settings and elucidating a role between
obesity and dermatologic conditions.
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Chi3l1 Knockout Mitigates Chronic Itch and m
Cutaneous Inflammation in Mice

Journal of Investigative Dermatology (2025) 145, 975—979; doi:10.1016/}.jid.2024.09.013

TO THE EDITOR

CHI3L1, also known as YKL-40, is a 40-
kDa glycoprotein that is overexpressed
in patients with atopic dermatitis (AD)
and is induced by various proin-
flammatory cytokines. This protein in-
teracts with multiple receptors (He et al,
2013; Lee et al, 2016), and its serum
levels corelate with the severity of AD in

humans. CHI3L1 regulates T helper type
2 cytokines and modulates IgE release
(Curtiss et al, 2023; Lee et al, 2022).
Antibody therapy targeting CHI3L1 has
been shown to improve skin inflamma-
tion in AD in mice (Lee et al, 2022; Yu
et al, 2024). CHI3L1 also activates IL-
13Ra2 (Kwak et al, 2019). Although IL-
13Ra2 was traditionally considered as a

Abbreviations: AD, atopic dermatitis; KO, knockout; OSM, oncostatin M; WT, wild-type
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decoy receptor, our studies have
revealed its crucial role in AD-
associated itch, with increased expres-
sion observed in patients with AD (Xiao
et al, 2021). Despite these findings, the
role of CHI3L1 in chronic itch sensation
remains largely unexplored. This study
aims to elucidate the role of CHI3L1 in
itch by investigating its interactions with
IL-13Re2 and IL-31 receptor, which are
key itch receptors (Meng et al, 2018). In
addition, our study explored the func-
tion and the effects of CHI3LT gene
knockout (KO) on itch generation and
related signaling pathways.
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Figure 1. The CHI3L1 and IL-13Ra2 protein complexes are elevated in AD skin and NHEKs upon IL-13 stimulation. Knockout of the Chi3/1 gene in mice results
in decreased transcription of OSM and mitigates acute itch promoted by both IL-13 and OSM. (a, b) Representative images from PLA showing CHI3L1—IL-
13Ra.2 complexes in (a) human HC and AD skin and in (b) cultured NHEKs treated with or without IL-13. Nuclei are counterstained with DAPI (blue). Negative
controls for PLA, in which IL-13Ra2 antibody was omitted, are shown in Supplementary Figure S1. Bar = 20 pum for a and 50 um for b. (c) Comparison of itch-
like behavior over a 60-min period between WT and Chi3/71-KO mice in response to orally administrated Pam3CSK4 followed by intradermal injection of IL-13
or vehicle. n = 8 mice per group. (d) RT-qPCR analysis of OSM mRNA in Chi3/7-KO mice versus WT mice in skin harvested after oral administration of
Pam3CSK4 and subsequent intradermal injection of IL-13 or vehicle. n > 4 mice per group. (e) Comparison of itch-like behavior over a 30-min period between
WT and Chi3/7-KO mice in response to intradermal injection of OSM or vehicle. n = 8 mice per group. (f) Representative images and (g) quantification analysis
of immune cell infiltration, identified by antibodies against CD68 and CD11b, in OSM-injected skin from Chi3/1-KO versus WT mice. n = 3 mice per group
analyzed. Bar = 20 pm. Data are presented as mean + SEM. N.S. denotes P > .05. *P < .05 and **P < .01, as determined by 1-way ANOVA. AD, atopic
dermatitis; HC, healthy control; KO, knockout; min, minute; NHEK, normal human epidermal keratinocyte; ns, not significant; OSM, oncostatin M; PLA,
proximity ligation assay; WT, wild-type.
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Figure 2. Intradermal injection of murine CHI3L1 protein failed to induce itch-like behavior in a mouse cheek model; scratching bouts triggered by

