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SUMMARY

The present invention relates to lymphocytes, preferably that have been transinfected
from dendritic cells with a bacterium, preferably CD4* T cells, preferably Listeria
monocytogenes, wherein said bacterium comprises a tumor peptide. It also relates to
the use of lymphocytes for therapy and/or treatment of solid tumors, preferably
melanoma, the kit or device which comprises for this purpose. Furthermore, it also

refers to the transinfection method thereof.
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TRANSINFECTED LYMPHOCYTES FOR ANTI-TUMOR THERAPY
DESCRIPTION

The present invention relates to lymphocytes, preferably CD4 * T cells that have been
transinfected from dendritic cells with a bacterium, preferably Listeria monocytogenes,
wherein said bacterium comprises a tumor antigen. The present invention could be

framed in the field of medicine.
STATE OF THE ART

Activation of CD8* T cells in response against cancer and infectious diseases is carried
out mainly by dendritic cells (DCs), considered the most efficient and physiologically
relevant antigen-presenting cells (APCs) (Joffre et al., 2012). CD8* T effector cells
need to be activated by exogenous antigens exposed on the major histocompatibility
complex | (MHC-|) at the surface of professional APCs. This process is known as
cross-presentation (Joffre et al.,, 2012). Until now it was thought that the cross-
presentation was conducted exclusively by professional phagocytes of the innate
immunity, mostly by DCs, considered the most efficient APCs. Antigen presentation
occurs during formation of the immune synapse (1S), a structure formed by the intimate
contact of a T cell (which will be activated) with an APC loaded with antigen
recognizing this T cell (Saito and Batista, 2010). The formation of the IS Iinduces

activation of the T cell and is essential for an appropriate adaptive immune response.

In a recent study it was found that CD4* T cells are able to capture bacteria, during the
formation of the IS, which infect DCs in a process we called transinfection (Cruz-Adalia
et al., 2014). This transinfection through IS is various orders of magnitude more
efficient than direct infection. In addition, it was found that transinfected T cells (tiT) Kilt
engulfed bacteria more efficiently that professional phagocytes and also secrete large
amounts of proinflammatory cytokines such as IL-6, interferon-y and TNF-a ; these

properties confer protection in mice against infection by Listeria monocytogenes.

Beyond the classical forms of tumor treatments such as radiotherapy, chemotherapy,
and biologic therapies, for example with antibodies (eg anti-PD-1 and CTLA-4)
(Wolchok and Chan, 2014), there are emerging therapies involving adoptive transfer of
leukocytes (Chen and Mellman, 2013).
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Induction of systemic anti-tumor immunity requires the activation of CD8* T cells
specific for tumor associated antigens, that once activated can kill tumor cells. Results
from clinical studies support the anti-tumor properties of DCs (Restifo et al., 2012).
DCs, which are considered the best antigen presenting cells, must capture, process
and cross-present tumor antigens on their MHC-I to activate the CD8* T cells that will
finally eliminate malignant cells. Therefore, DCs have also been used as a vaccine
against cancer (by adoptive transfer) because they are able to generate anti-tumor
immune response in vivo. Currently, there are leukemia patients resistant to
chemotherapy that have presented durable and complete clinical responses injecting
cells by adoptive transfer (Kalos and June, 2013), showing that it is possible to achieve

tumor immunotherapy sustainable in the long term.

Several mechanisms have been described that allow tumor celis to escape immune
destruction. Although tumors express antigens, these are not removed by the host
Immune system. It could be because the antigens are not presented efficiently and
therefore do not cause a sufficiently strong immune response or that a continuous
selection In the cancer patient, so that tumor celis can evade immune recognition. In
antitumor therapy becomes necessary therefore the appearance of a new tool to
improve response against tumors activating CD8* T cells against specific tumor

antigens.

DESCRIPTION OF THE INVENTION

In the present invention it iIs demonstrated the use of lymphocytes transinfected with
bacteria (used as proof of concept L. monocytogenes) that express tumor antigens in
tumor therapy. In an experimental model of aggressive melanoma (B-16 OVA), it is
shown that vaccination of mice with CD4* T cells transinfected with bacteria expressing
exogenous antigens, also present in the tumor, confer protection against
tumorigenesis. Furthermore it is shown that transinfected CD4* lymphocytes activate
CD8* cytotoxic lymphocytes directly as APCs, ie by cross-presentation via MHC-I, and

they are surprisingly much better presenters that any APCs known to date.

In the present invention it is demonstrated that tiT cells are capable of presenting
antigens. It is demonstrated that CD4* T transinfected with Listeria-OVA (Listeria

monocytogenes expressing ovalbumin (Pope et al., 2001)) are capable of activating

strongly CD8* naive cells from mice OT-I (transgenic mice where all T cell receptors
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(TCR) recognize a peptide of OVA (257-264; SHNFEKL) in the context of H-2KP®
(Clarke et al., 2000)) (Figure 1), and therefore bonafide APCs. It is also probed that tiT
cells are able to internally process the bacteria captured, and antigen presentation is

iIndependent of the DC, in other words, that antigens do not come from the donor DCs
but by cross-presentation by the tiT cells. These results show that conventional CD4*

lymphocytes, paradigm of adaptive immunity, are able to carry out roles prev'iously

thought unique to the cells of innate immunity.

In a first aspect, the present invention relates to a transinfected lymphocyte with a
bacterium comprising a tumor antigen. Hereafter referred to as the "lymphocyte of the

invention".

In a preferred embodiment of the first aspect of the invention the lymphocyte is a CD4*

T lymphocyte or a B lymphocyte

It Is understood by CD4* T cells those lymphocytes expressing T cell receptor (TCR),
plus CD3 and coreceptor CD4. They are also called T helper lymphocytes.

It is understood by B cell those lymphocytes expressing B cell receptor; BCR. Other

molecules used as B cell markers are CD19 and CD20.

Bacteria described in the present invention can be both Gram + and Gram -, and also
bacteria may be pathogenic or nonpathogenic. In a more preferred embodiment the
bacterium is selected from the list consisting of: L. monocytogenes, Salmonella
enterica, bacteria of the Mycobacterium tuberculosis complex, Staphylococcus aureus
and Escherichia coli; preferably is L. monocytogenes. Among the bacteria of the M.
tuberculosis complex are included M. tuberculosis, M. bovis (BCG), M. africanum, M.
caprae, M. pinnipedii, M. canetti and M. microti. In a particular embodiment is L.

monocytogenes.

The term cancer in the present invention includes solid tumors and hematological

tumors, such as leukemias, lymphomas, and myelodysplastic syndromes.

In a preferred embodiment, the lymphocyte of the first aspect of the invention is
transinfected from a dendritic cell. In a more preferred embodiment the lymphocyte is
from the same patient as the dendritic cell used for transinfection of said lymphocyte
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both cells are preferably originating from a patient with a tumor (tumor wherein said

tumor comprises the antigenic peptide).

Transinfection means the process by which a lymphocyte (T or B) capture bacteria

from APCs (preferably DC) previously infected.

APC (or antigen-presenting cell) is understood as those ceils of the immune system
whose function is to capture, process, and, as its name suggests, presenting antigens
to the cells of the innate immune system through the histocompatibility complexes. In

the present invention the APC is preferably a dendritic cell.

It Is understood as APC a dendritic cell, whose origin can be both myeloid and
lymphoid, specialized in presenting antigens. It expresses CD11c (in mice) and there
are several subtypes, DC from thymus, conventional or plasmacytoid, ahd each has
subtype specific markers. In the experiments underlying this invention DC are derived
from bone marrow grown in the presence of GM-CSF (granulocyte and macrophages
colony-stimulating factor). Markers of these cells were CD11¢c+, GR-, CD3-, CD19-,
MHC-II +. Regarding humans, the preferred DC are derived from peripheral blood after
treatment with GM-CSF and 1L-4.

In another more preferred embodiment the bacterium comprises a tumor antigen that
may be any antigen that is expressed in a specific manner in malignant cells of any
tumor, as Is highlighted in recent studies that propose how to identify tumor antigens
(Schumacher and Schreiber, 2015; Yadav et al., 2014); for example antigens identified
in peptides from melanoma, lymphoma, chronic lymphocytic leukemia, myeloma,
breast, ovary, uterus, cervix, testis, prostate, colon, colorectal, pancreatic , stomach
and gastrointestinal tumors, gastric cancer, liver tumor, kidney (comprised clear-cell
renal-cell carcinoma), bladder, mouth cancer, pharynx, larynx, esophagus, lung (small
and non-small cell), thyroid, glioblastoma, glioma, sarcoma, encephalon, brain,
neuroblastoma and marrow, head and neck blastoma, bone and connective tissue.
The tumor can be at any stage and may also be metastatic. Antigens derived from
these tumors are known by skilled persons (Schumacher and Schreiber, 2015; Yadav
et al., 2014). Preferably the tumor has neo-antigens (antigens resulting from a
mutation in tumor cells and therefore absent in other cells of the body). They can also
show fetal antigens, absent in cells of the adult organism. For example, antigenic

proteins derived from melanoma include without limitation: tyrosinase, gp75, gp100,
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Melan A/MART-1, TRP-2, MAGE family proteins (melanoma-associated antigen):
GAGE and BAGE, NY-ESO-1, mutations in CDk4 and, B-catenin, MUM-1, p15.

