 
understood that, unless otherwise indicated, the present disclosure is not limited to particular 
materials, reagents, reaction materials, manufacturing processes, or the like, as such can vary. 
It is also to be understood that the terminology used herein is for purposes of describing 
particular embodiments only, and is not intended to be limiting. It is also possible in the present 
disclosure that steps can be executed in different sequence where this is logically possible.

[0025] It must be noted that, as used in the specification and the appended claims, the 
singular forms "a," "an," and "the" include plural referents unless the context clearly dictates 
otherwise. Thus, for example, reference to "a support" includes a plurality of supports. In this 
specification and in the claims that follow, reference will be made to a number of terms that 
shall be defined to have the following meanings unless a contrary intention is apparent.

Definitions
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[0026] In describing and claiming the disclosed subject matter, the following terminology will be 
used in accordance with the definitions set forth below.

[0027] By "administration" is meant introducing a compound, biological materials including a 
cell population, or a combination thereof, of the present disclosure into a human or animal 
subject. The preferred route of administration of the compounds is intravenous. However, any 
route of administration, such as oral, topical, subcutaneous, peritoneal, intraarterial, inhalation, 
vaginal, rectal, nasal, introduction into the cerebrospinal fluid, or instillation into body 
compartments can be used. Direct injection into a target tissue site such as a solid tumor is 
also contemplated.

[0028] The terms "therapeutic agent", "chemotherapeutic agent", or "drug" as used herein 
refers to a compound or a derivative thereof that can interact with a cancer cell, thereby 
reducing the proliferative status of the cell and/or killing the cell. Examples of chemotherapeutic 
agents include, but are not limited to, alkylating agents (e.g., cyclophosphamide, ifosamide), 
metabolic antagonists (e.g., methotrexate (MTX), 5-fluorouracil or derivatives thereof), 
antitumor antibiotics (e.g., mitomycin, adriamycin), plant-derived antitumor agents (e.g., 
vincristine, vindesine, Taxol), cisplatin, carboplatin, etoposide, and the like. Such agents may 
further include, but are not limited to, the anti-cancer agents TRIMETHOTRIXATE™ (TMTX), 
TEMOZOLOMIDE™, RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine (NBMPR), 6- 
benzyguanidine (6-BG), bis-chloronitrosourea (BCNU) and CAMPTOTHECIN™, or a 
therapeutic derivative of any thereof.

[0029] The term "therapeutically effective amount" as used herein refers to that amount of the 
compound being administered that will relieve to some extent one or more of the symptoms of 
a disease, a condition, or a disorder being treated. In reference to cancer or pathologies 
related to unregulated cell division, a therapeutically effective amount refers to that amount 
which has the effect of (1) reducing the size of a tumor, (2) inhibiting (that is, slowing to some 
extent, preferably stopping) aberrant cell division, for example cancer cell division, (3) 
preventing or reducing the metastasis of cancer cells, and/or, (4) relieving to some extent (or, 
preferably, eliminating) one or more symptoms associated with a pathology related to or 
caused in part by unregulated or aberrant cellular division, including for example, cancer, or 
angiogenesis.

[0030] The terms "treating" or "treatment" of a disease (or a condition or a disorder) as used 
herein refer to preventing the disease from occurring in an animal that may be predisposed to 
the disease but does not yet experience or exhibit symptoms of the disease (prophylactic 
treatment), inhibiting the disease (slowing or arresting its development), providing relief from 
the symptoms or side-effects of the disease (including palliative treatment), and relieving the 
disease (causing regression of the disease). With regard to cancer, these terms also mean 
that the life expectancy of an individual affected with a cancer may be increased or that one or 
more of the symptoms of the disease will be reduced.
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[0031] The terms "subject" and "patient" as used herein include humans, mammals (e.g., cats, 
dogs, horses, etc.), living cells, and other living organisms. A living organism can be as simple 
as, for example, a single eukaryotic cell or as complex as a mammal. Typical hosts to which 
embodiments of the present disclosure may be administered will be mammals, particularly 
primates, especially humans. For veterinary applications, a wide variety of subjects will be 
suitable, e.g., livestock such as cattle, sheep, goats, cows, swine, and the like; poultry such as 
chickens, ducks, geese, turkeys, and the like; and domesticated animals particularly pets such 
as dogs and cats. For diagnostic or research applications, a wide variety of mammals will be 
suitable subjects, including rodents (e.g., mice, rats, hamsters), rabbits, primates, and swine 
such as inbred pigs and the like. In some embodiments, a system includes a sample and a 
subject. The term "living host" refers to host or organisms noted above that are alive and are 
not dead. The term "living host" refers to the entire host or organism and not just a part 
excised (e.g., a liver or other organ) from the living host.

[0032] The term "γδ T-cells (gamma delta T-cells)" as used herein refers to a small subset of 
T-cells that can specifically bind to a distinct T-cell receptor (TCR) on their surface. A majority 
of T-cells have a TCR composed of two glycoprotein chains called a- and ß-TCR chains. In 
contrast, in γδ T-cells, the TCR is made up of one γ-chain and one δ-chain. This group of T- 
cells is usually much less common than αβ T-cells, but are found at their highest abundance in 
the gut mucosa, within a population of lymphocytes known as intraepithelial lymphocytes 
(lELs).

[0033] The antigenic molecules that activate γδ T-cells are still largely unknown. However, γδ 
T-cells are peculiar in that they do not seem to require antigen processing and MHC 
presentation of peptide epitopes although some recognize MHC class IB molecules. 
Furthermore, γδ T-cells are believed to have a prominent role in recognition of lipid antigens, 
and to respond to stress-related antigens such as, MIC-A and MIC-B.

[0034] The term "cancer", as used herein, shall be given its ordinary meaning, as a general 
term for diseases in which abnormal cells divide without control. In particular, and in the 
context of the embodiments of the present disclosure, cancer refers to angiogenesis-related 
cancer. Cancer cells can invade nearby tissues and can spread through the bloodstream and 
lymphatic system to other parts of the body. There are several main types of cancer, for 
example, carcinoma is cancer that begins in the skin or in tissues that line or cover internal 
organs. Sarcoma is cancer that begins in bone, cartilage, fat, muscle, blood vessels, or other 
connective or supportive tissue. Leukemia is cancer that starts in blood-forming tissue such as 
the bone marrow, and causes large numbers of abnormal blood cells to be produced and enter 
the bloodstream. Lymphoma is cancer that begins in the cells of the immune system.

[0035] When normal cells lose their ability to behave as a specified, controlled and coordinated 
unit, a tumor is formed. Generally, a solid tumor is an abnormal mass of tissue that usually 
does not contain cysts or liquid areas (some brain tumors do have cysts and central necrotic 
areas filled with liquid). A single tumor may even have different populations of cells within it, 
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with differing processes that have gone awry. Solid tumors may be benign (not cancerous), or 
malignant (cancerous). Different types of solid tumors are named for the type of cells that form 
them. Examples of solid tumors are sarcomas, carcinomas, and lymphomas. Leukemias 
(cancers of the blood) generally do not form solid tumors.

[0036] Representative cancers include, but are not limited to, bladder cancer, breast cancer, 
colorectal cancer, endometrial cancer, head and neck cancer, leukemia, lung cancer, 
lymphoma, melanoma, non-small-cell lung cancer, ovarian cancer, prostate cancer, testicular 
cancer, uterine cancer, cervical cancer, thyroid cancer, gastric cancer, brain stem glioma, 
cerebellar astrocytoma, cerebral astrocytoma, glioblastoma, ependymoma, Ewing's sarcoma 
family of tumors, germ cell tumor, extracranial cancer, Hodgkin's disease, leukemia, acute 
lymphoblastic leukemia, acute myeloid leukemia, liver cancer, medulloblastoma, 
neuroblastoma, brain tumors generally, non-Hodgkin's lymphoma, osteosarcoma, malignant 
fibrous histiocytoma of bone, retinoblastoma, rhabdomyosarcoma, soft tissue sarcomas 
generally, supratentorial primitive neuroectodermal and pineal tumors, visual pathway and 
hypothalamic glioma, Wilms' tumor, acute lymphocytic leukemia, adult acute myeloid leukemia, 
adult non-Hodgkin's lymphoma, chronic lymphocytic leukemia, chronic myeloid leukemia, 
esophageal cancer, hairy cell leukemia, kidney cancer, multiple myeloma, oral cancer, 
pancreatic cancer, primary central nervous system lymphoma, skin cancer, small-cell lung 
cancer, among others.

[0037] A tumor can be classified as malignant or benign. In both cases, there is an abnormal 
aggregation and proliferation of cells. In the case of a malignant tumor, these cells behave 
more aggressively, acquiring properties of increased invasiveness. Ultimately, the tumor cells 
may even gain the ability to break away from the microscopic environment in which they 
originated, spread to another area of the body (with a very different environment, not normally 
conducive to their growth), and continue their rapid growth and division in this new location. 
This is called metastasis. Once malignant cells have metastasized, achieving a cure is more 
difficult. Benign tumors have less of a tendency to invade and are less likely to metastasize.

[0038] Brain tumors spread extensively within the brain but do not usually metastasize outside 
the brain. Gliomas are very invasive inside the brain, even crossing hemispheres. They do 
divide in an uncontrolled manner, though. Depending on their location, they can be just as life 
threatening as malignant lesions. An example of this would be a benign tumor in the brain, 
which can grow and occupy space within the skull, leading to increased pressure on the brain.

