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“Skin forms a unique multifunctional barrier
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“* Lipids are involved in all aspects of the skin barrier
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SKIN SAMPLE
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~ Epidermal lipids and barrier dysfunction

Many skin diseases and systemic conditions with
cutaneous manifestations demonstrate lipid dysregulation
* Changes in ceramide abundance and quality

* Changes in fatty acid profiles

Lipid changes associated with:

* Poor barrier function

* Dryness and itching

* Susceptibility to infection

* Diminished ability to repair damage

These symptoms can be present in aged skin
sC

12
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Skin health declines with age

/ & | Ageing leads to visible structural skin changes
9 * Loss of elasticity; wrinkles

1 * Exacerbated by photoageing

Worldwide increase in the old
Ageing impacts skin barrier function 10- and very old

. . Bl 65+ years
Dryness, itching 7 .| = 2064y -
* Susceptibility to infection § 7] = 1oy
* Diminished ability to repair damage 3 - ;
* Impaired barrier function contributes to s N 5%
systemic “inflammageing” % 5% o
* Reduced sebum production & 21 |s1%
* Altered cutaneous microbiota oL 1 44% 3?% 27.%
* Overall health and quality of life 1950 2000 2050

UN & WHO reports

13

MANCHESTER
1824
R ERTEVER

Impact of skin ageing better studied in women
as it is accelerated during the menopause

Puberty Typically MENOPAUSE
Average age 51 (but

Starts around age 45 .
can be earlier or later)

(but can be earlier or later)

AGE/
Under 45 = early menopause

Under 40 = premature menopause

* Menopause occurs as part chronological ageing in females
* First clinically significant manifestation of skin ageing

* Declining oestrogen; reduced skin strength and elasticity; increased skin
dryness; altered cutaneous immune profile; reduced wound healing capacity

14
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Epidermal thickness reduced and stratum

corneum thickness increased with menopause
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Epidermal morphology; H&E staining 0 A . e

One-way ANOVA with Holm-Sidak's multiple comparisons; *p< 0.05; n=7-11 subjects

* Hormone replacement therapy (HRT) can alleviate symptoms in some women
* SC thickness partially normalised with HRT indicating regulation of epidermal
homeostasis by female hormones — are ceramides involved?
Mellody et al (2022) JEADV
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Ceramide diversity is crucial for the epidermal

barrier function

Fatty acid
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Human stratum corneum: >1200 ceramides; 21 classes known to date including
free and protein-bound species; acyl chains: 52-56C; sphingoid bases:16-28C
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Menopause reduces stratum corneum ceramides
Changes prevented by HRT
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Kendall et al (2022) Scientific Reports
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Ceramide changes appear to be directly linked

Oestradiol vs
acylceramides
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Are epidermal barrier lipids altered in aged skin?

Cohorts: healthy volunteers, Male and Female, aged 18-40 and 70+ yrs s TR
[18-40 yrs M (n=30)[| 70+ yrs M (n=16)||18-40 yrs F (n=30)|[70+ yrs F (n=22)| ! ﬁ (\* 4/ (m
H Skin surface lipids
Tape strip i - UHPSFC/ESI-QTOF-MS® UPLC/ESI-MS/MS
samplin =] [sc TG: 97 species Ceramides
- ISG 'I::FIZA: 60 species 902 species
. Y ,‘ " ‘ Corneocyte jj\/\/\/\/\/\/\/\ (12 Classes)
. HO'
) SiE ) e JOI\LG\/\/\/\/\/\/\ ﬁ\/C\E/R\[le/W\/\
H,C=0" ) HI;
Microbial swab sampling Hl-o)o’\/\/\/\/\/\/\/\ "°V=YW
et ‘?-/..\--'././'-\;f“-‘ B Aw HZL_OJ\/\/\/\/\/\/\/\ OH
. GC-FID
Skin health PN E_] Cholesterol
16S rRNA TEWL and pH ——n I
sequencing : c | . I *
J (132 genera) Biopsies !““ -
= Histology — @ SOL
21
MANCH L} I‘ER
" Older volunteers had higher skin pH, lower DEJ
convolution, but did not show excess water loss
8' *kk e 18-40M
) %%k %k %k . kokkk * o 70+M
4 |_£ |_£ — |_§ |1; |_; o 1840F
L 6 < 5 & ¥ - o T0+F
T : |
a
Forehead Armpit Buttock s
40- 5
= R g
& 30 . . 8
= I 2
=201 - °
;o 5y 2 .
£ 1014 B s iz
'_
0_
Forehead Armpit Buttock
Mean + SEM; n=16-30; *p<0.05 **p<0.01 ***p<0.001 ****p<0.0001

