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the success of cellular therapies relies on recapitulating 
or leveraging the intrinsic behavior of stem cells within 
the body—engraftment, proliferation, and differentiation. 
More recently, transplantation of stem cells has also been 
seen to have therapeutic efficacy via paracrine mecha-
nisms of action and by modulation of inflammation and 
the immune system. Whether rebuilding immunity via 
HSCT, eradicating cancer with CAR-T cells, regenerat-
ing skin with keratinocytes, establishing pregnancy with 
embryos, or pursuing new strategies such as hepatocyte 
progenitor transplantation for liver failure, the common 
mechanism remains the same. Future advances must 
address hurdles in safety, scalability, immune manage-
ment, and manufacturing to fully realize the transforma-
tive promise of regenerative medicine.

“Stem cell research and therapy” offers new hope for 
patients suffering from diseases that cannot be cured 
with conventional medicine. Neurodegenerative disor-
ders (like Alzheimer’s and Parkinson’s disease), chronic 
organ failures (such as heart failure and liver cirrhosis), 
complex autoimmune disorders (such as multiple scle-
rosis, scleroderma), pediatric conditions (such as cere-
bral palsy, autism spectrum disorder, spinal muscular 
atrophy), age-related disabilities (such as osteoarthritis), 
and certain genetic disorders are among the incurable 
diseases. These diseases impose persistent challenges for 
health care system worldwide. Additionally, these dis-
eases place a significant emotional, physical and financial 
burden on patients and their families. Existing medi-
cal approaches only focus on the management of symp-
toms and slow disease progression through conventional 
medication. These approaches, however, rarely reverse 
the disease process and often provide only temporary 
relief, leaving patients and their families still searching 
for better options. With a global aging demographic, 

Today – October 8, 2025, marks Stem Cell Awareness Day 
– a significant occasion proudly celebrated by the Edito-
rial Board of Stem Cell Research & Therapy. This Editorial, 
authored by members of our Board, highlights the criti-
cal importance of stem cell research and its broad impact 
across medical disciplines.

Medical fields not formally labeled as “cell therapy” 
share the same underlying principle. Hematopoietic stem 
cell transplantation (HSCT) stands as the prototypi-
cal success of cell therapy. Its effectiveness rests on the 
remarkable ability of donor-derived stem cells to engraft, 
self-renew, and reconstitute the immune and hemato-
poietic systems after intensive conditioning. Likewise, 
reproductive medicine relies on transferring a totipotent 
fertilized egg into the maternal uterus to establish preg-
nancy. This represents a form of cellular transplantation 
harnessing maximal developmental potential. In addi-
tion, epidermal cell sheets represent one of the oldest 
and most widespread applications of regenerative medi-
cine. In burns, vitiligo, genetic diseases, and trauma care, 
autologous or allogeneic epidermal cell sheets provide 
wound coverage, reduce infection, and accelerate heal-
ing. Their success depends on cell engraftment, pro-
liferation, and integration with host tissue. Decades of 
clinical experience affirm both their potential and the 
necessity of strict manufacturing standards, consistent 
quality control, and long-term safety monitoring. Across 
these diverse examples, one unifying principle emerges: 
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these chronic conditions are becoming even more com-
mon, adding to the pressure on individuals and health-
care systems alike. In response to this growing challenge, 
stem cell-based therapy and regenerative medicine has 
emerged as one of the most promising next-generation 
approaches in contemporary medicine. Stem cell-based 
therapies offer the potential to repair, replace, or regen-
erate damaged tissues and restore normal physiological 
function at the cellular level [1].

