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(54) Method for polyclonal stimulation of T cells by flexible nanomatrices

(57) The present invention provides a method poly-
clonal stimulation of T cells, the method comprising con-
tacting a population of T cells with a nanomatrix, the na-
nomatrix comprising a) a flexible matrix, wherein said
matrix is of polymeric material; and b) attached to said
polymeric flexible matrix one or more polyclonal stimu-
latory agents which provide activation signals to the T

cells; thereby activating and inducing the T cells to pro-
liferate; wherein the nanomatrix is 1 to 500 nm in size.
At least one first and one second stimulatory agents are
attached to the same or to separate flexible matrices. If
the stimulatory agents are attached to separate beads,
fine-tuning of nanomatrices for the stimulation of the T
cells is possible.
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Description

Field of invention

[0001] The present invention relates generally to the
field of immunology, in particular to processes for poly-
clonal stimulation of T cells by nanomatrices.

Background of the invention

[0002] Antibodies against CD3 are a central element
in many T cell proliferation protocols. Immobilized on a
surface, anti-CD3 delivers an activating and proliferation-
inducing signal by crosslinking of the T cell receptor com-
plex on the surface of T cells. By immobilizing anti-CD3
and anti-CD28 to simultaneously deliver a signal and a
co-stimulatory signal, proliferation can be increased
(Baroja et al (1989), Cellular Immunology, 120: 205-217).
In WO09429436A1 solid phase surfaces such as culture
dishes and beads are used to immobilize the anti-CD3
and anti-CD28 antibodies. Regularly, the immobilization
on beads is performed on DynaBeads®M-450 having a
size of 4.5 mm in diameter.
[0003] EP01257632B1 describes a method for stimu-
lating a population of T-cells by simultaneous T-cell con-
centration and cell surface moiety ligation that comprises
providing a population of cells wherein at least a portion
thereof comprises T-cells, contacting the population of
cells with a surface, wherein the surface has attached
thereto one or more agents that ligate a cell surface moi-
ety of at least a portion of the T-cell and stimulates at
least that portion of T cells or a subpopulation thereof
and applying a force that predominantly drives T-cell con-
centration and T-cell surface moiety ligation, thereby in-
ducing T-cell stimulation. The term force as used herein
refers to a force used to drive the cells and may include
a variety of forces that function similarly, and include a
force greater than gravitational force, a hydraulic force,
a filtration force generated by transmembrane pressure,
a centrifugal force, or a magnetic force. EP1257632B1
describes that ratios of particles to cells can vary, how-
ever certain preferred values include at least 1:4 to 6:1,
with one preferred ratio being at least 2:1 beads per T-
cell. Regularly, DynaBeads®M-450 having a size of 4.5
mm in diameter coupled to anti-CD3 and anti-CD28 an-
tibodies were used in experiments in a bead/T-cell ratio
of 3:1. Again, these methods use solid phase surfaces
to co-immobilize T cell stimulation agents such as anti-
CD3 and anti-CD28 antibodies. These surfaces are cell-
sized and comparable with the T cells themselves.
[0004] US2008/0317724A1 discloses that the spatial
presentation of signal molecules can dramatically affect
the response of T cells to those signal molecules. For
example, when anti-CD3 and anti-CD28 antibodies are
placed on separate predefined regions of a substrate, T
cells incubated on the substrate secrete different
amounts of interleukin-2 and/or exhibit spikes in calcium,
depending not only on the types but also on the spacing

of these signal molecules. For example, a pattern was
generated with anti-CD3 and anti-CD28 antibodies,
where anti-CD3 antibodies occupied a central feature
surrounded by satellite features of anti-CD28 antibodies
that were spaced about 1 to 2 microns from the central
anti-CD3 feature. When the anti-CD28 antibody features
were spaced about 1 to 2 microns apart, the T cell se-
cretion of interleukin-2 (IL-2) was enhanced compared
to when the anti-CD3 and anti-CD28 antibodies were pre-
sented together to the T cells in "co-localized" features.
[0005] The publication of Erin R Steenblock and Tarek
M Fahmy (Molecular Therapy vol. 16 no. 4, 765-772 April
2008) uses solid-surface nanoparticles (130 nm) and
show that these nanoparticle stimulate T cells weaker
than microparticles (8 mm). The authors stated that these
findings are supported by those of previous reports (Me-
scher, MF (1992). J Immunol 149: 2402-2405.), demon-
strating that micron-sized particles, which are close in
size to T cells, provide optimal T-cell stimulation. Mesh-
er’s study demonstrated the critical importance of a large,
continuous surface contact area for effective CTL acti-
vation. Using class I alloantigen immobilized on latex mi-
crospheres, particle sizes of 4 to 5 microns were found
to provide an optimum stimulus. Below 4 microns, re-
sponses decreased rapidly with decreasing particle size,
and large numbers of small particles could not compen-
sate for suboptimal size.
[0006] US8,012,750B2 discloses a biodegradable de-
vice for activating T-cells. The biodegradable support is
first formulated into a shape, such as a microsphere. The
biodegradable supports then coated with a first material
providing a reactive surface which is capable of binding
to second materials. The second materials have a reac-
tive surface which permits binding to surface structures
on a cell. The biodegradable support can be formulated
into various shapes. Microspheres are a preferred for-
mulation because of the simplicity of manufacture and
the spherical shape allows an increased surface area for
interaction with cellular receptors. According to
US8,012,750B2 nanospheres do not provide enough
cross-linking to activate naive T-cells and thus can only
be used with previously activated T-cells. Again, exper-
imental data were generated with spheres co-immobi-
lized with anti-CD3 and anti-CD28 antibodies ranging in
size from 4 to 24 microns with a mean of 7 microns.
[0007] Taken together, beads or microspheres used in
the state of the art for T cell activation via immobilized T
cell stimulatory antibodies are cell-sized (mostly 1 to 10
mm in size), uniformly round-shaped particles. Beads of
this size have several disadvantages with regard to their
potential to interact with T cells as well as their production,
handling and safety in clinical T cell therapy procedures.

1. Due to the solid surface of the bead the size of
interaction area between the bead and cells is limit-
ed.
2. Their preparation is complex and costly as com-
pared to soluble antibodies and it is especially incon-
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venient to generate them in cGMP quality, e.g. due
to their size no sterile filtration is possible, sedimen-
tation complicates handling, i.e. constant particle
number/volume during filling and antibody loading.
3. They are inconvenient to use for in vitro processes
to generate T cell therapeutics for in vivo use,

- since they have to be added to cells in defined
cell/bead ratios at defined density cell/beads per
surface area,

- adaption of stimulation strength is only possible
to some extent, since the T cell stimulation
strength is mostly determined by the density of
antibodies on the cell surface and not by the
number of beads/cell

- aliquoting is inaccurate due to sedimentation,
- sterile filtration is not possible
- due to their size they might affect cell viability

and function and they cannot simply be removed
from cells by centrifugation. Therefore either
special protocols for "bead removal" or biode-
gradable particles have been developed. How-
ever both methods suffer from inaccuracies with
regard to the actual number of residual beads
after the removal process, leaving behind a cer-
tain risk for toxic effects if T cell stimulatory
beads are injected into patients. This problem
is particularly relevant because of the size of the
particles, since each single particle on its own
might still have retained the capacity to activate
T cells in vivo.

[0008] Therefore, there is a need for an improved in-
vitro method for T cell stimulation.

