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Cornification: 

Last step of the late epidermis terminal differentiation



Stratum corneum structure
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Intracellular fibrous matrix
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Intercellular space

Lipid lamellae

Corneodesmosomes
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Stratum corneum protective functions
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Stratum corneum lipids: keratinocyte/sebaceous origin

Keratinocyte origin
Organization in lamellae

Lipid cornified envelope

Sebaceous origin
“Surface” lipids

(hydro-lipid film)

Sphingolipides (céramides)

Cholesterol

Free fatty acids (saturated +++)

Triglycerides (unsaturated FA) 57%

Squalen 12%

Waxes 26%

Cholesterol 5%

Free fatty acids

Madison et al. 1987

Ceramides 40-50 %

Cholesterol 25%

Free fatty acids10-15%

Other lipids < 5 %



The different classes of ceramides

19 classes; > 300 distinct species identified in the stratum corneum



Omega-O-acylceramides and 

epidermal barrier:

Pathophysiological study ichthyoses



white scaling with varying 

degrees of erythema

coarse and 

brown/dark scaling 

Collodion Baby
(transitory phenotype at birth)

Generalized scaling with a wide spectrum

of clinical presentations

Congenital Ichthyosiform

Erythroderma

Lamellar

Ichthyosis

Autosomal Recessive Congenital Ichthyosis (ARCI): 

heterogeneous group of rare non-syndromic ichthyoses

Mutations in > 10 genes are causing ARCI (TGM1, NIPAL4, ALOX12B, ALOXE3, 

ABCA12, CYP4F22, CERS3, PNPLA1, SDR9C7, SULT2B1, CASP14, LIPN)

ARCI = Ichthyoses closely linked to a disturbance in SC lipid metabolism



ω-O-Acylceramide, an epidermis specific lipid with a crucial 

role for skin barrier function

Corneocytes
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Hydroxylated Ultra Long 

Chain Ceramide

Linoleic Acid

② Transport into lamellar bodies 

(glycosylated form)

③ Secretion

Lamellae

④ Processing and assembling into SC lipid structures

Mature Cornified Envelope

Ceramide-covalently bound monolayer

Highly organized multilayered lipid structure
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Synthesis and maturation of ω-O-Acylceramide:

A complex cascade of enzyme reactions

Lipid lamellae

acyl CER CER, CH, FFA

Stratum granulosum

Stratum corneum

CYP4F22

Cornified Lipid Envelope Adapted from Krieg and

Fursteinberger, BBA 2014 



PNPLA1, a new gene mutated in ARCI



The Patatin-like phospholipase domain-containing PNPLA family

What is the biological role of PNPLA1 in epidermis and 

its pathophysiological implication in ARCI?

Phospholipases

Lysophospholipases

Acylglycerol lipases/transacylases

9 members

Evolutionnary conserved “patatin” domain

Diverse lipolytic and acyltransferase activities 

Kienesberger et al., 2009, J. Lipid Res.



Production of 

Pnpla1 KO miceARCI patient biological collection:

Screening for PNPLA1 mutations

http://www.chu-bordeaux.fr/


PNPLA1 mutations in our biological collection of patients 

suffering from ARCI

5 patients from 3 non consanguineous families with PNPLA1 mutations 

(NGS and Sanger sequencing)

Diffuse ichthyosis of moderate severity

Acanthosis, compact hyperkeratosis

5 novel PNPLA1 mutations identified



E18.5 embryos from cesarean delivery
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WT KO
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KO Pnpla1: Lethal, major perturbation of the permeability barrier

↗ Transepidermal water loss (TEWL) Dye exclusion assay (n=7KO, 8WT)

Taut and shiny skin of KO embryos Hyperkeratosis of KO epidermis

KOWT



Nile Red/Involucrin KO

100µM

KO

50nM

Cornified envelopes

Lipid lamellae

KO Pnpla1: impact on stratum corneum lipid structures

Maturation assay:

Nile Red + involucrin

labelling

Impaired maturation of cornified envelopes, disorganized lipid lamellae

Ultrastructural

examination

(ruthenium tetroxide 

post fixation)



