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Stratum corneum Toll-like receptor 3
expressions correlate with the severity of atopic
dermatitis lesions

To the Editor

TLR3 recognizes viral double-stranded RNA and polyinosinic:
polycytidylic acid (poly(I:C)) and induces the production of type I
interferons and the expression of proinflammatory cytokines [1].
We and others have found that TLR3 signaling is involved in allergic
skin inflammation and barrier dysfunction [2-4], which are related
to the features of AD. However, TLR3 expression in the lesions of AD
patients and its involvement in the pathogenesis of AD have not
been examined in previous studies.

We examined TLR3 expressions in the skin of AD patients and
healthy controls and investigated whether the degree of TLR3
expressions in the skin is related to the severity of AD; eruption
type; or epidermal barrier function in AD patients. Thirty patients
(17 males and 13 females; median age: 42 years, range: 21-62)
who had been diagnosed with AD and 29 healthy controls (11
males and 18 females; median age: 34 years, range: 22-44) were
included in this study (see Supplementary Methods).

We first examined the epidermal expression of TLR3 in the
skin of AD patients and healthy controls using immunohisto-
chemical staining. TLR3 was strongly expressed in the epider-
mal cells and the sweat glands of both the healthy controls and
AD patients (Fig. 1a). We next evaluated TLR3 expressions in the
stratum corneum using immunostaining (Supplementary
Fig. S1). The mean fluorescence intensity was 81.77 +-64.82
(n=24) in the stratum corneum obtained from the representa-
tive affected trunk skin in AD patients, 22.48 £22.17 (n=6) in
the stratum corneum tissue obtained from the unaffected skin
of the trunk in AD patients, and 27.09 +£13.13 (n=29) in the
stratum corneum tissue obtained from of the trunk skin in
healthy controls (Fig. 1b). The scTLR3 expression level of the
trunk was significantly higher in the affected skin of AD patients
than that in the unaffected skin of AD patients or the skin of
healthy controls.

The correlations between the scTLR3 expression level and skin
lesion severity scores, and the SCORAD, objective SCORAD were
assessed in the areas of affected skin on the trunk subjected to
tape-stripping in AD patients. The scTLR3 expression level of the
trunk was significantly correlated with the total intensity scores,
the erythema score, oozing/crusting score, edema/papule score,
excoriation score, lichenification score, and xerosis score (Fig. 1c).
Although the correlation between the scTLR3 expression level of
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the trunk and the itching score was not significant, the scTLR3
expression level of the trunk tended to be correlated with the
degree of itching. Furthermore, the scTLR3 expression level of the
trunk was significantly correlated with the scoring AD (SCORAD)
and objective SCORAD (Fig. 1c). There was no correlation between
the scTLR3 expression level and the chronicity of AD (Supplemen-
tary Fig. S2). Conductance was correlated inversely with that in the
affected trunk skin in AD patients. Although TEWL tended to be
correlated with scTLR3 expression in the affected trunk skin in the
patients with AD, but there was no statistically significant
correlation (Fig. 1c).

The relationships between the scTLR3 expression level in the
affected trunk skin and laboratory markers were examined. The
SCTLR3 expression level was correlated with the peripheral blood
eosinophil count but was not significantly correlated with serum
total IgE level, serum lactate dehydrogenase (LDH) level, or serum
TARC level (Supplementary Table S1).