22



NMI Summit 2026 9-10 October 2026

o CER[EOS] 0

.
H
8,

Ceramide levels decreased with age HQWW
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Acyl ceramides become shorter in males
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Total TG levels are lower in aged epidermis
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Total FFA levels are lower in older epidermis
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~ Aged epidermis has an altered lipid profile

Aged skin free fatt id
1 pH ft;%?y:er)i,dzz ° . Chan_ges in sebum lipids could
3 '/'?'in:\::: — contribute to TG and FFA changes

* Changes in forehead (oily site) could
be affected by UVR exposure

| free fatty acids * Some changes more profound in

_ females: hormonal influence?
| ceramides

(less abundant,
shorter) * Dry, photoprotected skin shows

changes least affected by sebum
(e.g. ceramides) — impact of ageing
on skin cells?

28
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Aged skin
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What is the potential impact on aged skin?

Impaired barrier function and

integrity

* Changes similar to inflammatory skin
conditions (e.g. atopic dermatitis)

* Susceptible to pathogens, chemicals

and UVR

Altered skin microbiome

* Lipids are both food and antimicrobial
agents, and regulate pH

* Microbiota may contribute to
epidermal lipid changes

29

The physical barrier

Corneocyte
~_—Lipid matrix
Ne —
Corneodesmosome
..... — .
sG Tight junction

Keratinocyte

Epidermis

The immunological

e

SG
Bioactive lipid
mediators and

BMm

Immune cell infi

cytokines ss \ :

Keratinocyte — _* .,

SB| » ©

barrier

Langerhans Dermis

cell

Hypodermis
Tcell e

Itrate from dermis

Lipids are involved in all aspects of the skin barrier

," Skin microbiota
* Bacteria
* Fungi

0 Viruses

X

," The microbiological barrier

*Sebum, sweat
+pH4.55.5
,. Voo \weo oo *Acylglycerols

Acid mantle

* Free fatty acids
« Bioactive lipid mediators
* Antimicrobial peptides
* Microbial metabolites

Lipid changes during epidermal differentiation

Layer Key lipids

sc Ceramides, cholesterol,
free fatty acids
SG Glucosylceramides,

sphingomyelins, cholesterol
sulfate, acylglycerols

Sss Phospholipids,
ceramide production

SB Phospholipids, triacylglycerols

BM

Nicolaou and Kendall (2024) Pharmacology and Therape
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Skin is colonised by diverse microorganisms supporting
the microbiological and immunological barrier
Kingdom Fungi Bacteria
\\\;Oily «/K\\‘g \\\ .
N Glabella \ )
S .
A ‘J’\ ‘\ oie y N
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‘\ | \ / Brrrl):ﬁl forcarm tk\\‘l‘ \‘
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| || y- R N
Wi e (/ Kl\ \
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‘\‘ ‘\ /‘ “/ /u space 9 _ / &
AV
Grice & Segre (2011) Nat Rev Microbiol e | W | Qo e
Byrd, Belkaid & Segre (2018) Nat Rev Microbiol I Viroses Il Staprylococcus spp:
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MANCHESTER

~ Skin microbiota are influenced by and contribute to
the cutaneous lipidome

Epidermal ||p|d$ Skin microbiota Microbial ||p|dS
Bacteria q S g
Nutrients f icrob e Nutrients and antimicrobials
utrients 1or microobes
iitees sebum Palmitic acid (C16:0
o Triacylglycerol )\ i FEInE ek )
N oS WA T E
HE=07)) ) ) : &= | angerhans Immunity and inflammation
HQJ;_OJ\/\/\/\/\/\/\/\ Epldermls O ’\ ,. k—’ gce" 9-HODE
C X ¢ COOH
Antimicrobials Hom
Sapienic acid (C16:1n-10) © AR Butyrate ]
WWLOH x X /f\ Sebaceous /\)LOH
ww Dermis gland Sphingolipids
- OH o Ceramide [NS]
NH. 1 I JJ\/\/\/\/\/\/\/\
. 2 \Sphlngoslne Tcell Hg
HOM/\NWW
OH
OH

Nicolaou and Kendall (2024) Pharmacology & Therapeutics
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Bacterial populations vary by body site

Males Females

T

Shannon diversity
o - 0N W

Relative abundance

o 10 24
2 o8 Bal.
3 2 |="B¥
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& & &
0.0 & «\%,% &
0 4
£ o
I £ "Ez
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& SRR
T0s s @,&\n \Q& S
- i Cutil i == Kocuria wm=  Porphy.
16S rRNA gene sequencin Actinomyces y - Mi i F == Streptococcus
9 q 9 - = Finegold i Mean; n=16-30; **p<0.01
132 genera i = == Rothia
wmm  Chr = - i
98 volunteers (Y, O, M, F) o - - —
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Epidermal lipid species predicting age

