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Organ transplantation is a surgery inwhich doctors replace a person’s

sick or damaged organ with a healthy organ from another person.

The new organ can come from a living person who wants to help, or

from someone whose brain died and thus does not need their organs

anymore. The main problem with organ transplants is rejection,

which happens when the immune system treats the new organ like

a foreign invader such as an infection and tries to remove it. To

prevent rejection, patients who received an organ transplant need

to take many pills for the rest of their lives. These pills, called

immunosuppressants, weaken the immune system and prevent it

from attacking the new organ. Unfortunately, immunosuppressants

also make the patients more susceptible to infections or cancer.
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Scientists are looking for ways to “re-program” the immune system,

to decrease the likelihood of rejection.
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THE PURPOSE OF ORGAN TRANSPLANTATION

Our organs (such as the heart, liver, and kidneys) work together to
keep our bodies functioning and healthy. If a critical organ gets sick or
damaged and fails to work properly, the person could die very quickly.
The function of some organs can be briefly replaced by machines. For
example, a dialysis machine can replace failing kidneys for months, or
a heart-lung-machine can replace a failing heart and/or lung for a few
days. To replace failing organs for many years, organ transplantation
is needed. This is a surgery in which doctors replace the sick person’s
failing organ with a healthy organ from another person. The person
receiving the organ is called the recipient, the organ is called the
graft, and the person giving the organ is called the donor. In some
cases of kidney, lung, or liver transplantation, the graft comes from
a living donor—usually a close relative (check out this Young Minds
article). In most cases, the graft comes from a donor whose brain died
and who thus no longer needs their organs. Organ transplantation
is a complicated surgery but the delicate part comes afterwards: to
keep the graft working, it must be hidden from the recipients’ immune

system [1].
IMMUNE SYSTEM

Your immune system is
like a team of
superheroes that
protects your body
from intruders.

THE IMMUNE SYSTEM—THE BODY’S POLICE FORCE

The immune system is the body’s very own “police force”. Its main
purpose is to defend the body against infections. Therefore, the
immune system is always alert and continuously “scans” the body for
foreign substances already within it or trying to enter. If it recognizes
foreign molecular structures on the surface of an intruder (called
antigens), a reaction is triggered to eliminate the intruder. Normally,

ANTIGEN

Any substance that
causes the body to start
an immune response
and produce antibodies
for protection (e.g.,
toxins, chemicals,
bacteria, viruses, and
foreign cells).

the immune system only reacts to foreign substances (e.g., insect
toxins) and organisms (e.g., bacteria) and does not fight against its own
body (ourself). To achieve this very important discrimination between
foreign and self, the immune system has evolved as a complex
community of di�erent white blood cells (so called leucocytes;

LEUCOCYTES

White blood cells with
di�erent specializations
(T cells, B cells, NK
cells, dendritic cells, …).
Their main purpose is
to keep the body
healthy and fight o�
intruders
and infections.

Figure 1). Each leukocyte has di�erent purposes and functions, some
of them, so-called T cells, certain cells of the immune system, must
go to “school” in an organ called the thymus, to learn what is foreign
and should be eliminated and what is part of its own body and should
not be touched [2].

Our immune system has two lines of defense: the innate system is the
body’s first line of defense and responds immediately to any intruder.
For example natural killer (NK) cells attack everything that does not
look familiar (or misses a specific “tag” saying it belongs to the body).
Dendritic cells on the other hand “eat” foreign, damaged, or destroyed
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Figure 1

Figure 1

Immune cells involved
in rejection of a kidney
transplant. Dendritic
cells pick up an antigen
from the transplanted
kidney and present it to
naïve T cells which can
become either
cytotoxic or helper T
cells. The helper T cells
aid the antibody
producing B cells to
destroy the
transplanted organ. The
cytotoxic T cells and
the Natural Killer cells
directly attack the
transplanted organ. The
regulatory T cells tell
them when to stop.
Some T cells “keep
records” of the attack,
becoming memory T
cells that are ready to
respond if the same
threat is faced again.

cells to clean up after an intruder and show parts of the intruder to the
adaptive system. The adaptive system is the second line of defense.
It constantly learns and develops memory to react even stronger and
faster to the next encounter of the same intruder. The main cell types
involved in rejection of a transplanted organ are T cells and B cells.
Important T cell types are helper T cells that assist other cells in the
immune response, cytotoxic T cells that directly kill infected cells, and
regulatory T cells which prevent that the immune reaction gets out of
control or starts attacking its own body. B cells are responsible for the
production of antibodies.

ANTIBODIES

Small Y-shaped
proteins produced by
the immune system to
stick to a specific
antigen and help
destroy it.

