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TO THE EDITOR
Frontal fibrosing alopecia (FFA) is an
increasingly prevalent variant of follic-
ular lichen planus that affects predomi-
nantly postmenopausal women and is
characterized by inflammation and
cicatricial hair loss at eyebrows and
frontotemporal and often occipital scalp,
in addition to body regions. In female
FFA, we have previously identified an
association with genetic variation influ-
encing xenobiotic metabolism, T-cell
homeostasis, and antigen presentation at
four susceptibility loci (Tziotzios et al.,
2019). Estimates suggest that only
3e5%of FFAcasesaremale. Its patternof
scarring and scalp hair loss is consistent
with the female presentation (Kanti et al.,
2019; Vañó-Galván et al., 2014),
although male FFA typically manifests
earlier, and facial hair is evidently
affected (Lobato-Berezo et al., 2022;
Rayinda et al., 2022). To date, the genetic
basis of male FFA has not been explored.
Becausemale FFA shares clinical features
with the female presentation, we hy-
pothesized that a shared genetic archi-
tecture exists between the sexes. We
therefore investigated the existence of a
genetic association in male FFA at loci
previously implicated in female FFA,
both individually and as a combined ge-
netic risk score.

Ethical approval for this study was
obtained from the Northampton NRES
Committee, United Kingdom (Research
Ethics Committee 5/EM/0273), and the
studywas conducted in accordancewith
the Helsinki Declaration. European
ancestry male FFA cases recruited from
dermatology clinics in the United
Kingdom, United States, and Germany
formed a Northern European cohort.
Two additional European ancestry co-
horts were established in Spain and

Greece. Diagnoses of FFAweremade by
a consultant dermatologist on the basis
of clinical features and histological
confirmation, if required. All partici-
pants provided written informed
consent.

A total of 92 male FFA cases from the
three cohorts were genotyped using
Infinium OmniExpressExome BeadChip
array (Illumina, San Diego, CA) and were
combined with genotyping data from
unselected, ancestry-matched male con-
trols (n ¼ 330) (Supplementary Materials
and Methods). After genotype imputa-
tion, case-control association testing was
performed for the lead variant at each of
four female FFA susceptibility loci
(rs1800440 [CYP1B1 locus], rs2523616
[HLA-B], rs760327 [ST3GAL1], and
rs34560261 [SEMA4B]) (Supplementary
Table S1) and at 28 loci with a suggestive
association in female FFA (P< 1� 10e5).
Association testing was performed sepa-
rately in each of the three cohorts and
together in a fixed-effect meta-analysis.

The largest single risk locus in female
FFA is the HLA-B*07:02 allele, which
confers an approximately fourfold
increase in risk. It has beenhypothesized
that HLA-B*07:02 contributes to FFA
pathogenesis by facilitating the presen-
tation of follicular autoantigens and the
destruction of stem cells that reside in
the hair follicle bulge (Harries et al.,
2013; Tziotzios et al., 2019). In our
meta-analysis, evidence of a genome-
wide significant association with male
FFA is observed for rs2523616, which
lies within the major histocompatibility
complex (OR ¼ 3.95, 95% confidence
interval [CI] ¼ 2.48e6.29, P ¼ 6.9 �
10e9). Although there is some evidence
of heterogeneity in the observed effect
size between the three male cohorts, the
overall estimated effect of rs2523616 is

consistentwith the effect size reported in
females (ORfemale ¼ 4.73, CI ¼
4.15e5.39) (two-sample z-test for dif-
ference, P¼ 0.45) (Supplementary Table
S5). Furthermore, we evaluated the as-
sociation between classical major his-
tocompatibility complex class I alleles
and FFA on the basis of the imputation of
major histocompatibility complex class I
alleles. As in females, the strongest evi-
dence of association was identified for
the HLA-B*07:02 (OR ¼ 3.01, CI ¼
1.87e4.84, P ¼ 5.4 � 10e6).