Summary of the invention

[0009] Surprisingly, it was found that polyclonal T cell
stimulatory agents such as antibodies, e.g. against CD3
and CD28, attached to nanomatrices, which are charac-
terised by a flexible polymeric matrix backbone (non-solid
surface), which may have embedded within the matrix
additional functional compounds, such as magnetic na-
nocrystalls, can be used to stimulate naive and memory
T cells in vitro, although their diameter is smaller than 1
mm, preferentially smaller than 500 nm, more preferen-
tially smaller than 200 nm. Contrary thereto, it was found
that beads with solid surfaces of the same size as the
nanomatrices used herein are not able to stimulate T
cells at all or to a similar level like the nanomatrices which
is in accordance with the well established opinion of the
person skilled in the art. Due to their small size the na-
nomatrices per se, without antibodies attached thereto,
do not alter structure, function, activity status or viability
of cells, i.e. they do not cause perturbance in the cells
and do not interfere with subsequent analyses, experi-
ments and therapeutic applications of the stimulated
cells. In addition, preferentially, the nanomatrix is biode-

gradable and non-toxic to living cells, i.e. the nanomatrix
is a biologically inert entity with regard to alterations of
the cell function. Therefore the nanomatrix used in the
method of the present invention improves the in-vitro
stimulation of T-cells by saving the viability of the cells.
[0010] In addition surprisingly, it was found that the pol-
yclonal T cell stimulatory agents such as antibodies, e.g.
against CD3 and CD28, attached to nanomatrices may
be conjugated to separate nanomatrices (instead of con-
jugating to the same nanomatrix), which can be mixed
hereafter for optimised use. In general, the ratio of na-
nomatrices to cells is larger than 100:1, preferentially
larger than 500:1, most preferentially larger than 1000:1.
This results in the possibility of fine-tuning of the nano-
matrices used for stimulation of the target T cells, e.g. it
facilitates the production process and quality control of
the single nanomatrices and improves the flexibility of
the reagent, e.g. facilitating the optimisation of the acti-
vation conditions for specialised T cell subsets by titrating
various CD3 and CD28 concentrations and ratios.
[0011] In general, the present invention provides the
use of the nanomatrices disclosed herein for the in-vitro
stimulation of T cells.
[0012] The present invention provides a method for
polyclonal stimulation of T cells, the method comprising
contacting a population of T cells with a nanomatrix,
wherein the nanomatrix comprises a flexible matrix, and
has attached thereto one or more agents which provide
activation signals to the T cells; thereby activating and
inducing the T cells to proliferate; and wherein the nano-
matrix is 1 to 500 nm, preferentially 10 to 200 nm, in size.
Preferentially, the nanomatrix is biologically inert with re-
gard to alterations of the cell function. In addition prefer-
entially, the nanomatrix is biodegradable.
[0013] The stimulated and optionally expanded T cells
achieved with the present invention can be used in sub-
sequent therapeutic or non-therapeutic applications with-
out the need for eliminating or removing the nanomatrix
due to the property of the nanomatrix of being biologically
inert with regard to alterations of the cell function
[0014] Alternatively, due to being soluble or colloidal
the nanomatrices can easily be diluted by repeated wash-
ing steps to effective concentrations below the T cell ac-
tivation threshold after the T-cell stimulation process.
[0015] The nanomatrix is 1 to 500 nm, preferentially
10 to 200 nm in size. The nanomatrix is a flexible matrix
consisting of a polymeric material but has no solid phase
surface in contrast to beads or microspheres. Agents
such as anti-CD3 and/or anti-CD28 antibodies which al-
low for polyclonal stimulation of T cells are attached to
the flexible matrix. Within the matrix additional substanc-
es, such as magnetic nanocrystalls, fluorescent dyes,
etc., can be embedded and add additional functions to
the nanomatrix without altering its basic flexible structure,
surface features, or cell interaction parameters of the na-
nomatrix.
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Brief description of the drawings

[0016]

FIG 1: CD3/CD28 Nanomatrices for naive T cell ex-
pansion.
Sorted human naive CD4 and CD8 T cells were stim-
ulated with CD3/CD28 conjugated nanomatrices at
the indicated concentrations (effective CD3 concen-
tration) in the presence of IL-2 for 7 days. Nanoma-
trices conjugated with CD3 and CD28 in various in-
dicated ratios were compared. As a high control
CD3/CD28 conjugated MACSiBeads were used.
The absolute number of viable cells in the culture at
day 7 is given.

FIG 2A-C: Nano-sized solid particles versus Nano-
matrix for stimulation of T cells. Nano-sized solid par-
ticles (AdemtechBeads, diameter = 200nm) were
conjugated with CD3/CD28 (1:1) and used for stim-
ulation of naive CD4 and CD8 T cells at the indicated
concentrations of CD3. As activation parameters ei-
ther CD3 down-regulation (FIG 2A, day 3) or induc-
tion of the early activation markers CD25 (day 3 FIG
2B, day 5 FIG2C) were analysed by flow-cytometry.
The values were normalized to the value of the same
cells stimulated via CD3/CD28 nanomatrix (100
ng/ml CD3). The values from 4 different donors are
given.

FIG 3: Expansion of sorted human T cell populations:
Human T cells were sorted into various subpopula-
tions (total T cells, total naive T cells, naive CD4+ T
cells, naive CD8+ T cells) and stimulated with
CD3/CD28 conjugated nanomatrices at the indicat-
ed concentrations (effective CD3 concentration) and
a CD3/CD28 ratio of 1:1 in the presence of IL-2 for
7 days. As a high control CD3/CD28 conjugated
MACSiBeads were used. The absolute number of
viable cells in the culture at day 7 is given.

FIG 4: Expansion of human Treg: CD25+ Treg were
isolated from PBMC by magnetic CD25 selection
and expanded in the presence or absence of 100
nM Rapamycin for 14 days using CD3/CD28 nano-
matrix (200 ng/ml CD3) and high dose IL-2. On day
7 the cells were restimulated by adding fresh nano-
matrix + IL-2. On day 14 the number of viable Treg
was determined. The frequency of Foxp3 expressing
cells was determined by intracellular immunofluores-
cence. Each dot represents an individual healthy do-
nor.

FIG5: Comparison of CD3 and CD28 conjugated to
different nanomatrices versus conjugated to the
same nanomatrix.Sorted human naive CD4 and
CD8 T cells were stimulated either with CD3/CD28
conjugated nanomatrices or CD3 and CD28 conju-

gated to different nanomatrices at the indicated con-
centrations (effective CD3 concentration) in the
presence of IL-2 for 7 days. As a high control
CD3/CD28 conjugated MACSiBeads were used.
The absolute number of viable cells in the culture at
day 7 is given (A). Results from two donors are de-
picted. In addition the cells were labelled with CFSE
and the proliferative activity measured on day 5 after
activation (1 representative donor).

FIG 6: Comparison of soluble CD3 or CD28 antibod-
ies to CD3 or CD28 antibodies conjugated to nano-
matrices. Naive CD4 and CD8 T cells were isolated
and stimulated in vitro in the presence of IL-2 using
soluble CD3 (0-10000ng/mL) w/o CD28 (A) or in the
presence of soluble CD28 (200 ng/ml) (B) and com-
pared to CD28 conjugated to nanomatrix (200 ng/ml)
and analysed for early activation markers
CD25/CD69 on day 5 or for expansion (C) on day 7.
2 donors were analysed in duplicates.

FIG 7: Transduction efficiency of isolated T cell sub-
sets stimulated with various stimulation agents. T
cell subsets, naive (TN, CD62L+ CD45RA+), central
memory (TCM, CD62L+CD45RA-) and effector (TEM,
CD62L-CD45RA-) T cells activated using
CD3/CD28 nanomatrices, plate-bound CD3 + solu-
ble CD28 or CD3/CD28 conjugated MACSibeads
and transduced them using a retroviral vector ex-
pressing a TCR specific for MART-1. As a standard
total PBMC were activated using soluble CD3/CD28.
The frequency of transduced cells expressing the
MART-1 TCR was determined using a fluorescently
labelled MART-1/HLA-A2 tetramer.

