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The Chemokine, CCL20, and Its Receptor,
CCRGé, in the Pathogenesis and Treatment
of Psoriasis and Psoriatic Arthritis

Zhen-Rui Shi, MD, PhD', Tomotaka Mabuchi, MD, PhD?, Sarah J. Riutta, PhD3,
Xuesong Wu, MD, PhD4, Francis C. Peterson, PhD?, Brian F. Volkman, PhD3, and
Sam T. Hwang, MD, PhD*

Abstract

Background: Chemokines represent a superfamily of immune-modulatory small protein molecules that regulate leukocyte
migration to inflammatory sites through their chemoattractant and cell signaling properties. This review focuses on the
immunological functions of the CCR6é chemokine receptor and is chemokine ligand, CCL20, that contribute to it role in
inflammation in human psoriasis. Methods: Peer-reviewed relevant articles are searched and selected from 2000 to 2022 using
the search engines including PubMed and Google Scholar. Results: After selectively reviewing and evaluating over seventy
articles, a comprehensive overview on the immunology of CCL20-CCRé axis in psoriasis and psoriatic arthritis, the X-ray
crystal structures of CCL20 monomers, and the potential of developing clinical therapies targeting this axis is summarized.
Conclusions: Over the past decade, preclinical studies carried out in animal models of psoriasis involving agents targeting
CCL20-CCR6 axis have yielded promising results. Other studies that this axis may play a role in a number of other autoimmune
diseases, including rheumatoid arthritis, suggesting a rationale for further investigation into this key signaling/migratory pathway.
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Introduction

Psoriasis is an autoimmune disease of the skin that up to 3% of
a population, depending on the ethnic group.' Psoriasis can
occur in several forms, the most common being plaque
psoriasis which accounts for about 90% of cases.” Individuals
with psoriasis are also at an increased risk of other co-
morbidities, including psoriatic arthritis (PsA), metabolic
syndrome or components of the syndrome, cardiovascular
disorders, and several other diseases such as anxiety and
depression, non-alcoholic fatty liver disease, Crohn’s disease,
and lymphoma.> Among psoriatic comorbidities, PsA is rel-
atively common, affecting .06-.25% of the population in the
United States and up to 30% of patients with psoriasis.”
Biologic agents such as those targeting TNF-a, IL-17A,
and IL-23 have made tremendous success in treating skin
psoriasis with PASI 75 scores greater than 80% for the latest
generation of biologics.”” On the other hand, clinical response
in PsA is not as impressive with less than 60% of patients with
PsA achieving a clinically meaningful ACR20 response
(a 20% improvement in joint symptoms and signs).®'°
Therefore, improved strategies for diagnosing, preventing,

and treating PsA is still an unmet need despite advances in
psoriasis treatment.

Chemokines represent a superfamily of immune-
modulatory small protein molecules that regulate leukocyte
migration to inflammatory sites through their chemoattractant
and cell signaling properties.'’ In 2012, we published a
comprehensive review of the role of chemokines and their
membrane receptors in psoriasis.'> While updating new
knowledge since 2012 would be daunting, we focus on a
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chemokine-chemokine receptor pair known as CCL20 and
CCR6, respectively. CCL20, also known as MIP-3a or LARC,
is an 8 kDa protein whose gene is mapped to 2q33-37."% At the
tissue and organ level, CCL20 is expressed in peripheral
tissues, including the skin, mucosal sites (lung and intestines),
liver and thymus.'* At a cellular level, it is expressed by
keratinocytes,'> lung and gut epithelial cells,'® endothelial
cells,'” T cells,'® macrophages'® and neutrophils.”® CCL20 is
typically expressed at a low basal level, but can be strongly
induced by proinflammatory signals, including primary cy-
tokines (eg, TNF-o, IL-17A, IL-22),"* injury?' and Toll-like
receptor (TLR) agonists originating from microbes.”> The
chemokine CCL20 is unusual in that it is one of the few
chemokine ligands known to form a pair with only one
G-protein-coupled receptor (GPCR): CXC receptor 6 (CCR6
or CD196). This exclusive binding is often referred to as the
‘CCL20-CCR6 axis’ in the literature, although studies suggest
that CCR6 can bind to some B-defensins as well.”> CCR6 is
prominently expressed by IL-17A—producing helper T (Th17)
cells,* regulatory T (Treg) cells,>> memory T cells,?® dendritic
cells (DCs)*’ and most B-cell subsets.”® Notably, CCR6 is
expressed on virtually all human IL-17 A/F- and IL-22-
producing CD4 + T cells, implicating CCR6 and CCL20 in
IL-23/Th17/IL-22-mediated inflammation.”” The role of
CCR6 and CCL20 in Th17-related signaling will be detailed in
Part II with a focus on psoriasis pathogenesis.

