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activate and differentiate the cells; followed by sequentially culturing the cells with a) a combination of IL-7 and IL-15 and then
b) IL-2, to further differentiate the cells and to render them immune resistant. The resistant immune cells are used to treat and pre-
vent cancer and infectious diseases.
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COMPOSITION AND METHOD FOR IMMUNOLOGICAL TREATMENT OF
CANCER, PREVENTION OF CANCER RECURRENCE AND METASTASIS, AND
OVERCOMING IMMUNE SUPPRESSOR CELLS

DESCRIPTION

BACKGROUND OF THE INVENTION
Field of the Invention
The invention generally relates to the ex vivo generation of T cells for use in adoptive
cell transfer (ACT). In particular, the invention relates to a step-wise combination protocol for
generating T cells that are resistant to immune suppression, for use in the prevention and

treatment of e.g. cancer and infectious disease.
Background of the Invention

When a cancerous tumor develops in a patient, the patient’s immune system typically
responds to the presence of the tumor by generating immune cells [e.g. immune effector cells
such as lymphocytes, macrophages, dendritic cells, natural killer cells (NK cells), NKT cells,
cytotoxic T lymphocytes (CTLs), etc.] that attack the tumor. However, depending on the
characteristics of the tumof, the immune response, and other factors, the response may not be
sufficient to completely destroy the cancer cells.

The technique of adoptive cell transfer (ACT, or, alternatively, adoptive
immunotherapy, AIT) is used as a cancer treatment to augment an insufficient immune
response. The rationale for the use of ACT in treating cancer is based on overcoming the low
frequency of endogenous tumor-reactive T cells. For ACT, T cells that have a natural or
genetically engineered reactivity to a patient's cancer are generated in vitro by ex vivo
activation, expansion, and directed differentiation toward the most effective phenotype(s),
and are then transferred back into the cancer patient. For example, autologous T cells that are
found with the tumor of a patient, which are already naturally trained to attack the cancerous
cells, may be manipulated in this manner. The expanded cytotoxic T cells are then transferred
back into the patient where they recognize, attack and (theoretically) eliminate the tumor.

Initial studies of adoptive cell transfer, however, revealed that persistence of the transferred
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cells in vivo was too short to be effective, and that lymphodepletion of the recipient (e.g. by
total body radiation) prior to administration, is required to eliminate regulatory T cells (which
diminish T cell activity) as well as normal endogenous lymphocytes that compete with the
transferred cells for homeostatic cytokines which are necessary for full activity of T cells.

Several groups have shown that ACT directed against melanoma-associated antigens
results in objective responses in animal models as well as in some melanoma patients (1, 2).
To improve objective responses of ACT, a number of strategies have been developed which
include using genetically modified lymphocytes (3), highly effective T cell phenotypes (4)
and exposure of the T cells to common gamma-chain cytokines prior to administration (5).
However, despite these modifications to ACT protocols, they are still not effective in all
cases. One possible explanation is that, unlike animal models, cancer patients usually receive
ACT after conventional therapies which could interfere with the efficacy of the donor T cells
and be responsible for the variable results observed in patients. No comparative analysis has
heretofore been performed to determine whether previous radiation therapy reduces or
enhances the anti-tumor efficacy of ACT.

ACT has also been tested against breast cancer both in mouse models of breast cancer
and breast cancer patients (6, 7). Unlike melanoma, ACT has never been shown to produce
complete protection against breast tumors. Barriers to success include difficulty in the ex vivo
expansion of tumor-reactive T cells (8), uncertainty as to the most relevant antigens, a lack of
consensus as to the appropriate origin of the T cells to be used for expansion as well as
phenotypic distribution of the most effective T cells, tumor stroma which act as a major
barrier which prevents penetration of T cells into the solid tumor (10), and the presence of
myeloid-derived suppressor cells (MDSC) in cancer patients during pre-malignant
carcinogenesis which can abrogate anti-tumor efficacy of ACT (7, 9). Tumor-bearing animals
and cancer patients have increased MDSCs due to the presence of the cancer, and MDSCs
suppress anti-tumor T cells. As a result, in many cases, patients’ own immune system fails to
protect them against cancers. In addition, the presence of MDSCs usually results in the failure
or attenuation of immunotherapy.

Some infectious disease agents also have the ability to evade immune clearance by
suppressing the immune system. For example, infection with influenza A virus (1AV) results
in the expansion of myeloid-derived suppressor cells (MDSC), which in turn suppresses IAV-

specific immune responses (De Santo C, Salio M, Masri SH, Lee LY, Dong T, Speak AO,
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Porubsky S, Booth S, Veerapen N, Besra GS, Gréne HJ, Platt FM, Zambon M, Cerundolo V.
Invariant NKT cells reduce the immunosuppressive activity of influenza A virus-induced
myeloid-derived suppressor cells in mice and humans. J Clin Invest. 2008 Dec;118(12):4036-
48.).

There is an ongoing need to investigate these factors and to modulate ACT protocols
in order to achieve higher levels of success in tumor eradication for all types of cancer, and
for the treatment of infectious diseases. In particular, there is a great need to develop an

effective ACT protocol for the treatment of breast cancer.

SUMMARY OF THE INVENTION

An improved method for the ex vivo differentiation and expansion of disease-primed
immune cells has been developed. The resulting immune cells are resistant to inactivation or
suppression of the immune system, e.g. they are resistant (refractory) to the effects of immune
suppressor cells such as myeloid-derived suppressor cells (MDSCs), and are thus suitable for
use in ACT. The resistant cells are generated from disease-primed immune cells such as
tumor-primed T cells or T cells that have been exposed to an infectious agent using a step-
wise, combination ex vivo procedure. The procedure includes the steps of: 1) obtaining
disease-primed immune cells (which may include tumor-primed T cells in a sample of
peripheral blood mononuclear cells (PBMCs) from a tumor-bearing patient; or infectious-
disease-primed immune cells from a patient with an infectious disease); 2) activating and
differentiating the primed immune cells using bryostatin 1/ionomycin (B/I) in the presence of
IL-2; followed by 3) expansion and further differentiation of the immune cells by sequential
exposure of the cells to: first, a combination of IL-7 and IL-15 gamma-chain cytokines, and
then, to the cytokine IL-2. Of note, the initial exposure to IL-2 may occur while the cells are
still being cultured with IL-7 and IL-15, i.e. for a period of time, the cells are exposed to all
three cytokines together. The cells are then washed to remove all such agents, and then
cultured with IL-2 alone. The resulting immune cells are activated, differentiated and resistant
to immune suppression. Therefore, when the resistant immune cells are administered to a
patient e.g. as ACT cancer or infectious disease therapy, they are not susceptible to
inactivation by the effects of the patient’s innate or existing immune suppression

mechanisms. As a result, the ACT therapy provides long-term protection against, e.g. cancer
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metastasis and recurrence. Or against infectious disease persistence or reemergence. In one
embodiment, the disease that is treated using the protocols of the invention is an epithelial
neoplasm such as breast cancer.

The proposed cytokine formulation described herein generates immune cells,
including T cells, NKT cells and NK cells, that are refractory to immune suppressive function
of MDSC and thus can actively fight the tumor. In addition, these immune cells can also
reject the tumor without depleting regulatory T cells (Tregs). Therefore, adoptive cell therapy
by means of this protocol can be applied to any type of carcinoma. The protocol can also be
used in the prevention and/or treatment of infectious diseases where increased MDSC or
other immune suppressive pathways prevent effective innate immunity and immunotherapy.
In fact, cancers that fight the immune system by increasing MDSCs can be treated by this
protocol.

The invention also clarifies patients’ eligibility for the treatment by showing that
tumor-bearing animals that had recently received local radiation therapy become ineligible for
the treatment whereas tumor-bearing animals who received no prior treatment remain
eligible. Thus, patients who have received conventional therapies, including radiation
therapy, within about one month are not eligible for the present protocol. However, patients
who have not received other therapies, or who have received e.g. radiation therapy but
relapsed after a few (>1) months are eligible.

Patient accrual (the process of enrolling patients into a clinical trial) is a major
challenge because patients frequently do not want to risk their lives by participating in a trial
at the cost of not receiving conventional therapies. Patients usually participate in trials only
after they have received conventional therapies and, unfortunately, such pre-treatments have
already altered their immune systems. The present protocol, however, is advantageous in that
it can be applied as neoadjuvant therapy before patients have received any other treatment, i.e.
the present method is applied as treatment given to a patient to reduce tumor size before
future operations or other procedures such as radiation therapy. As a result, patients do not
have to forego conventional therapies thereafter. This approach improves patient accrual. In
addition, in some cases, the therapeutic protocol described herein results in sufficient
regression of metastatic cancer so that patients may not need to receive conventional therapies
when their tumor relapses. This is a beneficial outcome, since conventional therapies may be

extremely invasive and/or toxic, causing severe side effects. In contrast, the present protocol
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is advantageously non-invasive and lacks toxicity and side effects (such as an autoimmune
reaction) because it uses autologous peripheral blood of the patient as a source of immune
cells. PBMCs can be collected from the patients at the time of breast cancer diagnosis,
expanded by the proposed protocol, and stored at -120 degree centigrade. Patients can then
receive conventional therapies and when they end up with relapse of tumor that may be
refractory to chemotherapy, their expanded immune cells can be used for the treatment of
recurring cancer.

The method can also be practiced to treat individuals who suffer from infectious
diseases that elude immune surveillance or clearance, especially those which depress the
immune system as a mechanism for increasing survival and/or reproduction of the etiological

agent.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: ex vivo expansion of tumor-primed T cells with the sequential common gamma-
chain cytokines A) ex vivo expansion of splenocytes harvested from MMC-primed (tumor
volume = 500-2000mm?) female FVBN202 mice before and after activation with B/I and
expansion with sequential common gamma-chain cytokines as determined by trypan blue
exclusion (left panel) or flow cytometry analysis of gated CD8+ or CD4+ T cells (right
panel). B) Viability of freshly isolated (D 0) and ex vivo expanded (D 6) T cells was
determined by flow cytometry analysis of gated CD8+ or CD4+ T cells. Expression of CD25
(C), CD127 (D) and CD122 (E) were determined on gated CD8+ or CD4+ T cells before and
after a 6-day expansion. Data represent five independent experiments.

