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Cancer ranks as a leading cause of death and is a most
important barrier to increasing life expectancy in the
world. There were estimated 19.3 million new cases and 9.6
million cancer deaths worldwide in 2020. China accounted
for 24% of newly diagnosed cases and 30% of the cancer-
related deaths worldwide in 2020 [1]. In the past decade,
tumor immunotherapy, especially the immune-checkpoint
blockade (ICB), has achieved a remarkable success. How-
ever, a majority of the patients still cannot benefit from the
immunotherapy [2]. By recircuiting immunosuppressive
cells, building up extracellular matrix and regulating the
metabolism circles, tumor cells reshape the tumor micro-
environment (TME) to be a hotbed for tumor to develop and
resist to antitumor immunity [3]. It has been a challenge to
meticulous sketch the cell-cell communication network in
TME. Currently, the genomics-based studies have made
great achievement, paving the road to understand the
complexity of TME. In the current issue, several excellent
scientists collaboratively summarize the advance of basic
cancer research from different perspectives, from cancer
metabolic reprogramming to tumor microenvironment and
novel therapies, as well as the advanced sequence tech-
nology. Although focused on distinct research fields,
most of these reviews highlight the importance of meta-
bolic reprogramming throughout cancer evolution and in
TME interactions. Metabolic reprogramming becomes an
emerging hallmark of cancer [4, 5]. In total, the progress in
understanding the “circulation language” between cancer
cells and TME will help us to finally win the war with
cancers and improve millions of patient survive.
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Genomics based approaches to
studies of cancer cells and cancer
microenvironment

Recent genomic studies of cancer have greatly advanced our
understanding of the underlining basis of this common
disease, thus having led to the improvement of cancer
treatment and public health over the past few decades. A
major force of these discoveries has relied largely on the
development of new sequencing technologies and novel
computational approaches. In this issue, we have covered
reviews in a wide range of such approaches to studies of
cancer genomics, including next generation sequencing
(NGS), third-generation sequencing (TGS), basic sequence
alignment algorithm, and genome-wide association studies
(GWAS).

The next-generation sequencing has made DNA
sequencing dramatically simpler and faster. The sequencing
process uses various platforms, such as DNA sequencing,
RNA sequencing (RNA-Seq), single-cell RNA and DNA
sequencing. To date, NGS has become a standard tool for
many basic biology as well as for clinical and agronomical
studies [6]. However, the read length in NGS data remains a
bottleneck for biological research. Chen et al. give a brief
description of NGS in cancer research, outline the limita-
tions of NGS and then present a comprehensive review of
key applications of third-generation sequencing (TGS) in
cancer research including the identification of complex
structure variation, alternatively splicing, gene fusion, and
exogenous RNA [7]. With the technical improvement in
reducing sequence errors and the development of novel
bioinformatic algorithms, TGS is becoming a complemen-
tary sequencing technology alongside with NGS in cancer
studies [8, 9].

Genomic signature profiling represented by k-mers is a
critical approach to decoding important information from
sequencing data. Existing fundamental techniques such as
sequence alignment, RNA-seq transcriptome quantifica-
tion, and microbial community profiling [10] predomi-
nantly rely on fixed-size k-mers while many research
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studies have shown the benefits of considering variable-
length k-mers. Ju et al. present a novel genomic signature
profiling approach, TahcoRoll, by extending the Aho-Corasick
algorithm for profiling variable-length k-mers [11]. This
new algorithm can potentially improve the current fixed
k-mer-based computational pipelines.

Large-scale genome-wide association studies (GWAS)
have identified hundreds of single-nucleotide poly-
morphisms (SNPs) associated with susceptibility to
common cancers [12, 13]. Wang et al., having reviewed the
major discoveries from cancer GWAS, describe method-
ologies of leveraging genetic risk factors and review the
steps for the development and evaluation of risk predic-
tion models [14].

Intratumor heterogeneity is a confirmed major cause of
treatment failure and drug resistance in cancer. Single-cell
sequencing has the advantages to addresses this issue by
identifying subpopulations of cancer cells and immune
cells within a single patient.