intradermal injection of histamine and SLIGRL-NH2 are abolished in Chi3/1-KO mice. PLA results show that CHI3L1—IL-31RA complexes are more abundant
in human lesional AD skin than in HC; Chi3IT knockout alleviates itch and skin inflammation in an MC903-challenged murine model of AD. (a) Acute itch
response was not observed in WT mice after intradermal cheek injection of murine CHI3L1 compared with that in the vehicle control. n = 8 mice per group. (b)
Comparison of histamine-induced itch-like behavior between Chi3/7-KO mice and WT mice. n = 6 mice per group. (c, d) Effect of intradermal injection of
SLIGRL-NH2 on Chi3/1-KO mice and WT mice: (c) scratching bouts and (d) time course of itch-like response. n = 7 mice per group. (e) Representative PLA
images showing CHI3L1—IL-31RA complexes in human lesional AD and HC. An enlarged image of AD highlights positive signals, indicated by arrows. Nuclei
are counterstained with DAPI (blue). Bar = 20 pm. (f) Comparison of MC903-induced itch-like behavior between Chi3/7-KO and WT mice. n = 6 mice per
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A previous study reported elevated
Chi3l1 transcription levels in the
MC903-induced mouse model of AD
(Walsh et al, 2019). In our current
investigation, we explored the alteration
of CHI3L1 and IL-13Ra2 interactions
under AD conditions using proximity
ligation assay, a highly sensitive method
for detecting protein interactions in situ.
Our results revealed that CHI3L1—IL-
13Ra2 protein complexes, indicated by
discrete red fluorescence spots, were
increased in lesional AD skin in humans
compared with that in healthy individ-
ual, predominantly in the epidermis,
with fewer signals in the dermis
(Figure 1a). This increase was absent in
the negative controls (Supplementary
Figure STa). This alternation appeared
to be associated with elevated IL-13
levels in AD skin, as demonstrated by
the increased CHI3L1 and IL-13Ra2
complexes observed in cultured human
primary keratinocytes upon IL-13 stim-
ulation (Figure 1b), with no signals
detected in the negative controls
(Supplementary  Figure S1b). These
findings suggest a potential role for
CHI3L1T in AD-associated skin pathol-
ogy, with its interaction with IL-13Ra2
possibly being induced by the itch-
promoting cytokine IL-13.

To investigate the role of CHI3LT in IL-
13—related itch, a mechanism impli-
cated in AD, we examined Chi3/1-KO
mice in response to IL-13—promoted
itch and compared with age-matched
wild-type (WT) mice. Although IL-13
alone did not significantly increase itch
bouts above basal levels, itenhanced the
itch response to other pruritogens (Xiao
et al, 2021). Supporting this, our previ-
ous research demonstrated that oral
administration of Pam3CSK4 (a toll-like
receptor R2/toll-like receptor 1 agonist)
before IL-13 injection into the mouse
cheek significantly increased scratching
bouts compared to IL-13 injection alone
(Xiao etal, 2021). In this study, using the
oral Pam3CSK4-enhanced
IL-13—injection cheek model, we
observed a significant reduction in site-
directed scratching bouts, indicative of
an itch-like response, in Chi3/1-KO
compared with that in WT mice

P

(Figure 1c). In contrast, no difference in
scratching bouts was observed in the WT
group (Figure 1c), suggesting a potential
regulatory role of CHI3LT in IL-
13—promoted itch. In  addition,
RT-gPCR analysis of skin from mice
treated with oral Pam3CSK4 followed by
IL-13 injection revealed upregulation of
the Osm gene in WT mice, which was
attenuated in  Chi3[1-KO  mice
(Figure 1d). The Osm gene encodes
oncostatin M (OSM), an inflammatory
factor known to elicit itch in mice,
although with a delayed effect (Tseng
and Hoon, 2021). Our findings suggest
that CHI3L1 may modulate the itch
signaling molecule OSM, potentially in
conjunction with IL-13.

We further examined whether OSM-
induced itch could be attenuated in
Chi3/1-KO mice. Compared with
vehicle injection, which resulted in
minimal scratching bouts, OSM injec-
tion significantly increased scratching
behavior in WT mice, with a marked
reduction observed in Chi3/1-KO mice
(Figure Te). Immunocytochemical anal-
ysis of cheek skin 4 hours after OSM in-
jection revealed a significant reduction
in the infiltration of CD68" monocyte
lineage cells and a trend toward
decreased CD11b™ myeloid-lineage
cells in Chi3/1-KO compared with that
in WT mice (Figure 1f and g), with no
signals observed in negative control
staining (Supplementary Figure S2).
These findings suggest that CH3L1 plays
arole in OSM-induced itch transmission
and cutaneous inflammation.

To determine whether CHI3L1 can
directly induce itch, we used an acute
itch model involving cheek injections in
mouse. Compared with the vehicle con-
trol, injection of bioactive murine
CHI3L1 did not significantly increase
site-directed scratching bouts, although
there was a trend toward increased
scratching (Figure 2a). These results sug-
gest that CHI3CL1 may notact as a direct
itch inducer on its own at the tested dose.

