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(57) Abstract: In a first aspect the present invention provides a method for producing an adoptive immune response to a target cell
in a subject, said method including the steps of engineering a CD4+ T cell and engineering a CD8+ T cell to express a molecule
capable of binding to an antigen on the target cell, and administering an effective number of the engineered CD4+ and CD8+ T
cells to the subject. According to this method the CD4+ T cell and the CD8+ T cell are obtained from the subject, engineered, and
re-administered to the subject to produce the adoptive immune response Applicants have found that in adoptive transfer experiments
in vivo, administration of sufficient numbers of antigen engineered CD4+ in combination with engineered CD8+ cells leads to a
significantly enhanced immune response to a target cell. It is demonstrated herein that the injection of CD4+ and CD8+ T cells
engineered to express a molecule capable of binding to a tumor associated antigen led to significant improvement in survival of
subjects having established lung metastases, compared with transfer of unfractionated spleen-derived (largely CD8+) engineered T
cells. Importantly, anti-tumor responses in the subjects correlated with persistence and localization of engineered T cells at the tumor
site and in the blood and spleen. Applicants have further demonstrated herein that subjects treated with engineered CD4+ and CD8+
T cells that survived primary tumor challenge could reject a subsequent rechallenge with the same tumor. The studies disclosed
herein demonstrate the therapeutic advantage in the combined transfer of antigen-specific gene-modified CD4+ and CD8+ T cells
to significantly enhance T cell adoptive strategies for the treatment conditions such as cancer and infectious diseases.
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METHODS AND COMPOSITIONS FOR ADOPTIVE IMMUNOTHERAPY

FIELD OF THE INVENTION
The present invention relates generally to the field of immunotherapy. More
specifically, the invention relates to adoptive immunotherapy whereby immune
cells of a pétient are removed, engineered to trigger an immune response to a
specific target antigen, and then administered to the patient. The invention
provides novel methods and compositions that lead to improved immune

responses to antigens such as those associated with tumors and infective

~agents.

BACKGROUND TO THE INVENTION
The immune system is designed to target a large number of foreign antigens
such as those presented by allergens and pathogéns. Immune responses to
spec‘ific antigens rely on the white bloods cells, and specifically the B cell and T -
cell populations. B cell responses typically result in the production of antibodies .

specific to the antigen while T cells are involved in cell mediated responses.

T cells are subclassified into two broad populations. Helper T celis are
identified by the surface marker CD (Cluster Designation) 4, and are mainly
involved in assisting in antibody production and induction of various immune
responses. Cytotoxic T cells are distinguished by the CD8 marker and play an
important role in recognizing, destroying and eliminatihg tumor cells and virus-
infected cells, but do not produce an antibody specifically reacting with an
antigen. Cytotoxic T cells directly recognize and act on antigens (typically
antigenic peptides) from a target cell which are associated with major
histocompatibility complex (MHC) Class | molecules present on the surface of
the target cell membrane. The T cell receptor (TCR) existing on the surface of
the cytotoxic T cell membrane specifically recognizes the above-mentioned
antigenic peptides and MHC Class | molecules (and determines whether the
antigenic peptide is “self” or “nonself"). Once a target cell is stably bound, and
appropriate signalling takes place in the T cell, the target cell is then specifically
destroyed and eliminated by the cytotoxic T cell.
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Some current immunotherapeutic strategies involve the adoptive transfer to a
patient of cytotoxic T cells engineered in vitro to have the ability to specifically
react with an antigen of interest. While the adoptive immunotherapy has
demonstrated promising results in the clinic particularly in patients with
mélanoma, there are considerable limitations to this method. A major problem
is the lack of persistence of engineered cells at the disease site, in the blood or
in a lymphoid organ, leading to incomplete eradication of the antigen-bearing
cells. Also, very few of the re-infused cells are able to traffic accurately to tumor

rdeposit's. Another problem is that the immune response provided by adoptive

immunotherapy methods of the prior art do not prevent the establishment of a

new tumour or infection upon recurrence of the same tumor or infection.

To déte, the application of adoptive immunotherapy has failed to demonstrate
robust removal of cancerous cells, and is of even more limited use in refractory
cancers such as breast, colon and ovarian carcinomas. Several factors have
been proposed to accqunt for the poor anti-tumor responses noted in the prior
art, including down-regulation of MHC class | or class Il/peptide from the cell
surface (Garrido et al, 1993); and immunosuppressive effects of T

immunoregulatory cells (Steitz et al, 2001; Shimizu et al, 1999). .

It is an aspect of the present invention to alleviate or overcome a problem of the
prior art by providing composition and methods leading to improved immune

responses in adoptive immunotherapy.

The discussion of documents, acfs, materials, devices, articles and the like is
included in this specification solely for the purpose of providing a context for the
present invention. It is not suggested or represented that any or all of these
matters formed part of the prior art base or were common general knowledge in
the field relevant to the present invention as it existed before the priority date of
each claim of this application.

SUMMARY OF THE INVENTION
In a first aspect the present invention provides a method for producing an

adoptive immune response to-a target cell in a subject, said method including
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the steps of engineering a CD4+ T cell and engineering a CD8+ T cell to
express a molecule capable of binding to an antigen on the target cell, and
administering an effective number of the engineered CD4+ and CD8+ T cells to
the subject. According to this method the CD4+ T cell and the CD8+ T cell are
obtained from the subject, engineered, and re-administered to the subject to

produce.the adoptive immune resbonse

Applicants have found that in adoptive transfer experiments in vivo,
administration of sufficient numbers of antigen engineered CD4+ in combination
with engineered CD8+ cells leads to a significantly enhanced immune response
to a target cell. It is demonstrated herein that the injection of CD4+ and CD8+ T
cells engineered to express a molecule capable of binding to a tumor
associated antigen led to significant improvement in survival of subjects having
established Iuhg metastases, compared with transfer of unfractionated spleen-
derived (largely CD8+) engineered T cells. Importantly, anti-tumor responses in
the subjects correlated with persistence and localization of engineered T cells at
the tumor site and in the blood and spleen. Applicants have further
demonstrated herein that subjects treated with engineered CD4+ and CD8+ T
cells that survived primary tumor challenge could reject a subsequent
rechallenge with the same tumor. The studies disclosed herein demonstrate

the therapeutic advantage in the combined transfer of antigen-specific gene-

"modified CD4+ and CD8+ T cells to significantly enhance T cell adoptive

strategies for the treatment conditions such as cancer and infectious diseases.

In a preferred embodiment of the method, the adoptive immune response
involves the interaction of the engineered T cellsl with the target cell wholly m an
in vivo environment. Applicants demonstrate herein for the first time the
adoptive transfer of engineered CD4+ T cells and T CD8+ cells directly into a
subject, the T cells trafficking to the target cell, with all three cells interacting
leading to an adoptive immune response. By contrast, methods deseritged in
the_prior art require_that the engineered T cells and target cell interact in an in
vitro environment before administration into the subject. The methods
described by the prior art are not clinically applicable, and serve only to

demonstrate the basic principle of adoptive cell transfer.
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Furthermore, in generating an improved adoptive immune response Applicants
have shown that increasing the proportion of engineered CD4" T cells could
more effectively eradicate disease.

Preferably, the effective number of engineered CD4+ cells is greater than a
number selected from the group consisting of about 1 x 10°, about 2.5 x 10°
about 5 x 10, about 7.5 x 108, and about 9 x 10°. Where the subject is an adult
human, between about 10% and about 10'? CD4+ cells may be used.

Preferably, the effective number of engineered CD8+ cells is greater than a
number selected from the group consisting of about 1 x 106, about 2.5 x 10°,
about 5 x 108, about 7.5 x 10%, and about 9 x 10°. Where the subject is an adult

human, between about 10% and about 10" CD8+ cells may be used.

In a highly preferred embodiment of the method the effective number of
engineered CD4+ cells is about 5 x 10° and the effective number of engineered
CD8+ cells is about 5 x 10%. Where the subject is an adult human, between
about 10" and 10" each of CD4+ and CD8+ cells may be used.

While the Applicants have identiﬁed effective numbers of CD4+ cells, it was

also considered that the ratio of engineere'd CD4+ to CD8+ cells may be

_important. In a preferred method the ratio of CD4+ cells to CD8+ cells

administered to the subject is greater than about 1:9 and less than about 9:1.
More preferably the ratio is greater than about 1:3 and less than about 3:1. In a
highly preferred embodiment of the method the ratio is about 1:1.

Preferébly the molecule capable of binding to the antigen includes sequences
from TCR-{ and/or CD28 co-stimulatory signalling domains.

The -skilled—person-will understand. that the present_invention..is essentially
generic and will be useful for directing a cell mediated immune response
against a broad range of antigens such as those found in or on tumor cells, or
antigéns found in or on cells infected with a virus (for examplé HIV), a
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-Mycobacterium (e.g. Mycobacterium tuberculosis) or a parasite (e.g.

Plasmodium falciparum). However, in a preferred embodiment of the method
the antigen is an antigen associated with a cancerous cell.

Preferably the engineered cells persist locally at the tumor or infection site in the
subject long term. In one form of the method the engineered cells persist at the

tumour or infection site for at least 100 days.

In a preferred form of the method, the adoptive immune résponse leads to the

complete eradication of the infection or tumor.

While a number of forms of administration of the cells will be acceptable, a
preferred form of the method provides that administration is by systemic
injection. The ability to administer the cells systemically reveals a further
advantage of the present method in that the Applicants have demonstrated the
ability of the cells to travel to and deposit at the site of infection or tumour or
other pathology from a remote location. In contrast to the prior art the
Applicants have demonstrated complete eradication of established tumor at a
distant site following systemic injection of transduced mouse CD8* and CD4" T
cells. In addition, the studies demonstrate long-term persistence and function

of these gene-engineered T cells after tumor rechallenge.

Preferably the adopti\}e immune response is capable of preventing |
establishment of a new tumor or infection. The experiments described herein
demonstrate for the first time in vivo that the provision of engineered antigen-
specific CD4" T cells can significantly improve anti-tumor responses, maintain
persistence of transferred T cells and induce a potent recall response after
tumor rechallenge. This is a -substantial advance over the adoptive

immunotherapy methods of the prior art.

In ancther .aspect_the. ptésent _invention provides a_composition for adoptive
immunotherapy including an engineered CD4+ T cell and an engineered CD8+
T cell. ‘
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In another aspect the present invention provides a composition for adoptive
immunotherapy consisting of an engineered CD4+ T cell and an éngineered
CD8+ T cell. . Applicants have surprisingly found that it is not necessary to
include a target cell in the composition before administration to the subject.
This is of considerable advantage since it is not necessary to remove tissue
containing a target cell from the subject.

