
MAPK signaling regulates the efficacy of chemoimmunotherapy
François Ghiringhellia,b,c,d,e

aLeclerc, Equipe Labellisée Ligue Contre le CancerCancer Biology Transfer Platform, Centre Georges-François, Dijon, France; bCentre de Recherche 
INSERM LNC-UMR1231, Dijon, France; cUniv. Bourgogne Franche-Comté, Dijon, France; dDepartment of Medical Oncology, Centre Georges-François 
Leclerc, Dijon, France; eGenetic and Immunology Medical Institute, Dijon, France

ABSTRACT
Resistance to chemoimmunotherapy is a major issue for cancer care. We recently unravelled the role of 
mitogen-activated protein kinase (MAPK) to limit the antitumor efficacy of such combination. Inhibitor of 
MAPK pathway using mitogen-activated protein kinase (MEK) inhibitor in combination with chemother-
apy triggers mitophagy of cancer cells, which induces the release of mitochondrial DNA that interact with 
Toll Like receptor 9 (TLR9) to promote the production of the chemokine CXCL10. CXCL10 could then turn 
cold tumor into hot tumor, thus leading to improve efficacy of chemoimmunotherapy.
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Immunotherapy targeting PD1/PDL1 checkpoint inhibitors 
changes the field of solid cancer therapy. These treatments 
become the standard of care in many cancer types. However, 
resistance is a major issue and many patients fail to gain benefit 
from such therapy. Many mechanisms could explain the lack of 
efficacy of checkpoint inhibitors, such as loss of major histo-
compatibility complex-I expression, a low level of tumor neo- 
antigens, or poor CD8 infiltration.[1–3]

Association of standard of care chemotherapy with check-
point inhibitor are wildly developed and became first-line 
standard in many cancer type, like Non-Small Cell Lung 
Cancer (NSCLC), Small cell Lung Cancer (SCLC), esophageal 
cancer, gastric cancer, triple negative breast cancer and cervical 
cancer. The rationale for this association is based on the capa-
city of chemotherapy to promote immunogenic cell death. This 
phenomenon involves activation of multiple molecular pro-
cesses. First, reticulum stress leads to cell surface exposure of 
calreticulin (CRT).[4] This “eat me” signal promotes tumor cell 
phagocytosis by dendritic cells, which are then activated by 
ATP and high mobility group box 1 release.[5,6] Then, type 
I Interferon (IFN) release could induce CXCL10 secretion 
and CD8+ T cell homing in the tumor microenvironment. 
which promotes immune recruitment and amplifies response 
to checkpoint inhibitors.

In NSCLC adenocarcinoma, the standard of care involved 
association of pemetrexed, platin and pembrolizumab..[7] We 
developed preclinical models that aimed at modeling immune- 
resistance: LLC1 model (a model with mutation in Kras and 
Tp53 gene) or lung tumor induced by the carcinogen urethane 
(which gives also lung tumors with mutation in Kras and Tp53 
gene). These two models are completely resistant to peme-
trexed, platin and pembrolizumab association..[8] Biological 
analyses underline that chemotherapy in these models induces 
immunogenic cell death as expected. Despite induction of 

immunogenic cell death process, chemotherapy is unable to 
promote CXCL10 production at the tumor site and immune 
recruitment. Using a drug screening, we observed that drug- 
inhibiting MAPK pathway enhances CXCL10 production by 
cancer cells treated by chemotherapy. Importantly, short 
course of MEK inhibitor, in addition with chemoimmunother-
apy, induces in vivo CXCL10 production and immune recruit-
ment of CD8 T cells. Many studies underline the potential role 
of target therapy, especially MEK inhibitors, to mediate immu-
nostimulatory or immunosuppressive effects..[9] In accordance 
with our data, short course of MEK and BRAF inhibitors 
improve efficacy of immunotherapy in melanoma.[10]

In a therapeutic point of view, this strategy improves effi-
cacy of chemoimmunotherapy in the two tested experimental 
models of NSCLCs. Moreover, we observed similar synergy in 
experimental models of colorectal cancer, triple negative breast 
cancer and ovarian cancers.

In a mechanistically point of view (Figure 1), we observed 
that chemotherapy induces radical oxygene species (ROS) pro-
duction leading to mitochondria damages and MAPK pathway 
activation. Inhibition of MAPK pathway using MEK inhibitors 
during chemotherapeutic treatment induces TANK-binding 
kinase 1 (TBK1) phosphorylation. TBK1 induces the phos-
phorylation of Optineurin protein, a mitophagy adaptator. 
Optineurin phosphorylation enhances its binding affinity to 
ubiquitin chains present on damaged mitochondria. Such phe-
nomenon induces a process of selective mitophagy. In addi-
tion, transcriptomic analysis of cancer cells treated with 
chemotherapy plus MEK inhibitors showed increased Optn 
gene expression during therapy. These data underline the 
capacity of the combination of MEK inhibitor plus chemother-
apy to promote mitophagy process through transcriptional and 
post traductional effect.

