
NEUROSCIENCE AND PSYCHOLOGY
Published: 18 July 2025

doi: 10.3389/frym.2025.1596957

HOWA BOYWHO LOVED HOT PEPPERS

CONTRIBUTED TO PAIN RESEARCH

Ben Katz, Rachel Zaguri, Rita Gutorov and Baruch Minke *

Department of Medical Neurobiology, Faculty of Medicine and the Edmond and Lily Safra Center for Brain Sciences (ELSC) The

Hebrew University, Jerusalem, Israel

YOUNG REVIEWERS:

ELAD

AGE: 15

ZALMAN

ARAN

JUNIOR

HIGH,

HOLON:

8TH GRADE

AGES: 13–14

How do you sense temperature and pain? Our ability to detect heat,

cold, pain, and the spiciness of “hot” peppers relies mainly on TRP,

a group of channel proteins first discovered in the fruit fly eye. This

was followed by the discovery of the TRPV1 channel in humans,

which responds to heat and capsaicin, the spicy ingredient in “hot”

peppers. These findings facilitated the identification of additional TRP

channels involved in sensing temperature and pain, thus significantly

advancing our understanding of sensory perception. In this article,

we describe a boy with an insensitivity to “hot” peppers. Genetic

analysis revealed that he carries a rare mutation in TRPV1, rendering

the channel non-functional and explaining his lack of sensitivity

to “hot” peppers. This unique case provides valuable insight into

the molecular basis of temperature and pain sensing and highlights

how genetic variations in sensory proteins can shape individual

experiences of the environment.
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HOWDOWE FEEL PAINFUL TEMPERATURE?

Every day, when you take a shower, you adjust the temperature of
the running water to feel comfortable. Sometimes, when the water
temperature is too hot and painful, you must add cold water to
make it cooler. Likewise, when the water is too cold and unpleasant,
you add warm water. How do people sense heat and cold? When
and why do the warm or cool sensations become painful? What
exactly is the sensation of pain? (see Nerves, pain and consciousness,
Frontiers for Young Minds). Many researchers worldwide deal with
these questions. In 2021, David Julius received the Nobel Prize in
Medicine in recognition of his discovery of channel proteins that are

CHANNEL PROTEIN

A type of protein in cell
membranes that forms
a tunnel, allowing
specific molecules or
ions to pass in and out
of the cell.

opened (activated) by temperature, among them the TRPV1 protein

TRPV1

A channel protein that
senses heat, acidity,
and capsaicin- the
"hot" ingredient of chili
peppers. It helps the
body detect painful
heat and causes the
burning feeling from
spicy food or
inflammation.

(read more in Hot Chili Peppers Help Uncover the Secrets of Pain,
Frontiers for Young Minds) [1]. This channel plays a key role in the
sensation of some types of pain and “opens” in response to several
stimuli: temperatures higher than 42◦C (the temperature that causes
pain), an environment that is very acidic, or the application of a
substance called capsaicin, found in “hot” peppers. The discovery of

CAPSAICIN

A compound in “hot”
peppers that triggers a
burning, spicy
sensation by activating
TRPV1, the channel
protein that senses
heat and pain.

TRPV1 helped researchers discover other proteins that are activated
by di�erent temperatures and increased their understanding of the
mechanisms of temperature and pain sensations [2]. In this article, we
will present a boy who likes to eat “hot” peppers and learn how he
contributed to our understanding of temperature sensing [3].

WHAT IS GENETIC SCREENING, ANDWHAT IS IT GOOD

FOR?

Oneway to figure out how somethingworks is to look at what happens
when it breaks down. Imagine that you want to understand how a car
works. A car has many parts—wheels, steering wheel, engine, brakes,
and more. If you take out one part at a time and see what breaks
down, you can understand that part’s function. For example, if you
take out the steering wheel, the car will not be able to turn. If you take
out the engine, it will not be able to move. But, you could also check
the function of the various parts in another way. For example, if you
want to find out which part is responsible for stopping the car, you
could randomly remove parts, one at a time, and see when the car
fails to stop. In this way, you would discover that the important parts
for stopping are the brake pedal, the wire connecting the pedal to the
brake, the brake plate, and the brake fluid.