Notably, the CCR6-CCL20 axis has also been implicated in
regulating the function of other types of immune cells. Recent
studies suggest that CCR6-CCL20 interactions direct Treg to
differentiate towards the pathogenic Thl7 lineage by en-
hancing their expression of RORyt and IL-17A.*%! Immature
DCs express CCR6 and respond to CCL20 in chemotaxis to
sites of potential antigen entry.’> CCR6 is also essential for
appropriate anatomical positioning of memory B cells and the
ability of memory B cells to be recalled to their cognate
antigen, thus potentially contributing to  humoral
immunity.**** The roles, however, of intrinsic CCR6-CCL20
signaling in DCs, B cells and innate lymphoid cell (ILCs) are
largely unknown and, therefore, forms an active research area.

In this review, we will summarize the current research
topics regarding the CCL20-CCR6 axis in psoriasis and PsA
with particular emphasis of the advances that have been made
over the last decade.

Part |: The Structure and Function of CCRé6
and CCL20

Recent work from multiple groups demonstrates that the
highly selective coupling of CCL20 with CCR®6 is a function
of complementary structural features. All chemokines adopt a
nearly invariant tertiary structure stabilized by two disulfide
bonds. Chemokines form an extensive protein-protein inter-
face with their GPCR partners. Docking of an unstructured
and highly variable chemokine N-terminal sequence into the

orthosteric pocket promotes specific chemokine-receptor
contacts, stabilizes an active receptor conformation, and in-
stigates intracellular signaling.

Most chemokines have an N-terminal tail of 8 or more
residues, with an average length of 10 residues (Figure 1A),*°
and alterations in the length or amino acid composition reduce
or abrogate chemokine activity.*' In contrast, the CCL20 N-
terminus consists of only five amino acids (NH2-ASNFDCC)
(Figure 1B). Despite its unusually short N-terminus, CCL20
binding to CCR6 expressed in HEK293 or COS-7 cells in-
duced G protein and B-arrestin recruitment with ECs values
of ~1 nM,*** reflecting an agonist potency comparable to
other chemokine-receptor pairs.

In a detailed analysis of N-terminal structure-activity re-
lationships, we discovered that, unlike most chemokines,
CCL20 tolerates sequence extensions and truncations with
minimal loss of activity.** Only one residue of the N-terminus,
D5, was essential for CCL20 activity, and amino acid sub-
stitutions at that position resulted in substantial losses of
binding affinity and agonist potency. Based on homology
modeling of the CCL20-CCR6 interface, we predicted that
this negatively charged residue of the chemokine forms a salt
bridge with the positively charged side chain of R42 in the
binding pocket of the receptor.**

It is generally understood that full activation of chemokine
receptors to promote cellular chemotaxis results from binding
of the monomeric chemokine ligand. The earliest chemokine
structures, however, solved by NMR and X-ray crystallog-
raphy revealed two distinct modes of dimerization corre-
sponding to the CC and CXC subfamilies, and for a time there
was uncertainty about the functional relevance of chemokine
dimers. Proudfoot and colleagues resolved this question by
demonstrating the necessity of chemokine dimerization for
high affinity binding to glycosaminoglycans in the extracel-
lular matrix.*’

Key important functional differences exist between the two
dimerization modes. CC-type dimers prevent receptor binding
by sequestering residues of the N terminus within the dimer
interface. In contrast, the N-terminus of a typical CXC dimer,
which joins the B1 strands of opposing subunits, remains fully
accessible and capable of receptor engagement. In 2008, the
Volkman lab discovered that a CXCL12 molecule engineered
to be exclusively dimeric bound its receptor CXCR4 with high
affinity but lacked chemotactic activity.*® Instead, the
CXCL12 dimer acted as a G protein-biased agonist and
functioned as potent inhibitor of metastatic cancer cell mi-
gration,?” revealing the potential therapeutic utility of en-
gineered chemokine dimers.

