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Polyinosinic:polycytidylic acid aggravates calcipotriol-induced 
atopic dermatitis-like skin lesions in mice by increasing the 
expression of thymic stromal lymphopoietin 
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Background: Polyinosinic:polycytidylic acid [poly (I:C)] is a synthetic viral double-stranded RNA analog 
that can activate Toll-like receptor 3 (TLR3) and induce the release of thymic stromal lymphopoietin (TSLP). 
TSLP has been shown to contribute to atopic dermatitis (AD). This study explored the effects of poly (I:C) 
in a calcipotriol-induced model of murine AD.
Methods: Calcipotriol (MC903) was used to establish AD-like mice model. Mice in the MC903 + poly 
(I:C) group were then treated with poly (I:C) in a concentration of 5 μg/g bodyweight. The impact of poly 
(I:C) treatment on these animals was assessed based upon changes in lesions, bodyweight, ear thickness, and 
histopathological findings. In addition, serum interleukin 4 (IL-4), interferon-γ (IFN-γ), immunoglobulin 
E (IgE), IL-13, and TSLP levels were measured using enzyme-linked immunosorbent assay (ELISA), while 
tissue IL-13 and TSLP levels were assessed using ELISA, Western blotting, and immunohistochemical 
staining, and mast cell infiltration was assessed through toluidine blue (TBO) staining. 
Results: Relative to vehicle control treatment, poly (I:C) administration was associated with a significant 
exacerbation of calcipotriol-induced AD-like murine skin lesions. In animals treated with poly (I:C), the 
levels of serum IL-4, IL-13 and TSLP increased significantly, while the level of IFN-γ did not change. It 
also increased IL-13 and TSLP levels in skin lesions relative to the control-group mice and increased dermal 
mast cell infiltration and IgE production. 
Conclusions: These data indicate that poly (I:C) treatment and exogenous activation of TLR3 exacerbate 
murine calcipotriol-induced AD-like skin lesions in part by increasing the production of TSLP and other 

T-helper 2 (Th2)-related cytokines.
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Introduction

Atopic dermatitis (AD) is a common chronic inflammatory 
skin disease that results in intense itching, dry skin, and 
recurrent eczema (1). AD is generally associated with other 
immunoglobulin E (IgE)-related disorders, including food 
allergies, asthma, and allergic rhinitis (2). The etiological 
basis for AD is complex and includes genetic factors, 
abnormalities within the microbiome, neuroimmune 
interactions, impaired epidermal barrier functionality, and 
cutaneous inflammatory responses, all of which can result 
in epidermal and immunological abnormalities (3). The 
T-helper 2 (Th2) pathway arm of the adaptive immune 
response is currently thought to be the primary driver 
of AD-related pathology, with substantial contributions 
from the Th1, Th17, and Th22 axes and from the JAK/
STAT signaling pathways (4-7). Interleukin (IL)-4 and IL-
13 are key Th2 cytokines thought to be integral to AD 
development and progression (8,9), with recent evidence 
suggesting IL-13 is the primary Th2 cytokine responsible 
for driving peripheral inflammation (10,11). Consistently, 
biologic drugs that target IL-13, including the anti-IL-
4Rα antibody dupilumab and the anti-IL-13 antibody 
tralokinumab, play key roles in AD lesion resolution (12-14).  
Prior work has shown that the vitamin D receptor ligand 
calcitriol [1α,25(OH)2D3] or its low-calcemic analog 
calcipotriol (MC903) can promote the expression of thymic 
stromal lymphopoietin (TSLP) by epidermal keratinocytes, 
resulting in a syndrome similar to AD (15,16). Topical 
MC903 application can also alter skin morphology, inducing 
inflammation and elevations in levels of serum IgE similar 
to those observed in patients with acute extrinsic AD (17). 
To further explore this pathological context, we developed 
calcipotriol-induced AD-like skin lesion model mice.

