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The cytokines of the interleukin 17 (IL-17) family play a central role in the control of infec-
tions, especially extracellular fungi. Conversely, if unrestrained, these inflammatory cyto-
kines contribute to the pathology of numerous autoimmune and chronic inflammatory con-
ditions. Recent advances have led to the approval of IL-17A-blocking biologics for the
treatment of moderate to severe plaque psoriasis, but much remains to be understood
about the biological functions, regulation, and signaling pathways downstream of these
factors. In this review, we outline the current knowledge of signal transduction and known
physiological activities of IL-17 family cytokines. We will highlight in particular the current
understanding of these cytokines in the context of skin manifestations of disease.

Interleukin (IL)-17A, the founding and most
studied member of the IL-17 family, was

cloned in 1993 and initially named cytotoxic
T lymphocyte-associated antigen 8 (CTLA-8).
Its sequence and predicted structure were mark-
edly different from other known cytokines, but
interestingly was homologous to an open read-
ing frame (ORF) in the T-cell tropic Herpesvirus
saimiri virus (Rouvier et al. 1993). A decade
later, IL-17A took central stage with the discov-
ery of Th17 cells as a T helper (Th) subset dis-
tinct from Th1 and Th2 cells (Langrish et al.
2005; Park et al. 2005). Five additional family
members have been described, designated IL-
17B, C, D, E, and F. Of these, IL-17F shares the
greatest degree of conservation to IL-17A (55%)
and is commonly produced by the same cell
types. IL-17F was the first member of this fami-
ly for which a crystallographic structure was
elucidated. Interestingly, structural analysis re-

vealed the formation of a cysteine-knot fold,
similar to that adopted by neurotrophins such
as nerve growth factor (NGF) (Hymowitz et al.
2001). IL-17E, also known as IL-25, displays the
lowest degree of sequence conservation (16%)
(Huang et al. 2015). In turn, other family mem-
bers derive from different cellular sources and
are associated with varying functions. IL-17A,
IL-17F, IL-17C, and IL-17E function in host de-
fense against pathogens and play various but
not fully understood roles in mediating inflam-
mation in autoimmune, allergic, and chronic
inflammatory conditions. Given the central
role of IL-17A in autoimmunity, much effort
has focused on the development of neutralizing
antibodies for therapeutic use. Indeed, IL-17A-
blocking antibodies secukinumab and ixekizu-
mab recently received U.S. Food and Drug Ad-
ministration (FDA) approval for the treatment
of psoriasis, ankylosing sponylitis (AS), and
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psoriatic arthritis (PsA) (Langley et al. 2014;
Gordon et al. 2016). Nonetheless, many aspects
of IL-17A function, and especially of other cy-
tokines in this family, remain poorly defined.

All known IL-17 family cytokines signal via a
receptor family that is distinct from other known
cytokine receptors (Yao et al. 1995). The IL-17R
family contains five members, IL-17RA-E, all of
which are single-pass transmembrane receptors
with conserved structural features (Aggarwal
and Gurney 2002). Specifically, all family mem-
bers encode two extracellular fibronectin II–like
domains and an intracellular SEFIR domain; the
name alludes to the presence of this domain in
SEF/IL-17RD and other IL-17 receptor pro-
teins. The SEFIR is structurally related to the
TIR domain found in the TLR/IL-1R family
and is crucial for triggering downstream signal-
ing events (see also the section “IL-17 Cytokine
Signaling and Regulation”) (Novatchkova et al.
2003). The prevailing paradigm for most IL-17
cytokines is that signaling occurs through het-
erodimeric receptors composed of a common
IL-17RA chain and a second chain that deter-
mines ligand or signaling specificity. The sec-
ond receptor chains are as follows: IL-17RC for
IL-17A and IL-17F (Toy et al. 2006), IL-17RB
for IL-17E (Rickel et al. 2008), and IL-17RE for
IL-17C (Fig. 1) (Ramirez-Carrozzi et al. 2011).
IL-17B is also reported to bind IL-17RB, albeit
less strongly than IL-17E (Shi et al. 2000). In
addition, the requirement for IL-17RA in IL-
17B signaling is still under debate, and the re-
ceptor for IL-17D remains undefined. Here, we
review the current understanding of cellular
sources of the IL-17 family of cytokines, signal
transduction mechanisms that govern their
function, and the cutaneous biological process-
es in which these cytokines participate.

CELLULAR SOURCES OF IL-17 FAMILY
CYTOKINES

IL-17A and IL-17F

More than 30 years ago, the paradigm of Th
differentiation postulated that two discrete Th
populations, Th1 and Th2 cells, acquired the
ability to produce canonical cytokines, and

were thus “tuned” to control biologically
dissimilar pathogens (Mosmann et al. 1986).
Although a useful model, there were numerous
discrepancies that called this view into question
(Steinman 2007). Indeed, in 2005, a third Th
cell subset was described that produced IL-
17A, IL-17F, as well as IL-21, IL-22, and granu-
locyte macrophage colony-stimulating factor
(GM-CSF) (Park et al. 2005; Liang et al. 2006;
Korn et al. 2007; Nurieva et al. 2007), and hence
came to be known as “Th17.” Like other Th
subsets, naı̈ve CD4þ T cells become committed
to the Th17 lineage via cytokine cues received
during antigen presentation in secondary lym-
phoid organs. For Th17 cells, this is a combina-
tion of IL-1b, IL-6, transforming growth factor
b (TGF-b), and IL-21 for initial commitment
(Bettelli et al. 2006; Mangan et al. 2006; Veld-
hoen et al. 2006; Zhou et al. 2007) and IL-23 for
full acquisition of their pathogenic capacity (Cua
et al. 2003; Awasthi et al. 2009; McGeachy et al.
2009). Like Th1 and Th2 cells, Th17 cells express
a lineage-determining “master” transcription
factor, Rorgt, which directs the production of
their hallmark cytokines (Ivanov et al. 2006).

More recently, it has become clear that ad-
ditional populations of cells are also important
sources of IL-17A and IL-17F. These include
CD8þ cytotoxic T (Tc) cells (He et al. 2006;
Huber et al. 2013) and innate tissue-resident
cells that are rapidly activated on injury or path-
ogenic insult. Among these innate subsets are
gd T cells (including Vg4þ and Vg6þ cells [Cua
and Tato 2010]) innate lymphoid cells ([ILCs],
specifically the ILC3 subset) (Villanova et al.
2014), “natural” CD4þ Th17 cells (Marks
et al. 2009), and natural killer T (NKT) cells
(Kronenberg 2005). All IL-17-producing cells
share a common dependence on IL-23 and on
the transcription factor Rorgt, and express the
chemokine receptor CCR6 (Cua and Tato
2010). In addition, given their positioning at
barrier sites and their fast responsiveness, these
innate-like cells constitute important early
sources of IL-17 during infection and tissue
damage. Recent reports have also proposed the
expression of IL-17A by myeloid cells, includ-
ing macrophages, neutrophils, and mast cells
(Hoshino et al. 2008; Cua and Tato 2010; Li
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et al. 2010). However, these findings remain
controversial, especially given the low levels of
IL-17 detected in these cells and their propen-
sity for phagocytosis, which might internalize
IL-17 found in the environment. Indeed, a re-
cent article showed that mast cells can take up
IL-17A from the extracellular environment via
receptor-mediated endocytosis and subse-
quently release it to promote inflammation
(Noordenbos et al. 2016). Similarly, neutrophils
and mast cells have been proposed to release IL-
17 via extracellular traps (Lin et al. 2011).

