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cripps Research

Scientists here have won

Scripps Faculty include

One has received The faculty

the Breakthrough Our faculty hold 29 memberships in the currently includes
Prize in Life prestigious National Academies of

Sciences Sciences, Engineering, and Medicine

The Skaggs Graduate School of Chemical and Biological
Sciences at Scripps Research is consistently ranked among
the 10-best graduate programs of its kind in the nation by
U.S. News & World Report

Where do | sign?



The beginnings and growth of the Mendoza Lab
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Life is not lived in a vacuum
It unfolds at the interface between the organism and its surroundings

%Tem perature
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Maintaining internal stability is necessary for organ function

Cell and organs work properly at optimal ranges:

Set Points.

Deviations from set points can impair enzyme
activity, cell functions, disrupt cell-cell
communication, and damage tissues.

Homeostasis is the maintenance of stable
iInternal conditions despite environmental
perturbations.

Resilience to environmental fluctuations.
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Homeostasis: maintaining stable internal conditions despite
environmental perturbations

Inducer — Sensor — Mediator — Effector
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Homeostasis and inflammation are interlinked networks

Inducer — Sensor — Mediator — Effector
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Inflammation: Inflammare: “to set on fire” (in- = in, flammare = to burn)
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Inflammation seeks to maintain homeostasis
Defense comes at a cost

Defense against infection Intentional trade-offs
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At environmental interfaces, how do cells work together to
maintain homeostasis?
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The skin is your body’s living shield, never at rest

Physical barrier to outside world.
Constantly exposed to a variety of stimuli |
Noxious and benign

Major entry site for pathogens

Bacteria
Viruses
fungi

John Hoffman 2024

Associated with large number of diseases.
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too little O too Mmuch inflammation in the skin results disease

Infectious

Impetigo, cellulitis
Herpes (simplex, zoster)
Warts, Candidiasis,
molluscum contagiosum
Athlete’s foot, ringworm
Scabies, leishmaniasis

Neoplastic / Cancer
Basal cell carcinoma
Squamous cell carcinoma
Melanoma

Actinic keratosis
Cutaneous lymphomas
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\Tolerance

Inflammatory / Autoimmune
Psoriasis

Atopic & contact dermatitis
Vitiligo

Lupus erythematosus
Scleroderma

Bullous pemphigoid,
pemphigus vulgaris

Sensory / Neurocutaneous
Neuropathic pain syndromes
Post-herpetic neuralgia
Chronic itch disorders
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too little O too Mmuch inflammation in the skin results disease

4.86 billion cases of skin diseases  6.64 million cases of skin cancers
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Skin Disorders and cancer are a worldwide burden

Global Health Metrics, The Lancet Vol 396, 2020

World Health Organization, Executive Board 156th session Feb 2025
C. Flohr & R. Hay British Journal Dermatology 2021

L. Zhou Sci Rep 2025
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low do neuro-immune interactions
regulate skin immune homeostasis?

Pathogens Tissue Mechanical
damage stimulus

Temperature

Commensals

Protective immunity Protective behavior
Sense and kill pathogens and infected cells Pain / Avoidance / Itch

Defense
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Sensory Integration: Crosstalk between sensory neurons and
Immune cells regulates inflammation

Sensitization of neurons by immune cells Neuronal modulation of immune cells

Immune mediators

Immune cell uuuT—e -

| . Neuronal mediators
| e
Neuron | )

|

! : \

' Q)
FerreiraS. H. et al., Nature 1988; Schafers M. et al, J. Neurosci. 2003; Richter F. et al., Arthritis Rheum. | Kashem, S.W. et al., 2015 Immunity; Pinho-Ribeiro F.A. et al., Cell 2018; Cohen J.A. et
2012; Wilson S. R. et al., 2013 Cell; Fang D. et al, Pain 2015; Liu B. et al., PNAS 2016 : al., Cell 2019; Perner C. et al., Immunity 2020; Hoeffel g. et al., Nature 2021
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Feed Forward Loops can result in maladaptive states
Chronic inflammation, pain and itch

Immunity
o N If Immune cells can activate
\ sensory neurons...
Infection Pain And Sensory neurons can activate
Injury Feed forward Itch

iImmune cells...

neuro-immune
loop

\ o Then there must negative
RIS oA regulators preventing feed forward
h inflammatory loops.

Immunity
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Feed Forward Loops can result in maladaptive states
Chronic inflammation, pain and itch

Immunity

Feed forward
neuro-immune
loop

Infection
Injury

\ - / Do immune cells interact
" with sensory neurons to

act as negative regulators
Immunity of inflammation?
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Regulatory T cells
A small immune population with a big job

Survival Functions

Immune cell subset that regulates immunity B
>0.1% of cells in the body are T cells N IH

T4 cells are dependent on FOXP3 for their
identity and function.