TSLP is a pleiotropic cytokine expressed primarily by 
fibroblasts, keratinocytes, intestinal epithelial cells, and 
lung epithelial cells following activation, although it can 
also be produced by certain immune cell types such as 
mast cells and dendritic cells (DCs) (18). TSLP is often 
regarded as a so-called “alarmin”, as it can be released from 
epithelial barriers in response to external stressors and has 
been shown to contribute to allergy-related inflammatory 
responses (19). TSLP can condition DCs to upregulate 
OX40 ligand (OX40L), thereby promoting the OX40L 
signaling-mediated differentiation of inflammatory Th2 
cells that secrete cytokines, including IL-4, IL-5, IL-13, 
and tumor necrosis factor-α (TNF-α) (20,21). Keratinocyte-
derived TSLP can activate the TSLP receptor complex in 

afferent sensory neurons to induce AD-related pruritus (22). 
Inhibiting the production of TSLP can markedly alleviate 
such pruritus and improve the quality of life in patients with 
AD (23). Some reports suggest that TSLP can promote 
skin inflammation by activating basophils, although 
further research will be needed to fully clarify the roles 
of basophils and TSLP in this pathological context (24).  
Tezepelumab is a first-in-class human monoclonal 
antibody specific to TSLP that is currently being assessed 
as a potential treatment for AD (25). Toll-like receptor 3 
(TLR3) is an innate immune pattern recognition receptor 
(PRR) that primarily recognizes double-stranded RNA 
(dsRNA) derived from bacteria, viruses, or damaged 
cells. Subsequently, it can activate a range of downstream 
signaling pathways that are important in infectious and 
oncological contexts (26). However, the role of TLR3 in the 
occurrence and development of AD still remains unclear. 
Polyinosinic:polycytidylic acid [poly (I:C)] is a synthetic 
viral dsRNA analog that can activate TLR3. When poly (I:C) 
is used to treat keratinocytes, chemokines and cytokines 
are released, including TSLP, IL-6, TNF-α, interferon-β 
(IFN-β), and granulocyte-macrophage colony-stimulating 
factor (GM-CSF) (27,28). Extracellular dsRNA can also 
induce the release of TSLP through NF-κB-dependent 
mechanisms (29,30).

Given the above evidence, it is likely that TLR3 
activation and increased TSLP expression may result in 
adverse immunopathological outcomes in murine AD 
models. To test this possibility, we analyzed AD model mice 
and found that poly (I:C) could promote the expression of 
TSLP, IL-13, and IL-4 together with concomitant increases 
in IgE production and mast cell dermal infiltration, 
resulting in the aggravation of skin lesions. Together, these 
data offer new insights into the potential mechanisms 
whereby TLR3 can influence AD pathogenesis, highlighting 
new avenues for future clinical diagnostic and treatment 
strategies. We present the following article in accordance 
with the ARRIVE reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-22-282/rc).

Methods

Animals 

Male BALB/c mice (6-week-old, 24 g) were obtained from 
Vital River, Inc. (Beijing, China) and housed under specific 
pathogen-free conditions. Five mice were housed in each 
cage in a humidity and temperature-controlled facility with 

https://atm.amegroups.com/article/view/10.21037/atm-22-282/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-282/rc


Annals of Translational Medicine, Vol 10, No 4 February 2022 Page 3 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(4):209 | https://dx.doi.org/10.21037/atm-22-282

a 12-hour light/dark cycle. All animal studies were approved 
by the Institutional Ethics Committee of Nanjing First 
Hospital, Nanjing Medical University (Project License 
DWSY-2001134), and all experimentally related processes 
and animal care followed the institutional ethics directions 
for animal-related experimental processes. Animals were 
randomly separated into naïve control (NC), MC903, 
MC903 + vehicle, and MC903 + poly (I:C) treatment groups 
with 8–10 mice from multiple litters in each group. Though 
60 mice were prepared for this study, only 57 were included. 
Three mice were excluded because of instrumentation or 
technical failure during preparation.

AD animal model establishment

A murine model of AD-like disease was established as in 
a prior study.17 Briefly, mice were administered a daily 
topical dose of a 15 μL 0.005% calcipotriol scalp solution 
(MC903) (170281, LEO Pharma A/S, Ballerup, Denmark), 
which was applied to the dorsal and ventral sides of each 
ear for 12 consecutive days. Control animals received  
15 μL of ethanol instead (31). Mice in the MC903 + poly 

