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ABSTRACT

Several studies have demonstrated that oncogenic BRAF(6°°%)

intracellular sequestration.

Major histocompatibility complex class I (MHC-I) antigen pre-
sentation by tumor cells plays a central role in cytotoxic T lym-
phocyte (CTL)-mediated recognition and elimination of
cancer. Accordingly, tumor cells often downregulate MHC-I
gene expression or antigen-processing components of the
MHC-I pathway to facilitate escape from immune surveillance.
Reduction in HLA class I expression has been noted in a wide
spectrum of tumor types, with the highest rates of loss having
been reported in cervical, breast, esophageal, prostate, and non-
small cell lung cancer. Melanoma tumors, by contrast, show
significantly lower rates of total HLA loss. However, this tumor
type frequently demonstrates upregulation of the MAPK sig-
naling pathway (most commonly initiated by BRAFY®F
mutation), which several studies have now shown plays a key
role in promoting immune suppression.

Constitutively active BRAFY*®®) leads to the upregulation
of a plethora of genes associated with the suppression of the T-
cell-mediated immune response, including a host of immuno-
modulatory chemokines and cytokines within the tumor
microenvironment that both recruit and activate suppressive
immune cell subsets (Fig. 1, right-hand panel). Previous work
showed that BRAFVV*E) can induce expression of (IL)-la/
B, IL-8, and CCL2 in melanoma cells, which are all known to
act as chemokines enabling the recruitment of monocytes and
myeloid suppressor cell subsets into the tumor microenviron-
ment."” IL-1a/B was also shown to upregulate the expression
of the immunosuppressive programmed death (PD)-1 ligands
PD-L1 and PD-L2 on melanoma tumor-associated fibroblasts,
in addition to promoting COX-2 expression. Furthermore,
BRAF V°°®) induced the expression of IL-6 and VEGF, which
can each inhibit antitumor immunity through a number of

promotes T-cell suppression in melanoma
by upregulating the transcription of a multitude of immunomodulatory chemokine and cytokine genes.
BRAFV6%%®) has now been shown to act even more directly to evade cytotoxic T-cell recognition, by driving
rapid internalization of human leukocyte antigen (HLA) class | from the tumor-cell surface and its
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previously described mechanisms.” Other studies have demon-
strated that BRAFV**°® downregulates the expression of mela-
noma differentiation antigens such as MART-1 and gp100,
further promoting decreased tumor-cell recognition by mela-
noma antigen-specific CTL.*

With such an impressive array of mechanisms actively pro-
moting T-cell suppression in melanoma, it might be expected
that directly targeting MHC-I would be unnecessary. However,
we recently reported that BRAFV®® can also promote
reduced CTL recognition by inducing cellular redistribution of
MHC-I molecules in tumor cells (Fig. 1, left-hand panel).
Oncogenic BRAF specifically drove rapid internalization of
HLA-A*0201 molecules from the melanoma cell surface and
their sequestration within endocytic compartments.” This pro-
cess was shown to depend on a highly conserved phosphoryla-
tion site (Serine-335) within the MHC-I cytoplasmic tail, a
region that has been previously implicated in mediating the
rapid internalization and MHC-I recycling that occurs in
immune cells upon activation.® This observation suggests that
melanoma tumors with constitutive MAPK pathway activation
co-opt a conserved MHC-I internalization pathway in order to
evade CTL recognition. Notably, treatment of melanoma cells
with BRAFY*®®) or MEK inhibitors reversed this redistribu-
tion of HLA-A*0201, restoring surface expression and increas-
ing recognition and cytokine release by melanoma antigen-
specific CTL.> These results are in accordance with other stud-
ies in both humans and mouse models demonstrating that
BRAF inhibition leads to a more favorable tumor microenvi-
ronment with enhanced T-cell infiltration and tumor regres-
sion.”® More importantly, these collective studies highlight the
important role that oncogene-targeted therapies can potentially

CONTACT Gregory Lizée @ glizee@mdanderson.org
*Equal contribution first co-authors.
© 2016 Taylor & Francis Group, LLC


http://dx.doi.org/10.1080/2162402X.2015.1078966

10789662 (&) S.D.BRADLEYETAL.