IL-17E (IL-25)

IL-17E, also known as IL-25, was discovered
through a bioinformatics search for proteins
homologous to IL-17A (Lee et al. 2001). At
the protein level, IL-17E bears 16%–20% se-
quence similarity to IL-17A, B, and C. IL-17E
derives from both hematopoietic and nonhe-
matopoietic cells (Lee et al. 2001). In mice, IL-
17E is expressed by innate immune cells such as
mast cells and alveolar macrophages in response
to allergic stimuli (Morita et al. 2015). This also
seems to be true in humans, as blood eosino-
phils and basophils from normal and allergic
subjects expressed IL-17E messenger RNA
(mRNA), which was further boosted following
IL-5 treatment (Wang et al. 2007). In addition,

tissue stromal cells can express IL-17E. Human
lung epithelial cells and murine primary type II
alveolar epithelial cells express IL-17E following
challenge with Aspergillus oryzae, ragweed aller-
gens, and allergen proteases (Angkasekwinai
et al. 2007; Kouzaki et al. 2013). Concordantly,
IL-17E was detected at higher levels via immu-
nohistochemistry (IHC) in the bronchial mu-
cosa of asthmatics (Corrigan et al. 2011). The
triggers for IL-17E production in many of these
cells remains an active area of investigation.

IL-17E is a pleiotropic cytokine, acting on
stromal, innate immune, and adaptive immune
cells to orchestrate Th2-type inflammation.
Consistent with the association of dysregulated
Th2 responses with the development of allergy,
IL-17E production is linked to the severity of
chronic allergic conditions (Cheng et al. 2014).
Thus, IL-17E-induced inflammation can be dis-
tinguished from IL-17A- and IL-17F-induced
inflammation through the nature of the im-
mune infiltrate, which mostly consists of eosin-
ophils for the former and neutrophils for the
latter (Morita et al. 2015). However, IL-17E ex-
pression can be advantageous in some situa-
tions, as IL-17E can inhibit Th17 development
through the induction of IL-13 by dendritic cells
(DCs) and by inhibiting macrophage-derived
IL-23 production (Kleinschek et al. 2007). In
addition, IL-17E delivery ameliorates autoim-

IL-17RA IL-17RC IL-17REIL-17RB IL-17RB IL-17RD

IL-17A, IL-17F,
IL-17A/F IL-17B IL-17C

IL-17D

IL-17E

?

?

? ?

Figure 1. Interleukin 17 (IL-17) family cytokines and their receptors. Most IL-17 family cytokines signal via a
heterodimeric receptor composed of IL-17RA and a second chain that varies depending on ligand, as indicated.
Despite advances in the characterization of receptor–ligand interactions, several questions remain. Namely, a
role for IL-17RA in IL-17B signaling has not been fully shown. In addition, the receptor for IL-17D, as well as the
ligand for IL-17RD, remain unknown.
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mune diabetes in animal models (Emamaullee
et al. 2009; Saadoun et al. 2011). IL-17E, there-
fore, seems to be an atypical IL-17 family mem-
ber, both in terms of low sequence homology
and different biological actions.

IL-17C

IL-17C was identified during the search for IL-
17A-related cytokines (Li et al. 2000). IL-17C is
mainly expressed by epithelial cells following
stimulation with TLR2 and TLR5 ligands or
with the proinflammatory cytokines IL-1b and
tumor necrosis factor a (TNF-a) (Ramirez-
Carrozzi et al. 2011). Its expression has been
reported to be induced in CD4þ T cells, den-
dritic cells, and macrophages in inflamed tissues
(Li et al. 2000; Hwang and Kim 2005). IL-17C
has been suggested to act via a heterodimeric
receptor composed of IL-17RA and IL-17RE,
mediating a seemingly overlapping function to
that of IL-17A and IL-17F (Ramirez-Carrozzi
et al. 2011). Indeed, intranasal delivery of
IL-17C-expressing adenovirus triggers neutro-
philia and drives the expression of a set of
proinflammatory molecules that overlaps con-
siderably with IL-17A-dependent target genes
(Hurst et al. 2002). Its role in mediating inflam-
mation in several inflammatory and infection
settings is just beginning to be unraveled.

IL-17B and IL-17D

IL-17B and D were also found through a search
for IL-17A homologs (Li et al. 2000; Starnes et al.
2002). IL-17B is expressed at the transcriptional
level in many cell types, including chondrocytes,
neurons, intestinal epithelial cells, and breast
cancer cells. Similar to IL-17E, IL-17B can bind
to IL-17RB, albeit with a lower affinity (Chang
and Dong 2011). However, its function in the
context of these cells is still enigmatic. IL-17D
mRNA is detected in various tissues, including
brain, heart, lung, pancreas, skeletal muscle, and
adipose tissue (Starnes et al. 2002). In the im-
mune system, expression seems to be restricted
to naı̈ve CD4þ T cells and B cells. IL-17D most
closely resembles IL-17B, with which it shares
27% homology. Its carboxy-terminal motif is
absent in other IL-17 family members (Starnes

et al. 2002). To date, its receptor remains un-
known.

IL-17 CYTOKINE SIGNALING
AND REGULATION

Most IL-17 family members characterized to
date mediate signaling through heterodimeric
receptors composed of IL-17RA and a subunit
that confers ligand or signaling specificity. IL-
17RA is widely expressed among cells of both
hematopoietic and nonhematopoietic com-
partments (Yao et al. 1995; Ishigame et al.
2009). Other IL-17R family receptors generally
exhibit expression more restricted to specific cell
types, which helps explain the target cell speci-
ficity of different ligands. This situation is anal-
ogous to signaling by IL-6 or bc family cyto-
kines, which use the common gp130 subunit
or the common b subunit for signaling (Ozaki
and Leonard 2002; Hercus et al. 2013). The ex-
istence of conserved mechanisms of receptor
binding in the IL-17 family is reinforced by crys-
tallographic analyses of IL-17RA in complex
with IL-17A and IL-17F. These analyses revealed
the acquisition of a similar conformation by the
receptor on cytokine binding, and the require-
ment for the same amino acid residues for
receptor–ligand interactions (Liu et al. 2013).
Stoichiometry of the receptor complex seems
to be dimeric. The lackof further receptor chains
may be explained by the induction of conforma-
tional changes in the receptors on cytokine
binding, which disfavor binding to a second ho-
motypic receptor chain (Liu et al. 2013).

