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Description
FIELD OF THE INVENTION

[0001] Theinventionrelatestoa method for stimulating
antigen-specific T cell responses.

BACKGROUND OF THE INVENTION

[0002] Study of antigen (Ag)-specific T cell responses
poses formidable technical challenges [Kern, Trends Im-
munol. 26:477, 2005]. This is mainly due to the fact that
Ag-specific fractions are commonly represented at very
low frequencies in peripheral blood, a feature which
makes their detection troublesome [Mallone, Clin.Immu-
nol. 110:232, 2004]. This detection is even more prob-
lematic when CD4+ T cells are considered, as these frac-
tions are frequently present at even lower frequencies
than their CD8+ counterparts [Homann, Nat.Med. 7:913,
2001; Seder, Nat.Immunol. 4:835, 2003].

[0003] Several detection strategies are currently avail-
able which allow to detect such Ag-specific T cells (CD4+
and CD8+) using a variety of structural or functional re-
adouts [Kern, Trends Immunol. 26:477, 2005]. However,
onedrawback shared by all techniques is that Ag-specific
CD4+ T cells canrarely be detected directly ex-vivo. Most
commonly, these cells need to be preliminarily expanded
through 5-14 d in vitro culture steps to reach the detection
threshold [Mallone, Clin.Immunol. 110:232, 2004]. A
number of approaches can be used for this in vitro ex-
pansion. As peripheral blood mononuclear cells (PB-
MCs) contain suitable numbers of CD4+ T cells as well
as antigen-presenting cells (APCs; monocytes, B cells,
and minute fractions of circulating dendritic cells) (DC),
they can be pulsed with the peptide epitopes or protein
Ags of interest and expanded with or without the addition
of co-stimulatory cytokines such as interleukin (IL)-2 and
IL-7.

[0004] Alternatively, monocytes can first be isolated
and differentiated into immature DC with granulo-
cyte/macrophage colony-stimulating factor (GM-CSF)
and IL-4 for 5-7 days, to be subsequently matured with
different proinflammatory stimuli for an additional 24-48h
[Zhou et al., Proc.Natl.Acad.Sci.USA 93:2588, 1996].
This strategy exploits the higher stimulatory potency of
DCs to achieve a larger CD4+ T cell expansion. While
attractive, it requires however larger starting blood vol-
umes, as monocytes represent only ~5-15% of PBMCs,
and autologous monocytes should ideally be used to
avoid selection of allo-specific CD4+ T cells. T cells need
therefore to be keptin culture or frozen down while mono-
cyte-derived DC are being generated. Besides higher
PBMC needs, this procedure is also longer than those
relying exclusively on blood natural APCs.

[0005] Moreover, use of peptide epitopes for T-cell
stimulation requires preliminary identification of those
epitopes targeted by the immune response. This identi-
fication procedure is very labor-intensive, and specific
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for one HLA Class | or Class Il allele. Thus, different
epitopes have to be identified for different HLA alleles,
depending on the human subjects that one wishes to
study.

[0006] Of further note, it is frequently of interest not
only to detect CD4+T cells, but also to isolate and expand
them for further functional profiling.

[0007] Therefore, there is still an unmet need in the art
for providing a sensitive, versatile and easy-to-use meth-
od for measuring T cell responses and for isolating T cell
clones, in particular CD4+ T cells.

[0008] Ramadan et al. (Cytotherapy, vol 6, 2004,
p223-234), Dauer et al. (J Immunol. Methods, vol 302,
2005, p145-155) and Ho et al. (J Immunol. Methods, vol
310, 2006, p 40-52), Narendran Parth etal. (Immunology,
vol 111, 2004, p422-429), Meidenbauer et al. (Prostate,
vol 43, 2000, p 88-100) and Horiguchi Yotaka et al. (Clin-
ical Cancer Res, vol 8, 2002, p3885-3892) all describe
the generation of DC which are generated by using only
the adherent fraction of PBMC or monocyte-derived DC.

SUMMARY OF THE INVENTION

[0009] Theinventors have discovered thatitis possible
to stimulate Ag-specific T cell responses by co-culturing
them with maturing dendritic cells directly from unfrac-
tionated whole blood or peripheral blood mononuclear
cell (PBMC) samples, using appropriate cytokine cock-
tails and culture conditions.

[0010] Thus, the invention provides a method for stim-
ulating antigen (Ag)-specific T cell responses in a blood
sample or unfractionated PBMC sample isolated from a
subject, comprising the following steps:

a) culturing said blood or PBMC sample in a medium
which induces differentiation of dendritic cells (DC);
b) maturing said DC;

wherein an Ag is added during steps a) and/or b).
[0011] The invention also relates to the use of such a
method for diagnosing a disease and/or for monitoring
the effects of an immune therapy in a subject.

[0012] Another aspect of the invention relates to the
use of such a method for producing Ag-specific T cell
clones.

[0013] Yet another aspect of the invention relates to
the use of such a method for evaluating the immuno-
genicity of therapeutic proteins and for Ag discovery and
epitope mapping analyses.

[0014] Yet another aspect of the invention relates to
the use of such a method for generating Ag-specific T
regulatory cells.

DETAILED DESCRIPTION OF THE INVENTION

[0015] Theinventionrelatestoamethod for stimulating
Ag-specific T cell responses in a blood or PBMC sample
isolated from a subject, comprising the following steps:
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a) culturing said blood sample or unfractionated PB-
MC sample in a medium which induces the differen-
tiation of DC;

b) maturing said DC;

wherein an Ag is added during steps a) and/or b).
[0016] In one embodiment, the Ag-specific T cell re-
sponses are CD4+ T cell responses.

[0017] In another embodiment, the Ag-specific T cell
responses are CD8+ T cell responses.

[0018] The inventors have demonstrated that suitable
biological samples for carrying out the method of the in-
vention are a blood sample or an unfractionated PBMC
sample purified from whole blood using conventional
density gradient separation protocols. In a preferred em-
bodiment, the biological sample of the invention is a PB-
MC sample. The term "PBMC" or "peripheral blood
mononuclear cells" or "unfractionated PBMC", as used
herein, refers to whole PBMC, i.e. to a population of white
blood cells having a round nucleus, which has not been
enriched in a given sub-population. Typically, the unfrac-
tionated PBMC sample according to the invention has
not been subjected to a selection step to contain only
adherent PBMC (which consist essentially of >90%
monocytes) or non-adherent PBMC (which contain T
cells, B cells, natural killer (NK) cells, NK T cells and DC
precursors). A PBMC sample according to the invention
therefore contains lymphocytes (B cells, T cells, NK cells,
NKT cells), monocytes, and precursors thereof.

[0019] Typically, these cells can be extracted from
whole blood using Ficoll, a hydrophilic polysaccharide
that separates layers of blood, with the PBMC forming a
cell ring under a layer of plasma. Additionally, PBMC can
be extracted from whole blood using a hypotonic lysis
which will preferentially lyse red blood cells. Such proce-
dures are known to the expert in the art.

[0020] Alternatively, the biological sample according
to the invention can be a blood sample.

[0021] The term "blood sample" or "unfractionated
blood sample" as used herein refers to a crude blood
specimen which has been isolated from a subject and
collected in tubes or other containers containing an ap-
propriate anti-coagulant (e.g., lithium heparin or sodium
citrate). The blood sample is unfractionated whole blood
and contains plasma and blood cells (red blood cells,
white blood cells). It may be a freshly isolated blood sam-
ple (<48h) or a blood sample which has been obtained
previously and kept frozen until use.

[0022] The term "subject" as used herein refers to a
mammalian, such as a rodent (e.g. a mouse or a rat), a
feline, a canine or a primate. In a preferred embodiment,
said subject is a human subject.

[0023] The subject according to the invention can be
a healthy subject or a subject suffering from a given dis-
ease.

[0024] The term "antigen" ("Ag") as used herein refers
to protein, peptide, tissue or cell preparations capable of
eliciting a T cell response. In a preferred embodiment,
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said Ag is a protein which can be obtained by recom-
binant DNA technology or by purification from different
tissue or cell sources. Such proteins are not limited to
natural ones, but also include modified proteins or chi-
meric constructs, obtained for example by changing se-
lected aminoacid sequences or by fusing portions of dif-
ferent proteins. In another embodiment of the invention,
said Ag is a synthetic peptide, obtained by Fmoc bio-
chemical procedures, large-scale multipin peptide syn-
thesis, recombinant DNA technology or other suitable
procedures.

[0025] In another embodiment of the invention, the Ag
is a crude or partially purified tissue or cell preparation
obtained by different biochemical procedures (e.g., fixa-
tion, lysis, subcellular fractionation, density gradient sep-
aration) known to the expert in the art.

Step a): culturing the blood sample or PBMC sample in
a medium which induces the differentiation of DC

[0026] The method of the invention comprises the step
of culturing a blood sample or an unfractionated PBMC
sample in a medium which induces the differentiation of
DC. Suitable media for carrying out the invention are any
culture medium suitable for growth, survival and differ-
entiation of PBMCs. Typically, it consists of a base me-
dium containing nutrients (a source of carbon, aminoac-
ids), a pH buffer and salts, which can be supplemented
with serum of human or other origin and/or growth factors
and/or antibiotics, to which agents are added that induce
differentiation of DC.

[0027] Typically, the base medium can be RPMI 1640,
DMEM, IMDM, X-VIVO or AIM-V medium, all of which
are commercially available standard media.

[0028] In the embodiment of the invention where a
blood sample rather than a PBMC sample is cultured,
use of such base media is dispensable, and differentiat-
ing agents can be added directly into the blood, which
serves as a culture medium.

[0029] The cell culture may be performed at 37°C in a
5% CO, atmosphere, using tissue culture incubators suit-
able to this end.

[0030] Said medium comprises Granulocyte/Macro-
phage Colony-Stimulating Factor (GM-CSF). Typically,
GM-CSF is used in an amount comprised between 1 and
10,000 U/ml, preferably between 10 and 5,000 U/ml,
even more preferably at about 1,000 U/ml.

[0031] GM-CSF can be obtained from a variety of
sources. It may be purified orrecombinant GM-CSF. GM-
CSF is commercially available from different companies,
for example R&D Systems or PeproTech.

[0032] Said medium further comprises interleukin 4
(IL-4). Typically, IL-4 is used in an amount comprised
between 0 and 10,000 U/ml, preferably between 10 and
1,000 U/ml, even more preferably at about 500 U/ml. IL-
4 can be obtained from a variety of sources. It may be
purified or recombinant IL-4. IL-4 is commercially avail-
able from different companies, for example R&D Sys-
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tems or PeproTech.

[0033] In a preferred embodiment, said medium com-
prises FMS-like tyrosine kinase 3 (Flt-3) ligand, Flt-3 lig-
and may be used alone or in combination with GM-CSF
and/or IL-4. Typically, FIt-3 ligand is used in an amount
comprised between 1 and 1,000 ng/ml, preferably be-
tween 10 and 100 ng/ml.

[0034] FIt-3 ligand can be obtained from a variety of
sources. It may be purified or recombinant FIt-3 ligand.
Flt-3 ligand is commercially available from different com-
panies, for example R&D Systems or PeproTech.
[0035] According to the invention, the step of incubat-
ing the blood sample or unfractionated PBMC sample in
a medium which induces the differentiation of DC is per-
formed for an amount of time sufficient for enriching said
blood sample or unfractionated PBMC sample in DC. For
the person skilled in the art, this can be easily tested by
examining the relative expression of markers which are
known to be expressed or not to be expressed by DC.
For example, an enrichment of the blood sample or PB-
MC sample may be reflected by an increase in markers
such as CD11c, HLA-DR, CD80 and CD86 and/or by a
decrease in markers such as CD 14. The specificity of
expression of these markers on DC populations can be
assessed by limiting the cells under analysis to selected
unfractionated PBMC or whole blood subsets, using a
variety of gating strategies. For examples, DC may be
identified as cells not expressing markers typical of other
subpopulations (e.g., CD3, CD14, CD16, CD19, CD34;
so called lineg cells), and expressing HLA-DR.

[0036] In a preferred embodiment, said step is carried
out for an amount of time t(a) comprised between t(a)min
and t(a)max.

[0037] Typically, the minimal incubation for step a),
t(a)min, can be 12 hours, preferably 16 hours, even more
preferably 18 hours, 19 hours, 20 hours, 21 hours, 22
hours, 23 hours, even more preferably 24 hours.
[0038] Typically, the maximum incubation for step a),
t(a)max can be 10 days, preferably 7 days, even more
preferably 6 days, 5 days, 4 days, 3 days, 2 days, even
more preferably 1 day.

[0039] The minimal and maximal incubation times
t(a)min and t(a)max disclosed above can be combined.
[0040] In a preferred embodiment, step a) is carried
out for an amount of time t(a) comprised between 16
hours and 7 days, preferably between 20 hours and 4
days.

[0041] In a preferred embodiment, step a) is carried
out for an amount of time t(a) of 24 hours.

[0042] Indeed, the inventors have demonstrated that
the conventional protocols for producing DC, that are
subsequently capable of stimulating Ag-specific T cell
responses when added to isolated T cells, using purified
monocytes as starting material, can be applied to the
production of DC in co-culture, and hence to the method
for stimulating antigen-specific T cell responses of the
invention. Such methods are described for example in
Caux et al. Nature 360:258, 1992; Romani et al., J Exp
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Med. 180: 83, 1994 and Sallusto et al., J Exp Med. 179 :
1109, 1994. Moreover, the inventors have demonstrated
that, unexpectedly, the accelerated protocol described
by Daueretal.,[Daueretal., JImmunol, 170:4069, 2003],
can also be used for the method of the invention, in order
to stimulate Ag-specific T cell responses, using unfrac-
tionated blood samples or PBMC samples as starting
material.

Step b): maturing the DC

[0043] According to the method of the invention, after
enriching the blood sample or PBMC sample in DC during
step a), said DC are matured during step b).

[0044] In a preferred embodiment, pro-inflammatory
stimuli and/or agents which mimic a viral or bacterial ag-
gression are added to the medium of step a).

[0045] Examples of pro-inflammatory stimuli suitable
for the method of the invention are, but are not limited to,
tumor necrosis factor alpha (TNF-a), interleukin-1 beta
(IL-1B), prostaglandin E2 (PGE2), anti-CD40 monoclonal
antibodies (mAbs), CD40 ligand (CD40L) recombinant
chimeric proteins, interferon-alpha (IFN-a), interferon-
gamma (IFN-y), interleukin-7 (IL-7). Such agents can be
used alone or in different combinations with other pro-
inflammatory stimuli or viral/bacterial mimetic agents. Ex-
amples of agents which mimic a viral or bacterial aggres-
sion suitable for the method of the invention are, but are
not limited to, lipopolysaccharides (LPS), CpG oligode-
oxynucleotides, polyinosinic:polycytidylic acid (poly I:C),
Pam3CysSerLys4 (Pam3CSK4), imiquimod. Such
agents can be used alone or in different combinations
with other pro-inflammatory stimuli or viral/bacterial mi-
metic agents.

[0046] Inone embodiment, step b) is carried out in the
presence of at least one agent selected from the group
consisting of TNF-qa, IL-1B, PGE2, anti-CD40 antibody,
IFN-a 2a, LPS, poly I:C, IFN-y, IL-7 and mixtures thereof.
[0047] Said agent(s) are agents known to stimulate im-
mune responses, and the skilled person will be able to
select the appropriate concentrations of each agent for
obtaining DC maturation while limiting non-specific T cell
activation.

[0048] Also, the skilled person will easily construe that
other agents which are known to stimulate DC maturation
can also be used according to the method of the inven-
tion.

[0049] In a preferred embodiment, step b) is carried
out in the presence of TNF-q, IL-1p and PGE2.

[0050] Typically, TNF-a is used in an amount com-
prised between 1 and 10,000 U/ml, preferably between
10 and 5,000 U/ml, even more preferably at about 1,000
U/ml. TNF-a can be obtained from a variety of sources.
It may be purified or recombinant TNF-a.. TNF-a is com-
mercially available from different companies, forexample
R&D Systems or PeproTech.

[0051] Typically, IL-1B is used in an amount comprised
between 0.1 and 1,000 ng/ml, preferably between 1 and
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100 ng/ml, even more preferably at about 10 ng/ml. IL-
1B can be obtained from a variety of sources. It may be
purified orrecombinantIL-1p. IL-1p is commercially avail-
able from different companies, for example R&D Sys-
tems or PeproTech.

