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A key challenge in psoriasis therapy is the tendency for lesions to recur in previ-
ously affected anatomical locations after treatment discontinuation following
lesion resolution. Available evidence supports the concept of a localized immuno-
logical ‘memory’ that persists in resolved skin after complete disappearance of
visible inflammation, as well as the role of a specific subpopulation of T cells
characterized by the dermotropic CCR4" phenotype and forming a local memory.
Increasing knowledge of the interleukin (IL)-23/T helper 17 (Th17) cell path-
way in psoriasis immunopathology is pointing away from the historical classifica-
tion of psoriasis as primarily a Thl-type disease. Research undertaken from the
1990s to the mid-2000s provided evidence for the existence of a large popula-
tion of CD8" and CD4" tissue-resident memory T cells in resolved skin, which
can initiate and perpetuate immune responses of psoriasis in the absence of T-
cell recruitment from the blood. Dendritic cells (DCs) are antigen-presenting cells
that contribute to psoriasis pathology via the secretion of IL-23, the upstream
regulator of Th17 cells, while plasmacytoid DCs are involved via IL-36 signalling
and type I interferon activation. Overall, the evidence discussed in this review
indicates that IL-23-driven/IL-17-producing T cells play a critical role in psoriasis
pathology and recurrence, making these cytokines logical therapeutic targets. The
review also explains the clinical efficacy of IL-17 and IL-23 receptor blockers in
the treatment of psoriasis.

Plaque-type psoriasis is a chronic inflammatory skin disease
characterized by thickened red plaques and silvery lamellar
scales predominantly on the scalp, trunk and extensor sur-
faces.' The prevalence is about 2-3% in Western countries.”’
An increased understanding of the immune mechanisms
underlying plaque formation has driven recent advances in
psoriasis treatment.” ® However, an intriguing characteristic of
psoriasis is the tendency of lesions to recur in the same
anatomical locations after therapy is discontinued following
plaque resolution.

Available evidence supports the concept of a local immuno-
logical ‘memory’ in resolved sites after disappearance of visi-

ble inflammation.” This review provides a historical narrative
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of the immunopathology of psoriasis lesion recurrence,
including insights from emerging data on the molecular and
cellular basis of disease memory in resolved psoriatic plaques.

Role of T cells in psoriasis immunopathology

The involvement of T cells in psoriasis was already demon-
strated in 1986, when a study published by Fry and colleagues
demonstrated clearance of psoriasis following administration

. .8 .. .
of low-dose ciclosporin.® However, psoriasis was previously

considered a primarily keratinocyte-driven disease for decades,

until approaches involving anti-CD3 and anti-CD4 monoclonal

9,10

antibodies  specifically targeting T cells produced a
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paradigm shift in our understanding of its immunopathology.
In 1995, a landmark study by Gottieb et al.'' demonstrated
psoriatic plaque reduction after the targeted depletion of acti-
vated interleukin (IL)-2 receptor (R)-expressing T cells by
treatment with a fusion protein composed of IL-2 and diph-
theria toxin. Although the observed mean reduction of 32% in
Psoriasis Area and Severity Index (PASI 32) is low by present-
day therapeutic standards, it was considerable at the time. This
research suggested the primary role of T cells in psoriasis
pathogenesis, and was further supported by studies identifying
large numbers of activated CD4" and CD8" T cells in the skin
lesions and peripheral blood of patients with psoriasis.'”"?
Xenograft studies on an immunosuppressed AGR129 mouse
model demonstrated that T-cell proliferation and migration
into the epidermis precedes the onset of psoriasis and is essen-
tial for disease development. Therefore, accumulating epider-
mal T cells are now seen as effectors in psoriasis pathogenesis
rather than triggers.'* Such T cells show oligoclonal expansion
in psoriatic skin,'*'® particularly in the epidermis,'” indicat-
ing the potential for a common (epidermal) antigen for
autoimmune T cells in psoriasis.