(I:C) group were then intraperitoneally (i.p.) treated 
with poly (I:C) (tlrl-pic-5, Invivogen, CA, USA) in a 
concentration of 5 μg/g bodyweight and assessed 2 days 
after continuous injection. All operations were conducted 
following the manufacturer’s instructions. Animals in the 
MC903 + vehicle group were administered an equivalent 
vehicle dose. Murine bodyweight and ear thickness were 
measured on days 0, 1, 3, 7, 9, 10, 12, 13, 14, and 15. Ear 
thickness was measured using electronic calipers to gauge 
the degree of edema, with ear and serum samples being 
collected at designated time points (Figure 1A). To further 
assess the impact of poly (I:C) on the expression of TSLP 
and IL-13 and to better clarify the underlying mechanisms, 
we conducted Western blotting analyses and ELISAs 
for samples from our MC903-induced AD-like mice 
after continuous treatment with poly (I:C) for 0–4 days  
(Figure 1B). After collection, serum was centrifuged 
and stored at −80 ℃. Ear samples were separated into 
2 parts, 1 of which was stored at −80 ℃ for protein 
extraction and the other of which was fixed using 4% 
paraformaldehyde for subsequent immunohistochemical 
and histopathological analyses. 
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Figure 1 Overview of the treatment schedules for the calcipotriol (MC903)-induced atopic dermatitis (AD)-like skin lesions model in 
experimental mice. Topical MC903 application was performed from days 0 to 12, with polyinosinic:polycytidylic acid [poly (I:C)] applied on 
days 13 and 14. On day 15, the experiment was terminated (A). For the other experiments, an AD mouse model was established as above. 
Mice were separated into 4 groups and injected daily with poly (I:C) for 0 to 4 days (B). Poly (I:C) injection and sample collection time 
points are denoted with arrows. 
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Serum cytokine measurements

Cytokine levels were measured in murine serum samples 
using enzyme-linked immunosorbent assay (ELISA) kits 
specific to murine IL-4 (PI613, Beyotime Inc. Shanghai, 
China) and IFN-γ (PI507, Beyotime Inc. Shanghai, China), 
ELISA kits specific to murine IgE from CUSABIO, Inc. 
(CSB-E07983m, Wuhan, China), IL-13 (ab219634, Abcam, 
Cambridge, MA, USA) and TSLP ELISA kits (ab155461, 
Abcam, Cambridge, MA, USA). All assays were conducted 
following the manufacturer’s instructions, with samples 
analyzed in triplicate.

Tissue TSLP and IL-13 level analyses 

Murine ear tissue samples were thawed, minced in a 15 mL 
tube, and homogenized in 5 mL of radioimmunoprecipitation 
assay (RIPA) buffer supplemented with 10 µL protease 
inhibitors, 10 µL phosphatase inhibitors, and 5 µL 
phenylmethylsulfonyl fluoride (PMSF) (Beyotime Inc., 
Shanghai, China) for 5 minutes at 4 ℃. Samples were 
then centrifuged (12,000 rpm, 5 minutes, 4 ℃), and 
supernatants were collected to measure IL-13 and TSLP 
levels using the ELISA kits described above. Total protein 
levels were measured with a bicinchoninic acid (BCA) kit 
(23227, Thermo Fisher Scientific, MA, USA) following the 
manufacturer’s instructions.

Histopathological and immunohistochemical staining 

Murine  ear  t i s sue  samples  were  f i xed  us ing  4% 
formaldehyde, dehydrated with an ethanol gradient, and 
paraffin-embedded. Hematoxylin and eosin (H&E), and 
toluidine blue (TBO) staining of these samples was then 
conducted to gauge mast cell infiltration, with sections 
subsequently being visualized via microscopy. In addition, 
TSLP and IL-13 receptor α1 (IL-13Rα1) levels in murine 
ears were assessed via immunohistochemical staining with 
antibodies specific to TSLP (ab115700, Abcam, Cambridge, 
MA, USA) and IL-13Rα1 (ab79277, Abcam, Cambridge, 
MA, USA). Samples were then probed at room temperature 
with a secondary HRP-conjugated goat anti-rabbit IgG 
antibody (ab205718, Abcam, Cambridge, MA, USA) rinsed 
with PBS, stained with DAB substrate, and hematoxylin 
counterstained. 

