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This comic book is part of a science dissemination project, involving the media, developed by researchers of CNC - Center of Neuroscience and Cell Biology of the University
of Coimbra, Portugal, funded by FEDER (Fundo Europeu de Desenvolvimento Regional),
COMPETE - Programa Operacional Factores de Competitividade, and Ciência Viva – Agência Nacional para a Cultura Científica e Tecnológica. The science dissemination project,
named “ I want more and better cells! Stem cells: What are they? Where are they? For
what can they be used?”, focused on one of the major current topics in basic research
and biomedicine - stem cells - and addressed questions that are commonly not fully
understood by the public.
Team of Researchers: Cláudia Cavadas (coordinator), João Ramalho Santos, Inês Araújo,
Lino Ferreira, Luís Pereira de Almeida, Teresa Girão;
Materials produced: during this project radio interviews and movies were produced,
where each researcher explained one topic about stem cells; the movies were recorded at CNC laboratories and includes 2D and 3D animations (produced by the Television Web of the University of Coimbra); chronicles Illustrated with a cartoon done by
Fernando Correia and published in the daily newspaper “Diario de Coimbra”; a “double
book” - one side is composed by the illustrated chronicles and the other side is this
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The materials and more information are available at http://www.cnbc.pt/outreach/outreachap_01.asp and https://sites.google.com/site/sciencedisseminationprojectcnc/
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Life is made of possibilities…

And Choices.

At every level.
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As the body grows and
develops decisions are
constantly being made.

Both acquire specific characteristics that
allow them to perform very distinct…
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In the fetus cells that start
to make bones no longer can
form muscles.

…but equally important
roles in the body.

As we grow older we make all sorts
of decisions. We choose to study
Sciences, Arts, Technologies.

Whether to stay
or to leave.

We Pick
jobs.

We trade in plasticity
for fulfillment. We
cease to be potential,
as we begin to be production. It’s just the
way it is, we’re told.

We decide to be friends,
or a bit more.

But how many of
these decisions
are truly final? Is
there any plasticity
left in our adult
life, in our body,
our cells?

Can we
cheat
fate?
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Maybe we can, maybe not, maybe sometimes, under certain conditions. There
is certainly much more plasticity than
we once thought.

In the meantime many things
were discovered, new books
had to be written.
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That is why the Biology textbooks our
parents studied are no longer right for us.

Books about stem cells,
for instance.

Beginnings are as much
about uncertainty as they
are about potential.

When a single sperm cell
fertilizes an oocyte
it’s no different.

The resulting zygote is a onecell embryo. One single giant
cell that can ultimately form
an adult individual. One cell
that can make everything. A
totipotent cell.
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The zygote divides, forming a two-cell embryo.
Each cell is still totipotent, if the two cells become separated the result will be identical twins.

This ability is gradually lost
as the embryo develops.
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Approximately five days after fertilization, before it implants in the uterus,
the embryo is a more complex structure, called a blastocyst.

Trophoblast cells will help form
the placenta. Pluriblast cells
will form the entire fetus.

The blastocyst has two different types of cells: trophoblast cells and pluriblast (or inner cell mass) cells.

Because they give rise to all cell types in our body,
pluriblast cells are called pluripotent.
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Neurons.

Starting from the inner cell mass/pluriblast, cells that will form our body
take different developmental paths and
acquire distinct properties that will
allow them to play specific roles.

skin.
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bone.

Heart muscle cells.

Embryo development is a long,
complex and precise process.

But the truth
of the matter is
that it works!

It’s not easy to study something that takes place inside
the womb.

Even after birth the body
retains some plasticity.

It grows, develops,
changes…

While maintaining some ability
to renew itself.
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For example, skin cells keep dying and
falling off (like when we “peel” after a
summer tan), and are constantly
replaced by new cells.

Blood cells also have a limited and
well-defined lifespan. The bone marrow constantly produces new cells
to replenish our blood supply.
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Skin and bone marrow are therefore home
to what are called stem cells.
These cells have two basic properties.

The first is the ability to
indefinitely self-renew. This
basically means that a stem
cell can divide in order to
make more stem cells.

In order to constantly replace
dying cells in our body we have stem
cells in the skin, and hematopoietic
(a word that means “blood-producing”) stem cells in the bone marrow.

The second is the capacity to differentiate. In
other words, a stem cell can produce other
kinds of cells with specific characteristics and
properties. For example, skin or blood cells.

But not all our cells can be replaced
that easily. Years ago it was thought that
muscles and the brain did not have stem
cells, and that this was why these tissues
could not be renewed or repaired. You
could read this information in textbooks.
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Except muscle and neural stem cells have
since been discovered, showing that both
neural and muscular tissue can have at
least some renewing properties.

And new Biology textbooks
had to be written.

All these
types of stem cells
exist in the adult body.
This is why they are
known as adult stem
cells.
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When a stem
cell only forms one
type of differentiated
cell it is called a unipotent stem cell.

