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Malignant pleural mesothelioma (MPM) is a rare and highly aggressive disease that arises from pleural mesothelial
cells, characterized by a median survival of approximately 13—15 months after diagnosis. The primary cause of this
disease is asbestos exposure and the main issues associated with it are late diagnosis and lack of effective
therapies. Asbestos-induced cellular damage is associated with the generation of an inflammatory
microenvironment that influences and supports tumor growth, possibly in association with patients’ genetic
predisposition and tumor genomic profile. The chronic inflammatory response to asbestos fibers leads to a unique
tumor immune microenvironment (TIME) composed of a heterogeneous mixture of stromal, endothelial, and
immune cells, and relative composition and interaction among them is suggested to bear prognostic and
therapeutic implications. TIME in MPM is known to be constituted by immunosuppressive cells, such as type 2
tumor-associated macrophages and T regulatory lymphocytes, plus the expression of several immunosuppressive
factors, such as tumor-associated PD-L1. Several studies in recent years have contributed to achieve a greater
understanding of the pathogenetic mechanisms in tumor development and pathobiology of TIME, that opens the
way to new therapeutic strategies. The study of TIME is fundamental in identifying appropriate prognostic and
predictive tissue biomarkers. In the present review, we summarize the current knowledge about the pathological
characterization of TIME in MPM.
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| 1. Introduction

Malignant pleural mesothelioma (MPM) is a rare and highly aggressive disease arising from pleural mesothelial
cells. The recognized risk factors of MPM are asbestos, radiation exposure, genetic mutations, and the exposition
to Simian Virus 40, but asbestos is certainly the most relevant and most well-known cause . The overall
prognosis of advanced stage MPM is poor, with a median survival of less than 15 months [&. MPM consists of three
histological variants: epithelioid (~60% of mesotheliomas), sarcomatoid, characterized by spindle cell morphology
(~20% of mesotheliomas), and biphasic, which presents both epithelioid and sarcomatoid features (~20% of
mesotheliomas) [&l. Diagnosis of MPM relies on an integration of clinical, radiological, and pathological findings,
with histological examination being the mainstay for diagnosis and prognostication I3, Since MPM is diagnosed in
advanced stage in the majority of cases, the standard of care consists in systemic chemotherapy. However, the
standard combination of cisplatin and pemetrexed chemotherapy agents 8 prolongs the median survival time by

approximately 3 months only . In the last years, genetic studies on MPM reported a low prevalence of oncogene
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driver mutations and low tumor mutational burden, but frequent copy-number losses and recurrent somatic
mutations in oncosuppressor genes such as BAP1, NF2, and CDKN2A EIRILALLL2MAS]  ynfortunately, no targeted

therapies exploiting these alterations have emerged.

The etiopathogenetic evolution of MPM is mostly due to the generation of a tumor immune microenvironment
(TIME) as a consequence of asbestos-induced damage, that may support tumor growth, possibly in association to
genetic predisposition 241151, Over time, chronic inflammation determines an increased production of free radicals
and reactive oxygen species by inflammatory cells and/or an alteration of immunocompetent cells, resulting in a

reduction of tumor immunity 261,

The unique role of TIME in MPM development and progression still needs an accurate characterization in terms of
infiltrating cell types, expression of co-inhibitory molecules, and activation of immune pathways (e.g., INFy). As
histological examination remains the gold standard in the diagnosis of MPM, the characterization of TIME could be
crucial to visualize all cellular components and achieve a better understanding of the disease. Despite the different
biological and clinical features between pleural and peritoneal mesothelioma 17, the presence of tertiary lymphoid
structures (TLS) as a component of the host immune response was highlighted in epithelioid peritoneal
mesothelioma (EMPM), as well. However, no association between TLS-EMPM and different oncological outcomes
was found, thus suggesting that TLS would reflect an indirect mechanism of therapy resistance to drugs in EMPM

as in its pleural counterpart 18],

Given the role of TIME in MPM, the use of immune checkpoint inhibition treatment has the rationale to provide new
potential therapeutic opportunities. Indeed, the combination of monoclonal antibodies directed against programmed
cell death protein 1 (PD-1) and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) recently showed its
superiority over platinum-pemetrexed chemotherapy in a phase 3 trial 12, Notably, a greater benefit was observed
in biphasic/sarcomatoid MPM. Moreover, single-agent anti-PD-1 therapy demonstrated to significantly increase

survival as compared to best supportive care in platinum pre-treated patients 29,

