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Skin Barrier Lipids: 
Linking Hormonal Changes, 
Host-Microbiota Interactions, 

and Healthy Skin Ageing
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Professor Anna Nicolaou
Faculty of Biology Medicine and Health
The University of Manchester, UK
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Water loss
Chemical damage 
(irritants/allergens)

MicrobiomeUVR

Permeability 
barrier

Immunological 
barrier

Microbiological 
barrier

Chemical 
barrier

Skin forms a unique multifunctional barrier

Infection
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Sebaceous 
lipids

Triacylglycerols (40%) 
Wax esters (25%)
Fatty acids (16%)
Squalene (12%)
Cholesterol esters (3%)

Epidermal lipids
(stratum corneum) 

Ceramides (48%)
Free fatty acids (22%)
Cholesterol (19%)
Phosphoglycerides (4%)
Cholesterol sulfate (4%)

Epidermal keratinocytes
Dermal fibroblasts

Membrane lipids
Lipid mediators

Kendall & Nicolaou (2013) Progress in Lipid Research

Skin lipids

Skin: physical and
immunological barrier
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Lipids are involved in all aspects of the skin barrier

Nicolaou and Kendall (2024) Pharmacology & Therapeutics
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Skin lipidomics: 
lipid samplingTape 

strips

Suction 
blister fluid

Biopsies

Stratum corneum

Epidermis
Dermis

Sebum

8
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Massey & Nicolaou (2013) FRBM 
Astarita et al (2015) BBA 
Kendall et al (2017) BBA
Kendall et al (2018) Exp Dermatol

Targeted lipidomics
UPLC/ESI-MS/MS Skin lipidomics: 

mass spectrometry 
analytical platforms 

Untargeted lipidomics
UHPSFC/ESI-QTOF-MSE

In situ lipidomics
DESI- or MALDI-MSI

SKIN SAMPLE
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Lipids are involved in all aspects of the skin barrier

Nicolaou and Kendall (2024) Pharmacology & Therapeutics
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Nicolaou and Kendall (2024) Pharmacology & Therapeutics

Stratum corneum “bricks 
and mortar” model

Skin surface lipids
Sebum

11

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

Epidermal lipids and barrier dysfunction 

SC

12
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Ageing leads to visible structural skin changes
• Loss of elasticity; wrinkles
• Exacerbated by photoageing 

Skin health declines with age

Ageing impacts skin barrier function
• Dryness, itching
• Susceptibility to infection
• Diminished ability to repair damage
• Impaired barrier function contributes to 

systemic “inflammageing”
• Reduced sebum production
• Altered cutaneous microbiota
• Overall health and quality of life

Worldwide increase in the old 
and very old

UN & WHO reports
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Impact of skin ageing better studied in women 
as it is accelerated during the 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

O
ES

TR
O

G
EN

 LE
VE

LS

AGE/ 
DURATION

Typically 

Starts around age 45 
(but can be earlier or later) 

Under 45 = early menopause
Under 40 = premature menopause

Puberty

Lasts c. 30 years from 1st period
Lasts around 6 years on average but 

can be up to 10 years
The rest of women’s lives

Average age 51 (but 
can be earlier or later)

MENOPAUSE

14
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• 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

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

Epidermal morphology; H&E staining

Pre Post Post-HRT

Epidermal thickness reduced and stratum 
corneum thickness increased with menopause

15

Ceramide diversity is crucial for the epidermal 
barrier function

Human stratum corneum: >1200 ceramides; 21 classes known to date including 
free and protein-bound species; acyl chains: 52-56C; sphingoid bases:16-28C

Linoleic acid 
(18:2)

UPLC/ESI-MS/MS
902 species (12 classes) 

Stripping SC layers

16
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Ceramide analysis provides biological insights

17

*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001
 one-way ANOVA with Tukey’s multiple comparison

Menopause reduces stratum corneum ceramides 
Changes prevented by HRT

Kendall et al (2022) Scientific Reports

18
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Ceramide

Sphingoid base

Acyl chain

HO

OH

O

HN

HO

OH

O

HN

HO

OH

O

HN

Post- 
menopause 
SC had 
shorter 
ceramides

*p < 0.05, **p < 0.01, ***p < 0.001; one-way ANOVA with 
Tukey’s multiple comparison

Kendall et al (2022) Scientific Reports

19

Ceramide changes appear to be directly linked 
to oestrogen

n=3 biological donors, *p<0.05 multiple paired t-tests

n=28, Spearman correlation test

Primary human keratinocytes

Kendall et al (2022) Scientific Reports

20
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18-40 yrs M (n=30)

UHPSFC/ESI-QTOF-MSE

TG: 97 species
FFA: 60 species

O

O
O

O O

O

H2C

HC

H2C

TG

O

HO

FFA

UPLC/ESI-MS/MS
Ceramides
902 species
(12 classes) 

CER[NS]

HO

OH

O

HN

GC-FID
Cholesterol

H

H

H
HO

H

H

Cohorts: healthy volunteers, Male and Female,  aged 18-40 and 70+ yrs

70+ yrs M (n=16) 18-40 yrs  F (n=30) 70+ yrs F (n=22)

Tape strip 
sampling

x 5 per site

Microbial swab sampling

x 1 per site

16S rRNA 
sequencing

(132 genera)

Skin health   
TEWL and pH
Biopsies
Histology

Are epidermal barrier lipids altered in aged skin?