There is further evidence of shared
allelic architecture at the FFA suscepti-
bility locus at 2p22.2, where strong
evidence implies that a missense
variant in CYP1B1 (rs1800440,
p.Asn453Ser) increases female FFA risk.
Our meta-analysis also shows an asso-
ciation for this variant with male FFA
(OR¼ 2.36, CI ¼ 1.40e3.98, P ¼ 1.2 �
10e3) (Table 1 and Figure 1a). CYP1B1
encodes a microsomal enzyme, termed
xenobiotic monooxygenase or aryl
hydrocarbon hydroxylase, which is
crucial for estrogen catabolism and is
widely expressed across several human
tissues (Shah et al., 2019). It also plays
an important role in the metabolism of
other xenobiotics and the hydroxylation
of testosterone and progesterone
(Kurzawski et al., 2012; Shimada et al.,
1999). The biological implications of
the association of this variant with male
FFA are as yet unclear, although similar
to that in the female disease, it may also
suggest that disrupted CYP1B1-medi-
ated metabolism of endogenous or
exogenous substrate(s) could play a role
in male FFA (Tziotzios et al., 2019).

The lead variants at each of the
remaining two female FFA risk loci do not
show evidence of an association with
male FFA in our meta-analysis (OR ¼
1.13, CI ¼ 0.80e1.60. P ¼ 0.48 for
ST3GAL1 and OR ¼ 1.22, CI ¼
0.76e1.95, P¼ 0.40 for SEMA4B). These
findings could imply divergence in the
genetic etiology of male and female FFA;
however, we note our study’s limited

Abbreviations: CI, confidence interval; FFA, frontal fibrosing alopecia
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power to detect effects of a magnitude
similar to that observed in female FFA
(power< 80%) (Supplementary Table S2)
and that thedirectionalityof the effect-size
estimates for both loci in male FFA is
consistent with that of female disease.
Similarly, we also note the consistent
directionality of the effect-size estimates
for 17 of the 28 loci with a suggestive as-
sociation in female FFA (Supplementary
Table S3).

To determine whether increased ge-
netic liability for female FFA increases
FFA risk in males, we calculated a se-
ries of additive genetic risk scores on
the basis of the four significant (P < 5 �
10e8) and 28 suggestive (P < 1 � 10e5)
female FFA susceptibility loci. The ge-
netic risk score comprising four estab-
lished female FFA loci was higher in
male FFA cases than in the controls (P
< 0.05) in each of the three cohorts
(Figure 1b and Supplementary
Table S4). There was no observed dif-
ference in the distribution of the genetic
risk score comprising 28 suggestive fe-
male FFA loci between male FFA cases
and controls in any cohort.

In summary, our results show the
substantial effect of the HLA-B*07:02
allele on FFA risk in males. There is also
evidence to support the contribution of
the p.Asn453Ser missense variant in
CYP1B1 in male FFA. These findings
motivate further larger genetic studies
of male FFA with increased statistical
power to explore fully the genetic ar-
chitecture of male FFA, which in com-
parison with that of female FFA could
highlight shared and distinct aspects of
male and female FFA pathobiology.

Data availability statement

The summary statistics generated from
this study can be accessed in the GWAS
Catalogue (https://www.ebi.ac.uk/gwas/),
accession identification GCST90264153.
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TO THE EDITOR
We previously reported some models of
epicutaneous (e.c.) sensitization of C57‑
BL/6 mice with the model protease an-
tigen, papain (Iida et al., 2014; Ochi
et al., 2017; Shimura et al., 2016),
which is an occupational allergen that
belongs to the same cysteine protease
family as the house dust mite major
protease allergens (Takai and Ikeda,
2011) and the staphylococcal cysteine
proteases (Williams et al., 2020). How-
ever, our previous models did not show
the promotion of chronic itch�induced
scratching behaviors 1 day after the last
e.c. administration of papain. Therefore,

in this study, we established and char-
acterized a model of sensitization with
papain through detergent-treated skin,
which showed severely exacerbated
skin inflammation with itch, the induc-
tion of antigen-specific IgE, and the
differentiation of a number of T helper
(Th) subsets. We also identified the re-
sponses that were dependent on the
protease activity of papain. All animal
experiments were approved by the
Committee on Animal Experiments of
Juntendo University (Tokyo, Japan).

