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The Manguso laboratory is working to improve the efficacy of cancer
immunotherapy. We use a range of approaches including mouse models,
functional genomics, cellular immunology, and single-cell profiling

to understand how cancers evade the immune system. Our lab has
pioneered the use of in vivo genetic screens with CRISPR to identify

new immunotherapy targets and resistance mechanisms. Using these
approaches, we identified the tyrosine phosphatase PTPN2, a critical
regulator of immunotherapy sensitivity in tumor cells. We also identified the
dsRNA-editing enzyme ADAR1 as a checkpoint that regulates the sensing
of self-dsRNA by tumor cells. Our results indicate that there are dozens

of ways that cancers can be targeted by the immune system, and we are
working to understand the new mechanisms revealed by our studies. In the
long term, these approaches will enable a new understanding of how the
immune system interacts with cancerous tissue and how the interaction can

be manipulated to destroy tumors.

Over the last decade, critical discoveries

in immunology and cancer biology have
revealed how tumors are shaped by the
immune system and how they evolve to
evade it. We now know that disrupting
immune checkpoints such as CTLA-4 and
PD-1/PD-L1 can lead to T cell-mediated
elimination of tumors. However, there is still
a critical unmet need, as the vast majority
of patients with cancer do not benefit from
current immunotherapies. Our most pressing
challenge is to discover the next generation
of immunotherapies that can bring clinical
benefit to the majority of patients.

To discover immunotherapy targets and
resistance mechanisms in high throughput,
we have developed an in vivo, CRISPR-
based genetic screening system to identify
genes that regulate tumor cell sensitivity
to immunotherapy (Manguso et al, Nature
2017). We genetically modify mouse
cancer cell lines that can be transplanted
into animals and used as immunotherapy
models. After delivery of Cas9 and libraries
of single guide RNAs (sgRNAs), we implant
pools of modified tumor cells into animals
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that are treated with immunotherapy. In a
single experiment we can determine genes
that, when deleted, increase or decrease
sensitivity to immunotherapy (Figure 1).
This strategy has enabled the rapid and
simultaneous identification of new targets
and resistance mechanisms that are potent
regulators of anti-tumor immunity.

This powerful, unbiased discovery system
allows us to identify targets and resistance
mechanisms with no previously identified
roles in immunotherapy. Three examples
illustrate the power of this system for
discovery: 1) we found that deletion of

the phosphatase PTPN2 enhanced tumor
cell sensitivity to immunotherapy. While
PTPN2 was known to negatively regulate

T cell receptor activation, our screens
determined that it is also the most potent
suppressor of interferon-gamma sensing
in tumor cells; 2) we discovered that the
non-classical MHC-I gene HT-T23/Qa-1
(HLA-E) is a major immune checkpoint that
limits anti-tumor immunity by T cells and NK
cells; 3) our screens identified that deletion
of ADAR1, an adenosine deaminase acting
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Diagram of in vivo CRISPR screening system. Pools of Cas9-expressing, SgRNA library-
transduced tumor cells are implanted into either wild-type or immunocompromised mice.
After 2 weeks, tumors are harvested and genomic DNA is extracted from tumor tissue. Next
generation sequencing of the sgRNA library is used to identify resistance mechanisms or

immunotherapy targets.

on RNA unmasks endogenous dsRNA that
can be recognized by the cytosolic pattern
recognition receptors PKR and MDAS5, and
can overcome resistance to immunotherapy
caused by loss of antigen presentation
(Ishizuka & Manguso et al, Nature 2019).
Previously, these genes were not known or
prioritized targets in immuno-oncology, but
our unbiased approach enables discoveries
that would have otherwise been unlikely.

We have demonstrated that in vivo CRISPR
screens are a powerful way to discover
new targets and probe the interaction of
tumor cells with the host immune system.
We can now broadly apply these genetic
tools to advance our understanding of how
immunotherapy works, why it may fail, and
how we can improve it. Ongoing projects in
the lab include:

1. Discover novel immunotherapy targets
and mechanisms of resistance across
several well-characterized mouse
cancer models

2. Identify pathways that can overcome
acquired resistance to immunotherapy

3. Understand how we can manipulate
antigen presentation to enhance
immunotherapy

These projects will define new ways to
generate anti-tumor immune responses,
reveal pathways that can be targeted to
enhance these responses across cancer
types, and anticipate and overcome the
mechanisms by which tumors will become
resistant. More broadly, these studies

will improve our understanding of how
tumors evolve under the selective pressure
of immune surveillance and enable the

development of more effective therapeutics.
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