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TO THE EDITOR

Sensitive skin is defined by the occur-
rence of unpleasant sensations (e.g.,
stinging, burning,  pain,  pruritus,
tingling) in response to various stimuli
(e.g., cosmetics, temperature variation,
emotion) that generally should not
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Table 1. Summary of the Four Signal SNPs at 2p21 in GWAS

Meta-Analysis

95% ClI

Replication
95% ClI

Discovery

95% CI

P-Value

OR

P-Value

OR

P-Value

ALT EA EAF OR

SNP BP' REF

CHR

9.04 x 107

(1.24—1.55)

1.39
1.38
1.39

1.42

0.034

(1.02—1.53)

1.25
1.23
1.23
1.26

417 x 1078

(1.27—1.66)
(1.27—1.66)
(1.28—1.67)
(1.28—1.68)

1.45
1.45
1.46
1.47

0.503
0.505
0.504
0.502

G
C
A
A

T
T
C
G

43155982
43156974
43157164
43158175

rs17030203
rs17030206
rs57908981
rs72803822

1.35 x 1078

(1.23—1.54)

(1.24—1.55)

0.049

(1.00—1.51)

3.82 x 1078

9.90 x 107°

0.044

(1.00—1.51)

3.11 x 1078

3.78 x 107°

(1.25—1.56)

0.026

(1.03—1.56)

2.28 x 1078

Abbreviations: ALT, alternative allele; BP, base-pair; CHR, chromosome; Cl, confidence interval; EA, effect allele; EAF, effect allele frequency; REF, reference allele.

'Positions are according to human reference hg19.

provoke such sensations (Brenaut et al.,
2020; Misery et al., 2017). The face
tends to be the most common site of
skin sensitivity owing to its rich inner-
vation and its exposure to multiple
types of irritants. Facial sensitive skin
affects around 55-57% of the Asian
population but varies substantially
among countries and studies (Kamide
et al.,, 2013; Kim et al.,, 2018). Ge-
netic factors probably play a role, sup-
ported by the significant ethnic
differences in skin sensitivity (Jourdain
et al.,, 2002) and relevant skin proper-
ties (e.g., permeability [Kompaore and
Tsuruta, 1993] and transepidermal wa-
ter loss [Machado et al., 2010]). How-
ever, the genetics of sensitive skin is
largely unknown. In a clinical study,
sensitive skin is usually measured by
stinging test methods (Christensen and
Kligman, 1996), but this is not quite
feasible in population-based studies.
Instead, self-reported questionnaires
have been the validated tools for iden-
tifying individuals with sensitive skin
(Brenaut et al., 2020). In this study, we
used self-reported sensitive skin as the
phenotype for our GWAS. A direct-to-
consumer platform (WeGene) was
used to collect questionnaires and
DNA data, a strategy that has been
successfully — applied in  previous
GWASs of various phenotypes (Kang et
al., 2020; Shaffer et al., 2017). The
discovery cohort was collected through
an online platform in February and
March 2018 (n = 1,872, age = 29.0 £

7.2 years, 63.68%  females)
(Supplementary Table S1). An inde-
pendent replication  cohort was

collected online in the next 10 months
after the discovery set (n = 817, age =
28.6 + 8.1 years, 62.30% females).
Sensitive skin was defined as a self-
reported case/control trait. Saliva sam-
ples of subjects were collected and
then genotyped on Affymetrix WeGene
V1 Arrays (Santa Clara, CA). Imputation
was performed by Eagle and Minimac4
using 1000 Genomes phase 3 data as
the reference. After quality control, a
total of 596,744 genotyped SNPs and
5,370,088 imputed SNPs  were
included in the GWAS (Supplementary
Materials and Methods). We found no
outlier in our samples from a principal
component analysis (Supplementary
Figure ST). This research was conduct-
ed with official approval from the

Journal of Investigative Dermatology (2022), Volume 142

Ethical Committee of WeGene, and all
subjects provided electronic informed
consent.