SDS is a detergent present in shampoo
and body soap that is used on a daily basis
(Masutani et al., 2022). We modified our

previous model with treatment with 4%
SDS just before the application of papain
(Ochi et al., 2017) and established the
present model with a daily 10% SDS
treatment of a wide ear skin area with
increasing volumes of SDS and papain.
The treatment with SDS plus papain
induced an earlier increase in ear thick-
ness than treatmentwith SDSplus vehicle,
andpapain-specific IgEwas produced in a
dose-dependent manner (Supplementary
Figure S1). The treatment with SDS plus
papain (10 mg/ml papain) induced more
severe ear swelling with skin inflamma-
tion, greater transepidermal water loss,
and more frequent hind-paw scratching
behavior than treatment with SDS plus
vehicle. Histology showed epidermal
hyperplasia and swelling of the dermis
with the infiltration of neutrophils and
eosinophils in mice treated with SDS plus

Abbreviations: DLN, draining lymph node; e.c., epicutaneous; OVA, ovalbumin; Th, T helper
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SUPPLEMENTARY MATERIALS AND
METHODS
Participants

Ethical approval was granted by the
Northampton NRES Committee, United
Kingdom (Research Ethics Committee
15/EM/0273). We established three in-
dependent cohorts of male frontal
fibrosing alopecia (FFA), diagnosed by
specialist dermatology clinics in the
United Kingdom, United States, Ger-
many, Spain, and Greece. All recruited
cases were White European in descent
and were diagnosed with FFA by a
consultant dermatologist. The diagnosis
of FFA was established using the
following clinical and histopatholog-
ical criteria: (i) cicatricial alopecic
involvement of the frontal and tempo-
ral/parietal hair margins; (ii) bilateral
eyebrow loss; (iii) clinical, trichoscopic
(or histological) evidence of lichenoid
perifollicular inflammatory presence;
(iv) facial or body hair loss; (v) absence
of multifocal scalp involvement; and
other signs suggestive of classic lichen
planopilaris or its Graham-Little-
Piccardi-Lasseur subvariant.

DNA extraction

Blood or saliva samples were taken
from eligible participants after informed
consent. The blood extraction proced-
ure was performed by following the
protocol for DNA purification from
whole blood with the QIAamp Blood
Maxi Kit (Qiagen, Hilden, Germany).
The final elution of 500 ml DNA was
transferred into autoclaved 1 ml
Eppendorf tubes. Saliva samples were
collected with the Oragene DNA Saliva
Kit (DNA Genotek, Kanata, Canada),
and DNA was extracted according to
the manufacturer’s instructions, result-
ing in a final elution of 200 ml DNA.
The Qubit Fluorometer (Q32857,
Thermo Fisher Scientific, Waltham,
MA) was used to quantify extracted
DNA using the Qubit dsDNA broad-
range Assay Kit in accordance with
the manufacturer’s instructions.

Genotyping and quality controls

Samples from the Northern European
cohort (United Kingdom, United States,
andGermany) underwent genome-wide
genotyping using the Infinium OmniEx-
pressExome BeadChip array (Illumina,
San Diego, CA). Variant calling was
performed using GenomeStudio, and