Structures of the CCL20 monomer were solved by NMR
spectroscopy for the mouse™ and human®® proteins
(Figure 1B), while X-ray crystal structures of human CCL20
unexpectedly revealed a CXC-type dimer’®' (Figure 1C).
Based on speculation that dimeric CCL20 would be
pharmacologically distinct from monomeric CCL20,
Getschman et al. designed a CCL20 variant (S64 C) that forms
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Figure I. Structures of CCL20 and CCRé. A) Histogram of the length of flexible N-terminus for 47 human chemokines. Only orphan
chemokine CXCL14 (3 residues) is shorter than CCL20 (5 residues). B) NMR structures of monomeric mouse and human CCL20. PDB
IDs are shown and side chains of the N-terminus are labeled on the human CCL20 structure. C) Crystal structures of human CCL20 and
the engineered CCL20 locked dimer. D) Crystal structure of human CCL20 at |.46 A resolution in a new space group (P 3, 2 1) with five
CCL20 molecules in the asymmetric unit. Initial crystallization conditions were identified by high-throughput screening (HTS) at the
Hauptman-Woodward Medical Research Institute.>® Optimization of crystallization conditions was conducted at 19°C by sitting drop
vapor diffusion mixing equal volumes of protein and reservoir solution in 3 pL total volume. For optimization of conditions, reservoir
solutions were prepared with .50 M succinic acid (pH 5.0, 5.2, 5.4, or 5.6) and PEG 3350 (13, 14, 15, 16, 17, or 18% w/v). The final
reservoir solution of the crystal used for data collection contained .50 M succinic acid (pH 5.4) and 14% PEG 3350 (w/v). Diffraction data
was processed using the autoProc toolbox®’ and the CCL20 structure was solved by molecular replacement. Geometry of the final
structure was validated using Molprobity.>®3° Data collection and refinement statistics for the final CCL20 model are listed in Table |
and the coordinates for the structure deposited in the Protein Data Bank, PDB ID 7TIE. CCL20 dimers (gray) and the single CCL20
monomer (blue) correspond to one asymmetric unit. E) CryoEM structure of CCL20-CCR6 complex shows the interaction of D5 in the
chemokine N-terminus with R42 in the TMI helix of CCR6.
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a disulfide-locked dimer and showed by X-ray crystallography
that its structure is indistinguishable from the native CCL20
dimer (Figure 1B).** As described in Part 3, the CCL20 locked
dimer inhibits CCR6-mediated chemotaxis and can serve as an
anti-inflammatory agent with possible application in psoriatic
diseases.

More recently, we solved the crystal structure of native,
wild-type human CCL20 that contains two CXC-type dimers
and a monomer in the asymmetric unit, providing the first
high-resolution structure of a CCL20 monomer (Figure 1D

Table I. Data collection and Refinement Statistics for CCL20.

and Table 1). The cryoEM structure of a CCL20-CCR6
complex’? (Figure 1E) shows key D5 contacts that explain
its functional importance originally described by Riutta et al**
Additionally, D33, which is unusual at this position among CC
chemokines (usually S or P; only CCL28 has a D at this
position) forms a rare salt bridge with R286 of CCR6 (only
CCR10 - a receptor for CCL28 — has an R at the same
position).**-”

Collectively, the published structures and related structure-
function data expose key factors in CCL20-CCR6 recognition

CCL20

Data collection®
Source
Wavelength
Space group
Cell dimensions

a, b, c (A)
@By ()
Resolution (A)
No. of reflections
Rmerge
Rmeas
Rpim
CC(112)
Ilol
Completeness (%)
Redundancy
Refinement®
Resolution (A)
No. of unique reflections
Rcr'yst/Rfree
No. atoms
Protein
lon
Water