Signaling pathways downstream of IL-17
cytokine family members are beginning to be
unraveled, with IL-17A-targeted signaling
mechanisms having been most thoroughly
studied. In this section, we will focus on current
knowledge regarding the molecular actions
downstream of IL-17A, and point out com-
monalities, divergences, and gaps in our under-
standing of IL-17 family cytokines.

IL-17A, IL-17F, and IL-17A/F

IL-17A and IL-17F signal through the IL-17RA/
RC heterodimer, evidenced by a complete loss
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of responsiveness in Il17ra2/2 and Il17rc2/2

mice or cell lines derived from them (Gaffen
2009). Importantly, this receptor can bind to
three different covalent cytokine dimers: IL-
17A homodimers, IL-17F homodimers, or IL-
17A/F heterodimers, albeit with varying affini-
ties (Wright et al. 2007). IL-17RA has a 100-fold
weaker affinity for IL-17F and an intermediate
affinity for the IL-17A/F heterodimer and bears
weaker affinity for IL-17B, C, D, and E. Con-
versely, IL-17RC has a higher affinity for IL-17F
than for IL-17A (Kuestner et al. 2007). Overall,
IL-17A signaling induces stronger responses
than IL-17F (10–30 times more potent, as as-
sessed by downstream gene induction), which
may explain its dominant role in driving auto-
immunity (Zrioual et al. 2009). Receptor ex-
pression patterns also differ between the two
chains, with IL-17RA being expressed more
highly in the immune compartment, and IL-
17RC expression being largely restricted to non-
immune cells (Kuestner et al. 2007; Ishigame
et al. 2009). Whether varying expression pat-
terns coupled with the different affinity of
each receptor chain for IL-17A or IL-17F under-
lies their diverging biological functions remains
an open question.

Detailed sequence analysis of IL-17R family
members revealed the presence of a conserved
intracellular subdomain with homology to Toll-
IL-1R (TIR) domains, which are essential for
signaling downstream of the IL-1 receptor and
Toll-like receptors (TLRs). These motifs share
sequence homology with boxes 1 and 2 of the
TIR domain, but lack box 3. Interestingly, this
motif was discovered in “similar expression to
fibroblast (SEF) growth factor” proteins (an IL-
17RD ortholog) from zebrafish and chicken and
hence became known as the SEFIR domain
(Novatchkova et al. 2003). On cytokine ligation,
the IL-17 receptor complex is thought to under-
go a conformational change enabling the estab-
lishment of homotypic interactions between the
SEFIR domains of the receptor and the signal-
ing adaptor Act1 (Qian et al. 2007). Act1, also
known as CIKS (connection to IkB kinase and
stress-activated protein kinases), is an adapter
required for all known downstream IL-17A
signaling pathways. The canonical pathway re-

lies on the E3 ligase activity of Act1, which me-
diates Lys63-linked ubiquitylation of TRAF6
(Schwandner et al. 2000). This event leads to
activation of the canonical nuclear factor kB
(NF-kB) and mitogen-activated protein kinase
(MAPK) pathways, which include extracellular
signal-regulated kinase (ERK), p38, and c-Jun
amino-terminal kinase (JNK), as well as the
CCAAT-enhancer-binding proteins (C/EBPs)
pathway (Yao et al. 1995; Ruddy et al. 2004).
Together, these transcription factors drive tran-
scriptional activation of IL-17A target genes,
which play key roles in inflammation.

In contrast, a second, noncanonical pathway
is elicited by IL-17A, which leads to the stabili-
zation of mRNA transcripts, particularly those
encoding for intrinsically unstable targets such
as cytokines and chemokines. This mRNA stabi-
lization pathway is dependent on IkB kinase
(IKKi) and TBK1-mediated phosphorylation
of Act1 (Bulek et al. 2011; Qu et al. 2012).
TRAF2 and TRAF5 are thereby recruited to the
receptor complex, which results in the recruit-
ment of molecules that control mRNA turnover
(Sun et al. 2011). In particular, TRAF2 and
TRAF5 can sequester the RNA-destabilizing fac-
tor ASF/SF2 and recruit the mRNA-stabilizing
factor HuR, enhancing the half-life of various
mRNAs (Sun et al. 2011; Herjan et al. 2013). In
addition, Act1 is reported to interact with Hsp90
to activate IL-17 activity (Wang et al. 2013). A
psoriasis-associated genetic variant in Act1 car-
rying the D10N mutation abrogates this inter-
action (Ellinghaus et al. 2010; Genetic Analysis
of Psoriasis Consortium & the Wellcome Trust
Case Control Consortium 2 et al. 2010; Hüff-
meier et al. 2010). Together, IL-17-mediated
events at both the transcriptional and posttran-
scriptional levels enhance production of genes
that underlie its functions, including cytokines
and chemokines, antimicrobial peptides (AMPs),
acute phase proteins, and other inflammatory
effectors (Onishi and Gaffen 2010). IL-17RA/
RC signaling is summarized in Figure 2.

IL-17E (IL-25)

IL-17E signals through a heterodimer of
IL-17RA and IL-17RB (Rickel et al. 2008), as

IL-17 Family Cytokines
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summarized in Figure 3. Unlike the relatively
stromal-restricted activity of IL-17A and IL-
17F, IL-17E acts mainly on immune cells,
including Th2, Th9, and NKT cells. IL-17E in-
duces the production of classical type 2 cyto-
kines, such as IL-4, IL-5, IL-9, and IL-13, in a
Gata3-, c-MAF-, and JunB-dependent fashion
(Wang et al. 2007). IL-17RB is also expressed on
monocytes, certain populations of type 2 innate
lymphocytes such as nuocytes, non-T/non-B
cells, multipotent progenitor type 2 cells, and
innate type 2 helper cells (Dolgachev et al. 2009;
Moro et al. 2010; Neill et al. 2010; Price et al.
2010). In addition, stromal cells such as intesti-
nal and pulmonary epithelial cells also respond
to IL-17E. Similar to IL-17A/F signaling, IL-

17RB interacts with Act1 via homotypic SEFIR
interactions (Claudio et al. 2009; Swaidani et al.
2009). Act1 recruits TRAF6, enabling NF-kB
activation (Maezawa et al. 2006). However, the
pathways diverge in that IL-17RB can recruit
TRAF4 via Act1, leading to the further recruit-
ment of the E3 ligase SMURF2 (Zepp et al.
2015). This leads to the ubiquitylation and sub-
sequent degradation of the IL-17RB inhibitor
DAZAP2, consequently reinforcing IL-17E-me-
diated signaling (Zepp et al. 2015). Further, IL-
17E is reported to activate STAT5 in an Act1-
independent manner, which further potentiates
a Th2 response (Wu et al. 2015b). The precise
stoichiometry of the receptor required for sig-
naling via IL-17E is currently unclear, as there

