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Chapter

Effects of IL-17 on Epidermal 
Development
Emi Sato and Shinichi Imafuku

Abstract

Immunotherapies targeting interleukin 17 (IL-17) have a strong effect on plaque 
psoriasis. However, many previous studies on IL-17 focused only on the T-helper 17 
(Th17) immune response, and a few studies have reported that IL-17A may affect 
psoriatic epidermal structure. IL-17 includes six family members, namely IL-17A–F, 
which are involved in a wide variety of biological responses. IL-17A is produced 
mainly by Th17 cells or group 3 innate lymphoid cells (ILC3), while IL-17C is locally 
produced by epithelial cells, such as keratinocytes. In contrast to IL-17C, which is 
locally produced in various cells such as keratinocytes, it is predicted that IL-17A, 
which is produced by limited cells and has systemic effects, has different roles in 
epidermal development. For example, several research studies have shown that 
IL-17A affects terminal differentiation of epidermis by suppressing the expression 
of filaggrin or loricrin in keratinocytes. On the other hand, IL-17C, which is pro-
duced by keratinocytes themselves, does not have as strong as an effect on epider-
mal development as IL-17A. In this chapter, we summarized the effects of IL-17A 
and other IL-17 members on epidermal development and their comprehensive roles 
based on previously reported papers.

Keywords: psoriasis, IL-17, epidermal structure, terminal differentiation genes

1. Introduction

Since 2003, biologics targeting inflammatory cytokines have been used to 
treat a wide range of diseases, especially those in which excessive autoimmunity 
is involved in the pathogenesis, such as rheumatoid arthritis, inflammatory bowel 
disease, psoriasis, and atopic dermatitis [1–6]. Before biologics targeting specific 
pro-inflammatory cytokines were introduced, the mechanisms involved in the 
pathogenesis of diseases were understood to a certain extent. However, once the 
therapy was actually started, various contradictions were seen. For example, 
psoriasis is thought to be mainly caused by T-helper 1 (Th1) and T-helper 17 (Th17) 
cells [7–9]; therefore, treatments that inhibit the differentiation of undifferentiated 
T-cells into Th1 and Th17 (e.g., CD80/86, CD2, CD11a, and RORγT inhibitors) were 
expected to be the most effective in correcting the root of the disease. However, 
contrary to expectations, biologics targeting interleukin 17 (IL-17) are actually 
considered to be the most effective treatment for psoriasis [1]. In other words, 
direct inhibition of terminal IL-17 is more effective than inhibition of Th17 differ-
entiation in psoriasis, as suggested by actual patient data. This suggested that IL-17, 
especially IL-17A, might be produced by cells other than Th17 cells. Subsequent 
studies also revealed that group 3 innate lymphoid cells (ILC3) and γδ T-cells in the 
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skin produce IL-17A [10–12]. Although new facts may be revealed in the future, this 
chapter summarizes our current knowledge of the role of IL-17 and its sources of 
production, with a focus on epidermal development.

2. Which cells produce IL-17 in the skin?

IL-17 is a homodimeric glycoprotein consisting of 20–30 kDa peptides. The 
IL-17 family can be divided into six family members, IL-17A-IL-17F (Table 1). This 
section summarizes the roles of each IL-17 member and the cells that produce them 
(Figure 1).

2.1 IL-17A

Th17 cells are thought to be the major producers of IL-17A. However, the biologics 
that target IL-17A have a greater effect on psoriasis compared with subunits, such as 
p40, that are required for differentiation into Th17 [13]. This suggests that cells other 
than Th17 cells are also responsible for IL-17A production. Non-Th17 cells that have 
been reported in the past include: neutrophils [14], mast cells [15, 16], CD8+ T-cells 
[17], αβ T-cells [18], γδ T-cells [12], and innate lymphoid cells (ILC) [10, 11]. IL-17A 
has effects on various cells, such as fibroblasts, keratinocytes, endothelial cells, and 
macrophages, to induce release of inflammatory cytokines/chemokines such as IL-6, 
TNF-α, and IL-8, as well as promoting neutrophil migration to induce inflammation 
[19]. In particular, IL-17A induces granulocyte-colony stimulating factor (G-CSF) 
and IL-8, cytokines that are strongly involved in the activation of neutrophils [19–21]. 
The inflammation that is induced by IL-17A contributes greatly to the defense 
against bacterial, fungal, and viral infections, but excessive inflammation can lead to 
autoimmune diseases and the creation of unfortunate conditions in the skin, such as 
psoriasis and hidradenitis suppurativa (HS), as described below. Additionally, IL-17A 
is directly involved in epidermal differentiation, as described below, and this may also 
be related to the formation of a pathological epidermis, such as psoriasis [22–24].

Ligand Receptor Producer cells Effects

IL-17A IL-17RA/RC T cells (RORγt+ (Th17,Tc17), γδ+, 

αβ+), innate lymphoid cells (ILC3), 

neutrophils, and mast cells

protection against pathogens 

and inflammation, epidermal 

proliferation, and differentiation

IL-17B IL-17RB tumor cells (lung cancer, breast 

cancer, and leukemia), intestinal 

epithelium, chondrocyte and neuron

embryonic development, tissue 

regeneration, inflammation, and 

tumorgenesis

IL-17C IL-17RA/RE keratinocytes, epithelial cells, 

dendritic cell, macrophages, and 

CD4+ T-cells

protection against pathogens and 

inflammation

IL-17D Unknown resting CD4+ T cells and resting 

CD19+ B cells

inhibition of hematopoiesis

IL-17E 

(IL-25)

IL-17RA/RB T cells (GATA3+ (Th2), CD8+), mast 

cells, eosinophils, epithelial cells and 

endothelial cells

Th2 type immune response

IL-17F IL-17RA/RC T cells (Th17, Tc17) and innate 

lymphoid cells (ILC3)

protection against pathogens and 

inflammation

Bolded areas indicate important producing cells.

