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Abstract

The epidermis represents an essential barrier versus a broad range of exogen-
ous stimuli. To form a functional epidermis, keratinocytes express filaggrin
which plays a vital role in atopic dermatitis. However the relationship between
filaggrin and other skin diseases remains unknown. In our study we chose 5
different common skin diseases and analyzed the expression of filaggrin in the
skin using immunohistochemistry. Imiquimod (IMQ)-induced mouse model
was used for detecting the filaggrin level and barrier function. The results in-
dicated that the expression of filaggrin is reduced in psoriasis compared to the
other skin diseases. Furthermore in vivo study showed that the skin barrier is
defected with a decreased expression of filaggrin in IMQ-induced psoriasis
mouse model, which is accompanied with an increased level of IL-17/IL-23. In
conclusion, the defective skin barrier is involved in the development of pso-
riasis in human and mice with a reduced expression of filaggrin which may be
regulated by the increased level of IL-17/IL-23 in the skin.
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1. Introduction

The skin, as the largest organ in the body comprising approximately 10% of
body weight, protects the body from dehydration and environmental insults
through establishment of the protective epidermal permeability barrier. The ep-
idermal barrier integrates the body’s physiology with the terrestrial environment
in two paths: one is an inside-out barrier to minimize trans-epidermal water loss
and the other works as an outside-in barrier to prevent invasion by infectious
agents and toxic substances [1].

There are three musketeers of the epidermal barrier: stratum corneum (SC) as
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an air-liquid interface barrier, tight junctions (TJs) as a liquid-liquid interface
barrier, and Langerhans cells (LCs) as an immune barrier [2]. During embryonic
development, the ectodermal cell layer covering the body develops into a strati-
fied epidermis which is essential at birth and has the ability to confront the arid
and toxic postnatal environments [3]. To maintain skin barrier homeostasis re-
quires the delivery of lipids and proteins, which are contained in lamellar gra-
nules (keratinosomes) of the granular layer, to the stratum corneum interstices
and the formation of high molecular weight polymers through the crosslinking
of corneocyte envelope proteins such as loricrin, involucrin, filaggrin and other
peptides. The epidermal barrier after birth is mainly regulated by a complex ep-
idermal differentiation program [2].

A defective skin barrier is considered as an important feature of atopic derma-
titis (AD), which affects nearly 10% of the world population [4]. In addition, re-
search on the contribution to skin homeostasis has helped to decipher how the
epidermal barrier can be intrinsically changed in other diseases, such as acne
vulgaris, ichthyosis vulgaris and allergic disease [5] [6] [7]. More importantly,
studies of filaggrin represent us a major advance in the understanding of defec-
tive barrier [8]. Loss-of-function mutations in the filaggrin gene (FLG) can not
only cause ichthyosis vulgaris, the most common disorder of keratinization, but
also a strong genetic risk factor for AD, marked a significant breakthrough in the
understanding of AD pathogenesis. The reported FLG mutations have an equiv-
alent molecular biological effect, since they produce biochemically unstable
truncated profilaggrin which cannot be processed to release functional filaggrin
[8]. Filaggrin is ultimately degraded on the skin surface to release its component
amino acids, which contributes to epidermal hydration and barrier function.
Recently, psoriasis has been investigated with respect to a hypothetical FLG as-
sociation [9]. In addition, Filaggrin, as a major component of keratohyaline
granules, is a marker of terminal differentiation of the epidermis. It is also re-
ported that the alert expression of filaggrin occurred in the pathologic human
related cancer, pre-cancer and other skin diseases [10] [11]. However, the rela-
tionship between skin barrier, filaggrin and skin diseases without atopic diseases
remains unknown.

The aim of the present study is to dissect the level of the skin barrier protein
filaggrin in the skin diseases without AD, including epidermal cyst, trichilemmal
cyst, steatocystoma, sebaceous cyst and psoriasis. The five skin diseases which
show epithelial proliferation in some extend are different from each other. Most
of them are common skin benign tumors including trichilemmal cysts which
arise from the isthmus of the hair follicle, sebaceous cysts which arise from duct
obstruction of a sebaceous gland in the hair follicle, epidermal cysts which is one
of the common benign tumours presenting anywhere in the body and steatocys-
toma which is a benign adnexal tumor originating from the pilosebaceous duct
junction. Psoriasis is a common chronic inflammatory skin disease which is

characterized by epidermal hyperproliferation and altered differentiation. In
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addition using the imiquimod (IMQ)-induced psoriasis mouse model, which
was highly used in reported studies [12], to identify the barrier function is de-
fected in the early phase of psoriasis through down regulated filaggrin expres-
sion in vivo. Our results indicate that the defective skin barrier is involved in
the development of psoriasis with a reduced expression of filaggrin in human

and mice.