quality control (QC) was conducted by
applying a filter with a sample call rate
>99% and by manually inspecting var-
iants with outlying GenTrain score,
cluster separation, haploid genome
anomalies, Mendelian error, replication
error, and genotype frequency in accor-
dancewith the protocol outlined byGuo
et al. (2014). We used an unselected
male cohort from the 1958 British
Cohort Study (https://www.metadac.ac.
uk/1958bc) and genotyped with the
Infinium HumanHap 550K, version 3
(Illumina). Avariantwas retained if it had
been analyzed with the same probe
design on both genotyping arrays, and
we checked for potential strand flips and
differential missingness between cases
and controls. Avariant was excluded if it
had a call rate below 99% or if its minor
allele frequency was<0.01. In addition,
individuals with a call rate <99% or
extensive heterozygosity were
excluded. A subset of 78,970 variants in
linkage equilibrium (r2 < 0.2 between
each pair) was applied to evaluate
relatedness between individuals using
the KING software package (KING,
version 2.2.5). We therefore excluded
individuals with estimated relatedness
closer than a third degree from the study
(Kinship coefficient > 0.0442). A prin-
cipal component analysis was conduct-
ed on the subset of 78,640 variants, and
individuals outside the main cluster
(implying non-European ancestry) were
also excluded.

The genotyping of the Spanish male
FFA cohort was performed using the
OmniExpressExome BeadChip array
(Illumina), alongside Northern Euro-
pean samples, and using the same
variant-calling procedure and QC
steps. Genotype data for unaffected
controls were obtained from 1,061 in-
dividuals from the INfancia y Medio
Ambiente project (Valencia, Sabadell
and Menorca, Spain; http://www.
proyectoinma.org) genotyped on the
Omni1-Quad BeadChip (Illumina). The
procedure for case-control merging and
QC followed the same protocol as for
the Northern European cohort.

The genotyping of the Greek male
FFA cohort was also performed using
the OmniExpressExome BeadChip
array (Illumina), alongside the Northern
European and Spanish samples, and
using the same variant-calling proced-
ure and QC steps. Controls were

selected from male UK Biobank (https://
www.ukbiobank.ac.uk) participants
who reported their country of birth as
Greece (data-field 20115) and who did
not have an indication of scarring alo-
pecia on the basis of data-field 131785.
Genotype data were generated for UK
Biobank participants by Affymetrix us-
ing the Applied Biosystems UK BiLEVE
Axiom Array or the Applied Biosystems
UK Biobank Axiom Array (Applied
Biosystems, Waltham, MA), and initial
QC was performed centrally by the UK
Biobank analysis team (Bycroft et al.,
2018). Although the different array
types prevented merging FFA cases and
controls using variants with matching
probe sequences, we were able to
merge using variants typed on both
case and control arrays and (using a
wider set of noneBritish European
samples) confirmed that principal
component analysis reflected ancestry
differences and not batch effects. Post-
merging QC steps used the same pro-
tocol as described for the Northern
European cohort across all variants.

Imputation

Separate genome-wide imputation of all
three case-control cohorts was then per-
formed using the Michigan Imputation
Server, using the reference panel from the
Haplotype Reference Consortium-r1.1
GRCh37/hg19 (www.haplotype-referen
ceconsortium.org). The phasing was per-
formed using Eagle, version 2.4, and
imputation was undertaken with Mini-
mac4 1.0.2. This process of data genera-
tion and QC resulted in a combined total
of 92 cases and 330 controls.

Candidate genes-association test

Candidate genes-association test of the
four established female FFA suscepti-
bility loci (rs1800440, rs2523616,
rs760327, and rs34560261) and 28 loci
with suggestive evidence of association
in females (P < 1 � 10e5) (Tziotzios
et al., 2019) were performed in
PLINK2.0 on the basis of 44 affected
males and 160 male controls from the
Northern European cohort and sepa-
rately for 31 affected males and 120
male controls from the Spanish cohort
and 17 affected males and 50 male
controls from the Greek cohort. Asso-
ciation tests were performed using lo-
gistic regression under an additive
genetic model on the basis of risk allele
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genotype or imputed genotype dosage
and incorporating principal compo-
nents as covariates to control for resid-
ual population structure (number
chosen per cohort by inspection of
scree plots; Northern European: 2,
Spanish: 1, Greek: 2).

