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Introduction

The pursuit of optimal health and longevity is a long-standing
human aspiration [1, 2]. Advances in public health policies
and population medicine have significantly extended life
expectancy, which has tripled from 20–30 years a century
and a half ago. However, this has also led to an increase in
age-related diseases. As we age, stem cells, the foundation
of every organ and tissue in our body, lose their regener-
ative capacity, leading to tissue decline and age-related
diseases. Environmental conditions and disease treatments
can also negatively impact the quality of life and health
span [3].

With an aging society (e.g., China’s population of people
aged over 60 years is predicted to reach 28 % by 2040), there
is a growing need for interventions tomanage aging as a risk
factor for chronic diseases. Recent developments in the
biomarkers of aging can help identify and evaluate health
span and longevity interventions [4], potentially reshaping
the regulatory landscape for stem cell therapy, especially in
China [2]. Stem cells offer the potential to regenerate or
repair damaged tissues and organs, providing therapeutics

for various degenerative [5], autoimmune, hematological [6],
and neurodegenerative diseases, as well as organ failures
and other chronic disorders. The US Food and Drug
Administration (FDA) has recently approved a clinical trial
to test patient-derived induced pluripotent stem cells (iPSCs)
in patients with Parkinson’s disease.

A three-phase approach to stemcell research and therapy
may involve first targeting the translational aspects
(“research to target” or R2T), then moving to bedside trans-
lation to patients for clinical efficiency (“bench to bedside” or
B2B; Phase 1–3 clinical trials for clinical science and knowl-
edge), and finally clinical practice education and rational
quantitative assessment of treatment for clinical effects
(“treat to target” or T2T; Phase 3–4 clinical trials and beyond),
This approach aims to promote the remission of disease
and the ability to quantitatively increase health-/lifespan
and/or longevity, measured with differentiation-insensitive
but authentic aging-related epigenetic clocks, and to provide
optional recommendations or potential prescriptions and
formulations. Ultimately, we can move gerontology from the
bench to clinical care and health policies [7].

Stem cell medicine: updated
research highlights

We may honor and love all of our elderly and children
with the same care that we give to our own parents
and children (“老吾老以及人之老, 幼吾幼以及人之

幼”) [2]. China’s population health strategy, central to the
Healthy China 2030 agenda, includes improving the
health of the elderly and children. Chinese scientists are
investigating reproductive health, with this special issue
highlighting human stem cell models of neuropsychiatric
disorders, stem cell-derived embryo models, and stem
cell models of non-human primates for the development of
treatments for reproductive issues, neurodegenerative dis-
eases, and diabetes. Continued advancements in stem cells
and their derivatives, such as exosomes and organoids, will
lead to a deeper understanding of themechanisms of disease,
the discovery of effective drugs, novel therapeutic strate-
gies, and improved patient outcomes [8–10].
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Chemical reprogramming offers a unique opportunity to
control the fate of somatic cells and generate the desired cell
types, including pluripotent stem cells for potential medical
applications [11]. Human somatic cells chemically reprog-
rammed by activating a regeneration-like program may
provide an alternative way of producing stem cells for
clinical use. Understanding the epigenetic determinants
of stemness is crucial for fully realizing the potential of
cells reprogrammed in vitro. Landmark achievements
include growing whole models of human embryos from
stem cells without sperm or eggs [12], and hybrid em-
bryos of humans and animals. China’s research force and
its scale of funding are catching up with the United States,
but China offers more significant resources of patient
data for medical research and innovation [13].

However, a rush to the clinic is cautioned against, as
ethical issues surrounding cancer immunotherapy and
CRISPR/CAS9 genome editing have impacted cell therapy.
Chinese State Food and Drug Administration (SFDA) may
sometimes adapt policies from the FDA, focusing on data first
and renovating their own policies to suit Chinese patients and
medical research. Comparing the effects of existing treat-
ments and no treatment is crucial, with digital toolkits and
large databases of Chinese patient cohorts enabling better
precision medicine. Combining Chinese resources, biolab-
robots, and artificial intelligence (AI) offers advantages in this
field, as mentioned by the CEO of In Silico Medicine.

Many diseases result from systematic failures [14, 15]
and the aging of multiple organs rather than one [3]. The key
switches and master regulators are hubs for stem cell
medicine [16], with early warning signals of the diseases’
tipping points detecting imminent critical transitions [17].

