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(57) The present invention relates to a method for
assessing whether a patient subjected to an antigen-spe-
cific Tr1 cell therapy is responding to the treatment, said
method comprising:

- determining in vitro the antigen-specific proliferation of
T cells contained in a cell sample from said patient,
- comparing said antigen-specific proliferation to a stand-
ard reference, thereby determining whether the patient
is responding or not to the treatment.
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Description

FIELD OF THE INVENTION

[0001] The invention relates to a method for assessing the efficacy of a Tr1 cell therapy in a subject and thus determining
whether a patient subjected to a Tr1 cells therapy is a responder or a non-responder.

BACKGROUND OF THE INVENTION

[0002] Treatment of a disease or a condition with a biologic compound presents a number of challenges. One of them
is to determine which patient population is eligible for a particular treatment, which subjects are going to respond to this
treatment and which subjects will lose response after a certain amount of time. This information has significant impacts
upon further patient’s care and clinical study designs.
[0003] Biomarkers are usually helping for answering these questions.
[0004] Biomarkers may be defined as "a characteristic that is objectively measured and evaluated as an indicator of
normal biological processes, pathogenic processes or pharmacologic responses to a therapeutic intervention".
[0005] In the art, a great number of studies describe the use of molecules such as cytokines or the use of gene
expression profiles to determine whether or not the treated subject is going to be a responder to the treatment.
[0006] For example, molecules such as CRP and cytokines such as IL-1 beta, IL-2, IL-6, IL-8, IL-12 or interferon
gamma have been described as biomarkers to define the response of subjects with Crohn’s disease to infliximab and
other biologic compounds. WO2008/147869 describes the determination of at least one gene expression among IP-10,
MCP-1, MMP-9, TNF alpha, EGF, IL-6, ENA-78, MPO, MIP-1 beta and VEGF for evaluating the efficacy of a treatment
for gastro-intestinal disorders. WO2008/048986 also relies on measuring expression of genes selected in a list for
classifying individuals as responder or non-responder to a treatment for inflammatory bowel diseases. Another example
is EP2056110 describing the detection of specific proteins to assess the responsiveness to an anti-TNF treatment.
[0007] The present invention relates to Tr1 cell therapy used for treating chronic inflammatory diseases, autoimmune
diseases, allergic diseases, and organ transplantation conditions. As shown previously, Tr1 cells can be used for treating
multiple sclerosis (WO2009052283), intestinal inflammatory conditions such as Crohn’s disease (WO2009068575) or
arthritic conditions such as rheumatoid arthritis (WO2009054242).
[0008] Although biomarkers have been described for evaluating the outcome of therapies against those conditions,
there is a need for biomarkers that will specifically allow the prediction of the outcome of a Tr1 cell therapy. There is a
need for stratification of patients who are being subjected to a Tr1 cell therapy and for distinguishing between Tr1 cell
therapy responder and non responder patients.

SUMMARY

[0009] One object of the invention is a method for assessing whether a patient subjected to an antigen-specific Tr1
cell therapy is responding to the treatment, said method comprising:

- determining in vitro the antigen-specific proliferation of T cells contained in a cell sample from said patient,
- comparing said antigen-specific proliferation to a standard reference, thereby determining whether the patient is

responding or not to the treatment.

[0010] In one embodiment of the invention, the standard reference is a standard reference obtained from the patient,
which is the antigen-specific proliferation of T cells contained in a cell sample obtained from said patient before Tr1
treatment.
[0011] In another embodiment of the invention, the cell sample containing T cells is obtained from the patient between
day 5 and day 30 after the last administration of Tr1 cells to the patient.
[0012] In another embodiment of the invention, the cell sample is peripheral blood mononuclear cells, peripheral white
blood cells or is obtained from a lymph nodes biopsy, an intestinal biopsy, a synovial biopsy, a cerebrospinal fluid or
from a bronchoalveolar lavage.
[0013] In another embodiment of the invention, the assessment of the antigen-specific proliferation of T cells comprises:

- culturing the cell sample containing T cells in the presence of the antigen to which the Tr1 cells are directed, and
- determining the proliferation of T cells after 2 to 10 days of culture.