Meta-analysis

Fixed-effects standard erroreweighted
meta-analysis was performed using
METAL (http://csg.sph.umich.edu/abeca
sis/Metal/index.html) on the basis of
association summary statistics at each
candidate gene locus across the North-
ern European, Spanish, and Greek
cohorts. Comparison with previously
established female FFA effect sizes was
made using the two-sample z-test.

HLA-alleles imputation and
association test

Classical HLA alleles were imputed
against the four-digit multiethnic HLA
v1 using the Michigan Imputation
Server (Luo et al., 2021). HLA-alleles
association tests were performed on
HLA alleles with allele frequency >5%
in all three male FFA cohorts under
similar logistic regression models and
conditions as described in non-HLA
SNPs association test. Meta-analysis
was conducted on all HLA alleles pre-
sent in all three cohorts.

Statistical power calculation

Statistical power for quantitative traits
of case control for genetic association
studies was evaluated using the genpwr
R package (https://cran.r-project.org/
web/packages/genpwr/index.html) un-
der an additive genetic model.

Genetic risk score

In each of the three cohorts, three ge-
netic risk scores (GRS) were calculated
on the basis of (i) lead variants for the
four loci determined to be genome-
wide significant (P < 5 � 10e8) in fe-
male FFA (i.e., those included in the
candidate gene study), (ii) lead variants
at 28 loci that were suggestive (P < 1 �
10e5) but not genome-wide significant,
and (iii) all 32 genome-wide significant
or suggestive variants. The GRSs were
calculated by applying linear scoring in
PLINK, weighted by each variant’s ef-
fect size estimate in female FFA
(Tziotzios et al., 2019). For compara-
bility and ease of interpretation, each of
the three types of GRS was rescaled,
using the same adjustment in Northern
European, Spanish, and Greek cohorts,
such that the scaled GRS had a mean of
0 and an SD of 1 in the Northern Eu-
ropean control group (i.e., largest con-
trol group). For consistency when
rescaling, genotype dosage was mean
imputed from the Northern European

cohort for GRS variants that were
unavailable (not imputed) in Spanish
(n ¼ 1) and Greek (n ¼ 3) datasets.
Statistical analyses to compare scores
between cases and controls were con-
ducted using R, and normality tests
were performed before the comparative
statistical test. To compare groups with
normally distributed data, indepen‑
dent t-tests were used, whereas
ManneWhitney U tests were per-
formed for non-normally distributed
data.
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Supplementary Table S1. Imputation Score of Candidate Genes Based on All Genome-Wide Significant and
Suggestive Loci for Female FFA in Three Cohorts of White-European Male FFA