Table 1. 
Overview of the Human IL-17 Family Members.
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2.2 IL-17B

Compared with IL-17A, IL-17B has not been studied as much, and so, its role 
remains unknown. IL-17B is the second most homologous to IL-17A, after IL-17F, 
but it is not produced by Th17 cells [25, 26]. In humans, IL-17B mRNA expres-
sion was confirmed in the tissues of the pancreas, small intestine, and stomach 
[27]. Although IL-17B did not induce a strong production of IL-6 directly from 
fibroblasts as IL-17A did, it did enhance the production of G-CSF and IL-6 in TNF-
α-stimulated fibroblasts [27, 28]. However, there are reports that IL-17B has anti-
inflammatory effects and is protective against asthma and colitis [29]. Recently, 
it was reported that IL-17B is positioned as a new component in the regulation of 
human type 2 immunity [30]. IL-17B has also been reported to promote the pro-
gression of malignant tumors such as lung cancer and breast cancer [31, 32]. The 
role of IL-17B on the epidermis is unknown and needs to be verified in the future.

2.3 IL-17C

IL-17C is known to be expressed by epithelial cells including keratinocytes, 
innate immune cells such as dendritic cells and macrophages, and CD4+ T-cells 
[19]. IL-17C stimulates Th17 T-cells to increase synthesis of IL-17A/F and IL-22, 

Figure 1. 
The role of IL-17A in the skin. Immune cells, mainly Th17 cells, produce IL-17A, which promotes inflammation 
and proliferation of the epidermis, inhibits terminal differentiation, and causes loss of the granular layer.
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and then IL-17A strongly induces IL-17C in keratinocytes, forming an inflamma-
tory loop [33]. One study reported that overexpression of IL-17C in keratinocytes 
promotes psoriasiform skin inflammation in mouse experiments [34]. It has 
also been reported that neutralizing IL-17C suppressed atopic dermatitis and 
psoriasis-like dermatitis in mice [35]. IL-17C neutralizing antibody, MOR106, 
inhibits both Th2-type and Th17-type immune responses; and clinical trials for 
atopic dermatitis are being conducted against the IL-17C neutralizing antibody 
MOR106 [33, 36]. In a three-dimensional human epidermal model using normal 
human keratinocytes, nine genes, including S100A7A, were reported to be com-
monly upregulated by IL-17A and IL-17C, but IL-17A induced the loss of the 
granular layer in the epidermis, whereas IL-17C did not induce such epidermal 
changes [22]. Also, although IL-17A is protective against fungal infections, IL-17C 
deficiency is reported as lethal against systemic infection with Candida albicans 
by IL-17C deficient mouse model [37]. However, another study using IL-17C 
deficient mice reported that IL-17C is not involved in immunity against Candida 
infection [38]. In murine bacterial infection models, IL-17C has been shown to be 
protective against infection by Citrobacter rodentium, Pseudomonas aeruginosa, 
and Haemophilus influenzae [39–41]. In viral infections, ex vivo administration of 
IL-17C to mice reduced the apoptosis of neurons caused by HSV-2 infection, sug-
gesting that keratinocyte-derived IL-17C acts to protect nerve fibers during HSV-2 
reactivation in the skin [42]. It is also known that IL-17C is secreted through 
NF-κB activation by stimulation of pathogen-associated molecular patterns 
(PAMPs) [43] and is secreted in an autocrine manner to play a role in the initial 
defense response against pathogens [44, 45].

2.4 IL-17D

IL-17D has not been studied as much as IL-17A [46]. IL-17D was found to be 
highly expressed in the skeletal muscle, brain, adipose tissue, heart, lung, and 
pancreas, while low in the bone marrow, fetal liver, kidney, leukocyte, liver, lymph 
node, placenta, spleen, thymus, and tonsillar tissue [47]. IL-17D is also expressed 
at low levels on resting CD4+ T-cells and resting CD19+ B cells. IL-17D was poorly 
expressed on activated CD4+ T-cells, resting and activated CD8+ T-cells, resting 
and activated CD14+ monocytes, and activated CD19+ B cells. [47]. IL-17D, like 
other IL-17 family members, was capable of stimulating the production of other 
cytokines such as IL-6, IL-8, and granulocyte-macrophage colony-stimulating 
factor (GM-CSF) [48]. IL-17D stimulates human umbilical vein endothelial cells 
to produce IL-8 to levels in the physiological range that inhibit hematopoiesis [49]. 
However, it has also been reported that the level of GM-CSF produced by human 
umbilical vein endothelial cells is much lower than that required to stimulate 
myeloid proliferation [50]. The expression of IL-17D mRNA has been found to be 
decreased in psoriatic skin, but the reason for this is still unresolved [51].

2.5 IL-17E

IL-17E, also known as IL-25, has the lowest homology with IL-17A, among its 
other five family members [25, 26]. The most important difference between IL-17E 
and IL-17A is that IL-17E is involved in the Th2 type immune response [19]. On 
the other hand, IL-17E induces immune responses by IL-5 and IL-13 through ILC2 
in a T cell-independent manner [52]. In autoimmune diseases, IL-17E has been 
thought to negatively regulate pathogenesis by suppressing Th17-type immune 
responses [53]. However, it was recently reported that IL-17E is highly expressed in 
the epidermis of imiquimod-induced psoriasis in mice, and that IL-17E promotes 
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keratinocyte proliferation and inflammatory responses, leading to psoriasis-like 
skin inflammation [54]. These two contradictory reports are both based on experi-
ments using IL-17E deficient mice, but need to be validated in actual human 
psoriasis epidermis in the future.

2.6 IL-17F

IL-17F has the highest homology (40–55%) with IL-17A, followed by IL-17B 
(29%), IL-17D (25%), IL-17C (23%), and IL-17E (17%) [25, 26]. Like IL-17A, 
IL-17F binds to the IL-17RA/IL-17RC heterodimer receptor. Also, studies have 
known that IL-17F forms a homodimer or heterodimer with IL-17A when it binds to 
the receptor [55, 56]. As well as loss-of-function mutations in IL-17RA, it has been 
confirmed that partial loss-of-function mutations in IL-17F cause chronic muco-
cutaneous candidiasis [57]. IL-17F induces a variety of inflammatory molecules 
such as IL-6 and IL-8 via NF-κB, mitogen-activated protein kinase (MAPK), and 
CCAAT/ enhancer binding protein (C/EBP) [19]. IL-17F is derived primarily from 
Th17, Tc17, and ILC3 to enhance skin inflammation [58]. Bimekizumab (a biologic 
of both IL-17A and IL-17F) has been reported to be more effective than blocking 
IL-17A or IL-17F alone, particularly in inhibiting neutrophil chemotaxis and activa-
tion of synovial cells or human dermal fibroblasts in vitro [59].