In yet a further aspect the present invention provides a method for treating or
preventing a cancer or an infection, said method including administering to a.
animal in need thereof an engineered CD4+ T cell and an engineered CD8+ T

cell wherein the CD4+ T cell and CD8+ T cell are engineered to express a

" molecule capable of binding to an antigen of the cancer or infection. It should

be understood that the method is essentially generic in nature and may be

applied to many forms of cancer or infection.

In yet a further aspect the present invention provides a method for treating. or
preventing a cancer or an infectibn, said method including administering to a

animal in need thereof a composition described herein.

In yet a further aspect the present invention provides a method for treating or
preventing a cancer or an infection, said method including a method for

producing an adoptive immune response described herein.

BRIEF DESCRIPTION OF THE FIGURES
FIG 1 shows expression of the scFv-CD28-{ receptor in transduced CD8" and
CD4" primary mouse T cells. Splenic T cells enriched from BALB/c mice were
depleted into CD4" and CD8" T cells subsets or left as unfractionated T cells
prior to retroviral transduction with the scFv-CD28- receptor. Transduced
unfractionated T cells consisted of 80-85% CD8* T cells and ~10% CD4" T cells
(A) while isolated populations consisted of greater than 90% CD8" (C and G) or

CD4* T-cells (E and-1). . -Chimeric-scFv receptor. expression was_detected.in_

unfractionated transduced T cells (B), CD8" (D) and CD4" (F) T cells by flow
cytometry following staining with an anti-tag mAb and PE-labeled sheep anti-
mouse lg (solid line) or with the PE-labeled secondary alone (dashed line).
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Negligible receptor expression was detected in isolated populations of CD8" (H)
and CD4* (J) T cells transduced with the empty LXSN vector. Similar results
were obtained in ten experiments.

FIG 2 shows antigen-specific cytokine secretion, proliferation and cytotoxicity by
transduced mouse CD8" and CD4" T cells. To evaluate cytokine secretion,
unfractionated T cells (open bars), CD8" T cells (dotted bars) and CD4" T cells
(diagonally striped bars) transduced with the scFv-CD28-( receptor or mock
transduced unfractionated T cells (closed bars), CD8" T cells (cross-hatched
bars) and CD4" T cells (horizontally striped bars) were co-cultured with media
alone or irradiated MDA-MBf435-erbBZ cells or MDA-MB-435 parental cells or
stimulated with plate-bound anti-CD3 and -CD28 mAbs in 12-well plates for 24
hrs. Supernatants were harvested and assessed for IFN-y (A), GM-CSF (B), IL-
4 (C) and IL-2 (D) production by ELISA. Results are expressed as pg/mllof
cytokine secreted + SE for duplicate samples of three representative
experiments. The proliferative capacity of each transduced T cell population

* was evaluated in a 72 hr [PH]-thymidine incorporation assay (E). Transduced

unfractionated T cells (open bars), CD8" T cells (dotted bars) and CD4" T cells
(diagonally striped bars) or mock transduced unfractionated T cells (closed
bars), CD8" T cells (cross-hatched bars) and CD4" T cells (horizontally striped

" bars) were incubated with media alone or stimulated with plate-bound anti-CD3

and -CD28 mAbs or anti-tag mAb for 3 days. Results are expressed as means

‘SE of triplicate samples and are representative of three experiments. Specific

cytolytic function of scFv-CD28-¢ transduced mouse T cells was evaluated in a
6 hr 'Cr release assay. Transduced unfractionated (open triangles) and CcD8*
(open circles) T cells demonstrated greater lysis of MDA-MB-435-erbB2 target
cells than CD4" (closed circles) transduced T cells (F). No lysis of MDA-MB-
435 parental target cells was observed by chimeric recéptor transduced T cells
(G) and mock transduced unfractionated T cells (closed squares), CD8" T cells
(closed -triangles) or CD4™ T cells (open squares) did not lyse either cell line.
The spontaneous lysis.was <10% in_all assays. Results are expressed as %

specific °>'Cr release + SE (%) of triplicate samples representative of at least two

-experiments.
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FIG 3 shows increased transfer of engineered CD4™ T cells enhances tumor-
free survival of mice. (A) Groups of 10 scid mice were injected i.v. with 5x10°
MDA-MB-435-erbB2 cells at day O prior to iv. injection of scFv-CD28-C
transduced T cells at day 5. Mice treated with a 1:1 ratio of CD4" (5x10°) and
CD8" (5x10°) transduced T cells (closed squares) demonstrated 100% survival
compared to 30% survival of mice receiving unfractionated transduced T cells
(open squares) (*p<0.005, Mann-Whitney test). No survival of mice was

observed receiving CD4" transduced T cells alone (closed circles), CD8"

~ transduced T cells alone (open circles), control transduced T cells (open

triangles) or no T cells (closed triangles) (B) Enhanced survival of mice was

due to increased transfer of antigen-specific CD4" T cells. All scid mice bearing

5 day MDA-MB-435-erbB2 tumor that received a 1:1 ratio of CD8" (5 x 10°) and
CD4" (5 x 10°) transduced T cells (closed squares) survived compared with
mice receiving either a 1:1 combination of transduced CD8* T cells (5 x 10°)

and naive CD4* T cells (5 x 10°) (open squares), 1:1 combination of transduced

CD8* (5 x 108) T cells and CD4" T cells (5 x 10°) transduced with an irrelevant

scFv-anti-CEA-y receptor (open triangles) or no T cell treatment (closed
triangles) (*p<0.0001, Mann-Whitney test) (C) To determine the optimal ratio of
transduced CD4* and CD8* T cells required to achieve 100% survival of mice
bearing 5 day established MDA¥MB-435-erbI_32 lung metastases, mice were
treated with transduced CD8" and CD4" T cells at the follbwing ratios; 1:1 (5 x
10° CD8*, 5 x 10° CD4* T cells) (open squares), 9:1 (9 x 10° CD8*, 1 x 10°
Cch4* T:ce'lls) (closed triangles), 3:1 (7.5 x 10° CD8*, 2.5 x 10° CD4" T cells)
(open triangles), 1:3 (2.5 x 10° CD8", 7.5 x 10° CD4" T cells) (closed circles)_'or
1:9 (1 x 10° CD8*, 9 x 10° CD4" T cells (open circles). Control mice were
treated -‘with mock transduced CD4* and CD8" T cells at a 1:1 ratio (closed
squares) (*p<0.05, **p<0.0005, Mann-Whitney test) (D) Increased transfer of
engineered CD4* T cells enhanced survival of mice bearing 10 day MDA—MB-
435-erbB2 tumor. Scid mice received two i.v. injections of transduced CD8"
and CD4" T cells at day 10 (5 x 10° CD8*, 5 x 10° CD4" T cells) and day 12 (2.5
X 10_64~CD_8,+, 25 x_10° CD4* T _Qle,ll_s)~(glo§ed_msguaLeSL,or,unfractionated ,
transduced T cells at day 10 (107) and day 12 (5 x 10°) (open squares). Control
mice received 1:1 transfer of scFv-anti-CEA-y transduced CD8" and CD4" T

cells (closed triangles). All results are calculated as the percentage of each
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- group surviving and are representative of two experiments performed. Arrows

depict days of T-cell transfer.

FIG 4 shows antigen-specifié release of IFN-y by transducéd CD8" T cells is
critical for enhanced survival of mice. Scid mice were injected i.v. with 5 x 10°
MDA-MB-435-erbB2 tumor cells followed by combined transfer of transduced
CD8" (5 x 10%) and CD4* (5 x 10°%) donor T cells at day 5 from BALB/c wildtype
or BALB/c IFN-y " mice. Mice received either 1:1 transfer of scFv-CD28-7

_transducedCD8*IFN-y ¥*:CD4*IFN-y ** T cells (closed squares), CD8*IFN-y *-
:CD4*IFN-y " T cells (closed triangles), CD8"IFN-y +CD4*IFN-y ** T cells
(open circles) or CD8'IFN-y **.CD4*IFN-y 7 (open triangles) T cells. Control |
mice receiveq a 1:1 transfer of wildtype CD8" and CD4" T cells transduced with
the scFv-anti-CEA-y receptor (open squares). Results are calculated as the
percentage of each group surviving and are representative of 2 experiments.
Arrows depict the day of T-cell transfer (*p<0.05, Mann-Whitney test).

FIG 5 shows detection of transduced CD8* and CD4* T cells in vivo. Scid mice
were injected i.v. with MDA-MB-435-erbB2 tumor cells (5 x 10° cells) at day 0
followed by i.v. injection of transduced T cells at day 5. Lungs were harvested
and prepared for immunohistological analysis 16 days after tumor inoculation.
Lung sections from mice that received 1:1 CD4"* (5 x 10°%) and CD8" (5 x 10°)
scFv-CD28- transduced T cells (A, E and |), unfractionated transduced T cells
(107), mouse #1 (B, C and F), mouse #2 (G, J and K), or 1:1 CD4* (5 x 10%)and
CD8* (5 x 10°) scFv-a-CEA-y transduced T cells (D, H and L) were stained by
H&E, with anti-CD4 (green), anti-CD8 (red) and anti-CD11b (blue) mAbs (E-H)
or with anti-tag (red) and anti-CD11b (green) mAbs (I-L). Representative fields
of multiple sections are shown. Magnification, x400. (M) Peripheral blood and
spleens were harvested from mice at day 100 and used for detection of
neomycin phosphotransferase mRNA (~400 bp). Both peripheral blood (lanes 4
and 5) and spleens (lanes 7 and 8) of two representative mice treated with
-scFv-CD28-Ztransduced-CD4*and-CD8" T cells.demonstrated presence-of the -
neomycin phosphotransferase  gene. There was no heomycin
phosphotransferase detected in either the peripheral blood (lane 3) or spleens

(lane 6) of normal scid control mice. As controls, B-actin was detected in all
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peripheral blood (lane 3) and spleen samples (lane 8) tested. No neomycin -
phosphotransferase or B-actin were detected in empty DNA controls (lane 2).

Lane 1 =1 kb Plus markers.