Another novel potential treatment in MPM is cell therapy. Clinical trials using CAR-T cells in MPM have shown that
this potential therapy is relatively safe, but efficacy remains modest, likely due to the strong immunosuppressive
conditions in MPM microenvironment 21221 Fyrthermore, preclinical studies are ongoing in a bimodal treatment
approach consisting of dendritic cell (DC) vaccination to prime tumor-specific T cells, a strategy to reprogram the

desmoplastic microenvironment in mesothelioma and pancreatic cancer 23],

The most adequate tissue specimens for MPM pathological characterization derive from video-assisted
thoracoscopic (VATS) biopsies or pleurectomies, which are the recommended samples for complete histological
diagnosis EEIZ, The availability of large amounts of tissue allows both the definition of histological tumor features
and immune cells’ spatial distribution on routine hematoxylin-eosin slide. On these specimens, the cheapest and
fastest tool used for pathological characterization studies is immunohistochemistry (IHC), that allows to visualize
both tumor cells and microenvironment components, according to their immunophenotype and biomarker

expression (Figure 1). Despite its advantages, a limitation of chromogen-based IHC analysis is the impossibility of
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using more than one or two markers per slide. Novel and innovative multiplex immunophenotyping techniques are
in development to deeply analyze as a whole both the spatial distribution and immunophenotypic interaction of
each single cell subtype [241(25]126]

Figure 1. Pathological characterization of TIME in MPM. Histological appearance of MPM, epithelioid type (a),
Ematoxilin & eosin (100x); reticulin stain showing connective tissue around neoplastic cells (b), (100x); SMA IHC
stain showing scattered fibrocytes (c), (100x); CD3 IHC stain highlighting T lymphocytes (d), (100x); CD4 IHC
stain showing scattered T cells (e), (100x); CD8 IHC stain showing moderate T lymphocyte infiltrate (f), (100x);
CD20 IHC stain showing a small aggregate of B lymphocytes (g), (100x); CD68 IHC stain showing diffuse
macrophage infiltration (h), (100x); CD163 IHC stain showing activated TAMs (i), (100x); PD-L1 IHC stain showing
small aggregates of positive tumor cells (j), (100x); VISTA IHC stain showing moderate expression in immune cells
(k), (100x); STING IHC stain showing diffuse immune cell positivity (I), (100x). Notes: TIME: tumor immune
microenvironment; MPM: malignant pleural mesothelioma; SMA: smooth muscle actin; IHC:
immunohistochemistry; PD-L1: programmed death ligand 1; VISTA: V-domain Ig-containing suppressor of T-cell

activation; STING: STimulator of Interferon Genes.
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| 2. The Tumor Immune Microenvironment

TIME is a complex and heterogeneous mixture of stromal, endothelial, and immune cells admixed in a connective
matrix and its composition differs among individuals and histological types. In fact, studies suggest that TIME
profoundly differs between epithelioid and non-epithelioid pleural mesotheliomas: the former typically have an
immune-activated TIME with greater proportion of plasmacytoid dendritic cells (DC), CD20+ B cells, CD4+ helper T
cells, and exhausted CD8+ tumor-infiltrating lymphocytes (TILs), whereas non-epithelioid mesotheliomas have a

TIME with a larger proportion of macrophages, regulatory T cells, mesothelioma stem cells, and neutrophils 27,

In past years, the prognostic and predictive role of TIME in MPM was investigated mainly on small and
heterogeneous series, with no conclusive data due to difficulties in MPM microenvironment characterization 281291,
Moreover, qualitative and quantitative changes in tumor/stroma ratio may produce a dramatic rewiring in the MPM-
infiltrating immune cell subsets 9,

