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Oncogenic driver mutations in several tumor types promote constitutive PD-L1 expression, a crucial ligand in PD-1-
mediated tumor immune escape. Our studies in melanoma suggest a different mechanism-one of “adaptive immune
resistance” in which PD-L1 expression is primarily driven by cytokine induction and is independent of BRAF mutational

status.

The PD-1/PD-L1 immune checkpoint
provides crucial inhibitory signals that reg-
ulate host immune responses in peripheral
tissues. Melanoma is one of several types
of malignancy able to co-opt this normal
physiological mechanism to escape immu-
nosurveillance. Early reports of tumors
expressing programmed cell death ligand
1 (PD-L1) often described oncogene-
driven mechanisms of regulation of
expression; for example, PD-L1 expression
by virtue of activation of the PI3K-AKT
pathway in glioblastoma multiforme and
selective 9p24.1 amplification in lym-
phoma."? The most common oncogenic
drivers in melanoma involve the MAPK
pathway, which includes BRAF and
NRAS, and the PI3K/AKT signaling
pathway encompassing PTEN. These
pathways are often described discretely,
however they interrelate. For example,
BRAF mutant melanomas have been asso-
ciated with high levels of phosphorylated
AKT (pAKT) and PTEN loss. Since AKT
signaling can influence PD-L1 expression
in other tumor types and it can also drive
constitutive BRAF activation, a possible
connection between these pathways has
been suggested in melanoma. However,
studies performed on melanoma cell lines

failed to demonstrate an association
between constitutive levels of PD-LI
expression and mutations in BRAF,

NRAS and PTEN, or amplification of
AKT.?

When our group studied PD-L1
expression patterns on paraffin-embedded
tissue sections of melanoma, we found
that for the vast majority of cases, PD-L1
was not broadly expressed by melanocytes,
as would be expected if expression was
chiefly dependent on an oncogenic driver
mutation. Instead, PD-L1 was focally
expressed by both melanocytes and infil-
trating immune cells at the tumor-host
interface.* Cases were also observed that
had immune cell infiltration, but which
lacked PD-L1 expression, suggesting that
it was the functional state of tumor-infil-
trating lymphocytes (TILs) and the associ-
ated secreted factors that were driving PD-
L1 expression. A third group of melano-
mas included those that lacked both TILs
and PD-L1 expression, consistent with
“immune ignorance”. The last subset
included singular cases of broad PD-L1
expression in the absence of TILs, suggest-
ing that oncogenic-driven expression may
indeed be present in rare melanoma cases.
When we compared the 2 groups (PD-L1
presence or absence) with TIL detection,
(ie, PD-L17 TIL* s PD-L1~ TIL"
cases, we detected interferon y (IFNw) in
the cases that expressed PD-L1. These
findings led us to propose a distinct mech-
anism of “adaptive immune resistance” by
tumor. Specifically, IFN<y secreted by
TILs promotes PD-L1 expression by
tumors and other cells in the immediate
tumor microenvironment, which in turn

*Correspondence to: Janis M Taube; Email: jtaube1@jhmi.edu

Submitted: 03/10/2015; Accepted: 03/11/2015
http://dx.doi.org/10.1080/2162402X.2015.1029704

www.tandfonline.com

Oncolmmunology

leads to dysregulation of T-cell effector
functions via inhibitory PD-1 interaction.
We have since identified patterns of PD-
L1 expression suggestive of adaptive
immune resistance in other tumor types5
and also identified additional secreted fac-
tors and co-signaling molecules, ¢.g., inter-
leukin 10 (IL-10) and lymphocyte
activation gene 3 (LAG3), which may
contribute to immune resistance at the
host-tumor interface.®

While our previous findings indicate
that a distinct, inducible mechanism is
operative for melanocyte PD-L1 expres-
sion, it is still conceivable that there is an
oncogenic contribution to this type of
PD-L1 display, Figure 1. To further
address this possibility, we designed a
study to focus on understanding the asso-
ciations between BRAF mutations and
PD-L1 expression.7 We analyzed 52 archi-
val formalin-fixed paraffin-embedded mel-
from 50 different
patients, and we found no correlation
between BRAF mutational status and PD-
L1 expression. Specifically, of the 52 cases
assessed, 21 (40%) were found to be PD-
L1 positive and 42% of the samples har-
bored BRAF V600E mutations, but there
was no significant association between
these factors. With the exception of a sin-
gle case, where broad membranous PD-L1

anocytic  lesions

expression was observed, all other cases
demonstrated focal PD-L1 expression that
was geographically associated with TILs.
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Figure 1. PD-L1-mediated immune resistance by melanoma. In the vast majority of melanoma
cases, tumor cells demonstrate an inducible rather than a constitutive pattern of programmed cell
death ligand 1 (PD-L1) expression. Upon T-cell recognition of tumor antigen, an active antitumor
immune response is generated that eventuates in lymphocyte expression of programmed cell
death 1 (PD-1) and interferon release. In response to this immune attack, cancer cells and other
inflammatory cells in the tumor microenvironment adaptively upregulate surface expression of PD-
L1. In cutaneous melanoma, melanocyte PD-L1 display is not influenced by BRAF mutational status.

When only the cases with TILs were ana-
lyzed, again the presence of PD-L1 expres-
sion did not depend on BRAF mutational
status. We also used 7z vitro methods to
assess for whether BRAF mutational status
led to an increased intensity of PD-LI
expression (as opposed to a change in total
number of cells with PD-L1 display), and
showed that IFNy significantly upregu-
lated PD-L1 expression on both BRAF
wild type and mutant cell lines to a similar
degree, with no difference in expression
intensity. Taken together, these findings
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BRAF inhibition and anti-PD-1 /PD-L1
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Outstanding questions to be addressed
include the relative contribution and bio-
logic significance of PD-L1 expression by
other cell types in the tumor microenvi-
ronment, such as monocyte/macrophage-
lineage cells and lymphocytes, and how
such expression influences response to
anti-PD-1 monotherapy and potential
combinatorial regimens. Future studies
will also address whether adaptive or con-
stitutive PD-L1 expression varies by mela-
noma subtype such as mucosal and ocular
melanoma, both of which have been asso-
ciated with oncogenic driver mutations

other than BRAF.
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