21

Older volunteers had higher skin pH, lower DEJ 
convolution, but did not show excess water loss

18-40 yrs
50 µm

70+ yrs
50 µm

Mean ± SEM; n=16-30; *p<0.05 **p<0.01 ***p<0.001 ****p<0.0001

22
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CER[EOS]

HO

OH

O

O

HN ( )
14-20

O

Mean ± SEM; n=16-30; 
*p<0.05 **p<0.01 ***p<0.001

CER[NS]

HO

OH

O

HN

Ceramide levels decreased with age

HO

OH

O

HN
HO

CER[AS]

More changes in 
older females

(dry site)
Menopause?

23

Ceramides 
were shorter 
in aged skin

Ceramides Acyl ceramides Base Acyl chain

CER[NS]

HO

OH

O

HN

HO

OH

O

O

HN ( )
14-20

O
CER[EOS]

Mean ± SEM; n=16-30; *p<0.05 ****p<0.0001

Forehead

Armpit

Buttock

(oily site)
Photoageing?

24
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HO
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O

O

HN ( )
14-20

OCER[EOS]

Acyl ceramides become shorter in males

25

Total TG levels are lower in aged epidermis

Mean; n=16-30; *p<0.05 **p<0.01 ****p<0.0001

O

O
O

O O

O

H2C

HC

H2C

UHPSFC/ESI-QTOF-MSE

ESI + TG: 97 species

Contribution of sebum: 
reduced in aged skin

26
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Total FFA levels are lower in older epidermis

Mean; n=16-30; *p<0.05 **p<0.01 ****p<0.0001

O

HO

UHPSFC/ESI-QTOF-MSE

ESI - FFA: 60 species

Oily site changes are 
more profound in females

27

Aged epidermis has an altered lipid profile

• Changes in sebum lipids could 
contribute to TG and FFA changes

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

• Some changes more profound in 
females: hormonal influence?

• Dry, photoprotected skin shows 
changes least affected by sebum 
(e.g. ceramides) – impact of ageing 
on skin cells?

Aged skin ↓ free fatty acids
↓ triglycerides

↓ free fatty acids

↓ ceramides 
(less abundant,  
shorter)

↑ pH

28
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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

Aged skin

Water loss

Altered 
microbiomeUVR

Infection Chemicals 
(irritants/allergens)

29

Lipids are involved in all aspects of the skin barrier

Nicolaou and Kendall (2024) Pharmacology and Therapeutics

30
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Grice & Segre (2011) Nat Rev Microbiol

Skin is colonised by diverse microorganisms supporting 
the microbiological and immunological barrier

Byrd, Belkaid & Segre (2018) Nat Rev Microbiol 

31

Skin microbiota are influenced by and contribute to 
the cutaneous lipidome

Epidermal lipids
Nutrients for microbes

Antimicrobials

O

O
O

O O

O

H2C

HC

H2C

Triacylglycerol

NH2
HO

OH

Sphingosine

OH

O

OH

O

Sapienic acid (C16:1n-10)

Palmitoleic acid (C16:1n-7)

Microbial lipids
Nutrients and antimicrobials

Immunity and inflammation

Sphingolipids

O

HO

Palmitic acid (C16:0)

COOH

HO

9-HODE

OH

OButyrate

HO

OH

O

HN

Ceramide [NS]

Nicolaou and Kendall (2024) Pharmacology & Therapeutics
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Mean; n=16-30; **p<0.01
16S rRNA gene sequencing
132 genera
98 volunteers (Y, O, M, F)

Bacterial populations vary by body site

Age

33

Epidermal lipid species predicting age
PCA plot 

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

• 18-40 (Younger)
• 70+ (Older)

• 18-40 (Younger)
• 70+ (Older)

younger vs older 
females

Oily site

n=30 younger females
n=22 older females

34
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Epidermal lipid species predicting taxa
younger vs older females

LASSO modelling; Heat maps R2 regression coefficient; 
n=30 younger females; n=22 older females

Younger females Older females

Oily siteLIP1

LIP2LIP2

LIP1

taxa taxa

35

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? 

