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Abstract

Psoriasis is a common inflammatory skin disease with an incompletely understood etiology. The 

disease is characterized by red, scaly and well-demarcated skin lesions formed by the 

hyperproliferation of epidermal keratinocytes. This hyperproliferation is driven by cytokines 

secreted by activated resident immune cells, an infiltrate of T cells, dendritic cells and cells of the 

innate immune system, as well as the keratinocytes themselves. Psoriasis has a strong hereditary 

character and has a complex genetic background. Genome-wide association studies have identified 

polymorphisms within or near a number of genes encoding cytokines, cytokine receptors or 

elements of their signal transduction pathways, further implicating these cytokines in the psoriasis 

pathomechanism. A considerable number of inflammatory cytokines have been shown to be 

elevated in lesional psoriasis skin, and the serum concentrations of a subset of these also correlate 

with psoriasis disease severity. The combined effects of the cytokines found in psoriasis lesions 

likely explain most of the clinical features of psoriasis, such as the hyperproliferation of 

keratinocytes, increased neovascularization and skin inflammation. Thus, understanding which 

cytokines play a pivotal role in the disease process can suggest potential therapeutic targets. A 

number of cytokines have been therapeutically targeted with success, revolutionizing treatment of 

this disease. Here we review a number of key cytokines implicated in the pathogenesis of 

psoriasis.
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1. Psoriasis, an immune-mediated skin disease

Psoriasis is a common immune-mediated inflammatory skin disease affecting all major 

human populations with the greatest prevalence of 2–3% in those of northern European 

ancestry [1]. The most common form of the disease is chronic plaque psoriasis (psoriasis 

vulgaris), which manifests as plaques of red, scaly and well-demarcated regions of inflamed 

skin. These plaques are the result of increased keratinocyte proliferation, where up to an 

eight-fold increase in epidermal cell turnover has been demonstrated [2], leading to a 

thickening of the epidermis (acanthosis) and altered keratinocyte differentiation. This 

marked hastening of the transit of keratinocytes to the upper layers of the epidermis results 
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in perturbation of their normal maturation program, resulting in altered protein expression, 

loss of a mature granular layer and retention of keratinocyte nuclei (parakeratosis). These 

changes are accompanied by dermal angiogenesis leading to an increasingly complex 

underlying vascular system, giving the plaques their deep red coloration (Fig. 1). This 

increased vascularity allows for a greater influx of inflammatory cells into the skin, further 

driving the inflammation. T cells and a myriad of cells from the adaptive and innate arms of 

the immune system are present early in lesions, forming characteristic nests of activated 

leukocytes in the reticular dermis, with a mixed CD4/CD8+ T cell infiltrate in the papillary 

dermis and an exclusively CD8+ T cell population in the epidermis (Fig. 1). As such, 

psoriasis is now generally regarded as a T cell-mediated immune disease with a mixed Th1/

Th17 cytokine environment [3–5].

2. Psoriasis, the product of a cytokine storm

A decade ago we [6] and others [7] suggested that the interplay between cytokines expressed 

in psoriasis skin (Fig. 2) could explain most of the clinical features of psoriasis, such as the 

hyperproliferation of keratinocytes, increased neovascularization and inflammation, and that 

by determining which cytokines played a central role in the disease process, interesting 

therapeutic targets could be identified [6]. In the time since, drugs targeting tumor necrosis 

factor (TNF)-α, interleukin (IL)-12/23, IL-17, IL-22, IL-23, granulocyte monocyte-colony 

stimulating factor (GM-CSF), as well as inhibitors of the Janus kinases (JAK1/2/3) 

downstream of a number of cytokine receptors, have reached the clinic or are currently in 

clinical trials [8]. Recently several technologies have been developed that allow the 

quantification of multiple cytokines and growth factors in tissues both at the level of protein 

[9] and mRNA using cDNA microarrays [10] and high-throughput complementary DNA 

sequencing (RNA-seq) [11] giving an increasingly more sensitive and global view of the 

psoriasis transcriptome (Fig. 2). Here we present a short survey of key cytokines implicated 

in the pathogenesis of psoriasis.

