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Letter to the Editor
Filaggrin-deficient rats generated using zinc-finger nucleases
spontaneously exhibit dry scaly skin
Dear Editor,

Filaggrin (FLG) is one of key proteins involved in the skin barrier
function that is known to be decreased in the epidermis of atopic
dermatitis (AD) patients.1,2 A previous study demonstrated that
Flg-null mice exhibited dry scaly skin and decreased natural mois-
turizing factors (NMF) that are filaggrin degradation products;
however transepidermal water loss (TEWL) was normal.3 On the
other hand, homozygous Flg-deficient patients are known to
exhibit an increase in TEWL,4 highlighting that Flg deficiency is
not tolerated equally between mice and humans.

Rat skin is the most structurally similar to human skin among
rodents, e.g. the skin permeability of drugs through rat skin corre-
lates with human skin for drug permeation.5 In this study, we
newly generated and characterized Flg knockout (Flg �/�) rats using
the Zinc-finger nucleases (ZFNs) technology.6

To generate Flg �/� rats, we targeted the second exon of rat Flg
gene using conventional ZFN reagents6 (Fig. 1A) and generated
Flg �/� rats confirmed by immunohistochemical staining (Fig. 1B).
Neonatal Flg �/� rats exhibited dry scaly skin with a shiny tone,
constriction rings on the tail, and prominent areas of crista cutis
surrounded by deep furrows on the back when compared with
wild-type littermates (Fig. 1C).

It is known that profilaggrin is depositedonkeratinfibers and ex-
ists as amajor component of keratohyalin granules, and that F gran-
ules containingprofilaggrin are keratohyalin granules.7 In this study,
we have demonstrated that normal large F granules were observed
in wild-type rats and Flg þ/� rats by electron microscopy (Fig. 1D).

Mild growth restriction was observed in Flg �/� rats (Fig. 2A),
but both Flg �/� rats and wild-type rats exhibited normal hair
growth, and the trunk skin phenotype of Flg �/� rats became
less obvious after hair outgrowth (data not shown). It is gener-
ally agreed that increased TEWL is indicative of stratum cor-
neum (SC) barrier dysfunction. TEWL is thus used as a
surrogate marker to assess skin dryness and SC barrier function
in patients with AD.8 In contrast to the results of normal TEWL
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in Flg �/� mice,3 we found an increase in TEWL 3 days after birth
in Flg �/� rats compared to wild-type rats (Fig. 2B). In addition,
in vivo confocal Raman microspectroscopic analysis revealed a
significant decrease in NMF but not ceramide that is known to
affect the skin barrier function and TEWL (Fig. 2C, D). However,
as these rats grew, these findings became less apparent; there
was no significant difference in TEWL between 8-week-old
wild-type and Flg �/� rats (Fig. 2E). Electron microscopic analysis
revealed that both 8-week-old wild-type and Flg �/� rats
exhibited similar morphologies of keratohyaline granules and
compact stratum corneum (Fig. 2F). Finally, we used AD-like
dermatitis model induced by a vitamin D3 analogue MC903.9

There was no significant difference in clinical scores between
wild-type and Flg �/� rats (Fig. 2D). Hematoxylin and eosin
staining revealed no significant difference in epidermal thick-
ness (Fig. 2D).

We successfully generated Flg �/� rats by using the ZFN technol-
ogy. A previous report showed that neonatal Flg �/� mice displayed
unaltered TEWL values;3 however, Flg �/� rats showed an increase
in TEWL spontaneously in this study. Discrepancy in the results be-
tween Flg �/� rats and mice may be derived from differences in an-
imal species. In patients with ichthyosis vulgaris and AD that can be
induced by FLG mutations, an increase in TEWL has been re-
ported.4,8 In this regard, Flg �/� rats can be useful for analyzing
the barrier function of the skin. In addition, we consider that
growth retardation in the immediate postnatal period is due to
dehydration caused by barrier dysfunction.

In conclusion, the newly developed Flg �/� rats revealed that FLG
play an essential role in TEWL but not in the severity of MC903-
induced AD-like dermatitis. It is thought that AD generally develops
in infancy and childhood, and that the number of patients de-
creases with age. One of the possible reasons why the incidence
of AD decreases with growth may be the restoration of the barrier
function. Flg �/� rats are expected to be a valuable resource in
various fields and to serve as an important experimental model
for the analysis of skin barrier function.
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Fig. 1. Filaggrin-deficient rats generated with zinc-finger nucleases exhibit ichthyotic skin (A) Schematic representation of part of the rat Flg gene. The magnified views illustrate the
binding sites for the ZFN pairs. The validated ZFN mRNA was microinjected into fertilized F344/Stm oocytes, which were then transferred into the oviducts of pseudopregnant
Crlj:WI female rats (pseudopregnant foster mothers). Screening of eight newborn animals revealed that four of them (50%) carried mutations, comprising deletions from 7 bp
to 2622 bp, which were frame-shift mutations resulting in the complete loss of Flg protein expression (B) Histologic (hematoxylin and eosin staining) images of wild-type
(WT), Flg þ/� (HT), and Flg �/� (KO) rats. Immunohistochemical staining of FLG was performed as below. Deparaffinized sections underwent antigen retrieval with 10 mM sodium
citrate buffer and were immersed in 0.3% H2O2 to abolish endogenous peroxidase activity before being incubated with a monoclonal mouse anti-filaggrin (clone, AKH-1; Santa Cruz
Biotechnology, Dallas, Texas) for 1 h at room temperature. The secondary antibody, ABC reagent, and DAB peroxidase substrate were added according to the manufacturer's protocol
(VECTOR). The skin sections were counter-stained with hematoxylin (C)Macroscopic images of wild-type and Flg �/� rats (D) Electronic microscopic images of wild-type, Flg þ/�, and
Flg �/� rats. Histological analysis was performed by using the samples of three days after birth (B and D) and macroscopic images were taken on the day four after birth (C).

Fig. 2. Barrier functions in filaggrin-deficient rats (A) Body weight after birth (B) Comparison of TEWL among wild-type, Flg þ/�, and Flg �/� rats. Measurements of TEWL were
performed at room temperature (22e26 �C) and 40e60% humidity. TEWL was measured using a VAPOSCAN AS-VT100RS machine (Asahi Biomed). Dorsal skin NMF (C) and cer-
amide 3(D) were measured in vivo using confocal Raman microspectroscopy (E) Comparison of TEWL among 8-week-old wild-type and Flg �/� rats (F) Electronic microscopic im-
ages of 8-week-old wild-type and Flg �/� rats. The area circled in red is a small keratohyaline granule (G））Clinical photographs after 7 days of daily application on the back of MC903
and the clinical score. The total clinical score for skin lesions was designated as the sum of individual scores, graded as 0 (none), 1 (mild), 2 (moderate), and 3 (severe), for the
symptoms of erythema, edema, erosion, and scaling (H））Hematoxylin and eosin staining. Epidermal thickness was measured at three locations per field of view and averaged
over five fields. Scale bar 50 mm. Each column represents the mean±standard deviation (SD) *p < 0.05, significantly different from the control group (n ¼ 2e5 per group) using the Stu-
dent's t-test.
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