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2. Introductory summary  

Can the pattern of accumulation of mutations in thoracic malignancies unravel molecular clusters 

of patients? How do the signaling pathways affected by specific mutations in driver genes reshape 

the immune contexture of tumor microenvironment and determine the progress of thoracic 

malignancies in distinct molecular subgroups of individuals? With our studies, we address these 

questions with a broader aim to revise the clinical scenery of thoracic malignancies through the 

evolution of personalized diagnostic, prognostic and therapeutic modalities and the discovery of 

new addiction partners as therapeutic targets.  

Among all thoracic malignancies, lung cancer is the most dominant, constituting the most common 

cause of cancer-related mortality worldwide, with lung adenocarcinoma (LUAD) representing the 

most frequent histologic subtype of the disease. Molecular heterogeneity of LUAD in the 

interpatient, intratumor and intertumor level represents a crucial challenge in the light of the 

efficiency of current therapeutic approaches, yet the underlying origins and mechanisms of 

actions of this diversity remain obscure.  

Except for the molecular heterogeneity of malignant cells, there is also heterogeneity of the tumor 

microenvironment (TME) which consists of several immune cells populations that infiltrate the 

stroma in response to inflammatory signaling. We studied the role of the mast cells (MC) in the 

progression of KRAS-mutant LUAD, most commonly featured in ever-smoking individuals that 

also show increased risk for smoking-related chronic inflammation. We employed two murine 

models of MC deficiency, dependent or independent on the KIT signaling blockade, and three 

models of KRAS-mutant LUAD models. We observed that both populations of MCs infiltrate both 

human and murine LUAD and we discovered a KIT-dependent mechanism enabling MCs to 

display pro-tumorigenic functions through the regulation of IL-1β secretion. MC-associated 

transcriptional imprints are enriched in human LUAD and related with poor survival, while KIT+ 

MC signature is up-regulated in KRAS-mutant human LUAD. 

We further broadened our studies of KRAS-mutant cluster of patients on malignant pleural 

mesothelioma (MPM), a highly lethal malignancy, emerging from neoplastic transformation of 

mesothelial cells lining the pleural cavities of the interior chest wall. We employed the catalog of 

somatic mutations in cancer (Forbes et al., 2015), ten large molecular studies of human MPM 

(Bott et al., 2011; Bueno et al., 2016; De Rienzo et al., 2016; Enomoto et al., 2012; Guo et al., 

2015; Hmeljak et al., 2018; Kato et al., 2016; Lo Iacono et al., 2015; Mezzapelle et al., 2013; 

Shukuya et al., 2014), as well as clinical cohorts (Gueugnon et al., 2011; Klotz, Courty, et al., 

2019; Klotz, Lindner, et al., 2019; Smeele et al., 2018) to detect a distinct -in terms of histology, 

survival and molecular features- cluster of patients harboring KRAS alterations, alone or in 

accomplish with TP53 loss-of function alterations. We established novel high penetrance 

conditional MPM mouse models of both epithelioid and biphasic subtype, featuring pleural 

effusion accumulation facilitated by Trp53 deletion in KRAS-mutant cells. We additionally 

developed three MPM cell lines carrying the driver KRASG12D mutation as well as Bap1 

inactivating alterations, and featuring a molecular profile enriched to the human disease, and we 

identified KRAS as an actionable target in MPM.  
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2.1 Molecular landscape of environmentally-induced lung 

cancer 

Lung cancer is a dominant malignancy, constituting the most common cause of global cancer-

related mortality and leading to 1,796,144 deaths during the year 2020 (Siegel et al., 2021; Sung 

et al., 2021). Lung cancer is divided in two histological subtypes: non-small cell lung cancer 

(NSCLC) and small cell lung cancer (SCLC), with NSCLC including lung adenocarcinoma 

(LUAD), squamous cell carcinoma (LUSQ) as well as large cell carcinoma and accounting for 

approximately 85% of all lung cancer incidences. LUAD is the most commonly occurring 

histological subtype of lung cancer.  