In the 1990s, characterization of the cells and cytokines
involved in psoriasis pathogenesis demonstrated overexpres-
sion of the T helper (Th)l cytokines interferon gamma
(IFN-y), tumour necrosis factor alpha (TNF-o) and inter-

o s 18,19
leukins in psoriatic lesions,

and led to the description of
psoriasis as a Thl-type disease. However, when IL-17-
producing CD4" T cells (Th17 cells) were isolated from psori-
atic plaques, focus shifted towards a novel T-cell subset.”’ **
In 2014-2015, specific T-cell responses against the autoanti-
gen keratin 17, the cathelicidin antimicrobial peptide LL-37
and the melanocyte antigen ADAMTSLS were identified in
patients with psoriasis, supporting the hypothesis of plaque-
type psoriasis as a T-cell mediated autoimmune disease.”®”’
Moreover, epidermal CD8" T cells, which express the Th17
cytokines IL-17 and IL-22, were shown to play an essential
role in the pathogenesis of psoriasis.zg'29 In fact, IL-17 and
IL-22 represent key disease mediators, linking the adaptive
immune response and epithelial dysregulation in psoriasis by
inducing keratinocyte hyperproliferation via Th17 and LL-37
upregulation from activated keratinocytes.>°

Whereas Thl cell development is driven by IL-12, develop-
ment and maintenance of Th17 cells is linked to IL-23. IL-12
is composed of a p35 and a p40 subunit, while IL-23 is com-
posed of a p19 and a p40 subunit. Both cytokines therefore
share the p40 subunit, and a therapeutic agent targeting the
p40 subunit (ustekinumab) has shown clinical efficacy in
In 2009, McGeachy et a. demon-

strated that IL-23 was required for in vivo Th17 cell differentia-

patients with psoriasis.*'

tion in autoimmunity, inflammation and infection, thus
indicating a more central role for IL-23 in Th17 function than
previously thought*? nterference with correct Th17 cell
development inhibits psoriasis plaque formation, as shown in
a psoriasis xenograft mouse model where antibodies directed
against IL-21, a key cytokine in Th17 early development, had
therapeutic effects.’®> In 2010, a study showed that specific

British Journal of Dermatology (2022) 186, pp773-781

IL-23 pl9 inhibition blocked psoriasis development in the
immunosuppressed AGR129 mouse model, suggesting that
IL-23 plays a major role in the pathogenesis of psoriasis.>*
The relevance of the IL-23/Th17 pathway has been further
supported by genome-wide association studies.***® IL-23
appears to be critical in promoting the differentiation of
pathogenic tissue-resident memory (TRM) T cells; this patho-
genic subset of TRM cells has an important role in autoim-
skin.’’  This TRM cell
differentiation via serum glucocorticoid-regulated kinase-1

induction of FOXO1 deactivation then leads to further IL-23R
8

mune inflammation in human

expression.3
In summary, the 1L-23/Th17 axis has a central role in the
pathogenesis of psoriasis.®” (Figure 1), as well as in psoriatic

arthritis and other spondyloarthritides.*’

Dendritic cells and mononuclear phagocytes in
psoriasis immunopathology

Dendritic cells (DCs) are antigen-presenting cells that can be
recruited from the circulation to modulate local immune
responses at sites of skin inflammation or infection;*' Langer-
hans cells (LCs) are specialized DCs residing in the epidermal
layer of the skin.***® Martini et al.** demonstrated differences
in the phenotypic and functional properties of epidermal DCs
(eDCs) and epidermal-resident LCs in psoriasis where eDCs,
which occurred only in psoriasis, were phenotypically differ-
ent from normal DCs and were completely absent in resolved
psoriasis. They also found that eDCs highly expressed genes
involved in neutrophil recruitment and keratinocyte and T-cell
Additionally,
responded to Toll-like receptor (TLR) activation with increased
IL-23 production, eDCs produced IL-23 together with IL-18
and TNF-o. This finding is further supported by a recent

activation. while  epidermal-resident LCs

single-cell RNA sequencing study of all DC subsets, which
found that CD14" DCs increased in lesional skin and copro-
duced IL-1B and 11-23A.*°

Nakajima et al.*® used a transgenic mouse model of psoriasis
in which Stat3 is constitutively activated in keratinocytes to
investigate whether LCs are involved in the pathogenesis of pso-
riasis lesions. Compared with non-transgenic mice, the K5.Stat3C
mice showed an increased number of LCs in skin-draining
lymph nodes that preceded development of psoriasis-like lesions.
Notably, psoriasis-like lesions were attenuated when LCs were
depleted, suggesting a critical role for LCs in the pathogenesis of
psoriasis. Additionally, LCs in the lesions of both K5.Stat3C mice
and patients with psoriasis produced IL-23, which in turn
induces IL-17-producing Th17 cell differentiation.

