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Am | bald?




What are the differences between animal hair and human hair?




The Human Hair: Structure, Crisis, Regeneration

» Hair Structure: Comparative Analysis Across Animal Species and Humans-LC
» Hair Crisis: Mechanisms of Hair Loss and Graying-ZXX

» Hair Regrowth: Current Interventions, Mechanistic Insights-WJ
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Myr ago

What is hair?
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Murine hair follicle development can be divided into three phases:

Induction, organogenesis and cytodifferentiation

Induction

Organogenesis

Cytodifferentiation

Stage 1 (placode)

Stage 2 (germ)

Stage 3-5 (peg)

Stage 6-8 (bulbous peg)

Interacting gradients of
activators and inhibitors
creating an inductive field
in the epidermis
(pre-germ). Specialised
dermal fibroblasts gather
underneath pre-germ.

Visible hair germ
(placode).

Promotion of placode
growth: Wnt/3-catenin.
EdaA1/EdaR/NF-kB.
Noggin/Lef-1. CTGF?
Ectodin?

P-cadherin.

Inhibition of placode
fate in surrounding cells
and placode growth:
Dkks (Dkk1, 2, and 4).
BMPs (2,4 and 7)

Proliferation of
epidermal hair
germ cells:
Shh/Smo/Gli2, Wnt
(10b,10a)/Lef-1,
FGFs/FGF2R-IlIb.
TGFB2?
Follistatin?

Formation of dermal
papilla:
Shh/Smo/Gli2,
PDGF-A.

See Table 2 for
molecular controls of
ORS, IRS and hair
shaft formation, polarity,
shaping, innervation
etc.

See Table 2 for molecular
controls of ORS, IRS and
hair shaft formation, polarity,
shaping, innervation etc.

Schneider, Marlon R et al. Current biology, 2009
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Why does it seem that only human hair keeps growing indefinitely?

(a)

Hair shaft

Hair bulb

Matrix cell

Hair growth cycle

0

Outer root sheath 7

Inner root sheath O O
Wi

Dermal sheath cell
Dermal papilla cell

b
®) Checkpoint model
Catagen
Anagen
Sebaceous gland

Bulge )

eHFSC Arrector pili muscle

Checkpoint A Checkpoint C

Dermal sheath cell

Checkpoint C probabilities:

Result: Short-lasting anagen, short hair

® Bulge eHFSC
@ |nner bulge cell
O Mature adipocyte

Dermal papilla cell Low
Dermal sheath cell

Result: Long-lasting anagen, extremely long hair

Chang, Lo-Yu et al. The British journal of dermatology. 2025



Hair length flexibility in animals and in humans upon conditions
with altered hair growth
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Genome-wide signatures of mammalian skin covering evolution

Skin covers Genome-wide signatures
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Part 1

More Than Hedgehogs: The Prickly Ones in Mammals



Animals with spines and quills

pines Echidnas Tenrecs Spiny rats

Hedgehdgs | Porcu




An adult hedgehog has between 5000 and 7000 spines on it’s body

A No risk B Mild risks

Temporal range: Late Eocene — Recent

Hedgehogs!'

European hedgehog

Scientific classification

Kingdom:
Phylum:
Class:
Order:
Family:

Subfamily:

Animalia
Chordata
Mammalia
Eulipotyphla
Erinaceidae

Erinaceinae
@G. Fischer, 1814

transverse
central plates

branched
= transverse
platas

400 pm

longitudinal stringers
longitudinal stringers
{continuaus throughout length)

Drol, Christopher J et al. Acta biomaterialia

. 2019



Porcupine quills serve as their essential defense tools

Porcupine

North American porcupine

Scientific classification ¢
Kingdom:  Animalia
Phylum: Chordata
Class: Mammalia
Order: Rodentia
Suborder:  Hystricomorpha

Infraorder:  Hystricognathi

EXEF. BT SERILESHPEERETR.2024



Echidna: The Most Bizarre Mammal

Echidnas
Temporal range: Pliocene-Recent

- .
Short-beaked echidna

Scientific classification 4

Kingdom: Animalia

Phylum: Chordata

Clade: Synapsida

Clade: Mammaliaformes
Class: Mammalia

Order: Monotremata

Superfamily: Ornithorhynchoidea

Family: Tachyglossidae
Gill, 1872



Observations on Fur Development in Echidna (Monotremata, Mammalia)
Indicate that Spines Precede Hairs in Ontogeny

Hair evolution from scales through spines .....or....... from glands
A scales/ SCALED hairs /J PELAGE l K
INTEGUMENT
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Alibardi et al. Anatomical record (Hoboken). 2015



Living in the danger zone: Exposure to predators and the evolution of
spines and body armor in mammals

Habitat Openness
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. Evolution. 2016



Part 2

Those mammals that chose to “go naked”



Why did humans lose their body hair?




