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Abstract

Background Mutations in FLG, which encodes profilaggrin, cause ichthyosis vulgaris
(IV) and are an important predisposing factor for atopic dermatitis (AD). IV shows
autosomal hemidominant (semidominant) inheritance, and patients with bi-allelic FLG
mutations tend to have severe IV phenotypes. However, the effect of bi-allelic FLG
mutations on AD incidence and severity remains a subject of controversy.

Objective In the present study, we studied individuals with bi-allelic null FLG
mutations to elucidate the effect of bi-allelic FLG mutations on AD incidence and
severity.

Methods Six individuals with bi-allelic FLG null mutations from three families of
IV/AD were investigated. We report the detailed clinical features of the individuals. The
phenotype was confirmed by the clinical examinations and the severity of IV and AD
was scored using ichthyosis score and EASI (Eczema Area and Severity Index).

Result It was found that five of the six patients had severe 1V, and the remaining patient
showed moderate 1V. Two of the six had moderate AD, and three of the six had mild AD.
The remaining patient had no AD.

Conclusion Our results suggest that individuals with bi-allelic FLG mutations do not
always have severe AD and confirm that not all individuals with bi-allelic FLG

mutations have AD.



Main text

Introduction

Mutations in FLG, the gene encoding profilaggrin/filaggrin, cause ichthyosis vulgaris
(IV) and, in addition, are an important predisposing factor for atopic dermatitis (AD)".
Furthermore, FLG mutations are significantly associated with asthma with AD? 34,

The presence of population-specific FLG mutations has been reported in both
Europeans and Asians® > % and is a serious obstacle to FLG mutation screening in each
population. Recently, we established a real-time polymerase chain reaction (PCR)-based
rapid detection system for the comprehensive screening of ten Japanese
population-specific FLG mutations’. In the present study, using this high-throughput
screening system, we found six patients with compound heterozygous FLG mutations
from three families and we detail the clinical features of these patients with complete

filaggrin deficiency.

Materials and Methods

The FLG genotypes and clinical features of the patients with bi-allelic FLG mutations

are summarized in Table 1.

Patients and families

Family A

A 9-year-old Japanese boy (Patient A-11-1) with dry skin, palmar hyperlinearity,
lamellar scaling and eczema was diagnosed with AD and IV (Fig. 1a). His 6-year-old
younger brother (Patient A-11-2) with AD and IV also had dry skin, palmar
hyperlinearity and lamellar scaling (Fig. 1b, c). Their 35-year-old mother (Patient A-1-2)



had IV with dry skin, palmar hyperlinearity and lamellar scaling, but did not have AD
(Fig. 1d, e). Their father also had IV, but not AD.

Family B

An 11-year-old Japanese girl (Patient B-11-5) had been suffering from AD from early
childhood (Fig. 1f). She had dry skin, palmar hyperlinearity and lamellar scaling, which
lead to the diagnosis of IV (Fig. 1f, g). Her 13-year-old brother (Patient B-11-4) was
diagnosed with AD and IV with dry skin, palmar hyperlinearity and lamellar scaling

(Fig. 1h, i). Her parents had 1V and AD.

Family C
A 28-year-old Japanese woman (Patient C-1-1) with dry skin and lamellar scaling had

been suffering from AD since early childhood (Fig. 1j, k).

FLG mutation search

As we reported’, a DNA sample from each patient was screened by real-time
PCR-based genotyping of the ten FLG null mutations (p.R501X, c.3321delA, p.S1695X,
p.G1701X, p.S2554X, p.52889X, p.53296X, p.K4022X, p.Q1790X, c.441-442delA)
which have been identified in the Japanese population, 9 of which were found by our
group® ’.

We have already performed sequencing of all the coding regions of FLG for more than
40 Japanese families with 1V, to comprehensively characterize Japanese-specific FLG
mutations’. We expect that screening for these 10 mutations can detect almost all
Japanese FLG mutation carriers’. This study was approved by the Ethics Review

Committee of the Nagoya University Graduate School of Medicine.

Evaluation of clinical features



Each patient with bi-allelic FLG null mutations was examined for typical symptoms of
AD (eczema, erythema, induration, papulation, excoriation and lichenification) and IV
(scaling, rhagades and palmar hyperlinearity). The severity of 1V and AD was scored

using ichthyosis score (IS)® and EASI (Eczema Area and Severity Index)®, respectively.