When asked, “Would you consider
your facial skin sensitive, and prone to a
sensation of redness, itching, tension,
sting, or burning when exposed to
external stimuli?,” 55.56% of the sub-
jects in the discovery cohort and
59.73% in the replication cohort re-
ported “very or rather sensitive”
(Supplementary Tables S1 and S2),
similar to the prevalence (55-57%) re-
ported in East Asian populations
(Kamide et al., 2013; Kim et al., 2018).
The prevalence of self-reported sensitive
skin was significantly higher in females
than in males (63.30% vs. 45.67%, P =
9.98 x 1079, also consistent with
findings from previous studies (Chen
et al., 2020). Overall, the age of the in-
dividuals with self-reported sensitive
skin was slightly younger than that of the
control group (P = 0.04); however, there
was no significant association after sex
stratification (Premate = 0.17, Praje =
0.15) (Supplementary Figure S2).

We then performed a GWAS using lo-
gistic regression with an additive genetic
model in the discovery cohort, including
sex, age, and the first five genetic prin-
cipal components as covariates. We
identified a signal at 2p21 significantly
associated with self-reported sensitive skin
(rs72803822 as the lead SNP; OR = 1.47,
confidence interval = 1.28—1.68; P =
2.28 x 1078) (Table 1 and Supplementary
Figure S3a). This locus was successfully
replicated (P = 0.03) in the replication
cohort (Table 1). In the meta-analysis of
the discovery and replication cohorts, four
SNPs in strong linkage disequilibrium
(¥ = 0.95~0.99) at 2p21 reached the
genome-wide significance level (OR =
1.42, confidence interval = 1.36—1.48;
P =3.78 x 1077 (Figure 1a and b and
Supplementary Figure S3b). Analysis after
sex stratification showed that the effect
size of the associated SNPs did not differ
between males and females
(Supplementary Table S3). In a GWAS
further incorporating dermatologic condi-
tions associated with self-reported sensi-
tive skin as covariates (e.g., eczema/
dermatitis,  eczema/dermatitis  since
childhood, and asthma/hay fever)
(Supplementary Table S4), the locus
remained genome-wide significant in a
meta-analysis (OR = 1.42, confidence
interval = 1.30—1.53; P = 5.43 x 1079
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Figure 1. GWAS of self-reported sensitive skin identified a significant signal at 2p21. (a) Manhattan plot and quantile—quantile plot showing the results of the
meta-analysis for GWASs of self-reported sensitive skin on discovery and replication sets. The red line corresponds to the genome-wide threshold (P < 5 x
107%). SNPs within 5 kb to the signals were plotted in red. (b) Regional association plot for the significant region at 2p21. Increasing color intensities indicated
increasing linkage disequilibrium (%) with rs72803822. (c) Epigenetic annotation at a region within 1 kb to rs17030203, 160 kb upstream of MTA3, and outlined
in yellow. (d) Functionality scores from 3DSNP annotated the significant SNPs as TFBSs and enhancers. (e) The effect allele G on rs17030203 showed an

increasing effect on more sensitive skin. (f) Geography of allele frequency on rs17030203. Chr, chromosome; Ctrl, control; Mb, megabase; SS, sensitive skin;
TFBS, transcriptionfactor—binding site.
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(Supplementary Figure S3c), indicating
that these findings were not affected by
the skin disease history. None of the
above SNPs has ever been reported to be
associated with any dermatologic condi-
tions in the GWAS catalog.

All four SNPs are located in the
intergenic region between ZFP36L2
and  MTA3 genes. Interestingly,
rs17030203, one of the significant
SNPs, is an expression quantitative trait
locus of MTA3 in the blood (z-score =
3.07, P = 0.002 [Westra et al., 2013];
data from the other tissues are not sig-
nificant in Genotype-Tissue Expres-
sion). Reportedly, MTA3 plays a role in
the maintenance of the normal epithe-
lial architecture by regulating E-cad-
herin levels (Fujita et al., 2003). E-
cadherin and its encoding gene CDHT,
essential in the maintenance of epithe-
lium integrity and keratinocyte differ-
entiation, was recently found to be
upregulated in sensitive skin samples
(Kim et al., 2014). Querying the signal
locus against the 3DSNP database, we
found high functionality scores on
transcription factor—binding sites and