[0039] The term "reducing a cancer" as used herein refers to a reduction in the size or volume 
of a tumor mass, a decrease in the number of metastasized tumors in a subject, a decrease in 
the proliferative status (the degree to which the cancer cells are multiplying) of the cancer cells, 
and the like.

[0040] The terms "isolated' and isolated population of cells" as used herein refers to a cell or a 
plurality of cells removed from the tissue or state in which they are found in a subject. The 
terms may further include cells that have been separated according to such parameters as, but
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not limited to, cell surface markers, a reporter marker such as a dye or label,

[0041] The term "expressed" or "expression" as used herein refers to the transcription from a 
gene to give an RNA nucleic acid molecule at least complementary in part to a region of one of 
the two nucleic acid strands ofthe gene. The term "expressed" or "expression" as used herein 
also refers to the translation from said RNA nucleic acid molecule to give a protein, a 
polypeptide, or a portion or fragment thereof.

[0042] The term "promoter" as used herein refers to the DNA sequence that determines the 
site of transcription initiation from an RNA polymerase. A "promoter-proximal element" may be 
a regulatory sequence within about 200 base pairs of the transcription start site.

[0043] The term "recombinant cell" refers to a cell that has a new combination of nucleic acid 
segments that are not covalently linked to each other in nature. A new combination of nucleic 
acid segments can be introduced into an organism using a wide array of nucleic acid 
manipulation techniques available to those skilled in the art. A recombinant cell can be a single 
eukaryotic cell, or a single prokaryotic cell, or a mammalian cell. The recombinant cell may 
harbor a vector that is extragenomic. An extragenomic nucleic acid vector does not insert into 
the cell's genome. A recombinant cell may further harbor a vector or a portion thereof that is 
intragenomic. The term "intragenomic" defines a nucleic acid construct incorporated within the 
recombinant cell's genome.

[0044] The terms "recombinant nucleic acid" and "recombinant DNA" as used herein refer to 
combinations of at least two nucleic acid sequences that are not naturally found in a eukaryotic 
or prokaryotic cell. The nucleic acid sequences include, but are not limited to, nucleic acid 
vectors, gene expression regulatory elements, origins of replication, suitable gene sequences 
that when expressed confer antibiotic resistance, protein-encoding sequences, and the like. 
The term "recombinant polypeptide" is meant to include a polypeptide produced by 
recombinant DNA techniques such that it is distinct from a naturally occurring polypeptide 
either in its location, purity or structure. Generally, such a recombinant polypeptide will be 
present in a cell in an amount different from that normally observed in nature.

[0045] The terms "operably" or "operatively linked" as used herein refer to the configuration of 
the coding and control sequences so as to perform the desired function. Thus, control 
sequences operably linked to a coding sequence are capable of effecting the expression of the 
coding sequence. A coding sequence is operably linked to or under the control of 
transcriptional regulatory regions in a cell when DNA polymerase will bind the promoter 
sequence and transcribe the coding sequence into mRNA that can be translated into the 
encoded protein. The control sequences need not be contiguous with the coding sequence, so 
long as they function to direct the expression thereof. Thus, for example, intervening 
untranslated yet transcribed sequences can be present between a promoter sequence and the 
coding sequence and the promoter sequence can still be considered "operably linked" to the 
coding sequence.
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[0046] The terms "heterologous" and "exogenous" as they relate to nucleic acid sequences 
such as coding sequences and control sequences, denote sequences that are not normally 
associated with a region of a recombinant construct or with a particular chromosomal locus, 
and/or are not normally associated with a particular cell. Thus, a "heterologous" region of a 
nucleic acid construct is an identifiable segment of nucleic acid within or attached to another 
nucleic acid molecule that is not found in association with the other molecule in nature. For 
example, a heterologous region of a construct tip could include a coding sequence flanked by 
sequences not found in association with the coding sequence in nature. Another example of a 
heterologous coding sequence is a construct where the coding sequence itself is not found in 
nature (e.g., synthetic sequences having codons different from the native gene). Similarly, a 
host cell transformed with a construct which is not normally present in the host cell would be 
considered heterologous for purposes of this invention.

[0047] In some embodiments the promoter will be modified by the addition or deletion of 
sequences, or replaced with alternative sequences, including natural and synthetic sequences 
as well as sequences which may be a combination of synthetic and natural sequences. Many 
eukaryotic promoters contain two types of recognition sequences: the TATA box and the 
upstream promoter elements. The former, located upstream of the transcription initiation site, 
is involved in directing RNA polymerase to initiate transcription at the correct site, while the 
latter appears to determine the rate of transcription and is upstream of the TATA box. 
Enhancer elements can also stimulate transcription from linked promoters, but many function 
exclusively in a particular cell type. Many enhancer/promoter elements derived from viruses, 
e.g. the SV40, the Rous sarcoma virus (RSV), and CMV promoters are active in a wide array of 
cell types, and are termed "constitutive" or "ubiquitous." The nucleic acid sequence inserted in 
the cloning site may have any open reading frame encoding a polypeptide of interest, with the 
proviso that where the coding sequence encodes a polypeptide of interest, it should lack 
cryptic splice sites which can block production of appropriate mRNA molecules and/or produce 
aberrantly spliced or abnormal mRNA molecules.

[0048] The termination region which is employed primarily will be one of convenience, since 
termination regions appear to be relatively interchangeable. The termination region may be 
native to the intended nucleic acid sequence of interest, or may be derived from another 
source.

[0049] The term "vector" as used herein refers to a polynucleotide comprised of single strand, 
double strand, circular, or supercoiled DNAor RNA. Atypical vector may be comprised of the 
following elements operatively linked at appropriate distances for allowing functional gene 
expression: replication origin, promoter, enhancer, 5' mRNA leader sequence, ribosomal 
binding site, nucleic acid cassette, termination and polyadenylation sites, and selectable 
marker sequences. One or more of these elements may be omitted in specific applications. 
The nucleic acid cassette can include a restriction site for insertion of the nucleic acid 
sequence to be expressed. In a functional vector the nucleic acid cassette contains the nucleic 
acid sequence to be expressed including translation initiation and termination sites.
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[0050] A vector is constructed so that the particular coding sequence is located in the vector 
with the appropriate regulatory sequences, the positioning and orientation of the coding 
sequence with respect to the control sequences being such that the coding sequence is 
transcribed under the "control" of the control or regulatory sequences. Modification of the 
sequences encoding the particular protein of interest may be desirable to achieve this end. For 
example, in some cases it may be necessary to modify the sequence so that it may be 
attached to the control sequences with the appropriate orientation; or to maintain the reading 
frame. The control sequences and other regulatory sequences may be ligated to the coding 
sequence prior to insertion into a vector. Alternatively, the coding sequence can be cloned 
directly into an expression vector which already contains the control sequences and an 
appropriate restriction site which is in reading frame with and under regulatory control of the 
control sequences.

[0051] The term "lentiviral-based vector" as used herein refers to a lentiviral vector designed to 
operably insert an exogenous polynucleotide sequence into a host genome in a site-specific 
manner. Lentiviral-based targeting vectors may be based on, but is not limited to, for example, 
HIV-1, HIV-2, simian immunodeficiency virus (SIV), or feline immunodeficiency virus (FIV). In a 
preferred embodiment, the lentiviral-based targeting vector is an HIV-based targeting vector. 
This vector may comprise all or a portion of the polynucleotide sequence of HIV.

[0052] The terms "transformation", "transduction" and "transduction" all denote the introduction 
of a polynucleotide into a recipient cell or cells.

Discussion

[0053] A major limitation to chemotherapy treatments for cancer is drug induced immune 
toxicity. This results, upon administration of the therapeutic agent, in the killing of 
immunocompetent cells and loss of an effective immune system that would otherwise ward off 
undesirable infections or provide a defense against cancer cells. One strategy to combat the 
severe toxic effects of chemotherapy is to genetically engineer blood or marrow cells by the 
introduction of retroviral vectors designed to express cDNA sequences that confer drug 
resistance. The introduction of drug resistant genes into hematopoietic stem cells (HSCs) 
results in transgene expression throughout the entire host hematopoietic system, including 
immunocompetent cells such as T cells and natural killer cells, after transplantation of gene- 
modified cells back into a recipient patient, as described by McMillin et al., (2006) Human Gene 
Therapy 17:798-806. The patient can then develop an active immune system while at the 
same time undergoing chemotherapy. However, in the case of HSC transgene expression, 
over time not all of the T cells and natural killer cells in the subject express the drug resistant 
gene. For example, McMillin et al. (2005) discloses that less than 50% of NK-cells contained an 
expressing marker 8 week post-transplant. See Figure 3 of McMillin et al.

[0054] An alternative strategy would be to selectively genetically modify cytotoxic 
immunocompetent cells that can actively target those cancer cells able to resist the 
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simultaneous administration of a chemotherapeutic agent, thereby effectively eliminating most 
if not all cancer cells from the patient.