[0014] In another embodiment of the invention, the method as described here above is repeated each week on a cell
sample obtained from the patient each week during day 5 to day 30.
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[0015] In another embodiment of the invention, the method as described here above is repeated every two weeks on
a cell sample obtained from the patient every two weeks during day 5 to day 30.
[0016] Another object of the invention is the method as described here above for sorting the patient into responder or
non-responder group.
[0017] Another object of the invention is the method as described here above for monitoring the disease and monitoring
the therapeutic outcome.
[0018] Another object of the invention is the method as described here above for assessing whether a patient having
a Crohn’s disease and subjected to an ovalbumin-specific Tr1 cell therapy is responding to the treatment.
[0019] Another object of the invention is the method as described here above for assessing whether a patient having
a rheumatoid arthritis and subjected to a type II collagen-specific Tr1 cell therapy is responding to the treatment.
[0020] Another object of the invention is the method as described here above for assessing whether a patient subjected
to an antigen-specific Tr1 cell therapy is responding to the treatment.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Tr1 cell therapy as previously described by the inventors is based on administration of antigen-specific Tr1
cells to a subject. The specificity of the antigen is determined according to the disease or condition to be treated. For
example, for treating an intestinal inflammatory condition such as Crohn’s disease, Tr1 cells specific for a food antigen
from common human diet such as ovalbumin are used.
[0022] The inventors assessed the proliferation of T cells contained in a cell sample obtained from the treated patient
in response to the antigen to which the Tr1 cells are specific. They made the observation that an inhibition of said
proliferation correlates with the disease improvement and the clinical response of the patient.
[0023] One object of the invention is thus a method for assessing whether a patient subjected to an antigen-specific
Tr1 cell therapy is responding to the treatment, said method comprising:

- determining in vitro the antigen-specific proliferation of T cells contained in a cell sample from said patient,
- comparing said antigen-specific proliferation to a standard reference,

thereby determining whether the patient is responding or not to the treatment.
[0024] The term "Tr1 cells" as used herein refers to cells having the following phenotype at rest CD4+CD25-FoxP3-
and capable of secreting high levels of IL-10 and significant levels TGF-β upon activation. Tr1 cells are characterized,
in part, by their unique cytokine profile: they produce high levels of IL-10, significant levels of TGF-β and intermediate
levels of IFN-γ, but little or no IL-4 or IL-2. The cytokine production is typically evaluated in cultures of cells after activation
with polyclonal activators of T lymphocytes such as anti-CD3+ anti-CD28 antibodies or Interleukin-2, PMA + ionomycin.
Alternatively, the cytokine production is evaluated in cultures of cells after activation with the specific T-cell antigen
presented by antigen presenting cells. High levels of IL-10 correspond to at least about 500 pg/ml, typically greater than
about 1, 2, 4, 6, 8, 10, 12, 14, 16, 18, or 20 thousand pg/ml or more. Significant levels of TGF-β correspond to at least
about 100 pg/ml, typically greater than about 200, 300, 400, 600, 800, or 1000 pg/ml or more. Intermediate levels of
IFN-γ correspond to concentrations comprised between 0 pg/ml and at least 400 pg/ml, typically greater than about 600,
800, 1000, 1200, 1400, 1600, 1800, or 2000 pg/ml or more. Little or no IL-4 or IL-2 corresponds to less than about 500
pg/ml, preferably less than about 250, 100, 75, or 50 pg/ml, or less.
[0025] The term "treatment" as used herein refers to therapeutic treatment and prophylactic and preventative measures,
wherein the object is to prevent or slow down (lessen, diminish) the targeted pathological disorder or condition. Tr1
treatment and Tr1 therapy are used herein with the same meaning.
[0026] The term "standard reference" as used herein broadly encompasses any suitable reference standard which
may be used as a basis for comparison with respect to the measured variable. Preferably, the standard reference is a
personalized reference, determined using a cell sample containing T cells obtained from the patient before Tr1 treatment..
[0027] In one embodiment of the invention, the standard reference is the proliferation of the T cells obtained from the
patient before Tr1 treatment and measured in vitro. Accordingly, a cell sample containing T cells is obtained from the
patient before Tr1 treatment; preferably on the day of the first Tr1 cells infusion before Tr1 cells injection, and proliferation
of the T cells is assessed to determine the standard reference.
[0028] According to the invention, the proliferation of the T cells contained in a cell sample obtained from the patient
to the specific antigen to which the Tr1 cells are directed is assessed by conventional methods known in the art.
[0029] According to one embodiment of the invention, the cell sample comprises T cells and antigen presenting cells.
[0030] Cell samples obtainable from the patient and containing T cells and antigen presenting cells include, but are
not limited to, peripheral blood mononuclear cells (PBMC), peripheral white blood cells, cell sample obtained from tissue
biopsies such as lymph nodes biopsies, intestinal or synovial biopsies, cell sample obtained from bronchoalveolar lavage
or a cerebrospinal fluid.
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[0031] Methods for obtaining PBMC from the patient include, but are not limited to, leukapheresis or whole blood
collection followed by PBMC purification using density gradient centrifugation (ficoll).
[0032] Methods for obtaining peripheral white blood cells or leukocytes include, but are not limited to, red cells filtration
or lysis from blood sample.
[0033] One example of the method for assessing whether a patient subjected to an antigen-specific Tr1 cell therapy
is responding to the treatment is the following:

- culturing the cell sample containing T cells obtained from the subject in the presence of the antigen to which the
Tr1 cells are directed,

- determining the T cells proliferation.

[0034] In one embodiment of the invention, the cell sample containing T cells obtained from the subject is cultured in
the presence of the antigen to which the Tr1 cells are directed and in the absence of said antigen.
[0035] The culture without said antigen is a negative control of basal T cells proliferation in the absence of activation.
[0036] In one embodiment of the invention, the cell sample containing T cells is cultured during 2 to 10 days, preferably
during 3 to 6 days, more preferably during 5 days.
[0037] In one embodiment of the invention, the concentration of cells to be cultured is 104 to 107 cells/ml, preferably
105 to 106 cells/ml, more preferably 106 cells/ml.
[0038] In another embodiment of the invention, the concentration of antigen is from 0.1 Pg/ml to 10 mg/ml of antigen,
preferably from 1 Pg/ml to 1 mg/ml, more preferably from 1 mg/ml of antigen.
[0039] In another embodiment of the invention, the cell sample containing T cells is cultured in a T cell medium
supplemented with serum or in a serum free medium.
[0040] Examples of T cell serum-free medium include, but are not limited to, X-VIVO and AIM-V. Examples of T cell
serum supplemented with serum include, but are not limited to, RPMI or ISCOVE medium preferably supplemented with
human Serum AB or autologous plasma.
[0041] In another embodiment of the invention, the cell sample containing T cells is cultured at temperature from 35°C
to 39°C, preferably about 37°C, in an atmosphere of about 5%CO2
[0042] In one embodiment of the invention, the T cells proliferation is assessed by conventional methods. Examples
of said methods include, but are not limited to, tritiated thymidine assay, change in DNA content measurement, BrdU
incorporation assay, viability markers measurement such as WST1 or MTT, Promega cell titer 96 AQueous non-radio-
active cell proliferation assay or Promega CellTiter 96 Aqueous One Solution Cell Proliferation Assay Kit, and Flow
cytometry assays using CFSE or PKH26.
[0043] In one embodiment of the invention, the cell sample containing T cells is obtained from the patient between
day 5 and day 30 after the last administration of the antigen-specific Tr1 cells to the patient.
[0044] In one embodiment of the invention, a cell sample containing T cells is obtained from the patient before the
Tr1 treatment and each week after the last administration of the Tr1 treatment, during at least 4 weeks. Accordingly, the
method of the invention is performed each week.
[0045] In another embodiment of the invention, a cell sample containing T cells is obtained from the patient before
the Tr1 treatment and every two weeks after the last administration of the Tr1 treatment, during at least 4 weeks.
Accordingly, the method of the invention is performed every two weeks.
[0046] In another embodiment of the invention, a cell sample containing T cells is obtained from the patient before
the Tr1 treatment and every 10 days after the last administration of the Tr1 treatment, during at least 4 weeks. Accordingly,
the method of the invention is performed every 10 days.
[0047] According to the invention, the inhibition of the T cells proliferation compared to the standard reference indicates
that the subject is responding to the treatment.
[0048] In one embodiment of the invention, an inhibition of T cells proliferation in the presence of antigen superior or
equal to 20% compared to the standard reference indicates that the subject is responding to the treatment.
[0049] In another embodiment of the invention, an inhibition of T cells proliferation in the presence of antigen superior
or equal to 30%, 40%, 50% compared to the standard reference indicates that the subject is responding to the treatment.
[0050] In another embodiment of the invention, an inhibition of T cells proliferation in the presence of antigen superior
or equal to 60%, 70%, 80%, 90% compared to the standard reference indicates that the subject is responding to the
treatment.
[0051] In another embodiment of the invention, a proliferation index (PI) may be determined at each measurement:

PI = T cells proliferation in the presence of antigen / T cells proliferation in the absence of antigen.
A determined PI less than the standard reference PI indicates that the subject is responding to the treatment.

[0052] One object of the invention is a method for assessing whether a patient subjected to an antigen-specific Tr1
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cell therapy is responding to the treatment, said method comprising:

- determining the antigen-specific proliferation of T cells contained in a cell sample from said patient in vitro,
- comparing said antigen-specific proliferation to a standard reference,

thereby sorting the subject into responder or non-responder group.
[0053] The term "responder" as used herein refers to a patient that responds to the therapy or treatment.
[0054] The term "non-responder" as used herein refers to a patient that does not respond to the therapy or treatment.
[0055] Accordingly, classification of a patient as a "responder" indicates that Tr1 treatment is successful, while a patient
identified as "non-responder" would likely benefit for different therapies.
[0056] Classifying patients as responder or non-responder is advantageous as it allows the prediction of the optimal
course of therapy for the patient.
[0057] According to the invention, assaying the proliferation of T cells obtained from the patient as described here
above allows the monitoring of the disease and the monitoring of the therapeutic outcome.
[0058] According to the invention, assaying the proliferation of T cells obtained from the patient as described here
above allows the evaluation of the patient’s risk to not responding to the treatment and that its condition does not improve.
[0059] According to the invention, assaying the proliferation of T cells obtained from the patient as described here
above allows the stratification or classification of a group of patients.
[0060] According to the invention, the above described method is for assessing whether a patient having an intestinal
inflammatory condition and subjected to a Tr1 cell therapy is responding to the treatment. In said treatment, the patient
is subjected to a Tr1 cell therapy, wherein the Tr1 cells are specific of a food antigen from the common human diet.
[0061] The term "food antigen from common human diet" refers to an immunogenic peptide, which comes from food-
stuffs common for humans, such as food antigens of the following non-limiting list: bovine antigens such as lipocalin,
Ca-binding S100, alpha- lactalbumin, lactoglobulins such as beta-lactoglobulin, bovine serum albumin, caseins. Food-
antigens may also be atlantic salmon antigens such as parvalbumin, chicken antigens such as ovomucoid, ovalbumin,
Ag22, conalbumin, lysozyme or chicken serum albumin, peanuts, shrimp antigens such as tropomyosin, wheat antigens
such as agglutinin or gliadin, celery antigens such as celery profilin, carrot antigens such as carrot profilin, apple antigens
such as thaumatin, apple lipid transfer protein, apple profilin, pear antigens such as pear profilin, isoflavone reductase,
avocado antigens such as endochitinase, apricot antigens such as apricot lipid transfer protein, peach antigens such
as peach lipid transfer protein or peach profilin, soybean antigens such as HPS, soybean profilin or (SAM22) PR-10 prot.
[0062] The term "inflammatory intestinal condition" refers to inflammatory bowel disease, ulcerative colitis, Crohn’s
disease, intestinal inflammation linked to food allergy or intolerance, intestinal inflammation linked to milk protein allergy,
intestinal inflammation linked to celiac disease, intestinal inflammation linked to hen egg allergy, or intestinal inflammation
linked to peanut allergy.
[0063] According to the invention, the cell sample containing T cells obtained from the patient is cultured in the presence
of the food antigen from common human diet to which the Tr1 cells infused in the patient are directed. After 2 to 10 days,
the proliferation of the T cells is assessed and compared to the proliferation of the standard reference, for example the
proliferation of T cells obtained from the patient before Tr1 treatment.
[0064] In one embodiment of the invention, the method of the invention is for assessing whether a patient having a
Crohn’s disease and subjected to an ovalbumin-specific Tr1 cell therapy is responding to the treatment.
[0065] According to the invention, the above described method is for assessing whether a patient having a multiple
sclerosis condition and subjected to a Tr1 cell therapy is responding to the treatment. In said treatment, the patient is
subjected to a Tr1 cell therapy, wherein the Tr1 cells are specific of a multiple sclerosis-associated antigen. The term
"multiple sclerosis-associated antigen" refers to myelin basic protein (MBP). myelin associated glycoprotein (MAG),
myelin oligodendrocyte protein (MOG), proteolipid protein (PLP), oligodendrocyte myelin oligoprotein (OMGP). myelin
associated oligodendrocyte basic protein (MOBP), oligodendrocyte specific protein (OSP/Claudinl 1), heat shock pro-
teins, oligodendrocyte specific proteins (OSP), NOGO A, glycoprotein Po, peripheral myelin protein 22 (PMP22), 2’3’-
cyclic nucleotide 3 "-phosphodiesterase (CNPase), fragments, variants and mixtures thereof.
[0066] According to the invention, the cell sample containing T cells obtained from the patient is cultured in the presence
