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THE “ARTS"” OF CELL DEATH IN SERVICE OF LIFE:
HOW DO WE FORCE CANCER CELLS TO COMMIT
SUICIDE?
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Every cell in our body contains a “self-destruction” program. This

YOUNG REVIEWER . o .
o : cell death is a critical process allowing replacement of damaged

E::\III-ZURION cells with healthy ones to prevent wide range of diseases. When the
EDUCATION cell's death mechanism gets “stuck” and is not activated, cancer can
CAMPUS result. In healthy cells there is a balanced system of proteins, some
HEFER of which activate the normal death mechanism, and some of which
VALLEY inhibit this process. This is like the system of gas and brakes in a car.
AGES: 13-15 Researchers have found that cancer cells lack a protein, called ARTS,

which is crucial for activating the cells’ death mechanism. The lack
of ARTS causes cancer cells to escape death and become “immortal.”
Small ARTS-like molecules have been discovered that can penetrate
cancerous cells and reactivate the cell death program, effectively
making the cancer cells “commit suicide.” We envision that these
ARTS-like molecules will provide novel therapy for cancer.
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APOPTOSIS

Is one of the main
types of programmed
cell death. Itis a cellular
process in which
damaged or
non-functional cells
“‘commit-suicide” to be
replaced by healthy
functional cells, and
provide a major
defense against many
diseases. A common
feature of most types of
cancers is their ability
to escape apoptosis.

CASPASES

Proteins that help with
the cellular death
process by cutting up
and breaking down
essential proteins in the
cell, leading to the
cell's death.

INHIBITOR OF
APOPTOSIS
PROTEINS (IAPS)

Proteins that bind to
caspases and thus
inhibit, or prevent,
unwanted

cellular death.
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In our bodies, about 300 million cells die every minute. About 50 billion
cells die in our bodies every day. When cells die, new cells replace
them. We can say that we are being renewed each and every day;
almost being re-born, on a cellular levell Most cells die in a process
called “apoptosis” (a-pop-to-sis), meaning “fall” in Latin. Indeed, old
damaged cells that do not function properly “fall off” and die, and
new cells arrive, keeping the body safe and making sure it operates
in the best possible way. The process of apoptosis is so important
and fundamental that it has been maintained throughout evolution,
and happens in almost the same way in tiny microscopic wormes, flies,
mice, and rats ... all the way up to and including humans. Apoptosis is
also called programmed cell death, since it is an organized, accurate
sequence of events, in which every step drives the next step. Just like
arranging dominos: once we push the first domino, the process runs
step by step, from one step to the next, until the death of the cell.
This is a natural method of cell death that keeps the body safe and
properly functioning.

What does the apoptotic death of cells look like? First, each cell
evaluates its situation, such as the level of damage to the cell, the cell’s
ability to fix its damage, and its ability to return to normal functioning.
For example, if a cell has damage to its DNA, there are proteins whose
job is to fix this. Once these proteins fail at their mission and the cell
‘understands” that it cannot fight the damage, the self-destruction
mechanism of apoptosis is activated.

HOW DOES THE APOPTOSIS WORK?

In each cell there are proteins whose job is to cut up other proteins.
These proteins are called caspases. These cutting proteins operate like
Packman from the old computer game. Once they are activated, they
multiply and chop up and digest all of the cell's contents, which results
in the death of the cell. To keep these destructive proteins in check,
there are other proteins called inhibitor of apoptosis proteins (IAPs).
The job of the inhibitor proteins is to prevent the activity of the cutting
proteins, to stop them from causing the unwanted death of cells.

When a signal happens inside the cell signaling that the cell is meant
for destruction, the caspases will increase until they outnumber the
inhibitor proteins. The caspases will cut up, break down, and package
the broken-down cell content into bubbles of the membrane that
wraps the cell (Figure 1). In the next step, the bubbles break off from
the cells as tiny blobs containing the dead cell's content. These blobs
will be taken up by other cells whose job is to clean up dead cells, and
there will be no trace left of them. This is how cells die an apoptotic
death [1].

It is important to note that the cell's decision to die is its way of
supporting the entire organism. When a cell is not functioning well,
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Figure 1

Stages of apoptosis.
Apoptotic cells and
nuclei undergo
shrinking, blebbing of
the membrane and
packaging into
apoptotic bodies that
contain organelles,
cytosol and nuclear
fragments. Illustration
created using
Biorender.com.

ARTS

ARTS is a protein that is
important for activating
apoptosis and for
suppressing cancer.
ARTS is found in most
cells but is lost in many
types of cancers, which
avoid apoptosis. ARTS
activates apoptosis by
breaking and
neutralizing IAPs,
releasing caspases to
cut most proteins in the
cells leading to

its death.
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it can endanger other cells or the whole organism, so unhealthy cells
will sacrifice themselves in order to save the entire body. Think of it
this way—we know from Darwin’s theory of evolution that the most
well-adapted, strongest organisms will survive. Now we understand
that the survival of the entire body depends on single cells that choose
to sacrifice themselves for the good of all.

WHEN APOPTOSIS GOES WRONG

Since apoptosis is so important, you can probably imagine that an error
in this mechanism could result in a wide variety of diseases. On the
one hand, diseases might be caused by an excess of cellular death. In
diseases, such as Alzheimer’s or Parkinson'’s, there is too much death
of brain cells. On the other hand, in some diseases, like most types
of cancer, the cellular death processes are blocked. Healthy cells find
ways to bypass the cellular death process and acquire “immortality,”
becoming cancerous cells that multiply without control. Therefore,
understanding the cellular processes that lead to apoptosis might help
us to find new drugs for degenerative brain diseases and for many kinds
of cancer [1].