Stem cells possess two defining characteristics, i.e. 
self-renewal (the ability to divide and produce identical 
copies of themselves) and differentiation (the ability to 
differentiate into specialized cell types). These character-
istics make stem cells promising candidates for the repair 
and regeneration of damaged tissues and organs. The 
self-renewal as well as differentiation potential is, how-
ever, not the same for all types of stem cells, and depends 
largely on two factors: (1) their source, and (2) their stage 
of development. Embryonic stem cells (ESCs) are plu-
ripotent, which means that they can differentiate into all 
types of cells in the body, including those of the ectoderm 
(e.g., skin and neurons), mesoderm (e.g., muscle and 
blood), and endoderm (e.g., liver and pancreas) [2]. This 
makes ESCs the most promising for research and thera-
peutic applications; however, their use is associated with 
serious ethical, regulatory and safety concerns. Adult 
(or somatic) stem cells, such as hematopoietic stem cells 
(HSCs, found in bone marrow) and mesenchymal stem 
cells (MSCs, found in various adult tissues such as bone 
marrow, adipose tissue, dental pulp, etc.), have a more 
limited proliferative and differentiation capacity. They are 
typically multipotent, meaning they can differentiate into 
a limited range of cell types related to their tissue of ori-
gin. Induced pluripotent stem cells (iPSCs) are adult cells 
that have been genetically reprogrammed to behave like 
ESCs. iPSCs, like ESCs, are also pluripotent and capa-
ble of giving rise to any cell type in the body, offering a 
promising alternative for personalized medicine without 
the ethical concerns associated with embryonic sources, 
although potential tumorigenicity concerns remain.

Due to their dynamic and adaptive therapeutic proper-
ties, stem cells are considered “living drugs”. Unlike con-
ventional medicines, which are typically derived from 
chemical or biological compounds, living drugs such as 
stem cells are derived from living tissues and are adminis-
tered to patients as viable and functional cells. The effects 
of conventional medicine (if available for a disease) are 
often temporary, whereas living drugs can become part of 
the damaged tissues and organs, exerting longer-lasting 
effects. Additionally, conventional drugs must be admin-
istered repeatedly, while a single dose of a living drug 
may have a profound and sustained impact. The life cycle 
of a conventional drug includes absorption (entry into 
blood stream), distribution (transport to target tissue), 

metabolism (breakdown, typically in the liver) and excre-
tion (elimination from body). However, living drugs are 
not readily excreted from the body. After transplantation, 
they tend to home to the injury site and integrate into the 
tissues where they actively contribute to the repair and 
regeneration of damaged body parts (Fig. 1), although in 
some cases, stem cells have been observed to not remain 
at the diseased tissue site and thus exert their therapeutic 
effects transiently or remotely via paracrine mechanisms 
[3].

Stem cells have the unique ability to sense the signals 
from the injured and diseased tissues, respond to envi-
ronmental cues, and adapt to the biological microen-
vironment in which they reside. Stem cells exert their 
therapeutic effects through a combination of mecha-
nisms, including differentiation into specific cell types, 
paracrine signaling, immunomodulation, homing and 
migration to the injury sites, tissue integration as well 
as anti-apoptosis and anti-fibrotic actions [4]. Table  1 
shows these key mechanisms, highlighting their pri-
mary functions along with relevant examples and clinical 
applications.

Following are just a few examples of how stem cells 
have the potential to revolutionize the field of regenera-
tive medicine by providing cure for currently incurable 
diseases. These examples use stem cells as experimental 
medicine as the approaches are currently under evalu-
ation. Recent studies show that patients with multiple 
sclerosis who fail to respond to conventional therapy 
can be treated using HSC therapy. HSC transplantation 
in these patients reboots the immune system, halting 
disease progression or even reversing some neurologi-
cal damage. The potential for stem cell therapy has also 
been explored to make insulin-producing β cells, poten-
tially freeing diabetic patients from insulin injections. 
This treatment will potentially reduce or even eliminate 
the need for lifelong insulin injections. Interestingly, early 
results from clinical trials launched by some biotech 
companies show the efficacy of encapsulated β-cells in 
sustained insulin production. In cardiology, injections of 
stem cells to patients with heart failure are being studied 
to repair damaged myocardium that was once believed to 
be beyond repair. Studies have reported improvements 
in heart function, reduced scar size, and increased qual-
ity of life following such therapies. Exciting advances in 
clinical trials of spinal cord injury treatment using stem 
cells also have enormous potential. Stem cells derived 
from embryonic tissue or umbilical cord blood, are being 
used in clinical trials to help paralyzed patients regain 
some degree of movement. Progress is also being made 
in treating Parkinson’s disease, where pluripotent stem 
cell derived dopaminergic neurons are transplanted into 
the brains of patients. There is new hope for long-term 
illness management as early-phase trials in Europe and 
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Japan have revealed positive evidence of dopaminer-
gic repair and motor improvement. Stem cells are also 
being explored in the repair of damaged retinal pig-
ment epithelium in the treatment of age-related macular 