IL-17RA IL-17RC

IL-17A, IL-17F,
IL-17A/F

K63 Ub

TRAF6

ACT1/CIKS

HSP90

Canonical pathway Noncanonical
pathway

MAPK NF-κB

Transcriptional activation

- Proinflammatory cytokines
- Chemokines
- Antimicrobial peptides

TRAF2
TRAF5

P

HUR
ASF/SF2

Stabilization of mRNAs
C/EBPβ/δ

Figure 2. Interleukin (IL)-17RA/RC signaling pathways. IL-17A/IL-17F/IL-17A/F binding to the receptor
complex enables homotypic interactions between the SEF/IL-17R (SEFIR) domains in the receptor and in
the adapter Act1/CIKS. The canonical IL-17 signaling pathway initiates signaling through Act1-induced K63-
linked ubiquitylation of TRAF6, thereby activating the mitogen-activated protein kinase (MAPK), CCAAT-
enhancer-binding protein b (C/EBPb), and nuclear factor kB (NF-kB) pathways. This triggers transcriptional
activation of downstream target genes, including proinflammatory cytokines, chemokines, and antimicrobial
peptides. In turn, noncanonical signaling relies on Act1 phosphorylation at amino acid 311. This recruits TRAF2
and TRAF5, which sequesters the messenger RNA (mRNA)-destabilizing factor ASF/SF2 and recruits the
mRNA-stabilizing factor HuR. Together, these two pathways mediate the proinflammatory functions of IL-
17A, IL-17F, and IL-17A/F.
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are reports of IL-17E being unable to bind IL-
17RA in vitro (Hymowitz et al. 2001). Whether
the nature of the receptor varies depending on
the cell type is another area of inquiry.

IL-17B, C, and D

Our current understanding of signaling down-
stream of IL-17 family members other than IL-
17A, F, and E remains very limited. IL-17B has
been shown to induce proinflammatory cyto-
kine secretion by the THP-1 acute monocytic
leukemic cell line, and to enhance inflamma-
tion, survival, and metastasis in breast and pan-
creatic cancer (Huang et al. 2014; Wu et al.
2015a). IL-17RB engagement in these cells re-
cruited the Act1-TRAF6-TAK1 complex to the
receptor (Wu et al. 2015a). Interestingly, IL-17B
and IL-17E seem to present antagonic activities,
despite reportedly binding to the same receptor
(Reynolds et al. 2015). IL-17C has been report-
ed to signal via a heterodimeric IL-17RA/RE

complex (Ramirez-Carrozzi et al. 2011). Ex-
pression of IL-17RE is restricted to epithelial
cells, specialized epithelial cells like keratino-
cytes and Th17 cells (reviewed in Song et al.
2016). In line with other proinflammatory cy-
tokines in the family, IL-17C signaling activates
the NF-kB and MAPK pathways (Song et al.
2011). Similar to other cytokines in the family,
IL-17C signaling also seems to be dependent on
Act1, and Song et al. have recently reported that
IL-17RE associates with Act1 (Song et al. 2016).
As noted above, the action of IL-17D, its recep-
tor, and the signaling mechanisms it elicits
remain obscure.

Regulation of IL-17 Family Cytokines

Given its central role in inflammation, numer-
ous mechanisms have evolved to restrict the IL-
17A signaling pathway, presumably to curtail
bystander inflammation. For example, TRAF3
and TRAF4 interfere with early events in IL-17A

IL-17RA IL-17RB

IL-17E

TRAF6

ACT1/CIKS

MAPK NF-κB

Transcriptional activation

Signal amplification

TRAF4 SMURF2

STAT5

DAZAP2

Figure 3. Interleukin (IL)-17RA/RB signaling. On IL-17E binding to its receptor, homotypic interactions
between the SEF/IL-17R (SEFIR) domains in the receptor and in the adapter Act1/CIKS are established.
This leads to the recruitment of TRAF6, activating the mitogen-activated protein kinase (MAPK) and nuclear
factor kB (NF-kB) signaling pathways. In turn, Act1 can recruit TRAF4, which activates the E3 ligase SMURF2.
This leads to the ubiquitylation and subsequent degradation of the inhibitor DAZAP2, amplifying IL-17E-
mediated signaling. In addition, IL-17RB can elicit STAT5 activation in an Act1-independent manner.
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signaling by competing with Act1 or TRAF6
for IL-17RA binding (Zhu et al. 2010; Zepp
et al. 2012). The deubiquitinase A20 is induced
downstream of IL-17A and dampens the activa-
tion of NF-kB and MAPK pathways by removal
of K63-linked ubiquitin chains on TRAF6
(Garg et al. 2013). Thus, A20 serves as a feed-
back regulator of the IL-17 pathway, analogous
to its effect for TNF-a and IL-1 signaling as well
(He and Ting 2002; Duong et al. 2015; Luo et al.
2015). Similarly, the deubiquitinase USP25 acts
on TRAF5 and TRAF6, suppressing IL-17A sig-
naling (Johnston et al. 2013). GSK-3b-mediat-
ed phosphorylation of the transcription factor
C/EBPb inhibits IL-17 target gene expression
(Shen et al. 2009). Genome-wide association
study (GWAS) analysis of psoriasis has revealed
genetic associations with known regulators of
immune signaling, including TNFAIP3 (A20),
TNIP1 (ABIN-1, NAF1), and NFKBIA (IkBa)
(Harden et al. 2015). Importantly, ABIN-1 was
recently shown to regulate IL-17A signaling
in keratinocytes. Correspondingly, Tnip1-defi-
cient mice develop cutaneous inflammation
with psoriasiform characteristics, linking find-
ings in this mouse model to the enhanced
susceptibility to psoriasis of individuals with
TNIP1 single-nucleotide polymorphisms (SNPs)
(Ippagunta et al. 2016). Finally, the endoribo-
nuclease MCPIP1 (also known as Regnase-1,
encoded by ZC3H12A) limits IL-17 signaling
through the degradation of IL-17-driven genes,
including Il6, Nfkbiz, and Il17ra and Il17rc
(Sonder et al. 2011; Garg et al. 2015; Somma
et al. 2015). To date, 11 nonsynonymous SNPs
have been described for the ZC3H12A gene, but
so far none are associated with human disease
(Cifuentes et al. 2010).