Increasing evidence suggests that analysis of gene expression or copy numbers in cancer samples helps to
understand immune cell infiltration into the tumor ME. Yoshihara et al., by means of transcription profiling, have
developed the ESTIMATE algorithm (Estimation of STromal and Immune cells in MAlignant Tumor tissues using
Expression data) to analyze the stromal and immune infiltration associated to tumor cellularity in cancer samples
811 Using gene expression data, a ‘stromal signature’, that describes the presence of stroma in tumor tissue, and
an ‘immune signature’, that represents the infiltration of immune cells, were identified. Recently, the ESTIMATE
algorithm was applied to MPM samples and the involvement of 14 immune/stromal-related genes was found to
have significant prognostic potential. In silico analyses revealed that all these genes are involved in immune
responses and may predict the survival of patients with MPM, playing also a role as biomarkers of the sensitivity to
immunotherapy 22,

Additionally, Lee and coworkers, using mass spectrometry and comprehensive analysis of intra-tumoral immune
system, described a distinct immunogenic TIME signature which was associated with favorable OS and response
to checkpoint blockade 23], The importance of understanding TIME of different MPM histotypes in relation to hypo-

fractionated radiation therapy response was recently demonstrated as well [ZZ],

| 3. Angiogenesis

The prognosis of MPM is best explained by a continuous model, which shows specific expression patterns of
genes involved in angiogenesis and immune response 241, Asbestos fibers have a direct effect on mesothelial cells,
causing the release, together with inflammatory cytokines, of vascular endothelial growth factor (VEGF), which
attracts leukocytes 35, VEGF signaling is crucial in MPM pathophysiology 28, regulating blood vessel function,
inducing tumor cell growth, and suppressing immune activation 7. VEGF also acts as a powerful mitogen for
mesothelial cells themselves. Indeed, MPM cell lines secrete VEGF-A and VEGF-C, as well as expressing both
VEGF receptors Flt-1 (VEGF-R1) and KDR (VEGFR-2) 88189 Thus, VEGF signaling can induce MPM cell growth

in an autocrine fashion. This may explain why mesothelioma cells show striking sensitivity to anti-VEGF agents, in
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addition to the more canonical role of such agents in inhibiting neo-angiogenesis. Moreover, MPM has been shown

to produce the highest levels of VEGF among solid tumors 22,

Other growth factors can also regulate migration, survival, and differentiation of endothelial cells, contributing to
neoangiogenesis, such as TGFb, EGF, angiogenin, IL-8, and platelet-derived growth factor (PDGF) 1. All this
evidence provides the rationale for the development of VEGF and angiogenesis inhibitors as a therapeutic strategy
in MPM [42],

Although there has been over a decade of intense investigation, there are still no validated biomarkers of
angiogenesis able to predict the efficacy of anti-angiogenic agents both in MPM and in other cancers 43, The
complementary LUME-Meso biomarker study has reviewed the plasma levels of 58 angiogenic factors and single-
nucleotide polymorphisms (SNPs) in genes for VEGFR1 (FLT1), and VEGFR3 (FLT4) and mesothelin (MSLN), and
assessed micro-vessel density via CD31 immunohistochemistry on archival biopsy samples. Although PFS and OS
benefits were observed in patients with low plasma endoglin and homozygous VEGFR1/3 genotypes, no

biomarkers showed any significant and conclusive association with antiangiogenic efficacy 441,

Recently, Chia and coworkers evaluated VEGF, PDGF, FGFR, and CD31 by immunohistochemistry in tissue
microarrays from 329 patients who underwent surgical resection or biopsy for MPM. They found that high CD31

density and high PDGF expression levels were associated with poor prognosis in the epithelioid MPM group 22!,

| 4. Conclusions

TIME is a challenging component with an emerging pathogenic, immunomodulatory, and growth-promoting role in
MPM. Given the relatively low mutational burden of MPM, biological events other than genetics may be critical

determinants of MPM growth and aggressiveness and could influence cells’ immune-escape.

A greater understanding of infiltrating immune cells, their role and function, and the presence of ligand or

modulatory marker expression will give a wider and better structured picture of the tumor—immune cell interplay.

References

1. Yang, H.; Testa, J.R.; Carbone, M. Mesothelioma Epidemiology, Carcinogenesis, and
Pathogenesis. Curr. Treat. Opt. Oncol. 2008, 9, 147-157.

2. Kindler, H.L.; Ismaila, N.; Armato, S.G.; Bueno, R.; Hesdorffer, M.; Jahan, T.; Jones, C.M.;
Miettinen, M.; Pass, H.; Rimner, A.; et al. Treatment of Malignant Pleural Mesothelioma: American
Society of Clinical Oncology Clinical Practice Guideline. JCO 2018, 36, 1343-1373.