Figure 2. ex vivo expanded, MMC-primed T cells respond to MMC cells in vitro A) Tumor
reactivity of freshly isolated (D 0) and ex vivo expanded (D 6) T cells was determined by a
24-hs culture of T cells in the presence or absence of irradiated MMC cells followed by the
detection of IFN-y in the supernatant (upper panel). Medium alone and MMC alone were
used as negative controls for IFN-y production. The MMC-specific IFN-y production in gated
CD8+ and CD4+ T cells was determined by flow cytometry analysis (lower panel). The
MMC-specific expression of Prf (B) and CD69 (C) were determined in gated T cells. Data
represent five independent experiments.

Figure 3. Phenotypic distribution of tumor-reactive T cells and their anti-tumor efficacy in
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vitro and in vivo A) Phenotypic distribution of freshly isolated (D 0) and ex vivo expanded (D
6) splenic T cells was determined by flow cytometry analysis of gated CD8+ or CD4+ T cells.
Distribution of T cell phenotypes including CD44-+CD62L- effector (E: TE),
CD44+CD62Llow effector memory (EM: TEM), CD44+CD62Lhigh central memory (CM:
TCM) and CD44-CD621+ naive (N: TN) was determined. B) Gated neu positive MMC cells
were analyzed for apoptosis (Annexin V+/PI+) in the absence or presence of freshly isolated
or ex vivo expanded T cells. C) CYP-treated FVBN202 mice (n=3) were inoculated with
MMC cells and received no further treatment (left panel) or received ACT (middle panel).
Animals that had rejected MMC following ACT were given rest for 2 months and then were
challenged with MMC cells on the contralateral side (right panel). Data represent five
independent experiments.

Figure 4. ex vivo expanded T cells are resistant to MDSC The ex vivo expanded T cells were
cultured with irradiated MMC in the presence or absence of MDSC. MMC-specific [FN-y
was detected in the supernatant of a 24-hs culture (A; upper panel) and in gated CD8+ or
CD4+ T cells (A; lower panels). B) MMC-specific Prf production in gated CD8+ or CD4+ T
cells was also determined. C) The ex vivo expanded T cells were cultured with viable MMC
cells in the presence or absence of MDSC for 48 hs. Viability (Annexin V-/PI-) of gated neu
positive MMC cells was determined by flow cytometry analysis. Data represent 3
independent experiments.

Figure 5. ex vivo expanded T cells include non-T cells (NK T cells, NK cells and IPKDC) that
are responsible for rendering T cells resistant to MDSC. Freshly isolated ( D 0) and ex vivo
expanded (D 6) splenic cells were analyzed for the presence of CD4-CD§- non-T cells and
CD4+ or CD8+ T cells (A). Expression of CD3 on non-T cells was determined (B). Non-T
cells were also analyzed to determine the proportion of NK T cells and NK cells (C). Cells
were gated on CD3-CD11b+ DC population and analyzed for the expression of CD49b and
B220 as well as IFN-y to identify IKDC population (D). Viability (Annexin V-/PI-) of CD3+
and CD3- non-T cells was determined (E). ex vivo expanded splenocytes from MMC-primed
FVBN202 mice were sorted into non-T cells (CD4-CD8-) and T cells (CD4+ plus CD8+).
The sorted cells were cultured with irradiated MMC in the presence or absence of MDSC for
24 hs and IFN-y production was determined in the supernatants (F). The sorted cells were
used for ACT (n=3) at doses proportional to the unsorted cells, and tumor growth was

determined (G). Data represent three independent experiments.
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Figure 6. in vitro and in vivo efficacy of the ex vivo expanded and MMC-primed T cells
harvested from FVBN202 mice after radiation therapy. A) ex vivo expansion of splenocytes
harvested from MMC-primed female FVBN202 mice who received 3 cycles of local radiation
therapy (5 Gy) in 3-day intervals, before and after activation with B/I and expansion with
sequential common gamma-chain cytokines as determined by trypan blue exclusion (left
panel) or flow cytometry analysis of gated CD8+ or CD4+ T cells (right panel). B) Tumor
reactivity of freshly isolated (D 0) and ex vivo expanded (D 6) T cells was determined by a
24-hr culture of T cells in the presence or absence of irradiated MMC followed by the
detection of IFN-y in the supernatant. Medium alone and MMC alone were used as negative
controls for IFN-y production. C) The MMC-specific IFN-y production in gated CD8+ and
CD4+ T cells derived from donor mice with no radiation treatment (NT) and radiation
treatment (RAD) was determined by flow cytometry analysis. D) Gated neu positive MMC
cells were analyzed for apoptosis (Annexin V+/PI+) in the absence of presence of freshly
isolated or ex vivo expanded T cells. E) Phenotypic distribution of freshly isolated (D 0) and
ex vivo expanded (D 6) splenic T cells was determined by flow cytometry analysis of gated
CD4+ or CD8+ T cells. Data represent 3 independent experiments. F) CYP-treated FVBN202
mice (n=3) were inoculated with MMC and received no further treatment (control) or
received the expanded cells derived from donors after the local radiation therapy (ACT). Data
represent three independent experiments.

Figure 7. Patient with breast cancer harbors peripheral HER-2/neu-specific T cell precursors
which can be activated by B/I activation and expanded with common gamma-chain cytokines
A) T cells maintained with low dose IL-2 (40 U/ml) for 6-7 days were cultured in the
presence or absence of autologous DC and presence or absence of recombinant human HER-
2/neu for 24 hs. IFN-y production was detected in the supernatant of triplicate wells. B) B/l
activated and common gamma-chain cytokine expanded T cells were cultured in the presence
or absence of autologous DC and presence or absence of recombinant human HER-2/neu for
24 hs. IFN-y production was detected in the supernatant of triplicate wells. C) IL.-2
maintained T cells (white bars) and ex vivo expanded T cells (black bars) were stained with
anti-CD4, anti-CD8 and anti IFN-y antibodies in order to determine cellular source of HER-

2/neu-specific IFN-y production. Data represent two independent experiments.

DETAILED DESCRIPTION
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A number of key barriers to effective ACT therapy have been overcome in order to
develop a novel cancer treatment that produces objective responses against primary tumors,
including breast tumors, and to generate long-term memory against recall tumor challenge.
The treatment method employs an optimized combination of steps of ex vivo treatment of
immune cells which include tumor-primer T cells. Significantly, the immune cells are
obtained from a cancer patient prior to receipt of any other type of therapy, e.g. prior to recent
treatment of the tumor or tumors with radiation. According to the method, immune cells,
which include tumor-primed (tumor sensitized, tumor-reactive) T cells, are harvested or
obtained from a cancer patient with at least one tumor, e.g. an epithelial neoplasm such as a
breast cancer tumor. The immune cells are then subjected to an antigen-free protocol for
selective activation using bryostatin 1/ionomycin (B/I) and IL-2 as previously described (7,
11). Bryostatin 1 activates protein kinase C and ionomycin increases intracellular calcium
(12, 13). Together, B/I mimic signaling through the CD3/TcR complex and lead to activation,
differentiation and proliferation of the tumor-primed immune cell sample. Most recently, it
was reported that bryostatin 1 can act as a TLR-4 ligand and also activate innate immunity
(14). This property of bryostatin 1 may make it a useful drug for in vivo use in order to induce
the innate immune responses in addition to T cell responses. According to the invention, the
next step is expansion and further differentiation of the B/I activated immune cells by
sequential exposure to common gamma-chain cytokines: first to IL-7 and IL-15
simultaneously, and then to relatively low concentrations of IL-2. In some embodiments, IL-2
is first added to the culture which already includes IL-7 and IL-15. The cells are then washed
to remove all the cytokines, and IL-2 alone is added back to the cells for a further step of
culturing. This ex vivo protocol thus induces differentiation and expansion of the immune
cells, including the tumor-reactive T cells, in the sample. At the end of this combination
protocol, the immune cells include central memory T cells (TCM) and effector T cells (TE) as
well as cells of the innate immune system and non-T cells. As described in the Examples
section below, the expanded cells are resistant to the effects of MDSCs and are capable of
generating long-term memory responses against the tumor in a FVBN202 transgenic mouse
model of HER-2/neu overexpressing breast carcinoma. HER-2/neu-specific T cells from
peripheral blood mononuclear cells (PBMCs) of a breast cancer patient were also expanded

using this method.



10

15

20

25

30

WO 2012/054792 PCT/US2011/057195

Subjects with infectious diseases, especially infectious diseases which depress the
immune system, may also be treated with immune cells produced using the protocols
described herein. This aspect of the invention is described in detail below.

The protocol includes collecting immune cells from tumor-bearing mammals such as
humans, and processing them for from about 4 to 8 days, e.g. about 4, 5, 6, 7, or 8 days, and
usually for about 6 days, before infusing the processed cells back into the patient. Cells that
are used for the procedure may be, for example, peripheral blood mononuclear cells
(PBMC:s), or immune cells derived from tumor-draining nodes of patients that can be
obtained by biopsy. Preferably, the cells are PBMCs. Those of skill in the art are familiar with
procedures for harvesting cells and with accepted procedures for treatment of the cells in
preparation for cell culture. Briefly, PBMCs are harvested from cancer patients (e.g. breast
cancer patients) using 100-200 ml blood. After Ficoll density gradient separation, PBMCs are
subjected to a multi-step processing in vitro.

The steps of the immune cell processing protocol include activation of the harvested,
tumor-primed immune cells with bryostatin-1/ionomycin (B/]I), in the presence of relatively
high levels of IL-2. In other words, the newly harvested cells are cultured with (i.e. in the
presence of) B/1. Those of skill in the art are familiar with such culture procedures and
suitable culture conditions. For example, cells are typically cultured with a concentration and
ratio of B/I of about 5nM to about 1M, e.g. 5SnM/1uM, and with about 80U/ml of IL-2. Cells
are typically cultured in media such as RPMI1640 supplemented with 10% Fetal Bovine
Serum (FBS), under sterile conditions at a temperature of about 37 °C, and usually under 5%
CO;. The duration of exposure to B/I is generally from about 8 to about 20 hours, and usually
from about 14 hours to about 18 hours, e.g. about 16 hours. B/l activation mimics
intracellular signals that result in T cell activation by increasing protein kinase C activity and
intracellular calcium, respectively. This protocol specifically activates tumor-specific T cells
while killing irrelevant T cells.