Next to genetic susceptibility and replication errors during stem cell divisions, environmental 

exposures present a fundamental causative factor of LUAD. Tobacco smoking, consisting of 

chemical carcinogens and emitting radiation, is the predominant environmental cause of LUAD 

(Thun et al., 2012), however the incidence of the disease is increasing in never- and former- 

smokers worldwide, accounting for 10-25% of the cases (Couraud et al., 2012; Sun et al., 2007; 

Wakelee et al., 2007). Other established environmental risk factors are exposure to second-hand 

tobacco smoke (Whitrow et al., 2003), diet and food supplements, occupational lung carcinogens 

such as radioactive particulate mass (Boffetta, 2004), indoor and outdoor air pollution including 

emissions of polycyclic aromatic hydrocarbon compounds or nanoparticles (Vineis & Husgafvel-

Pursiainen, 2005), as well as other than tobacco-source high-energy transfer radiation (Alberg et 

al., 2013; Furukawa et al., 2010; Preston et al., 2007). 

Genomic instability presents one of the hallmarks of human cancer (Hanahan & Weinberg, 2011; 

Negrini et al., 2010). Molecular profiling of LUAD has revealed that it harbors high mutational 

burden among all studied cancer types, with thousands of genetic alterations per cancer cell 

genome, including single nucleotide variants (SNV), copy number alterations (CNA), 

dysregulation of alternative splicing (exon skipping), balanced inversions resulting in gene 

fusions, with ALK, ROS1 (receptor tyrosine kinase) and RET, being the most commonly affected 

genes, epigenetic alterations leading to overexpression of proto-oncogenes such as KRAS, 

EGFR and PIK3CA and silencing of tumor suppressor genes, such as TP53, STK11 and PTEN, 

as well as major chromosomal events like kataegis and chromothripsis (Campbell et al., 2016; 

Chatterjee et al., 2018; "Comprehensive molecular profiling of lung adenocarcinoma," 2014; 

Devarakonda et al., 2015; Imielinski et al., 2012; Kandoth et al., 2013). LUAD harbors 

homologous coding mutational burden, represented by transcriptional strand bias for cytosine to 

adenine transversions (Alexandrov et al., 2013; Kandoth et al., 2013).  

Heterogeneity of the molecular profile in the interpatient, intratumor and intertumor level, 

represents one of the most challenging issues in LUAD, in the light of the effectiveness of current 

therapeutic approaches (Ramón et al., 2020; Zhang et al., 2014; Zito Marino et al., 2019), yet the 

mechanisms underlying the development of tumor diversity remain poorly understood. Molecular 

heterogeneity of LUAD is temporal-dependent, as described by the clonal tumor evolution, with 

driver mutations arising in the initial clone of tumor cells and passenger mutations acquired later 

and characterizing the molecular events during the progress of tumor establishment (de Bruin et 

al., 2014). The involvement of the cancer stem cell hypothesis providing distinct subclonal 

lineages dynamically maintained in different tumors, as well as of the immune contexture of the 

microenvironment to the emergence of tumor heterogeneity have been previously described 

(Kreso & Dick, 2014; Pietras, 2011; Zito Marino et al., 2017). However, the molecular diversity of 

LUAD is also contingent on the cause of the disease. The implications of exogenous mutagenic 
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factors, such as tobacco carcinogens and radiation, to which a stem cell niche is exposed years 

prior to tumor establishment, are sufficient to reveal distinct mutational imprints in LUAD patients 

(Lawrence et al., 2013).  

In particular, the genomic signature of ionizing radiation in thoracic malignancies is composed by 

redundancy of deletions, as well as enrichment of chromosomal rearrangements, in specific 

balanced inversions (Behjati et al., 2016). Furthermore, LUAD is molecularly distinct according to 

the patients’ smoking status (Subramanian & Govindan, 2007; Sun et al., 2007), with tumors from 

smokers displaying higher mutation burden and being predominantly represented by cytosine to 

adenine transversions (C:G→A:T), whereas cytosine to thymidine (C:G→T:A) transitions are the 

most enriched type of point mutations in never-smokers (Govindan et al., 2012; Imielinski et al., 