SNPs Gene Chr
Base

Position

Northern European
Cohort Spanish Cohort Greek Cohort

Genotyped/
Imputed

Imputation
R2

Genotyped/
Imputed

Imputation
R2

Genotyped/
Imputed

Imputation
R2

rs1800440 CYP1B1 2 38,298,139 Genotyped 0.99 Imputed 0.97 Genotyped 0.99

rs2523616 HLA-B 6 31,320,562 Imputed 0.93 Imputed 0.92 Imputed 0.89

rs760327 ST3GAL1 8 134,503,229 Imputed 0.98 Imputed 0.97 Imputed 0.61

rs34560261 SEMA4B 15 90,734,426 Imputed 0.89 Imputed 0.79 Imputed 0.50

rs6731286 None 2 62,839,819 Imputed 0.98 Imputed 0.98 Imputed 0.90

rs13032164 None 2 151,760,452 Imputed 0.96 Imputed 0.95 Imputed 0.50

rs78504246 None 2 213,746,962 Imputed 0.54 Imputed 0.80 No data No data

rs116806118 None 3 23,165,701 Imputed 0.99 Imputed 0.70 No data No data

rs1461070 None 3 30,741,506 Imputed 0.99 Imputed 0.95 Imputed 0.63

rs114108912 CNTN3 3 74,464,791 Imputed 0.92 Imputed 0.95 No data No data

rs13078360 LINC02016 3 127,074,825 Imputed 0.85 Imputed 0.78 Imputed 0.26

rs183175 STK32B 4 5,428,385 Imputed 0.96 Imputed 0.91 Imputed 0.43

rs73062921 MYO10 5 16,859,464 Imputed 0.95 Imputed 0.89 Imputed 0.62

rs10045403 ERAP1 5 96,147,733 Imputed 0.99 Imputed 0.99 Imputed 0.92

rs148661203 None 6 10,220,442 Imputed 0.90 No data no data Imputed 0.48

rs142366299 None 6 52,179,367 Imputed 0.84 Imputed 0.78 Imputed 0.71

rs34097647 None 6 151,430,073 Imputed 0.90 Imputed 0.77 Imputed 0.59

rs6975452 None 7 3,160,511 Imputed 0.98 Imputed 0.96 Imputed 0.77

rs7806494 SDK1 7 3,893,629 Imputed 0.93 Imputed 0.91 Imputed 0.67

rs112115472 LOC107986770 7 13,645,859 Imputed 0.97 Imputed 0.77 Imputed 0.34

rs2021162 GRM8 7 126,528,455 Imputed 0.95 Imputed 0.92 Imputed 0.36

rs277580 None 9 34,771,875 Genotyped 0.99 Genotyped 0.99 Genotyped 0.99

rs2773871 None 9 124,873,393 Imputed 0.98 Imputed 0.97 Imputed 0.81

rs117687547 CAMK1D 10 12,504,313 Imputed 0.88 Imputed 0.85 Imputed 0.91

rs112198986 KIAA1217 10 24,576,259 Imputed 0.84 Imputed 0.68 Imputed 0.60

rs111463574 NDUFA12 12 95,399,358 Imputed 0.99 Imputed 0.99 Imputed 0.78

rs10507508 None 13 42,969,782 Imputed 0.97 Genotyped 1.00 Imputed 0.81

rs6540122 BANP 16 87,991,361 Genotyped 0.99 Genotyped 0.99 Imputed 0.39

rs8065764 None 17 21,006,462 Imputed 0.86 Imputed 0.72 Imputed 0.23

rs12951836 EFCAB5 17 28,410,277 Imputed 0.98 Imputed 0.98 Imputed 0.87

rs112659862 CDC42EP4 17 71,290,983 Imputed 0.99 Imputed 0.88 Imputed 0.62

rs79459566 CACNA1A 19 13,320,504 Imputed 0.93 Imputed 0.90 Imputed 0.46

Abbreviations: Chr, chromosome; FFA, frontal fibrosing alopecia.

Supplementary Table S2. Statistical Power Calculation for Candidate Genes-Association Test for Each FFA
Genome-Wide Significant Susceptibility Loci in the Meta-Analysis

Locus SNPs Gene
Base

Position RA PA
Female FFA OR

(95% CI) RAF
Number of

Cases
Number of
Control

Case
Rate

Test
Model

Power at Alpha
0.05, %

2p22.2 rs1800440 CYP1B1 38,298,139 T C 1.65 (1.43e1.91) 0.47 92 330 0.22 Additive 84.35

6p21.1 rs2523616 HLA-B 31,320,562 T C 4.73 (4.15e5.39) 0.87 92 330 0.22 Additive 99.69

8q24.22 rs760327 ST3GAL1 134,503,229 G C 1.34 (1.21e1.49) 0.46 92 330 0.22 Additive 41.62

15q26.1 rs34560261 SEMA4B 90,734,426 T C 1.52 (1.22e1.74) 0.22 92 330 0.22 Additive 43.45

Abbreviations: CI, confidence interval; FFA, frontal fibrosing alopecia; PA, protective allele; RA, risk allele; RAF, risk allele frequency.
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Supplementary Table S3. Meta-Analysis of 28 Genome-WideeSuggestive Loci for Female FFA

