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ABSTRACT
Objectives S100A9, an alarmin that can form 
calprotectin (CP) heterodimers with S100A8, is mainly 
produced by keratinocytes and innate immune cells. The 
contribution of keratinocyte- derived S100A9 to psoriasis 
(Ps) and psoriatic arthritis (PsA) was evaluated using 
mouse models, and the potential usefulness of S100A9 
as a Ps/PsA biomarker was assessed in patient samples.
Methods Conditional S100A9 mice were crossed with 
DKO* mice, an established psoriasis- like mouse model based 
on inducible epidermal deletion of c- Jun and JunB to achieve 
additional epidermal deletion of S100A9 (TKO* mice). 
Psoriatic skin and joint disease were evaluated in DKO* and 
TKO* by histology, microCT, RNA and proteomic analyses. 
Furthermore, S100A9 expression was analysed in skin, serum 
and synovial fluid samples of patients with Ps and PsA.
Results Compared with DKO* littermates, TKO* mice 
displayed enhanced skin disease severity, PsA incidence 
and neutrophil infiltration. Altered epidermal expression 
of selective pro- inflammatory genes and pathways, 
increased epidermal phosphorylation of STAT3 and 
higher circulating TNFα were observed in TKO* mice. In 
humans, synovial S100A9 levels were higher than the 
respective serum levels. Importantly, patients with PsA 
had significantly higher serum concentrations of S100A9, 
CP, VEGF, IL- 6 and TNFα compared with patients with 
only Ps, but only S100A9 and CP could efficiently 
discriminate healthy individuals, patients with Ps and 
patients with PsA.
Conclusions Keratinocyte- derived S100A9 plays a 
regulatory role in psoriatic skin and joint disease. In humans, 
S100A9/CP is a promising marker that could help in 
identifying patients with Ps at risk of developing PsA.

INTRODUCTION
Psoriatic disease develops from a complex cross- talk 
between proliferating keratinocytes and infiltrating 
immune cells that leads to secretion of various cyto-
kines and chemokines including IL- 17, IL- 21, IL- 22, 
IL- 6, IL- 1β, TNFα and CXCL1/3/5, which initiate 
a pro- inflammatory systemic response.1 In 30% to 
40% of patients with psoriasis (Ps), the disease is 
complicated by psoriatic arthritis (PsA).2 In 75% of 
these cases, skin involvement precedes joint inflam-
mation, usually with a gap of 5–10 years between the 
appearance of psoriatic plaques and the first signs of 
arthritis.2 3 Early PsA diagnosis and intervention are 

critical to avoid joint damage that leads to impaired 
physical function, fatigue, depression and poor quality 
of life.4–6 The most common therapies for psori-
atic disease target several cytokines such as TNFα, 
IL- 12/23- and IL- 17A, with usually better efficacy 
on the skin than on the joint manifestations.7 Little is 
known about the mediators involved in PsA develop-
ment. Therefore, there is unmet need for novel diag-
nostic markers unique to PsA and for identifying the 
molecular determinants of skin–joint crosstalk.6 8

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ S100A9 is an alarmin that forms calprotectin 
(CP) heterodimers with S100A8, which is highly 
expressed in inflammatory skin diseases, such 
as psoriasis (Ps), but how S100A9- expressing 
keratinocytes contribute to Ps, and whether 
these affect psoriatic arthritis (PsA), is still 
unknown.

WHAT THIS STUDY ADDS
 ⇒ First- time investigation of the role of epidermal- 
derived S100A9 in vivo using genetically 
modified mouse models, providing a better 
appreciation of S100A9 complexes in cells, 
tissues and the whole organism.

 ⇒ Demonstration that epidermal- specific 
inactivation of S100A9 increases Ps- like 
severity and PsA incidence, suggesting that 
keratinocyte- derived S100A9 is protective in 
chronic skin and joint inflammation.