FIG 8: Enriched T cell subsets expand at least like
PBMC or better.

CD8+ T cell subsets from freshly isolated PBMC from
melanoma patients were isolated and

the stimulated with coated CD3 plus soluble CD28
(CD3+CD28 in the graph) or with CD3/CD28/CD2
coated MACSiBeads (MACSiBeads in the graph) or
with CD3/CD28 Nanomatrix in the presence of IL2.
After 2 days of stimulation cells have been trans-
duced to express MART-1 TCR. In the graph is re-
ported the fold expansion of each culture at day
13-15 after stimulation. The fold expansion values
are relative to soluble CD3 stimulated PBMC that
shows a fold expansion of 57.61617.75

FIG 9: Naive and central memory cells stimulated
with MACSiBeads or CD3/CD28 nanomatrix show a
less terminal differentiated phenotype. PBMC were
freshly isolated from leukapheresis of melanoma pa-
tients. CD8+ T cell subsets were enriched and then
stimulated with CD3+CD28 or MACSiBeads or
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CD3/CD28 nanomatrix in the presence of IL2. PBMC
instead were stimulated with soluble CD3 and IL2.
Cells were transduced to express MARt-1 TCR 48h
after stimulation. The data here were obtained 13-15
days after stimulation of each culture. Frequencies
of A) MART-1 tetramer+ CD62L+and B) MART-1 te-
tramer+CCR7+cells among CD8+ T cells are shown.
After IL2 withdrawal cells were stained for CD127,
CD57 and CD27 markers or stimulated with MART-
1+ HLA-A2+melanoma cell line in the presence of
CD107a antibody and Monensin for 5 h. Statistical
analysis of C) MART-1 tetramer+ CD127+; D) MART-
1 tetramer+ CD27+; E) MART-1 tetramer+ CD57+

and F) CD107a+ cells among CD8+ T cells frequen-
cies.

FIG 10: Cytokine secretion upon MART-1 restimu-
lation in CD8+ T cell subsets. CD8+ T cell subsets
from freshly isolated PBMC from melanoma patients
were isolated and the stimulated with CD3+CD28
MACSiBeads or with CD3/CD28 nanomatrix in the
presence of IL2. PBMC from the same melanoma
patient were stimulated with soluble CD3 and IL2.
After 2 days of stimulation cells have been trans-
duced to express MART-1 TCR and cultured for a
total 13-15 days. Afterwards cells were washed out
from IL2 and rested for further 2 days and then res-
timulated with MART-1+ HLA-A2+ melanoma cell line
for 6h. The cytokine production was determined by
intracellular staining. Graphs show the frequencies
of A) IFNh+; B) IL2+and C) TNFh+ CD8+ T cells.

Detailed description of the invention

[0017] It was a well established opinion in the scientific
community that particles smaller than 1 mm are not con-
venient to stimulate T cells effectively because such
small particles do not provide enough cross-linking to
activate T cells. Therefore, generally, beads or micro-
spheres with solid phase surfaces used to stimulate T
cells are always larger than 1 mm in size in the state of
the art, regularly they are cell-sized.
[0018] Now unexpectedly, the inventors found that na-
nomatrices being smaller than 1 mm, preferentially small-
er than 500 nm, more preferentially smaller than 200 nm,
having a flexible matrix and having attached thereto pol-
yclonal stimulatory agent(s) are convenient to stimulate
T cells. It is essential to the present invention that the
nanomatrix being smaller than 500 nm has no solid phase
surface in contrast to beads or microspheres of the same
size (see Example 3). The nanomatrix is like a mesh or
net consisting of a polymeric material, preferentially dex-
tran. The nanomatrix is very plastic resulting in the ability
to snuggle to the cell surface membrane of target cells,
i.e. the T cells which shall be activated. Therefore, the
nanomatrix binds with its agents attached to the flexible
matrix to the respective receptors (antigens) on the cell
surface, whereby the flexibility of the matrix allows opti-

mal interaction with the binding partners. To a certain
degree the shape of the nanomatrix adapts to the target
cell surface thereby extending the contacting surface be-
tween nanomatrix and target cell. Due to the size of the
nanomatrix of 1 to 500 nm, preferentially 10 to 200 nm,
they are too small to cause perturbance in the cell, i.e.
the nanomatrix is biologically inert with regard to altera-
tions of the cell function. Such perturbances triggered by
direct cell/bead contact is problematic if beads or micro-
spheres of 1 mm or larger in size are used. In addition,
preferentially, the nanomatrix is biodegradable and non-
toxic to the cells due to the composition consisting of
biodegradable polymeric material such as a polymer of
dextran. In consequence, the nanomatrix is a completely
biologically inert entity with regard to alterations of the
cell function but biodegradable. Therefore there is no
need to remove the nanomatrix after contacting it with
the T cells for stimulation and proliferation. No disturbing
effects occur due to the presence of the nanomatrices in
an activated T cell composition for subsequent analysis,
experiments and/or clinical applications of these cells.
[0019] In addition, due to being soluble or colloidal the
unbound nanomatrices can easily be diluted by repeated
washing steps to effective concentrations below the T
cell activation threshold after the T-cell stimulation proc-
ess.
[0020] The flexible matrix of the nanomatrix has at-
tached thereto one or more polyclonal stimulatory agents
which provide activation signal(s) to the T cells, thereby
activating and inducing the T cells to proliferate. The
agents are molecules which are capable of binding to a
cell surface structure and induce the polyclonal stimula-
tion of the T cells. One example for agents attached to
the flexible matrix of the nanomatrix is anti-CD3 mono-
clonal antibody (mAb) in combination with a co-stimula-
tory protein such as anti-CD28 mAb. Other examples are
anti-CD2, anti-CD137, anti-CD134, Notch-ligands, e.g.
Delta-like1/4, Jagged1/2 either alone or in various com-
binations with anti-CD3. T cells to be stimulated are e.g.
naive T cells, memory T cells, CD4 Treg and CD8 Treg
cells. Preferentially, the polyclonal stimulatory agent at-
tached to the flexible matrix of the nanomatrix is anti-CD3
monoclonal antibody (mAb) in combination with the co-
stimulatory protein anti-CD28 mAb.
[0021] Therefore, in one aspect the present invention
provides a method for polyclonal stimulation of T cells,
the method comprising contacting a population of T cells
with a nanomatrix, the nanomatrix comprising