ANTIGEN RECOGNITION—LET THE BATTLE BEGIN

All cells of a person’s body have unique antigens on their surfaces,
like a fingerprint. This antigen “fingerprint” is encoded in our genes

FINGERPRINT

Line marks on the skin
of a person’s finger.
Fingerprints are unique
to every individuum
and everyone’s
fingerprints
are di�erent.

and, except for identical twins, varies between people. An important
part of this “fingerprint” are the HLA antigens. Among other roles, HLA
antigens help the cells of the immune system to distinguish between
our own cells and foreign cells. This means that HLA antigens are also
the main targets of the immune system once a foreign organ (from a
non-identical donor) is transplanted into the body [3].

Many immune cells are constantly patrolling the body. Upon a
potential threat, cells called phagocytes (e.g., dendritic cells) will “eat”
the intruding cells or debris, collect their antigens, and go to the
nearest lymph node (bean-like structures located throughout the
body) where they “show” the antigens to T cells. Lymph nodes are
the “precinct” for the T cells, where they wait until somebody comes
in to alarm them about an intruder. T cells carry a specific molecule
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on their surfaces that can recognize one particular antigen. But with
millions of T cells patrolling the body, any potentially harmful antigen
can be recognized by the immune system. When T cells recognize
the evidence of an intruder, they multiply to form an army of clones,
which are sent out to attack the intruder (cytotoxic T cells) or get the
mission to help cytotoxic T cells become active and help B cells (helper
T cells). Activated B cells produce antibodies that are released into the
body and bind specific foreign antigens. Antibodies directly neutralize
(e.g., viruses) or mark foreign structures for destruction (e.g., bacteria
or cells of a transplanted organ; Figure 2).

Figure 2

Figure 2

Antigen recognition in
the lymph node and
activation of immune
cells. Dendritic cells
(DCs) take up small
parts of the foreign
object (in this case the
transplanted kidney)
and bring these
“antigens” to the lymph
nodes to “show” them
to the T cells. T cells
who recognize the
antigen interact with B
cells. They are called
“Helper T cells”
because they help the
B cells to become
activated themselves
and produce antibodies
which are important in
the immune response
and fight against
intruders (bacteria,
viruses or in this case a
transplanted organ).

T and B cells hold the “records” of all battles our immune system
fought. After a battle is over, regulatory T cells will calm everyone
down to prevent exaggerated inflammation and damage. Most T and
B cell clones will die after the battle due to exhaustion. Some of these
cells become memory cells which survive long-term and continue to
circulate throughout the body or rest in lymph nodes.

This process explains how a transplanted organ is recognized as
foreign, attacked, and destroyed by the immune system, leading to
organ rejection.ORGAN REJECTION

When the immune
system attacks and
ultimately destroys a
transplanted organ. IMMUNOSUPPRESSANTS—A DOUBLE-EDGED SWORD

To prevent the immune system from attacking the new organ, special
medications are needed to “handcu�” and disarm the recipient’s
immune system (Figure 3). These powerful drugs that weaken the
immune system are called immunosuppressants. In the case of organ
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transplantation, immunosuppressants prevent the immune system
from hurting the transplanted organ (for more details, check out this
Young Minds article or this one).

Figure 3

Figure 3

Immunosuppressive
drugs prevent the
immune cells, like T
cells and B cells, from
attacking the
transplanted organ (or
any other intruder).
When a person takes
immunosuppression,
the immune cells are
still alive in this person’s
body, but are
“handcu�ed” or
“trapped” and are not
able to work/attack
anymore. The main
problem is that this
immunosuppression is
not specific and
although the immune
cells cannot fight the
transplanted organ
anymore, they also
cannot fight other
intruders (like bacteria
or viruses). This makes
our body defenseless
and simple infections
can become a
life-threatening
problem.

Because immunosuppressants are very powerful but also potentially
toxic, patients taking them must be monitored carefully. It is really
important for patients to take these medicines at the same time each
day, to make sure that the level of medicine in the blood is always the
same. Immunosuppressants are a double-edged sword. On one hand,
they keep the life-saving transplanted organ safe and functioning. But
on the other hand, they can also make the organ recipient very sick.
Levels of immunosuppressants that are too high can cause unpleasant
to life-threatening side e�ects (e.g., dizziness, infections, and cancer),
whereas levels that are too low can lead to rejection. Finding the
right dose of immunosuppressants is critical, and patients taking these
medicines must be very careful to avoid people who have contagious
diseases (e.g., the flu,measles) and shouldwear facemasks in crowded
public places. They must also be really careful to avoid sunburns,
which could lead to skin cancer.

It is a major problem that immunosuppressants dampen all immune

IMMUNOSUPPRES

SANTS

Medications that
weaken the immune
system on purpose, to
prevent organ
rejection. They have
dangerous side e�ects
like making people
more susceptible to
infections and cancer.

responses, not just those directed against the transplanted organ.
Since thesemedicines are toxic to the body, it would better if recipients
only needed to take them for a short time, not for the rest of
their lives.