2. Materials and Methods
2.1. Human Skin Sample

Bioptic fragment of patient and normal human skin were obtained during aes-
thetic surgery after written informed consent (22 = 5). The procedures were in
accordance with the ethical standards of the Institutional committee on human

experimentation.

2.2. Animal Preparation

C57BL/6] mice (from Xi’an Jiaotong University Animal Facility) with 8 weeks
old were prepared in both female and male. For the first step, pretreatment for
the skin permeability experiments was done and tissue was divided into two
groups (1 = 5 respectively), receiving the following forms of pretreatment prior
to the permeability measurements: one group was pretreated for 2 hours with
15% ethanol and the second group with PBS as control. For the second experi-
ments, a topical dose of 62.5 mg 5% IMQ cream (from the second hospital of
Xi’an Jiaotong university) was applied daily to the shaved back region of mice,
while a non-toxic lanolin-derived occlusion cream was applied as control (CTL)
group. IMQ and CTL treatments were carried out for 5 consecutive days and
mice were sacrificed on day 6 by cervical dislocation [12]. Mice were observed
everyday mainly on the phenotype and clinical lesions. Symptoms were eva-
luated by skin erythema and lichen. Each symptom was graded from 0 to 3 (no
symptoms = 0; mild = 1; moderate = 2; and severe = 3). The sum of these indi-
vidual scores was taken as the overall clinical score [12]. At the end of the day
skin biopsy was performed and the infiltrated inflammatory cells were measured

using immunofluorescence.

2.3. Immunohistochemistry

Paraffin-embedded samples were prepared and sections were blocked with 4%
BSA for 20 mins in 37°C. For immunohistochemistry (IHC) against filaggrin, a
ratanti-human monoclonal antibody (Abcam, 1:100), a biotinylated secondary
goat anti-rat antibody before analysis by light microscopy. Skin biopsies (22 = 5)
from patients without AD and normal human skin (n = 5) served as control

samples.

2.4. Vascular Permeability Assay

Evans blue dye (25 pg/g weight in PBS; Sigma) was injected intraperitoneally
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with 8 week-old mice. After 2 hours, the mice were euthanized and ears were
removed and weighed. The Evans blue dye was extracted from the ears with
formamide (0.5 ml/100 mg tissue) overnight at 55°C and measured spectropho-
tometrically at 620 nm. Determine protein concentration of the protein and the
evans blue extravasation is expressed as relative OD 620nm/mg protein [13]
[14].

2.5. FITC-Conjugated Albumin Permeability Assay

Ear skin was exposed to Fluorescein isothiocyanate (FITC) labelled albumin
(0.5%; Sigma) for 2 hours, and the tissue was fixed in 10% formalin and processed

in paraffine. Sections (7 mm) were cut and examined by fluorescencemicroscopy.

2.6. Western Blot Analysis

Skin tissue lysis was added to 5 x SDS sample buffer and boiled for 3minutes.
Samples were resolved by SDS PAGE (10% polyacrylamide concentration) and
transferred by electrophoresis onto a nitrocellulose membrane. After blocking,
membrane was incubated with primary anti-mouse filaggrin antibody (Santa
Cruz), followed by secondary antibody. A chemiluminescent Western blotting
detection kit was used according to the manufacturer’s protocol to visualize the

labeled protein.

2.7. Immunofluorescence

The skin sample was processed in OCT. Cryostat sections were air-dried,
blocked with PBS containing 10% of normal goat serum for 5 mins after incu-
bate with primary antibody 4°C overnight and then stained with secondary an-
tibody for 1 hour at room temperature. Photos were taken under immunofluo-

rescence microscope.

2.8. Statistical Analysis

The data are expressed as Mean + SE and were analyzed using the Student’s

t-test. A pvalue less than 0.05 was considered significant.

3. Results

3.1. Filaggrin Expression in the Skin Diseases without AD

The patients we examined with filaggrin expression included psoriasis and be-
nign skin tumor, such as epidermal cysts, trichilemmal cyst, steatocystoma, se-
baceous cyst (Table 1). As expected, the normal skin tissue displayed filaggrin
expression in thestratum corneum (SC). Interestingly, all the skin specimens
from psoriasis were negative for filaggrin, while the benign skin tumor remains
similar with normal skin tissue (Figure 1). These results indicate that the skin
barrier protein filaggrin is reduced in the psoriasis patients compared to normal
healthy skin.
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normal skin trichilemmal cyst sebaceous cyst

epidermal cysts steatocystoma psoriasis

Figure 1. The expression of filaggrin was reduced mainly in the psoriasis compared to the
other skin diseases and healthy skin using immunohistochemistry assay: In the normal
skin, the expression of filaggrin mainly located in the SC of skin. All the psoriasis patients
(n = 5) exhibited that the staining of filaggrin in the skin were negative, while the expres-
sion of filaggrin in SC of the skin was similar to the normal skin in patients with trichi-
lemmal cyst, sebaceous cyst, epidermal cysts and steatocystoma. SC: stratum corneum.

