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Figure 2 Association between survival and CD274 expression. (A) Kaplan-Meier curves with patients stratified according to
CD274 gene expression (low vs high) for progression-free survival. (B) Barplots of time-dependent AUC for CD274, MER4 and
combined (CD274 and MER4) models for progression-free survival. P<0.01 are represented by a double stars and p<1x10~°
by three stars. (C) Kaplan-Meier curves with patients stratified according to CD274 gene and MER4 ERV expression for

progression-free survival. AUC, area under the curve.

reported by Charoentong et al,22 we observed accumula-
tion of mast cells (adjusted p=0.04), eosinophils (adjusted
p=0.04), macrophages (adjusted p=0.04), regulatory
T cells (adjusted p=0.04), and T follicular helper cells
(adjusted p=0.04) in MER4™" patients (figure 3D), thus
suggesting better immune reactivity in such tumors.

Together, these results underline that MER4 expression
was associated with an inflammatory phenotype and accu-
mulation of innate and adaptive T cells.

MER4 adds predictive power to transcriptomic signatures

Previous studies have underlined that transcriptomic
signatures related to IFN pathways or checkpoint inhib-
itors could be used to predict the efficacy of checkpoint
inhibitors in various cancer types.” ? Accordingly, we
tested in our series the predictive role of IFN- , extended
immune gene signature (EIG), and T cell-inflamed gene
expression profile (GEP) (online supplemental table 1).**
Each signature, considered as a continuous variable, was
significantly associated with better PFS by univariate Cox

analysis, yielding AUCs between 0.62 and 0.65 (online
supplemental table 5 and online supplemental figure
2A). We also used the signature of T cell accumulation
in the tumor, which we previously showed to be asso-
ciated with better response to ICL* Accordingly, we
computed gene signatures, respectively, associated with
Thl response, cytotoxic response, and presence of CD8
T cells (online supplemental table 1). Each signature was
significantly associated with better PFS by univariate Cox
analysis, yielding AUCs between 0.62 and 0.67 (online
supplemental table 5). Similar results were observed
for OS (online supplemental table 5 and online supple-
mental figure 2B).

To test the capacity of the ERV model to improve prog-
nostic prediction, we generated models that combined
MER4 expression with each previously described signa-
ture. Comparison of the models using the LRT showed
that MER4 improved the predictive power of all gene
signatures (online supplemental table 5 and online
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Figure 3 Transcriptomic description related to MER4 6p22-3c ERV expression. (A) Volcano plot displaying differentially
expressed genes, given MER4 ERV expression. The vertical axis (y-axis) corresponds to the mean expression value of log 10
of adjusted p value using Benjamini-Hochberg FDR correction, and the horizontal axis (x-axis) displays the log 2 fold change
value. Red dots on the right (or left, respectively) are genes significantly upregulated (or downregulated) in patients with high
MER4 ERV expression. (B) Barplots of all signaling pathways found using GSEA, enriched in high MER4 ERV expression on
the right, and enriched in low MER4 ERV on the left. P values were adjusted using Benjamini-Hochberg FDR correction and
adjusted p<0.05 were considered significant and are represented by an orange bar. (C,D) Boxplots showing immune infiltration
related to MER4 ERV expression evaluated with (C) MCP counter and (D) Charoentong methodology. P values were adjusted
using Benjamini-Hochberg FDR correction and adjusted p<0.1 are represented by a star and adjusted p<0.05 by a double
stars. ERV, endogenous retrovirus; FC, fold change; FDR, false discovery rate; GSEA, gene set enrichment analysis; MCP,

microenvironment cell populations.

supplemental figure 2A). Similar results were observed
for OS (online supplemental table 5 and online supple-
mental figure 2B).

Using the best statistical model for PFS, which included
CTL signature and MER4 expression, we separated
patients into four groups using the median as the cut-
off for the CTL signature. High expression of MER4
6p22.3c was associated with improved PFS. Patients clas-
sified as CTL""/MER4"#" had a significantly better PFS
than patients CTL">/MER4"" (median follow-up not
reached (3.2 to not reached) vs 1.8 (1.6;2.6) months,
HR=0.2 (0.1 to 0.5), p<1x107%), while CTL"s"/MER4""
patients seemed to have a better PFS than CTLHigh/
MER4"" patients (median follow-up not reached (4.3 to
not reached) vs 4.9 (2.7 to not reached) months, HR=0.5
(0.2 to 1.1), p=0.09) (online supplemental figure 2C).
Similar results were observed for OS. Patients classified
CTL""/MER4'"" had better OS than CTL"*"/MER4""
patients (median follow-up not reached vs 5.9 (3.9;10.2)

months, HR=0.1 (0.03 to 0.6), p=0.007) (online supple-
mental figure 2D).

DISCUSSION

This study provides novel insights into the role of MER4
ERV in predicting response to anti PD-1 therapy in
NSCLC treated with anti PD-1/PD-L1.

Classically, it is thought that the accumulation of all
ERVs could trigger inflammatory response. This article
underlines that the type of ERVs might be more important
than the global number of ERVs. Such data suggest the
hypothesis that viral mimicry triggered by specific ERVs
could promote immune response to ICIs.

Human ERVs derive from ancestral exogenous retro-
viruses, whose genetic material is integrated in human
germline DNA. ERV sequences in humans account for
about 9% of the genome.” Human ERVs are grouped
into three classes, from I to III, based on similarity
with the exogenous Gammaretrovirus, Betaretrovirus, and
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Spumavirus, respectively. Until recently, transcriptomic
characterization of ERVs using RNA-seq was complicated
by uncertainty in fragment assignment. To address this
issue, we used the recent software Telescope.'? This soft-
ware provides accurate estimation of ERV expression
resolved to specific genomic locations.