Figure 1. Continued.

enhancers (53.51~100) (Figure 1d). In
addition, on the basis of the encyclo-
pedia of DNA elements and Roadmap
database, the locus exhibited distinct
signatures of active enhancer epige-
netic markers such as H3K4mel his-
tone modifications in fibroblasts and
keratinocytes (Figure 1c). This evidence
thus revealed that the signal locus has a
potential regulatory function. Taken
together, we speculate that SNP
rs17030203 regulates the expression of
the MTA3 gene in an enhancer/tran-
scription factor binding sites—depen-
dent manner, and thus regulating E-
cadherin level to affect skin sensitivity.

Individuals with the derived allele (G)
of rs17030203 have a higher frequency
of self-reported sensitive skin, with an
increased prevalence of approximately
7.6% per copy (Figure 1e). The derived
allele of rs17030203 is of high fre-
quencies in East Asian populations but
mostly rare in other populations
(Figure 1f). The other three significant
SNPs in linkage disequilibrium also
show similar patterns (Supplementary
Figure ~ S4 and  Supplementary
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Table S5). These results were consistent
with the report of comparatively higher
skin sensitivity in East Asians than in
Europeans (Aramaki et al.,, 2002).
However, we found no signal for posi-
tive natural selection in the 2p21 region
in East Asians, Europeans, or Africans
(Supplementary Figure S5).

In conclusion, this GWAS on self-
reported sensitive skin in the Han Chi-
nese population, to our knowledge
previously unreported, identified a risk
locus at 2p21, and one of the lead
SNPs, rs17030203, is an expression
quantitative trait locus of MTA3. A
limitation of the study is that the self-
reported phenotype is likely composed
of several endophenotypes, and the
questionnaire-based approach makes
the phenotype even rougher. Further
investigations on the role of subjective
perception on sensitive skin will be
beneficial. On the other hand, genetic
findings of this GWAS are likely robust.
Our findings provide insights into a
mechanism involving the disrupting of
the maintaining epithelial architecture
in the development of sensitive skin.
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Psoriasis embodies a number of related
chronic inflammatory skin conditions.
Plaque psoriasis is the most common
form and affects 1-3% of the
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SUPPLEMENTARY MATERIALS AND
METHODS

Population and samples

All participants were recruited from con-
senting WeGene customers from Shenz-
hen Zaozhidao Technology, a direct-to-
consumer genetic testing service pro-
vider. The discovery set was collected in
February and March 2018 and included
1,872 volunteers (1,192 females and 680
males). The replication set was collected
in the following 10 months and included
817 volunteers (509 females and 308
males). The sample summary is provided
in Supplementary Table ST.

Phenotyping

Information on personal data and phe-
notypes for each participant was gath-
ered through a self-reported
questionnaire. Participants replied to the
question “Would you consider your
facial skin sensitive, and prone to a
sensation of redness, itching, tension,
sting, or burning when exposed to
external stimuli?” In the following anal-
ysis, we defined individuals who
answered very sensitive and rather sen-
sitive as a sensitive group and those who
answered slightly sensitive and not sen-
sitive as a nonsensitive group (Kamide
et al., 2013). Potentially relevant derma-
tologic conditions (e.g., eczema/derma-
titis, eczema/dermatitis since childhood,
and asthmarhay fever) were also queried
in the survey. The initial survey questions
were worded in Chinese and are shown
in Supplementary Table S2.

Genotyping

Saliva samples for DNA extraction and
genotyping were collected and then gen-
otyped on the Affymetrix WeGene V1
Arrays (Santa Clara, CA), which covered
596,744 SNPs at the WeGene genotyping
center, Shenzhen. To control for genotype
quality, we used PLINK, version 1.9
(Purcell et al.,, 2007), to exclude in-
dividuals with  >5% missing data,
outlying heterozygous rate, or discordant
sex information. Unrelated was filtered by
pairwisely checking for all the samples,
and those whose identities were identified
by descent scores >0.125 were removed.
Ancestry was assigned from self-reported
surveys and further examined with prin-
cipal component analysis. We also dis-
carded SNPs with unbalanced call rates in
case and controls, those with >2%
missing data, those with a minor allele