It is understood by tumor antigen, as that one specific of cancer, which can be of any

size and is absent in healthy body cells.

When speaking of a specific antigen of a particular tumor, for example a "specific
antigen of melanoma”, it encompasses antigens of any size that are frequently

assoclated with the tumor (eg melanoma).

in another more preferred embodiment of the first aspect of the invention the

lymphocyte is heterologous or autologous.

In another more preferred embodiment of the first aspect of the invention the APC,
preferably the dendritic cell, is autologous or heterologous and can be from the same

or different individual than the transinfected lymphocyte.

In the present invention when referring to a lymphocyte we also refer to fragments of
the lymphocyte and derivatives thereof, such as any modification that encourages
contact between tiT and TIL (T lymphocytes infiltrating the tumor, and therefore with

tropism against tumor antigens).

The lymphocyte of the invention is a mammal, preferably from a human of any race,

age or sex.

In the present invention when referring to a lymphocyte we also refer to a population of

lymphocytes.

A second aspect of the invention relates to a cell population comprising the lymphocyte

of the first aspect of the invention.

In the present invention the term "cell population” refers to a mixture of cells including

lymphocytes of the invention, preferably a mixture of blood cells.
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A third aspect of the invention relates to a pharmaceutical composition comprising the
lymphocyte of the first aspect of the invention or the cell population of the second

aspect of the invention.

The pharmaceutical composition is preferably a vaccine.

The term "pharmaceutical composition” herein refers to any substance used for
prevention, diagnosis, alleviation, treatment or cure of diseases in humans or animals.
The pharmaceutical composition of the invention can be used either alone or in
combination with other pharmaceutical compositions. The term pharmaceutical and
drug composition are used in this invention interchangeably. In the context of the
present invention the pharmaceutical composition or medicament is characterized by
comprising the lymphocyte of the invention in a therapeutically effective amount, so

that the lymphocyte exercises its function in the tissue/cell target.

In the present invention the term "therapeutically effective amount” refers to the
amount of lymphocytes calculated to produce the desired effect and, in general, will be
determined, in the case of a therapeutic composition, by the compounds
characteristics, the route, manner and frequency of administration thereof, and other
factors, including age, condition of the patient and the severity of the alteration or

disorder.

The term "carrier”, as the excipient, refers to a substance used in the pharmaceutical
composition or medicament to dilute any component of the present invention included
therein to a specific volume or weight. Vehicle function is to facilitate the incorporation
of other elements, allowing a better dosage and administration or give consistency and
form to the composition. When the presentation is liquid, the pharmacologically
acceptable carrier is the diluent. Pharmaceutically acceptable carriers that may be
used In the pharmaceutical composition of the present invention are known to those
skilled in the art.

In another particular embodiment, said pharmaceutical composition is prepared in solid

form or aqueous suspension, in a pharmaceutically acceptable diluent.

The therapeutic composition provided by this invention can be administered by any
appropriate route of administration for which said composition is formulated in the
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suitable pharmaceutical form for the chosen administration route. In a particular
embodiment, administration of the therapeutic composition provided by this invention is
administered parenterally, for example, intra-arterially, intravenously, orally,

Intraperitoneally or subcutaneously, preferably intravenously.

The composition may be administered in one or several doses during the duration of
treatment in order to optimize the therapeutic effect. Note that a single administration

of the tiT has more effect than repeated injections of DC.

A fourth aspect of the invention relates to the use of lymphocyte of the first aspect of
the invention or of the cell population of the second aspect of the invention for the
manufacture of a medicament, preferably for the prevention or treatment of tumor

and/or stimulation of the immune response against a tumor antigen.

Therefore another aspect of the invention relates to the lymphocyte of the first aspect
of the invention or of the cell population of the second aspect of the invention for use
as a medicament, preferably a medicament for the prevention or treatment of tumor

and/or stimulation of the immune response against a tumor antigen.

The term "prevention”, as understood in the present invention is to avoid or reduce the
appearance of a tumor. The term "treatment” involves cure, mitigate, reduce or combat
damage caused by a tumor, downsize, reduce its aggressiveness, reduce or avoid its

dispersal, or to stabilize the status of individuals.

In the present invention the tumor to be treated or prevented is any tumor, for example
from the following list: melanoma, lymphoma, chronic lymphocytic leukemia, myeloma,
breast, ovary, uterus, cervix, testis, prostate, colon, colorectal, pancreatic , stomach
and gastrointestinal tumors, gastric cancer, liver tumor, kidney (comprised clear-cell
renal-cell carcinoma), bladder, mouth cancer, pharynx, larynx, esophagus, lung (small
and non-small cell), thyroid, glioblastoma, glioma, sarcoma, encephalon, brain,
neuroblastoma and marrow, head and neck blastoma, bone and connective tissue.

Preferably is melanoma.

In the present invention stimulating the immune response against a tumor antigen
comprises stimulating CD8* lymphocytes. This response can be measured by assays
known to the skilied person, for example ELISPOT (Enzyme-Lynked ImmunoSpot), by
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intracellular cytokine staining assay, by tetramer assay, by detecting antigen-specific
response, by tracking cell muitiplication assays, and the presence of markers of
cellular activation (CD25, CD69) detected by flow cytometry. The cytotxic ability of
CD8* T cells activated with tiT lymphocytes can also be quantified .

The lymphocyte of the present invention can be used in combination with other
treatments known to those skilled in the art, for example treatment with antibodies

against CTLA-4, PD-1, PDL-1 as well as radiotherapy or chemotherapy.

A fifth aspect of the present invention relates to a kit or device comprising the
lymphocyte of the first aspect of the invention or the cell population of the second

aspect of the invention.

A sixth aspect of the invention relates to the use of the kit or device of the fifth aspect
of the invention for the prevention or treatment of tumor and/or stimulating the immune
response against a tumor antigen of any tumor, for example, but not limited to this list:
melanoma, lymphoma, chronic lymphocytic leukemia, myeloma, breast, ovary, uterus,
cervix, testis, prostate, colon, colorectal, pancreatic ,- stomach and gastrointestinal
tumors, gastric cancer, liver tumor, kidney (comprised clear-cell renal-cell carcinoma),
bladder, mouth cancer, pharynx, larynx, esophégus, lung (small and non-small cell),
thyroid, glioblastoma, glioma, sarcoma, encephalon, brain, neuroblastoma and
marrow, head and neck blastoma, bone and connective tissue. Preferably is

melanoma.

The kit of the invention comprises the elements necessary to carry out the methods
described herein. The kit may also contain the elements necessary to assess the
Immune response generated by the lymphocyte of the invention. This kit may include,
without any limitation, buffers, enzymes, agents to prevent contamination, etc. It can
also Include supports and containers required for commissioning and optimization.
Also it may further contain positive or negative controls. It may also include instructions

to carry out their use.

A seventh aspect of the invention relates to an in vitro method to transinfect a

lymphocyte comprising the following steps:
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a. Isolating antigen-presenting cells, preferably dendritic cells,
preferably from peripheral blood, from the patient (for example by
adding GM-CSF and IL-4) and isolate lymphocytes, preferably B
lymphocytes and/ or CD4* T cells from a biological sample;

b. Differentiating the antigen presenting cell (APC);

C. Infecting these antigen presenting cells from step (b) with a
bacterium, wherein the bacterium comprises a tumor peptide;

d. Put into contact the antigen presenting cells from step (c¢) with
the lymphocytes from step (a) at 35-38°C, preferably at 37°C for several
hours, preferably 24-72 hours, more preferably 48h, to facilitate the

transinfection of lymphocytes.

In another particular embodiment further comprises a step (e) isolation of transinfected

lymphocytes.

In a preferred embodiment of the seventh aspect of the invention the bacteria can be
bdth Gram + and Gram -, and also the bacteria can be pathogenic and
nonpathogenic. In a more preferred embodiment the bacterium is selected from the list
consisting of: L. monocytogenes, Salmonella enterica, bacteria from the
Mycobacterium tuberculosis complex, Staphylococcus aureus and Escherichia coli,
preferably L. monocytogenes. Among the bacteria from the Mycobacterium
tuberculosis complex can be M. tuberculosis, M. bovis (BCG), M. africanum, M.

caprae, M. pinnipedii, M. canettiy M. microti. Preferably, L. monocytogenes.