Plasmacytoid DCs (pDCs) are a unique, rare subset of DCs
that are capable of secreting large amounts of type I IFNs.*’
During infection, pDCs are activated through TLR7 and TLR9
by viruses that enter the cells. Besides their critical role in
antiviral immunity, type I IFNs are also implicated in numer-
ous autoimmune diseases, as they link innate and adaptive
immunity. Under physiological conditions, skin injury induces
transient expression of antimicrobial peptides, which can bind

© 2021 The Authors. British Journal of Dermatology

published by John Wiley & Sons Ltd on behalf of British Association of Dermatologists.



1. Keratinocyte damage q _

00000000000 EGaggn £
L ﬂ[ﬂ'ﬂlﬂﬂlﬂm
eDCs

TNF- ™
IL-17A/F /

/warar /
/ . 1L-22 / |
L3 . |
7 |
TNF-

/ ‘e

123 >

TNF-a

2.Th17
cell activation

Figure 1 Current model of psoriasis immunopathology *°?**

/ S
mwﬁu S OOOOP#IA
%%%%ﬁ NonnunonpEang gﬁ@%mmm@m@ﬁu Uﬂq@

12 -
Th1 cell influx into skin

The biological basis of disease recurrence, L. Puig et al. 775

" IL-17 overproduction

) Seseal %

(o) (@
3. Keratinocyte hyperproliferation: N O,‘ N
psoriatic plaque ol ILATAF \\
a7 T n00R000Gg
Lty euuaniinoggy, /
e 10007 noonile ' /
000000/ 0ananananay \ ”@WEM S
/ Keratinocyte /
p secretion of 2 pd
IL-6, IL-16, TNF-q Tht —
/ CCL20, CXCLS, ) IL-17 positive feedback loop
/ CXCL8-10
/ LL-37
4. Feedforward
TNF-a D inflammatory CCL20 from keratinocytes
_ response promotes recruitment of

CCR6" DCs and Th17 cells

(1) Activation of plasmacytoid dendritic cells (pDCs) and interleukin (IL)-23-

producing epidermal DCs due to keratinocyte damage. (2) T helper (Th)17 cell polarization and clonal expansion is triggered. T-cell activation leads

to production of proinflammatory cytokines. IL-23 promotes Th17 cell clonal expansion and differentiation. (3) IL-17 +/~ tumour necrosis factor

alpha (TNF-o) induces further inflammation with terminal keratinocyte differentiation and proliferation — forming a psoriatic plaque. (4) A

feedforward inflammatory response is induced, with IL-17 inducing psoriasis-related gene expression in keratinocytes, driving further inflammation.

eDCs, epidermal DCs; IFN, interferon; LC, Langerhans cell; LL-37, cathelicidin antimicrobial peptide; TRM, tissue-resident memory cell.

and transport microbial and self nucleic acids into pDCs,
enabling their activation. In psoriasis, antimicrobial peptides
are overexpressed, thereby leading to prolonged pDC activa-
tion and excessive type I IFN production. Type I IEN then
triggers chronic activation of dermal DCs, which produce TNF
and IL-23, which in turn drive the pathogenic Th17 response.
Thus, the type I IFN-driven pathway, which is dominant in
early acute psoriasis, is relayed by TNF-IL-23-Thl7-driven
inflammation mediated by T cells in chronic plaque psoriasis.
Interestingly, IL-17 and IL-22 induce the expression of antimi-
crobial peptides in keratinocytes, leading to a self-sustained
feedback loop and chronification of the disease. Moreover,
pDCs have been identified as a mediator of cytokine IL-36
activity and are implicated in the IL-36/TLR9 pathway, which
upregulates systemic type I IFN activation in psoriasis.48

Mehta et al.*” analysed mononuclear phagocytes and T cells
of skin from patients before and during treatment with
guselkumab or secukinumab using high-dimensional unsuper-
vised flow cytometry. Among the assessed phagocytes they
found that CD64”#"CD163 CD14"*#"CD1c¢ CD1a” inflamma-
tory monocyte-like cells were the predominant source of
IL-23 and that these cells, together with CD64 CD163"
CD14 IL-23p19 TNF-o" inflammatory ~dendritic-like cells,
were increased in lesional vs. non-lesional skin from the same
patient. With regard to drug effects, they reported that neither
drug modified the frequencies of IL-17A'IL-17F"/CD4" or
CD8" T cells but found that the IL-23 antagonist guselkumab
reduced memory T cells while maintaining regulatory T cells
(Tregs), whereas the opposite effect was observed with the
IL-17 antagonist secukinumab.