The eight functional “R”s of “R2T”
stem cell medicine

The eight functional “R”s of “R2T” stem cell medicine are self-
Renewal, Reprogramming, Regeneration,Rejuvenation, Repair,
Reversal, Rehabilitation, and Remodeling of animal use. To
achieve the optimal human health span, thriving research
programs on stem cell medicine targeting landmark clinical
questions and longevity are essential. Some R2T examples are
the following:
(1) Ethical concerns surrounding embryonic stem cells led

Professor Shinya Yamanaka, a Nobel Prize laureate, to
focus on alternative sources of stem cells, such as
iPSCs [18].

(2) Organ-on-a-chip (organ chip) research targets the failure
of animal models to predict therapeutic responses in

humans. Organ chips are microfluidic devices lined with
living cells cultured under a fluid flow that can recapit-
ulate organ-level physiology and pathophysiology with
high fidelity. Single and multiple human organ chip sys-
temshave beenused tomodel complex diseases and inter-
organ physiology, and to reproduce human clinical re-
sponses to drugs [9]. Like organ chips, organoid technol-
ogy also aims to replace animal models [8].

Key issues, opportunities and
advances

Biosafety concerns in stem cell therapy

Despite rapid progress, stem cell therapy is surrounded by
ethical issues and risks of tumorigenesis [14–16, 18]. Stem-
cell-derived exosomes may provide similar clinical benefits
without the biosafety concerns associated with living cell
transplants. However, challenges such as large-scale
manufacturing, purification, batch-to-batch variation, and
complex cargo analysis need to be addressed for clinical
applications [10].

Large-scale manufacturing and purification
of stem cells

Stem cells offer the potential and bring demands for reversing
various diseases and conditions. Progress is being made to-
wards the clinically meaningful expansion of human he-
matopoietic stem cells (HSCs) to supply the large demand for
cells required by certain clinical applications such as gene
therapy/editing and cord blood (CB) transplantation [19].

Organoids and organ chips

There is still a gap in the field of organoids and/or organ chips
for their application in the quantitative study of aging and
longevity [8, 9]. Hopefully soon, the holistic characteristics of
humanoids may be successfully applied in patient settings
and/or longevity settings to test Traditional ChineseMedicine,
which claims to benefit many centennial villagers, (e.g., Yao
medicine in Hezhou, known as the City of Longevity).

Alternative sources

Alternative sources such as iPSCs present challenges related
to genetic and epigenetic stability. We also need to overcome
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the challenges of making mini-humanoids or “all-organs”
chips so that the use of human all-organ chips for drug
development, artificial organ-transplantation and person-
alized medicine will be thus closer to realization.

The epi/genetics, autophagy, and longevity

Research on epi/genetics, such as studies of Mi-2/NuRD [20],
mTOR as the master regulator of autophagy(a mechanism
for which Dr. Yoshinori Ohsumi was awarded 2016 Nobel

Prize in Physiology or Medicine) [21], telomere [22] and
beyond, aims to delay the aging process and prevent
age-related diseases [1, 20, 23, 24]. VitaminD receptor (Daf-12)
as an evolutionarily conserved upstream master regulator
for both Mi-2/LET-418 and mTOR/LET-363, acts as a “capac-
itor” like Hsp90 (chaperone-mediated autophagy) [25].
Detecting degeneration during the early phases of age-
related diseases could potentially stop or delay them [17],
including cancer. Potentially rejuvenating aged stem cells [26]
through combining the use of chemical molecules, such as
rapalogs, metformin, senolytics, nicotinamide riboside (NR),

