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Discovery of the molecular basis
of heat (TRPV1) and touch (Piezo2)
somatosensation

Awarded to David Julius and Ardem Patapoutian

Free nerve ending  Merkel cell

TRPV1:

178 Brain
lon channel activated by high temperature

/ Dorsal root
ganglion

Skin

Nerve

Piezo2:
lon channel activated by mechanical force https://hegasy.de/03_download.html

Spinal cord
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High prevalence

&ﬁﬂ. Chronic pain affects & cholosicilh
~20-25% m ‘Biological

of adults worldwide

A global problem /S (\
High prevalence is observed | ‘
across all regions and @ . J
socioeconomic settings Physical i

Affects all ages Social

Can occur in children,
adults and older people;
prevalence increases
with age

Miranda et. al. Rev. Port. Med. Geral. Fam. 40, 488-497, 2024
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Young

ﬁl - » Acute pain
! » Transient and protective
/L » Returns to baseline after injury resolves

» Persistent pain
» Prolonged and disproportionate
» High risk of chronification

L 9
Noxious Spinal cord Noxious Spinal cord
stimulus Ge- stimulus &=
‘: o o ‘i L | £
——" 0 . ;_____J e N Q____J
Nociceptor ° . To brain Nociceptor X | ¥ To brain
High ¢ High 4
Pain Pain
intensity intensity
Low > Low >

Time Time
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TRPVT p2T TRPVT p16* TRPVT p2T'p16*

Gavini et. al. J. Neuroinflammation. 19, 57, 2022 Donovan et. al. Nat. Neurosci. 28, 985-997,
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vanqus
(cortical)
regions

amygdala

midbrain ‘ PAG
medulla RVM
oblongata

: |OFF Jl NEUTRAL

. 2 \— ?

spinal . £ " '
nociceptive Q ‘ , <
processing ] &

Strien et. al

. Eur. J. Neurosci. 62,e70275, 2025

. Acute / Transient input

Normal processing

Persistent / repetitive
“ nociceptive input

Enhanced excitability

Balance of excitation

and inhibition (lower threshold)
Normal pain Pain hypersensitivity
response (allodynia, hyperalgesia) |

@ Excitatory transmitter
(e.g. glutamate, substance P)

Persistent nociceptive input

Neural plasticity and sensitization

Central sensitization

Amplified pain state

Volume turned up
and stays high

Synaptic and
intrinsic changes

« NMDA receptor

upregulation

+ Increased excitatory _, %
transmission \

« Loss of inhibition ( O\'

« Glial activation

« Neuroinflammation

Disproportionate pain to
stimulus; spread of pain

Persistent pain
amplification

@ Inhibitory transmitter
(e.g. GABA, glycine)

Persistent nociceptive input drives plastic changes in the spinal cord and brain,
so even small stimuli are perceived as intense pain.

www.icrweb.jp
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A . Rarified

CX3CR1 (CCl, 2w),

A7) 7

¥
VA
.*E\..

IEFE %G

CD11b (SNI 2w)

A7) 7

-y
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1k L 7=

~

~

!
.

Shobin et al. GeroScience 39, 199-220, 2017

Contra

Pain or glia activation

Peripheral
nerve injury

(SNI)

Pain intensity

Astrocyte
activation

Microglia
activation

Time
f i} >

Acute pain Chronic pain

Donnelly et. al. Neurotherapeutics. 17, 846-860, 2020
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Ageing drives a chronic, low-grade inflammatory state (inflammaging)

Ageing Cellular senescence Immunosenescence Imbalance of inflammatory
and damage networks

— 'L-l ( |
Time and DAMPs, SASP Reduced responses Impaired resolution Pro-inflammatory Anti-inflammatory
accumulated stressors (e.g. IL-6, IL-8, TNF-a) to infections of inflammation signals signals
Systemic consequences =

° o Chronic, low-grade
. oo inflammation

= Persistent low-level ®s®% (inflammaging)

elevation of circulating
inflammatory mediators Not an acute response
(e.g. IL-6, TNF-a, CRP) — persistent over years

to decades

www.icrweb.jp
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Mast cell ,'J \
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Macrophage o ‘ E&jﬁ o
OOO — - =] *, . . _},
1
' Lipid .
i m) mediators /ﬁﬁ#ﬁ l“
: > < ) OO%-; Pain ) l‘l .
R %o sensitization S‘. neurotransmission |! 1 - .. N
i N\/i\ hil Growth \
© Neutrophi e ‘,l TI'kA % ’ ? p
S8 — \ , ! LS @
oo Second-order |

central

! terminal

neuron

. RREME
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Trpv1

LL RARTHIEED

‘ > Sm_% ' EmEnFHER

w1
Baral et. al. Nat. Rev. Immunol. 19, 433-447, 2019

anaka et. al. Nat. Ilmunol. 24, 439-451, 2023
Tanaka et. al. Sci. Rep. 14, 27192, 2024
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Immune cell Pore Peripheral
neuron

