
Skin Barrier Research in Atopic Dermatitis 
in the Era of Biologics

Eung Ho Choi

Department of Dermatology

Yonsei University Wonju College of Medicine, Wonju, Korea



Disclosure of conflicts of interest

CMS LAB

SKINMED

MIRANGEL

SANOFI

LEO Pharma

* I have provided consulting services for several companies in Korea, 

but it is not directly related to the current presentation. 



Contents

1. Introduction

2. Skin barrier issues in atopic dermatitis

3.  Conclusion 



Genetics

Immune Barrier

AD arises from a complex interplay of 3 major factors.

1. Genetic variation

2. Skin barrier dysfunction

3. Abnormal immune response 



Barrier

Ceramide levels in AD skin

(Imokawa G et al. JID 1991)

Immune

AD skin presents decreased ceramide levels.

First indication that the barrier defect is central to the pathogenesis of AD



FLG mutation AD patients

- Early onset

- Severe symptoms

- Persistent into adult AD

- Atopic march

Barrier

Immune

Loss of function mutation of FLG are frequently observed in AD. 



“All of them have been the result of research into immunological mechanisms.”

(Butala S et al. JACI Pract 2023)

Biologics and JAKi has fundamentally changed the treatment paradigm for severe AD.



Therapeutic pipeline of the systemic treatment for AD

(Paolino A, et al. Clin Exp Allergy. 2023)



1. No longer refractory 

2. The only remaining challenge in its treatment is cost. 

3. A full spectrum of treatment modalities from Α to Z

Biologics and JAKi are reshaping the perception of AD.

Immune

Biologics, JAKi

Barrier



We asked researchers in the field of AD what directions future research might take.

Where should skin barrier 

research be positioned today?

Their expectations were ranked 

in the following order
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Skin barrier issues in AD

1) Prediction of the onset of AD through research on the skin barrier

2) The critical factors in the skin barrier dysfunction in patients with AD 

: Deficiency of SC ceramides or an increase in SC pH

3) Prevention of the progression of the atopic march

4) Prevention of AD onset by maintaining skin barrier function through the 

use of moisturizer



1. Corneocytes: Filaggrin (FLG)

2. SC intercellular 

lipid lamellae

: Ceramide

Cholesterol

Fatty acids

3. Corneodesmosome: Proteases SCCE (KLK7)  LEKTI (SPINK5)

Stratum 

corneum

Tight junctions

Skin barrier is composed of SC and TJ.



(Kubo A et al. J Clin Invest 2012; Davidson WF et al. JACI 2019)

Skin barrier impairment  Atopic dermatitis Asthma, AR

“Starting point of atopic march is the impaired skin barrier.”



Natural Moisturizing Factor in neonate’s skin

(Ni Chaoimh C et al. AAAI 2020) (McAleer MA et al. BJD 2019)

NMF can act as a predictive biomarker for development of AD.

Raman spectroscopy help assess filaggrin gene mutations. NMF is inversely proportional to TEWL.



Transepidermal water loss in neonate’s skin

No Emollient use Emollient use

(Horimukai K et al. Allergol Int 2016)

TEWL during infancy predicts the development of AD.

Significant decrease of the probability 

without AD in high TEWL group 

Use of emollient increases the probability 

without AD in high TEWL group



Skin barrier issues in atopic dermatitis

1. Prediction of the onset of AD through research on the skin barrier

2. The critical factors underlying skin barrier dysfunction in patients with 

AD : A deficiency of SC ceramides or an increase in SC pH

3. Prevention of the progression of the atopic march

4. Prevention of AD onset by maintaining skin barrier function through the              

use of moisturizer
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SC lipids: TEWL  

Three components for a healthy skin barrier function

(Choi EH & Kang H. Ann Dermatol 2023)



(Kim D et al. JID 2017)
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Pyrrolidone carboxylic acid (PCA): 

a breakdown product of filaggrin 

protein and a moisturizing factor 

Non-lesional skin in AD & ACD: barrier function and ceramides



(Kim D et al. JID 2017)

“In the SC lipids of non-lesional skin, ACD patients showed a significant overall decrease in 

ceramide chain length, whereas AD patients exhibited a tendency toward reduced long-chain 

ceramides and increased short-chain ceramides.”