a) a flexible matrix, wherein said matrix is of poly-
meric material; and
b) attached to said polymeric flexible matrix one or
more polyclonal stimulatory agents which provide
activation signals to the T cells; thereby activating
and inducing the T cells to proliferate;
and wherein the nanomatrix is 1 to 500 nm, prefer-
entially 10 to 200 nm, in size.
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[0022] The nanomatrix may be biologically inert with
regard to alteration of the cell function.
[0023] In addition, or alternatively, the nanomatrix may
be biodegradable.
[0024] The nanomatrix may be of cGMP quality for clin-
ical applications. Sterility can be achieved e.g. by sterile
filtration using filters with suitable pore size (200 nm) or
by other methods well known by the person skilled in the
art.
[0025] The contacting can occur e.g. in vitro in any con-
tainer capable of holding cells, preferably in a sterile en-
vironment. Such containers may be e.g. culture flasks,
culture bags, bioreactors or any device that can be used
to grow cells (e.g. the sample processing system of
W02009072003).
[0026] The nanomatrix used in the present invention
can be a nanomatrix wherein at least one first agent and
one second agent are attached to the same flexible ma-
trix. Nanomatrices of this kind are contacted with T cells,
thereby activating and inducing the T cells to proliferate.
The ratio of the first and the second agent attached to
the same flexible matrix may be in the range of the ratios
of 100:1 to 1:100, preferentially between 10:1 and 1:10,
most preferentially between 2:1 and 1:2.
[0027] In addition surprisingly, it was found that the na-
nomatrix of the present invention also can be a nanoma-
trix wherein at least one first agent and one second agent
are attached to separate flexible matrices. A mixture of
these nanomatrices is contacted with T cells, thereby ac-
tivating and inducing the T cells to proliferate (see Ex-
ample 6). The ratio and/or concentration of the flexible
matrix having attached thereto the first agent and the
flexible matrix having attached thereto the second agent
may vary to yield optimal stimulation results depending
on the kind of T cells used and/or agents used. This fa-
cilitates the optimisation of the activation conditions for
specialised T cell subsets by titrating various concentra-
tions and ratios of the flexible matrix having attached
thereto the first agent and the flexible matrix having at-
tached thereto the second agent. It is advantageous that
generally the ratio of nanomatrices to cells is larger than
100:1, preferentially larger than 500:1, most preferential-
ly larger than 1000:1. The large amount of nanomatrices
per cell allows for a fine-tuning of the separate labelled
nanomatrices which would be impossible with lower ra-
tios of 1:10 to 10:1 commonly used by stimulation of T
cells using cell-sized beads.
[0028] The nanomatrix used in the present invention
is a nanomatrix wherein the flexible matrix consists of a
polymeric, preferentially biodegradable material which is
non-toxic to cells. Preferentially, the nanomatrix used in
the present invention is a nanomatrix wherein the flexible
matrix consists of a polymer of dextran.
[0029] The nanomatrix used in the present invention
can be a nanomatrix wherein the flexible matrix is the
only or at least main component of the nanomatrix re-
gardless the agents which are attached thereto.
[0030] But the nanomatrix used in the present inven-

tion also can be a nanomatrix wherein the nanomatrix
carries magnetic, paramagnetic, superparamagnetic na-
no-crystalls, or fluorescent dyes embedded into the flex-
ible matrix, preferentially embedded into the polymer of
dextran.
[0031] The nanomatrix used in the present invention
can be used in a method for stimulating T-cells with this
nanomatrix wherein the nanomatrix is not removed in
subsequent applications of the stimulated T cells.
[0032] Alternatively, the nanomatrix used in the
present invention also can be used in a method for stim-
ulating T-cells with this nanomatrix wherein the nanoma-
trix is removed before subsequent applications of the
stimulated T cells.
[0033] In another aspect the present invention also
provides a composition comprising

i) the nanomatrix, the nanomatrix comprising

a) a flexible matrix, wherein said matrix is of pol-
ymeric material; and
b) attached to said polymeric flexible matrix one
or more agents which provide activation signals
to the T cells; thereby activating and inducing
the T cells to proliferate;
and wherein the nanomatrix is 1 to 500 nm, pref-
erentially 10 to 200 nm, in size

ii) a population of T cells which are activated and
induced to proliferate triggered by the contact be-
tween said nanomatrix and cells.

[0034] The nanomatrix may be biologically inert with
regard to alteration of the cell function.
[0035] The nanomatrix may be biodegradable.
[0036] Agents are attached to the same or separate
nanomatrices at high density, with more than 25 mg per
mg nanomatrix, preferentially with more than 50 mg per
mg nanomatrix.
[0037] This composition may be convenient for gener-
ating T cell therapeutics for in vivo use (pharmaceutical
composition). The composition also can be used in other
subsequent analyses and experiments.
[0038] In another aspect the present invention also
provides a composition or a pharmaceutical composition
comprising a population of stimulated and (optionally ex-
panded) T cells produced according to the method of the
present invention. The pharmaceutical composition may
comprise a population of stimulated T cells produced by
the method of the present invention, wherein the method
is performed in a closed cell culture system such as the
sample processing system of W02009072003.
[0039] Nanomatrices can be prepared by various
methods known in the art, including solvent evaporation,
phase separation, spray-drying, or solvent extraction at
low temperature. The process selected should be simple,
reproducible and scalable. The resulting nanomatrices
should be free-flowing and not aggregate in order to pro-
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duce a uniform syringeable suspension. The nanomatrix
should also be sterile. This can be ensured by e.g. filtra-
tion, a terminal sterilization step and/or through aseptic
processing. A preparation of nanomatrices is described
in Example 1.

Definitions

[0040] The term "flexible matrix" as used herein refers
to a flexible matrix consisting of a polymeric, preferen-
tially biodegradable material which is non-toxic to cells.
The flexible matrix is the only or at least main component
of the nanomatrix regardless the agents which are at-
tached thereto.
[0041] The flexible matrix may be of collagen, purified
proteins, purified peptides, polysaccharides, gly-
cosaminoglycans, or extracellular matrix compositions.
A polysaccharide may include for example, cellulose,
agarose, dextran, chitosan, hyaluronic acid, or alginate.
Other polymers may include polyesters, polyethers, poly-
anhydrides, polyalkylcyanoacrylates, polyacrylamides,
polyorthoesters, polyphosphazenes, polyvinylacetates,
block copolymers, polypropylene, polytetrafluorethylene
(PTFE), or polyurethanes. The polymer may be lactic ac-
id or a copolymer. A copolymer may comprise lactic acid
and glycolic acid (PLGA). Preferentially the flexible matrix
is a polymer of dextran.
[0042] The flexible matrix defines the property of the
nanomatrix of being very plastic leading to the ability to
snuggle to the cell surface membrane of target cells, i.e.
the T cells which shall be activated and proliferated.
Therefore, the nanomatrix tightly binds with its agents
attached to the flexible matrix to the cells because the
flexibility of the matrix provides optimal access of the at-
tached ligands or antibodies to their cell surface recep-
tors or antigens. Due to this property the nanomatrix has
the ability to provide enough cross-linking to activate T
cells regardless of the small size of the structure, i.e.
smaller than 1 mm, preferentially smaller than 500 nm,
more preferentially smaller than 200 nm, in size. The
adaptability of the nanomatrix caused by the flexible na-
nostructure extends the contacting area between cell sur-
face membrane and the nanomatrix resulting in more ef-
ficient bindings between cell surface molecules and
agents attached to the flexible matrix.
[0043] In some embodiments the flexible matrix may
embed magnetic, paramagnetic or superparamagnetic
nano-crystalls or other substances which add additional
functional properties such as fluorescent dyes without
altering the basic flexible structure and/or surface fea-
tures, i.e. interaction with target cells.
[0044] The term "agent" which is attached to the flex-
ible matrix of the nanomatrix as used herein refers to
molecules which are capable of binding to a cell surface
structure and contribute to a polyclonal stimulation of the
T cells. Examples of suitable agents for use in the present
invention include agents such as synthesized com-
pounds, nucleic acids and proteins, including polyclonal

