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A multiomic approach to
understand solar exposure impact
on skin ecosystem and evaluate a
new SPF50+ sunscreen efficacy

Carine Jacques-Jamin



ESP 2023 – C. Jacques-Jamin

Sun-exposure and Skin

❖ Over-exposure to sunlight induces skin alterations especially UV radiations

❖ Photoprotection is now a major issue in public health to prevent sun damage including photoaging and cancer
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Skin ecosystem and Sun-exposure

❖ Skin has its own unique ecosystem consisting of millions of bacteria, fungi, 
and viruses.

❖ The composition of these communities depend on skin characteristics, 
host and environmental factors.

❖ Skin microbes may contribute to noninfectious pathologies like atopic 
dermatitis, psoriasis, rosacea and acne.

❖ Skin microbes tend to maintain a state of equilibrium, thereby protecting 
the host from microbial pathogens.
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Multi-omics approach

Metabolomic

Metagenomic

Lipidomic

❖ Impact of sun-exposure on skin ecosystem (skin, SSL and microbiota)

- 16S
- ITS

- NMR
- MS ESI+
- MS ESI-

- Skin barrier lipids
- Global lipidomic

Data processing 
and 

Statistics

Simulated solar 
irradiation

Full spectrum

2 MED: 
11 J/cm²

24H1H

SPF50+ 
sunscreen

2mg/cm²
Skin ecosystem 

model

24H
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Metabolomic analysis

❖ Up to 50 metabolites modulated with SSR, SPF50+ sunscreen prevents major metabolic modulations
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Metabolomic analysis
Name Bonferroni corrected p-value

Alanine and aspartate metabolism 2,53E-04

Glutathione metabolism 9,83E-04

Glycerophospholipid metabolism 1,42E-03

Glutamate metabolism 2,60E-03

Pyruvate metabolism 3,82E-03

Phenylalanine metabolism 8,36E-03

Urea cycle 9,32E-03

Valine, leucine, and isoleucine metabolism 2,68E-02

❖ Biological effects of SSR
• Oxidative stress
• Inflammation
• Immuno-modulation

• Alteration antioxidants

• The skin goes to catabolism rather than anabolism pathway and produces higher oxidative stress

Fold changes (log2) for significant metabolites



Fold changes (log2) for discriminant and significant metabolites
(VIP >1, p-value<0.05)

Metabolomic data

New insights: Barrier Function

SSR exposure SPF50+_SSR exposure

Acetate 1.80 ns

Acetate (surface) -0.53

Alanine -3.27 -0.94

Choline -0.61 -0.82

Choline (surface) 0.72 ns

Glutamate -0.52 ns

Glutamine -2.67 -0.21

Glycerophosphocholine -0,5

Histidine -2.06 -0.9

Lactate 0.44 ns

Methylxanthine -0.8 ns

Ornithine 0.95 ns

Ornithine & lysine 0.88 ns

Panthenol (surface) -1.18 ns

Phosphorylcholine -0.41 ns

Pyroglutamate 1.15 ns

PCA -1.8 -0.07

PCA (surface) 0.86 ns

Serine 0.34 ns

Succinyladenosine -2.86 -0.22

Urocanic acid 1.2 ns

In vivo - Evaluation of hydration

SPF 50+ Control

Apoptosis – In vitro

NMFs
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Lipidomic analysis

Untreated 
+ SSR

Sunscreen 
SPF50+ + SSR
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❖ Up to 250 lipids were modulated with SSR, SPF50+ sunscreen show opposite trends on lipidic modulations

❖ Lipidic modulations link to inflammation, apoptosis and skin barrier function
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Lipids in stratum corneum of reconstructed epidermis 
(Mean ± SEM, n=9,  * pvalue< 0.05, ** pvalue<0.01)

New insights: Barrier Function

Increase of ceramides content 
driven by Cer [NS and NdS]

❖ Involved in inflammatory pathologies 
like AD

❖ Biomarker of barrier function alteration

❖ Decrease of FFAs
❖ Increase of total ceramides: apoptosis
❖ Increase of cholesterol derivates: photoaging



Alterations of microbial host interactions

❖ Metabolism Pathways
• Phenylalanine, tyrosine, and tryptophan metabolism
• Tryptamine pathway
• Branched-chain amino acid metabolism

Fold changes (log2) for discriminant and significant 
metabolite  (VIP >1, p-value<0.05)

SSR exposure SPF50+_SSR exposure

Glutamate -0.52 ns

Indolelacetic 2.7 ns

Isoleucine -1.86 ns

Leucine -1.03 ns

Phenylalanine -0.36 0.20

Phenylalanine (surface) 0.82 ns

Succinyladenosine -2.86 -0.22

Thymidine 1.5 ns

Tryptophan -0.36 ns

Tyrosine 2.32 ns

Tyrosine (surface) 0.93 ns

Valine 0.5 ns

Propionate 0.7 ns

Jacques et al, Photochem and Photobiol 2023

Control – ITS SSR exposure – ITS

Metabolomic data Metagenomic data

❖ Tryptophane metabolism is correlated to Malassezia 
genus 

❖ Play a role on inflammation and immunomodulation



Alterations of microbial host interactions

Fold changes (log2) for discriminant and significant 
metabolite  (VIP >1, p-value<0.05)

SSR exposure SPF50+_SSR exposure

Glutamate -0.52 ns

Indolelacetic 2.7 ns

Isoleucine -1.86 ns

Leucine -1.03 ns

Phenylalanine -0.36 0.20

Phenylalanine (surface) 0.82 ns

Succinyladenosine -2.86 -0.22

Thymidine 1.5 ns

Tryptophan -0.36 ns

Tyrosine 2.32 ns

Tyrosine (surface) 0.93 ns

Valine 0.5 ns

Propionate 0.7 ns

Jacques et al, Photochem and Photobiol 2023

Control – 16S SSR exposure – 16S

Metabolomic data Metagenomic data

❖ Propionate correlated with Cutibacterium genius

❖ Metabolism Pathways
• Phenylalanine, tyrosine, and tryptophan metabolism
• Tryptamine pathway
• Branched-chain amino acid metabolism



Sun exposure

Purine 
pathway

Inflammation

Microbiota 
modification

NMFs, Histidine, 
Alanine

DNA Damage

Apoptosis

Dehydration

Photo-ageing

Erythema

Pre-cancerous 
and cancerous 

skin lesions

Dark spots 

Clinical Consequences

Barrier 
Function

Immuno-
modulation

Fungi 
modification

Tryptophan, BCAA 
metabolism

Glutathion 
pathway

Lipid 
metabolism

Skin ecosystem 
Multi-omics analysis

Skin Consequences

Oxidative 
stress
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