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1 | INTRODUCTION

For decades, experimental animal models have been powerful tools
for biomedical research and have supported most of the physiolog-
ical or medical achievements recognized by Nobel Prizes, including
the research that won this year's Physiology or Medicine Prize. On
4th October 2021, the Nobel Prize in Physiology or Medicine 2021
was awarded jointly to David Julius and Ardem Patapoutian "for
their discoveries of receptors for temperature and touch."* Their
discoveries have profoundly changed our view of how we sense the
world around us.?

The senses of temperature and touch are among the most basic
physiological functions in animals and humans. Stimuli from the sur-
rounding environment or physical objects interact with receptors,
mainly temperature and tactile sensory receptors, and are converted
into information, or neural signals. Subsequently, all the encoded
neural signals are transmitted through afferent (or sensory) neural
fibers to interneurons or the central nervous system, and thence
through efferent neurons (or motor neurons) to effector organs, for
example muscles. These steps form a complete reflex arc comprising

the body's response to external stimuli. Perceptions of the external
stimuli help our bodies to react, to make decisions and motor re-
sponses, so that we can feel, interpret and interact with our external
and internal environment.

In mechanistic research, laboratory animal experiments focus on
several major questions: What are the molecular bases to sensing
heat, cold or mechanical force? How do external stimuli convert into
electrical nerve signals? The winners of this year's Medical Prize inves-
tigated and identified the receptors for temperature and touch sensa-
tion. Their research used different species of laboratory animals and

different strains of rodent animal models to unravel these questions.

2 | ANIMAL MODELS FOR RESEARCHING
TEMPERATURE-SENSING MECHANISMS

For centuries, people have sought the secret of temperature percep-
tion. Since ancient times in China, the theory of cold/hot proper-
ties has been the most basic aspect of Traditional Chinese Medicine
(TCM).2 The diagnosis of diseases differs according to their cold or

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.

© 2021 The Authors. Animal Models and Experimental Medicine published by John Wiley & Sons Australia, Ltd on behalf of The Chinese Association for

Laboratory Animal Sciences

Anim Models Exp Med. 2021;4:297-299.

wileyonlinelibrary.com/journal/ame2 297


www.wileyonlinelibrary.com/journal/ame2
mailto:﻿
mailto:qinchuan@pumc.edu.cn
http://creativecommons.org/licenses/by/4.0/

ZHANG ET AL.

hot properties and the treatment of the diseases takes advantage
of the cold or hot medical properties of Chinese herbal medicines
(CHMs).% Besides non-herbal medicines, acupuncture and moxibus-
tion are among the most basic therapies of TCM. During the treat-
ment, heat-sensitization responses are the essential therapeutic
effects.>®

In western countries, exploration of temperature sensation dates
back to the 17th century, when the famous French philosopher René
Descartes postulated that heat could send signals to the brain, in his
book Treatise of Man (or L'homme in French). Centuries later, the 1944
Nobel Prize in Physiology or Medicine was awarded jointly to Joseph
Erlanger and Herbert Spencer Gasser "for their discoveries relating
to the highly differentiated functions of single nerve fibres."”” They
divided nerve fibres into specific types with different transmission
speeds for electrical nerve signals.® Their discoveries demonstrated
the ‘highway’ for electrical nerve signals to the central nervous sys-
tem. However, how heat converts into electrical nerve signals re-
mained unknown within this theoretical system.

The story of finding the molecular bases for sensing heat or cold
began with chili peppers. When eating (or even touching) spicy chili
peppers, the active component, capsaisin (8-methyl-N-vanillyl-6
-nonenamide), can induce a ‘hot’ and burning sensation in people.
In the late 1990s, Dr Julius and colleagues tried to isolate a func-
tional cDNA encoding a capsaicin receptor in sensory neurons. In
1997, they shared their discovery of a non-selective cation chan-
nel TRPV1 (transient receptor potential vanilloid type 1, or VR1 for
short), which can also be activated by noxious temperature stimuli.
Using laboratory rats for their experiments, they found that VR1 is
expressed in adult rats in primary sensory neurons, in a subset of
sensory ganglion cells, including dorsal root ganglia (DRG) and tri-
geminal ganglia (TG) mainly in smaller-diameter cell bodies instead of
large-diameter ones.” TRPV1 is also expressed in spinal cord laminae
I and I, solitary tract and area postrema of the caudal medulla.’® To
further decode the TRPV1 receptor, transgenic mice models lacking
the capsaicin receptor were developed. VR1”™ mice showed little
thermal hyperalgesia behavior, while the mechanical pain remained.
This indicated that the TRPV1 receptor is essential to thermal hyper-
algesia sensation.*

Thereafter, another chemical, a cooling agent, menthol, was used
to identify the receptor for cold sensation. In 2002, Patapoutian and
colleagues described the characterization of TRPM8, which can be
activated both by menthol and cold temperatures.“‘m The ion chan-
nels TRPV1 and TRPMS8 belong to the family of transient receptor
potential (TRP) ion channels. Later, other related receptors for more
delicate thermal sensation, the TRP family, were identified,"* and
these molecular receptors for temperature sensation were subse-
quently decoded.

