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Editorial on the Research Topic 
Genetic and cellular heterogeneity in tumors


Tumorigenesis is a heterogenous process, promoted not only by genetic mutations within cells, but also by the outer tissue space feeding the mutated cells - tumor microenvironment (TME). Different genetic mutations can drive tumorigenesis by perturbing distinct pathways that enable tumor occurrence (Ostroverkhova et al., 2023). TME consists of tumor cells interacting with diverse non-tumorigenic components, including immune cells, stromal cells, and other cell types, as well as extracellular matrix (Anderson and Simon, 2020). These components form a supportive niche that facilitate tumor cell survival, proliferation and metastasis (de Visser and Joyce, 2023; Li et al., 2024). The intermix of genetic diversity and TME variability leads substantial challenges for tumor treatment, as tumor cells can evade therapeutic interventions by exploiting alternative signaling pathways or adopting protective states within the TME (Vinay et al., 2015; Sun, 2016; Baghban et al., 2020; Yip and Papa, 2021). Thus, understanding tumor heterogeneity is essential for developing effective, personalized tumor treatment.
To address these challenges, numerous technologies have been developed, such as microarray, next-generation sequencing, single-cell sequencing, spatial omics, mass spectrometry, 3D cell culture systems, and advanced imaging technologies. Large-scale national projects like The Cancer Genome Atlas Program (TCGA) (Cancer Genome Atlas Research Network et al., 2013), Clinical Proteomic Tumor Analysis Consortium (CPTAC) (Ellis et al., 2013), and Human Tumor Atlas Network (HTAN) (Rozenblatt-Rosen et al., 2020) have leveraged these technologies to characterize the molecular and cellular landscape of various tumors. As the cost of these technologies decrease, more researchers conduct in-depth studies, accumulating unprecedented datasets that enhance our understanding of tumor heterogeneity and facilitate the development of personalized treatments.
The Research Topic entitled “Genetic and Cellular Heterogeneity in Tumors” focuses on characterizing the genetic mechanism or TME variations that contribute to tumor heterogeneity complicating treatments, and new techniques/methods of exploring such. Here, we gathered four articles of breast cancer or acute myeloid leukemia (AML) examining genetic alterations or cell communications within TME, and their implications with tumor invasion, metastasis, and prognosis.
Breast cancer is one of the most prevalent tumors, significantly contributing morbidity or mortality and becoming an urgent health concern (Sung et al., 2021). Triple negative breast cancer (TNBC), occupying 10%–20% of invasive breast cancer cases, is the subtype with the worst prognosis caused by the absence of targeted therapeutic options (Kumar and Aggarwal, 2016). Bone morphogenetic protein (BMP) signaling has been implicated in the progression and metastasis of breast cancer, wherein high expression BMP8A revealed to be correlated with poor survival (Katsuta et al., 2019). Sui et al. investigated the role of BMP8A in the progression of TNBC, emphasizing its involvement in bone metastasis. An elevated expression of BMP8A was observed in TNBC cohort from TCGA, corroborated by the immunohistochemical staining experiment, and expression of BMP8A was associated with patient’s reduced survival. In vitro cellular function tests conducted in TNBC cell lines, MDA-MB-231 and BT549, demonstrated that BMP8A overexpression was accompanied with cell invasion and migration. Additionally, BMP8A expression was positively correlated with markers from Epithelial-Mesenchymal Transition (EMT), a key processes facilitating tumor cell motility (Dongre and Weinberg, 2019), and Matrix Metalloproteinases (MMPs), which are thought to affect cell behaviors including tumor spread (Stamenkovic, 2003), suggesting that BMP8A may enhance invasiveness of TNBC cells by regulating EMT and MMPs. The study observed a high correlation between BMP8A expression and key biomarkers associated with bone metastases, especially the osteolytic factors of RANKL, a key component in the RANK-RANKL-OPG system that are associated with bone metabolism and mammary epithelial cell development. Taken together, Sui et al. revealed relevance of BMP8A overexpression with tumor invasiveness and bone metastasis, indicating its therapeutic potential in TNBC.