To investigate the mechanism responsible for the elevated
ScTLR3 expression seen in AD lesions, we examined the effects of
various cytokines and TLR3 ligand poly(I:C) on TLR3 expressions in
undifferentiated keratinocytes incubated in low- Ca* or differen-
tiated keratinocytes incubated in high-Ca?* medium. We examined
whether TLR3 mRNA expression could be induced in adult human
epidermal keratinocytes (HEKa) by poly(I:C) or inflammatory
cytokines, such as IL-4, IL-13, IL-17, TNF-a, or IL-1p, using PCR. TLR3
mRNA expression was upregulated by stimulation with poly(I:C) in
both low- and high-Ca?* conditions, but not by stimulation with IL-
4, 1L-13, IL-17, TNF-q, or IL-1p (Fig. 2a). TLR3 expression level was
significantly higher in low-Ca?* medium compared with high-Ca?*
medium. Next, we detected TLR3 expressions in HEKa via surface
and intracellular staining using flow cytometry. When TLR3 was
assessed via intracellular staining, the TLR3 expression level was
upregulated in the cells that were stimulated with poly(I:C) in both
low- and high-Ca?" conditions and higher in low-Ca?" medium
(Fig. 2b). On the other hand, the TLR3 expression level on the
surface of HEKa was not changed after stimulation with poly(I:C)
(Fig. 2b). These findings indicate that TLR3 ligands but not
cytokines induce the elevation of intracellular TLR3 expressions in
keratinocytes. TLR3 levels might be decreased in the upper layers
of the epidermis.

In this study, we demonstrated for the first time that scTLR3
expression was elevated in AD patients and was closely
associated with the skin lesion severity scores and stratum
corneum hydration. These findings suggest that TLR3 may
participate in the pathogenesis of acute and chronic dermatitis
and the skin barrier functions as seen in AD. The scTLR3
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Fig.1. (a) The TLR3 expressions in the skin of AD patients and healthy controls. Immunochemical staining was performed on formalin-fixed, paraffin-embedded sections of
the trunk skin from AD patients and healthy controls. Representative results obtained from the patients with AD and healthy controls are shown. Scale bar =100 wm. (b) The
scTLR3 expression levels in AD patients and healthy controls. In AD patients, samples were taken from affected and non-affected areas of the trunk. Data are expressed as the
mean + SEM. *P < 0.05, **P <0.01 (c) Correlation between the scTLR3 expression and the skin symptom severity score, the SCORAD, objective SCORAD, or epidermal barrier
function. Skin samples were obtained from of the affected trunk skin of AD patients via the tape-stripping method.

expression level was also correlated with the peripheral blood
eosinophil count. We have previously found that TLR3 signaling
enhances eosinophil infiltration in experimental allergic con-
junctivitis [5]. We have also demonstrated that keratinocytes
produce type 2 cytokines such as thymic stromal lymphopoietin
and IL-33 via the stimulation of TLR3 with poly(I:C) [3,5]. These
findings suggest that TLR3 might influence type 2 cytokine-
driven inflammation including eosinophil recruitment via cyto-
kine release from keratinocytes in AD. Serum levels of IgE, LDH,

or TARC did not correlate with the scTLR3 expressions. This might
be due to the fact that these markers are released from
keratinocytes and/or different cell types.

TLR3 expression in keratinocytes was upregulated after
stimulation with poly(I:C), but not after stimulation with Th2,
Th17, or proinflammatory cytokines. It was reported that TLR3
recognizes RNA which was released from keratinocytes after
UVB exposure and stimulates the production of inflammatory
cytokines from keratinocytes in a TLR3-dependent manner
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Fig. 2. Mechanisms responsible for the elevated TLR3 expression in the keratinocytes. (a) The HEKa cells cultured in low-Ca®* or high-Ca?* medium were incubated with
10 pg/ml poly(I:C), TNF-a, IL-16, IL-4, IL-13, or IL-17 (all cytokine concentrations were 100 ng/ml), or medium for 6 h, and the expression of TLR3 mRNA in HEKa were assessed
by Quantitative RT-PCR analysis. Data are expressed as the means =+ SD of quadruplicate wells and are representative of three independent experiments. (b) The HEKa cells
cultured in low-Ca?" or high-Ca®* medium were incubated with 20 pg/ml poly(I:C) or vehicle for 24 h, and the cell surface and intracellular expression of TLR3 in HEKa were
assessed by flow cytometry. The dotted lines indicate the isotype control. The data shown are representative of two separate experiments. **P<0.01.