3. Nicholson, A.G.; Sauter, J.L.; Nowak, A.K.; Kindler, H.L.; Gill, R.R.; Remy-Jardin, M.; Armato,
S.G.; Fernandez-Cuesta, L.; Bueno, R.; Alcala, N.; et al. EURACAN/IASLC Proposals for

https://encyclopedia.pub/entry/10647 5/9



Tumor Immune Microenvironment in MPM | Encyclopedia.pub

10.

11.

12.

13.

Updating the Histologic Classification of Pleural Mesothelioma: Towards a More Multidisciplinary
Approach. J. Thorac. Oncol. 2020, 15, 29-49.

. Opitz, I.; Scherpereel, A.; Berghmans, T.; Psallidas, I.; Glatzer, M.; Rigau, D.; Astoul, P.; B6likbas,

S.; Boyd, J.; Coolen, J.; et al. ERS/ESTS/EACTS/ESTRO Guidelines for the Management of
Malignant Pleural Mesothelioma. Eur. J. Cardio Thorac. Surg. 2020, 58, 1-24.

. Van Gerwen, M.; Alpert, N.; Wolf, A.; Ohri, N.; Lewis, E.; Rosenzweig, K.E.; Flores, R.; Taioli, E.

Prognostic Factors of Survival in Patients with Malignant Pleural Mesothelioma: An Analysis of the
National Cancer Database. Carcinogenesis 2019, 40, 529-536.

. Vogelzang, N.J.; Rusthoven, J.J.; Symanowski, J.; Denham, C.; Kaukel, E.; Ruffie, P.;

Gatzemeier, U.; Boyer, M.; Emri, S.; Manegold, C.; et al. Phase Ill Study of Pemetrexed in
Combination with Cisplatin versus Cisplatin Alone in Patients with Malignant Pleural
Mesothelioma. J. Clin. Oncol. 2003, 21, 2636—2644.

. Baas, P.; Fennell, D.; Kerr, K.M.; Van Schil, P.E.; Haas, R.L.; Peters, S. ESMO Guidelines

Committee Malignant Pleural Mesothelioma: ESMO Clinical Practice Guidelines for Diagnosis,
Treatment and Follow-Up. Ann. Oncol. 2015, 26 (Suppl. S5), v31-v39.

. Bueno, R.; Stawiski, E.W.; Goldstein, L.D.; Durinck, S.; De Rienzo, A.; Modrusan, Z.; Gnad, F.;

Nguyen, T.T.; Jaiswal, B.S.; Chirieac, L.R.; et al. Comprehensive Genomic Analysis of Malignant
Pleural Mesothelioma Identifies Recurrent Mutations, Gene Fusions and Splicing Alterations. Nat.
Genet. 2016, 48, 407-416.

. Cakiroglu, E.; Senturk, S. Genomics and Functional Genomics of Malignant Pleural

Mesothelioma. Int. J. Mol. Sci. 2020, 21, 6342.

Guo, G.; Chmielecki, J.; Goparaju, C.; Heguy, A.; Dolgalev, I.; Carbone, M.; Seepo, S.; Meyerson,
M.; Pass, H.l. Whole-Exome Sequencing Reveals Frequent Genetic Alterations in BAP1, NF2,
CDKNZ2A, and CUL1 in Malignant Pleural Mesothelioma. Cancer Res. 2015, 75, 264—269.

Hmeljak, J.; Sanchez-Vega, F.; Hoadley, K.A.; Shih, J.; Stewart, C.; Heiman, D.; Tarpey, P,
Danilova, L.; Drill, E.; Gibb, E.A.; et al. Integrative Molecular Characterization of Malignant Pleural
Mesothelioma. Cancer Discov. 2018, 8, 1548-1565.

Kang, H.C.; Kim, H.K,; Lee, S.; Mendez, P.; Kim, J.W.; Woodard, G.; Yoon, J.-H.; Jen, K.-Y.; Fang,
L.T.; Jones, K.; et al. Whole Exome and Targeted Deep Sequencing Identify Genome-Wide Allelic
Loss and Frequent SETDB1 Mutations in Malignant Pleural Mesotheliomas. Oncotarget 2016, 7,
8321-8331.