The thermoregulation hypothesis
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T The Aquatic Ape Theory l[

.GROS3 2010

The aquatic ape hypothesis

Pubic louse Head louse

The parasite hypothesis The sexual selection hypothesis



The hairless phenotype in mammals arose at least nine independent
times along the mammalian phylogeny
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Q3

Adaptive evolution of hair in extreme environments



Animals across diverse ecosystems have evolved sophisticated
thermal regulation strategies

Cold environment Hot environment

Polar bear Yak

Active-passive synergistic Insulation against cold air

Silver ant
Solar radiation management

Camel
Insulation against hot air

20 pm o 2 . ) 1 4 10 pm

Animal species Habitat characteristics Thermal management strategies
. Polar bear Polar regions, extremely cold, ice cover Core-shell hair, solar light guiding, static air
Penguin Otter trapping
— . . ¥ H 3 Yak High plateau, intense UV radiation, large temperature Crimped underfur, melanin, static air trapping, UV/
Pressure-resistant for insulation Interlocking structure for nulatnn e, ] NTR ahacngiin
‘ Camel Arid desert, intense solar radiation, large temperature Dual-layered porous fur, solar reflection, nighttime
variation insulation
Silver ant Arid desert, intense surface and solar radiation, large Triangular cross-section hairs, high vis-NIR reflec-
temperature variation tion, high MIR emissivity
Penguin Frigid underwater, strong wind, low light intensity ~ Branched feather structure, waterproof outer layer,
static air trapping
Otter Stable water temperature, high convection Interlocking waterproof barrier, hydrophobic oil

coating, inner downy fur

Wu, Mingrui et al. Chemical Society reviews. 2026



Polar bear hairs with active-passive synergistic thermal management

1 light coupled in
2 light coupled out
3 light coupled in again

TV-13-3125

Khattab, Mohammed Qasim et al. 2016



Mimicking polar bear hairs in aerogel fibers

Polar bear hair

Dense
J shell

—Air permeabillty
Skin

Sheng et al. Science. 2023



Camel hairs with thermal insulation

Sweat Gland
(Evaporation)
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Otter fiber with pressure resistance

Scales fit

Densly packed
fine hair

Guard hair
Underhairs

Underhair
interlock to
trap air B
Trapped air e
retains heat D l l
and keeps
skin dry E ﬁ %

Kuhn, Rachel, and Wilfried Meyer. Zoological science. 2010
John W Weisel et al. Canadian Journal of Zoology. 2005



Morphological and thermal properties of mammalian insulation:
the evolution of fur for aquatic living

700 4

Coyote River otter Antarctic fur seal California sea lion Hooded seal

Fur density (hairs - mm?)
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%
g
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Zalophus calffornianus
Arctocephalus pusiilus

A0urn 540% 20um 700X 20pm 500X 20pm 1090% apm TooX

Hair cuticle, Circularity, Lengths, Fur density, Air trapped in the fur

Heather E. M. Liwanag, Biological Journal of the Linnean Society, 2012



Take home message

The spines of hedgehogs, porcupines, and echidnas are the result of convergent evolution, used for attack
and defense. Research has found that mammals of medium body size, inhabiting open habitats and

with an insect-dominated diet, are most likely to evolve spines or body armor.

Explanations for why humans lost their body hair include the thermoregulation hypothesis and the
parasite hypothesis, among others. The convergent evolution of the hairless phenotype manifests as

independent yet complementary accelerations of evolutionary rates in coding and non-coding regions.

. Animals from different habitats achieve synergy of multiple functions—such as thermal insulation,
radiation regulation, moisture management, and solar-thermal utilization—through the hierarchical

structure of hair, spanning from nano to macro scales.



To Bald or Not to Bald: A Scientific Journey into Hair Loss
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Hair loss is commonly observed
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Is your hair loss considered alopecia?
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Type of hair loss
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Part | What environmental factors can lead to hair loss?