For example, stem cells in the
ovary or testis only make oocytes
and sperm, respectively.

When a stem cell originates
a few different cell types
we call it multipotent.

Red blood cells...

For example, the hematopoietic
stem cell can give rise to all
cell types in the blood.

And platelets. Hematopoietic stem cells are
therefore characterized as being multipotent stem cells.

White blood cells…

Some adult stem cells have been
used to treat patients for many
years. Bone marrow transplantation is, in fact, hematopoietic
stem cell transplantation.
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The goal of this procedure is to replace hematopoietic stem cells from a patient with a blood
disorder (leukemia , for example) with equivalent
cells from a compatible donor, which will then
start producing the patient’s new blood.

This is an example of cell therapy, which
basically means to add new cells to replace others with declining properties,
in order to boost a patient’s health.
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Important stem cells also
exist in the umbilical cord.

An adult can’t be treated with cells from just
one umbilical cord. The cord also contains other
types of stem cells, capable of making cartilage,
bone, and some types of neural cells.

For example, there are hematopoietic stem
cells that can be used for transplantation to
a compatible donor, in much the same way as
bone marrow cells. But the use of cord blood
hematopoietic cells is limited, depending on
the age and size of the patient.

There are no currently validated clinical applications for these other cell
types. But that does not mean they
won’t exist in the future. In the umbilical cord we therefore have several
types of multipotent stem cells.
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But let’s travel back in
time a bit. To the blastocyst, the embryo that will
implant in the uterus.

Not knowing exactly what cells they
should form, they divide indefinitely,
waiting for instructions.
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If the inner cell mass (or pluriblast) cells are removed from the
blastocyst and put in culture in a
Petri dish they lose the biological
context they had in the embryo.

In other words, each cell divides to
form more cells just like it.

As stem cells found in
the adult body, these
cells removed from the
embryo have the same
self-renewal property.

As they originated from
embryos they are also
widely known as embryonic
stem cells.

Furthermore, they can differentiate into all the
different cell types in the body, which is what would
have happened had they remained as part of the blastocyst. Therefore, these are pluripotent stem cells.

On the other hand, stem cells in the adult body or
umbilical cord can only form some types of functional
cells, depending on where they are, but not all cells
types. That’s why they are called multipotent.
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Embryonic stem cells are a great model to
study different aspects of cell, molecular
and developmental Biology. As they divide
indefinitely one can get millions of cells
in culture. Since they are pluripotent, they
can make any type of cell, even though they
are outside the body. All they need is the
right sets of instructions.

Mammalian development takes place
in a hard to reach place: the uterus. Using embryonic stem cells
some aspects of development can
be studied in a laboratory.
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What are those instructions? Basically they involve giving the cells
different molecules, trying to recapitulate outside the body what
usually takes place inside.

Embryonic stem cells are also being
used to test different substances, or
to study diseases, thus reducing the
use of lab animals for these purposes.

Finally, it seems possible that using embryonic stem cells one could produce different
specific cell types, which could then be transplanted into patients in order to replace dead
or damaged cells, or even organs.

This strategy is
also an example of
cell therapy.

Just like replacing
broken or worn out
parts in a machine.

Many diseases that involve the death of specific cells
in the body could theoretically be treated using this
approach, such as type I diabetes, several types of
cardiac disease, or Parkinson’s disease.
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And can you use
adult stem cells
for the same
purpose?

Yes, but since they
are multipotent,
they can only form
a few differentiated
cell types.

Cell therapies raise several important
issues. For example, in a lab cells usually grow flat in Petri dishes.

26

There is a lot of research going on with adult
stem cells, such as those obtained from fat
following liposuction, or mesenchymal stem
cells. For example, to try to make bone or
cartilage. And what is not yet possible today
might be possible tomorrow.

But human tissues and organs are much more
complex, and have a 3D structure.

That’s where bioengineering comes
in, trying to create different 3D
structures so that stem cells can
grow and develop in a manner that
more accurately resembles
the human body.

On the other hand they cannot
divide indiscriminately after transplantation, or a tumor might form.

Of course it’s not enough to just make a
specific cell type from a stem cell. The
cells that are going to be transplanted
must fit in perfectly with other cells in
the body, and work with them as a whole.

Finally, the transplanted cells need to be
compatible with the organism they are being
introduced into. Otherwise they will be rejected by the immune system as being foreign. This
defense mechanism in the body is very important
to avoid infection by foreign pathogens, but it
also makes transplantation more difficult.
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If we take adult stem
cells from a patient (for
example, from fat)…

But adult stem cells are
multipotent, and cannot efficiently form many important
cells for therapy, such as
cardiac cells or neurons.

28

Differentiate them in
culture…

And transplant them back
into the same patient… They
are her/his cells, and will
not be rejected.

These cells can only be
obtained easily from pluripotent stem cells, such as
embryonic stem cells.