Chr Gene Consequences Position (hg19) SNPs ID RA PA RAF Female FFA

Male FFA
Northern
European
Cohort

Male FFA
Spanish Cohort

Male FFA Greek
Cohort Meta-Analysis

OR P-Value OR P-Value OR P-Value OR P-Value Het-I2 Het-P-Value

2 None None 62,839,819 rs6731286 T A 1.32 0.76 0.29 1.36 0.36 1.05 0.90 0.97 0.86 0.00 0.38

2 None None 151,760,452 rs13032164 C G 1.42 1.04 0.92 0.77 0.50 1.14 0.88 0.92 0.75 0.00 0.82

2 None None 213,746,962 rs78504246 A G 3.57 0.21 0.81 9.37 0.17 No data No data 7.45 0.20 0.00 0.56

3 None None 23,165,701 rs116806118 T A 3.34 0.01 0.73 2.10 0.82 No data No data 1.54 0.89 0.00 0.69

3 None None 30,741,506 rs1461070 A G 2.16 1.73 0.48 0.90 0.93 1.41 0.78 1.41 0.55 0.00 0.90

3 CNTN3 Intron variant 74,464,791 rs114108912 C G 2.49 0.67 0.74 0.24 0.39 No data No data 0.47 0.44 0.00 0.61

3 LINC02016 Intron variant 127,074,825 rs13078360 A G 1.35 1.20 0.58 0.68 0.32 0.08 0.03 0.85 0.52 64.30 0.06

4 STK32B Intron variant 5,428,385 rs183175 C G 1.29 1.28 0.34 1.31 0.40 0.58 0.43 1.21 0.32 0.00 0.54

5 MYO10 Intron variant 16,859,464 rs73062921 A T 1.41 0.88 0.73 1.25 0.61 1.09 0.92 1.03 0.91 0.00 0.83

5 ERAP1 Intron variant 96,147,733 rs10045403 G A 1.33 1.31 0.34 1.34 0.40 0.68 0.43 1.18 0.40 0.00 0.46

6 None None 10,220,442 rs148661203 T C 2.96 4.40 0.11 No data No data 2.43 0.84 4.29 0.11 0.00 0.89

6 None None 52,179,367 rs142366299 T C 2.34 1.18 0.90 0.83 0.87 1.22 0.90 3.24 0.98 0.00 0.97

6 None None 151,430,073 rs34097647 T C 1.36 0.70 0.29 0.46 0.09 1.58 0.51 0.68 0.14 9.00 0.33

7 None None 3,160,511 rs6975452 T A 1.29 0.87 0.56 0.90 0.72 1.04 0.94 0.90 0.54 0.00 1.00

7 SDK1 Intron variant 3,893,629 rs7806494 A T 1.34 1.15 0.63 1.82 0.12 0.74 0.60 1.25 0.30 0.00 0.30

7 LOC107986770 Intron variant 13,645,859 rs112115472 C T 2.66 2.04 0.35 0.51 0.59 0.04 0.27 1.19 0.78 0.00 0.78

7 GRM8 Intron variant 126,528,455 rs2021162 G A 1.29 1.20 0.52 0.87 0.65 1.82 0.48 1.07 0.74 0.00 0.74

9 None None 34,771,875 rs277580 G A 1.44 0.90 0.74 0.56 0.14 1.26 0.69 0.80 0.33 0.00 0.84

9 None None 124,873,393 rs2773871 G A 1.37 1.32 0.43 1.39 0.36 0.97 0.95 1.27 0.29 0.00 0.47

10 CAMK1D Intron variant 12,504,313 rs117687547 T C 1.83 2.98 0.08 1.53 0.60 0.25 0.27 1.74 0.22 36.60 0.21

10 KIAA1217 Intron variant 24,576,259 rs112198986 T C 1.82 0.34 0.23 2.08 0.45 0.20 0.58 0.74 0.64 3.60 0.35

12 NDUFA12 Upstream variant 95,399,358 rs111463574 C T 1.72 1.09 0.84 0.48 0.45 0.24 0.22 1.27 0.55 13.80 0.28

13 None None 42,969,782 rs10507508 G A 1.66 2.65 0.03 0.52 0.55 1.81 0.55 2.06 0.06 0.00 0.38