To further explore the role of CHI3L1
in itch, we assessed the response to
histamine in the mouse cheek model.
Histamine-induced scratching bouts
were nearly abolished in Chi3/1-KO

mice compared with those in WT mice
(Figure 2b), confirming that CHI3L1
modulates histamine-dependent itch.
We also evaluated the itch response to
SLIGRL-NH2, an agonist of proteinase-
activated receptor 2, a key itch recep-
tor, in the cheek model. This revealed a
significant reduction in proteinase-
activated receptor 2—mediated itch in
Chi3/1-KO mice compared with that in
WT mice, as evidenced by a decrease
in total scratching bouts (Figure 2c),
with maximal inhibition observed be-
tween 10 and 15 minutes (Figure 2d).

To explore the involvement of
CHI3L1 in AD-related itch, we exam-
ined the potential formation of
CHI3L—IL-3TRA  complexes  using
proximity ligation assay. The abun-
dance of these complexes appeared
higher in AD samples than in healthy
control (Figure 2e), suggesting that
CHI3LT may also signal through the IL-
31 pathway, which plays a critical role
in generating itch in AD.

We then established an AD-like
model using topical MC903, acknowl-
edging that this model differs from hu-
man AD in its inflammation profile. No
differences were observed between
Chi3l1-KO and WT mice during the
early stages of MC903 application (days
1-5). However, by days 6—7, when the
model is established, and itch intensity
increases, scratching bouts were nearly
abolished in Chi3/1-KO mice (Figure 2f).

In addition, immunohistochemical
analysis revealed significantly fewer
immune cell infiltrations in the MC903-
treated ear of Chi3/1-KO than in WT
mice, as indicated by staining with an-
tibodies against CD68, CD11b, and the
basophil marker Mcpt8 (Figure 2g and
h), contrasting to negative controls
(Supplementary Figure S2). These find-
ings suggest that CHI3L1 contributes to
both itch and cutaneous inflammation
in AD.

Overall, our study unveils a previously
unreported role of CHI3L1 in mediating
both chronic and acute itch in mice as
well as cutaneous inflammation likely
through  mechanisms involving IL-
13Ra2, IL-31RA, and OSM. Further
studies are needed to determine whether

|
group. (g) Representative images and (h) quantification analysis of immune cell infiltration, labeled with antibodies against CD68, CD11b, and Mcpt8 in Chi3/1-
KO and WT mice. Bar = 20 pm. n = 3 mice per group was analyzed. Data are presented as mean + SEM. N.S. denotes P > .05. *P < .05, **P < .01, ¥***P <
.001, and ****P < .0001, as determined by Student’s t-test. AD, atopic dermatitis; HC, healthy control; KO, knockout; ns, not significant; PLA, proximity ligation

assay; WT, wild-type.
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these findings extend to other models of
allergic inflammation or pruritus.
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Combined Inhibition of MNK Signaling and BET |

Proteins Reveals TGM2 as a Novel Vulnerability

in Melanoma

Journal of Investigative Dermatology (2025) 145, 979—984; doi:10.1016/}.jid.2024.07.037

TO THE EDITOR

The successes of targeted therapies
against BRAF-mutated melanoma and
immune checkpoint inhibitors are
limited by resistance mechanisms,

highlighting the need to develop new
treatment strategies. MNK1/2 inhibitors
target a nexus point of the MAPK
signaling cascades and have shown
efficient antitumor effects in melanoma

Abbreviations: A375-VR, vemurafenib-resistant A375; BET, bromo- and extra-terminal domain; BETI,
bromo- and extra-terminal domain inhibitor; ECM, extracellular matrix; FAK, focal adhesion kinase;

MAPKi, MAPK inhibitor
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when combined with standard-of-care
therapeutics, representing a promising
treatment option (Huang et al, 2021;
Prabhu et al, 2023). Bromo- and extra-
terminal  domain  (BET) proteins
are transcriptional coactivators that
enhance the transcriptional elongation
of many oncogenes in numerous cancers
(Shorstova et al, 2021). In melanoma,
BET family members BRD2 and BRD4
are overexpressed compared with those
in benign nevi (Segura et al, 2013), sug-
gesting a link with melanoma growth
and progression. Consistent with this,
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SUPPLEMENTARY METHOD AND
MATERIALS

Animals

All C57BL/6 mice were obtained from
SPF  Biotechnology, and Chi3l1-
knockout mice were purchased by
Cyagen Biosciences. These mice were
bred in house. All experiments were
conducted using female mice aged 6—8
weeks. Animal procedures adhered to
the Guidelines for the Care and Use of
Laboratory Animals of Henan Univer-
sity and were approved by the Animal
Ethics Committee of Henan University.