Table 1. List patients of involved in this study.

Patient Histological Key feature Female Male Age Filaggrin
(number) diagnosis (arise from) (number) (number) 8 IHC
n=>5 Healthy people normal skin 2 3 15-45 SC(+)
SC (+);
n=>5 Trichilemmalcyst hair follicle 2 3 30-45 )
cyst (+)
n=>5 Sebaceous cyst sebaceous gland 1 4 15-35 SC(+)
SC ;
n=>5 Epidermal cyst epidermoid cyst 2 3 25-37 cyst((?)
pilosebaceous SC (+);
n=>5 Steatocystoma . X 1 4 20-34
duct junction cyst (+)
L chronic
n=>5 Psoriasis . 2 3 25-36 SC(-)
inflammatory

3.2. IMQ-Induced Psoriasis Animal Model

In order to convince the skin barrier is involved in the development of psoriasis,
we used imiquimod-induced mouse model as reported to figure out the rela-
tionship between skin barrier and psoriasis. Mouse back skin was treated with
62.5 mg 5% IMQ or a non-toxic cream once per day for five consecutive days.
From the third day the erythema and scaling of IMQ-treated mice were observed
which is similar to the reported study [12] (Figure 2(a)). Also the clinical score
index is significant higher than control mice (Figure 2(b)). Since psoriasis
mouse model exhibits an infiltration of inflammatory cells, which was mainly
composed of neutrophils and T cells. Using immunofluorescence assay, neutro-
phils, T cells and mast cells were detected using ly6g, CD3 and toluidine blue
staining respectively (Figure 2(c)). Furthermore, the IL-17 and IL-23 were
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Figure 2. The phenotype of IMQ-induced dermatitis: (a) Phenotype of the normal mice
and IMQ-treated mice at the 3rd day after treatment; (b) The clinical score of normal
mice and IMQ-treated mice, P < 0.05; (c) H/E staining , Neutrophil staining using Iy6g
antibody; T cell staining using CD3 antibody and mast cells staining using Toluidine blue
staining; (d) IL-17 and IL-23 level were analyzed by immunohistochemistry method and
results showed that the level of IL-17 and IL-23 in IMQ-induced psoriasis model was in-
creased compare to the negative control mice. Original magnification x200.

increased in IMQ-treated mice compared to the control mice using immunohis-
tochemistry assay (Figure 2(d)). Together with the reported studies, a psoriasis
mouse model was successfully induced.

3.3. Defective Skin Barrier in Psoriasis Mouse Model

In order to confirm the defective skin barrier is involved in psoriasis, IMQ-induced
mouse model was used in our study. Here we measured the skin barrier in
IMQ-psoriasis mouse model using evans blue extravasation assay and albumin

assay.
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Firstly, in order to convince the efficiency of these two methods as an accurate
way to evaluate the skin barrier. We use a short term application of ethanol to
defect the skin barrier as reported [15]. As to vesicular permeability assay, the
OD reading per 1 mg protein in ethanol-treated ear was significantly higher than
PBS-treated ear (Figure 3(a)). And albumin penetration assay, skin tissue typi-
cally showed a thin, bright line of albumin fluorescence along the epithelial sur-
face in the PBS group, the rest of the epithelium appearing dark. While in etha-
nol group in general, hadan intercellular distribution of albumin fluorescence
extending deeper into the epithelium, but some of them only maintain a light
spot in the deep epithelium cells (Figure 3(b)). This results showed that evans
blue extravasation assay and albumin assay are able to evaluate the barrier per-
meability accurately.

As to IMQ-induced psoriasis mouse model, the evans blue extravasation was
significant higher in IMQ treated group compared to negative control group
(P < 0.05) (Figure 4(a)). The albumin penetration reached to the deeper epithe-
lium while the negative control mice only passaged in the surface of the skin
(Figure 4(b)). In addition, filaggrin expression was analyzed using western blot.
The results showed that mature filaggrin expression in IMQ treated group is re-

duced compared to the negative control group (Figure 4(c)).