3. What effect does IL-17 have on the epidermis?

3.1 Inflammation

IL-17A and IL-17F bind to IL-17RA/IL-17RC heterodimeric receptors and activate 
NF-κB, MAPK, and C/EBP, thereby inducing inflammation with cytokines such as 
IL-1, IL-6, and TNF-α and chemokines such as IL-8 (CXCL-8) and CXCL-1. These 
then activate neutrophils and cause migration to inflammatory sites [19, 60]. IL-17C 
is also known to activate NF-κB and MAPK pathways after binding to IL-17RA/
IL-17RE receptors [36, 45]. IL-17C stimulates Th17 T-cells to increase synthesis of 
IL-17A/F and IL-22, and IL-17A strongly induces IL-17C in keratinocytes, forming 
an inflammatory loop [33]. IL-17E binds to IL-17RA/IL-17RB receptors and activates 
NF-κB, MAPK, and C/EBP, but differs from IL-17A in that it induces Th2-type 
immune responses and then suppresses Th-17 [53]. IL-17E promotes the migration 
of eosinophils, but not neutrophils [19].

3.2 Proliferation and differentiation

Mice overexpressing IL-17A in K14+ keratinocytes showed yellowish thicken-
ing of the epidermis, loss of the stratum granulosum, elongation of the dermal 
papillae, areas of hyperkeratosis and parakeratosis in the stratum corneum, and 
multiple neutrophilic abscesses, which are strikingly reminiscent of the epidermis 
of psoriasis [61]. In a three-dimensional epidermal model using normal human 
keratinocytes, IL-17A downregulated the expression of epidermal terminal differ-
entiation markers such as filaggrin and loricrin after 5–6 days of incubation [22, 23] 
and caused the loss of the epidermal granular layer [22]. It has been reported that 
MAP17, whose expression is enhanced in normal human keratinocytes by IL-17A 
stimulation, downregulates mRNA expression of filaggrin [62]. On the other hand, 
there is a report that IL-17A did not downregulate mRNA of filaggrin and loricrin in 
the 3D epidermis 24 h after administration of IL-17A recombinant [63]. Similarly, in 
an experiment in which IL-17A recombinant was administered to confluent in vitro 
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keratinocytes transfected with control and TRAF3IP2 shRNA-expressing lentivi-
ruses, mRNA expression was confirmed 24 h after recombinant administration, and 
at this point, there was still no significant difference in the terminal differentiation 
marker genes [64]. What these papers have in common is that they confirmed the 
expression of terminal differentiation marker genes after a short period of IL-17A 
stimulation (24 h), which may have led to different data from those reported above 
[22, 23]. In fact, another paper using in vitro normal human keratinocytes showed 
that mRNA expression of keratin 10, an intermediate differentiation marker gene, 
was downregulated at 48 h after IL-17A stimulation [65]. They also showed in the 
same paper that IL-17A promoted keratinocyte proliferation as well as IL-22 [65]. 
There are several reports that IL-17A promotes epidermal proliferation as shown 
in this paper. In particular, it is known that asymmetric cell divisions predominate 
over symmetric cell divisions in the epidermis of psoriasis, and IL-17A was reported 
to cause asymmetric cell divisions in normal human keratinocytes [66]. It has been 
reported that the promotion of epidermal proliferation by IL-17A is mediated by 
C/EBPα [67]. Furthermore, regenerating islet-derived protein 3-alpha (REG3A) 
promotes proliferation by suppressing keratinocyte terminal differentiation after 
injury to the epidermis [68]. In an experiment using a three-dimensional human 
epidermis model, IL-17C had no specific effect on the final differentiation mark-
ers of the epidermis and did not cause granular layer loss [22]. However, there is a 
report that overexpression of IL-17C in K5+ keratinocytes promotes psoriasiform 
skin inflammation in mouse experiments [34]. IL-17E promoted keratinocyte 
proliferation and upregulated the expression of keratin 10 in two- and three-
dimensional cultures [69].

3.3 Migration

IL-17A increased actin stress fibers, promoted cellular contractility, and 
increased proteolytic collagen degradation, resulting in the increased migration 
potential of normal human keratinocytes [70]. A431, an epidermoid carcinoma cell 
line, also showed similar findings, suggesting that IL-17A may promote the invasion 
of malignant skin tumors. There are also reports of IL-17E affecting cell migration. 
This was accompanied by specific changes in the organization of the actin cytoskel-
eton and cell-substrate adhesion [69].

3.4 Adhesion

In a study using HaCaT cells, microarray experiments showed that IL-17A 
decreased the expression of 16 adhesion-related genes, including various integrins, 
plakoglobin, plakophilin, cadherin (including E-cadherin), claudin 7, and ZO-2 
protein [71]. However, studies using normal human keratinocytes have not clari-
fied the down regulation of adhesion molecules, and this needs to be verified in 
the future.