The Koebner phenomenon refers to the occurrence of psori-
atic lesions in a previously unaffected area following another

© 2021 The Authors. British Journal of Dermatology

type of skin injury to the area. Epidermal trauma induces
expression of antimicrobial peptides in the skin and drives the
pathogenic immune response as described above. In addition,
induction of scratch injury on keratinocytes showed upregu-
lated mRNA expression and protein secretion of CCL20 and
CXCL8, suggesting another potential mechanism for its induc-
tion.*® Another hypothesis is mechanical stretch-induced ade-
nosine triphosphate release from keratinocytes, which can
trigger the Koebner phenomenon in psoriasis.”’ A number of
inflammatory mediators, including IL-6, IL-8, IL-17 and
IL-367, as well as changes in the ratio of CD4"/CD8" T cells,
have also previously been reported to play a role in the induc-

tion of the Koebner phenomenon.®”

Tissue-resident memory T cells and psoriasis
immunopathology

A detailed review on the pathophysiology of TRM cells was
recently published;*®> here we focus on specific aspects of
TRM cells as they relate to psoriasis. In the 1990s, pub-
lished evidence supported the concept of a role for skin-
homing T cells in the pathogenesis of inflammatory skin
disease, by trafficking from the blood into lesional skin via
e in 2002
reported that an anti-E-selectin monoclonal

the vascular addressin E-selectin.
Bhushan et al.””
antibody (CDP850) was ineffective in treating chronic pla-

However,

que psoriasis, and suggested the alternative hypothesis that
skin-resident T cells are critical for psoriasis development.
Subsequently, supporting evidence from the immunodeficient
AGR129 mouse model showed that skin-resident T cells in
human skin grafts undergo local proliferation and infiltration

of the host dermis and epidermis.’® The T-cell infiltrate
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triggered an inflammatory cascade and expression of a psori-
atic phenotype in the host. The cytokine TNF-o0 was shown
to be a key regulator of local T-cell proliferation and disease
development.

In 2006, a key study showed that there are 2 x 10'° T
cells (predominantly Thl memory effector cells) in healthy
human skin (dermis and epidermis), nearly twice as many as
those circulating in the blood.*” These results suggested the
existence of a large pool of TRM cells in healthy skin that can
initiate and perpetuate immune responses in the absence of T-
cell recruitment from the blood.

TRM cells residing in epithelial barrier tissues in the gas-
trointestinal, respiratory and reproductive tracts, and skin, pro-
vide a rapid adaptive defence against pathogens.®® The most
notable biological characteristics of TRM cells are their longev-
ity and low migration rates away from their resident tissue.®
TRM cells can be divided into CD8" and CD4" subsets. CD8"
TRM cells are localized in the epidermis where they play a
critical role in immune responses; CD4" TRM cells are less
well characterized and potentially play a critical role in protec-
tive immunity against bacterial and fungal infections in the
skin.®>®" The majority of CD8" TRM cells express the cell
marker CD103 (also known as integrin alpha-E), which is
implicated in lodging TRM cells in the epidermis®™®® via
binding of the T cells to E-cadherin, a highly expressed
epithelial protein.®*

In 2017, Cheuk et al.®® differentiated CD49"CD8" TRM cells
from CD49 CD8" TRM cells. CD49" TRM cells are character-
ized by IFN-y production and rapidly gain a cytotoxic capacity
following IL-15 stimulation, whereas CD49~ TRM cells pro-
duce IL-17. The functional dichotomy between CD49" and
CD49~ TRM cells was evident in a comparison of TRM cell
characteristics in two distinct immune-mediated skin diseases.
In vitiligo skin, where melanocytes are locally eradicated by
cytotoxic activity, skin biopsy specimens showed a predomi-
nance of cytotoxic CD49" TRM cells, compared with skin
biopsy specimens from psoriatic lesions, which contained pre-
dominantly IL-17-producing CD49~ TRM cells. In summary,
the data from this study showed that CD49 expression delin-
eated CD8" TRM cell specialization in human skin.