ERVs were previously shown to affect cancers by various
direct effects. ERVs are frequently more expressed
in cancer cells than in normal cells. Such re-expres-
sion is frequently related to hypomethylation of DNA,
often found in cancers that promote ERV transcrip-
tion.**™ This reactivation can influence tumor genome
stability.***' Some ERVs can induce oncogenesis via their
capacity to promote oncogene expression.”> For example,
ERV-derived genes can activate the MAPK pathway, a
classical oncogenic pathway.” Some ERVs related to
Syncytin mediation of cell fusion can also promote cell
fusion in cancer cells, a process known to be related to
cancer progression, metastasis, and chemoresistance.** **
In addition, ERVs are enriched in long noncoding RNA
(IncRNA) exons.® %7 These ERV-derived IncRNAs repre-
sent around 10% of the genome of human ERVs.*® Such
IncRNAs play an important role in regulated expression
of genes, and using this pathway, ERVs could inhibit some
oncogenes or antioncogenes, thus regulating cancer
biology. In our study, using GSEA analysis, we report that
MER4 ERV expression is inversely associated with upreg-
ulation of Myc and E2F target genes, which are classically
known to be related to the epithelial-mesenchymal transi-
tion process.” *’ Similarly, higher expression of glycolysis,
mTORCI, DNA repair, and G2M checkpoint pathway in
MER4"" tumor indicates more proliferative tumors. Our
results raise the hypothesis that MER4 could negatively
regulate the epithelial-mesenchymal transition process
and tumor cell proliferation.

ERVs could also have a major role in immune response.
First, ERV proteins could code for tumor associated
neoantigens.*' Second, their mRNA is able to impact on
both innate and adaptive immune responses via various
mechanisms. The mRNA of ERVs could be detected by
RIG-I-like and TLR3.** RIG-I receptors mediate activa-
tion of the adaptor molecule called mitochondrial anti-
viral signaling protein, thus leading to activation of type
I IFN signaling pathway via the activation of IFN regu-
latory factors 3 (IRF3), and induce nuclear factor kB
(NF-kB) activation.” TLR$ induces activation of Type
I IFN and CXCL9/CXCL10 production via the activa-
tion of IRFI1. In addition Type I IFN promotes cancer
cell immunogenicity by inducing the expression of class
I MHC on tumor cells, thus enhancing T cell adaptive
immune response.*® In contrast, some reports underline
that ERVs could harbor immunosuppressive functions.
For example, ERVs could decrease production of IL2
and CXCL9 by immune cells. ERVs contain a sequence
called immunosuppressive domain, which could modu-
late the activation of immune cells.*’ Syncytins are
known to protect the fetus from the mother’s immune
system and ERVs can use this system to help cancer to

fight against the host immune system.**" In our study,
not the overall number or expression of ERVs is asso-
ciated with outcome but rather only MER4 expression.
This suggests that some ERVs may have both positive and
negative effects on cancer growth and immune response.
While we observed a greater signature of inflamma-
tory immune response, and high accumulation of both
adaptive and innate immune cells in the MER4"$"
group, these data suggest a positive immune effect of
this particular ERV. In metastatic renal cell carcinoma,
ERVE-4 HERV expression was associated with increased
disease control rat and longer PFS in nivolumab treated
patients but not in everolimus treated patients.”’ The
latter generalizes the role of HERV in cancer treated
with immunotherapy and support a prediction rather
than a prognostic role.

Combination of epigenetic drug plus ICIs is an
emerging field and shows promising results in clinical
trials.”® > Recent studies have identified chromatin regu-
lators with cell-intrinsic effects on the immune sensitivity
of cancer cells, raising the possibility that epigenetic ther-
apies could enhance efficacy of ICIs. Double-stranded
RNAs can accumulate in cancer cells on derepression
of ERVs by epigenetic drugs such as DNA demethylating
agents and lysine demethylase 1.°* It has also be shown
that H3K9 methyltransferase SETDB1 derepress retroviral
sequences and are control response to ICIs.”” Such data
support the rational that epigenetic drug could influence
immune response by targeting ERVs

MER4 is a member of the ‘HEPSI’ supergroup, which
are related to Class I (Epsilonretroviruses, Gammaretro-
viruses). However, MER4 classification remains complex
because these proviruses are highly defective and often
do not yield a Pol protein.” Very few data are available
on the biological role of this virus and our report suggests
that it might be important in tuning the antitumor
immune response in NSCLC. Interestingly MERK4 is not
correlated with other classical predictive factors, thus
suggesting that it is a new independent predictive factor.

This study has some limitations, related to its retrospec-
tive design and the small number of patients. However,
the analysis of two independent series with different tech-
nologies gives strength to our observations. Our study
involved patients treated in second or further lines with
anti-PD-1/PD-L1. Currently, these drugs are used in first
line alone or with chemotherapy, so further data on this
type of patient are required. Because we could not test
patients not treated with immunotherapy, we could not
determine the predictive versus prognostic role of this
signature. Finally, additional mechanistic demonstra-
tions are required using genetic invalidation of MER4 in
human NSCLC cell lines to better explain the mechanism
of action of this ERV in NSCLC biology.

To conclude, our study provides novel insights into the
role of MER4 as a predictive marker of response to check-
point inhibitors in NSCLC. It provides evidence that the
addition of MER4 to immune transcriptomic signatures
could be used to improve prediction.
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