4. Skin diseases in which IL-17 is clearly involved

4.1 Psoriasis

The mRNA expression of IL-17A, IL-17C, IL-17E, and IL-17F is upregulated in 
psoriatic skin [51, 54, 72]. However, the fact that anti-IL-17A antibodies resolve the 
psoriatic skin lesions indicates that IL-17A is the most important player in the patho-
genesis of psoriasis [1–3]. IL-17A induces inflammation and is directly involved in 
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neutrophil migration and epidermal differentiation [19–22]. IL-17C stimulates Th17 
T-cells to increase the synthesis of IL-17A/F and IL-22, and IL-17A strongly induces 
IL-17C in keratinocytes to form an inflammatory loop [33], but there are still 
insufficient human data indicating that IL-17C inhibition is effective in psoriasis. 
IL-17C may not be an essential component of IL-17A synthesis. In addition, there is 
no significant difference between the effects of IL-17RA antibodies (Brodalumab) 
and IL-17A antibodies (Ixekizumab and Secukinumab), which are the major recep-
tors for IL-17A, IL-17E, and IL-17F. IL-17RA antibodies inhibit IL-17A and IL-17F 
signaling, but also block IL-17E signaling, so the possibility of offsetting Th17 
suppression should be considered. If Bimekizumab, IL-17A/IL-17F antibodies, show 
greater efficacy than IL-17A in the future, the importance of IL-17F in psoriasis will 
be firmly established.

4.2 Hidradenitis suppurativa

The pathogenesis of Hidradenitis Suppurativa (HS) is still not fully understood 
[73]. HS is reported to be caused by follicular occlusion induced by keratosis and 
hyperplasia of the follicular epithelium, which eventually leads to the development 
of cysts [73, 74]. The occluded follicles eventually rupture, releasing their contents 
into the dermis, including keratin fibers, dermal detritus, multiple injuries, and 
pathogen-associated molecular patterns. Inflammatory immune pathways such as 
inflammasomes, Toll-like receptors, and IL-23/IL-17 signaling pathways are then 
activated [75]. The keratinocytes and innate immune cells activated will likely 
prompt a strong Th17 response, further activating the keratinocytes and recruiting 
neutrophils and other innate immune cells in an inflammatory loop. Th17 cells and 
neutrophils have been reported as the major IL-17-producing cells in the lesioned 
skin of HS [76, 77], and IL-17A gene expression in the lesioned skin of HS patients 
has been found to be 30- to 149-fold increased compared with healthy control skin 
[78, 79]. Recently, it has also been suggested that IL-17C may be involved in the 
pathogenesis of HS [80]. A variety of IL-17-related biologics are currently being 
investigated for HS, including CJM-112, secukinumab, bimekizumab, brodalumab, 
and guselkumab. Secukinumab treatment in HS has shown positive results in a 
series of case studies and open-label trials, with a Phase III trial underway [81, 82].

5. Conclusion

The effect of IL-17 on keratinocytes and the epidermis has a direct and signifi-
cant impact not only on inflammation but also on epidermal differentiation. In 
particular, IL-17A has been the most studied, as clinical findings indicate that it is 
strongly involved in the pathogenesis of psoriasis and HS. However, other IL-17 
family members have not been studied as extensively as IL-17A, and further basic 
research will provide new insights.

Conflict of interest

The authors declare no conflict of interest.



Structural, Immunological and Molecular Biology of Keratinocytes

8

Author details

Emi Sato* and Shinichi Imafuku
Fukuoka University Faculty of Medicine, Department of Dermatology, 
Fukuoka, Japan

*Address all correspondence to: emsato@fukuoka-u.ac.jp

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 



9

Effects of IL-17 on Epidermal Development
DOI: http://dx.doi.org/10.5772/intechopen.101602

References

[1] Ratner M. IL-17-targeting biologics 
aim to become standard of care in 
psoriasis. Nature Biotechnology. 
2015;33:3-4. DOI: 10.1038/nbt0115-3

[2] Imafuku S, Honma M, Okubo Y, 
Komine M, Ohtsuki M, Morita A, et al. 
Efficacy and safety of secukinumab in 
patients with generalized pustular 
psoriasis: A 52-week analysis from phase 
III open-label multicenter Japanese 
study. The Journal of Dermatology. 
2016;43:1011-1017. DOI: 10.1111/ 
1346-8138.13306

[3] Imafuku S, Torisu-Itakura H, 
Nishikawa A, Zhao F, Cameron GS, 
Japanese U-SG. Efficacy and safety of 
ixekizumab treatment in Japanese 
patients with moderate-to-severe plaque 
psoriasis: Subgroup analysis of a 
placebo-controlled, phase 3 study 
(UNCOVER-1). The Journal of 
Dermatology. 2017;44:1285-1290.  
DOI: 10.1111/1346-8138.13927

[4] Nikiphorou E, Buch MH,  
Hyrich KL. Biologics registers in RA: 
Methodological aspects, current role 
and future applications. Nature Reviews 
Rheumatology. 2017;13:503-510.  
DOI: 10.1038/nrrheum.2017.81

[5] Pouillon L, Travis S, Bossuyt P, 
Danese S, Peyrin-Biroulet L. Head-to-
head trials in inflammatory bowel 
disease: Past, present and future. Nature 
Reviews Gastroenterology & 
Hepatology. 2020;17:365-376.  
DOI: 10.1038/s41575-020-0293-9

[6] Boguniewicz M. Biologic therapy  
for atopic dermatitis: Moving beyond 
the practice parameter and guidelines. 
The Journal of Allergy and Clinical 
Immunology in Practice. 2017;5:1477-
1487. DOI: 10.1016/j.jaip.2017.08.031

[7] Lebwohl M. Psoriasis. Lancet. 
2003;361:1197-1204. DOI: 10.1016/
S0140-6736(03)12954-6

[8] Krueger JG. The immunologic basis 
for the treatment of psoriasis with new 
biologic agents. Journal of the American 
Academy of Dermatology. 2002;46:1-23. 
DOI: 10.1067/mjd.2002.120568

[9] Lowes MA, Bowcock AM, 
Krueger JG. Pathogenesis and therapy of 
psoriasis. Nature. 2007;445:866-873. 
DOI: 10.1038/nature05663

[10] Bernink JH, Ohne Y, 
Teunissen MBM, Wang J, Wu J, 
Krabbendam L, et al. c-Kit-positive 
ILC2s exhibit an ILC3-like signature that 
may contribute to IL-17-mediated 
pathologies. Nature Immunology. 
2019;20:992-1003. DOI: 10.1038/
s41590-019-0423-0