2012). Accordingly, different types of base substitutions in the trinucleotide level reflect the 

causative exogenous exposures of the disease (Alexandrov et al., 2016). More specifically, 

Alexandrov et al. defined mutational signatures on the trinucleotide context, by determining the 

bases that flank the 5’ and 3’ end of the mutated base, and correlated them with clinical exposure 

data across more than 20 cancer types and 10000 patients, identifying the smoking signature 

(C>A transversion) (Alexandrov et al., 2016; Alexandrov et al., 2013). KRAS mutations appear in 

higher frequency in smoking individuals, are detected in codons 12, 13 and 61 and are mutually 

exclusive with EGFR mutations ("Comprehensive molecular profiling of lung adenocarcinoma," 

2014). Except for the mutational heterogeneity, smokers and non-smokers LUAD patients display 

distinct tumor microenvironment composition and inflammatory imprints (Giotopoulou & 

Stathopoulos, 2020; Li et al., 2018), as well as different epigenetic alterations and DNA 

methylation profiles (Belinsky, 2004; Gao et al., 2016). 

Comprehending the pattern of accumulation of mutations inflicted by distinct environmental 

exposures during oncogenesis, as well as discriminating thoracic malignancies according to the 

driver oncogene and mutational status of the patients, present an unmet clinical need that benefits 

from correlation studies, but most importantly necessitates functional studies ("Comprehensive 

molecular profiling of lung adenocarcinoma," 2014). Our studies focus on a specific molecular 

cluster of LUAD and malignant pleural mesothelioma (MPM) patients, the ones harboring KRAS-

mutations, often associated with smoking ("Comprehensive molecular profiling of lung 

adenocarcinoma," 2014). With our findings we seek to address the molecular diversity of thoracic 

malignancies, to reshape the clinical landscape by the evolution of personalized diagnostic, 

prognostic and therapeutic modalities and to enhance the discovery of new addiction partners as 

therapeutic targets.   
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2.2 Effects of environmental carcinogens on the respiratory 

tumor microenvironment  

 

Giotopoulou, G. A., & Stathopoulos, G. T. (2020). Effects of Inhaled Tobacco Smoke on the Pulmonary 

Tumor Microenvironment. Adv Exp Med Biol, 1225, 53-69. https://doi.org/10.1007/978-3-030-35727-6_4 

While tumor initiation is mediated by mutations in oncogenic driver genes, the progression is 

affected by the interaction between cancer cells and their microenvironment, which is established 

through the infiltration of various immune cellular populations to the stroma, mainly in response 

to chemokine secretion by malignant cells (Allavena et al., 2011; Balkwill, 2004; Balkwill, 2012; 

Balkwill et al., 2012; Bronte et al., 2006; Mantovani et al., 2008). Upon environmental carcinogenic 

exposures, the microenvironment of the respiratory tract acquires pro-tumorigenic features, 

enhancing chronic inflammation and favoring the survival, sustained proliferation and migration 

of mutated malignant respiratory epithelial cells. The tumor microenvironment contexture, as well 

as the inflammatory signatures harbor high heterogeneity (Balkwill et al., 2012; Chen et al., 2014) 

and appear to be distinct according to the smoking status of lung cancer patients (Li et al., 2018). 

Furthermore, ever-smokers LUAD patients show increased risk for smoking-associated chronic 

inflammation, evident as chronic airflow obstruction (Houghton, 2013; Houghton et al., 2008; 

Vestbo et al., 2013), in accordance to their higher response to immune checkpoint inhibitors (Rizvi 

et al., 2015). The mechanisms underlying the environmentally-mediated pro-tumorigenic effects 

in the tumor microenvironment involve deregulation of the physical and biochemical properties of 

the extracellular matrix (ECM) (Lu et al., 2012), formation of new vessels (neoangiogenesis) and 

increase of capillary density (Gazdar, 2003; Heeschen et al., 2001; Heeschen et al., 2003), 

acquirement of a mesenchymal phenotype by polarized epithelial cells (epithelial-mesenchymal 

transition- EMT) through reactive oxygen species (ROS) production, increase of the migration 

capacity and cellular invasion potential (Di Cello et al., 2013; Milara et al., 2013; Sohal et al., 