B-factors

Protein

lon

Water

R.m.s. deviations
Bond lengths (A)
Bond angles (°)

Ramachandran Stats
Favored
Allowed

APS LS-CAT-ID-G
.978560
P321

60.203, 60.203, 230.268
90, 90, 120
77.09-1.46 (1.48-1.46)
766 684

050 (421)

053 (493)

017 (251)

999 (813)

24.0 (2.2)

98.7 (84.7)

9.0 (3.5)

34.61-1.46 (1.50-1.46)
84 803

163/0.173

3260

2760

100

400

23.6
352
343

.006
891

98.45%
1.55%

?Prior to data collection, crystals were flash frozen after passing through a cryoprotection solution of .5 M succinic acid (pH 5.4), 17% PEG 3350 (w/v), and 20%
glycerol (v/v). X-ray diffraction data was gathered from a single crystal in one degree increments at 100 K on the LS-CAT ID-21-G beam line at the Advanced
Photon Source (Argonne National Labs, Lemont, IL). Values in parentheses are for highest-resolution shell.

A CCL20 X-ray structure (PDB ID IM8A) devoid of water molecules was used as the search model. Phenix.AutoMR®” solved initial phases and placed four
CCL20 monomers in the asymmetric unit. A fifth CCL20 monomer plainly visible in the electron density was added manually. The model containing five CCL20
monomers in the asymmetric unit was then used as the search model and Phenix.AutoMR automatically built the majority of residues. The resulting model was
completed through iterative rounds of manual model building in Coot® and refinement with Phenix.refine®* using translational libration screw-motion (TLS) and

individual atomic displacement parameters.
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Figure 2. CCL20 expression in mouse epidermis is upregulated within 24 hr of IL23 injection. IL23 was injected into ears of WT mice at day
0, 2, and 4 as described.®> Mice were euthanized on the indicated days and ears were stained with anti-CCL20 antibody (red) and DAPI
(nuclear counterstain in blue). Isotype control staining showed no epidermal staining with either IL23 or PBS-injected ears (data not shown).

Scale bar = 50 pum.

and signal transduction. Drug development efforts targeting
the CCR6 orthosteric pocket will benefit from the recently
published cryoEM structure of this complex.’” The first 26
residues of the CCR6 N-terminus, however, are missing in the
electron density. Structural studies of other complexes
(eg CXCL12-CXCR4) show the receptor N-terminus wrapping
around the chemokine to form an extensive protein-protein
interface. There may be important CCL20-CCR6 contacts that
were not captured by the cryoEM reconstruction, some of
which may be specific to binding of the monomeric or dimeric
form of the chemokine ligand. Understanding how CCL20
dimerization converts the pro-inflammatory chemokine into an
anti-inflammatory CCR6 ligand deserves further structural
investigation, particularly in light of promising results obtained
for the CCL20 locked dimer in mouse models of psoriatic
disease described below (Table 1).

Part 2: Immunology of CCL20-CCRé Axis in
Psoriasis and Psoriatic Arthritis

CCL20-CCR6 Axis in Psoriasis

In the pathogenesis of psoriasis, TNF-o/IL-23/IL-17 pathways
play critical roles in generating the proinflammatory/
hyperproliferative immune milieu that characterizes psori-
atic lesions.>® In the skin, the infiltrating dermal dendritic cells
produce large amounts of IL-23 and induce the differentiation
of IL-17A-producing T cells, such as Th17 cells, IL-17-
producing y3-low cells,”* group 3 innate lymphoid cells
(ILC3),°%>% and other cells.’” In combination with TNF and/or
other proinflammatory cytokines, IL-17 stimulates keratino-
cytes to produce defensins and chemokines, which leads to the
recruitment of additional inflammatory cells into the lesion.>*
CCRG6 is associated with Th17 inflammatory processes>® and
is found prominently on Th17 cells,?* IL-17-producing y3-low
cells,59 and other cells in humans.?®% We and others have