[0052] Typically, PGE2 is used in an amount com-
prised between 0.01 and 100 uM, preferably between
0.1 and 10 wM, even more preferably at about 1 pM.
PGE2 can be obtained from a variety of sources. PGE2
is commercially available as a product of synthesis from
different companies, for example Calbiochem/Merck or
Sigma.

[0053] Inanother embodiment, step b) is carried out in
the presence of anti-CD40 (for example mAb clone
G28-5) and IFN-a.

[0054] Typically, anti-CD40 mAb is used in an amount
comprised between 0.1 and 50 wg/ml, preferably be-
tween 1 and 25 pg/ml, even more preferably at about 10
pg/ml. In a preferred embodiment, anti-CD40 mAb is
clone G28-5. Purified G28-5 or other anti-CD40 mAbs
can be produced in-house from hybridoma culture su-
pernatants according to procedures known to those
skilled in the art, or purchased from different commercial
sources such as BioLegend or eBioscience.

[0055] In an alternative embodiment, anti-CD40 mAbs
can be substituted with recombinant CD40 ligand mole-
cules, synthesized either in monomeric or in multimeric
form. Recombinant CD40 ligand molecules can be pro-
duced in-house using recombinant DNA methodologies
known to those skilled in the art, or purchased from dif-
ferent commercial sources such as R&D Systems.
[0056] Typically, IFN-a is used in an amount com-
prised between 1 and 10,000 U/ml, preferably between
10 and 5,000 U/ml, even more preferably at about 1,000
U/ml. In a preferred embodiment, IFN-a is IFN-a.2a. IFN-
o can be obtained from a variety of sources. It may be
purified or recombinant IFN-a.. IFN-o. is commercially
available from different companies, for example Roche
(Roferon-A), R&D Systems or PeproTech.

[0057] In another embodiment, step b) is carried out in
the presence of LPS.

[0058] Typically, LPS is used in an amount comprised
between 1 and 10,000 ng/ml, preferably between 10 and
1,000 ng/ml, even more preferably at about 100 ng/ml.
LPS can be obtained from a variety of sources. It may
be purified from different bacterial strains. Suitable
strains are, but are not limited to, E. coli, K. pneumoniae,
P. aeruginosa, S. enterica, S. typhosa, S. marcescens.
LPS is commercially available from different companies,
for example Sigma.

[0059] In another embodiment, step b) is carried out in
the presence of poly I:C.

[0060] Typically, poly I:C is used in an amount com-
prised between 0.1 and 1,000 w.g/ml, preferably between
1and 100 n.g/ml, even more preferably atabout 20 p.g/ml.
Poly I:C can be obtained from a variety of sources. It may
be synthesized using methodologies known to those
skilled in the art. Poly I:C is commercially available from
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different companies, for example Sigma.

[0061] In preferred embodiments, a low dose of IL-7
may be added to the agents of step b).

[0062] Typically, IL-7 is used in an amount comprised
between 0.01 and 10 ng/ml, preferably between 0.1 and
1 ng/ml, even more preferably at about 0.5 ng/ml. IL-7
can be obtained from a variety of sources. It may be pu-
rified or recombinant IL-7. IL-7 is commercially available
from different companies, for example R&D Systems or
PeproTech.

[0063] According to a preferred embodiment of the
method of the invention, step b) is carried out for an
amount of time t(b) sufficient to mature DC. Typically,
this amount of time t(b) is comprised between 12 and 72
hours, preferably between 16 and 48 hours, even more
preferably for 24 hours.

[0064] Inthe alternative embodiment, step b) is carried
out for a shorter amount of time t(b) comprised between
0 and 12 hours.

Antigen

[0065] Without wishing to be bound by theory, it is be-
lieved that the blood sample or PBMC sample subjected
to the method of the invention contains a co-culture of
DC at various maturation stages (monocytes, immature
DC, mature DC) and of T cells, amongst other cells.
[0066] It is believed that, within this heterogeneous
population of cells, the DC will take up the Ag and present
it to on their surface to the T cells, which will thereby be
stimulated in an Ag-specific manner.

[0067] In a preferred embodiment, said Ag is a protein
which can be obtained by recombinant DNA technology
or by purification from different tissue or cell sources.
Typically, said protein has a length higher than 10 ami-
noacids, preferably higher than 15 aminoacids, even
more preferably higher than 20 aminoacids with no the-
oretical upper limit. Such proteins are not limited to nat-
ural ones, but also include modified proteins or chimeric
constructs, obtained for example by changing selected
aminoacid sequences or by fusing portions of different
proteins.

[0068] In another embodiment of the invention, said
Agis asynthetic peptide. Typically, said synthetic peptide
is 3-40 aminoacid-long, preferably 5-30 aminoacid-long,
even more preferably 8-20 aminoacid-long. Synthetic
peptides can be obtained by Fmoc biochemical proce-
dures, large-scale multipin peptide synthesis, recom-
binant DNA technology or other suitable procedures.
Such peptides are not limited to natural ones, but also
include modified peptides or chimeric peptides, obtained
for example by changing selected aminoacid sequences
or by fusing portions of different proteins. In another em-
bodiment of the invention, the Ag is a crude or partially
purified tissue or cell preparation obtained by different
biochemical procedures (e.g., fixation, lysis, subcellular
fractionation, density gradient separation) known to the
expert in the art.
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[0069] The skilled personinthe artwill be able to select
the appropriate Ag, depending on the desired T cell stim-
ulation.

[0070] The skilled person will also know at which step
said Ag should be introduced.

[0071] Typically, if the Ag is a protein or a tissue or cell
preparation, it will generally be added during steps a).
Typically, if the Ag is a peptide, it can be added at step
b) rather than at step a). Although there is no clear ami-
noacid length cutoff to predict whether a given peptide
will be directly bound to MHC Class Il molecules or will
be taken up and processed by dendritic cells prior to pres-
entation on MHC Class Il molecules, it falls within the
ability of the person skilled in the art to optimize the time
of addition of intermediate length peptides for each case.

Detection of the stimulated T cells

[0072] Methods for the detection of stimulated T cells
are known to the skilled person. The procedures de-
scribed below provide a few examples of suitable meth-
ods. However, the person skilled in the art can easily
construe that any method suitable for assessing the stim-
ulation of T cells in response to an Ag can be used.
[0073] Enzyme-linked immunospot (ELISpot):

This procedure is described in detail below, in Ex-
ample 1.

[0074] Non-adherent cells from pre-culture wells are
transferred to a plate which has been coated with the
desired anti-cytokine capture antibodies (Abs; e.g., anti-
IFN-y, -IL-10, -IL-2, -IL-4). Revelation is carried out with
biotinylated secondary Abs and standard colorimetric or
fluorimetric detection methods such as streptavidin-alka-
line phosphatase and NBT-BCIP and the spots counted.
ELISpot readouts are then expressed as spot-forming
cells (SFC)/108 PBMCs.

[0075] Supernatant cytokine assay:

Cytokines released in the culture supernatant are
measured by different techniques, such as enzyme-
linked immunosorbent assays (ELISA), BD cytomet-
ric bead array, Biorad Bio-Plex assay and others.
[0076] HLA Class Il tetramers:
With this procedure, Ag-reactive T cells recognizing
specific peptide epitopes are detected, using either
commercially available reagents (e.g., Prolmmune
MHC Class Il Ultimers) or in-house generated ones
(e.g., from Dr. G.T. Nepom, Benaroya Research In-
stitute, Seattle, USA) [Novak et al., J.Clin.Invest.
104:R63, 1999].

[0077] Upregulation of activation markers (e.g., CD69,
CD25, CD137):
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With this procedure, Ag-specific T cell responses are
detected by their differential expression of activation
markers exposed on the membrane following Agrec-
ognition.

[0078] Cytokine capture assays:
This system developed by Miltenyi Biotech is a valid
alternative to the ELISpot to visualize Ag-specific T
cells according to their cytokine response. In addi-
tion, it allows the direct sorting and cloning of the T
cells of interest (see below).

[0079] CD154 assay:
This procedure has been recently described in detail
[Chattopadhyay et al., Nat.Med. 11:1113, 2005;
Frentsch etal., Nat.Med. 11: 1118, 2005]. Itis limited
to detection of Ag-specific CD4+ T cells.

[0080] CD107 assay:
This procedure [Betts et al., J.Immunol.Methods
281:65, 2003] allows the visualization of Ag-specific
CD8+ T cells with cytotoxic potential.

[0081] CFSE dilution assay:

This procedure detects Ag-specific T cells (CD4+

and CD8+) according to their proliferation following

Ag recognition [Mannering et al., J.Immunol.Meth-
ods 283:173, 2003].

Applications of the method

[0082] The method for stimulating Ag-specific T cell
responses described in the present application is a fast,
efficient, specific and versatile procedure. To summarize,
the advantages as compared to traditional methodolo-
gies are:

1. Higher sensitivity;

2. Unfractionated PBMCs or even unfractionated
blood can be used, either fresh or frozen. There is
no need for preliminary purification steps, making
the technique simpler and less demanding in terms
of blood volumes;

3. No preliminary long-term expansion is required;
4. When protein Ags or tissue or cell preparations
Ags are used, the whole T cell repertoire against
those Ags can be detected, rather than the repertoire
against a limited set of specific epitopes;

5. No limitations of HLA restriction;

6. Compatible also with peptide Ags;

7. Compatible with different readouts of T cell acti-
vation;

8. The same stimulation technique can be used to
expand and subsequently sort Ag-specific CD4+ T
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cells and to generate CD4+ T cell lines and clones
for further characterization.

[0083] As such, the described method has many ap-
plications.

[0084] Theinventiontherefore also relates to a method
for diagnosing an autoimmune disease in a subject as
defined in the claims comprising the following steps:

a) culturing a blood sample or a unfractionated PB-
MC sample obtained from said subject in a medium
which induces the differentiation of DC;

b) maturing said DC;

c) detecting T cell responses;

wherein one or more disease-associated Ags are added
during steps a) and/or b).

[0085] Theinvention also relates to a method for mon-
itoring the effects of an immune therapy in a subject suf-
fering from a disease as defined in the claims comprising
the following steps:

a) culturing a blood sample or a unfractionated PB-
MC sample obtained from said subject in a medium
which induces the differentiation of DC;

b) maturing said DC;

c) detecting T cell responses;

wherein one or more disease-associated Ags are added
during steps a) and/or b).

[0086] Indeed, the inventors have discovered that the
method of the invention for stimulating Ag-specific T cell
responses can be useful both for diagnosing a disease
and for monitoring the immunological effects of an im-
mune therapy in several settings.

[0087] In a preferred embodiment, said disease is se-
lected from the group consisting of autoimmune diseas-
es. This group comprises, but is not limited to, type 1
diabetes (T1D), Wegener’s granulomatosis, Crohn’s dis-
ease, celiac disease and multiple sclerosis.

[0088] In another embodiment of the invention, said
disease is selected from the group consisting of cancer
disease. This group comprises, but is not limited to,
melanoma, colon cancer, renal cancer and haematolog-
ical malignancies such as leukemias, lymphomas and
multiple myeloma.

[0089] In another embodiment, said disease is select-
ed from the group consisting of infectious diseases. This
group comprises, but is not limited to, diseases caused
by infectious agents such as M. tuberculosis, HIV, hep-
atitis C virus, cytomegalovirus, Epstein-Barr virus, influ-
enza viruses.

[0090] In another embodiment, said disease is a graft-
vs-host disease complicating bone marrow transplanta-
tion and similar procedures.

[0091] For diagnostic applications, the method of the
invention can be used to detect one or more Ag-specific
T cell responses which are correlated with the disease,
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preferably an autoimmune disease. For example, the
method can be used to detect preproinsulin- or glutamic
acid decarboxylase (GAD)-specific T cell responses
which are correlated with type 1 diabetes.

[0092] The expression "monitoring immune therapy"
as used herein refers to measurement of changes in T
cellresponses induced in a given subject following in vivo
administration of immune modulating agents.

[0093] For monitoring applications, different types of
situations are found, according to the type of disease.
[0094] In autoimmune diseases, immune modulatory
therapies can be used to blunt pathological immune re-
sponses. One strategy to accomplish this result relies on
non-Ag-specific interventions based on a number of im-
mune modulatory agents. For example, agents such as
cyclosporin A (Stilleretal., Science 223:1362, 1984; Feu-
tren et al., Lancet 19:119, 1986; Bougneres et al., Dia-
betes 39:1264, 1990), Daclizumab, mycophenolate
mofetil, rapamycin, interleukin-2, anti-CD3 monoclonal
antibodies (Herold et al., N.Engl.J.Med. 346:1692, 2002;
Keymeulen et al., N.Engl.J.Med. 352:2598, 2005), anti-
CD20 monoclonal antibodies such as Rituximab (Pesco-
vitz et al., N.Engl.J.Med. 361:2143, 2009), autologous
non-myeloablative hematopoietic stem cell transplanta-
tion (Voltarelli et al., JAMA 297:1568, 2007), autologous
cord blood cell infusion (Haller et al., Diabetes Care
32:2041,2009), vitamin D, T regulatory cell adaptive ther-
apies have been, are being or are likely to be tested for
T1D prevention and/or intervention. A second approach
relies on Ag-specific strategies, i.e., administration of a
disease-related Ag in a tolerogenic form. For example,
agents such as (pro)insulin (DPT-1, N.Engl.J.Med.
346:1685, 2002; Skyler et al., Diabetes Care 28:1068,
2005; Nanto-Salonen et al., Lancet 372:1746, 2008),
GAD (Ludvigsson etal., N.Engl.J.Med. 359:1909, 2008),
NBI-6024 (Alleva et al., Scand.J.Immunol. 63:59, 2006),
DiaPep277 (Razetal., DiabetesMetab.Res.Rev. 23:292,
2007) and combinations thereof, anti-CD3 in combina-
tion with B-cell Ags (Bresson et al., J.Clin.Invest.
116:1371,2006), in vitro orin vivo DC Ag loading (Mukho-
padhaya et al., Proc.Natl.Acad.Sci.USA 105:6374,
2008), epitope-HLA multimers (Casares et al., Nat.Im-
munol. 3:383, 2002; Masteller et al., J.Immunol.
171:5587, 2003; Mallone et al., Blood 106:2798, 2005)
have been, are being or are likely to be tested for T1D
prevention and/or intervention.

[0095] In cancer and infectious diseases, pathogene-
sis is not driven by pathological immune responses, but
rather by tissue cells or infectious agents which escape
control by the immune system. Immune responses
against cancer or infected cells/infectious agents are
therefore physiological adaptations trying to counter-act
disease. These physiological mechanisms can be ther-
apeutically boosted, using either non-Ag-specific strate-
gies (forexample, cytotoxic T lymphocyte-associated an-
tigen 4 blockade, alone or in combination with various
agents, in melanoma; Yuan et al.,
Proc.Natl.Acad.Sci.USA 105:20410, 2008; Maker et al.,
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Ann.Surg.Oncol. 12:1005, 2005) or Ag-specific ap-
proaches, i.e., administration (so called vaccination) of
disease-related Ag(s) in an immunogenic form. These
latter approaches can be pursued by administering the
Ag alone or in combination with different adjuvant agents
(for example, tumor-associated Ag administration in
melanoma; Di Pucchio et al, Cancer Res. 66:4943, 2006;
Peterson et al., J.Clin.Oncol. 21:2342, 2003); by admin-
istering DC pulsed with the Ag (for example, tumor-as-
sociated Ag-pulsed DC infusion in melanoma; Palucka
et al., J.Immunother. 26:432, 2003; Banchereau et al.,
Cancer Res. 61:6451, 2001; Thurner et al., J.Exp.Med.
190:1669, 1999) or by adoptive transfer of disease-as-
sociated Ag-specific T cells (for example, tumor-associ-
ated Ag-specific T cell infusion in melanoma; Vignard et
al., J. Immunol. 175:4797, 2005).

[0096] Therefore it is of therapeutic interest to follow
the immune changes induced by such intervention. Suc-
cessful interventions should translate in a decrease (in
the case of autoimmune diseases) or increase (in the
case of cancer and infectious diseases) of the disease-
related Ag-specific T cell responses. Such changes in
disease-related Ag-specific T cell responses could be
either quantitative (e.g., change in the frequency of Ag-
specific T cells) or qualitative (e.g., change in the phe-
notype and/or function of such T cells). Availability of
these immune surrogate markers of clinical efficacy can
be of great utility for a variety of applications. For exam-
ple: better selection of patients to treat and therapeutic
agents to use based on patient’s immune responses (for
example, GAD administration in patients presenting
GAD-specific T cell responses); optimization and/or tai-
loring of therapeutic doses or administration regimens
(for example, increase in doses/frequency of administra-
tion if no immune change is registered), thus improving
the risk-to-benefit ratio; prognostic stratification of treated
patients according to their probability to respond to treat-
ment; decision of whether to treat patients again based
on maintenance or not of the induced immune changes.
[0097] The method for stimulating Ag-specific T cell
responses of the invention can therefore be very useful
to monitor induction of these immune changes.