frequency <1%, or any SNPs that failed
the Hardy Weinberg deviation test (P <
1 x 107°). After pruning, 373,988 SNPs
were retained for further analysis. We
used Eagle (Loh et al., 2016) and Mini-
mac4 (Fuchsberger et al., 2015) to impute
the genotypes at nongenotyped SNPs with
a 10-Mb chunk size, a 3-Mb step size,
and 1000 Genomes phase 3 data
(Genomes Project et al., 2015) as an
imputation reference panel. X chromo-
some was also phased and imputed by
Eagle and Minimac4 following the
guidelines of Minimac4. The final
imputed dataset contained genotypes for
5,370,088 autosomal SNPs and 183,199
X-chromosomal SNPs with an imputation
quality score (Minimac Rsq) > 0.3, mean
allele frequency > 1%, and missing rate
< 2%.

Statistical analyses

Population stratification analysis. We
first used PLINK, version 1.9 (Purcell et al.,
2007), to carried out principal component
analysis to correct for possible population
stratification. We combined our datasets
with samples of 102 Han Chinese in Beijing,
China, 98 Utah residents with Northern and
Western European ancestry from the CEPH
collection, and 107 Yoruba in Ibadan,
Nigeria from 1000 Genomes phase 3 data
and selected 56,723 SNPs with linkage
equilibrium r* < 0.1 for analysis to account
for potential biases introduced by linkage
disequilibrium structure. Han Chinese in
Beijing, China, and both our discovery and
replication set were clustered, and there
were no outliers in  our dataset
(Supplementary Figure S1). The top five ge-
netic principal components were later
included in the GWAS model. The number
of principal components used was based on
the proportion of variance explained and the
degree of genomic inflation (lambda).

Association test. Correlation analysis
was performed using R software (version
4.0.1) between sensitive skin and sex by
Pearson chi-square test and between
sensitive skin and chronological age by
Welch two-sample t-test. We found that
reported case of self-reported sensitive
skin was significantly higher in females
than in males (63.30% vs. 45.67%, P =
9.98 x 107'9). Overall, the age of the
individuals with self-reported sensitive
skin was slightly younger than that of the
control group (P = 0.04); however, there
was no significant association between
age and self-reported sensitive skin after
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stratified by sex (Premate = 0.17, Pmaje =
0.15). The distribution of the trait strati-
fied by sex and age is shown in
Supplementary Figure S2. Age and sex
are included as covariates in the GWAS
model as a convention. We also per-
formed Pearson chi-square test between
potentially relevant dermatologic con-
ditions with self-reported sensitive skin
and found significant associations
(Supplementary Table S4).

We then performed a genome-wide as-
sociation analysis for self-reported sensi-
tive skin with logistic regression and an
additive genetic model incorporating age,
sex, and the first five genetic principal
components. Associations were significant
if the P-values passed the genome-wide
significant  threshold  (Supplementary
Figure S3a). We performed a meta-
analysis with PLINK, including the dis-
covery set and the replication set, applying
the standard error—based method (Purcell
et al., 2007). X chromosomes were also
included in the GWAS and meta-analysis
(Supplementary Figure S3d). For loci of
interest, we performed linkage disequilib-
rium analysis using an online tool Locus-
Zoom (Pruim et al., 2010). We also
performed a conditional GWAS, control-
ling the top-associated SNP to identify any

independent  signals  (Supplementary
Figure S3b). We further performed
another GWAS, including potentially

relevant dermatologic conditions as co-
variances to control for skin health
(Supplementary Figure S3c). In addition,
GWAS and meta-analysis were repeated
after sex stratification (Supplementary
Table S3) or on SNP-sex interaction
(Supplementary Figure S3e).