Western blotting 

RIPA buffer was used to lyse mouse ear tissue samples as 

above, after which protein levels therein were measured 
via BCA assay. Equal protein amounts were then separated 
via 6-15% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and transferred to 
polyvinylidene fluoride (PVDF) membranes (Thermo Fisher 
Scientific, MA, USA). These blots were then blocked for  
2 hours using 5% non-fat milk (Beyotime, Shanghai, China) 
in 0.1% Tween 20 in tris-buffered saline (TBS-T) at 26 ℃. 
They were then incubated overnight at 4 ℃ while being 
constantly shaken with primary antibodies specific to β-actin 
(HRP-60008, Proteintech, IL, USA), TLR3 (ab62566, 
Abcam, Cambridge, MA, USA), IL-13Rα1 (ab79277, 
Abcam, Cambridge, MA, USA), or TSLP (ab115700, 
Abcam, Cambridge, MA, USA). Blots were then washed 
repeatedly, probed for 2 hours with secondary horseradish 
peroxidase (HRP)-conjugated goat anti-rabbit IgG antibody 
(ab205718, Abcam, Cambridge, MA, USA), with β-actin 
being assessed as a loading control. Protein bands were 
then detected using enhanced chemiluminescence (ECL) 
detection reagents (Thermo Fisher Scientific, MA, USA) 
with a Tanon 5200 automatic chemiluminescence image 
analysis system (Tanon, Shanghai, China).

Statistical analysis 

GraphPad Prism 8.0.2 software (GraphPad Software, CA, 
USA) was used for data analysis, with a P value <0.05 as 
the significance threshold. All analyses were conducted 
with a minimum of 3 replicate samples per group. Data are 
expressed as means ± standard deviations (SD). Comparison 
of continuous information was based on individual t-tests 
between the two groups.

Results

Evaluation of the impact of poly (I:C) on calcipotriol-induced 
AD-like skin lesions

We began by assessing the effects of poly (I:C) on skin 
lesions in calcipotriol-induced AD-like model mice. The 
application of calcipotriol (MC903) in isolation resulted in 
the drying and desquamation of ear tissue with pronounced 
telangiectasia in treated mice (Figure 2A). H&E staining 
further revealed evidence of increasing epidermal thickness 
and inflammatory cell infiltration into the dermis in these 
model mice (Figure 2B). Administration of poly (I:C) 
was associated with increased immune cell infiltration 
and epidermal thickness (Figure 2B). Similarly, ear skin 
inflammation was more exacerbated in mice in the MC903 
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Figure 2 Representative images of the ears of mice in the different treatment groups demonstrating atopic dermatitis (AD)-like cutaneous 
lesions (A). Representative hematoxylin and eosin (H&E)-stained epidermal tissue sections from ears of mice in the indicated treatment 
groups demonstrating epidermal thickness and the infiltration of inflammatory cells into the dermis. Scale bar = 50 µm (B). Bodyweight and 
ear thickness were quantified on days 0, 1, 3, 7, 9, 10, 12, 13, 14 and 15 (C,D). P<0.05 was the significance threshold, measured by t-test.

+ poly (I:C) treatment group, than those in the MC903 
+ vehicle treatment group, as evidenced by weight loss, 
itching behavior, and a significant increase in ear thickness 
(Figure 2C,2D). Together, these data were consistent with 
the claim that poly (I:C) treatment can exacerbate cutaneous 
inflammation in mice. 

Poly (I:C) exacerbates cutaneous inflammation in AD 
model mice 

Th2 cytokines have been closely linked to the pathogenesis 
of AD (32). TSLP, which can be produced in response to 
the detection of extracellular dsRNA, can stimulate the 
secretion of IL-4 and IL-13. Therefore, we next explored 
the effects of poly (I:C) on the secretion of these cytokines 
in our MC903-induced murine model of AD-like disease. 

