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Background Cancer immunotherapy, especially immune check-
point blockade (ICB) therapy, is leading to a paradigm shift in
cancer treatment, as a small percentage of cancer patients
have obtained durable remission following ICB treatment. Suc-
cessful ICB responses rely on cancer cells presenting antigens
to the cell surface via the major histocompatibility complex
(MHC), which activates antigen-specific T-lymphocytes to kill
cancer cells. Type-I MHC (MHC-I) is wildly expressed in all
cell types and mediates the interaction with cytotoxic CD8 T
cells. However, over 65% of cancer patients are estimated to
show defects in MHC-I-mediated antigen presentation, includ-
ing downregulation of its expression that can lead to primary
or acquired resistance to ICB therapy, and therapeutic strat-
egies to effectively restore or boost MHC-I are limited.
Methods Here, we employed a CRISPR screening approach
with dual-marker FACS sorting to identify factors that decou-
ple the regulation of MHC-I and PD-L1. The experimentally
validated target was used to generate a KO differential expres-
sion signature. Using this signature, we analyzed transcriptome
data from drug perturbation studies to identify drugs that reg-
ulate MHC-I but not PD-L1. Finally, we validated the effect
of the identified drug to enhance ICB response in a T-cell-
dependent manner in vivo.

Results CRISPR screens identified TRAF3, a suppressor of the
NF-xB pathway, as a negative regulator of MHC-I but not
PD-L1. The Traf3-knockout (Traf3-KO) gene expression signa-
ture is associated with better survival in ICB-naive cancer
patients and better ICB response. We then screened for drugs
with similar transcriptional effects as this signature and identi-
fied SMAC mimetics. We experimentally validated that the
SMAC mimetic birinapant upregulates MHC-I, sensitizes can-
cer cells to T-cell-dependent killing, and adds to ICB efficacy.
However, in cancer cells with high NF-kB activity, the effect
of birinapant on MHC-I is weak, indicating context-dependent
MHC-I regulation.

Conclusions In summary, Traf3 deletion specifically upregulates
MHC-I without inducing PD-L1 in response to various cyto-
kines and sensitizes cancer cells to T-cell-driven cytotoxicity.
The SMAC mimetic birinapant phenocopies Traf3-knockout
and sensitizes MHC-I-low melanoma to ICB therapy. Further
studies are needed to elucidate the context-dependencies of
MHC-I regulation. Our findings provide preclinical rationale
for treating some tumors expressing low MHC-I with SMAC
mimetics to enhance sensitivity to immunotherapy. The
approach used in this study can be generalized to identify
other drugs that enhance immunotherapy efficacy.
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