Rodent models are useful for temperature research and have
helped to provide a comprehensive understanding of temperature
sensation. Using genetics and in vivo calcium imaging, researchers
found that heat and cold could send major inputs to TRPV1" or
TRPM8" DGR neurons and induce robust calcium responses in spi-

nal neurons.'® Research into the properties of TRP receptor families,

including their physiological and pathological functions in thermal
sensation, chronic inflammatory pain and cancer pain, continues to

take place.?6-22

3 | ANIMAL MODELS FOR RESEARCHING
TOUCH PERCEPTION

The basic question of touch and pressure sensation is similar to that
of the molecular mechanisms of temperature sensation: how do the
external signals convert into electrical neural signals?

Originally, Ardem Patapoutian and colleagues identified a mech-
anosensitive cell line, Neuro2A cell. By poking at the cells with a mi-
cropipette, they analyzed 72 candidate genes and finally identified
an unknown mechanically activated cation channel, which was later
named PIEZO1, named after the Greek word for pressure “piesi”.
PIEZO2 was later identified. Both PIEZO1 and PIEZO2 have appar-
ent pressure sensing properties.23 Through rodent experiments,
they found that PIEZO2 was expressed in different types of sen-
sory neurons of DRG and in cutaneous mechanoreceptors known as
Merkel cells. In 2014, a PIEZO2%K® mice model was developed. Mice
without PIEZO2 in both adult sensory neurons and Merkel cells had
a profound deficit of touch sensation, even light touch, but other
somatosensory functions maintain normal.?* Subsequent research
has shown that the physiological functions of these PIEZOs include
pressure sensating properties for touch, pain, proprioception, and

even blood pressure regulation and lung inflation.?’

4 | CONCLUSION

The Noble Prizes were set up in 1895 by the Swedish chemist
Alfred Bernhard Nobel (1833-1896), and the first awards of Physics,
Chemistry, Peace and Literature Prizes were made in 1901. Since
then, there have been 112 Nobel Prizes in Physiology or Medicine
and 224 Nobel Prize laureates, most of whom relied on animal mod-
els in their experimental medical research. With further develop-
ments in science technology and increasingly open platforms for
science sharing, experimental medicine based on laboratory animal
resources will generate even more impetus for better research, bet-

ter science and a better world.

ACKNOWLEDGMENTS

We would like to thank Professor You Wan and Professor Ming Yi
from Peking University for their outstanding research in the field
of TRPV1 and pain. Their kind and careful guidance in both science
and daily life points the way for my scientific research. We thank Dr.
Yuxiang Chen from Capital Medical University for excellent manu-
script editing. We are grateful to Nobel Prize laureates, who have
promoted the progress of science and mankind for over a century.

CONFLICT OF INTEREST

The authors have declared no conflicts of interest.



ZHANG ET AL.

AUTHOR CONTRIBUTIONS
Yu Zhang designed the project and wrote the manuscript; Dongyuan

Zhang collected the references and wrote the manuscript; Chuan

Qin designed the project and approved the final version.

REFERENCES

1.

10.

11.

12.

13.

The Nobel Prize in Physiology or Medicine 2021. NobelPrize.org.
Nobel Prize Outreach AB 2021. Accessed 31 Oct 2021. https://
www.nobelprize.org/prizes/medicine/2021/summary/

Prize announcement. NobelPrize.org. Nobel Prize Outreach AB
2021. Accessed 31 Oct 2021. https://www.nobelprize.org/prizes/
medicine/2021/prize-announcement/

Yu S, Li C, Ding Y, et al. Exploring the ‘cold/hot’ properties of tradi-
tional Chinese medicine by cell temperature measurement. Pharm
Biol. 2020;58(1):208-218.

Wei G, Fu X, Wang Z. Multisolvent similarity measure of Chinese
herbal medicine ingredients for cold-hot nature identification. J
Chem Inf Model. 2019;59(12):5065-5073.

Xie D, Liu Z, Hou X, et al. Heat sensitisation in suspended moxi-
bustion: features and clinical relevance. Acupunct Med. 2013;31(4)
:422-424,

Liao F, Zhang C, Bian Z, et al. Characterizing heat-sensitization
responses in suspended moxibustion with high-density EEG. Pain
Med. 2014;15(8):1272-1281.

