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The therapeutic development cycle
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The therapeutic development cycle

Lead Lead

Discovery Selection

In vitro

functional

Characterization
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In vivo
characterization
Animal
models

Lead candidate selection based
on functional parameters
Comparison with
historic/benchmark molecules
Select best candidates to move
forward

Pre-selection on functionality
prior to animal studies (3R
principle)

R&D stage
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Tools to accelerate immuno-oncology
therapy development

Priming and
activation Trafficking of Ccx3cL1
T cells to tumors  CXCL9
CD28/B7.1 CXCL10
CD137/CD137L CCL5
OX40/0X40L
CD27/CD70
HVEM
GITR
IL-2
IL-12
CTLA4/B7 1 Infiltration of T cells
PD-L1/PD-1 into tumors
PD-L1/BTA LFA1/ICAM1
prostaglandins Selectins
VEGF
Endothelin B receptor T ce ” a SsayS
In vitro screening anGaT antgsn
presentation ;
INF C ) Recognition of
IL-1 “ 4 cancer cells by T cells
Functional i T cell receptor Myeloid cell assays
Screenin gg:oucmo Reduced pMHC on cancer cells
8 ATP
. HMGB1
Cellular disease TLR -
Killing of cancer cells
models IL-10
L IFN-y
Drug meCha n ism IL-13 /.T\ T cell granule content
0 Release of PD-L1/PD-1 :??63
of action cancer cell antigens BB C ] grnase
i IDO MICA/MICB
: th?tlatow Teciors Immunogenic cell death TGF-p B7-H4 )
o Tolergenic cell death BTLA Tssaiphaspholipide
o VISTA
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Functional screening of immune
checkpoint inhibitors

_ Cell-based reporter assays Functional in vitro bioassays

Cells Genetically engineered cell lines  Primary Immune cells

Easiness to use Thaw and use Some experience required

Representative for MOA (Yes) Yes

Representative population No Yes

Robustness/variability Robust Donor to donor variability

Read out parameters TCR signaling and NFAT-mediated Multiple immune functions
luciferase activity

Limitations Not all ligand/receptors available  Natural representation

ligand/receptors
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T cell activation assays

Mixed Lymphocyte Reaction (MLR)
Mouse Mixed Lymphocyte Reaction (MLR)

CMV reactivation assays

=l A

T cell exhaustion assays
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Functional screening of immune checkpoint
inhibitors: T cell activation assays

» The functional screening of immune checkpoint inhibitors can be

done by the evaluation of the ability to promote T cell responses Biological
Activity

Tumor cell T cell

MHC  TCR
®

Condition 3:
Immune
Checkpoint
Inhibitor (= sample)

Condition 1:

. Condition 2: T cells
immune cells

need to be
activated

expressing
receptor/ligand

PDL1 PD1
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Mixed Lymphocyte Reaction Assay
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letters to nature
—
Nature 201, 1139 - 1140 (14 March 1964): dor:10.1038/2011139a0

Reaction between Normal and Leukaemic Cells in vitre

G.D. PEGRUM

Depariment of Heematology, Charing Cross Hospital, Medicsl School, London, W.C.2

Saturday 17 September 2016

RECENTLY it has, been shown that division of human lymphocytes in tissue culture medium can be obtained by antigenic stimulation. Pearman er al. 1 used tuberculin in

cultures of cells from tuberculin-positive patients, while Elves ez al. 2 used a variety of vaccines with cells from specifically immunized subjects. Mitogenic action has been

effect of mixed peripheral leucocyte cultures, using leukz=mic cells and normal cells.

produced by leucocyte antigens from animal sources. Griisbeck et al. 3

produced mitosis in vifro using antisera from sensitized rabbits. | FTEZ87 4 found a reaction between
o ings it was decided to see the

. Pearman. G. . Lycette. R R_ . and Fitzgerald. P. H. . Lancer. i. 637 (1963)
. Elves. M. W._Roath. 8 _andIsracls. M. C. G. . Lancer. 1. 806 (1963)

1

2

3. Grisbeck. R . Nordman. C. . and de la Chapelle. A . Lancet. 1. 385 (1963)

4. Bain. B. . Vas. M. . and Lowenstemn. L. . Fed. Proc.. 22 (2 Pt. 1). 428, Abstr. No. 1597 (1963). | ISI |

© 1964 Nature Publishing Group
Privacy Policy
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Lymphocyte Interaction: A Potential Histocompatibility

Test in vitro

Abstract. Lymphocytes from two unrelated individuals, cultured together in
the same rube, undergo morphological transformation to large cells and divide,
Both of these parameters may be estimated quantitatively. There is a correlation
between the degree of this response and the degree of cross-reactivity of grafts
from the two individuals placed on a third unrelated recipient.

In order to evaluate potential donors
for tissue transplants, it would be de-
sirable to be able to test the compati-
bility of donor and recipient in vitro.
Such a test might also prove useful in
tissue typing. This report describes an
approach to such a system in which
peripheral blood lymphocytes are uti-
lized. Genetic similarity between the
donor and recipient of a transplanted
tissue appears to be the major factor
responsible for the success of a trans-
plant. In skin transplantation, if the
donor and recipient are genetically
identical, the graft will “take” (f). In
humans, the chance for success with
kidney transplantation increases if the
donor and the recipient are blood rela-
tives, With identical twins, there is
uniform immunological success,

21 FEBRUARY 1964

Much work has been devoted in re-
cent years to the problem of selecting
suitable donors for tissue transplanta-
tion. In human subjects, Rapaport er al.
(2, 3) and Wilson et al. (4) have tested
for histocompatibility by placing suc-
cessive skin grafts from prospective
donor-recipient pairs on a third un-
related individual. If A and B are the
two members of the donor-recipient
pair, and C is a third unrelated indi-
vidual, a skin graft from A is placed
on C. At a given time after the rejec-
tion of this graft, when C is sensitized
to A, a skin graft from B is placed on
C. If C responds to B's graft with a
second-set reaction, this suggests that
A and B may share transplantation
(histocompatibility) antigens. Rapaport
et al. (2) have been careful to indicate
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MLR Design

Functional Screening Immune Check point inhibitors

Dendritic cell
generation

Monocyte isolation
from PBMCs >

T cell isolation from PBMCs
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Mixed Lymphocyte Reaction Assay

Results proliferation with Nivolumab, PD-L1 and isotype controls

Proliferation at day 5 Proliferation at day 6
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Enhanced proliferation upon in vitro incubation with nivolumab (PD-1) and PD-L1
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Mixed Lymphocyte Reaction Assay

Results IFNg production with Nivolumab, PD-L1 and isotype controls

IFNg secretion atday 5 IFNg secretion at day 6
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Enhanced IFNg secretion upon in vitro incubation with nivolumab (PD-1) and PD-L1
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Results iDC x CD4 MLR PD-1 screening

IFNy secretion day 5

Donor pair 4
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MLR Combination/Bispecifics

Proliferation IFNy secretion
40 - 5000
. 4000 MLR
', 30 ~
(/2]
£
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Enhanced proliferation/IFN-g production upon in vitro incubation with Opdivo + CTLA4
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Mouse Mixed Lymphocyte Reaction Assay

e Screening test antibodies in a mouse MLR:

BMDC (from Bone-Marrow of C57/Black 6 mice) x CD4+ T cells from Balb/C mice ‘—_x f Do
e

1000

2000 9

500 7

IL-2 (pg/m )
IFNy (pg/ml)

-
o
o
o

1

<
\? o ] Q \ 2 o Q ~v
" o o X Q° e N7 o o <®
N o o o © A4 o O R
« N A \2 < 0
™ v v v
A Q

In vitro culture in the presence of anti-PD1 or anti-PDL1 increased both IFNy and IL-2
production in Mouse MLR assay.
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CMV re-activation assay

IFNy secretion

4000-
3 Blank
__ 3000+ mm CMV Only
Arien S ) S ey E B CMV-+Nivolumab
presentation o oyokines £ 2000- 3 CMV+IGG4
= EA CMV-+anti-PDL1
= 10004 CMV+IGG1
0.
o‘N o‘w
& &
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T cell exhaustion

TCR
]

T cell

CHI IMMUNOGENICITY & BIOASSAY 2019

Non exhausted

Exhausted

—> Chronic Stimulation of T cells
- Tumor microenvironment

- Expression of exhaustion marker
- PD1
- LAG-3
- TIM-3
- CTLA4
- others
- Inhibition of T cell function

Immun>Xperts




In vitro T cells exhaustion

Exhaustion marker Loss of function
expression (cytokines secretion)
80
@ =
3 60- E 2000-
o O
[ o 1500-
> 2
= 40+ "
7] @® 1000-
4 = I
S 20+ =<  500- - M TNFa
2 'I LAG-3 'g PNy
0 & 0 | IL-2
M PD-1 0 3 6
m TIM-3 .
Time (days) Time (days)
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T cells exhaustion

Donor 1 Donor 2 Donor 3

Transcription factor expression

C
«  BATF (high) g j‘f\ LMt
* EOMES (high) >
 T-Bet (low) 4
e BLIMP-1 (high)

@ . BATF

= non exhausted

] =exhausted Data CD8+ T cells
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T cell exhaustion assay

Dendritic cell
generation

Monocyte isolation
from PBMCs >

products
(e.g. Anti-PD1)

T cell isolation
from PBMCs

1 T cell exhaustion

e
A

Immunocult

* CD4+ T cells or CD8+ T cells isolation from PBMCs
* CD3/CD28 stimulation
* Autologous CD4+ T cells or CD8+ T cells and iDCs MLR in the presence of SEB superantigen

*Read-out: IL-2, IFNy and TNFa
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MLR Post exhaustion - case study

Exhaustion MLR : Exhaustion MLR :
CD8+ T cells + anti-CD137 CD4+ T cells + anti-PD1
1500 1500
£ 1000- £ 1000-
o)) o))
o o
N N
=|' 500+ =|' 500+
T T
0 T T T 0 T T — —
Blank 0 2.7 Blank 0 2.7
Concentration (ug/ml) Concentration (jug/ml)
= Urelumab = OPDIVO
HulgG1 HulgG4
Exhausted CD8 T cells Exhausted CD4 T cells
P Non exhausted CD8 T cells pm Non exhausted CD4 T cells
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Treg Suppressive Assay Design
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Treg Suppressive Assay Results

Proliferation Cytokines secretion Events
n
3 30- 1500- 0
(@))
= =
® 201 %, 1000-
2 g
[ -
S 10- 2 500-
+ L
<
o)
<" - [\x;&
N ® @
oo% &‘QQ 00“, &‘qu R
‘b\ vx 0’5\ ux
MO ey = CD4+ stimulated T cells + Tregs
D Uy
P P = CD4+ stimulated T cells
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Myeloid cell assays

1. Macrophage (M1/M2) Polarization Assay
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M1-M2 Polarization Assay Design

% isolation from PBMCs

\
oie

\¢
* ". Shifting
Ve -
Test products

Immun>Xperts
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Cell surface marker analysis-Macrophages

CD86 CD209 CD206 CcD163
6000 25000 40000 15000
w1
. 20000 _ 30000 ) M2
© 4000 10000
2 § 15000 8 s
© o O 20000 o
L i 10000 fr i
= 2000+ s = = 5000
0- T T T o T T — 0- T T T 0 T T T
IMXP00259  IMXP00470  IMXP00487 IMXP00259 IMXP00470 IMXP00487 IMXP00259 IMXP00470 IMXP00487 IMXP00259 IMXP00470 IMXP00487
CD200R CD80 PDL1

10000 1500 4000+
v 8000 3000
S S 1000 1
S 6000 2 p
8 2 E 2000
= . o fr
"El' 4000 S 5004 =

2000+ l 1000
o‘j T T .I 0- T T T 0- T T T
IMXP00259 IMXP00470 IMXP00487 IMXP00259 IMXP00470 IMXP00487 IMXP00259 IMXP00470 IMXP00487

* Polarization expected
*  For M1-like : High CD86 and CD80
*  For M2-like : High CD209, CD206, CD163 and CD200R
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M?2 Polarization assay-case study

CD86 CD209
3000 15000 M2
Bm M2 + Isotype
© 2000~ S 10000 .
g g B M2 + aMyeloid target
E1(.".’)0- E 5000
0- o0
Donor 1 Donor 2 Donor 1 Donor 2
The addition of a neutralizing antibody
c0206 co163 during the entire differentiation protocol of
40000~ 10000 M2 macrophages affects their phenotype
20000 8000- and induced a decreased expression of
& & so00- both CD163 and CD209 markers.
O 20000+ o
™ i 4000
= =
10000 20004
0- 0
Donor 1 Donor 2 Donor 1 Donor 2
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In vitro assay using primary cells

Quality of the primary cells:

* Variability and reproducibility of the results highly depends on
the initial quality

* Quality = viability and functionality

* Most critical reagent

* Standardized procedures for sampling, shipping, isolation,
cryopreservation, thawing, handling, ...

* Need for a large number of HLA-typed donors in order to
represent the wide range of responders (strong-responders
versus medium-low responders)
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Donor diversity

HLA-DR Distribution

0.16

0.14

0.12

0.10

0.08

0.06

0.02 I I I

0.00 | I- I I I
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B World Population M Bank Population
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Subpopulation analysis

Classic Surface marker staining for:
* CD14: Monocytes B \
« CD3: Tcells o
* CD4: Helper T cells
* CD8: Cytotoxic T cells

SSCA———»
SSC ——»

Extended
* CD14: Monocytes

°* CD3: Tcells

CDA4: Helper T cells

- PD-1+

~ CD25+

CD8: Cytotoxic T cells
CD56: NK and NKT

CD19/20: B cells

PD-1 ——»

D4 » (D4
A

>
>

cD20———»
[

CD20
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Donor diversity

* Response to specific antigen: CMV, CEFT,...

CMV response
600-
X * .
Q
© °
£ 400
c ° LY
R . . ®
E ) ) y * ) [ ] [ ]
g 200 . . .o .
g . Y .. . . ° .. ‘ [ ) . [
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Assessment of proliferative response towards polyclonal
stimulation (anti-CD3 antibody)

Assessment of proliferative response towards naive
antigen Keyhole Limpet Hemocyanin (KLH)

-> Functionality Assessment

Well Scan {1)
,
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Donor diversity and pre-testing

IFNg secretion at day 6

6000 -
Bl T cells only
%‘4000- 1 blank
B B hulgG4
= = PD-1 ‘ Selection of responder donors
=
L 2000- B molgG1
BN PD-L1
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Target expression

—> Selection of Donor/cell population with target expression

PDL1 expression in PD-1 expression in activated Vista expression in different cell population
iDC versus mDC CD4,CD8 and NK cells
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Primary cells

Good assays start with happy cells!
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ImmunXperts: Your partner in Immunology
projects — we think with you

ImmunXperts SA

Rue Auguste Piccard 48
6041 Gosselies

Belgium

www.immunxperts.com

info@immunxperts.com
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