Serum TSLP, IL-4, and IL-13 levels in NC mice were 
relatively low but were increased in the serum of mice in 
the MC903 treatment group. Repeated poly (I:C) exposure 
was associated with marked increases in the levels of all 
three of these cytokines, whereas serum IFN-γ levels were 
unchanged (Figure 3A-3D). We additionally assessed levels 
of total protein, TSLP, and IL-13 in skin lesion tissue 
samples, revealing that poly (I:C) significantly increased 
TSLP and IL-13 levels in skin lesions in MC903 + poly 
(I:C) treatment group compared to levels in the MC903 + 
vehicle treatment group (Figure 3E,3F). Western blotting 
similarly confirmed the significant upregulation of TLR3, 
TSLP, and IL-13Rα1 in MC903 + poly (I:C) treatment 
group (Figure 3G-3J), and the frequency of TSLP+ and IL-
13Rα1+ cells in cutaneous lesions rose following poly (I:C) 
treatment (Figure 3K).
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Figure 3 The impact of polyinosinic:polycytidylic acid [poly (I:C)] treatment on serum IL-4, TSLP, IL-13, and IFN-γ was assessed in a 
murine model of MC903-induced atopic dermatitis (AD)-like disease (A-D). Tissue TSLP and IL-13 levels were additionally measured 
using enzyme-linked immunosorbent assay (ELISA) kits with normalization to total protein concentrations as quantified by bicinchoninic 
acid (BCA) assay (E,F). Western blotting analyses of TLR3, TSLP, and IL-13Rα1 levels (G-J). Densitometric analyses are representative of 

3 independent experiments shown in Figure S1. Immunohistochemical analyses of TSLP+ and IL-13Rα1+ cells in tissue sections. Scale bar 
= 100 µm (K). Data are expressed as means ± SD, in (A-F), n=10/group, in (G-J), n=3/group. *, P<0.05, **, P<0.01, ***, P<0.001 vs. MC903 + 
vehicle treatment group. 

Poly (I:C) treatment increases IgE production and dermal 
mast cell infiltration 

Serum IgE levels in patients with extrinsic AD are markedly 
elevated (33), and Th2-related cytokines including IL-4 
and IL-13 can trigger B cells to produce IgE (34,35). An 
imbalance between Th1 and Th2 cytokines in patients 
with AD is thought to contribute to altered cell-mediated 

immune responses and IgE-mediated hypersensitivity, both 
of which are associated with the etiology of this disease (36). 
In light of these findings, we assessed IgE synthesis and 
mast cell infiltration in our model system, revealing MC903 
treatment to increase IgE production (Figure 4A) and mast 
cell infiltration of the dermis (Figure 4B), with poly (I:C) 
treatment further enhancing these allergic inflammatory 
responses. 

https://cdn.amegroups.cn/static/public/ATM-22-282-Supplementary.pdf
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Poly (I:C) administration increases the production of TSLP 
and IL-13 in a time-dependent fashion

ELISAs revealed that serum IL-13 and TSLP levels rose in 
a time-dependent manner (Figure 5A,5B). Western blotting 
further revealed that continuous poly (I:C) injection for 
4 days significantly increased TSLP and IL-13Rα1 levels 
above those observed following a 0–1-day injection period, 
although peak levels of these cytokines appeared to be evident 
from approximately day 2 of treatment (Figure 5C-5F).  
Overall, these findings suggested that treatment with poly 
(I:C) can increase IL-13 and TSLP production in a time-
dependent fashion. 

Conclusions

Prior work has highlighted a link between TLR2 and AD 
pathogenesis (26,37-39), but the role of TLR3 in this 
pathological context is not well understood. In previous 
reports, TLR3 ligands or cellular damage have been shown 

to drive keratinocytes to produce TSLP (27). In addition, 
poly (I:C) can stimulate primary human keratinocytes 
to produce TSLP (28), with the same also being true 
in HaCaT cells (40). While several cytokines (IL-4,  
IL-13, TNF-α) and TLRs (TLR2, TLR5) can induce 
TSLP production, it remains unclear whether aberrant 
TLR3 activation is linked to AD pathogenesis (28). 
Therefore, more work is necessary to clarify how TLR3, 
TSLP, and other cytokines contribute to AD progression  
in vivo. While prior work has shown that TLR3 is 
associated with stimulating barrier repair (41,42), our results 
suggest that exogenous activation of TLR3 and consequent 
enhancement of TSLP expression can aggravate AD-related 
immunopathology. 

This study explored how the systemic administration of 
poly (I:C) increased systemic TSLP expression (Figure 3 and 
Figure 5), as this cytokine serves as an important alarmin in 
AD. Our results revealed that poly (I:C) administration and 
TLR3 activation were associated with significantly increased 
TSLP levels in our murine model of MC903-induced  

Figure 4 The impact of polyinosinic:polycytidylic acid [poly (I:C)] treatment on serum IgE was assessed in a murine model of MC903-
induced atopic dermatitis (AD)-like disease (A). Ear sections were stained with toluidine blue to demonstrate mast cell infiltration into 
the AD-like cutaneous lesions. Scale bar = 50 µm (B). Data are expressed as means ± SD, n=10/group. ***, P<0.001 vs. MC903 + vehicle 
treatment group.
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Figure 5 The impact of polyinosinic:polycytidylic acid [poly (I:C)] treatment on serum TSLP and IL-13 was assessed in a murine model 
of MC903-induced atopic dermatitis (AD)-like disease (A,B). Western blotting analyses of TLR3, TSLP, and IL-13Rα1 levels (C-F). 