[11] Teunissen MBM, Munneke JM, 
Bernink JH, Spuls PI, Res PCM, Te 
Velde A, et al. Composition of innate 
lymphoid cell subsets in the human 
skin: Enrichment of NCR(+) ILC3 in 
lesional skin and blood of psoriasis 
patients. The Journal of Investigative 
Dermatology. 2014;134:2351-2360.  
DOI: 10.1038/jid.2014.146

[12] Cai Y, Shen X, Ding C, Qi C, Li K, 
Li X, et al. Pivotal role of dermal 
IL-17-producing gammadelta T cells in 
skin inflammation. Immunity. 2011; 
35:596-610. DOI: 10.1016/j.immuni. 
2011.08.001

[13] Paul C, Griffiths CEM, van de 
Kerkhof PCM, Puig L, Dutronc Y, 
Henneges C, et al. Ixekizumab provides 
superior efficacy compared with 
ustekinumab over 52 weeks of treatment: 
Results from IXORA-S, a phase 3 study. 
Journal of the American Academy of 
Dermatology. 2019;80(70-79):e73.  
DOI: 10.1016/j.jaad.2018.06.039

[14] Dyring-Andersen B, Honore TV, 
Madelung A, Bzorek M, Simonsen S, 
Clemmensen SN, et al. Interleukin 
(IL)-17A and IL-22-producing 



Structural, Immunological and Molecular Biology of Keratinocytes

10

neutrophils in psoriatic skin. The British 
Journal of Dermatology. 2017; 
177:e321-e322. DOI: 10.1111/bjd.15533

[15] Mashiko S, Bouguermouh S, 
Rubio M, Baba N, Bissonnette R, 
Sarfati M. Human mast cells are major 
IL-22 producers in patients with 
psoriasis and atopic dermatitis. The 
Journal of Allergy and Clinical 
Immunology. 2015;136(351-359):e351. 
DOI: 10.1016/j.jaci.2015.01.033

[16] Brembilla NC, Stalder R, Senra L, 
Boehncke WH. IL-17A localizes in the 
exocytic compartment of mast cells in 
psoriatic skin. The British Journal of 
Dermatology. 2017;177:1458-1460.  
DOI: 10.1111/bjd.15358

[17] Res PC, Piskin G, de Boer OJ, van 
der Loos CM, Teeling P, Bos JD, et al. 
Overrepresentation of IL-17A and IL-22 
producing CD8 T cells in lesional skin 
suggests their involvement in the 
pathogenesis of psoriasis. PLoS One. 
2010;5:e14108. DOI: 10.1371/journal.
pone.0014108

[18] Ueyama A, Imura C, Fusamae Y, 
Tsujii K, Furue Y, Aoki M, et al. 
Potential role of IL-17-producing CD4/
CD8 double negative alphabeta T cells in 
psoriatic skin inflammation in a TPA-
induced STAT3C transgenic mouse 
model. Journal of Dermatological 
Science. 2017;85:27-35. DOI: 10.1016/j.
jdermsci.2016.10.007

[19] Iwakura Y, Ishigame H, Saijo S, 
Nakae S. Functional specialization of 
interleukin-17 family members. 
Immunity. 2011;34:149-162.  
DOI: 10.1016/j.immuni.2011.02.012

[20] Cai XY, Gommoll CP Jr, Justice L, 
Narula SK, Fine JS. Regulation of 
granulocyte colony-stimulating factor 
gene expression by interleukin-17. 
Immunology Letters. 1998;62:51-58. 
DOI: 10.1016/s0165-2478(98)00027-3

[21] Hirai Y, Iyoda M, Shibata T, Kuno Y, 
Kawaguchi M, Hizawa N, et al. IL-17A 

stimulates granulocyte colony-
stimulating factor production via 
ERK1/2 but not p38 or JNK in human 
renal proximal tubular epithelial cells. 
American Journal of Physiology. Renal 
Physiology. 2012;302:F244-F250.  
DOI: 10.1152/ajprenal.00113.2011

[22] Sato E, Yano N, Fujita Y, Imafuku S. 
Interleukin-17A suppresses granular 
layer formation in a 3-D human 
epidermis model through regulation of 
terminal differentiation genes. The 
Journal of Dermatology. 2020;47:390-
396. DOI: 10.1111/1346-8138.15250

[23] Pfaff CM, Marquardt Y, Fietkau K, 
Baron JM, Luscher B. The psoriasis-
associated IL-17A induces and 
cooperates with IL-36 cytokines to 
control keratinocyte differentiation and 
function. Scientific Reports. 2017; 
7:15631. DOI: 10.1038/s41598-017- 
15892-7

[24] Furue M, Furue K, Tsuji G, 
Nakahara T. Interleukin-17A and 
Keratinocytes in Psoriasis. International 
Journal of Molecular Sciences. 2020;21. 
DOI: 10.3390/ijms21041275

[25] Takatori H, Kanno Y, Watford WT, 
Tato CM, Weiss G, Ivanov II, et al. 
Lymphoid tissue inducer-like cells are 
an innate source of IL-17 and IL-22. The 
Journal of Experimental Medicine. 
2009;206:35-41. DOI: 10.1084/
jem.20072713

[26] Kolls JK, Linden A. Interleukin-17 
family members and inflammation. 
Immunity. 2004;21:467-476.  
DOI: 10.1016/j.immuni.2004.08.018

[27] Li H, Chen J, Huang A, Stinson J, 
Heldens S, Foster J, et al. Cloning and 
characterization of IL-17B and IL-17C, 
two new members of the IL-17 cytokine 
family. Proceedings of the National 
Academy of Sciences of the United 
States of America. 2000;97:773-778. 
DOI: 10.1073/pnas.97.2.773



11

Effects of IL-17 on Epidermal Development
DOI: http://dx.doi.org/10.5772/intechopen.101602

[28] Kouri VP, Olkkonen J, Ainola M, 
Li TF, Bjorkman L, Konttinen YT,  
et al. Neutrophils produce interleukin-
17B in rheumatoid synovial tissue. 
Rheumatology (Oxford, England). 
2014;53:39-47. DOI: 10.1093/
rheumatology/ket309