[0055] In certain embodiments, the invention relates to isolated compositions comprising 
natural killer cells wherein greater than about 50% of the natural killer cells express a 
polypeptide that confers resistance to a chemotherapy agent. In other embodiments, the 
invention relates to isolated compositions comprising natural killer T-cells wherein greater than 
about 50% of the natural killer T-cells comprise a nucleic acid that encodes a polypeptide that 
confers resistance to a chemotherapy agent. In other embodiment the invention relates to 
isolated compositions consisting essentially of natural killer T-cells comprising a nucleic acid 
that encodes a polypeptide that confers resistance to a chemotherapy agent. In certain 

embodiments the polypeptide that confers resistance to a chemotherapy agent is O6 

methylguanine DNA methyltransferase (MGMT), a drug resistant
variant of dihydrofolate reductase (L22Y-DHFR), thymidylate synthase, multiple drug 
resistance-1 protein (MDR1).

[0056] In certain embodiments, the invention relates to methods of treating a subject 
diagnosed with cancer comprising: administering a chemotherapy agent to the subject and 
administering a chemotherapy resistant natural killer cell composition to the subject wherein 
the chemotherapy resistant natural killer cell composition comprises natural killer cells 
genetically engineering to express a polypeptide that confers resistance to the chemotherapy 
agent.

[0057] The present disclosure encompasses methods whereby immunocompetent cells are 
selectively protected from the toxic effects of chemotherapy, thereby allowing co-administration 
of chemotherapy and cell-based immunotherapy, and hence termed drug resistant 
immunotherapy. The feasibility of using drug resistant immunotherapy in the context of drug­
resistant hematopoietic cells has been shown (Cesano et al., (1998) Anticancer Res. 18: 2289- 
2295). Mouse bone marrow cells were genetically engineered by retroviral-mediated 
introduction of a cDNA encoding for a mutant form of DHFR, i.e. L22Y-DHFR that confers 
resistance to trimetrexate (TMTX). Mice were transplanted with gene-modified bone marrow 
cells that resulted in transgene expression in all hematopoietic lineages. The mice were then 
treated with the immunotherapeutic agent anti-CD 137, TMTX alone, or a combination of anti- 
CD137 and TMTX.

[0058] In mice inoculated with AG104 sarcoma cells, TMTX chemotherapy reduced the 
efficacy of an anti-CD137 antibody in mice transplanted with non-modified cells that were 
sensitive to the TMTX. However, when mice were protected against chemotherapy-induced 
toxicity through transplantation of L22Y-DHFR-expressing bone marrow, the combined 
treatment of TMTX and anti-CD137 resulted in complete eradication of tumors in 100% of 
animals. The present disclosure provides evidence that genetically engineered human 
immunocompetent cells can be used in the context of drug resistance immunotherapy, rather 
than genetically modifying the entire hematopoietic system. The ability to provide to a patient a 
genetically-modified population of cytotoxic immunocompetent cells, and particular if delivered 
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locally to the site of a tumor, would allow for immunotherapy in conjunction with chemtotherapy 
without necessarily undergoing bone marrow transplantation.

[0059] NK-92 and TALL-104 cells are representative immune-effector cell lines since both of 
these cell types recognize and kill a wide range of malignant cells, including K562 cells (Sawai 
et at., (2001) Mol. Ther. 3: 78-87; Tam et al., (1999) J. Hematother. 8: 281-290). The highly 
potent cytotoxic human NK cell line NK-92 is an interleukin-2 (IL-2)-dependent human natural 
killer cell line with functional and phenotypic characteristics of activated NK cells (Gong et al., 
(1994) Leukemia 8: 652-658). NK-92 cells are effectors of the innate immune system, which 
play an important role in host responses against viruses and tumor cells Due to the high 
cytotoxicity against a broad spectrum of primary and established tumor cells at low 
effectortarget ratios and against primary leukemia in SCID mice (Gong et al., (1994) Leukemia 
8: 652-658; Yan et al., (1998) Clin. Cancer Res. 4: 2859-2868; Tam et al., (1999) J.
Hematother. 8: 281-290) makes them a reasonable candidate as a drug resistant immune
effector cell (Yan et al., (1998) Clin. Cancer Res. 4: 2859-2868; Tam et al., (1999) J.
Hematother. 8: 281-290). TALL-104 cells are an interleukin 2-dependent leukemic T cell line
that has surface markers typical of those found on both cytotoxic T lymphocytes and natural 
killer cells. TALL-104 cells lyze tumor cells in a non-HLA-restricted fashion (Tam et al., (1999) 
J. Hematother. 8: 281-290). Adoptive immunotherapy with TALL-104 has induced long-term 
complete or partial remissions in tumor bearing animals (Tam et al., (1999) J. Hematother. 8: 
281-290; Geoerger et al., (2000) Neuro Oncol. 2: 103-113). Similar to NK-92 cells, we used 
TALL-104 cells as immunocompetent cells for our proof-of-concept studies since these cells 
can be expanded in culture indefinitely to provide an unlimited source of effector cells with 
stable tumoricidal activity.

[0060] P140K-MGMT-genetically engineered NK-92 and TALL-104 cells were resistant to TMZ 
and had cytotoxic activities similar to the non-modified cells. Additionally, the gene-modified 
cells showed cytolytic activities similar to non-transduced cells after drug selection. Therefore, 
genetic modification of these cells does not affect their cytotoxic activity.

[0061] Drug resistant immunotherapy was evaluated in a series of cytotoxic assays, in the 
presence and absence of a cytotoxic drug. Dasqupta et al., (2010) Biochem. Biophys. Res. 
Comm. 391:170-175. Importantly, gene-modified immunocompetent cells displayed significant 
cytolytic activities toward drug resistant tumor cells in the presence of drug. In contrast, non­
modified immunocompetent cells were ineffective at tumor killing when drug was administered. 
Combined, these results demonstrate that in the presence of a cytotoxic chemotherapeutic 
drug, gene-modified effector cells remain active, and a greater level of target cancer cell killing 
was observed after treating gene-modified effector cells and non-modified target cells 
compared to non-modified effector cells and drug resistant target cells. Accordingly, 
genetically-modified drug resistant immunocompetent cells could be engineered to survive the 
cytotoxic effects of chemotherapeutic agents and the effectiveness of tumor killing significantly 
increases during a chemotherapy challenge.

[0062] The present disclosure provides data that drug-resistant immunocompetent effector 
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cells are superior cytotoxic effectors during a chemotherapy challenge. This is a significant 
finding which can be combined with current cell-based and adoptive immunotherapies. It has 
been shown that regression of large, vascularized tumors occurs in patients with refractory 
metastatic melanoma. However, for maximum effectiveness, a lympho-depleting regimen is 
typically necessary prior to autologous lymphocyte cell transfer (Chinnasamy et al., (2004) 
Hum. Gene Ther. 8: 758-769).

[0063] The generation and expansion of drug-resistant lymphocytes (as opposed to the entire 
hematopoietic system) ex vivo can allow, in this setting, for administration of immunocompetent 
cell-based therapy concurrently with chemotherapy, potentially improving tumor clearance 
while antitumor immunity is established and maintained. In this scenario, non-transduced 
lymphocytes can be depleted using a selective chemotherapy treatment, which could be 
continually applied during the administration of adoptive immunotherapy. The co-administration 
of chemo- and immunotherapies would then lead to long-term tumor clearance.

[0064] It was shown, however, that the growth of CML cells in mice transplanted with bone 
marrow engineered to confer resistance to MTX can be exacerbated by the administration of 
chemotherapy (Rosenberg & Dudley (2004) Proc. Natl. Acad. Sei. USA. 101: 14639-14645). 
Thus chemotherapy treatment in the context of gene-modified whole bone marrow protection 
may induce secondary effects such as immune suppression that allow some cancers to survive 
a drug challenge. Base on the results of the present disclosure, however, instead of 
transplanting drug resistant hematopoietic stem cells, a more effective strategy involves 
transplantation of drug resistant immunocompetent lymphocytes.

[0065] Additionally, it was recently shown that melanoma and glioma cell lines are sensitive to 
the combination of TMZ and antifolates (Sweeney et al., (2002) J. Pharmacol. Exp. Ther. 300: 
1075-1084). In one embodiment of the methods of the disclosure, therefore, retroviral transfer 
of dual vectors that co-express drug resistant variants of DHFR, such as, L22Y-DHFR, together 
with P140K-MGMT would increase tumor cell killing by allowing effective cytotoxic 
immunotherapy while administering a combination of chemotherapeutic agents. Expression of 
DHFR mutants, for example, can provide resistance to antifolates such as methotrexate and 
trimetrexate, while MGMT expression can provide resistance to monofunctional methylating 
agents such as dacarbazine and procarbazine as well as bifunctional chloroethylating agents 
such as BCNU, ACNU or TMZ.

[0066] Accordingly, a series of combinatorial cytotoxicity assays was performed with non­
modified and gene-modified effector and target cells. To determine the effects of TMZ on non­
modified cells, cytotoxicity assays were performed whereby non-modified effector cells were 
mixed with gene-modified target cells in either the absence or presence of 200 μΜ 6-BG/TMZ.

[0067] Gene-modified target cells were used to eliminate the effects of chemotherapy on the 
target cells (gene-modified target cells were resistant to TMZ at this drug concentration). 
Before these studies were initiated, the sensitivity of gene-modified K562 cells to NK92 and 
Tail-104 cells was determined. A 4 hr cytotoxicity assay was conducted where non-modified 
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effector cells (E) were incubated with either non-modified target (T) or gene-modified target 
(Tm) cells at an effector to target ratio of 10:1, as shown in Fig. 27, in the absence of drug. 
The cytotoxicities of both the non-modified effector cell lines (NK92 and TALL-104) toward 
either non-modified or gene-modified target cells were comparable (Pnk-92 = 0.8441, Ptall-014 

= 0.6349). Thus genetic modification of the target cells did not affected their lyses by the 
immunocompetent cells.