[0098] Step c) of detecting T cell responses can be
performed as described above, for example by measur-
ing the amount of a given cytokine which is secreted.
[0099] In a preferred embodiment, step c) of detecting
T cell responses is performed by ELISpot.

[0100] The expression "disease-associated antigens
(Ags)", as used herein, refers to proteins or peptides
which constitute the molecular targets of an immune re-
sponse. Said molecular targets are expressed by the tis-
sue(s) or cell(s) targeted by the immune response. Ex-
pression of disease-associated Ags can be limited to the
target tissue or be extended to additional body compart-
ments. Disease-associated Ags can be initially identified
as being targets of autoantibody or T cell immune re-
sponses, or based on their selective expression by the
target tissue. Some examples of disease-associated pro-
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tein antigens are preproinsulin (PPI), glutamic acid de-
carboxylase (GAD), insulinoma-associated protein 2 (I1A-
2), islet-specific glucose-6-phosphatase catalytic-subu-
nit-related protein (IGRP) and zinc transporter 8 (ZnT8)
for T1D; myeloperoxydase and proteinase 3 for Wegen-
er’s graulomatosis; myelin oligodendrocyte glycoprotein
(MOG) and myelin basic protein (MBP) in multiple scle-
rosis; gliadins in celiac disease; tyrosinase, melan-A,
MART-1, gp100 and NY-ESO-1 in melanoma cancer;
ESAT-6 for M. tuberculosis infection; and gag for HIV
infection.

[0101] Examples of disease-associated peptide Ags
are derived from the above said protein Ags following
processing by Ag-presenting cells - including DC - and
presentation in the context of different HLA Class | or
Class Il molecules. Therefore, said peptide Ags are dif-
ferent depending not only on their source Ag, but also on
the HLA molecules by which they are presented. For ex-
ample, a list of T1D-associated peptide Ags for both
mouse and human can be found in DiLorenzo et al.,
Clin.Exp.Immunol. 148:1, 2007.

[0102] The expression "disease-associated antigens"
also refers to tissues or cells which constitute the targets
of an immune response. Disease-associated tis-
sues/cells can be identified as being targets of the dis-
ease based on pathophysiology and clinical presentation
of said disease. Some examples of disease-associated
tissues/cells are insulin-producing pancreatic beta-cells
for T1D; oligodendrocytes in multiple sclerosis; intestinal
epithelia in celiac disease; malignant melanocytes in
melanoma cancer; M. tuberculosis for tuberculosis infec-
tion; and HIV for HIV infection.

[0103] The immune response mounted against dis-
ease-associated Ags can be a pathological one (i.e., in
the case of autoimmune diseases) or a physiological,
potentially beneficial one, aimed at limiting the conse-
quences of another ongoing pathological process (i.e.,
in the case of cancer or infectious diseases). By virtue
of the pathological or physiological immune responses
underlying said diseases, detection of such responses
can be used to diagnose these diseases, or to follow their
natural or therapeutically modified evolution. By meas-
uring disease-associated Ag-specific T cell responses,
the method described herein can therefore be applied to
both immune diagnosis and monitoring (e.g., immune
staging, therapeutic follow-up) of said diseases.

[0104] The person skilled in the art will know how to
select appropriate disease-associated Ags. Such selec-
tion is based on a wide array of strategies. Examples of
such strategies for T1D-associated Ags can be found in
Wenzlau et al. Proc.Natl.Acad.Sci.USA 2007; Peakman
et al, J.Clininvest. 1999; Nepom et al,
Proc.Natl.Acad.Sci.USA 2001; Arif et al., J.Clin.Invest.
2004; Toma et al., Proc.Natl.Acad.Sci.USA 2005; Blan-
cou etal., J.Immunol. 2007; Skowera et al., J.Clin.Invest.
2009. Reviews of such strategies for T1D-associated
peptide epitopes can be found in Di Lorenzo et al.,
Clin.Exp.Immunol. 148:1, 2007 and in Martinuzzi et al.,
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Ann.N.Y.Acad.Sci. 1150:61, 2008.

[0105] Another application of the method of the inven-
tion concerns its use for the in vitro study of the immu-
nogenicity (or tolerogenicity) of therapeutic proteins.
[0106] The term "therapeutic proteins" as used herein
refers to protein or peptide compounds of any aminoacid
length which are administered or are planned to be ad-
ministered in vivo to human subjects to achieve a thera-
peutic effect. Examples of such therapeutic proteins are,
but are notlimited to, disease-associated Ags (as defined
above), antibodies of different species (either in their na-
tive form or partially/fully humanized), cytokines, hor-
mones or hormone analogues, coagulation factors, en-
zymes, bacterial or viral proteins. Such proteins are not
limited to natural ones, but also include modified proteins
or chimeric constructs, obtained for example by changing
selected aminoacid sequences or by fusing portions of
different proteins. Without wishing to be bound by theory,
there are two different therapeutic settings where evalu-
ation of immunogenicity of therapeutic proteins is of rel-
evance.

[0107] One first therapeutic setting concerns the use
of disease-associated Ags (as defined above) for in vivo
administration, with the aim of inducing a tolerogenic ef-
fect (e.g., in the case of autoimmune diseases) or an
immunogenic effect (e.g., in the case of cancer or infec-
tious diseases). Itis important to first evaluate in vitro the
potential to achieve said desired therapeutic effect.
[0108] In other therapeutic settings, the aim is not to
induce immunogenic responses of any kind to the ad-
ministered protein, but rather to avoid such responses
so to allow said protein to achieve the therapeutic effect
forwhichitis designed. Example of such settings include,
without being limited to, cytokine-based immune thera-
pies, hormone replacement therapies and replacement
therapies for coagulation factors (e.g., Factor VIl in Hae-
mophilia A) or enzymatic deficits (e.g., beta-glucuroni-
dase in mucopolysaccharidosis VII). In all these situa-
tions, mounting of immunogenic responses against the
administered protein is not desirable, as this would be
counterproductive for achieving the desired therapeutic
effect (e.g., side effects such as cytokine release syn-
dromes; or neutralization/degradation of the therapeutic
protein).

[0109] Theinventiontherefore also relates to a method
for evaluating the immunogenicity of a therapeutic protein
as defined in the claims comprising the following steps:

a) culturing a blood sample or a unfractionated PB-
MC sample in a medium which induces the differen-
tiation of DC;

b) maturing said DC;

c) detecting T cell responses;

wherein said therapeutic protein is added during steps
a) and/or b).

[0110] Another application of the method of the inven-
tion is its use for Ag or epitope discovery (also known as
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"mapping"), i.e. for screening Ags and epitopes in order
to select those eliciting an Ag-specific T cell response.
[0111] The term "epitope" as used herein refers to the
portion of a protein Ag recognized by a T cell. Epitopes
are peptides of different aminoacid length which can bind
to major histocompatibility complex (MHC) Class | or
Class Il molecules. The peptide-MHC complex thus
formed can be recognized by the T cell receptor (TCR)
expressed on T cells, thus leading to T cell activation and
mounting of epitope Ag-specific T cell responses.
[0112] As Ags and epitopes are the defined molecular
targets of T cells, it is often relevant to precisely identify
such targets to design appropriate proteins or peptides
to be used for in vitro applications (e.g., detection of Ag-
specific T cell responses for diagnostic, prognostic or
therapeutic purposes) or for in vivo administration (e.g.,
Ag- or epitope-based tolerogenic therapies in autoim-
mune diseases; or Ag- or epitope-based vaccinations in
cancer and infectious diseases). Furthermore, definition
of common rules governing epitope binding to a given
MHC molecule (e.g. HLA-A2, A*0201; or HLA-DR4,
DR*0401) and/or triggering of TCR signalling and T cell
activation is often pursued with the aim of developing
computerized algorithms capable of predicting the be-
haviour of a given epitope. Developing of such algorithms
frequently requires availability of large experimental data
sets.

[0113] Theinventiontherefore also relates to a method
for screening candidate Ags and epitopes as defined in
the claims comprising the following steps:

a) culturing a blood sample or an unfractionated PB-
MC sample in a medium which induces the differen-
tiation of DC;

b) maturing said DC;

c) detecting T cell responses;

wherein a candidate Ag or epitope is added during steps
a) and/or b).

[0114] Said candidate Ag can also be tissue(s) or
cell(s) targeted by an immune response or any type of
cell coated, loaded or forced to express candidate Ags
or epitopes by biochemical or molecular biology tech-
niques known to the expert in the art.

[0115] Yet another application of the method of the in-
vention concerns its use for producing T cell clones.
[0116] Accordingly, the invention relates to a method
for producing T cell clones displaying specific immuno-
logical properties from a subject as defined in the claims
comprising the following steps:

a) culturing a blood sample or a PBMC sample ob-
tained from said subject in a medium which induces
the differentiation of DC;

b) maturing said DC;

c) isolating at least one T cell displaying said specific
immunological properties;
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wherein an Ag is added during steps a) and/or b).
[0117] Said specific immunological properties include
recognition by the isolated T cells of the Ag added during
step a) and/or b). Said specific immunological properties
may also include the production of IFN-y or the ability to
exert cytotoxic effects on cells presenting the recognized
Ag. T cell clones producing IFN-y or displaying cytotox-
icity can be useful for example for treatment of cancer
and infectious diseases.

[0118] Another possible specific immunological prop-
erty can be the production of IL-10. T cell clones produc-
ing IL-10 can be used as regulatory T cells for the treat-
ment of autoimmune diseases.

[0119] Thepersonskilledinthe artis familiar with meth-
ods for expanding said Ag-specific T cells once isolated
from a blood sample or a PBMC sample. Examples of
such methods, also known as T cell cloning methods,
can be found in Reijonen et al., Diabetes 51:1375, 2002;
Mallone et al., Blood 106:2798, 2005; Mannering et al.,
J.Immunol.Methods 298:83, 2005; Yee et al., J.Immunol.
162:2227, 1999; Mandruzzato et al., J.Immunol.
169:4017, 2002; Oelke et al., Nat.Med. 9:619, 2003;
Skowera et al., J.Clin.Invest. 118:3390, 2009.

[0120] The person skilled in the art is also familiar with
methods suitable to isolate said Ag-specific T cells in a
viable state based on differentimmunological properties.
For example, selection of IFN-y- or IL-10-producing T
cells may be obtained by Miltenyi cytokine capture as-
says. As another example, selection of cytotoxic T cells
may be obtained based on upregulation of CD107 [Betts
et al., J.Immunol.Methods 281:65, 2003].

[0121] Yet another application of the method of the in-
vention concerns its use for generating Ag-specific T reg-
ulatory cells.

[0122] The term "T regulatory cell" as used herein re-
fers to specialized subpopulation of T cells that act to
control and suppress activation of the immune system
and thereby maintain immune system homeostasis and
tolerance to self Ags. Said regulatory T cells recognizing
defined disease-related Ags may be used therapeutically
to restore immune tolerance in pathological situations
such as autoimmune and graft vs. host diseases. Efficient
methods for generating high numbers of polyclonal (i.e.,
recognizing a large numbers of undefined Ags) T regu-
latory cells have been described [Putnam et al., Diabetes
58:652, 2009]. Nonetheless, generation of high numbers
of T regulatory cells specific for a given Ag has yet to be
accomplished. The method described herein may prove
useful to this end.

[0123] Accordingly, the invention relates to a method
for generating Ag-specific T regulatory cells displaying
specific immunological properties from a subject as de-
fined in the claims, comprising the following steps:

a) culturing a blood sample or an unfractionated PB-
MC sample obtained from said subject in a medium
which induces the differentiation of DC with tolero-
genic properties;
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b) maturing said DC;
c) isolating at least one T cell displaying said specific
immunological properties;

wherein an Ag is added during steps a) and/or b).
[0124] Said specific immunological properties include
recognition by the isolated T cells of the Ag added during
step a) and/orb). Ssaid specificimmunological properties
may also include: the ability to suppress proliferation, cy-
tokine secretion, cytotoxicity and other effector functions
of T cells put in physical contact or in spatial proximity
with said T regulatory cells, or put in contact with super-
natants from T regulatory cell cultures; the ability to pro-
duce regulatory cytokines such as IL-10, members of the
transforming growth factor (TGF)-p family, IL-35, alone
or in combination with non-regulatory cytokines such as
IFN-y; the ability to proliferate only in the presence of IL-
2; the ability to express markers typical of T regulatory
cell populations. Such markers include CD25, CD127,
glucocorticoid-induced tumor necrosis factor receptor
(GITR), forkhead box P3 (FoxP3), HLA-DR, cytotoxic T-
lymphocyte antigen 4 (CTLA-4), CD45RA, Inducible T-
cell Costimulator (ICOS).

[0125] Thepersonskilledinthe artis familiar with meth-
ods for expanding said T regulatory cells once isolated
from a blood sample or an unfractionated PBMC sample.
Examples of such methods can be found in Putnam et
al., Diabetes 58:652, 2009 and in Miyara et al., Immunity
30:899, 2009.

[0126] The person skilled in the art is also familiar with
methods suitable to isolate said T regulatory cells in a
viable state based on differentimmunological properties.
For example, selection of IL-10-producing T regulatory
cells may be obtained by Miltenyi cytokine capture as-
says. As another example, selection of CD25high
CD127-negative T regulatory cells may be obtained
based on cell surface staining [Liu et al., J. Exp. Med.
203:1701, 2006, Seddiki et al., J. Exp. Med. 203:1693,
2006, Putnam etal., Diabetes 58:652, 2009 and in Miyara
et al., Immunity 30:899, 2009].

[0127] The term "DC with tolerogenic properties" as
used herein refers to DC capable of giving rise to T reg-
ulatory cells. Said DC with tolerogenic properties can be
obtained by adding cytokines possessing regulatory
properties to the previously described culture protocols.
[0128] In a preferred embodiment, said regulatory cy-
tokine is IL-10. Typically, IL-10 is used in an amount com-
prised between 1 and 1,000 ng/ml, preferably between
10 and 100 ng/ml. IL-10 can be obtained from a variety
of sources. It may be purified or recombinant IL-10. IL-
10 is commercially available from different companies,
for example R&D Systems or PeproTech.

[0129] In another preferred embodiment, said regula-
tory cytokine is a member of the TGF-p family such as
TGF-B1. Typically, TGF-B1 is used in an amount com-
prised between 1 and 1,000 ng/ml, preferably between
1 and 100 ng/ml, even more preferably between 1 and
10 ng/ml. TGF-B1 can be obtained from a variety of sourc-
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es. It may be purified or recombinant TGF-B1. TGF-B1 is
commercially available from different companies, for ex-
ample R&D Systems or PeproTech.

[0130] In yet other embodiments, said regulatory cy-
tokines are other cytokines known to exert a regulatory
activity or any combination of IL-10, a member of the
TGF-B family and/or other regulatory cytokines. Exam-
ples of other cytokines with regulatory activity include,
without being limited to, IL-5, IL-13 and IL-35.

[0131] In a preferred embodiment, step a) is carried
out for an amount of time t(a) comprised between t(a)min
and t(a)max.

[0132] Typically, the minimal incubation for step a),
t(a)min, can be 12 hours, preferably 16 hours, even more
preferably 18 hours, 19 hours, 20 hours, 21 hours, 22
hours, 23 hours, even more preferably about 24 hours.
[0133] Typically, the maximum incubation for step a),
t(a)max can be 10 days, preferably 7 days, even more
preferably 6 days, 5 days, 4 days, 3 days, 2 days, even
more preferably 1 day.

[0134] The minimal and maximal incubation times
t(a)min and t(a)max disclosed above can be combined.
[0135] In a preferred embodiment, step a) is carried
out for an amount of time t(a) comprised between 16
hours and 7 days, preferably between 20 hours and 4
days.

[0136] In a preferred embodiment, step a) is carried
out for an amount of time t(a) of 24 hours.

[0137] The invention will be further described by the
following examples.