16 BANP Intron variant 87,991,361 rs6540122 T C 1.34 1.00 0.99 0.72 0.47 0.91 0.92 0.88 0.64 0.00 0.85

17 None None 21,006,462 rs8065764 C T 1.56 0.92 0.85 1.06 0.92 4.24 0.82 1.11 0.75 0.00 0.43

17 EFCAB5 intron variant 28,410,277 rs12951836 G A 1.28 0.65 0.07 0.99 0.98 0.90 0.82 0.79 0.17 0.00 0.51

17 CDC42EP4 Intron variant 71,290,983 rs112659862 C T 3.62 3.63 0.37 0.56 0.77 0.19 0.62 1.48 0.72 0.00 0.61

19 CACNA1A Intron variant 13,320,504 rs79459566 T C 1.71 0.15 0.11 1.72 0.44 6.9 � 10e5 0.36 0.88 0.72 49.90 0.14

Abbreviations: FFA, frontal fibrosing alopecia; ID, identification; PA, protective allele; RA, risk allele; RAF, risk allele frequency.
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Supplementary Table S4. Comparison of Genetic Risk Score between Male FFA Cases and Controls Calculated on
the Basis of Female FFA Susceptibility Loci

Reference Score Cohort

Mean (–SD)

P-ValueMale FFA Control

Genome-wide significant loci
for female FFA (n loci ¼ 4)

Northern European cohort 0.71 (�0.95) 0 (�1) 2 � 10e5

Spanish cohort 1.16 (�0.94) e0.18 (�0.85) 1.6 � 10e9

Greek cohort 0.38 (�0.75) e0.46 (�0.79) 0.04

Genome-wide suggestive significant loci
for female FFA (n loci ¼ 28)

Northern European cohort 0.05 (�0.17) 0 (�0.1) 0.79

Spanish cohort 0.89 (�0.95) 1.1 (�0.93) 0.27

Greek cohort 0.42 (�0.73) 0.65 (�0.90) 0.32

Genome-wide significant and suggestive
significant loci for female FFA (n loci ¼ 32)

Northern European cohort 0.47 (�0.88) 0 (�1) 5.0 � 10e3

Spanish cohort 1.48 (�0.98) 0.79 (�0.82) 9.0 � 10e4

Greek cohort 0.44 (�0.67) 0.26 (�0.77) 0.36

Abbreviations: FFA, frontal fibrosing alopecia.

Supplementary Table S5. Sensitivity Analysis of Candidate Gene-Association Test Result in the Northern European
Cohort

Locus SNPs
Candidate

Gene
Base Position

(hg19) RA PA
Female FFA OR

(95% CI)

Northern European
Cohort (n Cases [ 44)

Sensitivity Analysis (Northern
European Male FFA Recruited

from UK, n Cases [ 32)

OR (95% CI) P-Value OR (95% CI) P-Value

2p22.2 rs1800440 CYP1B1 38,298,139 T C 1.65 (1.43e1.91) 3.02 (1.34e6.78) 7.5 � 10e3 3.69 (1.38e9.80) 8.81 � 10e3

6p21.1 rs2523616 HLA-B 31,320,562 T C 4.73 (4.15e5.39) 2.92 (1.64e5.20) 2.8 � 10e4 2.68 (1.46e4.94) 1.46 �10e3

8q24.22 rs760327 ST3GAL1 134,503,229 G C 1.34 (1.21e1.49) 1.03 (0.65e1.64) 0.90 0.95 (0.56e1.61) 0.86

15q26.1 rs34560261 SEMA4B 90,734,426 T C 1.52 (1.22e1.74) 1.12 (0.60e2.08) 0.72 1.28 (0.66e2.52) 0.46

Abbreviations: FFA, frontal fibrosing alopecia; PA, protective allele; RA, risk allele.
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