
SPECIAL TOPIC: Tissue stem cell research December 2021 Vol.64 No.12: 1995–1997
•EDITORIAL• https://doi.org/10.1007/s11427-021-2012-1

Preface to the special topic on tissue stem cell research
Jinsong Li1,2* & Yi Arial Zeng1,2*

1State Key Laboratory of Cell Biology, Shanghai Institute of Biochemistry and Cell Biology, CAS Center for Excellence in Molecular Cell
Science, Chinese Academy of Sciences, Shanghai 200031, China;

2School of Life Science, Hangzhou Institute for Advanced Study, University of Chinese Academy of Sciences, Chinese Academy of Sciences,
Hangzhou 310024, China

Received October 23, 2021; published online November 30, 2021

Citation: Li, J., and Zeng, Y.A. (2021). Preface to the special topic on tissue stem cell research. Sci China Life Sci 64, 1995–1997. https://doi.org/10.1007/
s11427-021-2012-1

Stem cells have the ability to self-renew, divide for a long
period of time, and differentiate into specialized cells with
distinct functions. Scientists are hopeful that, in the future,
stem cells will be used to cure a wide range of diseases and
traumatic injuries with some application of cell therapy.
Currently, donated organs and tissues are used to replace lost
or damaged tissue in many disorders. However, we do not
have enough organs. How can we resolve the cell limitation
and provide a solution that could help more patients not just
to select few? The great regenerative potential of stem cells
has created intense research interest. Patient-originated stem
cell-based cell replacement therapy has become a new pillar
of human medicine (Fischbach et al., 2013). Especially,
through combining with CRISPR-Cas9-mediated gene cor-
rections or modifications, it enables personalized treatment
of genetic disorders (Yan and Li, 2020) or derivation of next-
generation of stem cells with enhanced features and func-
tionalities for treatment of intractable diseases, such as tu-
mors (Kimbrel and Lanza, 2020). There are two kinds of
patient-originated stem cells, i.e., pluripotent stem cells
(PSCs) and naturally occurring tissue stem cells (also re-
ferred to as adult stem cells). Induced PSCs (iPSCs) can be
readily derived from patient’s somatic cells through transient
overexpression of Yamanaka factors. However, genetic in-
stability occurs during nuclear reprogramming induced by

Yamanaka factors (Jiang et al., 2013), resulting in cells with
genetic defects that may cause tumorigenesis. Meanwhile,
somatic cell nuclear transfer can be also used to generate
nuclear transfer embryonic stem cells (ntESCs) from pa-
tients. However, the low efficiency of ntESC generation and
the ethical concerns on destroying human embryos are two
bottlenecks of its application. In contrast, tissue stem cells
(TSCs) that sustain multipotent or unipotent are less tu-
morigenicity. TSCs are rare, undifferentiated cells present in
many adult tissues. The primary role of TSCs is to differ-
entiate into functional somatic cells to maintain and repair
the tissue in which they reside (Fuchs and Blau, 2020).
Therefore, TSCs if can be isolated and stably maintained in
vitro can be theoretically safer cell resources for therapeutic
applications. However, major challenges for developing
therapies based on TSCs are whether the specific tissues/
organs have TSCs and how to harvest and culture them in
vitro. With the application of advanced technologies, such as
single-cell RNA sequencing (scRNA-seq), next-generation
lineage tracing, live tissue imaging, organoid culture, and
CRISPR-Cas9-mediated genome-editing, a couple of new
TSCs have been identified and expanded in vitro in recent
years.
In the past two decades, with the continuous funding

support from the Chinese Academy of Sciences (CAS), the
National Natural Science Foundation (NSFC), and the
Ministry of Science and Technology (MOST) on the fields of
stem cell and development (Yao et al., 2013), Chinese sci-
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entists have played a significant role in promoting the de-
velopment of the TSC field by making enormous achieve-
ments, especially in the last five years. To reflect the recent
advances in TSC field in China, we present our readers the
specific topic on “tissue stem cell research” with five high-
quality, peer-reviewed articles, including four reviews and
one original research article.
Identification, validation, isolation, and expansion of TSCs