FIGURE LEGENDS
[0138]

Figure 1. Unfractionated human PBMCs give rise
to acDCs that stimulate T cells. (a) Comparison of
IFN-y ELISpot responses to TTX or control Ag ob-
tained by maturing acDCs with different stimuli, as
indicated (see Methods and Supplementary Figure
1 for details). The dotted line marks the IFN-y signal
obtained in the absence of cytokines. *p<0.03 and
**p<0.001 for comparison with "no cytokine" condi-
tion in the absence of significant background in-
crease. (b-d) Comparison of acDC maturation pro-
tocols selected above for ELISpot detection of IFN-
v (b), IL-10 (c) and IL-4 (d) responses to TTX, KLH
or control Ag. Dotted lines indicate the TTX-specific
cytokine signals obtained in the absence of cy-
tokines. *p<0.04 for comparison with "no cytokine"
condition in the absence of significant background
increase. In all panels, one representative of at least
three experiments is shown.

Figure 2. Comparison between acDCs and moD-
Cs and reproducibility of acDC-amplified IFN-y
ELISpot assays. (a) Phenotype comparison be-
tween acDCs (top) and moDCs (bottom). acDCs
were obtained by culturing unfractionated PBMCs
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for 48 h with GM-CSF/IL-4 alone (blue profiles) orin
combination with TNF-a/PGE,/IL-1B (added during
the last 24 h; red profiles). moDCs were generated
by culturing purified monocytes for 7 d with the same
cytokine cocktails (TNF-a/PGE,/IL-1p added during
the last 24 h). Comparisons with isotype control
staining (shaded profile) and with cultures in the ab-
sence of cytokines (dotted profiles) are shown. Sim-
ilar results were obtained by maturing acDCs and
moDCs with anti-CD40/IFN-o. (not shown). (b) Stim-
ulatory potency in IFN-y ELISpot assays of acDCs
and moDCs matured with TNF-a/PGE,/IL-1p or left
immature. For acDCs, whole PBMCs (1x108/well)
were cultured as before in the presence or absence
of M. tubercolosis PPD for 48h. Autologous mono-
cytes were isolated by PBMC adherence
(1x108/well) and stimulated as above for 7 d to obtain
moDCs. Fresh autologous PBMCs (1x108/well)
were then added onto moDCs with or without PPD
for 48 h. Non-adherent cells were subsequently re-
covered and subjected to IFN-y ELISpot. (c) Analyt-
ical interassay variability of acDC IFN-y ELISpot.
Three PBMC aliquots frozen from the same blood
draw were thawed and tested as described. Coeffi-
cient of variation (CV)=9.6%. Basal ("No Ag") and
TTX-induced IFN-y spot counts along with net (ba-
sal-subtracted) TTX responses are indicated here
and in subsequent panels d, e (acDC cultures ma-
tured with anti-CD40/IFN-a). (d) Pre-analytical and
analytical interassay variability of acDC IFN-y ELIS-
pot. PBMCs were obtained from the same individual
on 4 different occasions and tested as described.
CV=5.4%. (e) Variability between fresh and cryop-
reserved samples. PBMCs from a single blood draw
were either tested fresh or frozen and subsequently
tested upon thawing. CV=6.9%. All panels are rep-
resentative of experiments performed in triplicate.
Figure 3. acDC-expanded Ag-specific T cells can
be isolated and cloned. (a) Schematic of the acDC
ELISpot and T-cell clone generation procedure. acD-
Cs were induced by adding GM-CSF and IL-4 along
with protein Ag to CFSE-labeled PBMCs on day 0,
followed on day 1 by TNF-a/PGE,/IL-1B. On day 2,
non-adherent cells were transferred into ELISpot
wells for 6 h and subsequently recovered and put
back into culture. Ag-specific responses were quan-
tified by ELISpot. On day 8-10, the corresponding
fraction of proliferating (CFSE!W) cells was single-
cell-sorted, expanded through three stimulation cy-
cles and tested for Ag specificity at day 28. (b) Rep-
resentative acDC IFN-y ELISpot following TTX or
control stimulation. (c) CFSE proliferation of PBMCs
recovered from ELISpot wells. A comparison of
standard vs. acDC-driven expansion is shown. (d)
The TTX-specific CFSE!®W fraction was sorted and
cloned. Recall assay of one of these clones on TTX-
and control-pulsed DCs by intracellular IFN-y stain-
ing is shown.
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Figure 4. Protein/peptide Ags and different stim-
ulation periods trigger different T-cell respons-
es. (a) acDC- and moDC-driven IFN-y ELISpot as-
says were performed as in Fig. 1b on magnetically
CD4-depleted or undepleted PBMCs stimulated with
a hexavalent vaccine (Hexa). (b) IFN-y ELISpot per-
formed on PBMCs cultured with or without the acDC
cocktail. PBMCs from a HLA-A2* (A*0201) -DR4*
(DR*0401) subject were stimulated with the HLA-A2-
restricted Flu MPgg_ g6 peptide, DR4-restricted Flu
HA3p6.315 Peptide or TTX, as indicated. Peptides
were added after the first 24 h of culture, while TTX
was introduced ab initio. (c) TTX-specific IFN-y ELIS-
pot responses in acDC stimulations performed on
PBMCs magnetically depleted of CD45RA* or
CD45RO* cells or left undepleted. Results are ex-
pressed as relative IFN-y responses normalized to
undepleted PBMCs. (d) IFN-y and IL-10 ELISpot re-
sponses to TTX and KLH on acDC-stimulated PB-
MCs labeled with CFSE. (e) CFSE-labeled PBMCs
were recovered from the assay wells of panel d and
cultured for additional 10 days in the absence of fur-
ther stimuli and cytokines. CFSE proliferation of
CD4* and CD8* T cells to different Ags are shown.
Stimulations in panels a-e were performed by ma-
turing acDCs with TNF-a/PGE,/IL-1B and are rep-
resentative of three independent experiments (ex-
cept for panel ¢, where means =SEM of three sep-
arate experiments are shown).

Figure 5. Ag-specific IFN-y secretion and CD137
upregulation are acDC-amplified in PBMCs and
whole blood. (a) IFN-y capture assay performed on
PBMCsinthe absence (top row) or presence (bottom
row) of acDCs. After 48 h incubation, secreted IFN-
y was captured on the surface of non-adherent cells
according to manufacturer’s instruction. Percent
numbers indicate the IFN-y*CD4* (left) or IFN-
y*CD8* (right) fraction among PBMCs. (b) CD137
upregulation assays performed on purified PBMCs
with (bottom row) or without (top row) acDC amplifi-
cation during a 48 h culture, as above. (c) Whole
blood from the same draw was stimulated in parallel
by adding Ags with (bottom) or without (top) acDCs.
At the end of the 48-h culture, red blood cells were
lysed and samples analyzed as for panel b. Dot plots
were here gated on CD4* (left) or CD8* (right) T cells
to allow comparison between PBMCs and whole
blood. Percent numbers therefore indicate the
CD137* fraction among CD4* or CD8™* T cells. Re-
sults refer to representative experiments performed
in triplicate using the anti-CD40/IFN-o. maturation
cocktail.

Figure 6. acDCs amplify cytokine secretion in
whole blood. (a) Whole blood (250 pl) was cultured
for 48 h with or without TTX in the presence (circles)
or absence (squares) of acDCs (including anti-
CDA40/IFN-a. for maturation). Plasma supernatants
were recovered and cytokines measured by Lu-
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minex bead assay. Only cytokines showing signifi-
cant Ag-specific secretion are shown. Results are
expressed as net TTX-stimulated cytokine concen-
trations (filled symbols) after subtracting basal val-
ues (represented by open symbols). (b) Comparison
of PBMC (filled symbols) and whole blood (open
symbols) cytokine secretion following acDC stimu-
lation in two different subjects (circle and diamond
symbols, respectively). Results are expressed as net
TTX-stimulated cytokine concentrations after sub-
tracting basal values. Representative experiments
are depicted in both panels out of 10 or more per-
formed.

Figure 7. Schematic of acDC-based assays. Ei-
ther unfractionated PBMCs (fresh or frozen) or un-
diluted heparinized whole blood are incubated with
GM-CSF and IL-4 for 24 h in the presence of protein
Ags. Maturation stimuli are subsequently added for
another 24 h, after which amplified T-cell responses
can be measured by a variety of readouts. The top
grey panel lists T-cell readouts tested with PBMCs;
the bottom grey panel shows readouts obtained with
whole blood. The acDC amplification technique is
also compatible with peptide Ags, which are added
at 24 h along with maturation stimuli.

Figure 8. acDC amplification of IFN-y ELISpot re-
sponses in KLH-immunized mice. Balb/c mice
were immunized s.c. with KLH or adjuvant alone
(n=3/each) and their blood mononuclear cells
(1x108) recalled in vitro with KLH or control Ag using
the acDC cocktail (LPS maturation) or no cytokines.
*p<0.001; n.s., not significant. Results refer to a rep-
resentative experiment performed in triplicate.
Figure 9. acDC-driven expansion of epitope-spe-
cific T cells identified by HLA multimers. (a) Ex-
vivo detection of Flu MP5g g5-specific CD8* T cells
using Flu or control peptide-loaded HLA-A2 pentam-
ers (PMrs). (b) In-vitro expansion of Flu MPgg_gg-spe-
cific CD8* T cells detected by PMrs. PBMCs were
cultured without (first column) or with Flu MPgg_gg
peptide (second and third columns). Cultures were
carried out for 48 h (first and second row), or non-
adherent cells were washed, replated and further
cultured until day 7 (third and fourth row). These cul-
tures were carried out with or without the acDC cock-
tail, as indicated. Flu-specific CD8+ T cells were
identified with the corresponding HLA-A2 PMrs (first
and second column), and background staining de-
termined with control PMr (third column). (c,d) The
same experiment was performed to detect Flu
HA306.318-specific CD4* T cells using Flu or control
peptide-loaded HLA-DR4 tetramers (TMrs). acDC
maturation was induced with anti-CD40/IFN-o.. Re-
sults are representative of three independent exper-
iments.

Figure 10. acDC-amplified IL-1(3 secretion is de-
rived from adherent cells. PBMCs were stimulated
with TTX or no Ag following the acDC procedure (an-
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ti-CD40/IFN-o. maturation). After 48 h, adherent and
non-adherent cells (2x105/well) were tested sepa-
rately in IL-1p ELISpot assays for 6 h. *p<0.01; n.s.,
not significant. Results refer to a representative ex-
periment performed in triplicate.

EXAMPLES
Example 1: PBMC-derived accelerated co-cultured

DC (acDC) amplify the Ag-specific responses of co-
cultured T cells - protein Ag stimulation

Material and Methods:

[0139] On day 0, whole PBMCs (2.5x108 cells/well)
were plated into 48-well plates in AIM-V medium (Invit-
rogen) supplemented with 1,000 U/mIGM-CSF, 500 U/ml
IL-4 (both from R&D Systems), and relevant protein Ags
(10 pg/ml). The protein antigens tested were tetanus tox-
oid (TTX), M. tubercolosis purified protein derivative
(PPD), exavalent vaccine Infanrix hexa (GlaxoSmithK-
line), proinsulin (PI), glutamic acid decarboxylase (GAD),
insulin C-peptide, pre-Pl leader sequence, myeloperox-
idase, proteinase 3. An example of protein used as neg-
ative control is bovine serum albumin (BSA).

[0140] Onday 1, pro-inflammatory stimuli were added
to induce DC maturation.

[0141] Several maturation protocols were developed
and tested as detailed below.

Maturation protocol A: 1000 U/ml TNF-a, 10 ng/mi
IL-1B (both from R&D) and 1 wM PGE, (Calbio-
chem).

This is the same cytokine cocktail used for obtaining
FastDC [Dauer et al., J.Immunol. 170:4069, 2003],
and has been described by several other groups to
generate conventional (7 day) DC. In addition, we
added low-dose IL-7 (0.5 ng/ml; R&D), which we
have previously described to greatly amplify CD8+
T cell responses in an Ag-specific fashion (i.e., with-
outincreasing background) using an ELISpot detec-
tion system [Martinuzzi et al., J.Immunol.Methods
333:61, 2008]. This protocol was suitable to detect
Ag-specific CD4+ T cell responses producing for ex-
ample IFN-y, IL-10, IL-2, IL-4.

Maturation protocol B: anti-CD40 monoclonal anti-
body (mAb; clone G28-5, 10 ng/ml), IFN-a. 2a (Ro-
feron-A, Roche; 1,000 U/ml).

A similar maturation cocktail has been described for
conventional 7d DC [Luft et al., Int.Immunol. 14:367,
2002]. In addition, we used low-dose IL-7 (0.5 ng/ml)
to further amplify responses.

This protocol was suitable to detect Ag-specific
CD4+ T cell responses producing for example IFN-
y and IL-10.

Maturation protocol C: LPS 100 ng/ml and low-dose
IL-7 (0.5ng/ml).

This protocol was suitable to detect Ag-specific
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CD4+ T cell responses producing for example IFN-
v, but not IL-10, due to a large increase in basal (un-
stimulated) IL-10 secretion.

Maturation protocol D: poly I:C 20 wg/ml and low-
dose IL-7 (0.5ng/ml).

This protocol was suitable to detect Ag-specific
CD4+ T cell responses producing for example IFN-
v, but not IL-10, due to a large increase in basal (un-
stimulated) IL-10 secretion.

T cell detection procedure: ELISpot. Non-adherent
cells were washed, resuspended in fresh AIM-V me-
dium and distributed in triplicate wells (0.3x106
cells/well) of 96-well PVDF plates, which had been
coated overnight with the desired anti-cytokine cap-
ture Abs (e.g., anti-IFN-y, -IL-10, -IL-2, -IL-4; all from
U-CyTech). No further Ags or cytokines were added,
and the plates were incubated for 6h at 37°C, 5%
CO,. Revelation was carried out with biotinylated
secondary Abs and standard colorimetric detection
such as streptavidin-alkaline phosphatase and NBT-
BCIP. Spots were counted on a Bioreader 5000 Pro
S-F (BioSys) ELISpot reader or equivalent, and
means of triplicate wells calculated. All ELISpot re-
adouts were expressed as spot-forming cells
(SFC)/108 PBMCs. The cut-off for a positive re-
sponse was set at 3SD above the average basal
reactivity (i.e., reactivity against BSA or no Ag).

Phenotypic analysis of acDC:

[0142] Phenotypes of acDC and conventional (7 day,
monocyte-derived) DCs - either immature or mature -
was determined by staining with mAbs specific for HLA-
DR, CD14, CD80, CD86, CD11c. Endocytotic activity
was assessed by incubation with dextran-FITC and sub-
sequent evaluation of uptaken fluorescence. All cells
were analyze on a FACSAria flow cytometer (BD).

Results:

[0143] Characterization ofacDC revealed a phenotype
identical to that of conventional 7 day DC. CD14 down-
regulation was paralleled by increased expression of
HLA-DR and co-stimulatory molecules, while dextran up-
take decreased upon maturation.

[0144] We tested the capability of acDC to amplify Ag-
specific T cell responses upon pulsing with protein Ags
using an ELISpot detection system. After the 24 h mat-
uration period, non-adherent cells were transferred into
ELISpot plates coated with an anti-IFN-y, anti-IL-10, anti-
IL-2 or anti-IL-4 capture Ab, and further cultured for 6 h
without any further Ag or cytokine supplementation.
acDC-driven cultures were much more efficient at elicit-
ing Ag-specific T cell responses as compared to conven-
tional monocyte-driven conditions (i.e., without any cy-
tokine addition). Background responses against irrele-
vant proteins or Ag diluent alone did not significantly in-
crease. Moreover, acDC were much more effective when
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matured with pro-inflammatory stimuli, as compared to
acDC left immature (i.e., treated with GM-CSF and IL-4
only). The efficiency of acDC was similar to that of con-
ventional 7 day DC and was similarly effective at ampli-
fying different cytokine responses, including IFN-y, IL-10,
IL-2 and IL-4. For example, the median increase in spe-
cific signal with acDC matured with TNF-o,, PGE2 and
IL-1R as compared to monocytes was 2.2-fold (range
1.5-8.7) for IFN-y and 1.4-fold (range 1.2-5.0) for IL-10.

Example 2: peptide Ag stimulation.