[6]. Therefore, our results suggest that endogenous TLR3
ligands, such as the self-RNA released from cells that have
been damaged by AD inflammation, might activate TLR3
in keratinocytes, leading to the exacerbation of inflammation
in AD.
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Supplementary Methods

Skin samples

Formalin-fixed, paraffin embedded tissues from previously diagnosed cases of AD
(diagnosed according to the criteria established by the Japanese Dermatological
Association) (E1) or from healthy controls who underwent cutaneous tumor surgery
were selected from the pathology files of the Department of Dermatology, Graduate
School of Medical Science, Kyoto Prefectural University of Medicine. This study was

approved by the ethical committee of Kyoto Prefectural University of Medicine.

Subijects for stratum corneum tissue samples

Thirty patients (17 males and 13 females; median age: 42 years, range: 21-62) who had
been diagnosed with AD according to the criteria established by the Japanese
Dermatological Association (S1) and 29 healthy controls (11 males and 18 females;
median age: 34 years, range: 22-44) were included in this study. The inclusion criteria
for the healthy controls were as follows: (i) individuals who were free from
inflammatory skin diseases, (ii) whose physical findings were normal, (iii) who had no
history or family history of related allergies, and (iv) whose laboratory values were
within the normal range. The patients and healthy controls had no recent history of viral

skin infections.

Scoring of skin symptoms
The overall severity of each patient's AD including pruritus and sleep loss was
evaluated using the scoring AD (SCORAD) index (S2). The symptom severity was also

assessed using the intensity scores of erythema; edema/papule; oozing/crusting;



excoriation; lichenification; and xerosis that are added together and the objective

SCORAD that eliminates the subjective symptoms.

Laboratory tests
A total of 19 patients with AD (9 males and 10 females; median age: 45 years, range:
21-62) were subjected to blood tests, in which their serum total IgE levels, peripheral

blood eosinophil counts, serum LDH levels, and serum TARC levels were measured.

Measurement of stratum corneum hydration and TEWL

Measurements of stratum corneum hydration and TEWL were performed under
standardized conditions; i.e., at a room temperature of 20-22°C and a humidity level of
40-55%. Before the measurements, the subjects were given time to adapt to the room
conditions but were not allowed to cover the measurement sites with their clothes.
Clinically normal areas of the extensor or flexor aspects of the subjects’ forearms and
backs were used as control sites. Stratum corneum hydration was evaluated with a
Skicon-200EX (I.B.S, Shizuoka, Japan). TEWL was measured using the Tewameter®
TM300 (Courage + Khazaka Electronic GmbH, Kéln, Germany). Measurements of
stratum corneum hydration were performed five times at each site, and then three of
these values, which were obtained by deleting the maximum and minimum values, were
used to calculate mean values. Measurements of TEWL were conducted twice at each

site, and the obtained values are expressed as mean values.

Measurement of the scTLR3 expression level

The examined body sites were cleansed before the tape-stripping procedure. The



tape-stripping method and scTLR3 expression level measurements were performed as
described previously (S3, S4). Briefly, adhesive tape (24 mm x 50 mm, Sellotape®;
Nichiban, Tokyo, Japan) was applied to unaffected and affected sites on the trunk;
pressed down for approximately 10 seconds; and then gently removed. The obtained
samples were kept at -20°C until further analysis. Each piece of tape was attached to an
aminopropyltriethoxysilane-coated slide glass (Matsunami Glass, Osaka, Japan), which
was immersed overnight in xylene (Wako, Osaka, Japan) so that the adhesive tape was
removed spontaneously. The slide glasses were immersed in cold acetone for 10
minutes, and the cells were fixed on the slide glasses and blocked with 1.0% bovine
serum albumin. After being washed with phosphate-buffered saline without calcium or
magnesium, the cells were incubated overnight with an anti-TLR3 antibody (Abcam,
Cambridge, UK) or isotype-matched control immunoglobulins (1gG) (Abcam) at 4°C.
The cells were then incubated with anti-rabbit 1gG (H+L) Alexa Fluor® 488 (Molecular
Probes, Eugene, OR) for 2 hours at room temperature while being protected from light.
After being mounted, the cells were examined under a fluorescence microscope
(BZ-8100; Keyence, Tokyo, Japan). When estimating the fluorescence intensity of the
stratum corneum, we defined the exposure period as the period in which TLR3-specific
fluorescence was observed, but no background fluorescence was detected. All of the
conditions, including the exposure period and the fluorescent microscopy set-up
procedures, remained identical throughout the experiments. Bright-field and fluorescent
images were obtained, and fluorescence intensity and cell area measurements were
acquired using the software Photoshop® (Adobe Systems Incorporated, San Jose, CA).
The scTLR3 expression level was defined as the fluorescence intensity per cell area. To

estimate fluorescence intensity using Photoshop®, fluorescence intensity was measured



in five separate fields, and then three of these values, which were obtained by deleting

the maximum and minimum values, were used to calculate mean values.