NL vs AD non-lesion NL vs ACD non-lesion

L-C ceramides tended to decrease but S-C ceramides increase in AD patients.



Expression of elongation of long-chain fatty acids family member 3 and 6 

(ELOVL3 and ELOVL6) enzymes is decreased in atopic skin.

(Berdyshev E et al, JCI insight 2018)

“In AD, there is a notable change in SC 

lipids characterized by an increase in 

short-chain ceramides, sphingomyelins, 

and lysophosphatidylcholines, coupled 

with a reduction in long-chain 

counterparts.” 

Lipid abnormalities in atopic skin are driven by type 2 cytokines.



(Furue M, Int J Mol Sci 2020)

Th2 cytokines influence epidermal differentiation as well as SC lipids.
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Acidic pH in the SC is important for establishing a healthy skin barrier. 

Three 

endogenous 

pathways 



Contributing factors

• Filaggrin degradation products↓

: PCA, UCA ↓

• Sweating ↓ : Lactic acid ↓

• Lamellar body secretion ↓

: Fatty acids ↓

24

The pH of the SC increases in AD lesion.



Hydrolytic enzymes

- acid sphingomyelinase

- β-glucocerebrosidase

- phospholipase

- steroid sulfatase

(Holleran WM et al. J Lipid Res 1992; Jensen JM et al. J Clin Invest 1999) 25

Under acidic conditions of SC, ceramide generating enzymes are activated.



Functional consequences of an elevated pH of the SC in AD skin 

(Choi EH & Kang H. Ann Dermatol 2023)



• Increase in pH and TEWL occurs 
before the onset of AD flares

• Targeted emollients for balancing 
skin pH and reducing TEWL              
may have potential in prevention of 
AD flares.

(Marini A et al. JEADV 2023)

Increased skin pH & TEWL serve as predictor for AD flares.



Bath-tub, warm water (40℃), pH 3 with citric acid

1. Bathing for 40 min twice a day for 2 days

2. After bathing, application of enough moisturizer

28

We assessed the impact of bathing in artificial acid water on patients with AD. 

Acidic water bathing is an effective treatment for severe AD.

(Lee NR et al. Ann Dermatol 2016)

“No clinical differences or differences in skin barrier

function were observed between two group.” 

Bathing in acidic water Wet wrap dressing

VS A well-established 

and effective therapy

for severe AD



A randomized half-body, double blind, controlled 

trial on the effects of a pH-modified moisturizer vs. 

standard moisturizer in mild to moderate atopic 

dermatitis. 

- A pH-modified moisturizer and a standard 

moisturizer were applied to half body for 6 weeks.

- Reduction in pH was observed with both 

moisturizers, while TEWL significantly improved 

with the pH-modified moisturizer.

- pH-modified moisturizer resulted in greater pH, 

TEWL and SCORAD improvements however the 

differences were not significant from standard 

moisturizer. 

- Moisturization is beneficial for AD; use of 

physiologically compatible pH moisturizer is 

promising.

pH 4.5 vs pH 7.32

(Goh SW et al. An Bras Dermatol 2020)

pH-modified moisturizer is better for AD.

F : M = 30 : 6



Participants

F:M = 9:1

Ages: 27 ~ 42 year old

Showered on the 

morning of the 

assessment day. 

Acidic Moisturizers: Superior in Maintaining Skin Barrier Parameters

(Unpublished)



Skin barrier issues in atopic dermatitis

1. Prediction of the onset of AD through research on the skin barrier

2. The critical factors in the skin barrier dysfunction in patients with AD 

: Deficiency of SC ceramides or an increase in SC pH

3. Prevention of the progression of the atopic march

4. Prevention of AD onset by maintaining skin barrier function through the              

use of moisturizer



Prolonged

Skin barrier 

damage

pH↑ TSLP↑

PAR-2 ↑

Respiratory 

allergy

(Asthma)