Material and methods:

[0145] The same experiment as described in Example
1 was carried out, using peptide antigen stimulation in-
stead of protein Ag stimulation. Examples of peptide Ags
tested were: Influenza matrix protein (MP)sg_g6, Influenza
hemagglutinin (HA)306.31, GADss5.567, GAD114.123, P!
B10-18- Example of peptides used as negative controls
were pyruvate dehydrogenase (PD)s_43 and collagen Il

(CM2g1-273-

Results:

[0146] The signal elicited in acDC cultures pulsed with
protein Ags originated exclusively from CD4+ T cells, as
it was completely abolished when these cells were re-
moved. Ag-specific CD8+ T cell responses could only be
elicited upon longer culture periods (7 days). The same
was true when 7 day DC were used to stimulate whole
or CD4-depleted PBMCs, thus ruling out an acDC-spe-
cific defective feature. This CD4-specific stimulation was
not due to inefficient activation of CD8+ T cells, but rather
to culture conditions not optimal for eliciting cross-pres-
entation of internalized Ags. Indeed, when peptide
epitopes rather than protein Ags were used, both CD4+
and CD8+ T cellresponses were triggered, and both were
significantly amplified by acDC as compared to mono-
cytes. Thus, we elaborated a variation of the acDC culture
technique to expand and detect Ag-specific T cells rec-
ognizing a specific peptide epitope. In this case, peptides
of interest are added at day 1 along with proinflammatory
stimuli. This variation allows to detect both CD4+ and
CD8+ T cells specific for a given epitope.

[0147] Thus, the acDC culture protocol can be used to
stimulate T cells with either protein or peptide Ags.

Example 3: acDC induction directly in blood.

[0148] Cytokine cocktails and protein/peptide Ags
were added as in Example 1 (for protein Ags) or Example
2 (for peptide Ags) directly into freshly drawn heparinized
blood samples, without any preliminary PBMC purifica-
tion or blood dilution. Atthe end of the 48h culture, plasma
and/or PBMCs were recovered and analyzed for Ag-spe-
cific T cell responses by plasma cytokine measurement
using ELISA (R&D), cytometric bead array (BD), or Bio-
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Plex (Biorad) assays, or by Miltenyi cytokine capture as-
says on the cellular fraction following red blood cell lysis.
Also in this case, Ag-specific responses elicited in acDC-
driven cultures were higher than those elicited in mono-
cyte-driven ones. Depending on the maturation protocol
used, this was true for a number of cytokines tested, in-
cluding IFN-y, IL-10, IL-2, IL-6, IL-13, TNF-a, G-CSF, IL-
1R.

Example 4: T cell expansion, sorting and cloning
downstream of the acDC culture and T cell response
analysis.

[0149] The acDC culture system is also suitable: 1) for
sorting Ag-specific T cells for further functional charac-
terization (e.g., by RT-PCR techniques); and 2) for gen-
erating T cell lines and clones for further analyses.
[0150] PBMCs were preliminarily labeled with CFSE
(carboxyfluorescein succinimidyl ester, 0.5-1 M), sub-
jected to the acDC culture and transferred to ELISpot
plates as above. After the 6 h ELISpot incubation, cells
were recovered and put back into culture for an additional
5 days without further stimuli. At the end of this culture,
proliferating CFSE!ow cells were single-cell sorted and
further expanded through 3 rounds of stimulation using
previously described protocols [Mannering et al., J.Im-
munol.Methods 298:83, 2005]. As an example, a tetanus
toxoid (TTX)-specific response was detected by ELISpot
with a frequency of 0.044%, which correlated with selec-
tion of a TTX-specific CFSE!ow fraction of 3.0%, corre-
sponding to an expansion of ~68-fold. Also for this in vitro
culture, the acDC-based culture proved superior to con-
ventional monocyte-based expansions, which yielded
10-fold less TTX-specific cells (0.29%). The TTX-specific
CFSE'ow fraction was sorted and cloned, yielding TTX-
specific CD4* clones. This approach also confirmed that
the responses detected from acDC cultures are indeed
Ag-specific.

Example 5: the acDC culture system detects -cell-
specific CD4* T-cell responses.

[0151] Type-1 diabetes (T1D) is a T-cell-mediated au-
toimmune disease targeting insulin-producing B-cells. Its
incidence is steadily increasing (up to 15 new diag-
noses/100,000/year in France; 3-4% increase in inci-
dence per year). Given its distinctive epidemiology (it
mainly affects children and young adults life-long), itis a
chronic, costly and invalidating disease, leading to se-
vere complications: cardiovascular disease, nephropa-
thy and end-stage renal disease, retinopathy and blind-
ness.

[0152] T1D clinical onset and diagnosis is a late event
in the pathogenic cascade, which takes place when the
majority of the B-cells have already been destroyed over
the previous months/years by autoreactive T cells. Atthat
stage, little space s left for cause-related therapies aimed
at correcting immune mechanisms, and insulin replace-
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ment is the only therapeutic option. There is therefore an
important lack of suitable biomarkers for disease predic-
tion and follow-up, and of appropriate antigen (Ag)-spe-
cific therapies capable of selectively turning off R-cell-
specific T cell responses while avoiding generalized im-
mune suppression.

[0153] For T1D, autoantibodies currently in use have
important limitations, as 15% of T1D patients are autoan-
tibody-negative; autoantibodies do not predict time to
T1D onset; and they do not change following successful
immune interventions.

[0154] Alternatively, T cell responses, whether CD8+
T cell responses or CD4+ T cell responses, can be used
as early biomarkers.

[0155] Cytokine ELISpotis a widely used assay for the
investigation of specific immune responses in various
conditions. CD8+ T-cell responses can be readily detect-
ed by this method. Although the little information availa-
ble about CD8+ R-cell target epitopes for human T1D
remains a limitation, existing techniques for measuring
CD8+ T cell responses (ELISpot- and tetramer-based)
have given promising results (Toma et al,
Proc.Natl.Acad.Sci.U.S.A. 102:10581, 2005; Mallone et
al., Diabetes 56:613,2007).

[0156] Ag-specific CD4+ T cells are present in periph-
eral blood at very low frequencies (~0.001-0.0001%,
even lower than their CD8+ counterparts), making their
detection troublesome - particularly in the autoimmune
setting.

[0157] Alleva et al. (J Clin Invest. 107:173, 2001) re-
ported the detection of a cellular response to the insulin
B9-23 epitope in T1D patients, using a direct ELISpot
assay. Arif et al., (J Clin Invest. 113 :451, 2004) reported
the detection of a cellular response to several proinsulin-
derived peptides using an indirect ELISpot assay. In this
article, peripheral blood mononuclear cells were incubat-
ed with antigenic peptides prior to the ELISpot assay.
[0158] However, those studies have been overall dif-
ficult to reproduce outside their Laboratories of origin.
This underlines the technical hurdles of such procedures,
and the overall low sensitivity of these detection systems.
[0159] We therefore used the acDC-based procedures
described in this application to investigate the R-cell-spe-
cific CD4+ T cell responses of T1D. Different groups of
patients were considered and several key observations
were made: first, T1D adults drawn at diagnosis were
characterized by a high prevalence (83.3%) of proinsulin
(PI)-specific responses, which contrasted with the rarity
of these responses in long-standing patients (5.4%;
P<0.0001). On the contrary, GAD-specific responses
were similarly represented - although at lower frequen-
cies - irrespective of T1D duration. Second, new-onset
T1D children did not display any Pl-specific T cell re-
sponse. Healthy controls (both adults and children) did
not display any Pl-specific T cell response except in two
cases (frequency 8.7%). In both cases, these subjects
harbored previously unrecognized T1D risk factors, be-
ing positive for the HLA-DR4/DQ8 susceptibility haplo-
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type in one case, and for anti-GAD Abs in the other. At-
risk 15t degree relatives (n=10; defined as individuals
positive for islet-cell Abs, frequently along with other Ab
markers) displayed a somehow intermediate picture, with
30.0% of tested individuals positive for Pl-specific re-
sponses. Importantly, only 1 of the 10 individuals tested
has developed T1D until now, and he had been correctly
identified as being at high risk of T1D progression by the
acDC-based ELISpotassay. Withoutwishing to be bound
by theory, we hypothesize that the difference we observe
between new-onset and long-standing T1D patients re-
flects aregulatory response induced by insulin treatment,
with important implications for clinical trials aimed at pre-
venting disease by blocking autoimmune R-cell destruc-
tion in at-risk subjects. This regulatory response can in
some cases be a natural one independent of insulin ther-
apy, as seen in children.

Example 6 Enhanced detection of antigen-specific
T-cell responses by accelerated co-cultured dendrit-

ic cells (acDCs

ABSTRACT

[0160] The detection of antigen (Ag)-specific T cells is
often limited by assay sensitivity. Therefore, we devised
an approach to enhance Ag processing and presentation
to T cells in human and mouse peripheral blood mono-
nuclear cells (PBMCs) by accelerating induction and mat-
uration of dendritic cells (DCs) in situ (referred to as ac-
celerated co-cultured DCs, acDCs). Unfractionated PB-
MCs or whole blood were incubated for 48 h with protein
or peptide Ag and cytokine cocktails to rapidly and se-
quentially induce, pulse and mature acDCs. Simultane-
ously, Ag was processed and/or presented to neighbor-
ing T cells, thus telescoping multiple steps leading to T-
cell activation and minimizing time, manipulation and
blood requirements. Elicited T-cell responses were Ag-
specific, as detected by different readouts (cytokine se-
cretion, proliferation, CD 137 upregulation, binding of hu-
man leukocyte Ag multimers). acDC-based assays may
find valuable applications for monitoring T-cell responses
in different settings, such as in viral, tumor and autoim-
mune diseases.

Introduction

[0161] Despite the central role of T cells in mounting
responses against different foreign and self antigens
(Ags), routine diagnostic detection of immune-mediated
processes, e.g. in infectious or autoimmune diseases,
relies largely, if not exclusively, on measurement of an-
tibody (Ab) responses. However, Abs do not always me-
diate or reflect underlying pathology and may be poorly
informative when the immune process is predominantly
T-cell-mediated (1). The sole reliable clinical application
of Ag-specific T-cell assays to date has been in the di-
agnosis of M. tuberculosis infection (2). Moreover, the
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importance of effectively measuring T-cell immunity
reaches beyond diagnostic applications (3). T-cell mon-
itoring is also required to evaluate immune modulation
therapies aimed at boosting viral or tumor-specificimmu-
nity, or at quenching immunity against self (4) or trans-
planted (5) tissues. T-cell screening tools to assess the
immunogenic potential of replacement proteins (e.g. co-
agulation factors) (6) or of vaccines (7) are equally de-
manded.

[0162] The lack of routine human T-cell assays is due
to intrinsic difficulties in measuring T-cell responses. T
cells specific for a given Ag are present at a very low
frequency in blood (i.e. 0.1-0.001%)(8). Although these
cells are sometimes detectable ex vivo, their rarity chal-
lenges the sensitivity of technologies such as enzyme-
linked immunospot (ELISpot) and flow cytometry. Alter-
natively, the frequency of these cells may be augmented
by preliminary expansion steps, but these require addi-
tional time and manipulation. Epitope peptides that bind
to human leukocyte Ag (HLA) molecules for presentation
and recognition by the T-cell receptor are frequently used
to elicit T-cell responses, as they do not require process-
ing by Ag-presenting cells (APCs). While bypassing this
first limiting step for T-cell activation, epitopes neverthe-
less need to be preliminarily identified as binding to spe-
cific HLA molecules to stimulate T cells. Furthermore,
peptides stimulate alimited repertoire of T-cell responses
against selected Ag sequences.

[0163] Dendritic cells (DCs) are specialized APCs en-
dowed with unrivaled processing and stimulatory prop-
erties (9). These features make them attractive for boost-
ing T-cell activation, thus enhancing detection of Ag-spe-
cific T cells in vitro. To this end, DCs are routinely induced
from monocyte precursors, a procedure which most com-
monly requires a 6 day differentiation with granulo-
cyte/macrophage colony-stimulating factor (GM-CSF)
and interleukin (IL)-4 (10,11), and subsequent matura-
tion for at least another day with a range of proinflamma-
tory stimuli to achieve full T-cell stimulatory capacity
(10-12). These time requirements are not compatible with
clinical laboratory practice. Although shorter protocols
have been described (13), they still require preliminary
isolation of CD14+ monocytes, thus greatly increasing
blood requirements and hands-on work.

[0164] To overcome these limitations, we asked
whether DCs could be induced and matured to promote
Ag presentation and T-cell activation in situ in peripheral
blood mononuclear cells (PBMCs). The advantage of this
approach would be two-fold. On one hand, it would re-
duce time, purification steps and blood needs. On the
other, it would keep lymphocytes in contact with differ-
entiating DCs, thus stimulating T cells as Ag processing,
presentation and DC maturation occurred. As these DCs
are induced and Ag-pulsed within 48 h while surrounded
by cognate T lymphocytes and other blood cells, they are
referred to as accelerated co-cultured DCs (acDCs).
Consequently, we developed an efficient, short-term pro-
cedure which amplifies Ag-specific T-cell responses de-
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tected with a variety of assay platforms.
RESULTS
acDCs amplify Ag-specific T-cell responses

[0165] Toinvestigate whether acDCs could amplify the
Ag-specific responses of co-cultured T cells, acDCs were
induced within PBMC mixtures by GM-CSF and IL-4 for
24 h. Atthe same time, different protein Ags [e.g. tetanus
toxoid (TTX), M. tuberculosis purified protein derivative
(PPD), hexavalent vaccine or no Ag] were added from
the start of culture. After additional 24 h of maturation,
non-adherent cells were transferred into enzyme-linked
immunospot (ELISpot) plates coated with anti-interferon
(IFN)-y capture Abs, and further cultured for 6 h without
additional Ag or cytokine supplementation (for a sche-
matic, see Fig. 7).

[0166] In order to select the most suitable maturation
protocols, we first compared the stimulatory potential of
acDCs matured with different stimuli with that of PBMCs
cultured in the absence of cytokines (Fig. 1a). ELISpot
IFN-y responses were significantly amplified by acDCs
matured by different protocols. The most effective were
tumor necrosis factor (TNF)-o/prostaglandin (PG)E2/IL-
1B (42.0% signal increase over PBMCs only, p=0.03),
polyinosinic:polycytidylic acid (polyl:C) (69.3% signal in-
crease; p<0.001), lipopolysaccharide (LPS; 55.2% in-
crease, p=0.01), and anti-CD40/IFN-a (170% increase,
p<0.001). Importantly, all these protocols increased the
Ag-specific IFN-y signal but not the background, thus rul-
ing out non-specific T-cell activation by cytokines. Lack
of upregulation of activation markers (i.e. CD69, CD25,
CD137) in T cells from PBMCs exposed or not to cy-
tokines in the absence of Ag further excluded non-spe-
cific activation (data not shown; for CD137, see Fig. 5).
Other maturation cocktails were excluded either because
they did not amplify the Ag-specific signal (TNF-a/PGEZ2,
CpG oligodeoxynucleotides, polyl:C/PGE2, anti-CD40,
anti-CD40/IFN-y) or because they did so together with a
significant increase in background (anti-CD40/IL-1B).
[0167] Human acDCs were not only able to amplify
IFN-y-secreting responses but also other cytokine re-
sponses detected by ELISpot (Fig. 1b-d). While anti-
CD40/IFN-o. maturation amplified IFN-y responses the
most (2.7-fold), TNF-o/PGE2/IL-1B was the only combi-
nation that boosted all cytokine responses tested (1.2-,
50.0- and 2.9-fold for IFN-y, IL-10 and IL-4, respectively).
These two maturation cocktails were therefore retained.
IL-17 responses were not amplified by any of these pro-
tocols (data not shown). Moreover, only TTX memory
responses, not naive responses to the KLH neoAg, were
significantly above background (Fig. 1b-d).

[0168] Amplification of T-cell responses by acDCs
were also obtained with mouse blood mononuclear cells
incubated with GM-CSF/IL-4 followed by LPS for matu-
ration. Cells from mice immunized with a single low dose
of keyhole limpet hemocyanin (KLH) displayed signifi-
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cantly higher KLH-specific IFN-y ELISpot recall respons-
es in the presence of the acDC cytokines (Fig. 8).
[0169] Characterization of acDCs revealed a pheno-
type identical to that of conventional monocyte-derived
DCs (moDCs) (Fig. 2a). CD14 down-regulation was par-
alleled by increased expression of HLA-DR and co-stim-
ulatory molecules, while dextran uptake, although more
efficient in moDCs, decreased upon maturation. acDCs
were also at least as efficient as moDCs at eliciting Ag-
specific T-cell responses (Fig. 2b). As expected, both
acDCs and moDCs were more effective following matu-
ration with proinflammatory stimuli (Fig. 2b).

Reproducibility of acDC-amplified T-cell responses

[0170] Reproducibility was assessed by testing differ-
entfrozen cell aliquots from the same PBMC preparation
(i.e. inter-assay variability at the analytical level, which
excludes differences introduced by blood drawing and
processing; Fig. 2c), and different PBMC preparations
derived from blood draws taken on different occasions
from the same individual (i.e. inter-assay variability at the
pre-analytical and analytical level, which includes differ-
ences due to blood drawing and processing; Fig. 2d). In
both cases, assay variability was <10%. Notably, varia-
tion between fresh and frozen samples (6.9%) was also
small (Fig. 2e).