With an emerging role in inflammatory dis-
eases (Johnston et al. 2013), IL-17C may simi-
larly be subject to robust control mechanisms,
although little is currently known about this
issue. We recently showed that the action of
MCPIP1 can also curb IL-17C-mediated in-
flammation in murine keratinocytes both in vi-
tro and in vivo, thereby limiting skin inflamma-
tion in the imiquimod-driven psoriasis model
(Monin et al. 2017). Given the high degree of
conservation across signaling pathways in the

IL-17 family of cytokines, it is tempting to spec-
ulate that other members of the IL-17 will share
common regulatory mechanisms.

IL-17 FAMILY CYTOKINES IN HOST
PROTECTION AND INFLAMMATION

IL-17A, F, and A/F in Infection

IL-17A and IL-17F evolved to protect from in-
fection, and it is now clear that they orchestrate
protective responses against infections at muco-
sal and epithelial surfaces, including the intes-
tine, skin, lung, and oral cavity. Their central
role in mediating protective immunity relies
on the induction of molecules that stimulate
epithelial barrier function. Signaling down-
stream of IL-17RA/RC elicits the expression of
AMPs, including b-defensins, S100 proteins,
and lipocalin-2 ([Lcn2], also known as 24p3
or NGAL) (Yang et al. 1999). Lcn2 competes
with bacterial siderophores for acquisition of
free iron and thus limits bacterial growth
(Yang et al. 2002). In addition, IL-17A and IL-
17F induce a proinflammatory milieu with en-
hanced cytokine and chemokine, and matrix
metalloproteinase (MMP) production. These
factors mediate the activation and recruitment
of immune cells to the site of infection, promot-
ing a potent immune response to the invading
pathogen. One of the hallmarks of IL-17A-driv-
en inflammation is neutrophil accumulation.
Indeed, induction of granulocyte colony-stim-
ulating factor (G-CSF) regulates neutrophil
production, whereas chemokines such as
CXCL1, CXCL5, and CCL2 stimulate neutro-
phil chemotaxis (Shen et al. 2005). In addition,
IL-17 induces CCL20, which recruits CCR6-
expressing cells such as Th17 and ILC3s
(Acosta-Rodriguez et al. 2007). In this manner,
IL-17A and to a lesser extent IL-17F regulate the
coordinated action of stromal, innate, and
adaptive immune cells.

The central role of IL-17A and IL-17F in
protective immunity against infections is high-
lighted by the increased susceptibility of IL-17A
or IL-17F-deficient mice to pathogens. For ex-
ample, IL-17RA2/2 mice are unable to con-
trol lung infection with Klebsiella pneumoniae
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(Ye et al. 2001). In addition, IL-17A stimulates
macrophage-derived IL-12, which is required to
promote protective Th1 responses against pul-
monary infection with Francisella tularensis live
vaccine strain (Lin et al. 2009). Furthermore, IL-
17 levels are elevated during acute lung infec-
tion with Pseudomonas aeruginosa, which con-
tributes to neutrophil recruitment and bacterial
containment (Liu et al. 2011; Dubin et al. 2012).
Similarly, a deficiency in IL-17 or the IL-17-
promoting cytokine IL-23 renders mice more
susceptible to Citrobacter rodentium intestinal
infection (Mangan et al. 2006), as well as to a
number of other bacterial pathogens (reviewed
in Curtis and Way 2009; Manni et al. 2014).

Candida albicans is a commensal fungal or-
ganism in about 70% of healthy individuals,
residing in the skin, mouth, gastrointestinal
tract, and vagina without causing disease. How-
ever, following loss of immune control mecha-
nisms, C. albicans can become an opportunistic
pathogen. Chronic mucocutaneous candidiasis
(CMC) can ensue in individuals with primary
and acquired immunodeficiencies, leading to
oropharyngeal candidiasis ([OPC] or thrush),
or to cutaneous lesions. Importantly, defects in
the IL-17/IL-23 axis render the host exquisitely
susceptible to CMC, highlighting the impor-
tance of this pathway in controlling C. albicans
infections. Genetic variants in IL-12Rb1 and
STAT3, which compromise IL-23 signaling,
have also been associated with diminished
Th17 responses in humans and accordingly to
CMC (Milner and Holland 2013).

IL-17A is required for control of C. albicans
OPC infection in mice, although IL-17F and
IL-17AF may also contribute to protection
(Whibley et al. 2016). Notably, a mutation in
the IL17F gene was recently reported in a family
with CMC (Puel et al. 2011). This point muta-
tion at position 65 in the polypeptide chain
leads to the production of a dominant-negative
variant, which abrogates IL-17F and IL-17A/
IL-17F heterodimer signaling. Likewise, muta-
tions in IL-17RA, IL-17RC, and Act1 lead to
CMC in humans. Mutations in the AIRE gene
(autoimmune regulator) lead to the develop-
ment of the multiorgan autoimmune disease
APECED (autoimmune polyendocrinopathy

candidiasis ectodermal dystrophy). One of the
main manifestations of APECED is an en-
hanced susceptibility to CMC (Milner and Hol-
land 2013). Interestingly, compromised nega-
tive selection in the thymus because of AIRE
deficiency leads to the development of neutral-
izing autoantibodies against IL-17A, IL-17F,
and IL-22 (Puel et al. 2010). Importantly, the
dependence of the host on IL-17 for contain-
ment of Candida infections is dependent on
colonization route and tissue. For instance, vul-
vovaginal candidiasis is associated with alter-
ations in other host factors, such as pH and
microbial flora composition. In turn, control
of systemic candidiasis seems to be more reliant
on Th1 and natural killer (NK) cell responses
(Conti and Gaffen 2015).

Staphylococcus aureus dermatitis has been
reported in patients with ACT1 or IL17RA
null variants (Puel et al. 2011; Boisson et al.
2013). In line with a role for IL-17 in S. aureus
control, Il17ra-deficient mice exhibit an in-
creased susceptibility to cutaneous S. aureus in-
fection (Cho et al. 2010; Chan et al. 2015). Giv-
en the emergence in recent years of methicillin-
resistant S. aureus (MRSA) strains, harnessing
the IL-17 axis in vaccination strategies may be of
prophylactic promise.

IL-17A, F, and A/F in Chronic Skin
Inflammatory and Autoimmune Diseases

Up-regulation of inflammatory and tissue-re-
modeling molecules can lead to tissue damage
if IL-17 activity is left uncontrolled. Indeed, IL-
17A and related cytokines are up-regulated in
numerous autoimmune conditions, including
psoriasis, rheumatoid arthritis (RA), multiple
sclerosis, scleroderma, and lupus, among others.
Similarly, GWAS studies have associated SNPs in
genes of the IL-17 pathway with autoimmunity.
A number of reviews have recently addressed the
role of IL-17 in other autoimmune conditions
(Iwakura et al. 2011; Song et al. 2016). We will
focus here on the role of IL-17A and IL-17F in
driving cutaneous inflammation (Table 1).

Psoriasis is a chronic inflammatory skin
condition characterized by epidermal hyperpla-
sia, affecting 2%–3% of the world’s population.