/\ Receptors
‘ I Pathogen/damage associated

Cytokine/Chemokine
Growth factor

Sensation

Receptors
Neuropeptide
Glutamate

Adrenergic
Cholinergic

Immune

: Il 111l Axonal reflex
function

Synaptic
release

Sensory-autonomic
reflex

Wolterink et. al., Annu Rev Neurosci. 8, 339-360, 2022
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Sakai et. al. J. Spine Res. 12, 800-807, 2021
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Authors Animal Exercise Exercise Pain Involved in  Test site Effect of
model method parameter measurement pathways exercise
Dos Santos et al.  Cg-induced Swimming 3 weeks, 15 min/ Tactile allodynia, AEA-CB2 Right Spinal cord: AEA,
(2019) inflammatory day (1 week), thermal hyperalgesia receptors gastrocnemius CB21
muscle pain 30 min/day muscle, spinal IBA1 (microglial
mice (2 weeks), 45 min/ cord marker), TNF-a |
day (3weeks); Muscle: TNF-a,
37°C IL-1p, |
Takahara- Formalin- Voluntary exercise ~ 11days Mechanical allodynia BDNEF/TrkB Hind paw, spinal | IBA1, KCC2 | I
Yamauchi et al. induced rat and hyperalgesia cord (right dorsal = TrkB 1
(2021) horn)
Sakamoto etal. | MIA-induced Regular walking 60 min/day, Pressure pain threshold = — Right knee joint IL-4, IL-10,
(2023) knee OA rat exercise 5days/week, CD206- 1
6 weeks CD68-, CDl1l1c-,
IL-1B | ‘
Deng et al. DMM surgery Moderate 15m/min, 30min/ = Mechanical and heat PI3K/AKT/ Paw Col2al 1
(2023) induces OA in treadmill exercise day, 5 days/week, pain mTOR TNE-a, IL-6
rats 6 weeks MFN2, MMP13 |

Wu et. al. Front. Aging Neurosci. 8:1359455., 2024
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Psychological amplification of pain

@ Attention to pain 1
(hypervigilance)
‘ Negative meaning

) (catastrophizing, fear)

m Pain perception
/ amplified

Social consequences
e

2 AR
- Deconditioning
g‘ Reduced activity —» ﬁ and disability

GaB i N @® Loneliness
fi‘ Social withdrawal —» n O e

Roleloss  —p @, LOSS of purpose
¢ . | and self-efficacy

NAF B4 -Y—vILETIV (BPSETIV)

Psychosocial factors
- Personality disorder
- Behaviors

- Coping skills

- Learning/Memory
- Attitudes/Beliefs

- Past trauma

- Emotions

Biological/ Physical

factors

- Genetic vulnerability (TOF
example, ion channel
pathology)

Diffuse pain in origin
- Restriction of movement
- Obesity
- Comorbidity
- Incensement towards

disability

Social factor
- Social support
- Family background
- Cultural traditions
Social/Economic status
- Education

Turovskaia et. al., Global Translational Medicine 2: 312, 2023
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Wearable-driven Precision Medicine in Chronic Pain

Wearable

HRV

- R
_ Continuous
ActIVIty / Sleep / ‘{ Monitoring

m-:‘

\\\»

‘;‘;a
\ %

Neural System
Balance

Autonomic
Personalized
} Treatment
] Precision Medicine

Immune System
Inflammation
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Take Home Message

> MERICFE > THDOPR TS ESILEEDIEIY, BEBERELSELRT S,

> HREOHEEBEPREREOE(L, LBIAE, #HESWWERICKY ., BAHAHEESL
CPITWREBANEED S,

> RIEHZPCPIBHRIZEMTEIVLVTWADTIELR L., ZEHBEEICIERZCY
Y LTWwW3,

> BIERBEICHTSIHAR. E—DRFETERTITHY .. M - RIE - B - D
EWo B D l/'f‘\’—L.?fT LTEEHITEZILELH S,

> B REZELS [EIR] ELTRASDTIEGR L., MEw, RiE. HERTEED
TG EDRAG>T-. EHEDOZEFHLIHEREE L TEET S EHEE,
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