Ag-specific T cells expanded by acDCs can be iso-
lated and cloned

[0171] To select and expand Ag-specific T cells, dilu-
tion of a cell-bound dye, carboxyfluorescein diacetate
succinimidyl ester (CFSE), was used as a readout of pro-
liferation (14) and combined with the acDC procedure
(Fig. 3a). PBMCs were first labeled with CFSE and then
used in the acDC-amplified ELISpot procedure. They
were recovered from the ELISpot plate and cultured for
another 6-8 days without further manipulation. Prolifer-
ating (CFSElow) cells were then identified by flow cytom-
etry, sorted into single cells and further expanded through
three rounds of stimulation with anti-CD3 Ab, IL-2 and
IL-4 (15). A representative example is shown in Fig. 3b-
d. A TTX-specific IFN-y ELISpot response was detected
(441 IFN-y spot-forming cells (SFC)/106 PBMCs;
0.044%) (Fig. 3b), which gave rise to a TTX-specific CF-
SElow fraction of 3.0%, corresponding to an expansion
of ~68-fold. The acDC condition was superior to conven-
tional expansion in the absence of cytokines, which yield-
ed 10-fold less TTX-specific cells (0.29%, p<0.001). No
significant increase in background proliferation was ob-
served (Fig. 3c). The TTX-specific CFSElow fraction (di-
vided cells) was sorted and cloned, generating TTX-spe-
cific T-cell clones, as assessed by recall assay on TTX-
vs. control-pulsed DCs (Fig. 3d).

[0172] Similar expansions were obtained after stimu-
lation with peptide epitopes and detection by peptide-
HLA multimer-stained CD4+ or CD8+ T cells (Fig. 9).
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Fresh PBMCs were stained with HLA multimers ex vivo
and at 48 h and 7 d after stimulation with peptide in the
absence or presence of acDCs. HLA-A2-restricted Flu
MP58-66-specific CD8+ T cells detected ex vivo (0.063%
after subtraction of background staining) (Fig. 9a) were
expanded after 7 d, but not after 48 h, of peptide-specific
stimulation (13.3-fold expansion vs. 0.54-fold in the ab-
sence of cytokines) (Fig. 9b). Similar results were ob-
tained by analyzing Flu HA306-318-specific HLA-DR4-
restricted CD4+ T cells. The frequency of peptide-spe-
cific CD4+ T cells ex vivo (0.24% after background sub-
traction) (Fig. 9c) increased upon peptide-specific expan-
sion only after 7 d of culture, and only when the acDC
cocktail was used (13.5-fold expansion vs. 0.79-fold in
the absence of cytokines) (Fig. 9d). Together, these data
show that acDCs significantly enhance expansion of Ag-
specific T cells upon prolonged culture and that acDC-
amplified T-cell responses are Ag-specific.

Protein and peptide Ags trigger different T-cell re-
sponses

[0173] Next, we compared T-cell stimulation by acDCs
pulsed with protein and peptide Ags. When protein Ags
were used, the responses elicited in 48 h acDC cultures
followed by IFN-y ELISpot originated exclusively from
CDA4+ T cells, as their depletion either at start or at end
of stimulation completely abolished responses (Fig. 4a).
The same was true with moDCs, demonstrating that this
feature was not peculiar to acDCs. Weak CD8+ T-cell
activation was likely due to inefficient cross-presentation
of Ags taken up during the 48 h culture. Thus, when pro-
tein Ags were replaced by HLA Class II- or Class I-re-
stricted peptide epitopes, CD4+ and CD8+ T-cell re-
sponses were triggered, respectively (Fig. 4b), again
confirmed by CD4+ and CD8+ T-cell depletion (not
shown). Moreover, both types of responses were signif-
icantly amplified by acDCs compared to conventional PB-
MCs (3.2- and 6.3-fold for CD4+ and CD8+ T cells, re-
spectively; p<0.05), demonstrating the utility of the acDC
technique for both protein and peptide Ags.

[0174] Ag-specific CD4+ T cells detected by acDC-am-
plified ELISpot were predominantly memory cells, as de-
pletion of CD45R0O+ (but not of CD45RA+) T cells sig-
nificantly reduced the response (81.4% decrease,
p<0.05; Fig. 4c). This was confirmed by comparing re-
sponses to the recall Ag TTX with those to the neoAg
KLH. Indeed, KLH did not elicit significant IFN-y or IL-10
T-cell responses during the 48 h acDC stimulation (Fig.
4d). However, when these cells (which had first been
CFSE-labeled) were cultured for another week, a low-
grade KLH-specific CD4+ response was detected (Fig.
4e). Moreover, TTX-specific CD8+ T cells were also ob-
served, suggesting that cross-priming occurred with
longer stimulation.
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acDCs enhance different T-cell responses in either
PBMCs or whole blood

[0175] We further investigated whether acDC amplifi-
cation applied to other functional T-cell readouts using
purified PBMCs. IFN-y secretion was detected by a cap-
ture assay (Miltenyi) with bi-specific mAbs against CD45
(which bind to the surface of immune cells) and IFN-y
(Fig. 5a). No significant TTX-specific IFN-y secretion was
detected in the absence of cytokines. However, IFN-y
was detected on both CD4+ and CD8+ T cells afteracDC
amplification, with no increase in background. The
number of IFN-y+ T cells was higher than detected by
ELISpot, which may explain why CD8+ T-cell responses
were also visualized. Similar results were obtained with
surface expression of CD137, a marker of T-cell
activation1 (16,17) (Fig. 5b). Both readouts were also
compatible with downstream sorting and cloning of Ag-
specific T cells (data not shown).

[0176] Next, we asked whether acDCs could amplify
Ag-specific T-cell responses in whole blood. These ex-
periments were performed in parallel to those on purified
PBMCs shown in Fig. 5b, using the same blood draw, by
adding the acDC cocktail (GM-CSF/IL-4 followed by anti-
CDA40/IFN-a) directly to undiluted heparinized blood (250
wl) along with Ag. After 48 h, hemolysed blood was in-
terrogated for T-cell activation by flow cytometric analysis
of CD137 expression (Fig. 5¢). CD137 upregulation was
more sensitively detected on whole blood than on purified
PBMCs when no cytokines were added, while the oppo-
site was true for acDC conditions. The lower amplification
obtained by acDCs on whole blood was nonetheless suf-
ficientto enhance CD4+, but not CD8+, T-cellresponses.

acDCs amplify Ag-stimulated cytokine secretion in
whole blood

[0177] Finally, we explored whether acDC amplifica-
tion could detect Ag-specific bulk cytokine secretion on
plasma collected after whole blood stimulation. To this
end, heparinized whole blood was incubated with the
acDC cocktail (GM-CSF/IL-4 followed by anti-CD40/IFN-
o) and Ag as above. After 48 h, plasma supernatants
were recovered for cytokine measurements. Several cy-
tokines displayed significant increases upon Ag stimula-
tion (Fig. 6a). Except for macrophage inflammatory pro-
tein (MIP)-1a, the net (i.e. background subtracted) Ag-
specific signal was higher in the acDC than in the "no
cytokine" condition for all markers (median signal ampli-
fication 6.1-fold; range 3.6-41.9; p<0.001). Importantly,
basal secretion did not increase upon acDC exposure
and even decreased in some instances, pointing to an
Ag-specific amplification effect. As for CD137 upregula-
tion, we compared the sensitivity of cytokine detection in
whole blood and PBMCs (Fig. 6b). Cytokines were de-
tected at greater sensitivity with PBMCs than whole
blood, median concentrations being ~4-fold higher with
PBMCs (range 1.0-34.0; p<0.001).
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[0178] Surprisingly, some cytokines not known to be
secreted by T cells (G-CSF, IL-1p) also behaved as mark-
ers of Ag-specific activation. Intracellular cytokine stain-
ing further showed that Ag-specific IL-1p secretion de-
rived from adherent cells and notfrom non-adherentones
(Fig. 10).

DISCUSSION

[0179] The therapeutic potential of DCs is being ac-
tively explored to induce immunogenic or tolerogenic T-
cell responses to disease-related Ags (18, 19). However,
despite their potent Ag processing and presenting prop-
erties, DCs have not been exploited for T-cell diagnos-
tics. This is probably due to constraints dictated by the
low frequency of accessible circulating DCs and by the
large blood volumes required to generate DC-type APCs
starting from monocytes and other precursors. The acDC
technique fills this gap, by providing the means to amplify
Ag-specific T-cell responses in a short, simple method
amenabile to routine laboratory application. Side-by-side
comparison of acDCs and moDCs revealed striking sim-
ilarities, both in terms of phenotype and of stimulatory
potency. The notable advantage of acDCs is that they
are generated in situ within 48 h in the more physiological
setting of unfractionated PBMCs or whole blood. Further-
more, sample requirements are minimal, with only 108
PBMCs (~1 mlofblood) or 250 .l of whole blood required.
This is a critical consideration in longitudinal monitoring
of T-cell responses, especially in children, and a decided
advantage in screening peptide libraries for T-cell
epitopes.

[0180] Inbulk culture, induction and Ag pulsing of acD-
Cs is coupled with simultaneous activation - in an Ag-
specific fashion - of T cells, thus lining up three critical
steps leading to a T-cell response. A potential problem
in this type of assay is non-specific T-cell activation by
the cytokines used to induce and mature acDCs. This
was however not the case, as the basal values for T-cell
readouts (proliferation, CD 137 upregulation, cytokine
secretion) were only marginally affected by the acDC pro-
tocol. It is relevant that limited (up to 10-fold) increases
in background values do not preclude detection of rare
(0.001% frequency) T-cell responses, as previously
demonstrated (20). It is possible that cross-talk between
Ag-presentingacDCs and responding T cells further syn-
ergizes to amplify Ag-specific responses. Responses de-
tectedinacDC-based assays were bona fide Ag-specific,
as sorted T cells expanded in vitro preserved Ag specif-
icity. On the other hand, HLA-peptide epitope multimer
studies demonstrated that T-cell precursor frequencies
did not increase until after the first 48 h of acDC-driven
Ag stimulation. Nevertheless, the number of activated
(CD137+) T cells was already increased at 48 h. This
suggests that Ag-specific responses, as detected by
functional readouts, are magnified and revealed by by-
stander activation mechanisms. For research settings re-
quiring exact enumeration of T-cell precursor frequen-
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cies, CFSE dilution could be coupled with HLA multimer
staining to determine the original number of proliferating
T cells (21). For routine clinical applications, amplified
readouts as obtained within 48 h would suffice.

[0181] The acDC technique serves both whole protein
Ags and peptide epitopes. Protein Ags eliminate the need
for epitope identification and patient selection based on
HLA type. Moreover, they allow stimulation with the
whole repertoire of processed epitopes. Given the high
endocytic and Ag-processing capacity of DCs, acDC as-
says in which cellular material such as donor, tumor or
autoimmune-targeted tissues are used as Ag sources
could also be envisioned. Stimuli used to mature acDCs
were also a critical parameter. As previously reported
(12), anti-CD40 and IFN-o along with GM-CSF/IL-4 more
efficiently amplified IFN-y-producing T helper (Th)1 re-
sponses, while combining TNF-a and IL-1p with PGE2
(22) led to a more balanced T-cell phenotype allowing
for better detection of Th2 (IL-4) and T regulatory (IL-10)
responses.

[0182] The acDC technique is compatible with a wide
range of T-cell readouts, some of which can be comple-
mented with downstream sorting of Ag-specific cells for
further expansion and/or characterization. The versatility
of the acDC technique was exemplified by single-cell (cy-
tokine ELISpot, CFSE proliferation, IFN-y capture, CD
137 upregulation, HLA multimers) and bulk (cytokines in
plasma or culture supernatants) assays. The sensitivity
of these different acDC assay formats will need to be
evaluated for each application. Single-cell assays are of-
ten preferred, as they provide information about the fre-
quency and phenotype of responding T cells and are fre-
quently more sensitive than bulk assays. Nonetheless,
bulk assays are easier to perform in a routine setting,
and their detection sensitivity may be sufficient for many
applications, as in the case of IFN-y enzyme-linked im-
munosorbent assays for M. tuberculosis (23). Similarly,
assays employing whole blood avoid PBMC purification,
thus keeping cells in a more physiological milieu and of-
fering further convenience. Although cytokines from
acDC cultures were apparently detected with greater
sensitivity with PBMCs than whole blood, the difference
may in part be due to the different cells and their concen-
trations in blood and PBMCs. Indeed, PBMCs were re-
suspended at the optimal concentration of 5x103 cells/l,
whereas whole blood volumes of 250 pl/sample corre-
sponded to ~1x103 PBMCs/ul. Hence, purified PBMCs
were ~5 times more concentrated than blood cells.
[0183] Aninteresting resultfrom bulk assays was stim-
ulated secretion of G-CSF and IL-1, that are not derived
fromT cells. Itis likely thatthese cytokines were produced
by adherent APCs, as suggested by IL-13 ELISpot as-
says performed on adherent and non-adherent cells. A
positive feedback loop between Ag-presenting acDCs
and responding T cells may further activate acDCs, in-
ducing them to secrete signature cytokines in an Ag-spe-
cific fashion. APC-derived cytokines may thus constitute
valuable indirect biomarkers of T-cell responses.
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[0184] Skewing the acDC phenotype in vitro may also
offer ways of inducing Ag-specific T cells with different
properties. For example, IL-10-treated DCs are tolero-
genic and can give raise to CD4+ and CD8+ T cells with
regulatory properties (24, 25). acDC stimulation in the
presence of IL-10 thus offers a strategy to obtain Ag-
specific T regulatory cells.

METHODS

[0185] Antigens. The following Ags were used: bovine
serum albumin (BSA; Sigma, Lyon, France), TTX (a kind
gift of Dr. Rino Rappuoli, Novartis, Siena, ltaly), M. tu-
bercolosis PPD (Tubertest, Sanofi Pasteur, Lyon,
France), hexavalent vaccine (Infanrix hexa, GlaxoSmith-
Kline, Rixensart, Belgium) and KLH (Sigma). Ag purity
was confirmed by SDS-PAGE, and endotoxin concen-
tration was <0.035 EU/ng by Limulus lysate assay
(Lonza, Saint Beauzire, France). Peptides Flu MP58-66
and Flu HA306-318 were >95% pure (GL Biochem,
Shanghai, China).

[0186] Induction of acDCsin PBMCs. The study was
approved by Ethics Committees and all subjects gave
written informed consent. PBMCs were isolated and ei-
ther used fresh or frozen as described (26). On day 0,
PBMCs were plated (106 cells/100 pl/well) in 96-well flat-
bottomed plates in AIM-V medium supplemented with
1000 U/ml GM-CSF, 500 U/ml IL-4 (R&D, Lille, France)
and containing protein Ags (0.1-10 pg/ml). After 24 h
(day 1), maturation stimuli were added, comprising the
following reagents in different combinations (see Fig. 1c):
1000 U/ml TNF-a,, 10 ng/ml IL-1B, 1000 U/ml IFN-y (all
from R&D), 1 uM PGE2 (Calbiochem, San Diego, CA);
CpG ODN2216 (5 pg/ml; Cell Sciences, Canton, MA),
polyl:C (20 w.g/ml; Cayla/lnvivoGen, Toulouse, France),
LPS (100 ng/ml; from E. coli 055:B5, Sigma), anti-CD40
Ab (10 pg/ml; clone G28.5, produced in-house), IFN-o-
2a (1000 U/ml; Roferon-A, Roche, Neuilly-sur-Seine,
France). Maturation cocktails used in each experiment
are detailed in figure legends. IL-7 (0.5 ng/ml; R&D) was
added along with maturation stimuli (26). When used,
peptide Ags were added on day 1 along with maturation
stimuli. Onday 2 (48 h after start of culture), non-adherent
cells were collected, washed and analyzed.

[0187] Induction of acDCs in whole blood. Fresh,
undiluted heparinized blood (250 pl) was dispensed in
1.5 mltubes, cytokines and Ags added as for PBMC stim-
ulation, and hemolysed blood and/or plasma superna-
tants analyzed after 48 h.