The Nobel Prize in Physiology or Medicine 1944. NobelPrize.org.
Nobel Prize Outreach AB 2021. Accessed 11 Nov 2021. https://
www.nobelprize.org/prizes/medicine/1944/summary/

Joseph Erlanger - Facts. NobelPrize.org. Nobel Prize Outreach AB
2021. Accessed 11 Nov 2021. https://www.nobelprize.org/prizes/
medicine/1944/erlanger/facts/

Caterina MJ, Schumacher MA, Tominaga M, Rosen TA, Levine JD,
Julius D. The capsaicin receptor: a heat-activated ion channel in the
pain pathway. Nature. 1997;389(6653):816-824.

Tominaga M, Caterina MJ, Malmberg AB, et al. The cloned capsa-
icin receptor integrates multiple pain-producing stimuli. Neuron.
1998;21(3):531-543.

Caterina MJ, Leffler A, Malmberg AB, et al. Impaired nociception
and pain sensation in mice lacking the capsaicin receptor. Science.
2000;288(5464):306-313.

Peier AM, Mogqrich A, Hergarden AC, et al. A TRP channel that
senses cold stimuli and menthol. Cell. 2002;108(5):705-715.
McKemy DD, Neuhausser WM, Julius D. Identification of a cold re-
ceptor reveals a general role for TRP channels in thermosensation.
Nature. 2002;416(6876):52-58.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Clapham DE. TRP channels as cellular sensors. Nature. 2003;
426(6966):517-524.

Ran C, Hoon MA, Chen X. The coding of cutaneous temperature in
the spinal cord. Nat Neurosci. 2016;19(9):1201-1209.

Luo H, Cheng J, Han JS, Wan Y. Change of vanilloid receptor 1 ex-
pression in dorsal root ganglion and spinal dorsal horn during in-
flammatory nociception induced by complete Freund's adjuvant in
rats. NeuroReport. 2004;15(4):655-658.

Luo H, Xu IS, Chen Y, et al. Behavioral and electrophysiological
evidence for the differential functions of TRPV1 at early and late
stages of chronic inflammatory nociception in rats. Neurochem Res.
2008;33(10):2151-2158.

Yul,YangF, Luo H, et al. The role of TRPV1 in different subtypes of
dorsal root ganglion neurons in rat chronic inflammatory nocicep-
tion induced by complete Freund's adjuvant. Mol Pain. 2008;4(4):61.
HanY, LiY, Xiao X, et al. Formaldehyde up-regulates TRPV1 through
MAPK and PI3K signaling pathways in a rat model of bone cancer
pain. Neurosci Bull. 2012;28(2):165-172.

Li Y, Cai J, Han Y, et al. Enhanced function of TRPV1 via up-
regulation by insulin-like growth factor-1 in a rat model of bone
cancer pain. Eur J Pain. 2014;18(6):774-784.

Yang F, Guo J, Sun WL, et al. The induction of long-term potentiation
in spinal dorsal horn after peripheral nociceptive stimulation and con-
tribution of spinal TRPV1 in rats. Neuroscience. 2014;6(269):59-66.
Wan Y. New mechanism of bone cancer pain: tumor tissue-derived
endogenous formaldehyde induced bone cancer pain via TRPV1 ac-
tivation. Adv Exp Med Biol. 2016;904:41-58.

Coste B, Mathur J, Schmidt M, et al. Piezol and Piezo2 are essen-
tial components of distinct mechanically activated cation channels.
Science. 2010;330(6000):55-60.

Ranade SS, Woo SH, Dubin AE, et al. Piezo2 is the major trans-
ducer of mechanical forces for touch sensation in mice. Nature.
2014;516(7529):121-125.

Woo SH, Lukacs V, de Nooij JC, et al. Piezo2 is the principal
mechanotransduction channel for proprioception. Nat Neurosci.
2015;18(12):1756-1762.

How to cite this article: Zhang Y, Zhang D, Qin C. Animal
models and experimental medicine and the Nobel Prize in
Physiology or Medicine 2021—TRPV and PIEZO receptors for

temperature and touch sensation. Anim Models Exp Med.

2021;4:297-299. doi:10.1002/ame2.12196



https://www.nobelprize.org/prizes/medicine/2021/summary/
https://www.nobelprize.org/prizes/medicine/2021/summary/
https://www.nobelprize.org/prizes/medicine/2021/prize-announcement/
https://www.nobelprize.org/prizes/medicine/2021/prize-announcement/
https://www.nobelprize.org/prizes/medicine/1944/summary/
https://www.nobelprize.org/prizes/medicine/1944/summary/
https://www.nobelprize.org/prizes/medicine/1944/erlanger/facts/
https://www.nobelprize.org/prizes/medicine/1944/erlanger/facts/
https://doi.org/10.1002/ame2.12196

