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Oncogenic RAS signaling and Tumor Immune
Evasion: Mechanisms and Therapeutic Opportunity
Oncogenic RAS drives cells to the cancerous state
through a wide range of mechanisms, including:
the establishment of cancer cell plasticity
enhancement of cell migration and metastasis @
and metabolic reprogramming towards anabolic
metabolism ©. This Newsletter focuses on the
emerging area of RAS driven oncogenesis via the
evasion of host immune attack.

Cancerous cells are visible to the host immune
system through chronic stress signals and tumor
associated antigen presentation and are therefore
susceptible to being cleared from the host via
immunogenic mechanisms. Many RAS driven
cancers have a high mutational burden and should
be good targets for immune clearance, however,
oncogenic RAS has evolved mechanisms to
suppress the immune response and promote tumor
growth. A brief overview of the major mechanisms
is summarized below.
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Engagement of cytotoxic T-cells with PD-L1, results
in T cell exhaustion and a decrease in immune cell
tumor infiltration ®. Oncogenic RAS signaling
promotes cancer cell immune evasion through
increased expression of the transmembrane
immune checkpoint protein PD-L1. Regulation
occurs at the transcriptional and post transcriptional
level. For example, oncogenic KRAS causes
stabilization of PD-L1 mRNA mediated through
three AU rich elements (AREs) in the 3’ untranslated
region (UTR) of PD-L1 mRNA ® In non-
transformed cells an ARE binding protein (AUBP),
tristeraprolin (TTP), binds to PD-L1 mRNA and
recruits mRNA decay proteins, resulting in a short
(1h) half-life of PD-L1 mRNA. Oncogenic RAS
inhibits TTP activity through a RAS-MEK-ERK-
p38-MK2 axis that is activated through oncogenic
RAS/MEK driven reactive oxygen species (ROS)
generation. ROS accumulation causes the stress
kinases p38 and MK2 to inactivate TTP through
serine phosphorylation (Fig 1). Enhanced PD-L1

expression through KRAS has also been reported
to occur via a MAPK-dependent transcriptional
activity of AP-1 and STAT-3 ©),

Suppression of Major Histocompatibility
Complex (MHC) Class | Expression

MHC-1 presents tumor derived peptides to cytotoxic
T cells leading to cell destruction, disruption of
this process renders tumor cells resistant to the
immune system . Oncogenic RAS signaling has
been implicated in reducing the expression of
genes involved in the presentation of tumor neo-
antigens and other tumor associated antigens
by MHC class | ®. The mechanisms involved
in reduced MHC-1 expression include a RAS
driven insensitivity to interferon gamma (IFNy)
signaling through reduced expression of the IFN
responsive transcription factors STAT1, STAT2 and
IRF-9 ©10 Mutant KRAS attenuation of MHC-1/
INF/STAT1 regulation has been confirmed in cell
lines expressing inducible oncogenic KRASG12V.
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Fig.1 Downstream signaling of Mutant and WT Ras and the
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KRASG12V induction resulted in a significant decrease in antigen
processing and presenting proteins such as TAP1, TAPBP, HLA-A
and B2M which are regulated by STAT1 ©.

Modulation of the Tumor Microenvironment (TME)

The TME is composed of many cell types, including immune
cells such as macrophages, myeloid derived suppressor cells
(MDSCs), T- and B-cells and stromal cells such as fibroblasts
and endothelial cells. Oncogenic RAS can alter the expression
of many cytokines, chemokines, and growth factors to support
a pro-tumor microenvironment (TME) and the suppression
of anti-tumor immunity (Y. For example, Theiventhian et al
demonstrated that induction of the inflammasome complex
NLRP3 was responsible for PD-L1 immunotherapy resistance via
expansion of immunosuppressive MDSCs (2. Hamarsheh et al
subsequently showed a direct link between oncogenic RAS and
NLRP3 induction through interleukin ILK-1 signaling (®. RAS has
also been demonstrated to support the accumulation of MDSCs
through induction of the cytokine granulocyte-macrophage
colony-stimulating factor (GM-CSF) (4 and the proliferation of
immunosuppressive Regulatory T cells (Tregs) through interferon
and interleukin signaling (%19

Therapeutic Opportunities

Checkpoint immunotherapy targeting the CTLA-4 and PD-1/
PD-L1 pathways have shown great promise clinically. Likewise,
the newly FDA approved oncogenic KRAS G12C inhibitor,
sotorasib, represents exciting progress for RAS targeted therapies.
However, there is still a need to improve the moderate success
rate and address adverse side effects and drug resistance. The
link between oncogenic RAS and immune evasion suggests
a combinatorial approach to achieve more efficacious cancer
therapy. In this regard studies of combinatorial therapy in a
mouse model of colorectal cancer resulted in enhanced T-cell
tumor infiltration and increased tumor destruction . There
are currently several ongoing clinical trials addressing this
combinatorial strategy (8.

Product Amount Cat #
RhoA /Rac1/Cdc42 Activation Assay Combo Biochem Kit 3 x 10 Assays BK030
RhoA Pull-down Activation Assay Biochem Kit 80 Assays BK036
20 Assays BK036-S
RhoA G-LISA™ Activation Assay (Luminescence format) 96 Assays BK121
RhoA G-LISA™ Activation Assay Kit (Colorimetric format) 96 Assays BK124
24 Assays BK124-S
Total RhoA ELISA 96 Assays BK150
Rac1,2,3 G-LISA™ Activation Assay (Colorimetric format) 96 Assays BK125
Rac1 G-LISA™ Activation Assay (Luminescence format) 96 Assays BK126
Rac1 G-LISA™ Activation Assay Kit (Colorimetric Based) 96 Assays BK128
24 Assays BK128-S
Ras Pull-Down Activation Assay Biochem Kit 50 Assays BK008
Ras G-LISA™ Activation Assay Kit (Colorimetric Based) 96 Assays BK131
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Product Amount Cat. #
N-Ras Protein: Wild-Type (Human Recombinant) 1 x 100 ug CS-RS02
K-Ras4B Protein: Wild-Type 1x 100 ug CS-RS03
K-Ras4B Protein: G12V (Human Recombinant) 1 x 100 pg CS-RS04
R-Ras Protein: Wild-Type 1x 100 ug CS-RS05
K-Ras4B Protein: G13D 1x 100 g CS-RS06
(Human Recombinant, 6xHis-Tag)

K-Ras4B Protein: G13S 1x 100 pg CS-RS07
(Human Recombinant, 6xHis-Tag)

K-Ras4B Protein: K128A 1 x 100 pg CS-RS08
(Human Recombinant, 6xHis-Tag)

K-Ras4B Mutant Protein: Q61P 1x 100 pg CS-RS09
(Human Recombinant With 6xHis-Tag)

K-Ras4B Mutant Protein: R135A 1x 100 ug CS-RS10
(Human Recombinant With 6xHis-Tag)

K-Ras4B Mutant Protein: G12D+I36N 1x 100 pg CS-RS11
(Human Recombinant With 6xHis-Tag)

K-Ras4B Mutant Protein: G12D+D38A 1 x 100 pg CS-RS12
(Human Recombinant With 6xHis-Tag)

K-Ras4B Protein: G12D 1x 100 ug CS-RS13
(Human Recombinant, 6xHis-Tag)

K-Ras4B G12C Mutated Protein 1x 100 ug CS-RS14

(Human Recombinant, 6xHis-Tag)
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