IL-17 Family Cytokines
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One of the hallmarks of disease is neutrophilic
infiltration and formation of neutrophil micro-
abscesses (Nestle et al. 2009). Elevated IL-17A
and Th17-related cytokines such as IL-22 and
IL-23 are found in human psoriasis skin lesions
(Wilson et al. 2007; Johansen et al. 2009; John-
ston et al. 2013). In addition, IL-17A can directly
act on human keratinocytes stimulated to up-
regulate AMPs and neutrophil-attracting che-
mokines (Liang et al. 2006; Nograles et al.
2008). Consistently, GWAS studies have identi-
fied psoriasis-associated variants in genes par-
ticipating in Th17 differentiation and IL-17A
signaling, such as IL23R and TRAF3IP2 (encod-
ing Act1) (Cargill et al. 2007; Ellinghaus et al.
2010; Hüffmeier et al. 2010; Sonder et al. 2012;
Tsoi et al. 2012). Mouse preclinical models of
psoriasis have confirmed a role for IL-17 family
cytokines in mediating disease. In the imiqui-
mod-driven dermatitis model (driven by a TLR7
agonist), IL-17RA-deficient mice show dramat-
ically diminished skin involvement (van der Fits
et al. 2009). Interestingly, IL-17 signaling plays a
dual role during imiquimod-driven psoriasis, its
role varying by cell type. Mice deficient in IL-17
signaling in keratinocytes present dampened
keratinocyte proliferation and neutrophilic mi-
croabscess formation. In turn, Act1 deficiency in
skin fibroblasts limits the recruitment of IL-17-
producing cells, thereby controlling the ampli-
fication of skin inflammation (Ha et al. 2014).
Interestingly, intradermal injection of IL-22 or
IL-23 into mouse ear also elicits the develop-
ment of psoriasis-like disease, indicating that
other cytokines in the IL-23/IL-17 axis can ini-
tiate disease (Song et al. 2016). The importance
of IL-17A-mediated inflammation in psoriasis
has been more recently highlighted by the

clinical success of biologic drugs, including IL-
17A-blocking antibodies secukinumab and ixe-
kizumab and the IL-17RA-targeting antibody
brodalumab (Leonardi et al. 2012; Langley
et al. 2014; Baeten et al. 2015; Durham et al.
2015; Sanford and McKeage 2015).

Atopic dermatitis affects 10%–20% of chil-
dren and 1%–3% of adults in the Western world
(Schultz Larsen 1996), and is characterized by
chronic skin inflammation because of exacer-
bated responses to environmental antigens.
The IL-17 axis has been reported to participate
in allergic skin reactions, including atopic der-
matitis and contact dermatitis. Serum levels of
IL-17A and F are increased in children with
atopic dermatitis and positively correlated
with disease severity (Leonardi et al. 2015). Ex-
pression of IL-17A at the mRNA level is in-
creased in the skin of patients with nickel allergy
(Albanesi et al. 1999). In addition, increased
Th17 cell infiltration was detected in a mouse
model of contact dermatitis, and IL-17A-defi-
cient mice displayed reduced pathology (Nakae
et al. 2002). Whether the enhancement of IL-17
responses is a driver of pathology or reflects the
immune efforts to limit colonization of skin
lesions by bacteria remains an open question.

Strikingly, IL-17 signaling has been associ-
ated with the promotion of skin cancer devel-
opment during chemical carcinogenesis in
mouse models. Indeed, IL-17 or IL-17RA-defi-
cient mice show considerably diminished inci-
dence of DMBA/TPA-induced skin tumors
(Wang et al. 2010; He et al. 2012). This protu-
morigenic effect of IL-17 is thought to occur via
the promotion of epithelial proliferation and
the antiapoptotic effect of STAT-3, which may
be downstream of IL-17-induced genes such as

Table 1. Cytokines and receptors driving cutaneous inflammation

Cytokine Receptor Infection Skin inflammatory phenotype(s)

IL-17A and IL-17F IL-17RA/RC Candida albicans,
Staphylococcus aureus

Psoriasis, atopic dermatitis,
skin cancer

IL-17B IL-17RB/? Undefined Undefined
IL-17C IL-17RA/RE S. aureus Psoriasis
IL-17D Undefined Undefined Undefined
IL-17E (IL-25) IL-17RA/RB Undefined Psoriasis, atopic dermatitis

IL, Interleukin.
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IL-6. Importantly, IL-17RA blocking in mice
with established tumors blocked further tumor
progression (He et al. 2012). Thus, IL-17A
blockade may be useful for controlling at least
some cancers.

IL-17B

IL-17B is expressed by neutrophils in the syno-
vial tissue of RA patients (Kouri et al. 2014).
Treatment of human fibroblasts with IL-17B
synergized with TNF-a to induce G-CSF and
IL-6 (Kouri et al. 2014). Intriguingly, IL-17B
is expressed in limb buds during mouse
embryonic development, suggesting a role in
chondrogenesis and osteogenesis that may be
dysregulated in autoimmune processes affecting
the joints (You et al. 2005). IL-17B, like IL-17E
(IL-25), has been shown to bind to IL-17RB. IL-
17B can oppose IL-25-driven inflammation,
and has been shown to play an antagonistic
role. In a dextran sulphate sodium (DSS)-driven
colitis mouse model, IL-25 administration ex-
acerbated colonic damage (McHenga et al.
2008). In contrast, in a second report, IL-25-
deficient mice exhibited reduced weight loss,
inflammation, and tissue damage (Reynolds
et al. 2015). These discrepant findings may
result from differences in microbiome compo-
sition between the two studies. Interestingly,
IL-17B-deficient mice developed increased sus-
ceptibility to DSS colitis, with enhanced weight
loss, proinflammatory cytokine production,
and colonic tissue destruction (Reynolds et al.
2015). Similarly, IL-17B and IL-25 play oppos-
ing roles in the context of Citrobacter rodentium
infection and ovalbumin (OVA)-induced lung
inflammation (Reynolds et al. 2015). In vitro,
cotreatment of primary colonic epithelial cells
with IL-17B diminished IL-25-, but not IL-17A-
driven IL-6 production. IL-17B remains among
the most obscure of all IL-17 family members,
with a role in skin immunity and pathology yet
to be ascribed. The described antagonism to
IL-25 function is interesting in this context,
particularly given the association between IL-
25 expression and skin atopy. The potential
role of IL-17B in skin immunity and pathology
should therefore be explored.