In another preferred embodiment of the seventh aspect of the invention the bacterium
comprises a tumor antigen. The tumor antigen may be a tumor which is selected from
the list consisting of: melanoma, lymphoma, chronic lymphocytic leukemia, myeloma,
breast, ovary, uterus, cervix, testis, prostate, colon, colorectal, pancreatic , stomach
and gastrointestinal tumors, gastric cancer, liver tumor, kidney (comprised clear-cell
renal-cell carcinoma), bladder, mouth cancer, pharynx, larynx, esophagus, lung (small

and non-small cell), thyroid, glioblastoma, glioma, sarcoma, encephalon, brain,

neuroblastoma and marrow, head and neck blastoma, bone and connective tissue

In another preferred embodiment of the seventh aspect of the invention the lymphocyte

IS a heterologous or autologous cell.
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The term "in vitro" refers to the method of the invention that Is carried out outside of the

subject's body. That is, it is done in a biological sample from a subject.

The term "biological sample” herein refers to any sample comprising lymphocytes
(CD4+*T lymphocytes and/or B lymphocytes) and includes, without being limited to,
biological fluids or tissues from an individual, obtained by any method known by one
skilled in the art that serves for this purpose. The biological sample may be, for
example, but not limited, a fluid sample such as blood or serum. The biological sample

herein may be fresh or frozen.

The term "tumor antigen"” and "tumor peptide" is used interchangeably.

Another embodiment of the present invention relates to a method for the prevention
and/or treatment of a tumor and/or stimulating the immune response against a tumor
antigen characterized by comprising the administration of a therapeutically effective
amount of the pharmaceutical composition of the invention. Preferably the tumor is
selected from the list consisting of. melanoma, lymphoma, chronic lymphocytic
leukemia, myeloma, breast, ovary, uterus, cervix, testis, prostate, colon, colorectal,
pancreatic , stomach and gastrointestinal tumors, gastric cancer, liver tumor, kidney
(comprised clear-cell renal-cell carcinoma), bladder, mouth cancer, pharynx, larynx,
esophagus, lung (small and non-small cell), thyroid, glioblastoma, glioma, sarcoma,
encephalon, brain, neuroblastoma and marrow, head and neck blastoma, bone and
connective tissue. Preferably the tumor has neo-antigens. In particular in melanoma
several antigens that stimulate the immune system for example are known, but not
exclusively to tyrosinase, gp75, gp100, Melan A/MART-1, TRP-2, MAGE family
proteins (melanoma-associated antigen): GAGE and BAGE, NY-ESO-1, mutations in
CDk4 and, B-catenin, MUM-1, p15.

In the present invention the terms "subject”, "individual' and "patient" are used

Interchangeably.

Herein, including the attached claims, the singular forms of words such as "a", "an" and
‘the” Include their corresponding plural referents unless the context clearly indicates

otherwise.
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Throughout the description and claims the word "comprises” and its variants are not
intended to exclude other technical features, additives, components or steps. For those
skilled in the art, other objects, advantages and features of the invention will become
apparent in part from the description and partly from the practice of the invention. The
following examples and figures are provided by way of illustration, and are not

intended to be limiting of the present invention.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Transinfected CD4"* T cells (tiCD4" T) present bacterial antigens via MHC-|
to CD8'T cells "naive” in vitro. a, CD4* tiT transinfected with Listeria-WT (wild type
strain; top panels) or Listeria-OVA (ovalbumin expressing strain; lower panels) were
incubated with CD8* naive T cells OT-lI mice (which recognize a peptide of ovalbumin;
OVAp-|I 257-264; SIINFEKL (SEQ ID NO: 1) in the context of H-2K®). The histograms
represent fluorescence of CD8* T cells labeled with "CeliTrace™ Violet". Cell division,
a feature of activated cells, is observed as a leftward population (in each cell division
dye is diluted). Gray filled histograms show fluorescence of nonactivated naive CD8* T
cells. Proliferation of CD8* T cells was analyzed at 24h, 48 and 72 after the contacts
between CD4* tiT / CD8* cells. b, Histograms represent the expression of CD25 or
CD69 of CD8* T cells incubated with Listeria-WT (fine line) or Listeria-OVA (thick black
line). Gray filled histograms show fluorescence of nonactivated naive CD8* T cells. c,
Histograms show the proliferation of CD8" T cells activated with: anti-CD3 and CD28
antibodies, DCs loaded with soluble pOVA, DCs infected Listeria-OVA or tiCD4* T cells
transinfected with Listeria -OVA to day 2 or day 3. Note that the activation of CD8+ T
cells Is much greater when activated with tiCD4* T transinfected with Listeria -OVA that
when activated with DCs infected with Listeria-OVA. Histograms filled with gray show
fluorescence of nonactivated CD8* T cells. d, Histograms represent fluorescence
(CellTrace™ Violet) of CD8* T cells from C57BL/6 WT mice or OT-| mice after
conjugation with tiCD4* transinfected with Listeria-OVA.

Fig 2. tiCD4"* T cells process bacterial antigens. a, Proliferation of CD8* T cells from
mice OT-|, 2 or 3 days after incubation with CD4* tiT transinfected with Listeria -WT or
Listeria-OVA cells, which were captured from DCs loaded with the OVA peptide
(OVAp-| ). b, Proliferation of CD8* T cells from mice OT-| incubated with CD4 tiT* cells
(H-2KP or H-2K**) transinfected with Listeria-OVA captured from H-2Kb* DCs, or
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incubated with tiCD4* T cells transinfected with Listeria-WT (gray). Note that these
CD8* T cells can only be activated when antigens are presented in H2KP (b+)
haplotype of MHC-I. ¢, as in b, except transinfection, which is made from DCs that
were H-2K> (H-2K¥K), and the conjugates were allowed to form during 48h.d,
Expression of H-2KP/OVA (detected using a specific antibody) by tiCD4* T cells (H-
2K°* black line , H-2K", gray) transinfected with Listeria-OVA that were captured by
DCs from H-2K*-. e, f, Western blots showing the expression of Tap1 in naive CD4* T
cells, activated with DC loaded with soluble OVAp, or with tiCD4* T cells transinfected
with Listeria-OVA for 24 (E) or 48 h (F) after activation. ERK2 and laminB were used
as controls. g, CD8* T cell proliferation from mice OT-I, 3 or 4 days after conjugation
with tiCD4* T cells (from Tap1 KO mice, or its isogenic WT) transinfected with Listeria-
OVA.

FIG. 3. tiCD4" cells form immune synapses with naive CD8" T cells. a, Histogram
shows H-2KP expression in CD4* T cells before (black line) and after transinfection
(gray line). Filled gray histogram shows the fluorescence of the negative control. b,
Expression of CD86 on CD4* T cells before (black line) and after transinfection (gray
line). Filled gray histogram shows the fluorescence of the negative control. c,
Expression of H-2K°P/OVAp-1 in tiCD4* T cells transinfected with Listeria-OVA, 24 (line
does not move) or 48 h (line moving right) post-transinfection and non-transinfected T
cells (filled gray histogram). d and e, confocal images of tiCD4* T cells transinfected
with Listeria-WT (d) and Listeria-OVA (e) incubated with CD8* naive T cells from OT-I
mice for 1 h. It is shown CD3 fluorescence and actin. Bars represent 10 um. f, Relative

specific cytotoxicity of CD8* T effector cells (CTLs) activated by tiCD4* T transinfected
with Listeria-OVA (solid line) or splenocytes loaded with pOVA (dotted line). The

specific cytotoxicity was measured using different ratios of EL-4 (target cells): CTLs
(0.5:1,1:1,2:1,5:1).

FIG. 4. tiCD4" cells activate cytotoxic effector T cells in vivo. a, Histograms show
fluorescence (CellTrace ™ Violet) of CD8* CD45.1* T cells injected in receptor mice
(CD45.2), which were inoculated with tiT CD4* cells transinfected with Listeria-WT or
Listeria-OVA. 2 x 10° tiCD4* cells (left panels) or 5 x 108 tiCD4* cells (right panels). b,
In vivo proliferation of CD8*CD45.1* T Cells, from OT-l mice, stained with CellTrace
Violet injected in wild type C57BL/6 recipients (whose bone marrows have been
reconstituted after irradiation with cells from H-2K* mice). CD8* CD45.1* T cells from
OT-l mice (4 x 10° cells/mouse) were transferred along with CD4* T cells expressing H-
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2KP® (right panels) or H-2K* ( panels left) from AND mice (4 x 10° cells/mouse) and MCC
peptide (15 ug/mouse). Mice also were infected with Listeria-OVA (10°
bacteria/mouse). 5 days after infection, spleens were isolated and proliferation of
transferred CD8* T cells was detected by flow cytometry (panels above). Panels below
show CD8* T cells transferred from OT-| mice (CD45.1* CD4). ¢, (5 x 10°) B16 OVA
melanoma cells (ovalbumin expressing) were injected subcutaneously into the right
flank of recipient mice. All groups (9 mice/group) were inoculated with CD8* naive T
cells from OT-l mice (10°/mouse) together with phosphate buffered saline (PBS) in
Group 1; 5x10° tiCD4* cells transinfected with Listeria WT, in Group 2; 5x10° tiCD4*
transinfected with Listeria-OVA in group 3. The size of the tumors was monitored every

two days (from day 5 to 13) and every 3 days thereafter.