Tests for natural selection. To test for
signals of natural selection, we used the
Composite of Multiple Signals method
(Grossman et al., 2010), which incorporates
the scores on the basis of three distinct sig-
natures of selection: long-range haplotypes,
differentiated alleles, and high frequency—
derived alleles. We tested for signals of
positive natural selection with Composite of
Multiple Signals scores at 2p21 region
extracted from the genome-wide scores of
Yoruba in Ibadan, Nigeria, Utah residents
with  Northern and Western European
ancestry from the CEPH collection, and
East Asia (Japanese in Tokyo, Japan + Han
Chinese in Beijing, China) provided by the
Broad Institute (https:/www.broadinstitute.
org/cms/cms-composite-multiple-signals).
Results are presented in Supplementary
Figure S5.
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Functional annotation

We queried the signal locus against
the 3DSNP database (Lu et al., 2017)
for functionality scores, and we used
HaploReg, version 4.1 (Ward and
Kellis, 2012), to annotate the identi-
fied variants for their functional rele-
vance and the University of California,
Santa Cruz Genome Browser (Kent
et al.,, 2002) on Human Feb. 2009
(GRCh37/hg19) Assembly for visuali-
zation (http://epigenomegateway.
wustl.edu/legacy/). DNase hypersen-
sitive site and Histone mark annota-
tion (H3K27ac, H3K4mel) peaks for
the human skin cells were obtained
from the encyclopedia of DNA ele-
ments and Roadmap  database
(ENCODE Project Consortium et al.,
2007). Results are presented in
Figure Tc and d.
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Supplementary Figure S1. Structural analysis of the samples from discovery and replication sets,
combined with representative populations from the 1000 Genomes Project. (a) Principal component
analysis for the discovery and replication set showed that the two populations cluster together. (b) Joint
principal component analysis with three populations from 1000 Genomes phase 3 data. The zoomed-in
lot again showed that WeGene cohort samples and Han Chinese samples are mostly in one cluster, which
indicated that our samples are well overlapped with Han Chinese samples from 1000 Genomes phase 3
data and that there were no outliers in our samples. CEU, Utah residents with Northern and Western
European ancestry from the CEPH collection; CHB, Han Chinese in Beijing, China; Dis, discovery; PC,

e Dis e Rep e CHB e CEU e YRI

principal component; Rep, replication; YRI, Yoruba in Ibadan, Nigeria.
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Supplementary Figure S2. Distribution of self-reported sensitive skin, stratified by sex and

chronological age. The case of the trait was counted in every 10 years of age, and the count numbers
were marked on the corresponding bars.
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Supplementary Figure S3. Manhattan plot and quantile—quantile plot showing the results of the genome-wide scan for self-reported sensitive skin in the
discovery set, the conditional model, and a GWAS-controlling health factors. The panels showed the Manhattan plot illustrating the results of (a) the GWAS in
1,872 samples adjusted for age, sex, and the first five genetic PCs; (b) the conditional GWAS adjusted for age, sex, the first five genetic PCs, and the top-
associated SNP rs72803822; (c) the meta-analysis of discovery and replication set, adjusted for age, sex, the first five genetic PCs, and potentially relevant health
factors, eczema/dermatitis, atopic dermatitis in childhood, and asthma/hay fever; and (d) the meta-analysis of the discovery and replication set, adjusted for age,
sex, the first five genetic PCs on the X chromosome, and (e) on SNP—sex interaction. The red line corresponds to the threshold for genome-wide statistical
significance (P < 5 x 107%). SNPs that were close (<5 kb) to the genome-wide significant signals were plotted in red. The quantile—quantile plot (embedded)
compared the empirical values on the vertical axis with simulated values on the horizontal axis. The x-axis and y-axis showed the expected P-values under null
distribution and the observed P-values, respectively. The overall inflation of the observed versus expected distribution of association test statistics was reflected
by lambda (A). Here, k = 0.998~1.006, showing no sign of confounding effects. PC, principal component.
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Supplementary Figure S3. Continued.
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Supplementary Figure S4. Effect and frequency of derived alleles on chromosome 2p21. The left panel showed the proportion of the trait against the genotypes
of the three loci on region 2p21. The right panel showed the geography of allele frequency on the corresponding SNPs. The effect alleles were marked by blue.
Allele frequencies were obtained from 1000 Genome data and visualized by the Geography of Genetic Variants Browser (Marcus and Novembre, 2017). Ctrl,
control; SS, sensitive skin.
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Supplementary Figure S5. Results of the test for natural selection on chromosome 2p21. CMS scores
were plotted against physical distance for region 2p21 in CEU, CHB + JPT, and YRI populations, shown
in green, orange, and blue, respectively. The LD block containing the four significantly associated SNPs
was denoted by a yellow rectangle. No enrichment for high CMS scores (Top 0.1%) was found, indicating
that the region was not subject to natural selection. CEU, Utah residents with Northern and Western
European ancestry from the CEPH collection; CHB, Han Chinese in Beijing, China; CMS, Composite of
Multiple Signal; LD, linkage disequilibrium; POS, position; JPT, Japanese in Tokyo, Japan; YRI, Yoruba in
Ibadan, Nigeria.