[0068] Cytotoxic assays were then conducted using non-modified effector cells and gene- 
modified target cells in the presence of TMZ. A significant decrease in both NK-92 and TALL- 
104 cell mediated lysis was observed when compared to gene-modified target cells in the 
absence of drug treatment (see Fig. 27; Pnk-92 = 0.0003, Ptall-014 = 0.0008). Thus, the 

clearance of drug resistant tumor cells by non-modified immunocompetent cells is severely 
limited after a chemotherapy challenge.

[0069] To compare the killing effectiveness of non-modified and gene-modified immune 
effector cells during drug treatments, cytotoxicity assays were conducted whereby non­
modified or P140KMGMT-modified effector cells (Em) were incubated with gene-modified 
target cells (Tm) and 200 μΜ 6-BG/TMZ.

[0070] When compared to non-modified effector cells, genetically-modified NK-92 cells lyzed 
target cells significantly better after being treated with 6-BG/TMZ, as shown in Fig. 28A (Pnk-92 

= 0.0001). Thus, in the presence of drug, P140KMGMT-modified immunocompetent cells were 
active in killing tumor cells. Under identical conditions, however, genetically engineered TALL- 
104 cells had only a modest increase in cytotoxic activity (Fig. 28B).

[0071] To determine the effectiveness of drug resistant tumor cells during a chemotherapy 
challenge when the target cells are sensitive to the drug treatment, gene-modified effectors, 
i.e. P140KMGMT-NK-92 and P140KMGMT-TALL-104 cells, were incubated with non-modified, 
drug-sensitive target cells and 200 μΜ 6-BG/TMZ. The cytotoxicities of these drug resistant 
immunocompetent cells were then compared with the cytotoxicities achieved using drug­
sensitive immunocompetent cells, as shown in Figs. 28C and 28D.

[0072] Compared to the killing of gene-modified target cells by non-modified effector cells, 
there was a significant increase of about 4.5-fold and 2.5-fold killing of non-modified target 
cells by the genetically modified NK-92 and TALL-104 cells, respectively (Pnk-92 = 0.0012, 

Ptall-014 = 0.0011). These data demonstrate that P140KMGMT-modified NK-92 and TALL-104 

cells function as potent effectors in the presence 6-BG/TMZ, and that the drug resistant 
immunocompetent cells, when used concurrently with chemotherapy, can significantly enhance 
the killing of target cells.

[0073] Embodiments of the present disclosure encompass methods of treating cancers, and in 
particular cancerous tumors. The methods of the disclosure combine the use of 
chemotherapeutic agents that can kill or reduce the proliferation of cancerous cells, with 
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immunotherapy to effectively eliminate those cancerous cells that develop drug resistance or 
otherwise escape the chemotherapeutic agent. The methods of the present disclosure provide 
for isolating cytotoxic immune cells, including, but not limited to, γδ T-cells either from a patient 
to be treated or from another source, as described, for example, by Lamb L.S. in U.S. Patent 
Serial No. 7,078,034. The isolated cells may then be transfected with a nucleic acid vector 
comprising a heterologous nucleotide sequence encoding a polypeptide that confers 
resistance to a selected chemotherapeutic agent to the cell. The patient in need of treatment 
for a cancer, and in particular a tumor, may then receive a dose, or doses, of the transfected T- 
cells before, after or with the chemotherapeutic agent. The agent itself, while intended to be 
toxic to the targeted cancer cells, and will reduce the proliferation and viability of the cells, may 
also induce the formation on the cell surface of the cancer cells of stress-related proteins. 
Transfected γδ T-cells, for example, have the characteristic of being able to recognize and 
therefore target such stress-related ligands, thereby specifically or preferentially targeting the 
cancer cells.

[0074] The transduction of a population of cytotoxic immune cells, such as γδ T-cells with a 
heterologous nucleic acid encoding an exogenous polypeptide conferring resistance to the 
chemotherapeutic agent can ensure that the immunotherapeutic cells are not adversely 
affected by the agent (drug). The result is that the chemotherapy and the immunotherapy 
cooperate to efficiently reduce the tumor mass or eliminate the cancerous cells. The data 
provided herein indicate that an increase in the survival outcome of a treated animal can be 
achieved.

[0075] It is contemplated that the genetically modified cytotoxic immune cells such as γδ T- 
cells may be delivered to the targeted tumor directly by such as, but not limited to, direct 
injection into the tumor mass, delivery to a blood vessel entering the tumor mass, or a 
combination of both. For example, it is contemplated that the cells may be delivered to a 
glioblastomal mass in the brain of a patient by direct implantation through a cannulated needle 
inserted into the tumor mass.

[0076] The methods of the disclosure compare with other methods that combine 
chemotherapeutic and immunologic approaches to treating cancers. For example, as shown in 
Fig. 1, cytokines and other factors that can stimulate the immune system, including the innate 
system, may be administered to a patient systemically, resulting in expansion of many classes 
of cells of the patients entire immune system. However, when the chemotherapeutic agent is 
then administered, the toxicity of the agent can effectively reduce or destroy the immune 
system cells themselves, thereby eliminating the potential benefits of an expanded immune 
system.

[0077] An alternative protocol, as shown in Fig. 17, comprises isolating bone marrow cells from 
a subject and transducing the cells with a nucleic acid vector, such as, but not limited to, a 
lentiviral vector, where the vector comprises a heterologous nucleic acid sequence encoding a 
polypeptide that can confer resistance to the chemotherapeutic agent selected for use in 
treating a cancer, as shown in Fig. 13, for example. In an experimental system, as shown in
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Fig. 17, the transduced marrow cells may be transplanted into a recipient subject that has had 
the immune system destroyed by high-level radiation. If these subjects then receive a tumor 
cell inoculation they will develop a tumor(s), as shown in Figs 18 and 19, and discussed in 
McMillin et al., (2006) Hum. Gene Therapy 17: 798-806. If the subject then receives either the 
selected chemotherapeutic agent or an inducer of cancer-targeting immune cells (in this case 
by administering anti-CD137 antibodies), then reductions in the sizes of tumors (in Figs. 18 
and 19, AG104 sarcoma tumors) are observed.

[0078] In some protocols that combine immunotherapy and chemotherapy to treat cancers in a 
subject human or animal patient, cytokines (IL-2, IL-12, GM-CSF, and the like) may be 
delivered to a patient to boost the formation of cytotoxic lymphocytes. In other methods, an 
anti-CD137 specific antibody may be employed. CD137 is a member of the tumor necrosis 
factor (TNF)/nerve growth factor (NGF) family of receptors and is expressed by activated T- 
and B-lymphocytes and monocytes; its ligand has been found to play an important role in the 
regulation of immune responses. An anti-CD137 monoclonal antibody can specifically bind to 
CD137-expressing immune cells such as activated T-cells and freshly isolated mouse dendritic 
cells (DCs), thereby stimulating an immune response, in particular of a cytotoxic T cell 
response, against tumor cells.

[0079] It has also been observed that the reduction in tumors may be transient when a 
chemotherapeutic agent is used (Fig. 18), and the immunotherapeutic reduction in tumor size 
may also show a rebound (Fig. 19). In contrast, if the chemotherapeutic agent and the 
immunotherapy are administered together or sequentially to the subject, then a significant and 
prolonged reduction in tumor size is seen (Fig. 20). Survival of the subject treated animal is 
also increased. Transfer of splenocytes from such a successfully treated subject to a subject 
injected with a cancer cell population resulted in increased survival (Fig. 21) showing the 
prolongation of cancer-specific cells after curing of a cancer. The experiments, as summarized 
in Fig. 22, show that application of transduction of a drug-resistance to immune system cells 
allows for the practical application of a combination of chemotherapy and immunotherapy to 
increase survival, and destruction of tumors. This method has also been applied to the 
regression of very large tumors, as shown in Fig. 23.

[0080] While treatment protocols for use against cancerous tumors has been of some success, 
as evidenced by the data presented in Figs. 15-23, the success of such methods with 
glioblastomal tumors has been minimal, with prolonged survival of the patient not extending 
beyond about 24 months. Accordingly, the methods of the present disclosure provide an 
alternative immunotherapy step that employsisolated cytotoxic immune cells, and particularly 
the subpopulation of yö T-cells that can specifically recognize, bind to, and destroy cancer cells 
that produce the cell-surface stress antigen MICA/B. γδ T-cells comprise only about 5% of the 
total circulating T-cells and form a powerful component of the innate defense system. In the 
methods of the disclosure, CD4-CD8- cells may be isolated from T-cell populations by such 
well known methods as FACS and cultured in vitro to expand the population size.

[0081] Accordingly, the methods of the present disclosure provide cytotoxic immune cells, such 
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as γδ T-cells, that are genetically modified to comprise a heterologous nucleic acid that, when 
expressed in the cells confers upon them resistance to the chemotherapeutic agent. The 
modified T-cells are then able to survive for sufficient time to effectively destroy most if not all 
of the target cancer cells.

[0082] It has now been shown that animals engrafted with glioblastomal cells have a 
significantly increased survival time when provided the combined treatment of a 
chemotherapeutic agent and the appropriate genetically modified agent-resistant γδ T-cells 
that are resistant to the chemotherapeutic agent, compared to animals that have received only 
the agent.