ARTS: A CANCER SUPPRESSING PROTEIN

In our lab at the University of Haifa, we study the mechanisms
that allow for cellular death, and how errors in these processes
drive healthy cells to become cancerous. We focus on a protein we
discovered and named ARTS [2]. ARTS operates at the beginning of the
series of processes that lead to the cell's death. ARTS initiates apoptosis
by binding to and neutralizing the IAPs, making them break down and
disappear [3]. This means that ARTS basically operates by releasing the
“brakes” of the cell, allowing the caspases to cut up all the proteins in
the cell, which will result in its death (Figure 2).
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Figure 2

The role of the ARTS
protein in activating
apoptosis in cells. (A)
ARTS (red) is found in
all healthy cells. The
IAPs (gray) bind to and
inhibit the activity of
the caspases (yellow).
This binding prevents
the unwanted death of
the cell. (B) If the cellis
damaged and cannot
function, a signal will
be activated to start
apoptosis. As a result,
the ARTS proteins will
bind to the IAPS. This
binding will result in the
release of the caspases.
The caspases can then
cut and break down the
cell's proteins, and this
will result in the cell's
death by apoptosis.
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One proof for the importance of the ARTS protein in the activation of
apoptosis is cells that lose the ARTS protein have a decreased ability
to undergo apoptosis, and might become cancer cells. Indeed, mice
that were engineered to be born without the ARTS protein developed
several kinds of cancer, mainly blood cancers like lymphoma and
leukemia [4]. Additionally, in studies of samples from patients with
different kinds of cancers, we found that the ARTS protein was missing
in most of the samples [5]. This means that the ARTS protein acts as
a cancer inhibitor protein. Its presence in cells allows damaged cells
to be eliminated by apoptosis (Figure 2), and its absence allows the
multiplication of damaged cells and their transformation into cancer
cells.

Today's most common anti-cancer treatments, chemotherapy and
radiation, act by deliberately activating the cellular “suicide” mechanism
—stimulating the cancer cells to undergo apoptosis. But, these
treatments have big problems with side effects because they
also damage healthy cells Patients can also develop resistance to
chemotherapy drugs. So, how do we use our knowledge about
ARTS to develop new anti-cancer drugs that will make cancer cells
“‘commit suicide"?

SMALL ARTS-LIKE MOLECULES TO THE RESCUE!

Many types of cancer escape cell death by silencing the ARTS protein
and increasing the amount of the |APs, which inhibit cell death. It
seems like a simple solution could be to return ARTS into the cancer
cells that lost it. This would allow those cells to break down the IAPs
and cause the cells to undergo apoptosis. The problem is that the
ARTS protein is big, and it cannot easily cross the cell membrane to
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SMALL ARTS-LIKE
MOLECULES

Very small units of
non-biological material
that imitate the activity
of ARTS inside cells.
These molecules
penetrate the cell's
membrane and bind to
the [APs. Binding
releases the caspases,
which then cut and
break down the cancer
cell, leading to

its death.
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get into the cells. But we found a solution! We identified some very
small molecules that imitate the activity of ARTS and that can penetrate
the cell's membrane. These small ARTS-like molecules can inhibit
the IAPs exactly like ARTS does, therefore making the cancer cells
undergo apoptosis [6].

You are probably wondering, “what about the healthy cells? Would
not the ARTS imitators penetrate them as well?” The answer is that
the ARTS-like molecules do target IAPs in both healthy and cancerous
cells. But the cancer cells are missing ARTS and they are expressing
high levels of IAPs. The cancer cells are actually dependent on the
high levels |IAPs to keep them alive. You can imagine it like standing
on a high cliff—the cancer cells are standing there on the edge of the
cliff, but their state is very unstable. A relatively small amount of small
ARTS-like molecules, which lowers the levels of IAPs in the cancer
cells just a little bit, will make the cancer cells fall off the cliff to their
deaths. In contrast, healthy cells contain ARTS and have relatively low
levels IAPs, so these cells are stable—they are not standing on a cliff,
and therefore much larger amounts of small ARTS-like molecules are
needed to kill them. This difference between cancer cells and healthy
cells can allow us to treat patients with a specific concentration of
small ARTS-like molecules that will kill cancer cells but will not harm
the healthy cells. We hope that these small ARTS-like molecules that
we are developing in our lab will become anti-cancer drugs that force
cancer cells to undergo apoptosis while maximally reducing the side
effects of cancer treatment.

In a Nutshell

Programmed cell death, apoptosis, is an essential biological process
that gets rid of damaged and non-functioning cells which could
endanger the health of the body. Therefore, apoptosis acts as
defense against the emergence of a variety of diseases. Cells which
lose their ability to die can transform into cancer cells. ARTS, is a
protein that plays a major role in activating the apoptosis program.
Cancer cells can escape apoptosis by losing ARTS. Small molecules
which imitate ARTS can penetrate cancer cells substituting the ARTS
protein and re-enforcing the activation of apoptosis selectively in
cancer cells. These molecules could become novel and promising
anti-cancer drugs.
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