Metastatic breast cancer accounts for more than 10% of patients, which is the leading cause of death in this population (Scully et al., 2012; Esposito et al., 2021). Similar to TNBC, the reason of such high death is partly attributed to lacking targetable genetic vulnerability of metastasis. While it is believed that only a subset of genetically predisposed tumor cells metastasize, deeper insights into genetic heterogeneity benefits personalized treatment of metastatic breast cancer (Basho and Chase, 2023). Lake et al. achieve this at certain degree by combing an organoid-based breast cancer metastatic mice model with digital droplet polymerase chain reaction (ddPCR) to investigate genes whose copy number amplifications (CNA) identified to be associated with breast cancer metastasis. Their methods focused on CNA invasiveness potential of FGFR1, the most clinically mature targets identified in their analysis. They found that invasive organoids display statistically significant copy number amplification, demonstrating that higher CNA of FGFR1 correlates with organoid invasion. The organoid-ddPCR model in this study provides a robust method to capture tumor heterogeneity and evaluate therapeutic response, with significant implications on clinical practice and cancer biology.
In addition to genetic heterogeneity, variations in TME also influence breast cancer progression and treatment outcomes (Desai et al., 2024). Characterizing the interactions between distinct cells in TME may reveal the critical breast cancer vulnerabilities and provide novel diagnostic and therapeutic perspectives (Li et al., 2021). Han et al. reviewed the interplay between myeloid-derived suppressor cells (MDSCs) and platelets, as well as their effects on the breast cancer TME of immune, metabolism, and angiogenesis. MDSCs, known for one of the most effective immunosuppressive cell types, play critical roles in tumor progression and therapeutic strategy (Li et al., 2023). Tumor-associated platelets (TAPs) contribute to immune evasion and tumor spread (Chen et al., 2023). They also summarize existing preclinical and clinical studies, traditional Chinese medicine therapeutic approaches, and emerging technologies related to targeting and preventing the interaction of MDSCs with TAPs in TME, and discussed the potential mechanisms and perspective for future. Further investigation into the complexity and heterogeneity of MDSCs and side effects of antiplatelet agent is still required for effective strategy development.
Given the large impact of distinct cell types in TME onto tumor treatment, Han et al. proposed a score system called leukemic stem cells score (LSCA) to predict the prognosis of acute myeloid leukemia (AML) patient in terms of the expression-deconvoluted abundance of cells in TME. AML is the most common type of acute leukemia in adults and characterized by the immature differentiation of myeloid cells (De Kouchkovsky and Abdul-Hay, 2016). Leukemic stem cells (LSCs) are believed to be a major contributor to leukemia progression and drug resistance (Vetrie et al., 2020; Zhai and Jiang, 2022), but the influence of LSCs within TME on patient survival remains inadequately investigated. Currently single cell analysis in large scale hematologic malignancy is limited, and expression-based model to predict prognosis is prevalent. Thus, expression-based cellular deconvolution may be informative in forecasting AML prognosis. Han et al. applied an expression-based method, CIBERSORT (Newman et al., 2015), to hundreds of AML samples and inferred 9 cell-type fractions, subjected to further feature selection. Five cell types exhibiting significance of estimate coefficients, including granulocyte-monocyte progenitors (GMPs), common myeloid progenitors (CMPs), CD45RA + cells (RApos), megakaryocyte-erythrocyte progenitors (MEPs), and multipotent progenitors (MPPs), were selected to calculate the LSC activity (LSCA) score of predicting prognosis. LSCA successfully stratifies patients with distinct survival across cohorts, where patients with lower LSCA scores showed favorable clinical outcomes. The area under the curves (AUCs) analysis indicated the performance of LSCA score system was comparable to existing prognostic models, LSC17 (Ng et al., 2016), APS (Docking et al., 2021), and CTC score (Dai et al., 2021), suggesting its utility as a prognostic tool for tumor.