Immunohistochemical staining

Formalin-fixed, paraffin-embedded skin sections were deparaffinized. TLR3
immunostaining was performed by the autoimmunostaining system (Ventana
Benchmark ULTRA, Roche, Basel, Switzerland). Using antibody against TLR3 was
rabbit polyclonal (ab62566, Abcam) (x1500). Antigen retrieval was done with Ultra
CC1 (100 °C, 60 min, N0.950-224, Roche). Diaminobenzidine was used for

visualization and hematoxylin was for counterstaining.

Keratinocyte cell culture and stimulation

HEKa (Cascade Biologics/Invitrogen, Carlsbad, CA, USA) were cultured in Epilife
(Thermo Fisher Scientific Waltham, MA) supplemented with Human Keratinocyte
Growth Supplement (Thermo Fisher Scientific) containing 0.06 mM Ca?*. In order to
induce differentiation, Ca?* was adjusted to a final 1.5 mM. HEKa were stimulated with
or without 10 or 20 pg/ml poly(I:C) (InvivoGen, San Diego, CA), IL-4, IL-13, IL-17,
TNF-q, or IL-1B (R&D Systems, Minneapolis, MN) for 6 or 24 hours in both low- Ca?*

(0.06 mM Ca?*) and high- Ca?* (1.5 mM Ca?*) conditions.

Quantitative RT-PCR
Quantitative RT-PCR was performed on an ABI-prism 7100 (Applied Biosystems,
Foster City, CA) as previously described (5). Briefly, total RNA was isolated from

HEKa using QIAGEN RNeasy Mini Kit (QIAGEN, Valencia, CA). For reverse



transcription, we used TOYOBO ReverTra Ace (TOYOBO Life Science Department,
Osaka, Japan). The primers and probes for human TLR3 and
glyceraldehydes-3-phosphate dehydrogenase were from Thermo Fisher Scientific
(Uppsala, Sweden). Data were normalized to the expression of the housekeeping gene

glyceraldehydes-3-phosphate dehydrogenase.

Flow cytometry

The antibodies used were a mouse anti-human TLR3 monoclonal antibody (Novus
Biologicals, Littleton, CO), followed by a secondary Alexa Fluor® 488-labeled goat
anti-mouse 1gG (H+L) antibody (Invitrogen, Carlsbad, CA). Isotype-matched antibodies

were used as control reagents.

Statistics

The data are presented as mean + standard error of the mean (standard error of the mean
[SEM]) values. In the statistical analyses, Steel-Dwass test was used for comparisons
among three or more groups. Spearman’s rank correlation test was used to assess the
correlations between the scTLR3 values and the SCORAD score, each eruption score,
or each epidermal barrier function value. Turkey’s multiple comparison test was used
for comparison of mMRNA expression in keratinocyte cell culture. The results were

considered to be significant or correlated when the relevant P-value was <0.05.
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Supplementary Table S1. Correlations between the scTLR3 expression level of the

affected trunk skin and laboratory markers

Clinical data R P
Serum IgE level (n=18) 0.106 0.661
Peripheral eosinophil count | 0.626 0.008
(n=19)

Serum LDH level (n=19) 0.253 0.284
Serum TARC level (n=19) | 0.367 0.120
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Supplementary Figure 1. Immunoreactive TLR3 in the stratum corneum was visualized.
Representative results obtained from patients with AD and healthy subjects are shown. Scale bar
=50 um. Original magnification: X 400.
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Skin samples were obtained from of the affected trunk skin of AD patients via the tape-stripping

method.
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