Following incubation with B/I, the immune cells are washed and then cultured with a
combination of the gamma-chain cytokines IL-7 and 1L-15. Generally, the concentration of
each of the cytokines in the medium ranges from about 1 to about 20ng/ml, and is usually
from about 5 to about 15, e.g. about 10ng/ml of each cytokine. Culture temperature and other
conditions remain as described above. The length of time of IL-7/IL-15 culture is generally

from about 10 to about 40 hours, and may be from about 15 to about 30 hours, and is usually
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about 24 hours.

On e.g. the second day of culturing with IL-7/1L-15 (e.g. after the typical 24 hour
incubation with IL-7/IL-15, the cells are pulsed with IL-2, i.e. IL-2 is added to the culture
medium that already contains IL-7 and IL-15. The amount of IL-2 that is added is generally in
the range of from about 10 to about 30 units/ml, and is generally about 20 u/ml. The cells are
cultured as described above with these 3 cytokines for from about 10 to about 40 hours, and
or from about 15 to about 30 hours, and usually for about 24 hours.

On the day following the end of the culture with three cytokines, the cells are washed
to remove cytokines, split into a plurality of culture containers, and then further cultured in
the presented of IL-2 alone. For this incubation, the amount of IL-2 that is used is generally
greater than that which is used for the 3 cytokine incubation, and ranges from about 20 to
about 60 u/ml, or from about 30 to about 50u/ml, and is usually about 40 u/ml. The cells are
cultured in the presence of IL-2 as the sole cytokine for at least one, and preferably for at least
2 days or more.

The procedure results in production of immune cells which are resistant to the effects
of MDSCs and are capable of generating long-term memory responses against the tumors that
were present in the patient at the time the original immune cell sample was obtained.

A brief summary of the protocol is as follows: 1) collection of immune cells from
tumor-bearing subject; 2) activation of immune cells with B/I for about 16 hours; 3) immune
cells are cultured in the presence of IL-7 and IL-15 (10 ng/ml) for 24 hours; 4) on day 3, cells
are pulsed with IL-2 (20 U/ml); 5) on day 4, cells will be washed, split, and cultured with IL-2
(40 U/ml) for an additional 2-3 days.

The total time required to obtain MDSC resistant cells from tumor-activated immune
cells is generally from about 5 to about 8 days, e.g. about 4, 5, 6, 7, or 8 days, and usually
about 6 days. In some embodiments, this period of time includes harvesting or obtaining the
immune cells from a patient, in which case processing is typically started on the same day.
However, in some embodiments, tumor-primed immune cells are obtained from a patient and
then preserved (e.g. by freezing) and processed thereafter. This is especially useful when a
patient is in imminent need of receipt of conventional cancer therapies such as chemotherapy
or radiation, which might have a deleterious effect on the immune system of the patient, e.g. a
negative effect on the patients immune cells which prevents them from being amenable to

successful processing as described herein. Harvested immune cells may be stored, e.g. at low
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or ultralow temperatures such as from -40 to -150 °C. Storage is from a period of time
ranging e.g. up to several years at -120 °C.

After MDSC resistant immune cells are produced, they are administered to a patient in
need thereof, usually the patient from which the original immune cell sample was obtained.
Those of skill in the art are familiar with techniques for administering cells to a patient.
Generally, the cells are harvested from culture, washed, and re-suspended in a physiologically
(biologically) compatible carrier. Issued United States patent 8,034,334 and published US
patent applications 20110236363 and 20110250233, the complete contents of both of which
are hereby incorporated by reference) provide general guidance in this respect.

The immune cells may be administered by any suitable route known in the art, generally via
intra-arterial or intravenous infusion, which usually lasts approximately 30-60 min. Other
examples of routes of administration include intraperitoneal, intrathecal, intratumor and
intralymphatic. The cells may be administered as a single bolus, or multiple administrations
may be used.

Exemplary pharmaceutically acceptable carriers include but are not limited to various
suitable liquid vehicles such as distilled water, physiological saline, phosphate-buffered saline
(PBS), aqueous solutions of dextrose, various lipophilic solvents or vehicles such as fatty oils
(for example, sesame oil, or synthetic fatty acid esters such as ethyl oleate or triglycerides),
etc. In some embodiments, the pharmaceutically acceptable carrier is pharmaceutically
acceptable for use in a human. A composition which includes the cells and the carrier may
optionally also include auxiliary additives such as, for example, anti-oxidants, bacteriostats,
bactericidal antibiotics, suspending agents, buffering agents, substances which increase or
maintain the viscosity of the suspension, stabilizers, various immune adjuvants known in the
art (e.g. Freund's complete adjuvant, inorganic salts such as zinc chloride, calcium phosphate,
aluminum hydroxide, aluminum phosphate, saponins, polymers, lipids or lipid-fractions such
as Lipid A, monophosphoryl lipid A, modified oligonucleotides, etc.), and the like. The
formulations can be presented in unit-dose or multi-dose containers, for example sealed
ampoules and vials, and can be stored in a frozen or freeze-dried (lyophilized) condition and
reconsittuted immediately prior to use.

Any suitable dose of immune cells can be administered. Preferably, from about 1 x
10'" to about 10 x 10'° cells are administered, eg.about1,2,3,4,5,6,7,8,9,0r 10x 10

cells are administered.
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The treatment methods described herein may be repeated is necessary or considered
prudent by medical professionals (usually a physician) who is experienced in treating cancer.
For example, the patient may undergo the entire procedure, from donation of cells to receipt
of resistant cells, only once, or repeatedly, e.g. every month, or every 2, 3, 4, 5, or 6 month, or
yearly, or every 2 years, etc., as needed to keep the cancer in check. Alternatively, cells may
be harvested from the donor and frozen until processed as described herein, and used then
used at these time intervals. Alternatively, processed, resistant cells can also be preserved
(e.g. frozen as described above) for use when needed.

As discussed herein, the immune cells produced by the methods of the invention are
generally used to treat cancer patients via ACT. The cells may be administered
prophylactically (e.g. to a patient that has previously had cancer and may be or is susceptible
to relapse in order to prevent recurrence, or a person who is at high risk of developing cancer,
or who is suspected of having developed cancer but does not yet have a definitive diagnosis);
or the cells may be administered to treat a known cancer. The cancer may be primary or
metastatic. Types of cancer that may be prevented or treated include but are not limited to
various epithelial neoplasms such as breast cancer,prostate cancer, ovarian cancer, cervical
cancer, melanoma, colon cancer, lung cancer and stomach cancer.

Administration of the MDSC resistant immune cells of the invention typically results
in tumor regression in about 3-4 weeks. An advantage of the method is that long-term
protection thereafter is also provided, since the T-cells (and other cells in the composition)
retain a “memory” of the cancer antigens present on the tumor cells that were present in the
patient from whom the initial sample of tumor primer immune cells were obtained. While
complete remission may occur, those of skill in the art will recognize that much benefit can
accrue from partial regression of the tumor as well, since this may provide a window of
opportunity to utilize other cancer therapies to advantage. Further, simply lengthening the life
of or improving the quality of life of a cancer patient is of value, even if a permanent cure is
not affected.

The methods of the invention may be utilized in combination with other cancer
treatment therapies including but not limited to: surgery, chemotherapy, radiation therapy,
administration of cytokines such as gamma chain cytokines, hormone therapy, antibody
therapy. Generally, the ACT protocol described herein is carried out prior to other therapies

and, if successful, may preclude the need for other therapies. The ACT may also be carried
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out after conventional therapies in order to prevent tumor relapse. However, lymphocytes
must be obtained from patients prior to other therapies, expanded and stored at -120 until use.
The present methods may be carried out at any time and with any combination of other cancer
therapies, with the caveat that immune cells from a patient who has received radiation therapy
within about the previous month are not optimal for the procedure, unless his/her immune
cells were obtained prior to the radiation treatment, as described previously. A patient who
has had radiation therapy should not be an immune cell donor as described herein until after
at least about 1, 2, 3, 4 or more weeks, after receipt of radiation, and usually after at least
about one month, although in some cases the mere chance of success may be worth trying the
procedure earlier.

Usually, but not always, the patient who receives the cells (the recipient) is also the
patient from whom the cells are harvested or obtained, i.e. the donor. In other words, usually
the cells that are provided to a cancer patient are autologous, low affinity T cells (patients’
own T cells without genetic manipulation) rather than high affinity T cells (T cells with TcR
transgene for the tumor antigen) in order to reduce risk of tumor escape and recurrence
following initial tumor rejection. However, in some embodiments, generically engineered
cells (which may be the patient’s own cells that have been genetically manipulated) are used.
In addition, in some embodiments, the cells may be provided to or received from another
patient, i.e. the cells are allogenic cells. Usually, the patients or subjects who donate and
receive the immune cells are mammals, generally humans. However, this need not always be
the case, as veterinary applications are also contemplated.

In some embodiments, the patient that is treated using the protocol described herein is
an infectious disease patient. PBMC can be collected and expanded from patients with
chronic infectious diseases such as tuberculosis and infused back into the patients to clear the
infection. In this case, the immune cells that are taken from the patient are “infectious disease
primed” cells.

Exemplary infectious disease that may be prevented or treated, or recurrences of
which may be prevented or treated, include but are not limited to: tuberculosis, human
papillomavirus (HPV), and other viral infections.

Various embodiments of the invention are described in the following Examples,

which should not be considered as limiting the invention in any way.
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EXAMPLES
EXAMPLE 1.