subsequently shown this receptor/chemokine pair to also play
important roles in murine psoriasiform dermatitis (PsD).
Notably, mice deficient in CCR6 fail to develop IL-23-
induced, IL-22-dependent psoriasis-like inflammation.®’
Furthermore, CCR6 is pivotal in epidermal trafficking of
IL-17/22-producing y3-low cells.**** CCL20 is typically
expressed at a low basal level but can be strongly induced by
proinflammatory signals, including primary cytokines.®® We
showed that keratinocytes express CCL20 early after IL-23
injection in a murine model (Figure 2).%% Interestingly pso-
riasis exhibits induction of the disease at sites of trauma, often
referred to as the Koebner or isomorphic phenomenon. We
hypothesize that the early production of CCL20 from kera-
tinocytes that is elicited by scratching may trigger psoriatic
skin lesions via CCL20-CCR6 axis.”’

Initiation of CCL20 and IL-17 signaling in keratinocyte is
regulated by CARMA? interaction with the ACTI-TRAF6
complex in an imiquimod-induced murine model.** Notably,
CARMAZ? is encoded by the Cardi4 gene, which has been
identified as a susceptibility gene in psoriasis.® It is now clear
that IL-17-producing cells enhance the response of kerati-
nocytes by creating an inflammatory loop based upon the IL-
23/IL-17 axis.””*°

The involvement of CCR6 and CCL20 in psoriatic in-
flammation was first documented in humans by Homey et al®’
The CCL20 chemokine was upregulated in lesional psoriatic
skin, and CCR6 expression was increased on circulating
PBMCs from psoriasis patients compared to normal donors.®’
In human patients with psoriasis vulgaris, it has been reported
that blood to skin recirculation of CD4" memory T cells is
associated with cutaneous and systemic inflammation.’®
Specifically, circulating CCR6+ CD4" memory T cells
showed positive correlation with serum C reactive protein
(CRP) as a marker of systemic inflammation.”® Moreover,
skin-homing T cells often express the cutaneous lymphocyte-
associated-antigen (CLA).”*® CLA is expressed mainly on
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CCR6 + T cells and on CCR6+ CXCR3+ T cells but is also
expressed on CCR6- CXCR3 + T cells.”® Recently, a new
population of CD4" T cells, peripheral helper T (Tph) cells,
was identified.®” Tph cells are divided into three groups based
on their expression of CCR6 and CXCR3: CCR6- CXCR3 +
Tphl cells, CCR6- CXCR3- Tph2 cells, and CCR6 + CXCR3-
Tph17 cells.”® Another paper reported that the frequency and
activation status of circulating CCR6 + CXCR3- Tphl7 cells
were elevated in patients with psoriasis vulgaris than in
healthy controls and that the frequency positively correlated
with disease severity.”

CCL20-CCRé Axis in PsA

In contrast to psoriasis vulgaris, much less is known about
the role of the CCL20-CCR6 axis in PsA because of the
inaccessibility of affected human joints for routine biopsy
and a lack of a murine model which reflects most of the
features of human PsA. Hirota et al. reported that anti-
CCL20 antibodies blocked development of murine joint
injury in their rheumatoid arthritis-focused, collagen-
induced arthritis model.””> Our data, however, suggested
that the role of CCR6 in the joint in experimental models of
joint injury can vary, depending on the experimental setting.
In C57/BL6 mice with PsD and concomitant joint injury
through use of systemic IL-23 production using an IL-23
mini-circle DNA mode, CCR6-deficient mice had expected
reduction of skin disease but joint disease, albeit, mild was
unaffected.’”” In more autoimmune prone strains such as the
B10.RIII strain in which both skin and joint involvement
was substantially more severe than in C56/BL6 mice using
the IL-23 mini-circle model, we were able to block both
skin and joint inflammation in prevention and therapeutic
settings using a novel CCR6 antagonist called CCL20
locked dimer (see Part III of this review).’* Interestingly,
the entheses of B10.RIII mice treated with IL-23 minicircle
expressed high levels of CCL20, raising the possibility that
the enthesitis that characterizes PsA may be driven in part
by this chemokine.