of the multiple sclerosis-associated antigen to which the Tr1 cells infused in the patient are directed. After 2 to 10 days,
the proliferation of the T cells is assessed and compared to the proliferation of the standard reference, for example the
proliferation of T cells obtained from the patient before Tr1 treatment.
[0067] In one embodiment of the invention, the method of the invention is for assessing whether a patient having a
multiple disease and subjected to MBP or MOG-specific Tr1 cell therapy is responding to the treatment.
[0068] According to the invention, the above described method is for assessing whether a patient having an arthritic
condition and subjected to a Tr1 cell therapy is responding to the treatment. In said treatment, the patient is subjected
to a Tr1 cell therapy, wherein the Tr1 cells are specific of a joint-associated antigen.
[0069] The term "joint-associated antigen" refers to citrulline-substituted cyclic and linear filaggrin peptides, collagen
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type II peptides, human cartilage glycoprotein 39 (HCgp39) peptides, HSP, heterogenous nuclear ribonucleoprotein
(hnRNP) A2 peptides, hnRNP B1, hnRNP D, Ro60/52, HSP60, 65, 70 and 90, BiP, keratin, vimentin, fibrinogen, collagen
type I, III, IV and V peptides, annexin V, Glucose 6 phosphate isomerase (GPI), acetyl-calpastatin, pyruvate deshydro-
genase (PDH), aldolase, topoisomerase I, snRNP, PARP, Scl-70, Scl-100, phospholipid antigen including anionic car-
diolipin and phosphatidylserine, neutrally charged phosphatidylethanolamine and phosphatidylcholine, matrix metallo-
proteinase, fibrillin, aggreccan.
[0070] The term "arthritic condition" refers to rheumatoid arthritis, polychondritis, septic arthritis, spondyloarthropathies
or ankylosing spondylitis, juvenile idiopathic arthritis (JIA), psoriatic arthritis and diseases associated with arthritis such
as systemic lupus erythematous, Sjogren’s syndrome, scleroderma, dermatomyosotis, polymyosotis, polymyalgia rheu-
matica, fibromyalgia, sarcoidosis, vasculitis.
[0071] According to the invention, the cell sample containing T cells obtained from the patient is cultured in the presence
of the joint-associated antigen to which the Tr1 cells infused in the patient are directed. After 2 to 10 days, the proliferation
of the T cells is assessed and compared to the proliferation of the standard reference, for example the proliferation of
T cells obtained from the patient before Tr1 treatment.
[0072] In one embodiment of the invention, the method of the invention is for assessing whether a patient having a
rheumatoid arthritis and subjected to a type II collagen-specific Tr1 cell therapy is responding to the treatment.
[0073] According to the invention, the above described method is for assessing whether a patient having an inflam-
matory autoimmune condition and subjected to a Tr1 cell therapy is responding to the treatment. In said treatment, the
patient is subjected to a Tr1 cell therapy, wherein the Tr1 cells are specific of a human HSP antigen.
[0074] The term "human HSP antigen" refers to human HSP60, HSP70, HSP90, fragments and mixtures thereof.
[0075] The term "inflammatory autoimmune condition" refers to intestinal inflammatory condition such as Crohn’s
disease and ulcerative colitis; arthritis condition such as rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis
and juvenile idiopathic arthritis; multiple sclerosis, Wegener’s disease, primary biliary cirrhosis, primary sclerosing cholan-
gitis, asthma, transplant rejection (host versus graft disease), graft versus host disease. More preferably, said inflam-
matory autoimmune disease is selected in the group of rheumatoid arthritis, Crohn’s disease, ulcerative colitis, asthma
and transplant rejection or graft versus host disease.
[0076] According to the invention, the cell sample containing T cells obtained from the patient is cultured in the presence
of the human HSP antigen to which the Tr1 cells infused in the patient are directed. After 2 to 10 days, the proliferation
of the T cells is assessed and compared to the proliferation of the standard reference, for example the proliferation of
T cells obtained from the patient before Tr1 treatment.
[0077] In one embodiment of the invention, the method of the invention is for assessing whether a patient having a
rheumatoid arthritis and subjected to a HSP-specific Tr1 cell therapy is responding to the treatment.
[0078] According to the invention, the above described method is for assessing whether a patient having an allergic
or asthmatic condition and subjected to a Tr1 cell therapy is responding to the treatment. In said treatment, the patient
is subjected to a Tr1 cell therapy, wherein the Tr1 cells are specific of an allergen associated with said allergic or asthmatic
condition.
[0079] Said allergen may be an inhaled allergen, an ingested allergen or a contact allergen. The term "allergic or
asthmatic condition" refers to asthma, atopic dermatitis, allergic rhinitis, conjunctivitis, eczema and anaphylaxis.
[0080] According to the invention, the cell sample containing T cells obtained from the patient is cultured in the presence
of the allergen to which the Tr1 cells infused in the patient are directed. After 2 to 10 days, the proliferation of the T cells
is assessed and compared to the proliferation of the standard reference, for example the proliferation of T cells obtained
from the patient before Tr1 treatment.

