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Introduction to Stem Cells

Stem cells are cells in the human body that have the ability to transform into different,
more specific, types of cells. A stem cell’s main function is to be able to mold and transform into
whatever cell type is needed for an organism to function better as a whole. For instance, stem
cells have the potential to repair blood cells, bone cells, muscle cells, tissue cells, and many other
cell types. Another way to think about stem cells is if you think about the National Guard
responding to natural disasters. The National Guard in this case would represent stem cells
because they offer first aid, help build structures, and even provide travel, and the natural disaster
would represent an injury or repair needed in the human body.

There are two unique abilities that make stem cells stand apart from other cell types. These
abilities include self-renewal and differentiation. Self-renewal means that stem cells can actually
make copies of themselves similar to a superhero that has the ability to constantly create
sidekicks to help out. This ability helps produce the volume of specific cell types when and
where they are needed. Differentiation is the term used to illustrate that stem cells can change
into specific cell types, not unlike a shape-shifter that can adapt to whatever the body needs. The
main ability that differentiation provides is the ability to fix a problem in the human body when
one arises at a better and faster rate especially when some cells take much longer to take care of
an issue.

Types of stem cells

There are three major types of stem cells to know of when looking at different fields of
science research and practices. The three types are the embryonic stem cell, the adult stem cell,
and the induced pluripotent stem cell. The main difference between the three types of stem cells
are based on the cells varying origins and specific end functions.

Embryonic stem cells originate from embryos and can turn into any cell type. An embryo is
defined as the stage of development between the zygote or fertilized egg and the newly formed
offspring by means of repeated mitotic division of the zygote and because of that embryonic
stem cells are considered a substantial building block to achieve human life.

Then there are what are known as adult stem cells, also known as somatic or tissue-
specific cells, that develop later in the development of human life. Adult stem cells are found in
the human body well after maximum growth has been achieved and are specialized for certain
jobs. An example of a certain job that adult stem cells have the ability to take place in, is the
repairing of specific tissues throughout the human body. Something to keep in mind about adult
stem cells is that as people age their adult stem cell count decreases and the count can also be
affected by hormone imbalances, a number of diseases, and overall cell health at any stage of
development.

The final type of stem cell is known as induced pluripotent stem cells and iPSCs for short.
The meaning of a pluripotent cell is a cell that is able to develop into many different types of
cells or tissues in the body. Induced pluripotent stem cells start as regular cells and then turn into
stem cells by scientists. The scientists who work with iPSCs are essentially creating a second
chance at life for the cell by redefining the cell’s use in the human body, much like embryonic
stem cells without the use of embryos.

All three of the major types of stem cells have the innate ability to go through differentiation
and self-renewal. The differences between embryonic stem cells, adult stem cells, and induced




pluripotent stem cells are their specific limitations, their unique origins, and at what stage of
human development they play the biggest role in.

The History of Stem Cells

Being able to understand the importance of stem cells comes from a firm understanding
involving the history behind stem cells. The cellular potential and the cellular possibilities that
started with the discovery of stem cells and their capabilities back in the 1960s have changed the
way many scientists think. Since the discovery of stem cells, there has been an ever-growing
medical revolution of sorts. The discovery and identification of the potential power that one
small cell could have a new wave of motivation has flowed across all sectors of the medical
community.

The history of stem cells is a history that has been modified by so many throughout the
times, but there happen to be a number of major scientists that have contributed to the finding
and identification of stem cells and their abilities. In the 1960s, at the start of this journey, there
were two Canadian scientists by the names of James Till and Ernest McCulloch who discovered
hematopoietic stem cells, also known as HSCs, while conducting a research experiment
involving the bone marrow of rats. James Till and Ernest McCulloch, who we know call the
fathers of stem cells, contributed to the finding and identification of the self-renewal and
differentiation traits that are what make stem cells so unique, their findings specifical focused on
stem cells that are capable of forming all of the different types of blood cells. Fast forwarding
now, to the early 1980s when embryonic stem cells were isolated and cultured for the first time
which created major breakthroughs that allowed for the manipulation of the genome. The
manipulation of the genome breakthrough was discovered by two scientists in the United
Kingdom, by the names of Martin Evans and Matthew Kaufman, and one scientist by the name
of Gail Martin in the United States. These isolated and cultured embryonic stem cells from mice
meant the development of genetic modification methods that are used as models for human
diseases. The significance and importance of that finding were made clear in 2007 when Martian
Evens was awarded the Nobel Prize in Physiology or Medicine for his contributions to the fields.
Shinya Yamanaka, in 2006, became the first known scientist to be able to reprogram a cell to
become pluripotent. In other words, Shinya Yamanaka took a normal cell and figured out a way
to reprogram the cell to share many of the same traits seen in embryonic stem cells and as a
result of this his work provided an alternative to the use of embryonic cells and opened up
countless possibilities in the field of regenerative medicine.

