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MEK inhibition invigorates chemoimmunotherapy
by tumor mitophagy-induced CXCL10 expression
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A recent study by Limagne et al.1 in Cancer Cell demonstrates that addition of MEK inhibitor to standard-of-
care platinum/pemetrexed promotes mitophagy-dependent CXCL10 expression via optineurin and TLR9.
Tumor cell secretion of CXCL10 produces T cell recruitment and enhances immunotherapy efficacy.
In various tumor types, including non-

small cell lung cancer (NSCLC), the

MAPK signaling pathway is frequently

mutated at one of multiple points and

plays a driver role in tumorigenesis. How-

ever, except in combination with RAF in-

hibitors for BRAFmutant NSCLC, MEK in-

hibitors have failed to demonstrate clinical

activity for oncogene-selected or broader

groups of NSCLC as single-agents, or

with either chemotherapy or immuno-

therapy. Front-line treatment options for

NSCLC patients include treatment with

immune checkpoint blockade (ICB) alone

or with a platinum-based doublet chemo-

therapy (taxane or pemetrexed), depend-

ing on histology. Despite high response

rates and improved progression-free or

overall survival, durable responses indic-

ative of effective immune engagement

are observed in less than 50% of patients

receiving the ICB combination with plat-

inum/pemextrexed.2 The lack of effective

response is most pronounced in patients

with low levels of PD-L1 staining, sug-

gesting that patients without significant

tumor immune infiltration at baseline are

less likely to respond. Identifying combi-

nation strategies that may enhance the

durable immunologic response will

improve clinical outcomes for NSCLC pa-

tients. Recent pre-clinical studies have

highlighted the potential role of MEK in-

hibitor combinations that affect the im-

mune cell landscape3,4 or where tumor

MAPK activation drives an immune-

evasive tumor microenvironment,5 indi-

cating a potential role for MEK inhibitors

outside of the targeted agent landscape.

Using the syngeneic Lewis lung cancer

(LLC1) model, Limagne et al.1 initially
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investigated the optimal chemotherapy

treatment strategy to induce immunolog-

ical cell death (ICD), aiming to identify

combinations that might work best with

ICB. Standard chemotherapy platinum-

doublet regimens were tested and

cisplatin/pemetrexed was found to

induce the highest levels of ten validated

ICD markers. However, they further

observed that the addition of immuno-

therapy (anti-PD-L1) did not improve the

therapeutic outcome of cisplatin/peme-

trexed. The authors hypothesized that

despite the synergistic stimulation of

ICD, the chemo-immunotherapy combi-

nation was unable to induce T cell recruit-

ment and that augmentation of the

CXCL10 levels may reinvigorate the

T cell recruitment and immune response.

The authors performed a drug screen

with clinically available kinase inhibitors

to rationally identify a combination

capable of restoring CXCL10 production

upon cisplatin/pemetrexed treatment.

They observed that three MEK inhibitors

(MEKi) and an ERK inhibitor enhanced

CXCL10 production in combination with

cisplatin/pemetrexed treatment. Utilizing

the MEK inhibitor, trametinib, they found

that the CXCL10 levels increased in a

dose-dependent manner only in combi-

nation with cisplatin/pemetrexed and

enhanced mouse survival in the LLC1

model in an immune-dependent manner.

Addition of the MEK inhibitor enhanced

the T cell infiltration, consistent with find-

ings by multiple groups.6,7 The addition

of the MEK inhibitor to cisplatin/peme-

trexed also induced a prominent upregu-

lation of PD-L1. Therefore, the authors

investigated the addition of PD-L1 check-
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point blockade to the MEKi/cisplatin/pe-

metrexed combination in the LLC1 model

and observed enhanced survival and

improved tumor growth inhibition. They

further confirmed the enhanced in vivo ef-

fects of MEK inhibition on chemoimmuno-

therapy across multiple models, including

a urethane-induced lung cancer model

and both the syngeneic 4T1 breast and

the CT26 colorectal cancer models.

The authors investigated the mecha-

nism underlying the improved efficacy of

MEK inhibitor in the cisplatin/pemetrexed

combination and observed that the

increased CXCL10 expression was from

the tumor cells rather than the CD45 pop-

ulation, suggesting a tumor-intrinsic

response specifically due to MEK inhibi-

tion. To gain a deeper understanding of

the tumor cell changes contributing to

the increased CXCL10, the authors per-

formed mRNA sequencing, and differen-

tial expression analysis revealed an

increase in pathways associated

with autophagy/mitophagy processes.