2010; Zhang et al., 2012; Zhang et al., 2001). Furthermore, additional processes enhancing the 

tumor initiating potential of environmental carcinogenic factors include metabolic alterations 

resulting in aging acceleration (Pavlides et al., 2009; Salem et al., 2013), immunomodulatory 

processes with acute (van der Vaart et al., 2004) or chronic pro- inflammatory effects 

accompanied by diminished responsiveness to infections (Coussens et al., 2013; Crusz & 

Balkwill, 2015; Herr et al., 2009; Houghton, 2013) as well as epigenetic alterations (Belinsky, 

2004; Clark & Molloy, 2017; Liu et al., 2010; Vaz et al., 2017). Unravelling the complexity and the 

mechanisms of recruitment of the immune cells’ populations consisting the tumor 

microenvironment, as well as their roles in tumorigenesis holds promise for the development of 

effective immune checkpoint inhibitors therapies for thoracic malignancies.  

 

 

  

https://doi.org/10.1007/978-3-030-35727-6_4
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2.3 Mast cells in KRAS-mutant LUAD 

 

Lilis, I., Ntaliarda, G., Papaleonidopoulos, V., Giotopoulou, G. A., Oplopoiou, M., Marazioti, A., Spella, M., 

Marwitz, S., Goldmann, T., Bravou, V., Giopanou, I., & Stathopoulos, G. T. (2019). Interleukin-1β provided 

by KIT-competent mast cells is required for KRAS-mutant lung adenocarcinoma. Oncoimmunology, 8(7), 

1593802. https://doi.org/10.1080/2162402x.2019.1593802 

Mast cells (MCs) are bone marrow-derived tissue-resident immune cells that play key roles in 

inflammatory responses, acute allergic reactions, tissue homeostasis, as well as angiogenesis 

(Galli & Tsai, 2012; Marone et al., 2002; Marone et al., 2016; Metcalfe et al., 1997). MCs represent 

a crucial component of the tumor microenvironment, reshaping its contexture by establishing 

interactions with other tumor-infiltrating cell populations, promoting invasiveness and metastasis 

(Aponte-López & Muñoz-Cruz, 2020). Their peritumoral and/or intratumoral density is increased 

in various cancer types (Aponte-López & Muñoz-Cruz, 2020; Beer et al., 2008; Franco et al., 

2014; Giannou et al., 2015; Johansson et al., 2010; Ma et al., 2013; Melillo et al., 2010; Pittoni et 

al., 2011; Ribatti et al., 1999; Soucek et al., 2007; Theoharides, 2008; Vyzoukaki et al., 2015) and 

is related to either good or poor prognosis depending on the cancer type and stage, rendering 

their role in cancer progression ambiguous (Varricchi et al., 2017). Inflammation is a hallmark of 

cancer (Hanahan & Weinberg, 2011) and in LUAD it has been featured in ever-smoking 

individuals harboring mutations in KRAS proto-oncogene ("Comprehensive molecular profiling of 

lung adenocarcinoma," 2014), increasing the risk for chronic obstructive pulmonary disease 

(Houghton, 2013; Houghton et al., 2008; Vestbo et al., 2013). MCs promote an inflammatory 

chemokine signaling network in malignant cells harboring KRAS mutations enabling malignant 

pleural effusion formation (Giannou et al., 2015), however their role in LUAD remained obscure.  

 

In our study, we employed two models of MC deficiency, based on KIT signaling blockade or 

genetic ablation, cKitWsh (Giannou et al., 2015; Tono et al., 1992) and Cpa3.Cre (Feyerabend et 

al., 2011; Giannou et al., 2015) respectively, in three KRAS-mutant LUAD models; chemically-

induced using exposure to the tobacco carcinogen urethane (ethyl carbamate, EC; stand-alone 

mutagen and tumor promoter) (Stathopoulos et al., 2007), genetically-induced transient Ad-

mediated KRASG12D transgene expression in the respiratory epithelium (Vreka et al., 2018) and 

heterotopic subcutaneous installation of KRASG12D mutation harboring Lewis lung carcinoma LLC 

cancer cells followed by their spontaneous dissemination to the pulmonary areas. Therefore, our 

studies enabled us to study two different MC populations, KIT+ and KIT-. We observed that both 