FIG 6 shows long-term surviving mice can induce an antigen-specific secondary

" response to tumor rechallenge. (A) Long-term surviving mice (100 days post

primary MDA-MB-435-erbB2 tumor inoculation) treated with combined transfer
of CD4" and CD8" transduced T cells were able to reject a éecondary i.v.
injection of MDA-MB-435-erbB2 tumor cells (5 x 108 cells) (open squares).
Normal mice did not reject i.v. injection of MDA-MB-435-erbB2 tumor cells (5 x
10%) (closed squares) (*p < 0.0001, Mann-Whitney test). (B) As a further test of
specificity, long-term surviving mice were subcutaneously injected with 5x10* .
mouse mammary carcinoma 4T1.2-erbB2 (closed squares) or 4T1.2-paréntal
cells (open squares) and their growth was statistically compared (*p<0.005,
Mann-Whitney test). As controls, normal scid mice received either 5 X 10*
4T1 .2-erbBZ (closed triangles) or 4T1.2-parental tumor cells (open triangles) (C)
Survival of long-term surviving mice subcutaneously injected with 5x1 0* 4T1.2-
erbB2 (open squéres) or 4T1-parental (open triangles) was compared
(*p<0.005, Mann-Whitney test). As controls, normal scid mice were challenged
with 5 x 10* 4T1.2-erbB2 (closed squares) or 4T1-parental tumor cells (closed
triangles) (D) To test the ability of mice to eradicate a lower dose of 4T1.2-
erbB2 tumor, long-term surviving mice were challenged subcutaneously with
either 5 x 10* cells (open triangles) or 5 x 10 4T1.2-erbB2 tumor cells (open
squares) and survival was statistically compared (*p<0.001, Mann-Whitney
test). As controls the growth of 4T1.2-erbB2 tumor cells in normal SCID mice at
5 x 10* cells (closed triangles) or 5 x 10° cells (closed squares) was performed.
All results are calculated as the percentage of each group surviving or
represented' as the mean size (mm?) £ SEM and are representative of 2

experiments.

FIG 7 shows a schematic representation of the scFv-CD28- receptor. The
construct consists of the extracellular (EC) Vu and Vi regions of the scFv
antibody joined by a flexible linker, a membrane-proximal CD8a hinge region
and the transmembrane (TM) and cytoplasmic (CYT) regions of the CD28
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signaling chain fused to the intracellular domain of T cell receptor { chain. Ac-

myc tag epitope is incorporated into the C-terminus of the V. region for

expression analysis.

FIG 8 shows a flow diagram describing generation of gene-engineered cD8*

and CD4* T cells and their functional characterisation in vitro and in vivo.

DETAILED DESCRIPTION OF THE INVENTION
In a first aspect the present invention provides a method for producing an
adoptive immune response to a target cell in a subject, said method including
the- steps of engineering a CD4+ T cell and engineering a CD8+ T cell to
express a molecule capable of binding to an antigen on the target cell, and
administering an effective number of the engineered CD4+ and CD8+ T cells to
the subject. |

Applicants have surprisingly found that in adoptive transfer experiments in vivo,
administration of sufficient numbers of antigen engineered CD4+ in combination
with engineered CD8+ cells leads to a significantly enhanced immune response
to a target cell. It is demonstrated herein that the injection of CD4+ and CD8+ T
cells engineered to express a molecule capable of binding to a tumor
associated antigen led to significant improvement in survival of subjecfs having
established lung metastases, compared with transfer of unfractionated spleen-
derived (largely CD8+) engineered T cells. Importantly, anti-tumor responses in
the subjects correlated with persistence and localization of engineered T cells at
the tumor site, and in the blood and spleen. Applicants have further
demonstrated herein that subjects treated with engineered CD4+ and CD8+ T
cells‘ that survived primary tumor challenge could reject a subsequent
rechallenge with the same tumor. The studies disclosed herein demonstrate
the therapeutic advantage in the combined transfer of antigen-specific gene-
modified CD4+ and CD8+ T cells to significantly enhance T cell adoptive

_strategies-for-the-treatment_conditions_such as.cancer and infectious diseases.

As used herein, the term “adoptive immune response” is intended to include any

immune response elicited in an animal as a result of introducing or re-
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introducing to the animal a cell of the immune system that has been modified ex

vivo (that is, outside the animal) in any way to enhance participation in an

immune activity in the animal.

In a preferred embodiment of the method, the adoptive immune response
involves the interaction of the engineered T cells with the target cell wholly in an

in vivo environment. Applicants demonstrate herein for the first time the

adoptive transfer of engineered CD4+ T cells and T CD8+ celis directly into a
subject, the T cells trafficking to the target cell, with all three cells interacting
leading to an adoptive immune response. By contrast, methods described in
the prior art require that the engineered T cells and target cell interact in an in
vitro environment before administration into the subject. The methods
described by the prior art are not clinically applicable, and serve only to

demonstrate the basic principle of adoptive cell transfer.

Furthermore, in generating an improved adoptivé immune response Applicants
have shown that increasing the proportion of engineered CD4" T cells could
more effectively eradicate disease. A retroviral transduction system for the
expression of the scFv-CD28-Z receptor was used to create an engineered T
cell reactive against the erbB2 tumour antigen, on the surface of both CD8* and
CD4" splenic mouse T cells. Strikingly, increasing the number of CD4+ cells
above thét normally produced when a splenic preparation of unfractionated T
cells is used led to complete eradication of established tumors in mice, whereas
transfer of mainly CD8" T cells (i.e. with low numbers of CD4+ cells) was

significantly less effective.

Applicants propose a number of possible mechanisms to account for the results
obtained, and it may be that a combination of these mechanisms or indeed
other mechanisms are involved. It should be understood that these proposed
theories do not limit the generality of the invention as described herein. Overall,
it is-postulated that the enginéeredCD4-+ and.»CDS:F.cell&'travel to the tumouror. "
infection site and interact with each other, and the target cell, to provide
enhanced conditions for cytotoxic activity in the local environment of the target

cell.
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It appears that the enhanced efficacy was dependent at least in part on the
antigenic-specificity of the CD4* T cells, and correlated with tumor localization
and Idng-term persistence of both CD8" and CD4" T cells. Importantly, mice
“cured” of primary tumor could subsequently reject a secondary challenge with
erbB2* tumor. This is the first study to (i) definitively demonstrate in vivo a role
for engineered antigen-specific CD4" T cells for enhancing the anti-tumor
response (i) demonstrate long-term persistence of adoptively transferred
engineered T cells and (iii) demonstrate a potent antigen-specific secondary

response by gene-engineered T cells following tumor rechallenge.

More specifically the provision of an effective number of CD4+ and CD8+
antigen-specific T cells may facilitate the T “helper” function. Interestingly,
scFv-transduced CD8" T cells could specifically mediate high levels of
cytotoxicity and IFN-y release in vifro but no IL-2 secretion following anﬁgen

ligation. In contrast, scFv-transduced cDh4* TA cells demonstrated reduced |

. cytotoxicity but high levels of both IFN-y and IL-2 secretion. Applicants were

able to demonstrate in vivo using donor T cells from IFN-y " mice that IFN-y
released by engineered CD4™ T cells could contribute to the ahti-tumor effect in
the absence of IFN-y from CD8" T cells. Nevertheless, given the fact that IL-2
has been previously shown to be important for maintaining CD8" T cell function
in vivo (Theze et al, 2004; Taniguchi and Minami 1993), it remains possible that
the provision of IL-2 ‘help’ from transduced CD4" T cells may also play a role in
the improved anti-tumor efficacy observed following combined transfer of both
engineered CD8" and CD4" T cells.

Accordingly, in a preferred form of the method, the adoptive immune response
involves CD4+ T cell help. The issue of whether the addition of antigen-specific
engineered CD4" T cell help (ie. IL-2 release) may enhance anti-tumor
immunity, long-term persistence and secondary tumor rejection has never been

considered a-relevant-question-for-adoptive-transfer-of T-cells in vivo... A-major.

', problem is that cytokines such as IL-2 are toxic when administered systemically

at clinically effective doses. Applicants’ approach obviates the need to

administer exogenous cytokines to enhance the immune response against a -
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target cell, given the very precise manner in which IL-2 is apparently directed to
the tumour or infection site. Given that the art provides a number of methods
for efficiently transducing both CD8* and CD4" human T cells (Hombach et al,
2001b; Teng et al, 2004; Finney et al, 2004; Hombach et al, 2001a) adoptive
immunotherapy using T cells is now clinically feasible. The studies described
herein demonstrate the importance of engineered CD4* T cell help represents a
significant step for enhancing redirected cytotoxic T cell therapy for the

treatment of cancer and infectious diseases.

Another theofy is that the adoptive immune response provided by using
engineered CD4+ and CD8+ T cells may rely at least to- some extent on the |
release of IFN-y by the CD8+ cells. Accordingiy, in a preferred form of the
method, the adoptive immune response involves the release of IFN-y by the
engineered CD8+ T cells. To demonstrate the importance of antigen-specific
release of IFN-y secreted by either the CD8" cells, Applicants transduced and
adoptively transferred different combinations of CD8* and CD4" donor T cells
from BALB/c wildtype and IFN-y knockout mice. All 5 mice bearing tumor
survived following treatment with 1:1 transfer of IFN-y wildtype CD8" and CD4"
transduced T cells (Fig. 4). This was also found to be the case with mice
treated with 1:1 transfer of CD8*IFN-y ** and CD4*IFN-y * transduced T cells
suggesting that IFN-y produced by engineered CD4" T cells was not critical for
this anti-tumor effect. In contrast, only 50% of mice treated with CD8 IFN-y -
and CD4*IFN-y ** transduced T cells survived indicating that IFN-y secreted by
engineeredfCDSJ' T cells was absolutely essential to achieve 100% survival of
mice (Fig. 4). Nevertheless, IFN-y produced by engineered antigen-specific
CD4" T cells was able to partially compensate given the fact that transfer of
engineered CD8*IFN-y ™ and CD4*IFN-y T cells had no effect. As a further
control, mice treated with IFN-y ** CD4* and CD8" T cells transduced with an

irrelevant receptor were unable to eradicate tumor (Fig. 4).
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Preferably, the effective number of engineered CD4+ cells is greater than a
number selected from the group consisting of about 1 x 10°, about 2.5 x 10°,
about 5 x 10°, about 7.5 x 10, and about 9 x 10°. Where the subject is an adult
human, between about 10® and about 10'? CD4+ cells may be used.

Preferably, the effective number of engineered CD8+ cells is greater than a
number selected from the group consisting of about 1 X 10%, about 2.5 x 105,
about 5 x 108, about 7.5 x 10°, and about 9 x 10°. Where the subject is an adult
human, between about 10® and about 10" CD8+ cells may be used.

In a highly preferred embodiment of the method the effective number of
engineered CD4+ cells is about 5 X 10° and the effective number of engineered
CD8+ cells is about 5 x 10°. Where the subject is an adult human, between
about 10" and 10" each of CD4+ and CD8+ cells may be used.