IL-17C

As noted above, IL-17C induces a similar pat-
tern of gene expression to IL-17A, which poses
the question of functional redundancy. Howev-
er, despite the overlap in target gene induction,
IL-17C-deficient mice do not exhibit a compro-
mised ability to control oral, dermal, or dissem-
inated candidiasis, in contrast to IL-17RA-defi-
cient mice (Conti et al. 2015). In addition, the
IL-17RA-dependent gene signature associated
with immunity against C. albicans was un-
changed in IL-17C-deficient mice. Concordant-
ly, IL-17RE deficiency did not lead to enhanced
susceptibility to candidiasis. Interestingly, IL-
17C can be induced in keratinocytes infected
with S. aureus via a NOD2-dependent mech-
anism. Using this in vitro system, suppression
of IL-17C expression rendered keratinocytes
slightly more permissive to S. aureus survival
(Roth et al. 2014). Thus, IL-17C may contribute
to the control of infections, potentially through
the activation of common mechanisms with IL-
17A and F.

A common feature for IL-17 family cyto-
kines or indeed all inflammatory stimuli is their
propensity to promote protective immunity
while simultaneously exacerbating tissue dam-
age. IL-17C is the most highly expressed IL-17
family member in psoriatic lesions (Wilson
et al. 2007; Johansen et al. 2009; Johnston et
al. 2013), and drives the expression of AMPs,
proinflammatory cytokines, and neutrophil-at-
tracting chemokines in keratinocytes (Liang
et al. 2006; Nograles et al. 2008). Consistent
with a role in mediating cutaneous pathology,
intradermal delivery of recombinant IL-17C
into mouse ears led to epidermal thickening
and neutrophil recruitment, whereas IL-17C-
deficient mice developed less skin inflammation
on imiquimod treatment (Ramirez-Carrozzi
et al. 2011). In line with these findings, kera-
tinocyte-specific IL-17C transgenic mice develop
spontaneous psoriasiform dermatitis with epi-
dermal hyperplasia, increased leukocytosis, and
overexpression of proinflammatory cytokines
(Johnston et al. 2013). Consistent with mani-
festations in human psoriasis, these mice dis-
play an enhanced proclivity toward thrombotic

IL-17 Family Cytokines
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arterial occlusion, indicating the potential sys-
temic effects of a skin inflammatory process
(Golden et al. 2015). Therefore, IL-17C is clear-
ly a driver of psoriasis and could be a safer target
for blockade because its role in immunity to
infection, at least in mice, appears to be less
central (Conti et al. 2015).

IL-17D

As mentioned, the orphan cytokine IL-17D is
poorly understood, with reports showing that
this cytokine can induce IL-6, IL-8, and GM-
CSF expression in endothelial cells (Starnes
et al. 2002) and IL-6 and IL-8 in chicken fibro-
blasts (Hong et al. 2008). Interestingly, the
stress-sensing protein NRF2 induces IL-17D ex-
pression in cancer cells. IL-17D-deficient mice
displayed increased tumor growth when com-
pared to wild-type mice (Saddawi-Konefka et
al. 2016). Recent studies have also linked IL-
17D to the recruitment of NK cells into the
tumor microenvironment and subsequent acti-
vation (O’Sullivan et al. 2014; Saddawi-Konefka
et al. 2014). Indeed, IL-17D plays a dual role in
promoting human NK cell cytotoxicity and in-
ducing NK-recruiting MCP-1 by tumor endo-
thelial cells, thus placing this cytokine in a cen-
tral role in tumor surveillance (O’Sullivan et al.
2014). The potential involvement of IL-17D in
cutaneous surveillance mechanisms remains an
open question.

IL-17E

IL-17E is an interesting example of an IL-17-
family cytokine that possesses a divergent func-
tion to its founding member IL-17A. Like IL-
17A, IL-17E can activate NF-kB and induce the
production of IL-8. In addition, transgenic mice
overexpressing IL-17E develop common fea-
tures of IL-17A-driven inflammation, including
neutrophilia and elevated circulating G-CSF
(Pan et al. 2001). However, IL-17E functions
mainly to stimulate Th2 responses, promoting
Th2 cytokine secretion, class switch recombina-
tion to IgE, IgG1, and IgA, and the recruitment
and activation of eosinophils in both mice
and humans. Indeed, IL-17E transgenic mice

present with eosinophilia, increased IgE and
IgG1, and elevated serum IL-5 and IL-13 (Pan
et al. 2001). Given its role in promoting Th2-
mediated immunity, IL-17E plays a central role
in protection against helminth infection (Fallon
et al. 2006; Owyang et al. 2006). In turn, IL17E
mRNA expression is enhanced in the lungs of
asthmatic patients (Wang et al. 2007), and IL-
17E delivery promotes Th2 cytokine and IgE
production as well as eosinophil infiltration in
a mouse model of asthma (Fort et al. 2001).

IL-17E expression has been reported in pa-
tients with several skin conditions. In particular,
an SNP in the IL17E gene is positively correlated
with severe forms of psoriasis in a Spanish co-
hort of patients (Batalla et al. 2015). However,
the effect of this polymorphism on IL-17E ex-
pression and/or function remains unknown.
Atopic dermatitis often presents in association
with mutations in the gene encoding filaggrin
(Palmer et al. 2006; Weidinger et al. 2006; Barker
et al. 2007). IL-25 was overexpressed in the epi-
dermis of atopic dermatitis patients and in cor-
responding mouse models (Hvid et al. 2011;
Aktar et al. 2015). In cultured keratinocytes,
IL-25 treatment inhibited the expression of fi-
laggrin, which may account for the loss of skin
barrier function associated with atopic derma-
titis (Hvid et al. 2011). In addition, IL-25 can
mediate the recruitment of “type 2” cytokine-
producing ILC2s in atopic dermatitis (Salimi
et al. 2013). Therefore, IL-25 plays a dual role
in promoting atopic dermatitis via stimulation
of type 2 responses and through its direct action
on keratinocytes.

CONCLUDING REMARKS

The IL-17 family of cytokines plays a central
part in the induction of inflammation to limit
numerous pathogenic insults. Here, we have re-
viewed the prominent role of IL-17A in orches-
trating protective responses against cutaneous
bacterial and fungal infections and the emerg-
ing roles of other IL-17 family members in
boosting immunity. Given the recent develop-
ment of novel therapies to block IL-17A and IL-
17RA signals in chronic inflammatory diseases,
the potential long-term consequences of such
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treatments vis-à-vis the exacerbation of fungal
and extracellular bacterial infections should be
examined. In that light, dissecting the common-
alities and divergences in signaling pathways
that drive protective versus tissue disruptive
functions could provide alternative therapeutic
strategies for at-risk populations. Given the
pleiotropic roles of IL-17 family members, an
in-depth analysis of individual cytokines’ roles
during infection and inflammation could pro-
vide insight into the advantages of the therapeu-
tic alternatives that are currently under study,
including IL-17A- versus IL-17RA-blocking
strategies.
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OM, et al. 1999. b-Defensins: Linking innate and adap-
tive immunity through dendritic and T cell CCR6. Sci-
ence 286: 525–528.