Densitometric analyses are representative of 3 independent experiments shown in Figure S2. Data are expressed as means ± SD, in (A,B), 
n=10/group, in (C-F), n=3/group. *, P<0.05, **, P<0.01, ***, P<0.001 vs. 4 days of poly (I:C) injection group. 

AD-like disease. We additionally assessed serum IL-4 and 
IL-13 and tissue IL-13 levels, revealing similar trends 
without any apparent change in IFN-γ expression (Figure 3).  
Given that IL-13 and associated signaling pathways are 
dominant in AD-associated skin samples, whereas IL-4 
expression is negligible, we focused specifically on IL-13 
tissue levels (43). IL-13 signaling is regulated by the low-
affinity IL-13Rα1 receptor, which can heterodimerize with 

IL-4Rα to generate a high-affinity IL-13 receptor that can 
signal through the JAK2/TYK2 proteins within cells (13). 
In contrast, the high-affinity IL-13Rα2 receptor can readily 
bind to IL-13 but lacks cytoplasmic domain and thus does 
not act as a signaling mediator. Therefore, IL-13Rα1 exerts 
pathogenic activity in AD whereas IL-13Rα2 can serve as 
a decoy receptor (13,44). There is also recent evidence of 
IL-13Rα2 overexpression in AD skin lesions, and it may 

https://cdn.amegroups.cn/static/public/ATM-22-282-Supplementary.pdf


Annals of Translational Medicine, Vol 10, No 4 February 2022 Page 9 of 11

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(4):209 | https://dx.doi.org/10.21037/atm-22-282

function as a negative regulator of allergic inflammatory 
responses induced by IL-13 in a protective capacity (45-
47). In our Western blotting and immunohistochemical 
experiments, we evaluated changes in IL-13Rα1 reflecting 
IL-13-related tissue activity. Together, these results 
suggested the ability of TLR3 to activate Th2 cytokine 
signaling, which is central to the pathogenesis of AD.

Both IL-4 and IL-13 play central roles in inducing and 
perpetuating type 2 inflammatory responses that culminate 
in IgE production (48,49). As IgE and antigens can activate 
mast cells, we next explored the ability of poly (I:C) to 
enhance IgE production and dermal mast cell infiltration in 
our mouse model system. Poly (I:C) significantly enhanced 
IgE expression (Figure 4A), and TBO staining further 
demonstrated that it could enhance IgE-derived mast cell 
infiltration (Figure 4B). These findings coincided well with 
observed changes in skin lesions (Figure 4B), bodyweight 
(Figure 2C) and ear thickness (Figure 2D), and the results of 
H&E staining assays (Figure 2B). 

To additionally demonstrate the impact of poly (I:C) 
treatment and TLR3 activation on the expression of  
IL-13 and TSLP, we treated MC903-induced AD-like 
model mice with poly (I:C) for 0–4 days in different 
treatment groups (Figure 1B). Overall the results suggested 
that poly (I:C) could enhance IL-13 and TSLP production 
in a time-dependent manner, although the Western blotting 
results were not robust (Figure 5).

This study found that exogenously activating TLR3 can 
promote increases in serum and tissue TSLP expression. 
Thus, TLR3 may become a novel potential biomarker and 
therapeutic target for AD. Using an in vivo animal model 
system, we confirmed that systemic poly (I:C) administration 
was enough to induce IL-4 and IL-13 expression, exacerbating 
skin lesions in treated mice. While these findings offer 
clear clinical relevance, we did not demonstrate that TLR3 
activation may play a natural role in AD, and did not explore 
related signaling pathways. We posit that targeting the TLR3 
pathway may represent a promising therapeutic approach for 
patients with AD, although additional work will be necessary 
to confirm the functional and clinical importance of TLR3 in 
the context of AD development. 
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