35 %
30
25 [
20
15
10
.05
0.00

Evans blue extravasation
(OD/mg protein)

PBS ethanol
(a)

FITC-labeled albumin assay

PBS-treated ethanol-treated
(b)

Figure 3. Ethanol-induced skin barrier disruption was assayed using evans blue extrava-
sation and fitc-labeled albumin assay. (a): Inside-out barrier function analyzed by Evans
blue extravasation; (b): Outside-in barrier function analyzed by FITC-conjuncted albu-
min assay; both of the results showed that the barrier was defected in ethanol-induced
barrier disruption compared to the negative control mice which indicated that these two
methods are able to evaluate the skin barrier function accurately, n =4, P< 0.05.
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Figure 4. Defective skin barrier is involved in IMQ-induced dermatitis with a reduced
expression of filaggrin. (a) Inside-out barrier function analyzed by Evans blue extravasa-
tion; (b) Outside-in barrier function analyzed by FITC-conjuncted albumin assay; both of
them indicated that the barrier function of IMQ-treated mice was defected compared to
the negative control mice, n=5, P< 0.05; (c) Expression of filaggrin in IMQ treated mice
was induced compare to the negative control mice by western blot.

In a summary, the defective of skin barrier is involved in the psoriasis with an

alert expression of filaggrin in human and mouse model.

4. Discussion

Several skin disorders are associated with impaired skin barrier function, such as
atopic dermatitis and other inflammatory skin diseases [4]. Psoriasis is a com-
mon, inflammatory, chronic and relapsing skin disease with a prevalence of 1% -
4% [16]. It is characterized by an abnormal keratinocyte proliferation and para-
keratosis with vascular hyperplasia and infiltration of inflammatory cells into the
dermis and epidermis. The pathogenesis of psoriasis is multifactorial. A genetic
predisposition appears to play a pivotal role in the susceptibility to develop pso-
riasis. It is reported that there is an association between psoriasis and FLG be-
cause of its co-association with the 1q21 locus in genome-wide scans [9]. And
also recent studies revealed that vitamin D is involved in the tissue barriers and
its receptor may create a pro-inflammatory environment and alteration of the
barrier integrity that may favor the development of psoriatic lesions after expo-
sure to external triggers [17] [18]. In our study, we chose five different skin dis-
eases except atopic dermatitis, the results highlight that the filaggrin expression
in the epithelia from psoriasis patients is reduced compared to the normal
healthy skin. Filaggrin, a histidine-rich protein which can be degraded to free
amino acids by caspase-14, plays a vital role in maintaining the hydration of the
stratum corneum and epidermal homeostasis [19] [20].

The exact etiology of psoriasis remains unclear but recent evidence suggests
the crucial role of active T-cells and cytokines in the inflammatory cascade [16].
There is research evidence indicate that the vital role of IL-23/IL-17A cytokines
in the development of the disease [21] [22]. Apart from this, the defective skin
barrier may occur and alter the structure and function of skin [23]. In our study
also revealed that the skin barrier protein filaggrin is reduced in the psoriasis pa-
tients, although as a long time impaired barrier function was regarded as a vital
pathogenesis in atopic dermatitis (AD) [2]. In order to convince these results we
use the IMQ-induced psoriasis mouse model [12]. IMQ is a TLR-7/8 agonist and
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a potent immune activator used for the treatment of actinic keratosis and super-
ficial basal cell carcinomas [24]. As a side effect, it can induce psoriasis-like skin
flares in predisposed humans [25]. Interestingly, some patients using IMQ may
suffer from eczema and bullous pemphigoid-liked side effects [26] [27] [28].
Daily topical application of IMQ on mice leads to a psoriasis-like dermatitis with
many hallmarks of human psoriasis which depends on IL-23/IL-17 axis [29]. It is
reported that IL-17 down-regulates the expression of FLG as well as the genes
that encode filaggrin processing enzymes in cultured keratinocytes [30]. And al-
so recently it is found that caspase-14 deficiency is prone to develop psoriasis in
mouse model study [31]. The defective skin barrier may impact the host micro-
bial homeostasis through vitamin D or VDR which involves appropriate im-
mune regulation [32] [33]. In our study, we used two different methods to
measure the skin barrier of IMQ-induced psoriasis-like dermatitis on mice and
the results indicate that the defective skin barrier including inside-out and out-
side-in barrier function is involved in the development of psoriasis in mice.
Furthermore, the reduced expression of filaggrin with an increased level of
IL-17/IL-23 inIMQ-induced mice was showed compared to the control mice.
The reduced filaggrin may be suppressed by the increased level of IL-17/IL-23.
The future step of our study will focus on the mechanism of reduced filaggrin in

psoriasis and other functions of filaggrin in the pathogenesis of psoriasis.
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