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New therapeutic strategy for atopic dermatitis by targeting

CHI3L1/ITGAS5 axis

Dear Editor,

Atopic dermatitis (AD) is a chronic recurrent inflamma-
tory skin disease that is difficult to treat despite the dis-
covery of various disease targets and development of ther-
apeutics. Previous clinical studies have shown that chiti-
nase 3-like protein 1 (CHI3L1), also known as YKL-40, is
associated with the onset and severity of AD.'~* Recently,
CHI3L1 has attracted attention as a new therapeutic target
for treating various diseases, including cancer and autoim-
mune diseases.® Our gene-disease network analysis also
showed CHI3L1 is associated with various diseases, includ-
ing inflammatory diseases (Figure S1). However, the role of
CHI3L1 in AD pathogenesis is not well-understood. Previ-
ously, we provided the first direct evidence that inhibition
of CHI3L1 by K284-6111, a novel CHI3L1 inhibitor, amelio-
rates AD-like skin inflammation.” Here, we further investi-
gated the role of CHI3L1in AD pathogenesis and its under-
lying mechanism using CHI3L1 knockout (KO) mice and a
CHI3L1-blocking antibody (CHI3L1-Ab), and based on out-
comes, propose that a CHI3L1-targeted therapeutic strat-
egy can be used to treat AD.

To determine if CHI3LI1 plays a role in AD pathogene-
sis, CH3L1-KO and wild-type (WT) mice were treated with
phthalic anhydride (PA) to induce AD-like skin inflam-
mation. WT mice displayed elevated CHI3L1 levels in
the epidermal/dermal layers, particularly in epidermal
keratinocytes, and blood serum, as well as typical AD-
like symptoms such as erythema, edema, hyperkerato-
sis and epidermal thickening. In comparison, CHI3L1-KO
mice showed significantly reduced symptoms and abro-
gated CHI3L1 levels (Figure 1). In addition, PA-induced
pro-inflammatory marker protein (cyclooxygenase-2 and
inducible nitric oxide synthase) expression, inflamma-
tory immune cell infiltration, inflammatory cytokine and
chemokine (interleukin [IL]-18, IL-4, IL-6, I1L-13, thymic
stromal lymphoprotein [TSLP] and C-C motif chemokine
22 [CCL22]) and IgE and histamine levels were decreased
in the skin tissue or serum compared to those in WT

mice (Figure S2). Moreover, expression of genes encod-
ing inflammatory cytokines and chemokines induced by
treatment with a mixture of tumour necrosis factor (TNF)-
a and interferon (IFN)-y, an inflammatory stimulant that
induces AD-like features, was inhibited by CHI3L1 knock-
down, whereas it was up-regulated by CHI3L1 overexpres-
sion in HaCaT cells (Figure S3). Taken together, these find-
ings indicate that CHI3L1 greatly contributes to the AD
pathogenesis.

To explore the underlying mechanism of CHI3L1 in AD
pathogenesis, we performed gene-network analysis using
Humanbase, an interactive platform of data-driven predic-
tions of gene regulation and interaction, which showed
that CHI3L1 is linked to numerous genes of interest,
including integrin beta2 (ITGB2) (Figure 2A). Integrins are
transmembrane adhesion receptors with important roles
in biological and pathological processes.® Previous studies
have shown that integrin alpha (ITGA) is overexpressed in
atopic skin,” and CHI3L1-mediated biological and patho-
logical effects are through interactions with integrins.® To
determine the association between CHI3L1 and integrins
including ITGB2, ITGA2, ITGAS and ITGA6, we com-
pared the mRNA expression levels of these integrins in
the skin of the PA-induced AD model. Expression of all
tested integrins increased in WT mice but decreased in
CHI3L1-KO mice; particularly, ITGAS5 expressions were
significantly down-regulated by CHI3L1-KO (Figure 2B,C).
Additionally, gene silencing and overexpression experi-
ments in HaCaT cells demonstrated that ITGAS expres-
sion was more affected by CHI3L1 compared to ITGA6
(Figure 2D,E). Differences in protein expression of ITGA5
were further confirmed in TNF-a/IFN-y-treated HaCaT
cells (Figure 2F) and skin tissues (Figure 2G). We further
analysed the gene expression levels of pro-inflammatory
mediators after knocking down ITGAS expression in TNF-
a/IFN-y-treated HaCaT cells and found that the mRNA
expressions of IL-13, IL-6, TSLP and CCL22 were signifi-
cantly decreased (Figure 2H).
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FIGURE 1 Chitinase 3-like protein 1 (CHI3L1) knockout (KO) inhibits atopic dermatitis (AD) development. Wild-type (WT) and CHI3L1
KO mice were treated with 5% phthalic anhydride (PA) for 4 weeks. (A) Morphological (upper images) and histological changes (middle
images) in mice after 4-week treatment. Expression of CHI3L1 in PA-induced skin tissues by immunohistochemistry analysis (bottom
images). The photographs are representative of each group of mice. Scale bar, 50 um. (B) Bar graphs indicate clinical score (upper panel) and
epidermal thickness (lower panel). n = 8. (C) The concentration of CHI3L1 in mouse skin tissues (upper panel) and serum (lower panel).