FIG. 6. B cells capture bacteria by transinfection and cross-present bacterial
antigens. a, Murine DC decorated + (or not -) with Hen Egg Lysozyme (HEL) were
infected with L. monocytogenes, and incubated with B cells from MD4 transgenic mice,
whose B cells have B cell receptors (BCR) recognizing HEL, under conditions that
allow the DC-B cell interactions (for 30 min), or in the presence of a polycarbonate
barrier (transwell) which prevents such interactions. After formation of the conjugates,
CD4* T cells were re-isolated and conducted a classic gentamicin survival assay. CFU
(colony forming unit; intracellular bacteria) are shown for each 50,000 CD4* T cells. @
Is direct infection of bacteria on B cells. b, DC infected with L. monocytogenes and
decorated with HEL were incubated with B cells from MD4 mice. After formation of
conjugates, B cells were re-isolated and it was quantified the survival (at different
times) of intracellular bacteria by gentamicin resistance assays. Data were normalized
to time 0. As control of bacterial fithess Hela cells were infected in parallel. c,
Expression of CD86 on B cells before (left panel; naive B cells) and one day after
transinfection with Listeria-OVA (right panel). In both panels is shown IgM expression
(FL-1 channel) vs expression of CD86 (channel FL-2). d, Proliferation of naive CD8* T
cells from OT-1 mice labeled with CellTrace Violet, after 3 days of contact with tiB cells
that have captured by transinfection Listeria-WT (top panels) or Listeria-OVA (below).
Left panels show CellTrace Violet fluorescence vs CD25 expression (a marker of T cell
activation). e, Specific relative cytotoxicity of CD8* T cells (CTL) activated by tiB cells
transinfected with Listeria-OVA (top line) or splenocytes decorated with OVAp-I
peptide (bottom line). Different ratios of EL-4(target cells):CTL were measured.
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EXAMPLES

Below, the invention will be illustrated by assays performed by the inventors, which

demonstrate the effectiveness of the product of the invention.

The fascinating discovery that T cells can capture bacteria from DCs infected through
a process called transfection (Cruz-Adalia et al., 2014), prompted us to ask whether it
was possible that transinfected T cells (ti) could act as true APCs. This was a risky
question because, if true, it will break a dogma of immunology, the strict separation of
roles between innate and adaptive immunity, and would be a huge advance in the

basic understanding of how the immune system works.

To answer this question, we generated pure populations (by cell sorter) of CD4* T cells
transinfected (hereinafter called cellis "tiCD4* T") with Listeria-OVA (L. monocytogenes
expressing ovalbumin) or Listeria- WT (wild isogenic strain not expressing OVA) by
using dendritic cells from bone marrow (BM-DCs) previously infected with the bacteria.
The ability to present antigens of tiCD4* T cells was tested by incubating them with
naive CD8" T cells isolated from transgenic OT-l mice. These CD8"* T cells recognize a
peptide of ovalbumin (OVAp-I 257-264; SIINFEKL, SEQ ID NO: 1) in the H-2K"
context. The flow cytometric analysis of CD8* T cells stained with "CellTrace ™ Violet"
shows a potent proliferation of CD8* T cells that begins two days after contact with the
tiCD4+* T cells (a movement to the left observed of the "CellTrace ™ Violet"
fluorescence), but only in those CD8* T cells that were in contact with CD4* T cells
transinfected with Listeria-OVA (Fig 1a). This highly proliferative population expresses
high levels of CD8 (CD8 * hieh) (Fig. 1a). However, when CD8* T cells were incubated
with tiCD4* T cells transfected Listeria-WT they do not proliferate (Fig. 1a). According
to these data, the expression of the activation markers CD69 and CD25 was detected
only in CD8* T cells incubated with tiCD4*T cells transinfected with Listeria-OVA but
not when incubated with tiCD4*T cells transinfected with Listeria-WT (Fig. 1 B). tiCD4*
T cells transinfected with Listeria-OVA induced the proiiferation of CD8* T cells in a
more potent way than the induced by BM-DCs loaded with soluble OVA peptide, or
even the proliferation induced by polyclonal activation with CD3/CD28 antibodies, and
it was far more stronger than the produced by BM-DCs infected with Listeria-OVA (Fig.
1c). tiCD4* T cells transinfected with Listeria-OVA on other hand are not able to induce

proliferation of CD8* T cells from wild mice, which do not recognize any OVA antigen
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(Fig. 1d), whereas they induce very potent proliferation of CD8* T cells from OT-| mice

(Fig. 1a, ¢, d), indicating that the observed effects are antigen-specific.

Taken together, these data suggest that tiCD4* T cells are able to cross-present
bacterial antigens to naive CD8* T cells. At this point, we wondered to what extent
tiCD4* T cells could recapitulate different stages of the cross-presentation given in
professional APC: endogenous antigen processing, antigen presentation via MHC-I,
expression of co-stimulatory molecules, and interaction with target T cells through the

formation of canonical immune synapses.

Antigen presentation of tiCD4* T cells could be due to the capture of the MHC/antigen
complexes from the surface of the DCs or by endogenous processing of the tiCD4*
cells themselves. To distinguish between these two options, CD4+ T cells were
transinfected with Listeria-WT or Listeria-OVA from BM-DCs, previously loaded with
the OVA peptide (OVAp/OT-I; cells that recognize CD8* T cells from OT-| mice); later
this tiCD4* T cells (re-purified) were used to stimulate naive CD8* T cells. In this
configuration, antigen capturing from DCs cells would lead to a comparable activation
of CD8* T cells in both experimental conditions. However, it is observed that tiCD4*
cells transinfected with Listeria-OVA, but not with Listerra-WT induce a very strong
activation of CD8* T cells (Fig. 2a). Additional experiments using tiCD4* T cells from
transgenic mice expressing only the haplotype H-2K* (MHC-I), and therefore not able
to stimulate CD8* T cells from mice OT-| or their isogenic tiCD4* T cells that express
H-2KP, capturing both cell types bacteria from DCs expressing H-2K®, confirm that
activation of CD8* T cells is due in its vast majority by antigen processing inside tiCD4*
T cells (Fig. 2b).

A possible contribution to antigen presentation by the BM-DCs (eg contamination) was
totally excluded by incubating CD8* T cells from OT-| mice with CD4* T cells (H-2Kb or

H-2Kk) transinfected with Listeria-OVA from DCs expressing H-2K* only. Exclusively
tiCD4* T cells expressing H-2K? induced proliferation in CD8* T cells (Fig. 2c)
presenting OVA antigens in their MCH-I H-2K* molecules (Figure 2d). Western blot
analysis revealed in turn that CD4* T cells activated and transinfected increase the
expression of Tap1 (Fig. 2e, f), a protein involved in antigen presentation via MHC-I.
Moreover, tiCD4* T cells isolated from Tap1 KO mice showed very reduced capacity as

cross-presenting cells after bacterial capture (Fig. 2g), ie, the proliferation of CD8* T
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cells was greatly reduced when antigen presenting ceils were tiCD4* from mice Tap1

KO compared to that observed when presenting cells were tiCD4* from WT mice.

It was also found that after transinfection, tiCD4* T cells increased the expression of
MHC-| (H-2KP), H-2K® coupled to OVA antigen (of bacterial origin) and ligands of co-
stimulatory molecules, such as CD86 (Fig. 3a-c), which supports a canonical antigen
presentation on MHC-I. Activation of CD8* T cells involved the formation of CD4*/CD8*
cell conjugates Fig. 1c¢), indicative of the formation of the immune synapse (IS), mark
of T cell activation by APCs. The structure of a mature IS is composed of
multimolecular concentric rings called supramolecular activation complexes (SMACs).
Central SMACs (cSMAC) contain the MHC-TCR complex, and the peripheral zone
(PSMAC) forms a ring structure containing adhesion molecules and F-actin (Saito and
Batista, 2010). Immunofluorescence analysis confirms that naive CD8* T cells form
mature IS with tiCD4* T cells transinfected with Listeria-OVA (Fig. 3e). CD4*/CD8* cell
conjugates contain CD3 molecules, part of the TCR complex, recruited in cSMAC, and
show a massive accumulation of actin in the pSMAC; we found no evidence of the
formation of these structures when using tiCD4* T cells transinfected with Listeria-WT
(In the few cell contacts that are detected) (Fig. 3d). Together, these data demonstrate
that tiCD4* T cells are professional APCs and activate CD8* T cells by canonical

Cross-presentation.