" It will be appreciated that the number of CD4+ and CD8+ cells administered

may need to be optimized depending on the subject being treated. Once the
skilled person has been availed of the finding provided by the Applicants that an
effective humber of engineered CD4+ cells must be used for the efficient
trafficking of adoptive - immunotherapy in vivo, a process of routine
experimentation could be used tb identify an effective number. For example, an

animal such as a mouse may require less cells than a larger animal such as a

human. Without wishing to place any undue limitation on the present invention,

the skilled person could eXtrapolate the effective number found for a mouse to
estimate the effective number for an adult human. For example, if a 20g mouse

required the administration of 5 x 108 cells, then an adult human weighing 80 kg

may require 5 x 10° x (80000/20) = 2 x 10 cells. In a preferred form of the

method, where the subject is an adult human, between about 10® and about
1012 each of CD4+ and CD8+ cells are used A

While the Applicants have identified effective numbers of CD4+ cells, it was
also considered that the ratio of engineered CD4+ to CD8+.cells may be
important. To determine the optimal ratio of scFv-CD28-¢ transduced CD4" and

“CD8+ T cells required to achieve 100% survival, mice bearing 5 day MDA-MB-



WO 2006/060878 PCT/AU2005/001873

10

15

20

25

30

16
435-erbB2 tumor were treated with different ratios of scFv-CD28-{ transduced
CD8" and CD4* T cells. Interestingly, only a 1:1 ratio of transduced CD8* and
CD4* T cells (5 x 10° of each T cell subset) resulted in 100% survival consistent
with previous experiments (Fig. 3 C). In contrast, the percentage of survivors
decreased significantly when mice received a greater proportion of either CD8*
or CD4" transduced T cells (Fig. 3 C). Accordingly, in a preferred method the
ratio of CD4+ cells to CD8+ cells administered to the subject is greater than
about 1:9 and less than about 9:1. More preferably the ratio is greater than
abdut 1:3 and less than about 3:1. In a highly preferred embodiment of the
method the ratio is about 1:1. As will be appreciated, once the skilled person is
availed of the information that the ratio of engineered CD4+ T cells to
engineered .CD8+ T cells may be important to the efficacy of the method, it
would be routine to investigate the optimal ratio for any species, subspecies, or

individual.

The ability of adoptively transferred engineered CD8* and CD4" T cells to

-control more advanced tumors was also tested. Mice bearing 10 day MDA-MB-

453-erbB2 tumor that received two i.v. injections of CD4" and CD8" transduced
T cells at a 1:1 ratio (7.5 x 10° total cells of each subset) demonstrated a 70%
survival rate (Fig. 3 D). In contrast, only 20% of mice treated with
unfractionated transduced T cells survived (Fig. 3 D). Collectively, these results
demonstrated for the first time in vivo that optimal transfer of engineered
antigen-specific CD4" T cells could significantly improve redirected T cell

therapy for treatment of cancer.

The skilled person will be familiar with a number of sources for T cells useful in
the context of the present invention. Tissues involved in épécific immune -
responses such as the spleen, thymus, lymph node, bone marrow, or the blood
may be used. Alternatively, tumour or infected tissue could be used a:s these
tissues will contain CD4+ and CD8+ cells useful in the context of the present
invention._ For human _.therapy_it is contemplated that-blood.or tumour-is the

more appropriate source.
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Where the source of T cells is the spleen, the ratio of CD4+ cells to CD8+ cells

will typically need to be adjusted to provide an effective number of CD4+ T

- cells. Generally, an unfractionated T cell population derived from the spleen will

consist of 80 to 85% CD8+ cells and about 10 to 15% CD4+ cells. Accordingly,
it may be necessary to increase the level of CD4+ cells compared with CD8+
cells. The skilled person will be familiar with a number of methods suitable for
altering the number of CD4+ cells in a cell population. Methodologies such
fluorescence-activated cell sorting (FACS), magnetic beads coated with CD4+'
specific antibody, antibody “panning”, complement and monoclonal antibody

depletion are contemplated to be useful.

~ Preferably the molecule capable of binding to the antigen includes ‘a receptor for

thé antigen, or a portion of a receptor or a functional equivalent of a receptor.
The receptor could be a protein or a glycoprotein having the reqiuired primary
and/or secondary and/or tertiary structure providing a suitable steric and/or
electrostatically charged surface by which the antigen may bind. The receptor
may be based on a réceptor that is known to bind the antigen in nature (e.g. an

antibody variable region), or alternatively may be designed de novo based on

knowledge of the shape and/or charge of the antigen. Another possibility is that

the receptor is based on a molecule identified by randomly screening a large

number of candidate molecules.

In a preferred form of the invention the cell is engineered to express a chimeric .

receptor molecule incorporating an extracellular single-chain antibody domain
(scFv) and a transmembrane and cytoplasmic signaling domain can specifically

direct anti-tumor immune responses in a MHC-independent manner at targets

" normally capable of evading immune recognition. These targets also often lack

important co-stimulatory ligands for maximal T cell activation. The therapeutic
potential of engineered T cells extends from studies demonstrating specific
antigen binding and target cell lysis in a range of different mouse tumor models
(Haynes_et al,_2001a;_Haynes et_al, 2001b; Kershaw et al, 2004; Darcy et al,_
2000; Hwu et al, 1995) to their successful transfer into patients \ivith minimal
side effects in Phase | clinical trials (Mitsuyasu et al, 2000).
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A number of recent studies have demonstrated that the most potent scFv
receptor for maximal activation of both primary mouse and human T cells was a
chimera incorporating both CD28 co-stimulatory and CD3 { signaling motifs
linked in tandem in the intracellular domain (scFv-CD28-7) (Haynes et al,
2002a; Haynes et al, 2002b; Finney et al, 1998; Hombach et al, 2001b). These
studies demonstrated that T cells engineered with this novel receptor could
more effectively secrete C}')tokine and proliferate after antigen ligation compared
with a chimera containing the ¢ signaling domain alone (scFv-{) (Haynes et al,
2002a; Haynes et al, 2002b). In addition, studies in Applicants’ laboratory have
demonstrated that primary mouse T cells expressing the scFv-CD28- chimera
could more effectively eradicate established subcutaneous and metastatic
disease in several different animal tumor models (Kershaw et al, 2004).
Through mutation studies of the CD28 cytoplasmic signaling domain, the
enhanced effector T cell function provided by the scFv-CD28-{ receptor was
found to be totally dependent on the CD28 co-stimulatory component (Moeller
et al, 2004). Interestingly, the adoptively transferred T cells used in these
experiments consistently comprised mainly CD8" T cells and typically only a
small number of CD4" T cells (~10%).

Preferably the molecule capable of binding to the antigen includes sequences
from TCR-{ and/or CD28 co-stimulatory signalling domains, or functional
equivalentslthereof. Adoptive immunotherapy strategies involving the genetic
modification of autologous T cells with scFv chimeric receptors or TCR genes is
gaining wider acceptancé as a promising treatment for cancer. Indeed, recent
advances in the design of scFv receptors comprising both primary TCR-{ and
CD28 co-stlmulatory S|gnallng domains have demonstrated stnklng results
agalnst early subcutaneous tumor growth and tumor metastases in mlce after

adoptive transfer (Haynes et al, 2002a; Haynes et al; 2002b).

As used herein the term “functional eduivalent” is intended to mean any amino
-acid-sequence-having-the- same -or-similar biological function to-the-TCR-{ and-
CD28 co-stimulatory signalling domains expressly described herein. The skilled
person will understand that various substitutions, insertions, deletions, and

truncations may be made to an amino acid sequence while still retaining at least
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a proportion of the biological activity of the original protein. Furthermore, the
use of amino acids other than natural amino acids may be used in the context of
the present invention. Given the teachings of the instant specification, it will be
possible for the skilled person to manipulate amino acid sequences described
herein and test whether the adoptive immunotherapeutic response is effective.
In some cases, the response will be the same or similar, in other cases the
response will be less efficient, and in other cases the response will be more

efficient.

One embodiment described herein uses scFv-engineered T cells ineorporating
inbuilt ‘co-stimulatory’ activity, that are able to recognize tumor targets in a non-
MHC restricted manner clearly addressing the problems associated with MHC
class | downregulation and lack of expression of critical co-stimulatory ligands
by tumor cells. Despite this, these studies revealed that adoptive transfer of
either scFv-CD28-{ transduced CD8* or CD4* T cells alone had no antr-tumor
effect which was consistent with a Iack of persrstence of these gene—engmeered
at the tumor site. In a very highly preferred form of the invention, the T cell is

transduced with a construct as shown in Fig 7.

Preferably the T cell population is obtained from the subject, however it is
contemplated that cells could be obtained from a twin or other family member,
or from an appropriate tissue-matched unrelated donor. It may also be possible

to use a continuous cell line.

The skilled person will understand that the present invention is essentially
generic and will be useful for directing a cell mediated immune response
against a broad range of antigens such as those found in or on tumor cells, or
antigens found in or on cells infected with a virus (for example HIV), a
Mycobacterium (e.g. Mycobacterium tuberculosis) . or a parasite (e.g.

Plasmodium falciparum). However, in a preferred embodiment of the method

- the-antigen-is an antigen associatedwith “a cancerous call. Preterably the

antigen is mutant oncogene protein or a tumor-associated cell surface protein.
Preferably antigen is selected from the group consisting of Le, EGFR, PMSA, |
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G250, NY-ESO1, CD20, CD19, idiotype lg, p53, ras, CEA, MUC1, GD2, and

" HuD. In a highly preferred form of the method the antigen is Le" or erbB2.

The present method requires that the T cells are engineered to express a
molecule capable of binding to the antigen. As used herein, the term
“engineering” is intended to include any process by which a T cell can be

genetically altered so that a molecule .capable of binding to an antigen of

" interest is produced. The skilled person is familiar with a range of methods

capable of genetically altering mammalian cells, including the use of particle
bombardment, electroporation, and retrovirus vectors. However, an important

issue for application of gene therapy in the clinic. involving retroviral gene

~transfer is the potential risk of insertional oncogenesis. This risk was recently

highlighted when two out of ten SCID-X1 patients transfused with gene-modified
autologous bone marrow derived progenitor and stem cells developed T cell
leukemia (Hacein-Bey-Abina et al, 2003). However, in the case of T-cell
adoptive immunotherapy appréaches there has been no report of T cell
transformation in animal models or in patients (Haynes et al, 2002a; Haynes et
al, 2002b; Mitsuyasu et al 2000; Yee et al, 2002; Rosénberg et al, 1986).
Consistent with this no signs of transformation were observed in the Applicants’
long term surviving mice even after tumor rechallenge despite the fact that
persistence of the gene-modified cells could be ‘detected in both the spleen and
peripheral blood. In any case if a problem were to arise with the transfer of
genetically modified T cells in patients, a suicide gene strategy ihvolving‘ hsv—tk
(Cohen et al, 1999) or the cytoplasmic domain of Fas (Thomis et al, 2001) could
be employed. Alternatively the design of new integration vectors that target
sites of the genome that are considered “safe” could be tested in future trials.