Skin &

Respiratory

tissue

HDM 

allergen

AD Skin
Th2 cytokines↑, IgE↑

Tissue eosinophils↑

Filaggrin, Involucrin, 

Loricrin↓ Eosinophil↑

TSLP↑

PAR-2 ↑

Ox-AD mice

NC/Nga mice

Flaky tail mice

(Lee HJ et al. Exp Dermatol 2014, 2017, J Invest Dermatol 2015)

Prolonged

Skin barrier 

damage

TSLP ↓

PAR-2 ↓

Respiratory 

allergy

(Asthma)

Skin &

Respiratory

tissue

HDM 

allergen

pH↓

Maintenance 

of acidic skin 

environment 

AD Skin
Th2 cytokines ↓, IgE ↓

Tissue eosinophils ↓

Filaggrin, Involucrin, 

Loricrin ↓ Eosinophil ↓

TSLP ↓

PAR-2 ↓

Acidic environment on the SC inhibits atopic march

Atopic march models 



• Dupilumab reduced the risk of new/worsening allergies by 34% (IRR 0.66; 95% CI, 0.52–0.84), and new 
allergies by 37% (IRR 0.63; 95% CI, 0.48–0.83) versus placebo. 

• Including IgE category shift, the incidence rate ratio (IRR) for combined new/worsening allergies was reduced 
by 54% (IRR 0.46; 95% CI, 0.36–0.57).

(Geba et al. JACI 2022)

Meta-analysis showed that dupilumab attenuates atopic march



Skin barrier issues in atopic dermatitis

1. Prediction of the onset of AD through research on the skin barrier

2. The critical factors in the skin barrier dysfunction in patients with AD 

: Deficiency of SC ceramides or an increase in SC pH

3. Prevention of the progression of the atopic march

4. Prevention of AD onset by maintaining skin barrier function through 

use of moisturizer



(Chalmers JR et al. Lancet 2020) (Bradshaw LE et al. Allergy 2023)

Daily emollient application during the first year of life does not prevent 

atopic dermatitis, food allergy, asthma or hay fever 

Daily emollient during infancy did not prevent AD in high-risk children.



“For several years, I have been advising patients in my clinic and speaking to expectant 

mothers in public lectures to diligently apply moisturizers from infancy as a preventive measure 

against the development of AD.”



pH 4.92 pH 7.13

Neither of them contains ceramides.

The emollients provided in this study were two types.

Possible reasons behind this result ?
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(Zhong Y et al. Allergy 2022)

A meta-analysis: Emollients in infancy prevents AD

“Use of emollients in high-risk infants can prevent the occurrence of AD.”



(Wohlrab J & Gebert A, 2018)

pH & Buffer Capacity of Topical Formulations

Suitable pH : 3.5 ~ 5.5

Suitable to a limited extend : 5.6 ~ 6.5

Unsuitable pH : over 6.6 

Grey circles = Buffer capacity

(Large diameter = Higher buffer capacity)

Classification of moisturizers based on their pH



Clinical studies for the prevention of AD in infants

No Authors Nations Years Name Moisturizer pH pH < 5.5 Contents Results Numbers Appl. Duration HR/OR/RR