MCs populations infiltrate murine and human LUAD in response to factors secreted by the 

malignant cells, where they exert pro-tumorigenic functions. KIT+ MCs are required for tumor 

initiation, progression and metastasis and reshape the contexture of tumor microenvironment 

enabling the recruitment of other immune cells populations through the KIT-dependent regulation 

of IL-1β secretion. We identified MC-relevant transcriptional signatures, significantly over-

represented in human LUAD and related with shorter survival, with KIT+ signature being enriched 

in KRAS-mutant LUAD induced by tobacco smoking, in accordance with the findings from our in 

vivo KRAS-mutant-driven LUAD murine models. Therefore, among the controversial role of MCs 

according to the type of malignancy (Varricchi et al., 2017), our study supports that KIT+ cells are 

required for KRAS-mutant LUAD, through IL-1β secretion which has been previously found to 

promote tumor progression by mediating nuclear factor-κΒ (NF-κB) transcriptional activity in other 

thoracic malignancies (Giannou et al., 2015; Marazioti et al., 2018). 

  

https://doi.org/10.1080/2162402x.2019.1593802
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Figure 1: Schematic representation of the role of KIT+ mast cells in KRAS-mutant lung 

adenocarcinoma  

KIT+ mast cells infiltrate KRAS-mutant LUAD in response to factors secreted by the malignant 

cells, and are required for tumor growth and metastasis through an IL-1β- mediated mechanism. 
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2.4 KRAS signaling in malignant pleural mesothelioma 

Marazioti, A.*, Krontira, A. C.*, Behrend, S. J.*, Giotopoulou, G. A.*, Ntaliarda, G.*, Blanquart, C., Bayram, 

H., Iliopoulou, M., Vreka, M., Trassl, L., Pepe, M. A. A., Hackl, C. M., Klotz, L. V., Weiss, S. A. I., Koch, I., 

Lindner, M., Hatz, R. A., Behr, J., Wagner, D. E., Papadaki, H., Antimisiaris, S. G., Jean, D., Deshayes, S., 

Grégoire, M., Kayalar, Ö., Mortazavi, D., Dilege, Ş., Tanju, S., Erus, S., Yavuz, Ö., Bulutay, P., Fırat, P., 

Psallidas, I., Spella, M., Giopanou, I., Lilis, I., Lamort, A. S., & Stathopoulos, G. T. (2021). KRAS signaling 

in malignant pleural mesothelioma. EMBO Mol Med, e13631. https://doi.org/10.15252/emmm.202013631 

Malignant pleural mesothelioma (MPM) is a highly lethal cancer, with a median overall survival of 

9 to 17 months (Tsao et al., 2009), arising from neoplastic transformation of the mesothelial cells 

lining the pleural cavities (visceral pleura), as well as the interior chest wall (parietal pleura) (Bibby 

et al., 2016; Bueno, 2005; Mutti et al., 2018). MPM is broadly classified into three histological 

subtypes: epithelioid, sarcomatoid and biphasic (or mixed), with epithelioid presenting the most 

propitious prognosis and sarcomatoid showing particularly impaired survival outcomes (Galateau-

Salle et al., 2016; Scherpereel et al., 2010; Tischoff et al., 2011). The major cause of MPM 

accounting for >80% of the cases, is asbestos exposure that evokes DNA and chromosomal 

impairment following phagocytosis of asbestos fibers, ROS production, direct cytotoxicity, mitotic 

spindle damage consistent with widespread loss of heterozygosity, cytokine and growth factor 

dysregulation, abnormalities of mitotic process, macrophage recruitment and persistent 

inflammation, often associated with effusion i.e., exudative fluid accumulation that causes chest 

pain and dyspnea (Galani et al., 2019; Hmeljak et al., 2018; Huang et al., 2011; Jaurand & Fleury-