[0188] DC characterization. To generate moDCs, pu-
rified monocytes were cultured with GM-CSF/IL-4 for 6
d and matured with TNF-o/PGE2/IL-1p for additional 24
h. Phenotypes of acDCs and 7 d moDCs were deter-
mined by staining with Abs specific for HLA-DR, CD14,
CD80, CD86 and CD11c (BD). Endocytotic activity was
assessed by dextran-FITC fluorescence uptake. Flow cy-
tometry experiments were performed on a FACSAria
equipped with 488, 633 and 407 nm lasers (BD).
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[0189] ELISpot assays. Following 48 h incubation of
acDCs in PBMCs, non-adherent cells were washed, re-
suspended in fresh AIM-V and assayed for 6 h as de-
scribed (27). Spots were counted on a Bioreader 5000
Pro-SF (BioSys, Karben, Germany) and means of 3-6
replicates determined. ELISpot readouts are expressed
as SFC/106 PBMCs and are background-subtracted (for
spontaneous responses in the presence of BSA or no
Ag, which were identical in all cases)(27).

[0190] CFSE assays and T-cell cloning. PBMCs
were stained with 0.1 uM CFSE (Invitrogen/Molecular
Probes) and used for acDC cultures as described above.
After 2 d, non-adherent cells were washed, transferred
to EliSpot plates for 6 h, then replated in 96-well U-bottom
plates. Following 5-8 d of culture, cells were stained for
CD4/CD8. A single CD4+ CFSEdim cell was sorted into
each well of a 96-well U-bottom plate. Each well con-
tained IL-2 (20 U/ml; R&D), IL-4 (5 ng/ml), anti-CD3
(OKT3, 30ng/ml) and 2x105 irradiated PBMCs from two
unrelated donors (15). Cells were fed every 7 days with
fresh cytokines. Growing clones were tested after ~3
weeks by intracellular IFN-y staining after incubation with
Ag-pulsed or unpulsed moDCs.

[0191] IFN-y capture and CD137 upregulation as-
says. IFN-y capture was performed using a Miltenyi IFN-
y-allophycocyanin kit. CD137 was stained with phyco-
erithrin (PE)-labeled 4B4 Ab (BD).

[0192] HLA multimer assays. PE-labeled HLA-
A0201 pentamers loaded with Flu MP58-66 or control
peptide (Prolmmune, Oxford, UK) were used according
to the manufacturer’s instructions. PE-labeled HLA-
DRO0401 tetramers loaded with Flu HA306-318 or control
peptide were kindly provided by Drs. E. James and G.T.
Nepom (Benaroya Research Institute, Seattle, WA) and
used as described (28).

[0193] Mouse acDC stimulation. Balb/c mice were
subcutaneously immunized with 50 pg KLH in complete
Freund’s adjuvant at the base of the tail. After 14 d, blood
cells were harvested, hemolysed and plated in 48-well
plates (2x106 cells/well). Mouse GM-CSF and IL-4 (R&D)
were added as for human acDCs, with or without KLH
(0.1 pg/ml); LPS (10 ng/ml) was added at day 1 and ELIS-
pot assays performed on day 2 as described (27).
[0194] Cytokine multiplex assays. Supernatants
from 48 h acDC cultures were analyzed on a Luminex
platform (Bio-Plex 200, Bio-Rad, Gladesville, NSW, Aus-
tralia) using a Milliplex panel (Millipore/Abacus, Bris-
bane, QLD, Australia) comprising the following cytokines
and chemokines: G-CSF, GM-CSF, IFN-y, IL-1B, IL-2,
IL-6,IL-8,IL-10,IL-13,IL-17, MIP-1a, MIP-1Band TNF-a..
[0195] Statistical analyses. All graphs are displayed
as means =SEM of >3 independent experiments. All sta-
tistical analyses were two-tailed and performed accord-
ing to variable distribution and sample size using Graph-
Pad Prism 5 (La Jolla, CA).
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[0197] Throughout this application, various references
describe the state of the art to which this invention per-
tains.

Claims

1. A method for stimulating antigen (Ag) -specific T cell
responses ina blood or an un-fractionated peripheral
blood mononuclear cell (PBMC) sample isolated
from a subject, comprising the following steps:

a) culturing said blood sample or un-fractionated
PBMC sample in a medium which induces the
differentiation of dendritic cells (DC), said medi-
um comprising Granulocyte Macrophage Colo-
ny Stimulating Factor (GM-CSF) and interleukin
4 (IL-4);

b) maturing said DC;

wherein an Ag is added during steps a) and/or b).

2. A method for diagnosing an autoimmune disease in
a subject comprising the following steps:

a) culturing a blood sample or a un-fractionated
PBMC sample obtained from said subject in a
medium which induces the differentiation of DC,
said medium comprising GM-CSF and IL-4;

b) maturing said DC;

c) detecting Ag-specific T cell responses which
are correlated with the disease;

wherein one or more disease-associated Ag are add-
ed during steps a) and/or b), and

wherein the presence of the Ag-specific T cell re-
sponse indicates the presence of the disease.

3. A method according to claim 2, wherein said disease
is selected from the group consisting of type 1 dia-
betes (T1D), Wegener's granulomatosis, Crohn’s
disease, celiac disease and multiple sclerosis.

4. A method for monitoring the effects of an immune
therapy in a subjectsuffering from a disease selected
from the group consisting of autoimmune diseases,
cancer diseases and infectious diseases, compris-
ing the following steps:

a) culturing a blood sample or a un-fractionated
PBMC sample obtained from said subject in a
medium which induces the differentiation of DC,
said medium comprising GM-CSF and IL-4;
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b) maturing said DC;
c) detecting T cell responses;

wherein one or more disease-associated Ag are add-
ed during steps a) and/or b), and

wherein a successful intervention translates in a de-
crease, in the case of autoimmune diseases, or in-
crease, in the case of cancer and infectious diseas-
es, of the disease-related Ag-specific T cell respons-
es.

A method according to claim 4, wherein said disease
is selected from the group consisting of type 1 dia-
betes (T1D), Wegener’'s granulomatosis, Crohn’s
disease, celiac disease and multiple sclerosis;
melanoma, colon cancer, renal cancer, leukemias,
lymphomas and multiple myeloma; infectious dis-
eases caused by infectious agents chosen from M.
tuberculosis, HIV, hepatitis C virus, cytomegalovi-
rus, Epstein-Barr virus and influenza viruses.

A method for evaluating the tolerogenicity of a ther-
apeutic protein comprising the following steps:

a) culturing a blood sample or a un-fractionated
PBMC sample in a medium which induces the
differentiation of DC, said medium comprising
GM-CSF and IL-4;

b) maturing said DC;

c) detecting T cell responses;

wherein said therapeutic protein is added during
steps a) and/or b), and wherein the therapeutic pro-
tein is a disease-associated antigen associated with
an autoimmune disease and a T cell response is
indicative of tolerogenicity.

A method for evaluating the immunogenicity of a
therapeutic protein comprising the following steps:

a) culturing a blood sample or a un-fractionated
PBMC sample in a medium which induces the
differentiation of DC, said medium comprising
GM-CSF and IL-4;

b) maturing said DC;

c) detecting T cell responses;

wherein said therapeutic protein is added during
steps a) and/or b), and

wherein the therapeutic protein is a disease-associ-
ated antigen associated with a cancer or an infec-
tious disease

andaT cellresponse s indicative ofimmunogenicity.

A method for evaluating the immunogenicity of a
therapeutic protein comprising the following steps:

a) culturing a blood sample or a un-fractionated
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PBMC sample in a medium which induces the
differentiation of DC, said medium comprising
GM-CSF and IL-4;

b) maturing said DC;

c) detecting T cell responses;

wherein said therapeutic protein is added during
steps a) and/or b), and

wherein the therapeutic protein is a protein against
which it is not desirable to mount an immunogenic
response

and a T cell response is indicative of a counterpro-
ductive immunogenic response.

A method for screening candidate Ags or epitopes
comprising the following steps:

a) culturing a blood sample or a un-fractionated
PBMC sample in a medium which induces the
differentiation of DC, said medium comprising
GM-CSF and IL-4;

b) maturing said DC;

c) detecting T cell responses;

wherein a candidate Ag or epitope is added during
steps a) and/or b), and

selecting Ags and epitopes eliciting an Ag-specific
T cell response.

A method for producing T cell clones displaying spe-
cific immunological properties from a subject com-
prising the following steps:

a) culturing a blood sample or a un-fractionated
PBMC sample obtained from said subject in a
medium which induces the differentiation of DC,
said medium comprising GM-CSF and IL-4;

b) maturing said DC;

c) isolating at least one T cell displaying said
specific immunological properties;

wherein an Ag is added during steps a) and/or b),
wherein said specific immunological properties are
selected in the group consisting of:

- recognition by the isolated T cell of the Ag add-
ed during step a) and/or b),

- production of IFN-y,

- ability to exert cytotoxic effects on cells pre-
senting the recognized Ag,

- production of IL-10.

A method for generating Ag-specific T regulatory
cells displaying specific immunological properties
from a subject comprising the following steps:

a) culturing a blood sample or a un-fractionated
PBMC sample obtained from said subject in a
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medium which induces the differentiation of DC
with tolerogenic properties, said medium com-
prising GM-CSF and IL-4;

b) maturing said DC;

c) isolating at least one T cell displaying said
specific immunological properties;

wherein an Ag is added during steps a) and/or b),
wherein said specific immunological properties are
selected in the group consisting of:

- recognition by the isolated T cell of the Ag add-
ed during step a) and/or b),

- ability to suppress proliferation, cytokine se-
cretion, cytotoxicity and other effector functions
of T cells put in physical contact or in spatial
proximity with said T regulatory cells, or put in
contact with supernatants from T regulatory cell
cultures,

- ability to produce regulatory cytokines chosen
from IL-10, members of the transforming growth
factor (TGF)-B family, IL-35, alone or in combi-
nation with non-regulatory cytokines such as
IFN-y,

- ability to proliferate only in the presence of IL-2,
- ability to express markers typical of T regula-
tory cell populations chosen from CD25, CD127,
GITR, foxP3, HLA-DR, CTLA-4, CD45RA and
ICOS.

Method according to any one of claims 1 to 11,
wherein said medium which induces the differentia-
tion of DC comprises Flt-3 ligand.

Method according to any one of claims 1 to 12,
wherein step a) is carried out for an amount of time
t(a) comprised between 16 hours and 7 days, pref-
erably between 20 hours and 4 days, even more pref-
erably for 24 hours.

Method according to any one of claims 1 to 13,
wherein step b) is carried out in the presence of at
least one pro-inflammatory stimuli and/or agent
which mimics a viral or bacterial aggression selected
from the group consisting of Tumor Necrosis Factor
alpha (TNF-a), interleukin-1 beta (IL-1B), prostag-
landin E2 (PGEZ2), anti-CD40 antibody, interferon-
alpha 2a (IFN-a 2a), lipopolysaccharides (LPS),
polyinosinic:polycytidylic acid (poly I:C), interferon-
gamma (IFN-y), interleukin-7 (IL-7) and mixtures
thereof.

Method according to any one of claims 1 to 14,
wherein step b) is carried out for an amount of time
t(b) comprised between 12 and 72 hours, preferably
between 16 and 48 hours, even more preferably for
24 hours.
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Patentanspriiche

1.

Ein Verfahren zur Antigen (Ag)-spezifischen Stimu-
lierung von T-Zell-Antworten in einer Blutprobe oder
in einer nicht-fraktionierten Probe von peripheren
mononukledren Zellen des Blutes (PBMC), aus ei-
nem Subjekt isoliert, umfassend die folgenden
Schritte:

a) Kultivierten der Blutprobe oder der nicht-frak-
tionierten PBMC-Probe in einem Medium, wel-
ches die Differenzierung von dendritischen Zel-
len (DC) induziert, wobei das Medium Granulo-
zyten-Makrophagen-lioloniestimulierenden
Faktor (GM-CSF) und Interleukin 4 (IL-4) um-
fasst;

b) Reifenlassen dieser DCs;

wobei das Antigen in den Schritten a) und/oder b)
hinzugegeben wird.

Ein Verfahren zur Diagnose einer Autoimmuner-
krankung in einem Subjekt, umfassend die folgen-
den Schritte:

a) Kultivierten einer Blutprobe oder einer nicht-
fraktionierten PBMC-Probe, erhalten aus die-
sem Subjekt, in einem Medium, welches die Dif-
ferenzierung von DCs induziert, wobei das Me-
dium GM-CSF und IL-4 umfasst;

b) Reifenlassen dieser DCs;

c) Detektieren der Antigen-spezifischen T-Zell-
Antworten, welche mit der Erkrankung korreliert
sind;

wobei eines oder mehr der Erkrankungs-assoziier-
ten Antigene wahrend der Schritte a) und/oder b)
hinzugegeben wird/werden und

wobei das Vorliegen der Antigen-spezifischen T-
Zell-Antwort das Vorliegen der Erkrankung anzeigt.

EinVerfahren nach Anspruch 2, wobei diese Erkran-
kung ausgewabhlt ist aus der Gruppe, bestehend aus
Typ-l Diabetes (T1D), Wegeners Granulomatose,
Morbus Crohn, zéliare Erkrankung und Multipler
Sklerose.

Ein Verfahren zur Uberpriifung der Effekte einer Im-
muntherapie auf ein Subjekt, das an einer Erkran-
kung leidet, ausgewahlt aus der Gruppe bestehend
aus Autoimmunerkrankungen, Krebserkrankungen
und Infektionserkrankungen, umfassend die folgen-
den Schritte:

a) Kultivieren einer Blutprobe oder einer nicht-
fraktionierten PBMC-Probe, erhalten aus die-
sem Subjekt, in einem Medium, welches die Dif-
ferenzierung von DCs induziert, wobei das Me-
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dium GM-CSF und IL-4 umfasst;
b) Reifenlassen dieser DCs;
c) Detektion der T-Zell-Antworten;

wobei eines oder mehr der Erkrankungs-assoziier-
ten Antigene wahrend der Schritte a) und/oder b)
hinzugegeben wird/werden und

wobei eine erfolgreiche Intervention zu einer Abnah-
me, im Falle von Autoimmunerkrankungen, oder zu
einer Zunahme, im Fall von Krebs- und Infektions-
erkrankungen, der Erkrankungsbezogenen Antigen-
spezifischen T-Zell-Antworten flihrt.

Ein Verfahren nach Anspruch 4, wobei diese Erkran-
kung ausgewahlt ist aus der Gruppe, bestehend aus
Typ-l Diabetes (T1D), Wegeners Granulomatose,
Morbus Crohn, zolidre Erkrankungen und Multipler
Sklerose; Melanom, Colon-Krebs, Nierenkrebs,
Leuk&mien, Lymphomen und multiplem Myelom; In-
fektionserkrankungen, verursacht durch infektidse
Agenzien, ausgewahlt aus M. tuberculosis, HIV, He-
patits C Virus, Zytomegalovirus, Epstein-Barr-Virus
und Influenza-Viren.

Ein Verfahren zur Bewertung der Toleranzeigen-
schaften ("Tolerogenizitat") gegenuber einem thera-
peutischen Protein, umfassend die folgenden Schrit-
te:

a) Kultivieren einer Blutprobe oder einer nicht-
fraktionierten PBMC-Probe in einem Medium,
welches die Differenzierung von DCs induziert,
wobei das Medium GM-CSF und IL-4 umfasst;
b) Reifenlassen dieser DCs;

c) Detektieren der T-Zell-Antworten;

wobei das therapeutische Protein wahrend der
Schritte a) und/oder b) hinzugegeben wird und wobei
das therapeutische Protein ein Erkrankungs-assozi-
iertes Antigen, das mit einer Autoimmunerkrankung
assoziiert ist, ist und wobei eine T-Zell-Antwort indi-
kativ fur die Toleranzeigenschaften ist.

Ein Verfahren zur Bewertung der Immunogenizitat
eines therapeutischen Proteins, umfassend die fol-
genden Schritte:

a) Kultivierten einer Blutprobe oder einer nicht-
fraktionierten PBMC-Probe in einem Medium,
welches die Differenzierung von DCs induziert,
wobei das Medium GM-CSF und IL-4 umfasst;
b) Reifenlassen dieser DCs;

c) Detektieren der T-Zell-Antworten;

wobei das therapeutische Protein wahrend der
Schritte a) und/oder b) hinzugegeben wird und wobei
das therapeutische Protein ein Erkrankungs-assozi-
iertes Antigen, das mit einer Krebserkrankung oder
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einer Infektionserkrankung assoziiert ist, ist
und wobei eine T-Zell-Antwort indikativ fiir die Im-
munogenizitat ist.