This Research Topic provides valuable insights into genetic-driven and TME-driven tumor heterogeneity that influence progression and therapeutic strategy in tumor. Studies on BMP8A’s role in TNBC invasiveness, FGFR1 genetic amplification in metastatic breast cancer, MDSC-platelet interactions in breast cancer TME, and the development of the TME-cell-abundance-based LSCA score for AML prognosis all underscore the importance of tumor heterogeneity in tumor research. These discoveries result from advanced development of different technologies. The rapidly evolving technologies will gain deeper insights into genetic/TME heterogeneity at a finer resolution and pave a smooth way for the next-generation of personalized effective treatment in tumor.
AUTHOR CONTRIBUTIONS
ZW: Writing–original draft, Writing–review and editing. LM: Writing–original draft, Writing–review and editing. JX: Writing–review and editing. CJ: Writing–review and editing.
FUNDING
The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.
GENERATIVE AI STATEMENT
The author(s) declare that Generative AI was used in the creation of this manuscript. The author(s) verify and take full responsibility for the use of generative AI in the preparation of this manuscript. Generative AI was used ChatGPT has been used to polish the writing. All final texts have been extensively edited and verified by the authors.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Anderson, N. M., and Simon, M. C. (2020). The tumor microenvironment. Curr. Biol. 30, R921–R925. doi:10.1016/j.cub.2020.06.081
 Baghban, R., Roshangar, L., Jahanban-Esfahlan, R., Seidi, K., Ebrahimi-Kalan, A., Jaymand, M., et al. (2020). Tumor microenvironment complexity and therapeutic implications at a glance. Cell Commun. Signal 18, 59. doi:10.1186/s12964-020-0530-4
 Basho, R., and Chase, M.-C. (2023). Genetic testing in metastatic breast cancer in the USA: a Podcast. Oncol. Ther. 11, 433–443. doi:10.1007/s40487-023-00243-6
 Cancer Genome Atlas Research Network, Weinstein, J. N., Collisson, E. A., Mills, G. B., Shaw, K. R. M., Ozenberger, B. A., et al. (2013). The cancer Genome Atlas Pan-cancer analysis project. Nat. Genet. 45, 1113–1120. doi:10.1038/ng.2764
 Chen, L., Zhu, C., Pan, F., Chen, Y., Xiong, L., Li, Y., et al. (2023). Platelets in the tumor microenvironment and their biological effects on cancer hallmarks. Front. Oncol. 13, 1121401. doi:10.3389/fonc.2023.1121401
 Dai, C., Chen, M., Wang, C., and Hao, X. (2021). Deconvolution of Bulk gene expression profiles with single-cell Transcriptomics to Develop a cell type Composition-based prognostic model for acute myeloid leukemia. Front. Cell Dev. Biol. 9, 762260. doi:10.3389/fcell.2021.762260
 De Kouchkovsky, I., and Abdul-Hay, M. (2016). Acute myeloid leukemia: a comprehensive review and 2016 update. Blood Cancer J. 6, e441. doi:10.1038/bcj.2016.50
 Desai, S. A., Patel, V. P., Bhosle, K. P., Nagare, S. D., and Thombare, K. C. (2024). The tumor microenvironment: shaping cancer progression and treatment response. J. Chemother. , 1–30. doi:10.1080/1120009X.2023.2300224
 de Visser, K. E., and Joyce, J. A. (2023). The evolving tumor microenvironment: from cancer initiation to metastatic outgrowth. Cancer Cell 41, 374–403. doi:10.1016/j.ccell.2023.02.016
 Docking, T. R., Parker, J. D. K., Jädersten, M., Duns, G., Chang, L., Jiang, J., et al. (2021). A clinical transcriptome approach to patient stratification and therapy selection in acute myeloid leukemia. Nat. Commun. 12, 2474. doi:10.1038/s41467-021-22625-y
 Dongre, A., and Weinberg, R. A. (2019). New insights into the mechanisms of epithelial-mesenchymal transition and implications for cancer. Nat. Rev. Mol. Cell Biol. 20, 69–84. doi:10.1038/s41580-018-0080-4