BRIEF DESCRIPTION OF THE FIGURES

[0081]

Figure 1: Kinetic of proliferation of PBMC with or without ovalbumin in clinical responder (black circles) and clinical
non-responder Crohn’s Disease patients (white squares). The results are expressed as an index of proliferation in
the presence of ovalbumin compared to the proliferation of cells in the absence of ovalbumin.
Figure 2: Kinetic of proliferation of PBMC with or without ovalbumin in clinical responder (CR) and clinical non-
responder Crohn’s Disease patients (CNR) before (black bars) or 3 weeks (white bars) after cell infusion. The results
are expressed as an index of proliferation in the presence of ovalbumin compared to the proliferation of cells in the
absence of ovalbumin
Figure 3: Percentage of clinical responder (CR) and clinical non-responder Crohn’s Disease patients (CNR) showing
the abrogation of ovalbumin specific proliferation in vitro 3 weeks after cell infusion
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EXAMPLES

Experimental Procedures

Ovalbumin specific Tr1 clone production

[0082] Ovalbumin specific Tr1 clones were produced from Peripheral Blood Mononuclear Cells (PBMC) of Crohn’s
Disease patients. After PBMC isolation by Ficoll gradient density centrifugation (GE Healthcare, Uppsala, Sweden),
cells were cultured in the presence of native irradiated ovalbumin (Sigma Aldrich, St-Louis, MO, USA) in X-Vivo15
(Cambrex, East Rutherford, NJ) and cytokine-enriched Drosophila feeder cell supernatants at 37°C, 5% CO2. After
several days of culture, cells are cloned by limiting dilution method on layers of Drosophila feeder cells in X-Vivo15 at
37°C, 5% CO2. Growing clones are then harvested and tested for antigen specificity and Tr1 cell identity before being
expanded on Drosophila feeder cells up to 5 billions.

Drosophila feeder cells

[0083] Drosophila feeder cells were engineered by TxCell in order to improve the stimulation and growth of Tr1 cell
clones. Schneider 2 Drosophila cells were transfected with a transmembrane form of a murine anti-human CD3 antibody,
with human CD80, human CD58, human IL-2 and human IL-4. Cells are grown routinely in Express five medium from
PAA laboratories (Pashing, Austria).

Tr1 cell treatment of Crohn’s Disease patients

[0084] A phase I/IIa clinical trial to evaluate the tolerability of Tr1 treatment has started in March 2008 in severe
refractory Crohn’s disease patients. 106 to 109 Autologous ovalbumin specific Tr1 cells were infused intravenously to
the patients at a time when the CDAI (Crohn’s Disease Activity Index, see below for description) is above 220 confirming
an active disease. Patients where then monitored during 12 weeks for their disease activity.

Clinical response assessment

[0085] The Crohn’s Disease Activity Index or CDAI is a research tool used to quantify the disease activity of patients
with Crohn’s disease. This is of importance in research studies done on medications used to treat Crohn’s disease; most
major studies on newer medications use the CDAI in order to define response or remission of disease. A score of more
than 220 identifies a patient with active pathology; a CDAI lower or equal to 150 identifies a patient in remission of the
disease. A diminution of 100 points of CDAI after patient treatment compared to baseline (CDAI taken before treatment)
is considered as a response to treatment.
[0086] Thus based on CDAI, patients undergoing autologous ovalbumin -specific Tr1 cell treatment can be sorted in
two groups; the clinical responders (patients having a drop of at least 100 points of CDAI after treatment compared to
before treatment) and clinical non responders (patients that do not show this drop of 100 points of CDAI after compared
to before treatment). The CDAI is calculated at week 0 (the week before infusion) and 1, 3, 8 and 12 weeks after Tr1
cell infusion.

CDAI calculator

[0087]

Clinical or laboratory variable Weighting factor

Number of liquid or soft stools each day for seven days X2

Abdominal pain (graded from 0-3 on severity) each day for seven days X5

General well being, subjectively assessed from 0 (well) to 4 (terrible) each day for seven days X7

Presence of complications* X20

Taking Lomitil or opiates for diarrhea X30

Presence of an abdominal mass (0 as none, 2 as questionable, 5 as definite) X10

Absolute deviation of Hematocrit from 47% in men and 42% in women X6
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Cell culture and proliferation assessment

[0088] At week 0 (the week before infusion) and 1, 3, 8 and 12 weeks after Tr1 cell infusion, patient’s peripheral blood
was collected and PBMCs were isolated by Ficoll gradient Density centrifugation. Cells were then cultured at 106 cells/ml
in the presence or absence of ovalbumin (400ng/ml) in XVivo15 medium during 5 days at 37°C, 5%CO2. After these
five days culture, proliferation of the incubated cells was measured using the WST1 Kit from Roche that allows evaluating
the number of viable cells per culture well.

Results

[0089] The clinical trial described here aimed at determining the safety and efficacy of a single intravenous adminis-
tration of autologous ovalbumin-specific Tr1 cells in Crohn’s Disease patients with active disease (CDAI above 220).
After inclusion and follow-up of 18 patients during 12 weeks after cell infusion, two groups of patients can be sorted
based on their response to treatment shown by the CDAI variation compared before and after cell injection (See table
below).

(continued)

Clinical or laboratory variable Weighting factor

Percentage deviation from standard weight X1

* Complications: arthralgia, uveitis, erythema nodosum, aphthous ulcers, pyoderma gangrenosum, anal fissure,
new fistula, abscess (score 1 per item).

Patient number CDAI before treatment Lowest CDAI during 
follow-up

CDAI drop Response group

CR= clinical responder
CNR= clinical Non 
responder

02 305 98 207 R

03 346 52 294 R

04 304 168 136 R

05 384 218 166 R

07 431 211 220 R

08 435 283 152 R

09 530 449 81 NR

12 277 224 53 NR

14 363 247 116 R

15 481 416 65 NR

16 335 230 105 R

17 347 254 93 NR

19 377 178 199 R

24 212 309 97 NR

25 396 312 84 NR

26 360 272 88 NR

33 292 205 87 NR

90 485 274 211 R
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[0090] Results demonstrate that after infusion of autologous ovalbumin specific Tr1 cells, 10 patients show a response
to treatment, said response being observed by a drop of the CDAI of at least 100 points after treatment compared to
before treatment.
[0091] We then compared the PBMC proliferation in the presence of ovalbumin between responder and non-responder
groups of patients. For this purpose, PBMC isolated from blood samples collected before or after treatment were cultured
in the presence or absence of ovalbumin and the proliferation of the PBMC was evaluated after 5 days of culture.
[0092] Figure 1 shows the curve of PBMC proliferative response to ovalbumin between the two groups during the
whole follow-up period. Results are expressed as the index of proliferation of PBMC at each time in the presence of
ovalbumin as compared to the culture in the absence of ovalbumin (proliferation in the absence of ovalbumin index=1).
[0093] These data show that after treatment, the proliferative response to ovalbumin decreases only in clinical re-
sponder patients and not in clinical non-responder patients.
[0094] Figure 2 shows that specifically at week 3 after Tr1 cell infusion, the proliferative response is abrogated (pro-
liferative index below 1) in responder patients. This suggest that after ovalbumin specific Tr1 cell intravenous infusion,
an inhibitory action on the T-cell response to ovalbumin occurs in vivo in the patients that is mediated by the injected
cells. This biological response is seen in the majority (60%) of clinical responder patients but in only one patient of the
clinical non-responder group (13%) (Figure 3).

Claims

1. A method for assessing whether a patient subjected to an antigen-specific Tr1 cell therapy is responding to the
treatment, said method comprising:

- determining in vitro the antigen-specific proliferation of T cells contained in a cell sample from said patient,
- comparing said antigen-specific proliferation to a standard reference, thereby determining whether the patient
is responding or not to the treatment.

2. The method according to claim 1, wherein the standard reference is the antigen-specific proliferation of T cells
contained in a cell sample obtained from said patient before Tr1 treatment.

3. The method according to claim 1 or 2, wherein the cell sample containing T cells is obtained from the patient between
day 5 and day 30 after the last administration of Tr1 cells to the patient.

4. The method according to anyone of claims 1 to 3, wherein the cell sample is peripheral blood mononuclear cells,
peripheral white blood cells or is obtained from a lymph nodes biopsy, an intestinal biopsy, a synovial biopsy, a
cerebrospinal fluid or from a bronchoalveolar lavage.

5. The method according to anyone of claims 1 to 4, wherein determining of the antigen-specific proliferation of T cells
comprises:

- culturing the cell sample containing T cells in the presence of the antigen to which the Tr1 cells are directed, and
- determining the proliferation of T cells after 2 to 10 days of culture.

6. The method according to anyone of claims 1 to 5, wherein the method is repeated each week on a cell sample
obtained from the patient each week during day 5 to day 30.

7. The method according to anyone of claims 1 to 5, wherein the method is repeated every two weeks on a cell sample
obtained from the patient every two weeks during day 5 to day 30.

8. The method according to anyone of claims 1 to 7, for sorting the patient into responder or non-responder group.

9. The method according to anyone of claims 1 to 7, for assessing the disease and monitoring the therapeutic outcome.

10. The method according to anyone of claims 1 to 9, for assessing whether a patient having a Crohn’s disease and
subjected to an ovalbumin-specific Tr1 cell therapy is responding to the treatment.

11. The method according to anyone of claims 1 to 9, for assessing whether a patient having a rheumatoid arthritis and
subjected to an type II collagen-specific Tr1 cell therapy is responding to the treatment.
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12. Antigen-specific T cells proliferation as a biomarker for assessing whether a patient subjected to an antigen-specific
Tr1 cell therapy is responding to the treatment.
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