or monoclonal antibodies, and fragments or derivatives
thereof, and bioengineered proteins, such as fusion pro-
teins. In one example, the agents are mitogenic proteins.
Mitogenic proteins are two or more proteins that are able
to deliver the requisite minimum of two signals to T-cells
in order to cause the T-cells to become activated. Exam-
ples of mitogenic proteins are anti-CD3 and anti-CD2
monoclonal antibodies (mAb) in combination with a co-
stimulatory protein such as and including proteins spe-
cific for one or more of the following T-cell surface mol-
ecules: CD28, CD5, CD4, CD8, MHCI, MHCII, CTLA-4,
ICOS, PD-1, OX40, CD27L (CD70), 4-1BBL, CD30L and
LIGHT, including the corresponding ligands to these sur-
face structures, or fragments thereof. Other suitable
agents include agents capable of delivering a signal to
T-cells through cytokine receptors such as IL-2R, IL-12R,
IL-1R, IL-15R; IFN-gammaR, TNF-alphaR, IL-4R, and
IL-10R, including monoclonal antibodies (mAbs) to these
receptors, fusion proteins with a reactive end specific for
these receptors and the corresponding ligands to these
receptors or fractions thereof. Other suitable agents in-
clude any agent capable of binding to cellular adhesion
molecules on T-cells such as mAbs, fusion proteins and
the corresponding ligands or fractions thereof to adhe-
sion molecules in the following categories: cadherins,
ICAM, integrins, and selectins. Examples of adhesion
molecules on T-cells are: CD44, CD31, CD18/CD11a
(LFA-1), CD29, CD54 (ICAM-1), CD62L (L-selectin), and
CD29/CD49d (VLA-4). Other suitable agents include any
agents capable of binding to chemokine receptors, in-
cluding those in the C-C and C-X-C categories. Examples
of chemokine receptors associated with T-cell function
include CCR1, CCR2, CCR3, CCR4, CCR5, and
CXCR3. An agent may be attached or coupled to the
flexible matrix by a variety of methods known and avail-
able in the art. The attachment may be covalent or non-
covalent, electrostatic, or hydrophobic and may be ac-
complished by a variety of attachment means, including
for example, chemical, mechanical, enzymatic, or other
means whereby a agent is capable of stimulating the
cells. For example, the antibody to a cell surface structure
first may be attached to the matrix, or avidin or strepta-
vidin may be attached to the matrix for binding to a bioti-
nylated agent. The antibody to the cell surface structure
may be attached to the matrix directly or indirectly, e.g.
via an anti-isotype antibody. Another example includes
using protein A or protein G, or other non-specific anti-
body binding molecules, attached to matrices to bind an
antibody. Alternatively, the agent may be attached to the
matrix by chemical means, such as cross-linking to the
matrix.
[0045] As used herein, the term "antibody" is intended
to include polyclonal and monoclonal antibodies, chimer-
ic antibodies, haptens and antibody fragments, and mol-
ecules which are antibody equivalents in that they spe-
cifically bind to an epitope on the antigen. The term "an-
tibody" includes polyclonal and monoclonal antibodies of
any isotype (IgA, IgG, 25 IgE, IgD, IgM), or an antigen-
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binding portion thereof, including, but not limited to, F(ab)
and Fv fragments such as sc Fv, single chain antibodies,
chimeric antibodies, humanized antibodies, and a Fab
expression library.
[0046] The term "biologically inert" as used herein re-
fers to the properties of the nanomatrix, that it is non-
toxic to living cells and does not induce strong alterations
of the cell function via physical interaction with the cell
surface, due to its small size, except the specific lig-
and/receptor triggering function of the attached ligands
or antibodies. The nanomatrices, in addition, may be bi-
odegradable, e.g. degraded by enzymatic activity or
cleared by phagocytic cells. The biodegradable material
can be derived from natural or synthetic materials that
degrade in biological fluids, e.g. cell culture media and
blood. The degradation may occur using enzymatic
means or may occur without enzymatic means. The bi-
odegradable material degrades within days, weeks or
few months, which may depend on the environmental
conditions it is exposed to. The biodegradable material
should be non-toxic and non-antigenic for living cells and
in humans. The degradation products must produce non-
toxic by-products. An important aspect in the context of
being biologically inert is the fact that the nanomatrix does
not induce strong alteration in structure, function, activity
status or viability of labelled cells, i.e. it does not cause
perturbance of the cells and does not interfere with sub-
sequent experiments and therapeutic applications of the
stimulated cells. The mechanical or chemical irritation of
the cell is decreased due to the properties of the nano-
matrix of being very small, i.e. nano-scale range, and
having a flexible matrix which rather snuggles to the cell
surface than altering the shape of the cell surface or ex-
erting strong shearing force to the cells, e.g. resulting in
membrane rupture.

Embodiments

[0047] In one embodiment of the present invention a
first nanomatrix of 1 to 500 nm, preferentially 10 to 200
nm in size consists of a flexible matrix of a polymer of
dextran and has attached thereto one agent, e.g. anti
CD3 mAb. A second nanomatrix of 1 to 500 nm, prefer-
entially 10 to 200 nm in size consists of a flexible matrix
of a polymer of dextran and has attached thereto another
agent, e.g. anti CD28mAb. In this case the nanomatrix
of the present invention is a nanomatrix wherein at least
one first agent and one second agent are attached to
separate flexible matrices.
[0048] A mixture of these nanomatrices is contacted
with T cells, thereby activating and inducing the T cells
to proliferate.
[0049] Fine-tuning of nanomatrices for the stimulation
of the T cells is easily performed due to the high ratio of
nanomatrices to cells (normally larger than 500:1).
[0050] In another embodiment of the present invention
a nanomatrix of 1 to 500 nm, preferentially 10 to 200 nm
in size consists of a flexible matrix of a polymer of dextran

and has attached thereto one agent, e.g. anti CD3 mAb.
In this case the nanomatrix of the present invention is a
nanomatrix wherein at least one first agent is attached
to flexible matrices. This nanomatrix is contacted with T
cells, thereby activating and inducing the T cells to pro-
liferate.
[0051] A second or more (multiple) co-stimulating
agents, e.g. anti CD28mAb, may be added as soluble
agents to optimize or support the activation induced by
the nanomatrix with the first agent attached thereto.
[0052] In another embodiment of the present invention
a nanomatrix of 1 to 500 nm, preferentially 10 to 200 nm
in size consists of a flexible matrix of a polymer of dextran
and has attached thereto two agents which provide ac-
tivation signals to the cell, e.g. anti CD3mAb and anti
CD28 mAb. In this case the nanomatrix of the present
invention is a nanomatrix wherein at least one first agent
and one second agent are attached to the same flexible
matrix. Nanomatrices of this kind are contacted with T
cells, thereby activating and inducing the T cells to pro-
liferate.
[0053] In another embodiment of the present invention
a nanomatrix of 1 to 500 nm, preferentially 10 to 200 nm
in size consists of a flexible matrix of a polymer of dextran
and has attached thereto multiple agents which provide
activation signals to the cell, e.g. anti-CD3mAb and anti-
CD28 mAb, anti ICOS, anti-CD137 or other known co-
stimulatory molecules. In this case the nanomatrix of the
present invention is a nanomatrix wherein at least one
first agent and multiple other agents are attached to the
same flexible matrix.
[0054] Nanomatrices of this kind are contacted with T
cells, thereby activating and inducing the T cells to pro-
liferate.
[0055] In another embodiment of the present invention
a nanomatrix of 1 to 500 nm, preferentially 10 to 200 nm
in size consists of a flexible matrix of a polymer of dextran
and has attached thereto one or more agents which pro-
vide activation signals to the cells, e.g. anti CD3mAb
and/or anti CD28 mAb. In addition the nanomatrix carries
magnetic, paramagnetic or superparamagnetic nano-
crystalls, embedded into the polymer.
[0056] The nanomatrix is contacted with T cells, there-
by activating and inducing the T cells to proliferate. Op-
tionally, after stimulating of T cells the unbound magnetic,
paramagnetic or superparamagnetic nanomatrix may be
removed by applying a magnetic field gradient. Alterna-
tively, the cells labelled with the magnetic nanomatrices
may be separated by applying a magnetic field gradient,
in particular a high-gradient magnetic field, and subse-
quent expansion of the purified T cells.
[0057] Although there is no need to remove the nano-
matrix after activation and proliferation of the population
of T cells due to their property of being biologically inert
with regard to alteration one might optionally remove the
nanomatrix with mild washing conditions, which are suf-
ficient to wash way the nanomatrices from the cells or
cell culture. The nanomatrices can easily be diluted by
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repeated washing steps to effective concentrations be-
low the T cell activation threshold. This optionally remov-
ing step is much easier performed with the nanomatrices
than with beads or microspheres well known in the state
of the art due to their small size. If the nanomatrix carries
magnetic, paramagnetic or superparamagnetic nano-
crystalls, embedded into the polymer than optionally the
removal step can be performed by applying a magnetic
field gradient to the cell/nanomatrix mixture.
[0058] The method of the invention can be used to ex-
pand selected T cell populations for use in treating an
infectious disease or cancer. The resulting T cell popu-
lation can be genetically transduced and used for immu-
notherapy or can be used for in vitro analysis of infectious
agents such as HIV. Proliferation of a population of CD4+
cells obtained from an individual or patient, e.g. infected
with HIV, can be achieved and the cells rendered resist-
ant, e.g. to HIV infection. Following expansion of the T
cell population to sufficient numbers, the expanded T
cells are re-infused into the individual or patient. Similarly,
a population of tumor-infiltrating lymphocytes can be ob-
tained from an individual afflicted with cancer and the T
cells stimulated to proliferate to sufficient numbers and
restored to the individual. In addition, supernatants from
cultures of T cells expanded in accordance with the meth-
od of the invention are a rich source of cytokines and can
be used to sustain T cells in vivo or ex vivo.
[0059] In another embodiment of the present invention
a nanomatrix as described in any proceeding embodi-
ment may be used in a closed cell culture system, e.g.
the sample processing system of WO2009072003. The
nanomatrices have optimal connectivity to such a closed
cell culture system, they can be easily sterile filtrated and
integrated into the closed cell culture system. They ease
the processes of the closed cell culture system, i.e. stim-
ulation of the T cells or other target cells) because no
removal of the nanomatrices after the stimulation (and
expanding) process is necessary as described herein.
[0060] The use of the method of the present invention
within a closed cell culture system such as the sample
processing system of W02009072003 results in a safe
and easy way to produce a pharmaceutical composition
of stimulated T cells due to the reduced risk of e.g. con-
taminating agents such as other eukaryotic cells, bacteria
or viruses (safer and faster handling by the operator).
[0061] The present invention has broad applicability to
any cell type having a cell surface moiety that may be
stimulated. In this regard, many cell signaling events can
be enhanced by the method of the present invention.
Such methodologies can be used therapeutically in an
ex vivo setting to activate and stimulate cells for infusion
into a patient or could be used in vivo, to induce cell sig-
naling events on a target cell population. Preferentially
the target cells of the method are T cells, but are in no
way limited thereto.
[0062] Prior to stimulation of T cells by the present in-
vention the T cells may be directly identified and/or sep-
arated or isolated from blood, peripheral mononuclear