n = 8. (D) Representative immunofluorescence images showing CHI3LI, cytokeratin 10 (K10) and cytokeratin 14 (K14) stained cells in skin
tissues. Scale bar, 50 um. Data are expressed as the mean =+ standard deviation (SD). ***p < .001
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FIGURE 2 Chitinase 3-like protein 1 (CHI3L1) regulates ITGAS5 expression. (A) The gene-network map of CHI3L1 and its predicted gene
interactions. (B) mRNA expression of Itgh2, Itga2, Itga5 and Itga6 in animal model skin tissues determined by quantitative PCR (qPCR). n = 4.
(C) Expression of ITGAS, ITGA6 and CHI3L1 in phthalic anhydride (PA)-induced skin tissues detected by Western blot analysis. n = 3. (D)
HaCaT cells were transfected with human CHI3L1 siRNA (20 nM) for 24 h. mRNA expression of ITGA5 and ITGA6 was determined using
qPCR. n = 4. (E) Expression of ITGAS5 and ITGA6 in CHI3L1 knockdown or CHI3L1-overexpressing HaCaT cells detected by Western blot
analysis. (F) HaCaT cells were transfected with CHI3L1 siRNA (20 nM). After 24 h, the cells were treated with tumour necrosis factor (TNF)-a
and interferon (IFN)-y (20 ng/ml) for 4 h. Expression of ITGAS5 was analysed by Western blot analysis. (G) Expression of ITGAS in PA-induced
skin tissues detected using immunohistochemistry. Scale bar, 50 um. (H) HaCaT cells were transfected with human ITGAS5 siRNA (20 nM).
After 24 h, the cells were treated with tumour necrosis factor (TNF)-«a and IFN-y (20 ng/ml) for 4 h. Knockdown efficiency was determined by
Western blot analysis, and mRNA expression of interleukin (IL)1B, IL6, thymic stromal lymphoprotein (TSLP) and CCL22 was determined
using qPCR. n = 4. Data are expressed as the mean + SD. *p < .05, **p < .01 and ***p < .001
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Blockade of chitinase 3-like protein 1 (CHI3L1) suppresses atopic dermatitis (AD) skin inflammation in phthalic anhydride

(PA)-induced mouse model and AD-like reconstructed human skin (RHS) model. (A-D) Wild-type (WT) mice were treated with 5% PA for

4 weeks. From the third week, CHI3L1 antibody (CHI3L1 Ab; .5 and 1 mg/kg per mouse) was intravenously injected via the tail vein at 3 h
after PA treatment. (A) Morphologic (upper images) and histologic changes (middle images) in the mice after CHI3L1 antibody therapy. Scale
bar, 50 um. (B) Bar graphs indicate the clinical score, epidermal thickness, mast cell number and serum IgE levels. n = 6. (C) Protein levels of
CHIZLI, ITGAS, interleukin (IL)-1f, IL-4, IL-6, IL-13, thymic stromal lymphoprotein (TSLP) and CCL22 in PA-induced skin tissues. n = 6. (D)
Expression of phosphorylated IxBa in cytosolic fractions and nuclear translocation of p50 and p65 in nuclear fractions in PA-induced skin
tissues by Western blot analysis. n = 3. (E-I) RHS model cells were cultured with AD cocktail with/without CHI3L1 Ab (500 ng/ml) for 6 days.
(E) Histological changes in AD-RHS model. Scale bar, 50 um. (F) Bar graph presents epidermal thickness. n = 4. (G) Protein levels of CHI3L1,
IL-1B, IL-6, TSLP and CCL22 in AD-RHS model. n = 4. (H) Levels of ITGAS5 in AD-RHS model. n = 4. (I) Expression of phosphorylated IxBo
in cytosolic fractions and nuclear translocation of p50 and p65 in nuclear fractions in AD-RHS model determined by Western blot analysis.