KO Pnpla1: impact on the epidermal sphingolipids

LC-MS/MS (Liquid chromatography coupled to tandem mass 

spectrometry) of the sphingolipids from E18.5 embryos epidermis

↘ ω-O-acylceramides

↘ protein-bound

ceramides

↗ ω-OH-ceramides

Compromised ω-O-acylceramide synthesis

ω-O-AcylCeramide

Protein-bound

Ceramide

ω-OH-Ceramide



ARCI patients with PNPLA1 mutation: sphingolipids analysis 

Impairement of CE maturation and synthesis of ω-O-acylceramides

Nile Red + anti-Involucrin double staining

Cornified envelope

maturation assay

ω-O-AcylCeramide

ω-OH-Ceramide

Ceramide

LC-MS/MS analysis

(sphingolipids purified

from SC tape-stripping)



Clarification  of PNPLA1 enzymatic activity…

PNPLA1 is the long-thought enzyme involved in the last step of acylCer

synthesis: the esterification of ω-OH-acylCer with linoleic acid. 



Ceramides and skin aging



Skin aging: A complex biological process

Thinner skin, translucent, 

more susceptible to trauma

and  bruise

Marbled pigmentation, 

appearance of age spots

Skin sagging

Wrinkles

↘ cell renewal fibers degradation

blood vessels atrophy

TIME

Cumulative damaging of skin appearance,

structure and function

oxidative stress

telomeres shortening DNA damage

Intrinsic factors
Environmental factors



Skin aging: Changes in the SC?

Young skin (19 year old donnor) Old skin (74 year old donnor)

Appearance: paler, rougher, drier appearing surface

Histology: stratum corneum = normal thickness and morphology

Functionnality: TEWL ~normal but increased drug permeability

Aged skin:

Increased susceptibility to exogeneous and environmental insults

(altered drug permeability, increase susceptibility to irritant contact 

dermatitis, severe xerosis…) 



Lamellar bodies and lamellae in aged SC

Ghadially et al., J Clin Invest 1995

SC from aged skin: 

- No changes in internal structure of LBs

- No changes in the number of LBs

- Paucity of secreted LB contents

- Focal domains depleted /devoid of 

lamellar structures
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A, B, C, E  = Aged human skin

D = Aged mice skin

F, G = Young human skin



Lipid content and distribution in aged skin

Ghadially et al., J Clin Invest 1995

Lipid content of aged murine SC:

↘ 32% total lipid content

Lipid species distribution remains unchanged

Lipid content of aged human SC:

↘ all major SC lipids with aged

↘ EOS-Cer with linoleate, ↗ EOS-Cer with

oleate (+++ in winter)

Rogers et al., Arch Derm Res 1996

➔Decrease in mass levels of intercellular lipids + altered ratio of FA esterified to 

EOS-Cer

➔ Likely to contribute to ↗ susceptibility of aged skin to perturbation of barrier

function and xerosis



Treatments in order to increase SC ceramide content

➔ Improvement of the lipid barrier, increased resistance against aged-associated xerosis?

Many animal studies and clinical trials:

- Topical application of formulations containing ceramides (Chang et al., Geriatric Nursing 2018)

- PhytoCER: oral dietary supplements, topical delivery (Tessama et al., Skin Pharmacol Physiol 2016)

- Topical application of bacterial sphingomyelinase from Str. Thermophilus (Di Marzio et al., Int J 

Immunopathol Pharmacol 2008)

Studies with patients, animal or in vitro models of skin diseases with defective barrier

and impaired SC lipids (atopic dermatitis, psoriasis, ichthyoses…)



Conclusion

Ceramides are essential lipids for the SC barrier function

SC ceramide content and lipid organization is perturbed in aged skin

➔Correcting the amount of SC ceramide level may improve the SC barrier function

➔Many different treatment strategies (substitution, oral treatment, stimulation of 

ceramide biosynthesis…)

➔Studies on animal models, in vitro organotypic cultures, clinical trials 

Outstanding issues:

Nature and pharmacokinetic of administered ceramides?

Controled delivery into the SC? Biological mechanisms involved?

➔ Further experiments are needed to identify effective treatments and to 

understand the underlying mechanisms of lipid barrier restauration
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Thanks for attention!