Figure 1: A simplified “√”model illustrating the role of 8R/T2T stem cell medicine and cutting-edge technology in promoting optimal health span and
longevity. Tier 1: Genomic DNA (DNA repair): Key genetic elements [30] (e.g., instability, telomere shortening), highlighted in red as a key example of
negative factors. Tier 2: Epigenetics [31] and capacitors: Examples include the involvement of Mi-2/NuRD in genetics and epigenetics; mTOR [32] as a
master regulator of autophagy andmetabolism (mitochondrial dysfunction, metabolic disorders, and other negative factors); and the Vitamin D receptor
as an evolutionarily conserved upstream master regulator for both Mi-2 and mTOR, acting as a “capacitor” after sun exposure for Vitamin D. Tier 3:
Immunity and autoimmunity: Chronic inflammation and degenerative responses to stress or shock are among the major contributors to age-related
diseases and suboptimal health. Tier 4: Public health policy and population medicine [33]. The importance of a good regulatory system, natural micro-/
macro-environments, and other elements (negative factors include injury, war, poverty, pandemics such as COVID-19). Y-axis: The interaction of R2T, B2B,
and T2T strategies promotes the advancement of 8R stem cell medicine. The “treat to target” (T2T) approach has been used in various fields of medicine,
including traditional Chinese medicine (TCM) for pre-disease stages, but relies heavily on expert experience and prescriptions. The “bench to bedside”
(B2B) paradigm of translational medicine aims to transform clinical therapeutic models and advance clinical science and knowledge. In integrative
medicine, the T2T strategy tailors treatments based on specific targets within diseased cells to improve the patients’ outcomes. More recently, the focus
has shifted to exploring specific targets and pathways at a spatiotemporal multi-omics system level within diseased cells and pre-disease niches for
addressing key clinical questions for “Reserach to target” (R2T). The current T2T approach includes Phase 3–4 clinical trials,medical education, and clinical
practice to assess the clinical impacts and the healthcare-related decisions, with the goal of more effectively targeting disease, pre-disease, and
suboptimal health. Z-axis: Powerful toolkits such as induced pluripotent stem cells (iPSCs), artificial intelligence (AI), CRISPR/CAS9 genome editing,
organs-on-a-chip (OoC)/organoids, brain–computer interfacing (BCI), biolab automation and potential future derivatives such as mini-humanoids/“self-
copies” accelerate optimal health span and longevity alongside 8R/T2T stem cell medicine [34, 35].
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nicotinamide mononucleotide (NMN), histone deacetylase
(HDAC) inhibitors and exogenous stem cells [10] or stem cell
derivatives [8] and the like [9], could maximize the positive
effects of each individual component while minimizing the
side effects of drugs with the potential of “hit-and-run”
style.

Stem cell, microbiota, and longevity

A distinct gut microbiome ecology is associated with
longevity and has been implicated in the prevention of
aging-related diseases [27]. Microbiota and their metabolites
influence the fate and survival of intestinal stem cells. Fecal
microbiota transplantation from young mice rejuvenates
aged hematopoietic stem cells by suppressing inflamma-
tion [28]. Research on the gut microbiota in intestinal and
hematopoietic stem cells aging may provide insights into
therapeutic strategies for aging-related disorders [29].
Inflammaging diminishes adaptive immunity [26] and
chronic inflammation is responsible for chronic diseases
across the lifespan.

New regulatory horizons in stem
cell medicine in China

China’s 2022 R&D budget was RMB 3000 billion. To promote
translational and clinical research, cooperation by the
industry, hospitals, and academia aims to improve stem cell
medicine in basic, translational, and clinical practice.
Embracing a suitable freemarket and innovation is essential
in facing new challenges, creating new training programs,
and fostering frontiers in medical research. The SFDA may
creatively develop its own plans, directions, guidelines,
standards, and policies. Moreover, there is probably exten-
sive room for stem cell medicine and longevity research and
policies to develop in China. For example, one step is that
Hengrui Pharmaceutics HRS-1893 investigational new drug
(IND) has been recently approved as the first IND using
preclinical data based on Avatar organ-chips.

Finally, in addition to data-driven biomarkers [2],
stem cell medicine and other methods could target the
quantitative health-span and longevity after interventions,
for example, based on the abovementioned approaches and
epidemiologic surveys. A simplified formula for prolonging
lifespan includes daily sun exposure for half an hour for
Vitamin D (life span extension: 5–10 years), regular exercise
for half an hour daily with a companion (lifespan extension:
5–10 years), restricting the diet to two-thirds with sufficient

vegetables and fruits daily (life span extension: 5–10 years),
hobby with sleeping for 7 hours while abstaining from liquor
and tobacco (life span extension: 7–10 years), regular stan-
dard physical examination and stem cell therapy (still
pending for years, urgent for its effects-quantification
because of the distinct qualities and quantities), and
attention to preventing injuries. Therefore, it should be
feasible for most people to live another “extra” 10 years by
2040, which may be in China’s next new 5-year plan. Hypo-
thetically, it should not be a challenge to reach 101.

Indeed, stem cell medicine is a wonderful field for
accelerating optimal health-span by pushing the boundaries
of knowledge and collaborating across disciplines to fully
realize the potential of stem cell-based therapies and beyond
(Figure 1). However, like the Red Queen in Alice’s Looking-
Glass Wonderland, we can say: “My dear, here we must run
as fast as we can, just to stay in one place. And if you wish to
go somewhere else, you must run twice as fast”.
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