In biological research, scientists use similar methods to understand
the role of the various proteins in the body, of which there are at least
20,000. To discover the function of a particular protein, researchers
induce mutations in experimental organisms (like bacteria, cells,

MUTATION

A change in the DNA
sequence that can alter
how a protein is made.
This may a�ect how
the body works and
sometimes leads
to diseases.

plants, and animals) to disrupt protein’s function and examine the
bodily changes caused by thesemutations. Alternatively, if researchers
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want to understand which proteins participate in vision, they can
induce random mutations in proteins and study the cases in which
the mutations cause vision problems. Then, the mutated proteins can
be located and identified (see The transcription of life: From DNA
to RNA, Frontiers for Young Minds). This method is called genetic
screening, and it helps researchers identify new proteins - some of

GENETIC

SCREENING

A research method
where scientists induce
random mutations in
genes to see how they
a�ect the body. It helps
reveal what di�erent
proteins do and how
diseases happen.

which were never suspected to be involved - in specific biological
processes, such as sensory perception. It allows scientists to better
understand how the body functions in health and disease, and how
certain conditions might be treated or cured. Sometimes, nature
creates mutations randomly. It is not ethical for researchers to induce
mutations in humans to see what happens, but occasionally we
discover humans with random mutations (usually because they have
a disease or another medical problem) who agree to undergo simple,
harmless tests to help researchers understand their conditions.

AMUTATION ELIMINATING THE SENSITIVITY TO “HOT”

PEPPER

One day, a young boy found a bowl of “hot” peppers that his mother
had collected to make a stew, and he started eating them. His mother
noticed something strange: the child did not panic, flinch, cry, or
yell like other children who eat “hot” peppers—in fact, he did not
seem to feel the spiciness of the peppers at all. The surprised mother
decided to take the child for a medical examination. The doctors
found that, although the child was completely healthy, he did not feel
the burning sensation that normally arises when eating “hot” peppers.
To understand why, the doctors read scientific articles dealing with
sensitivity to spiciness. They found that the channel protein TRPV1
mediates the feeling of spiciness, and it is activated (opened) by
capsaicin. Then, they examined the gene encoding for this protein

GENE

Segment of DNA that
codes for specific
proteins or traits, such
as eye color. Genes are
inherited from parents
and often provide the
instruction for cells to
produce proteins.

in the child and discovered that the child carried a rare, previously
unknown mutation in TRPV1 (Figure 1).

EXPERIMENTS ON ISOLATED CELLS

To understand how the child’s gene mutation a�ects the activity of
the TRPV1 protein, experiments were carried out on human cells that
can be grown outside the body for a long time. These cells, which
produce TRPV1, were divided into two groups: one group contained
cells that produced the normal TRPV1 protein (without the child’s
mutation), and the other contained cells that produced the defective
protein (with the child’s mutation). We then examined how the cells
with and without the mutation responded to capsaicin. As expected,
when we added capsaicin to cells with the normal TRPV1 protein, they
showed a normal response. In contrast, no response was observed in
cells with the mutant protein.
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Figure 1

Figure 1

How a mutation in DNA
can cause disease? The
body’s tissues are made
up of cells. Each cell
contains, among other
components, proteins
that play important
roles. Proteins are
produced according to
“instructions” found in
DNA, which is located
in the cell’s nucleus.
Changes in the
sequence of DNA,
called mutations, can
change the
“instructions” for
producing proteins.
The change may cause
the protein to operate
di�erently, which may
lead to a change in the
function of the cell or
tissue and could cause
a genetic disease.

This observation told us that the mutation causes a loss of TRPV1
activity. There are several possible explanations for this result. First,
the protein with the mutation might not be made in the cells at all.
Second, the protein with the mutation might end up in a di�erent
place in the cell, where it cannot generate a response to capsaicin.
The third possibility is that the protein, which is made up of 4 identical
parts, is not assembled properly. All these possibilities were examined
and ruled out: that is, the protein with the mutation is produced,
located, and assembled properly in the cell! Thus, the only remaining
possibility is that the mutation probably prevents the activation of
TRPV1 by capsaicin.

THE TRPV1MUTATIONMODIFIES TEMPERATURE AND PAIN

SENSING

TRPV1 belongs to a protein group found in special nerve cells that
respond to tissue-damaging stimuli and produce the sensation of
pain. TRPV1 is activated by painful heat, high acidity, and capsaicin.
TRPV1 also plays a role in the persistent pain felt during injury and
inflammation, and in the process that regulates body temperature.

INFLAMMATION

A natural response of
the body to injury or
infection, causing
redness, swelling, and
sometimes pain. It
helps the body heal, but
too much inflammation
can be harmful.

Despite all this information, mostly from lab experiments, a major
mystery remains: What is the function of TRPV1 in humans? It is likely
that it works similarly in humans and animals, but are we sure? Maybe
it plays roles found only in humans, or it has roles that have yet to be
discovered in animals.