Results

FLG genotyping

Family A

Analysis for FLG mutations showed Patient A-11-1 to be compound heterozygous for
p.Q1790X and p.S3296X. Patient A-11-2 was compound heterozygous for p.Q1790X
and p.S2889X in FLG. Patient A-1-2 was compound heterozygous for p.S2889X and
p.S3296X. The father of Patient A-11-1 was heterozygous for p.Q1790X.

Family B

Mutation analysis revealed Patient B-11-5 and Patient B-11-4 to be compound
heterozygous for p.Q1701X and p.S2889X in FLG. Their mother was heterozygous for
p.S2889X. Their father was heterozygous for p.Q1701X.

Family C
Analysis for FLG mutations showed Patient C-I-1 to be compound heterozygous for

c.3321delA and p.S2889X.

Clinical features
Family A
ISs of Patient A-l1-1, Patient A-1I-2 and Patient A-1-2 were 26.5, 26.5 and 17,

respectively. Concerning the severity of AD, the EASIs of Patient A-11-1, Patient A-11-2



and Patient A-1-2 were 11.6, 4.6 and 0, respectively.
Patient A-11-1 had been also suffering from hay fever (HF), allergic rhinitis (AR) and
allergic conjunctivitis (AC). Patient A-11-1 did not have food allergies (FAS), but had a

history of FAs to egg and milk in early childhood. Laboratory examinations for Patient

A-11-1 revealed elevated total IgE of 2456 U/ml (normal: 0-170) and TARC of 2417

pa/ml (normal: 0-450).

Patient A-11-2 had HF and AR, and also had a history of FAs to egg and milk in early
childhood. The results of laboratory examinations for Patient A-11-2 were as follows:
IgE of 1641 U/ml and TARC of 1507 pg/ml.

Patient A-1-2 did not have AD, FA, HF or AC.

Family B

EASIs of Patient B-11-5 and Patient B-11-4 were 5.6 and 6.4, respectively. ISs of
Patient B-11-5 and Patient B-11-4 were both 27.

Patient B-11-5 had FAs to egg, milk and tuna, and had AS, HF and AR. Patient B-11-4
had also been suffering from FAs to egg and milk, and had AS, HF and AR. Laboratory

examinations for Patients B-11-5 and B-11-4 revealed elevated serum IgE of 9633 U/ml

and 9485 U/ml, respectively.

Family C

EASI and IS of Patient C-1-1 were 18.4 and 32, respectively.

Patient C-1-1 had FAs to egg, artemisia, rice, soybeans, wheat, buckwheat, shrimp and
crab. She also had AS, HY, AR and AC. Laboratory examinations of
Patient C-1-1 revealed elevated total serum IgE of 20,136 U/ml and TARC of 1743

pg/ml.

Summary of the clinical features



Five of the six patients showed moderately severe ichthyosis (ISs of 26.5-32).
Considering that the 1V phenotype is generally very mild ichthyosis, these five patients
had significantly severe 1V phenotypes (Fig. 1a, b, c, f, g, h, i). IS of the other patient
was 17, and she showed moderately severe IV (Figld, e). Two patients and three
patients out of the six had moderate AD (EASIs of 11.6-18.4)*° and mild AD (EASIs of
4.6-6.4), respectively (Fig. 1 b, f, h, i, j, k). The other patient had no AD (Fig. 1d, e).
All five AD patients with bi-allelic FLG mutations had current FA or a history of FA;
the remaining non-AD patient with bi-allelic FLG mutations had no current FA and not
history of FA.

Three of the AD patients had AS, and all three had current FA.

All five AD patients had HF, AR and AC. One non-AD individual had AR but not HF or
AC.

Discussion

It is widely accepted that mono-allelic FLG mutations cause 1V and bi-allelic FLG
mutations often result in severe phenotypes of 112, In addition, FLG null mutations
are well known to be a predisposing factor for AD. However, it is still controversial as
to whether individuals with bi-allelic FLG mutations have more severe AD and higher

incidence of AD than individuals with mono-allelic FLG mutations.

As we mentioned above, individuals with bi-allelic FLG mutations were described to
have severe symptoms of IV 12, However, it was reported that even if a patient had
compound heterozygous FLG mutations, sometimes he or she had a mild phenotype of
IVE,

According to a previous report, 70% of individuals with bi-allelic FLG mutations
developed AD. Another report showed that all patients with bi-allelic FLG mutations
had symptoms of 1V, but only 5 patients out of 9 (56%) had eczema®®.

