

[image: A smoking gun? Clonal expansion in response to cigarette exposure]
A smoking gun? Clonal expansion in response to cigarette exposure





OPINION

published: 03 August 2023

doi: 10.3389/fonc.2023.1252643

[image: image2]


A smoking gun? Clonal expansion in response to cigarette exposure


Daniel I. Nathan and John Mascarenhas *


Division of Hematology and Medical Oncology, Tisch Cancer Institute, Icahn School of Medicine at Mount Sinai, New York, NY, United States




Edited by: 

Claudio Sorio, University of Verona, Italy

Reviewed by: 

Rosa Ayala, Research Institute Hospital 12 de Octubre, Spain

*Correspondence: 

John Mascarenhas
 john.mascarenhas@mssm.edu


Received: 04 July 2023

Accepted: 20 July 2023

Published: 03 August 2023

Citation:
Nathan DI and Mascarenhas J (2023) A smoking gun? Clonal expansion in response to cigarette exposure. Front. Oncol. 13:1252643. doi: 10.3389/fonc.2023.1252643



Keywords: clonal hematopoeisis, JAK2 V617F, TET2 gene mutation, cigarette, ASXL1 mutations


Clonal hematopoiesis is an emerging entity of clinical and investigational  concern. In this issue of Frontiers in Oncology, Ramanathan et al. present their data suggesting that exposure to cigarette smoke promotes clonal growth of TET2 -/- and increased survival of JAK2 V617F cells. Mutations in TET2 and JAK2 are frequently observed in clonal hematopoiesis of indeterminate potential (CHIP), a phenomenon characterized by somatic mutations in hematopoietic stem and progenitor cells and associated with increased risk for myeloid malignancy, cardiovascular disease, and all-cause mortality (1, 2).

The authors further identify mechanisms which implicate inflammatory factors for clonal selection. Using a novel model for direct smoke inhalation, wild type mice were found to have increased inflammatory gene expression signatures and evidence of reactive oxidation and DNA stress in their bone marrow when exposed to cigarette smoke (CS) as compared to air. Further, the authors observed a corresponding quantitative decrease in the hematopoietic stem cell compartment, but not one that was not functionally apparent in re-population assays.

The relationship between inflammation and CHIP is well studied, with certain mutations, including TET2 and ASXL1, propagating an inflammatory milieu that provides a selective growth advantage to existing CHIP clones (3, 4). Accordingly, CHIP is also enriched in cohorts of patients with systemic inflammatory diseases including vasculitis, rheumatoid arthritis, and gout (5–7). Of interest is the connection between the phenotypes of these patients and drivers of CHIP, and whether identifying high-risk individuals from selected cohorts could prevent adverse outcomes.

The finding that genotoxic and inflammatory insults resulting from CS exposure may promote CHIP further add to the growing body of knowledge into specific environmental drivers of clonal selection. CHIP enrichment has been identified in firefighters who assisted in recovery efforts at the World Trade Center (WTC) as compared with non-WTC firefighters (8). In mice, exposure to particulate matter from the WTC site proved mutagenic in a pattern similar to that of smoking, leading to the conclusion that the mass-exposure event from the WTC clean-up, in addition to age, may have provoked the high rates of observed CHIP amongst those firefighters.

It is noteworthy that while CHIP overall has been associated with smoking, specific gene associations have been limited to variants in ASXL1. The two genes modeled in the current study, TET2 and JAK2, have not been found to be associated with smoking in large population studies from the UK BioBank and a cohort of cancer patients from Memorial Sloan Kettering Cancer Center (9, 10). A host of uncontrolled factors may be responsible for their absence in these unselected cohorts and there is still uncertainty regarding the causal nature of these findings. In one study of the UK BioBank applying Mendelian randomization analyses, smoking was not found to be causally linked to CHIP but did have an association with other structural somatic changes known as mosaic chromosomal alterations (11). However, in a separate analysis of the same cohort, smoking was found as causal for CHIP overall and for DNMT3A but not TET2 mutant clones (12). While the benefit of smoking cessation is widespread across cancer prevention, the mechanistic implications of the present study for patients with known TET2 or JAK2 V617F CHIP may be potentially meaningful. Appropriately, the authors acknowledge the clinical significance of ASXL1 CHIP with respect to smoking history and are actively exploring this connection with their models.

Currently, there are no guidelines for the surveillance or treatment of individuals with CHIP. And while there is a proliferation of clinics to monitor these individuals there is a dearth of interventions to prevent expansion of clones or progression to myeloid neoplasms. Clinical trials are underway to exploit the inflammatory dysregulation seen with CHIP in patients with somatic variants and unexplained cytopenias, a condition defined as clonal cytopenia of undetermined significance (CCUS) and of particular risk for neoplastic progression (13). So, for the time being, insight into mechanisms of clonal fitness is invaluable to develop real world best-practices for monitoring and advising these patients. Given the present findings that CS exposure facilitates the survival of clones carrying two common CHIP mutations, smoking cessation should be considered an important intervention in our scant armamentarium to prevent progression to myeloid malignancy. Further clinical investigation and prospective trials are sorely needed to build on these key findings.
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