Attempts to cure breast cancer by means of adoptive cellular therapy (ACT) have not
been successful. This is primarily due to the presence of tumor-induced immune suppressive
mechanisms as well as the failure of tumor-reactive T cells to provide long-term memory
responses in vivo. In order to address these clinically important challenges an ex vivo protocol
has been developed for the expansion of tumor-reactive immune cells obtained from tumor-
bearing animals prior to or after local radiation therapy. An antigen-free protocol which
included bryostatin 1/ionomycin (B/I) and sequential common gamma-chain cytokines (IL-
7/1IL-15 + IL-2) was employed. The protocol expanded tumor-reactive T cells as well as
activated non-T cells, including NKT cells, NK cells and IFN-y producing killer dendritic
cells (IKDC) (Among these cells, T cells and NKT cells are important components of an
effective ACT). Anti-tumor efficacy of T cells depended on the presence of non-T cells. The
effector non-T cells also rendered T cells resistant to myeloid-derived suppressor cells
(MDSC). Radiation therapy altered the phenotypic distribution and differentiation of T cells,
and diminished the ability to generate central memory T cells (TCM). ACT by means of the
expanded cells protected animals from tumor challenge and generated long-term memory
responses against the tumor, provided that leukocytes were derived from tumor-bearing
animals prior to radiation therapy. The ex vivo protocol was also able to expand HER-2/neu-
specific T cells derived from the PBMC of a single patient with breast carcinoma.

This Example describes materials and methods used in the Examples that follow and
also in the generation of data for Figures 1-7; additional detail regarding experimental
procedures and results can be found above under "Brief Description of the Drawings".
Materials and Methods
Mouse model

FVBN202 transgenic female mice (Charles River Laboratories) were used between 8-
12 weeks of age throughout these experiments. These mice overexpress an unactivated rat
neu transgene under the regulation of the MMTYV promoter (15). These mice develop
premalignant mammary hyperplasia similar to ductal carcinoma in situ (DCIS) prior to the
development of spontaneous carcinoma (16). Pre-malignant events in FVBN202 mice include
increased endogenous MDSC (16). These studies have been reviewed and approved by the

Institutional Animal Care and Use committee (IACUC) at Virginia Comimonwealth
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University.
Tumor cell lines

The neu overexpressing mouse mammary carcinoma (MMC) cell line was established
from a spontaneous mammary tumor harvested from FVBN202 mice as previously described
by our group (17). Tumor cells were maintained in RPMI 1640 supplemented with 10% fetal
bovine serum (FBS). Mice were challenged with 3-4x106 MMC cells subcutaneously (s.c.) in
the lower part of the mammary region close to the groin area.
Flow cytometry

Flow cytometry analyses were I;erfonned as previously described previously (16, 18).
Briefly, spleens were disrupted into a single cell suspension and 10° cells were aliquoted into
each sample tube. Non-specific binding of antibodies to Fc receptors was blocked by
incubating the cells with anti-CD16/32 antibody (Biolegend). Cells were stained with surface
antibodies towards various markers and incubated on ice in the dark for 20 minutes, then
washed twice with cell staining buffer (PBS, 1% FBS, 0.1% Sodium Azide) and fixed with
1% paraformaldehyde. For intracellular staining of perforin (Prf) and FoxP3, we followed the
FoxP3 staining protocol provided by the manufacturer (Biolegend). Cells stained for
granzyme B (GrB) and IFN-y were fixed with 2.5% paraformaldehyde for 10 minutes on ice,
washed twice with 0.1% saponin cell staining buffer, and then stained with the indicated
antibodies. Cells were then washed twice with normal cell staining buffer and fixed with 1%
paraformaldehyde. For Annexin V staining, cells were stained for respective surface markers,
washed with cell staining buffer, and then washed with 1X Annexin V buffer (BD
Pharmingen). The Annexin V staining protocol given in the product data sheet was then
followed. Antibodies used for flow cytometry were purchased from Biolegend (FITC-, PE-,
PE/Cy5-CD3, FITC-, PE-, PE/Cy5-CD4, FITC-, PE-, PE/Cy5-, APC-CDS, FITC-, PE/Cy5-
CDl11b, PE-, PE/Cy5-Grl, FITC-, PE-CD25, FITC-CD44, PE-CD62L, PE-, APC-CD49b,
PE-CD69, FITC-, PE-CD122, FITC-, PE-CD127, FITC-, PE-B220, PE-IFN-y, PE-Foxp3) or
eBiosciences (FITC-, APC-, PE-Prf, PE-, PE/Cy5-GrB). All antibodies were used at the
manufacture’s recommended concentrations. Multicolor data acquisition was performed on a
BD FACSCanto II and analyzed using BD FACSDiva software.
Cell sorting

In order to sort distinct cellular populations of splenocytes, 107 cells were added to

sample tubes in which Fc receptors were blocked and surface markers were stained with
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FITC-conjugated CD4 and PE-conjugated CD8 antibodies. Cells were then washed with
sterile PBS supplemented with 2% FBS. T cells and non-T cells were sorted into 100% FBS
using a BD FACSAria III cell sorter. Purity of sorted cells was greater than 98%.
Cytotoxicity assay

Freshly isolated tumor-primed splenocytes or the ex vivo expanded cells were cultured
with MMC at a 10:1 E:T ratio in 3 ml complete medium (RPMI-1640 supplemented with 100
U/ml of penicillin, 100 ug/ml streptomycin, 10% FBS, 10mM L-glutamine and 5x10° M 2-
mercaptoethanol) with 20U/ml of IL-2 (Peprotech) in 6 well culture dishes. After 48 hs cells
were harvested and stained for neu (anti-c-Erb2/c-Neu, Calbiochem), Annexin V and PI
according to the manufacturer’s protocol (BD Pharmingen). Flow cytometry was used to
analyze the viability of neu positive cells.

IFN-y ELISA

Freshly isolated tumor-primed splenocytes or the ex vivo expanded cells were cultured
in complete medium at a 10:1 ratio with irradiated MMC cells (14,000 rad) for 24 hs.
Supernatants were then collected and stored at -80 °C until assayed. IFN-y was detected using
a Mouse IFN-y ELISA set (BD Pharmingen) according to the manufacture’s protocol.
Expansion of effector T cells from FVBN202 mice

FVBN202 transgenic mice were inoculated with 4x10° MMC cells and splenocytes
were harvested after 21-25 days. Splenocytes (10° cells/ml) were then stimulated in complete
medium containing 15% FBS as well as Bryostatin 1 (5 nM)/lonomycin (1uM), and 80 U/ml
of IL-2 for 16 hs, as previously described (12). Cells were then washed three times and
cultured at 10° cells/ml in complete medium with 10-20 ng/ml each of IL-7 and IL-15
(Peprotech). After 24 hs, 20U/ml of IL.-2 was added to the culture. On the next day cells were
washed three times and cultured at 10° cells/ml in complete medium with 40 U/ml of IL-2.
Cells were split and cultured at 10° cells/ml in complete medium with 40 U/ml of IL-2 every
other day for a total of 6 days. After day 6, cells were then used for ACT or in vitro studies.
Adoptive cellular therapy (ACT)

Twenty four hours prior to ACT, FVBN202 mice were injected i.p. with CYP (100
mg/Kg) in order to induce lymphopenia. Mice were challenged with 3x10° MMC cells and
then received 70x10° of the expanded cells by tail vein injection later the same day. Tumor
growth was monitored by digital caliper and tumor volumes were calculated by: Volume (v) =
[L (length) x W (width) 2]/2.
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Isolation of MDSC in vitro

The Grl+ MDSC population was isolated using an EasySep-FITC selection kit from
StemCell Technologies, as previously described (7, 19). Endogenous MDSC isolated from
bone marrow or secondary lymphoid tissues have been shown to inhibit T cell responsiveness
to anti-CD3/anti-CD28 antibodies (7, 19-22). Also, the Ly6C+Ly6G- subset but not the
Ly6G+Ly6C+ subset isolated from FVBN202 mice was found to be suppressive (19).
Because of the higher proportion of Ly6C+Ly6G- subset in tumor-bearing mice compared to
tumor-free mice, the suppressive effects of MDSC isolated from tumor-bearing mice was
greater using an optimal 2:1 ratio of T cells to MDSC (19). Therefore, in this study an
optimal 2:1 ratio of splenic MDSC isolated from tumor-bearing FVBN202 mice was used.
Expansion of HER-2/neu-specific T cells from PBMC

Peripheral blood mononuclear cells (PBMC) were harvested from a breast cancer
patient under Institutional Review Board (IRB) protocol HM10920. PBMC were cultured at
37 °C for 2 hs; adherent cells were used for the generation of monocyte-derived DCs in the
presence of GM-CSF and IL.-4, as previously described (17). Floater cells were split into two
groups. One group was maintained with IL-2 (40 U/ml/10° cells) for 6-7 days until
autologous DCs became available. Another group was activated with B/l and expanded with
common gamma-chain cytokines. The expanded cells or IL-2 maintained cells were cultured
with autologous DCs (4:1) in the presence or absence of recombinant HER-2/neu (100 ug/ml)
or LPS (10 ug/ml). After 24 hs, supernatants and cells were collected and subjected to IFN-y
ELISA and flow cytometry analysis, respectively.
Recombinant HER-2/neu protein

Extracellular domain (ECD) and intracellular domain (ICD) of human HER-2/neu
protein were expressed in E. coli and purified by Ni-NTA-Agarose (Qiagen, Valentica, CA),
as previously described (23). Concentration of the recombinant proteins was determined
using the Bradford assay.
Statistical analysis

Graphical data are presented as means with standard errors. Statistical comparisons
between groups were made using Student’s t test with P<0.05 being statistically significant.
RESULTS
Sequential common gamma-chain cytokines expand B/l-activated T cells derived from tumor-

bearing FVBN202 mice
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It has previously been shown that activation of splenocytes (7) or tumor-draining
lymphocytes with B/I could mimic T cell receptor signaling and selectively activate tumor-
primed T cells (7, 20-22). Expansion of the B/I-activated T cells would then result in
differential phenotype distribution depending on the cytokine formulation used during the
expansion (7). Different combinations of IL-2, IL-7, IL-15 have previously been tested (7, 21,
22) and teh superiority of an alternating sequence of common gamma-chain cytokines (IL-
7+IL-15 => IL-2 => [L-7+1L-15) had been shown. However, anti-tumor efficacy of cells
grown in alternating cytokines was limited in the neu transgenic tumor model because of a
high level of endogenous MDSC in the FVBN202 transgenic mice, which was further
increased during tumor challenge (7, 16). Therefore, we sought to determine whether a
sequential common gamma-chain cytokine regimen (IL-7+IL-15 followed by IL-2) would
improve anti-tumor efficacy of the expanded cells in FVBN202 mice. We first examined the
composition of cells that were expanded with the sequential common gamma-chain cytokine
formulation, and showed a three-four fold expansion of CD8+ and CD4+ T cells during a 6-
day culture ex vivo (Figure 1A). Although expanded CD8+ T cells showed reduced viability
during the ex vivo culture (Annexin V+ CD8+ T cells: 13% to 38%, p= 0.047; Figure 1B), the
proportion of CD25+, CD127+ and CD122+ T cells was significantly increased (6-8 fold
increases of CD25+ cells, Figure 1C; 7-9 fold increases of CD127+ cells, Figure 1D; and 2-6
fold increases of CD122+ cells, Figure 1E). There were marginal increases in the number of
CD4+CD25+Foxp3+ T cells, accounting for only 2% of the gated CD4+ T cells after a 6-day
expansion (not shown).