Interestingly, our case without AD, Patient A-1-2, had milder IV symptoms than the



other patients with bi-allelic FLG mutations. Although we are not sure why she did not
have AD, AS or HF, her life history and growth environment might have played a role.
For example, a hot, humid environment!® and proper skin care might have led to the
mild 1V phenotype, resulting in the prevention of AD in Patient A-I1-2. It has been
suggested that FLG mutations have strong effects for the compound phenotype of AS
plus eczema, but are not associated with AS in the absence of eczema?. Indeed, Patient

A-1-2 without AD had no other allergic diseases, including AS.

As previously reported’, in the present series of AD patients with bi-allelic FLG
mutations, all the patients who had severe symptoms of IV developed AD in early
childhood and often had other allergic diseases. It was reported that patients with AD
and FLG mutations tend to have higher serum IgE than AD patients without FLG
mutations®®. In our current cases, serum IgE was not particularly high for AD patients. A

weakly positive correlation was observed between serum IgE levels and patients’ ages,

but it was not significant (p=0.0833, r=0.9000).

All five AD patients with bi-allelic FLG mutations in the present study have been
treated by experienced dermatologists and their AD symptoms have been improved by
topical therapy of steroid and tacrolimus. As a result, their AD symptoms have been
well controlled for a while (Fig. 1a, ¢, g). These patients’ courses suggest that
appropriate treatments promote persistently favorable outcomes for AD patients with

bi-allelic FLG null mutations.

To the best of our knowledge, there have been only a few reports describing clinical
features of patients with compound heterozygous FLG mutations!® 2°. Our present
results suggest that patients with bi-allelic FLG mutations do not always have severe
AD. Of course, it is necessary to analyse further, large numbers of AD patients and

non-AD individuals with bi-allelic FLG mutations in order to elucidate their clinical
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features and incidence of various allergic disorders including AD, FA, AS, HF, AR and

AC.



11

References

1. McAleer MA, Irvine AD. The multifunctional role of filaggrin in allergic skin
disease. J Allergy Clin Immunol 2013;131:280-291.

2. Rodriguez E, Baurecht H, Herberich E, Wagenpfeil S, Brown SJ, Cordell HJ,
et al. Meta-analysis of filaggrin polymorphisms in eczema and asthma: robust risk
factors in atopic disease. J Allergy Clin Immunol 2009;123:1361-1370 e1367.

3. van den Oord RA, Sheikh A. Filaggrin gene defects and risk of developing
allergic sensitisation and allergic disorders: systematic review and meta-analysis. BMJ
2009;339:h2433.

4, Osawa R, Konno S, Akiyama M, Nemoto-Hasebe I, Nomura T, Nomura Y, et
al. Japanese-specific filaggrin gene mutations in Japanese patients suffering from atopic
eczema and asthma. J Invest Dermatol 2010;130:2834-2836.

5. Nomura T, Sandilands A, Akiyama M, Liao H, Evans AT, Sakai K, et al.
Unique mutations in the filaggrin gene in Japanese patients with ichthyosis vulgaris and
atopic dermatitis. J Allergy Clin Immunol 2007;119:434-440.

6. Nemoto-Hasebe I, Akiyama M, Nomura T, Sandilands A, McLean WH,
Shimizu H. FLG mutation p.Lys4021X in the C-terminal imperfect filaggrin repeat in
Japanese patients with atopic eczema. Br J Dermatol 2009;161:1387-1390.

7. Kono M, Nomura T, Ohguchi Y, Mizuno O, Suzuki S, Tsujiuchi H, et al.
Comprehensive screening for a complete set of Japanese-population-specific filaggrin
gene mutations. Allergy 2014;69(4):537-540.

8. Bodemer C, Bourrat E, Mazereeuw-Hautier J, Boralevi F, Barbarot S, Bessis
D, et al. Short- and medium-term efficacy of specific hydrotherapy in inherited
ichthyosis. Br J Dermatol 2011;165(5):1087-1094.

9. Hanifin JM, Thurston M, Omoto M, Cherill R, Tofte SJ, Graeber M. The
eczema area and severity index (EASI): assessment of reliability in atopic dermatitis.
EASI Evaluator Group. Exp Dermatol 2001;10(1):11-18.

10. Leshem YA, Hajar T, Hanifin JM, Simpson EL. What the Eczema Area and



12

Severity Index score tells us about the severity of atopic dermatitis: an interpretability
study. Br J Dermatol 2015;172(5):1353-1357.

11. Sandilands A, O'Regan GM, Liao H, Zhao Y, Terron-Kwiatkowski A, Watson
RM, et al. Prevalent and rare mutations in the gene encoding filaggrin cause ichthyosis
vulgaris and predispose individuals to atopic dermatitis. J Invest Dermatol
2006;126(8):1770-1775.