3. The IL-1 family in psoriasis: masters of inflammation

IL-1 is viewed as the archetypal pro-inflammatory cytokine, studied for its fever-inducing 

and inflammatory properties since the 1940s and as such IL-1 was the first cytokine detected 

in skin [12]. The IL-1 family of cytokines now contains 11 ligands and 9 receptors, many of 

which are altered in their expression in both non-lesional and lesional psoriasis skin 

compared with healthy control skin [13]. The canonical IL-1 family members IL-1α and 

IL-1β are both present in normal healthy epidermis [14,15] and act by recruiting IL-1R1 and 

the accessory protein IL-1RAcP, a process moderated by the decoy receptor IL-1R2 and the 

receptor antagonist IL-1Ra. IL-1α and IL-1β are both expressed as immature pro-proteins 

but have differential requirements for activation. Keratinocytes constitute a major reservoir 

of IL-1α [16] and although pro-IL-1α is active as a cell membrane-associated cytokine, 

under conditions of cell stress, particularly stimuli that trigger cytoplasmic NOD-like 

receptor activation, cytoplasmic pro-IL-1α is rapidly processed by calpain-like proteases and 

secreted. Depending on the stimulus, this process may be either independent of caspase-1 or 

require the presence, but not catalytic activity of, caspase-1 [17]. On the other hand, the 

activity of IL-1β, along with IL-1 family member IL-18, always requires post-translational 
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cleavage of the pro-protein by caspase-1 for activity. Cell stress, infection or local danger 

signals trigger the assembly of inflammasome complexes [15,18,19], which activate 

caspase-1, which in turn cleaves pro-IL-1β to its active form. The IL-1 family conspicuously 

lacks signal sequences for conventional cytokine secretion via the endoplasmic reticulum – 

Golgi pathways and the mechanism of secretion may vary with cell type and inducing 

stimulus, with proposed mechanisms involving lysosome exocytosis, multivesicular body 

formation and exosome release or pyroptosis [20]. Interestingly, pro-IL-1α also contains a 

nuclear localization motif in its N-terminal domain [21] which permits its translocation to 

the nucleus and activation of NF-κB and AP-1, a mechanism that may lower the signaling 

threshold for an inflammatory response by IL-1α-expressing cells.

Once secreted, the two IL-1 isoforms have similar functions, acting in an autocrine and 

paracrine fashion on keratinocytes and also on local fibroblasts, vascular endothelium and 

lymphocytes. IL-1 has rapid and profound effects on keratinocytes, inducing a swath of gene 

transcripts involved with inflammation and antimicrobial responses, a transcriptional 

signature which closely resembles differences seen in lesional versus non-lesional psoriatic 

skin [22,23], suggesting that IL-1 could be an important mediator in psoriasis pathogenesis. 

IL-1 also drives the expression of ICAM and VCAM-1 by dermal endothelial cells, as well 

as the secretion of platelet aggregating factor, nitric oxide and prostaglandin I2, leading to 

the increased recruitment of immune cells to the skin. Interestingly, IL-1α but not IL-1β 

appears to be critical for the formation of T cell-APC dermal clusters, which provide an 

extra-lymphoid environment for intimate contact between DCs, T cells and macrophages for 

the elicitation of immune reposes [24]. APCs are exquisitely sensitive to IL-1, upregulating 

a host of maturation markers, priming for antigen presentation to T cells. Moreover, IL-1 

appears to be a key cytokine in the development of skin Th17 responses in psoriasis, with 

IL-1 and IL-23 cooperating in the induction of IL-17 production by T cells [25]. The use of 

synthetic IL-1R antagonists, such as anakinra, are helpful in the treatment of rheumatoid 

arthritis [26] but have failed to show efficacy for psoriasis [27], possibly because IL-1Ra is 

already abundant in psoriatic lesions [28]. A number of case reports suggest that IL-1 

antagonism may be a useful approach for treating pustular variants of psoriasis [29], 

however, there is currently a lack of adequately controlled trials to support this.

4. The IL-36 sub-family: specialists in epithelial inflammation

Analogous to IL-1α, -1β, -1Ra, and their receptor IL-1RI, the sub-family of IL-36 cytokines 

includes three receptor agonists: IL-36α (formerly known as IL-1F6) [30], IL-36β (IL-1F8) 

[31,32], and IL-36γ (IL-1F9) [32,33], and a receptor antagonist, IL-36Ra (IL-1F5). These 

cytokines bind their cognate receptor IL-36R (IL-1Rrp2)/IL-1RAcP (shared with IL-1RI) to 

signal via NF-κB and MAP kinases [32]. In humans, the IL-36 receptor is widely expressed 

by epithelia [13,34,35] and antigen-presenting cells, but not human T cells or neutrophils 

[36].