are the first steps of their clinical applications. In a com-
prehensive review article by Ye-Guang Chen, Dong Gao,
Ping Hu, Lijina Hui, Xiaoqun Wang, Yi Zeng and colleagues
discussed the recent progress in TSCs from various tissues,
including the brain, muscle, liver, pancreatic islet, intestine,
and prostate (Fu et al., 2021). ScRNA-seq has been em-
ployed in all these tissues/organs for deciphering cellular
heterogeneity and uncovering rare cell types including TSCs,
such as two recent reports on the identification of pancreatic
islet TSCs and prostate TSCs respectively (Guo et al., 2020;
Wang et al., 2020). Further validation of their stemness in
vivo was analyzed by linage tracing strategies along with the
generation of various genetic mouse models. Importantly, the
use of organoid culture has enabled long-term maintenance
of adult TSCs from the pancreas and prostate in vitro.
Meanwhile, long-term expansion of mouse muscle stem cells
(MuSCs) in vitro has been successfully achieved by mi-
micking the endogenous microenvironment of muscle injury
that inflammation signals and myofiber necroptosis releases
factors to activate MuSCs for muscle regeneration (Fu et al.,
2015; Zhou et al., 2020). The adult lung is one of the most
highly stressed organs in our body due to its function of gas
exchange between the blood and the external environment.
Thus, it is critical to maintain the lung’s homeostasis. The
review article by Yanxiao Wang and Nan Tang provides an
overview of the known TSCs/progenitor cells, their sub-
populations, and the regulatory networks to maintain their
stemness and differentiation potentials in different regions of
the adult lung under certain physiological and pathological
conditions (Wang and Tang, 2021). Although the micro-
environment of TSCs is dramatically different among tis-
sues/organs, TSCs sustain similar paradigms regarding their
physiological features. The review article by Tao Cheng and
colleagues describes a “SMART” model to delineate the key
characteristics of TSCs, including self-renewal, multi-line-
age differentiation, apoptosis, rest, and trafficking, based on
the knowledge of hematopoietic stem cells (HSCs) (Yuan et
al., 2021), which may be used to speculate on the physio-
logical relevance of TSCs in other tissues/organs. HSCs with
adult-reconstituting multilineage potential are believed to
originate from both intraembryonic and extraembryonic re-
gions. While the intraembryonic origin of HSCs is well
supported by a large number of studies, the extraembryonic
yolk sac (YS) origin of HSCs remains controversial. The
research article by Yu Lan and colleagues reports that YS-

originated endothelial cells sustain the HSC potential by
showing short-term myeloid and lymphoid lineage re-
populating capacity after transplantation into recipient mice
(Wang et al., 2021). Obviously, advanced technologies such
as genetic lineage tracing contribute greatly to the recent
advances in TSC field. Genetic lineage tracing can accu-
rately track cell movement, proliferation, differentiation, and
cell fate switching in vivo, thus enabling deciphering the cell
fate of TSCs during development, tissue/organ repair, and
regeneration. The technology review article by Bin Zhou and
colleagues describe the overview of the cell lineage tracing
methods and summarize the next-generation lineage tracing
strategy established based on dual recombinases that can be
used to study TSC origin and fate in vivo with improved both
the resolution and precision (Jin et al., 2021).
The scientific advances in TSC field in China greatly

benefit from the rapid progress of new technologies and
stably increased funding support on basic research during the
past years. With these achievements, we are optimistic and
confident that the successful trend of TSC research will
continue for the next decades in not only basic research but
also translational research, which will greatly promote
therapeutic applications of TSCs. Finally, as the guest edi-
tors, we would like to greatly appreciate all the authors, re-
viewers, and also the editorial staff of SCLS for their
contributions to make this special topic possible. We hope
that this special topic will receive broad attention from the
researchers and will contribute to the growth of TSC biology
in years to come.
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