Human samples

Human skin biopsies for immunohisto-
chemistry were commercially pur-
chased from Tissue Solutions. These
paraffin-embedded ~ samples  were
donated by either patients or healthy
individuals. No ethical approval was
requested for the use of these samples.

Culture and stimulation of primary
human keratinocytes

Primary human keratinocytes were
seeded into [BIDI chambers and
cultured in KBM-Gold medium supple-
mented with KBM Gold SingleQuot KC
supplement (Lonza). Cells were incu-
bated in the medium for 3 days before
performing proximity ligation assay
experiments.

Prior to proximity ligation assays,
primary human keratinocytes were
maintained in hydrocortisone-free me-
dium for >24 hours and stimulated
with hydrocortisone-free media £ IL-13
(100 ng/ml, 24 hours, AB270080,
Abcam).

Immunofluorescence staining

Paraffin sections of mouse skin were
deparaffinized and rehydrated, fol-
lowed by antigen retrieval and per-
meabilization (Triton X-100 [0.2%],
PBS). Sections were then incubated in a
blocking solution (normal goat serum
[5%], PBS) for 1 hour. Subsequently,
specimens were incubated (4 °C, over-
night) with primary antibodies in
blocking solution: CD68 (AB283654,
Abcam, 1:100), CD11b (AB133357,
Abcam, 1:500), and Mcpt8 (647401,
BioLegend, 1:500). Next, specimens
were washed (PBS) and incubated with
anti-rabbit (Alexa 488, goat) and/or
anti-rat (Alexa 594, goat). After washing
(PBS), the specimens were mounted

using ProlLong anti-fade reagent con-
taining DAPI (Thermo Fisher Scientific).
Images were captured by an IX73
Olympus inverted microscope with
CellSens Dimension Imaging software.

Proximity ligation assay

Paraffin sections of human skin were
deparaffinized, rehydrated, subjected to
antigen retrieval, and permeabilized
(Triton X-100 [0.2%], PBS). Cultured
primary human keratinocytes treated
with or without IL-13 (ab270080,
Abcam, 100 ng/ml) were fixed and per-
meabilized (Triton X-100 [0.1%], PBS).
The interaction between IL-13Ra2 and
CHI3L1 was visualized as red fluores-
cent dots using the Duolink proximity
ligation assay kit (DUO92002,
DUO92004, DUO92008, DUO82049,
Sigma-Aldrich), following the manufac-
turer’s instructions and our previous
established procedure (Meng et al,
2016). The following pairs of primary
antibodies were used: rabbit anti—IL-
13Ra2 (PA5-96045, Thermo Fisher Sci-
entific, 1:200) paired with mouse anti-
CHI3LT (MA5-36122, Thermo Fisher
Scientific, 1:100) or rabbit anti—IL-31RA
(PA5121824, Thermo Fisher Scientific,
1:100) paired with mouse anti-CHI3L1
(MA5-36122, Thermo Fisher Scientific,
1:100). After the incubation with prox-
imity ligation assay probes, the ligation,
and amplification steps, the specimens
were mounted with Fluoroshield con-
taining DAPI (F6057, Sigma-Aldrich) to
stain cell nuclei. Negative controls were
performed by omitting either the IL-
13Ra2 or IL-31RA antibody.

Intradermal cheek injection model
Chi3l1-knockout and wild-type C57BL/
6 mice were preadministered with
Pam3CSK4 (20 pg/100 pl in sterilized
water) by gavage every 3 days for a total
of 3 times. After this, the mice received
intradermal injections of IL-13 (1 ng/10
ul) or vehicle (10 pl, sterilized water) into
the right cheek (Xiao et al, 2021). All
mice were video recorded for 60 mi-
nutes to analyze scratching bouts, with
bouts of hind limb scratches directed at
the injection site being considered
indicative of pruritus (Kido-Nakahara
etal, 2014; LaMotte et al, 2011).

In another experiment, Chi3/1-
knockout and wild-type C57BL/6 mice
(aged 6—8 weeks) received intradermal
injections of oncostatin M (495-MO-
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025/CF, R&D Systema, 100 ng, 5 pl) or
vehicle (PBS, 5 pl) into the right cheek
(Chen et al, 2022). The resulting
behavioral responses were recorded for
30 minutes.

In a separate set of experiment, wild-
type C57BL/6 mice (aged 6—8 weeks)
received intradermal injections of
CHI3LT (HY-P76702, MedChemEx-
press, 500 ng, 10 pul) or vehicle (steril-
ized water, 10 pl) into the right cheek.
Behavioral responses were recorded for
60 minutes.