 ⇒ Side- by- side evaluation of circulating S100A8, 
S100A9 and CP (S100A8/S100A9) in patients 
with Ps and PsA.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study indicates that targeting S100 
proteins might help treat skin and joint 
inflammation. Testing whether circulating 
S100A9/CP could help in identifying patients 
with Ps at risk of developing PsA in larger and 
appropriately designed studies is crucial to 
improve disease outcomes, prevent disability 
and reduce healthcare and societal costs.
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Genetically engineered mouse models (GEMMs) with inducible 
epidermal deletion of c- Jun and JunB (DKO*) revealed the function 
and/or therapeutic potential of distinct Ps/PsA mediators, such as 
TNFR signalling,9 S100A9,10 VEGF11 and thymic stromal lymph-
opoietin12 as well as microRNAs13 and amygdalin analogues.14 
These DKO* mice present a psoriasis- like inflammatory skin disease 
with articular changes strongly resembling PsA.9 Thus, skin- specific 
genetic interventions can trigger PsA- like disease.

S100A8 and S100A9 are two calcium binding proteins upreg-
ulated in inflammatory conditions that form homodimers or 
S100A8/A9 heterodimers termed calprotectin (CP).10 15–17 
During skin inflammation, the main S100A9 expressing cells 
are keratinocytes, neutrophils and macrophages.18 19 S100A9 
accounts for up to 40% of cytosolic proteins in neutrophils,20 
acts intracellularly by modulating the cytoskeleton, and extracel-
lularly by recruiting other immune cells to inflammation sites and 
upregulating pro- inflammatory cytokines.19 21 CP has important 
anti- microbial properties22 and faecal CP is a validated clinical 
biomarker for gut inflammation.23

We previously reported that global S100A9 inactivation alle-
viated skin and joint inflammation in the DKO* mouse model.10 
How S100A9- expressing keratinocytes contribute to Ps, and 
whether these affect PsA development, is still unknown. Here, 
we crossed a newly generated S100A9 floxed allele into the 
DKO* model to inactivate S100A9 only in epidermal cells. 
We tested whether and how epidermal expression of S100A9 
influences Ps- like and PsA- like disease and whether circulating 
S100A9, S100A8 and CP could be used as markers for PsA.

METHODS
Materials and methods are described in the online supplemental 
file.

RESULTS
Role for epidermal S100A9 in psoriasis-like disease
DKO* mice were crossed with S100A9 floxed mice to generate 
a new GEMM with inducible triple epidermal deletion of 
c- Jun, JunB and S100A9 (TKO*). Deletion of the floxed alleles 
in keratin 5–positive basal epidermal cells of adult DKO* and 
TKO* mice was achieved by intraperitoneal tamoxifen injections 
(online supplemental figure S1A). Ps- like and PsA- like disease 
developed in both DKO* and TKO* mice within 2 weeks after 
the last injection (online supplemental figures S1B and S2A). 
S100A9 deletion in TKO* was first assessed by immunofluores-
cence (figure 1A). Ear sections from DKO*-S100A9−/− mice10 
were used to confirm antibody specificity and JunB immunoflu-
orescence included for comparison. As previously reported,10 12 
JunB expression in DKO* epidermis is patchy, while S100A9 
is readily detectable in all lesional keratinocytes and in dermis- 
infiltrating immune cells. In TKO* mice, S100A9 expression 
appeared similar to that of JunB with a mosaic staining pattern, 
while dermis- infiltrating cells still expressed S100A9 (figure 1A). 
In TKO* mice, S100A9 was expressed in less than 18% of 
lesional epidermis in ears (figure 1B).

Absence of epidermal S100A9 leads to more severe psoriatic 
skin disease
A macroscopic Ps- like classification was established as a func-
tion of ear inflammation/plaques and ventral skin inflammation 
(online supplemental figure S1B). In DKO* mice, the extent of 
weight loss and serum IL- 17A and S100A9 levels correlated with 
skin disease severity (online supplemental figure S1C- E). Impor-
tantly, the skin of TKO* mice was overall more severely affected 

than DKO* (figure 1C), suggesting that keratinocyte- derived 
S100A9 inhibits severe skin inflammation.

While weight loss was similar between the two groups 
(figure 1D), DKO* and TKO* mice with moderate to severe 
skin phenotype had higher circulating S100A8 and S100A9 and 
similar CP (S100A8/A9), when compared with wild- type litter-
mates (figure 1E–G). However, there was no difference between 
the two groups indicating that keratinocytes are not the major 
contributor to serum S100A9- containing dimers (figure 1E–G). 
Psoriasis- associated cytokines IL- 17A, IL- 6 and TNFα were also 
elevated in DKO* and TKO* sera compared with controls, but 
only TNFα was higher in TKO* (figure 1H–J). These data suggest 
that simultaneous inactivation of c- Jun, JunB and S100A9 in 
epithelial cells leads to an increase in Ps- like skin disease severity.