[0083] Genetic modification of the isolated cytotoxic immune cells may be by any method 
known in the art. For example, but not intended to be limiting, isolated γδ T-cells may be 
transfected with a lentiviral vector such as SIV comprising a heterologous nucleic acid 
sequence encoding a variant of the protein MGMT (e.g. a P104K variant). Efficiency of 
transduction may be shown by co-transfecting the cells with a lentivirus vector comprising a 
nucleic acid sequence encoding a reporter protein such as, but not limited to, enhanced green 
fluorescent protein (EGFP) or the like. Transfer of MGMT to cells confers on them resistance 
to DNA alkylating agents, as shown, for example, in Fig. 7. Similarly, using a recombinant SIV 
lentivirus vector, γδ T-cells may be transfected with such as MGMT, as shown in Fig. 8.

[0084] One aspect of the present disclosure, therefore, encompasses methods for reducing a 
cancer in a patient, comprising the steps of: obtaining a population of isolated cytotoxic 
immune cells, where the isolated cytotoxic immune cells have been genetically modified to be 
resistant to a therapeutic agent; administering to a patient in need thereof, an effective amount 
of the therapeutic agent; and administering to the patient population of isolated genetically 
modified cytotoxic immune cells, whereupon the cytotoxic immune cells are delivered to the 
tumor, thereby reducing the cancer in the patient.

[0085] In embodiments of this aspect of the disclosure, the isolated cytotoxic immune cells can 
be γδ T-cells.

[0086] In embodiments of this aspect of the disclosure, the isolated cytotoxic immune cells can 
be isolated from the patient having the cancer.

[0087] In some embodiments of this aspect of the disclosure, the isolated cytotoxic immune 
cells may be isolated from a source other than the patient in need thereof.

[0088] In embodiments of this aspect of the disclosure, the therapeutic agent can have the 
characteristic of inducing a stress protein in a cancer cell of the patient, where the stress 
protein is recognized by the cytotoxic immune cells.

[0089] In embodiments of this aspect of the disclosure, the therapeutic agent can be a 
cytotoxic chemotherapeutic agent characterized by a cell developing resistance to said 
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therapeutic agent when the cell receives a heterologous nucleic acid, and wherein the 
heterologous nucleic acid is expressed in the cell.

[0090] In the embodiments of this aspect of the disclosure, the therapeutic agent can be a 
cytotoxic chemotherapeutic agent selected from the group consisting of: an alkylating agent, a 
metabolic antagonist, an antitumor antibiotic, and a plant-derived antitumor agent.

[0091] In some embodiments of this aspect of the disclosure, the therapeutic agent can be a 
cytotoxic chemotherapeutic agent selected from the group consisting of: a cyclophosphamide, 
an ifosamide, a methotrexate, a substituted nucleotide, a substituted nucleoside, fluorouracil, a 
mitomycin, adriamycin, vincristine, vindesine, Taxol, cisplatin, carboplatin, and etoposide.

[0092] In embodiments of this aspect of the disclosure, the therapeutic agent can be selected 
from the group consisting of: TRIMETHOTRIXATE™ (TMTX), methotrixate (MTX), 
TEMOZOLOMIDE™, RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine (NBMPR), 
CAMPTOTHECIN™, 6-benzylguanidine, and a therapeutic derivative of any thereof.

[0093] In embodiments of this aspect of the disclosure, the step of obtaining a population of 
isolated cytotoxic immune cells genetically modified to be resistant to a therapeutic agent can 
comprise: isolating from a subject human or animal a population of cytotoxic immune cells; 
culturing the isolated population of cytotoxic immune cells, thereby increasing the population of 
the cells; stably transfecting the population of cytotoxic immune cells with a vector comprising a 
heterologous nucleic acid sequence operably linked to a promoter, wherein the heterologous 
nucleic acid sequence encodes a polypeptide conferring to the cell resistance to the 
therapeutic agent.

[0094] In embodiments of this aspect of the disclosure, the population of stably transfected 
cytotoxic immune cells can be viably maintained.

[0095] In some embodiments of this aspect of the disclosure, the therapeutic agent can be 
TRIMETHOTRIXATE™ or methotrexate, and the heterologous nucleic acid sequence encodes 
dihydrofolate reductase, or a derivative thereof.

[0096] In other embodiments of this aspect of the disclosure, the therapeutic agent can be 
TEMOZOLOMIDE™, or a therapeutically agent derivative thereof, and the heterologous 

nucleic acid sequence may encode O6 methylguanine DNA methyltransferase, or a derivative 
thereof.

[0097] In embodiments of this aspect of the disclosure, the isolated genetically modified 
cytotoxic immune cells and the therapeutic agent can be co-administered to the patient.

[0098] In some embodiments of this aspect of the disclosure, the genetically modified cytotoxic 
immune cells and the therapeutic agent can be sequentially administered to the patient.
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[0099] In embodiments of this aspect of the disclosure, the genetically modified cytotoxic 
immune cells are administered to the patient directly into the tumor or to a blood vessel 
proximal and leading into the tumor.

[0100] In some embodiments of this aspect ofthe disclosure, the tumor is a glioblastoma.

[0101] Yet another aspect of the present disclosure provides systems for treating a cancer in a 
patient comprising a cytotoxic therapeutic agent having the characteristics of inhibiting the 
survival of a cancer cell, and an isolated population of cytotoxic immune cells, where the 
cytotoxic immune cells genetically modified to be resistant to the therapeutic agent.

[0102] In embodiments of this aspect of the disclosure, the cytotoxic immune cells can be γδ 
T-cells.

[0103] In embodiments of this aspect of the disclosure, the population of cytotoxic immune 
cells may comprise a heterologous nucleic acid sequence operably linked to a promoter, where 
the heterologous nucleic acid sequence encodes a polypeptide that when expressed in a cell 
confers resistance to the therapeutic agent to the cell.

[0104] In embodiments of this aspect of the disclosure, the therapeutic agent is a cytotoxic 
chemotherapeutic agent selected from the group consisting of:an alkylating agent, a metabolic 
antagonist, an antitumor antibiotic, and a plant-derived antitumor agent.

[0105] In some embodiments of this aspect of the disclosure, the therapeutic agent is selected 
from the group consisting of: TRIMETHOTRIXATE™ (TMTX), methotrixate (MTX), 
TEMOZOLOMIDE™, RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine (NBMPR), 
CAMPTOTHECIN™, 6-benzylguanidine, and a therapeutic derivative of any thereof.

[0106] In certain embodiments of this aspect of the disclosure, the therapeutic agent is 
TRIMETHOTRIXATE™ or methotrixate, and the heterologous nucleic acid sequence encodes 
dihydrofolate reductase, or a derivative thereof.

[0107] In some embodiments of this aspect of the disclosure, the therapeutic agent is 
TEMOZOLOMIDE™, or a therapeutically agent derivative thereof, and the heterologous 

nucleic acid sequence encodes O6 methylguanine DNA methyltransferase (MGMT), or a 
derivative thereof.

[0108] Still another aspect of the disclosure provides systems for treating a glioblastoma in a 
patient comprising a therapeutic agent having the characteristics of inhibiting the survival of a 
cancer cell and inducing a stress protein in the cancer cell, and an isolated population of 
cytotoxic immune cells, wherein said cytotoxic immune cells are γδ T-cells, and wherein said γδ 
T-cclls have been genetically modified to be resistant to the therapeutic agent.

[0109] In embodiments of this aspect of the disclosure, the population of γδ T-cells comprises 
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a heterologous nucleic acid sequence operably linked to a promoter, wherein the heterologous 
nucleic acid sequence encodes a polypeptide that when expressed in a cell confers resistance 
to the therapeutic agent to the cell.

[0110] In embodiments of this aspect of the disclosure, the therapeutic agent is a cytotoxic 
chemotherapeutic agent selected from the group consisting of:an alkylating agent, a metabolic 
antagonist, an antitumor antibiotic, and a plant-derived antitumor agent.

[0111] In some embodiments of this aspect of the disclosure, the therapeutic agent is selected 
from the group consisting of: TRIMETHOTRIXATE™ (TMTX), methotrixate (MTX), 
TEMOZOLOMIDE™, RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine (NBMPR), 
CAMPTOTHECIN™, 6-benzylguanidine, and a therapeutic derivative of any thereof.

[0112] In some embodiments of this aspect of the disclosure, the therapeutic agent is 
TRIMETHOTRIXATE™ or methotrixate, and the heterologous nucleic acid sequence encodes 
dihydrofolate reductase, or a derivative thereof.

[0113] In other embodiments of this aspect of the disclosure, the therapeutic agent is 
TEMOZOLOMIDE™, or a therapeutically agent derivative thereof, and the heterologous 

nucleic acid sequence encodes O6 methylguanine DNA methyltransferase (MGMT), or a 
derivative thereof.