[29] Reynolds JM, Lee YH, Shi Y, 
Wang X, Angkasekwinai P, 
Nallaparaju KC, et al. Interleukin-17B 
Antagonizes Interleukin-25-Mediated 
Mucosal Inflammation. Immunity. 
2015;42:692-703. DOI: 10.1016/j.
immuni.2015.03.008

[30] Ramirez-Carrozzi V, Ota N, 
Sambandam A, Wong K, Hackney J, 
Martinez-Martin N, et al. Cutting Edge: 
IL-17B Uses IL-17RA and IL-17RB to 
induce type 2 inflammation from 
human lymphocytes. Journal of 
Immunology. 2019;202:1935-1941.  
DOI: 10.4049/jimmunol.1800696

[31] Bie Q, Jin C, Zhang B, Dong H. 
IL-17B: A new area of study in the IL-17 
family. Molecular Immunology. 
2017;90:50-56. DOI: 10.1016/j.
molimm.2017.07.004

[32] Bastid J, Dejou C, Docquier A, 
Bonnefoy N. The emerging role of the 
IL-17B/IL-17RB pathway in cancer. 
Frontiers in Immunology. 2020;11:718. 
DOI: 10.3389/fimmu.2020.00718

[33] Guttman-Yassky E, Krueger JG. 
IL-17C: A unique epithelial cytokine 
with potential for targeting across the 
spectrum of atopic dermatitis and 
psoriasis. The Journal of Investigative 
Dermatology. 2018;138:1467-1469.  
DOI: 10.1016/j.jid.2018.02.037

[34] Johnston A, Fritz Y, Dawes SM, 
Diaconu D, Al-Attar PM, Guzman AM, 
et al. Keratinocyte overexpression of 
IL-17C promotes psoriasiform skin 
inflammation. Journal of Immunology. 
2013;190:2252-2262. DOI: 10.4049/
jimmunol.1201505

[35] Vandeghinste N, Klattig J, 
Jagerschmidt C, Lavazais S, Marsais F, 
Haas JD, et al. Neutralization of IL-17C 
reduces skin inflammation in mouse 
models of psoriasis and atopic 
dermatitis. The Journal of Investigative 
Dermatology. 2018;138:1555-1563.  
DOI: 10.1016/j.jid.2018.01.036

[36] Nies JF, Panzer U. IL-17C/IL-17RE: 
Emergence of a unique axis in TH17 
Biology. Frontiers in Immunology. 
2020;11:341. DOI: 10.3389/fimmu. 
2020.00341

[37] Huang J, Meng S, Hong S, Lin X, 
Jin W, Dong C. IL-17C is required for 
lethal inflammation during systemic 
fungal infection. Cellular & Molecular 
Immunology. 2016;13:474-483.  
DOI: 10.1038/cmi.2015.56

[38] Conti HR, Whibley N, 
Coleman BM, Garg AV, Jaycox JR, 
Gaffen SL. Signaling through IL-17C/
IL-17RE is dispensable for immunity to 
systemic, oral and cutaneous 
candidiasis. PLoS One. 2015; 
10:e0122807. DOI: 10.1371/journal.
pone.0122807

[39] Song X, Zhu S, Shi P, Liu Y, Shi Y, 
Levin SD, et al. IL-17RE is the 
functional receptor for IL-17C and 
mediates mucosal immunity to infection 
with intestinal pathogens. Nature 
Immunology. 2011;12:1151-1158.  
DOI: 10.1038/ni.2155

[40] Pfeifer P, Voss M, Wonnenberg B, 
Hellberg J, Seiler F, Lepper PM, et al. 
IL-17C is a mediator of respiratory 
epithelial innate immune response. 
American Journal of Respiratory Cell 
and Molecular Biology. 2013;48:415-421. 
DOI: 10.1165/rcmb.2012-0232OC

[41] Wolf L, Sapich S, Honecker A, 
Jungnickel C, Seiler F, Bischoff M, et al. 
IL-17A-mediated expression of epithelial 
IL-17C promotes inflammation during 
acute pseudomonas aeruginosa 
pneumonia. American Journal of 



Structural, Immunological and Molecular Biology of Keratinocytes

12

Physiology. Lung Cellular and Molecular 
Physiology. 2016;311:L1015-L1022.  
DOI: 10.1152/ajplung.00158.2016

[42] Peng T, Chanthaphavong RS, Sun S, 
Trigilio JA, Phasouk K, Jin L, et al. 
Keratinocytes produce IL-17c to protect 
peripheral nervous systems during 
human HSV-2 reactivation. The Journal 
of Experimental Medicine. 2017; 
214:2315-2329. DOI: 10.1084/jem. 
20160581

[43] Johansen C, Riis JL, Gedebjerg A, 
Kragballe K, Iversen L. Tumor necrosis 
factor alpha-mediated induction of 
interleukin 17C in human keratinocytes 
is controlled by nuclear factor kappaB. 
The Journal of Biological Chemistry. 
2011;286:25487-25494. DOI: 10.1074/
jbc.M111.240671

[44] Chang SH, Reynolds JM, Pappu BP, 
Chen G, Martinez GJ, Dong C. 
Interleukin-17C promotes Th17 cell 
responses and autoimmune disease via 
interleukin-17 receptor E. Immunity. 
2011;35:611-621. DOI: 10.1016/j.
immuni.2011.09.010

[45] Ramirez-Carrozzi V, Sambandam A, 
Luis E, Lin Z, Jeet S, Lesch J, et al. 
IL-17C regulates the innate immune 
function of epithelial cells in an 
autocrine manner. Nature Immunology. 
2011;12:1159-1166. DOI: 10.1038/ni.2156

[46] Liu X, Sun S, Liu D. IL-17D: A less 
studied cytokine of IL-17 family. 
International Archives of Allergy and 
Immunology. 2020;181:618-623.  
DOI: 10.1159/000508255

[47] Starnes T, Broxmeyer HE, 
Robertson MJ, Hromas R. Cutting edge: 
IL-17D, a novel member of the IL-17 
family, stimulates cytokine production 
and inhibits hemopoiesis. Journal of 
Immunology. 2002;169:642-646.  
DOI: 10.4049/jimmunol.169.2.642