Preferably the engineered cells persist locally at the tumor or infection site in the
subject long term. In one form of the method the engineered cells persist at the
tumour or infection site for at least 100 days. This was demonstrated by the
fact that (a) -T-cells were_found at the tumour site (these_cells.cannot have_been.
endogenous since a scid mouse was used, (b) the T cells were identified by
FACS analysis as having been engineered. The persistent cells were also

functional since it has been shown that subjects remained tumour free for 100
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days (see Fig 6A) One of the striking features of this study was the ability of the
gene engineered CD8" and CD4" T cells to persist long term and specifically
reject a subsequent tumor rechallenge. To the best of the Applicant’'s
knowledge this has never been reported previously for adoptively transferred
gene-engineered T cells and potentialfy represents a significant step for
application of this type of therapy in the clinic for treatment of not only patients
with primary tumors but in cases of tumor relapse where cancer deposits have

metastasized to multiple sites.

In a preferred form of the method, the adoptive immune response leads to the

complete eradication of the infection or tumor.

While a number of forms of administration of the cells will be acceptable, a
preferred form of the method provides that administration is by systemic
injection. The ability to administer the cells systemically reveals a further
advantage of the present method in that the Applicants have demonstrated the
ability of the cells to travel to and deposit at the site of infection or tumour or
other pathology from a remote location. This is an important difference between
the methods described herein and that of Gyobu et al 2004 who described anti-
tumor responsés following combined fransfer of target cells along with
transduced human CD8" and CD4" T cells. Thus, the anti-tumor effects in mice

were only observed by Gyobu et al., following preincubation of effector and

-target cells prior to injection. This is very different to the methods described
~ herein whereby the engineered T cells are administered systemically, with the

cells trafficking to the tumor site. In contrast the Applicants have demonstrated
complete eradication of established tumor at a distant site following systemic
injection of transduced mouse CD8" and CD4" T cells. In addition, the studies
demonstrate long-term persistence and lenction of these gene-engineered T

cells after tumor rechallenge.

Another difference between the work of Gyobu et al and the methods disclosed.
herein is the inability of human IFN-y released by transduced human T cells to
interact with the endogenous host IFN-y receptors. Indeed, this has been

demonstrated in this study using donor T cells from IFN-y " mice a role for [FN-y
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secreted by gene engineered mouse CD8" T cells for anti-tumor rejection.
However this effector arm and possibly important effects from other cytokines
were absent in the study by Gyobu et al.

Preferably the adoptive immune response is capable of preventing
establishment of a new tumor or infection. The experiments described herein
demonstrate for the first time in vivo that the provision of engineere.d antigen-
specific CD4" T cells can significantly imprové anti-tumor responses, maintain
persistence of transferred T cells and induce a potent recall response after
tumor rechallenge. This is a substantial advance over the adoptive

immunotherapy methods of-the prior art.

In another aspect the present invention provides a composition for adoptive
immunotherapy including an engineered CD4+ T cell and an engineered CD8+
T cell.

Preferably, the effective number of engineered CD4+ cells is greater than a
number selected from the group consisting of about 1 x 10°, about 2.5 x 10°,
about 5 x 108, about 7.5 x 10°, and about 9 x 10°. Where the composition is to
be used with an adult human subject, between about 108 and about 102 CD4+

cells may be used.

Preferably, the effective number of engineered CD8+ cells is greatér than a
number selected from the group consisting of about 1 x 10°, about 2.5 x 10°,
about 5 x 10°, about 7.5 x 10°, and about 9 x 10°. Where the composition is to

be used with an adult human subject, between about 102 and about 10'? CD8+

‘cells may be used.

In a highly preferred embodiment of the composition the effective number of

engineered CD4+ cells is about 5 x 10° and the effective number of engineered

©D8+ cells-is-about-5 x-10% Where the -composition- is-for use with-an adult

human subject, about 10"° and 10" each of CD4+ and CD8+ cells may be

used.
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In another aspect the present invention provides a composition for adoptive
immunotherapy consisting of an engiheered CD4+ T cell and an engineered
CD8+ T cell. Preferably, the effective number of engineered CD4+ cells is
greater than a number selected from the group consisting of about 1 x 10°,
about 2.5 x 108, about 5 x 108, about 7.5 x 10°, and about 9 x 10°. Where the
subject is an adult human, between about 10® and about 10" CD4+ cells may
be used. Applicants have surprisingly found that it is not necessary to include a
target cell in the composition before administration to the subject. This is of
considerable advantage since it is not necessary to remove tissue containing a
target cell from the subject. For example, the clinician may know that the
subject has a particular tumour (for example by the appearance of a tumour
associated antigen in the serum), but is not required by the present invention to
remove tumour tissue from the subject. Instead, the clinician could administer

CD4+ and CD8+ cells capable of binding to that specific type of tumour.

Preferably, the effective nu’mber of engineered CD8+ cells is greater than a
number selected from the group: consisting of about 1 x 10°, about 2.5 x 10°,
about 5 x 10°, about 7.5 x 10°, and about 9 x 10°. Where the subject is an adult
human, between about 10° and about 102 CD8+ cells may be used. |

In a highly preferred embodiment of the method the effective number of
engineered CD4+ cells is about 5 X 10° and the effective number of engineered
CD8+ cells is about 5 x 10%. Where the subject is an adult human, between
about 10" and 10" each of CD4+ and CD8+ cells may be used.

In yet a further aspect the present invention provides a method for treating or
preventing a cancer or an infection, said method including administering to a
animal in need thereof an engineered CD4+ T cell and an engineered CD8+ T
cell wherein the CD4+ T cell and CD8+ T cell are engineered to express a
molecule capable of binding to an antigen of the cancer or infection. It should

be -understood- that -the- method. is-essentially. generic_in nature and_may be
applied to many forms of cancer or infection. The skilled person will understand
that to attack a particular target cell, it would be necessary to first identify an
antigen that is essentially unique to that cell, and typically not found on the cells
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of healthy tissue, or at least not found in any appreciable amounts. Once the

antigen is identified, a molecule capable of binding to the antigen is identified.
The CD4+ and CD8+ cells are then genetically altered to express the molecule
capable of binding to the antigen, possibly with other co-stimulatory factors as
described herein. By routine experimentation, the skilled person could then
identify optimal means for administering the cells to the subject. However, a
particular advantage of the method is that the engineered cells persist for
extended periods at the infection or tumour site. Accordingly, the method is
preferably used in respect of particularly refractory cancers such as breast
cancer, colon cancer, or ovarian cancer. However, this does not limit the broad
applicability of the method to treat any other cancer. Indeed, some tumor-
associated antigens (such as Le’) are found in a range of different cancers, and
accordingly ‘the present invention could be used to treat two or more cancer
types in the same or different patients. The cancer may be present as a

primary tumour or a metastasis from a primary tumour.

In yet a further aspect the present invention provides a method for treating of
preventing a cancer or an infection, said method including administering to a

animal in need thereof a composition described herein.

In yet a further aspect the present invention provides a method for treating or
preventing a cancer or an infection, said method including a method for
producing an adoptive immune response described herein, or a composition as
described herein. The method may be used in respect of any cancer, however
cancers including cells displaying the marker erbB2 are preferably involved. In
one embodiment of the method, the treatment or prevention is for relapse of a

cancer.

The methods of treatment or prevention may be used in combination with
means for lowering the immunocompetence of the subject. Preferably the ‘
means. -is _ a_. non-myeloablative, _for _example by administration _of.
cyclophosphamide. In this étudy scid mice were used for T cell transfer
experiments due to the immunogenic nature 6f the human erbB2 target antigen.

It would be expected that gene-engineered T cells can persist and induce
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potent recall responses in an immunocompetent host, such as a patient. The
experiments described here using the scid system are relevant and could be
mimicked in patients by a non-myeloablative regimen involving
cyclophosphamide administration. Such regimens are currently being used in
patients receiving melanoma-specific T cells which may enhance the
therapeutic effect by dampening the immunosuppressive effect of T regulatory
cells (Dudley et al, 2002).

Also provided by the present invention is the use of a composition as described
herein in the manufacture of a medicament for the treatment or prevention of a
cancer.. In one form of the invention, the cancer includes a cell displaying the
marker erbB2.

A further aspect of the present invention provides a method of delivering an
engineered CD4+ T cell and an engineered CD8+ T cell to a target cell in a
subject, said method including the steps of administering the engineered CD4+
T cell and the engineered CD8+ T cell to the subject at a_site remote from the
target cell, allowing the engineered CD4+ T cell and the engineered CD8+ T cell
to traffic to the target cell, and allowing the engineered CD4+ T cell, engineered
CD8+ T cell and the target cell interact to provide an immune response against
the target cell.

In another aspect the present invention provides a method of producing a cell
population for adoptive immunotherapy against an antigen, said method
including the steps of providing a population of CD4+ and CD8+ T cells from an
immune tissue from a subject, increasing the number of CD4+ cells, or
increasing the ratio of CD4+ T cells to CD8+ T cells in the population, and
engineering the CD4+ and CD8+ T cells to express a molecule capable of

binding to the antigen.

As will be understood by the skilled person, the steps of increasing the ratio and
the engineering make take place in any order. However, preferably the step of
increasing the number precedes that of engineering the cells.
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Preferably the immune tissue is selected from the group consisting of the
spleen, thymus, lymph node, bone marrow, or the blood may be used.
Alternatively, tumour or infected tissue could be used as these tissues will
contain CD4+ and CD8+ cells useful in the context of the present invention. For
human therapy it is contemplated that blood or tumour is the more appropriate

source.

Preferably, the effective number of engineered CD4+ cells is greater than a
number selected from the group consisting of about 1 x 10°, about 2.5 x 10°,
about 5 x 10°, about 7.5 x 10°, and about 9 x 10°. Where the subject is an adult
human, between about 108 and about 10" CD4+ cells may be used.

* Preferably, the effective number of engineered CD8+ cells is greater than a

number selected from the group consisting of about 1 x 10°, about 2.5 x 105,
about 5 x 10%, about 7.5 x 10°, and about 9 x 10%. Where the subject is an adult
human, between about 108 and about 10" CD8+ cells may be used.

In a highly preferred embodiment of the method the effective number of
engineered CD4+ cells is about 5 x 10° and the effective number of engineered
CD8+ cells is about 5 x 10°. Where the subject is an adult human, between
about 10'° and 10" each of CD4+ and CD8+ cells may be used.

The present invention will now be more fully'described in the following no‘n-
limiting Examples.

‘ EXAMPLES
EXAMPLE 1: Materials and Methods
The following materials and methods were implementéd for experiments

described in Examples 2 to 6.