The Role of Stem Cells in Development and Growth

The role of stem cells in the development and growth of human organisms is essential to
understanding the impact that stem cells have from the very beginning to the very end,
embryonic development being the beginning and adult stem cells being the middle and end.
Embryonic development can be broken down into seven stages of development and stem cells
play a part in every stage. However, stem cells ultimately contribute the most to the formation of
a variety of tissues and organs. Stem cells’ ability to differentiate into different cell types is
essential in the building of such a complex organism as the human body.

The key principles of stem cells during embryonic development are call fate decisions,
spatial and temporal regulation, and cell proliferation. When signals from surrounding cells
guide stem cells to change into a specific cell type it is what is known as a cell fate decision and
it is also important to note that the location and timing of differentiation are extremely important




during embryonic development for the proper function of an organism to be achieved. It is also
crucial for stem cells to undergo cell proliferation so that there are an appropriate amount of cells
available to develop organs and tissue during the embryonic stages of development. It should
also be noted that insights into embryonic development and stem cells’ role in the process are
extremely important for progress being made in regenerative medicine, including the
subcategory of tissue engineering.

As time progresses the human body must first grow, but it also must be able to repair
certain damages to maintain function and adult stem cells are a major part of this process. The
multipotent adult stem cells may not have the ability to become any cell in the human body like
embryonic stem cells, but they are important for growth, maintenance, and repair in the adult
body of a human. The maintenance of tissues never stops being necessary in the human body and
tissue-specific stem cells are needed to maintain homeostasis and the proper cell replacement
over time. Adult stem cells also provide as an aid in the development and growth of tissues and
one way they do that is by controlled cell division. The role that adult stem cells play in both the
healing and immune system can be life or death in many cases. For example, part of the body’s
response to an injury is to activate adult stem cells that initiate the repair processes by creating
new and functional adult stem cells for the body. That said for quality of life, not just life itself,
to be maintained adult stem cells are at the top of the lists in regards to importance.

Ethical, Legal, and Social Implications

With every scientific discovery or advancement, it is vital to keep in mind and consider the
ethical, legal, and potential social implications with every step. These three things especially
come into play in regard to the ramifications when actual people are affected like they so often
are in the medical field. Stem cells represent the importance of the how being just as valuable as
the what.

The responsibility that scientists must keep in mind is that ethical solutions to problems in
science will forever change as long as social norms and technology continue to change.
Throughout time it has become clear that humanity and accountability are major keys to ethical
practices and standards. The topic of stem cells, specifically embryonic stem cells has been an
ongoing discussion for many years because of where they originate. The ethical controversy over
embryonic stem cells is a hard pill to swallow for many because it is the equivalent of having all
the answers in front of you, but not being able to read the language they are written in. However,
ethical issues that involve this level of risk and reward have two sides that make compelling
arguments. On one side, many scientists that span across many fields of expertise are
uncomfortable using early-stage embryos because of what it has the potential to be, the potential
being a living breathing organism. On the other side, many scientists think that the ability to
change the already living and breathing organisms is worth the benefits of possibly preventing
some new lives from forming. The good news is that because of this ethical dilemma, scientists
figured out a way to turn non-embryonic cells into cells that have the same characteristics, but a
different origin.

The legal and regulatory framework involving the use and research of stem cells is different
all around the world with different regulations for funding different to ethical considerations and
even different handling regulations. In the United States alone there are three federal-level
regulations regarding stem cells. Those regulations, as of 2022, include an amendment, the
National Institutes of Health, and the Food and Drug Administration. Internationally, there are




some base ethical considerations that have been put into effect mostly involving proper consent
from donors, participants, and embryo protection.

Social Implications of stem cells on society are all about public opinion and the potential
impact. One constant social implication is the idea of improvement, many societies today follow
the way of thinking that to thrive is not to survive but to evolve. With that mindset, stem cells
bring excitement and hope to many situations that were once considered lost causes, but because
of ever-growing technological advancements and discoveries involving all facets of stem cells,
this could one day bring change. The ethical debates and misunderstandings around stem cells
change depending on the reasons behind a person’s motive and as the public decides to self-
educate the more clear ethical concerns can be addressed on a large scale.