Lo lacono, M.; Monica, V.; Righi, L.; Grosso, F.; Libener, R.; Vatrano, S.; Bironzo, P.; Novello, S.;
Musmeci, L.; Volante, M.; et al. Targeted Next-Generation Sequencing of Cancer Genes in
Advanced Stage Malignant Pleural Mesothelioma: A Retrospective Study. J. Thorac. Oncol. 2015,
10, 492-499.

https://encyclopedia.pub/entry/10647 6/9



Tumor Immune Microenvironment in MPM | Encyclopedia.pub

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Bott, M.; Brevet, M.; Taylor, B.S.; Shimizu, S.; Ito, T.; Wang, L.; Creaney, J.; Lake, R.A.; Zakowski,
M.F.; Reva, B.; et al. The Nuclear Deubiquitinase BAP1 Is Commonly Inactivated by Somatic
Mutations and 3p21.1 Losses in Malignant Pleural Mesothelioma. Nat. Genet. 2011, 43, 668—672.

Testa, J.R.; Cheung, M.; Pei, J.; Below, J.E.; Tan, Y.; Sementino, E.; Cox, N.J.; Dogan, A.U.; Pass,
H.l.; Trusa, S.; et al. Germline BAP1 Mutations Predispose to Malignant Mesothelioma. Nat.
Genet. 2011, 43, 1022-1025.

Matsuzaki, H.; Maeda, M.; Lee, S.; Nishimura, Y.; Kumagai-Takei, N.; Hayashi, H.; Yamamoto, S.;
Hatayama, T.; Kojima, Y.; Tabata, R.; et al. Asbestos-Induced Cellular and Molecular Alteration of

Immunocompetent Cells and Their Relationship with Chronic Inflammation and Carcinogenesis. J.
Biomed. Biotechnol. 2012, 2012, 492608.

Kusamura, S.; Kepenekian, V.; Villeneuve, L.; Lurvink, R.J.; Govaerts, K.; De Hingh, .LH.J.T.;
Moran, B.J.; Van der Speeten, K.; Deraco, M.; Glehen, O.; et al. Peritoneal Mesothelioma:
PSOGI/EURACAN Clinical Practice Guidelines for Diagnosis, Treatment and Follow-Up. Eur. J.
Surg. Oncol. 2021, 47, 36-59.

Benzerdjeb, N.; Dartigues, P.; Kepenekian, V.; Valmary-Degano, S.; Mery, E.; Avérous, G.;
Chevallier, A.; Laverriere, M.-H.; Villa, 1.; Harou, O.; et al. Tertiary Lymphoid Structures in
Epithelioid Malignant Peritoneal Mesothelioma Are Associated with Neoadjuvant Chemotherapy,
but Not with Prognosis. Virchows Arch. 2021.

Baas, P.; Scherpereel, A.; Nowak, A.; Fujimoto, N.; Peters, S.; Tsao, A.; Mansfield, A.; Popat, S.;
Jahan, T.; Antonia, S.; et al. ID:2908 First-Line Nivolumab + Ipilimumab vs. Chemotherapy in
Unresectable Malignant Pleural Mesothelioma: CheckMate 743. J. Thorac. Oncol. 2020, 15, e42.

Fennell, D.; Ottensmeier, C.; Califano, R.; Hanna, G.; Ewings, S.; Hill, K.; Wilding, S.; Danson, S.;
Nye, M.; Steele, N.; et al. PS01.11 Nivolumab Versus Placebo in Relapsed Malignant
Mesothelioma: The CONFIRM Phase 3 Trial. J. Thorac. Oncol. 2021, 16, S62.

Castelletti, L.; Yeo, D.; van Zandwijk, N.; Rasko, J.E.J. Anti-Mesothelin CAR T Cell Therapy for
Malignant Mesothelioma. Biomark. Res. 2021, 9, 11.

Hiltbrunner, S.; Britschgi, C.; Schuberth, P.; Bankel, L.; Nguyen-Kim, T.D.L.; Gulati, P.; Weder, W.;
Opitz, I.; Lauk, O.; Caviezel, C.; et al. Local Delivery of CAR T Cells Targeting Fibroblast
Activation Protein Is Safe in Patients with Pleural Mesothelioma: First Report of FAPME, a Phase
| Clinical Trial. Ann. Oncol. 2021, 32, 120-121.