Lipids and microbiota in aged skin 

36
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Lipids are involved in all aspects of the skin barrier

Nicolaou and Kendall (2024) Pharmacology and Therapeutics

37

Bioactive lipids signal between cells

Nicolaou and Kendall (2024) Pharmacology & Therapeutics
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Skin produces various NEAs which are upregulated 
in inflammation and implicated in barrier function

N
AE Human epidermis; 24 h post 2MED

or 2.5% SLS; n=9 volunteers

Kendall et al. BJD (2016)Kendall et al. J Inv Derm (2015)

Kendall et al. IID (2026)

Dandruff Barrier disruption
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http://en.wikipedia.org/wiki/File:Epoxyeicosatrienoic_acid.png
http://en.wikipedia.org/wiki/File:Lipoxin_B4.svg
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Skin eicosanoids remain upregulated 14 days 
post UVR

Hawkshaw et al Clinical & Translational Immunology (2020) 

CD8+GATA3+ T cells

CD4+GATA3+ T cells 
cells

Immunosuppression ?
Photoalergy?

n=10-12 volunteers; *p<0.05; ** p<0.01

41

How can we support the epidermal 
barrier? 

• Topical treatments (e.g. ceramide-
containing creams; emollients)
• Fatty acid supplementation
• Exploring the gut skin-axis

42
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a-linolenic acid
ALA 18:3n-3

octadecatetraenoic acid
(stearidonic )18:4n-3

eicosatetraenoic acid
20:4n-3

eicosapentaenoic acid
EPA 20:5n-3

docosapentaenoic acid
n-3DPA  22:5n-3

24:5n-3

24:6n-3

docosahexaenoic acid 
DHA  22:6n-3

linoleic acid
LA  18:2n-6

g-linolenic acid
GLA  18:3n-6

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

arachidonic acid
AA  20:4n-6

docosatetraenoic acid
22:4n-6

24:4n-6

24:5n-6

docosapentaenoic acid 
n-6DPA  22:5n-6

oleic acid
OA 18:1n-9

octadecadienoic acid
18:2n-9

eicosadienoic acid
20:2n-9

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

D6 desaturase D6 desaturase

D4 desaturase

D5 desaturase D5 desaturase

elongase elongase 

elongase 

elongase 

peroxisomal 
b-oxidation 

Sp
re

ch
er

 p
at

hw
ay

Human epidermis lacking D5,  D6 
desaturase activity
(Chapkin & Ziboh 1984, 1988)
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n-3 PUFA enriched membrane

Lipid 
mediators   

Altered membrane 
fluidity

Signal 
cascades

Transcription factors
e.g. NFkB, PPAR

Membrane microdomains

Receptors, proteins, 
signalling pathways, 
motility, cytoskeleton

nucleus

Gene expression 
e.g. enzymes, cytokines, 
adhesion molecules, receptors

Stimulus

N-3 PUFA have anti-inflammatory and 
immunomodulatory properties

N-3

N-6

proteins

NUTRITION

45

EPIDERMIS

DERMIS

PLASMA

Log 2 fold change; 
post 10 weeks’ EPA/DHA supplementation
Global changes (G) assessed by iterative group analysis Kendall et al (2019) FASEB J 

N-3PUFA supplementation can alter lipid mediators; 
impact on inflammation and the immunological barrier

46
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Volunteers randomly assigned to EPA or 
DHA, 5g per day for 10 weeks:

Can n-3PUFA alter the sunburn response?

C

7 9 13 15 21

29 35 50 58 86

UVR 
(mJ/cm2)

Small areas of photoprotected upper buttock skin 
were exposed to UVR at 3 times the minimum 
erythemal dose:

Biopsies taken after 24 h and 72 h, analysed for 
lipid content and immune cell profiles:

Compliance confirmed with RBC analysis

Kendall et al. (2019). FASEB. 33:13014-27

UPLC/ESI-MS/MS

EPA

DHA

47

Systemic n-3PUFA alter UV-induced epidermal lipids
EPA DHA

Kendall et al FASEB J (2019)
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EPA

DHA

Systemic n-3PUFA alter the immune response to UV

Langerhans cells

Langerhans cells

Neutrophils

Neutrophils CD4+ T cells

CD4+ T cells

CD8+ T cells

CD8+ T cells

Kendall et al FASEB J (2019)
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The gut-skin axis

Metabolites
Innate and Adaptive 

Immunity

Health and Disease

Diet
Microbiota
Lifestyle

Microbiota
Lifestyle

Environment

Skin

Gut

50
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Gut-derived short chain fatty acids promote 
skin barrier integrity

Model of skin-barrier dysfunction 
(Atopic Dermatitis-like)

Butyrate alters gene expression

Butyrate improves TEWL

Butyrate increases epidermal ceramides

Trompette et al (2022) Mucosal Immunol
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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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