/ PCA plot ) \

s 18-40 (Younger) ‘g'
"« 70+ (Older)

f Oily site
S o St younger vs older
® ol SEe Py ¢
. females
n=30 younger females
R OO / n=22 older females

» 18-40 (Younger)
« 70+ (Older)

Predictions based on
LASSO regression analysis
e.g. DG, TG, CER species

Log2(lipid intensity)

|
ly

d9_28_0 n_15_p_17 tg_46_2
lipid

34

17



NMI Summit 2026 9-10 October 2026

Epidermal lipid species predicting taxa
younger vs older females
Younger females Older females
I T [ T T T Oily it
LIP1 l.llll- LIP1 LA
lll
i
-
LIP2 = LIP2
taxa
LASSO modelling; Heat maps R2 regression coefficient;
n=30 younger females; n=22 older females
35

Lipids and microbiota in aged skin

Age-related changes to the lipidome and microbiota
* Relative abundance of main taxa altered in older skin
* Changes in lipid species correlate with changes in the microbiota

Are these changes causative or consequence?

Are they reflected in different body sites?
Differential production of antimicrobial and nutritional lipids?
What are the consequences for the aged epidermis?
How do these changes affect the immunological barrier?

36
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ws== Lipids are involved in all aspects of the skin barrier

4

TER

The physical barrier N /| The microbiological barrier
K / Acid mantle
Corneocyte \ Skin microbiota « Sebum, sweat
~_—Lipid matrix N *Bacteria y
sc| B i ' X *pH4.5-5.5
Corneodesmosome \ * Fungi 1 N y « Acylglycerols
s o o — . . \\ o we DR (VAL
G Tight junction \ Viruses sl + Free fatty acids
\ * Bioactive lipid mediators
‘\\ SGI * Antimicrobial peptides
Keratinocyte

* Microbial metabolites

The immunological barrier

Bioactive lipid
mediators and
cytokines

sc Ceramides, cholesterol,
e free fatty acids
sG SG Glucosylceramides,
Dermis sphingomyelins, cholesterol
sulfate, acylglycerols
s . 8 . _ SS Phospholipids,
: d i ceramide production
Keratinocyte —| . e » ypocermis - L .
-
SB
BM P . P ® 4| SB Phospholipids, triacylglycerols
Immune cell infiltrate from dermis = e A

Lipid changes during epidermal differentiation

Layer Key lipids

Nicolaou and Kendall (2024) Pharmacology and Theraped
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Bioactive lipids signal between cells

Nicolaou and Kendall (2024) Pharmacology & Therapeutics

Eicosanoids, octadecanoids Endocannabinoids Sphingolipids
and related mediators and related mediators ARG

Epoxy FAs, diols Prostanoids Sphingosine

L ACTIVATION _ _
CYP450 e CIP CERase| SK
Hydrloxy FAs | /sEH Lo MAG (eg. AEA PEA) !
' 2-AG) NAPE-PLD | CER o sip
Lox . 0 ke
: Wil ACTWATION. === CER
PUFA (e.¢. DAGL

Keratinocyte/ |
immune cell /

Plasma
membrane

Plasma
44 membrane

[: Transporter

Receptor

- Transcription

factor

Keratinocyte/ "
immune cell

Keratinocyte Fibroblast Langerhans Neutrophil Teell
Cutaneous cell type cell

Examples of « Growth, proliferation | * Growth and « Antigen uptake - Migration « Migration
activitios mfluonced | * Diferentiation prolferation + Migration + Recruitment + Recruitment
Hes Intenc * T formation « Extracellular matrix * Maturation » Cytokine production * Cytokine production
by bioactive lipid | . o4ine production formation « Recruitment
mediators