Cell Culture. .. MC38_mouse_B6 colon adenocarcinoma _cells, the erbB2-

expressing MC38-erbB2 cells, MDA-MB-435 human mammary carcinoma cells,

~the erbB2-expressing MDA-MB-435 cells, 4T1.2 mouse mammary carcinoma

cells and the erbB2-expressing 4T1.2-erbB2 cells were cultured in DMEM
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supplemented with 10% (v/v) FCS, 2 mM glutamine, 100 U/ml penicillin and 100

pg/ml streptomycin (Life Technologies, Grand Island, NY). These tumor cell
lines were CD80™ and CD86". The ecotrophic GP+E86 retroviral packaging cells
and the amphotrophic PA317 packaging cells were cultured in supplemented
DMEM. Retrovirus-producing GP+EB86 cells were cultured in DMEM containing
0.5 mg/ml G418 (Life Technologies). Retrovirally transduced splenic T cells
were cultured in DMEM with 100 U/ml of human rlL-2 (kindly provided by
Chiron, Emeryville, CA).

Mice. BALB/c and BALB/c scid/scid (scid) mice were purchased from The
Walter and Eliza Hall Institute of Medical Research, Melbourne, Australia.
BALB/c IFN-y -deficient ~(BALB/c IFN-Y"‘) mice were bred at the Peter
MacCallum Cancer Centre, Melbourne. Mice of 6 to 12 weeks of age were used
in experiments that were performed in accordance with animal experimental

ethics committee guidelines.

Generation of scFv-receptor transduced CD8* and CD4* mouse T cells. A
chimeric gene construct composed of the scFv-anti-erbB2 monoclonal antibody
(mAb), a membrane proximal hinge region of human CD8, and the
transmembrané and cytoplasmic regions of the mouse CD28 signaling chain
fused to the cytoplasmic region of human TCR-{ (scFv-anti-erbB2-CD28-{) was
cloned into the retroviral vector pLXSN as previously described (Haynes et al,
2002b). A stable GP+E86 ecotrophic packaging cell line expressing' the scFv-
anti-erbB2-CD28- receptor was isolated as previously described (Haynes et al,
2002b). Transduction of mouse splenic T lymphocytes was performed using

GP+E86 clones producing ~10” cfu/ml. Briefly, mouse BALB/c donor spleen

- cells were depleted of red blood cells (RBCs) by hypotonic lysis with NH,Cl and

passed through a nylon wool syringe for enrichment, as described previously
(Darcy et al, 2000; Haynes et al, 2001). To generate transduced CD8* and
CD4* T cells each T cell subset was initially isolated by labelling with anti-CD4
or anti-CD8- magnetic-beads- (Miltenyi -Biotec) and -passed-through a-MACS-
dep'letion column. The efficiency of isolating separate T cell subsets was
verified by flow cytometry. Enriched CD8*, CD4* or unfractionated T cell
cultures (107 cells) were immediately co-cultured with retrqvirus-prdducing
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packaging cells (5 X 10°) for 72 h in DMEM supplemented with with 4 ug/ml
polybrene, 5 ug/ml PHA (Sigma, St Louis, MO) and 100 U/ml rlL-2. Following

" co-culture, T cells were analysed for transduction efficiency by flow cytometry.

Flow Cytometry. Expression of the a-erbB2-CD28-C chimeric receptor on the
surface of CD8*, CD4" or unfractionated transduced mouse T cells was
determined by indirect immunofluorescence with a c-myc tag Ab, followed by
staining with a PE-labeled anti-mouse Ig mAb (BD Biosciences, San Jose, CA).
Background fluorescence was assessed using the PE-labeled anti-mouse Ig
mAb alone. Cell surface phenotyping of transduced cells was determined by
direct staining with FITC-labeled anti-CD4 (RM4-5; PharMingen) and PE-
labeled anti-CD8 (53-6.7; PharMingen) mAbs, as previously described. The
unfractionated T cell population consisted of 80-85% CD8" and 10-15% CD4" T
cells as previously demonstrated (Haynes et al, 2002a; Haynes et al, 2002b;
Darcy et al 2000; Haynes et al, 2001).

Antigen-specific cytotokic;ty, cytokine secretion and proliferation by transduced
T cells. The ability of transduced T cells to specifically mediate target cell lysis
was assessed in a 6 h chromium release assay, as described previously (Darcy
et al 1998). The capacity of transduced T cells to produce cytokihe after erbB2
antigen ligation was determined by enzyme-linked immunosorbent assay
(ELISA) (PharMingen). Mouse cDs*, CD4" or unfractionated T cells (106)
transduced with the scFv-a-erbB2-CD28-Z receptor or mock CD8" and CD4" T
cells transduced with an empty LXSN vector were co-cultured with 10° erbB2*
MC-38-erbB2, MDA-MB-435-erbB2 or 4T1.2-erbB2 tumor cells or erbB2" MC-
38, MDA-MB-435 or 4T1.2 parental tumor cells in 12-well plates for 20 h. No
exogenous IL-2 was added. Supernatants were harvested and IFN-y, IL-2, GM-
CSF, and IL-4 production by transduced T cells was determined by ELISA.
Cytokine released through stimulation of endogenous CD3 and CD28 receptors
was assessed for each T-effector cell population using plate-bound CD3 (1

- ug/mL)-(145.2C11;.. PharMingen). and . CD28 (1ug/mL) <(37._51,;__,APhgrl\/_ling§n)_

mAbs. The proliferative capacity of transduced T cells was assessed in a [*H]-
thymidine incorporation assay. Engineered mouse T cells (1 0° cells/ml) were
cultured in 96-well U bottom plates and stimulated with plate bound anti-tag
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mAb or CD3 plus CD28 control mAb (1 pg/ml) for 3 days. The cultures were
then pulsed with 0.5 uCilwell (0.0185 MBq) of [*H]-thymidine (Amersham,
Aylesbury, United Kingdom) for the final 16 h of the culture period and the
incorporation of radioactivity was measured in a TRI-CARB 2100TR Liquid
Scintillation Counter (Packard, Meriden, CT).

Immunohistochemistry. Hematoxylin/Eosin staining and immunohistochemistry
were performed on frozen sections. Antibodies used were FITC-anti-mouse
CD4, biotin-anti-mouse CD8b.2, APC-anti-mouse CD11b, FITC-anti-mouse
CD11b (all from Becton Dickenson), biotin-anti-myc tag (Abcam), isotype

controls and a streptavidin Alexa® 594 secondary (Molecular Probes).

Polymerase chain reaction (PCR). The detection of gene-engineered T cells
following adoptive transfer in mice was assessed by PCR amplification of the
neomycin phosphotransferase gene. Mice bearing 5-day MDA-MB-435 tumor
were injected with scFv-CD28- transduced CD8" and CD4" T cells and were
eye bled or spleens removed at various time points. Red blood cells were lysed
using ACK lysis buffer (RT for 5 min.), washed, and cells resuspended at 5x10°
cells/200ul.  Genomic DNA from peripheral blood or splenqcytes was
subsequently purified for PCR using QlAamp® DNA Blood MiniKit as per
manufacturer’s instructions (QIAGEN, Clifton Hill, Australia). Neomycin sense
primer was 5’-TGGCTGCTATTGGGCGAAGT—3’; antisense was 5'-
TATCACGGGTAGCCAACGCT-3’, mouse p-actin sense primer was 5-
AGGCGGTGCTGTCCTTGTAT-3; antisense was 5’-‘
GGAAGGAAGGCTGGAAGAGT-3. The forward and reverse primers for both
neomycin and f-actin genes were designed to amplify | fragments of
approximately 400 bp using Platinum Pfx DNA polymerase (Invitrogen Life
Sciences, Carlsbad, CA, USA). Conditions for PCR amplification of neomycin
and B-actin DNA were 30 cycles, consisting of denaturation at 95°C for 30 s,
annealing at 58°C for 30 s, and extension at 68°C for 1.5 min.. Amplified
products were quantitated using 1°Kb Plus Tnarkers (Invitrogen LifeSciences,
Carlsbad, CA, USA) on a 1% w/v agarose gel and visualized with ethidium

bromide fluorescence.
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Adoptive Transfer Model. The anti-tumor activity of transduced T cells was
assessed against the MDA-MB-435-erbB2 tumor cell line as previously
described (Haynes et al, 2002b). Briefly, scid mice were injected i.v. with 5 x
10° human MDA-MB-435-erbB2 breast carcinoma cells to establish pulmonary
metastases. Unfractionated scFv-CD28- transduced T cells (107), transduced
CD8* or CD4* T cells alone (107), or a 1:1 combination of transduced CD8" and
CD4" T cells (5 x 10° of each) from BALB/c donor mice were injected i.v. into
groups of 5-10 mice at days 5 or 10 after tumor inoculation. For experiments
evaluating minimum number of engineered CD4 required to achieve total tumor
regression, mice received different ratios of transduced CD8" and CD4* T Qells.
The adoptive transfer of T cells transduced with an irrelevant scFv receptor
(scFv-a-CEA-y) or mock transduced with an empty vector pLXSN served as
controls. In addition, adoptive transfer of scFv-transduced CD8" and CD4" T
lymphocytes (5 x 10° of each, day 5) from either BALB/c-wildtype or BALB/c
IFN-y ”- donor mice were used to evaluate the role of [FN-y released by either T
cell subsetin the anti-tumor effect. All mice were monitored daily for tumor
growth, indicated by respiratory distress and loss of body condition. Tumor
growth was assessed as follows; (Haynes et al, 2002a) in survival experiments,
mice that were morbid were sacrificed and the day of death and lung weights
recorded (Haynes et al, 2002b) or mice were sacrificed at days 6, 12 or 16 and
harvested lungs were fixed in 10% formalin, embedded, sectioned and stained
with H & E for histological examination or frozen sections of lungs were made
for immunohistochemical analysis. "

“Tumor rechallenge experiments. Mice long term surviving the primary MDA-

MB-435 tumor (>100 days) were rechallenged with an i.v. injection of 5 x 10° .
human MDA-MB-435-erbB2 tumor cells and survival monitored over 100 days.
Injection of 5 x 10° MDA-MB-435-erbB2 tumor cells into normal scid ‘mice
served as a control. In another set of experiments mice were rechallenged with
a subcutaneous injection of the mouse mammary carcinoma 4T1.2-erbB2 cells
or 4T1:2-parentalcells at-5 x 10* (high-dose) or 5x 10° (low-dose):- Survival-of
mice was monitored daily and defined as the period with no overt signs of
distress (lethargy, labored breathing, ruffled or huddled appearance), as
assessed by two independent observers. Subcutaneous tumor growth was



10

15

20

25

30

WO 2006/060878 PCT/AU2005/001873

31
measured by a caliper square along the perpendicular axes of the tumors. Data

were recorded as either percentage survival or the mean tumor size (mm?,
product of the two perpendicular diameters) £ SEM. Injection of 4T1.2-erbB2
cells and 4T1.2 parental tumor cells into normal scid mice at high and low dose
were included as controls in these experiments. |

EXAMPLE 2: Expression of the scFv-CD28- receptor in transduced CD8*
and CD4" primary mouse T cells. '

Consistent with Applicants’ studies, data disclosed herein demonstrates that
retroviral transduction of unfractionated PHA/IL-2 stimulated splenic T cells
consistently resulted in a high proportion of CDS*'T cells (80-85%) but low
numbers of CD4" T cells (10-15%) (Fig. 1 A and B) (Haynes et al, 2002a;
Haynes et al, 2002b). To determine whether expression of the chimeric anti-
erbBZ-‘CD28-.Z receptor could be achieved in a greater percentage of CD4™ T
cells, CD8" and CD4" T cells were isolated by magnetic bead depletion prior to
transduction. Using this approach, it was possible to achieve good levels of
expression of the chimeric anti-erbB2-CD28-{ receptor in CD8" and CD4* T
cells after staining with a c-myc anti-tag antibody (Fig. 1 D and F) compared to
mock transduced CD8" or CD4" T cells (Fig. 1 H and J). Importantly, the T cell
populations consisted of greater than 95% CD8" or CD4" T cells following
transduction (Fig. 1 C,E,G and I). There was negligible expression of the
chimeric receptor in either the CD8" or CD4" populations (data not shown).