degeneration. Additionally, researchers are developing 
liver organoids using stem cells for application in the 
treatment of patients with end-stage liver failure to pos-
sibly lessen their reliance on liver transplants. MSC 

Fig. 1  Stem cells as a living drug (top). A comparison between the life cycles of living drugs (like stem cells) and conventional drugs (chemical or bio-
logical compounds) (below). Traditional medicines have a defined life cycle that involves absorption into the bloodstream, distribution throughout the 
body, metabolism (often in the liver), and ultimately excretion from the body. On the other hand, living drugs like stem cells are administered as viable, 
functional cells. After entering the body, they tend to home to the site of injury and become a part of the damaged tissue. They regenerate the damaged 
organs and tissue by differentiating into specific cell types and by secreting bioactive molecules that promote long-term repair and regeneration

 



Page 4 of 5Choudhery and Umezawa Stem Cell Research & Therapy          (2025) 16:482 

injections are also being tested in the treatment of the 
age-associated degenerative joint disease, osteoarthri-
tis, to lessen inflammation and promote cartilage regen-
eration, providing a potential alternative to invasive joint 
replacement surgery. These early outcomes of stem cell 
based therapeutic trials are not simply encouraging but 
have the potential to be revolutionary, even if there is still 
more to be done and not all stem cell therapies have fully 
entered clinical use [5]. Figure 2 shows that stem cells are 
emerging as intelligent therapeutic agents, demonstrat-
ing the ability to adapt and respond to changes within 
their microenvironment. The dynamic responsiveness to 

local cues allows stem cells to play a key role in targeted 
therapies and tissue regeneration.

Interestingly, other approaches, although not tradition-
ally classified as " (stem) cell therapy” in regulatory con-
texts, are operated on the same biological principles, i.e. 
survival, proliferation, integration and proper function 
of (stem or progenitor) cells. One prominent example is 
reproductive medicine where fertilized embryos (toti-
potent stem cells) are implanted to initiate pregnancy. 
Similarly, in dermatology and burn care, skin grafting 
and cultured epidermal cell sheets represent the earliest 
and most widespread regenerative medicine applications. 
Other examples include bone marrow transplantation, 
widely used to restore immune function after chemo-
therapy or in genetic blood disorders; CAR-T cell ther-
apy, where genetically engineered T-cells are designed 
to identify and destroy cancer cells; adipose tissue in dif-
ferent forms (such as macrofat, microfat, nanofat etc.) in 
aesthetic and reconstructive medicine; corneal transplan-
tation for restoration of eyesight; and ACI (autologous 
chondrocyte implantation), which uses the patient’s own 
chondrocytes (cartilage cells) for cartilage repair in pro-
cedure that which uses the patient’s own chondrocytes 
(cartilage cells) to fix damaged knee cartilage etc.