12. Gruber R, Janecke AR, Fauth C, Utermann G, Fritsch PO, Schmuth M.
Filaggrin mutations p.R501X and c.2282del4 in ichthyosis vulgaris. Eur J Hum Genet
2007;15(2):179-184.

13. Xiong Z, Luo S, Xu X, Zhang L, Peng H, Li W, et al. Novel FLG mutations
associated with ichthyosis vulgaris in the Chinese population. Clin Exp Dermatol
2012;37(2):177-180.

14, Chan LS. Atopic dermatitis in 2008. Curr Dir Autoimmun 2008;10:76-118.
15. Brown SJ, Relton CL, Liao H, Zhao Y, Sandilands A, McLean WH, et al.
Filaggrin haploinsufficiency is highly penetrant and is associated with increased
severity of eczema: further delineation of the skin phenotype in a prospective
epidemiological study of 792 school children. Br J Dermatol 2009;161(4):884-889.
16. Sasaki T, Furusyo N, Shiohama A, Takeuchi S, Nakahara T, Uchi H, et al.
Filaggrin loss-of-function mutations are not a predisposing factor for atopic dermatitis
in an Ishigaki Island under subtropical climate. J Dermatol Sci 2014;76(1):10-15.

17. Brown SJ, Sandilands A, Zhao Y, Liao H, Relton CL, Meggitt SJ, et al.
Prevalent and low-frequency null mutations in the filaggrin gene are associated with
early-onset and persistent atopic eczema. J Invest Dermatol 2008;128(6):1591-1594.
18. Landeck L, Visser M, Kezic S, John SM. Genotype-phenotype associations in
filaggrin loss-of-function mutation carriers. Contact Dermatitis 2013;68(3):149-155.
19. Nomura T, Akiyama M, Sandilands A, Nemoto-Hasebe I, Sakai K, Nagasaki
A, et al. Specific filaggrin mutations cause ichthyosis vulgaris and are significantly

associated with atopic dermatitis in Japan. J Invest Dermatol 2008;128(6):1436-1441.



20. Mizuno O, Nomura T, Ohguchi Y, Suzuki S, Nomura Y, Hamade Y, et al.
Loss-of-function mutations in the gene encoding filaggrin underlie a Japanese family
with food-dependent exercise-induced anaphylaxis. J Eur Acad Dermatol Venereol

2015;29(4):805-808.

13



14

Figure legends

Figure 1. Clinical features of the compound heterozygotes for FLG mutations, and
pedigrees of the two families. (a) Patient A-ll1-1 shows severe hyperkeratosis and
scales as an IV phenotype on the lower leg. The eczema is well controlled (a). (b, c)
Patient A-11-2 has moderate palmar hyperkeratosis and severe hyperlinearity (b) and
severe hyperkeratosis on the lower legs (c) as an IV phenotype. Eczematous lesions are
well controlled on the lower leg (c), although apparent eczema is seen on the palm (b).
(d, e) Patient A-1-2 shows very mild hyperkeratosis and scaling without any eczema on
the lower leg (d) and mild hyperlinearity and palmar keratosis (e). (f, g) Patient B-11-5
exhibits severe hyperkeratosis and scaling on the lower leg (f) and on the palm (g).
Eczematous lesions are apparent on the lower legs (f), but not on the palms (g). Severe
hyperlinearity is also seen on the palm (g). (h, i) Patient B-11-4 shows severe
hyperkeratosis, scales and severe eczema on the lower legs (h) and severe palmar
keratosis with hyperlinearity and eczematous lesions (i). (j, k) Patient C-1-1 has severe
hyperkeratosis and scaling as an IV phenotype on the back, the upper arms (j) and the
lower legs (k). She also has moderate eczema on the back, the upper arms (j) and the

lower legs (k). (I, m) Pedigrees with FLG genotypes of Family A (I) and Family B (m).



Table 1. Summary of FLG genotypes and clinical features of the patients

Patient A-lI-1 Patient A-1I-2 Patient A-1-2 Patient B-1I-5 Patient B-1I-4 Patient C-1-1

FLG mutations

age/sex
ichthyosis vulgaris (IV)
ichthyosis score
palmar hyperlinearity
rhagades
lamellar scaling
atopic dermatitis (AD)
onset of AD
EASI
dry skin
food allergy (FA)
current
history
egg allergy
milk allergy
other allergy
asthma (AS)
hay fever (HF)
allergic rhinitis (AR)
allergic conjunctivitis (AC)
IgE
TARC
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