[48] Aggarwal S, Gurney AL. IL-17: 
Prototype member of an emerging 

cytokine family. Journal of Leukocyte 
Biology. 2002;71:1-8

[49] Broxmeyer HE, Sherry B, Cooper S, 
Lu L, Maze R, Beckmann MP, et al. 
Comparative analysis of the human 
macrophage inflammatory protein 
family of cytokines (chemokines) on 
proliferation of human myeloid 
progenitor cells. Interacting effects 
involving suppression, synergistic 
suppression, and blocking of 
suppression. Journal of Immunology. 
1993;150:3448-3458

[50] Shin HC, Benbernou N, Esnault S, 
Guenounou M. Expression of IL-17 in 
human memory CD45RO+ T 
lymphocytes and its regulation by 
protein kinase A pathway. Cytokine. 
1999;11:257-266. DOI: 10.1006/
cyto.1998.0433

[51] Johansen C, Usher PA, Kjellerup RB, 
Lundsgaard D, Iversen L, Kragballe K. 
Characterization of the interleukin-17 
isoforms and receptors in lesional 
psoriatic skin. The British Journal of 
Dermatology. 2009;160:319-324.  
DOI: 10.1111/j.1365-2133.2008.08902.x

[52] Saenz SA, Siracusa MC, 
Perrigoue JG, Spencer SP, Urban JF Jr, 
Tocker JE, et al. IL25 elicits a 
multipotent progenitor cell population 
that promotes T(H)2 cytokine 
responses. Nature. 2010;464:1362-1366. 
DOI: 10.1038/nature08901

[53] Kleinschek MA, Owyang AM, 
Joyce-Shaikh B, Langrish CL, Chen Y, 
Gorman DM, et al. IL-25 regulates Th17 
function in autoimmune inflammation. 
The Journal of Experimental Medicine. 
2007;204:161-170. DOI: 10.1084/
jem.20061738

[54] Xu M, Lu H, Lee YH, Wu Y, Liu K, 
Shi Y, et al. An Interleukin-25-mediated 
autoregulatory circuit in keratinocytes 
plays a pivotal role in psoriatic skin 
inflammation. Immunity. 2018;48 
(787-798):e784. DOI: 10.1016/j.immuni. 
2018.03.019



13

Effects of IL-17 on Epidermal Development
DOI: http://dx.doi.org/10.5772/intechopen.101602

[55] Wright JF, Bennett F, Li B, Brooks J, 
Luxenberg DP, Whitters MJ, et al. The 
human IL-17F/IL-17A heterodimeric 
cytokine signals through the IL-17RA/
IL-17RC receptor complex. Journal of 
Immunology. 2008;181:2799-2805.  
DOI: 10.4049/jimmunol.181.4.2799

[56] Gaffen SL. Structure and signalling 
in the IL-17 receptor family. Nature 
Reviews Immunology. 2009;9:556-567. 
DOI: 10.1038/nri2586

[57] Puel A, Cypowyj S, Bustamante J, 
Wright JF, Liu L, Lim HK, et al. Chronic 
mucocutaneous candidiasis in humans 
with inborn errors of interleukin-17 
immunity. Science. 2011;332:65-68. 
DOI: 10.1126/science.1200439

[58] Dominguez-Villar M, Hafler DA. 
Immunology. An innate role for IL-17. 
Science. 2011;332:47-48. DOI: 10.1126/
science.1205311

[59] Glatt S, Baeten D, Baker T, 
Griffiths M, Ionescu L, Lawson ADG,  
et al. Dual IL-17A and IL-17F 
neutralisation by bimekizumab in 
psoriatic arthritis: Evidence from 
preclinical experiments and a 
randomised placebo-controlled clinical 
trial that IL-17F contributes to human 
chronic tissue inflammation. Annals of 
the Rheumatic Diseases. 2018;77:523-
532. DOI: 10.1136/annrheumdis- 
2017-212127

[60] Chiricozzi A, Nograles KE, 
Johnson-Huang LM, Fuentes-Duculan J, 
Cardinale I, Bonifacio KM, et al. IL-17 
induces an expanded range of 
downstream genes in reconstituted 
human epidermis model. PLoS One. 
2014;9:e90284. DOI: 10.1371/journal.
pone.0090284

[61] Croxford AL, Karbach S, 
Kurschus FC, Wortge S, Nikolaev A, 
Yogev N, et al. IL-6 regulates neutrophil 
microabscess formation in IL-17A-
driven psoriasiform lesions. The Journal 
of Investigative Dermatology. 

2014;134:728-735. DOI: 10.1038/jid. 
2013.404

[62] Noh M, Yeo H, Ko J, Kim HK, 
Lee CH. MAP17 is associated with the 
T-helper cell cytokine-induced down-
regulation of filaggrin transcription in 
human keratinocytes. Experimental 
Dermatology. 2010;19:355-362.  
DOI: 10.1111/j.1600-0625.2009.00902.x

[63] Rabeony H, Petit-Paris I, Garnier J, 
Barrault C, Pedretti N, Guilloteau K,  
et al. Inhibition of keratinocyte 
differentiation by the synergistic effect 
of IL-17A, IL-22, IL-1alpha, TNFalpha 
and oncostatin M. PLoS One. 
2014;9:e101937. DOI: 10.1371/journal.
pone.0101937

[64] Lambert S, Swindell WR, Tsoi LC, 
Stoll SW, Elder JT. Dual role of Act1 in 
keratinocyte differentiation and host 
defense: TRAF3IP2 silencing alters 
keratinocyte differentiation and inhibits 
IL-17 responses. The Journal of 
Investigative Dermatology. 2017; 
137:1501-1511. DOI: 10.1016/j.jid. 
2016.12.032

[65] Ekman AK, Bivik Eding C, 
Rundquist I, Enerback C. IL-17 and 
IL-22 promote keratinocyte stemness in 
the germinative compartment in 
psoriasis. The Journal of Investigative 
Dermatology. 2019;139(1564-1573): 
e1568. DOI: 10.1016/j.jid.2019.01.014