The role of the IL-36 cytokine system in skin inflammation has been extensively 

demonstrated [13,30,32,33]. All of the IL-36 family members have been shown to be 

upregulated in human psoriasis lesions [13,30,33] with IL-36γ correlating particularly well 

with psoriasis disease severity [37]. In addition, the IL-36 family is active in a number of 
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mouse models of skin inflammation [13,30,36,38]. Expression of murine IL-36α induces 

leukocyte infiltration and skin inflammation [30,36] and blockade of the IL-36 system could 

ameliorate imiquimod-Toll-like receptor (TLR)-7/8 induced skin inflammation [38], 

indicating that IL-36 cytokines are critical members of the cytokine milieu that drives skin 

inflammation in this model. Thus far, all IL-36 ligands appear to be functionally equivalent 

with respect to their activity on human cells. IL-36 induces the expression of antimicrobial 

peptides, cytokines and chemokines by keratinocytes [13,36], and drives the activation of 

APCs [36,39]. These observations are consistent with a role for IL-36 in driving psoriatic 

skin inflammation by attracting neutrophils, myeloid cells and T cells into developing 

psoriasis lesions and altering APC function to potentiate the inflammatory cycle. In early 

experiments, microgram quantities of recombinant IL-36 ligands were required for inducing 

keratinocyte responses [13,40], however removal of 5, 4 or 19 amino acids N terminal to a 

A-X-Asp motif of IL-36α, β, or γ, respectively, results in up to a 10,000-fold increase in 

activity [41]; however, these peptides do not contain a caspase-1 cleavage motif and the 

enzyme(s) responsible for cleaving the peptides have yet to be identified. Moreover, the 

IL-36 cytokines do not have a signal peptide to direct their secretion, thus like IL-1α, both 

their processing and release from the cell are currently unclear.

The potential importance of the IL-36 family in psoriasis is high-lighted by the discovery 

that loss-of-function mutations in the IL-36 receptor antagonist gene IL36RN underlie a rare 

but debilitating form of psoriasis, generalized pustular psoriasis (GPP) [42,43]. Such 

mutations leave IL-36 agonist activity unchecked, driving a neutrophilic skin inflammation. 

Although inhibition of the canonical IL-1 system has not proved to be an effective 

therapeutic approach in psoriasis [27], targeting the IL-36 system holds promise, particularly 

in the debilitating conditions GPP and the closely-related disease palmar-plantar pustulosis 

(PPP), particularly where mutations in IL36RN have been identified. The involvement of 

IL-36 may not be restricted entirely to GPP and PPP, as psoriasis tends to occur across a 

spectrum of phenotypes, and the IL-36 system may play a greater role in the more 

neutrophilic forms of the disease [44]. Expression of IL-36R has been shown to be restricted 

to epithelial cells in direct contact with the environment, including the skin [13,34,35], 

which when taken together with the observations above highlight IL-36 as an attractive new 

therapeutic target for psoriasis.

5. IL-37: a pacifist amongst war-mongers?

Unlike the closely related IL-1β and the IL-36 family members, IL-37 and protein 

expression is strongly decreased in lesional psoriatic skin compared with non-lesional skin 

[11], coinciding with altered keratinocyte maturation and loss of the granular cell layer. This 

cytokine, formerly known as IL-1F7, is encoded as a 6-exon gene in the IL-1 locus on 

chromosome 2 and is transcribed as 5 spliced isoforms IL-37a–e [45]. Being the most 

abundant, IL-37b is the best-characterized isoform, expressed in a range of tissues including 

lymphatic tissue, myeloid cells and epithelia [35]. Post-translational regulation of cytokine 

expression is a common feature of the IL-1 family and in this respect IL-37 is no different, 

in that exon 1 encodes a caspase 1 cleavage site [46], exon 2 a putative second cleavage site 