1.1 Seasonality of hair loss:




1.1 Seasonality of hair loss:

Figure 3. Number of

er o d-day period in ead

hatirs shed from the scalp in 14 Caucasian men

h lunar month {mean + SEM)

(RANDALL, et al. British Journal of Dermatology 1991)
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1.1 Seasonality of hair loss
(A)
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1.2 Microplastics can induce hair loss

EER FEERNTSERAVERER, BIRTRIEEHMAK. DRKAIREER

A NETFLIX ORIGINAL DOCUMENTARY

PLASTIC

THE FOREVER TRASH



1.2 Microplastics can induce hair loss

P u con MPs Aged MPs
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MPs treatment caused alopecia and hair structural damage in mice, and the toxic effect caused

by aged MPs was more obvious.
(Li Q, et al. Environment International 2024.)



Part I What daily activities or habits contribute to hair loss?



2.1 Stress-induced chronic hair loss
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Corticosterone is a systemic 'brake’ signal that inhibits hair follicles from entering the growth phase

(Choi, S., et al. Nature 592, 428—-432,2021)



2.1 Corticosterone acts on the DP to regulate HFSC quiescence.

Which cells does corticosterone act on?

o 314 R —— o M After DP receives the corticosterone signal, through
REF A (DP) ZESERTANE (HFSC) AISRITAHEE which specific molecules does it affect hair follicle

stem cells?
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(Choi, S., et al. Nature 592, 428—-432,2021)



2.1 Gasb6 overexpression counteracts the inhibitory effect of corticosterone.
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2.2 Intermittent eating inhibits hair follicle regeneration
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There is a close correlation between lipolysis in dermal adipocytes during fasting and apoptosis of HFSCs.

(Chen H, et al. Cell 2025)



2.2 Intermittent eating inhibits hair follicle regeneration

What is the specific relationship between fat breakdown and stem cell apoptosis?
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How does fasting induce lipolysis and ultimately lead to the apoptosis of hair follicle stem cells?
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Extended fasting activates the adrenal glands to release lipolytic hormones, which signal through adipocytes
in the niche to eliminate activated HFSCs and inhibit hair follicle regeneration.

(Chen H, et al. Cell 2025)



2.3 Fish oil and high-fat diet can induce hair loss
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TNF-a signaling generated by dermal CD207- macrophages represented a main molecular

mechanism underlying fish oil HFD-induced murine hair loss.
(Hao J, et al. Cell Reports 2021.)






Part lll Does hair turning white overnight really exist?



Stress-induced white hair
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(Zhang B, et al. Nature 2020.)



Stress-induced white hair
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(Zhang B, et al. Nature 2020.)



Take-home message

1. Intense ultraviolet radiation and prolonged sun exposure during summer, coupled with microplastic
pollution, can lead to hair loss.

2. Under stress conditions, corticosterone levels rise, subsequently inhibiting CAS6 secretion and prolonging
the quiescent phase of hair follicle stem cells.

3. Prolonged fasting promotes fat breakdown, thereby inducing apoptosis of hair follicle stem cells.
4. A high-fat diet rich in fish oil can lead to hair loss.

5. Stress can lead to premature depletion of MeSCs, subsequently resulting in hair whitening.
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Part1. An Introduction to Medical Interventions for

Pathological Alopecia




Male androgenetic alopecia
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Minoxidil for Hair Loss Disorders
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Minoxidil promotes hair growth
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Anti-androgen Drugs for Hair Loss Disorders
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Establishment of the niche surrounding hair follicle stem
cells.
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Low-Level Laser (Light) Therapy (LLLT)
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Microneedle-mediated therapies
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Repeated microneedle stimulation induces hair growth
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Platelet-Rich Plasma(PRP) Therapy for Hair Regrowth
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Hair Transplantation

follicular unit transplantation (FUT)
follicular unit extraction(FUE)

Marc R. MD, et al. Dermatologic Surgery. 2025.



Combination of Drugs and Physical Methods
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Is it really useful?
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6-gingerol has no effect on promoting hair growth
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Wound-induced hair neogenesis (WIHN)
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Polygonum multiflorum extract promote hair growth
by inducing anagen phase of hair follicles.
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Caffeine’s Effects on
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Part2. Daily maintenance methods for telogen effluvium



Hair Structure and Chemical Composition
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Tips
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Take home message

Timely medical intervention is required for pathological alopecia. Since
therapeutic efficacy varies among different regimens, combined multiple
interventions are generally applied in conventional treatment protocols.
Telogen effluvium is a temporary and reversible form of hair loss without
follicular damage, which can be ameliorated through long-term daily

maintenance and care.
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