[0114] It should be noted that ratios, concentrations, amounts, and other numerical data may 
be expressed herein in a range format. It is to be understood that such a range format is used 
for convenience and brevity, and thus, should be interpreted in a flexible manner to include not 
only the numerical values explicitly recited as the limits of the range, but also to include all the 
individual numerical values or sub-ranges encompassed within that range as if each numerical 
value and sub-range is explicitly recited. To illustrate, a concentration range of "about 0.1% to 
about 5%" should be interpreted to include not only the explicitly recited concentration of about 
0.1 wt% to about 5 wt%, but also include individual concentrations (e.g., 1%, 2%, 3%, and 4%) 
and the sub-ranges (e.g., 0.5%, 1.1%, 2.2%, 3.3%, and 4.4%) within the indicated range. The 
term "about" can include ±1%, ±2%, ±3%, ±4%, ±5%, ±6%, ±7%, ±8%, ±9%, or ±10%, or more 
of the numerical value(s) being modified. In addition, the phrase "about 'x' to 'y'" includes 
"about 'x' to about 'y'".

[0115] It should be emphasized that the above-described embodiments of the present 
disclosure are merely possible examples of implementations, and are merely set forth for a 
clear understanding of the principles of this disclosure. Many variations and modifications may 
be made to the above-described embodiment(s) of the disclosure without departing 
substantially from the spirit and principles of the disclosure. All such modifications and 
variations are intended to be included herein within the scope of this disclosure and protected 
by the following claims.

EXAMPLES
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Example 1

[0116] Generation and titering of recombinant retrovirus: The cDNAs encoding for human 
P140KMGMT and eGFP were PCR amplified using appropriate primers (such as, for example, 
for: MGMT: Forward: AAACTGGAGCTGTCTGGCTGTGAA, Reverse:
AAACTCTCCTGCTGGAACACTGGA; and DHFR: Forward:
CATGGGAATTGGCAAGAATGGCGA, Reverse: TGACCAGGTTCTGTTTCCCTTCCA) 
and inserted into the appropriate expression vector. The sequences, codon optimized for 
expression in mammalian cells, encoding MGMT and DHFR, are presented in Fig. 29.

[0117] A four plasmid system was used to generate recombinant SIV-lentivirus. Transient 
transduction was carried out in 293T producer cells using methods as detailed before (Cesano 
et al., (1998) Anticancer Res. 18: 2289-2295, incorporated herein by reference in its entirety). 
The titers of virus encoding eGFP and P140KMGMT were determined by flow cytometry and 
real-time polymerase chain reaction (PCR) methods respectively (Cesano et al., (1998) 
Anticancer Res. 18: 2289-2295; McMillin et al, (2006) Hum. Gene Ther. 17: 798-806, 
incorporated herein by reference in their entireties).

Example 2

[0118] Lentiviral transduction: Transductions of SIV based lentiviral particles were performed 
by incubating cells with virus in media supplemented with polybrene (8 mg/ml; Specialty Media, 
Phillipsburg, NJ). Twenty-four hours post transduction, virus-containing medium was replaced 
with fresh medium and transduced cells were cultured until reaching approximately 70-90% 
confluency at which point cells were used for downstream applications.
Lentiviral transduction efficiencies of NK-92, TALL-104 and K562 cells: NK-92, TALL-104 and 
K562 cells were initially evaluated for their transduction efficiency using a self-inactivating (SIN) 
recombinant SIV lentivirus, pseudo typed with the VSV-G envelope protein, encoding eGFP, 
the constructs of which are schematically shown in Fig. 25A.

[0119] The expression of eGFP in the lentiviral reporter construct was driven by the murine 
stem cell virus promoter. To measure the transduction efficiencies, all cell lines were inoculated 
with an MOI of 40 and GFP fluorescence was analyzed by flow cytometry at 72 hrs after 
transduction. Transduction of each cell line resulted in robust expressions of eGFP (as 
visualized by fluorescence microscopy) that were quantitated as 90%, 41% and 99% in the NK- 
92, TALL-104 and K562 cell lines, respectively, as shown in Figs. 25B-25D. Thus, high 
transduction efficiencies are achieved for both the NK-92 and K562 cell lines, and the TALL- 
104 cell line exhibited moderate transduction efficiency.
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Example 3

[0120] Survival curve analysis: The non-modified and P104KMGMT modified cells were 
exposed 2 hours to 6-BG (25 pM) followed by exposure to increasing concentrations of TMZ 
for 48 hrs. Cell viability was then accessed by a standard trypan blue exclusion method. All 
drugs were freshly prepared on the day of drug treatment.

[0121] To determine the effectiveness of drug resistant P140KMGMT, transduced and 
untransduced immunocompetent cells were incubated with 6-BG for 2 hrs. TMZ was added at 
increasing concentrations, and the cells were incubated for 48 hrs. Survival curves were 
generated with respect to the non-transduced cells.

[0122] P140KMGMT transduced NK-92, TALL-104 and K562 cells were resistant to the 6- 
BG/TMZ combination when compared to untransduced control cells, as shown in Fig. 26A). 
Such resistance was pronounced up to 200 pM TMZ, at which point nearly all modified cells 
survived the drug challenge.

[0123] The degrees of resistance achieved by genetic modification of each of the cell lines 
were measured by calculating the TMZ IC50 value. The IC50 of 6-BG/TMZ based on 48 hrs 

exposure were 360 ± 8 pM and 135 ± 4 pM, respectively, in the gene-modified and unmodified 
NK-92 cells; 385 ± 5 pM and 120 ± 6 pM, respectively, in the gene-modified and unmodified 
TALL-104 cells; and 550 ± 8 pM and 170 ± 10 pM, respectively, in the gene-modified and 
unmodified K562 cells. Each of the cell lines, therefore, showed approximately a three-fold 
resistance to TMZ in a 48 hr viability assay. Similar resistance levels have been achieved in 
hematopoietic stem cells and K562 cells, but using a 7-10 day survival assay (Gangadharan et 
al., (2006) Blood. 107: 3859-3864). The choice of the present 48 hr assay period was based 
on downstream processing cytotoxic assays.

Example 4

[0124] Cytotoxicity assay: The cells, grown in the presence of 100 U/mL recombinant human 
IL-2, were exposed to 25 pM 6-BG for 2 hrs followed by the addition of 200 pMTMZ and 
incubating them overnight. To determine the effector cell concentration that resulted in 
maximal killing of the target cells, 4,000 (T) cells were placed in 96-well plates and mixed with 
the effector (E) cells (NK-92 or TALL-104) at E:T ratios of 2.5:1, 5:1, and 10:1 (in triplicate) 
followed by a 4 hrs incubation. The amount of LDH released to the supernatant as a result of 
cytolysis of target cells were measured in a lactate dehydrogenase (LDH) release assay 
(Roche Applied Science, Indianapolis, IN). Cytotoxicities were expressed as % cytotoxic activity 
of the effector cells according to the following formula:
% cytotoxicity =

(Experimental release - Spontaneous releaseeffeCtor) - Spontaneous releasetarget
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Maximum releasetarget - Spontaneous release,,

[0125] To determine the effectiveness of the genetic modifications had on the cytotoxicities of 
the effector cells, the non-modified/gene-modified effectors (E/Em) and target (T/Tm) cells 
were exposed to 6-BG/TMZ for 24 hrs and cytotoxic assays were performed as detailed above.

[0126] Dru resistant variants of NK-92 and TALL-104 cell lines mediate effective target cell 
killing: It has been reported that the NK-92 and TALL-104 cell lines can efficiently lyse the 
leukemic K562 cell line. In the present example, it was determined if genetic modification of 
these immune effector cell lines resulted in a change in their cytotoxic abilities towards the 
target cell line K562. Accordingly, gene-modified and non-modified effector cells were mixed 
with a fixed number of the target cells at various effectortarget ratios of 2.5:1, 5:1 and 10:1. 
Killing effectiveness of each of the drug resistant effector cells were compared with the 
unmodified control cells in a 4 hour cytotoxicity assay. When compared to the non-modified 
cells, both the gene-modified drug resistant immune effector cells, NK-92 and TALL-104 cells 
showed similar cytolytic activities toward the target cell line, as shown in Fig. 2B, thereby 
establishing that the genetic modifications imparted to the NK-92 and TALL-104 transduced 
cell lines did not appear to affect cytotoxicity properties of the cells.

[0127] Retention of cytotoxic effectiveness of gene-modified immunocompetent cells after 
expansion in the presence of 200 μΜ TMZ. As shown in Fig. 2B, the cytotoxicities of the drug 
selected gene-modified effector cell lines NK-92 and TALL1-04, were similar to the 
cytotoxicities ofthe non-selected gene-modified effector cells. These results show that the drug 
resistant immunocompetent cell lines, after modification with P140KMGMT, retained their ability 
to efficiently lyze target cells.

Example 5

[0128] Generation of drug resistant effector and target cell lines by lentiviral transduction: The 
P140KMGMT cDNA sequence was inserted into the SIV expression vector by replacing the 
sequence encoding eGFP (as shown in Fig. 25A). Virus titers, determined using 293T cells as 

targets, were 107-108 TU/ml. Gene transfer into effector and target cells was quantitated by 
real-time PCR amplification using genomic DNA isolated from cells transduced with the 
recombinant virus at an MOI of 40.

[0129] P140KMGMT copy numbers for the transduced NK-92, TALL-104 and K562 cells were 
determined to be 3 ± 0.28, 1 ±0.14, and 4 ± 0.41, respectively. MGMT mRNA levels were also 
measured in K562 cells to confirm that gene-modified cells express increased levels of MGMT 
message. MGMT mRNA expression was readily detected in the transduced K562 cells, while 
MGMT mRNA expression levels in untransduced K562 cells was below the linear range of 
detection. Previous studies (Gangadharan et al., (2006) Blood. 107: 3859-3864) also reported 
extremely low MGMT protein levels in wild-type K562 cells.
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[0130] Aspects and features of the present disclosure are set out in the following numbered 
clauses which contain the subject matter of the claims of the parent application as filed.