Supplementary Table S1. Sample Summary of the Two Genome-Wide Studies in WeGene Cohort

Characteristics Discovery Replication
Subjects, n 1,872 817
Sex, n (%)
Female 1,192 (63.68) 509 (62.30)
Male 680 (36.32) 308 (37.70)
Age, years, mean (SD) 29.03 (7.22) 28.55 (8.14)
Self-reported sensitive skin case, n (%)
Very sensitive 270 (14.42) 152 (18.60)
Rather sensitive 770 (41.13) 336 (41.13)
Slightly sensitive 591 (31.57) 227 (27.78)
Not sensitive 241 (12.87) 102 (12.48)
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Supplementary Table S2. Original Survey Questions in Chinese
ERZINN ECEBRKRER SN AR REETE, MRL EE R RE HRRE SRR I EUR B SR A BRYT B

HR & E AR

BEREPRRL /B
BREEENPIRBE LD RERGEERERFR):R/E
BRERTEAERAEIBUERL BB

Supplementary Table S3. Summary of Locus at 2p21 in Meta-Analysis after Sex Stratification

Female (n = 1,701) Male (n = 988)
CHR SNP BP' EA OR 95% ClI P-Value OR 95% ClI P-Value
2 43155982 rs17030203 G 1.40 (1.21-1.62) 3.68 x 107° 1.36 (1.14—1.63) 0.0008
2 43156974 rs17030206 C 1.40 (1.21-1.62) 4.49 x 107° 1.35 (1.12—1.62) 0.0012
2 43157164 rs57908981 A 1.40 (1.21-1.62) 3.74 x 107° 1.35 (1.13—1.61) 0.0010
2 43158175 rs72803822 A 1.41 (1.22—1.63) 2.64 x 107° 1.39 (1.16—1.67) 0.0005
Abbreviations: BP, base-pair; CHR, chromosome; Cl, confidence interval; EA, effect allele.
'Base-pair positions are according to human reference hg19.
Supplementary Table S4. Breakdown of Dermatologic Conditions and Self-Reported Sensitive Skin
Self-Reported Sensitive Skin
Discovery Replication
Dermatologic Conditions Catalog Case Control Case Control
Eczema/dermatitis Case 409 173 210 79
(present) Control 631 659 278 250
Plepcmrsed = 1.14 x 10" 3.75 x 107°
Atopic dermatitis in childhood Case 189 62 91 29
Control 851 770 397 300
R ez 2.14 x 107" 1.49 x 1074
Asthma/hay fever Case 448 239 181 95
Control 592 593 307 234
Pehi-squared test 211 x 107" 0.018
Supplementary Table S5. Allele Frequencies of Locus at 2p21 across Populations
Frequencies®
CHR BP' SNP EA AFR AMR ASN EUR
2 42928842 rs17030203 G 0.01 0.12 0.51 0.06
2 42929834 rs17030206 C 0.06 0.14 0.51 0.07
2 42930024 rs57908981 A 0.01 0.12 0.51 0.06
2 42931035 rs72803822 A 0.01 0.12 0.51 0.06

Abbreviations: AFR, African; AMR, Ad Mixed American; ASN, Asian; BP, base-pair; CHB, Han Chinese in Beijing, China; EA, effect allele; EUR, European;
JPT, Japanese in Tokyo, Japan.
"Base-pair positions are according to human reference hg19.
2Allele frequencies were obtained from HaploReg, version 4.1.
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