Absence of epidermal S100A9 leads to more severe psoriatic 
arthritis
Next, DKO* and TKO* mice with severe skin phenotype were 
macroscopically scored for signs of nail and entheseal involve-
ment resembling PsA. While macroscopic swelling in the distal 
interphalangeal (DIP) joints appeared comparable between 
DKO* and TKO* (online supplemental figure S2A), a signifi-
cant increase in PsA prevalence was observed in TKO* mice 
(figure 2A). Cartilage degradation was assessed by toluidine blue 
staining in the third DIP joint of the right hind limb. Compared 
with controls, decreased proteoglycan was observed in the artic-
ular region, but the extent of proteoglycan loss was comparable 
between DKO* and TKO* (figure 2B,C). Histological evalua-
tion revealed extensive nail disease (figure 2D), enthesitis in the 
distal phalanx (figure 2E) and bone marrow osteitis in the distal 
phalanx (figure 2F) in both DKO* and TKO* mice. As PsA is 
associated with bone loss, we next quantified bone in the hind 
limbs using radiography and micro- CT (online supplemental 
figure S2B–I). Bone loss was apparent in both DKO* and TKO* 
mice, but not in controls, and was consistent with increased in 
serum IL- 17.24 However, bone loss was not different in DKO* 
and TKO* mice (online supplemental figure S2B–I). Overall, 
these data indicate that keratinocyte- derived S100A9 decreases 
the incidence of PsA in the context of severe Ps- like skin disease, 
but does not affect the severity of PsA once it develops.

Epidermal S100A9 modulates neutrophil recruitment to 
inflammatory sites
Immunofluorescence co- staining of S100A9 and Ly6B, a surface 
marker expressed by neutrophils, inflammatory monocytes and 
some activated macrophages, was performed on whole ear sections 
from WT, DKO* and TKO* mice (figure 3A). Computer- assisted 
quantification was performed after digital removal of autofluores-
cent cartilage areas and neutrophil- rich, but difficult to quantify 
Munro micro- abscesses (online supplemental figure S3A). Ly6B+ 
cells were increased in DKO* skin sections compared with wild- type 
littermates and further significantly increased in TKO* skin sections 
(figure 3B). Around 50% of Ly6B+ cells also expressed S100A9 and 
a similar difference of 2–3 folds in absolute numbers was observed 
between DKO* and TKO* when considering Ly6B/S100A9 double- 
positive cells (figure 3C). Abundant S100A9+Ly6B+ myeloid cells 
were also observed in the inflamed joints of DKO* and TKO* mice 
(figure 3D–F). While synovial neutrophils were similarly increased 
in DKO* and TKO*, S100A9- positive neutrophils were more 
abundant in TKO* than DKO* mice (figure 3E–F). Interestingly, 
both Ly6B- positive and Ly6B/S100A9- double positive cells were 
increased in the bone marrow of TKO* relative to DKO* (online 
supplemental figure S3B–D), pointing to a possible contribution of 
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Figure 1 Characterisation of psoriasis- like mouse model with inducible epidermal deletion of S100A9. (A) Immunofluorescence images of the ear 
skin of mice with inducible dual epidermal deletion of c- Jun and junB (DKO*), inducible triple epidermal deletion of c- Jun, JunB and S100A9 (TKO*) 
and DKO* mice with total deletion of S100A9 (DKO*-S100A9−/−) 23 days after first tamoxifen (TAM) injection (red: S100A9, green: JunB, scale bar=50 
µm). (B) Quantification of S100A9- positive epidermal cells in the ear of DKO*, TKO* and DKO*-S100A9−/− mice (n=4–6). (C) Skin disease severity 
scoring in DKO* and TKO* mice. (D) Weight of control wild- type (WT), DKO* and TKO* with moderate/severe skin phenotype 23 days after first TAM 
injection (n=18–26). (E–J) S100A9 (E), S100A8 (F), calprotectin (G), IL- 17A (H), IL- 6 (I) and TNFα (J) concentrations in the sera of WT, DKO* and TKO* 
mice with moderate- severe psoriasis- like phenotype (n=4–13).
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Figure 2 Psoriatic- arthritic- like (PsA) phenotype in mice with severe psoriasis- like disease. (A) Prevalence of psoriatic arthritis (PsA) in mice with 
inducible dual epidermal deletion of c- Jun and junB (DKO*) and triple epidermal deletion of c- Jun, JunB and S100A9 (TKO*) with severe psoriasis- 
like disease (n=20 per group). (B) Toluidine blue staining of the distal interphalangeal (DIP) joint of control wild- type (WT), DKO* and TKO* mice 
with PsA (scale bar=200 µm). (C) Quantification of toluidine blue staining intensity of articular cartilage in WT, DKO* and TKO* mice (WT n=4; DKO* 
n=8; TKO* n=6; each point represents the median of several joints measured per sample). (D) H&E- stained histological images showing psoriatic 
nail involvement with changes in the nail plate (P), nail matrix (M) and nail bed (B) of DKO* and TKO* mice and quantification of nail lesions (scale 
bar=100 µm). (E) H&E histological images of the distal phalanx (DP) showing enthesitis with high immune infiltration in the areas around the bone 
(scale bar=100 µm). (F) H&E histological images showing osteitis of the bone marrow (BM) of the distal phalanx (DP) in DKO* and TKO* mice 
(BM=bone marrow) with quantification of per cent area of bone marrow covered by inflammation (scale bar=100 µm).
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these cells to increased PsA incidence in TKO*. These data suggest 
that S100A9- expressing neutrophils infiltrate skin and joints in 
DKO* and TKO* mice and that increased neutrophils might poten-
tiate skin and joint disease in TKO* mice.

