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CXCL17 induces activation of human mast cells via MRGPRX2

To the Editor,

Mast cells (MCs) play critical roles in allergic disease, canonically by
activation through the IgE-dependent pathway. However, MCs can
also be activated by IgE-independent mechanisms with the Mas-
related G protein-coupled receptor X2 (MRGPRX2) being exten-
sively studied. MRGPRX2 is found on connective tissue MCs with
abundant expression in the skin. Human MRGPRX2 is activated by
a range of endogenous polycationic inflammatory peptides such as
host defence peptides and neuropeptides (e.g., LL-37 and substance
P) but with relatively low potency.! Thus, it is plausible that addi-
tional endogenous agonists at MRGPRX2 have important physiolog-
ical/pathophysiological roles.

The novel chemokine CXCL17 is expressed in mucosal tissues
and has suggested antimicrobial roles besides being a regulator of
cell chemotaxis and inflammation.? A previous study suggested that
the orphan G protein-coupled receptor (GPCR) GPR35 acts as the
receptor for CXCL17, but this observation remains controversial.?
Given the presence of polycationic regions within CXCL17, we hy-
pothesized that it might act as a MRGPRX2 agonist and that this
action might be of importance in inflammatory conditions where
CXCL17 expression is upregulated.

To determine whether CXCL17 activates human MCs via the
MRGPRX2 pathway, we utilized the LAD2 MC line that natively
express MRGPRX2 and FceRI receptors, and MRGPRX2 knock-
down LAD2 cells (MRGPRX2-KD; Figure S1A). CXCL17, MRGPRX2
agonists LL-37 and compound 48/80 (C48/80), induced cal-
cium mobilization (Figure 1A) and degranulation measured by
B-hexosaminidase release (Figure 1B) and enhanced surface
expression of CD63 (Figure S1B) in wild-type (WT) LAD2 cells
with responses being markedly dampened in MRGPRX2-KD cells.
Antigen (NIP-BSA)-induced IgE-dependent responses were unal-
tered in MRGPRX2-KD LAD2 cells (Figure 1A,B; Figure S1). The
MRGPRX2 dependency of this effect was also confirmed through
the inhibitory action of the MRGPRX2 inverse agonist compound
€92 (Figure 1C). In addition, CXCL17 strongly synergized with the
alarmin IL-33, a known MC activator that is upregulated in psori-
asis, to induce CCL2 release from LAD2 cells (Figure 1D). CXCL17
also triggered B-hexosaminidase and histamine release from pu-
rified rat peritoneal MCs, presumably via the rat homologue of
MRGPRX2, MrgprB3 (Figure S2).

The mRNA levels of CXCL17 and MRGPRX2 have been re-
ported to be increased in psoriatic skin compared with healthy
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skin biopsies.*> We therefore performed immunohistochemistry
and conducted an analysis of spatial transcriptomic data from bi-
opsies from non-lesional and lesional psoriatic skin to establish
the in vivo connection between CXCL17 and MRGPRX2. By im-
munohistochemistry, the expression of CXCL17 was increased in
psoriatic lesional skin compared with non-lesional skin, mainly in
the epidermis (Figure 2). Mast cells, as identified by tryptase and
MRGPRX2 staining, were clearly observed in both lesional and non-
lesional skin sections (Figure 2A). In addition, spatial transcriptom-
ics analysis (Figure 2B; Figure S3) showed enhanced expression of
the MC marker tryptase p2 (TPSB2) in lesional psoriatic skin com-
pared with non-lesional skin, suggesting increased MC numbers or
increased TPSB2 gene expression perhaps indicative of MC activa-
tion. Concordant with the immunohistochemistry data, spatial tran-
scriptomics also showed localization of CXCL17 expression to tissue
areas containing MCs (as identified by TPSB2 expression) largely
within the epidermis (see supplementary information for a more