EXAMPLE 3: Transduced CD8" and CD4" mouse T cells mediate antigen-
specific cytokine secretion, proliferation and tumor cell lysis.

The functional capacity of either unfractionated, CD4" or CD8" transduced T
cells was compared in a number of different in vitro assays. Applicants have
previously shown the ability of scFv-CD28-{ unfractionated engineered T cells
to secrete Tc1 cytokines (IFN-y and GM-CSF) upon antigen stimulation with
erbB2* target cells (Haynes et al, 2002b; Kershaw et al, 2004). Thus, it was of
interest to determine the cytokine-secretion-pattern-of-isolated CD8-and CD4"-
T cell populations transduced with the scFv—CD28-§ receptor. Following co-
culture with MDA-MB-435-erbB2 tumor cells, transduced CD8" T cells produced
high levels of Tc1 cytokines IFN-y and GM-CSF (Fig. 2 A and B). However,
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transduced CD4" T cells produced high levels of both Tc1 (IFN-y, GM-CSF, IL-
2) (Fig. 2 A, B and D) and Tc2 (IL-4) (Fig. 2 C) cytokines. Consistent with
previous studies, unfractionated transduced T cells produced high levels of IFN-
y and GM-CSF but no IL-4 or IL-2 cytokines (Fig. 2 A-D). The secretion of
cytokines by scFv-CD28- transduced CD8* and CD4* was antigen-specific
since transduced T cells co-cultured with erbB2™ MDA-MB-435 parental tumor
cells demonstrated no significant cytokine secretion. In addition, mock
transduced CD8" and CD4" co-cultured with either cell line secreted no
measurable cytokine. Comparative results were also demonstrated against the
mouse colon adenocarcinoma cell line MC38-erbB2 or mouse mammary
carcinoma cell line 4T1.2-erbB2 (data not-shown). The proliferative capacity of
the various T cell populations transduced with the scFv-CD28-( receptor were
next examined by measuring [°H]-thymidine incorporation following stimulation
with plate bound anti-tag antibody. Interestingly, there was no significant
difference in the level of proliferation observed by transduced CD4", CD8" or
unfractionated T cells following receptor ligation and proliferation by all
transduced T cell populations was comparable to stimulétion through the
endogenous T cell and CD28 receptors (Fig. 2 E). No proliferation was
observed by mock transduced CD4", CD8" or unfractionated T cells following
stimulation with anti-tag mAb (Fig. 2 E). Lastly, the ability of unfractionated,
CD4* and CD8" T cells engineered with the scFv-CD28- receptor to mediate
specific lysis of MDA-MB-435-erbB2 target cells in a 6 hr °'Cr release assay
was compared. Interestingly, transduced unfractionated and CD8" T cells
mediated greater cytolytic activity of MDA-MB-435-erbB2 target cells compared
with transduced CD4" T cells (Fig. 2 F). No lysis of erbB2" MDA-MB-435
parental tumor cells was observed by any of the scFv-CD28- engineered T cell
populations and mock transduced CD8* and CD4" T cells could not lyse either
cell line (Fig. 2 G). Taken together, these data demonstrated that both CcD8”
and CD4" isolated T cells could be effectively transduced with the scFv-CD28-g

receptor and mediate antigen-specific cytokine release, proliferation and

-cytolytic-activity.

EXAMPLE 4: Increased transfer of engineered CD4"™ T cells enhances

tumor free survival of mice.
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The adoptive transfer of unfractionated scFv-a-erbB2-CD28-( engineered T
cells containing ~10% transduced CD4" T cells into scid mice bearing 5 day
MDA-MB-435-erbB2 lung metastases has previously demonstrated between
20-50% long-term survival of mice (Haynes et al, 2002b). To test whether
increasing the proportion of gene-modified CD4" T cells could enhance the anti-
tumor response in this model, survival of mice treated with unfractionated scFv-
CD28-Z transduced T cells (107) or the same total number of CD8* and CD4™ T
cells (5 x 10° cells of each) were compared. Strikingly, 100% of mice bearing 5
day MDA-MB-435-erbB2 lung metastases that received a 1:1 ratio of scFv-
CD28-Z -engineered CD8" and CD4" T cells survived compared to 30% survival
of mice treated with unfractionated transduced T cells (p< 0.005) (Fig. 3 A).
The enhanced anti-tumor response was entirely dependent on the transfer of
appropriately targeted CD4" T cells, since mice treated with a 1:1 combination
of transduced CD8™ T cells and naive CD4" T cells or transduced CD8" T cells
and CD4" T cells engineered with an irrelevant scFv-a-CEA-y receptor did not
survive beyond 20 days (Fig. 3 B). Interestingly, no anti-tumor effect was
observed in mice that received either transduced CD4* or CD8* T cells alone
indicating a requirement for co-operation of the two types of T cell (Fig. 3 A). In
addition, mice receiving a 1:1 ratio ‘of transduced CD8" and CD4" T cells of
irrelevant specificity or no T cells did not survive (Fig. 3 A).

EXAMPLE 5: Detection of transduced CD8" and CD4" T cells in vivo.

Given the striking response of adoptively transferred engineered CD8" and
CD4* T cells against established lung metastases Applicants investigated
whether transduced T cells could be detected at the tumor site. Hematoxylin
and Eotaxin (H & E) staining of mouse lung sections 16 days after tumor
inoculation demonstrated significant reduction in lung tumor burden in mice
treated with 1:1 transfer of scFv-a-erbB2-CD28-{ engineered CD8" and CD4" T
cells compared to control T cells (Fig. 5 A and D). In contrast, the number of
mice responding after transfer of transduced unfractionated T cells was

“significantly reducedas demonstrated by two representative H&E lung sections

-at day 16 (Fig. 5 B and C). Confocal microscopy folloyving

immunohistochemical stainihg demonstrated presence of both CD8" and CD4*

T cells in day 16 lung sections of mice treated with 1:1 transfer of transduced
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CD8* and CD4* T cells (Fig. 5 E). The detection of O-tag staining in lung
sections of treated mice suggested that these T cells were expressing the
chimeric scFv-CD28- receptor (Fig. 5 I). As demonstrated previously (Kershaw
et al, 2004), only CD8" T cells and O-tag positive staining were detected in
lungs’ of mice that responded to treatment with unfractionated T cells (Fig. 5 F
and J). No staining was observed in mice that did not respond to treatment with
unfractionated T cell transfer (Fig. 5 G and K). In addition, no detection of
control CD8* and CD4" T cells was observed in lung sections from mice (Fig. 5
H and L). Interestingly, neither transduced CD8" or CD4" T cells injected alone
were detected in d16 lung sections which was consistent with no anti-tumor
effect observed in these mice (data not shown). As controls, both CD8"* and
CD4* T cells were detected in spleens of BALB/c mice uéing the same
immunohistochemical staining procedure, but not in lungs from normal scid

mice (data not shown).

To further evaluate persistence of transduced T cells in long term surviving mice
PCR amplification of the neomycin gene was performed. The presence of a
~400 bp fragment corresponding to the neomycin gene in both peripheral blood
and spleens of mice surviving tumor for >100 days after treatment with
transduced CD8* and CD4* T cells indicated that these T cells could persist
long term even after tumor eradication (Fig. 5 M). The neomycin gene was not
detected in peripheral blood and spleens of normal BALB/c or scid mice (Fig. 5
M). The persistence of these T cells was further supported by flow cytometry
which demonstrated the presence of both CD8" and CD4™ T cells in peripheral
blood of long- term surviving mice (data not shown). Overall, this data strongly
suggested that the anti-tumor effect in mice was dependent on the localization
at the site of tumor and long term persistence of adoptively transferred
engineered CD8* and CD4™ T cells.

EXANPLE 6: Antigen-specific response to tumor rechallenge.

-An ‘important-issue -with -regard -to any-cancer-therapy is-whether-the -specific

treatment can induce a secondary response to tumor relapse. To test whether
the scFv approach described herein could effectively mediate a response to
secondary tumor rechallenge, long term surviving mice (>100 days) initially
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treated with transduced CD8* and CD4" T cells were injected with an i.v. dose
of 5x10® MDA-MB-435-erbB2 tumof cells. Remarkably, all mice were able to
totally eradicate a second dose of MDA-MB-435-erbB2 tumor (Fig. 6 A).
Normal scid mice injected with MDA-MB-435-erbB2 cells did not survive (Fig. 6
A). As a further test of specificity, long term surviving mice were rechallenged
with a subcutaneous dose (5x10%) of mouse mammary carcinoma tumor cells
expressing the human erbB2 antigen (4T1.2-erbB2) or 4T1.2 parental cells. As
demonstrated above, all mice could significantly inhibit the s.c. growth of 4T1.2-
erbB2 tumor compared to 4T1.2 parental tumor cells and their survival was
significantly prolonged (Fig. 6 B and C). The s.c growth of 4T1.2-erbB2 or
4T1.2 parental tumor cells in normal scid mice was not comparatively inhibited
(Fig. 6 B and C). To determine whether long-term surviving mice could totally
eradicate a lower dose of 4T1.2-erbB2 tumor, mice were rechallenged with
5x10°% 4T1.2-erbB2 tumor cells. Strikingly, the s.c growth of 4T1.2-erbB2 at this
lower dose was totally inhibited compared to s.c injection of 5x1 0* 4T1.2-erbB2
tumor cells (Fig. 6 D). The s.c. growth of 4T1.2-erbB2 or 4T1.2 parental tumor
cells at both high and low doses wés not affected in control scid mice (Fig. 6 D).
These results have clearly demonstrated for the first time that mice treated with
gene-engineered T cells could mount a sustained and potent antigen-specific

secondary response to tumor rechallenge.