Epidermal S100A9 affects neutrophil-related proteins and 
pathways in skin
Mass spectrometry–based proteomics of whole ear lysates was 
next performed and volcano plots identified statistically significant 
proteins upregulated and downregulated in TKO* and DKO* mice, 

when compared with each other (figure 4A) or to control mice 
(online supplemental figure S4A,B). Venn diagrams identifiedpro-
teins uniquely upregulated in each comparison as well as shared 
proteins (figure 4B). Enrichment analyses identified the most relevant 
pathways in each comparison and peptides statistically significant in 
at least one comparison were displayed in a heatmap, grouped by 
Gene Ontology terms and connected to their respective biological 
processes in an Alluvial plot (figure 4C). All these analyses revealed a 
largely predominant neutrophil activation signature in TKO* mice, 
consistent with our histological observations. TNF and Wnt signal-
ling, which are involved in inflammation and aberrant bone forma-
tion, respectively, were also enhanced in TKO* mice, while other 
biological processes such as cellular response to IL- 12 were simi-
larly enriched in DKO* and TKO*. A connectivity network further 
confirmed the relevance of neutrophil granulation, innate immunity 

Figure 3 Neutrophil infiltration in mice with severe psoriasis- like 
disease. (A) S100A9 (red) and Ly6B (neutrophils; green) immunostaining 
of lesional ears in mice with inducible dual epidermal deletion of c- 
Jun and junB (DKO*) and triple epidermal deletion of c- Jun, JunB and 
S100A9 (TKO*) (dotted lines represent the basal membrane, yellow 
arrows point to Ly6B/S100A9- double positive cells, scale bar=20 µm). 
(B–C) Confocal microscopy–based quantification of absolute number 
of neutrophils (Ly6B- positive) (B) and S100A9- positive neutrophils 
(C) in the whole ear sections of DKO* and TKO* mice and wild- type 
(WT) littermates (n=4–5 mice). (D) S100A9 (red) and Ly6B (green) 
immunostaining of lesional psoriatic arthritis (PsA)–like paws (scale 
bar=200 µm). Yellow arrows point to infiltrating cells. (E–F) Confocal 
microscopy–based quantification of neutrophil (Ly6B- positive) (E) and 
S100A9- positive neutrophil (F) in the distal interphalangeal joints of 
DKO* and TKO* mice and WT littermates (average of 3–5 regions per 
paw, n=4 mice).

Figure 4 Proteomic analyses in whole ear extracts of DKO* and TKO* 
mice. (A) Volcano plot showing upregulated (red) and downregulated 
(blue) proteins (n=3–5 per condition; p<0.05); proteins in grey are 
below statistical significance. (B) Venn diagram depicting statistically 
significant upregulated proteins in (I) mice with inducible dual 
epidermal deletion of c- Jun and junB (DKO*) compared towild- type 
(WT) controls, (II) mice with triple epidermal deletion of c- Jun, JunB 
and S100A9 (TKO*) compared toWT mice and (III) TKO* compared to 
DKO* mice (n=3–5 per condition; p<0.05). (C) Heat map of significantly 
upregulated proteins (left) and Alluvial plot (right) of enriched biological 
processes associated to each protein.
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and TNF- mediated signalling in TKO* skin proteome with 76, 22 
and 16 nodes, respectively (online supplemental figure S4C).