comprehensive description of the spatial transcriptomics data analysis).
In summary, we demonstrate that CXCL17 activates human MCs in
a concentration-dependent manner, via the MRGPRX2 pathway.
CXCL17 is one of the more potent MRGPRX2 agonists identified
among the family of known MRGPRX2-activating antimicrobial pep-
tides. We also demonstrate that CXCL17 expression is proximal to
that of MRGPRX2-positive MCs in psoriatic skin. Our data suggest
that in psoriasis, CXCL17 release from keratinocytes causes the ac-
tivation of human MCs via MRGPRX2. CXCL17 might also act syn-
ergistically with other MC stimuli enhancing the importance of the
CXCL17-MC axis in features of psoriasis such as itch in which MC
MRGPRX2 has been highlighted.® Other psoriasis-associated anti-
microbial peptide mediators’ that are known MRGPRX2 agonists
(e.g., LL-37 and B-defensins) may also contribute to this pathway.
Further studies are required to characterize the unique pathobio-
logical importance of CXCL17-induced MC activation in psoriasis
and other non-communicable inflammatory skin diseases.
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FIGURE 1 CXCL17 induces human mast cell activation via MRGPRX2. CXCL17, LL-37, C48/80 and NIP-BSA triggered (A) calcium
mobilization (Fura-2) and (B) f-hexosaminidase release in wild-type LAD2 cells (WT). CXCL17-, LL-37- and C48/80-induced responses were
reduced in MRGPRX2-knockdown LAD?2 cells (KD). (C) Compound C9 inhibits CXCL17-, LL-37- and C48/80-induced B-hexosaminidase
release in wild-type LAD2 cells. Data represent mean+SEM, n=4. Statistical significance was determined by (B) (i) two-way ANOVA with
Sidak's multiple comparisons test, ****p <.0001. (B) (ii) and (C) unpaired t test with the Welch correction, *p<.01, **p <.001, ***p <.0001. (D)

CXCL17 and IL33 work synergistically to induce CCL2 release in LAD2 cells. Mean+SEM, n=3.
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FIGURE 2 Increased expression of CXCL17 in psoriatic skin is spatially proximal to mast cells. (A-J) Representative

immunohistochemistry images of lesional and non-lesional skin from one of the two patients with psoriasis, with tile images at 20x
magnification and digitally zoomed areas of interest. The expression of CXCL17 was dramatically elevated in lesional psoriasis skin
with MRGPRX2-positive and tryptase-positive mast cells localized proximally. Scale bar (tile images)=100pum. Scale bar (zoomed in
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images)=50pum. Red arrows show tryptase- and MRGPRX2-positive staining. Spatial transcriptomics analysis of paired lesional and non-

lesional skin biopsies from three patients with psoriasis. UMAP plots of (K) biopsy type; (L) anatomical layer; (M) localization of mast cells (as

identified by TPSB2 expression). (N) Mast cell counts are increased in lesional skin compared with non-lesional skin; statistical significance
was determined by the one-sided Mann-Whitney-Wilcoxon test, ****p=6.421e-06. (O) CXCL17 gene expression positively correlates to

MC-tryptase (TPSB2) expression.

0 PUe SWB 1 84} 885 *[7202/70/2T] Uo Ariq178UIIUO A81/M ‘WINUSZSBUNYIS.I04 SBUDSINEQ UBLILBN A WINAUSZ ZHOUWRH A 9809T IIB/TTTT'0T/I0P/AL0Y 8] 1M Afeiq 1 BuI|UO//SANY WO4} POPEOIUMOQ ‘0 ‘SE6686ET

fom A sduy)

ol

U} Aq peue0B a1 SBP 1L VO ‘B8N J0'S3IN. 0} ARIqIT BUIIUO ABJIM UO (SUOT

D 3AIERID




LETTER

AUTHOR CONTRIBUTIONS
GAM and JD designed and planned the study; JD conducted experi-

ments and collected the majority of data; CH performed spatial tran-
scriptomics analysis; CWW, NAF, HA, JSK and MPM generated key
tools, reagents and clinical samples and provided expertise on their use;
JD and GAM wrote the draft manuscript; CWW, CH, MPM, HA and JSK
provided critical insight into the generated data and revised the draft

manuscript. All authors approved the final version of the manuscript.