Cumulative S
: 5
_ T N
41_1_‘}

H'L P-value: 0.109

FOXP3 mutations in humans cause fatal systemic = =
autoimmunity (IPEX syndrome). ' '

Age to last follow-up*
Park J.H. et al., Autoimmun Rev 2020
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A quick detour for T, cell history

1970’s -1980’s

?
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1990’s

CcD25

Morrissey... Watson JEM 1993
Powrie... Coffman Int Immunol 1993
Powrie... Coffman JEM 1994
Sakaguchi et al. J Immunol 1995
Malmstrom and Powrie JEM 2000
Takahashi... Sakaguchi JEM 2000

2000’s

Chatila... Bowcock JC/ 2000

Brunkow... Ramsdell Nat Genet 2001

Bennett... Ochs Nat Genet 2001

2000’s - present

>40,000 publications

A

>200 clinical trials

N

Fontenot... Rudensky Nat Immunol 2003

Khattri... Ramsdell Nat Immunol 2003

Hori, Nomura, and Sakaguchi Science 2003
Fontenot... Rudensky Immunity 2005
Gavin... Rudensky Nature 2007

Nobel Prize in
Physiology or
Medicine




Is there a neuro-modulating role for
T4 Céells to balance responses to
environmental stimuli?

4 4

t
Paolo Regina Emma  Stanislav Dikiy
Giovanelli Bou-Puerto Andretta

AIexandeRunsky | J. Sebastian Jara  Susanna Manenti
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Mendoza A. et al., Science Immunology 2025
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T4 Cells localize near axons innervating the skin
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T.eq Cells decrease responses to sensory stimuli

18 hours
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Kim et al., Nat Immunol 2007
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T.., cells decrease responses to sensory stimuli

' 18 hours
® ®
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How do T, cells modulate sensory perception?

Some T, cells express Proenkephaklin, the precursor

% Proenkephalin - for enkephalins.

) Enkephalins are endogenous opioids.
~ ( Enkephalin

Small peptides produced by our own cells to reduce

s g ¢ pain and stress.

Wi (] T

Bind to opioid receptors, the same targets as morphine

MOR DOR KOR
or fentanyl.

Opioid Receptors

Konig, M., et al., Nature 1996

Frederickson, R.C. and F.H. Norris, Science 1976
Belluzzi, J.D., et al., Nature 1976

Hughes, J., et al., Nature 1975
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How do T, cells modulate sensory perception?
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Enkephalins from T, cells modulate sensory perception
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Enkephalins from T, cells modulate skin inflammation

Psoriasis
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T Cells restrain a pro-inflammatory program in populations of
sensory neurons through Enkephalins

& Q Psoriasis
OO _
Penk™t Foxp3°ERT2 (Ctrl) 8 ’&v ’§~ \@ \@\@ Analysis

VVVY Y
Penk™ Foxp3°ERT2 (PenkA) Day: -10 -7 0 1 2 4

o Mrgprd
6 g Mals
Tipma

Ser2
Cadpe?
Tafad
Pigh
Brmgeib
Pwalo

§
B L Mrgpre1
p L Sme2
. =

104 Linagsigred
Wolfson et al., Cell 2023 S A4S EITE =

ap
R -
' EBREE.

10 & 0 5

o() Scripps Research
Immunology & Microbiology




Sensory and immune crosstalk modulates inflammation
and sensory perception

Inflammation causes pain.
Immunity

Teq Cells modulate inflammation and therefore were
thought to modulate pain indirectly.

Teq Cells modulate neuronal activity by secreting an
endogenous opioid aacting as cellular analgesics.

By modulating pain T, cell suppress inflammation.

Therapeutic intervention for chronic diseases that involve
pain and inflammation.

o() Scripps Research Mendozo Lab
Immunology & Microbiology



Sensory and immune crosstalk modulates inflammation

and sensory perception
Neuro-immune Therapeutic intervention

Immunity Targeting neuro-immune crosstalk
- can break pain-inflammation feed
\' forward loops ngh Throughput Screens

Finding small molecules that
target the neuro-immune axis

. Luke Lairson

Scripps Research
Chemistry
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Sensory and immune crosstalk modulates inflammation

and sensory perception
Neuro-immune Therapeutic intervention

Immunity Targeting neuro-immune crosstalk
\' can break pain-inflammation feed
oo .

Q forward loops

Finding more players in the neuro-immune axis

RA Cellular programs
4/ Pathways
° Molecular mechanisms
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Decoding Immuno-sensation
How do sensory neuron responsed to immune challenges?

Inflammation is Sensory neurons are

. diverse diverse
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Decoding Immuno-sensation
Sensory neurons respond distinctly to different immune stimuli

Neuronal responses to Immune challenges
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Decoding Immuno-sensation
Harnessing Sensory responses to modulate immunity
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Unpublished
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Key take aways

Immunity

Infection
Injury

Immunity
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Organisms must continuously sense and respond to
surroundings to maintain homeostasis.

Barrier tissues balance defense and tolerance
because inflammation is both protective and
potentially destructive.

The nervous system is an active participant in
immunity, not a bystander.

Sensory neurons communicate with immune cells
to shape inflammatory outcomes.

Understanding mechanisms of neuro-immune
cross-talk can open new therapeutic paths.
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Collaborators at Scripps Research
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