HLA Recruitment of
+ peptide immunomodulatory

cells 4 Myeloid
cells
» - +
oy
2 P
+ O =

HLA class |

o) Chemokine
internalization

secretion

: TCR

cxcLs *

Reduced \ e coz = S\
D8+ T-cell ISRty .
recognition —_— Y. %
G)‘ Endosomal e Cytokine, o8 *
sequestration * + « Conditioning

of tumor
micro-
environment

release , *
\ L1/ .

VEGFR2

Functional
inhibition
of T cells

Figure 1. BRAF V%8 mediates immune suppression and evasion through multiple
mechanisms in melanoma. The acquisition of a somatic BRAF(V600E) mutation is
an early event during melanomagenesis and leads to constitutive activation of the
MAPK signaling pathway. This promotes: (1) Increased internalization and endoso-
mal sequestration of HLA class | molecules, directly reducing surface expression
and tumor-cell recognition by cytotoxic T cells; (2) Upregulation of chemokines
CXCL8, CCL2, and IL-1, which can attract myeloid cell subsets including monocytes
and tumor-associated macrophages, as well as tumor-associated fibroblasts (TAFs)
into the tumor microenvironment (TME); (3) Transcription and expression of IL-1c/
B, IL-6, and VEGF, which can condition the cells of the TME. IL-1/B production by
tumor cells can promote T-cell suppression by inducing the expression of pro-
grammed death (PD)-1 ligands PD-L1 and PD-L2 on TAFs, in addition to increasing
COX-2 transcription and PGE, upregulation. VEGF can inhibit myeloid cell matura-
tion, in addition to directly promoting the functional inhibition of T cells through
VEGFR2.

play in reducing the burden of immune suppression in human
cancer.

BRAF V*® inhibitors for the treatment of BRAF mutant mela-
noma demonstrate a remarkable response rate in patients but resis-
tance develops rapidly, limiting progression-free survival to only 6-
7 months. The findings summarized in Fig. 1 strongly suggest that
oncogene-targeted therapies could synergize very well with immu-
notherapies, not only by directly inducing tumor-cell death but
also by decreasing the daunting level of immune suppression pres-
ent within the tumor microenvironment. Which types of immuno-
therapies might benefit from combination with oncogene-targeted
inhibitors? Mouse models of adoptive CD8" T cell transfer (ACT)
have shown an enhanced antitumor benefit of combining BRAF
inhibition with ACT, which increased tumor infiltration of trans-
ferred CTL through blocking VEGF production by tumors.®
Human melanoma patients treated with BRAF inhibitors also
demonstrate a remarkable increase in tumor-infiltrating lympho-
cytes (TIL) during tumor regression that retract during develop-
ment of resistance, progression, and concurrent reactivation of the
MAPK pathway.”” These results strongly suggest that oncogene-
targeted therapy will synergize well with T-cell-mediated immuno-
therapies. In this context, checkpoint blockade (anti-CTLA-4, anti-
PDL1, and anti-PD1), adoptive TIL transfer, and vaccines designed
to elicit T-cell responses all stand to potentially benefit from combi-
nation with targeted agents.'® Most of these trials are either ongo-
ing or will be initiated within the coming months.

It has become clear that oncogenic BRAF V**°F) plays a mas-
ter role in melanoma tumor progression, not only by upregulat-
ing factors involved in cell survival, metastasis, and
proliferation, but also by orchestrating the suppression of

antitumor immunity. It will be interesting to determine how
many of these attributes are shared with other oncogenes in mel-
anoma such as NRAS, GNAQ, GNA11, or RACI. Moreover, how
well does the connection between oncogene activation and
immune suppression extend to other cancers, for example those
harboring EGFR, KIT, or KRAS mutations? The sheer complex-
ity of the immunosuppressive pathways induced by BRAF"°®)
has only just begun to be explored, with a very long list of poten-
tially immunomodulatory signature genes upregulated and the
downstream effects of molecular cross-talk between multiple
cell subsets within the TME yet to be fully elucidated. However,
the striking immediacy of MHC-I surface re-localization in mel-
anoma cells following BRAF*® inhibition suggests that the
relationship between oncogene activation and immune evasion
may be even more intimate than previously thought.
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