To evaluate the effect of histamine- or
SLIGRL-NH2—induced itch-like
response, histamine (50 pg/10 pl) dis-
solved in sterile saline containing 7%
Tween 80 or SLIGRL-NH2 (50 pg/10 pl,
Sigma-Aldrich) dissolved in Tyrode’s
solution (137 mM sodium chloride, 2.7
mM potassium chloride, 1.0 mM mag-
nesium chloride, 1.8 mM calcium
chloride, 20 mM 4-[2-hydroxyethyl]-1-
piperazineethanesulfonic  acid, 5.6
mM glucose, pH 7.4) was injected into
the right cheek, and all the mice were
video recorded for 30 minutes to
analyze scratching bouts. Results were
compared with those of their vehicle-
injected mice.

In some cases, cheek skin samples
from the injected mice were harvested
4 hours after injection for further anal-
ysis. These samples were either pro-
cessed  for  immunohistochemical
staining after paraffin embedding and
sectioning or used for RT-qPCR anal-
ysis. For the latter, high-quality RNA
was extracted using TRIzol reagent
(15596026, Invitrogen) after homoge-
nization by grinding on liquid nitrogen.

MC903-treated atopic dermatitis—like
mouse model

Chi3l1-knockout  and  wild-type
C57BL/6 mice (aged 6—8 weeks)
were treated daily with a topical
application of MC903 (2 nmol, 20 pl
in ethanol, Sigma-Aldrich) on one ear,
whereas the vehicle (ethanol, 20 pl)
was applied to the opposite ear,
respectively (Larkin et al, 2021). Mice
were continually video recorded for
60 minutes to analyze scratching
bouts. On day 7, the mice were killed,
and the ear skin was photographed,
collected, processed, and embedded
in paraffin for subsequent immuno-
histochemical analysis.



RNA isolation and RT-qPCR

Total RNA was isolated from murine skin
using the Nucleospin RNA Midi kit
(74104, Qiagen), following the manu-
facturer’s instructions. RNA concentra-
tion was determined using a Nanodrop
2000 spectrophotometer (Thermo Fisher
Scientific). cDNA was synthesized from
mRNA transcripts using a high-capacity
cDNA  reverse transcription kit
(4368814, Thermo Fisher Scientific),
with T pg of total RNA reverse transcribed
into cDNA. RT-qPCR was performed by
incubating the cDNAs with SYBR Green
PCR Master mix (4309155, Thermo
Fisher Scientific) and specific primers,
with GAPDH used for normalizatioen.
The primers for murine oncostatin M
were CAATCGTGGCTGCTCCAACTCT

(forward) and GGTGTGTTCAGGTTTTG
GAGGC (reverse).

Data analysis

Data are presented as mean £+ SEM and
analyzed using Prism (GraphPad Soft-
ware). Comparisons between 2 groups
were made using a 2-tailed Student’s t-test
followed by Welch’s correction, and P-
values <.05 are considered statistically
significant. ltch-like behavior data were
presented as means + SEMs (n >6 mice
per group). Statistical significance was
indicated by *P < .05, **P < .01, and ***P
< .001, in Student’s ttest or 1-way
ANOVA.
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a PLA - human skin
DAPI Chi3I1 Merged

b PLA - NHEK
DAPI Chi3l1 Merged

Supplementary Figure S1. Representative images of negative control staining where the IL-13Ra:2
antibody was omitted from the PLA corresponding to Figure 1. Figure shows no CHI3L1—IL-13Ra.2
complexes in (@) human HC and AD skin and in (b) cultured phKCs treated with or without IL-13. Nuclei
are counterstained with DAPI (blue). Bars = 20 pum for a and 50 pm for b. AD, atopic dermatitis; HC,
healthy control; NHEK, normal human epidermal keratinocyte; phKC, primary human keratinocyte; PLA,
proximity ligation assay.
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a Control staining of cheek skin post OSM injection
used for contrasting CD11b + DAPI
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used for contrasting CD68 + DAPI
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(o] Control staining of MC903-ear used for
contrasting Mcpt8 + DAPI
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Supplementary Figure S2. Representative images of isotype control staining. (a, b) Isotype staining of
OSM-injected skin in Chi3/7-KO mice and WT mice, used for contrasting (a) anti-CD11b and (b) anti-
CD68 staining. (c) MC903-treated ear stained by isotype IgG, used for contrasting anti-Mcpt8 staining.
Bar = 20 um. KO, knockout; OSM, oncostatin M; WT, wild-type.
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