1 Kataoka et al Japan 2010 Unspecified - - No effect Con 35, Tx 36 Birth ~ 6 mo

2 Horimukai et al Japan 2014 2e Douhet emulsion 6.14 X Positive Con 59, Tx 59 Birth 1 wk ~ 32 wk
HR 0.48 

RR 0.6786

3 Simpson et al UK/USA 2011

Sunflower seed oil 7.38 X

Positive

Con 53
Tx 55
Oil 13

Cream+Gel 37
Ointment 5

Birth 3 wk ~ 6 mo
RR 0.50

Double base gel 7.13 X

Cetaphil cream 4.71 O

Aquaphor ointment 6.82 X

4 Lowe et al Australia 2018 Epiceram 5.0 O Ceramide Positive Con 39, Tx 41 Birth 3 wk ~ 6 mo RR 0.32

5 Bellemere et al Europe 2019 Balm-French brand - - Positive Con 60, Tx 120 Birth 2 wk ~ 6 mo RR 0.54

6 Yonezawa et al Japan 2018
Pigeon baby milk lotion 4.89 O No effect

Con 106, Tx 96 Birth 1 wk ~ 12 wk
Atopita milky lotion 6.87 X

7 Dissanayake et al Japan 2019 Lokobase Repair Cream 4.0 O Ceramide No effect Con 117, Tx 120 Birth ~ 6 mo RR 1.1080

8 Dissanayake et al Japan 2019 Lokobase Repair Cream 4.0 O Ceramide No effect Con 117, Tx 113 Birth ~ 6 mo RR 1.0825

9 McClanahan et al USA 2019 Cetaphil Restoraderm moisturizer 5.94 X
Psedo-

ceramide
Positive Con 46, Tx 54 Birth 3 wk ~ 24 mo RR 0.6085

10 Skjerven et al
Sweden/
Norway

2020
Bath oil with liquid paraffin 

(Ceridal cream)
- - No effect Con 596, Tx 575 Birth 2 wk ~ 8 mo

11 Chalmers et al UK 2020
Double base gel 7.13 X

No effect Con 612, Tx 598 Birth 3 wk ~ 12 mo aRR 0.95
Diprobase cream 4.92 O

12 Thitthiwong et al Thailand 2020 Cold cream 4.35 O Positive Con 27, Tx 25 Birth 10 wk ~ 9 mo RR 0.1197

13 Techasatian et al Thailand
2021

Ezerra lotion 5.5 O

Positive Con 72, Tx 74 Birth 3 wk ~ 6 mo 0.39

Eucerin Omega Plus Extra Soothing lotion 5.0 O

Eucerin Omega Soothing lotion 5.0 O

Physiogel AI restoring lipid balm 4.84 O

Lyl hydrating moisturizer - -

14 Ng et al Singapore 2021 Cetaphil Restoraderm moisturizer 5.94 X
Psedo-

ceramide
No effect Con 100, Tx 100 Birth within 3 wk ~ 6 mo RR 0.39

15 Simpson et al USA 2025

CeraVe Healing Ointment
pH 4.5
– 6.5

O Ceramides

Positive Con 625, Tx 603 Birth 0 - 9 wk RR 0.84

Petrolatum pH 7 X

Cetaphil Cream 4.71 O

CeraVe Cream 4.27 O Ceramides

Vanicream 3.73 O Ceramides

16 Chaoimh et al Ireland 2022
AVEENO® Dermexa Fast & Long Lasting 

Balm
- - Ceramides Positive Con 136, Tx 117 Birth ~ 8 wk RR 0.71

17 Kottner et al. Germany 2016 HiPP Babysanft Pflegemilch 4.7-5.3 O No effect Con 80, Tx 70 Birth 2 wk ~ 12 mo OR 1.00



(Simpson EL et al. JAMA Dermatology 2025)

CASCADE Trial

CASCADE Trial : Moisturizer had a preventive effect on the development of AD.

“Both high-risk and low-risk groups were included.”



Product Main Composition Highlights pH Range Select (%)

CeraVe Healing Ointment 
(L’Oréal)

Petrolatum + Ceramides NP, AP, 

EOP + Hyaluronic acid
pH 4.5 –

6.5
13

Petrolatum (Unilever) Pure petrolatum pH 7 23

Cetaphil Cream (Galderma)
Petrolatum + humectants + oils 
+ pH adjusters

4.71 11

CeraVe Cream (L’Oréal)
Ceramides + glycerin + petrolat
um + buffers

4.27 45

Vanicream (Vanicream)
Ceramides + squalane + neutra
lizers

3.73 8

CASCADE Trial

(Simpson EL et al. JAMA Dermatology 2025)

Moisturizers used in clinical trial and their corresponding pH values 
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Moisturizer is still maintained as a baseline treatment.

Treatment guidelines of AD in Korea (2024)

(Wollenberg A et al. JEADV 2025)

Updated guideline for AD treatment in Europe



Moisturizers are included in the WHO’s essential medicines list.



46
(Son SW et al. Ann Dermatol 2022)

In real-world, only 24% of patients use moisturizers consistently.



Conclusion

Skin barrier researches are still important in the era of targeted 
therapy for atopic dermatitis.

Even in the era of biologics, the skin barrier management 
remains fundamental - its relevance is greater than ever.
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