Feith, 2005; Wagner et al., 1960). Additional risk factors are heredity, prior therapeutic chest 

radiation exposure, non-asbestos mineral fibers, chronic pleural inflammation, germline genetic 

mutations as well as spontaneous events (Attanoos et al., 2018; Hofmann et al., 1994; Melaiu et 

al., 2018; Nagai et al., 2011; Wagner et al., 1960). Although the decrease and strict regulations 

regarding asbestos use have diminished new incidences in Western countries, its long latency 

period (10-40 years) between exposure and onset of the disease (Sun et al., 2017) and its 

continued mining in less developed countries (Frank & Joshi, 2014), combined with the limited 

advances on the effectiveness of treatment options (Remon et al., 2015), with the first line therapy 

strategy in the form of combination cisplatin/pemetrexed-based chemotherapy remaining 

unchanged for decades (Vogelzang et al., 2003), render MPM an ongoing global area of concern 

(Courtiol et al., 2019; Scherpereel et al., 2018; Yap et al., 2017).  

The molecular landscape of MPM reveals high heterogeneity both among patients and within 

individual tumors, with intratumor diversity emerging as a combination of spatial and longitudinal 

(Blum et al., 2019; Bueno et al., 2016; Oehl et al., 2018; Wadowski et al., 2020; Yap et al., 2017). 

Comprehensive characterization of MPM tumors by multiple studies identified the molecular 

mechanisms underlying MPM tumorigenicity, including gene fusions, splice alterations, aberrant 

chromosomal alterations, epigenetic modifications, as well as genetic mutations, characterized 

by loss-of-function mutations in tumor-suppressor genes TP53 and CDKN2A being connected 

with poor overall survival, as well as BAP1, NF2, TSC1, DDX3X, STK11 and SETD2, along with 

gain-of-function mutations in proto oncogenes EGFR, MYC, PIK3CA, BRAF, NRAS, HRAS and 

KRAS  (Bianchi et al., 1995; Bott et al., 2011; Bueno et al., 2016; Cheng et al., 1994; Enomoto et 

al., 2012; Gao et al., 2013; Guo et al., 2015; Guo et al., 2014; Kato et al., 2016; Lo Iacono et al., 

2015; Mezzapelle et al., 2013; Wadowski et al., 2020). Interestingly, the frequency of KRAS 

mutations in all studied human cohorts above is detected with targeted as opposed to next-

generation sequencing approaches (Shukuya et al., 2014). 

https://doi.org/10.15252/emmm.202013631
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There is an unfulfilled urge for the development of relevant animal models, as preclinical tools 

that recapitulate the mutation landscape as well as the clinicopathological features of the human 

MPM. Although several tumor-suppressor genes appear to underlie the pathogenesis of MPM 

(Bott et al., 2011; Bueno et al., 2016; Gao et al., 2013; Guo et al., 2014), their standalone exclusive 

conditional deletion does not induce MPM in rodents in the absence of carcinogenic exposure to 

asbestos (Jongsma et al., 2008; Kukuyan et al., 2019). Two elegant studies developed mouse 

models for MPM and showed that tumor suppressor genes cooperate to drive the disease, with 

Jongsma et al targeting CDKN2A, NF2, and TP53 and Sementino et al TP53 and PTEN deletions 

in the pleural mesothelium (Jongsma et al., 2008; Sementino et al., 2018). The mutational 

diversity of MPM rises the need for the development of such mouse models with high penetrance 

and rapid evolution, which would genetically and histopathologically represent specific molecular 

clusters of patients and pave the path for more personalized therapeutic interventions.  

KRAS mutations in tumor cells drive malignant pleural effusion (MPE) formation, through a CCL2-

dependent signaling cascade and non-canonical NF-κB oncogenic signaling addiction, enabling 

host to tumor interaction with the recruitment of myeloid cells to the pleural cavity, and are 

actionable (Agalioti et al., 2017; Marazioti et al., 2018). RAS/MAPK signaling is activated in human 

MPM cell lines (Patel et al., 2007) and is upregulated in the TCGA cohort of MPM patients 

(Hmeljak et al., 2018). Furthermore, the GTPase KRAS interacts with TP53 signaling (Yang et 

al., 2020). Accordingly, we hypothesized that KRAS mutations drive MPM formation, possibly in 

cooperation with TP53 alterations.  