Epidermal S100A9 modulates cytokine and chemokine 
expression during skin inflammation
Ear epidermis was isolated from DKO* and TKO* mice and litter-
mate controls, dissociated and subjected to FACS analysis and 
sorting (online supplemental figure S5A). A similar increase in 
CD45+ immune cells was observed in DKO* and TKO* epidermal 
samples (online supplemental figure S5B,C) when compared with 

controls. Ly6G/CD11b double- positive neutrophils were higher in 
TKO* than DKO*, although not reaching statistical significance 
(online supplemental figure S5B- D). This finding indicates that when 
including Munro’s microabscesses, the overall number of immune 
cells and neutrophils in the epidermal area is comparable between 
the two genotypes. FACS- sorted neutrophils (figure 5A–F) and kera-
tinocytes (figure 5G–L) were next analysed for cytokine and chemo-
kine expression. A similar increase in s100a9 and s100a8 mRNA 
was observed in neutrophils isolated from DKO* and TKO* mice, 
compared with controls (figure 5A,B). il- 1b, il- 6 and tnf- a mRNA 

Figure 5 Gene expression in FACS- sorted neutrophils and keratinocytes qRT- PCR analysis in (A–F) neutrophils and in (G–L) keratinocytes from the 
ears of mice with inducible dual epidermal deletion of c- Jun and junB (DKO*) and triple epidermal deletion of c- Jun, JunB and S100A9 (TKO*) with 
severe psoriasis- like phenotype (n=4–9). (M) pSTAT3 immunohistochemistry in the ears of DKO* and TKO* mice with severe psoriasis- like phenotype 
(scale bar=100 µm). (N) Quantification of positive pSTAT3 cells in the epidermis (n=3–4, 4–5 fields per slide).
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were similarly increased in neutrophils isolated from DKO* and 
TKO* mice, although most changes were not statistically significant 
(figure 5C–E). Interestingly, mRNA expression of osm, encoding 
the IL- 6 family cytokine Oncostatin- M that induces psoriasis- like 
lesions in mice,25 appeared increased in neutrophils isolated from 
TKO* mice (figure 5F). Overall, neutrophils isolated from DKO* 
and TKO* epidermis display a similar pro- inflammatory mRNA 
expression profile.

In contrast, s100a9 mRNA was significantly less induced 
in keratinocytes isolated from TKO* compared with DKO* 
(figure 5G), while the increase in s100a8 was comparable 
(figure 5H). Interestingly, while il- 1b was similarly increased in 
DKO* and TKO* keratinocytes, il- 6 and osm mRNA in TKO* 
were comparable with controls and tnf- a higher (figure 5I–L), 
suggesting that keratinocyte- derived s100a9 affects epidermal 
expression of cytokines, such as il- 6 and tnf- a, during skin 
inflammation. STAT3 is an important transcription factor 
downstream of IL- 6 and Oncostatin- M, involved in Ps and 
other inflammatory diseases.26–28 DKO* and TKO* lesional 
skin displayed nuclear phosphorylated STAT3 expression, indi-
cating activated JAK/STAT signalling (figure 5M). Importantly, 
pSTAT3 was higher in TKO* epidermis compared with DKO*, 
consistent with more severe skin phenotype (figure 5N). Alto-
gether, keratinocyte- derived S100A9 likely modulates epidermal 
expression of genes potentiating JAK/STAT signalling and skin 
inflammation, while it reduces local and systemic TNFα produc-
tion important for joint inflammation.

S100A9 and CP but not S100A8 are potential Ps and PsA 
markers in humans
To translate these findings to human disease, we assessed the expres-
sion of S100A9 and S100A8 in lesional skin of patients with Ps and 
measured serum and synovial fluid levels of S100A9, S100A8, CP, 
IL- 17, TNFα, IL- 6, VEGF and LCN2 in patients with Ps, patients 
with PsA and healthy controls (HC). Consistent with increased CP 
in Ps lesional skin, S100A8 and S100A9 were elevated in hyper- 
proliferating keratinocytes and infiltrating immune cells of psoriatic 
plaques, while both proteins were low to undetectable in skin from 
healthy individuals (figure 6A).