[66] Charruyer A, Fong S, Vitcov GG, 
Sklar S, Tabernik L, Taneja M, et al. 
Brief report: Interleukin-17A-dependent 
asymmetric stem cell divisions are 
increased in human psoriasis: A 
mechanism underlying benign 
hyperproliferation. Stem Cells. 
2017;35:2001-2007. DOI: 10.1002/
stem.2656

[67] Ma WY, Jia K, Zhang Y. IL-17 
promotes keratinocyte proliferation via 
the downregulation of C/EBPalpha. 
Experimental and Therapeutic 



Structural, Immunological and Molecular Biology of Keratinocytes

14

Medicine. 2016;11:631-636.  
DOI: 10.3892/etm.2015.2939

[68] Lai Y, Li D, Li C, Muehleisen B, 
Radek KA, Park HJ, et al. The 
antimicrobial protein REG3A regulates 
keratinocyte proliferation and 
differentiation after skin injury. 
Immunity. 2012;37:74-84.  
DOI: 10.1016/j.immuni.2012.04.010

[69] Borowczyk J, Buerger C, 
Tadjrischi N, Drukala J, Wolnicki M, 
Wnuk D, et al. IL-17E (IL-25) and 
IL-17A differentially affect the 
functions of human keratinocytes. The 
Journal of Investigative Dermatology. 
2020;140:1379, e1372-1389.  
DOI: 10.1016/j.jid.2019.12.013

[70] Das S, Srinivasan S, Srivastava A, 
Kumar S, Das G, Das S, et al. 
Differential influence of IL-9 and IL-17 
on actin cytoskeleton regulates the 
migration potential of human 
keratinocytes. Journal of Immunology. 
2019;202:1949-1961. DOI: 10.4049/
jimmunol.1800823

[71] Gutowska-Owsiak D, Schaupp AL, 
Salimi M, Selvakumar TA, McPherson T, 
Taylor S, et al. IL-17 downregulates 
filaggrin and affects keratinocyte 
expression of genes associated with 
cellular adhesion. Experimental 
Dermatology. 2012;21:104-110.  
DOI: 10.1111/j.1600-0625.2011.01412.x

[72] Senra L, Stalder R, Alvarez 
Martinez D, Chizzolini C, 
Boehncke WH, Brembilla NC. 
Keratinocyte-derived IL-17E 
contributes to inflammation in psoriasis. 
The Journal of Investigative 
Dermatology. 2016;136:1970-1980.  
DOI: 10.1016/j.jid.2016.06.009

[73] Fletcher JM, Moran B, Petrasca A, 
Smith CM. IL-17 in inflammatory skin 
diseases psoriasis and hidradenitis 
suppurativa. Clinical and Experimental 
Immunology. 2020;201:121-134.  
DOI: 10.1111/cei.13449

[74] von Laffert M, Helmbold P, 
Wohlrab J, Fiedler E, Stadie V, 
Marsch WC. Hidradenitis suppurativa 
(acne inversa): Early inflammatory 
events at terminal follicles and at 
interfollicular epidermis. Experimental 
Dermatology. 2010;19:533-537.  
DOI: 10.1111/j.1600-0625.2009.00915.x

[75] Vossen A, van der Zee HH, Prens EP. 
Hidradenitis suppurativa: A systematic 
review integrating inflammatory 
pathways into a cohesive pathogenic 
model. Frontiers in Immunology. 
2018;9:2965. DOI: 10.3389/fimmu. 
2018.02965

[76] Moran B, Sweeney CM, Hughes R, 
Malara A, Kirthi S, Tobin AM, et al. 
Hidradenitis suppurativa is 
characterized by dysregulation of the 
Th17: Treg cell axis, which is corrected 
by anti-TNF therapy. The Journal of 
Investigative Dermatology. 
2017;137:2389-2395. DOI: 10.1016/j.
jid.2017.05.033

[77] Lima AL, Karl I, Giner T, Poppe H, 
Schmidt M, Presser D, et al. 
Keratinocytes and neutrophils are 
important sources of proinflammatory 
molecules in hidradenitis suppurativa. 
The British Journal of Dermatology. 
2016;174:514-521. DOI: 10.1111/
bjd.14214

[78] Schlapbach C, Hanni T, Yawalkar N, 
Hunger RE. Expression of the IL-23/
Th17 pathway in lesions of hidradenitis 
suppurativa. Journal of the American 
Academy of Dermatology. 2011;65:790-
798. DOI: 10.1016/j.jaad.2010.07.010

[79] Kelly G, Hughes R, McGarry T, van 
den Born M, Adamzik K, Fitzgerald R, 
et al. Dysregulated cytokine expression 
in lesional and nonlesional skin in 
hidradenitis suppurativa. The British 
Journal of Dermatology. 2015;173:1431-
1439. DOI: 10.1111/bjd.14075

[80] Navrazhina K, Frew JW, Krueger JG. 
Interleukin 17C is elevated in lesional 



15

Effects of IL-17 on Epidermal Development
DOI: http://dx.doi.org/10.5772/intechopen.101602

tissue of hidradenitis suppurativa. The 
British Journal of Dermatology. 
2020;182:1045-1047. DOI: 10.1111/
bjd.18556

[81] Casseres RG, Prussick L, 
Zancanaro P, Rothstein B, Joshipura D, 
Saraiya A, et al. Secukinumab in the 
treatment of moderate to severe 
hidradenitis suppurativa: Results of an 
open-label trial. Journal of the American 
Academy of Dermatology. 
2020;82:1524-1526. DOI: 10.1016/j.
jaad.2020.02.005

[82] Ribero S, Ramondetta A, 
Fabbrocini G, Bettoli V, Potenza C, 
Chiricozzi A, et al. Effectiveness of 
Secukinumab in the treatment of 
moderate-severe hidradenitis 
suppurativa: Results from an Italian 
multicentric retrospective study in a 
real-life setting. Journal of the European 
Academy of Dermatology and 
Venereology. 2021;35:e441-e442.  
DOI: 10.1111/jdv.17178