Ein Verfahren zur Bewertung der Immunogenizitat
eines therapeutischen Proteins, umfassend die fol-
genden Schritte:

a) Kultivierten einer Blutprobe oder einer nicht-
fraktionierten PBMC-Probe in einem Medium,
welches die Differenzierung von DCs induziert,
wobei das Medium GM-CSF und IL-4 umfasst;
b) Reifenlassen dieser DCs;

c) Detektieren der T-Zell-Antworten;

wobei das therapeutische Protein wahrend der
Schritte a) und/oder b) hinzugegeben wird, und wo-
bei das therapeutische Protein ein Protein ist, gegen
welches es nicht erwilinscht ist, eine immunogene
Antwort zu erhalten, und

wobei eine T-Zell-Antwort indikativ fiir eine gegen-
indizierte immunogene Antwort ist.

Ein Verfahren zum Screenen von Kandidaten-Anti-
genen oder -Epitopen, umfassend die folgenden
Schritte:

a) Kultivierten einer Blutprobe oder einer nicht-
fraktionierten PBMC-Probe in einem Medium,
welches die Differenzierung von DCs induziert,
wobei das Medium GM-CSF und IL-4 umfasst;
b) Reifenlassen dieser DCs;

c) Detektieren der T-Zell-Antworten;

wobei ein Kandidaten-Antigen oder -Epitop wahrend
der Schritte a) und/oder b) hinzugegeben wird und
Antigene und Epitope, die eine Antigen-spezifische
T-Zell-Antwort hervorrufen, ausgewahlt werden.

Ein Verfahren zur Herstellung von T-Zell-Klonen, die
spezifische immunologische Eigenschaften abbil-
den, aus einem Subjekt, umfassend die folgenden
Schritte:

a) Kultivierten einer Blutprobe oder einer nicht-
fraktionierten PBMC-Probe, erhalten aus die-
sem Subjekt, in einem Medium, welches die Dif-
ferenzierung von DCs induziert, wobei das Me-
dium GM-CSF und IL-4 umfasst;

b) Reifenlassen dieser DCs;

c) Isolieren von mindestens einer T-Zelle, die
die spezifischen immunologischen Eigenschaf-
ten abbildet;

wobei ein Antigen wahrend der Schritte a) und/oder
b) hinzugegeben wird,

wobei die spezifischen immunologischen Eigen-
schaften ausgewahlt werden in der Gruppe, beste-
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hend aus:

- Erkennung des Antigens, das wahrend des
Schritts a) und/oder b) hinzugefligt wird durch
die isolierte T-Zelle,

- Produktion von IFN-y,

- Fahigkeit zur Austibung zytotoxischer Effekte
auf Zellen, die das erkannte Antigen prasentie-
ren,

- Produktion von IL-10.

11. Ein Verfahren zur Generierung Antigen-spezifischer

T-regulatorischer Zellen, die spezifische immunolo-
gische Eigenschaften abbilden, aus einem Subjekt,
umfassend die folgenden Schritte:

a) Kultivierten einer Blutprobe oder einer nicht-
fraktionierten PBMC-Probe, erhalten aus die-
sem Subjekt, in einem Medium, welches die Dif-
ferenzierung von DCs mit tolerogenen Eigen-
schaften induziert, wobei das Medium GM-CSF
und IL-4 umfasst;

b) Reifenlassen dieser DCs;

c) Isolieren mindestens einer T-Zelle, die diese
spezifischen immunologischen Eigenschaften
abbildet;

wobei ein Antigen wahrend der Schritte a) und/oder
b) hinzugegeben wird,

wobei die spezifischen immunologischen Eigen-
schaften ausgewahlt sind in der Gruppe, bestehend
aus:

- Erkennung des Antigens, das wahrend des
Schritts a) und/oder b) hinzugefiigt wird, durch
die isolierte T-Zelle;

- Fahigkeit zur Unterdriickung der Proliferation,
Zytokin-Sekretion, Zytotoxizitat und anderer Ef-
fektor-Funktionen von T-Zellen, die in physi-
schen Kontakt oder in rdumliche Nahe mit die-
sen T-regulatorischen Zellen gebracht werden,
oder in Kontakt mit den Uberstanden von T-re-
gulatorischen Zell-Kulturen gebracht werden,

- Fahigkeit zur Produktion regulatorischer Zyto-
kine, ausgewahlt aus IL-10, Mitgliedern der
transformierenden Wachstumsfaktor-(TGF)-$
Familie, IL-35, allein oder in Kombination mit
nicht-regulatorischen Zytokinen, wie z.B. IFN-y,
- Fahigkeit zur Proliferation nur in Anwesenheit
von IL-2,

- Fahigkeit zur Expression von Markern, die ty-
pisch flr T-regulatorische Zellpopulationen
sind, ausgewahlt aus CD25, CD127, GITR,
foxP3, HLA-DR, CTLA-4, CD45RA und ICOS.

12. Verfahrennach einemder Anspriiche 1bis 11, wobei

das Medium, welches die Differenzierung von DCs
induziert, Flt-3 Liganden umfasst.

10

15

20

25

30

35

40

45

50

55

26

EP 2 419 730 B1

13.

14.

15.

48

Verfahren nach einem der Anspriiche 1 bis 12, wobei
Schritt a) ausgefuhrt wird fur eine Zeitdauer t(a) von
zwischen 16 Stunden und 7 Tagen, vorzugsweise
zwischen 20 Stunden und 4 Tagen, weiter bevorzugt
fur 24 Stunden.

Verfahren nach einem der Anspriiche 1 bis 13, wobei
Schritt b) in der Anwesenheit von mindestens einem
pro-inflammatorischen Stimulus und/oder Agens
durchgeflhrt wird, welches eine virale oder bakteri-
elle Aggression imitiert, ausgewahlt aus der Gruppe,
bestehend aus Tumornekrosefaktor alpha (TNF-a),
Interleukin-1 beta (IL-1p), Prostagladin E2 (PGE22),
anti-CD40-Antikorper, Interferon-alpha 2a (IFN-o
2a), Lipopolysacchariden (LPS), Polyinosin:Polycy-
tidylsdure (poly I:C), Interferon-gamma (IFN-y), In-
terleukin-7 (IL-7) and Mischungen davon.

Verfahren nach einem der Anspriiche 1 bis 14, wobei
Schritt b) ausgefiihrt wird fur eine Zeitdauer t(b) von
zwischen 12 und 72 Stunden, bevorzugt zwischen
16 und 48 Stunden, weiter bevorzugt fir 24 Stunden.

Revendications

Procédé de stimulation de réponses des lymphocy-
tes T spécifiques d’antigénes (Ag) dans un échan-
tillon de sang ou de cellules mononucléaires du sang
périphérique non fractionnées isolé d’un sujet, com-
prenant les étapes suivantes :

a) la culture dudit échantillon de sang ou dudit
échantillon de PBMC non fractionnées dans un
milieu qui induit la différenciation des cellules
dendritiques (CD), ledit milieu comprenant le
facteur de stimulation des colonies de granulo-
cytes et de macrophages (GM-CSF) et l'in-
terleukine 4 (IL-4) ;

b) la maturation desdites CD ;

dans lequel un Ag est ajouté au cours des étapes a)
et/ou b).

Procédé de diagnostic d’'une maladie auto-immune
chez un sujet comprenant les étapes suivantes :

a) la culture d’un échantillon de sang ou d’un
échantillon de PBMC non fractionnées prélevé
sur ledit sujet dans un milieu qui induit la diffé-
renciation des CD, ledit milieu comprenant le
GM-CSF et I'lL-4 ;

b) la maturation desdites CD ;

c) la détection des réponses des lymphocytes
T spécifiques des Ag qui sont corrélées a la
maladie ;

dans lequel un ou plusieurs Ag associés ala maladie
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sont ajoutés au cours des étapes a) et/ou b), et
dans lequel la présence de la réponse des lympho-
cytes T spécifiques des Ag indique la présence de
la maladie.

Procédé selon la revendication 2, dans lequel la ma-
ladie est sélectionnée dans le groupe constitué du
diabéte de type 1 (T1D), de la granulomatose de
Wegener, de la maladie de Crohn, de la maladie
coeliaque et de la sclérose en plaques.

Procédé de surveillance des effets d’'une thérapie
immunitaire chez un sujet souffrant d’'une maladie
sélectionnée dans le groupe constitué de maladies
auto-immunes, de maladies cancéreuses et de ma-
ladies infectieuses, comprenant les étapes
suivantes :

a) la culture d’un échantillon de sang ou d’'un
échantillon de PBMC non fractionnées prélevé
sur ledit sujet dans un milieu qui induit la diffé-
renciation des CD, ledit milieu comprenant le
GM-CSF et I'lL-4 ;

b) la maturation desdites CD ;

c) la détection des réponses des lymphocytes
T;

dans lequel un ou plusieurs Ag associés ala maladie
sont ajoutés au cours des étapes a) et/ou b), et

dans lequel une intervention réussie se traduit par
une réduction, dans le cas de maladies auto-immu-
nes, ou une augmentation, dans le cas d’un cancer
ou de maladies infectieuses, de la réponse des lym-
phocytes T spécifiques des Ag liés a la maladie.

Procédé selon la revendication 4, dans lequel la ma-
ladie est sélectionnée dans le groupe constitué du
diabéte de type 1 (T1D), de la granulomatose de
Wegener, de la maladie de Crohn, de la maladie
coeliaque et de la sclérose en plaques ; du mélano-
me, du cancer du cblon, du cancer du rein, de leu-
cémies, de lymphomes et du myélome multiple ; de
maladies infectieuses provoquées par des agents
infectieux sélectionnés parmi M. tuberculosis, le
VIH, le virus de I'hépatite C, le cytomégalovirus, le
virus d’Epstein-Barr et les influenza virus.

Procédé d’évaluation de la tolérogénicité d’'une pro-
téine thérapeutique comprenant les étapes
suivantes :

a) la culture d’un échantillon de sang ou d’'un
échantillon de PBMC non fractionnées dans un
milieu qui induit la différenciation des CD, ledit
milieu comprenant le GM-CSF et I'lL-4 ;

b) la maturation desdites CD ;

c) la détection des réponses des lymphocytes
T;
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dans lequel ladite protéine thérapeutique est ajoutée
au cours des étapes a) et/ou b), et

dans lequel la protéine thérapeutique est un antige-
ne associé a une maladie associée a une maladie
auto-immune et une réponse des lymphocytes T in-
dique une tolérogénicité.

Procédé d’évaluation de 'immunogénicité d’'une pro-
téine thérapeutique comprenant les étapes
suivantes :

a) la culture d’un échantillon de sang ou d’un
échantillon de PBMC non fractionnées dans un
milieu qui induit la différenciation des CD, ledit
milieu comprenant le GM-CSF et I'lL-4 ;

b) la maturation desdites CD ;

c) la détection des réponses des lymphocytes
T,

dans lequel ladite protéine thérapeutique est ajoutée
au cours des étapes a) et/ou b), et

dans lequel la protéine thérapeutique est un antige-
ne associé a une maladie associé a un cancer ou a
une maladie infectieuse

et une réponse des lymphocytes T indique une im-
munogeénicité.

Procédé d’évaluation de 'immunogénicité d’'une pro-
téine thérapeutique comprenant les étapes
suivantes :

a) la culture d’un échantillon de sang ou d’un
échantillon de PBMC non fractionnées dans un
milieu qui induit la différenciation des CD, ledit
milieu comprenant le GM-CSF et I'lL-4 ;

b) la maturation desdites CD ;

c) la détection des réponses des lymphocytes
T,

dans lequel ladite protéine thérapeutique est ajoutée
au cours des étapes a) et/ou b), et

dans lequel la protéine thérapeutique est une pro-
téine contre laquelle il n’est pas souhaitable de mon-
ter une réponse immunogene

et une réponse des lymphocytes T indique une ré-
ponse immunogene contre-productive.

Procédé de criblage d’épitopes ou d’Ag candidats
comprenant les étapes suivantes :

a) la culture d’un échantillon de sang ou d'un
échantillon de PBMC non fractionnées dans un
milieu qui induit la différenciation des CD, ledit
milieu comprenant le GM-CSF et I'lL-4 ;

b) la maturation desdites CD ;

c) la détection des réponses des lymphocytes
T,
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dans lequel un épitope ou Ag candidat est ajouté au
cours des étapes a) et/ou b), et

la sélection des Ag et des épitopes élicitant une ré-
ponse des lymphocytes T spécifiques des Ag.

Procédé de production de clones de lymphocytes T
présentant des propriétés immunologiques spécifi-
ques, d’un sujet, comprenant les étapes suivantes :

a) la culture d’un échantillon de sang ou d’'un
échantillon de PBMC non fractionnées prélevé
sur ledit sujet dans un milieu qui induit la diffé-
renciation des CD, ledit milieu comprenant le
GM-CSF et I'lL-4 ;

b) la maturation desdites CD ;

c) l'isolement d’au moins un lymphocyte T pré-
sentant lesdites propriétés immunologiques
spécifiques ;

dans lequel un Ag est ajouté au cours des étapes a)
et/ou b),
dans lequel lesdites propriétés immunologiques
spécifiques sont sélectionnées dans le groupe cons-
titué de :

- la reconnaissance par le lymphocyte T isolé
de I'’Ag ajouté durant les étapes a) et/ou b),

- la production d’IFN-y,

- la capacité a exercer des effets cytotoxiques
sur les cellules présentant I'Ag reconnu,

- la production d’IL-10.

Procédé de génération de lymphocytes T régula-
teurs spécifiques des Ag présentant des propriétés
immunologiques spécifiques, d’un sujet, compre-
nant les étapes suivantes :

a) la culture d’un échantillon de sang ou d’'un
échantillon de PBMC non fractionnées prélevé
sur ledit sujet dans un milieu qui induit la diffé-
renciation des CD avec des propriétés toléroge-
nes, ledit milieu comprenant le GM-CSF et I'lL-
4,

b) la maturation desdites CD ;

c) l'isolement d’au moins un lymphocyte T pré-
sentant lesdites propriétés immunologiques
spécifiques ;

dans lequel un Ag est ajouté au cours des étapes a)
et/ou b),
dans lequel lesdites propriétés immunologiques
spécifiques sont sélectionnées dans le groupe cons-
titué de :

- la reconnaissance par le lymphocyte T isolé
de I'Ag ajouté durant les étapes a) et/ou b),

- la capacité a supprimer la prolifération, la sé-
crétion de cytokines, la cytotoxicité et autres
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fonctions effectrices des lymphocytes T placés
en contact physique ou a proximité spatiale des-
dits lymphocytes T régulateurs, ou placés en
contact avec les surnageants des cultures cel-
lulaires de lymphocytes T régulateurs,

- la capacité a produire des cytokines régulatri-
ces sélectionnées parmi I'lL-10, les membres
de la famille du facteur de croissance transfor-
mant (TGF)-B, I'lL-35, seules ou en combinaison
avec d’autres cytokines non régulatrices telles
que I'lFN-y,

- la capacité a proliférer uniquement en présen-
ce d'IL-2,

- la capacité a exprimer des marqueurs typiques
des populations cellulaires de lymphocytes T ré-
gulateurs sélectionnés parmiles CD25, CD127,
GITR, foxP3, HLA-DR, CTLA-4, CD45RA et
ICOS.

. Procédé selon 'une quelconque des revendications
1 a 11, dans lequel ledit milieu qui induit la différen-
ciation des CD comprend le ligand de FIt-3.

. Procédé selon 'une quelconque des revendications
1 a 12, dans lequel I'étape a) est réalisée pendant
une durée t(a) comprise entre 16 heures et 7 jours,
de préférence entre 20 heures et 4 jours, de maniére
davantage préférée pendant 24 heures.

. Procédé selon 'une quelconque des revendications
1a13, dans lequel I'étape b) est réalisée en présen-
ce d’au moins un stimulus et/ou agent pro-inflamma-
toire qui imite une agression virale ou bactérienne
sélectionnés dans le groupe constitué du facteur de
nécrose des tumeurs alpha (TNF-a), de I'interleuki-
ne-1 béta (IL-1), de la prostaglandine E2 (PGE2),
d’'un anticorps anti-CD40, de l'interféron-alpha 2a
(IFN-a 2a), des lipopolysaccharides (LPS), de I'aci-
de polyinosinique :polycytidylique (poly I:C), de I'in-
terféron-gamma (IFN-a), de l'interleukin-7 (IL-7) et
de mélanges de ceux-ci.

Procédé selon 'une quelconque des revendications
1 a 14, dans lequel I'étape b) est réalisée pendant
une durée t(b) comprise entre 12 heures et 72 heu-
res, de préférence entre 16 et 48 heures, de maniére
davantage préférée pendant 24 heures.
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