Activation of CD8* T cells by tiCD4+ T cells transinfected with Listeria-OVA gives them
cytotoxic capacity because they can eliminate EL-4 target cells expressing OVAp/OT-
(Fig. 3f). Furthermore we investigated whether tiCD4* T cells are able to activate naive
CD8* T cells in vivo. For this purpose naive CD8* T cells were isolated from OT-
1/CD45.1 mice, stained ex vivo with "CellTrace ™ Violet" transferred to a BL6 /
CD45.2 mouse, and tiCD4* T cells were injected to elicit a response. We found that
CD45.1 CD8* T cells isolated from the spleen proliferate in response to tiCD4* T cells
transinfected with Listeria-OVA but not if they were transinfected with Listeria-WT (Fig.
4a). Moreover, we analyzed whether CD4* T cells cross-present antigens in vivo
during physiological activation of the immune system. To do so, the bone marrows of
receptors C57BL/6 mice were transplanted with stem cell progenitors with haplotype
H-2K* (APCs from these mice will not be able to cross-present antigens to CD8* T cells
from OT-I mice). One month later, CD4* T cells from AND mice (H-2K® or H-2Kk) were
transferred in recipient mice together with CD45.1*CD8* T cells from OT-l mice, and

MCC peptide (to favor transinfection (Cruz-Adalia et al., 2014)). The recipient mice
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were also Intravenously infected with Listeria-OVA. Only mice that received CD4* T
cells H-2K" were able to activate OT-I CD8* CD45.1* T cells (Fig. 4b), confirming the

capacity for presenting antigens of CD4* T cells during the course of a bacterial

infection.

To further explore the therapeutic potential of CD8* T cell activation by tiCD4* T cells,
we tested whether tiCD4* T cells could protect against the formation of tumors using a
mice model of aggressive melanoma. B16-OVA melanoma cell line (Borroto et al.,
2014) was Injected subcutaneously in C57BL/6mice. One day later, naive OT-1 CD8* T
cells were transferred in a single injection together with: Group 1: PBS; Group 2:
tiCD4" cells transinfected with Listeria-WT,; and Group 3: tiCD4* cells transinfected with
Listeria-OVA. All mice in the control groups, vehicle treatéd cells or tiCD4* T cells
transinfected with Listeria-WT, developed tumors during the first 11 days after injection
of B16-OVA cells (Fig. 4¢). Treatment with tiCD4* T cells transinfected with Listeria-
OVA prevented tumor formation in 6 out of 9 mice and delayed tumor appearance in
another mice, ie vaccination (single inoculation) with tiCD4* cells working as antigen
presenting cells conferred protection against melanoma in 7 of 9 cases (Fig. 4c).
These results show that the cross-presentation by tiCD4* T cells can be used in vivo to

activate eftector CD8* T cells against tumors.

In conclusion, we show for the first time that cross-presentation of bacterial antigens,
which was thought to be the exclusive task of APCs of the innate immune system, can
be carried out effectively by CD4* T cells, considered as the paradigm of the adaptive

Immune system. We also show evidence that this new way of antigen presentation can
be exploited as a tool for cancer immunotherapy. The antitumor activity of tiCD4* T
cells is remarkable; note that a single injection provides protection against B-16, an
extremely aggressive melanoma, whereas vaccines based on DCs require multiple
iInoculations, and even so they do not achieve such positive effects as model tiCD4*
(Mayordomo et al., 1995).

Moreover, we have also shown that B cells are also capable of capturing bacteria by
transinfection. The process of bacterial capture by B cells from infected DC was
quantitated on reisolating B cells after conjugate formation with infected DC, followed
by classic gentamicin survival assays. This method allows us to analyze a large
number of conjugates. The requirement of cell-cell contact was tested using a physical

barrier (polycarbonate filters) that prevented DC-B cell contacts , and the role of
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antigen recognition by using DC decorated with hen egg lysozyme (HEL) (note that

we use B cells isolated from MD4 transgenic mice, whose B cells have B cell receptors
(BCR) t recognizing HEL). The largest uptake of bacteria by B cells was observed
when physical contact between DC (infected) and B cells was allowed, and the DC
were decorated with HEL (Fig. 5a), which is consistent with a transinfection via
immunological synapse and is also similar to what observed in CD4* T cells (Cruz-
Adalia et al., 2014). When DC-B cell contact is prevented, bacterial capture by B cells
IS very low and similar to what has been observed in direct bacterial infections on B
cells (negative control). We only took into account the experiments where B cell purity
was greater than 97%, and colony forming units (CFUs) from contaminant cells were
excluded from the results. To determine the fate of bacteria captured by B cells, HEL-
decorated DC were infected with L. monocytogenes and conjugated with B cells from
MD4 mice. After the formation of conjugates, B cells were reisolated and CFU
(intracellular bacteria in B cells) were analyzed by gentamicin survival assays, where B
cells were collected at different times. Unexpectedly, B cells killed very quickly (and
efficiently) the bacteria captured (Fig. 5b). In the first hours after the formation of
conjugates, over 90% of the internalized bacteria were destroyed. As control of

bacterial fitness we measured the CFU after infecting HelLa cells (Fig. 5b).

Transinfection of Listeria-OVA induces an increased expression of MHC-1 (H-2KY),
accumulation of H-2K" coupled to OVAp-I| antigen (not shown), and the expression of
the CD86 co-stimulatory receptor in B cells (Fig 5c.); these results are consistent with

a role of antigen cross-presentation by transinfected B cells (tiB).

We generated a tiB cell population from MD4 mice, transinfected with Listeria -OVA or
Listeria-WT. We analyzed the ability to present antigens of tiB cells, incubating them
with naive CD8'T cells isolated from OT-I| transgenic mice. Flow cytometric analysis
showed a strong proliferation of CD8* T cells 3 days after exposure to the tiB cells
(Figure 5d), but only when the tiB had captured Listeria-OVA. CD8* T cells incubated
with tiB that had captured Listeria-WT did not proliferate (Fig. 5d). Expression of
activation marker CD25 was detected in CD8* T cells incubated with tiB transinfected
with Listeria-OVA, but not when used tiB transinfected with Listeria-WT (Fig. 5d). The
tiB cells transinfected with Listeria -OVA induce proliferation of CD8* T cells more
potently than even the bone-marrow derived DCs (BM-DC) loaded with soluble peptide
OVAp-I, infected with Listeria-OVA, or the polyclonal activation of CD8* T cells
themselves with anti CD3/CD28 antibodies. We also analyzed the ability of cytotoxic
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CD8* T cells, and found that this cytotoxic activity was greater when stimulated with tiB
cells transinfected with Listeria-OVA that when stimulated with splenocytes decorated
with OVAp-| peptide (Fig. 5e). Cytotoxic activity was analyzed as the ability to remove
EL-4 lymphoma cells decorated with OVAp-l. These data support the hypothesis that B
cells behave similarly to the CD4* T cells, capturing bacteria by transinfection and
cross-presenting such antigens, inducing a potent activation of CD8* T cells that are

responsible for eliminating tumors expressing the recognized antigens .

Materials and Methods.

Bacteria: Listeria monocytogenes-OVA (pPL2-LLO-OVA), a Listeria strain that

expresses OVA protein, and its WT isogenic strain L. monocytogenes 10403S.

Mice: (1) Wild-type C57BL/6 mice, (2) C57BL/6-Tg (TcraTcrb)425Cbn/J OT-ll mice
expressing a T cell receptor (TCR) specific for OVA peptide 323-339 in the context of
MHC class Il (I-Ab), (3) C57BL/6-Tg(TcraTcrb)1100Mjb/J OT-l1 mice expressing TCR
specific for OVA peptide 257-264 in the context of H-2KP (4) AND-TCR transgenic
mice recognizing moth cytochrome ¢ 88-103 (ANERADLIAYLKQATK) (MCCp) on I-E¥,
expressing H-2K®, H-2K* or both haplotypes. (5) C57BL/6-Tg(IghelMD4)4Ccg/J, (MD4)
transgenic mice with more than 99% of their B cells expressing a B cell Receptor
(BCR) specific for hen egg lysozyme (HEL). Male or female mice aged 8 to 12 weeks
were used for experiments. Mice were kept in the specific-pathogen-free (SPF) unit at
the CNB-CSIC animal facility. Experimental procedures were conducted in accordance

with Spanish and European guideline, and under the FELASA guidelines.