The data from preclinical and clinical studies show that 
stem cell therapies are promising and can improve func-
tion and quality of patient life. These findings support the 
idea of the use of stem cells as “living drugs.” However, 
stem cell applications as living drugs are not without 

Table 1  Various mechanisms by which stem cells exert their 
therapeutic effects
Mechanism Primary function Example of diseases
Differentiation Replace lost or dam-

aged cells in organs
Parkinson’s, spinal cord 
injury, osteoarthritis

Paracrine signaling Promote healing 
and repair through 
secreted factors

Heart failure, wound 
healing

Immunomodulation Control autoimmune 
and inflammatory 
responses

Multiple sclerosis, 
Crohn’s disease

Homing & Migration Travel to site of injury Rheumatoid arthritis, 
stroke

Engraftment & 
Integration

Functional integration 
into tissue

Retinal diseases, 
diabetes

Anti-apoptotic & 
Anti-fibrotic

Reduce cell death and 
scarring

Liver disease, pulmo-
nary fibrosis

Fig. 2  Stem cells as intelligent therapeutic agents, capable of dynamically responding to their microenvironment
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limitations and pose challenges such as ethical concerns, 
regulatory hurdles, immune rejection, risks like uncon-
trolled cell growth, standardization, delivery methods 
and long-term safety [6]. The functional properties of 
stem cells can also vary significantly depending on the 
tissue source, donor age and health status as well as pro-
tocols used for their production. These differences com-
promise the potency, consistency, clinical reproducibility 
and standardization of cell-based therapy. iPSC tech-
nology as well as other evolving regulatory frameworks 
offer some hope; however, issues like high costs, complex 
manufacturing, potential tumorigenicity, and limited 
accessibility remain to be resolved. Additional challenges 
include stem cell delivery routes and survival of trans-
planted cells. To cope with the hostile biological environ-
ment of injured or diseased tissue, strategies to enhance 
the survival of cells, and their homing and integration 
into appropriate tissues will need to be optimized.

The increasing problem of quackery and false infor-
mation about stem cell treatments is another significant 
issue that needs to be addressed. Some unregulated facil-
ities and so-called stem cell experts are taking advantage 
of vulnerable patients. They are not only charging outra-
geous prices and making misleading claims of efficacy 
but also offer untested treatments which give false hope. 
These unethical practices cast a dark shadow over the 
entire field by putting patients in danger as well as under-
mining public confidence. Consequently, they add to the 
increasing suspicion and negativity over what is other-
wise a promising field of medicine with the potential to 
be transformative.

Stem cell-based treatments raise concerns as well as 
hope because it is difficult to make accurate conclusions 
regarding safety or efficacy, due primarily to the lack of 
standardization procedures from data collection to out-
come evaluation. Access to stem cell therapies is glob-
ally unequal, which presents another challenge. While 
wealthier nations are at the forefront of discovery and 
clinical applications, low- and middle-income countries 
have challenges in infrastructure, knowledge, and regu-
latory capacity. The implementation of equitable dis-
tribution strategies and international collaborations is 
essential to ensure equity. Notwithstanding these chal-
lenges, stem cells represent a promising area of contem-
porary medicine. The list of diseases that once believed to 
be “incurable” is getting shorter with every new discovery 
in the field.

In conclusion, although much research and discovery 
remain, the rapidly emerging findings of stem cell ther-
apy are not just hopeful but are revolutionary. Not only 
do stem cells have the potential to extend and improve 

the quality of life, but they have completely altered our 
knowledge, approach and potential for making deci-
sions about disease treatment. The idea of stem cells as 
“living drugs” has shifted the focus from chemical drugs 
to living cells. Instead of just managing symptoms, stem 
cells represent potentially disease-modifying therapies 
that aim to actively repair and regenerate tissues. Stem 
cell research and therapy is therefore the future of per-
sonalized, targeted and potentially curative treatments. 
The word “incurable” was once considered synonymous 
with dejection. Better understanding and advancements 
in the field of stem cells will potentially shorten the list 
of incurable diseases. However, innovation and responsi-
bility must be aligned in order to turn this promise into 
actual reality. It is imperative that we not only celebrate 
achievements on this Stem Cell Awareness Day, but also 
reinforce our shared dedication to ethical stewardship, 
technological innovation, regulatory harmonization, and 
scientific rigor, so that every person in all corners of the 
world can share the benefits of stem cell therapy.
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