Metabolic reprogramming is the
key interaction between cancer
cells and tumor microenvironment

Efforts to uncover the link between tumor cell genetic
mutations and tumor progression have been ongoing for
several decades. Recently, scientists have discovered that
in addition to gene mutations, tumor progression is also
regulated by cancer microenvironment. How cancer cells
sense and respond to microenvironmental changes is still a
key question. It has been identified that cellular meta-
bolism is an important modifier of various epigenetic
modifications, such as DNA methylation, histone methyl-
ation and acetylation and RNA N6-methyladenosine (m6A)
methylation [15]. In cancer cells, metabolic reprogramming
driven by the oncogenic alterations can contribute to
altered epigenetic modifications. The metabolites can
serve as substrates, cofactors or regulators for epigenetic
enzymes, thereby leading to changes in DNA, RNA and
histone methylation and acetylation, which then promote
the development of cancer [16-18]. Wang et al. summarized
the abundance of key metabolites affected by metabolic
reprogramming plays an important role in dynamically
regulating epigenetic modifications in cancer [19]. Tan
et al. further predict that most of the cancerous behaviors
are the results of the metabolic reprogramming. Cancer
cells have simplified their cellular system by mutating and
repressing certain cell-polarity genes to revive a lost
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capability, namely cell cycle activation and progression
driven by nutrient concentrations, for survival [20].

TME is highly hierarchical, and consists of tumor cells,
endothelial cells, stromal cells and various types of immune
cells. In these tumor-infiltrating immune cells, T cells,
as well as NK cells, are tumor killing executors and
the fundamental components for cancer immunotherapy.
Increasingly more evidence has shown that myeloid cells
that infiltrate into the tumor microenvironment are impor-
tant regulator for both tumor cells and anti-tumor immune
cells [21]. A better understanding of the diversity and func-
tional roles of different myeloid cell subtypes and of how
they are associated with TME remodeling may help to
improve cancer therapy. In this issue, Shen et al. summa-
rized the biological functions and therapeutic relevance of
tumor-infiltrating myeloid cells, including tumor-associated
macrophages, dendritic cells and neutrophils [22]. Specif-
ically, they discussed how the tumor-derived factors and
metabolites reprogram myeloid cells and what the func-
tional interactions are between myeloid cells and other cells
in the tumor microenvironment [23]. Understanding of the
complexity of myeloid biology will pave the path for the
development of novel and more effective therapeutics.
A commentary in this issue further addressed the hetero-
genicity of myeloid cells. Wei et al. discussed the recent
research article in Cell, that made a pan-cancer single-cell
transcriptional atlas of human tumor-infiltrating myeloid
cells. The single-cell transcriptome work provides valuable
insights for understanding the functional heterogeneity and
exploring new therapeutic targets [24, 25].

Targeting metabolic
reprogramming for cancer therapy

Several bioenergetic metabolic pathways altered in cancer,
including glycolysis, TCA cycle, glutaminolysis and fatty
acid oxidation, have been investigated as potential drug
targets. Drugs that target a variety of metabolic processes
have been tested in preclinical cancer models [26]. Wang
et al. summarized that several drugs can directly target
metabolic enzymes, and others may have a role in inhib-
iting pathways that are crucial for supplying nutrients to
cancer cells. Furthermore, the regulation of immunome-
tabolism as a means of enhancing anti-tumor immunity is a
growing area of active research in the field of cancer ther-
apy. Shen et al. summarized that interfering with lipid
metabolism represents a particularly attractive approach
to enhancing tumor associate dendritic cells-mediated
anti-cancer immunity.
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In summary, it is now clear that metabolic reprogram-
ming plays an important role in epigenetic modifications,
thereby significantly contributing to cancer development.
The advances of cutting edge high-throughput platform
such as single-cell sequence, third-generation sequencing
and computational methods will play important roles
in completely uncovering the complexity of metabolic
reprogramming interaction in cancer cells and with their
microenvironment. Understanding these interactions will
greatly promote the development of novel and more effec-
tive cancer therapies.
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