Primary cells:

Dendritic cells (DC) were generated as described in Inaba et al., 1992. Briefly, cells
from the bone marrow (from the tibias and femurs of C57BL/6 mice 8-20 weeks) were
grown in the presence of GM-CSF, at day 10 cells were tested by flow cytometry for
CD11c, IA/IE and Gr1 to ensure that they had differentiated properly. They were
matured with LPS day before use.

Primary CD4* T from OT-ll mice and CD8* T from OT-| mice were obtained from lymph
nodes and spleen by negative magnetic selection, as is described in Cruz-Adalia et al.,
2014,
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Cell lines
The EL-4 lymphoma line was maintained in RPMI 1640 (Fisher Scientific),

supplemented with 10% FCS, 0.1U/ml penicillin, 0.1 mg/mi streptomycin (Lonza) and
0.05 mM 2-mercaptoethanol.
Melanoma B16 OVA line was maintained in RPMI 1640 with 0.4 mg/ml geneticin.

Antibiotics were washed 48h before inoculation.
Antibodies:

Antibodies used were anti-CD69, -CD25, -CD4, -CD8, -CD11¢, -IA/IE, -Gr1 (BD and
Immunostep), biotinylated antibodies against CD45.1, CD3, CD4, CD8, CD28, IgM |
B220, CD19, MHC class Il (I-Ab), CD11b, CD11c DX5, CD25 and CD16/CD32 (BD
and Immunostep), and anti-tubulin FITC-conjugated (Santa Cruz). The monoclonal
antibody 25-D1.16 specific for SIINFEKL/H-2KP (SEQ ID NO: 1/H-2KP) and labeled
with allophycocyanin (APC) was purchased from eBioscience. Anti-TAP-1 (M-18), -
ERK-2 and -lamin B were purchased from Santa Cruz. Secondary antibody duck anti-
mouse and goat anti-hamster conjugated with AlexaFiuor4d88, 647, or 568 were
purchased from Life Technologies; secondary antibodies peroxidase conjugated with

goat anti-mouse IgG and goat anti-rabbit IgG were purchased from Thermo Scientific.

Reagents

The OVAp/OT-1l peptide (OVA 323-339; ISQAVHAAHAEINEAGR, SEQ ID NO: 3)

and OVAp/OT-l (OVA 257-264, SIINFEKL (SEQ ID NO: 1)) were generated at the
Center for Molecular Biology Severo Ochoa (CBMSO-CSIC). Mouse GM-CSF was
from Peprotech. The peptide (MCCp) 88-103 (ANERADLIAYLKQATK; SEQ ID NO: 2)

was purchased from GenScript. LPS (Sigma-Aldrich), microparticles coupled to
streptavidin  (MiltenyiBiotec), streptavidin-PerCP (BD) and Alexa Fluor 568-
Phalloidin(Life Technologies). Poly-L-Lysine (Sigma-Aldrich), CellTrace ™ Violet (Life
Technologies) and 7-AAD Viability staining solution of eBiosciences.

Transinfection of CD4* T cells
CD4* T cells from mice OT-Il were transinfected with Listeria-OVA or Listeria-WT as

described in Cruz-Adalia et al. 2014. Briefly, BM-DC infected and loaded with OVAD

(OT-li) (to increase transinfection) formed conjugates with CD4* T from OT-1l mice. In
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some experiments the BM-DC and CD4* T cells were isolated from AND mice
expressing MHC-| haplotypes: H-2Kk  or H-2K® negative, H-2K¥%, In these
experiments the BM-DC were loaded with MCCp to enhance transinfection. After 3h of
conjugates DC/T it was added gentamicin (100 ug/mi) to the medium to remove
extracellular bacteria. 24h later (in some experiments 48h) the tiCD4* cells purified by

cell sorting (FACS Synergy; iCyt).
Proliferation Assays of CD8* T

The purified population of tiCD4* cells was incubated with naive CD8* T cells isolated
from OT-l mice. These CD8* T cells previously stained with CellTrace ™ Violet to
quantify their proliferation by flow cytometry (FACSAria; BD). In each cell division
fluorescence is lost in the proliferating population, and it was observed as a leftward

shift in the histogram. Only the living cells, which do not capture the dye 7AAD, were

analyzed.

To analyze the proliferation of CD8* T cells in vivo, 5x10° naive CD8 * T cells (from
mice CD45.1* OT-l), stained with CellTrace ™ Violet, were injected intravenously into
recipient mice (CD45.2* C57BL/6). After 24h, the tiCD4* cells were transferred to mice.
Spleens were isolated after three days to analyze the proliferation of CD8* T cells by

flow cytometry.

Fluorescence microscopy:

tiCD4" and naive CD8* T cells were allowed to form conjugates for 1 h, then fixed with
4% paraformaldehyde in PBS. CD8+ T cells were previously stained with CellTrace ™
Violet . Samples were permeabilized with 0.1% Triton ™ X-100 in PBS prior to staining
with the indicated antibodies. F-actin was detected using phalloidin coupled to a
fluorophore. Samples were visualized by confocal microscopy using a Leica TCS SP5

equipped with 63x-lenses and controlled by Leica LAS AF. Images were analyzed
using ImagedJ (NIH Bethesda, MD).

Cytotoxicity assay

CD8* T cells both effector and cytotoxic (CTLs) were prepared from naive CD8* cells
cells (OT-1) activated with tiCD4* transinfected with Listeria-OVA. As positive controls
were used CD8" T cells from OT-1 activated with splenocytes loaded with OVAp.
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EL-4 celis were incubated with 0.5 uM OVAp/OT-| for 1 h (or not, as control). After
PBS washes, EL-4 cells loaded with OVAp were stained with CellTrace ™ Violet (5
uM). On the other hand, EL-4 cells without loading OVAp were stained with CellTrace
™ Violet (0.5 uM). After washing with culture medium both populations were mixed
and incubated with different ratios of CTLs (5:1, 2:1, 1:1, 0.5:1) (EL4/CTLs). After 4h,
samples were analyzed by flow cytometry. To calculate the specific cytotoxicity it was
employed the following formula: 1 - (% of EL-4 Cell Violeths" / % of EL-4 Cell Violet'®¥)
x 100 (Lang et al., 2005). Cytotoxicity is calculated relative subtracting the negative
control (EL-4 cells not incubated with CTLs).

Protection assay against tumors (B16-OVA melanoma)

CD4* T cells transinfected with Listeria-WT (as negative control) or Listeria-OVA were
prepared as described In previous sections. 24h after transinfection, titTCD4* are re-
Isolated cell sorting and resuspended in PBS. naive CD8* T cells from OT-l were
purified by magnetic columns as previously described (Cruz-Adalia et al., 2014) and
resuspended in PBS. 5 x 10° B16-OVA cells were injected subcutaneously into the
right flank of recipient mice (C57BL/6). After that, mice were divided into three groups
and transferred intravenously (iv) in a single injection: Group 1: PBS: Group 2: 5x10°
tiCD4* cells transinfected with Listeria-WT; and Group 3: tiCD4* cells transinfected with
Listeria-OVA. All mice in all groups were also injected, simultaneously to tiCD4* or PBS
vehicle, with 10° CD8* T cells from OT-I (also i.v.). Tumor growth was monitored every
2-3 days using a caliper-dial, and the areas were determined by multiplying the length
and width. The experimental groups were assigned randomly and the experiment was
conducted in a double blind (people who measured the tumors did not know to which
group each mouse belonged). Mice were sacrificed when tumors reached 300 mm?
according to the criteria endpoint as directed by the European Union and FELASA for

experimental animals, and in accordance with the current legislation in Spain.
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CLAIMS
1. Transinfected lymphocyte with a bacterium comprising a tumor antigen wherein the

transinfected lymphocyte comprises the tumor antigen in the major histocompatibility
complex | (MHC-I).

2. Lymphocyte according to claim 1 wherein the lymphocyte is CD4* T cell and/or B

cell

3. Lymphocyte according to any of claims 1 or 2 wherein the bacterium is selected
from the list consisting of. L. monocytogenes, Salmonella enterica, Mycobacterium

bovis, Staphylococcus aureus and Escherichia coll.

4. Lymphocyte according to any of claims 1 to 3 wherein the transinfection is

performed from an antigen presenting cell.

5. Lymphocyte according to claim 4 wherein the antigen presenting cell is a dendritic

cell.

6. Lymphocyte according to any of claims 1 to 5 wherein the lymphocyte is

heterologous or autologous.

7. Lymphocyte according to any of claims 1 to 6 wherein the lymphocyte is from a

human.

8. Cell population comprising the lymphocyte according to any of claims 1to 7.

9. Pharmaceutical composition comprising the lymphocyte according to any of claims 1

to 7 or the cell population according to claim 8.

10. Use of the lymphocyte according to any of claims 1 to 7 or of the cell population

according to claim 8 for the manufacture of a medicament.

