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3 MODELLING TUMOUR INDUCED  T  CELL EXHAUSTION 
TO DETERMINE HOW THIS  STATE CAN BE BROKEN

5 MODELLING THE TAM PHENOTYPE IN  V ITRO TO 
DETERMINE IF  THEY CAN BE DRIVEN TO A PRO-
INFLAMMATORY STATE

1 INTRODUCTION:

4 TREG SUPPRESSION ASSAYS TO DETERMINE IF  A 
THERAPEUTIC  CAN INHIB IT  TREG FUNCTION

2 ASSAYS TO EXAMINE HOW T  CELL AND NK 
TUMOUR KILL ING CAN BE DRIVEN

6 SUMMARY

The SKOV-3 tumour cell line was co-cultured with whole PBMC or PBMC depleted of 
NK cells or CD8 T cells to enable measurement of the contribution of these cell types 
to tumour cell killing.  The ability of Checkpoint inhibitors targeting CTLA-4 
(Ipilimumab) and PD-1 (Pembrolizumab) to enhance immune cell mediated tumour 
killing was measured for each condition. Cultures were imaged using IncuCyte Zoom 
software. Analysis of tumour cell growth and apoptotic cell death was performed with 
data shown displayed as mean values. 

Contribution of CD8 T cell and NK cell populations to 
tumour cell killing in a PBMC Tumour killing assay

Tumour Spheroid model enables measurement 
of  ADCC mediated PBMC killing of tumour cells

NK depleted CD8 T cell depleted

SKOV-3, HER2+ tumour cell line spheroids were co-cultured 
with whole PBMC in the presence or absence of  anti-HER2 
antibody (Trastuzumab). Cultures were imaged using IncuCyte 
Zoom software. Analysis of spheroid area was performed with 
data shown displayed as mean values. 
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The tumor microenvironment (TME) is a complex network, consisting of the tumor, blood vessels, stromal and immune cells, and soluble factors. The immune
system plays an important role in combating tumor growth, and multiple studies associate raised immune infiltrate with beneficial outcome. Various tractable
immuno-oncology targets have been identified, both in the TME and immune cells. It is critical to test novel immuno-modulators in assays involving multiple
cell types, to understand the MOA and identify biomarkers before moving into the clinic. Charles River have developed a range of primary human assays to
model the TME in vitro. This platform models multiple anti-tumor immune effector pathways and has been validated with standard of care therapeutics. The
assays include: T cell or NK cell-mediated tumor killing, myeloid/macrophage assays, Th1/Th17/iTreg differentiation and regulatory T cell suppression assays.
Tumor killing assays were performed using an IncuCyte ZOOM and PBMC were cultured with tumor monolayers with TCR ligation. Keytruda and Yervoy
raised levels of tumor cell death, indicating that they enhanced T cell killing. To further model the TME, 3D ‘spheroids’ were used to screen for either T cell
mediated or ADCC-mediated NK cell killing. For ADCC, PBMC were co-cultured with tumor spheroids and killing measured by monitoring spheroid diameter in
the presence of Herceptin, which potentiated NK-driven tumour killing. Myeloid/macrophage cells were differentiated from monocytes in tumor-conditioned
media (TCM). TCM drove the generation of immature cells which were CD25lo, CD127lo, CD184hi, CD80lo, CD163hi, CD68lo and MHCIIlo. These cells produced
IL-10 and VEGF and were suppressive in a T cell assay. Phagocytosis assays were also performed using anti-CD47 as a control. The TME is associated with
increased Treg numbers and low levels of Th1 or Th17 cells. Many therapeutics aim to shift the balance away from Treg, towards Th1 or Th17 cells. Assays
were therefore performed by differentiating naïve CD4+ T cells into iTreg, in the presence or absence of a USP7 inhibitor. Reduced iTreg generation, without
significant alteration in Th1/17 frequency was observed. The resulting iTreg were less able to suppress T cell proliferation when compared to non-treated iTreg.
Suppression assays were also performed using nTreg. As before, the USP7 inhibitor partially reversed nTreg-mediated suppression. Charles River is pleased
to present an immuno-oncology platform to model the TME in human cells in vitro, enabling partners to rapidly assess the immunomodulatory capacity of their
therapeutics. The 3D assays represent an important complex cell model to support translational drug discovery, sitting alongside T cell-mediated tumor killing,
myeloid/macrophage assays, Th1/Th17/ iTreg differentiation and nTreg assays and helps to define the diverse aspects of micro-environmental control of
immune response.

The tumour microenvironment is complex consisting of many different cell types including tumour cells, stroma and immune cells, as illustrated in the schematic 
below. This complexity makes modelling and understanding the cross talk that is occurring within this environment difficult, but it also provides opportunities when 
designing therapeutics, as this complexity brings with it many potential targets for therapies that kill or inhibit tumour growth. The tumour microenvironment is often 
hostile and suppressive to any immune cells that infiltrate the tumour, therefore a key aim of immuno-oncology targeted therapeutics is to mobilise, initiate and 
reinvigorate the anti-tumour response. We highlight here some of the strategies and assays that form part of the Charles River offering for testing whether and how 
a therapeutic acts to mobilise an anti-tumour immune response.  

• iTreg of different types can be 
generated in culture and the 
ability of compounds to subvert 
their generation can be tested.

• Skewing into alternative Th1, Th2 
and Th17 pathways can also be 
measured.

• The TME often induces T cell exhaustion, therefore strategies 
to reverse this exhausted state provides a way to re-
invigorating the existing anti-tumour T cell response.

• T cells with an exhausted phenotype can be generated in 
culture by polyclonal and peptide specific stimulation.

• The ability of compounds to prevent or reverse the exhausted 
phenotype can be tested.

Differentiation to macrophage
Macrophage 

or TAM+/- tumour-conditioned media
Monocyte

• The TAM phenotype is reflected by a change in the markers 
expressed by these macrophage at the cell surface compared to pro-
inflammatory (M1) macrophage.  TAM typically have an immature 
phenotype CD25lo, CD127lo, CD184hi, CD80lo, CD163hi, CD68lo and 
MHCIIlo . The ability of novel compounds to alter the TAM phenotype 
can be measured and indicates a switch in phenotype away from a 
suppressive phenotype towards a more pro-inflammatory anti-
tumour phenotype.

TAM (TCM  condition)
M1 (IFNγ+LPS)
M2 (Zymosan)

Reversal of exhaustion

• nTreg isolated from PBMC can be 
tested for their ability to regulate 
responder cell responses.

• nTreg suppressive function can be 
inhibited to enhance responder T 
cell responses.

• The TME often drives myeloid cells into an anti-inflammatory, pro-
angiogenic phenotype, as demonstrated by enhanced levels of IL-10 
and VEGF secretion and decreased IL-12 secretion.

• Novel compounds can be tested for their ability to drive a more pro-
inflammatory macrophage phenotype and/or enhance phagocytosis.

• The ability of test therapeutics to drive macrophage phagocytosis of tumour 
cells can be measured by IncuCyte or flow cytometry based assays.

• Jurkat cells labelled with pHrodo red were co-cultured with monocyte derived 
macrophage in the presence of different concentrations of anti-CD47 
antibody which blocks the tumour ‘don’t eat me signal’. Anti-CD47 antibody 
enhanced macrophage phagocytosis of tumour cells in a dose dependent 
manner.


