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Single-cell RNA-sequencing (scRNA-seq) is an impor-
tant technology to provide new insights into molecular
mechanisms of intra- and intercellular regulations in
special cells, defining new categories of cell types and
developing and validating new clusters of biomarkers
and targets. We are currently focused on scRNA-seq
and its role in unknown intracellular communications
and how it interacts among transcriptional networks and
signal pathways in single-cell biology, biomedicine, and
toxicology. Cell Biology and Toxicology published its
first paper related to “single cell” in 1988 to address the
development of thioguanine-resistant primary clones
from single-cell suspensions isolated from dog and hu-
man kidneys (Turker et al. 1988). The first study on
single-cell toxicology was reported in 2000 by measur-
ing the extent of DNA damage induced by herbicide in
alkaline single-cell microgel electrophoresis (Villarini
et al. 2000). From 2017, the journal started to pay special
attention to the values of single-cell measurements to
develop a better understanding of transcriptomic profiles
in cell biology using scRNA-seq, the genetic develop-
ment and molecular mechanisms of intra-clonal and
inter-clonal heterogeneity in cancer using scDNA-seq,
and the dynamic phenotypes and responses of a cell to
drugs by integrating it with morphological phenomes

and CRISPR screening (Chu et al. 2017; Wang and
Wang 2017; Wang et al. 2017). Single-cell RNA and
DNA sequencing was a key approach in uncovering the
heterogeneity andmolecular regulations in resistant cells
and circulating tumor cells, based on which a model of
the artificial intelligent single cell can be established for
clinical application. This model could help to achieve
rapid bioinformatics analyses of multiple dimensional
omics data, fast indications/suggestions in decision-
making, and efficient therapies for complex severe dis-
eases (Wang et al. 2018; Zeng et al. 2018; Zhu et al.
2018; Yin et al. 2019).

An in-depth understanding of pre-, inter-, and post-
transcriptional profiles at a cell has heralded a new era of
single-cell biomedicine. Single-cell nuclear elements are
major parts of pre-transcriptional profiles, and they are
responsible for regulating the interaction between tran-
scriptional factors, DNA elements, and genome organi-
zations and for controlling the developmental evolution
and dynamic formation of genotoxicity (Zeng et al.
2020). Single-cell gene editing (e.g., CRISPR-Cas9,
Cas9, and Cas13) can be a new strategy for defining
target-dependent molecular networks and mechanism of
cell biology and toxicology (Wang et al. 2019; Yan et al.
2019). For example, the regulation of rs2076295 in
desmoplakin expression and dysfunction responsible
for idiopathic pulmonary fibrosis was investigated in
human bronchial epithelial cells using CRISPR/Cas9
editing (e.g., regional deletion, indel, CRISPRi, and
single-base editing) with scRNA-seq (Hao et al. 2020).
Target-oriented regulations and associated networks
demonstrated cell type-specific expressions of target
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genes and its regulated genes in a clear gene-controlled
cell. Post-transcriptional profiles of the single cells are
also a critical part in single-cell biomedicine in cell
biology and toxicology (Qiao and Wang 2019; Gil
et al. 2019; Zheng et al. 2020). It is important to define
the relative abundances of protein products, post-
translational modifications, protein localization, turn-
over, protein interactions, and protein function at a
single-cell level to design proteomic profiles of body
fluids and tissues that can identify biomarkers and ther-
apeutic targets. Gene editing can be an alternative for
new therapies with the specificity and efficiency of on-
target sites. On the other hand, off-targets of various
genome editing should be emphasized for clinical ap-
plication (Wang et al. 2019; Wang and Wang 2019;
Zheng et al. 2020).

In addition to the cell type-specific expressions of
target genes, interactions, and regulations among target-
dependent network elements, scRNA-seq is a powerful
new approach to evaluate precision toxicology at a
target cell by combining multidimensional omics and
pathway analysis. Zhang et al. (2020) studied molecular
mechanisms of aflatoxin B1-induced hepatotoxicity
using scRNA-seq and discovered that the single cell
reduced representation of bisulfite sequencing and de-
fined the transcriptomic profiles of targeted cells asso-
ciated with dysfunctions (e.g., mitochondrial membrane
potential, reactive oxygen species, and DNA methyla-
tion). Recently, scRNA-seq has been widely applied for
detecting cell toxicity and response to side effects, ad-
verse effects, and serious effects of new drugs in clinical
trials and investigations. The strategy of combining
scRNA-seq with validation was used to evaluate drug
and environmental toxicity in embryonic organ system
development, organ organoid differentiation monitor-
ing, toxicity testing, and defining target-specific and/or
new differentiated cell populations to face new
challenges.