T cells expanded with sequential common gamma-chain cytokines are highly responsive to
neu+ MMC cells

In order to determine whether the ex vivo expansion of T cells enriched tumor-reactive
T cells, production of IFN~y, Prf, GrB as well as the expression of the CD69 early activation
marker was determined in the presence or absence of irradiated neut+ MMC in vitro.
Compared to freshly isolated splenocytes, the ex vivo expanded T cells showed greater IFN-y
production upon stimulation with MMC (average 1500 pg/ml vs. 4000 pg/ml, p= 0.042;
Figure 2A, upper panel). T cells isolated from naive FVBN202 mice did not show IFN-y
production upon MMC stimulation in vitro (data not shown). Flow cytometry analysis of the
ex vivo expanded cells determined that CD8+ T cells were the source of tumor-specific IFN-y

production (Figure 2A, lower panel). Although no significant increases of Prf+ T cells was
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detected upon MMC stimulation, the proportion of Prf+CD8+ T cells was greater among the
ex vivo expanded cells than freshly isolated splenocytes (average 1% vs. 7%, p= 0.028; Figure
2B). The presence of tumor-reactive T cells among freshly isolated splenocytes was further
confirmed by detecting an increased proportion of CD69+ T cells upon MMC stimulation
(Figure 2C). The ex vivo expansion of CD8+ T cells resulted in an increased proportion of
CD69+ early effector cells prior to MMC stimulation (average 10% vs. 81%, p=0.011;
Figure 2C) and after MMC stimulation (average 28% vs. 84%, p=0.001; Figure 2C). Almost
all T cells expressed GrB prior to and after a 6-day expansion ex vivo (not shown).
ex vivo expanded T cells are enriched for CD44+CD62L- effector (TE) and
CD44+CD62Lhigh central memory (TCM) phenotypes and provide complete protection
against primary as well as recall tumors

CD44+CD62L- effector T cells (TE) and CD44+CD62Llow effector memory T cells
(TEM) provide immediate protection against tumors whereas CD44+CD62Lhigh central
memory T cells (TCM) are important for generating long-term protection. TCM are
particularly important during recall tumor challenge. Ideally, the presence of both phenotypes
can provide protection against primary and recall tumor challenges. Therefore, we sought to
determine the phenotypic distribution of CD8+ and CD4+ T cells prior to and following the
6-day ex vivo expansion with sequential common gamma chain cytokines. Freshly isolated
CD8+ T cells contained roughly equal proportions of TE (30%), TEM (26%) and CD44-
CD62L+ naive T cells (TN: 33%). ex vivo expanded CD8+ T cells were enriched for TE (D 6:
55.6% vs. D 0: 30%, p=0.02) and TCM (D 6: 26% vs. D 0: 7.2%, p= 0.008) (Figure 3A). ex
vivo expanded CD4+ T cells showed an unchanged proportion of TE (D 6: 31.9% vs. D 0:
26.3%) but were enriched for TCM (D 6: 61.3% vs. D 0: 6.6%, p= 0.002). TN phenotypes
almost disappeared in the expanded CD8+ T cells (D 6: 1.8% vs. D 0: 33.7%, p= 0.009) and
CD4+ T cells (D 6: 2% vs. D 0: 14.1%, p= 0.003). Such a phenotypic distribution towards
CD8+ TE and TCM suggests the potential for immediate as well as long-term memory
responses against the tumor. We then performed in vifro cytotoxicity assays and in vivo tests
of tumor growth inhibition in order to determine the anti-tumor efficacy of the expanded
cells. Freshly isolated splenocytes or expanded T cells were cultured with viable neu+ MMC
tumor cells in an effector:target (E:T) ratio of 10:1 for 2 days. Gated neu+ MMC cells were
then analyzed for the detection of apoptosis as determined by Annexin V+/PI+ cells. As
shown in Figure 3B, freshly isolated T cells reduced viability of neu+ MMC from 87.5% to
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50.79% (1.7 fold) while the ex vivo expanded T cells displayed greater cytotoxic function,
reducing the viability of MMC from 68.8% to 17.6% (3.9 fold).

To test in vivo efficacy of expanded T cells, we used FVBN202 mice, which harbor
increased MDSC because of premalignant mammary hyperplasia preceding spontaneous
mammary tumors. Endogenous MDSCs were further increased upon MMC tumor challenge
(7, 16). Here, we injected FVBN202 mice with cyclophosphamide (CYP) one day prior to
ACT in order to generate a semi-lymphopenic condition. Animals were then challenged with
MMC followed by i.v. injection of the ex vivo expanded cells 6-8 hs after the MMC
challenge. Recipients of ACT rejected the neut+ MMC (Figure 3C), despite the presence of
MDSC before and 7 days after MMC challenge (not shown). All control mice that had
received CYP alone developed tumors. In order to determine memory responses, ACT-treated
mice were challenged on the contralateral side with MMC two months after the rejection of
primary MMC cells. During recall tumor challenge, animals received neither CYP nor ACT,
yet all the mice rejected the recall tumors (Figure 3C). In order to determine which T cell
phenotypes were effective in vivo, we sorted T cells into CD62L-/low (TE/TEM) and
CD62Lhigh (TCM), and performed ACT with the sorted cells. No protection was observed
against the tumors (data not shown). These data suggests critical interactions among tumor-
reactive T cell phenotypes which requires further investigation.

The ex vivo expanded T cells acquire resistance to inhibitory function of MDSC

Since the ex vivo expanded cells protected FVBN202 mice against primary and recall
tumor challenges even in the absence of MDSC depletion (Figure 3C), we sought to
determine whether the ex vivo expanded cells were resistant to MDSC in vitro. We have
previously reported that MDSC isolated from bone marrow or spleens of tumor-bearing
FVBN202 mice can inhibit T cell responsiveness to CD3/CD28 stimulation (7, 19). MDSC
can also inhibit MMC tumor-specific IFN-y production by T cells expanded with alternating
common gamma-chain cytokines (not shown). Therefore, splenocytes expanded with
sequential common gamma-chain cytokines were cultured for 24 hr in the presence or
absence of irradiated MMC (10:1 ratio of expanded cells to MMC) to show their reactivity
with MMC in the presence or absence of splenic MDSC (2:1 ratio of expanded cells to
MDSC). Supernatants were collected and subjected to IFN-y ELISA. T cells were also
analyzed for the expression of IFN-y, Prf, GrB, and CD69. As shown in Figure 4A (upper
panel), the ex vivo expanded cells produced IFN-y in the presence of MMC (p= 0.004) as
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expected. Importantly, addition of MDSC not only failed to suppress MMC-specific IFN-y
secretion by the expanded cells, but also increased the IFN-y response (p= 0.012). Flow
cytometry analysis of the expanded cells determined that CD8+ T cells were the main source
of MMC-specific IFN-y production (Figure 4A, lower panel). Addition of MDSC increased
MMC-induced production of IFN-y by both CD8+ and CD4+ T cells. Increasing the dose of
MDSC did not increase MMC-specific production of IFN-y by the expanded T cells (data not
shown). The presence of MDSC also resulted in an increased production Prf in CD8+ T cells
upon MMC stimulation (p= 0.035, Figure 4B). There was no IFN-y or Prf production by
MMC as determined by flow cytometry analysis of gated neu+ MMC in the co-culture (not
shown). In addition, MDSC did not suppress production of GrB or expression of the CD69
early activation marker in the expanded T cells (not shown). PBMC from naive FVBN202
mice that was depleted of Grl+ cells had no suppressive effect or supportive effect on tumor-
reactive T cells (data not shown). These data suggest that MDSC did not inhibit anti-tumor
responses of the T cells expanded with the sequential gamma-chain cytokine regimen. We
next determined whether MDSC could inhibit cytotoxicity of these T cells against MMC
tumor cells in vitro. Expanded cells were cultured with viable neu+ MMC (10:1 ratio) in the
presence of absence of MDSC (2:1 ratio). Control MMC cells were cultured with medium
alone. As shown in Figure 4C, expanded cells induced apoptosis in MMC cells in a 2-day
culture, and the presence of MDSC did not alter the cytotoxic function of the tumor-reactive
cells.
Presence of non-T cells in the ex vivo expanded cells overcomes MDSC and enhances T cell
responses to MMC cells

The ex vivo expanded cells showed a significantly reduced proportion of CD4-CD8-
cells compared to that of freshly isolated splenocytes (D 6: 20 % vs. D 0: 57%, p= 0.0001,
Figure 5A). The expanded cells contained 17-20% CD4-CDS8- cells. As shown in Figure 5B,
gated CD4-CD8- cells contained a significantly higher proportion of CD3+ cells in the
expanded cells compared to freshly isolated cells (D 6: 60.8% vs. D 0: 5.5%, p= 0.002). We
sought to determine the cellular composition of these CD4-CDS§- cells. CD49b is a common
marker for NK cells, NK T cells and IFN-y producing killer DC (IKDC) (24). As shown in
Figure 5C, NK T cells (CD49b+CD3+) and NK cells (CD49b+CD3-) showed significant
increases in the expanded CD4-CD8- cells. The proportion of IKDC (CD49b+CD3-B220+) in
the gated CD3-CD11b+ cells was also significantly increased after the expansion (Figure 5D,
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p=0.001). The CD3+CD49+ NK T cells and CD3-CD49b+ NK cells showed higher
expression of the activation marker CD25 after a 6-day expansion (D 6) compared to freshly
isolated cells (D 0) (not shown). The expanded CD3+ non-T cells (NK T cells) showed higher
viability compared to the expanded CD3- non-T cells (NK cells and IKDC) (Figure SE:
71.9% vs. 37.5% on day 6, p= 0.004).