1. 1. A method of reducing a cancer in a patient, comprising the steps of:

obtaining a population of isolated cytotoxic immune cells, wherein the isolated cytotoxic 
immune cells have been genetically modified to be resistant to a therapeutic agent;

administering to a patient in need thereof, an effective amount of the therapeutic agent; 
and

administering to the patient population of isolated genetically modified cytotoxic immune 
cells, whereupon the cytotoxic immune cells are delivered to the tumor, thereby reducing 
the cancer in the patient.

2. 2. The method of clause 1, wherein the isolated cytotoxic immune cells are γδ T-cells.
3. 3. The method of clause 1, wherein the isolated cytotoxic immune cells are isolated from 

the patient having the cancer.
4. 4. The method of clause 1, wherein the isolated cytotoxic immune cells are isolated from 

a source other than the patient in need thereof.
5.5. The method of clause 1, wherein the therapeutic agent has the characteristic of 

inducing a stress protein in a cancer cell of the patient, and wherein the stress protein is 
recognized by the cytotoxic immune cells.

6.6. The method of clause 1, wherein the therapeutic agent is a cytotoxic 
chemotherapeutic agent characterized by a cell developing resistance to said 
therapeutic agent when the cell receives a heterologous nucleic acid, and wherein the 
heterologous nucleic acid is expressed in the cell.

7.7. The method of clause 1, wherein the therapeutic agent is a cytotoxic
chemotherapeutic agent selected from the group consisting of: an alkylating agent, a
metabolic antagonist, an antitumor antibiotic, and a plant-derived antitumor agent.

8.8. The method of clause 1, wherein the therapeutic agent is a cytotoxic
chemotherapeutic agent selected from the group consisting of: a cyclophosphamide, an 
ifosamide, a methotrexate, a substituted nucleotide, a substituted nucleoside, 
fluorouracil, a mitomycin, adriamycin, vincristine, vindesine, Taxol, cisplatin, carboplatin, 
and etoposide.

9. 9. The method of clause 1, wherein the therapeutic agent is selected from the group 
consisting of: TRIMETHOTRIXATE™ (TMTX), methotrixate (MTX), TEMOZOLOMIDE™, 
RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine (NBMPR), CAMPTOTHECIN™, 6- 
benzylguanidine, and a therapeutic derivative of any thereof.

10. 10. The method of clause 1, wherein the step of obtaining a population of isolated 
cytotoxic immune cells genetically modified to be resistant to a therapeutic agent 
comprises:

isolating from a subject human or animal a population of cytotoxic immune cells;
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culturing the isolated population of cytotoxic immune cells, thereby increasing the 
population of the cells;

stably transfecting the population of cytotoxic immune cells with a vector comprising a 
heterologous nucleic acid sequence operably linked to a promoter, wherein the 
heterologous nucleic acid sequence encodes a polypeptide conferring to the cell 
resistance to the therapeutic agent.

11. 11. The method of clause 10, wherein the population of stably transfected cytotoxic 
immune cells are viably maintained.

12. 12. The method of clause 10, wherein the therapeutic agent is TRIMETHOTRIXATE™ or 
methotrexate, and the heterologous nucleic acid sequence encodes dihydrofolate 
reductase, or a derivative thereof.

13. 13. The method of clause 10, wherein the therapeutic agent is TEMOZOLOMIDE™, or a 
therapeutically agent derivative thereof, and the heterologous nucleic acid sequence 

encodes O6 methylguanine DNA methyltransferase, or a derivative thereof.
14. 14. The method of clause 1, wherein the isolated genetically modified cytotoxic immune 

cells and the therapeutic agent are co-administered to the patient.
15. 15. The method of clause 1, wherein the genetically modified cytotoxic immune cells and 

the therapeutic agent are sequentially administered to the patient.
16. 16. The method of clause 1, wherein the genetically modified cytotoxic immune cells are 

administered to the patient directly into the tumor or to a blood vessel proximal and 
leading into the tumor.

17. 17. The method of clause 1, wherein the tumor is a glioblastoma.
18. 18. A system for treating a cancer in a patient comprising a cytotoxic therapeutic agent 

having the characteristics of inhibiting the survival of a cancer cell, and an isolated 
population of cytotoxic immune cells, wherein said cytotoxic immune cells genetically 
modified to be resistant to the therapeutic agent.

19. 19. The system of clause 18, wherein the cytotoxic immune cells are γδ T-cells.
20.20. The system of clause 18, wherein the population of cytotoxic immune cells 

comprises a heterologous nucleic acid sequence operably linked to a promoter, wherein 
the heterologous nucleic acid sequence encodes a polypeptide that when expressed in a 
cell confers resistance to the therapeutic agent to the cell.

21.21. The system according to clause 18, wherein the therapeutic agent is a cytotoxic 
chemotherapeutic agent selected from the group consisting of:an alkylating agent, a 
metabolic antagonist, an antitumor antibiotic, and a plant-derived antitumor agent.

22. 22. The system according to clause 18, wherein the therapeutic agent is selected from 
the group consisting of: TRIMETHOTRIXATE™ (TMTX), methotrixate (MTX), 
TEMOZOLOMIDE™, RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine (NBMPR), 
CAMPTOTHECIN™, 6-benzylguanidine, and a therapeutic derivative of any thereof.

23.23. The system according to clause 20, wherein the therapeutic agent is 
TRIMETHOTRIXATE™ or methotrixate, and the heterologous nucleic acid sequence 
encodes dihydrofolate reductase, or a derivative thereof.

24.24. The system according to clause 20, wherein the therapeutic agent is 
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TEMOZOLOMIDE™, or a therapeutically agent derivative thereof, and the heterologous 

nucleic acid sequence encodes O6 methylguanine DNA methyltransferase (MGMT), or a 
derivative thereof.

25. 25. A system for treating a glioblastoma in a patient comprising a therapeutic agent 
having the characteristics of inhibiting the survival of a cancer cell and inducing a stress 
protein in the cancer cell, and an isolated population of cytotoxic immune cells, wherein 
said cytotoxic immune cells are γδ T-cells, and wherein said γδ T-cells have been 
genetically modified to be resistant to the therapeutic agent.

26. 26. The system of clause 25, wherein the population of γδ T-cells comprises a 
heterologous nucleic acid sequence operably linked to a promoter, wherein the 
heterologous nucleic acid sequence encodes a polypeptide that when expressed in a 
cell confers resistance to the therapeutic agent to the cell.

27. 27. The system according to clause 25, wherein the therapeutic agent is a cytotoxic 
chemotherapeutic agent selected from the group consisting of:an alkylating agent, a 
metabolic antagonist, an antitumor antibiotic, and a plant-derived antitumor agent.

28. 28. The system according to clause 25, wherein the therapeutic agent is selected from 
the group consisting of: TRIMETHOTRIXATE™ (TMTX), methotrixate (MTX), 
TEMOZOLOMIDE™, RALTRITREXED™, S-(4-Nitrobenzyl)-6-thioinosine (NBMPR), 
CAMPTOTHECIN™, 6-benzylguanidine, and a therapeutic derivative of any thereof.

29.29. The system according to clause 26, wherein the therapeutic agent is 
TRIMETHOTRIXATE™ or methotrixate, and the heterologous nucleic acid sequence 
encodes dihydrofolate reductase, or a derivative thereof.

30.30. The system according to clause 26, wherein the therapeutic agent is 
TEMOZOLOMIDE™, or a therapeutically agent derivative thereof, and the heterologous 

nucleic acid sequence encodes O6 methylguanine DNA methyltransferase (MGMT), or a 
derivative thereof.

31.31. An isolated composition comprising γδ T-cells genetically engineered to express a 
polypeptide that confers resistance to a chemotherapy agent.

32. 32. An isolated composition comprising γδ T-cells comprising a nucleic acid that encodes 
a polypeptide that confers resistance to a chemotherapy agent.

33. 33. The composition of clause 31, wherein the a polypeptide that confers resistance to a 

chemotherapy agent is O6 methylguanine DNA methyltransferase (MGMT), a drug 
resistant variant of dihydrofolate reductase (L22Y-DHFR), thymidylate synthase, multiple 
drug resistance-1 protein (MDR1).

34. 34. An isolated composition comprising natural killer cells wherein greater than about 
50% of the natural killer cells express a polypeptide that confers resistance to a 
chemotherapy agent.

35. 35. An isolated composition comprising natural killer cells wherein greater than about 
50% of the natural killer cells comprise a nucleic acid that encodes a polypeptide that 
confers resistance to a chemotherapy agent.

36. 36. An isolated composition consisting essentially of natural killer cells comprising a 
nucleic acid that encodes a polypeptide that confers resistance to a chemotherapy 
agent.
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37. 37. The composition of clause 34, wherein the polypeptide that confers resistance to a 

chemotherapy agent is O6 methylguanine DNA methyltransferase (MGMT), a drug 
resistant variant of dihydrofolate reductase (L22Y-DHFR), thymidylate synthase, or 
multiple drug resistance-1 protein (MDR1).
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PATENTKRAV

1. En isoleret sammensætning omfattende γδ T-celler genetisk manipuleret til at ek- 
sprimere et polypeptid der giver resistens overfor et kemoterapimiddel.