blood cells (PBMC), body tissue or cells from tissue fluids.
The cells are normally identified and/or separated from
cell samples from mammals such as humans, mouse, or
rat, but especially from humans and preferably from test
subject and/or patients. The separation is performed by
well known sorting methods in the art. This includes for
example affinity chromatography or any other antibody-
dependent separation technique known in the art. Any
ligand-dependent separation technique known in the art
may be used in conjunction with both positive and neg-
ative separation techniques that rely on the physical
properties of the cells. An especially potent sorting tech-
nology is magnetic cell sorting. Methods to separate cells
magnetically are commercially available e.g. from Invit-
rogen, Stemcell Technologies, Cellpro, Advanced Mag-
netics, or Miltenyi Biotec. In addition to mixtures of T cells
with other cells, such as monocytes, macrophages, den-
dritic cells, B cells or other cells which are part of hema-
tologic cell samples, such as blood or leukapheresis,
highly purified T cell populations can be used for contact-
ing with the presented invention, including T cell subpop-
ulations, such as CD4+ T cells, CD8+ T cells, NKT cells,
γ/δ T cells, α/β T cells, CD4+CD25+Foxp3+ regulatory T
cells, naive T cells (CD45RA+CCR7+ and/or CD62L+)
or central memory T cells (CD45R0+CCR7+), effector
memory T cells (CD45R0+CCR7-) or terminal effector T
cells (CD45RA+CCR7-). Nanomatrices provide suffi-
cient crosslinking activity to the T cell receptor, therefore
additional crosslinking, e.g. via Fc-receptor expressing
cells such as monocytes or dendritic cells is not required
for activation.
[0063] Target cell populations, such as the T cell pop-
ulations obtained via the present disclosure may be ad-
ministered either alone, or as a pharmaceutical compo-
sition in combination with diluents and/or with other com-
ponents such as IL-2 or other cytokines or cell popula-
tions. Briefly, pharmaceutical compositions of the
present disclosure may comprise a target cell population
as described herein, in combination with one or more
pharmaceutically or physiologically acceptable carriers,
diluents or excipients. A pharmaceutical composition
may comprise a) a population of T cells, wherein said T
cells are proliferated to therapeutically effective amounts
according to the present invention; and b) one or more
pharmaceutically or physiologically acceptable carriers,
diluents or excipients. Such a composition may contain
traces of nanomatrices which are biologically inert with
regard to alteration of the cell function but may be bio-
degardeable and which are non-toxic and non-antigenic
to humans. Compositions of the present disclosure are
preferably formulated for intravenous administration.
[0064] Pharmaceutical compositions of the present
disclosure may be administered in a manner appropriate
to the disease to be treated (or prevented). The quantity
and frequency of administration will be determined by
such factors as the condition of the patient, and the type
and severity of the patient’s disease, although appropri-
ate dosages may be determined by clinical trials.
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Examples

Example 1: Preparation of nanomatrices

[0065] Magnetic nanomatrices were produced by a
modification of the procedure of Molday and MacKenzie.
Ten grams of Dextran T40 (Pharmacia Uppsala, Swe-
den), 1.5 g FeCl3 · 6 H2O and 0.64 g FeCl2 · 4 H2O are
dissolved in 20 ml H2O, and heated to 40°C. While stir-
ring, 10 ml 4N NaOH are added slowly and the solution
is heated to 70°C for 5 min. The particle suspension is
neutralized with acetic acid. To remove aggregates the
suspension is centrifuged for 10 min at 2,000 g and fil-
trated through a 0.22 mm pore-size filter (Millex GV, Mil-
lipore, Molsheim, France). Unbound Dextran is removed
by washing in a high-gradient magnetic field (HGMF).
HGMF washing of magnetic nanomatrices is performed
in steelwool columns made as described below and
placed in a magnetic field of approx. 0.6 Tesla (MACS
permanent magnet, Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany). Ten milliliters of nanomatrix sus-
pension are applied to a 15 x 40 mm column of 2 g steel-
wool. The loaded column is washed with 30 ml 0.05 M
sodium acetate. After removing the column from the ex-
ternal magnetic field, the magnetic nanomatrices are
eluted with 0.05 M sodium acetate. The nanomatrices
form a brown suspension. The relative particle concen-
tration is given as optical density at 450 nm. The size of
the nanomatrices was determined by electron microsco-
py and dynamic light scattering to be 30 6 20nm (e.m.)
and 65 6 20 nm (DLS). The nanomatrices show super-
paramagnetic behavior, as determined by susceptibility
measurements. The size of the trapped ferrit microcrys-
tals was determined from magnetic measurements to be
approximately 10 nm.
[0066] CD3 antibodies (clone OKT3) and CD28 anti-
bodies (clone15E8) (Miltenyi Biotec GmbH, Bergisch
Gladbach, Germany) were conjugated to the same or
separate nanomatrices by standard bioconjugation
chemistry (Bioconjugate Techniques, 2nd Edition, By
Greg T. Hermanson, Published by Academic Press, Inc.,
2008).