The child and his family agreed to participate in a series of
examinations in which a stimulus (such as heat, cold, or capsaicin)
is applied, and the subject reports: what he feels (hot, cold, or
pain), the extent of the sensation (almost nothing, mild, or strong),
and when he feels it. We were particularly interested in how the
TRPV1 mutation a�ected whether the child would feel hot and cold
temperatures like the rest of us, and if he developed inflammation
like other people. A computer-controlled metal probe was attached
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to the child’s skin to apply precise temperature changes. Then, we
asked the child to report by pushing a button, both when he felt heat
or cold sensations and when he began feeling pain in the hot or cold
temperature ranges.

The results showed normal heat and cold sensitivity (Figures 2A, C),
but decreased sensitivity to painful heat, namely, the child reported
a sensation of hot pain at a higher temperature compared to his
family members and healthy volunteers (Figure 2B). This result is
similar to previous results seen in mice that lacked TRPV1 [4, 5]. The
child’s results in response to cold pain were surprising: he reported a
sensation of cold pain at a much higher temperature compared to his
family members and healthy volunteers (Figure 2D), meaning he was
very sensitive to cold temperatures. TRPV1 is known to be activated by
hot, not cold temperatures, and later studies in mice without TRPV1
also showed that the mice had a high sensitivity to painful cold—an
interesting result!

Figure 2

Figure 2

(A, C) The child with
the TRPV1 mutation
has a normal sensitivity
to heat and cold
compared to healthy
subjects. (B) However,
the child (green bar) is
less sensitive to painful
heat, and (D) more
sensitive to painful cold
compared to his family
members (red) and
healthy volunteers
(black). The child’s
family and healthy
volunteers showed an
inflammatory response
(redness) on the skin
following the
application of (E)
capsaicin or (F)mustard
oil. In contrast, the
child did not develop
an inflammatory
response to capsaicin
but developed an
enhanced
inflammatory response
to mustard oil.
Illustrations below the
photographs show the
size of the
inflammatory response.

Application of capsaicin to the skin normally causes local inflammation,
with redness and mild pain. In our experiments, this e�ect was
observed in the child’s family members and in healthy volunteers.
However, when we applied capsaicin to the child’s skin, it had no
e�ect (Figure 2E). There are twomain possibilities to explain this result:
an insensitivity of the child’s skin to capsaicin or the inability of the
child’s skin to develop inflammation. To test the first option, the child
was given capsaicin orally. As expected, he did not feel any burning
sensation. In contrast, his family members and healthy volunteers
strongly felt the spiciness of the capsaicin. To test the child’s ability to
develop an inflammatory response on the skin, we appliedmustard oil,
which also causes local inflammation and mild pain. To our surprise,
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themustard oil caused a stronger inflammatory response on the child’s
skin compared to his family members and healthy volunteers (Figure
2F) [3].

In conclusion, our results suggested that the child’s TRPV1 mutation
prevented activation of the protein. The child showed low sensitivity
to painful heat, high sensitivity to painful cold, and high sensitivity to
mustard oil on the skin (Figure 3). Thus, this study sheds new light on
the mechanisms of temperature and pain sensations.

Figure 3

Figure 3

Our study led to the
following insights: The
TRPV1 mutation
prevents it from
working properly. The
lack of TRPV1 activity
causes insensitivity to
“hot” pepper in the
mouth, the absence of
an inflammatory
response following
application of capsaicin
to the skin, increased
skin inflammatory
response to mustard
oil, low sensitivity to
painful heat, and high
sensitivity to painful
cold.

LOOKING TO THE FUTURE

Pain is a protective mechanism that helps us avoid harm, but
when pain becomes chronic, it can severely a�ect quality of life.
Millions of people su�er from chronic pain conditions that are poorly

CHRONIC PAIN

Long-lasting pain that
continues for months
or years, often after an
injury has healed. It can
a�ect daily life and may
not respond well to
typical treatments.

understood and di�cult to treat. Understanding themolecular basis of
pain—like how TRPV1 and other proteins work—can pave the way for
more e�ective and targeted treatments. This unique case of a child
with a TRPV1 mutation o�ers new insight into how humans sense
temperature and pain. Notably, the child’s extreme sensitivity to cold
and mustard oil points to biological mechanisms that are still not fully
understood. These findings may lead scientists to explore alternative
pain pathways and open the door to new areas of research, especially
into cold-induced pain and inflammatory responses. By studying rare
mutations in people, researchers can uncover how specific proteins
contribute to sensory perception and pain, knowledge that can
eventually lead to the development of new painkillers or treatments
for chronic conditions, o�ering relief to those in need.
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ZALMAN ARAN JUNIOR HIGH, HOLON: 8TH GRADE, AGES: 13–14
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Holon. This year, our entire class took part in the “Frontiers for Young Minds”

program, in which we were challenged with interesting topics, learned how to
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for Youth” is one of our core curriculum subjects and appears in our end-of-year

report card.
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