Clinically, there is evidence that the CCL20-CCR6 axis
may be involved in PsA in humans. In PsA patients, CCR6
expression was reported to be enriched on T cells’” and
ILC37° from synovial fluid (SF) of PsA patients. A high
proportion of synovial IL-17A-expessing CD8" T cells in
the SF of these patients also co-express CCR6. This ex-
pression of CCR6, however, is not restricted to the IL-
17A + population.”” An in vitro T cell migration assay
revealed that CD4" and CD8" T cells migrating toward SF
contained a lower percentage of CCR6 + cells and increased
percentage of CXCR3 + cells.®® A limited number of human
PsA clinical studies further reported that expression of
CCL20 in synovial tissue and CCL20 in SF strongly cor-
related with disease activity such as CRP levels,”’ and
CCL20 was among 1 of 9 genes with concordant expression
in SF cells and peripheral blood cells from PsA patients

compared to osteoarthritis (OA) and psoriasis patients.”*We
recently reported that CCL20 (vs. more than 12 other
chemokines) was expressed at higher levels in the joints of
PsA patients compared to normal controls and patients with
osteoarthritis.”* Moreover, conditioned medium from
cytokine-stimulated human tenocytes was able to stimulate
chemotaxis of CCR6-expressing T cells.””

Part 3: CCL20-CCRé6 Axis as a Therapeutic
Target for Psoriasis and PsA

Targeting the CCR6/CCL20 Axis in Psoriasis

Over the past decade, preclinical studies carried out in
animal models of psoriasis involving agents targeting
CCL20-CCR6 axis have yielded promising results. In a
mouse psoriasis model generated by intradermal IL-23
injection, local treatment with an anti-CCL20 antibody
significantly reduced epidermal thickness, infiltration of
CCR6+ yo-low T cells and transcripts of IL-22 in the ear
skin.®> Humanized anti-CCR6 antibodies efficiently im-
proved imiquimod (IMQ)-induced PsD in human CCR6-
transgenic/mouse Cer6-deficient mice.”” Notably, the effect
of anti-CCR6 antibodies was superior to that observed with
the anti—IL-17 treatment at the same dose regime regarding
the skin thickness and infiltration of IL-17A-producing
T cells.

Recently, several small molecule antagonists of CCR6
have been developed and tested in preclinical studies. A
potent and specific small molecule antagonist of the CCR6
chemokine receptor, CCX2553, was effective in reducing
multiple aspects of psoriatic inflammation in two different
murine models of the disease.®® Subcutaneous administration
of CCX2553 ameliorated skin inflammation in both the IL-
23—induced ear swelling and the topical IMQ models, with
significant reduction of the number of IL-17-secreting yo
T cells in inflamed skin. The anti-inflammatory effects of
CCX2553 in the IMQ model were comparable to those of
anti-IL-17RA treatment. Similarly, oral administration of
CCX9664, a potent CCR6 antagonist, reduced skin in-
flammation in both psoriasis model generated by intradermal
injection of IL-23 or topical application of IMQ.*' Subcu-
taneous administration of CCX624, a dual CCR6 CXCR2
antagonist,* significantly alleviated IL-36a-induced murine
psoriasiform inflammation accompanied by reduced accu-
mulation of CD4" T cells, neutrophils, and inflammatory
DCs. Its anti-psoriatic effects were better than those of an
anti-IL-17RA monoclonal antibody (mAb) in reducing ear
thickness and infiltration of CD4 T cells.

As anovel approach to blocking the CCL20-CCR6 axis,
we engineered the monomeric wild-type CCL20 sequence
with a single amino acid change such that the resulting
expressed protein adopts a locked (via a disulfide bridge)
dimeric structure that is nearly identical to spontaneous
dimers of CCL20 that occur in nature at high
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Figure 3. CCL20LD attenuates IL-23-mediated dermatitis, joint inflammation and enthesitis in a therapeutic manner. (A) Schematic
illustration of experimental protocals.B | 0.RIll mice were treated with PBS vehicle or CCL20LD (100 pg) for 7 consecutive days beginning at
day 7 after MC delivery. (B) Representative photographs of ear (upper panel), hind paws (middle panel) and H&E images showing enthesis

(lower panel) at day 14. Scale bar = 100 um.

concentrations.*® The resulting dimeric molecule, called
CCL20 locked dimer (CCL20LD), binds CCR6 with
physiologic affinity but blocks the chemotactic activity of
wild-type CCL20 and was able to ameliorate PsD in the IL-
23 intradermal injection mouse model. Together, these
preclinical data suggest the CCL20-CCR6 axis as a
promising target for therapeutic intervention in human
psoriasis.

