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Inverse and erythrodermic psoriasis are rare subtypes of psoriasis. Whereas the former is
characterized by shiny erythematous non-scaly plaques in the body folds, the latter has
widespread redness with fine scale, covering over 80% of the body-surface area, and can be
life-threatening. Both are considered to be clinical subtypes of chronic plaque psoriasis, and
often co-exist or evolve from plaque psoriasis (Boyd and Menter, 1989; Omland and
Gniadecki, 2015), but the pathogenic mechanisms involved are unknown, and current
treatments are frequently unsatisfactory (Rosenbach et al., 2010).

To assess shared and unique processes between chronic plaque, inverse, and erythrodermic
psoriasis we analyzed archived formalin-fixed paraffin-embedded biopsies of clinically and
histologically confirmed chronic plaque (n=12), inverse (n=40) and erythrodermic psoriasis
cases (n=30) and healthy control skin (n=12) using Affymetrix ST 2.1 Arrays. Compared
with healthy skin, psoriatic plaque lesions yielded 2450 differentially expressed genes
(DEGS) (FDR, p<0.05), inverse psoriasis lesions yielded 408 DEGs (FDR, p<0.05) and
erythrodermic psoriasis lesions yielded 447 DEGs (FDR, p<0.05) (Figure 1A). In total 294
genes were found to be shared among the three disease subtypes (FDR, p<0.05). While the
overlap only accounted for 12% of the DEGs in chronic plaque psoriasis, it accounted for
66% and 72% of DEGs in erythrodermic and inverse psoriasis respectively.

Disease processes specific to each psoriasis subtype were analyzed using Ingenuity Pathway
Analysis. Canonical processes unique to chronic plaque psoriasis included protein
ubiquitination pathway (p=2.10E-22), oxidative phosphorylation (p=3.81E-13),
glucocorticoid receptor signaling (p=2.44E-12), mitochondrial dysfunction (2.26E-10), and
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MTOR signaling (p=4.13E-07). Genes unique to chronic plaque psoriasis included NFKBIZ
(3.6-fold increased) and DD.X58 (2.4-fold), genes recently implicated in the pathogenesis of
psoriasis (Johansen et al., 2015; Tsoi et al., 2015). Overlapping canonical processes between
plague and inverse psoriasis included epithelial adherens junction signaling (p=2.52E-4) and
unfolded protein responses (p=1.19E-03), while the overlap between plaque and
erythrodermic psoriasis included remodeling of epithelial adherence junction (p=6.8E-04),
and phagosome maturation (p=7.0E-04). The numbers of genes unique to inverse and
erythrodermic psoriasis were too small for analyses of enriched biologic processes
(Supplementary File 1). Genes shared among all three clinical presentations included
S100A7 (32-fold up in PP, 8.7-fold up in inverse psoriasis, 6-fold up in erythrodermic
psoriasis), KR716 (15-, 5- and 4.8-fold respectively), /L36G (10-, 3.7- and 3.9-fold
respectively), and human B-defensin 2 (hBD2/ DEFB4, 10-, 4.5-, 3.5-fold respectively).
These were confirmed by immunohistochemistry (Figure 1B).

The most enriched canonical pathway from the group of genes shared among plaque, inverse
and erythrodermic psoriasis included IL-17A signaling (p=3.24E-09), followed by p38
MAPK signaling (p=5.8E- 05) and communication between innate and adaptive immune
cells (p=5.35E-04). The key biologic nodes in the shared gene set included keratinocyte
differentiation, regulation of endopeptidase activity, response to external biotic stimulus,
viral genome replication, and response to cytokines (Figure 2A). We next screened the
overlapping gene set to determine if such genes were disproportionately induced by cytokine
treatments applied to cultured keratinocytes using cytokine-response analyses previously
described by our group (Swindell et al., 2013a; Swindell et a/., 2013b). Consistent with the
Ingenuity pathway analysis results, the overlapping gene set amongst the three
transcriptomes was most strongly enriched with respect to genes induced by IL-17A in
cultured KCs, with strong enrichment also observed with respect to genes induced by
IL-17A+TNF and TNF (Figure 2B). QRT-PCR confirmed elevated mRNA expression of
IL-17A in all three clinical presentations, with the highest expression in chronic plaque
psoriasis, but lowest in inverse psoriasis (Figure 2C). IL-17A mRNA expression was about
10-fold higher in plaque compared to inverse psoriasis (p<0.01). The reason for this
difference is not clear and will need to be addressed in future studies. Similarly, /L36G
MRNA expression was elevated in all three but highest in plaque psoriasis. In contrast
IL36RN, the receptor antagonist for the IL-36 family of cytokines, had the highest
expression in erythrodermic psoriasis (p<0.01). Interestingly, /FNG and /L22 mRNA
expression was the highest in erythrodermic psoriasis compared to both plaque and inverse
psoriasis (about 5-fold higher compared to both plaque and inverse psoriasis, p<0.05),
whereas, in stark contrast, /L26 mRNA expression, a cytokine recently implicated in the
pathogenesis of psoriasis (Meller et al., 2015), was higher in both erythrodermic and inverse
psoriasis compared to plaque psoriasis (i.e. erythrodermic vs plaque psoriasis 6-fold higher,
p<0.01) (Figure 2C).

These results demonstrate that IL-17A is the major shared pathway for chronic plaque,
inverse and erythrodermic psoriasis. This is consistent with recently published case series
showing six out of eight erythrodermic patients achieving complete clearance with anti-
IL-17 treatment (Saeki et al., 2015), but similar data on flexural psoriasis does not yet exist.
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In addition, our data demonstrates pronounced differences in the expression of several key
pro-inflammatory cytokines between each clinical subtype, suggesting that while IL-17 may
provide a common inflammatory pathway, other inflammatory signals may modify the
clinical presentation and contribute to unique manifestations of each subtype. This includes
the non-pustular presentation of erythrodermic psoriasis, and its higher risk of septicemia
(Green et al., 1996), particularly from skin pathogens including Staphylococcus aureus
(Prystowsky and Cohen, 1995), although the extent of skin involvement is likely to be a
contributing factor as well. Similarly, the clinical appearance of inverse psoriasis, with its
decreased scale and thinner shinier plaques, may therefore be less due to its localization in
moist, warm milieu of flexural body sites (Omland and Gniadecki, 2015), but more due to
differences in the composition of the inflammatory network in skin, and variation in growth
factors such as epiregulin, heparin-binding EGF, amphiregulin, and vascular endothelial
growth factor, which in our study was found to be increased in chronic plaque but not in
erythrodermic or inverse psoriasis (data not shown).

In summary, the findings presented here provide information that may change the existing
therapeutic approach to treating patients with inverse and erythrodermic psoriasis, such as
the use of anti-1L-17 treatments. This provides direction for the design of future clinical
trials, which will be needed to validate our conclusions. Furthermore, our data provide to our
knowledge previously unreported insights into how variations in the cytokine network in
psoriatic skin may shape different clinical manifestations of psoriasis.
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Figure 1. Unique and shared canonical pathways between chronic plaque, inverse and

erythrodermic psoriasis
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Venn diagram of the overlap between chronic plaque (PP), inverse (INV) and erythrodermic
(ERYTH) psoriasis, and enriched canonical pathways. The overlap group represented the
majority of differentially expressed genes in both inverse and erythrodermic group (>66%)
but only about 12% of the DEGs in chronic plaque psoriasis. Dominant canonical pathway

in the shared group was IL-17 responses (A). Histologic confirmation of several genes

shared between chronic plague, inverse and erythrodermic psoriasis (B) (scale bar = 100um).
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Figure 2. Overlapping and unique biologic and cytokine responses in chronic plaque, inverse and
erythrodermic psoriasis

Using biologic process analyses by Cytoscape and ClueGo the shared genes between
chronic plaque, inverse, and erythrodermic psoriasis belonged to five major groups,
including keratinocyte differentiation and response to cytokine (A). Using gene-set
enrichment analyses IL-17A signatures were observed to dominate the shared gene set along
with IL-17A+TNF and TNF responses (B). QRT-PCR of chronic plaque (n=12), inverse
(n=40) and erythrodermic psoriasis (n=30) revealed differences in the mRNA expression of
key cytokines among the three clinical presentations (C). (data shown with S.E.M, two-
tailed t-test, * p<0.05, ** p<0.01, *** p<0.001).
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