We employed the catalog of somatic mutations in cancer (Forbes et al., 2015), ten large molecular 

studies of human MPM (Bott et al., 2011; Bueno et al., 2016; De Rienzo et al., 2016; Enomoto et 

al., 2012; Guo et al., 2015; Hmeljak et al., 2018; Kato et al., 2016; Lo Iacono et al., 2015; 

Mezzapelle et al., 2013; Shukuya et al., 2014), as well as clinical cohorts (Gueugnon et al., 2011; 

Klotz, Courty, et al., 2019; Klotz, Lindner, et al., 2019; Smeele et al., 2018) and we identified a 

subgroup of MPM patients harboring KRAS point mutations, copy number alterations and 

overexpression, alone or in accomplish with Trp53 loss-of function alterations. KRAS alterations 

were found in low allelic frequency, explained by their heterozygous nature, as well as by the 

polyclonal disposition of MPM, in accordance to their sporadic occurrence in studies employing 

massive parallel sequencing approaches that lack sensitivity for low allelic frequency or read 

depth, compared with ddPCR or maximal depth sequencing (Guo et al., 2015; Jongsma et al., 

2008; Kato et al., 2016; Li et al., 2020; Menges et al., 2014; Shukuya et al., 2014). This molecular 

subset of KRAS- driven MPM patients is distinct in terms of gene expression imprints, mutational 

signatures, histology and survival. We additionally established conditional MPM mouse models 

by ectopic expression of KRASG12D in the pleural mesothelium alone, showing histological 

features of the epithelioid subtype, or in combination with Trp53 deletion, leading to a more 

aggressive progression of the disease, with biphasic histological characteristics and pleural 

effusion accumulation. Although Trp53 deletions have been ubiquitously observed in human MPM 

and are connected with poor survival (Bueno et al., 2016; Gao et al., 2013; Guo et al., 2014; Yap 

et al., 2017), its standalone conditional deletion in mouse models is not sufficient to induce MPM, 

suggesting that other addiction partners are required (Jongsma et al., 2008; Kukuyan et al., 2019). 

Our findings, in accordance with our previous studies supporting the inflammatory-promoting 

effects of KRAS in MPE (Agalioti et al., 2017; Marazioti et al., 2018), provide evidence that KRAS 

necessitates Trp53 to facilitate effusion accumulation, a clinical characteristic of the human 

disease that had not previously been reproduced in animal models. MPM cell lines derived thereof 

from these MPM tumors carry the driver KRASG12D mutation, harbor possibly secondarily-

triggered Bap1 inactivating alterations, with Bap1 being the most commonly altered gene in 
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human MPM (Bott et al., 2011; Bueno et al., 2016), show enrichment in the molecular and gene 

expression profile of the human disease, induce MPM upon pleural transplantation in mice and 

are actionable by inhibition of KRAS.  

Therefore, our study proves the presence of a distinct molecular subset of KRAS-driven MPM 

patients, establishes novel conditional mouse models of both epithelioid and biphasic subtype 

with accompanying effusion for further interrogation of KRAS implications in MPM pathogenesis, 

develops three novel MPM cell lines and identifies KRAS as an actionable target that warrants 

application in clinical trials for the development of more personalized treatment approaches for 

this previously underestimated molecular group of patients. 

 

 

 

Figure 2: Schematic representation of scenarios for missing of KRAS pathway alterations 

by next generation sequencing studies via sampling and allelic frequency bias.  

KRAS alterations, alone or in accomplice with TP53 alterations, potentially have an essential but 

underestimated tumor initiating role in MPM. The low allelic frequency of KRAS alterations due to 

their heterozygotic nature, in combination with their persistence at a subclonal level, with the 

accumulation of various secondary non-driver mutations like Bap1 or Nf2, justifies the sampling 

bias and the insensitivity of next generation sequencing studies for their detection. 
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