* AMP production
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SR Skin produces various NEAs which are upregulated
in inflammation and implicated in barrier function
phosphatidylethanolamine (PE) I— —————————— q= == = e e e e e e e = 1
9 1 . . .
wle) g I . Barrier disruption I
A ,,o—l‘;—o— I I I
o
0 | |
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P Tyl , 2 I
I . Gl |
—A—M | Healthy Dandruff
NAPE-specific phospholipase D I |
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S _l_ ______ 1 Kendall et al. IID (2026) I
{* anandamide (AEA) | N-Acyl Ethanolamines (NAE) == — = = = = = = = = = I
VAP g _ . I
IM L I Dermis Epidermis |
Dy e ’
Fatty acid amide i B 0 500 1000 1500 2000 2500 8000 20000 |
hydrolase (FAAH) LI e o I pg/mg protein |
< 4.1%) 38.7% oA 34.7% OA | ) K
arachidoric acid (A4) = e s s | Human epidermis; 24 h post 2MED |
183% vl }1 s R I or 2.5% SLS; n=9 volunteers |
SR M DHA A =DHA | I
Kendall et al. J Inv Derm (2015) { Kendall et al. BJD (2016) |
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Lipid mediators of inflammation: the eicosanoids
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Skin eicosanoids remain upregulated 14 days
e | post UVR

D
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Hawkshaw et al Clinical & Translational Immunology (2020)
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How can we support the epidermal
barrier?

Topical treatments (e.g. ceramide-
containing creams; emollients)

® Fatty acid supplementation
® Exploring the gut skin-axis ﬁ

42
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% weight

Human skin punch biopsies (n=10); FAME by GC-FID
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Sprecher pathway

a-linolenic acid linoleic acid oleic acid
ALA 18:3n-3 LA 18:2n-6 OA 18:1n-9
i' A6 desatysase A6 desaturase
XK —

y-linolenic acid
GLA 18:3n-6

¢ elongase ¢
——

dihomo-y-linolenic acid
DGLA 20:3n-6

octadecadienoic acid
18:2n-9
elongase
—

octadecatetraenoic acid
(stearidonic )18:4n-3

eicosadienoic acid
20:2n-9

v

eicosatrienoic acid
(mead acid) 20:3n-9

eicosatetraenoic acid
20:4n-3

A5 d rase A5 desaturase

eicosapentaenoic acid
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arachidonic acid
AA Mn-ﬁ

elongase

docosapentaenoic acid docosatetraenoic acid
n-3DPA 22:5n-3 22:4n-6
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— >
24:5n-3 24:4n-6 Human epidermis lacking A5, A6
‘1’ P — ‘l’ desaturase activity
(Chapkin & Ziboh 1984, 1988)
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docosapentaenoic acid
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N-3 PUFA have anti-inflammatory and

immunomodulatory properties

Stimulus

N-3 PUFA enricheq Membrane
cascades L'i' : N—Cﬁ
pi Altered membrane
l mediators fluidity
_ ~——N-6
Transcription factors / l
e.g. NFxB, PPAR
l Membrane microdomains

proteins l

Receptors, proteins,
signalling pathways,
motility, cytoskeleton

Gene expression

e.g. enzymes, cytokines, XX

adhesion molecules, receptors nucleus
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N-3PUFA supplementation can alter lipid mediators;
impact on inflammation and the immunological barrier

CYP450

products
products

Log 2 fold change; products
post 10 weeks’ EPA/DHA supplementation

Global changes (G) assessed by iterative group analysis Kendall et al (2019) FASEB J
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poEe Can n-3PUFA alter the sunburn response?
Volunteers randomly assigned to EPA or Small areas of photoprotected upper buttock skin
DHA, 5g per day for 10 weeks: were exposed to UVR at 3 times the minimum
EPA capsule DHA capsule erythema| dose:
80 80
Leo i e 29
;20 =\°" 20
L] 0
ST S ;
Compliance confirmed with RBC analysis ( lJJ/VR Y 7
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EPA m EPA DPA DHA
157 —=— 15. 15 15
%10 = %w %w %“‘ . Biopsies taken after 24 h and 72 h, analysed for
= = é e T ——1 lipid content and immune cell profiles:
5o W mow W
DHA AA EPA DPA DHA e - ~— 24h ptjn-uvR
15 15 15 15 P i %
10 g £ 10 £ 10 a0 e
g g g g %
=5 =5 Bl B
0 oL == 1= N
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Kendall et al. (2019). FASEB. 33:13014-27
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Systemic n-3PUFA alter the immune response to UV
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Kendall et al FASEB J (2019)
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The University of Manchester

Diet
Microbiota
Lifestyle

The gut-skin axis

Metabolites
Innate and Adaptive
Immunity

Health and Disease

Skin

Microbiota
Lifestyle
Environment
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Skin barrier lipids — what’s next?

* Understand how lipid networks contribute to skin reactions in
skin disease or systemic conditions with skin manifestations

* Develop in vitro and in silico models to study mechanisms and
support product development

* Understand the functionality of skin microbiota and role of
microbial lipids in skin health and disease

* Develop interventions specific to the needs of skin across
different age groups, in both males and females

52
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