2. Sammensætning ifølge krav 1, hvor γδ T-celler isoleres fra en patient der har behov 
for behandling af cancer.

3. Sammensætning ifølge krav 1 eller krav 2, hvor γδ T-celler isoleres fra en anden 
kilde end en patient der har behov for behandling af cancer.

4. Sammensætning ifølge et hvilket som helst af kravene 1 til 3, hvor γδ T-celleme 
omfatter en nukleinsyre der koder for et polypeptid der giver resistens overfor et ke­
moterapimiddel.

5. Sammensætning ifølge et hvilket som helst af kravene 1 til 4, hvor γδ T-celleme 
omfatter en heterolog nukleinsyresekvens operativt forbundet til en promotor, hvor 
den heterologe nukleinsyresekvens koder for et polypeptid der giver γδ T-celleme 
resistens overfor det terapeutiske middel.

6. Sammensætning ifølge et hvilket som helst af kravene 1 til 5, hvor polypeptidet der 
giver resistens overfor et kemoterapimiddel er O6-methylguanin DNA methyltransfe- 
rase (MGMT), en lægemiddelresistent variant af dihydrofolatreduktase (L22Y- 
DHFR), thymidylatsynthase, multi-lægemiddelresistens-1 protein (MDRI).

7. Sammensætning ifølge et hvilket som helst af kravene 1 til 6, hvor kemoterapimid­
let har karakteristika for at inducere et stressprotein i en cancercelle hos en patient, og 
hvor stressproteinet genkendes af de cytotoksiske immunceller.

8. Sammensætning ifølge et hvilket som helst af kravene 1 til 7, hvor kemoterapimid­
let er et cytotoksisk kemoterapeutisk middel kendetegnet ved en celle der udvikler 
resistens over for kemoterapimidlet når cellen får en heterolog nukleinsyre og hvor 
den heterologe nukleinsyre eksprimeres i cellen.
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9. Sammensætning ifølge et hvilket som helst af kravene 1 til 8, hvor kemoterapimid­
let er et cytotoksisk kemoterapeutisk middel udvalgt blandt gruppen bestående af: et 
alkyleringsmiddel, en metabolisk antagonist, et antitumor-antibiotikum og et planteaf- 
ledt antitumor-middel.

10. Sammensætning ifølge et hvilket som helst af kravene 1 til 9, hvor kemoterapi­
midlet er et cytotoksisk kemoterapeutisk middel udvalgt blandt gruppen bestående af: 
et cyclophosphamid, et ifosamid, et methotrexat, et substitueret nukleotid, et substitue­
ret nukleosid, fluorouracil, en mitomycin , adriamycin, vineristin, vindesine, Taxol, 
cisplatin, carboplatin og etoposid.

11. Sammensætning ifølge et hvilket som helst af kravene 1 til 10, hvor kemoterapi­
midlet er udvalgt blandt gruppen bestående af: Trimethotrixat (TMTX), methotrixat 
(MTX), temozolomid, Raltritrexed, S-(4-Nitrobenzyl)-6-thioinosin (NBMPR), Camp- 
tothecin, 6-benzylguanidin og et terapeutisk aktivt derivat af en hvilken som helst der­
af.

12. Isoleret sammensætning ifølge et hvilket som helst af kravene 1 til 11 til anvendel­
se til reduktion af cancer hos en patient der har behov for behandling.

13. Sammensætning til anvendelse ifølge krav 12, hvor canceren er glioblastoma.

14. Sammensætning til anvendelse ifølge krav 12 eller krav 13, hvor sammensætnin­
gen co-administreres til patienten med kemoterapimidlet.

15. Sammensætning til anvendelse ifølge et hvilket som helst af kravene 12 til 14, 
hvor sammensætningen og kemoterapimidlet co-administreres sekventielt til patien­
ten.

16. Sammensætning til anvendelse ifølge et hvilket som helst af kravene 12 til 15, 
hvor sammensætningen administreres til patienten direkte til canceren eller til et blod­
kar proximal og førende ind i canceren.

17. Fremgangsmåde til opnåelse af en population af isolerede γδ T-celler genetisk 
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modificeret til at være resistente overfor et terapeutisk middel omfattende trinnene:

dyrkning af en population af γδ T-celler isoleret fra et menneske eller et dyr, 
hvorved populationen af celler øges;

5 stabilt transfektion af populationen af γδ T-celler med en vektor omfattende
en heterolog nukleinsyresekvens operativt forbundet til en promotor, hvor 
den heterologe nukleinsyresekvens koder for et polypeptid der giver cellens 
resistens over for det terapeutiske middel.

10 18. Fremgangsmåde ifølge krav 17, hvor det terapeutiske middel er Trimethotrixat
eller methotrexat, og den heterologe nukleinsyresekvens koder for dihydrofolatreduk- 
tase.

19. Fremgangsmåde ifølge krav 17 eller 18, hvor det terapeutiske middel er Te-
15 mozolomid eller et terapeutisk aktivt derivat deraf, og den heterologe nukleinsyrese­

kvens koder for O6-methylguanin-DNA-methyltransferase.
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Strategy for Combining Chemotherapy and Immunotherapy
Induction of anti-tumor immune response

Drug resistance immunotherapy (DRI)
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γδ Τ cell cytotoxicity vs. primary GBM and GBM cell 
lines

Fig. 3
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αβ and γδ Τ cell phenotypes in GBM patients
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γδ injected mice (5:1)
Fig. 7
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Genetic modification of γδ T cells: Transduction using recombinant SIV

SIV-GFP

SIV-MGMT
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Fig. 13
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Experimental design: Determining if drug resistant 
immunotherapy can be used to treat established tumors

AG104-specific CTLs have not been reproducibly developed
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Treatment of AG104 Sarcoma cells using Chemo or Immunotherapy

TMTX only
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DRI Treatment of AG104 Sarcoma Cells
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Fig. 17



DK/EP 3246042 T3

1207

Survival of DHFR Transplanted Mice

100----------------

3C

60 i

40-:

20

0:4-----------n-
0 10

No lx
— - -TVTX only
— ■ -Anti-CD13/
— — Anti-CD137 + Τ\ΓΧ

20 30 40 50 60 70 80
Days post challenge

Fig. 18



DK/EP 3246042 T3

Adoptive Transfer of Splenocytes from Tumor 
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Fig. 20A
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Fig. 22
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MGMT optimized codon sequence:
ATGGACAAAGATTGCGAGArGAAGCGGACCACACTGGACTCCCCCCTGGGCAAACTGGAGCTGTCTGGCTGTGAA 
CAGGGGCTGCACGAGAZCAAACTGCTGGGAA'j.GGGCACTAGCGCSGCTGAZGCTGTGGAAGTGCCAGCTCCAGC'G 
GCTG'IGCGGGGAGGACCTGAGCGACTGATGCAGIGCACGGCCTGGCTG.AACGCTTA-CTTCGAGCAGCCTGAAGGC 
ATCGACGAATTTACGG^GCGTCCCCTCCACCATGCAGTCTTCCAGCAGGACACTTTTACAAGGCAGCTCCTGTGC 
AAGC'IGCGGAAAGTGGTGAAGITCGGGGAAGTGATTTCCTACC-AGCAGCTGGCTGCTCTGGOGGGAAACCGAAAA  
GCTGCTCGGGCCGTGGGAGGAGCTATGAGAGGUAATGCAG'miAGATCCTGArrCCC'l'GCCACAGGGTGGTGTGL 
AGCTGCGGAGCT'GTGGGGAACTATTCTGGGGGACTGGCCGTGAAAGAATGGCTGCTGGCTCACGAGGGACATAGG 
CTGGGAAAGCCTGGCCTGGGAGGGTCTAGTGGACTGGCTGGAGCTGGGCTGAAGGGAGC.TGGAGG:TAGGTCAGGA 
AGGCCACGTGCCGGCCGGAATIGA

DH?R optimized codon sequence:
ATGGIGGGGTCCCTGAACTGCATCGTGGCTGTGICTCAGAACAI'GGGAAT'GGGCAAGAATGGCGACTACeCTTGG: 
CCCCCTCG'GCGGAACGAGTrCAGATATTTTCAGAGGATGACCACAACTAGC ’rCOGTGGAAGGGAAACAGAACCTG 
GTCA'ICAGGGGAAAGAAAACTIGGTTCAGTATTCCCGAGAAGAAGCGCCCeCTGAAAGGACGGATCAATCTGGTG 
CTGTCCAGAGAGCTGAAGGAACCAC'CCCAGGGCGCCCACTTTCTG'ICA.AGGAGCCTGGACGAZGCrCTGAAGCTG 
ACCGAGG'AGCCCGAACZGGCCAACAAAGTGGAGATGGTGTGGATTGTGGGCGGGTCTAGTGTGTACAA.GGAGGCC 
ATGAATG’ACCCAGGCCATCTGAAACTGTTGGTGACCCGGATCATGCAGGACTTTGAGAGCGATAGATTCTTTCGC 
GAGATTGACCTGGAAAAGTACAAACTGCTGCCTGAATATCCAGGCGTGCTGTCTGATGTGCAGGAGGAAAAGGGG 
ATCAAGTACAAAT TCGAGGTGIAT GAGAAGAACGATTGA

Fig. 28