In order to determine whether the presence of non-T cells renders the tumor-reactive T
cells resistant to MDSC, in vitro and in vivo studies were performed on the sorted cells. The
ex vivo expanded cells were sorted into CD4+ plus CD8+ T cells and CD4-CDS8- non-T cells.
Sorted cells were then cultured for 24 hs in the presence or absence of irradiated MMC (10:1
ratio of expanded cells to MMC) to show their reactivity with MMC in the presence or
absence of MDSC (2:1 ratio of expanded cells to MDSC). Supernatants were collected and
subjected to IFN-y ELISA. As shown in Figure SF, MDSC induced secretion of IFN-y by
CD4-CD8- non-T cells in the presence of MMC but not in CD4+ plus CD8+ T cells (p=
0.031). Lower amounts of IFN-y were secreted by sorted CD4+ plus CD8+ T cells compared
to unsorted cells (10’ pg/ml in Figure 5F compared to 2642 pg/ml in Figure 4A). This
suggests that the presence of non-T cells boosts the tumor-reactivity of T cells. In addition,
the presence of MDSC significantly increased MMC-induced IFN-y production by non-T
cells (p= 0.006). However, CD4+ plus CD8&+ T cells in the absence of non-T cells lost their
ability to secrete MMC-specific [FN-y while MDSC were present. This suggests that MDSC-
stimulated, MMC-activated non-T cells render T cells resistant to MDSC. ACT with sorted T
cells or non-T cells failed to protect FVBN202 mice from challenge with MMC cells (Figure
5@G). Since IL-12 induces the expression of IFN-y by NK cells and T cells, we sought to
determine whether CD4-CDS§-CD49b+ cells produce I1.-12 in the presence of MMC and
MDSC, resulting in the induction of enhanced IFN-y production by T cells. No [L-12
production was detected in non-T cells or T cells (data not shown).

Radiation therapy of tumor-bearing mice prior to the isolation of donor T cells results in

failure of the expanded T cells to generate objective responses upon ACT despite sustained

anti-tumor responses of the T cells in vitro

Cancer patients who participate in clinical trials of ACT have usually received
conventional therapies, often including radiation therapy. Therefore, it is important to
determine whether tumor-primed T cells that were isolated following radiation therapy can

also be expanded, and can generate objective responses against the tumors following ACT. In
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order to test this, FVBN202 mice were inoculated with MMC cells and as soon as tumors
reached 75-150 mm?, animals received three doses of local radiation therapy to the tumor site
(5 Gy) in a 3-day interval. Animals were then sacrificed one week after the last radiation
treatment and their splenocytes subjected to B/I activation and a 6-day expansion with
sequential common gamma-chain cytokines. The frequency of freshly isolated T cells was
significantly lower after radiation therapy (Figure 6A) compared to that without radiation
therapy (Figure 1A) (CD8+ T cells, p= 0.002; CD4+ T cells, p= 0.0002). However, radiation
therapy did not alter the ability of T cells to grow after B/I activation, such that after six days
in culture, the cells showed similar rates of expansion compared to those from mice that did
not receive any radiation (Figure 6 A and Figure 1A). The frequency of apoptotic T cells did
not increase during the ex vivo expansion (not shown). However, expanded T cells from mice
subjected to radiation failed to increase CD127 (not shown), and increased expression of
CD122 was evident only in CD8+ T cells (not shown).

In order to determine the tumor-reactivity of the expanded T cells from mice whose
tumors had been irradiated, in vitro studies were performed. As shown in Figure 6B, freshly
isolated T cells (D 0) and ex vivo expanded cells (D 6) failed to produce significant amounts
of IFN-y upon MMC stimulation. However, the addition of MDSC resulted in the induction
of IFN-y by the expanded T cells (Figure 6B). The expanded cells were also comprised of
19.2% non-T cells (not shown). Interestingly, the proportion of Prf+ T cells in the expanded T
cells (D 6) was markedly higher in this group that had received prior radiation therapy (RAD)
compared to T cells that were isolated from donors with no prior radiation therapy (NT)
(Figure 6C). Expanded CD8+ T cells were highly positive for the expression of CD69 and
G1B (not shown). Importantly, lack of IFN-y production by the expanded T cells did not alter
the ability of these cells to kill neu+ MMC cells in vitro such that viability (Annexin V-/PI-)
of MMC was reduced from 64.64% to 12.35% in the presence of the expanded T cells (Figure
6D). In addition, expanded T cells were able to kill neu+ MMC cells even in the presence of
MDSC in vitro, as shown by a reduced viability from 64.64% to 12.35% and 8.46% (Figure
6D).

Results of in vivo studies presented in Figure 3 suggest a correlation between
phenotypic distribution of T cells and objective responses following ACT such that high
proportions of TCM were associated with the rejection of primary and recall tumor challenge.

Therefore, we performed phenotype analysis of post-radiation T cells before proceeding with
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ACT. As shown in Figure 6E, phenotypic distribution of CD8+ and CD4+ T cells was
different from those isolated from animals with no prior radiation therapy (Figure 3A).
Freshly isolated CD8+ T cells (D 0) were mainly of TCM and TN phenotypes whereas CD4+
T cells contained TE and TEM (Figure 6E). After six days of ex vivo expansion, CD8+ T cells
were enriched for TE whereas CD4+ T cells contained TE and TEM phenotypes. After a 6-
day expansion, CD8+ TCM and TN phenotypes had almost disappeared. An increased
proportion of CD8+ TE cells may account for the in vitro efficacy of the expanded T cells
against MMC cells, though anti-tumor efficacy in vivo may require tumor-specific TCM cells.
To test this possibility ACT studies were performed as described above. As shown in Figure
6F, ACT using the ex vivo expanded cells from mice whose tumors had been irradiated
showed minimal tumor inhibitory effects compared to the control group. The rate of tumor
growth was the same in the two groups (p< 0.21), though the change from day to day was
significant (p< 0.0001).
HER-2/meu-specific T cells can be expanded from PBMC of a patient with breast cancer
Splenocytes isolated from tumor-bearing mice with no radiation therapy were
effective against the neut+ MMC cells despite the lack of splenic tumor metastasis. This
suggests that tumor-reactive T cells may be present in the circulation. To test this, PBMC
were collected from a breast cancer patient after Ficoll-Paque gradient centrifugation of blood
and split into two fractions. Adherent cells were selected by 2 hs culture and used for
generating autologous DCs by a 6-day culture in the presence of GM-CSF and IL-4, as
described elsewhere (25). Non-adherent cells were split into two fractions. One fraction was
maintained in complete RPMI1640 supplemented with 10% FBS and IL-2 (40 U/ml/10° cells)
at 37 °C/5% CO; for 6 days (IL-2 maintained cells). The remaining cells were subjected to
B/I activation and expansion with the common gamma-chain cytokines (expanded cells with
IL-7, IL-15, IL-2). Viability of the T cells (Annexin V-) after a 6-day culture or ex vivo
expansion was greater than 85% (data not shown). Cells were then co-cultured with
autologous DCs in the presence or absence of recombinant HER-2/neu protein for 24 hs. In
order to rule out non-specific IFN-y production by CD4+ T cells as a result of low endotoxin
levels in the HER-2/neu recombinant protein, we pulsed control wells with LPS. As shown in
Figure 7A-B, compared to I1.-2 maintained T cells, the B/I-activated and expanded cells
produced significantly higher amounts of IFN-y when stimulated with HER-2/neu (average

8600 vs. 32500 pg/ml, p= 0.001). Flow cytometry analysis of IL-2 maintained and ex vivo
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expanded T cells determined that both CD8+ T cells and CD4+ T cells were sources of HER-
2/neu-stimulated IFN-y production (Figure 7C).
DISCUSSION

Development of an ex vivo protocol that can expand highly efficient populations of
tumor-reactive immune cells, which include cells of the adaptive and innate immune systems,
may be the key to successful ACT in the breast cancer model. Others have reported that
rejection of mammary carcinoma in HER-2/neu transgenic mice depends on the stimulation
of both innate and adaptive immunity (25). In addition, NK T cells have been shown to be
involved in secondary anti-tumor T cell responses (26).

Data presented herein demonstrated that activation of tumor-primed lymphoid cells
with B/I followed by ex vivo expansion with sequential common gamma-chain cytokines can
activate and expand tumor-reactive T cells and non-T cells including NK T cells, NK cells
and IKDC. A number of the cytokine combinations (7, 21, 22) were tested and it was found
that IL-7+IL-15 followed by IL-2 was the best sequence for the expansion of the most
effective cells. The presence of activated non-T cells in the expanded cells was critical not
only for the in vivo anti-tumor efficacy of T cells but also for their resistance to MDSC. The
absence of such activated non-T cells in freshly isolated splenocytes or depletion of these
non-T cells in the expanded cells resulted in susceptibility to MDSC-induced suppression of
tumor-reactive T cells. Neither tumor-reactive T cells nor these non-T cells alone were able to
protect FVBN202 mice against tumor challenge when they were used separately in ACT.
Since the viability of NK cells was very low (37.5%) as opposed to the high viability (72%)
of NK T cells, it is likely that NK T cells are the key component of the supportive cells. These
findings are consistent with recent reports showing that cells of the innate and adaptive
immune system work together to produce objective responses against tumors (25, 26). These
results also showed that MDSC can further activate the ex vivo expanded non-T cells, as
shown by an increased CD25 expression, thereby enhancing the supportive function of non-T
cells for tumor-reactive T cells. This is the first report showing a cellular mechanism by
which T cells may become resistant to MDSC. Because of the T cell inhibitory role of MDSC
in a variety of cancers, the proposed protocol could be applicable to a variety of carcinomas.
Although the presence of T cells and cells of the innate immune system were critical for anti-
tumor efficacy of the immune response, long-term protection against the tumor depended on