 Ellis, M. J., Gillette, M., Carr, S. A., Paulovich, A. G., Smith, R. D., Rodland, K. K., et al. (2013). Connecting genomic alterations to cancer biology with proteomics: the NCI clinical Proteomic tumor analysis Consortium. Cancer Discov. 3, 1108–1112. doi:10.1158/2159-8290.CD-13-0219
 Esposito, M., Ganesan, S., and Kang, Y. (2021). Emerging strategies for treating metastasis. Nat. Cancer 2, 258–270. doi:10.1038/s43018-021-00181-0
 Katsuta, E., Maawy, A. A., Yan, L., and Takabe, K. (2019). High expression of bone morphogenetic protein (BMP) 6 and BMP7 are associated with higher immune cell infiltration and better survival in estrogen receptor-positive breast cancer. Oncol. Rep. 42, 1413–1421. doi:10.3892/or.2019.7275
 Kumar, P., and Aggarwal, R. (2016). An overview of triple-negative breast cancer. Arch. Gynecol. Obstet. 293, 247–269. doi:10.1007/s00404-015-3859-y
 Li, J. J., Tsang, J. Y., and Tse, G. M. (2021). Tumor microenvironment in breast cancer-updates on therapeutic implications and pathologic assessment. Cancers Basel 13, 4233. doi:10.3390/cancers13164233
 Li, L., Li, M., and Jia, Q. (2023). Myeloid-derived suppressor cells: key immunosuppressive regulators and therapeutic targets in cancer. Pathol. Res. Pract. 248, 154711. doi:10.1016/j.prp.2023.154711
 Li, Z., Li, J., Bai, X., Huang, X., and Wang, Q. (2024). Tumor microenvironment as a complex milieu driving cancer progression: a mini review. Clin. Transl. Oncol. doi:10.1007/s12094-024-03697-w
 Newman, A. M., Liu, C. L., Green, M. R., Gentles, A. J., Feng, W., Xu, Y., et al. (2015). Robust enumeration of cell subsets from tissue expression profiles. Nat. Methods 12, 453–457. doi:10.1038/nmeth.3337
 Ng, S. W. K., Mitchell, A., Kennedy, J. A., Chen, W. C., McLeod, J., Ibrahimova, N., et al. (2016). A 17-gene stemness score for rapid determination of risk in acute leukaemia. Nature 540, 433–437. doi:10.1038/nature20598
 Ostroverkhova, D., Przytycka, T. M., and Panchenko, A. R. (2023). Cancer driver mutations: predictions and reality. Trends Mol. Med. 29, 554–566. doi:10.1016/j.molmed.2023.03.007
 Rozenblatt-Rosen, O., Regev, A., Oberdoerffer, P., Nawy, T., Hupalowska, A., Rood, J. E., et al. (2020). The human tumor Atlas Network: charting tumor transitions across space and time at single-cell resolution. Cell 181, 236–249. doi:10.1016/j.cell.2020.03.053
 Scully, O. J., Bay, B.-H., Yip, G., and Yu, Y. (2012). Breast cancer metastasis. Cancer Genomics Proteomics 9, 311–320.
 Stamenkovic, I. (2003). Extracellular matrix remodelling: the role of matrix metalloproteinases. J. Pathol. 200, 448–464. doi:10.1002/path.1400
 Sun, Y. (2016). Tumor microenvironment and cancer therapy resistance. Cancer Lett. 380, 205–215. doi:10.1016/j.canlet.2015.07.044
 Sung, H., Ferlay, J., Siegel, R. L., Laversanne, M., Soerjomataram, I., Jemal, A., et al. (2021). Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 71, 209–249. doi:10.3322/caac.21660
 Vetrie, D., Helgason, G. V., and Copland, M. (2020). The leukaemia stem cell: similarities, differences and clinical prospects in CML and AML. Nat. Rev. Cancer 20, 158–173. doi:10.1038/s41568-019-0230-9
 Vinay, D. S., Ryan, E. P., Pawelec, G., Talib, W. H., Stagg, J., Elkord, E., et al. (2015). Immune evasion in cancer: mechanistic basis and therapeutic strategies. Semin. Cancer Biol. 35 (1), S185–S198. doi:10.1016/j.semcancer.2015.03.004
 Yip, H. Y. K., and Papa, A. (2021). Signaling pathways in cancer: therapeutic targets, combinatorial treatments, and new developments. Cells 10, 659. doi:10.3390/cells10030659
 Zhai, X., and Jiang, X. (2022). Properties of leukemic stem cells in regulating drug resistance in acute and thronic myeloid leukemias. Biomedicines 10, 1841. doi:10.3390/biomedicines10081841
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Wang, Ma, Xu and Jiang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.




OPS/images/crossmark.jpg
©

|





OPS/xhtml/nav.xhtml
Contents

		Cover

		Editorial: Genetic and cellular heterogeneity in tumors		Author contributions

		Funding

		Generative AI statement

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiers in Cell and Developmental Biology

Editorial: Genetic and cellular
heterogeneity in tumors





OPS/images/logo.jpg
, frontiers ‘ Frontiers in Cell and Developmental Biology