Recently, Vo et d. reported that CD8" TRM cells were
enriched in both psoriatic lesional and non-lesional skin com-
pared with normal skin. Furthermore, the percentage ratio of
IL-17A-producing cells to IFN-y-producing cells in the whole
CD8 fraction correlated with disease duration.®®

Casciano et al. identified an increased population of circulat-
ing CD8" central memory T (TCM) cells with a CCR4'CXCR3"
phenotype in isolated peripheral blood mononuclear cells
from patients with psoriasis compared with healthy controls.
This implicates the skin as a key trafficking site for TCM cells,
where antigen encounter may occur and, under appropriate
conditions, may lead to the generation of non-circulating
TRM cells. The authors suggest that CCR4 CXCR3" T cells
could represent a key population of TCM cells that play a role
in disease recurrence or redistribution to distant sites such as

- o 67
joint synovial tissues and entheses.
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Role of residual disease ‘memory’ in psoriatic
lesion recurrence

Effective treatment of psoriasis returns lesional skin to an
apparently normal state, with a lack of clinically visible
inflammation, normalized epidermal thickness, and reductions
in inflammatory cellular infiltrates and disease-associated gene

22,68
expression.

However, once therapy is discontinued, psori-
atic skin lesions tend to recur at previously affected sites,” sug-
gesting that residual disease may persist at the site of
apparently healed lesions, predisposing individuals to recur-

rence in the same locations.

Molecular scarring

The concept of a residual disease gene expression profile in pso-
riasis was first proposed in 2011 by Sudrez-Farifias et al.*” in a
landmark study of 20 patients with psoriasis who were treated
with the TNF inhibitor etanercept. In post-treatment biopsy
specimens, epidermal thickness improved by 92%, Ki67 stain-
ing (a general marker of cellular proliferation) improved by
119%, and all samples were negative for keratin 16 (a marker of
keratinocyte hyperproliferation). However, a subset of 248
genes did not return to normal levels, including those coding
for proinflammatory molecules IL-12, IFN-induced guanosine
triphosphate-binding protein Mx1 (MX1), IL-22, IL-17 and
IFN-v, and genes encoding cutaneous structural or regulatory
components such as lymphatic vessel endothelial hyaluronic
acid receptor-1, Wnt-5a, Ras-related protein Rab-31 and
aquaporin-9. Taken together, these findings suggested the con-
cept of a ‘molecular scar’ within the epidermis of healed lesions.

In 2014, Cheuk et al.”° reported a detailed analysis of gene
expression and cytokine production in T cells within the epi-
dermis and dermis of resolved psoriasis lesions after successful
treatment with three different therapies: narrowband ultravio-
let B, the IL-12/23 inhibitor ustekinumab and the TNF-o
inhibitor infliximab. A population of epidermal CD8" T cells
expressing CLA, CCR6, CD103 and IL-23R was highly
enriched in resolved psoriasis lesions, where those expressing
CD103 responded to ex vivo stimulation with IL-17 production.
The presence of these CD49a-expressing epidermal CD8" cells
suggested a stable, resting population of TRM cells in resolved
psoriasis lesions, where they retain the ability to produce IL-
17. The authors proposed a model in which, following the
appropriate trigger in resolved lesions, skin-residing CD4" T
cells would drive keratinocyte pathology through IL-22 pro-
duction, and CD8" T cells would drive recurrent local inflam-
mation by recruiting circulating leucocytes through IL-17A
production.”®

Matos et al.”" hypothesized in 2017 that skin-resident T cells
in resolved psoriatic lesions are derived from expanded clonal
or oligoclonal populations of the original IL-17-producing
pathogenic T cells that mediated the disease. Using both high-
throughput screening of T-cell receptor (TCR) CDR3 regions
(antigen recognition domains) and immunostaining to evalu-
ate the clonality and cytokine production of T cells in resolved

© 2021 The Authors. British Journal of Dermatology
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lesions, clinically resolved psoriatic lesions were found to con-
tain oligoclonal populations of IL-17-producing aff T cells. A
total of four TCRa and 15 TCRP antigen receptor sequences
were found to be shared between patients with psoriasis and
were not observed in healthy controls or other inflammatory
skin conditions.