Lau, S.P.; van Montfoort, N.; Kinderman, P.; Lukkes, M.; Klaase, L.; van Nimwegen, M.; van
Gulijk, M.; Dumas, J.; Mustafa, D.A.M.; Lievense, S.L.A.; et al. Dendritic Cell Vaccination and
CD40-Agonist Combination Therapy Licenses T Cell-Dependent Antitumor Immunity in a
Pancreatic Carcinoma Murine Model. J. Immunother. Cancer 2020, 8, e000772.

https://encyclopedia.pub/entry/10647 7/9



Tumor Immune Microenvironment in MPM | Encyclopedia.pub

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Parra, E.R.; Zhai, J.; Tamegnon, A.; Zhou, N.; Pandurengan, R.K.; Barreto, C.; Jiang, M.; Rice,
D.C.; Creasy, C.; Vaporciyan, A.A.; et al. Identification of Distinct Immune Landscapes Using an
Automated Nine-Color Multiplex Immunofluorescence Staining Panel and Image Analysis in
Paraffin Tumor Tissues. Sci. Rep. 2021, 11, 4530.

lisselsteijn, M.E.; van der Breggen, R.; Farina Sarasqueta, A.; Koning, F.; de Miranda, N.F.C.C. A
40-Marker Panel for High Dimensional Characterization of Cancer Immune Microenvironments by
Imaging Mass Cytometry. Front. Immunol. 2019, 10, 2534.

Mungenast, F.; Fernando, A.; Nica, R.; Boghiu, B.; Lungu, B.; Batra, J.; Ecker, R.C. Next-
Generation Digital Histopathology of the Tumor Microenvironment. Genes 2021, 12, 538.

De Perrot, M.; Wu, L.; Cabanero, M.; Perentes, J.Y.; McKee, T.D.; Donahoe, L.; Bradbury, P,;
Kohno, M.; Chan, M.-L.; Murakami, J.; et al. Prognostic Influence of Tumor Microenvironment
after Hypofractionated Radiation and Surgery for Mesothelioma. J. Thorac. Cardiovasc. Surg.
2020, 159, 2082—-2091.e1.

Suzuki, K.; Kadota, K.; Sima, C.S.; Sadelain, M.; Rusch, V.W.; Travis, W.D.; Adusumilli, P.S.
Chronic Inflammation in Tumor Stroma Is an Independent Predictor of Prolonged Survival in
Epithelioid Malignant Pleural Mesothelioma Patients. Cancer Immunol. Immunother. 2011, 60,
1721-1728.

Ujiie, H.; Kadota, K.; Nitadori, J.-1.; Aerts, J.G.; Woo, K.M.; Sima, C.S.; Travis, W.D.; Jones, D.R,;
Krug, L.M.; Adusumilli, P.S. The Tumoral and Stromal Immune Microenvironment in Malignant
Pleural Mesothelioma: A Comprehensive Analysis Reveals Prognostic Immune Markers.
Oncoimmunology 2015, 4, €1009285.

Lievense, L.A.; Bezemer, K.; Cornelissen, R.; Kaijen-Lambers, M.E.H.; Hegmans, J.P.J.J.; Aerts,
J.G.J.V. Precision Immunotherapy; Dynamics in the Cellular Profile of Pleural Effusions in
Malignant Mesothelioma Patients. Lung Cancer 2017, 107, 36—40.

Yoshihara, K.; Shahmoradgoli, M.; Martinez, E.; Vegesna, R.; Kim, H.; Torres-Garcia, W.; Trevifio,
V.; Shen, H.; Laird, P.W.; Levine, D.A.; et al. Inferring Tumour Purity and Stromal and Immune Cell
Admixture from Expression Data. Nat. Commun. 2013, 4, 2612.

Xu, X.; Cheng, L.; Fan, Y.; Mao, W. Tumor Microenvironment-Associated Immune-Related Genes
for the Prognosis of Malignant Pleural Mesothelioma. Front. Oncol. 2020, 10, 544789.

