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To the Editor,
Atopic dermatitis (AD) is a common eczematous skin disorder 
driven by immune responses and skin barrier defects [1]. Atomic 
force microscopy (AFM) unravels structural changes in the skin 
barrier [2]. Villus-like protrusions of a few hundred nanometers, 
termed circular nanosize objects (CNOs), are observed on the 
basal side of corneocytes in AD patients [3]. This study evalu-
ated correlations between CNO abundance and AD severity 
using the Effective Corneocyte Topographical Index (ECTI), 
which combines the AFM, deep learning, and spatial analysis 
algorithms to precisely calculate CNO density by dividing the 
number of detected CNOs by the effective skin area [4].

A total of 120 individuals were recruited from National Taiwan 
University Hospital in Taipei, Taiwan (June 2022–September 
2022) and Bispebjerg Hospital in Copenhagen, Denmark 
(September 2022–May 2023). Participants were divided into 
four groups (healthy control [HC], G1, G2, and G3) based on AD 
history and Eczema Area and Severity Index (EASI) (Table S1). 
No participants had other skin diseases, active infections, or 
had applied topical corticosteroids within 3 days prior to sam-
pling. Skin samples were collected using tape strips, and the 
ECTI and natural moisturizing factor (NMF) data were ob-
tained (Appendix S1). This study was approved by the National 
Taiwan University Hospital Research Ethics Committee 

(202204089RIND) and the Danish Research Ethics Committees 
(2207232). All patients provided written informed consent.

We found that the ECTI increased with AD severity and posi-
tively correlated with the EASI (Figure S1A). Figure 1A shows 
representative AFM images from each group, along with their 
ECTI values. The ECTI was significantly higher in lesional 
skin than in non-lesional skin of AD patients, which was sub-
sequently higher than in HC (Figure 1B), highlighting its sensi-
tivity to subclinical skin barrier changes. While this trend was 
consistent across both Taiwanese and Danish cohorts, mean 
ECTI values were significantly higher for Taiwanese in the HC 
and non-lesional AD groups (Figure  1C). The ECTI increases 
with rising AD severity, even in non-lesional skin (Figures 1D 
and S1B).

NMF levels exhibited an inverse trend compared to the ECTI 
(Figure S1C) and were significantly higher in healthy skin than 
in lesional and non-lesional AD skin (Figure  1E). Unlike the 
ECTI, only the NMF of the non-lesional AD skin was signifi-
cantly different between Taiwanese and Danish individuals 
(Figure  1F). The NMF levels of the three AD severity groups 
and the HC group could not be significantly differentiated, but 
they revealed a decreasing trend with increasing AD severity 
(Figure 1G).
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We found no correlation between the ECTI and age (Figure S1D). 
While aging affects skin textures, studies report inconsistent 
findings on the relationship between corneocyte topography 
and age, suggesting the distinct mechanism in skin nanoscale 
changes [5, 6].

This study highlights the positive correlations between CNO 
density, captured by AFM using the novel ECTI approach, and 

clinical severity of AD both generally (assessed by the EASI) 
and locally (represented by the Target Lesion Severity Score, 
Figure S1E). Mechanisms underlying the formation and func-
tion of CNOs are unclear but likely involve impaired corneocyte 
maturation due to filaggrin (FLG) protein deficiency, disrupted 
connection between intermediate keratin filaments and cor-
neodesmosomes, and alterations of lipids and proteins in the 
cornified envelope [3].

FIGURE 1    |    Corneocyte surface topography and measurements of ECTI and NMF in atopic dermatitis patients and healthy controls. (A) 
Representative AFM images of corneocyte surface topography and ECTI in HC, G1, G2, and G3. (B–D) ECTI comparisons in lesional vs. non-lesional 
versus HC skin, between Taiwanese and Danish cohorts, and across AD severity groups relative to HC. (E–G) Corresponding NMF comparisons in 
the same categories as panels B–D. Statistical significance: *p < 0.05, **p < 0.01, ***p < 0.001, and ****p < 0.0001, G1–G3, AD severity groups by EASI 
score; HC, healthy controls; ns, Not significant.
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This study's limitations include the lack of FLG mutation analy-
sis and the differing environmental conditions during tape sam-
pling between Taiwan and Denmark. However, by pairing the 
ECTI with NMF levels, this study provided a more comprehen-
sive assessment of skin barrier function, allowing for correlation 
between structural changes in corneocytes and biochemical pa-
rameters of stratum corneum hydration.

We investigated ECTI as a rapid, non-invasive, and reproduc-
ible approach to evaluating AD severity, with clinical implica-
tions for objective disease monitoring of treatment responses. 
Longitudinal analysis of the ECTI may enable early detection of 
subclinical changes in AD.
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