Analysis of matched serum and synovial fluid samples from patients 
with PsA showed overall comparable concentrations between the 
two biological samples, except for S100A9, IL- 17, IL- 6 and VEGF 
that were higher in synovial fluid (figure 6B, online supplemental 
figure S6A), possibly due to accumulation of immune cells, such as 
S100A9- expressing neutrophils in the joints. ELISA analyses of sera 
from a larger cohort of HC, patients with Ps and those with PsA 
revealed a reasonable correlation between circulating CP or S100A9 
homodimers and disease activity scores in patients with Ps and PsA 
(online supplemental figure S6B). Importantly, S100A9 homodi-
mers and CP were significantly increased in patients with PsA, when 
compared with Ps and to HC (figure 6C). Furthermore, levels of 
S100A9 homodimers and CP were increased in patients with Ps 
compared with HC while no significant differences between groups 
were observed for S100A8 homodimers (figure 6C). In comparison, 
while serum IL- 17 and LCN2 were higher in patients with Ps and 
PsA, these could not discriminate between the two groups and high 
TNFα, IL- 6 and VEGF would identify PsA but not Ps (figure 6C, 
online supplemental figure S6CS6C). These data suggest that 
S100A9 is a critical mediator in psoriatic skin and joint disease and 
that S100A9/CP may serve as markers to identify patients with Ps 
who develop PsA.

DISCUSSION
Epithelial homeostasis is critical for the regulation of inflammation. 
Here, we show that epithelial expression of the S100A9 alarmin 

plays a critical role in the severity of psoriatic skin disease and its 
spreading to the joints. Several studies investigated the role the 
CP- forming alarmins S100A8 and S100A9 in Ps models. Both 
proteins are upregulated in the imiquimod (IMQ) model of psori-
asiform skin inflammation15 29 and in GEMMs for psoriasis- like 
disease, such as the DKO*,9 CARD14E138A knock- in,30 K14- Vegfa,31 
K14- IL- 17A,32 K14- IL- 2333 and K5- Stat3C34 bi- transgenics, but 
functional studies where S100A8 or S100A9 are inactivated in Ps 
models are still scarce. While one study reported enhanced IMQ- 
induced skin hyperplasia in S100A8−/− and to a lesser extent in 
S100A9−/− mice,15 we observed decreased skin thickening in IMQ- 
treated S100a9−/− mice that was consistent with ameliorated skin 
and joint disease on global inactivation of S100A9 in the DKO* 
genetic model.10 While the contradictory results using IMQ could 

Figure 6 Analyses in psoriatic patient samples. (A) S100A8 and 
S100A9 (red) immunofluorescence staining and quantification in human 
healthy skin and psoriatic skin (n=5, scale bar=100 µm). (B) S100A8, 
S100A9, S100A8/A9 (Calprotectin), Interleukin (IL)−17, Tumour necrosis 
factor alpha (TNF-α) and Interleukin (IL)−6 levels in the serum and 
synovial fluid of patients with psoriatic arthritis (PsA; n=8, ns=non- 
significant). (C) S100A8, S100A9, S100A8/A9 (Calprotectin), IL- 17, 
TNF-α and IL- 6 serum levels of healthy controls (HC), patients with 
psoriasis (Ps) or patients with PsA (each group n=24).
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be attributed to different genetic backgrounds and time points of 
analyses, the complex function of S100 proteins emphasises the 
need to evaluate cell- specific roles of S100A8, S100A9 and their 
complexes and to extend the analyses beyond the skin.23