Applications of Stem Cell Research

Within the field of medical science, there is a multidisciplinary field that focuses on
approaches to repair, replace, or regenerate by the name of regenerative medicine. Regenerative
medicine is centered around one goal and that goal is to fix other functions that need the help.
The function of stem cells and regenerative medicine is one and the same. Stem cells are the
main focal point in this field, however, some of the other key components in regenerative
medicine include tissue engineering, gene therapy, transplantation, and even biomaterials and
scaffolds. The mindset behind regenerative medicine is to heal an organism by using the
organism’s natural way to heal with enhancements or relocation. Another way it could be said is
to heal a body with a body.

Currently, the biggest application of stem cells in regenerative medicine is a bone marrow
transplant that can help re-establish blood cell production in patients with an array of blood
disorders. Bone Marrow contains a plethora of healthy hematopoietic stem cells that when
infused with an unhealthy bloodstream the stem cells provide a healthy and over-eager group of
cells all charged and ready for battle. Some of the biggest future applications of stem cells
include therapies for neurological disorders like Parkinson’s disease and spinal cord injuries.
While there is a promise for this future application of cells there have been problems concerning
the blood-brain barrier, the delivery method, and the control or rather lack of control that
researchers seem to have over stem cells.

With the constant evolution of technology and research done in the field of regenerative
medicine, there is an endless number of possible treatments and even cures for many different
conditions in the future. However, with the rapidly expanding field, there have been some issues
when it comes to whether or not all clinics that advertise stem cells are actually using the right
stuff. For example, in the early 2000s, China made false claims and statements that involved
stem cell tourism and blindness treatment. The claim caused more harm than good because of not
regulated procedures and lack of scientific evidence. That said stem cells are the future, however,
it is important to take one step at a time.

Overview/Conclusion

Stem cells represent a remarkable frontier in biology and medicine, with vast potential to
revolutionize our understanding of development, disease, and regenerative therapies. Throughout
this exploration of stem cells, we have delved into their unique properties, types, historical
milestones, roles in growth and development, ethical considerations, and current and future
applications in regenerative medicine. The self-renewal and differentiation capabilities of stem
cells are truly remarkable, allowing them to replenish themselves and give rise to a multitude of




specialized cell types. From the embryonic stage, where they facilitate the formation of tissues
and organs, to the adult stage, where they facilitate maintenance, repair, and regeneration, stem
cells are indispensable for the proper functioning of the human body.

The journey of stem cell research has been marked by groundbreaking discoveries, such
as the isolation of embryonic stem cells, the reprogramming of somatic cells into induced
pluripotent stem cells, and the identification of adult stem cell populations in various tissues.
These advancements have not only deepened our understanding of development and cellular
plasticity but have also paved the way for innovative therapeutic approaches. However, the
transformative potential of stem cells is not without its challenges. Ethical concerns surrounding
the use of embryonic stem cells have sparked debates and prompted the development of
alternative sources, such as induced pluripotent stem cells. Additionally, the legal and regulatory
frameworks governing stem cell research vary across different regions, underscoring the need for
ongoing dialogue and harmonization of policies.

Despite these challenges, the applications of stem cell research in regenerative medicine
are truly remarkable. Bone marrow transplants, already in clinical practice, have demonstrated
the power of stem cells in treating blood disorders. Moreover, ongoing research holds immense
promise for the development of stem cell-based therapies for neurological conditions,
cardiovascular diseases, and numerous other debilitating disorders that currently lack effective
treatments.

As we stand at the forefront of this rapidly evolving field, it is crucial to approach stem
cell research with a deep sense of responsibility, guided by ethical principles, rigorous scientific
inquiry, and a commitment to translating discoveries into tangible benefits for human health.
Collaboration among researchers, clinicians, policymakers, and the public is essential to ensure
that the vast potential of stem cells is harnessed responsibly and equitably. Looking ahead, the
future of stem cell research is brimming with excitement and hope. As our understanding
deepens and technological advancements continue, we may witness unprecedented
breakthroughs in regenerative medicine, unlocking new horizons in the treatment of previously
incurable diseases. It is an endeavor that demands perseverance, ingenuity, and an unwavering
dedication to improving the quality of life for individuals worldwide.

Discussion Questions
- What are the major ethical concerns associated with stem cell research, and how can they
be addressed?
- How do stem cells differentiate into specific types of cells, and why is this process
important for regenerative medicine?
- Discuss the potential impact of stem cell research on the treatment of diseases that are
currently considered incurable.
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