the presence of TCM cells. These data suggest that B/I activation and ex vivo expansion with
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sequential common gamma-chain cytokines may have improved the quality of neu-specific
cells for tumor rejection, and it was not just because of an increase in frequency of neu-
specific T cells. For instance, freshly isolated T cells from tumor-bearing but not from tumor-
free FVBN202 mice produced IFN-y upon stimulation with MMC in vitro; yet such increased
frequency of endogenous neu-specific T cells did not induce tumor rejection in donor mice. In
addition, ACT with an increased numbers of freshly isolated T cells derived from tumor-
bearing donors (2 x 10° cells/mouse) did not protect mice against tumor challenge (data not
shown). These data suggest that an increase in neu-specific T cells without ex vivo
expansion/differentiation using the proposed protocol cannot provide protection against the
tumor. Whereas T cells from non-irradiated and post-radiation donors showed comparable
levels of anti-tumor efficacy in vitro (Figure 6D), T cells obtained from non-irradiated donors
provided long-term memory responses against recall tumor challenge in vivo, likely because
of the phenotypic distribution of T cells toward TCM cells. Local radiation therapy of the
tumors in donor mice altered the phenotypic distribution of freshly isolated T cells as well as
the capacity of T cells to differentiate into TCM cells during the ex vivo expansion. These
data suggest that CD8+ TE and TEM cells may be more susceptible to radiation therapy than
previously established TCM cells, as has been reported by others (27). These data suggest that
local radiation therapy could alter the differentiation of tumor-reactive CD8+ TE and TEM
cells toward TCM cells. However, local radiation therapy of primary tumors was performed
whereas breast cancer patients usually receive radiation therapy after surgery to destroy
residual microscopic disease. Also, patients with advanced breast cancer have undergone
multiple radiation treatments followed by a period of recovery prior to ACT. These scenarios
are somewhat different from the treatment protocol that used in this study. In order for T cell
to be effective for ACT it was necessary to isolate T cells from tumor-bearing animals.
Therefore, radiation therapy was performed on primary tumors. Application of the proposed
approach may be limited to patients with early stage breast cancer (stage I-III), provided that
PBMC are harvested and cryopreserved prior to radiation therapy for ACT in the future.

The importance of TCM against cancer has also been reported by others (4). These
data showing a greater anti-tumor efficacy of ACT in association with the presence of TCM
are consistent with other reports showing that effector cells derived from TCM rather than
TEM possess greater ability to survive and establish immunologic memory following infusion

(28). However, naive T cells have been reported to convey more anti-tumor activity than
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memory cells (28). Such contradictory results may be due to the use of a mouse model
harboring a transgenic T cell receptor for gp100 tumor antigen, which is different from the
FVN202 mouse model of spontaneous breast carcinoma with no transgenic TcR against the
tumor antigen.

IL-7 has been shown to support viability and homeostatic proliferation of T cells and
enhance NK cell function (29). IL-15 supports differentiation of memory T cells and
activation of quiescent NK cells more efficiently than IL-2 (30). IL-2 is T cell growth factor
and is also involved in NK cell activation and proliferation. Therefore, culture of tumor-
primed T cells initially with IL-7+IL-15 followed by IL-2 can support differentiation of T
cells as well as non-T cells. The presence of non-T cells in this model appears to be critical
for rendering T cells resistant to MDSC, regardless of whether T cells were obtained before
or after radiation therapy. A similar observation has been made in mice and humans with
hematologic malignancies undergoing allogeneic stem cell transplantation. In the animal
model, depletion of donor NK cells abrogated anti-leukemia effects of donor T cells (31). In
humans, early donor derived NK cell recovery has been shown to be associated with a lower
relapse risk in the non-myeloablative setting in the recipients of T cell replete allografts (32).
Earlier observations in the same clinical model had demonstrated a significant impact of NK
cell dose in the graft on day 28 T cell chimerism (33). Similarly a trend towards a higher
level donor T cell chimerism at 12 weeks post transplant, in patients with superior NK cell
recovery at 4 weeks has been observed (unpublished data). Together these data provide
intriguing evidence of T cell- NK cell interactions in the clinical transplant setting and
suggesting interdependence between innate and adaptive immunity.

Altogether, these data suggest that lymph nodes (11) or PBMC of breast cancer
patients are a source of tumor-reactive immune cells for ex vivo expansion and use in ACT,
provided that immune cells are obtained prior to radiation therapy and expanded with the
sequential common gamma-chain cytokines. Expanded T cells and non-T cells obtained prior
to radiation therapy can be cryopreserved and used for experimental ACT protocols after the
completion of conventional therapies in an attempt to eliminate residual disease and prevent

tumor relapse.

While the invention has been described in terms of its preferred embodiments, those

skilled in the art will recognize that the invention can be practiced with modification within
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the spirit and scope of the appended claims. Accordingly, the present invention should not be
limited to the embodiments as described above, but should further include all modifications

and equivalents thereof within the spirit and scope of the description provided herein.
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CLAIMS

We claim:
1. A method of producing autologous immune cells, comprising the steps of
i) obtaining immune cells from a patient with a cancerous tumor or infectious disease;
i) exposing said immune cells to byrostatin and ionomycin (B/I); then
1i1) exposing said immune cells to a combination of IL-7 and IL-15; then
iv) exposing said immune cells to IL-2;
thereby producing autologous immune cells that, in the aggregate, are resistant to the effects

of myeloid-derived suppressor cells (MDSCs).

2. The method of claim 1, wherein said step of 1) exposing said immune cells to B/l is carried

out under conditions that permit activation and initial differentiation of said immune cells.

3. The method of claim 1, wherein said steps of ii) sequentially exposing said immune cells to
a combination of IL-7 and IL-15 and then iii) exposing said immune cells to IL-2 are carried
out under conditions that permit expansion, further differentiation and acquisition of MDSC

resistance by said immune cells.

4. The method of claim 1, wherein exposing said immune cells to a combination of IL.-7 and

I1.-15 is carried out for 24 hours.

5. The method of claim 4, wherein said step of exposing said immune cells to IL-2 includes

the steps of

after said 24 hours, exposing said immune cells to IL-2 in the presence of said
combination of IL-7 and IL-15; then

exposing said immune cells to IL.-2 alone.

6. The method of claim 1, wherein said immune cells include innate and adaptive immune

cells.

7. The method of claim 1, wherein said immune cells include tumor-primed T cells.
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8. The method of claim 1, wherein said immune cells are peripheral blood mononuclear cells

(PBMCs).

9. The method of claim 1, wherein said autologous immune cells that are resistant to the
effects of MDSCs include T cells, natural killer (NK) cells, NKT cells and IFN-y producing
killer dendritic cells (IKDC).

10. The method of claim 9, wherein said T cells include memory T cells (TCMs) and effector
T cells (TEs).

11. The method of claim 1, wherein said patient has not received radiation therapy for at least

one month prior to said step of obtaining.
12. The method of claim 1, wherein said patient is a breast cancer patient.

13. A method of treating or preventing cancer recurrence or metastasis in a patient having at
least one cancerous tumor, comprising the step of

administering to said patient autologous immune cells that, in the aggregate, are
resistant to the effects of myeloid-derived suppressor cells (MDSCs), wherein said
autologous immune cells are produced by

i) obtaining immune cells from said patient;

i1) exposing said immune cells to byrostatin and ionomycin (B/I); then

iii) exposing said immune cells to a combination of IL-7 and IL-15; then

iv) exposing said immune cells to IL-2; thereby producing autologous immune ;:ells

that are, in the aggtegate, resistant to the effects of MDSCs;
wherein said autologous immune cells are administered in an amount sufficient to treat or

prevent recurrence or metastasis of said at least one cancerous tumor.

14. The method of claim 13, wherein said step of i) exposing said immune cells to B/T is
carried out under conditions that permit activation and initial differentiation of said immune
cells.
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15. The method of claim 13, wherein said steps of' iii) exposing said immune cells to a
combination of IL-7 and IL-15; then iv) exposing said immune cells to IL-2 are carried out
under conditions that permit expansion, further differentiation and acquisition of MDSC

resistance by said immune cells.

16. The method of claim 13, wherein exposing said immune cells to a combination of IL-7

and IL-15 is carried out for 24 hours.

17. The method of claim 1, wherein said step of exposing said immune cells to IL-2 includes

the steps of

after said 24 hours, exposing said immune cells to IL.-2 in the presence of said
combination of IL-7 and IL-15; then

exposing said immune cells to IL-2 alone.

18. The method of claim 13, wherein said immune cells include innate and adaptive immune

cells.

19. The method of claim 13, wherein said immune cells include tumor-primed T cells.

20. The method of claim 13, wherein said immune cells are peripheral blood mononuclear

cells (PBMCs).
21. The method of claim 13, wherein said immune cells that are resistant to the effects of
MDSCs include T cells, natural killer (NK) cells, NKT cells and IFN-y producing killer

dendritic cells (IKDC).

22. The method of claim 21, wherein said T cells include memory T cells (TCMs) and
effector T cells (TEs).

23. The method of claim 13, wherein said patient has not received radiation therapy for at

least one month prior to said step of obtaining.
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24. The method of claim 100, wherein said patient is selected from the group consisting of a

breast cancer patient, and a melanoma patient.

25. The method of claim 11, wherein said patient is a breast cancer patient.

26. Immune cells that are resistant to the effects of myeloid-derived suppressor cells

(MDSCs).

27. The immune cells of claim 26, wherein said immune cells are generated from peripheral

blood mononuclear cells (PBMCs).

28. The immune cells of claim 26, wherein said immune cells include T cells, natural killer

(NK) cells, and IFN-y producing killer dendritic cells (IKDC).

29. The immune cells of claim 28, wherein said T cells include memory T cells (TCMs) and

effector T cells (Tes).

30. The immune cells of claim 26 wherein said immune cells are produced by
1) obtaining immune cells from a patient with a least one cancerous tumor;
i1) exposing said immune cells to byrostatin and ionomycin (B/I); then
ii1) exposing said immune cells to a combination of IL-7 and IL-15; then
iv) exposing said immune cells to IL-2; thereby producing immune cells that are

resistant to the effects of MDSCs.