ACKNOWLEDGEMENTS

This work was partially supported by a grant from The Australian and
New Zealand College of Anaesthetists and supported by the Deutsche
Forschungsgemeinschaft through TUM International Graduate School
of Science and Engineering (CH, MPM). We acknowledge the Melbourne
Histology Platform, The University of Melbourne, for assisting with
the immunohistochemistry study, and the Melbourne Cytometry
Platform (Melbourne Brain Centre node) for provision of flow cytom-
etry services. Open access publishing facilitated by The University of
Melbourne, as part of the Wiley - The University of Melbourne agree-

ment via the Council of Australian University Librarians.

FUNDING INFORMATION
Australian and New Zealand College of Anaesthetists; Deutsche
Forschungsgemeinschaft.

CONFLICT OF INTEREST STATEMENT
The authors declare that they have no conflicts of interest. CWW
is now an employee of Dimerix Ltd, which had no involvement in or

contribution to the project.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from

the corresponding author upon reasonable request.

Jie Ding!?

Christina Hillig?

Carl W. White'?

Nithya A. Fernandopulle®

Holly Anderton®

Johannes S. Kern®¢

Michael P. Menden'?
Graham A. Mackay?

Department of Biochemistry and Pharmacology, The University

of Melbourne, Parkville, Victoria, Australia

2Helmholtz Zentrum Miinchen—German Research Centre for
Environmental Health, Institute of Computational Biology,
Neuherberg, Germany

SAustralian Research Council, Centre for Personalised
Therapeutics Technologies, Melbourne, Victoria, Australia
“Division of Inflammation, Walter and Elisa Hall Institute,
Melbourne, Victoria, Australia

5Central Clinical School, Monash University, The Alfred Hospital,
Melbourne, Victoria, Australia

5Department of Dermatology, Royal Melbourne Hospital,
Melbourne, Victoria, Australia

Correspondence

Graham A. Mackay, Department of Biochemistry and
Pharmacology, The University of Melbourne, Level 3 Medical
Building, Grattan Street, Parkville, VIC 3010, Australia.
Email: gmackay@unimelb.edu.au

ORCID

Graham A. Mackay "= https://orcid.org/0000-0002-9083-1304

REFERENCES

1. Subramanian H, Gupta K, Ali H. Roles of mas-related G protein-
coupled receptor X2 on mast cell-mediated host defense, pseudo-
allergic drug reactions, and chronic inflammatory diseases. J Allergy
Clin Immunol. 2016;138:700-710.

2. Choreno-Parra JA, Thirunavukkarasu S, Zuniga J, Khader SA. The
protective and pathogenic roles of CXCL17 in human health and
disease: potential in respiratory medicine. Cytokine Growth Factor
Rev. 2020;53:53-62.

3. Cao C, Kang HJ, Singh |, et al. Structure, function and pharmacol-
ogy of human itch GPCRs. Nature. 2021;600:170-175.

4. Nattkemper LA, Tey HL, Valdes-Rodriguez R, et al. The genet-
ics of chronic itch: gene expression in the skin of patients with
atopic dermatitis and psoriasis with severe itch. J Invest Dermatol.
2018;138:1311-1317.

5. Oka T, Sugaya M, Takahashi N, et al. CXCL17 attenuates
imiquimod-induced psoriasis-like skin inflammation by recruiting
myeloid-derived suppressor cells and regulatory T cells. J Immunol.
2017;198:3897-3908.

6. Meixiong J, Anderson M, Limjunyawong N, et al. Activation of
mast-cell-expressed Mas-related G-protein-coupled receptors
drives non-histaminergic itch. Immunity. 2019;50:1163-1171.

7. Takahashi T, Yamasaki K. Psoriasis and antimicrobial peptides. Int J
Mol Sci. 2020;21:6791.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.
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