THE HOLY GRAIL—TOLERANCE

If an organ is transplanted between identical twins [like in the first
successful transplantation [4]], immunosuppression is not needed due
to the similar “fingerprints” between the donor and recipient. Some
years ago, doctors encountered a very strange phenomenon: some
kidney transplant recipients did not reject their organs even without
immunosuppressants, similar to identical twins [5]. The special thing
about these patients was that, years before the kidney transplant, all of
them received immune cells through a bone marrow transplantation
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from the same person who donated the kidney (to treat another issue).
The immune cells from the donor replaced the patient’s immune
cells, like changing the sta� of the “police station”. Consequently,
newly produced immune cells, especially the stubborn T cells, are
“re-programed” in the thymus, learning that the transplanted organ
is harmless and can been seen as self. This is called immunological

tolerance and, for the a�ected patients, it was a blessing in disguise!

IMMUNE

TOLERANCE

teaching your body’s
immune system to
know the di�erence
between “friends” like
your own body, helpful
bacteria or (in the case
of transplantation) the
new organ.)
and “enemies”.

This mixture of cells with di�erent fingerprints, from di�erent people,
in the body of a single person is called chimerism.

CHIMERISM

As used here, a state in
which a mixture of
immune cells from two
di�erent individuals
exists inside the body
of a single person.

The development of immunological tolerance is considered the “holy
grail” in transplantation, which means best or most perfect thing,
like a treasure that’s really hard to get and therefore the goal of
researchers all over the world. Scientists are now conducting studies
on how to safely create chimerism in patients, “re-program” their
immune system and make their immune cells tolerant toward the
transplanted organ [6]. The ability to make transplant patients tolerant
of their grafts would make life-long immunosuppressant medication
unnecessary—preventing rejection and the nasty side e�ects from
immunosuppressive drugs.

In summary, the bodies superhero immune cells target and attack
any intruder, infections and transplanted organs alike. To prevent
the immune cells from attacking the transplanted organ (rejection)
powerful immunosuppressant medication is used to “handcu�” and
disarm the recipient’s immune system. This medication, however,
is a double-edged sword, as it also may cause unpleasant to
life-threatening side-e�ects. Therefore, scientists are looking for
ways to “re-program” the immune system to only attack threatening
intruders and not a transplanted organ. This may enable patients one
day to not rely on the strong e�ects, and su�er from side-e�ects, of
immunosuppressants anymore.
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BORAN, AGE: 12

I am at first grade of junior high school. I like sport, music and drawing pictures. I like

reading as well. I love to read books about Harry Potter and Conan.

LONGZHE, AGE: 13

I love to play Rubik’s Cube. I try to do everything I could to achieve a better result

in playing Rubik’s Cube. I also show other how to play it through Tiktok. I really

enjoy it.

MENGZHICHENG, AGE: 9

I am in 4th grade at primary school. I loved sports. After class my classmates and I

often play football and badminton. Our favorite game is chasing with each other in

the park. I also like listening to music. I create several music lists of Nintendo games,
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such as the legend of Zelda, Super Mario Brothers. The orchestra of the background

music is amazing. In the future I want to be a trombonist.

RAMON, AGE: 14

My name is Ramon. I like playing soccer with my friends at school. Besides soccer,

I enjoy playing with my playstation when I am indoors. I like to spend my time in

the parks or in the natural environment to relax and rejuvenate myself. At school we

follow a catholic ideology. My favorite subjects are English and Science. I have very

caring parents and we would usually sit down together at dinner to reflect on my

daily activities. My hobbies also include listening to di�erent types of music such as

funk.

RANANJAY, AGE: 10

I am a curious and energetic 10-year-old boy, always eager to explore the world

around me. I love playing sports, especially soccer, and enjoys outdoor adventures

like fishing. Fascinated by science, I am constantly asking questions and love building

thingswith Legos or experimentingwith simple science kits. I also like to play Fortnite

on my PlayStation. Friendly and sociable, I enjoy spending time with friends and

family. With a vivid imagination, I often get lost in drawing and creating my own

stories.

XIYAO, AGE: 13

I am at second grade of junior high school. I love math. Everyday I read stories about

history of math and try to solve every mathematical problem I ever meet.

YIYI, AGE: 13

Since elementary school, I have been deeply attracted to biology. All my classmates

called me “little biologist”. For me, the most enjoyable thing every week is going to

my father’s laboratory to observe various animals. I am shocked by the complexity

of the animal world. Moreover, I love to read the articles on the scientific journals

such as the series of Frontier and wish to publish my own manuscript there in the

near future. Impossible is nothing!
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