11. Use of the lymphocyte according to any of claims 1 to 7 or of the cell population
according to claim 8 for the manufacture of a medicament for the prevention or

treatment of tumor and/or stimulating the immune response against a tumor antigen.
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12. Use according claim 11 wherein the tumor is selected from the list consisting of:
melanoma, lymphoma, chronic lymphocytic leukemia, myeloma, breast, ovary, uterus,
cervix, testis, prostate, colon, colorectal, pancreatic, stomach and gastrointestinal
tumors, gastric cancer, liver tumor, kidney, bladder, mouth cancer, pharynx, larynx,
esophagus, lung, thyroid, glioblastoma, glioma, sarcoma, encephalon, brain,

neuroblastoma and marrow, head and neck blastoma, bone and connective tissue.

13. Kit or device comprising the lymphocyte according to any of claims 1 to 7 or the

cell population according to claim 8.

14. Use of the kit or device according to claim 13 for prevention or treatment of tumor

and/or stimulating the immune response against a tumor antigen.

15. Use according to claim 14 wherein the tumor is selected from the list consisting of:

melanoma, lymphoma, chronic lymphocytic leukemia, myeloma, breast, ovary, uterus,
cervix, testis, prostate, colon, colorectal, pancreatic, stomach and gastrointestinal
tumors, gastric cancer, liver tumor, kidney, bladder, mouth cancer, pharynx, larynx,
esophagus, lung, thyroid, glioblastoma, glioma, sarcoma, encephalon, brain,

neuroblastoma and marrow, head and neck blastoma, bone and connective tissue.

16. In vitro method for transinfecting a lymphocyte comprising the following steps:

a. Isolating an antigen-presenting cell and a lymphocyte from a biological
sample;

b. differentiating the antigen-presenting cell;

c. infecting the antigen presenting cell of step (b) with a bacterium, where the

bacterium comprises a tumor antigen;
d. contacting the antigen-presenting cell infected in step (c) with the lymphocyte
of step (a) at a temperature of 35-38 ° C for 24-72 hours to transinfecting it.

17. Method of claim 16 wherein it further comprises a step (e) for the selection of the

transinfected lymphocyte of step (d).

18. Method of claim 16 or 17 wherein the bacterium is selected from the list consisting
of: L. monocytogenes, Salmonella enterica, Mycobacterium bovis, Staphylococcus

aureus and Escherichia coli.
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19. Method according to any of claims 16 to 18 wherein the antigen presenting cell is a

dendritic cell.

20. Method according to any of claims 16 to 19 wherein the lymphocyte is CD4* T cell

and/or B cell.

21. Method according to any of claims 16 to 20 wherein the lymphocyte is autologous

or heterologous.

22. Method according to any of claims 16 to 21 wherein in step (d) the temperature Is
37° C tor 48 hours.



CA 02995021 2018-02-07

1/20

List-WT

109 10" 102 10° 100 10" 102 10°
cD8 ———— CellTrace Violet =

10° B a % 100-

List-OVA

10° 10" 102 10°
CellTrace Violet =

FIG. 1A



CA 02995021 2018-02-07

2/20

103

.lllllll

57 7 100-

100 10" 102 103
CellTrace Violet ——

100
80

S 60
=

: S
E \
‘ » Q
ot
i -
-
~ . -
-y .
¥ i
[
" My S
DR S
r \\", S s

L]

LO0 o ARRER G T 414 0
YT T m-“w**r-wq'u-wrwwr%*r'nr"'“‘“?““7“ 1) erF

100 10" 102 10° 13° 107 102 103
cD8 — CellTrace Violet =

FIG. 1A (continuation)



List-WT

CD4

CA 02995021 2018-02-07

3/20

100 107

10 10°

FIG. 1A (continuation)

107
CellTrace Violet =

103



CD25

CD69

CA 02995021 2018-02-07

4/20

Day 1 Day 2 Day 3

100

o
-

R0 o e S A AT S At o
P
-

£ O
Q

AT Sy T O AT R N AL AS 7 B A3

% of Max
N @)
- (- (-

bt alal

Ll h e s L] W'meﬁ'wmwmﬂmﬂnw'
.. o . LN 4
. . - R T
.o . . - v w e,
. . . . . . h . e
. T . - ' cse s . -
. . . . - p

10° 10" 102 100 100 10' 102 10° 102 103

100 - 100 -

% of Max
I O »)
>

N
-

parer——r
A

V NS\ 0
0 - lnu*ﬁhmuﬁ!w“rhmmVﬁvaV v = : . i -

10 10" 102 103

CD69

103 100 10" 102 103

FIG. 1B



1IB0A 69D D0 LN 6714

19]OIA 9981 1|90

CA 02995021 2018-02-07

5/20

gl.0s 03 04 0t 0l 0L 201 0L o0l
| !
02 0T
%wo/ OV g ”.Qva
5 —h — —r
s 095 09
> X : >
- 08 .08
L L 001 001
}9|OIA 9081 | |90
- 0L 0L 0L o0l 0L 0L 0L o0} 0L 0L .0} o0l
02 | wo
o . 2 32
ovw, wmm Toqo "Ov o
., .. ﬁ o
09 = 02 oom 09 ©
X | | 976 e L€ ke
- 08 90°5 08 | T - 08 T 08
| [ Yo'R W G0l ”
001 | - 001 ~ + 001 001
SH3d 1 ,.¥ADN  DOQ-W9g VAO-ISI oo-sm _-a<>o 8Zdd + €dO ©

Z AeQ

FIG. 1C



CA 02995021 2018-02-07

6/20

—
0o O
o O

-

% of Max
N
-

N
- -

e 10 - 11 — 1 03
CellTrace Violet =

36
CD38 OT-l 54

. .00_ .‘ 1_.. ..2 03
CellTrace Violet —

FIG. 1D



150 -

100+

50

Cells

CA 02995021 2018-02-07

7/20

Day 2

List-OVA

400 10?

100 102 10°
CellTrace Violet

FIG. 2A

101 10




CA 02995021 2018-02-07

8/20

iDC H-2kDb +
ticD4* T cells (H-2KP =) ticD4* T cells (H-2Kb +)

PARARLAMLARS 3 LIRSS BAMLRE) S RAAPRRDASAPIIPRRARI SIS DS BN Sl Qi 8 NS I I MRS ¥ N ) I F AT 30 67 N D I OISO £ T NN SN P, T g e e B s s LA adasay * AAAS LI N A
- b
-+
p

l
!
& ' ' ‘ :3.' L
2

vl
% 80
i . ' 4
o 3 i ' il
1E 60 | | -;;: ..;;:. i
i » \ , 3
L ] 2

PYTIRY S ALAAAAA A A s ANV AUULULUUUUUVUMULM S UL P ALY SRS A

80

1

t

. i,
. " 4 }
od ; S -
ol e u B Yy
1 2
. ]

]

20 - A PN 5 T

1

4 <
| . §

: - |
® % . 1 O i
y

% of Max

E ) ) ...::éS h |
ot u?mq‘mgmv if‘A.}Y‘a&i'm‘aaw.mi:ilmmhnp»ﬁ»w@mm,mt;;nww o : O

0 10" 106 10° 104 100 10' 106 10°  10°
CellTrace Violet

FIG. 2B

iDC H-2kb -
ticD4* T cells (H-2KP =) tiCcD4* T cells (H-2KP +)

s o - P TITII O . cgene . e ceee agrqen . sgeqme, sages .e egescsssnns cmms ge seeqe cme ga s we 0 . P sges sssmcsmprmegen - . -
‘ : : -~ AETHLR LIRS R VEERR Y RLLLLLR R R LTt e FECELTEY ey, ey LT LT, AEFETERY - an AT, TS NI QRYLETY - et e v R TY TR pe " N N N - a0 r . vy .
.
8 . .

. R ' :

. | 5 ;

0 ' 80 :
" | : N

80 - i 5
. . %

:

60 - | 60 _ 1
. |

40 40 .

‘ £, i
: , X3
2 . 2 : 1 it
. . 1 = 3
i ¢ B

100 101 12 103 104 100 107 10¢ 103 - 104
CellTrace Violet

FIG. 2C



24 h
kD3 naive act |

0 >

FIG. 2E

R

y)

CA 02995021 2018-02-07

9/20

A RS B PARS VAARASA Y VS AP A Y A s | AR L Ak A R

100 -

% of Max

/.