[47], and exon 3 an elastase cleavage site [48]. Exogenous synthetic IL-37b has been shown 

to act as an antagonist of IL-18 [46,47,49]. However, physiologic release of IL-37 has yet to 
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be demonstrated. Transfection of a human macrophage cell line with IL-37b lead to a 

dramatic reduction in secretion of the pro-inflammatory cytokines IL-1α, IL-6, TNF-α and 

MIP2 (CXCL2), but not IL-10, on stimulation with lipopolysaccharide [50]. Similarly when 

pro-monocyte and alveolar epithelial cell lines were transfected to over-express IL-37b, both 

cell lines showed significantly restrained inflammatory responses [51]. This potent anti-

inflammatory activity of IL-37b was critically dependent on nuclear translocation [50,51], a 

property IL-37 may share with IL-1α [21] and IL-33 [52]. These findings have been 

extended in vivo, by overexpression of human IL-37b in mice, as a murine ortholog of IL-37 

has not been identified. Transgenic expression of IL-37b resulted in no obvious changes in 

mouse phenotype; however, it protected the mice in two models of inflammation [51]. The 

expression pattern of IL-37 in the upper epidermal layers of healthy skin and its loss in 

lesional psoriasis [11] make it tempting to speculate that IL-37 may have a role in 

modulating keratinocyte responses to external stimuli.

6. IL-13: misrepresented as a Th2 cytokine?

IL-13 has been functionally categorized with IL-4 and IL-5 as a Th2 cytokine, and while 

true in central immunity, driving T cells towards a Th2 response, in the periphery IL-13 has 

effects divergent from a typical Th2 role. IL-13 can signal either by the IL-4R/ IL-13Ra1 

receptor heterodimer or via the single IL-13Ra2 chain [53–55]. IL-13 is upregulated in the 

skin lesions of psoriasis while IL-4 and IL-5 are decreased (Fig. 2); both receptors for IL-13 

are upregulated in psoriasis skin (J.E. Gudjonsson, personal communication) with a 

detectable IL-13 cytokine signature present in lesions [56]. IL-13 has been shown to be co-

secreted with IFN-γ, IL-17A and IL-22 by T cells [5,57], and the major source of IL-13 in 

psoriasis has been proposed to be CD4+CD161+ T cells [58], and blood-derived 

CD4+CD161+ T cells isolated from psoriatic patients have been shown to co-secrete IFN-γ 

with IL-13. Contrary to its role as a Th2 cytokine, IL-13 synergizes with the classic Th1, 

Th17 and Th22 cytokines IFN-γ, IL-17A and IL-22. In psoriasis, IL-13 and IFN-γ synergize, 

driving the expression and secretion of chemokines such as CCL2 and CCL5, which can 

promote the influx of monocytes and dendritic cells into the skin [59]. A non-synonymous 

single nucleotide polymorphismin the IL13 gene, leading to a change in the amino acid 

sequence of the IL-13 cytokine, has been identified as a risk allele for psoriasis [60]; 

However, the functional consequences of this polymorphism on skin immunity and psoriatic 

inflammation remain unclear.

7. IL-17: The key to a durable remission in inflammatory diseases?

Since the breaking of the Th1/Th2 paradigm, IL-17 has stolen much of the limelight in the 

pathogenesis of many inflammatory diseases and their animal models. The IL-17 family 

consists of six ligands (IL-17A through IL-17E) and five receptors (IL-17RA through 

IL-17RE), with IL-17A and IL-17F sharing the greatest homology and binding to the same 

IL-17RA and IL-17RC receptor complex [61]. IL-17 plays a key role in host defense against 

certain pathogens including Candida species, through stimulating the release of 

antimicrobial peptides and pro-inflammatory cytokines and chemokines. The increased 

expression of IL-17A at sites of inflammation in psoriasis [25,62] as well as other 

autoimmune diseases such as rheumatoid arthritis, systemic lupus erythematosus, multiple 
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sclerosis, and Crohn’s disease strongly suggests a role in promoting autoimmune pathology 

[63,64]. A recent study indicated that IL-17C is more strongly expressed than IL-17A in 

psoriasis lesions and targeted over-expression of IL-17C in mouse keratinocytes leads to 

development of a psoriasiform skin phenotype [65]. IL-17C is mainly expressed by 

keratinocytes in lesional skin, whereas IL-17A emanates from innate immune cells including 

NK cells, gamma-delta T cells, mast cells, neutrophils (Lin et al., 2011), NKp44+ CD3-

negative innate lymphoid cells (ILCs) [66] and mucosa-associated invariant T cells (MAIT) 

[67] as well as the Th17 (CD4+ IL-17+) and Tc17 (CD8+ IL-17+) cells of the acquired 

immune system [25,68,69]. Given how IL-17A has been implicated in several inflammatory 

diseases, three biologic drugs that target this cytokine or its receptor have been developed, 

including two which neutralize IL-17A (secukinumab and ixekinumab) and one that blocks 

the IL-17 receptor (brodalumab). These are currently undergoing phase III clinical trials for 

the treatment of psoriasis (http://www.clinicaltrials.gov: NCT01961609, NCT02267135, 

NCT01777191, NCT01646177, NCT01597245, NCT01624233) having shown promising 

results in preliminary phase II studies [70–73]. These join the ranks of the biologic agents 

targeting psoriasis that have proven extremely useful in limiting the impact of the disease 

(Fig. 3). Given the attractiveness of IL-17 as a therapeutic target in psoriasis, several more 

avenues are being explored, including inhibiting IL-17 signal transduction pathways [74] 

such as RORγt inverse agonists for inhibiting Th17-specific gene expression [75].

8. The IL-10 family: sheep in wolves’ clothing?

The IL-10 family of cytokines is comprised of IL-10, IL-28, IL-29 and the IL-20 subfamily 

(IL-19, IL-20, IL-22, IL-24 and IL-26) [76]. IL-19, IL-20, and IL-24 signal via the “type I” 

IL-20R made up of IL-20R1 and IL-20R2 (Table 2), while IL-20 and IL-24 can additionally 

signal through the “type II” IL-20R, an IL-20R2 and IL-22R1 heterodimer. Both of these 

receptor complexes are primarily expressed on epithelial cells and activate the transcription 

factor STAT3 driving tissue restoration by promoting tissue remodeling, wound healing, and 

antimicrobial peptide expression [77]. IL-22 is of interest in psoriasis as it is elevated in the 

skin and plasma of psoriasis patients [78] where it is produced by lesional T cells [79] and 

ILCs [80]. IL-22 induces epidermal hyperplasia [77] but not keratinocyte proliferation [81]; 

it inhibits epidermal differentiation and, either alone or in synergy with IL-1 and IL-17, 

drives the induction of pro-inflammatory gene expression [77,81]. Interestingly, a genetic 

variant that increases activity at the IL22 promoter has been associated with childhood-onset 

psoriasis [82]. Thus both genetic and functional data support the view that IL-22 is another 

critical cytokine in the pathogenesis of psoriasis and as such is a target of drug development 

[8]. Unlike IL-22, which is primarily secreted by lymphocytes, IL-19, IL-20, and IL-24 are 

expressed primarily by myeloid and epithelial cells [76]. Although IL-19, IL-20, IL-22 and 

IL-24 are all elevated in lesional psoriasis skin, IL-19 is the most upregulated mRNA 

transcript in lesional versus non-lesional skin biopsies [10,83,84] (Fig. 2) and thus has been 

proposed as a biomarker for psoriasis disease activity [85]. IL-19 appears to have similar but 

much weaker effects on keratinocytes compared with IL-22 [77]. However, given its more 

abundant expression, IL-19 may be a significant part of the cytokine storm in that it can 

amplify the effects of IL-17A and promote the IL-23/IL-17 inflammatory axis [85].
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The parental member of this cytokine family, IL-10 has been characterized as an anti-

inflammatory cytokine, produced by regulatory T cells, shown to blunt both pro-

inflammatory T cell responses and keratinocyte inflammatory markers, and has shown 

promise in a phase II clinical trial [86]. However, the long-term administration of a large 

recombinant protein limited enthusiasm for this therapy. Given that the IL-20 cytokine sub-

family acts directly on the epidermis, they present a number of other attractive targets for 

development of anti-psoriatic therapies. Thus far results have not been favorable: an anti-

IL-22 biologic (fezakinumab, ILV-094) has been investigated in a phase I clinical trial 

(NCT00563524) but to date no results have been released, and a phase I/II trial of anti-IL-20 

biologic (NCT01261767) was terminated due to an apparent lack of psoriasis response. 

Given the apparent redundancy of function between these cytokines [77], a more 

advantageous approach may be to target the IL-20R1 or IL-22R1 subunits that bind IL-19, 

20, 24 and 26 or IL-22 and IL-24, respectively (Table 2). However, one recent observation 

suggests a possible caveat to targeting the IL-20 family: IL-19 (and IL-20, IL-24) may, like 

their parental cytokine IL-10, have regulatory roles, serving in a feedback inhibitory loop 

and dampening responses to inflammatory stimuli [87]. Thus despite that IL-19 has been 

shown to potentiate the effects of IL-17A on keratinocytes in vitro, the regulatory role of 

these cytokines within the complexities of skin tissue may be worthy of consideration.

9. The IL-12 family: guardians of the Th1/Th17 balance?

Members of the IL-12 family (IL-12, IL-23, IL-27, IL-35; see Table 1) are of interest to 

those studying psoriasis for a number of reasons: IL12B (IL12p40), IL23A (IL-23p19) and 

EBI (p35) subunits are overexpressed in psoriasis lesions, several psoriasis-associated 

genetic polymorphisms have been identified in both cytokines (IL12B) and receptors 

(IL23R) [88,89], and these cytokines are intimately involved in balancing the Th1/Th17 

immune response, which may be particularly important in the epithelia of the gut, lung and 

skin. Compared with non-lesional or healthy control skin, psoriasis lesions are rich in IL-12 

(particularly the IL-12p40 subunit) and IL-23p19 (Fig. 2). Skin macrophages were found to 

be the main source of IL-12 in psoriasis [90]. For some time, psoriasis has been viewed as 

amixed Th1/Th17 disease and as such, IL-12 is a major inducer of IFN-γ-producing (Th1) T 

cells, as well as having the ability to induce skin-homing characteristics (cutaneous 

lymphocyte-associated antigen [CLA] expression) on memory T cells [91]. Recently we 

showed that a psoriasis-associated polymorphism in IL12B disposes to increased expression 

of the IL-12p40 subunit by APC [92], the primary cellular source of IL-12 and IL-23 [93], 

and this was enhanced by IFN-γ pre-treatment. Individuals carrying this mutation have been 

shown to have increased IL-12 and decreased IL-23 levels in their serum and a more 

pronounced Th1/IFN-γ inflammatory signature in their skin lesions [92]. Interestingly, 

several reports point to involvement of the nervous system in the development of psoriasis 

skin lesions [94], and as such IL-12 can also serve as a potential link between the skin 

immune system and the nervous system as it is produced by peripheral nerve cells [95]. On 

the other hand, IL-23 is produced from both keratinocytes [96] and dendritic cells [93,97]. 

The importance of IL-23 in T cell immunology is underscored by the identification of 

several polymorphisms in IL23R associated with Crohn’s disease, psoriasis and psoriatic 

arthritis [60,88,89,98]. One of the key functions of IL-23 appears to be its ability to amplify 
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and sustain Th17 T cells [97] and as such, is targeted by the anti-IL12p40 biologic 

ustekinumab (Fig. 3) as well as the more specific approach of targeting the IL-23p19 subunit 

(CNTO1959 currently in phase 2 trials for palmar plantar pustulosis) and the IL-23 receptor 

itself [99,100] as a means of targeting IL-17 activity upstream of Th17 cells.

10. TNF-α: inflammatory synergy

TNF-α is now regarded as a central cytokine in the development of several autoimmune 

diseases. As such, its role in the pathogenesis of arthritis and its targeting in animal models 

of arthritis [101] opened up a new approach to targeting cytokines in inflammatory diseases. 

TNF-α is a somewhat enigmatic cytokine with respect to psoriasis pathogenesis; although it 

is produced by most activated T cells and APC, TNF-α alone does not evoke significant 

responses from cultured keratinocytes; however, in combination with IL-17A [102], IL-17C 

[65] and other cytokines it forms strong synergies, amplifying responses and thus is a 

significant element of the cytokine storm in psoriasis. Underlying the powerful synergism 

between TNF-α and IL-17A is the stabilization of IL-17A mRNA [103] by TNF-α, 

potentiating the effects of IL-17A, in addition to the ability of TNF-α to increase the 

expression of IL-17R by keratinocytes [9] and IL-17A to induce TNFR expression. 

Following the success of targeting TNF-α in arthritis, this approach was taken in psoriasis 

where several biologics are particularly effective (Fig. 3). Not all psoriasis patients show a 

significant response to the anti-TNF biologics [104], suggesting that there may be 

differences in the inflammatory networks in the skin lesions of patients [56], perhaps driven 

by genetic background heterogeneity, with a different balance of protective and disease-

associated alleles across several loci [83]. Some loss of efficacy of the anti-TNF biologics 

has been reported over time, even with fully humanized antibodies, suggesting the 

production of both anti-idiotype antibodies and shift of the set-points in the cytokine 

network [56]. Whether or not the anti-IL-17 biologics will eventually suffer from the same 

drawbacks as the anti-TNF agents remains to be seen.

11. The interferons: antiviral responses gone astray?

Type I IFNs (including IFN-α and IFN-β) are key cytokines in antiviral host defense, 

stemming from their ability to inhibit viral replication and to provoke immune activation. 

Type I IFNs are preferentially expressed by plasmacytoid dendritic cells (pDCs) which have 

been shown to produce large amounts of type I IFNs following TLR7-and TLR9-mediated 

recognition of viral RNA and DNA [105,106]. Since their first association with psoriasis 

[107] type I IFNs have been waiting to have their roles in the disease defined. Type I IFNs 

are not expressed in healthy skin, but are induced in virally infected skin where pDCs are 

present, as well as in skin wounds where mechanical injury induces rapid infiltration of 

pDCs, and in psoriasis lesions where sustained type I IFN production by pDCs has been 

demonstrated [108]. Type I IFNs are most likely to be involved in the triggering of psoriasis 

skin lesions, given that pDCs have been shown to infiltrate early developing lesions, but are 

notably absent in chronic lesions [109]. In this respect, targeting of type I IFNs could 

prevent the transformation of non-lesional to lesional skin in a xenograft model of psoriasis 

[108]. The importance of type I IFNs in the triggering of psoriasis is strengthened by the 

well-documented induction of new-onset psoriasis or exacerbation of pre-existing psoriasis 
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during treatment with IFN-α2 [110]. However, during phase I clinical trial for treating 

chronic plaque psoriasis, an anti-IFN-α antibody (MEDI-545) failed to show efficacy [111]. 

A likely explanation is that IFN-α may only be a key member of the cytokine network in 

early lesions, or perhaps in the established skin lesions in a small subset of patients [56].

Psoriasis lesions have long been known to contain elevated levels of IFN-γ [112], mostly 

secreted by skin T cells [113,114] and intradermal injection of IFN-γ has been shown to 

induce a psoriatic skin phenotype [115,116]. In line with these observations, serum levels 

[117] and the frequency of circulating CD8+IFN-γ+ T cells in the blood of patients [118] 

have been shown to correlate with psoriasis disease severity. Although IFN-γ has been 

shown to drive inflammation in skin [115,116], anti-proliferative effects were seen on 

monolayer keratinocyte cultures [119], highlighting the need to examine cytokines in their 

correct tissue context. A central or critical role for IFN-γ in psoriasis was recently cast into 

doubt with the failure of an IFN-γ-targeted therapy [116]. However, IFN-γ likely contributes 

to the cytokine storm in psoriasis [7] by, at the very least, aiding and abetting other 

cytokines, in particular, IL-17A [25,120], as well as playing a role in priming APCs [25], 

which drives IL-1/IL-23 production to augment Th17 responses.