Yang J, Goetz D, Li JY, Wang W, Mori K, Setlik D, Du T,
Erdjument-Bromage H, Tempst P, Strong R, et al. 2002.
An iron delivery pathway mediated by a lipocalin. Mol
Cell 10: 1045–1056.

Yao Z, Fanslow WC, Seldin MF, Rousseau AM, Painter SL,
Comeau MR, Cohen JI, Spriggs MK. 1995. Herpesvirus
Saimiri encodes a new cytokine, IL-17, which binds to a
novel cytokine receptor. Immunity 3: 811–821.

Ye P, Garvey PB, Zhang P, Nelson S, Bagby G, Summer WR,
Schwarzenberger P, Shellito JE, Kolls JK. 2001. Interleu-
kin-17 and lung host defense against Klebsiella pneumo-
niae infection. Am J Respir Cell Mol Biol 25: 335–340.

You Z, DuRaine G, Tien JY, Lee C, Moseley TA, Reddi AH.
2005. Expression of interleukin-17B in mouse embryonic
limb buds and regulation by BMP-7 and bFGF. Biochem
Biophys Res Commun 326: 624–631.

Zepp JA, Liu C, Qian W, Wu L, Gulen MF, Kang Z, Li X.
2012. Cutting edge: TNF receptor-associated factor 4 re-
stricts IL-17-mediated pathology and signaling processes.
J Immunol 189: 33–37.

Zepp JA, Wu L, Qian W, Ouyang W, Aronica M, Erzurum S,
Li X. 2015. TRAF4-SMURF2-mediated DAZAP2 degra-
dation is critical for IL-25 signaling and allergic airway
inflammation. J Immunol 194: 2826–2837.

Zhou L, Ivanov, II, Spolski R, Min R, Shenderov K, Egawa T,
Levy DE, Leonard WJ, Littman DR. 2007. IL-6 programs
TH-17 cell differentiation by promoting sequential en-
gagement of the IL-21 and IL-23 pathways. Nat Immunol
8: 967–974.

Zhu S, Pan W, Shi P, Gao H, Zhao F, Song X, Liu Y, Zhao L, Li
X, Shi Y, et al. 2010. Modulation of experimental auto-
immune encephalomyelitis through TRAF3-mediated
suppression of interleukin 17 receptor signaling. J Exp
Med 207: 2647–2662.

Zrioual S, Ecochard R, Tournadre A, Lenief V, Cazalis MA,
Miossec P. 2009. Genome-wide comparison between IL-
17A- and IL-17F-induced effects in human rheumatoid
arthritis synoviocytes. J Immunol 182: 3112–3120.

L. Monin and S.L. Gaffen

18 Cite this article as Cold Spring Harb Perspect Biol 2018;10:a028522

 on August 25, 2022 - Published by Cold Spring Harbor Laboratory Press http://cshperspectives.cshlp.org/Downloaded from 

http://cshperspectives.cshlp.org/


15, 2017
2018; doi: 10.1101/cshperspect.a028522 originally published online JuneCold Spring Harb Perspect Biol 

 
Leticia Monin and Sarah L. Gaffen
 
Activities, and Therapeutic Implications
Interleukin 17 Family Cytokines: Signaling Mechanisms, Biological

Subject Collection  Cytokines

Homeostasis
Regulators of Inflammation and Tissue−−

Interleukin (IL)-33 and the IL-1 Family of Cytokines

Ajithkumar Vasanthakumar and Axel Kallies
Cancer Immunity
and Inhibiting Spontaneous and Therapeutic 

 and Its Important Roles in PromotingγInterferon 

Schreiber
Elise Alspach, Danielle M. Lussier and Robert D.

Treatment of Human Diseases
Targeting IL-10 Family Cytokines for the

Xiaoting Wang, Kit Wong, Wenjun Ouyang, et al. Disease
Crossroads of Health and Autoinflammatory 
Inflammasome-Dependent Cytokines at the

Mohamed Lamkanfi
Hanne Van Gorp, Nina Van Opdenbosch and

Infection
Responses During Acute and Chronic Viral 
Cytokine-Mediated Regulation of CD8 T-Cell

Masao Hashimoto, Se Jin Im, Koichi Araki, et al.

Regulating Immunity and Tissue Homeostasis
Innate Lymphoid Cells (ILCs): Cytokine Hubs

Ros
Maho Nagasawa, Hergen Spits and Xavier Romero

Cytokines in Cancer Immunotherapy
Thomas A. Waldmann Plasticity

T Helper Cell Differentiation, Heterogeneity, and

Jinfang Zhu

Conventions and Private Idiosyncrasies
The Tumor Necrosis Factor Family: Family

David Wallach
Cells in Mouse and Human
Development, Diversity, and Function of Dendritic

Carlos G. Briseño
David A. Anderson III, Kenneth M. Murphy and

Family
IFN Regulatory Factor (IRF) Transcription Factor 
The Interferon (IFN) Class of Cytokines and the

Yanai
Hideo Negishi, Tadatsugu Taniguchi and Hideyuki

Cytokines and Long Noncoding RNAs
Susan Carpenter and Katherine A. Fitzgerald

http://cshperspectives.cshlp.org/cgi/collection/ For additional articles in this collection, see 

Copyright © 2018 Cold Spring Harbor Laboratory Press; all rights reserved

 on August 25, 2022 - Published by Cold Spring Harbor Laboratory Press http://cshperspectives.cshlp.org/Downloaded from 

http://cshperspectives.cshlp.org/cgi/collection/
http://cshperspectives.cshlp.org/cgi/collection/
http://cshperspectives.cshlp.org/cgi/adclick/?ad=55917&adclick=true&url=http%3A%2F%2Fwww.genelink.com
http://cshperspectives.cshlp.org/


Health and Disease
c) Family of Cytokines inβ Common (βRole of the 

Broughton, et al.
Timothy R. Hercus, Winnie L. T. Kan, Sophie E.

Immunity
Negative Regulation of Cytokine Signaling in

et al.
Akihiko Yoshimura, Minako Ito, Shunsuke Chikuma,

Roles in Cancer
Interleukin (IL)-12 and IL-23 and Their Conflicting

Juming Yan, Mark J. Smyth and Michele W.L. Teng

Cancer Inflammation and Cytokines

Mantovani
Maria Rosaria Galdiero, Gianni Marone and Alberto

http://cshperspectives.cshlp.org/cgi/collection/ For additional articles in this collection, see 

Copyright © 2018 Cold Spring Harbor Laboratory Press; all rights reserved

 on August 25, 2022 - Published by Cold Spring Harbor Laboratory Press http://cshperspectives.cshlp.org/Downloaded from 

http://cshperspectives.cshlp.org/cgi/collection/
http://cshperspectives.cshlp.org/cgi/adclick/?ad=55917&adclick=true&url=http%3A%2F%2Fwww.genelink.com
http://cshperspectives.cshlp.org/