W/

v

MG Y o
:2‘50 1::'-

M
T Y
: i
8 O ﬁ::
:';
R ;

H-2Kb-OVAp

TR AN NS NP AP VAN e cotetabana e Loag Pl hone s LLALY L AAS LU LA WAL VALY ARILVISAS MU AS A WM T ISATAR ARSI ALRFART BAR LAY

FIG. 2D

48 h
kDa naive act

FIG. 2F




CA 02995021 2018-02-07

10/20

WT . Tap1 KO
1001 , | 100- .
| | |
80 l | 807 |
. i 1 J ;
60 - i 60
1 32.5 N } «1 8.45 ,
S 40- 40 -
= : |
B 20': 20':1_
O } d E ! | :
10 10" 102 10® 10t 10 10! 0% 10 10*
CellTrace Violet
Day 4
- WT ~_Tap1 KO
100 100
80 80
60 60 |
78.3 « 42.9
| i !—'_i 1
X 40- ' 40 - |
= | Z‘ |
- 20 - ‘ 20*]
O ; |
- ] ,
10 10 102 10° 10* 10 100 102 10® 10*

CellTrace Violet

FIG. 26



CA 02995021 2018-02-07

11/20

H-2K"

AL ey

............

10

FIG. 3B

H-2KP/OVAp-|

...........

.......

T AR

D e %
.....................................................................................................................................................

10° 10" 10% 10°

FIG. 3C



CA 02995021 2018-02-07

12/20

Listeria-OVA tiCD4~ Listeria-WT tiCD4"

R
HEEY

FIG. 3D FIG. 3E

CTL cytotoxicity

® OVAp-I-Splenocytes
o tiCD4* T cells

I--....__‘i\
~

% specific cytotoxicity

051 11 21 :
ratio (EL-4: CTLs

FIG. 3F



CA 02995021 2018-02-07

13/20

Listeria-WT
|| 40
g ]

10° 10" 10¢ 10° 10°

CellTrace Violet

Listeria-OVA

v i s e e o e e s e L

.
¥
{ :':
i
]

10° 10" 102 10° 10* 10°

CellTrace Violet ——

Cells

FIG. 4A



CA 02995021 2018-02-07

CD4+ T KX cells

14/20

b de ot

P

e i s

B

15
10

b

-

2 . Ak

Cells

4

0° 10
CellTrace Violet

16.9

81
2

3.41
2.6

™3 61

107

VA WA ot

1

.

"3 83|

Ad

VYIRA

PRy

e

- 10% 107

ande.

CDA45.1

— _L“i ﬁ}t.ﬁl

-

CD4

0

v :- . bl :'
R ol "
. . . <
¥ 'ﬁ._ £ v o . .
° SNy NN . .
.\t‘-:;,-.f.':;: L -
LT } ("f . ety . * . -
'3' oo ¥ " T . " . o
¢ e B :
v . " - \, : . s ¢ ¢
' . . ;.
cetbes e Y ¢
X N - .
. "_. A ':. sy T . LT,
. r N Y e, .
R P Wt }.
; ' R “-'.\“ Y» ra N ' o = v
SN T < ‘;r P T R . vy .
- SR L. » ‘_é:ih‘. Yoo U SNa : oy ‘e
. X " - -y A AL G ‘. Y . e
AT » L Y o T Wl TR -
AT W 'm N R TR L I8 XN L R L
. . =8 L : - ¢ L
& ol S SRR SLppi T Al W
R e T R s T A~ o -
. DTN iR “"7 R R TR
0) YOI . woe ) AR . vy
. ¢?‘» S pad T ) )
. wlllh TIPS R
P 8

0.066

iR e

10°

10°

“'ﬁ‘

Ses Py

'f‘:‘“'*i“rﬂvq‘“‘““r

34.4
oegas e

10° 107

FIG. 4B

CD4+ T KB cells

- 800

600

97.5

IO

m\‘imﬂmﬁmuﬂm smsmedhonmnna -»ia-‘-» [TrCrr SXR TRV

0% 10’

107

bl

b

PR P

Mr.*.,.__...,,&il i‘..“t_t?.r" I“?‘ﬁ !ﬁa"‘f‘*“"‘"ﬁf‘““‘!m

0 10 10° 10°




CA 02995021 2018-02-07

15/20

)juejduwi Jown) Jjaye sAep

ol 9t €L LIL 6 L § O 6 9L €L L6 L G O 6F 91 €Ll o6 L 6§
ST BB . §§§ ..... %%éégeé L B L poo e owe - ssmmmcs 0
[BAIAMNGS %49 ~ [BAIMNG %0 e, |[BAIAING 24,0 o
2 " 0” o..o * * L Om m...
@ aw w
. . S O
St @ 004
“ - * N 5 w
hi JEN 0Sh —
. S 3
” ® ._ . 3
S R 002 I¥
» .Me H O@N
O . . S Wﬁg?s..tgttl!g.?:om - % . ssess .. &9 - @ . OOMH
S|I99 L 4800 + 5|90 1 +800 + S||190 1 +800 +

(WAO-ISIT) siieo 1 +¥ann :paisal (LMISIT) SIIP2 L ++aon

1JOU0N

SI199 1 +ADN OU :[0U0D

FIG. 4C



cfu in 50000 B cells

CA 02995021 2018-02-07

16/20




CFU (%)

CA 02995021 2018-02-07

17/20

4.0x10°
100 —

g0\

40-

20-

S J—
0 1 2 3
time

FIG. 5B



CA 02995021 2018-02-07

18/20

9

wih'\

L Lo ey O ) FIIMILITINIEOT M MNEIN -’f-’-'m""N«"(MVMWWWWMVNNWQWH- Mok

AN N

PR

N NIRRT O W 0

e

0 L L Ly L A La

o deiaiis

O NN Y A NN 4

a1

maﬁ

4 .
hokop o Bolig o Builia s Rl Redies Bades s L,

v-1714-dwiod

a1 mmw mmw

[

a1

.mm {

vl -'ggt :‘.-_zg‘. i.-..-.*...“..t....\.
Lot
Wy

mmmm

g1

ot
e

g ni%?“;?ﬁwgrﬂ*

5

V- 14-dwo)

9

L IND

z
.
7

A

WA

i S LT o ' O

W

&. M s oo Moy

fﬁrﬂ_,ggxgwgiv

e,

NI NI BRI TR VI AL WAL A AN NI N L et e S

V- T4~ dwo)

wwﬂ Mm_ l mam

-~

S|192 g SAIBN

I

01

{

ol
1 TRWEN T RIS T TR W

L L RAE

A LA

_ m?m¥ —

U1

L

V- 14~ 4o

F1G. 5C



B+Listeria wt

B+Listeria OVA

CA 02995021 2018-02-07

19/20

CD8+ T cell proliferation (3 days after B/T cell contacs

B N O g T R R R S S e T S SO M O e N RO T MM

v

MAAA AL LB N AR P P I 8

PN, AT A DA NN BB DDA ANA N,

AP M L N AAT RF LR N NN A NN NN

P e
e
.

e

e L AR £ B A A e Bt

“ LN AR

0

ANm

N e e AL S AAAANN N SN AR S LA IS

e

A PR S WO At

O 2 S kN

e R i P

A M AR A G

1S L

i
%
§

U

{.'. SN AN Y A LN LU AR 0 S N Ay ?\'.\m o '.g
* NN
A Ra SN

, 135
P <
e S 3 8 0 0 0 e P s SNBSS oo s s s segees eee sene o '.':. B0 o S EENES 555, e she o N D ._.-: : o's JU-'-:-' PATIEEY T, - g W‘--\' . ." " ) '," P TR .
A BN NN R AN N VNG S A NNy 10 ?{,: *\g p S we Wi o g gy R o 1 R /%-v o
. r v : ¢ ’ ! \é

CellTraceViolet

‘Wb‘f'y‘ww“”"f‘*
M. e N .o i
¥ v"f X "'%- -’w@w ﬁ'; &%g’gz%;v* . )

Eolitn e A e

mogewagind

- -
a . « ‘o -
. .
-:dWWWW'W(\"‘
~ e .

Z

K o o W 4 e e .
".' . 0: ”"-:”. ‘~'. e . '\ -~
T i R ey

. T ' ‘
- - . H - .
! - - "
. 4 "
,
“ . .
A A A e W e e e
. - -
- <

g
4 ' \

.

.y
v

~ "
\\?. *I\’

A
X

-

-

. H * H
: $54 . i - .
':NM":M:‘:'V}“WV_\WM‘.\:*oﬁ'~\:~'.y,‘ih:v,ﬁvl.%hMW.W.'AF.W“\-.‘.-.-.\\: -
-
=
.

1%

’%Q’g 1037 ’ ’ gi
CellTraceViolet

&2

FIG. 5D

107 1o

CellTraceViolet

10° 10t
CellTraceViolet

10°




% specific cytotoxocity

80
60
404

204

CA 02995021 2018-02-07

20/20

Specific citotoxicity of activated CD8+ T cells

Relative cytotoxocity

-#~ CTLS OT1 activated pOVA-spleno
-~ CTLS OT1 activated with B cell

N\ N N

N 7 4
RATIO (EL- 4 : CTLs)

FIG. S5E



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings

