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The therapeutic development cycle
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The therapeutic development cycle
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Lead 
Discovery

Lead 
Selection

In vitro 
functional 
Characterization

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



Tools to accelerate immuno-oncology 
therapy development

In vitro screening

Functional 
screening

Cellular disease 
models

Drug mechanism 
of action
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T cell assays 

Myeloid cell assays



Functional screening of immune 
checkpoint inhibitors
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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 
luciferase activity

Multiple immune functions

Limitations Not all ligand/receptors available Natural representation 
ligand/receptors



T cell activation assays
1. Mixed Lymphocyte Reaction (MLR) 

2. Mouse Mixed Lymphocyte Reaction (MLR)

3. CMV reactivation assays

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

7CHI IMMUNOGENICITY & BIOASSAY 2019

The functional screening of immune checkpoint inhibitors can be 
done by the evaluation of the ability to promote T cell responses

Condition 1: 
immune cells 

expressing 
receptor/ligand

Condition 2: T cells 
need to be 
activated

Condition 3: 
Immune 

Checkpoint 
Inhibitor (= sample)



Mixed Lymphocyte Reaction Assay
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MLR Design
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Functional Screening Immune Check point inhibitors



Mixed Lymphocyte Reaction Assay 
Results proliferation with Nivolumab, PD-L1 and isotype controls

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

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
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MLR Combination/Bispecifics

Enhanced proliferation/IFN-g production upon in vitro incubation with Opdivo + CTLA4
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Proliferation IFNγ secretion

MLR

MLR+
anti-PD-1



Mouse Mixed Lymphocyte Reaction Assay
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In vitro culture in the presence of anti-PD1 or anti-PDL1 increased both IFNγ and IL-2
production in Mouse MLR assay.

14

• Screening test antibodies in a mouse MLR: 
BMDC (from Bone-Marrow of C57/Black 6 mice) x CD4+ T cells from Balb/C mice
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CMV re-activation assay
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T cell exhaustion
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 Chronic Stimulation of T cells

 Tumor microenvironment

 Expression of exhaustion marker
 PD1
 LAG-3
 TIM-3
 CTLA4
 others

 Inhibition of T cell function

T cell

ε εδ γ

α β

ζ ζ

CD28

TCR

CD3 CD3

Non exhausted

Exhausted

T cell

ε εδ γ

α β

ζ ζ

CD28

TCR

CD3 CD3

LAG3

PD1TIM3



In vitro T cells exhaustion
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T cells exhaustion
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Transcription factor expression

Data CD8+ T cells

Ev
en

ts

BLIMP-1

Ev
en

ts
BATF

Donor 1 Donor 2 Donor 3

= non exhausted
= exhausted

• BATF (high)
• EOMES (high) 
• T-Bet (low)
• BLIMP-1 (high)



T cell exhaustion assay
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• 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, IFNγ and TNFα
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MLR Post exhaustion - case study
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Exhaustion MLR : 
CD8+ T cells + anti-CD137

Exhaustion MLR : 
CD4+ T cells + anti-PD1



Treg Suppressive Assay Design
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Treg Suppressive Assay Results
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Myeloid cell assays
1. Macrophage (M1/M2) Polarization Assay
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M1-M2 Polarization Assay Design
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M1

M2



Cell surface marker analysis-Macrophages
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• Polarization expected 
• For M1-like : High CD86 and CD80
• For M2-like : High CD209, CD206, CD163 and CD200R



M2 Polarization assay-case study

  

 

M2
M2 + Isotype

M2 + αLILRB2
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The addition of a neutralizing antibody
during the entire differentiation protocol of
M2 macrophages affects their phenotype
and induced a decreased expression of
both CD163 and CD209 markers.
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αMyeloid target



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
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Subpopulation analysis
Classic Surface marker staining for:
• CD14: Monocytes
• CD3: T cells
• CD4: Helper T cells
• CD8: Cytotoxic T cells

Extended
• CD14: Monocytes
• CD3: T cells
• CD4: Helper T cells

‒ PD-1+
‒ CD25+

• CD8: Cytotoxic T cells
• CD56: NK and NKT
• CD19/20: B cells
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Donor diversity
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• Response to specific antigen: CMV, CEFT,…

CMV response

• Assessment of proliferative response towards polyclonal 
stimulation (anti-CD3 antibody)

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

 Functionality Assessment

0.15% 1.71%

Blank KLH



Donor diversity and pre-testing
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Selection of responder donors



Target expression

32CHI IMMUNOGENICITY & BIOASSAY 2019

C D 4 +  T
 c

e lls
 

C D 8 +  T
 c

e lls N K

0

2 0

4 0

6 0

8 0

P D -1  e x p re s s io n  in  a c t iv a te d
 C D 4 , C D 8  a n d  N K  c e lls

%
 o

f 
p

o
s

it
iv

e
 c

e
ll

s

iD
C

m
D C

0

5 0 0 0 0

1 0 0 0 0 0

1 5 0 0 0 0

P D L 1  e x p re s s io n  in
 iD C  v e rs u s  m D C

M
F

I 
P

D
L

1

C D 4 +  T
 c

e lls
 

C D 8 +  T
 c

e lls N K

M
o n o c y te

s
D C

0

2 0

4 0

6 0

8 0

V is ta  e x p re s s io n  in  d if fe re n t  c e ll p o p u la t io n

%
 o

f 
p

o
s

it
iv

e
 c

e
ll

s

 Selection of Donor/cell population with target expression



Primary cells
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Good assays start with happy cells!
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