In skin inflammation, S100A9- expressing cells are keratino-
cytes, neutrophils and macrophages. DKO* mice reconstituted 
with S100A9−/− bone marrow displayed reduced skin thickening, 
while transplanting S100A9- proficent bone marrow into DKO*-
S100A9−/− mice did not worsen the disease,10 indicating that 
keratinocytes and immune cells contribute together to Ps- like 
disease. Evaluating the role of neutrophil- expressed S100A9 
in Ps and PsA genetically without resorting to bone marrow 
chimaeras is difficult since all available GEMMs for Ps and PsA 
rely on the Cre- lox system. The current study is the first to use 
a new S100A9 floxed allele to investigate the role of epidermal- 
derived S100A9 in vivo. One of the most striking observations 
from the analysis of TKO* mice is that the epidermis contributes 
very little to circulating S100A9 in psoriatic mice. Hence, there 
was no difference between DKO* and TKO* when measuring 
CP or S100A9 homodimers in serum, although S100A9 
protein was greatly reduced in TKO* epidermis. This is in stark 
contrast with DKO*-S100A9−/− mice, where only S100A8 
dimers are detected in the serum10 (data not shown). Neverthe-
less, epidermal- specific inactivation of S100A9 enhanced skin 
inflammation and increased PsA incidence in TKO*, indicating 
a regulatory role of epidermal S100A9 in psoriasis- like disease. 
Expression of S100A9 in keratinocytes seems to modulate the 
number and activity of skin- infiltrating neutrophils. An increase 
of 2–3 folds of Ly6B+ myeloid cells and Ly6B- S100A9 double 
positive cells, most likely neutrophils, was observed in TKO* 
skin sections, while whole ear proteomics revealed neutro-
phil activation and degranulation signatures. Interestingly, our 
previous iTRAQ proteomic comparison of DKO* and DKO*-
S100A9−/− epidermis identified immune cell trafficking and 
activation as one of the most altered pathways.10 Our data thus 
indicate that neutrophils are likely more abundant and/or more 
active in the skin of TKO* mice and contribute to more severe 
local inflammation. How s100a9 gene inactivation in keratino-
cytes leads to increased immune cell infiltration remains to be 
clarified, but altered expression of cytokines, such as IL- 6 and 
TNFα, and increased JAK/STAT signalling in S100A9- deficient 
keratinocytes could provide a first hint.

The DKO* mouse is one of the few psoriasis models displaying 
features of PsA.35 In contrast to the situation in DKO*-S100A9−/− 
mice,10 epidermal inactivation of S100A9 led to increased inci-
dence of PsA. PsA severity was, however, comparable between 
DKO* and TKO*, consistent with comparable levels of circu-
lating S100A9, IL- 17A and IL- 6. As TNF signalling is essential 
for joint disease in DKO* mice,9 we postulate that the modest 
increment in circulating TNFα in TKO* mice, likely originating 
from increased epidermal tnf- a expression, is one of the factors 
enhancing PsA incidence. IL- 17, IL- 6 and S100A9- containing 
complexes, which are not affected by epidermal inactivation of 
S100A9, together with S100A9- expressing myeloid cells infil-
trating the joints, additionally contribute to bone24 and proteo-
glycan loss in DKO* and TKO* mice.

In an experimental model for rheumatoid arthritis, S100A9/
CP neutralising antibodies had beneficial effects comparable with 
anti- TNFα,36 the most potent PsA inhibitors in the clinic.37–39 In 
light of the mouse data, topical therapies aiming at inhibiting 
S100A9 in the skin might be counterproductive, while systemic 
inhibition of S100A9/CP with drugs or neutralising antibodies 
is worth evaluating in GEMMs with Ps and PsA, as a possible 
complement to anti- TNFα therapies.

Increased CP in serum16 40–42 in skin biopsies10 43 44 and more 
recently in the stratum corneum45 has been correlated with 
disease activity in patients with Ps. We observed that S100A8 
dimers were not increased in the serum of patients with Ps and 
those with PsA, thus S100A8 dimers likely play a minor role. In 
contrast, circulating CP and S100A9 homodimers were elevated 
in patients with Ps and even more in patients with PsA. The 
synovial concentrations of these species were either comparable 
(CP) or higher (S100A9) than in serum, which would support an 
active local role of S100A9- containing complexes and S100A9- 
producing cells in the joints. While serum CP has previously 
been correlated with PsA severity,8 46 this is the first time that 
S100A8 and S100A9 dimers are measured along with S100A8/
S100A9 CP complexes. We found that S100A9 and CP effi-
ciently discriminated healthy, patients with Ps and patients with 
PsA. Serum S100A9 and/or CP could therefore help identifying 
patients with Ps developing PsA. Given that CP is already a vali-
dated clinical parameter in inflammatory bowel disease,23 longi-
tudinal assessment in larger patient cohorts with Ps is feasible. 
Early identification of patients at risk of developing PsA will 
certainly allow the implementation of better therapies and will 
advance our understanding of Ps.
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