The combination of scRNA-seq and biotechnologies
is developing rapidly to address more complex systemic
mechanisms of targets. He et al. (2020) combined a deep
learning algorithm with spatial transcriptomics and his-
tology images to capture high-resolution gene expres-
sion heterogeneity in breast cancer. This important ap-
proach has great potential for clinical translation to rap-
idly analyze spatial and local alternations in target-
associated transcriptional profiles and the expressions
of genes and proteins and to increase the quality and
level of clinical molecular pathology. If spatial

transcriptomics can be integrated with location tran-
scripts for scRNA-seq, higher sequencing depths can
be achieved that can capture detailed and larger
quantities of genes while complimenting the loss of
spatial information when single cells are isolated from
the tissue. Ren et al. (2020) developed a new approach
named Cellular Spatial Organization mapper (CSOmap)
that aims to reconstruct the spatial organization of the
tissue using scRNA-seq information. Validated
CSOmap can then be used to reconstruct spatial cellular
organizations in multiple organs of human and mouse.
This is an exciting development in single-cell biomedi-
cine from scRNA-seq that can simulate cell spatial orga-
nization and interaction in the tissue/organ and a poten-
tial tool for clinical application to describe the perturba-
tion of genes or cell types in the progression of disease.
For example, CSOmap has been applied in
reconstructing the exocrine and endocrine compartments
of the pancreas from recapitulated ligand receptors, de-
tecting the difference of spatial characteristics between
human normal and fibrotic alveoli and moding the situ-
ation of immune cell interaction and intercommunication
within liver cancer, which is consistent with immunohis-
tochemical imaging of the tissue sample (Ren et al.
2020).

scRNA-seq can descr ibe more molecular
mechanisms and have more applicable values than
transcriptomic profiles. Qian et al. (2020) used
scRNA-seq with protein information to build up a pan-
cancer blueprint of stromal cell heterogeneity, character
68 stromal cell populations based on phenotypes of
genes, transcription factors, metabolic activities, and
tissue-specific expression and to describe the similarity
of intercellular and intertype heterogeneities among
cancer-associated tissues/organs. This is an example
on how to develop a more comprehensive and multidi-
mensional understanding of each subpopulation and the
characters associated and specialized with cancer types,
locations, and therapies. According to canonical corre-
lation analysis, about 70% stromal cell populations have
cancer phenotypes, e.g., 5 clusters of endothelial cells
shared between cancer types, fibroblasts with the
highest cancer type specificity, and dendritic cells with
low cancer types (Qian et al. 2020). Roider et al. (2020)
characterized the cell composition of nodal B cell lym-
phomas and lymph node-derived T cell populations as
well as gene expression signatures driving B cell het-
erogeneity using scRNA-seq and transcriptional intra-
tumor heterogeneity using multicolor flow cytometry.
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This is an outstanding example of how scRNA-seq
combined with transcriptome-informed flow cytometry
can investigate the intercellular communication and in-
teraction between T cells andmalignant B cells within the
lymph node microenvironment and the dynamic and
aggressive components of the distinct transcriptional,
genomic, and drug response profiles. Transcriptionally
distinct malignant subpopulations and subpopulation-
specific drug sensitivity were uncovered for the develop-
ment of precision medicine. These scRNA-seq-extended
combinations provide a new avenue for verifying molec-
ular mechanisms from single-cell transcriptomes and in-
tercellular communications to large subpopulations of
target cells’ shared characteristics.

Applications of scRNA-seq and its extensions are
rapidly developing and applied in new fields, e.g., to
identify the ACE2 receptor in target cells during
COVID-19 infections, establishing public servers
pooled with scRNA-seq data for deep mining of inter-
communication, developing scRNA-seq-based target-
screening system integrated with CRISPR, and creating
an intelligent single-cell mode. The terminal goal is to
apply scRNA-seq and analytic methods with other ap-
proaches for identifying target-, therapy-, disease-, and
drug response-specific subpopulations and developing
new therapies on the basis of single-cell biomedicine.
The major obstacles to reach this goal are high cost-
effectiveness, variety in clinical sample handling, lack
of efficient analyses, a slow process, and varying under-
standing of scRNA-seq among experts. scRNA-seq-
based combinations with multi-omics and trans-omics
can provide new insights in understanding molecular
mechanisms, intercellular communication, and the spe-
cific interactions of disease depending on its type, stage,
severity, and response to drugs. We hope that further
improvement and development in single-cell biomedi-
cine can help to identify new biomarkers and therapies
based on single cells.

In conclusion, it has taken decades to realize the impor-
tance of the advances in single-cell biomedicine as a new
emerging discipline in Cell Biology and Toxicology.
scRNA-seq plays critical roles in the understanding of
transcriptomic profiles, cell-cell communications, and intra-
cellular signal network regulations. scRNA-seq is also
applied for uncovering biology-based and disease-specific
biomarkers and therapeutic targets and for monitoring cell
sensitivity and responses to drugs. Here, we specially em-
phasize the importance that scRNA-seq-combined new
approaches provide multidimensional insights in the

interactions among genes, proteins, and transcriptional fac-
tors, reconstruction of cell spatial organization from isolated
single cells to cells within tissue, prediction of cells sub-
populations affected by target cells within tissue/organs,
and the assembly of an artificial intelligent cell.
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