Example 2: Expansion of T cells using nanomatrices at 
various CD3/CD28 concentrations and ratios versus 
CD3/CD28 MACSiBeads

[0067] The current state-of-the-art reagents for activa-
tion of highly purified T cells comprise activating antibod-
ies against CD3/CD28 immobilized either on the surfaces
of a cell culture dish or large cell-sized (4-5 mm) particles.
Both techniques are error prone and technically difficult
to realize and standardize, especially under GMP-com-
patible production conditions. In contrast nanomatrices
can be easily prepared and conveniently be used for cell
culture under GMP-conditions. Therefore we compared
the T cell activation potential by analysing the expansion
potential of the CD3/CD28 coated nanomatrices at var-

ious concentrations and CD3/CD28 ratios with commer-
cially available cell stimulation beads (MACSiBeads, ø
4,5mm, Miltenyi Biotec GmbH). As can be seen in FIG 1
the nanomatrices expand T cells efficiently even at very
low CD3 concentrations (20 - 100 ng/ml) which are also
typically used for soluble CD3/CD28 in the presence of
accessory cells which provide crosslinking. Besides the
antibody concentration the CD3/CD28 ratio can also in-
fluence the cell activation and provides an additional
means to optimize the T cell culture. The expansion at
optimal doses (20 - 300 ng/ml) was similar or better than
the standard reagent (MACSiBeads). At higher doses
the expansion was reduced due to overstimulation of the
T cells (activation-induced cell death), a phenomenon
known to occur at a too high degree of TCR stimulation.
Taken together, these results show that CD3/CD28 coat-
ed nanomatrices can efficiently activate and expand T
cells at very low antibody concentrations and without the
need for additional crosslinking.

Example 3: Comparison CD3/CD28 conjugated to nano-
matrices versus 200 nm and 300 nm solid particles

[0068] As outlined above currently available reagents
for activation of T cells can be split into two groups. Sol-
uble antibodies stimulating, e.g. against CD3 and CD28,
require immobilisation either on a surface of the cell cul-
ture dish or via receptors an accessory cells, e.g. Immu-
noglobulin Fc-receptors. Reagents which do not depend
on an extra crosslinking step to be used for T cell activa-
tion, e.g. to stimulate highly purified T cells in the absence
of accessory cells, are based on cell-sized particles (ø
4-5 mm) coated with stimulating CD3 and CD28 antibod-
ies. It is known that solid particles below a critical diam-
eter of about 1 mm are not suitable to properly expand T
cells. To show the unique activating capacity of the
CD3/CD28 coated nanomatrices (ø 50-200 nm), we com-
pared their activating capacity with solid particles of sim-
ilar size (200 nm, and 300 nm) versus cell sized particles
(ø 4,5 mm). Since small solid particles do not usually lead
to expansion of T cells we analysed early T cell activation
markers (CD25 up-regulation and loss of CD3 expres-
sion) to have a sensitive screen for T cell activation. CD25
is up-regulated within the first 24-48 hours following T
cell stimulation. Because the TCR induced CD25 up-reg-
ulation is further supported by IL-2, we also added IL-2
to the culture conditions to maximize the sensitivity of the
assay. Another direct result of TCR stimulation is the
downregulation of the T cell receptor, which can be an-
alysed via loss of CD3 expression on the cell surface.
Highly purified T cells were cultured with CD3/CD28 coat-
ed nanomatrices (100 ng/ml CD3) or solid particles with
a diameter of 4.5 mm (MACSiBeads) or 200 nm
(Ademtech beads) both covalently coated with CD3 and
CD28 antibodies. MACSiBeads were used at an optimal
1:1 ratio whereas 200 nm particles were titrated to
achieve an active dose of CD3 and CD28 ranging from
25-3000 ng/ml CD3. On day 3 and 5 the frequency of
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CD25+ T cells and on day 3 the expression intensity of
CD3 was measured.
[0069] As can be seen in FIG 2A, B and C nanomatri-
ces lead to strong activation at the optimal dose (100
ng/ml) as shown by up-regulation of CD25 [FIG 2B (day
3), FIG 2C (day5)] and downregulation of CD3 (FIG 2A)
which occurred at similar levels like with the cell-sized
MACSiBeads. In sharp contrast no CD25 up-regulation
and almost no CD3 down-regulation was seen for 200
nm solid particles even at 30 fold higher CD3/CD28 con-
centrations. Even on day five 200 nm solid particles were
not able to induce CD25 expression to a similar level like
the nanomatrix. Only at high concentrations (5-30 fold
higher than for the nanomatrix) there was a slight upreg-
ulation observed achieving about 50-70% of the levels
of the nanomatrix.
[0070] These data show that despite their small size
flexible nanomatrices indeed have a unique potential to
activate T cells when compared to similarly sized parti-
cles with a solid surface. The titration experiment also
shows that the lack of activation by CD3/CD28 coated
200-300 nm-sized solid particles cannot simply be com-
pensated by higher doses of particles but obviously there
is a different quality of activation signal induced by the
nanomatrix.

Example 4: expansion of purified T cell subsets

[0071] As indicated above various T cell subsets can
have different activation requirements. In particular naïve
T cells are difficult to activate in the absence of accessory
cells. Furthermore CD4 and CD8 T cells may have dif-
ferent needs when activated alone or in presence of ad-
ditional cell types. To show that all T cell subsets can be
expanded equally well by nanomatrices, we activated pu-
rified CD4 and CD8 naive T cells, total naïve T cells or
total T cells with either nanomatrices at the indicated dose
and composition or MACSiBeads and compared their ex-
pansion. As shown in FIG 3 all subsets can be efficiently
expanded by nanomatrices and at comparable level to
the standard MACSiBead culture.

Example 5: Expansion of CD25+Foxp3+ regulatory T 
cells (Treg)

[0072] Treg are of particular interest for therapeutic ap-
plications for transplantation, autoimmunity and chronic
inflammation and Treg are difficult to expand in vitro with-
out loss of regulatory activity, i.e. Foxp3 expression.
Therefore we also analysed whether CD25 selected Treg
cells (Foxp3 purity typically 60-90%) from various donors
can be expanded using nanomatrices. To support growth
of Treg versus conventional T cells the expansion was
done in the presence of 100 nM Rapamycine, a well de-
scribed drug inhibiting conventional T cell growth. As
shown in FIG 4 following 14 days of culture Treg can be
expanded 10-20 times (w/o Rapa) or 5-10 times (with
Rapa). As described before without Rapa the Foxp3 pu-

rity was highly variable (10-75%) whereas in the pres-
ence of Rapa the purity was always >50%. Taken togeth-
er these results show that nanomatrices can even be
used to activate and expand Treg in culture.

Example 6: Comparison of T cell activation by 
CD3/CD28-conjugated to the same nanomatrix versus 
CD3 and CD28 conjugated to separate nanomatrices.

[0073] It is described in various applications of CD3
and CD28 based T cell activation reagents that both an-
tibodies have to be immobilized onto the same surface
for optimal activation. Therefore we also tested whether
this is also required for CD3 and CD28 conjugated to
nanomatices. We compared expansion of purified naive
T cells activated by a CD3/CD28 nanomatrix versus CD3
nanomatrix + CD28 nanomatrix mixed at different ra-
tios/concentrations. Expansion (day 5) and cell division
(day 7), as measured by Violetye dilution was analysed.
As shown in FIG 5A, B the stimulation with the CD3 na-
nomatrix alone did not induce significant expansion and
only few cell divisions can be observed, as it is expected
for naive T cells which depend on a costimulatory signal.
However addition of the CD28 nanomatrix, already at
10-50 ng/ml induced full cell dividing activity and also
expansion of T cell numbers, which was similar to the
CD3/CD28 control nanomatrix or the standard MACSi-
Beads. These data clearly show that both antibodies may
be conjugated to separate nanomatrices, which can be
mixed hereafter for optimised use. This facilitates the pro-
duction process and quality control of the single nano-
matrices and improves the flexibility of the reagent, e.g.
facilitating the optimisation of the activation conditions
for specialised T cell subsets by titrating various CD3 and
CD28 concentrations and ratios (fine-tuning).