Lee, H.-S.; Jang, H.-J.; Choi, J.M.; Zhang, J.; de Rosen, V.L.; Wheeler, T.M.; Lee, J.-S.; Tu, T.;
Jindra, P.T.; Kerman, R.H.; et al. Comprehensive Immunoproteogenomic Analyses of Malignant
Pleural Mesothelioma. JCI Insight 2018, 3.

Alcala, N.; Mangiante, L.; Le-Stang, N.; Gustafson, C.E.; Boyault, S.; Damiola, F.; Alcala, K.;
Brevet, M.; Thivolet-Bejui, F.; Blanc-Fournier, C.; et al. Redefining Malignant Pleural

https://encyclopedia.pub/entry/10647 8/9



Tumor Immune Microenvironment in MPM | Encyclopedia.pub

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Mesothelioma Types as a Continuum Uncovers Immune-Vascular Interactions. EBioMedicine
2019, 48, 191-202.

Sekido, Y. Molecular Pathogenesis of Malignant Mesothelioma. Carcinogenesis 2013, 34, 1413—
1419.

Strizzi, L.; Catalano, A.; Vianale, G.; Orecchia, S.; Casalini, A.; Tassi, G.; Puntoni, R.; Mutti, L.;
Procopio, A. Vascular Endothelial Growth Factor Is an Autocrine Growth Factor in Human
Malignant Mesothelioma. J. Pathol. 2001, 193, 468—-475.

Ellis, L.M.; Hicklin, D.J. VEGF-Targeted Therapy: Mechanisms of Anti-Tumour Activity. Nat. Rev.
Cancer 2008, 8, 579-591.

Konig, J.-E.; Tolnay, E.; Wiethege, T.; Muller, K.-M. Expression of Vascular Endothelial Growth
Factor in Diffuse Malignant Pleural Mesothelioma. Virchows Arch. 1999, 435, 8-12.

Ohta, Y.; Shridhar, V.; Bright, R.K.; Kalemkerian, G.P.; Du, W.; Carbone, M.; Watanabe, Y.; Pass,
H.l. VEGF and VEGF Type C Play an Important Role in Angiogenesis and Lymphangiogenesis in
Human Malignant Mesothelioma Tumours. Br. J. Cancer 1999, 81, 54-61.

Linder, C.; Linder, S.; Munck-Wikland, E.; Strander, H. Independent Expression of Serum
Vascular Endothelial Growth Factor (VEGF) and Basic Fibroblast Growth Factor (BFGF) in
Patients with Carcinoma and Sarcoma. Anticancer Res. 1998, 18, 2063-2068.

Antony, V.B.; Hott, J.W.; Godbey, S.W.; Holm, K. Angiogenesis in Mesotheliomas. Role of
Mesothelial Cell Derived IL-8. Chest 1996, 109, 21S-22S.

Nowak, A.K.; Brosseau, S.; Cook, A.; Zalcman, G. Antiangiogeneic Strategies in Mesothelioma.
Front. Oncol. 2020, 10, 126.

De Marinis, F.; Bria, E.; Ciardiello, F.; Crino, L.; Douillard, J.Y.; Griesinger, F.; Lambrechts, D.;
Perol, M.; Ramalingam, S.S.; Smit, E.F.; et al. International Experts Panel Meeting of the Italian
Association of Thoracic Oncology on Antiangiogenetic Drugs for Non-Small Cell Lung Cancer:
Realities and Hopes. J. Thorac. Oncol. 2016, 11, 1153-1169.

Nowak, A.; Grosso, F.; Steele, N.; Novello, S.; Popat, S.; Greillier, L.; John, T.; Leighl, N.; Reck,
M.; Pavlakis, N.; et al. MA 19.03 Nintedanib + Pemetrexed/Cisplatin in Malignant Pleural
Mesothelioma (MPM): Phase Il Biomarker Data from the LUME-Meso Study. J. Thorac. Oncol.
2017, 12, S1884.

Chia, P.L.; Russell, P.; Asadi, K.; Thapa, B.; Gebski, V.; Murone, C.; Walkiewicz, M.; Eriksson, U.;
Scott, A.M.; John, T. Analysis of Angiogenic and Stromal Biomarkers in a Large Malignant
Mesothelioma Cohort. Lung Cancer 2020, 150, 1-8.

Retrieved from https://encyclopedia.pub/entry/history/show/25237

https://encyclopedia.pub/entry/10647 9/9