Additional evidence for the role of IL-17 expression in
lesional memory came from a 2018 study by Gallais Sérézal
et al.”” using transcriptomic analyses to explore whether T cells
had different gene expression patterns in psoriatic skin com-
pared with healthy skin. Skin explants treated with the pan-T-
cell activating antibody OKT-3 responded with IFN-y-induced
pathways regardless of the inflammatory status of the skin,
whereas IL-17-induced pathways were preferentially activated
in psoriatic skin and persisted in the epidermis of resolved
lesions. As with healed skin, never-lesional skin explants from
patients with psoriasis contained resident CD8" T cells with
the potential to produce IL-22, IL-17 and IFN-y.””

The gene expression studies discussed above are subject to a
number of important limitations. For example, the use of speci-
fic cut-offs to define what constitutes increased gene expression
or clinical response is arbitrary, and results may vary substan-
tially if different cut-offs are employed. Moreover, the results
reflect gene expression only at the time of biopsy, meaning the
timing of the biopsy in relation to the start of treatment may
also substantially influence results. Nonetheless, with these lim-
itations in mind, the evidence from these studies overall does
suggest that pathogenic TRM cells can create a proinflammatory
environment in the skin of patients with psoriasis, and could
be responsible for local disease relapse by priming tissue
response, driven by IL-22 and IL-17A production by skin-
resident CD4" and CD8" T cells, respectively.”®”* As previously
mentioned, CD103" CD8 TRM cells are enriched in both
lesional and non-lesional disease-nalve skin, and increase
IL-17A-generating potential with disease duration.®® A current
model for disease recurrence in psoriasis is shown in Figure 2.

More recently, a number of RNA transcriptomics analyses
have provided further insights into the molecular basis of pso-
riasis pathophysiology. A recent paper reported the re-
emergence of developmental gene programmes by vascular
endothelial cells and macrophages in psoriasis pathophysiol-
ogy, similar to what has been observed in carcinogenesis and

metastasis of tumours.”?

Other studies have reported alter-
ations in T-cell expression of inflammatory markers such as
ratios of IL-17A vs. IL-17F expression, IFN-y vs. IL-10 expres-
sion and disease severity-dependent expression of the chemo-

kine CXCL13.”*7°

Impact of interleukin-17 and interleukin-23
antagonists on tissue-resident memory T cells

A number of IL-17 and IL-23 inhibitors have demonstrated
efficacy, and are currently approved, in the treatment of psori-

76-78

asis, underscoring the critical role of IL-17/IL-23 in pso-

L. . 30 .. .
riasis pathogenesis.”” Moreover, several clinical studies have

shown that clinical response has been maintained with IL-23

© 2021 The Authors. British Journal of Dermatology
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antagonists following treatment discontinuation. In the VOY-
AGE 2 Phase III trial, the median time to loss of PASI 90
response after withdrawal from the IL-23 inhibitor guselku-
mab was 23 weeks.”” In a pooled analysis of data from the
UNCOVER-1 and UNCOVER-2 Phase III trials, the median
time to relapse after withdrawal from IL-17A inhibitor ixek-
izumab was approximately 20 weeks.®*® The maintenance of
response with these agents was greater than might be antici-
pated based on their elimination half-lives of approximately
18 days81 and 13 days82 for guselkumab and ixekizumab,
respectively. Similar results have been reported in randomized
withdrawal studies of risankizumab and other IL-17/IL-23
antagonists. For the IL-23A inhibitor risankizumab, a median
time of 30 weeks from withdrawal of treatment until loss of
PASI 90 response was reported.83 For the IL-23 inhibitor til-
of PASI 90
response was 16 and 20 weeks for patients withdrawing from
a 100-mg and 200-mg dose, respectively.** For the IL-17A/F
inhibitor bimekizumab, the median time to loss of PASI 90

drakizumab, the median time wuntil loss

response was approximately 20 weeks after the final dose.®® A
somewhat shorter time to loss of response was reported for
the anti-IL-17A receptor antibody brodalumab, with loss of
response for static Physician’s Global Assessment (score of >3)
occurring after a median of 11 weeks.*®

A subanalysis of lesional biopsy specimens taken from
patients treated with guselkumab and secukinumab in the
ECLIPSE study®’
populations over 24 weeks of the respective treatments.*” The
frequencies of both CD4" and CD8" TRM cells decreased in
psoriatic lesions of both treatment groups from baseline up to
week 24, while the frequency of CD8" TRM cells decreased
significantly with guselkumab, but not with secukinumab.

described the frequencies of immune cell

Conversely, secukinumab treatment decreased the frequency of
Tregs, whereas the frequency of Tregs was maintained in
biopsies of patients receiving guselkumab.*” The authors
hypothesize that the increased Treg/CD8" TRM ratio may be
related to the superior long-term control of skin inflammation
with guselkumab observed in the ECLIPSE study. However,
further studies with larger numbers of samples are needed to
confirm these preliminary findings.