31. A method of treating or preventing an infectious disease in a patient in need thereof ,
comprising the step of

administering to said patient autologous immune cells that, in the aggregate, are
resistant to the effects of myeloid-derived suppressor cells (MDSCs), wherein said
autologous immune cells are produced by

i) obtaining immune cells from said patient;

ii) exposing said immune cells to byrostatin and ionomycin (B/I); then

iii) exposing said immune cells to a combination of IL.-7 and IL-15; then
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iv) exposing said immune cells to IL-2; thereby producing autologous immune cells
that are, in the aggtegate, resistant to the effects of MDSCs;
wherein said autologous immune cells are administered in an amount sufficient to treat or

prevent said infectious disease.

-34 -~



PCT/US2011/057195

WO 2012/054792

1/9

ao 800
Qa0 0
rg R i
rI:!L & 414 m
- 09 or &
. N e
Z00 0=d ozw S00°0=d} g9
0€ — — 3
o ¥000'0=d 08 &
, vll_o. oy OP L aam 0amo S99 L +y Q0 sl1eo L +8Q0
oag®m 000 b
¥ao 810
22140 0 R
T.IL:I.[; Ly TT—— T W
1 " j 0z 5
PRl a8 —1 o g
weer ] | m\% SRR AR 9% |~ £700=d 109 5
et e e, A l
Xe 0a 9d 0a wwv 8
SlI89 L +vaD S99 | +8010 sam 04D ©
3
R
Q
=4
N
7
4 sif@d L +¥ao siteo 1 +8A0
muuw g
w
uolsuedxs Joye m>mo
S _ rIL 10
M L8
& ®
%8'L £0°0=d voon_ I._ 4 .m
']
e ) m e 2
0a & ! 154
ggm 0Q0QO Gl Ly 3
slled L +vaD s|feo 1 +8dD

<



PCT/US2011/057195

WO 2012/054792

2/9

¥do

L. IS -

L=

ONN B
¥ao

L00000=d —

g
ONN =

o
ONA

¥ao

ONN &

800 6900
wn|paw O + E:_qu
T 001 S99 L +¥AD paieD Siigd £ +8Q0 pales
Ipaw o S|[90 | papuedxs oan x3 s|[89 |
800
o ¥a0 800
" 0
L o o/o
0L g ]
3 "z
F0C + %61.°8¢ E
m_ O + wnipaw g -
L 0e 8 1 winipaw 9
1000°0=d @ sl|e0 1| +¥a0 peres S|I90 L +8Q0 PaleD v00=d L 7, @
wnipaw o - Ov S||190 | paje|ost Alysald DN wnipaw O
ko)
AN
800 Hd ﬁ IS
0 A ﬁ B
S T 4 %820 &mu.,r E&
Ly ? S ININ + wnipsw wnjpswi
* %950 %01}
r9 sl#0 1 +¥a0 pajen S|199 1 +8010 peIED
@ wnipa
e O+ Ipaw ONIN + (9 Q) sl|so | papuedxa oAs x3
Loy S|I99 | +¢(Q0 peres S99 L +800 paleD
wnipaw J S||90 | pspuedxs oan X3 Slisa L+ > SIS2 L+
N
800 k/ ) @ > >
& ﬁV & 2 z)
-0 7 S S o%? & o@y S
I N % O degg—L 3 ! O
D 0001 0001
H., 000z 0002
9 o e : e 000€ — 000€
o & ONIN + wnipaw O + wnjpawl .I.qu 000 ££0'0=d 000%
i Sli29 L +700 pate Sii90 L +840 PateD £00'0= 0005 0005
wnipaw O 0l Si180 | Peyelos] Alysoi (9 Q) slleo | popuedxa oAl x3 (0 Q) s11e0 1 pajejos! Ajusai
g

(luyBd) A-N4i



PCT/US2011/057195

WO 2012/054792

3/9

DWIN Atepuooes Jaye she

8¢ lz ¥ L O

abus|leyd DN Aewud Jeye sAeq
R AN 4 TVA 0

gc ¢ ¥ L O 8z

0 0 o
00s 5§
05 05 oook 8
00sL 3
00l Loy 00 onuoy - 000z 2
)
50 ) adAousyd 1180 1 +¥QD adfousyd (182 1 +800
+ONN DI A uixauuy N W w3 N W n 3
0 Al %9 %889 0 T 0
sc 3 0z oz
08 o
Sl = ov oy
Q
004 S . gaw 00D 09 sam 0Qn 09
<
S||90 | papuedxe OAA XT Sied L
& pepuedxe oA X2 + -7 T29d0
s|e9 | 2 -
FONN NN g %6405
0 T
3
S¢ T
0s ;
st v %96 %EOZ % ¥y %6 LE %V'OL %YGS 9492 %0E
00l SlI92 L
sli60 1 pare(os! Alysal paje(os! Ajysay + ga 0a 9a 0a
DWW + NaN pajen S{190 | +$QD Pl Si182 1 +8C00 P8IeD
g

uonsodosd 9,

144¢10]



PCT/US2011/057195

WO 2012/054792

4/9

OSan
S|@o 1 siEo L

ONIN O ONN

- Q
1 ®
sz ¥
3
F0S &
%
LG, £
3

L 001

A UIXauuy
D %zl %99'¢

%L8'VL

OSAW + SIied L + Siied L +

winipaw +

O + N8N pajeD

- Y \f« >y m ) \«m\»

S||80 L

OSAW + OININ 4 _

O = 60°0=d

wnipaw O - oy
A-Nd|
S(80 |
Y0 8@
0
(@]
lw]
o
I O o
g m/a DN + wnipaw
e §
o Si190 1 +$00 paIeD
Loz & o
DSAN+ONN @ & _] J ﬂw
NN - WY00E] | %l9LL |
520°0=d _ o
wnipaw o L o¢ g
OSAW +IWIN + AN + wnipaw
sifeo 1 +8Q0 PeleD
/MV
%% IO
& R G
o & S & &
OSAN +OWN + DN + wnipaw : ! . ; 0
SI[90 1 +%Q0 pejen .
¥000=d - 0002
%ZL0L e - 000¥ 1
B »]
. o
. N SR ] L 00012
JSAN +OWI + OWIW + wnjpaw Z10°0=d
L 0008z

sifed L +840 peien

sjjeo papuedxy +

{1wyBu) A-N4|

<



PCT/US2011/057195

WO 2012/054792

5/9

A-N4I

I VIR TITH]

L b

%L

qiLad

9d

+36¥a0+9L1a0-€ad
oaM

—1  9dm
L000=d 4qp

0ced

0z
oy
09
08
00L

+q1130-€d040 %

%¥' €L

%970

q6¥dd

9a

0a

+41130-€3d0 peen

-800-¥a0+Ea0 2 A Uixsuuy
o >
3
0z g 9
014 < &
09 w.
|90 m | g9 o 0a
¥000=d 00 Lgg, 8 -800-¥Q0-€00 P3IED -800-¥Q0+£QD PalED
w
3
-a0 +600
S@OMN S0 L XN -8a0-H10  -8aD-+aD -800-p0D
L L 0 2 0
=4 FoZ MUWJ
0z g )
g - oy 3
— lov 8 L_—= - 09 8
O 10000 =d 093
200°0=d ® 3
gam 0ao 8 (® g
0d 0% 004
a6va0
: O
s
202} |%40 | %¥0 ,
<Xq] 6d gd od " ea oa
-2a9-¥aD Pejen -809-¥aD PaleD sejhoousids
) g v



PCT/US2011/057195

WO 2012/054792

6/9

-4 5 ;,mﬁb&,w m

i

51|90 papuedxa s||90 papuedxa
+800 B +¥00 -809-¥A0
o,%/ o@r
abus| YO DN Jeye sked Aw/rx & /o%v Oﬁrx N % b@&«
N IS oSS
0z ¥ L 0 A N M S NS
0o - = )
3
o2 1£0°0 =d ooV
00z & =
3 - 008
ooe %
80010 —— 3
+8a0+va0 —w— L ooy 3 - 00zL
oNililee} e . | ﬁ
9000°0 =d 0091
9 4

(juyBd) ~N4I



PCT/US2011/057195
7/9

WO 2012/054792

OSanw
+ 0NN ONIN umjpaw QNN wnipaw
I , ‘ 0
A uixauuy - 000¥ 3
%9¢°CL 0008 =
o
Q
ﬁooowr El
00091
S S (9 @) si1eo papuedxg
OSai +
wnipaw
S [[80 1 papuedxe oA X3 + T ONIN . Ip _ DN . winipsw |
%Ly BS ﬂ _ ] 0

00§ M
sijeo -
L 000} =
Q
00sL 3

Sie2 ) pejelos) Alysal; + oam 0oao Lggoz

O + neN pajes g

a
vao 800
. 0 uolsuedxe Jaye skeq
s 9 S € l 0
- oL g 0
900°0=d 2 R g
-0z 5 a
I i b5 l m
B — 2
¥L0°0=d r 0¢ g ) 2
o & 5]
avd ® INO L oy n o z 3
(9 Q) se2 papuedxs oA x3 9

<



PCT/US2011/057195

WO 2012/054792

8/9

aBua|eyd DN 12ye Sned

v 8¢ 1z vL L O

10V —0—

|O1}U0D) —e—

sadAjouayd (192 L +¥AD
N wWo w3a 3

20°0=d
| M—

£0'0=d L
ogm 0aO s

sadfjouayd 189 | +800

N nwo wd 4

rID _Il 1
1000=d +0'0=d ﬁ

oqm 0QU |
$00°0=d

T T ¥
o o O
© ¥

0 —
[

3

L 00§ 29
8

- 000 ©
H

hooﬁ wu
000 &

E

uonJodousd %

o
0

o Qo o
I &
uonodoid 9%

QO
«® ©

s||e0 1 +8Q0 PatED

1244



WO 2012/054792 PCT/US2011/057195

9/9
40000
30000
20000
10000
O T T 1 1 T L 1
6\\\'@ QO S \0@ QO {8_51/ \9%
o < Q\ x
& & Ox OC)
Q
40000
30000
20000
10000
0 T — o —
6\\) & 6\\5@ ()O Q/Q"‘:L \,Q%
@Q Q N x
o <K
Q
50 - O1L-2 maintained
B Ex vivo expanded
40 A
20 A
O .
CcDs8 CD4

Figure 7A-C
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