n = 3. Data are expressed as the mean + SD. *p < .05, **p < .01 and ***p < .001

Notably, transcription factor prediction analysis showed
that ITGAS contains 13 putative nuclear factor (NF)-xB
binding sites (Figure S4A). Interestingly, ITGAS5 expres-
sion was inhibited by not only NF-xB p65 siRNA in
TNF-ot/IFN-y-treated HaCaT cells (Figure S4B), but also
in CHI3L1-overexpressing cells treated with an NF-xB
inhibitor (Figure S4C), indicating that NF-xB is a key
transcription factor regulating ITGAS expression. As NF-
xB is a critical regulator in AD,’ and CHI3LI is known
to bind to the RAGE (receptor for advanced glycation
end-products) receptor to contribute to NF-xB activa-
tion, we investigated whether CHI3L1 modulates NF-
xB signaling.!'” CHI3L1 overexpression promoted NF-xB

signaling activation in resting and TNF-a/IFN-y-treated
HaCaT cells (Figure S5A,B). In contrast, CHI3L1 knock-
down reduced both TNF-a/IFN-y-induced phosphory-
lation of IxBa and nuclear translocation of p50/p65
(Figure S5C,D). In addition, CHI3L1 knockdown together
with the NF-xB inhibitor synergistically inhibited IL-
18, IL-6, TSLP and CCL22 production (Figure S5E).
Notably, PA-induced NF-xB activation in the skin tis-
sues decreased in CHI3L1-KO mice compared to in WT
mice (Figure S5F,G). These results suggest that CHI3L1
induces inflammatory responses by activating NF-xB sig-
naling, which may lead to AD-related skin inflamma-
tion. Collectively, our findings suggest that CHI3L1-related
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FIGURE 4 Clinical relationship between Chi3L1 and ITGAS in patients with atopic dermatitis (AD). (A and B) Serum levels and

receiver operating characteristic curve of chitinase 3-like protein 1 (CHI3L1) (A) and ITGAS5 (B) in patients with AD and healthy controls.
n = 20. (C) Correlation between CHI3L1 and ITGAS. R value indicates Spearman’s correlation co-efficient. Data are expressed as the mean

+ SD. *p < .05, and ***p < .001

AD pathogenesis is associated with the regulation of the
NF-xkB/ITGAS axis.

After confirming that CHI3L1 regulates AD-related
skin inflammation, we examined the therapeutic effect
of CHI3LI-antibody (Ab). Administration of a CHI3L1-Ab
alleviated PA-induced AD development and the inflamma-
tory response and suppressed the production of CHI3L1
and ITGAS5 and activation of NF-xB (Figure 3A-D).
Furthermore, the analysis of the reconstructed human
skin (RHS) tissue AD model confirmed that CHI3L1-Ab
treatment reduced skin inflammation by inhibiting the
CHI3L1/NF-xB/ITGAS axis (Figure 3E-I). Additionally, we
demonstrated that ITGAS5-Ab treatment reduced epider-
mal thickness in the same RHS AD model (Figure S6).

Finally, we found that the serum levels of CHI3LI,
ITGAS and other AD biomarkers were significantly

increased in sera from patients with AD (Figure 4A,B
[left] and Figure S7A). Receiver operating characteris-
tic curve analysis indicated that CHI3L1 and ITGAS are
more suitable diagnostic markers for AD compared to
other biomarkers (Figure 4A,B [right] and Figure S7B).
Additionally, Spearman’s correlation analysis showed that
serum level of CHI3L1 significantly correlated with the
serum level of ITGAS (Figure 4C). These results suggest
that CHI3L1 and ITGAS are potent diagnostic and prognos-
tic biomarkers for AD.

In conclusion, CHI3L1 mediates AD-like skin inflamma-
tion by regulating NF-xkB-dependent ITGAS5 expression.
Furthermore, the inhibition of CHI3L1 by CHI3LI1-
Ab suppresses AD-like symptoms and inflammatory
responses by regulating CHI3L1, the NF-kB/ITGAS5
axis. Our findings provide experimental rationale for
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developing therapeutic strategies for AD by targeting
CHI3LIL.
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