Mashiko et al.*® investigated potential mechanisms involved
in psoriasis plaque persistence (existence of residual plaques
despite ongoing treatment) by comparing patients with psori-
asis treated with adalimumab, ustekinumab and secukinumab
with a group of untreated patients. A cytokine signature analy-
sis showed that TNF, IL-23, IL-17 and IFN-1 were elevated in
lesional vs. non-lesional skin in all patient groups. T-cell sub-
sets and their cytokine production were also investigated. Cells
were stained with CD103 (a TRM cell marker) and CD161 (an
IL-17-producing T-cell marker). Percentages of CD103" and
CD103™ cells were similar across groups, as were those of
IL-17-producing cells. Epidermal CD103" T cells showed no
changes in cytokine staining, while dermal CD161°CD103™ T
cells and CD161"CD103™ Th17 cells showed decreased IL-17A
production in treated plaques, although not significantly in all
groups. Overall, their results suggest that aside from subtle
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Resolved psoriasis following treatment
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Figure 2 Current model of disease recurrence in resolved psoriatic lesions '*® In resolved lesions, CD4" tissue-resident memory cells (TRMs)

remain in the dermis, and CD8" TRMs and epidermal Langerhans cells (eLCs) remain in the epidermis. Upon the disease trigger, eLCs and TRMs

actively produce proinflammatory cytokines [interleukin (IL)-23, IL-17A and IL-22] that induce keratinocyte hyperproliferation and recurrent

disease.
differences in drug-treated plaques, underlying biological
mechanisms are similar to those present in untreated lesions.*®

Based on preliminary observations and experiences from
immune-mediated

other inflammatory diseases such as

rheumatoid arthritis, Eyerich et al.** hypothesized that patients
with a short disease duration (<2 years) may show a more
rapid and pronounced response to guselkumab treatment.
These patients may also be able to maintain longer drug-free
control of disease after guselkumab withdrawal. This hypothe-
sis is currently a subject of research in the phase III GUIDE
study, which is also investigating whether patients who
demonstrate a rapid and strong initial response to guselkumab
treatment can maintain disease control with less frequent dos-
ing (every 16 weeks instead of every 8 weeks).*

Conclusions and unresolved questions

The current model of psoriasis immunopathogenesis is pre-

sented in Figure 1. Following keratinocyte damage, IL-23
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plays a major role in the activation of Th17; clonal expansion
and differentiation of these cells stimulates the production of
proinflammatory cytokines, leading to keratinocyte hyperpro-
liferation and a feedforward inflammatory response. The
model incorporates an IL-17 positive feedback loop, in which
Th17-derived IL-17 induces overproduction of IL-17 from
psoriatic keratinocytes, which in turn induces Th17 cells to
secrete more 1L-17.7%!

IL-17-producing T cells, epidermal-resident LCs and TRM
cells all play an important role in the pathogenesis of psoriasis
and the recurrence of disease in resolved psoriatic lesions. A
‘residual disease genomic profile’ exists in resolved lesions,
characterized by the elevated expression of proinflammatory
genes, including those encoding IL-12, MX1, IL-22, IL-17 and
IFN-y. IL-17-producing CD8" TRM cells have been found in
clinically resolved lesions, suggesting that TRM cells represent
a nidus of latent inflammation that can predispose to reactiva-
tion of overt inflammation and lesion recurrence. Therefore,
novel treatments for psoriasis that aim at sustained disease
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remission’” should target the depletion of pathogenic CD8"
TRM cells.

The clinical efficacy of IL-23 and IL-17 antagonists in the

treatment of psoriasis underscores the critical role of these

cytokines and their cellular targets in the pathogenesis of this

disease. TRM cells initiate and perpetuate immune responses,

play an important role in lesion recurrence and may be differ-

entially regulated by IL-23 and IL-17 antagonism. Further

studies investigating the effect of approved IL-23 and IL-17

antagonists on lesion recurrence and long-term disease control

are warranted.
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