But these cells were taken
from blastocyst-stage embryos, and won’t be identical to any specific patient.

Recipient patients would need
to take immunosuppressant
drugs that reduce the risk of
rejection, as is done when receiving a transplanted organ
from a donor.

For years it was believed that cloning (or
somatic cell nuclear
transfer) would be
the answer to this
tricky problem.

So how can we make
pluripotent stem
cells that are fully
compatible with one
specific patient?

We would need to force cells from a
patient to become pluripotent, teach them
to do things they don’t normally do. This
is what is known as cell reprogramming.

British scientist Sir John Gurdon won the 2012
Nobel Prize in Physiology or Medicine thanks to
his pioneering efforts in this area, which started in the 1960s and used amphibians as a model.
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The idea is to remove the
nucleus from a cell taken
from a patient (for example a skin cell)…

Basically the oocyte would
“persuade” the skin cell
nucleus to become a zygote
nucleus, with the ability to
form a new embryo.
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And put it inside an oocyte with no
DNA, so that the oocyte would reprogram the differentiated nucleus.

It’s as if a cell trained to perform a specific job would go back to school, and
choose a new career path. Instead of “majoring” in skin, it could “major” in something else, such as brain or heart.

Importantly, this cloned embryo would not be
transferred into a uterus, which would have resulted in the birth of a new individual, genetically identical to the patient who gave the skin cell.
This type of experiment resulted in the birth of
Dolly the Sheep the first mammal cloned from an
adult cell from another animal in 1996.

The result would be pluripotent embryonic
stem cells genetically identical to the patient,
because they had been cloned from one of the
patient’s cells. Using differentiated cells obtained from these cloned cells would pose no
compatibility issues for transplantation.

Instead, the cloned embryo would
be allowed to develop to the blastocyst stage, and its inner cell
mass cells would then be harvested and put into culture.

This strategy is
called Therapeutic
Cloning.
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Except cloning is not a trivial process, the
success rates are low, and, when applied to
humans, it is ethically controversial due to
the use of oocytes and embryos.

It implied taking
cells from a patient (blood or
skin cells, for
example)…
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In the 21st Century a new
strategy for cell reprogramming was created.

and transforming
them into pluripotent
stem cells without
using oocytes or
creating embryos,
but adding different
types of molecules.

The cells that are formed following this reprogramming process
are called induced pluripotent
stem cells, or iPS cells, for short.

iPS cells are as pluripotent as
embryonic stem cells, and their
use is less controversial.

Japanese Scientist Shinya Yamanaka was
also awarded the 2012 Nobel Prize in
Physiology or Medicine for discovering
this reprogramming method.

More recently, direct reprogramming
or transdifferentiation was introduced.
In this case a differentiated cell from
a patient is directly transformed into
another type of differentiated cell.
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For example, we can
turn a skin cell into a
cardiac cell...

Without having to go back
to school, or even taking
an online course.
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Or a nerve cell.

It’s as if
a differentiated
cell with a fixed job
jumped straight into
a totally different
profession…

Cells seem to
be more plastic
that we initially
thought.

Maybe we can
cheat fate

But taking cells
out of the body,
modifying them, and
putting them back in
to treat a disease is
not the only possible solution.

Of course
there are many things
that we need to know
before applying
these concepts to
real patients.

Much of what we learn
with stem cells in the lab
(adult, embryonic or iPS
cells) might be used to
stimulate the adult cells
that we have in our bodies, without any need for
cell transplantation.

Which types of
cells will be useful in
a given circumstance?
What are the best platforms and stimuli to
make them grow and
differentiate in a controlled manner?

How can we be absolutely sure that they
will perform the roles
they are supposed to
perform, and not behave in an unexpected
harmful way once inside
the body?
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A positive result obtained with cells in a
lab, or even with model test animals, does
not mean that we can quickly perform the
same procedures in human beings.

Lastly, it is important to point out that cells
from a patient cannot always be directly used
to treat that very same individual.
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To ensure safety and the best possibility of success in humans many preliminary tests must be carried out.

For example, if there is a hereditary
genetic cause for a disease, all the
patient’s cells will carry that very same
genetic defect, including stem cells
(whether adult or iPS cells).

In these cases the
problem will have to be
fixed beforehand.

For example, replacing a
gene that does not work
properly...

This is what is
known as Gene
Therapy.

With a normal version
of that gene.

The joint use of
Gene Therapy and stem
cell technology is
another promising idea
for future developments in this field.
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Today we know that
cell development
and differentiation
is not linear.

We now know things
that our parents didn’t
learn in school.
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That cell fate
may not be
set in stone.

And the only sensible prediction is that many new and wonderful discoveries will happen
in the future. Some might seem
more or less obvious; others
will be so strange few people
will have dreamed of them.

Just like our
fate, which is
only what we
want it to be.

The future is
unpredictable. But
that is not necessarily
a bad thing. It’s what
makes the present so
interesting.
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