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Editorial on the Research Topic
Multi-omics analysis in tumormicroenvironment and tumor heterogeneity

Multi-omics technologies characterize biological activities by simultaneously integrating
multiple single-modality omics methods, including the transcriptome, genome, epigenome,
epi-transcriptome, proteome, metabolome, and developing omics (single-cell omics) (Jiang
et al., 2022; Baysoy et al., 2023). A single-modality omics analysis to probe the cause of
tumors and the direction of treatment has its limitations. Recent advances in multi-omics
technology have proven to be the weapon of choice for dissecting the core mechanisms of
cancer (Chai et al., 2021). As an encouraging case, the Cancer Genome Atlas (TCGA) serves
to integrate multi-omics resources and has been successfully implemented in the analyzing of
various cancer types (Liu et al., 2018; Sanchez-Vega et al., 2018). Multi-omics approaches
also leave researchers with significant challenges. For instance, deficient necessitates
standardization to allow sufficient integration across domains and appropriate methods
for funneling complex information into clinical consequences (Hasin et al., 2017;
Akhoundova and Rubin, 2022).

The tumor microenvironment (TME) is a complex system that contains cancer cells
themselves, tumor-infiltrating immune cells, stromal cells, the extracellular matrix (ECM),
and other secreted molecules (Lei et al., 2020). Dynamic interaction of all the components of
TME contributes to malignant progression by generating heterogeneity, clonal evolution,
and enhancing multidrug resistance in tumor cells (Tiwari et al., 2022). The coordination of
several fundamental factors (such as innate immune-sensing machinery, oncogenetic
alterations, metabolism alterations, and epigenetic regulators) can modulate anti-tumor
responses by altering TME (Duan et al., 2020). Tumors could be roughly classified as cold or
hot based on the features of the TME. Hot tumors are characterized by T cell infiltration and
immune activation, presenting efficient response to immunotherapy, whereas cold tumors
characterize oppositely. Therefore, reversing non-inflamed cold tumors into hot ones to
achieve better immunotherapeutic response has emerged as a research focus (Duan et al.,
2020; Mao et al., 2022; Mei et al., 2022; Mei et al., 2023).

Growing evidence suggests that TME is a dynamic network during tumor progression or
therapeutic interventions (De Nola et al., 2021). Additionally, heterogeneity is present in
almost all solid tumors and varies geographically and temporally with tumor progression
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and therapeutic intervention (Dentro et al., 2021). Anti-tumor
immune heterogeneity is related to disease progression and
therapeutic reactivity, particularly in immunotherapy (Wang
et al., 2023). Thus, developing multi-omics profiling will enable
in-depth characterization of diversified tumor types and better
reveal their function in cancer immune escape.

It is an important research direction of precision medicine to
systematically study clinical and pathological mechanisms and
determine the best therapeutic targets through the multi-omics
analysis of the TME. Subsistent multi-omics tools can reveal the
heterogeneous composition of tumor and immune cells in the TME,
to evaluate disease progression and guide the therapeutic regimens
to each patient (Hsieh et al., 2022). Murai et al. (2023) performed
multi-omics profiling to stratify nonviral hepatocellular carcinoma
based on the TME features and identified the crosstalk between
intratumoral steatosis and the TME. It benefits for identifying
immunotherapy-susceptible hepatocellular carcinoma, providing
valuable insight into the development of precise therapy.
Moreover, pyroptosis-related gene score was explored and
combined with TME features in ovarian cancer patients to define
three pyroptosis modification patterns and TME immune
characteristics of these patterns, which can be used to develop
accurate and personalized treatment strategies for ovarian cancer
patients (Liu et al., 2022). In addition, multi-omics analysis can also
accelerate the identification of biomarkers that predict efficacy and
prognosis in multiple tumors. In the development of endometrial
carcinoma, two immune-related genes were identified to construct
the immune-related prognostic signature, which was closely
associated with the infiltration of several types of immune cells
and can predict the prognosis and therapeutic response of
endometrial carcinoma patients (Liu et al., 2021).

Despite these research papers published in this Research Topic
can provide unique insights into the application of multi-omics

analysis in the TME and tumor heterogeneity, multi-omics cancer
research still faces many challenges and difficulties. Making
standardized panels for a certain entity and clinical context is a
critical issue for many of these techniques. The most important step
in determining if newly developed multi-omics techniques can
accurately predict patient responses is prospective validation in
interventional randomized trials. Despite the long path of multi-
omics approaches to clinical use, we should retain expectations in
this field of research.
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