12. Conclusions and outlook

This is an exciting era where a better appreciation of the cellular interactions and 

complexities of the cytokine network in psoriasis is beginning to emerge. As we transition 

from data based on the effects of cytokines on monolayer keratinocytes and isolated immune 

cells, to judging their effects on three-dimensional or organotypic cultures which better 

recapitulate the state of cellular differentiation and spatial relationships, we will build a 

more complete picture of cytokine pathways in psoriasis. These data can then be used to test 

specific pathways in suitable animal models [121] and suggest how to target pathways to 

bring about durable disease remission. New techniques for examining the effects of 

cytokines on tissues, such as using cytokine and inflammatory gene expression signatures 

[56], add an extra layer of detail complementing proteomic [122] and transcriptomic 

analyses [10]. Susceptibility loci within or near genes encoding cytokines (e.g., IL13/IL4, 

IL12B, IL23A), cytokine receptors (e.g., IL23R, IL28RA) and elements of their signal 

transduction pathways (e.g., TYK2, TNIP1, TRAF3IP2, NFKBIA) and transcription factors 

(e.g., REL, STAT2, ETS1) [83,123] may all contribute to altered cytokine signaling in 

psoriasis which could drive an otherwise balanced inflammatory response into a self-

sustaining cycle of disease-causing inflammation. The influence of these genetic 

susceptibility loci can be further analyzed by predicting the particular cell types in the skin 

that might be most affected by changes in the regulation or function of particular genes 

[123]. The use of systems biology approaches [56,124] is likely to be a key development in 

understanding the pathogenesis of psoriasis. These techniques have the potential to integrate 

information from all of these resources, thereby allowing the construction of more 

sophisticated models of cell and cytokine interactions in psoriasis, which should yield a 

better appreciation of the disease mechanism and help identify novel targets for therapeutic 

interventions.
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NHK normal human keratinocyte

qRT-PCR quantitative reverse transcription polymerase chain reaction

pDC plasmacytoid dendritic cells

mDC myeloid dendritic cell

MO-DC monocyte-derived dendritic cell

APC antigenpresenting cell

TLR Toll-like receptor

GPP generalized pustular psoriasis

PPP palmar-plantar pustulosis
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Fig. 1. 
Plaque psoriasis lesions. Characteristic well-demarcated skin lesions, common on the 

elbows, knees, trunk and extensor surfaces of the limbs (a). Immunofluorescent staining of a 

biopsy of lesional psoriasis skin showing infiltration of CD4+ T cells (red) in the dermis and 

CD8+ T cells (green) in the dermal and epidermal compartments. Cell nuclei counterstained 

with DAPI (blue). 100× original magnification. Photo courtesy of Dr. Johann E. 

Gudjonsson, University of Michigan Medical School. (For interpretation of the references to 

color in this figure legend, the reader is referred to the web version of this article.)
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Fig. 2. 
Psoriasis lesions contain multiple up-regulated cytokines. RNA-seq data [11] queried for 

transcripts of interleukins 1 through 38. Values calculated for the fold change in reads per 

kilobase of transcript per million mapped reads (RKPM) of involved skin vs. uninvolved 

skin.
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Fig. 3. 
Psoriasis is now regarded as a mixed Th1/Th17 disease as products of these cells dominate 

the cytokine network in psoriasis and drive the keratinocyte hyperproliferation and skin 

inflammation characteristic of this disease. Treatments targeting TNF-α (etanercept, 

adalimumab, infliximab), IL-12/23p40 (ustekinumab), and more recently IL-17A 

(secukinumab, ixekinumab), and the IL-17 receptor (brodalumab), are proving effective in 

decreasing psoriasis disease severity (indicated in green, for details see main text). On the 

other hand, inhibition of IL-1α/β, IL-6, IFN-γ have thus far proven ineffective (red). Other 

members of the cytokine network such as IL-19, 20, 22 (fezakinumab), IL-20R1 and 

IL-20R2, and IL-23p19 (CNTO1959), as well as the IL-36 cytokines and their receptor are 

now being explored as potential targets for new interventions (blue). The efficacy of any 

anti-psoriatic treatment likely depends on its ability to disassemble the inflammatory 

cytokine network, by targeting a critical component and also the remarkable synergies 

between component cytokines. (For interpretation of the references to color in this figure 

legend, the reader is referred to the web version of this article.)
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Table 1

IL-12 family cytokine subunits.

Ligand Subunits

IL-12 p35 p40

IL-23 p19 p40

IL-27 Ebi3 p28

IL-35 Ebi3 p35
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Table 2

IL-10 cytokine family share receptor subunits.

Ligand Receptors

IL-10 IL-10r1 IL-10r2

IL-22 IL-22r1 IL-10r2

IL-26 IL-20r1 IL-10r2

IL-19 IL-20r1 or IL-22r1 IL-20r2

IL-20

IL-24
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