CONTACT François Ghiringhelli fghiringhelli@cgfl.fr Cancer Biology Transfer Platform, Centre Georges-François Leclerc, Equipe Labellisée Ligue Contre le 
Cancer, Dijon 21000, France

MOLECULAR & CELLULAR ONCOLOGY               
2022, VOL. 9, NO. 1, e2054652 (3 pages) 
https://doi.org/10.1080/23723556.2022.2054652

© 2022 The Author(s). Published with license by Taylor & Francis Group, LLC.  
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited.

http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/23723556.2022.2054652&domain=pdf&date_stamp=2022-04-27


Electron microscopy analysis confirms that the treatment 
leads to the generation of mitophagy images, with pictures 
of mitochondria enclosed in a double membrane. 
Combination of MEK inhibitors plus chemotherapy also 
leads to Microtubule-associated proteins 1A/1B light chain 
3B (LC3) lipidation and Microtubule-associated proteins 
1A/1B light chain 3B (ULK1) phosphorylation; thus, under-
lining increases in autophagic flux. CRISPR Cas9 invalida-
tion of Optn or Atg5 gene in cancer cells impedes the 
capacity of the treatment to trigger CXCL10 production 
by cancer, the recruitment of CD8 T cells and the thera-
peutic effect of the association.

Electron microscopy analysis confirms that the treatment leads 
to the generation of mitophagy images, with pictures of mito-
chondria enclosed in a double membrane. Combination of MEK 
inhibitors plus chemotherapy also leads to Microtubule- 
associated proteins 1A/1B light chain 3B (LC3) lipidation and 
Microtubule-associated proteins 1A/1B light chain 3B (ULK1) 
phosphorylation; thus, underlining increases in autophagic flux. 
CRISPR Cas9 invalidation of Optn or Atg5 gene in cancer cells 
impedes the capacity of the treatment to trigger CXCL10 produc-
tion by cancer, the recruitment of CD8 T cells and the therapeutic 
effect of the association.

Electron microscopy analysis confirms that the treatment leads 
to the generation of mitophagy images, with pictures of mito-
chondria enclosed in a double membrane. Combination of MEK 
inhibitors plus chemotherapy also leads to Microtubule- 
associated proteins 1A/1B light chain 3B (LC3) lipidation and 
Microtubule-associated proteins 1A/1B light chain 3B (ULK1) 
phosphorylation; thus, underlining increases in autophagic flux. 
CRISPR Cas9 invalidation of Optn or Atg5 gene in cancer cells 
impedes the capacity of the treatment to trigger CXCL10 produc-
tion by cancer, the recruitment of CD8 T cells and the therapeutic 
effect of the association.

We could observe that during mitophagy process mitochon-
drial DNA (mtDNA) is responsible for CXCL10 production. 
Depletion of mtDNA using ethidum bromide aborts CXCL10 
production. Chemotherapy plus MEK inhibitor induces co- 
localization of the mtDNA-and TLR9 within autophagic 
vacuoles leading to TLR9 signaling pathway activation. 
CRISPR Cas9 invalidation of TLR9 impedes CXCL10 produc-
tion by cancer cells, T cells recruitment and antitumor effect of 
chemoimmunotherapy plus MEK inhibitor.

In human NSCLC cell lines, we also observed the similar 
capacity of platin, pemetrexed and MEK inhibitors to promote 
CXCL10. In NSCLC patients, we observed that expressions of 

Figure 1. Mechanisms of immunostimulation by MEK inhibition. Schematic view of the mechanism of action of combination of MEK inhibitors with chemoimmu-
notherapy. Chemotherapy promotes autophagy and mitophagy by inducing radical oxygen species which activate ULK, OPTN and TKB1. MAPK pathway prevents 
activation of this pathway by limiting TBK1 and ULK activation. Mitophagy process triggers TLR9 activation and CXCL10 production. (KRAS: V-Ki-ras2 Kirsten rat sarcoma 
viral oncogene homolog, MEK: Mitogen-activated protein kinase kinase, ERK: Extracellular signal-regulated kinase, ULK1: Unc-51 like autophagy activating kinase 1, 
TBK1: TANK-binding kinase 1, OPTN: optineurin, LC3: Microtubule-associated proteins 1A/1B light chain 3B, mtDNA: mitochondrial DNA.)
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TLR9, Optineurin and CXCL10 are associated with better 
prognosis in multiple data set of patients treated with check-
point inhibitors.

These data raise the hypothesis that clinical trial testing 
the associating short course of MEK inhibition with che-
moimmunotherapy will improve efficacy of chemoimmu-
notherapies, especially in cold tumor or in tumor lacking 
CXCL10 production. In addition, our data raise the hypoth-
esis that TLR9 agonist could be also interesting to test in 
combination with chemoimmunotherapies to fight against 
resistance.
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