Example 7: The effect of conjugation of soluble CD3 or 
CD28 to the nanomatrix

[0074] To rule out the possibility that similar results as
with the CD3 and/or CD28 coated nanomatrix could be
achieved by use of the respective soluble antibodies, we
compared the stimulating effects of CD3 or CD28 coated
the nanomatrix with soluble antibodies at various con-
centrations to demonstrate that indeed the conjugation
of the antibodies to the matrix is the critical step to obtain
good T cell activation. IL-2 was added to all cultures. As
shown in FIG 6A a soluble CD3 alone did not induce any
significant up-regulation of the early activation markers
CD25 and CD69 in naive T cells over a wide concentra-
tion range (10-10000 ng/ml) whereas CD3 coated Nano-
matrix (100 ng/ml CD3) induced CD25/CD69 expression
in 20-60% of the cells. In the presence of a saturating
amount (200 ng/ml) of soluble CD28 as costimulator (FIG
6B) soluble CD3 also induced CD25/CD69 expression
in about 20-40% of the cells at the highest tested doses
(100-10000 ng/ml). In contrast the CD3 coated nanoma-
trix (100 ng/ml CD3) induced CD25/CD69 expression in
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40-70% of the cells.
[0075] We also tested the effect of conjugation of CD28
antibodies to the nanomatrix. Since the effects of cos-
timulation are best visualized under suboptimal CD3
stimulation, we titrated CD28 either soluble or conjugated
to the nanomatrix in the presence of soluble CD3 to a
culture of naive T cells. As shown in FIG 6C soluble CD3
alone similar to the induction of CD25/CD69 as shown
above did not induce any expansion of the naive T cells.
In the presence of soluble CD28 however a 2-6 fold ex-
pansion was detectable but only at the highest tested
dose of CD28 (10000 ng/ml). In contrast to this, CD28
conjugated to nanomatrix induced a similar degree of
expansion already at a 1000 fold lower concentration (10
ng/ml). These data show again the strong crosslinking
and T cell activating capacity of nanomatrix versus sol-
uble antibodies which explains why CD3CD28 conjugat-
ed naomatrices in contrast to soluble antibodies can be
used to activate and expand even naive human T cells
in vitro.

Example 8: Nanomatrices can be used to activate T cells 
for introduction of TCR genes by viral transduction

[0076] One important application for activating and ex-
panding T cells and in particular purified cell subsets is
their genetic manipulation, e.g. to introduce a certain an-
tigen receptor with specificity for tumor antigens. We
have used nanomatrices to activate purified naive (TN,
CD62L+ CD45RA+), central memory (TCM,
CD62L+CD45RA-) and effector (TEM, CD62L-CD45RA-)
T cells and transduced them using a retroviral vector ex-
pressing a TCR specific for MART-1, a tumor antigen.
To test the relative frequency of transgene expression in
these T cell subsets we performed MHC-peptide Class
I tetramer staining. All T cell subsets are efficiently trans-
duced (>50%) independent on the stimulatory conditions
we tested (FIG.7). We also compared the in vitro expan-
sion of the transduced T cells. As shown in FIG 8 after
10 days we observed no differences with regard to ex-
pansion of the three subsets under all conditions. All ac-
tivation regimens for the isolated T cell subsets were
equal or better to the "standard" stimulation of total PBMC
with soluble CD3 (all values were normalized to this
standard to allow better comparison between different
donors). We observed a trend (not statistically significant)
for better expansion when T cell subsets are stimulated
with MACSiBeads or nanomatrices when compared to
coated αCD3+αCD28. We further investigated the func-
tional activity of the introduced MART-1 TCR and the
differentiation status of transduced cells looking at sur-
face markers and cytokine production upon restimulation
with a MART-1+HLA-A2+ tumor cell line. As shown in
FIG 9 nanomatrix- and MACSiBead- stimulated TCM and
TN cellls seem to have a higher expression of CD62L and
CCR7, two molecules facilitating migration of the T cells
into peripheral lymph nodes. This capacity is regarded
as beneficial to promote long term persistence and func-

tional activity of transferred T cels in vivo and thus is
thought to increase therapeutic efficacy. The percentage
of MART-1 reactive IFNγ+ cells tend to be higher in TCM
and TEM CD8+ T cell subsets compare to TN in all stim-
ulatory conditions but this was not statistically significant
(FIG 10 top panel). Focussing on the IL-2 production (FIG
10 middle panel) we observed that a higher percentage
of TN cells produces IL-2 when they have been stimulated
with MACSiBeads/nanomatrices when compared to
coated αCD3+αCD28 stimulation. The same is true for
TNFα producing cells detected in TN subset when stim-
ulated with MACSiBeads (FIG 10 bottom panel). These
results indicate cells of TN derived cells stimulated with
beads showed diminished effector cell differentiation,
suggesting less progress toward terminal differentiation.
[0077] Taken together, the results indicate that
CD3/CD28 nanomatrices can be used to efficiently acti-
vate and transduce purified T cell subsets to generate
fully functional T cell transplants, e.g. for tumor therapy.

Claims

1. An in vitro method for polyclonal stimulation of T
cells, the method comprising contacting a population
of T cells with a nanomatrix, the nanomatrix com-
prising

a) a flexible matrix, wherein said matrix is of pol-
ymeric material; and
b) attached to said polymeric flexible matrix one
or more polyclonal stimulatory agents which pro-
vide activation signals to the T cells; thereby ac-
tivating and inducing the T cells to proliferate;
wherein the nanomatrix is 1 to 500 nm in size

2. The method according to claim 1, wherein the nano-
matrix is biologically inert with regard to alteration of
the cell function.

3. The method according to claim for 2, wherein at least
one first and one second stimulatory agents are at-
tached to the same flexible matrix.

4. The method according to any one of claims 1 to 3,
wherein at least one first and one second stimulatory
agents are attached to separate flexible matrices.

5. The method according to claim 4, wherein the ratio
of nanomatrices to cells is larger than 500:1 allowing
fine-tuning of T cell stimulation.

6. The method according to any one of claims 1 to 5,
wherein one stimulatory agent is an anti-CD3 anti-
body.

7. The method according to any one of claims 1 to 6,
wherein the second stimulatory agent is an anti-
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CD28 antibody.

8. The method according to any one of claims 1 to 7,
wherein the flexible matrix consists of a polymer of
dextran.

9. The method according to any one of claims 1 to 8,
wherein the nanomatrix is biodegradable.

10. The method according to any one of claims 1 to 9,
wherein the nanomatrix carries magnetic, paramag-
netic or superparamagnetic nano-crystalls, embed-
ded into the flexible matrix.

11. The method according to any one of claims 1 to 10,
wherein the nanomatrix is 10 to 200 nm in size.

12. The method according to any one of claims 1 to 11,
wherein the stimulatory agent is attached at high
density with more than 25 mg per mg nanomatrix.

13. The method according to any one of claims 1 to 12,
wherein the stimulated T cells are Treg cells.

14. The method according to any one of claims 1 to 13,
wherein the method is used within a closed cell cul-
ture system.

15. A pharmaceutical composition comprising a popula-
tion of stimulated T cells produced according to the
method of claim 14.

16. The use of a nanomatrix for in-vitro stimulation of T
cells, the nanomatrix comprising

a) a flexible matrix, wherein said matrix is of pol-
ymeric material; and
b) attached to said polymeric flexible matrix one
or more polyclonal stimulatory agents which pro-
vide activation signals to the T cells;
wherein the nanomatrix is 1 to 500 nm in size
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