Knockout of the essential autophagy

related gene 5 (Atg5) decreased CXCL10

induction and eliminated the synergistic

effect of MEKi within the cisplatin/peme-

trexed combination. Interestingly these

results are consistent with recent findings

by Kinsey et al.8 which also found that in-

hibition of the MEK/ERK signaling

pathway elicits autophagy. The authors

further found that the selective mitophagy

adaptor optineurin was induced by MEK

inhibition and was necessary for both

CXCL10 production and the antitumor ef-

fect of the MEKi/cisplatin/pemetrexed

combination. Optineurin appears to be

the driver of autophagy, as its knockdown
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eliminates the ability of MEKi to induce

CXCL10. The authors also demonstrate

that mitochondrial damage releasedmito-

chondrial DNA and activated TLR9 in the

LLC1 cells to trigger CXCL10 production.

Taking these results together, the authors

have shown in the syngeneic LLC1 tu-

mors that the addition of MEKi to

cisplatin/pemetrexed drives mitochon-

drial damage and mitophagy via opti-

neurin, resulting in mitochondrial DNA

degradation that is recognized by TLR9

and leads to CXCL10 expression.

CXCL10 expression by the tumor cells in-

creases CD8 T cell infiltration into the

microenvironment and sensitizes them

to checkpoint blockade.

The authors explored the translational

impact of their preclinical findings by eval-

uating human lung cancer cell lines and

performing retrospective analysis of

either soluble plasma factors or mRNA

seq from four small, independent cohorts

of advanced NSCLC patients treated with

immunotherapy alone or platinum-based

doublet chemotherapy. Increased

CXCL10 expression was observed in hu-

man NSCLC cell lines (including A549,

H358, and H1975) after exposure to

MEKi/cisplatin/pemetrexed as compared

to cisplatin/pemetrexed. Patients that

had response to first-line platinum-based

doublet chemotherapy had higher levels

of circulating CXCL10, while higher

plasma levels of CXCL10 were found to

be associated with better progression-

free survival rates upon subsequent anti-

PD-1 treatment. In the Cancer Genome

Atlas (TCGA) and other cohorts, the au-

thors observed a correlation between

the activation of the MAPK pathway and

the expression of OPTN, TLR9, CXCL10,

and the levels of CD8A as a marker of

effector T cells. They additionally showed

that the combination of OPTN, CXCL10,

and TLR9 levels predicts for better pro-

gression-free survival with anti-PD-1

treatment.

Although their original observations of

synergy with MEKi/chemoimmunother-

apy treatment were noted across tumor

models, one of the study limitations arises

from the authors primarily using the LLC1

model for their mechanistic studies outlin-

ing the role for mitophagy, which they

acknowledge may not entirely recapitu-

late human cancer biology. Nonetheless,

the studies with human cell lines provide
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additional support for some of the pre-

clinical results. Another limitation is that

the retrospective translational analyses

were performed in advanced NSCLC

samples from patients who did not

receive MEK inhibitor treatment. These

patients were treated with immuno-

therapy as second-line treatment after

progression on initial platinum-based

doublet chemotherapy, but were not

treated with MEK inhibitors, providing a

caveat to the applicability of the results.

Clinical trials in which a MEK inhibitor

was added to standard-of-care chemo-

therapy reveal limited efficacy and a high

incidence of toxicity.9,10 As such, addition

of MEK inhibitor to standard-of-care che-

moimmunotherapy may need to be

considered on a temporal sequential ba-

sis guided by biomarkers and/or indica-

tors of resistance. Recent pre-clinical

work by Wang et al.4 found that initial

treatment with immunotherapy followed

by MAPK inhibition optimized anti-tumor

response and lead to immune cell rein-

vigoration. Future studies should focus

on the dosing of MEKi that is necessary

for CXCL10 induction and further assess

which biomarkers best indicate the time

point and order when immunotherapy

should be given versus MEKi.

In summary, the study by Laminge

et al.1 has shown that CXCL10 is critical

for CD8 T cell recruitment and necessary

to restore immune checkpoint blockade

efficacy within cisplatin/pemetrexed-

treated tumors. The authors demonstrate

that addition of MEK inhibitor restored

CXCL10 expression, which was accom-

plished via upregulation of the optineurin

and TLR9 axis. This work highlights the

need to utilize effective combination ap-

proaches that are guided by biomarkers,

such as CXCL10, in order to enhance

the efficacy of currently available immune

checkpoint therapies. A focused effort is

needed to determine and define bio-

markers of response to MEK inhibitors,

chemotherapy/immunotherapy, and the

optimal drug dosing strategy that will

produce better outcomes for NSCLC

patients.
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