In addition to psoriasis, emerging data also suggest that
CCL20-CCR6 signaling is involved in the pathology of other
inflammatory rheumatic diseases such as rheumatoid arthritis
(RA).** Specific blockade, however, of CCL20 or CCR6 has
only been evaluated so far in one murine model of RA using a
mAD against CCR6.7? In that investigation, CD4 " T cells from

SKG mice were transferred into syngeneic severe combined
immunodeficiency mice and administered a blocking mAb
against CCR6. Compared with a control mAb model, the mice
had significantly reduced severity of arthritis, and migration of
Th17 cells to the joint was impeded.

Targeting the CCR6/CCL20 Axis in PsA

In contrast to cutaneous psoriasis and RA, far less is known
about the role of CCR6 in PsA due to the inaccessibility of
affected human joints to routine biopsy and a lack of a murine
model of PsA that fully reflects features of human PsA. Using
an IL-23 minicircle DNA (MC)-based murine model with
concurrent features of psoriasis-like skin and joint injuries,
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we recently demonstrated that CCL20LD reduces not only
IL-23-mediated skin inflammation but also attenuates joint
inflammation.”* When treated with preventative adminis-
tration of CCL20LD, paw inflammation was significantly
blocked as evidenced by a 60% reduction in arthritis inci-
dence and a 95% reduction in severity. In a therapeutic model
(Figure 3A), where treatment was started on day 7 following
IL-23 MC injection (when animals had evidence of joint
inflammation), mice receiving CCL20LD had substantially
reduced clinical signs of skin and joint inflammation
(Figure 3B), histologically less pannus formation and de-
struction of articular surfaces, and decreased levels of
proinflammatory markers including IL-17, IL-1p and IL-6 at
the molecular level.”* The improvement of joint disease by
CCL20LD was associated with a dampened inflammatory
response in the entheses, an essential site of inflammation in
PsA represented by the connective tissue linking tendons and
ligaments with bones.** In the IL-23 MC model, we found
that CD45 negative cells exhibited higher CCL20 gene
expression and that healthy human tenocytes were able to
produce CCL20 in response to activation with IL-1p. These
results suggest that tenocytes are likely to be the major source
of CCL20 in entheses.

Therapeutical targeting the CCR6-CCL20 axis may have
a number of advantages. By specifically targeting this axis
which is key in psoriatic inflammation, but not in other
conditions such as atopic dermatitis, the higher specificity
may result in less broad immunosuppression and, hence,
decreased risk for infection. Second, despite the success of
monoclonal antibodies that have been developed against
TNEF, IL-17A, and IL-23, all of these agents are subject to
host anti-drug antibodies which can lead to diminished
effectiveness and neutralization of these agents over time.®”
The nearly identical sequence of the locked CCL20 dimer
compared to monomeric CCL20 may dramatically reduce
the occurrence of anti-drug antibodies.

Despite much progress obtained in animal models, to our
knowledge, no clinical trial results involving any CCL20-
CCR6 blockade in relation to psoriasis have been pub-
lished. GSK3050002, a humanized IgGlk antibody with
high binding affinity to human CCL20, was administered
intravenously in a first-in-human study to evaluate its
safety.®® This agent was well tolerated in healthy male
volunteers, and there were no deaths, serious adverse events
or withdrawals due to adverse events. An experimental skin
suction blister model in this study further showed that
administration of GSK3050002 resulted in a dose-
dependent reduction in the percentage of CCR6 + T-cells
that were recruited into the skin blisters.

In summary, specific targeting of either the CCR6 receptor
or the CCL20 chemokine ligand may be a useful strategy for
treating psoriasis, PsA, RA, and, potentially, other Th17-
mediated autoimmune diseases. Further clinical trials are
required to determine its true therapeutic value in human
patients.
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