EXAMPLE 7: Adoptive immunotherapy of a human.
Following is a non-limiting prophetic example describing one method of adoptive

immunotherapy on a human subject.

At day 0, peripheral blood will be isolated from the subject by apherisis. Cells will be
stimulated with OKT3 and IL-2 according to standard protocols known in the art.

At day 3, CD8 and CD4 T cell subsets will be produced by fluorescence activated
cell sorting. The T cells will then be transduced with a retroviral vector fo express
chimeric scFv-CD28- recentor.

At day 4, transduction will be repeated to increase the proportion of transduced T

cells in each subset.
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From day 5 to day 18, cells will be further cultured and expanded and maintained at
1-2 x 108/ml, adding IL-2 every 2-3 days.

At day 18, cells will be stimulated with allogeneic PBMC, OKT3 and IL-2, then

culture and expand (maintaining IL-2 treatment).

At day 36, about 108 to 10" cells will be harvested and infused into a patient via the

intravenous route.

The entire process from day 0 to day 36 may be repeated two to three times
depending on the response of the tumour or infection. Furthermore, maintenance

therapy on a semi-regular basis may be provided.
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CLAIMS

A method for producing an adoptive immune response to a target cell in
a subject, the method including the steps of:

engineering a CD4+ T cell and engineering a CD8+ T cell o express a
molecule capable of binding to an antigen on the target cell, and ‘ ‘
administering an effective number of the engineered CD4+ T cells and
CD8+ T cells to the subject.

A method according to claim 1, wherein the adoptive immune response
involves the interaction of the engineered T cells with the target cell

wholly in an in vivo environment.

A method according to claim 1 or 2, wherein the effective number of
engineered CD4+ T cells is greater than a number selected from the
group consisting of about 1 x 10°, about 2.5 x 10°, about 5 x 10°, about
7.5 x 10°% and about 9 x 10°% and wherein the effective number of
engineered CD8+ T cells is greater than a number selected from the
group consisting of about 1 x 10°, about 2.5 x 10°, about 5 x 10°, about
7.5 x 10°, and about 9 x 10°,

A method according to any one of claims 1 to 3, wherein the subject is
an adult human and the effective number of engineered CD4+ T cells
administered to the subject is between about 10® and about 10" and
wherein the effective number of engineered CD8+ T cells administered to
the subject is between about 108 and about 102,

- A method according to any one of claims 1 to 4, wherein the subject is

an adult human and between about 10" and 10" each of CD4+ T cells

and CD8+ T cells are administered to the subject.

A method according to any one of claims 1 to 5, wherein the ratio CD4+
T cells to CD8+ T cells administered to the subject is greater than about

1:3 and less than about 3:1.
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7.

10.

11.

12.

13.

14.

A method according to claim 6, wherein the ratio CD4+ T cells fo CD8+ T

cells administered to the subject is about 1:1.

A method according to any one of claims 1 to 8, wherein the molecule is
encoded by a chimeric gene construct encoding a single chain variable
fragment of an antibody (scFv), a transmembrane and cytoplasmic
region of a CD28 signalling chain and a cytoplasmic region of a T cell
receptor, and wherein the scFv is capable of binding the an’éigen on the

target cell.

A method according to claim 8, wherein the T cell receptor is TCR- or

functional equivalent thereof.

A method)according to claim 8 or claim 9, wherein the chimeric gene
construct further encodes a membrane proximal hinge region of CD8 or
functional equivalent thereof.

A method according to any one of claims 1 to 10, wherein the antigen is

found in or on a tumour cell.
A method according to claim 11, wherein the antigen is erbB2.

A method according to any one of claims 1 to 12, wherein the
engineered cells persist at the site of the target cell for at least 100 days.

A composition for producing an adoptive immune response to a target
cell in a subject, the composition including a CD4+ T cell engineered to
express a molecule capable of binding to an antigen on the target cell
and a CD8+ T cell engineered to express a molecule capable of binding

to an antigen on the target cell.

PCT/AU2005/001873
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15.

16.

17.

18.

19.

20.

21.

22.
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A composition according to claim 14, wherein the composition excludes
the target cell.

A composition according to claim 14 or claim 15 wherein the number of

engineered CD4+ T cells is greater than a number selected from the

“group consisting of about 1 x 10°, about 2.5 x 10°, about 5 x 10°, about

7.5 x 10°, and about 9 x 10%, and wherein the number of engineered
CD8+ T cells is greater than a number selected from the group
consisting of about 1 x 10%, about 2.5 x 108, about 5 x 10°, about 7.5 x
10°, and about 9 x 10°.

A composition according to any one of claims 14 to 16, wherein the
number of engineered CD4+ T cells is between about 108 and about 10"
and wherein the number of engineered CD8+ T cells is between about
10° and about 102,

A composition according to any one of claims 14 to 17, wherein the
number of engineered CD4+ T cells and CD8+ T cells is between about
10" and 10" each.

A composition according to any one of claims 14 to 18, wherein the ratio
CD4+ T cells to CD8+ T cells is greater than about 1:3 and less than
about 3:1.

A composition'according to claim 19, wherein the ratio CD4+ T cells to
CD8+ T cells is about 1:1.

A composition according to any one of claims 14 or 20, wherein the
molecule capable of binding to the antigen is encoded by a nucleotide

‘sequence derived from TCR-{ or functional equivalent thereof and/or the

CD28 co-stimulatory signalling domain or functional equivalent thereof.

A composition according to any one of claims 14 to 21, wherein the

molecule is encoded by a chimeric gene construct encoding a single
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chain variable fragment of an antibody (scFv), a transmembrane and
cytoplasmic region of a CD28 signalling chain and a cytbplasmic region
of a T cell receptor, and wherein the scFv is capable of binding the

antigen on the target cell.

23. A composition according to claim 22, wherein the T cell receptor is TCR-

¢ or functional equivalent thereof.
24. A composition according to claim 22 or 23, wherein the chimeric gene
construct further encodes a membrane proximal hinge region of CD8 of

functional equivalent thereof.

25. A composition according to any one of claims 19 to 24, wherein the
antigen is found in or on a tumour cell.

26. A composition according to claim 25, wherein the antigen is erbB2.
27. A method for treating or preventing a cancer in a subject, the method
including the steps of administering a composition according to any one

of claims 14 to 26 to the subject.

28. A method according to claim 27 wherein the treatment or prevention of

.a cancer is for relapse of a cancer.

29. Use of a composition according to any one of claims 14 o 26 in

the manufacture of a medicament for the treatment or prevention of a cancer. .

30. Use according to claim 37 wherein the cancer includes a cell

displaying the marker erbB2

31. . A method according to_claim 1_substantially_as_herein. before

described with reference to any of the Examples.
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32. A composition according to claim 14 substantially as herein

before described with reference to any of the Examples.
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FIGURE 6
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FIGURE 8
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isolate CD8 or CD4 subsets

l

Retrovirally transduce CD8 and CD4 T cells with scFv-CDZS-C receptor

Test expression of scFv-CD28-( receptor in CD8 andl'CD4 T cells by flow cytometry -

Test in vitro functron of gene-engrneered T cells by antigen-specific release of
. cytokine (ELISA), proliferation ¢ H-Thymrdlne rncorporatron) and cytotoxrcrty ( cr
‘release)

Testi in vivo efficacy by adoptive transfer of scFv-CD28 € engrneered CD8" (5x1 0%
and CD4* (5x10°) T cells atday 0,1 into mice bearing early disease or at delayed
tlme pornts (ie. day 5 or 10) fo test agarnst more establrshed tumor -

Test persistence of gene—en{} neered T cells by flow cytometry and PCR and
localisation of T cells at the tumor site by Hematoxylin and Eosin starnrng and.
immunohistochemistry

Rechallenge long term survrvrng mice to test for antrgen-specrﬁc recall response by.
gene—engrneered T cells

8/8



INTERNATIONAL SEARCH REPORT Internztional application No.

PCT/AU2005/001873
A. CLASSIFICATION OF SUBJECT MATTER
Int. Cl.
AG61P 35/00 (2006.01) AGIK 31/12 (2006.01) A61K 39/44 (2006.01)

| According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

MEDLINE, DWPI: adoptive immunotherapy, adoptive transfer, adoptive response, CD4-+ and CD8+

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim

No.

Willemsen R et al “Redirecting human CD4+ T lymphocytes to the MHC class I-
restricted melanoma antigen MAGE —A1 by TCRa@ gene transfer requires CD8a”
Gene Therapy (2005) 12, 140-146

X See the whole document, especially the abstract and page 145 1% paragraph left hand | 1-7, 9-21, 25-32

column

Mitsuyasu R.T et al “Prolonged survival and tissue trafficking following adoptive
transfer of CD4¢ gene-modified autologous CD4+ and Cd8+ T cells in human
immunodeficiency virus-infected subjects” Blood 1% August 2000 96:3 pages 785-

793.
X See abstract, the whole document 1 1-7,9-10, 13-21
Y 11-12, 25-32
Further documents are listed in the continuation of Box C l:l See patent family annex
* Special categories of cited documents:
"A"  document defining the general state of the art which is "T"  later document published after the international filing date or priority date and not in
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"E"  earlier application or patent but published on or after the "X"  document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L"  document which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) such documents, such combination being obvious to a person skilled in the art

"O"  document referring to an oral disclosure, use, exhibition

or other means "&"  document member of the same patent family

"P"  document published prior to the international filing date
but later than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
06 February 2006 97 FEB 2006

Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFiCE '

PO BOX 200, WODEN ACT 2606, AUSTRALIA
E-mail address: pct@ipaustralia.gov.au G.J. MCNEICE
Facsimile No. (02) 6285 3929 Telephone No : (02) 6283 2055

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

A International application No.

PCT/AU2005/001873
C (Continuation). DOQCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim
No.
"| Walker R.E et al “Long-term in vivo survival of receptor-modified Syngenelc T cells
in patients with human immunodeficiency virus infection” Blood 15" July 2000 96:2
pages 467-474
X See the whole document abstract 1-7,9-10, 13-21
Y 11-12,25-32
Moeller M et al “Adoptive transfer of gene-engineered CD4+ helper T cells induces
potent primary and secondary tumour rejection” Blood 1% November 2005 106:9
pages 2995-3003.
A The whole document 1-31

Form PCT/ISA/210 (continuation of second sheet) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

